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GENERAL DISCLAIMER

This document may have problems that one or more ofthe following disclaimer
statements refer to:

• This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest ofmaking
available as much infonnation as possible.

• This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.

• This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

• The document is paginated as submitted by the original source.

• Portions of this document are not fully legible due to the historical nature
of some of the material. However, it is the best reproduction available
from the original submission.





Addendum

High Strength Bolts for Bridges

Report No. FHWA-SA-91-031

(date of Addendum: April 14, 1994)
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This publication was prepared in accordance with the standards
and specifications in effect in early 1991. These items include
ASTM, ANSI and AASHTO specifications. Since that time, there have
been several changes to these documents. This addendum
incorporates a brief summary of the changes made to date when it
affects slides or text.

ASTM fastener specifications are frequently updated, sometimes
several times in one year. One is encouraged to secure updated
copies of all applicable ASTM specifications.

ANSI B18.2.1-1981 and ANSI B18.2.2-1987 are current as of this
Addendum.

AASHTO Standard Specifications for Highway Bridges are updated
annually, with supplements being published each Spring. At the
time of preparation of the Demonstration Project 88 slides and
the text, AASHTO Division II placed the material on Steel
Structures in Section 10. This section has subsequently been
renumbered to Section 11. It should also be noted that a
substantial percentage of the provisions of the FHWA Memorandum,
November, 1989, have been or will soon be incorporated into the
AASHTO Specifications.

Two versions of the Research Council on Structural Connections
Specification for Structural Joints Using ASTM A325 or A490 Bolts
currently exist. The 1985 version is for use in Allowable Stress
Design, the 1988 for Load and Resistance Factor Design. Some
installation and inspection procedures were revised with the
publication of the 1988 version, and a thorough comparison should
be made of the two specifications.

The following changes should be made to the slides and
accompanying-text:

2- 1

2-10

Fourth sentence: Change "The existing specifications do
not" to "The previous specifications did not". New
AASHTO provisions now call for rotational-capacity
testing of both A325 and A490 bolts.

Check current ASTM specifications for overtapping
provisions.





2-13
A325/M164
Type 1 & 2
Type 1 Galv.

Matching Nuts
A563/M291
C,C3,D,DH,DH3
DH

A194/M292
2,2H
2H

3- 8 A325 Type 2 bolts were withdrawn from use in November,
1991.

3-10
3-22
3-23
3-24

A325 maximum hardness has been revised to 34 HRC, down
from-35 HRC.

3-26 Alexander's model:

Effect of Nut Strength on Bolt and Nut Stripping

Bolt

CD 8S DH,2H
o '--__-r-..;I"'-'-";.;..I-r-",-,-,I_--.-_

o 50 100 150
Nut Strength (ksl)

co 1.5.;
i.e
.. '&1.0~-----""",;""-----­
-cenG)
c,;-acn
c.
·C
US

Fig. 19

3-30 Overtapping prov~s~ons have been substantially revised
in A563. See current specifications. A563 provisions
still do not meet FHWA requirements.

3-52 The top solid line is for "As Received and Lubricated
Cases". The. bottom solid. line is for "Clean". The
equation for the center das·hed line~ is T = 16.7 PD.

3-53 AASHTO reference in Division II is now Article 11.5.6.

4-47 IFI-122 is provided as a separate handout, not included
in the bound text.

4-58 A325 Type 2 bolts were withdrawn from use in November,
1991.

6-15 Change slide: IIp = measured bolt tension (lbs.)". Also,
delete the last sentence of the text.





6-20

7- 2
7.- 4

7- 8

7-13

7-14

7-15

7-18

8- 1

8- 3

8- 6

9- 5

10- 2

.10- 8

11- 1

11- 2

11- 3
12- 6

12- 8

12-10

12-11

Change slide: IIp = "turn test tension" from Table
D4.1g.

AASHTO Bridge code is now 15th edition, with Interim
Specifications issued annually.

Change slide: "whichever is less" to "whichever is
greater" .

Delete from text: "slip-critical".

Change text: "Table 10.17A" to "Table 11. SA" .

Change slide and text: "Table 10.17A" to "Table 11. SA".

Change slide: "fy " TO "Fy ".

"Alternate Design Bolts" and "Lock-Pin and Collar
Fasteners" are also recognized by AASHTO.

Change text: "Table 10.17A" to "Table 11.SAII.

thange slide and text: "Table 10.17B" to "Table 11.SB".

For bridge applications, the typical gap is 0.005
inches.

Change text: "Table 10.17A" to ~Table 11.SA".

Change slide and text: "Table 10.17B" to "Table 11.SB".

Change text: "Table 10.17A" to "Table 11. SA", and
change "Article 10.3.1.8.9" to "Article 11.3.2.6".

Change slide and text: "10.3.1.8.9" to "11.3.2.6".

Change text and slide: "Table 10.17A" to "Table 11.SA".
Change text: "Article 10.3.1.8.9" to "Article
11.3.2.6".

These provisions are drawn from the RCSC Bolt
Specification. AASHTO provides for sampling 3 bolts,
not five. Change text: "Table 10.17A" to "Table 11.SA".
Change text: "Table 10.17B" to "Table 11.SB".

These provisions are drawn from the RCSC Bolt
Specification. AASHTO provides for sampling 3 bolts and
using the average of the three bolts.

The RCSC provisions cited in the text call for
in'spection wrench inspection only for "connections in
question". AASHTO provisions require inspection wrench
inspection of all high-strength bolted connections
except those using alternate design fasteners or direct
tension indicators.





The following ch~nges and cbrrections should be made to the
appendices that follow the slides and commentary in the
publication:

Appendix A2, A3, A4 and AS

Change all r~ferences: "Table lO.17A" to "Table 11.5A"
Change all references: IITable lO.17B" to "Table 11.5B"

Appendix Al

In Procedure Section 3, change "snug tension" to "initial
tension ll

•

Appendix A2

Add the following sentence to Section 2.3: "Install sufficient
spacers and/or washers so that at least three (3) but no more
than five (5) full threads are exposed between the nut face and
the underside of the bolt head. II

Correct the values at the top of the second page for Table
lO.17A.

Table 11.5A - Required Fastener Tension (kips)

Bolt Diam. 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2
(inches)

H164 (A325) 12 19 28 39 51 56 71 85 103

H253 (A490) 15 24 35 49 64 80 102 121 148

Appendix A6

Replaced in its entirety. See attachment.





APPENDIXA6
PROCEDURE FOR VERIFICATION AND INSTALLATION OF IDGH
STRENGTH BOLT~ WITH DIRECT TENSION INDICATORS (OTI's)

(part ofReport No. FHWA-SA-91-031 May 1991, revised April 1992)

I. Verification of DTI Performance

Verification of OTI performance is required prior to installation of bolts in the work. In bridge work the manufacturers are
typically specifying smaller gaps in the spaces between the protrusions on the washer than normally used in other construction and
the gap specified for testing in the product specification ASTM F959. The basic principle used in this verification test is to make
sure that there is a OTI gap at 1.05 times the required bolt installation tension greater than what is to be used as a job installation
inspection requirement The verification test method involves determining the maximum number of spaces at which a 0.005 in.
tapered feeler gage is refused, does not fitinto the space, at a load equal to 1.05 times the required bolt installation tension. This
maximum number ofspa~ is one less than the job installation inspection requirement The installation inspection requirement is
often referred to as the project gap. In addition, as part of the verification test, the orrs shall be further compressed to a level such
that the inspection feeler gage is. refused at all spaces between the pro~ions of the washer and a visIble gap still remaining in at
least one space. The bolt load at this smallest gap should not cause excessive permanent inelastic deformation of the fastener. The
degree of inelastic deformation is judged by removing the fastener from the test apparatus and turning the nut by hand the full
length of the threads on the bolt after the test. IT the n}lt can be turned the full thread length, the OTI smallest gap load requirement
is satisfied. Alternatively the bolt load af this smallest gap should not exc;:eed 95% of the load recorded in step 6 of the rotational
capacity test for long bolts. The installation verification" test shall be performed three times for each fastener rotational capacity lot
on the job with the corresponding diameter of OTI to be Used. IT the same RC lot is to be installed with the OTI in two different
positions with respect to the turned element, three tests are required for each position of the on Bolts ~m RC lots too short to fit
in the tension measuring device shall be tested by tightening in a steel plate to the minimum gap in step 6 and checked in
accordance with step 7, except that the 95% alternative cannot be used. The OTI used with the short bolts should be checked in
accordance with steps 1 through 5 using a longer bolt in the tension measuring device. .

Equipment Required:

1. Caltbrated bolt tension measuring device with a special flat insert in place of normal bolt head holding insert. Special insert
required to allow access to measure OTI gap.

2. Tapered leaf thickness (feeler) gage 0.005 inch. Same gage as to be used to inspect the bolts after installation.

3. Bolts, nuts, and standard washers to be used in the work with the orrS.

4. Impact and manual wrench to tighten bolts. Equipment should be the same as to be used in the work.

Verification Test Procedure: (Test three sets for each RC lot and position of OTI)

1. Install bolt, nut, OTI and standard washer (if used) into bolt tension measuring device. Assembly should match that to be
used in the work.

2. Use another wrenclt on the bolt head to prevent rotation of the head against the OTI if the OTI is to be used under the
unturned element .

3. Tighten bolt to tensions listed below (1.05 times the required pretension of the bolt). Use another wrench on the bolt head to

prevent rotation of the head against the OTI if the OTI is to be used under the untumed eiement. IT an impact wrench is used,
tighten to a load slightly below the required load and use a manual wrench to attain the required tension. The load indicating
needle of the bolt caltbrator cannot be read accurately when an impact·wrench is used.

Bolt Tension (ki 35)

Bolt Oia. (in.) I 1/2 I 5/8 I 3/4 I 7/~ 1 I 1-1/8 I 1-1/4 I 1-3/8 I 1-1/2
..... ,.~ ......... ~, I , .. I "11\ I "11\ I A1 CA I <Q I 7< I RQ I lnR
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4. Detennine and record the number of spaces between the protrusion on the DTl that a 0.005 in. thickness gage is refused. The
total number of spaces in the various sizes and grade of DTl's is shown belo~.

Number of Spaces

Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-118 1-1/4 1-3/8 1-112
M164 (A325) 4 4 5 5 6 6 7 7 8
M253 (A490) na na 6 -6 7 7 8 8 na

5. The number of spaces which the 0.005 in. gage is refused should not exceed the number given in the table below. If the
number of spaces exceeds the number in the table, the DTI fails the verification test.

Verification Criteria·

Number of spaces in washer 4 5 6 7 8
Maximum number of spaces gage is refused 1 2 2 3 3

·If the test is a coated OTI under the turned element, the maximum number of spaces the gage is refused is the number of spaces on
the washer minus one.

6. The bolt should be further tightened to the smallest gap ~o be allowed in the work. Nonrially, this sinallest gap condition is
achieved when the gaps at all the spaces are less than 0.005 in. (or a gap size as approved by the engineer) and not all gaps
completelyclosed. When such a condition is achieved the 0.005 in. gage is refused at all spaces but a visible gap exists in at
least one space. Note the load in the bolt at this smallest gap. The bolts in this installation verification test and in the actual
installation should not be tightened to a no visible gap condition, i.e. a condition when all the gaps are completely closed. The
loaa in the bolt becomes indetenninant when no.gap exists. It is possible to cause bolt failure by tightening beyond complete
crushing of the washer.

7. Remove the bolt from the calibrator and tum the nut on the threads of the bolt by hand The nut should be able to be turned
on the complete length of the threads, excluding the tbread runout. Alternatively, if the nut is unable to go the full thread
length, but the load at the minimum on gap (measured in step 6 above) is less than 95% of the maximum load achieved in
step 6 Appendix I of the rotational capacity test, the assembly, including the On is deemed to have passed this test If the
nut cannot be run the full thread length, and if the load at the smallest gap condition is greater than 95% of the maximum
strength of the bolts from the rotational-capacity test, the load required for the smallest gap in step 6 is too large. If approved
by the engineer, the test could be repeated with a larger minimum gap, for example one space that will accept a 0.005 in.
feeler gage, or the OTrs could be replaced. .

Short Bolts:

Bolts from RC lots too short to fit in the tension measuring device shall be tested by tightening to the minimum gap in step 6
and checked in accordance with step 7. The 95% altern&tive cannot be used smce short bolts are not"tested in the tension measuring
device for rotational capacity. The on used with the short bolt should be checked in accordance with steps I through 5 using a
longer bolt in the tension measuring device.

II. Installation:

1. The use of a on under the untumed bolt head requires that the element bearing against the on not tum. Two men are
required: One to operate the wrench, and the other to prevent turning of the element with the OTI and to momtor the gap. If
the OTI is used under the turned element, an additional hardened washer must be used between the turning element and the·
protrusion on the on

2. Snug the connection t.o compact the joint. The on should be inspected after snugging and the gaps checked If the number of
spaces in which the 0.005 in; gage is refused exceeds the value in the table shown above in step 5 of the verification test, the
bolt must be removed and another OTl installed The bolt should be resnugged

3. Tighten the bolts systematically to the inspection gap. The number of spaces in which the 0.005 in. gage is refused should be
equal or greater than the number shown in the table below. Tightening beyond the smallest gap established above in steps 6
and 7is not allowed. Bolts which have a OTI with a smaller gap or no gap shall be replaced and the bolts tightened with a
new OTI.

Number of spaces in washer

InspeCtion Criteria·

I 4 I 5
I .. I ..

I
I

6.. I
I

7
A

I
I

8





Fastener Worksheet
Fastener Tension Torque

Black • rusted
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• . Tension - Elongation
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Rotatioal-Capacity Test Worksheet
Long Bolt Procedure

Grade=A325/M164 Bolt Diameter = 3/4

Bolt Length = _
Measured Tension =
Measured Torque =

Maximum Permitted Torque
T =0.25 P D

P = tension(pounds)
D = bolt diameter(feet)

= 0.25[(3/4)/12lP = 0.0156P
Maximum Torque =

Bolt Length Both faces normal
to bolt axis

L = '40 2/3 turn

4D < L = 8D 1 turn

8D < L 1-1/3 turn

Measured Tension = (min.-32k')

Verify condition of threads - ok__



•

..
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Rotatioal-Capacity Test Worksheet
Short Bolt Procedure

Grade =A325/M164 Bolt Diameter =3/4

Bolt .Length =

Bolt Length Both faces normal
to bolt axis

L = 40 1/3 turn

Measured Torque = _
Maximum Permitted Torque = 500ft-lb

Bolt Length Both faces normal
to bolt axis

L = 40 2/3 turns

Verify condition of threads
ok.__
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Rotatioal-Capacity Test Worksheet
long Bolt Procedure

Grade = A325/M164 Bolt Diameter = 7/8

Bolt length = L 311

Measured Tension =
Measured Torque =

/l f . fil"
J.-- Iv 0 j-ri i'. ,II. ) ,

Maximum Permitted Torque
T = 0.25 P D

P = tension(pounds)
D = bolt diameter(feet)

= O.25[(7/8)/12lP = O.0182P
Maximum Torque = 1uu (1-

Bolt Length Both faces normal
to bolt axis

L = 40 2/3 turn

40 < L = 80 1 turn

80 < L 1-1/3 turn

,/~

,,1

!lj
L
\] ~

: , 0

~~('-Measured Tension =____.___ (min.-45k)

Verify condition of threads - ok__
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Rotatioal-Capacity Test Worksheet
Short Bolt Procedure

Grade =A325/M164 Bolt Diameter = 7/8

Bolt Length =
-

Bolt Length Both faces normal
, to bolt axis

L,= 4D 1/3 turn

Measured Torque = _

Maximum Permitted Torque =820ft-lb

Bolt Length Both faces normal
to bolt axis

L = 4D 2/3 turns

Verify condition of threads
ok,__





ROTATIONAL CAPACITY TEST / MAXIMUM TORQUE i

* INCH BOLT 7/a INCH BOLT

TENSION (KIPS) TORQUE (FT-LBS) TENSION (KIPS) TORQUE (FT-LBS)

28 437 39 711

29 453 40 729

30 469 41 747

31 484 42 766

32 500 43 784

33 516 44 802

34 . 531 45 820

35 547 46 839

36 562 47 857

37 578 48 875

38 594 49 893

39 609 50 911

40 625 51 930

41 641 52 948

42 656 53 966

43 672 54 984

44 688 55 1003

45 - 703 56 1021





The following is the data that should be included in the rota~ional

capacity test certification. The information may be presented in
any form the certifier chooses.

ROTATIONAL CAPACITY TEST CERTIFICATION

DATE OF TEST__~ _
LOCATION OF TEST __

TESTING FIRM, _
TESTER NAME, _

BOLT
MANUFACTURER
LOCATION OF MANUF _
LOT NO.
SPEC. (ASTM)
GRADE (NUT)

NUT WASHER

BOLT SIZE : DIA x LENGTH. _
TEST: (FHWA) (ASTM) REQUIRED ROTATION _

Test Notes: 1. Torque/Tension comparison between minimum tension
(proof load) ,and full required rotation in test.

2. Tension at required turn>1.15 proof load.
3. Stripping (must turn with fingers after test) ­

no stripping passes.
4. Two samples are required to be tested.

SAMPLE I:
1. MEASURED TORQ TENSION MAX.ALLOW.TORQUE @ T=.25PD _
2. MEASURED TENSION@REQ.TURNMIN.REQ.TENSION _
3. STRIPPING YES____ NO _

SAMPLE II:
1. MEASURED TORQ TENSION MAX.ALLOW.TORQUE @ T=.25PD _
2. MEASURED TENSION @ REQ. TURN MIN. REQ. TENSION _
3 • STRIPPING YES__ NO _

R/C TEST LOT NO. _

NOTARY PUBLIC:
(Optional)'

TEST PASSED _

SIGNATURE OF TESTER'-- _





Installation Verification Tests

Installation Method

Turn of Nut

Calibrated Wrench

Direct Tension Indicator

Twist-Off Bolt

Lock Pin & Collar

Achieved
Tension

Minimum Required Tension for 3/411 A325 - 28 k
Minimum Achieved Tension for 3/411 A325 = 29 k
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Session 1
Introduction, Objectives and Problems Encountered

A. u.s. Department of Transportation

(fIIii1 Federal Highway Administration

DEMONSTRATION PROJECT NO. 88

HIGH-STRENGTH BOLTS FOR BRIDGES

dp 88

1-11
1- 1

1-2

INTRODUCTION

In the mid 1980's a number of problems
developed during the installation of
high-strength bolts in bridge structures.
Because improperly manufactured and
installed and poorly inspected fasteners can
precipitate structural failures, FHWA
sponsored a research project at the
University of Texas to determine various
problems concerning manufacturing and
installation of high-strength bolts for bridges,
and to make recommendations toward
resolving them. Upon completion of this
work, FHWA issued the "Supplemental
Contract Specifications for projects with
AASHTO M164 (A325) H. S. Bolts" in 1989
in order to provide uniform manufacturing
and installation requirements. This
specification was developed as a supplement
to the AASHTO Materials Specifications.



1-3

FASTENERS

Discussion of fasteners will be limited to
high-strength bolts, nuts and washers for
bridges.

1-4

OTHER ALTERNATE
FASTENERS

A) TENSION CONTROL
BOLTS

B) HUCKBOLT5
dp 88

1-11
1-5



OBJECTIVES
I)

Disseminate Information And
Conduct Demonstrations To Assure
That Fasteners Will Be Specified,
Purchased, Manufactured, and
Installed In Accordance With
Appropriate Specifications

1-6

1-7

1-8

OBJECTIVES

The objectives of this project are to
disseminate relevant information and
demonstrate various techniques and methods
to assure that all bolts will be specified,
purchased, manufactured and installed in
accordance with the appropriate specifi­
cation requirements. Special emphasis will
be given toward explaining the rationale
behind the new specifications and demon­
strating appropriate tests and methods so
they will be better understood.



REPORTED PROBLEMS

FOR

FASTENER ASSEMBLIES

dp 88

,.11
1-9

1-10

IMPROPER

CERTIFICATION

dp 88

1-11
1-11

REPORTED PROBLEMS FOR
FASTENER ASSEMBLIES



P OBLEMS IN

SHIPPING

FASTENER COMPONENTS

dp 88

1-11
1-12

1-13

INADEQUATE

QA PROGRAM
dp 88

1-11
1-14

REPORIED PROBLEMS FOR
FASTENER ASSEMBLIES (Cant'd.)



dp 88

1-11

PROBLEMS

( I) STRIPPING
( II) BOLT BREAKING BEFORE

PRELOAD
(Ill) BOLT BREAKING BEFORE

REQUIRED TURNS
dp 88

1-11
1- 15

1-16

PROBLEMS

( VI) IMPROPER NUTS
( VII) HARDNESS OUT OF

SPECIFICATIONS
(VIII) HYDROGEN

EMBRITTLEMENT AFTER
INSTALLATION

1- 17

REPORTED PROBLEMS FOR
FASTENER ASSEMBLIES (Cant'd.)
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dp 88
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1-18

PROBLEMS
F FAJUJRE (CONT.)

(XII) IMPROPER ZINC THICKNESS
(XIII) MISINTERPRETATION OF NUT

OVERTAP REQUIREMENTS
(IVX) NO LUBRICANT ON NUT
(XV) BREAKING OF BOLT AT

HEAD SHANK
INTERFACE

1-19

PROBLEMS
ASTEN FAILURE (CONT.)

(XVI) FAILURE TO SATISFY

ROTATIONAL-CAPACITY

TEST

1- 20

REPORIED PROBLEMS FOR
FASTENER ASSEMBLIES (Cont'd.)



OTHER PROBLEMS
(XVII) BOLTS IN RUSTED OR

DIRTY CONDITION
(XVIII) IMPROPER SNUGGING
(IXX) IMPROPER TIGHTENING

OF THE BOLT
(XX) NO CALIBRATION OF

TORQUE WRENCHES
dp88

"'11
1- 21

OTHER PROBLEMS
(CONT.)

(XXI) POORLY WRITTEN
SPECIFICATION PROVISIONS

(XXII) INADEQUATE KNOWLEDGE
OF APPLICABLE
SPECIFICATIONS

dp88

"II
1- 22

1- 23

REPORTED PROBLEMS FOR
FASTENER ASSEMBLIES (Cont'd.)

These issues and problems were significant
enough to require research, implementation
of recommendations, and development of
FHWA Supplemental Specifications for High
Strength Bolts and this demonstration project
DP-88.
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ALVANIZED FASTENERS

... Lubrication

... Thread Tolerance

... Nut Strength and Hardness

... R-C Test
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GALVANIZED FASTENERS

Lubrication
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The FHWA sponsored research was in
response to field problems with the
installation of galvanized bolts in bridges.
Both A325 and A490 bolts were included in
the study to provide a comparision of the
behavior of coated (galvanized) bolts with
black bolts. This was done based on previous
laboratory and field experience with
installation problems of black bolts.

When bridge owners began using galvanized
fasteners to help solve painting problems,
and with the advent and use of mechanically
galvanized fasteners to provide uniform,
smooth surfaces, several problems surfaced
primarily during installation of these bolts.

Lubrication has always been required for
galvanized nuts. When a nut is tightened,
resistance is encountered and a portion of
the expended energy is used to overcome the
friction at the bolt/nut thread interface and
the friction between the nut, washer, and
gripped material. For example, in one set of
tests, the difference in torque required for a
lubricated assembly and an as-received bolt
to reach 39 kips was dramatic. The
as-received assmbly required over 1400 ft-Ibs
while the lubricated assembly required less
than 400 ft-Ibs. It is just as important to
lubricate the nut face as it is to lubricate the
threads. This is accomplished by lubricating
the entire nut. Lubrication has a significant
effect on the bolt calibration curves. This will
be discussed in detail later.



.. Nuts Not Lubricated

.... Lubricant Wa$hed Away

.. Lubricant Not Effective

• Lubricant Not Visible
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Problems related to lubrication include:
• a - Lubricant may not have been applied

• b - Lubricant is washed away

• c - Lubricant may not have been
effective

• d - Lubricant may not be visible.

The end result is that unless a fastener is
effectively lubricated, the nut will gall and
seize on the bolt and it will be impossible to
install the fastener properly.

Stripping in a fastener assembly is primarily a
function of the shear area of the threads and
the strength of the bolt and nut. The increase
in the thread size of the bolt due to galva­
nizing does not increase its stripping strength.
The only effect of soft zinc on the threads is
the increase in friction on the threads by its
tendency to gall.

Nuts are tapped oversize to account for the
thickness of the zinc coating. Excessive
overtapping causes lesser thread engage­
ment, leading to thread stripping of the nut
or bolt. Previous ASTM Specifications and
AASHTO Materials Specifications were
incorrect, which caused the problem.

The ASTM specifications, for a number of
years, required a rotational-capacity test.
The test was not well understood and was not
always performed. Had the test been
performed, both the lubrication issue and the
oversize tapping issue would have been
somewhat resolved.
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The strength of the nut directly affects its
stripping resistance. Both hardened and
nonhardened nuts were allowed in previous
specifications. Nonhardened nuts do not
normally have the same strength as heat
treated hardened nuts, and have resulted in
stripping failures. Higher-strength heat
treated nuts are required for A490 bolts.
Galvanized A325 fasteners also require heat
treated nuts to compensate for the loss of
thread shear area from overtapping.

Current ASTM and AASHTO Materials
Specifications allow A325 (M164) bolt
hardness up-to 35 Rc. Bolts with hardness
values greater than 33 Rc have potential for
delayed cracking in service or brittle failure
under applied tension loading.

Uniformity of coating for mechanically
galvanized fasteners allows a somewhat
smaller overtap, with subsequent reduction
of stripping problems.
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BLACK BOLTS
Nonhardened Nuts

(Soft Nuts)
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Nuts manufactured oversize for galvanized
assemblies have, at times, been improperly
used on black bolts. The oversize caused
stripping failures due to a poor thread fit.

Both ASTM and AASHTO Materials
Specifications currently allow nonhardened
nuts for black assemblies. Under the
permissible range of hardness, according to
these specifications, nonhardened nuts can
be manufactured from hardness values as low
as 78 HRB to RC38. Nonhardened (softer)
nuts with hardness values less than 89 HRB
have a potential for stripping failure. This
type of failure has been observed. Recent
research work at the University of Texas
suggests the same.

The snug tight concept has not been well
understood and/or not properly applied.
Improper usage has resulted in inadequate
bolt tension. This problem is complicated by
issues concerning material thickness, number
of plies, installation procedure, and not
knowing when a joint is compacted.
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Fasteners with dry, dirty, and rusty thread
surface conditions do not install properly and
result in inadequate bolt tension. Such
thread conditions cause torque measure­
ments to vary significantly. Recognizing this
problem, AASHTO had temporarily
eliminated the calibrated wrench method
from AASHTO Standard Specifications for
installation of high-strength fasteners.
Though currently permitted by the
specifications, this method is not often used.

The shipping lot method allows for inter­
mingling different lots of nuts and bolts. For
example, bolts of the same length and
diameter for a specific purchase order are
considered to be the same shipping lot even
though they may be from different pro­
duction lots or different manufacturers.
Herein lies the problem: lack of uniformity of
product can lead to possible non-ugifQrm
behavior of the fasteners and fastener
assemblies.
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Current AASHTO Standard Specifications
for Highway Bridges allows installation of
high-strength fasteners by several different
methods; turn-of-nut, calibrated wrench,
direct tension indicators, or alternate design
fasteners. Upon completion of installation,
the AASHTO specifications require inspec­
tion using a procedure which is a variation of
the calibrated wrench installation method.
By its nature, this inspection procedure is
subject to the many inaccuracies and vari­
abilities of the calbrated wrench installation
method, and must be fully understood by the
inspector, else fasteners may be erroneously
judged acceptable. This inspection procedure·
will be discussed in depth later.

Inadequate ductility can either prevent the
fastener assemblies from achieving required
tension in the bolt during installation or
reduce their capability to absorb energy when
load is applied. Various factors are known to
influence ductility of an assembly. These
include:

(a) Type of Material (A325 vs. A490)*

(b) Fastener size (length, diameter etc.)

(c) Number of threads in the grip

*Comparable size of ASTM A490 (AASHTO M253)
bolt assemblies have been observed to be less ductile
than ASTM A325 (AASHTO Ml64) bolt assemblies.
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Theory and Behavior of Structural Bolts and Connections
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BOLT THEORY AND BEHAVIOR

The fastener assembly is governed by three
different AASHTO or ASTM product
specifications. Additional specifications spell
out the geometry of each component as well
as the thread dimensions. The behavior of
the fastener is dependent upon a
combination of strength and geometry
variables. The existing specifications do not
require the testing of the assembly to insure it
will perform satisfactorily. This presentation
discusses the significant variables associated
with the behavior of the fastener assembly.

The interaction of these variables dominates
the tightening performance of the structural
fastener. Each of these will be discussed.

The goal of this course and the modifications
to the AASHTO or ASTM specifications
presented are to insure that upon instal­
lation, the fastener assembly will perform in a
consistent manner. The fastener can be
installed easily and reliably. The required
installation tension can be attained using
normal procedures.
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Tensioning a bolt by turning the nut intro­
duces torsion as well as tension into the bolt.
The torsion comes from the friction between
the threads of the nut and bolt. The resulting
combined state of stress produces a reduct­
ion in ductility and tensile strength of the
bolt. Larger torsion caused by lack of lubri­
cation of the threads can cause a drastic
reduction in the tension that can be attained
by tightening the nut.

The desired performance of a fastener
assembly is shown in Figure 2-5. A flat­
ductile plateau in the turn versus tension
behavior is desired. Slight overturning of the
fastener will not cause a reduction in tension
or lead to failure. Variations in the applied
turns will not cause a significant variation in
the bolt tension. The actual bolt tension will
exceed the required pretension if the bolt is
tightened into the inelastic region using the
turn of the nut installation procedure.
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Figure 2-6 shows the behavior of the same
fastener assembly tensioned by turning the
nut with various conditions of the threads.
The drastic reduction in the tension and
ductility of the assemblies with weathered
and cleaned thread conditions is caused by
the higher torsion introduced into the bolt.
Thread lubrication is an important variable.
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Figure 2-7 shows the rotation of the bolt at
the nut end. The head of the bolt was pre­
vented from twisting. The rotation of the bolt
end indicates the magnitude of the torsional
force in the bolt. Assemblies with poor
thread lubrication introduce much higher
twisting deformation and forces in the bolt.
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The weathered assemblies tested were in the
condition shown in Figure 2-8. The water
soluble oil was removed by dunking the nut
and bolt individually into water. The slight
rusting of the n"Qt threads can be seen in the
slide. Maintaining thread lubrication in the
field is important and requires proper
fastener storage at the job site.

Galvanized and coated fasteners require
special consideration. Galvanizing increases
the size of the threads which cause problems
with the fit. Soft galvanizing also causes
galling of the threads, increasing the twisting
force introduced into the bolt.
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OVERTAPPING

(Hot Dip Galvanized)

TOO LARGE - STRIPPING

TOO SMALL - ASSEMBLY PROBLEMS

NUTS MUST MATeH BOLTS
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The present specification requires that the
nut be overtapped by the minimums shown
in Figure 2-10. These requirements ensure
that the nut can fit the larger thread on the
bolt. However, the specification can result in
a nut with threads too large to develop the
strength of the bolt, since it only specifies a
minimum not a maximum. Research indi­
cates that these minimums are closer to the
maximum values that should be employed.
The FHWA memorandum does not specify
an overtap size. The manufacturer can use
whatever is required to produce thread fit
and strength.

The amount of overtapping that can be
allowed is dependent upon the strength of
the nut and bolt. Thread stripping occurs
when the strength of thread area engaged in
the nut is not sufficient to develop the force
generated in the bolt.

Stripping should not occur in a proper
fastener assembly. The increase in the nut
thread diameter caused by overtapping
reduces the thread shear area.
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High-strength heat treated nuts are required
for galvanized fasteners. The high strength of
the nuts compensate for the loss of thread
cross section from overtapping.
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Stripping, which is a thread shear failure,
causes the tension versus torque relationship
shown in Figure 2-14. Measurement of the
torque on a stripped fastener does not pro­
vide a reliable indication of tension. Also,
the tension developed in the fastener may be
much less than required.

This is a bolt with stripped threads. A proper
fastener assembly will fail by fracture through
the threads of the bolt outside the nut.
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Lubrication is more critical on coated
fasteners. The soft zinc on the treads can lead
to galling and lock up of the threads.
Lubrication prevents the occurrence of
thread lock up and reduces the twisting force
introduced into the bolt. Lubrication of the
nut is required in the present specifications.
Lubrication does not reduce stripping.
Lubrication may actually increase the
tendency to strip by allowing the threads to
slide in the diametric direction.

The importance of thread lubrication upon
the tightening behavior of a galvanized bolt is
shown in Figure 2-17. The as-received and
cleaned assemblies produced identical
results, indicating the bolts were not
properly lubricated as required in the
specifications. The as received bolts could
not be installed to the required pretension
using normal equipment. Lubrication of the
nuts produced excellent results.

The commercial water soluble lubricants on
the left are used by the manufacturer to lub­
ri cate the nuts. Stick waxes can be used in
the field to relubricate the fastener
assemblies if the water soluble lubricant has
been washed away by water due to improper
storage of the fasteners.
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SLIP CRITICAL - FRICTIONAL
RESISTANCE DETERMINES
CAPA TV

BEAR BOL T AND
CONNECTION A TERIAL
DET MINES CAPA TV

i-Ii
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High-strength bolts used in bridge
construction are required to be installed to
an initial pretension equal to or greater than
0.7 tines their tensile strength. Note that the
requirement is bolt tension, not a particular
torque value. Torque may be used only if the
requirements for calibrated wrench
installation are followed.

The purpose of the installation tension is not
only to ensure that the bolt does not loosen,
but also to insure the connection behaves
consistent with the structural requirements.

Two types of connection designs for shear
are used in highway bridges. Slip critical
connections are normally used for most
connections. Bearing connections, con­
nections which rely on bolt shear strength,
are used in compression members or
secondary members only. All connections,
however, must satisfy the bolt shear strength
requirements at maximum load.
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The installed bolt tension applies a clamping
force to the plates in the connection. The
plates will not slip relative to one another
until the friction capacity is exceeded. The
sum of the bolt tensions in the connection
times the slip coefficient of the plate surfaces
in contact (the faying surfaces), equals the
slip load of the connection. Proper bolt
tension is required for the connection to
attain the design slip capacity.

Four tightening methods are recognized in
the specifications. The purpose of these
methods is to insure that the bolts have the
required installation tension. The changes in
the nut and bolt specifications and the
rotation capacity test are designed to insure
that the fasteners are capable of being
installed by any of these methods.

Paints or coatings used on the faying surface
of a bolted connection are to be tested using
the test method developed in a research
study sponsored by the FHWA. The test
method determines the slip coefficient of the
coating and its creep behavior. The testing
method was translated into a specification by
the Research Council on Structural
Connections. The tests are normally
performed for the manufacturer by an
independent laboratory. Some States have
undertaken their own testing program.



2-25

2-26

Small 4-inch square plates are used for the
initial slip tests. They should be coated using
the same procedures to be used on the job.
They are to be coated to a thickness 2 mils
greater than the average thickness to be used
on the structure. The added thickness is to
insure that a buildup of paint at a connection
does not reduce the connection's slip capacity.

The slip specimen consists of three of the
coated plates. The bolt tension is applied
using a center hole ram with a 7/8-inch high­
strength rod passing through it. The shear
force is applied to the center plate by a
compression test machine. The slip
coefficient of the specimen is the slip load
divided by twice the clamping force, since two
slip planes are contained in the specimen.
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Paints with the same generic title do not have
the same slip coefficient. All of these paints
are organic zinc rich paints. Each had
produced a different slip coefficient. The test
method provides a simple means of insuring
the paints applied have a slip coefficient
compatible with the design requirements of
the connection.
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Some paints, particularly vinyl and organic
zinc-rich paints, exhibit creep under
sustained loading. The testing method
requires a 1,000 hour creep test. The load
applied to the specimen is dependent upon
the results of the small slip coefficient
specimens. After 1,000 hours the specimens
are loaded to the minimum design load.

The results of creep tests of an inorganic
zinc-rich paint with a vinyl top coat are shown
in the slide. Thicker coatings have larger
creep deformation than thinner coatings.
Creep deformation also increases with an
increase in the applied shear load. The thick
coating slipped into bearing at 20% of the
small specimen test slip load in less than 10
days.
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Large scale bolted connection tests were
used to verify the accuracy of the results from
the small specimens employed in the test
method. The agreement was excellent.
Painting of the faying surfaces reduces
fabrication cost by eliminating masking. It
also increases the coating life of the structure
by eliminating corrosion at the uncoated
crevices at the edges of the connection.
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Shown in Figure 2-31 are the splice plates
from one of the large tests after testing.
Evidence of slip on the surface of the plates
is only visible in the area directly under the
bolt. This is due to the distribution of the bolt
clamping forces between the plates. The slip
coefficient of the plates remote from this
contact area does not effect the slip load.
Also, it is not necessary to have the outer
edges of the plates in contact since only the
area directly under the bolt participates in
the slip resistance of the connection.

The specification commentary recognizes
that only the area local to the bolt influences
slip behavior. Figure 2-32 shown is from the
commentary of the Research Council
Specifications. The shaded areas are the
portions of the faying surface which must
have the required coating or lack of coating if
a mill scale or blasted surface is specified.
The portions of the faying surfaces outside of
the shaded area will not influence the slip
performance of the connection. This figure
can also be used to indicate the areas of a
connection which must be brought into
contact during the snugging of the bolts.
Often, due to curvature of a plate, it is not
possible to bring the edges of the plate into
contact. This is not a concern if the shaded
areas of the plate are in contact.

The shaded areas must be protected against
overspray from coatings such as top coats,
which are not desired on the faying surfaces.
The small amount of overspray shown on this
plate will cause the slip coefficient of the
connection to be changed to the value of the
oversprayed paint.
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Weathering steels which were either blasted
or had the mill scale left in place were tested
after one year of exposure. Figure 2-34
shows the typical surface of the plates after
exposure. The results showed that the rusting
of the plates did not significantly reduce the
slip coefficient of the plate surface. Tight rust
does not have to be removed from unpro­
tected surfaces. Loose scale or rust must be
removed prior to making the connection. The
removal should be done by blasting or hand
brushing. Power wire brushing should not be
used since it polishes the surfaces.

LUBRICANTS

ASTM A563 (AASHTO M291)
specifications have mandated the use of
lubricants on galvanized nuts for years.

Also Note D of Table 3 of these
specifications allows the substitution of an
A194 2H nut for a Grade DH nut when used
on an A325 bolt, but nowhere in the
specification does it state specifically that
A194 2H zinc coated nuts are to be
lubricated. The intent of this specification is,
however, that if galvanized A194 2H nuts are
substituted for galvanized Grade DH nuts
that they shall be lubricated.

This later supplemental section allows any
grade of nut covered by A563 to receive a
clean, dry to the touch lubricant, provided
S1.1 is invoked.
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The mechanical galvanizing specification has
now been modified to include the following:

5.2.5.3 Lubrication of Grade DH nuts
processed in accordance with this
specification and used with Specification
A325 high-strength bolts is a requirement of
paragraph 6.5 of Specification A325 and
paragraph 4.8 of Specification A563.

and
Note 2 - Although not included in
Specification A194/A194M, this provision
should apply to mechanically galvanized
A194 2H nuts when supplied for use with
Specification A325 bolts.

An inability to detect clean, dry to the touch
lubricant coatings has led the FHWA to
mandate the use of a "visible lubricant" so
that its presence is obvious. This
supplemental FHWA Specification was
issued after a recent University of Texas
report which indicated that fastener failures
studied as part of their FHWA funded
program were in part due to lubricants not
having been applied. Coloring of the
lubricant was a way to provide visibility and a
reasonable assurance that a lubricant had in
fact been applied.

ASTM has responded by providing a
proposed supplemental section, S2.1, in
which, when specified by the purchaser,
mandates that the lubricant be ''visually
obvious" at the job site. These requirements
have led to the inclusion of dyes and
colorants to lubricant systems.
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SUMMARY

Galvanized Nuts:

• Visible lubricant

Black Bolts:

• Oily to touch when delivered and
installed

2-41

Ultraviolet detectable lubricant systems
substitute UV tracers for dyes and colorants.
They are detectable under a variety of UV
lighting systems including portable and
hand-held elements.

In summary, galvanized nuts shall be
lubricated with a visible lubricant. The use of
UV detectable lubricants has not been
specifically addressed by the specifications.

Black bolts (and presumably nuts) shall be
oily to the touch when delivered and installed.
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FHWA Requirements for High Strength Bolts

FHWA SUPPLEMENTAL SPECIFICATIONS

The FHWA first issued supplemental
specifications to underscore various
recommendations and to implement
recommendations made in the FHWA­
sponsored research report, High-Strength
Bolts for Bridges.
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The modified supplemental specifications
issued by FHWA in November 1989 are in a
ready-to-use specification format with
needed clarification and can be 'incorporated
in the contract if required. The modifications
also reflect new research and input from the
industry.
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REPLACES FHWA
JUL Y 1988 MEMORANDUM

EXPANDS MEMORANDUM TO
A SPECIFICAliON

REFLECTS NEW RESEARCH

dp 88
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AASHTO MATERIALS
SPECIFICA TIONS

ASTM SPECIFICATIONS

AASHTO STANDARD
SPECIFICA TlONS FOR
BRIDGES

ANSI SPECIFICATIONS dp 88

1-'1
3-4

SUPPLEMENT AL CONTRACT
SPECIFIC ATIONS FOR PROJECTS
WITH AASHTO M164 (A325)
HIGH STRENGTH BOLTS
(FHWA MEMORANDUM NOV, 1989)

dp 88
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CONVENTIONAL PRACTICES AND
CURRENT SPECIFICATIONS FOR
HIGH STRENGTH BOLTS

Generally, the States have been using
"AASHIO Materials Specifications" and
"AASHIO Standard Specifications for
Bridges" and ANSI Specifications as
applicable to high-strength bolts along with
special provisions to a project.

Consideration is being given to revise
fastener specifications in "AASHIO
Materials Specifications" and "AASHIO
Standard Specifications for Bridges, Division
11."

ASTM Subcommittee F16.02 is also
considering revisions to current specifications
for fasteners.

RCSC approved "Specification for Structural
Joints using ASTM A325 or A490 Bolts" is a
very good reference source which includes a
very useful commentary.
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3:lL> (M164)
tYPES

TYPE 1 MEDIUM - CARBON
1 12" TO 1 1 12 ft

TYPE 2 LOW - CARBON
MARTENSITE

112 ft TO 1 ft

TYPE 3 WEATHERING
1 ! 2 ft TO 1 1/2" dp 88

1-11
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HIGH-STRENGTH BOLTS

Generally, A325 (M164) bolts are used in
bridge work.

AASHTO allows A490 (M253) bolts also.

A325 (M164) BOLT TYPES

A325 bolts are available as types 1, 2 and 3.
Type 2 steel is no longer manufactured in
U.S. ASTM is considering eliminating this
type.

A325 CM164) STRENGTH
REQUIREMENTS

A325 (M164) fasteners require minimum
tensile strength of 105 ksi for 11/8 to 1 lI2-in.
diameter bolts and 120 ksi minimum strength
for 1/2 to I-inch diameter bolts.
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A325 (M164) HARDNESS REOillREMENTS

ASTM and AASHTO Materials Specifi­
cations provide a range of hardness, but
these specifications do not include upper
bound of tensile strength for A325 (M164)
bolts. Of course, the hardness can be
converted to an equivalent tensile strength
using conversion tables. (For example see
conversion tables in ASTM A370).

MATCHING NUTS

A325
(M164)

TYPE 1 Be 2
PLAIN

TYPE 1 Be 2
GALV.

TYPE 3

3 -11

A 563
(M291 )

C, C3, D,
DH Be DNS

DN Be DNS

CS, DNS

A194
(M292)

2, 2H

2H

dp88
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MATCHING NUTS

FOR A325 (M164) BOLTS

• Type 3 bolts may be used in lieu of type
1 or 2 uncoated bolts.

• Matching nuts for A325 (M164) bolts
include nonheat-treated nuts 2, C, C3
and D in addition to heat-treated nuts
2H, DH and DH3.

• Only heat-treated nuts are galvanized.
• Overtapping and lubrication

requirements for A194 (M292) grade
2H nuts are the same as those for
A563(M291) nuts.

NUT HARDNESS. REQUIREMENTS

PLAIN NUTS-A563(M291) Be A194(M292)

GRADE MIN. MAX.

C&C3 878 C38

D 884 C38

2 884

RECOM. BIt C38
dpaa

"'1'
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NUT HARDNESS REQUIREMENTS

FORA325 (M164) BOLTS

These nonheat-treated nuts can have
hardness as low as 78 HRB. (The FHWA
recommends a minimum hardness of 89
HRB. This will be discussed later.)

Heat-treated nuts which are often preferred
by bridge owners have higher hardness.
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A490 (M253) BOLTS & MATCHING NUTS

• A490 (M253) bolts are available as
types 1, 2 and 3.

• A490 (M253) bolts are not galvanized.

• Only heat-treated hardened nuts are
permitted as matching nuts of A490
(M253) bolts.

A490 (M253) STRENGTH REQUIREMENTS

Specified strength of A490 (M253) bolts
range from 150 ksi to 170 ksi.

NUT HARDNESS REOUIREMENTS
FOR A490 (M253) BOLTS

Heat-treated hardened nuts with minimum
hardness C24 are permitted.

Note: (C24> > 89HRB)
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FffWASUPPLEMENTALSPEC~CATION

(FHWA Memorandum Nov. 8, 1989)

"FHWA supplemental specifications for
projects with AASHTO M164 (A325)
high-strength bolts" contains seven sections.

The FHWA supplemental specifications
amend or revise AASHTO Material
Specifications, but do not replace them.

The supplemental specifications cover
requirements for M164 (A325) bolts,
matching nuts, and washers only. Similar
requirements for other fasteners are under
consideration.



3 -19

3 - 20

3 - 21

SPECIFICATIONS

MANUFACTURING

The FHWA supplemental specifications limit
M164 (A325) bolt hardness of 1/2 inch to 1
inch dia. bolts to the maximum hardness of
33Rc. Because the maximum required
hardness is 31Rc for bolts greater than 1 inch
diameter, in the AASHTO Materials
Specifications, no changes in the hardness
requirements are proposed for
larger-diameter bolts.
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A490 (M253) A325 (M164)

• •C8n Not Be GeIvenJzecI C8n Be GeIvenJzecI
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INCONSISTENCY IN THE CURRENT
REOUIREMENTSFORSTRENGTH
Am2 HARDNESS OF BOLTS

ASTM and AASHTO Materials
Specifications allow maximum hardness of
35Rc for A325 (M164) bolts. This is
equivalent to a tensile strength of
approximately 156 ksi. Because
specifications allow galvanizing of A325
(M164) bolts, it is possible to allow
galvanizing of A325 (M164) bolts which may
have 35Rc hardness and approximately 156
ksi tensile strength.

However, the current practice is to prohibit
galvanizing A490 bolts, which can have
hardness as low as 33Rc and tensile strength
as low as 150 ksi.

RECOMMENDED MAXIMUM
HARDNESS FOR A325 (M164) BOLTS

The FHWA supplemental specifications limit
A325 (M164) bolt hardness to 33Rc for bolts
1/2 inch to 1 inch diameter.
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NUTS

Minimum hardness of 89 HRB is required for
non hardened nuts. (Heat-treated nuts have
hardness> 89 HRB).

WHY MINIMUM HARDNESS OF 89
HRB?

Alexander's model helps explain why 89
HRB minimum hardness must be required
for nonheat-treated nuts if stripping of nuts
must be controlled.

The curves have been plotted for A325 bolts
of 7;8 inch diameter and 156 ksi tensile
strength (equivalent to 35Rc hardness).

The stripping strength represents stripping
strength of the bolt or the stripping strength
of the nut.

Tension strength is tension strength of the
bolt.

For a stripping strength/tension strength ratio
the failure will occur by nut stripping when
the observed nut strength is 87 ksi or less.

87 ksi strength is equivalent to 89 HRB
hardness (see conversion table in ASTM
A370).



NON-HEAT TREATED NUTS
(2, C, C3and D) .

If Hardness > 89 HRS ­
NO Stripping

(Tension Failure Rather
Than Stripping failure)
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Thus, it can be concluded that
non-heat-treated nuts with minimum
hardness of 89 HRB would prevent stripping,
and tension failure, rather than stripping
failure, would result - and that is desirable.

NUTS

It is suggested that the amount of overtap in
the nut must be such that the nut will
assemble freely on the bolt in coated
condition and also meet the mechanical
requirements of AASHTO M291 (A563) and
the rotational-capacity test. The amount of
overtap values in M291 (A563) Sec. 7.4 are
considered maximum overtapping values.

ASTM A563 SECTION 7.4

A563 (M291)

SECTION 7.4

7/16 & SMALLER

OVER 7/16 TO 1

OVER 1

A325 (Ml64)
SECTION 7.3
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7.4 Nuts to be used on bolts threaded with
class 2A threads before hot-dip zinc coating,
and then hot-dip zinc coated in accordance
with specification A153 class C, shall be
tapped oversize at least by the following
minimum diameteral amounts:

DIAMETER IN. IN.A

7116 Smaller 0.016
Over 7116 to 1 0.021
Over 1 0.031
A: Applies to both pitch and minor
diameters, minimum and maximum limits.
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Because large overtapping leads to stripping
- the A563M (M291M) specification has
been written to ensure that the overtapping
requirement is for the maximum limit for
overtapping.

• FHWA supplemental specifications
limit maximum overtapping for
galvanized nuts.

• FHWA supplemental specifications
(November 1989 memorandum)
require a fastener assembly to pass the
rotational-capacity test.

FHWA supplemental specifications require
visible lubricant for galvanized nuts and, dry
and oily to the touch for black bolts.
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FHWA supplemental specifications require
that all bolts, nuts and washers be marked in
accordance with appropriate
AASHTO/ASTM specifications.

TESTING

Testing of fasteners is required by the
manufacturer or distributor prior to shipping.
Also, tests are required in the field.
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Mechanical tests are required for:

• Bolts

• Nuts

• Washers

• Assemblies

BOLTS

As specified in M164 (A325), minimum
frequency of testing for proof load and wedge
tests is required. For galvanized bolts, tests
are required to be performed after
galvanizing. For such bolts zinc coating
thickness measurements on wrench flats or
top of bolt heads is required.

NUTS

As specified in AASHTO M291 (A563),
minimum frequency of proof load testing is
required. For galvanized nuts, test are
required to be performed after galvanizing.
For such nuts, zinc coating thickness
measurements on wrench flats is required.



TESTING
WASH.ERS

1. HARDNESS TEST.
AFTER GALV.

2. ZINC THICKNESS •
MEASURED . dp 88
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TESTING:
Aotational-CapacityTest

1. By Manutaetu,.ror PI"rlbutQr·, ,','
2. same Test Required In FIeld
3. Each Combination Lotof80It,'

Nut, and Waaher
4. Test In SIddmoIe, NOt'In' Steel

Joint
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WASHERS

For galvanized washers hardness testing is
required after galvanizing. For such washers,
zinc coating thickness measurement is
required.

ASSEMBLIES

Rotational-capacity testing is required on all
black and galvanized (after galvanizing)
assemblies by the manufacturer or distributor
prior to shipping.
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Washers are required as part of the test even
though they may not be required as part of
the installation procedure.

Each combination of production lots of bolts,
nuts and washers (when required) is required
to be tested as an assembly.

The bolts should show no evidence of
stripping after the required turns are applied.

After subsequent loosening of the fastener
with a wrench, the nut should be able to turn
off by hand (i.e., nut should not bind with the
threads of the bolt).

Each combination of production lots of bolts,
nuts and washers is required to be assigned a
rotational-capacity lot number.

Minimum frequency of testing is 2 per
rotational-capacity lot (prior to shipping).

ROTATIONAL-CAPACITY TEST

During rotational-capacity testing, bolt
tension is required to be measured using the
Skidmore-Wilhelm Calibrator or an
equivalent device.
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ROTATIONAL-CAPACITY TEST

Steel joints are not permitted except with
short bolts.

ROTATIONAL-CAPACITY TEST

The minimum rotation from a snug tight
condition (10% of the specified proof load)
shall be:
2400 (2/3 turn) L < 4D
3600 (1 turn) 4D < L < 8D
4800 (11/3 turn) L> 8D
The tension reached at the above rotation
shall be equal to or greater than 1.15 times
installation tension.

Therefore, required turn test tension for a
7/8 inch diameter M164 (A325) bolt:

= 1.15x39K (req'd. instal. tension)

= 45 kips

Values of minimum required turn test
tension are included in the FHWA
supplemental specifications.

After reaching the installation tension, the
relationship between torque and tension shall
be given by:

TESTING:
Rotational-Capacity Test

TWO TIMES INSTALLATION AOTATIO~

TENSION: :>1151Mt of Installation
Tension
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TESTING:
Rotational-Capacity Test,

For Tension 2 Installation Tension
T ~ 0.25 PD

Where:
T = Measured Torque (ft-Ibs)
P =Measured Tension (Ibs)
D = Bolt diameter (ft)

3 - 48

Torque
Where:
Torque
p
D

:s 0.25PD

= measured torque (ftAbs)
= measured tension (lbs)
= bolt diameter (feet)
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Short Bolts

Because short bolts would not fit in the
conventional Skidmore-Wilhelm Calibrator,
it is suggested that the measurement of
maximum tension to achieve twice the
required installation rotation be omitted.
Instead, a value equal to turn test tension
(1.15 x installation tension), may be used to
compute the torque. The measured torque
will be obtained by turning the nut to the
minimum rotation (i.e., installation rota­
tion) from the snug tight position in a steel
joint.

Reportin~

The results of all tests (including zinc coating
thickness) must be recorded. Locations
where tests are performed and date of tests
are also recorded.

Witnessin~

The tests need not be witnessed by an
inspection agency, however, the
manufacturer or distIibutor is required to
certify that the results are accurate.
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~ Rf(eMM OI"~
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I

I INSTALLATION
I
!1. AASHTO Division II Requirements
i
;2. Snug Tight Condition Achieved

3. Rotational-Capacity Test

(Washer Required)
I

.....~._--~
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INSTALLATION

Why are installation test procedures
necessary at the job site?

Considering "as received" and clean bolts, it
is obvious that there can be a large variation
in bolt tension for a given torque. Significant
torque variation from what was needed in the
laboratory can occur during installation. (-38
to +39% for A325 black bolts and -32 to +
3% for A490 bolts have been reported in the
literature.)

Hence, calibration tests should be done in a
manner that provides a reliable installation
torque for a given lot of bolts.

In the field, bolts must be installed in
accordance with AASHTO Div. II Art.
10.17.4. Upon verifying the visible lubricant,
examining the surface condition of fasteners,
and verifying the lot number, the snug tight
condition is achieved and the
rotational-capacity test is performed similar
to the testing by the manufacturer (or
supplier) as discussed earlier.
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INSTALLATION
REQUIREMENTS

1. SKIDMORE - WILHELM CALIBRATOR
OR EaUIVALENT DEVICE

2. CALIBRATED DTI (FOR SHORT
BOLTS)

3. CALIBRATED WRENCH
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DOCUMENTA TION .

1. MILL TREST REPORT (MTR)
2. MANUFACTURER CERTIFIED

TEST REPORT (MCTR)
3. DISTRIBUTOR CERTIFIED

TEST REPORT (DCTR)
dp 88
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Purpose of Installation Tests

Installation procedure tests are required to
ensure proper installation tension as bolts are
installed, and also to ensure quality of the
product received in the field.

Installation Test Requirements

• 1 - A Skidmore-Wilhelm Calibrator or
an acceptance equivalent device.

• 2 - Calibrated direct tension indicating
washers (for installation testing for
short bolts).

• 3 - Calibration wrench (periodic testing
at least once each working day - when
calibrated wrenches are used).

DOCUMENTATION
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MeTR
IF ROTATIONAL-CAPACITY TEST
IS PERFORMED BY THE
MANUFACTURER, ADDITIONAL
RELATEO INFORMATION MUST
BE INCLUDED ON THE MCTR

dp 88
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Mill Test Report

A "Mill Test Report" (MTR) must include
test results from tests performed on the steels
used in the manufacture of fasteners (bolts,
nut and washers).

The tests required in the MTR may be
performed by the mill or an independent
testing agency.

Mill test reports are required to show the
name of the country where the material was
melted and manufactured.

Manufacturer Certified Test Report(s)

A "Manufacturer Certified Test Report"
(MCTR) must include test results for the
items furnished (bolts, nut and washers as
appropriate) and other relevant information
required (e.g., where tests were performed
and date of tests, etc.).

H the manufacturer performs the rotational­
capacity test, the MCTR must include the
following:

• 1 - The lot number of each item tested.
• 2 - The rotational-capacity lot number

assigned.
• 3 - Test results of the rotational-capacity

test.
• 4 - Location where tests are performed and

date of test.
• 5 - The location where fastener assembly

components were manufactured.
• 6 - The statement that items in the MCfR

meet appropriate specifications.



TR

Lot Number of Each Item
Rotational-eapaclty lot Number
Assigned
Test Results of Rotational­
Capacity Test
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CTR

4. TION & DATE - TEST
PERFORMED

5. LOCATION • FASTENER
COMPONENT MANUFACTURED

6. STATEMENT OF CONFORMANCE
dp 88

1-11
3 - 61

3 - 62

Distributor Certified Test Report's) DCTR

The distributor certified test report (DCTR)
is required to include the MCTR noted
above. If the rotational-capacity test is per­
formed by the distributor (or an inspection
agency representing the distributor), the
results of the test and the following informa­
tion are to be reported by the distributor:

• 1 - The rotational-capacity lot number
assigned.

• 2 - Test results of rotational-capacity
test.

• 3 - Location where tests are performed
and date of test.

• 4 - The statement that the MCTR is in
conformance with appropriate
specifications.



DCTR
DDITIONAL INFORMATION nL.""",vlf"lI::U

1. ROTATIONAL· CAPACITY LOT
NUMBER ASSIGNED

2. TEST RESULTS OF
ROTATIONAL-CAPACITY TEST

dp 88
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DCTR
(CONT. )

3. LOCATION AND DATE-TEST
PERFORMED

4. STATEMENT OF CONFORMANCE

dp 88
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SHIPPING

If there is only one production lot number for
each size of nut and washer, they may be
shipped in separate containers. Otherwise,
components from each rotational-capacity lot
are required to be shipped in the same
container.
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Each container is marked with
rotational-capacity lot number and
adequately identified.

The MTR, MCTR or DCTR is supplied to
the contractor or owner as required.
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Manufacturing Processes

BOLT
MANUFACTURING

COLD FORMED
HOT FORGED

dp 88
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4-2

4-3

COLD FORMED FASTENERS

Bolts are manufactured by either cold
forming or hot forging methods. Most
intermediate diameters (5;8 inch through 1l/4
inch) are cold formed.

Cold formed bolts are manufactured in a
bolt maker, which is a horizontal, multi­
station, mechanical press.

Material for cold formed bolts is received
from the steel mill in coils. Each coil has a
tag attached identifying the mill heat number,
material grade or type and chemistry.
Depending upon the source, a mill heat
would yield 100 coils weighing about 1 ton
per coil. The material is hot-rolled and
non-annealed.
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M.'.JI"'Ok·..rT_.,....p ... l
A mill test report (MTR) is furnished for each
heat by the producing mill. This MTR must list
the heat number and heat analysis. Additional­
ly, for "Buy American" projects, the MTR will
include a statement indicating that the material
was melted and manufactured in the U.S.A.
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The fIrst step in the manufacture of bolts is to
clean the coils. In this operation, called
"pickling", the coils are suspended in a sulfuric
acid tank. They subsequently receive a water
rinse and a heavy lime coating.

The lime neutralizes the effect of any remaining
acid, protects the material from corrosion and
acts as a base for lubrication added in a later
operation.

Some manufacturers purchase the raw material
already pickled and coated. Others abrasive
blast the material to remove mill scale and dirt.
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After pickling, additional identification may
be used, including color coding and
re-tagging.

Coils are then annealed. Annealing is a form
of heat treatment that softens the steel and
increases its ductility and formability. The
material is heated in a controlled atmosphere
to approximately 14000 p and held for 24 to
48 hours.

Raw material is then moved to the
manufacturing area. Initially, the coil is fed
into the wire drawer. The offset rollers
straighten the wire and the carbide die
reduces the diameter approximately .030 in.
to the required shank diameter.



The material to the left of the die is .030 inch
or about 1/32 inch smaller in diameter. Some
manufacturers purchase material that has
been drawn to the finished diameter.

ffI
" _.k
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The material then feeds to the bolt maker.
The manufacturing stages are:

• cut-off, upset, head, extrude, trim, point
and roll thread.

4-11

The guts of the bolt maker are a series of
hydraulic presses. The bolt moves from the
far side of the press toward the near side on
each stroke of the machine. We can see the
various forming stages in the manufacturing
operation.

4 -12
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First, a blank of appropriate length is
sheared from the coil. Blank length depends
on bolt length and head size.

The first station then forms an upset or
preform on one end of the blank in
preparation for heading.

The second station forms a button from the
upset. In this station the washer face, fillet
radius, headmark, and head height are also
formed. The actual sequence may vary
between different manufacturers.
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Next, the length of shank to be threaded is
extruded to the thread pitch diameter (as
shown on the upper bolt). The bolt then
moves to the trimming station where a
trimming die shears material from the
circumference to form the hex shape (the
bottom bolt).

Here, the trim drop is separated from the hex
head.

The end of the bolt is then chamfered by a
set of rotating carbide cutting tools. Not all
manufacturers chamfer or point the bolt.
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The threads are then rolled by placing the
bolt between two thread forming dies. One
die moves relative to the other rotating the
bolt approximately 3 1/2 turns while forming
the threads.

The threaded bolts

Once formed, the bolt must be hardened and
tempered to produce the mechanical
properties required by the standard. The
bolts are fed into a controlled atmosphere
furnace, heated to approximately 16000 F and
held at that temperature for about
45 minutes. This operation alters the bolt
microstructure. The material travels through
the furnace on a continuous belt.



4-22

4- 23

4-24

The bolts are then quenched in an oil or
water solution. Quenching forces the bolt to
cool rapidly, hardening the bolt and changing
the microstructure.

After quenching, the bolts are washed and
loaded into the tempering furnace. They are
heated to 8000 Pminimum and held for
approximately 45 minutes. Tempering
reduces hardness, increases bolt ductility and
produces the strength level required by
specification.

After tempering, the bolts are cooled to
about 475°F. They are then drenched,
usually in a water soluble oil solution to
create the black heat treated finish found on
non-coated fasteners. The FHWA
Memorandum requires that the finish be
"oily".
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After testing, the bolts are ready for
packaging. Some manufacturers package
fasteners with the nut assembled to the bolt.

Shipping containers are marked with the
necessary information. The container shown
in Figure 4-26 does not have the Rotational­
Capacity Lot No. shown and would not be
acceptable for bridges.

The containers are then filled.



4- 28

BOLT
MANUFACTURING

COLD FORMED
HOT FORGED

dp 88
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... and the pails loaded on pallets for storage
or shipment.

HOT FORGED FASTENERS

As noted earlier, bolts are either cold formed
or hot forged. The previous discussion
demonstrated the cold forming process.

Larger diameter bolts, however, are often hot
forged. Material for these bolts is purchased
in straight bars to a finished diameter.
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The bars are sheared to length and the ends
heated to 20000 F for forging.

The heads are individually forged by the hot
forge operator.

Threads are then either cut or rolled. Here
the threads are rolled on a rotary type
threading machine. The cylindrical inside
forming die rotates with respect to the
outside die while forming the threads.
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QUALITY CONTROL
TRACEABILITY

PROCESS CONTROL

TESTING

REPORTING
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The remaining operations are similar to the
cold forming operations, heat-treat, quench,
inspect and test.

OUALITY CONTROL

Quality control is an essential function in all
bolt manufacturing operations. Quality
control consists of:

• Material traceability through various
operations.

• In process testing to verify process
control.

• Product testing and inspection to verify
conformance to standards.

• Reporting results on the Manufacturers
Certified Test Report (MCTR).

Traceability from the mill material through
all operations to the bolts in the shipping
container is required. The original Mill Test
Report (tied to the heat number) and the
Manufacturers Certified Test Report (tied to
the production lot number) provide the
record.
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A production lot number ties it all together.
Unique lot numbers are assigned for each
combination of mill lot, bolt diameter, bolt
length and heat-treatment lot. A typical
production lot could contain as many as
30,000 pieces.

In process control is applied at various stages
of the production cycle. Periodically
dimensions and tolerances are checked for
conformance to standards.

The outside diameter is checked with a
micrometer.

Bolt threads are checked with a ring gage.
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Nut threads are checked with a go/no-go
gage.

Thread lengths are checked.

4-42

In-process hardness tests are performed at
regular intervals.
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In-process magnetic particle inspection may
be performed for discontinuities. For A490
bolts, magnetic particle inspection is
required. The bolts are magnetized, covered
with a special magnetic solution, and viewed
under a black light. Defects such as cracks
and seams will show up as a vivid yellow line.

Samples from each production lot are tested
in accordance with appropriate ASTM,
AASHTO or FHWA requirements. Results
of all tests are recorded on the
Manufacturers Certified Test Report
(MCTR). Typical tests include hardness
tests, wedge tensile tests, proof load tests and
rotational capacity test.

Typical hardness tests may be made on ends,
wrench flats or unthreaded shanks.
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Wedge tension tests demonstrate bolt
strength, ductility, and integrity of the
head/shank junction. The tapered wedge
adds significantly to the severity of the test.

4-47

Wedge tension test failure must occur in the
body or threaded section of the bolt. It may
not occur at the head/shank junction, in spite
of local bending due to the tapered wedge.

4-48

Rotational capacity tests demonstrate the
presence and efficiency of lubricant, func­
tional thread fit between the nut and bolt,
and the assembly's capability to be preloaded.

A rotational capacity lot number is assigned
to the bolt/nut combination after the
rotational capacity test has been performed.
Bolts and nuts that have been tested may
then be shipped together in the same
container. When nuts and washers are from
singular production lots, they may be
packaged separately, provided each R-C lot
number is identified on the container.
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Results of all tests are recorded or reported
on various forms:

• Mill Test Report (MTR)

• In Process Records or

• Manufacturers Certified Test Report
(MCTR)

The Mill Test Report is furnished by the mill
supplier. It contains records of mill heat
number and chemical test results.

In-process records include the results of in
process tests.
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Continuous record of furnace temperature.

Test results and furnace loadings.

Heat Treatment Log.
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The Manufacturer Certified Test Report
(MCTR) contains the balance of all informa­
tion, including the results of all tests required
by the pertinent specification. Documents
(MTR & MCTR) are delivered to the
customer with the shipping container or by
mail, depending on customer requirements.

PRODUCT MARKING

The ASTM Specifications require that all
parts of the fastener assembly be distinctively
marked. The marking operation is an
integral part of the forming or forging
procedure. Marks may be either raised or
depressed, depending on the product. Ifnuts
are marked on the bearing face, the marks
shall be depressed.

C~rtain markings are mandatory, while
others are optional. The commentary to the
RCSC Bolt Specification shows these in more
detail. Marking with a symbol identifying the
manufacturer is mandatory. The appendix
contains a document, IFI-I22, that identifies
the various manufacturers' symbols.



A325 (M164)
BOLT TYPES

TYPE 1 MEDIUM-CARBON
1 /2" TO 1 1/2"

TYPE 2 LOW - CARBON
MARTENSITE

1/2" TO 1"
TYPE 3 WEATHERING

1/2" TO 1 1/2" dp 88
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FASTENER TYPES

The A325 specification allows for the manu­
facture of bolts from three different types of
material. Type 2 material has been a
problem and domestic manufacturers no
longer use it. The 1991 ASTM specification
will probably eliminate that grade. Type 1
bolts are those that are used in most typical
installations. Type 3 bolts are corrosion
resistant for use in unpainted A588
structures. They may, however, be used in
lieu of type 1 bolts.

Nuts are manufactured to at least 7 different
grades from 2 different specifications. The
two specifications are A563 and A194.

Matching nuts for A325 bolts include
non-heat- treated grades 2, C, C3, and D,
plus heat-treated grades 2H, DH and DH3.
The FHWA Supple- mental Specification
requires that grades 2, C, C3 and D meet
special minimum hardness requirements
when used for bridges.

Galvanized nuts must be heat-treated grades
2H, DH or DH3.

COATED FASTENERS

Additional processing, such as coating the
bolts, may be performed by the manufacturer
or the subcontractor. A325 fasteners may be
either coated or uncoated (black). The
purchaser must specify the type of fastener
required. Normally, the coating used for
coated fasteners is zinc.
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COATED FASTENERS

HOT - DIP GALVANI ZING

MECHANICAL GALVANIZING

ZINC COATED

dp 88
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HOT om DIP
GALVANIZING

CLEAN

IMMERSE IN MOLTEN ZINC

SPIN

QUENCH
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The A325 specification specifically refers to
two processes for zinc coated fasteners,
hot-dip and mechanically galvanized. Other
methods of applying the zinc coatings are
available.

The hot-dip galvanizing process comprises a
four step procedure:

• Clean

• Immerse in molten zinc

• Spin to remove excess zinc

• Quench to harden the zinc

After cleaning in a pickling bath, the material
is dipped in molten zinc. The temperature of
the molten zinc is 850oP. Bolts typically
remain in the molten zinc for 5 to 10 minutes,
depending on the weight of material in the
bucket.
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Upon removal from the molten zinc, the
material is spun in an enclosed kettle to
remove excess zinc from the threads.

After spinning, the product is dumped into a
water quench tank to complete the process.

The process is now complete.
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, Nt> hyrjlOt::Jen el"I1bI"lrtrel"!1Ie'nt
, Product no rejerts
• Room temperature operation
, safe working environment
• No c:yanldes or compleJdng chemicals
•~ and approved by

loc:aI, state, federal and
lntemiIltklnaI agendes.
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Another popular method of coating bolts is
the mechanical galvanizing process.
Mechanical galvanizing is a cold process
where the coating is applied by an impacting
process. Proprietary chemicals, glass impact
media, and metal powders are rotated in an
open barrel along with parts to be coated.

Process advantages include low hydrogen
embrittlement possibilities, low energy usage,
and simplified disposal of waste products.

Most of the work takes place in this rubber­
lined barrel. The process includes:

• Soil or scale removal

• Surface preparation

• Plating

• Separation and drying
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Parts are first cleaned in a sulfuric acid bath.
They are then loaded into the barrel.

The impact medium of glass beads is added.

Tempered water is added.
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Surface conditioners are then added to the
rotating barrel where the cleaning and
surface preparation take place.

The zinc powder is then added. The zinc
particles are cold welded onto the parts by
the many impingements of the small glass
beads under pressure from the overlying
parts.

The main component is the rubber lined
rotating barrel with sizes ranging from 1 to 30
cubic feet. After plating, the mixture of parts
and media are dumped into a hopper. The
hopper then dumps the material on a
vibrating screen or magnetic belt, allowing
the media and plated bolts to separate. The
bolts are then dried and the media, after
some treatment, is reused.
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This is the mechanically galvanized product.

A third type of coated bolt is the spray coated
fastener. In this procedure the fastener is
cleaned, abrasive blasted, spray coated and
lubricated.

The product is degreased in a tht(",~-~tep

process.
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The fastener is then blasted to a ''white
metal" specification using a fine grit.

It is then coated with a high-ratio zinc silicate
and lubricated.

Obviously, there is much more that can be
presented relative to fastener manufacturing
processes. Twist-off bolts, nuts, washers and
DTls have not been addressed. The
foregoing, however, should at least provide
some insight into the number and complexity
of the manufacturing operations involved as
well as the quality controls required to
produce a specification-conforming product.
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Receipt Inspection, Storage, Pretest, Review of MTD
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RECEIPT INSPECTION

This session describes specification
requirements and inspector responsibilities
for job site operations. Material is also
applicable to fabrication shop bolting
operations.

5-2

RECEIPT INSPECTION

STORAGE

PRE-TEST STATUS

REVIEW OF Mill TEST
DATA

JOBSITE TESTING

INSTAllATION SPECS.
dp 88
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The areas shown in Slide 5-2 are to be
discussed in this section of the course.

dp88

"II

BOLTED PARTS

INSTALLATION
-TURN-Of-NUT
-DIRECT TENSION INDICATORS
-CALIBRATED WRENCH
..ALTERNATE DESIGN BOLTS
INSPECTION

5-3

Addional topics are shown in Slide 5-3.
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CONTAINER
INFORMATION

MANUFACTURER IDENTIFICATION

CONTENTS

COMPONENT LOT NUMBERS

ROTATIONAL· CAPACITY LOT
NUMBERS dp88
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When properly performed, receipt inspection
can help to eliminate future installation
problems.

Inspect containers for the information shown
in Slide 5-5. Record data for comparison to
test reports.

5-6

SIZE

LOT,

MADf IN S.A

All previously mentioned data must be easily
recognizable and permanently marked.
Bolts, nuts and washers must be in the same
shipping container, except where there is
only one production lot number for each size
of nut and washer. Watch for shipping
damage and possible contamination.
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STORAGE

PR JECT SITE
OR

FABRICA TION SHOP
dp 88

1-11

5-8

5-9

Black bolts must be oily to the touch. For
galvanized fasteners, the nuts must be
lubricated with a material that is clean and
dry to the touch, and must contain a visible
dye for easy identification.

STORAGE

Fasteners must be protected from dirt and
moisture at all times. Lubricant on black
fasteners will hold dust. Cover to protect
from rain, snow or dew. Plastic sheeting over
containers and sealed to ground will cause
fasteners to sweat. Provide adequate
ventilation.

Keep away from grease or oil. Store all
fasteners in original containers and return
unused fasteners to maintain lot identi­
fication. Remove only enough fasteners for
use on one work shift.
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PRE-TESTING

Many State DOTs have procedures which
require tests to be conducted at the
producer's plant and witnessed by a DOT
inspector or consultant inspector. Others
sample material at the plant and conduct
tests in the DOT laboratory.

Where this is done, most DOTs identify
containers with a tag or stamp to show
project site inspectors that the fasteners have
been approved for use. Inspectors on project
site or in the fabrication shop must be aware
of appropriate QA system used by DOT and
verify materials are approved.

REVIEW OF TEST DATA

AND REPORTS

In many cases, fasteners are not inspected at
their source, and the job site or fabrication
shop inspector must review test data and
decide if the fasteners are acceptable. This
portion of the course will review the
documents necessary for ensuring the quality
of nuts, washers, and bolts.



"DOCUMENT"

OR

"TEST REPORT"
dp 8B
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• Mill Test Report (MTR)

• Manufacturer Certified Test Report
(MCTR)

• Distributor Certified Test Report
(DCTR)

5 -14

MILL TEST
REPORT (MTR)

STEEL MANUFACTURER
RA W MATERIAL
CHEMISTRY ONLY

dp 8B
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The results of all tests are to be recorded on
the appropriate document. Selection of the
format is up to the manufacturer and cus­
tomer (DOT). The document must identify
the location and the date of the test. Tests
need not be witnessed by an inspection
agency. The manufacturer or distributor that
performs the tests shall certify that results are
accurate.

FHWA Supplemental Contract Specs. make
reference to three types of test reports.

We will discuss each in detail and outline
their uses and test data requirements.

A mill test report is prepared by the steel
manufacturer to document properties of mill
steel used to manufacture bolts, nuts and
washers. Material may be purchased by the
fastener manufacturer to chemistry only to
allow for proper heat treating of component.
The MTR can be used to verify specification
compliance for chemistry only, as all other
tests are required on the finished product.



MTR CONTENT
STEEL PRODUCER'S FORM

HEAT NUMBER

CHEMICAL ANALYSIS

LOCATION· MELT • MADE

LOCATION· TESTS CONDUCTED

DATE OF TESTS i:-~(I
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MCTR CONTENT
Mill HEAT NUMBERS

FASTENER MANUFACTURER
lOT NUMBERS

. MULTIPLE T·EST RESULTS
DEPENDING UPON dp 88

QUANTITY I-illl
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MTRs must be from the steel producer, on
the test report, not copied onto the fastener
manufacturer's test report. The MTR must
document heat number, analysis, place where
steel was melted and manufactured, location
where the tests were performed and date of
the tests. "Place where steel melted" may
note "country only," but, city and state
location are recommended. When Type 3
(weathering steel) components are specified,
the MTR shall identify to which class
(composition) the steel was manufactured.
Explain.

The Manufacturer Certified Test Report is
prepared by the bolt, nut or washer manu­
facturer to document the results of physical
tests performed by the manufacturer.

The MCTR must document the heat number
of the steel used to manufacture the product
so that traceability is provided back to the
MTR. The lot number assigned by the
fastener manufacturer must be shown.
AASHTO material specifications may
require several physical tests of each
component, depending upon quantity of each
lot number. The MCTR must document all
tests required.
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BOLT TESTS
PROOF lOAD - METHOD 1

TENSilE TEST· WEDGE

SHORT SOLTS ­
HARDNESS ONLY

5 -19

5 - 20

GALVANIZED BOLT TESTS

All MECHANICAL TESTS
AFTER GAlV.

GALV. THICKNESS TESTS
BY BOLT MANUFACTURER

ROTATIONAl· CAPACITY

TESTS ~ii
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Proof load (Length Measurement Method,
ASTM F606 Method 1) tests are required.
Method 2 (Yield Strength) or Method 3
(Uniform Hardness) are not acceptable.
Wedge tensile tests are required on all bolts
long enough for tensile tests. Hardness tests
are required for all bolts, and are in lieu of
tensile tests for bolts less than 3 diameters
long.

For bolts on which hardness and tension tests
are performed, acceptance based on tensile
requirements shall take precedence over low
readings on hardness tests.

When bolts are galvanized, all mechanical
tests must be done after galvanizing. Coating
thickness measurements must be made by
the bolt manufacturer and reported on the
MeTR. Rotational Capacity tests required
by AASHTO M164 (ASTM A325) are to be
conducted and reported by the bolt
manufacturer. These tests are not to be
superseded by R-C tests as described later in
this course.



NUT TESTS
PROOF LOAD-MANDATORY

GALV. - TEST AFTER GALV.
OVERTAP & LUBE

GALV. THICKNESS TESTS
BY MANUFACTURER

dp B8
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WASHER TESTS

GALv. -HARDNESS AFTER
GALV.

GALV. - THICKNESS TESTS
BY MANUFACTURER

dp B8
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ROTATIONAL - CAPACITY
TESTS

COMPONENT LOT NUMBERS

ROTATIONAL - CAPACITY LOT NO.

TEST LOCATION & DATE

COMPONENT MANUF. LOCATION

CERTIFICATION STATEMENT dp B8
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Proof load tests (ASTM F606 paragraph 4.2)
are mandatory for all nut sizes and grades. If
nuts are galvanized, tests must be conducted
after galvanizing, overtapping, and
lubricating. The coating thickness must be
verified by the nut or bolt manufacturer and
reported on the MeTR.

If the washer is galvanized, hardness tests
must be made after galvanizing. Coating
thickness must be verified by the washer or
bolt manufacturer and reported on the
MeTR.

When R-C tests are conducted by the
component manufacturer, test results must
show on the MeTR. Lot numbers for each
component and resulting R-C lot must be
documented. The test frequency is two tests
per R-C lot. The MCTR must document the
location and date of the R-C tests as well as
the location where the assembly components
were manufactured. The MeTR must
contain a certification statement that MeTRs
for component materials conform with
FHWA specifications and AASHTO
specifications.



DISTRIBUTOR CERTIFIED
TEST REPORT (DCTR)

CONCEPT DEVELOPED TO ALLOW
A DISTRIBUTOR (WAREHOUSE)
TO BUY BOLTS, NUTS. WASHERS
AS INDIVIDUAL COMPONENTS
AND SELL AS AN ASSEMBLY.
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DCTR CONTENT
FASTENER MANUFACTURER LOT
NUMBERS

DISTRIBUTOR ASSIGNED
ROT ATIONAL - CAPACITY LOT NUMBERS

ROTATIONAL - CAPACITY TEST RESULTS

LOCATION & DATE OF
ROT ATlONAL - CAPACITY TEST (S)

CERTIFICATION STATEMENT dp 88
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The Distributor Certified Test Report is
prepared by the fastener distributor to
document R-C tests and R-C lot numbers.
All components must be lot identified on all
containers. MCTRs and MTRs must be
supplied for all components.

All component lot numbers must be
documented, including the R-C lot. The test
frequency is two assemblies per R-C lot.
The DCTR must document location and date
of test. The DCTR must contain a certifica­
tion statement that the MCTRs for all
component items conform with FHWA and
appropriate AASHTO material specifica­
tions. If the distributor has components
galvanized from stock, all physical tests must
be re-conducted at proper frequency and
reported on the DCTR. The coating
thickness must be verified by the distributor.
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Jobsite Rotational-Capacity Testing

JOBSITE

TESTING
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JOBSITE

ROTATIONAl - CAPACITY

TESTS
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, 2 TESTS PER
ROTATIONAL - CAPACITY LOT

BOLT
NUT

WASHER

SAME LOT NUMBER
dp 88
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Now that the fasteners are on the job site or
fabrication shop floor, have been inspected,
and are stored properly with MTRs, MCfRs,
and DCTRs reviewed and accepted, the
contractor now wants to install them. What
tests, if any, must be performed?

FHWA specifications require the R-C test to
also be conducted on the project site or at
the point where installation takes place. The
test should be performed immediately prior
to starting installation so that the test will
judge the effects of shipment and storage on
fastener lubrication. The tests are to be as
per AASHTO M164 except as modified by
FHWA specifications.

R-C tests must be performed at the rate of
two tests per R-C lot as shown on shipping
containers. The bolt, nut and washer must
have the same R-C lot number and be
packed in the same container (except in
special cases where nuts and washers have
only one production lot number for each
size).



WASHERS
REQUIRED FOR

ROTATIONAl· CAPACITY
TEST

dp 88
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Washers are required for the R-C tests even
though they may not be required for job-site
installation. Where washers are not required
for job-site installation, lot identification
(both manufacturer and R-C) is not required.
Washer coating should be the same as in the
bolt and nut. All R-C tests are to be
performed by the contractor/fabricator and
should be witnessed by the DOT inspector.

Equipment required to conduct R-C test is as
follows.

Skidmore-Wilhelm Bolt Tension Calibrator
or equivalent tension measuring device.
Calibration within the last year.
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Standard torque wrench. Calibration within
the last year. 1000 ft-Ib capacity will cover
most bridge situations. May require 2000
ft-Ib. wrench for IV4 inch-diameter bolts and
larger or a torque multiplication device may
be used.

Suitable steel joint to conduct tests on short
bolts. The plate thickness is governed by bolt
length. Plate can be l;2 inch to 1 inch and use
shims to adjust for bolt length. The hole size
in the plate is V16 inch over bolt diameter.

The bolt tension calibrator and steel joint
must have rigid mounting as larger-diameter
bolts generate extremely high torque
numbers.
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The R-C test is to be in accordance with
AASHTO M164 paragraph 6.5 as modified
by the FHWA specification.

Select two bolt, nut, and washer assemblies
from each R-C lot as shown on shipping
containers. Washers must be used on all R-C
tests. The coating on washers must be same
as on bolt and nut.

For bolts long enough to fit the bolt tension
indicator, install bolt, nut, and washer with
additional face plates and shims to position
three to five threads in the steel plates.
Install finger tight.

Tighten nut to 10% of specified minimum
installation tension. This is a portion of
Table D4.1g from the FHWA specification.
Explain information. Required installation
tension is equal to the proof load tension test
requirement of AASHTO M164 (ASTM
A325) and is 70% of the minimum specified
tensile strength of the bolt.
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TABLE 04.1g

OIA. (IN.) 7/8 1 1/8

REO. INSTALL

TENSION (KIPS) 39 51

TURN TEST
TENSION (KIPS) 59 14

tip"
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Mark the socket on the nut to reference the
point on Skidmore-Wilhelm or shim plates,
and rotate the nut as per this chart. Explain
chart. Tighten the nut with an air wrench or
torque wrench. These rotations are two
times required AASHTO Bridge Code
rotation for turn-of-nut installation and are
not the same rotational requirements as
shown in AASHTO M164.

The minimum tension induced into the bolt
at the specified rotation shall be equal to or
greater than 1.15 times the minimum
required installation tension. Table D4.1g
has minimum values required and is called
Turn Test Tension. Explain numbers.

WHERE:
T = MAX. ALLOWABLE

TORQUE
P = "TURN TEST TENSION"

FROM TABLE 04.19
o = BOLT DIAMETER (FT.)

T 0.25 PO

dp"

At any point after the required minimum
installation tension has been exceeded, one
reading of tension and torque shall be taken
and recorded. The torque value shall not
exceed value calculated from this formula.
The readings should be taken as close as
possible to the minimum installation tension.

6 -15
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FAILURE
1. INABILITY TO ACHIEVE

REQUIRED ROTATION
2. SHEAR FAILURE OF

THREADS
3. TORSION FAILURE

OF BOLT

6 -16
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Upon completion of required rotation, the
assembly must show no signs of failure.
Failure is defined as follows:

• Inability to assemble to the nut rotation
specified in Table D4.1f or by an inability to
remove the nut following the test,

• Shear failure of threads as determined by
visual examination of bolt and nut threads
following removal, and

• Torsional failure of the bolt.

Elongation of bolt, in the threads between
the nut and bolt head, is to be expected at the
required rotation and is not to be classified as
a failure.

Bolts that are too short to be assembled in a
Skidmore-Wilhelm may be tested in a steel
joint. Plate thickness is adjusted by steel
shims with proper hole size. Minimum tum
test tension does not apply as we have no way
to measure tension. The maximum torque
requirement, using torque formula, is
computed using value for P equal to the Tum
Test Tension from Table D4.1g.

The test procedure essentially same as with
the Bolt Tension Calibrator.

• 1 - Install bolt with appropriate shims
to place three to five threads in steel
plate.

• 2 - Install nut and washer. Prevent bolt
head from turning at all times.

• 3 - Tighten nut snug tight using same
effort (torque) required to reach 10%
on R-C tests done in Skidmore.
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• 4 - Mark socket to reference point on
steel plate and tum nut to the minimum
rotation required for tum-of-nut
installation.

• 5 - Using a calibrated torque wrench,
re-start the nut in tightening direction
and record torque.

• 6 - Torque cannot exceed value
calculated from this formula. P value
used in this calculation is the "tum test
tension" from table D4.1g of FHWA
memo.

• 7 - Nut and bolt must be free from
damage as described previously.

• 8 - Test both sets of samples, both must
pass test.
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JOBSITE

INSTALLATION

SPECIFICA TIONS
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Specifications and procedures which cover
high strength bolt installation are contained
in the latest AASHTO Standard Specifica­
tion for Highway Bridges.

Current edition is the 14th Edition dated
1989 with Interim Specifications - Bridges ­
1990. All State DOTs should follow
provisions of this specification for all work.

Current AASHTO specifications are very
similar to the Research Council on Structural
Connections (RCSC) Specification which is
titled, "Specification for Structural Joints
Using ASTM A325 or A490 Bolts" - 1985
edition.

AASHTO normally adopts RCSC specifica­
tion requirements usually 2 to 3 years after
RCSC publication.
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A recent FHWA memorandum will no doubt
bring about several changes in AASHTO and
ASTM material specifications, as well as
RCSC and AASHTO installation specifica­
tions. The remainder of course material is
based on AASHTO Bridge Code, 14th
Edition, 1989, with Interim Specification
1990 as modified where appropriate by
FHWA requirements.

7-5

BOLTED

·PARTS
dp 18
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All material within the grip of the bolt shall
be steel. There shall be no compressible
material such as gaskets or insulation within
the grip. Bolted steel parts shall fit solidly
together after the bolts are tightened, and
may be coated or noncoated. The slope of
the surfaces of parts in contact with the bolt
head or nut shall not exceed 1:20 with respect
to a plane normal to the bolt axis.

7-6

When assembled, all joint surfaces, including
surfaces adjacent to the bolt head and nut,
shall be free of scale, except tight mill scale,
and shall be free of dirt or other foreign
material. Burrs that would prevent solid
seating of the connected parts in the snug
tight condition shall be removed.
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S IP CRITICAL

STRESS REVERSAL

HEAVY IMPACT LOADS

SEVERE VIBRATION

JOINT SLIPPAGE
UNDESIREABLE
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Paint is permitted on the faying surfaces
unconditionally in connections except in
slip-critical connections.

Slip-critical joints are defined as joints
subject to stress reversal, heavy impact loads,
and severe vibration where stress and strain
due to joint slippage would be detrimental to
the serviceability of the structure.

The faying surfaces of slip-critical
connections shall meet the requirements of
the following: In noncoated joints, paint,
including any inadvertent overspray, shall be
excluded from areas closer than one bolt
diameter but not less than one inch from the
edge of any hole and all areas within bolt
pattern.

Joints specified to have painted faying
surfaces shall be blast cleaned and coated
with a paint which has been qualified as class
A or B in accordance with the RCSC
Specification for Structural Joints using
ASTM A325 or A490 bolts. A lesser
coefficient of friction may be approved by the
Engineer. Coated joints shall not be
assembled before the coating has cured for
the minimum time used in qualification
testing.
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Faying surfaces specified to be galvanized
shall be hot dip galvanized in accordance
with ASTM Specification A123, and shall
subsequently be roughened by means of hand
wire brushing. Power wire brushing is not
permitted.

The following requirements are general and
are applicable to all high strength bolt
installation methods.

Fasteners shall be protected from dirt and
moisture at the job site. Only as many
fasteners as are anticipated to be installed
and tightened during a work shift shall be
taken from protected storage. Fasteners not
used shall be returned to protected storage at
the end of the shift.



PROTECT LUBRICATION

IF CLEANED AND
RE· LUBED ON JOB
ROTATIONAL· CAPACITY
TESTING IS REQUIRED
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Fasteners shall not be cleaned of lubricant
that is present in as-delivered condition.
Fasteners for slip critical connections which
accumulate rust or dirt resulting from job site
conditions shall be cleaned and relubricated
prior to installation. Rotational capacity
testing will be required after cleaning and
lubrication.

A tension measuring device shall be at all job
sites where high strength bolts are being
installed and tightened. The tension
measuring device shall be used to confirm:

• The suitability to satisfy the requirements
of Table 10.17A of the complete fastener
assembly, including lubrication if required,
to be used in the work,

• Calibration of the wrenches, if applicable,
and

• The understanding and proper use by the
bolting crew of the method to be used.

The accuracy of the tension measuring device
shall be confirmed through calibration by an
approved testing agency at least annually.

Fasteners, including washers, when required,
shall be tightened to at least the minimum
tension specified by Table 10.17A by
Tum-of-Nut, Calibrated Wrench, Alternate
Design Bolt or Direct Tension Indicators.

Complete table is contained in Appendix.
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UNDER TURNED ELEMENT
WHEN USING
CALIBRATED WRENCH

\
UNDER HEAD ,. NUT
WHEN USING A490
BOLTS IN STEEL LESS
THAN 40 KSI-f

y
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Tightening may be done by turning the bolt
while the nut is prevented from rotating
when it is impractical to turn the nut. Impact
wrenches, if used, shall be of adequate
capacity and sufficiently supplied with air to
perform the required tightening of each bolt
in approximately 10 seconds.

Where the outer face of the bolted parts has
a slope greater than 1:20 with respect to a
plane normal to the bolt axis, a hardened
beveled washer shall be used to compensate
for the lack of parallelism.

Hardened washers are not required for
connections using AASHTO M164 (ASTM
A325) and AASHTO M253 (ASTM A490)
bolts except as follows: Hardened washers
shall be used under the element turned in
tightening when the tightening is to be
performed by calibrated wrench method.
Regardless of the tightening method,
hardened washers shall be used under both
the head and the nut when AASHTO M253
(ASTM A490) bolts are to be installed in
material having a specified yield point less
than 40 ksi.



OVERSIZE OR SHORT
SLOTTED HOLE IN
OUTER PLY

WHEN OVER 1"
A490 BOLT, USE
5/16" WASHER UNDER
HEAD & NUT
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............ "•...." SLOTTED HOLE
IN OUTER PLY USE
5/16" PLATE WASHER

WHEN OVER 1"
A490 USE 5/16"
WASHER
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Where AASHTO M164 (ASTM A325) bolts
of any diameter or AASHTO M253 (ASTM
A490) bolts equal to or less than 1 inch in
diameter are to be installed in an oversize or
short slotted hole in an outer ply, a hardened
washer conforming to ASTM F436 shall be
used. When AASHTO M253 (ASTM A490)
bolts over 1 inch in diameter are to be
installed in an oversize or short slotted hole
in an outer ply, hardened washers conform­
ing to ASTM F436 except with 5/16 inch
minimum thickness shall be used under both
the head and the nut in lieu of standard
thickness hardened washers. Multiple
hardened washers with combined thickness
equal to or greater than 5/16 inch do not
satisfy this requirement.

Where AASHTO M164 (ASTM A325) bolts
of any diameter or AASHTO M253 (ASTM
A490) bolts equal to or less than 1 inch in
diameter are to be installed in a long slotted
hole in an outer ply, a plate washer or con­
tinuous bar of at least 5/16 inch thickness with
standard holes shall be provided. The
washers or bars shall have a sufficient size to
cover completely the slot after installation
and shall be of structural grade material, but
need not be hardened except as follows.
When AASHTO M253 (ASTM A490) bolts
over 1 inch in diameter are to be used in long
slotted holes in external plies, a single
hardened washer conforming to ASTM F436
but with 5/16 inch minimum thickness shall be
used in lieu of washers or bars of structural
grade material. Multiple hardened washers
with combined thickness equal to or greater
than 5/16 inch do not satisfy this requirement.



ALTERNATE
DESIGN FASTENERS

MAY NOT
REQUIRE WASHERS

dp II
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Alternate design fasteners with a geometry
which provides a bearing circle on the head
or nut with a diameter equal to or greater
than the diameter of hardened washers
meeting the requirements ASTM F436 satisfy
the requirements for washers.
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Turn-or-Nut Tightening

TIGHTENING METHODS

TURN..OF-NUT
DIRECT TENSION
INDICATOR
CALIBRATED WRENCH

dpll

"'11
8-1

8-2

8-3

Three tightening methods for conventional
bolts, nuts, and washers are included in the
AASHTO Bridge Code.

• Turn-of-Nut

• Direct Tension Indicator

• Calibrated Wrench

Detailed discussions of each follows.

Turn-of-nut tightening makes use of the
relationship between thread lead and
induced tension in the bolt to provide the
necessary clamping force. The procedure
was developed in the late 1950s by Bethle­
hem Steel Corporation as an alternate
procedure to the calibrated wrench method.
When turn-of-nut tightening is used,
hardened washers are not required except as
was discussed earlier.

Prior to the start of fastener installation a
representative sample of not less than three
bolt and nut assemblies of each diameter,
length and grade to be used in the work shall
be checked in a device capable of indicating
bolt tension.

The test shall demonstrate that the method
for estimating the snug tight condition and
controlling the turns from snug tight to be
used by the bolting crew develops a tension
not less than 5% greater than the tension
required by Table 1O.17A. Test is called
"Turn-of-nut Verification".
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SNUG TIGHT
PLIES IN FIRM CONTACT

FEW IMPACTS

FULL EFFORT, SPUD
WRENCH
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Bolts shall be installed in all holes of the
connection and brought to a "snug tight"
condition. Snug tight is defined as the
tightness that exists when the plies of the
joint are in firm contact. This may be
attained by a few impacts of an impact
wrench or the full effort of a man using an
ordinary spud wrench.

Snug tightening shall progress systematically
from the most rigid part of the connection to
the free edges, and then the bolts of the
connection shall be retightened in a similar
systematic manner as necessary until all bolts
are simultaneously snug tight and the
connection is fully compacted.

Explain proper tightening sequence from
slide.

Following this initial operation, all bolts in
the connection shall be tightened further by
the applicable amount of rotation specified in
Table 1O.17B. During the tightening
operation there shall be no rotation of the
part not turned by the wrench. Tightening
shall progress systematically from the most
rigid part of the joint to its free edges.

Explain table.

See Appendix for complete table.
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Direct Tension Indicators
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A direct tension indicator (DTI) is a device
which indicates the bolt tension without
relying on a torque-tension relationship. The
most common type of DTI is a crushable
washer. The behavior and use of washer­
type DTI's will be discussed in this section.

A typical DTI is shown in Figure 9-2. The
washers are covered by ASTM Specification
F959. They are to have the manufacturer's
marking on them and the grade of bolt they
are to be used with.

Figure 9-3 shows a typical installation of a
DTI. As the nut is tightened, the protrusions
on the washers are plastically deformed. The
gap between the washer and bolt head is
measured in the spaces between the
protrusions. The gap is used to indicate the
tension in the bolt.
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The performance of the DTIs should be
checked in the field before the start of
bolting. A tension measuring device is used
along with a special adaptor at the bolt head.
This adaptor replaces the normal piece used
to prevent bolt head rotation.

The bolt is tightened to 1.05 times the
required installation tension and the gap is
measured using tapered leaf thickness
(feeler) gages. The average gap must equal
or exceed 0.015 inches for plain DTIs and
0.005 inches for coated DTIs. Note the value
of 1.05 times the required tension is higher
than the minimum value in ASTM F959. The
requirement of 1.05 times the required
tension is required in the AASHTO and the
Research Council Specifications.

The graph in Figure 9-6 shows the typical
performance of a DTI. As the bolt tension is
increased, the gap decreases. Some vari­
ability exists in the gap-tension relationship.
Three DTIs of each diameter must be tested
and meet the requirements to account for
this variability. In addition, the bolt tension is
set at 1.05 times the required installation
tension to further account for the variability
of the measurement. Tightening beyond
crushing of the protrusion should not be
allowed. The bolt tension is unknown when
crushing occurs. Failure of the bolt may
occur.
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Care should be exercised during testing and
installation of DTIs to prevent turning of the
bolt head against the DTI. The turning will
gall the protrusion and reduce the gap. The
result will be a small gap which gives a false
indication of bolt tension. A two-person
bolting crew is required with DTIs to insure
that the head of the bolt does not turn and to
monitor the gap during tightening.

Use of a DTI under the turned element
requires the use of a hardened washer
between the DTI and the element. The
washer should not turn against the DTI. It is
very difficult to insure that the washer does
not rotate during installation. Consequently,
use of DTIs under the turned element should
be discouraged. If the DTI is to be used
under the turned element in the work, the
field check should be performed using this
arrangement.

The deformation which occurs in the
protrusions is plastic. Removal of the bolt
tension does not cause the gap to increase.
The DTI should not be crushed to the
specified gap during snugging since snugging
of adjacent bolts will reduce bolt tension but
the DTI gap will not change. This will cause
the DTI to give a false indication of bolt
tension.

Turning of the nut during final tightening
beyond crushing of the DTI can cause bolt
failure. The tension required to crush the
washer can exceed the bolt strength.
Tightening beyond crushing should not be
allowed.
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Calibrated wrench tightening relies on a
certain torque load to induce proper tension
in the bolt. The method was previously
deleted from AASHTO Bridge Code and was
only re-inserted in 1988 with strict controls on
jobsite procedures. Numerous variables
which are not related to tension affect
torque. Specified installation procedures
must be followed to assure proper fastener
tension.

Calibrated wrench tightening may be used
only when installation procedures are
calibrated on a daily basis and when a
hardened washer is used under the element
turned in tightening. The AASHTO
specification does not recognize standard
torques determined from tables or from
formulas which are assumed to relate torque
to tension. When calibrated wrenches are
used for installation, they shall be set to
provide a tension not less than 5 percent in
excess of the minimum tension specified in
Table 1O.17A.

The installation procedures shall be
calibrated at least once each working day for
each bolt diameter, length and grade using
fastener assemblies that are being installed in
the work.



10 - 4

=

10 - 5

Calibration shall be accomplished in a device
capable of indicating actual bolt tension by
tightening three typical bolts of each
diameter, length and grade from the bolts
being installed and with a hardened washer
from the washers being used in the work
under the element turned in tightening.

Bolts that are too short for the tension
indicating device may be tested using direct
tension indicators (DTIs). The DTI will give
an indication of the tension load in short
bolts and allow the establishment of the
torque to tension ratio.

10 - 6

The DTIs must be "calibrated" in a tension
indicating device to determine the applicable
DTI clearance at a load 5% over the
specified minimum bolt tension. For
accurate calibration DTI must go under bolt
head. When using Skidmore-Wilhelm
equipment, the inserts must be modified to
place the nut on the back side and allow
tightening from the nut side. Once the DTIs
are calibrated, they are used on the short
bolts to set the installation wrenches at the
required bolt tension. DTIs must be placed
under bolt head.
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Wrenches shall be recalibrated when
significant difference is noted in the surface
condition of the bolt threads, nuts or washers.
Recalibration is also required when fasteners
are installed which may have been cleaned
and/or relubricated.

It shall be verified during actual installation
in the assembled steelwork that the wrench
adjustment selected by the calibration does
not produce a nut or bolt head rotation from
snug tight greater than that permitted in
Table 1O.17B. If manual torque wrenches
are used, nuts shall be turned in the
tightening direction when torque is measured.

When calibrated wrenches are used to install
and tension bolts in a connection, bolts shall
be installed with hardened washers under the
element turned in tightening bolts in all holes
of the connection and brought to a snug tight
condition. Following this initial tightening
operation, the connection shall be tightened
using the calibrated wrench. Tightening shall
progress systematically from the most rigid
part of the joint to its free edges. The wrench
shall be returned to "touch up" previously
tightened bolts which may have been relaxed
as a result of the subsequent tightening of
adjacent bolts until all bolts are tightened to
the prescribed amount.
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Alternate Design and Lock Pin and Collar Fasteners

ALTERNATE DESIGN FASTENERS

When fasteners which incorporate a design
feature intended to indirectly indicate the
bolt tension or to automatically provide the
tension required by Table 10.17A and which
have been qualified under Article 10.3.1.8.9
are to be i:qstalled, a representative sample of
not less than three bolts of each diameter,
length and grade shall be checked at the job
site in a device capable of indicating bolt
tension.

11- 2

10.3.1.8.9 - Other fasteners or fastener
assemblies which meet the materials,
manufacturing, and chemical composition
requirements of AASHTO M164 (ASTM
A325) or AASHTO M253 (ASTM A490),
and which meet the mechanical property
requirements of the same specification in
full-size tests, and which have body diameter
and bearing areas under the head and nut, or
their equivalent, not less than those provided
by a bolt and nut of the same nominal
dimensions prescribed in the previous
paragraph, may be used subject to the
approval of the Engineer. Such alternate
fasteners may differ in other dimensions from
those of the specified bolts and nuts. Their
installation procedure may differ from those
specified and their inspection may differ from
that to be discussed later. When a different
installation procedure or inspection is used, it
shall be detailed in a supplemental
specification applying to the alternate
fastener and that specification must be
approved by the Engineer.
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The test assembly shall include flat hardened
washers, if required in the actual connection,
arranged as in the actual connections to be
tensioned. The calibration test shall
demonstrate that each bolt develops a
tension not less than 5 percent greater than
the tension required by Table 10.17A
Manufacturer's installation procedure as
required by Article 10.3.1.8.9 shall be
followed for installation of bolts in the
calibration device and in all connections.

When alternate design fasteners which are
intended to control or indicate bolt tension of
the fasteners are used, bolts shall be installed
in all holes of the connection and initially
tightened sufficiently to bring all plies of the
joint into firm contact but without yielding or
fracturing the control or indicator element of
the fasteners.

All fasteners shall then be further tightened,
progressing systematically from the most
rigid part of the connection to the free edges
in a manner that will minimize relaxation of
previously tightened fasteners. In some
cases, proper tensioning of the bolts may
require more than a single cycle of systematic
partial tightening prior to final twistoff of the
control or indicator element of individual
fasteners.
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LOCK PIN AND COLLAR FASTENERS

The installation of lock-pin and collar
fasteners shall be by methods and procedures
approved by the Engineer.

The lock pin and collar provides carbon steel
strength grade A325 in nominal diameters
from 1-2" to 11,18". Lockbolts have been used
for 50 years in construction and
transportation applications. These fasteners
meet the ASTM specification for A325 bolts.

The locking collar is swaged into the locking
grooves on the pin by the application of
direct tension.

• The installation tool "holds" onto the
pintail and applies a "push-pull" action
on the collar and pin.

• When the tensile force applied exceeds
the plastic limit of the collar, it begins
to swage and progressively engages in
the locking grooves on the pin.

• The swage action continues until the
swaging anvil of the nose assembly
contacts the work or collar flange.

• As the tool continues to apply direct
tension force to the pin, it will fail in
tension at the completion of the
installation cycle in the breakneck
groove.
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Many comparisons have been made between
swage lock fasteners and threaded bolt/nut
systems. There are significant differences in
the forces applied and the action of their
application to fastener components.

Clamp force is created by the application of
direct tension to the pin and collar. The
force needed for installation is controlled by
the interaction of the tool and fastener.
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RE-USE OF FASTENERS

In some cases it may become necessary to
remove previously tightened fasteners from
the structure. The Engineer or inspector is
usually requested to allow the re-use of the
fasteners. The AASHTO Bridge Code states
as follows:

AASHTO M253 (ASTM A490) bolts and
galvanized AASHTO M164 (ASTM A325)
bolts shall not be reused. Only black
AASHTO M164 (ASTM A325) bolts may be
reused if approved by the Engineer
responsible. Touching up or retightening
previously tightened bolts which may have
been loosened by the tightening of adjacent
bolts shall not be considered as reuse
provided the snugging up continues from the
initial position and does not require greater
rotation, including the tolerance, than that
required by Table 1O.17B.

The following criteria should be used by the
Engineer to evaluate whether or not
AASHTO M164 (ASTM A325) fasteners can
be reused:

1) There should be no excessive elongation
of the bolt in the threaded area which would
be present if the bolt had been
overtightened. If the nut can be installed by
hand for the full thread length, no
overtightening is evident. Check every bolt
with nut which was used during initial
installation.
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2) Adequate lubrication must be present.
All fasteners to be reused must be completely
removed from the structure and grouped
together to form lots according to the length
of time they have been installed. R-C test
each lot. Fasteners which fail test can be
lubricated and re-tested. Re-use should be
limited to one (1) time.

INSPECTION OF FASTENER

INSTALLATION

The Engineer shall determine that the
requirements of the following are met in the
work. These requirements apply equally to
fasteners which may be installed and
tightened in the fabrication shop.

Before the installation of fasteners in the
work, the Engineer shall check the marking,
surface condition and storage of bolts, nuts
and washers and the faying surfaces of joints
for compliance with the requirements as
previously discussed. He shall observe
calibration and/or testing procedures
required to confirm that the selected
procedure is properly used and that, when so
used with the fastener assemblies supplied,
the tensions specified in Table 10.17A are
provided. He shall monitor the installation of
fasteners in the work to assure that the
selected procedure, as demonstrated in the
initial testing to provide the specified tension,
is routinely properly applied.
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In addition to the above, inspection of
completed joints is required. The following
inspection procedure shall be used unless a
different procedure is specified in the
contract documents. Either the Engineer or
the Contractor in the presence of the
Engineer, at the Engineer's option, shall use
an inspection wrench which may be a torque
wrench.

At least once each day, a representative
sample of five bolts from the diameter, length
and grade of the bolts used in the work shall
be tightened in the tension measuring device
by any convenient means to an initial
condition equal to approximately 15 percent
of the required fastener tension and then to
the minimum tension specified in Table
10.17A. There shall be a washer under the
part turned in tightening each bolt if washers
are so used on the structure. Tightening
beyond the initial condition must not produce
greater nut rotation than 1:1;2 times that
permitted in Table 1O.17B.

The inspecting wrench shall then be applied
to the tightened bolts and the torque
necessary to turn the nut or head 5 degrees
(approximately 1" at 12" radius) in the
tightening direction shall be determined.
From a practical standpoint this is the torque
necessary to just start rotation of the nut or
bolt head. Turn from same side turned
during installation.
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The job inspecting torque shall be taken as
the average of three values thus determined
after rejecting the high and low values.

Bolts represented by the sample in the fore­
going paragraph which have been tightened
in the structure shall be inspected by
applying, in the tightening direction, the
inspecting wrench and its job torque to 10%
of the bolts, but not less than 2 bolts, selected
at random in each connection in question. If
no nut or bolt head is turned by the
application of the job inspecting torque, the
connection shall be accepted as properly
tightened. If any nut or bolt is turned by the
application of the job inspecting torque, all
bolts in the connection shall be tested, and all
bolts whose nut or head is turned by the job
inspecting torque shall be tightened and
reinspected. Alternatively, the fabricator or
erector, at his option, may retighten all of the
bolts in the connection and then resubmit the
connection for the specified inspection.

The AASHTO Specification does not
recognize standard torques determined from
tables or from formulas which are assumed to
relate torque to tension. Testing using such
standard torques shall not be considered
valid. Torque to Tension ratio is governed by
many variables and must be determined on
each project on a daily basis.
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The procedure discussed is intended for
inspec- tion of bolted connections and
verification of pretension at the time of
tensioning the joint. Ifverification of bolt
tension is required after a passage of a period
of time and exposure of the completed joints,
the procedures discussed will provide an
indication of bolt tension which is of
questionable accuracy. Procedures
appropriate to the specific situation should
be used for verification of bolt tension. This
might involve use of the inspection procedure
discussed or might require the development
and use of alternate procedures.

The procedures for inspecting and testing
lock-pin and collar fasteners and their
installation to assure that the required
preload tension is provided shall be as
approved by the Engineer.

The installed fastener can be visually
inspected for pin position, swage diameter,
and length. The illustration shows those
dimensions which can be visually inspected,
checked with simple measuring instruments,
or by simple go-no go gauges available.

Installed fastener values become a function
of material and dimensional control at the
manufacturing source and are independent
of operator skill.





APPENDIX Al
PROCEDURE FOR PERFORMING ROTATIONAL CAPACITY TEST

LONG BOLTS IN TENSION CALIBRATOR

EQUIPMENT REQUIRED:

1. Calibrated bolt tension measuring device of size required for bolts to be tested. Mark off a vertical line and lines 1/3 of a
turn, 120 degrees; and 2/3 of a turn, 240 degrees, from vertical in a clockwise direction on the face plate of the calibrator.

2. Calibrated torque wrench.

3. Spacers and/or washers with hole size no larger than 1/16 in. greater than bolt to be tested.

4. Steel section to mount bolt calibrator. Flange of girder or cross frame accessible from the ground is satisfactory.

PROCEDURE:

1. Install nut on bolt and measure stick out of bolt when 3 to 5 full threads of the bolt are located between the bearing face of
the nut and the bolt head. Measure the bolt length, the distance from the end of the threaded shank to the underside of the
bolt head.

2. Install the bolt into the tension calibrator and install the required number of shim plates and/or washer (one washer under
the nut must always be used) to produce the thread stickout measured in Step 1.

3. Tighten bolt using a hand wrench to the snug tensions listed below -0 kips, +2 kips.

Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2

Snug Tension (kips) 1 2 3 4 5 6 7 9 10

4. Match mark the nut to the vertical stripe on the face plate of the bolt calibrator.

5. Using the calibrated manual torque wrench, tighten the bolt to at least the tension listed below and record the torque required
to reach the tension and the value of the bolt tension. Torque must be measured with the nut in motion.

Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2

Tension (kips) 12 19 28 39 51 56 71 85 103

6. Further tighten the bolt to the rotation listed below. The rotation is measured from the initial marking in Step 4. Record the
bolt tension. Assemblies which fail prior to this rotation either by stripping or fracture fail the test.

Bolt Length 4 x bolt dia. or less Greater than 4 but no Greater than 8x bolt
(measured in Step 1) more than 8 x bolt dia. dia.

Required Rotation 2/3 1 1-1/3

7. The bolt tension measured in Step 6 after the required rotation must equal or exceed the values in the table shown below.
Assemblies which do not meet this tension have failed the test.

Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2

Tension (kips) 14 22 32 45 59 64 82 98 118

8. Loosen and remove nut, and examine the threads on the nut and bolt. No signs of thread shear failure, stripping, or torsional
failure of the bolt should be evident. Assemblies which have evidence of stripping have failed the test.

9. Calculate and record the value of O.25x the tension (pounds = kips x 10(0) measured in Step 5 x the bolt diameter in feet.
The torque measured and recorded in Step 5 must be equal to or less than this calculated value. Assemblies with torque
values exceeding this calculated value failed the test.



PROCEDURE FOR PERFORMING ROTATIONAL CAPACITY TEST
BOLTS TO SHORT TO FIT TENSION CALIBRATOR

EQUIPMENT REQUIRED:

1. Calibrated torque wrench and an spud wrench or equivalent.

2. Spacers and/or washers with hole size no larger than 1/16 in. greater than bolt to be tested.

3. Steel section with normal size hole to install bolt. Any available splice hole can be used with a plate thickness that will provide
the number of threads under the nut required in Step 1 below. Mark off a vertical line and lines 1/3 of a turn, 120 degrees;
1/2 of a turn, 180 degrees; and 2/3 of a turn, 240 degrees, from vertical in a clockwise direction on the plate.

PROCEDURE:

1. Install nut on bolt and measure stick out of bolt when 3 to 5 full threads of the bolt are located between the bearing face of
the nut and the bolt head. Measure the bolt length, the distance from the end of the threaded shank to the underside of the
bolt head.

2. Install the bolt into the hole and install the required number of shim plates and/or washer (one washer under the nut must
always be used) to produce the thread stickout measured in Step 1.

3. Snug the bolt using a hand wrench. The snug condition should be the normal effort applied to a 12 inch long wrench. The
applied torque should not exceed 20% of the torque determined in Step 5.

4. Match mark the nut to the vertical stripe on the plate.

5. Tighten the bolt by turning the nut using the torque wrench to the rotation listed below. A second wrench must be used to
prevent rotation of the bolt head during tightening. Record the torque required to reach this rotation. Torque must be
mesured with the nut in motion.

Bolt Length 4 x bolt dia. or less Greater than 4 but no Greater than 8 x
(measured in Step 1) more than 8 x bolt dia. bolt dia.

Required Rotation 1/3 1/2 2/3

The measured torque should not exceed the values listed below. Assemblies which exceed the listed torques have failed the
test.

Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2

Torque (ft-Ibs) 150 290 500 820 1230 1500 2140 2810 3690

6. Tighten the bolt further to the rotation required below. The rotation is measured from the initial marking in Step 4.
Assemblies which fail prior to this rotation either by stripping or fracture fail the test.

Bolt Length 4 x bolt dia. or less Greater than 4 but no Greater than 8 x
(measured in Step 1) more than 8 x bolt dia. dia.

Required Rotation 2/3 1 1-1/3

7. Loosen and remove nut, and examine thread on the nut and bolt. No signs of thread shear failure, stripping, or torsional
failure of the bolt should be evident. Assemblies which have evidence of stripping have failed the test.
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AppendixA2
Procedure for Installation and Tightening of High-Strength Fasteners

Turn-of-Nut Method

BOLTED P6.RTS AND GENERALrROVISIQ~

Material within the bolt grip will be steel with no compressible material.

Slope of surface shall not exceed 1:20. Correct with hardened beveled washers.

All surfaces free of loose scale, dirt or other foreign material.

Uncoated joints shall have no paint, including overspray, in the connection area.

Painted joints shall be blast cleaned and coated with an approved paint. Joints
shall not be assembled until paint has cured for the minimum time used in paint
qualification testing.

Galvanized joints shall be roughened by hand wire brushing prior to assembly.

All fastener components shall be properly lubricated and protected from con­
tamination, dirt and moisture.

Hardened washers may be required for standard holes or special washers may
be required for oversize or slotted holes. See specifications.

Tightening may be done by turning the bolt while the nut is prevented from
rotating wben It is impractIcal to tum the nut. Impact wrenches, if used, shall
be ofadequate capacity and sufficiently: suppled with air to perform the required
tightening of eacfi bolt in approximately TU seconds.

IIJRN-OF-WT YEWfICATlQN TESIW,Q

Equipment required - Calibrated bolt tension measuring device. Spacers and/or
washers with proper hole size. Rigid mounting for bolt tension calibrator. Air
impact wrenches to install fasteners in the structure.

Select at least 3 bolt, nut and washer (when rt~quired) assemblies of each
diameter, length and grade to be used in the work.

Install and tighten each assembly in the bolt tension measuring device using the
snug tightemng procedure which will be used to snug tight the fasteners in the
work. Snug tight is defined as the tightness that exists wlien the plies of the joint
are in firm contact. This may be obtained by a few impacts of an impact wrench
or the full effort of a man usmg an ordinary spud wrench. Assure tIieproposed
"snug tightening" procedure aoes not produce more than 50% orrequired
fastener tension as specified by Table 10.17A below. IT so, revise snug tightening
procedure.



TABLE 10.17A- REQUIRED FASTENER TENSION (Kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1 1/8 11/4 13/8 11/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155

2.4 Following snug tightening, mark nut or drive socket to a reference point on bolt
tension calibrator and further tighten to the rotation shown below.

Bolt Length 4 x bolt dia. or less Greater Than 4 but Greater than8 x bolt
no more than 8x bolt dia.

dia.

Required Rotation 1/3 1/2 2/3

2.5 At this rotation, the minimum bolt tension shall be as follows:

,

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 11/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155

3.0

3.1

3.2

3.3

SNUG TIGHTENING PROCEDURE

Bolts shall be installed in all holes of the connection and brought up to a "snug
tight" condition.

Snug tight is defined as the tightness that exists when the plies of the joint are in
firm contact. Adequate tightness may be obtained by a few impacts ofan impact
wrench or the full effort of a man using an ordinary spud wrench. The snug
tightening procedure used in the work sliall be the same snug tightenin~jJ!oce­
dure used when conducting the TURN-OF-NUT VERIFICATION TEST in
paragraph 2.3.

Snug tightening shall progress systematically from the most rigid part of the
connectIOn to tbe free edges. Start the pattern near the end of each member
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being spliced at the center of the pattern and work toward all edges of the splice
plate.

Following this initial snug tightening, all bolts in the joint shall be again system­
atically tightened as necessary using a similar pattern until all bolts are simulta­
neously snug tight and the connectIon is fully compacted.

FINAL TURN-OF-NUT lIGHTENING

Following this snug tightening operation, all bolts in the connection shall be
tightened by the applIcable amount of rotation as specified in Table 10.17 B
below.

TABLE 10.17B--NUT ROTATION FROM SNUG TIGHT

Bolt Length Both Faces Normal One Face Normal -- Both Faces sloped
One Face Sloped Not More Than 1:20

Not More Than 1:20

4 x dia. or less 1/3 turn 1/2 turn 2/3 turn

Greater than 4 but 1/2 turn 2/3 turn 5/6 turn
no more than 8 x bolt
dia.

Greater than 8 x bolt 2/3 turn 5/6 turn 1 turn
dia. not exceeding 12x

4.2

4.3

5.0

5.1

During the tightening operation there shall be no rotation of the part not turned
by the wrench.

Tightening shall progress systematically from the most rigid part of the joint to
its free ecfges. Start the pattern near the end of each member being spliced at
the center of the pattern and work toward all edges of the splice plate.

COMMENTARY

Tension Calibrating Devices: At the present time, there is no known economical
means for determining the tension in a bolt that has previously been installed in
a connection. The actual tension in a bolt installed in a tension calibrator
(hydraulic tension indicating device) is directly indicated by the dial of the
device, provided the device is properfy calibrated. Such a deVIce is an economi­
cal and valuable tool that should be readily available whenever high-strength
bolts are to be tensioned to the specified pretension. Although each element
of a fastener assembly may conform to tbe minimum requirements of their
separate material specifications, their compatibility in an assembly or the need
for lubrication can only be assured by testing of the assembly. Hence, such
devices are important for confirming the complete fastened assembly as it will
be used with tlie method or tightening to assure the suitability of bolts and nuts,
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including lubrication, and the adequacy of impact wrenches and/or air pressure,
to provide the specified bolt tension.

Testing before start of installation of fasteners in the work will identify potential
sources of problems including, but not necessarily limited to, the need for
lubrication to prevent failure of bolts by combined high torque with tension,
under strength assemblies due to improper marking or heat treatment or quality
control of fasteners, excessive overtappmg of hot-dip galvanized nuts, improper
use of selected installation method Dy the bolting crews and/or improper or
unreliable inspection techniques by inspectors. Such devices are essentiafto the
confirmation testing offasteners dIfferent from AASHTO M164 (ASTM A325)
or AASHTO M253 (ASTM A490) bolts, when approved by the Engineer of
Record, and direct tension indicators.

They are also essential to the specified procedure for the calibrated wrench
method of installation, as well as for confIrmation demonstration of proper use
of any method by the bolting crews. They are essential for the specified
procedure for arbitration inspection. They are the only known economically
available tool for field use for determining realistic torque to tension relation­
ships for given fastener assemblies.

Hydraulic tension calibrating devices capable of indicating bolt tension undergo
a slight deformation under load. Hence the nut rotation corresponding to a
given tension reading may be somewhat larger than it would be if tbe same bolt
were tightened against a solid steel abutment.

Stated differently, the reading of the calibrating device tends to under estimate
the tension which a given rotation of the turned element would induce in a bolt
in an actual joint. This should be borne in mind when using such devices to
establish a tension-rotation relationship.

Connections and Snug Tight: Four methods for joint assembly and tightening
are provided for connections. Regardless of the method used, and before
beginningwork, tests should be administered using a tension calibrator to ensure
that the specified pretension will be achieved.

With any of the four described tensioning methods) it is important to install bolts
in all holes of the connection and bring them to an intermediate level of tension
generally corresponding to snug tight m order to compact the joint. Ifhowever,
mdividual bolts are installed and tightened in a single contmuous operation,
bolts which are tightened first will be subsequently relaxed by the tightening of
the adjacent bolts. The total of the forces in all bolts will be reduced which will
reduce the slip load. Even after being fully tightened, some thick Jlarts with
uneven surfaces may not be in contact over the entire faying surface. This is not
detrimental to the performance of the joint. As long as the specified bolt tension
is present in all bolts of the completed connection, the clamping force equal to
the total of the tensions in all bolts will be transferred at the locations tnat are
in contact and be fully effective in resisting slip through friction.

With all methods, tightening should begin at the most rigidly fixed or stiffest
point and progress toward tlie free edges, both in the initial snugging up and in
the final tightening.

Turn-of-Nut-Tightening: Consistency and reliability using tum-of-the-nut
method is dependent upon assuring that the joint is weIrcompacted and all bolts
are uniformfy tight as a snug tight condition prior to applIcation of the final
required partial tum. Under-tiglltened bolts will result if this procedure is not
followed. Reliability is also dependent upon assuring that the tum applied is
relative between the bolt and nut. Thus, the element not turned in tightening
should be prevented from rotating while the required degree of tum is applied
to the turned element. ReliabilIty and inspectability of the method may be
improved by having the outer face of the nut match-marked to the protruding



end of the bolt after the joint has been snug tightened but prior to final
ti~tening. Such marks may be applied by the wrench operator using a crayon
or dab ofpaint. Such marks in theIr relatively displaced position after tightening
will afford the inspector a means for noting the rotation that was applIed.

Problems with turn-of-nut tightening have been encountered with hot-dip gal­
vanized bolts. In some cases, the problems have been attributed to especIally
effective lubricant aPflied by the manufacturer to assure that bolts from stock
will meet the matena specification requirements without the need for relubri­
cating and retesting. JOD site tests in the tension-indicating device demonstrated
that the lubricant reduced the coefficient of friction between the bolt and nut to
the degree that "the full effort of a man using an ordinary spud wrench" to snug
tighten the joint actually induced the full required tenSIOn. Also, because the
nuts could be turned by application of lower torgue than normally expectedwith
non-galvanized bolts, theywere erroneouslyjudged improperly tIghtened by the
inspector. Research confirms that lubricated liigh-strength bolts may require
onfy one-half as much torque to induce the specified tenSIOn. In other cases of
problems with hot-dip gafvanized bolts, the absence of lubrication or lack of
proper overtapping caused seizing of the nut and bolt threads which resulted in
twist failure ofthe Dolt at low or no tension. For such situations, use ofa tension
indicating device and the fasteners being installed may be helpful in establishing
either the need for lubrication or alternate criteria for snug tight at about
one-half the tension required by Table 10.17A.

Because reliability of the method is independent of the presence or absence of
washers, washers are not required except for oversize and slotted holes in the
outer ply. In the absence ofwashers, testing after the fact using a torque wrench
method is highly unreliable. That is, the turn-of-nut method of installation,
properly applied, is more reliable and consistent than the testing method. The
best method for inspection of the method is for the inspector to observe the
required job site confirmation testing of the fasteners and the method to be used
followed by monitoring of the work in progress to assure that the method is
routinely properly applied.
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AppendixA3
Procedure for Installation and Tightening of High-Strength Fasteners

Calibrated Wrench Method

BOLlED PARTS AND GI;NERAL PROVISIONS

Material within the bolt grip will be steel with no compressible material.

Slope of surface shall not exceed 1:20. Correct with hardened beveled washers.

All surfaces free of loose scale, dirt or other foreign material.

Uncoated joints shall have no paint, including overspray, in the connection area.

Painted joints shall be blast cleaned and coated with an approved paint. Joints
shall not be assembled until paint has cured for the minimum time used in paint
qualification testing.

Galvanized joints shall be roughened by hand wire brushing prior to assembly.

All fastener components shall be properly lubricated and protected from con­
tamination, dirt and moisture.

Hardened washers are required under the turned element on all fasteners.
Special washers may be required for oversized or slotted holes. See specifica­
tions.
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Tightening may be done by turning the bolt while the nut is prevented from
rotating wben It is impractical to turn the nut. Impact wrenches, if used, shall
be of adequate capacity and sufficiently supplied with air to perform the
required tightening of each bolt in approximately 10 seconds.

WRENCH CALIBRATION

Equipment required:

Calibrated bolt tension measuring device.

Spacers and/or washers with proper hole size to adjust bolt length in tension
measuring device.

Rigid mounting for bolt tension calibrator.

Wrenches, either adjustable impact or manual torque, to be used to install
fasteners in the structure.

Appropriate supply of properly sized, uncoated, lot identified Direct Tension
Indicatmg washers (DTIs) which meet the requirements of ASTM F-959. See
paragraph 2.4.

Suitable tapered tip flat feeler gauges Range 0.005 inches to 0.030 inches in
0.001 inch mcrements.
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Rigidly mounted steel plate with round hole 1/16 inch over nominal size of bolts
to be lDstalled in structure. Can utilize holes in structural steel members to be
erected.

Adequate supply of hex head HS bolts, nuts and washers to calibrate DTIs. See
paragraph 2.Lt-.1.

Frequency of Calibration: Each installation wrench shall be calibrated at least
once eacli working day for each bolt diameter, length and grade using fastener
assemblies that are being installed in the work. Wrenches shall be recalibrated
when significant difference is noted in the surface condition or level of lubrica­
tion of toe bolt threads, nuts or washers.

Calibration Procedure: Long bolts shall be of sufficient length so that when
installed in the tension measuring device, with a hardened washer under the
turned element, at least three (3) full threads are e?'Posed between the nut face
and the underside of the bolt head when the end of the bolt is at least flush with
the outside face of the nut.

Select three (3) bolt, nut and washer assemblies from each diameter, length and
grade for whIch each individual installation wrench is to be calibrated.

Install each bolt, nut and washer assembly into the tension measuring device
and install sufficient spacers and/or washers so that at least three (3), but no
more than five (5) full threads, are exposed between the nut face and the
underside of the bolt head. The element (nut or bolt head) turned during
calibration must be the same as to be turned in the work. A hardened washer
must be in place under the turned element.

Tighten each assembly using the snug tightening procedure which will be used
to snug tight the fasteners in the work. Snug tight IS defined as the tightness that
exists when the plies of the joint are in firm contact. This may be obtained by a
few impacts of an impact wrench or the full effort of a man using an ordinary
spud wrench. Assure the proposed snug tightening procedure does not produce
more than 50% of required fastener tension as speCIfied by Table 10.17A below.
If so, revise snug tightening procedure.

TABLE 1O.17A - REQUIRED FASTENER TENSION (Kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 1 1/4 13/8 1 1/2

M164 (A325) 12 19 28 39 51 56 71 85 103

M253 (A490) 15 24 35 49 64 80 102 121 148

2.3.4 When the calibrated installation wrench is to be an adjustable impact wrench,
each of the three (3) assemblies shall be tightened further and the wrench
~_djusted or set to cut-out at not less than the minimum tension as shown below.
Wrench setting for final installation tightening shall be the average of the three
(3) tests.



Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 11/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155

2.3.5
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2.4.1.1

2.4.1.2

2.4.1.3

2.4.1.4

When the calibrated installation wrench is to be a manual torque wrench, each
of the three (3) assemblies shall be tightened further and the torque noted which
was required to induce the bolt tension as specified in paragraph 2.3.4 above.
Torque shall be measured with the turned element in motion. The minimum
torque used for final installation tightening shall be the average of the three (3)
tests.

Calibration Procedure - Short Bolts - Short bolts are defined as those lengths
which are too short to meet the criteria for long bolts as described in paragraph
2.3.

DTI Calibration - Wrenches to be used to install short bolts may be calibrated
using DTIs. However, DTIs must first be calibrated as follows:

Select three (3) DTIs of each diameter from the same lot as identified on
shipping container.

Using aQIJropriate length bolt, nut and flat washer of same diameter as DTI,
instan DTI under bolt fiead against face plate of tension calibrator. Protrusions
on DTI must bear on head of bolt.

Install appropriate adapter in back of tension calibrator to allow flat washer and
nut to be Installed. Use shims or flat washers to position three (3) to five (5) full
threads between face of nut and underside of bolt head.

Tighten nut while holding bolt head with a suitable wrench to induce the bolt
tension as shown below:

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 11/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155

2.4.1.5 Using the feeler gauges, measure and record the opening between the DTI face
and tile underside of the bolt head at each locatIOn between the protrusions.
The number of protrusions will vary from four (4) to eight (8) depending upon
the nominal size of the DTI. Average the measurements for each DTI.
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Average the results from the three (3) DTls. The resulting number becomes
the DTI calibration to be used to calIbrate wrenches for installation of short
bolts of the same diameter as the DTI.

Select three (3) bolt, nut and washer assemblies from each diameter, length and
grade for which each individual installation wrench is to be calibrated. Also
select a DTI from the calibrated lot for each bolt assembly.

Install each bolt nut and washer assembly into the proper steel plate (See 2.1.7)
with the DTI under the bolt head and usmg sufficient spacers and/or washers so
that at least three (3) but not more than five (5) full threads are exposed between
the nut face and the underside of the bolt head.

With a wrench holding the bolt head, tighten each assembly by turning the nut
to obtain a snug tight condition. Snug tight is defined as the tightness tliat exists
when the plies of the joint are in firm contact. This may be obtained by a few
impacts of an impact wrench or the full effort of a man using or ordinary spud
wrench. See paragraph 2.3.3.

When the calibrated installation wrench is to be an adjustable impact wrench,
each of the three (3) assemblies shall be tightened further until the average
clearance under the bTl is equal to the value obtained during DTI calibration.
See paragraph 2.4.1.6. The wrench shall be adjusted or set to cut-out at not less
than the DTI calibration clearance.

When the calibrated installation wrench is to be a manual torque wrench, each
of the three (3) assemblies shall be tightened further, with the torque wrench,
until the average clearance under the DTI is equal to the value obtamed during
DTI calibration. See paragraph 2.4.1.6. The torgue required to produce thIS
DTI clearance shall be recorded. Torque shall tie measured witb the nut in
motion. The minimum torque used for final installation tightening shall be the
average of the three (3) tests.

DTIs used to calibrate wrenches must be utilized in the same position on the
fastener assembly as when they were calibrated on the bolt tension calibrator.
Case discussed in paragraph 2.4 is DTI under bolt head, turn nut to tighten. This
DTI calibration proceoure could also be used to calibrate wrenches where the
DTI was under the nut and the bolt head was turned. Wrenches can not be
calibrated nor can DTls be calibrated when the DTI is placed under the turned
element.

SNUG TIGHTENING PROCEDURE

Bolts shall be installed in all holes of the connection with a hardened washer
under the turned element and brought up to a snug tight condition.

Snug tight is defined as the tightness that exists when the plies of the joint are in
firm contact. This may be obtained by a few impacts of an impact wrench or the
full effort of a man using an ordinary spud wrench. The snug tightening
procedure used in the worK shall be the same snug tightening procedure used
when conducting the WRENCH CALIBRATION m paragrapli 2.3.3 and 2.4.4.

Snug tightening shall progress systematically from the most rigid part of the
connectIOn to tbe free edges. Start the pattern near the end of each member
being spliced at the center of the pattern and work toward all edges of the splice
plate.

Following this initial snug tightening, all bolts in the joint shall~ be system­
atically tIghtened as necessary using a similar pattern until all bolts are simulta­
neously snug tight and the connectIon is fully compacted.
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FINAL CALIBRATED WRENCH TIGHTENING

Following the snug tightening operation, all bolts in the connection shall be fully
tightened by the calibrated wrench, either air impact or manual torque which
has been calibrated in accordance with paragrapIi 2.0.

Tightening shall progress systematically from the most ri&!:d part of the joint to
its free edges. The calibrated wrench shall be returned to 'touch-up" previously
tightened fasteners which may have been relaxed as a result of subsequent
tightening of adjacent bolts until all fasteners are tightened to the prescribed
amount.

Impact wrenches shall be operated until the wrench cuts-out at the setting
established by calibration in paragraph 2.3.4 or 2.4.5. Manual torque wrenches
shall be used to tighten the fasteners to the torque determined by calibration in
paragr!iph 2.3.5 or 2.4.6. Torque is always measured with the turned element
mmotIOn.

It shall be verified during actual installation in the assembled steelwork that the
wrench adjustment selected by the calibration does not produce a nut or bolt
head rotatIOn from snug tight greater than that permittedin the following table
10.17B.

TABLE 1O.17B - NUT ROTATION FROM SNUG TIGHT

'"Bolt Length Both Faces Normal One Face Normal -- Both Faces sloped
One Face Sloped Not More Than 1:20

Not More Than 1:20

4 x dia. or less 1/3 turn 1/2 turn 2/3 turn

Greater than 4 but 1/2 turn 2/3 turn 5/6 turn
no more than 8 x bolt
dia.

Greater than 8 x bolt 2/3 turn 5/6 turn 1 turn
dia. not exceeding 12x

5.0

5.1

COMMWIAlll:

Tension Calibrating Devices: At the present time, there is no known economical
means for determining the tension in a bolt that has previously been installed in
a connection. The actual tension in a bolt installed in a tension calibrator
(hydraulic tension indicating device) is directly indicated by the dial of the
device, provided the device is properfy calibrated. Such a deVIce is an economi­
cal and valuable tool that should be readily available whenever high-strength
bolts are to be tensioned to the specified pretension. Although each element
of a fastener assembly may conform to tbe minimum requirements of their
separate material specifications, their compatibility in an assembly or the need
for lubrication can only be assured by testing of the assembly. Hence, such
devices are important for confirming the complete fastened assembly as it will
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5.3

be used with the method or tightening to assure the suitability of bolts and nuts,
including lubrication, and the adequacy of impact wrenches and/or air pressure,
to provide the specified bolt tension.

Testing before start of installation of fasteners in the work will identify potential
sources of problems including, but not necessarily limited to, the need for
lubrication to prevent failure of bolts by combined high torque with tension,
under strength assemblies due to improper marking or heat treatment or quality
control of fasteners, excessive overtappmg of hot-dip galvanized nuts, improper
use of selected installation method by the bolting crews and/or improper or
unreliable inspection technique by the inspectors. Such devices are essential to
the confirmatIOn testing of fasteners different from AASHTO M164 (ASTM
A325) or AASHTO M253 (ASTM A490) bolts,when approved by the Engineer
of Record, and direct tension indicators. They are also essential to the specified
procedure for the calibrated wrench method of installation, as wen as for
confirmation demonstration of proper use of any method by the bolting crews.
They are essential for the specified procedure for arbitration inspection. They
are the only known economically available tool for field use for determining
realistic torque to tension relationships for given fastener assemblies.

Hydraulic tension calibrating devices capable of indicating bolt tension undergo
a slight deformation under load. Hence the nut rotation corresponding to a
given tension reading may be somewhat larger than it would be if toe same bolt
were tightened against a solid steel abutment.

Stated differently, the reading of the calibrating device tends to under estimate
the tension which a given rotation of the turned element would induce in a bolt
in an actual joint. This should be borne in mind when using such devices to
establish a tension-rotation relationship.

Connections and Snug Tight: Four methods for joint assembly and tightening
are provided for connectIOns. Regardless of the method used, the tension
calibrator should be demonstrated prior to the commencement of work using
the fasteners that the crews will use to provide the specified pretension.

With any of the four described tensioning methods, it is important to install bolts
in all holes of the connection and bring them to an intermediate level of tension
generally corresponding to snug tight m order to compact the joint. If however,
mdividual bolts are installed and tightened in a single contmuous operation,
bolts which are tightened first will be subsequently relaxed by the tightening of
the adjacent bolts. The total of the forces in all bolts will be reduced which will
reduce the slip load. Even after being fully tightened, some thick parts with
uneven surfaces may not be in contact over the entire faying surface. This is not
detrimental to the performance of the joint. As long as the specified bolt tension
is present in all bolts of the completed connection, the clamping force equal to
the total of the tensions in all bolts will be transferred at the locations that are
in contact and be fully effective in resisting slip through friction.

With all methods, tightening should begin at the most rigidly fixed or stiffest
point and progress toward tlie free edges, both in the initial snugging up and in
the final tightening.

Calibrated Wrench Method: Research has demonstrated that scatter in in­
duced tension is to be expected when torque is used as an indirect indicator of
tension. Numerous variables, which are not related to tension, effect torque.
For example, the finish and tolerance on bolt threads and on the nut threads;
the fact that the bolt and nut may not be produced by the same manufacturer;
the degree of lubrication; the job site conditions contributing to dust and dirt or
corrOSIOn on the threads; the friction that exists to varying degrees between the
turned element and the supporting surface; the variabIlity of the air pressure on
the torque wrenches due tolength of air lines or number of wrenches operating
from the same source; the condition and lubrication of the wrench which may



change within a work shift and other factors all bear upon the effectiveness of
the calibrated torque wrench to induce tension.

The calibrated wrench method is the least reliable of all methods of installation
and many costly controversies have occurred. It is suspected that short cut
procedures and failure to conscientiously follow the specification requirements
were probably involved in many instances in the calibrated wrench method of
instaUation. It is recognized, however, that if the calibrated wrench method is
implemented without short cuts there will be a ninety percent assurance that
the tensions specified in Table 1O.17A will be equaledor exceeded.

To provide greater assurance of rr_QIJer tensioning the specification has been
modified to require better contro. Wrenches must be calibrated daily for each
diameter and grade of bolt. Hardened washers must be used. Fasteners must
be protected from dirt and moisture at the job site. To further achieve reliable
results, attention should be given to the control, insofar as it is practical, of those
controllable factors which contribute to variability. For example, bolts and nuts
should be purchased from reliable manufacturers with a record of good quality
control to minimize the variability of the fit. Bolts and nuts should be adequately
and uniformly lubricated.
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AppendixA4
Procedure for Installation and Tightening of High-Strength Fasteners

Alternate Design Fasteners

BOLTJ;D PARIS AND GENeRAL fROyISIQr:iS

Material within the bolt grip will be steel with no compressible material.

Slope of surface shall not exceed 1:20. Correct with hardened beveled washers.

All surfaces free of loose scale, dirt or other foreign material.

Uncoated joints shall have no paint, including overspray, in the connection area.

Painted joints shall be blast cleaned and coated with an approved paint. Joints
shall not be assembled until paint has cured for the minimum time used in paint
qualification testing.

Galvanized joints shall be roughened by hand wire brushing prior to assembly.
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All fastener components shall be properly lubricated and protected from con­
tamination, dirt and moisture.

Hardened washers may be required under the turned element when specified
by the fastener manufacturer. Special washers may be required for oversized
or slotted holes. See specifications.

TENSION VERIFICATION TESTING

Equipment required:

Calibrated bolt tension measuring device.

Spacers and/or washers with proper hole size to adjust bolt length in tension
measuring device.

Rigid mounting for bolt tension calibrator.

Wrenches to install fasteners in the structure.

Appropriate supply otproperly- sized, uncoated, lot identified Direct Tension
IndicatIng washers (DTIs) which meet the requirements of ASTM F-959. See
paragraph 2.4.

Suitable tapered tip flat feeler gauges Range 0.005 inches to 0.030 inches in
0.001 inch Increments.

Rigidly mounted steel plate with round hole 1/16 inch over nominal size of bolts
to be Installed in structure. Can utilize holes in structural steel members to be
erected.

Adequate supply- of hex head HS bolts, nuts and washers to calibrate DTIs. See
paragraph 2)1..1.2.
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Testing Frequency: As a minimum, three (3) fastener assemblies shall be
checked from each fastener length, diameter and grade. The testing should be
done immediately prior to start of installation aT the fasteners in the work.
Fasteners should be retested when any significant difference is noted in the
surface condition or level of lubrication of tIle fastener threads, nuts or washers.

Testing Procedure: Long bolts are defined as bolts of sufficient length so that
when Installed in the tension measuring device, with a hardened washer (when
required), at least three (3) full threads are exposed between the nut face and
the underside of the bolt bead when the end ofthe bolt is at least flush with the
outside face of the nut.

Select three (3) fastener assemblies from each diameter, length and grade.

Install each fastener assembly into the tension measuring device and install
sufficient spacers and/or washers so that at least three (3) but no more than five
(5) full threads are exposed between the nut face and the underside of the bolt
head. The fastener manufacturer's installation procedure shall be followed for
installation of bolts in the calibration device and in all connections.

Tighten each assembly using the snug tightening procedure which will be used
to snug tight the fasteners in the work. Snug tight IS defined as the tightness that
exists when the plies of the joint are in firm contact. This may be ootained by a
few impacts of an impact wrench or the full effort of a man using an ordinary
spud wrench. Assure the proposed snug tightening Erocedure does not produce
more than 50% of required fastener tension as specIfied byTable 10.17A below.
If so, revise snug tightening procedure.

TABLE 1O.17A- REQUIRED FASTENER TENSION (Kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1 1/8 11/4 13/8 11/2

M164 (A325) 12 19 28 39 51 56 71 85 103

M253 (A490) 15 24 35 49 64 80 102 121 148

2.3.4 Following the fastener manufacturer's procedure, further tighten each of the
three (3) assemblies until the final twist-off of the control or indicator element.
Each assembly must indicate a minimum tension as shown below.

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1 1/8 11/4 13/8 1 1/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155
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Testing Procedure: Short bolts are defined as those lengths which are too short
to meet the criteria for long bolts as described in paragraph 2.3.

DTI Calibration: Proper fastener tension for short bolts may be verified using
DTIs. However, DTIs must first be calibrated as follows:

Select three (3) DTIs of each diameter from the same lot as identified on
shipping container.

Using appropriate length conventional hex head bolt, nut and flat washer of
same diameter as DTI, Install DTI under bolt head against face plate of tension
calibrator. Protrusions on DTI must bear on head of bolt.

Install appropriate adapter in back of tension calibrator to allow flat washer and
nut to be Installed. Use shims or flat washers to position three (3) to five (5) full
threads between face of nut and underside of bolt head.

Tighten nut while holding bolt head with a suitable wrench to induce the bolt
tension as shown below:

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 11/2

M164 (A325) 13 20 29 41 54 59 75 89 108

M253 (A490) 16 25 37 51 67 84 107 127 155

2.4.1.5

2.4.1.6
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Using the feeler gauges, measure and record the opening between the DTI face
and tlle underside 01 the bolt head at each locatIOn between the protrusions.
The number of protrusions will vary from four (4) to eight (8) depending upon
the nominal size of the DTI. Average the measurements for each DTI.

Avera~e the results from the three (3) DTIs. The resulting number becomes
the DTI calibration to be used to verify proper tension in the short bolts.

Select three (3) fastener assemblies from each diameter, length and grade of
short bolts. Also select a DTI from the calibrated lot for each fastener assembly.

Install each fastener assembly into the proper steel plate (See 2.1.7) with the
DTI under the bolt head and using suffIcient spacers and/or washers so that at
least three (3) but not more than five (5) full threads are exposed between the
nut face and the underside of the bolt head.

Tighten each assembly to obtain a snug tight condition. Snug tight is defined as
the tightness that exists when the plies of the joint are in firm contact. This may
be otitained by a few impacts of an impact wrench or the full effort of a man
using or ordinary spud wrench. See paragraph 2.3.3.

Using equipment and procedures recommended by the fastener manufacturer,
each of the three (3) assemblies shall be tightened further until the final twist-off
of the control or indicator element.

Using the feeler gauges, measure and record the opening between the DTI face
and tlle underside 01 the bolt head at each locatIOn between the protrusions.
The number of protrusions will vary from four (4) to eight (8) depending upon
the nominal size of the DTI. Average the measurements for each DTI.
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Average the results from the three (3) DTIs for each diameter, length and grade.
This average clearance must be equal to or less than the DTI clearance oeter­
mined in paragraph 2.4.1.6.

SNUG TIGHTENING PROCEDURE

Fasteners shall be installed in all holes of the connection and brought up to a
snug tight condition. Washers are required if they were used in tile Tension
Venfication Testing.

Snug tight is defined as the tightness that exists when the plies of the joint are in
firm contact. This may be obtained by a few impacts of an impact wrench or the
full effort of a man using an ordinary spud wrench. The snug tightening
procedure used in the worK shall be the same snug tightening procedure used
when conducting the Tension Verification Testing m paragraph 2.3.3 and 2.4.4.

Snug tightening shall progress systematically from the most rigid Rart of the
connection to tbe free edges. Start the pattern near the end of each member
being spliced at the center of the pattern and work toward all edges of the splice
plate.

Following this initial snug tightening, all bolts in the joint shall be again system­
atically tightened as necessary using a similar pattern until all bolts are simulta­
neously snug tight and the connectIOn is fully compacted.

FINAL TIGHTENING

Followingthe snug tightening operation, all fasteners shall be further tightened
until the final twist-off of the control or indicator element. All tightemng shall
be done using equipment and procedures recommended by the fastener manu­
facturer.

Tightening shall progress systematically from the most rigid part of the connec­
tion to the free edges in a manner that will minimize relaxation of previously
tightened fasteners. In some cases, proper tensioning of the bolts may require
more than a single cycle of systematIc partial tightenmg prior to final twist-off
of the control or indIcator element of individuaffasteners.

COMMENTARY

Tension Calibrating Devices: At the present time, there is no known economical
means for determining the tension in a bolt that has previously been installed in
a connection. The actual tension in a bolt installed in a tension calibrator
(hydraulic tension indicating device) is directly indicated by the dial of the
device, provided the device is propedy calibrateQ. Such a deVice is an economi­
cal and valuable tool that should be readily available whenever high-strength
bolts are to be tensioned to the specified pretension. Although each element
of a fastener assembly may conform to tbe minimum requirements of their
separate material specifications, their compatibility in an assembly or the need
for lubrication can only be assured by testing of the assembly. Hence, such
devices are important for confirming tbe complete fastened assembly as it will
be used with Hie method of tightening to assure the suitability of bolts and nuts,
including lubrication, and the adequacy of impact wrenches and/or air pressure,
to provide the specified bolt tension.

Testing before start of installation of fasteners in the work will identify potential
sources of problems including, but not necessarily limited to, the need for
lubrication to prevent failure of bolts by combined high torque with tension,
under strength assemblies due to improper marking or heat treatment or quality
control of fasteners, excessive overtappmg of hot-dip galvanized nuts, improper
use of selected installation methodoy the bolting crews and/or improper or
unreliable inspection techniques by inspectors. Such devices are essentiafto the
confirmation testing of fasteners dIfferent from AASHTO M164 (ASTM A325)
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or AASHTO M253 (ASTM A490) bolts,when approved by the Engineer of
Record, and direct tension indicators. They are also essentIal to the specified
procedure for the calibrated wrench method of installation, as well as for
confirmation demonstration of proper use of any method by the bolting crews.
They are essential for the specified procedure for arbitration inspection. They
are the only known economically available tool for field use for determining
realistic torque to tension relationships for given fastener assemblies.

Hydraulic tension calibrating devices capable of indicating bolt tension undergo
a slight deformation under load. Hence, the nut rotation corresponding to a
given tension reading may be somewhat larger than it would be if tbe same bolt
were tightened against a solid steel abutment.

Stated differently, the reading of the calibrating device tends to underestimate
the tension which a given rotation of the turned element would induce in a bolt
in an actual joint. This should be borne in mind when using such devices to
establish a tension-rotation relationship.

Connections and Snug Tight: Four methods for joint assembly and tightening
are provided for connectIons. Regardless of the method used, and before
beginning work, test should be administered using a tension calibrator to ensure
that speCIfied pretension will be achieved.

With any ofthe four described tensioning methods, it is important to install bolts
in all holes of the connection and bring them to an intermediate level of tension
generally corresponding to snug tight In order to compact thejoint. Ifhowever,
Individual bolts are installed and tightened in a single contInUOUS operation,
bolts which are tightened first will be subsequently relaxed by the tightening of
the adjacent bolts. The total of the forces in all bolts will be reduced which will
reduce the slip load. Even after being fully tightened, some thick parts with
uneven surfaces may not be in contact over the entire faying surface. This is not
detrimental to the performance of the joint. As long as the specified bolt tension
is present in all bolts of the completed connection, the clamping force equal to
the total of the tensions in all bolts will be transferred at the locations tliat are
in contact and be fully effective in resisting slip through friction.

With all methods, tightening should begin at the most rigidly fixed or stiffest
point and progress toward tIie free edges, both in the initial snugging up and in
the final tightening.

Installation of Alternate Design Fasteners: When high-strength bolts with
mechanical properties equivalent to AASHTO M164 (ASTM A325) or
AASHTO M253 (ASTM A:490) but with different geometry which is intended
to provide automatic control ofinstalled bolt tension are used, the provision of
this article shall apply. The bolts currentlybeing used ofthis general type involve
a splined end extendIng beyond the threaded portion of the DoltwhichIS gripped
by a specially designed wrench chuck which provides a means for turning the
nut relative to theDolt. While such bolts are subject to many of the variables
affecting torgue mentioned in the calibrated wrench procedure, they are pro­
duced and sliipped by the manufacturers as a nut-bolt assembly under good
quality controfwhich apparently minimizes some of the negative aspects oT the
torque controlled process.

While these alternate design fasteners have been demonstrated to consistently
provide tension in the fastener meeting the requirements of Table 10.17A, in
controlled tests in tension indicating devices, It must be recognized that the
fastener may be misused and provicfe results as unreliable as diose with other
methods. They must be used in the as delivered clean lubricated condition. The
requirements of this Specification as well as the installation requirements of the
manufacturer's specification must be adhered to.



As with other methods, a representative sample of the bolts to be used should
be tested to assure that they 00, in fact, when used in accordance with manufac­
turer's instructions, provide tension as specified in Table 1O.17A. In the actual
joints, bolts must be installed in all holes of a connection and all fasteners
tightened to an intermediate level of tension adequate to pull all material into
contact. Only after this has been accomplished should the fasteners be fully
tensioned in a systematic manner and the splined end sheared off. The sheared
off splined end merely signifies that at some time the bolt has been subjected to
a torque adequate to cause the shearing. If the fasteners are installed and
tensioned in a single continuous operation, they will give a misleading indication
to the inspector that the bolts are properly tighteneo. Therefore, the only way
to inspect these fasteners with assurance is to observe the job-site testing of the
fasteners and installation procedure and then monitor the work while III pro­
gress to assure that the specified procedure is routinely followed.
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Appendix AS
Procedure for Inspection of High-Strength Fasteners Installation

PRE-INSTALLATION INSPECTION

The Engineer shall check the marking, surface condition and storage of bolts,
nuts ana washers and the faying surfaces of joints for compliance with the
specification requirements.

When faying surfaces of slip critical joints are specified to be painted, the
Engineer will assure that onfy tested and qualified coatings are applied to the
members. When theyainting is being done at the location where tlie joints are
to be assembled, the Engineer will assure the coating has cured for the minimum
time used in qualification testing before assembly.

The Engineer must verify that all bolt tension calibrators and torque wrenches
have been calibrated within the last year and test certificates are available.

The Engineer shall witness all Rotational Capacity (R-C) tests performed at the
fastener installation site to assure the tests are properly conducted, at the
required frequency and test results are in compliance with the specifications.

The Engineer shall witness all wrench calibration, turn-of-nut verification test­
ing, tension verification testing and direct tension indicator (DTI) calibration
required by the specification requirements to assure the tests are properly
conducted at the required frequency.

The Engineer will assure that each member of the bolting crewes) is familiar
with the procedural requirements for the tightening method selected by the
contractor. Each bolting crew member must also fully understand the proce­
dure for snug tightening the joint and fasteners, and should have demonstrated
this knowledge by tightening a fastener in a bolt tension calibrator.

INSPECTION DURING INSTALLATION

The Engineer must constantly monitor the surface condition of fasteners in
order to prevent accumulation of dirt or rust and to detect any change in the
level of lubrication.

Allow only as many fasteners as are anticipated to be installed and tightened
during a work shift to be removed from protective storage. Fasteners not used
shall De returned to protected storage at the end of the shift.

At any time during the erection process when the Engineer suspects there may
have been a change in the level of lubrication oC the fasteners he shoula
immediately require the Rotational Capacity (R-C) test to be re-conducted as
well as all calibration and verification testing listed in Paragraph. 1.5.

The Engineer shall monitor the installation of the fasteners in the work to assure
that the selected installation method, as demonstrated in the initial testing to
provide the specified tension, is routinely properly applied. This monitoring
shall also incfude verification that all plIes oCconnected material have been
drawn together and the procedure for snug tightening has been followed.

INSPECTION OF COMPLETED INSTALLATION (ARBITRATION IN-SEECUaID ... "
In addition to the requirements of paragraph. 1.0 and 2.0, inspection of com­
pleted joints is required. The following inspection procedure shall be used
unless a different procedure is specified In the contract documents.
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Equipment required:

Calibrated bolt tension measuring device.

Spacers and/or washers with proper hole size to adjust bolt length in tension
measuring device.

Rigid mounting for bolt tension calibrator.

Calibrated torque wrench, either dial type or other design which can be adjusted
to give an indication of actual torque.

Appropriate supply of properly sized, uncoated, lot identified Direct Tension
Indicatmg washers (DTIs), which meet the requirements of ASTM F-959. See
paragraph 3.5.3.l.

Suitable tapered tip flat feeler gauges, range 0.005 inches to 0.030 inches in 0.001
inch increments.

Rigidly mounted steel Jllate with round hole 1/16 inch over nominal size of bolts
installed in structure. Can utilize holes in structural steel members.

Adequate supply of hex head HS bolts, nuts and washers to calibrate DTIs. See
paragraph 3.3.3.1

Inspection Responsibility - Either the Engineer or the Contractor, in the pres­
ence of the Engineer, at the Engineer's option, shall perform the inspection of
completed joints using an inspection wrench (torque wrench).

The governing specifications for installation of high strength fasteners, or this
inspection proceaure do not recognize standard torques determined from tables
or from formulas which are assumed to relate torque to tension in the fastener.
Testing and inspection using such standard torques shall not be consideredvalid.

Frequency of Inspection - Each connection in question in the structure shall be
inspected by applying, in the tightening direction, the inspecting wrench and it's
job inspection torque to 10 percent of the fasteners, but not less than 2 fasteners
selected at random.

Determination of Job Inspection Torque

The job inspection torque shall be determined at least daily for each diameter,
length and grade for which inspection will be conducted on that day.

Job Inspection Torque: Long bolts are defined as bolts of sufficient length so
that when installed in the tensIOn measuring device, at least three (3) full threads
are exposed between the nut face and the underside of the bolt head when the
end ofthe bolt is at least flush with the outside face of the nut.

Select five (5) bolts, nuts and washers, if washers were used under the turned
element during installation in the structure, from each diameter, length and
grade for whiCh each individual inspection wrench is to be calibratea. The
samples selected must be representative of the fasteners used in the work and
should be from the same manufacturer's lot ifat all possible. When the fasteners
to be inspected with the inspection wrench have been installed in the structure
for any sIgnificant length of time and have been exposed to the elements, the
samples to be used to calibrate the inspection wrench should be selected from
the fasteners in the work.

Install each bolt, nut and washer (when required) assembly into the tension
measuring device and install sufficient spacers and/or washers so that at least
three (3) Dut no more than five (5) full threads are exposed between the nut face
and the underside of the bolt bead. The element (nut or bolt head) turned
during calibration must be the same that was turned during installation of the
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fasteners in the structure. Separate determinations of job inspection torque
must be made if both methods were used in the work.

Tighten each assembly by any convenient means to an initial condition equal to
approximately the following: (kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1 1/8 11/4 13/8 1 1/2

M164 (A325) 2 3 4 6 8 8 11 13 15

M253 (A490) 2 4 5 7 10 12 15 18 22

3.5.2.4 Then tighten each assembly by any convenient means to the following tension:
(kips)

TABLE 1O.17A-REQUIREDFASTENER TENSION (Kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 1 1/2

M164 (A325) 12 19 28 39 51 56 71 85 103

M253 (A490) 15 24 35 49 64 80 102 121 148

3.5.2.5 Tightening beyond the initial condition must not produce greater rotation of the
turned element than that shown below:

BOLT LENGTH (Inches) ROTATION

4 x dia. or less 1/2 tum

Greater than 4 but no more than 8 x bolt 3/4 tum
dia.

Greater than 8 x bolt dia. not exceeding 12 x 1 tum
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The inspection wrench shall then be applied to each of the five (5) tightened
bolts and the torque necessary to turn tbe nut or bolt head 5 degrees (approxi­
mately 1 inch in a 12 inch radius) in the tightening direction shall be determined.
From a practical standpoint this is the torque necessary to just start rotation of
the turned element. Record all five (5) torque determmatIOns.

The job insRection torque shall be taken as the average of the three (3)
remaming values after rejecting the high and low values.

Job Inspection Torque - Short Bolts - Short bolts are defined as those lengths
which are too short to meet the criteria for long bolts as defined in paragraph
3.5.2.

DTI Calibration - Inspection wrenches to be used to inspect short bolts must be
calibrated to determme 'Job inspection torque" using DTIs. However, DTIs
must first be calibrated as follows:

Select three (3) DTIs of each diameter from the same lot as identified on the
shipping contamer. See paragraph 3.1.5.

Using appropriate length bolt, nut and flat washer of same diameter as DTI,
(See paragraph 3.1.8) mstall DTI under bolt head against face plate of tension
calibrator. Protrusions on DTI must bear on head of bolt.

Install appropriate adapter in back of tension calibrator to allow flat washer and
nut to be mstalled. Use shims or flat washers to position three (3) to five (5) full
threads between face of nut and underside of bolt head.

Tighten nut while holding bolt head with a suitable wrench to induce the
approximate bolt tension as shown below:

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1 1/8 1 1/4 13/8 11/2

M164 (A325) 2 3 4 6 8 8 11 13 15

M253 (A490) 2 4 5 7 10 12 15 18 22

3.5.3.1.5

3.5.3.1.6

Using the feeler gauges, measure and record the opening between the DTI face
and tlle underside 01 the bolt head at each locatIOn between the protrusions.
The number of protrusions will vary from four (4) to eight (8) de~endin~ upon
the nominal size of the DTI. Average the measurements for eachUTI. Record
the average value.

Further tighten the nut while holding bolt head with a suitable wrench to induce
the bolt tension as shown below:

TABLE 1O.17A- REQUIRED FASTENER TENSION (kips)

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 11/8 11/4 13/8 11/2



M164 (A325) 12 19 28 39 51 56 71 85 103

M253 (A490) 15 24 35 49 64 80 102 121 148

3.5.3.1.7

3.5.3.1.8

3.5.3.1.9

3.5.3.2

3.5.3.3

3.5.3.4

3.5.3.5

Using the feeler gauges, measure and record the opening between the DTI face
and tbe underside of the bolt head at each locatIon between the protrusions.
The number of protrusions will vary from four (4) to eight (8) de~ending upon
the nominal size of the DTI. Average the measurements for eachUTI. Record
the average value.

Repeat steps in parar;;aPh 3.5.3.1.2 thru 3.5.3.1.7 for the other two (2) DTIs.
Average die three ( values obtained for each DTI in step 3.5.3.1.5. This
opening becomes the TI calibration to be used to establish the "initial condi­
tion tension" as used in paragraph 3.5.2.3.

Average the three (3} values obtained for each DTI in step 3.5.3.1.7. This
opening becomes the DTI calibration to be used to establish the bolt tension as
used in paragraph 3.5.2.4.

Select five (5) bolts, nuts and washers, if washers were used under the turned
element during installation in the structure, from each diameter, length and
grade for whicl1 each individual inspection wrench is to be calibrateo. The
samRles selected must be representative of the fasteners used in the work and
should be from the same manufacturer's lot ifat all possible. When the fasteners
to be inspected with the inspection wrench have been installed in the structure
for any SIgnificant length of time and have been exposed to the elements the
samples to be used to calibrate the inspection wrench should be selected from
the fasteners in the work.

Install each bolt, nut and washer (when required) assembly into the proper steel
plate (see paragraph 3.1.7) with the DTI under the bolt head and using sufficient
spacers and/or washers so that at least three (3) but not more than five (5) full
threads are exposed between the nut face and the underside of the bolt head.

With a wrench holding the bolt head, tighten each assembly by any convenient
means until the DTI clearance is approximately equal to the clearance deter­
mined in paragraph 3.5.3.1.8, initial condition tension. Then further tighten the
assembly until tlie DTI clearance is equal to the clearance determined in
paragraph 3.5.3.1.9, minimum bolt tension.

Tightening beyond the initial condition must not produce greater rotation of the
turned element than that shown below:

BOLT LENGTH (Inches) ROTATION

4 X dia. or less 1/2 turn

Greater than 4 but no more than 8 x bolt 3/4 turn
dia.



Greater than 8 x bolt dia. not exceeding 12 x 1 turn
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The inspection wrench shall then be applied to each of the five (5) tightened
bolts and the torque necessary to turn tbe nut or bolt head 5 degrees (approxi­
mately 1inch in a 12-inch radius) in the tightening direction shallbe determined.
From a practical standpoint this is the torque necessary to just start rotation of
the turned element. Record all five (5) torque determmatIOns.

The job inspection torque shall be taken as the average of the three (3)
remaming values after rejecting the high and low values.

Fasteners represented by the samples referenced in paragraph 3.5.2.1 and
3.5.3.2which have been tightened in the structure shall be inspected by applying,
in the tightening direction, the inspecting wrench and it's JOD inspection torque
!o 10 percent of. the. fastene~s, but not less than 2 fasteners, selected at random
m eacb connectIon m questIOn.

If no nut or bolt head is turned by the application of the job inspection torque,
the connection shall be accepted as properly tightened.

If any nut or bolt is turned by the application of the job inspection torque, all
fasteners in the connection shall be tested, and all fasteners whose nut or head
is turned by the job inspection torque shall be tightened and reinspected.
Alternatively, the fabricator or erector, at his option, may retighten al of the
~astene~s in the connection and then resubmit tlie connection for the specified
mspectIOn.

DELAYED VERIFICATION INSPECTION

The inspection procedures specified in paragraph 3.0 are intended for inspec­
tion of Dolted connections and verification ofpretension at the time of tenSIOn­
ing the joint.

Ifverification of fastener tension is required after a passage of a period of time
and exposure of the completed joints, the procedures of paragraph 3.0 will
provide an indication of fastener tension which is of questionable accuracy.

Procedures appropriate to the specific situation should be used for verification
of bolt tension. This might involve use of the inspection procedure contained
in paragraph 3.0, or mIght require the development and use of alternate
procedures.

COMMENTARY

Tension Calibrating Devices: At the present time, there is no known economical
means for determining the tension in a bolt that has previously been installed in
a connection. The actual tension in a bolt installed in a tension calibrator
(hydraulic tension indicating device) is directly indicated by the dial of the
device, provided the device is properfy calibrateo. Such a deVice is an economi­
cal and valuable tool that should be readily available whenever high-strength
bolts are to be tensioned to the specified pretension. Although each element
of a fastener assembly may conform to tbe minimum requirements of their
separate material specifications, their compatability in an assembly pr the need
for lubrication can only be assured by testing of the assembly. Hence, such
devices are important for confirming the complete fastened assembly as it will
be used with tlie method of tightening to assure the suitability of bolts and nuts,
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including lubrication, and the adequacy of impact wrenches and/or air pressure,
to provide the specified bolt tension.

Testing before start ofinstallation of fasteners in the work will identify potential
sources of problems including, but not necessarily limited to, the need for
lubrication to prevent failure of bolts by combined high torque with tension,
under strength assemblies due to improper marking or heat treatment or quality
control of fasteners, excessive overtappmg of hot-dip galvanized nuts, improper
use of selected installation method Dy the bolting crews and/or improper or
unreliable inspection technique by the inspectors. Such devices are essential to
the confirmatIOn testing of fasteners different from AASHTO M164 (ASTM
A325) or AASHTO M233 (ASTM A490) bolts,when approved by the Engineer
ofRecord, and direct tension indicators. They are also essential to the specified
procedure for the calibrated wrench method of installation, as well as for
confirmation demonstration of proper use of any method by the bolting crews.
They are essential for the specified procedure for arbitration inspection. They
are the only known economically available tool for field use for determining
realistic torque to tension relationships for given fastener assemblies.

Hydraulic tension calibrating devices capable of indicating bolt tension undergo
a slight deformation under load. Hence the nut rotation corresponding to a
given tension reading may be somewhat larger than it would be if toe same bolt
were tightened against a solid steel abutment.

Stated differently, the reading of the calibrating device tends to under estimate
the tension which a given rotation of the turned element would induce in a bolt
in an actual joint. This should be borne in mind when using such devices to
establish a tension-rotation relationship.

Inspection: It is apparent from the commentary on installation procedures that
the inspection procedures giving the best assurance that bons are properly
installea and tensioned is provided by inspector observation of the calibration
testing of the fasteners usmg the selected installation procedure followed by
monitoring of the work in progress. This will assure that the procedure which
was demonstrated to provide the specified tension is routinely adhered to.
When such a program is followed, no further evidence of proper bolt tension
should be requirea.

If testing for bolt tension using torque wrenches is conducted subsequent to the
time the work of installation and tightening of bolts is performed, the test
procedure is subject to all of the uncertainties of torque controlled calibrated
wrench installation. Additionally, the absence ofmany of the controls necessary
to minimize variability of the torque to tension relationship, which are unneces­
sary for the other methods of Dolt installation. These are: use of hardened
washers, careful attention to lubrication and the uncertainity of the effect of
passage of time and exposure in the installed condition. These all reduce the
reliabIlity of the arbitration inspection results. The fact that in many cases it
may have to be based upon a job test torque (determined using Dolts only
assumed to be representative of toe bolts in the actual joint being tested or using
bolts removed from completed joints) makes the test procedure less reliable
than a properly implemented installation procedure it is used to verify. Verifi­
cation mspection using ultrasonic extensometers is very accurate, but costly and
time consuming, and requires that each tested bolt must be loosened to zero
tension for calioration. Therefore extensometers should be used for inspection
only in the most critical cases.





APPENDIX A6
PROCEDURE FOR VERIFICATION AND INSTALLATION OF HIGH

STRENGTH BOLTS WITH DIRECT TENSION INDICATORS
(DTIs)

I. Verification of DTI Perfonnance

Verification of DTI performance is required prior to installation of bolts in the work. In bridge work the manufacturers are
typically specifying smaller gaps in the spaces between the protrusions on the washer than normally used in other construction and
the gap specified for testing in the product specification ASTM F959. The verification test method is used to determine the maximum
number of spaces at which a 0.005 inch-tapered feeler gage is refused, does not fit into the space, at a load equal to 1.05 times the
required bolt installation tension. This maximum number of refusal spaces is one less than the job installation inspeCtion requirement.
In addition, as part of verification test, the DTIs shall be further crushed to a level such that the inspection feeler gage is refused at
all spaces between the protrusions of the washer and a visible gap still remaining in at least one space. The load at this minimum gap
should not cause permanent inelastic deformation of the fastener. The inelastic deformation is judged by removing the fastener from
the test apparatus and turning the nut by hand the full length of the threads on the bolt after the test. If the nut can be turned the full
thread length, the DTI minimum gap load requirement is satisfied. The installation verification test shall be performed three times
for each fastener rotational capacity lot on the job with the corresponding DTI to be used. If the same R-C lot is to be installed with
the DTI in two different positions with respect to the turned element, three tests are required for each position of the DTI. Bolts from
R-C lots too short to fit in the tension measuring device shall be tested by tightening in a steel plate to the minimum gap in step 6
and checked in accordance with step 7. The DTI used with the short bolts should be checked in accordance with steps 1 through 5
using a longer bolt in the tension measuring device.

Equipment Required:

1. Calibrated bolt tension measuring device with a special flat insert in place of normal bolt head holding insert. Special insert
required to allow access to measure DTI gap.

2. Tapered leaf thickness (feeler) gage, 0.005 inch. Same gage as to be used to inspect the bolts after installation.

3. Bolts, nuts, and standard washers to be used in the work with the DTIs.

4. Impact and manual wrench to tighten bolts. Equipment should be the same as to be used in the work.

Verification Test Procedure: (Test three tests for each R-C lot and position of DTI)

1. Install bolt, nut, DTI, and standard washer (if used) into bolt tension measuring device. Assembly should match that to be
used in the work.

2. Snug the bolt to no more than 50 % of the required installation tension using the equipment which will be used in the work.
Use another wrench on the bolt head to prevent rotation of the head against the DTI if the DTI is to be used under the
unturned element.

3. Further tighten bolt to tension listed below (1.05 times the required installation tension of the bolt). Use another wrench on
the bolt head to prevent rotation of the head against the DTI if the DTI is to be used under the unturned element. If an impact
wrench is used, tighten to a load slightly below the required load and use a manual wrench to attain the required tension.
The load indicating needle of the bolt calibrator cannot be read accurately when an impact wrench is used.

Bolt Tension (ki,ps)

Bolt Dia.(in) 1/2 5/8 3/4 7/8 1 1-118 1-114 1-3/8 1-112

M164(A325) 13 20 29 41 54 59 75 89 108

M2S3(A490) na na 37 51 67 84 107 127 na



4. Determine and record the number of spaces between the protrusion on the DTI that a 0.005 in. thickness gage is refused.
The total number of spaces in the various sizes and grade of DTI's is shown below.

Number of Spaces

Bolt Dia. (in) 1/2 5/8 3/4 7/8 1 1-118 1-1/4 1-3/8 1-1/2

M164(A325) 4 4 5 5 6 6 7 7 8

M253 (A490) na na 6 6 7 7 8 8 na

5. The number of spaces which the 0.005 in. gage is refused should not exceed the number given in the table below. If the
number of spaces exceeds the number in the table, the DTI fails the verification test.

pg gsp

Verification Criteria'"

Number of spaces in washer 4 5 6 7 8

Maximum number of spaces gage is refused 1 2 2 3 3

*If the test IS a coated DTI under the turned element the maxImum number of aces the a e IS refused IS the number of s aces
on the washer minus one.

6. The bolt should be further tightened to the smallest gap to be allowed in the work. Normally, this smallest gap is defmed
as the gap at all the spaces less than 0.005 inch and not all gaps completely closed. The 0.005 inch-gage is refused at all
spaces but a visible gap exists in at least one space. The bolts in this test and in the actual installation should not be installed
to a no visible gap condition. The load in the bolt becomes indeterminant when no gap exists. Failure of the bolt due to over
tightening may occur when the bolt is tightened beyond complete crushing of the DTI.

7. Remove the bolt from the calibrator and tum the nut on the threads of the bolt by hand. The nut should be able to be turned
on the complete length of the threads, excluding the thread runout. If the nut is unable to go the full thread length, the load
required for the minimum gap in step 6 is too large. The test must be repeated with a larger minimum gap, for example one
space that will accept a 0.005 in. feeler gage, to establish the smallest gap allowed in the work for the fastener rotational
capacity lot allowed in the work.

Short Bolts:

Bolts from R-C lots too short to fit in the tension measuring device shall be tested by tightening to the minimum gap in step
6 and checked in accordance with step 7. The DTI used with the short bolt should be checked in accordance with steps 1 through
5 using a longer bolt in the tension measuring device.

n. Installation:

1. The use of a DTI under the unturned bolt head requires that the element bearing against the DTI not turn. Two crew
members are required: One to operate the wrench, and the other to prevent turning of the element with the DTI and to
monitor the gap. If the DTI is used under the turned element, an additional hardened washer must be used between the
turning element and the protrusion on the DTI.

2. Snug the connection to compact the joint. The DTI should be inspected after snugging and the gaps checked. If the number
of spaces in which the 0.005 in. gage is refused exceeds the value in the table shown above in step 5 of the verification test,
the bolt must be removed and another DTI installed. The bolt should be resnugged.

3. Tighten the bolts systematically to the inspection gap. The number of spaces which the 0.005 inch-gage is refused should
be equal to or greater then the number shown in the table below. Tightening beyond the minimum gap established above in
steps 6 and 7 is not allowed. Bolts which have a DTI with a smaller gap or no gap shall be replaced and the new bolts
tightened with a new DTI.

spg g

Inspection Criteria'"

Number of spaces in washer 4 5 6 7 8

Minimum number of spaces gage is refused 2 3 3 4 4

'the a e shall be refused 10 all aces when a coated r:ITIIS used une er the turned e ement.



APPENDIXB

Definitions and Fastener Behavior

STRUCTURAL
STEEL BOLTS

BOlT DESIGNATION
AND TYPES
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B-2

BOLT TYPES

STRUCTURAL STEEL BOLTS

M164 (A325) Bolts:

High-Strength Bolt for Structural Steel Joints.

These are heat-treated, quenched, and
tempered high-strength bolts made from
medium-carbon steel.

M253 (A490) Bolts:

Heat-Treated Steel Structural Bolts, 150 ksi
Minimum Tensile Strength.

(These are quenched and tempered
high-strength bolts made from alloy steel.)

BOLT TYPES

TYPE 1

TYPE 2

TYPE 3

B-3

64)

1/2" TO 1 1/2" INCL.

1/2" TO 1" INCL.

1/2" TO 1 1/2" INCL.

dp 88
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Type 1 - Medium-Carbon Steel

Type 2 - Low-Carbon Martensite Steel (no
longer manufactured in U.S. ASTM is
considering eliminating this type).

Type 3 - Atmospheric Corrosion Resistant
Weathering Characteristic Steel.

Note: AASHTO does not allow less than 5;8­

inch diameter bolts.
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BOLT TYPES
BLACK BOLTS

GALVANIZED '.
A) MECHANICALLY GALVANIZEP
B) HOT-DIP GALVANIZED

~490 (M253) BOLTS ARE
NOT GALVANIZED ,
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B-6

A490 (M253) BOLTS

Type 1 - Alloy Steel.

Type 2 - Low-Carbon Martensite Steel
(no longer manufactured in U.S., ASTM is
considering eliminating this type).

Type 3 - Atmospheric Corrosion Resistant
Weathering Steel.

OTHER
• Specifications do not include

electroplated fasteners for bridges.

• Only two types of coated fasteners,
hot-dip galvanized and mechanically
galvanized fasteners, are included in
the specifications for bridge application.

• New coatings are being evaluated.

Structural Nuts and Nut Desi~ation

A194 (M292) Nuts:

Carbon and Alloy Steel Nuts for Bolts for
High-Pressure and High-Temperature
Service.

A653 (M291) Nuts:

Carbon and Alloy Steel Nuts.
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BOLT AND NUT SUITABILITY

A325 (M164) Bolt Assembly

• Type 3 bolts may be used in lieu of type
1 or type 2 uncoated bolts.

• Both nonheat-treated and heat-treated
matching nuts are permitted with A325
(M164) bolts.

• Grades 2H, DH and DH3 are
heat-treated grades of nuts.

• Only heat-treated nuts are galvanized.

• Overtapping and lubrication
requirements for A194 (M292) grade
2H nuts are the same as those for A563
(M291) nuts.

A490 (M253) BOLT ASSEMBLY

• A490 (M253) bolts are not galvanized.

• Only heat-treated nuts are permitted
for A490 (M253) bolts.
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WASHER DESIGNATION AND TYPES
STEEL WASHERS

F436 (M293)

• Hardened Steel Washers

• Washers up to and including 1];2 inch
are through hardened.

F959

• Compressible-Washer-Type Direct
Tension Indicators for Use with
Structural Fasteners.

B-ll

WASHER TYPES
F436 (M293)
CIRCULAR WASHERS
BEVELED WASHERS
CLIPPED WASHERS

F9S9
TYPE 325
TYPE 490 dp 88

"II

F436 (M293)

These washers are manufactured from plain
carbon steel or steel having atmospheric
corrosion resistance and weathering
characteristics.

F959

Type 325 - DTI washer for use with A325
(M164) bolts.

Type 490 - DTI washer for use with A490
(M253) bolts.

B -12

OTHER
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SCREW THREAD

Screw thread is defined as a ridge of uniform
section in the form of a helix on the external
or internal cylindrical surface.

NOTE: ASTM A325 (M164) and A490
(M253) bolts are manufactured to
dimensions specified in ANSI B18.2.1 for
Heavy Hex Structural Bolts.

THREAD PROFILE

• The crest, root and flanks make up the
profile of the thread. The thread
profile establishes the material
boundary.

• The crests are located at the top, the
roots are at the bottom, and the flanks
join them.

• Incomplete threads occur at the runout
where threads merge into unthreaded
shank or tapped holes.

DIAMETER (Threaded Part)

For External Threads:

• The major diameter is the diameter at
the thread crest.

• The minor diameter is the diameter at
the thread root.
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, )I' Axis of Internal Thread of Nut

DIAMETER THREADED PART (Cont'd.)

For Internal Threads:

• The diameter at the root is the major
diameter.

• The diameter at the crest is the minor
diameter.
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IHREADENGAGEMENT

Half of the difference between minor
diameter of the nut and the major diameter
of the bolt thread determines the amount of
overlap or the depth of thread engagement.

LENGTH OF THREAD ENGAGEMENT

In assembled fasteners, it is the axial distance
through which the full threads of the external
and internal fasteners are in contact.



PRELOAD

The initial clamping force and/or the tension
in the fastener are usually called preload.
(The tensile stress introduced to the fastener
during the tightening process results in a
tension force within the fastener, which in
turn creates the clamping force on the joint.

PROOF LOAD (for bolts)

Proof load is defined as the minimum
specified tensile force a bolt must withstand
without resulting in any measurable
permanent set.

STRESS AREA (standard threads)

Stress area is a cross-sectional area based on
the mean value of the pitch and minor
diameters of the threads.
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FROM LOAD vs. ELONGATION CURVES

The elastic curve shows:

• Elastic Region: The initial straight line
portion of the load vs. elongation curve.

• Proportional Limit: Upper end of the
elastic region.

• Elastic Limit: Loading the fastener to
this point will cause a particular
amount of permanent deformation ­
usually chosen as .2 or 0.5 percent of
the initial length. (Tension loads
beyond this point will produce some
permanent deformation).

• Yield Strength: Is the tension applied
load at which a fastener experiences a
specific amount of permanent
deformation.

• Ductility: Is the ability of the material
to deform before it fractures.

The energy absorbed during the
process of stretching is proportional to
the area under the stress strain curve
and is indicative of the ductility of the
material.

The common characteristics of ductility
are determined by measuring change in
length and reduction in area of a
machined specimen. But this is not
practical in the case of threaded
fasteners.

If the maximum hardness is not
exceeded and if the wedge tensile test
shows the required tensile strength--the
ductility should be satisfactory.



COMPARISON OF TORQUED TENSION AND
OIRECT TENSION FAILURE
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Ratio of:

Specified Minimum Yield Strength
Minimum Tensile Strength

is considered a reasonable indicator of
ductility.

As this ratio goes down (~ ) the ductility
increases (t ).

Note: Mechanical properties of bolts
indicated on a load elongation curve depend
on whether the bolt was subject to:

• direct tension
or

• torqued tension

Torque and friction induce three-dimen­
sional stress effect in the bolt resulting in
different behavior than the one represented
by direct tension vs. elongation curve.

LOTS

Production Lot

• The production lot for any particular
fastener (e.g., bolt, nut or washer) shall
consist of fasteners processed
essentially together through various
manufacturing operations to shipping
containers. A production lot will
consist of fasteners of the same size and
common characteristics (e.g., grade,
finish, etc.), and produced from the
same mill heat of steel.
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Shippin~ Lot

Shipping lot is defined as that quantity of
fasteners of the same nominal size and the
nominal length, as applicable, to fill the
requirements of a single purchase order.

THE SHIPPING LOT TEST METHOD IS
NOT PERMITTED BECAUSE THE
FASTENER MAY OR MAY NOT HAVE
BEEN MADE USING THE SAME
PROCESS OR THE SAME MILL HEAT
OF STEEL

Rotational-Capacity Lot

Rotational-capacity lot is defined as that
quantity of fasteners from production lots of
bolts, nuts and washers from which, when a
certain specified number of fastener
specimens are tested together as an assembly
for rotational-capacity tests, they meet the
test requirements.

SAMPLING PRODUCTION LOTS

Prior to shipping fasteners production lots
must be sampled by the manufacturer.
Frequency of testing and test requirements
vary depending on the type of fastener, i.e.,
whether it is a bolt, nut or washer. Refer to
ASTM or AASHTO material specifications
as appropriate. There are additional
supplemental specifications for fasteners
(FHWA Memorandum of November 1989)
which will be discussed later.
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The following illustrates the requirements
from the AASHTO Materials Specifications
and FHWA Supplemental Specifications:

EXAMPLE: M164BOLTS
Frequency of Testing

Number of Pieces Number of
in Production Lot Specimens
800 and less 1
801 to 8000 2
8001 to 35000 3
35001 to 150000 8
150001 and over 13

CURRENTLY REOUIRED TESTS/
PRODUCTION LOTS

As appropriate and depending on the type of
fasteners (bolts, nuts or washers) the
following tests are required:

• Hardness tests
• Tensile strength tests
• Proof load tests (ASTM F606 Method

1)
• Tests to ensure coating thickness

FREOUENCY OF TESTING FOR
ROTATIONAL CAPACITY

Rotational-capacity testing must be per­
formed by the manufacturer or distributor, as
appropriate, on two fastener assemblies per
combination of production lots.

NUT FACTOR

Nut factor is the slope of the line
representing torque-tension relationship.



€,

B-24

+ +

~... 50>!'.. '

• ~ fit."

B-25

DUCTILITY OF BOLT ASSEMBLY
VS.

NUMBER OF THREADS IN THE GRIP

Considering bolts of the same type

• The ductility increases ( t ) as the
number of threads are increased ( t ) in
the grip.

• The maximum strength reduces (.r. ) as
the number of threads are increased
( t ) in the grip.

NOTE: A325 fasteners don't seem to be
sensitive to the values of maximum tensile
strength with respect to thread length in grip.

SENSITIVITY OF M9Q (M253) BOLTS
TO THREAD LENGTH IN GRIP

Lehigh University study shows that A49Q
(M253) bolts are relatively more sensitive to
the number of threads in the grip, when
compared with A325 (M164) bolts.
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VARIATION IN MAXIMUM STRENGTH
OF A49Q (M253) BOLTS AND A325
(M164) BOLTS FOR THE SAME
THREAD LENGTH IN THE GRIP

• With A49Q (M253) bolts, the decrease
in tension after the maximum tension is
reached is much more rapid than the
unloading experienced in a comparable
A325 (M164) bolt assembly.

• A49Q (M253) bolts have reduced
ductility compared to a comparable size
A325 (M164) bolt having the same
length of thread in the grip.



AS THE NUMBER OF THREADS
IN GRIP ARE REDUCED ( U.
THE REQUIRED NUMBER OF
TURNS FOR FAilURE OF
THE ASSEMBLY DECREASES ( 1).

dp sa
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OBSERVATION

We saw that:

• As the number of threads in the grip
are reduced, the assembly becomes less
ductile.

• As the number of threads in the grip
are reduced, the number of turns to
failure are reduced.

Thus:

As ductility reduces (~ ) required number of
turns to failure reduce.

The standard heavy hexagonal structural
bolts with short threaded lengths normally
provide between 3-8" and 5;8" of thread within
the grip. This would translate to about 2
turns to failure for A325 (M164) bolts.

SIGNIFICANCE OF NUT FACTOR

Variation in values of nut factor was noted
because of wide variations in the thread
interface conditions of the fasteners in the
field.

Variation in nut factor can cause significant
change in bolt tension for a given torque.
The example illustrates the following:

• If the thread surface condition is
changed from lubricated to clean
condition, the force in the bolt would
change from 53 kips to 33 kips for the
same torque to 600 ft. pounds.

• Similarly, torque required to achieve
the same bolt tension would depend on
the thread surface condition.

• While bolts with different thread
surface conditions require different
values of torque, calibration test on
fasteners of the same surface condition
should provide a reliable installation
torque.
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FOR A ROD OF NONUNIFORM
DIAMETER

tJ. = tJ.1 + tJ.2 + tJ.3

K = PI'I.L1

SOLT STIFFNESS INCREASES
AS LENGTH OF SECTION
REDUCES
AND CROSS SECTIONAL
AREA INCREASES

dp88
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SHORT BOLTSILONG BOLTS and BOLT
STIFFNESS

In order to understand stress distribution
within a bolt and to determine preload and
clamping force, the stiffness of bolt should be
determined -- i.e., the force required to
deform the bolt by a unit length.

FOR A ROD OF NONUNIFORM
DIAMETER

1 1 1 1
k = k1 + kz + k3 Eq. (1)

1 L1 Lz L3
k = AlE + LzE + L3E Eq. (2)

Thus, the stiffness depends on the ratio of
length and area of cross section of individual
sections.

BEHAVIOE OF SHORT AND LONG
BOLT

"n1 A
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ASSUMED AND SlMPlIF EO
VARIATION OF TENSILE STRESS
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SIMPLIFIED STRESS DISTRIBUTION IN
A BOLT SUBJECT TO TENSION

The stress distribution pattern in a bolt
subject to tension suggests the following
critical locations of high stress intensity:

• Fillet where bolt head joins shank.

• Thread run-out point where the thread
meets the shank.

• The first thread to engage the nut.

A MORE ACCURATE PLOT OF STRESS
DISTRIBUTION IN A BOLT SUBJECT
TO TENSION

Actual stress distribution along lines parallel
to the axis of the bolt suggests that the stress
concentration at the fillet and nut-bolt
engagement point can be two to four times
the average stress in the body of the long thin
bolts (grip length/bolt dia. > 4:1) (Short bolts
show no uniform stress variation in the body).

PEAK STRESSES DISTRIBUTION IN
NUT/ORBOLTTHREADS

• The first three threads generally carry
most load.

• Peak values of stresses in nut or bolt
threads are not reduced by adding
more threads (e.g., using a longer nut).





APPENDIX C

November 1989

SUPPLEMENTAL CONTRACT SPECIFICATIONS FOR
PROJECTS WITH AASHTO Ml64 (ASTM A325)

HIGH-STRENGTH BOLTS

A. Scope

Al. All AASHTO M164 (ASTM A325) high-strength bolts, nuts and washers shall
be furnished in accordance with the appropriate AASHTO Materials
Specifications as amended and revised herein.

Additional requirements for field or shop installation of AASHTO M164
(ASTM A325) high-strength bolts are also included. These additional
requirements supplement AASHTO Division II, Section 10.

B. Specifications

Bl. All bolts shall meet the requirements of AASHTO M164 (ASTM A325) and
these revisions.

82. All nuts shall meet the requirements of AASHTO M292 (ASTM A194) as
applicable or AASHTO M291 (ASTM A563) and these revisions.

B3. All washers shall meet the requirements of AASHTO M293 (ASTM F436) and
these revisions.

C. Manufacturing

Cl. Bolts

1. Hardness for bolt diameters 1/2 inch to 1 inch inclusive shall be
as noted below:.

Hardness Number

Bolt Size, In. Bri ne 11 Rocl<we 11 C

C2. Nuts

1/2 to 1 inch

Min.

248

Max.

311

Min.

24

Max.

33

1. Nuts to be galvanized (hot dip or mechanically galvanized) shall
be heat treated grade 2H, DH, or DH3.

1



2. Plain (ungalvanized) nuts shall be grades 2, C, D or C3 with a
minimum Rockwell hardness of 89 HRB (or Brine11 hardness 180 HB),
or heat treated grades 2H, DH, or DH3. (The hardness requirements
for grades 2, C, D and C3 exceed the current AASHTO/ASTM
requirements.)

3. Nuts that are to be galvanized shall be tapped oversize the
minimum amount required for proper assembly. The amount of
overtap in the nut shall be such that the nut will assemble freely
on the bolt in the coated condition and shall meet the mechanical
requirements of AASHTO M29l (ASTM A563) and the rotationa1­
capacity test herein (the overtapping requirements of AASHTO M291
[ASTM A563] paragraph 7.4 shall be considered maximum values
instead of minimum, as currently shown).

4. Galvanized nuts shall be lubricated with a lubricant containing a
dye of any color that contrasts with the color of the
galvanizing ••

C3. Marking - All bolts, nuts and washers shall be marked in accordance
with the appropriate AASHTO/ASTM Specifications.

D. Testing

D1. Bolts

1. Proof load tests (ASTM F606 Method 1) are required. Minimum
frequency of tests shall be as specified in AASHTO M164 (ASTM
A325) paragraph 9.2.4.

2. Wedge tests on full size bolts (ASTM F606 paragraph 3.5) are
required. If bolts are to be galvanized, tests shall be performed
after galvanizing. Minimum frequency of tests shall be as
specified in AASHTO M164 (ASTM A325) paragraph 9.2.4.

3. If galvanized bolts ate supplied, the thickness of the zinc
coating shall be measured. Measurements shall be taken on the
wrench flats or top of bolt head.

02. Nuts

1. Proof load tests (ASTM F606 paragraph 4.2) are required. Minimum
frequency of tests shall be as specified in AASHTO M291 (ASTM
A563) paragraph 9.3 or AA$HTO M292 (ASTM A194) paragraph 7.1.2.1.
If nuts are to be galvanized, tests shall be performed after
galvanizing, overtapping and lubricating.

2. If galvanized nuts are supplied, the thickness of the zinc coating
shall be measured. Measurements shall be taken on the wrench
flats.
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03. Washers

1. If galvanized washers are supplied, hardness testing shall be
performed after galvanizing. (Coating shall be removed prior to
taking hardness measurements).

2. If galvanized washers are supplied, the thickness of the zinc
coating shall be measured.

04. Assemblies

1. Rotational-capacity tests are required and shall be performed on
all black Dr galvanized (after galvanizing) 'bolt, nut and washer
assemblies by the manufacturer or distributor prior to shipping.
Washers are required as part of the test even though they may not
be required as part of the installation procedure.

The following shall apply:

a. Except as modified herein, the rotational-capacity test shall
be performed in accordance with the requirements of AASHTO
M164 (ASTM A325).

b. Each combination of bolt production lot, nut lot and washer
lot shall be tested as an assembly. Where washers are not
required by the installation procedures, they need not be
included in the lot identification.

c. A rotational-capacity lot number shall be assigned to each
combination of lots tested.

d. The minimum frequency of testing shall be two assemblies per
rotational-capacity lot.

e. The bolt, nut and washer assembly shall be assembled in a
Skidmore-Wilhelm Calibrator or an acceptable equivalent
device (note - this requirement supersedes the current AASHTO
M164 (ASTM A325) requirement that the test be performed in a
steel joint). For short bolts which are too short to be
assembled in the Skidmore-Wilhelm Calibrator, See
Section D4.1i.

f. The minimum rotation, from a snug tight condition (10% of the
specified proof load), shall be:

2400 (2/3 turn) for bolt lengths < 4 diameters
3600 (1 turn) for bolt lengths ) 4 diameters and < 8 diameters
4800 (1 1/3 turn) for bolt lengths) 8 diameters

(Note: that these values differ from the AASHTO M164 Table 8/
ASTM A325 Table 6 Specifications).
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g. The tension reached at the above rotation shall be equal to
or greater than 1.15 times the required installation tension.
The installation tension and the tension for the turn test
are shown below:

Diameter (In.) 1/2 5/8 3/4 7/8 1 1 1/8 1 1/4 1 3/8 1 1/2
Req. Installation
Tension (kips) 12 19 28 39 51 56 71 85 103
Turn Test
Tension (kips) 14 22 32 45 59 64 82 98 118

h. After the required installation tension listed above has been
exceeded, one reading of tension and torque shall be taken
and recorded. The torque value shall conform to the
following:

Torque
Where

Torque
P
o

<

=
=
=

0.25 PO

measured torque (foot-pounds)
measured bolt tension (pounds)
bolt diameter (feet).

i. Bolts that are too short to test in a Skidmore-Wilhelm
Calibrator may be tested in a steel joint. The tension
requirement of Section 04.1g need not apply. The maximum
torque requirement of Section 04.lh shall be computed using a
value of P equal to the turn test tension shown in the table
in Section 04.lg.

05. Reporting

1. The results of all tests (including zinc coating thickness)
required herein and in the appropriate AASHTO specifications shall
be recorded on the appropriate document.

2. Location where tests are performed and date of tests shall be
reported on tne appropriate document.

06. Witnessing

1. The tests need not be witnessed by an inspection agency; however,
the manufacturer or distributor that performs the tests shall
certify that the results recorded are accurate.

E. Docu.entation

El. Mill Test Report(s) (MTR)

1. MTR shall be furnished for all mill steel used in the manufacture
of the bolts, nuts, or washers.
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2. MTR shall indicate the place where the material was melted and
manufactured.

E2. Manufacturer Certified Test Report(s) (MCTR)

1. The manufacturer of the bolts, nuts and washers shall furnish test
reports (MCTR) for the item furnished.

2. Each MCTR shall show the relevant information required in
accordance with Section 05.

3. The manufacturer performing the rotational-capacity test shall
include on the MCTR:

a. The lot number of each of the items tested.

b. The rotational-capacity lot number as required in Section
04.1c.

c. The results of the tests required in Section 04.

d. The pertinent information required in Section 05.2.

e. A statement that MCTR for the items are in conformance to
this specification and the appropriate AASHTO specifications.

f. The location where the bolt assembly components were
manufactured.

E3. Distributor Certified Test Report(s)(OCTR)

1. The OCTR shall include MCTR above for the various bolt assembly
components.

2. The rotational-capacity test may be performed by a distributor (in
lieu of a manufacturer) and reported on the OCTR.

3. The OCTR shall show the results of the tests required in
Section 04.

4. The OCTR shall also show the pertinent information required in
Section 05.2.

5. The OCTR shall show the rotational-capacity lot number as required
in Section 04.1c.

6. The OCTR shall certify that the MCTR are in conformance to this
specification and the appropriate AASHTO specifications.
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F. Shipping

Fl. Bolts, nuts and washers (where required) from each rotational-capacity
lot shall be shipped in the same container. If there is only one
production lot number for each size of nut and washer, the nuts and
washers may be shipped in separate containers. Each container shall be
permanently marked with the rotational-capacity lot number such that
identification will be possible at any stage prior to installation.

F2. The appropriate MTR, MCTR or OCTR shall be supplied to the contractor
or owner as required by the Contract Documents.

G. Installation

The following requirements for installation apply in addition to the
specifications in AASHTO Division II, Section 10 when high-strength bolts
are installed in the field or shop.

Gl. Bolts shall be installed in accordance with AASHTO Division II
Article 10.17.4. During installation, regardless of the tightening
method used, particular care should be exercised so that the snug tight
condition as defined in Article 10.17.4 is achieved.

G2. The rotational-capacity test described in Section 04 above shall be
performed on each rotational-capacity lot prior to the start of bolt
installation. Hardened steel washers are required as part of the test
although they may not be required in the actual installation
procedures.

G3. A Skidmore-Wilhelm Calibrator or an acceptable equivalent tension
measuring device shall be required at each job site during erection.
Periodic testing (at least once each working day when the calibrated
wrench method is used) shall be performed to assure compliance with the
installation test procedures required in AASHTO Division II, Article
10.17.4.1 for Turn-of-Nut Tightening, Calibrated Wrench Tightening,
Installation of Alternate Design Bolts and Direct Tension Indicator
Tightening. Bolts that are too short for the Skidmore-Wilhelm
Calibrator may be tested using direct tension indicators (OTIs). The
OTIs must be calibrated in the Skidmore-Wilhelm Calibrator using longer
bolts.

G4. Lubrication

1. Galvanized nuts shall be checked to verify that a visible
lubricant is on the threads.

2. Black bolts shall be "oily" to the touch when delivered and
installed.
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3. Weathered or rusted bolts or nuts not satisfying the requirements
of G2 or G3 above shall be cleaned and relubricated prior to
installation. Recleaned or relubricated bolt, nut and washer
assemblies shall be retested in accordance with G2 above prior to
installation.

G5. Bolt, nut and washer (when required) combinations as installed shall be
from the same rotational-capacity lot.

7





~~l~ Designation: A 194/A 194M - 90

APPF.NDIX D
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of the Valve and Fillings Industry
Used in USNRC·RDT Standards

Standard Specification for
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and
High-Temperature Service1

This standard is issued under the fixed designation A 194/A 194M; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (,l indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department ofDefense. Consult the DoD Index ofSpecifications and
Standards for the specific year of issue which has heen adopted hy the Departmenl of Defense.

1. Scope

1.1 This specification2 covers a variety of carbon, alloy,
and martensitic stainless steel nuts in the size range '/4
through 4 in. [6.4 through 101.6 mm] nominal. It also covers
austenitic stainless steel nuts in the size range '/4 in. [6.4 mm]
nominal and above. These nuts are intended for high­
pressure or high-temperature service or both. Grade substi­
tutions without the purchaser's permission are not allowed.

1.2 Bars from which the nuts are made shall be hot­
wrought. The material may be further processed by
centerless grinding or by cold drawing. Austenitic stainless
steel may be solution annealed or annealed and strain­
hardened.

1.3 Supplementary requirements (SI through S6) of an
optional nature are provided. These shall apply only when
specified in the inquiry, contract, and order.

1.4 This specification is expressed in both inch-pound
units and in SI units. However, unless the order specifies the
applicable "M" specification designation (SI units), the
material shall be furnished to inch-pound units.

1.5 The values stated in either inch-pound units or SI
units are to be regarded separately as standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independently of the other. Combining values
from the two systems may result in noncomformance with
the specification.

NOTE-Grade 2M has been replaced with Grade 2HM. During a
transition period both grade markings are acceptable.

2. Referenced Documents

2.1 ASTM Standards:
A 29/A 29M Specification for General Requirements for

Steel Bars, Carbon and Alloy, Hot-Wrought and
Cold-Finished3

A 276 Specification for Stainless and Heat-Resisting Steel
Bars and Shapes3

I This specification is under the jurisdiction of ASTM Committee A·I on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
AOl.22 on Valves and Fittings.

Current edition approved July 27, 1990. Published September 1990. Originally
published as A 194 - 36 T. Last previous edition A 194/A 194M - 88a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi·
cation SA·194 in Section II of that code.

3 Annual Book ofASTM Standards, Vol 01.05.

A 320/A 320M Specification for Alloy-Steel Bolting Mate­
rials for Low-Temperature Service4

A 370 Test Methods and Definitions for Mechanical
Testing of Steel Products5

A 484/A 484M Specification for General Requirements
for Stainless and Heat-Resisting Bars, Billets, and
Forgings3

A 788 Specification for Steel Forgings, General Re­
quirements3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials6

E 381 Method of Macroetch Testing, Inspection, and
Rating Steel Products, Comprising Bars, Billets, Blooms,
and Forgings?

2.2 American National Standards:8

B1.1 Unified Screw Threads
B1.2 Gages and Gaging for Unified Screw Threads
BI8.2.2 Square and Hex Nuts

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:
3.1.1 Lot:
3.1.1.1 Unless otherwise specified (see 3.1.1.2), a lot is the

quantity of nuts of a single nominal size and grade produced
by the same manufacturing process.

3.1.1.2 When Supplementary Requirement S6 is invoked
on the purchase order, the following definitions of a lot shall
apply:

For Grade 8 Nuts-The quantity of all the nuts of a single
nominal diameter and grade made from the same heat of
steel and made by the same manufacturing process.

For All Other Grade Nuts (see 7.2 and 7.1.2.1 )-All the
nuts of a single nominal diameter and grade made from the
same heat number and heat treated in the same batch if
batch-type heat treating equipment is used or heat treated in
the same continuous run of not more than 8 h under the
same conditions if continuous-type heat treating equipment
is used.

3.1.2 Type:
3.1.2.1 For Grade 8 Nllts-Variations within the grade

4 Annual Book ofASTM Standards. Vol 01.01.
5 Annual Book II/'ASTM Standards, Vols 01.01 and 01.04.
6 Ann/lal Book oj'ASTM Standards, Vols 02.03 and 03.01.
7 Annual Book ofASTM Standards, Vol 03.01.
8 Available from American National Standards Institute, 1430 Broadway. New

York, NY 10018.
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7. Mechanical Requirements

7.1 Hardness Test:

hot or cold-forged or shall be machined from hot-forged,
hot-rolled, or cold-drawn bars and shall be heat treated to
meet the required mechanical properties. However, nuts
machined from heat-treated bars need not be reheat treated.
See Supplementary Requirement S4 for nuts to be used in
low-temperature applications (Specification A 320/A 320M).
These grades of nuts shall be reheated above the critical
range of the steel, quenched in a suitable medium, and then
tempered at a temperature not less than the following:

Minimum Tempering Temperature. 'F
['C]

850 [455]
1150 [620]
1050 [565]
1100 [595]
1100 [595]
1100 [595]

be tempered for a

Grade and Type

2H
2HM
3
4
6 and 6F
7 and 7M

6, Chemical Composition

6.1 An analysis of each heat of steel used for nuts shall be
made by the manufacturer during the pouring of the steel.
For strand cast materials, the requirements of 8.2 and 8.3 of
Specification A 78S shall be met. Should the purchaser deem
it necessary to have the transition zone of two heats
sequentially cast discarded, the purchaser shall invoke Sup­
plementary Requirement S3 of Specification A 7S8.

6.2 The heat analysis of the nut materials shall conform to
the chemical composition requirements for the grade or­
dered as specified in Table I. Nuts that are normally
furnished from stock are not identified by heat number, and
thus heat analysis cannot normally be reported to the
purchaser. (See Supplementary Requirement S2.) Supple­
mentary Requirement S6 is provided for use when heat
analysis control is required.

6.3 Steels with added lead shall not be used.
6.4 Product analyses may be made by the purchaser from

a sample nut selected by the purchaser or the purchaser's
representative from each item in the shipment which shall
meet the product analysis requirements for the grade ordered
in Table 1. Product analysis tolerances are found in Tables 5
and 6 of Specification A 29/A 29M, and Table I of Specifi­
cation A 484/A 4S4M.

6.5 A starting material that specifically requires the addi­
tion of any element beyond those listed in Table I is not
permitted. This does not preclude the use of deoxidizers.

5.5.1 Grade 6 and 6F nuts shall
minimum of 1 h at the temperature.

5.6 Grades S, SC, SM, 8T, SF, 8P, 8N, SMN, SR, 8S,
SLN, and SMLN nuts shall be hot or cold forged, or shall be
machined from hot-forged, hot-rolled or cold-drawn bars.

5.7 Grades 8A, 8CA, SMA, 8TA, 8FA, 8PA, SNA,
SMNA, 8RA, SSA, 8LNA, and 8MLNA nuts shall be hot or
cold-forged or shall be machined from hot-forged, hot-rolled,
or cold-drawn bars and the nuts shall subsequently be
carbide-solution treated by heating them for a sufficient time
at a temperature to dissolve chromium carbides followed by
cooling at a rate sufficient to prevent reprecipitation of the
carbides.

5. Manufacture (Process)

5.1 The steel shall be produced by anyone of the
following processes: open-hearth, basic-oxygen, electric­
furnace, or vacuum-induction melting (VIM). The primary
melting method may incorporate separate degassing or
refining. The molten steel may be vacuum-treated prior to or
during pouring of the ingot or strand casting. The basic­
oxygen process shall be limited to steels containing not over
6 % chromium.

5.1.1 Quality-The producer quality control procedures
shall provide sufficient testing of Carbon and Alloy Steels in
accordance with Method E 3S1 as stipulated in Sections 5, 7
and S or another suitable method as agreed upon between
the purchaser and the producer to ensure the internal quality
of the product. A bar lot consisting ofone heat or 10 000 Ibs,
whichever is smaller, shall be represented by a minimum of
one macroetch. Visual examination of transverse sections
shall show no imperfections worse than the macrographs of
Method E 3S1 S4-R4-C4 or equivalent as agreed upon.
Distinct zones of solidification shall not be present.

5.2 Stainless steels for all types of Grade 6 and S nuts shall
be made by one of the following processes:

5.2.1 Electric-furnace (with separate degassing and re­
fining optional),

5.2.2 Vacuum induction furnace, or
5.2.3 Either of the above followed by electroslag

remelting, or consumable-arc remelting.
5.3 The steel producer shall exercise adequate control to

eliminate excessive unhomogeneity, nonmetallics, pipe, po­
rosity, and other defects.

5.4 Grades I and 2 nuts shall be hot or cold forged, or
shall be machined from hot-forged, hot-rolled, or cold-drawn
bars.

5.4.1 All Grade I and 2 nuts made by cold forging or by
machining from cold-drawn bars shall be stress-relief an­
nealed at a temperature of at least 1000°F [53S°C].

5.4.2 Grade 1 and 2 nuts made by hot forging or by
machining from hot-forged or hot-rolled bars need not be
given any stress relief annealing treatment.

5.5 Grades 2HM, 2H, 3, 4, 6, 6F, 7, and 7M nuts shall be

4. Ordering Information

4.1 The inquiry and order for material under this specifi­
cation shall include the following as required to describe the
material adequately:

4.1.1 ASTM Specification A 194/A 194M (current issue),
grade as selected from Table I, and the text of this
specification,

4.1.2 Quantity, number of pieces,
4.1.3 Dimensions (see Section 9),
4.1.4 Options in accordance with 6.1, 7.2.2.1, 9.1, 9.2,

10.3, II, 12, and 13, and
4.1.5 Supplementary Requirements, if any.

designated by a letter and as differentiated by chemistry and
by manufacturing process.

3.1.2.2 For Grade 6 Nuts-Variations within the grade
designated by the letter F as differentiated by chemical
additions made for machineability.

3.1.3 Series-The dimensional relationship and geometry
of the nuts as described in ANSI BIS.2.2.
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TABLE 1 Chemical Requirements A,S

Sul- Molyb- Tita- Colum- Sela-
Other

Grade
Material

Car- Manga- Phos- fur ,c
Silicon, Chromium, Nickel,

denum, nium, bium and nium,
Ela-

Symbol bon, % nese, % phorus, %
%

% % %
% %

Tanta·
%

ments,
lum, % %

1 carbon 0.15 min 1.00 max ... ... 0.40 max ... ... ... .. .. .. . ...
2,2HM, carbon 0.40 min 1.00 max 0.040 max 0.050 max 0.40 max ... ... ..

and 2H
4 carbon, 0.40- 0.70- 0.035 max 0.040 max 0.15- ... ... 0.20- ...

molyb- 0.50 0.90 0.35 0.30

denum

3 AISI501 0.10 min 1.00 max 0.040 max 0.030 max 1.00 max 4.00- 0.40- .. ..
6.00 0.65

6 AISI410 0.15 max 1.00 max 0.040 max 0.030 max 1.00 max 11.50- ... ... .. ...
13.50

6F AISI416 0.15 max 1.25 max 0.060 max 0.15 min 1.00 max 12.00- ... ... .. ... ...
with sul- 14.00

fur
6F AISI416 0.15 max 1.25 max 0.060 max 0.060 max 1.00 max 12.00- '" ... ... ... 0.15 min ..

with sa- 14.00

lenium
7,7M AIS14140/ 0.37- 0.65- 0.04 max 0.04 max 0.15- 0.75- ... 0.15- ... .. .

4142/ 0.49 1.10 0.35 1.20 0.25

4145,
4140H,
4142H,
4145H

8,8A AISI304 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 18.00- 8.00- .. ... ..
20.00 10.50

8C,8CA AISI347 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 17.00- 9.00- ... lOX carbon ...
19.00 13.00 content,

min
8M,8MA AISI316 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 16.00- 10.00- 2.00- ...

18.00 14.00 3.00

8T,8TA AISI321 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 17.00- 9.00- .. 5x carbon ... ..
19.00 12.00 content,

min

8F,8FA AISI303 0.15 max 2.00 max 0.20 max 0.15 min 1.00 max 17.00- 8.00- ... .. .. . ...
with sui· 19.00 10.00
fu.r

8F,8FA AISI303 0.15 max 2.00 max 0.20 max 0.06 max 1.00 max 17.00- 8.00- ... ... ... 0.15 min ...
with sa- 19.00 10.00
lenium

8P,8PA AISI305 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 17.00- 10.50- ... ... ... ... ...
with ra- 19.00 13.00
stricted
carbon

8N,8NA AISI304N 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 18.00- 8.00- ... ... ... ... Nitrogen,
20.00 10.50 0.10-

0.16

8LN,8LNA AISI304N 0.030 max 2.00 max 0.045 max 0.030 max 1.00 max 18.00- 8.00- ... ... .. . ... Nitrogen,
with ra- 20.00 10.50 0.1D-
stricted 0.16

carbon
8MN, AISI316N 0.08 max 2.00 max 0.045 max 0.030 max 1.00 max 16.00- 10.00- 2.00- ... ... Nitrogen,

8MNA 18.00 14.00 3.00 0.10-
0.16

8MLN, AISI316N 0.030 max 2.00 max 0.045 max 0.030 max 1.00 max 16.00- 10.00- 2.00- ... Nitrogen,
8MLNA with ra- 18.00 14.00 3.00 0.10-

stricted 0.16
carbon

8R, XM19 0.06 max 4.00- 0.040 max 0.030 max 1.00 max 20.50- 11.50- 1.50- ... 0.10- ... Nitrogen,

8RA o 6.00 23.50 13.50 3.00 0.30 0.20-
0.40

Vanadium,
0.10-
0.30

8S,8SA E 0.10 max 7.00- 0.040 max 0.040 max 3.50- 16.00- 8.00- Nitrogen,
9.00 4.50 18.00 9.00 0.08-

0.18

A The intentional addition of Bi, Sa, Te, and Pb is not permitted except for Grades 6F, 8F, and 8FA, in which Se is specified and required.

• Product Analysis-Individual determinations sometimes vary from the specified limits on ranges as shown in the table. The several determinations of any individual element in a heat may not vary

both above or below the specified range. Product analysis tolerances may be found in Tables 5 and 6 of Specification A 29{A 29M, and Table 1 of Specification A 484{A 484M.

C Because of the degree to which sulfur segregates, product analysis for sulfur over 0.060 % max is not technologically appropriate.

o As described in Specification A 276.

E Similar to grade S21800 of Specification A 276, except phosphorus is restricted to 0.040 % max.

.3
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TABLE 2 Hardness Requirements

Completed Nuts
Sample Nut after Treatment as in

7.1.5.2

Grade and Type

1
2
2H

To 1'12 in. [38.1 mm], incl
Over 1'12 in. [38.1 mm]

2HM and 7M
3,4, and 7
6 and 6F
8, 8C, 8M, 8T, 8F, 8P, 8N,
8MN, 8LN, and 8MLN
8A, 8CA, 8MA, 8TA,
8FA, 8PA, 8NA, 8MNA,
8LNA, and 8MLNA
8R, 8RA, 8S, and 8SA

Rockwell Hardness
Brinell Hardness

C Scale B Scale

121 min 70 min
159 to 352 84 min
248 to 352 24 to 38
248 to 352 24 to 38
212 to 352 38 max 95 min
159 to 237 22 max
248 to 352 24 to 38
228 to 271 20 to 28
126 to 300 60 to 105
126 to 300 60 to 105
126 to 192 60 to 90
126 to 192 60 to 90
126 to 192 60 to 90
183 to 271 B 88 to C 25

Brinell
Hardness,

min

121
159
179
179
147
159
201

Rockwell
Hardness B
Scale, min

70
84
89
89
79
84
94

7.1.1 Requirements:
7.1.1.1 All nuts shall be capable of meeting the hardness

requirements specified in Table 2.
7.1.1.2 Sample nuts ofGrades 1,2, 2H, 2HM, 3, 4, 7, and

7M which have been given the treatment described in 7.1.5.2
shall meet the minimum hardness specified in Table 2.

7.1.2 Number ofTests (Grades I, 2, 2H, 3, 4, and 7 and all
types of Grade 6):

7: 1.2.1 Tests on the number of sample nuts in accordance
with the following table shall be performed in accordance
with 7.1.5.1 by the manufacturer following all production
heat treatments:

Up to 800 I
801 to 8000 2
8001 to 22 000 3
Over 22 000 5

7.1.2.2 In addition, a hardness test shall be performed by
the manufacturer in accordance with 7.1.5.2 on one sample
nut selected from each nominal diameter and series from
each grade and heat number following completion of all
production heat treatments.

7.1.3 Number of Tests, Grades 2HM and 7M:
7.1.3.1 The maximum hardness of Grade 2HM and 7M

shall be 235 HB or 99 HRB (conversion in accordance with
Table 3B of Test Methods and Definitions A 370). Conform­
ance to the maximum hardness shall be insured by testing
the hardness of each nut by Brinell or Rockwell Bmethods
as described in the sections on Brinell Test, Portable Hard­
ness Test, and Rockwell Test of Test Methods and Defini­
tions A 370. Surface preparation for hardness testing shall be
in accordance with Test Methods E 18. Product which has
been 100 % tested and found acceptable shall have a line
under the "M."

7.1.3.2 In addition, 7.1.2.2 shall be met.
7.1.4 Number of Tests, All Types of Grade 8-Tests on

the number of sample nuts in accordance with 7.1.2.1 shall
be performed in accordance with 7.1.5.1 by the manufac­
turer.

7.1.5 Test Methods:
7.1.5.1 Test I-The manufacturer shall perform the hard­

ness tests in accordance with Supplement III, Paragraph
S14.2 of Test Methods and Definitions A 370.

Lot Size Samples

4

7.1.5.2 Test 2-The manufacturer shall perform hardness
tests in accordance with 7.1.5.1 to sample nuts after the
following test heat treatment. After completion of all produc­
tion heat treatments heat the specimen nuts to the tempera­
tures indicated below for 24 h, then slow cool. Test at room
temperature.

Temperature,
Grade 'F ['C]

1 850 [455]
2, 2H, 2HM 1000 [540]
3,4,7,7M 1100 [590]

7.1.5.3 Special Requirement, Grades 2HM and 7M­
Preparation of Grades 2HM and 7M nuts for hardness test
and the hardness test itself shall be performed with consider­
ation to (1) protect legibility of markings; (2) minimize
exterior dimensional changes; and (3) maintain thread fit.

7.2 ProofLoad Test:
7.2.1 Requirements-All nuts shall be capable of with­

standing the proof loads specified in Table 3. However, nuts
manufactured to dimensions and configurations other than
those covered by ANSI Bl.l and BI8.2.2 are not subject to
the proof load test.

7.2.2 Number of Tests:
7.2.2.1 Tests on the number of sample nuts in accordance

with 7.1.2.1 shall be pe110rmed by the manufacturer fol­
lowing all production heat treatments and with the following
exceptions: nuts which would require a proof load in excess
of 120 000 Ibf [530 kN] may be furnished on the basis of
minimum hardness requirements, unless proofload testing is
specified in the inquiry and purchase order. Proof load
testing of nuts requiring a proof load of over 120 000 Ibf
[530 kN] is covered in Supplementary Requirement S5.

7.2.3 Test Method-The test shall be in accordance with
Supplement III, Paragraph SI4.1, of Test Methods and
Definitions A 370.

7.3 Cone Proof Load Test:
7.3.1 Requirements-This test shall be performed only

when visible surface discontinuities become a matter of issue
between the manufacturer and the purchaser. The require­
ments specified in Table 4 shall be met for the size range 1/4

to 1112 in. [6.4 to 38.1 mm]. Nuts not in this size range and
all types of Grade 8 nuts are not subject to this test. Also,
nuts manufactured to dimensions and configurations other
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TABLE 3 Proof Load Using Threaded Mandrel
NOTE-Proof loads are not design loads.

Nominal Threads
Proof Load.lbf [kN]A

Size. in. per Inch
Stress Area. Grade 1 Grades 2. 2HM. 6 6F. 7M Grades 2H. 3. 4. 7
in.2 • [mm2]

[mm] [25.4 mm]
Heavy Hexa Hexc Heavy Hex D Hex E Heavy Hex F Hex G

'I. [6.4] 20 0.0316 [20.4J 4 130 [18.4] 3 820 [17.0] 4 770 [21.2] 4 300 [19.1] 5 570 [24.8] 4 770 [21.2J
51,. [7.9] 18 0.0524 [33.8] 6 810 [30.3] 6 290 [28.0] 7 860 [35.0] 7 070 [31.4] 9 170 [40.8] 7 860 [35.0]
3/8 [9.5] 16 0.0774 [49.9] 10 080 [44.8] 9300[41.4] 11 620 [51.7] 10 460 [46.5] 13 560 [60.3] 11 620 [51.7]
7/,. [11.1] 14 0.1063 [68.6] 13820[61.5] 12 760 [56.8] 15 940 [70.9] 14 350 [63.8] 18 600 [82.7] 15 940 [70.9]
'12 [12.7] 13 0.1419 [91.5] 18 450 [82.1] 17 030 [75.8] 21 280 [94.6] 19 160 [85.2] 24 830 [110] 21 280 [94.6]

9/,. [14.2] 12 0.182 [117] 23 660 [105] 21 840 [97.1] 27 300 [121] 24 570 [109] 31 850 [142] 27 300 [121]
51. [15.9] 11 0.226 [146] 29 380 [131] 27 120 [121] 33 900 [151] 30 510 [136] 39 550 [176] 33 900 [151]
3/. [19] 10 0.334 [215] 43 420 [193] 40 080 [178] 50 100 [223] 45 090 [200] 58 450 [260] 50 100 [223]
7/. [22.2] 9 0.462 [298] 60 060 [267] 55 440 [247] 69 300 [308] 62 370 [277] 80 850 [360] 69 300 [308]
1 [25.4] 8 0.606 [391] 78 780 [350] 72 720 [323J 90 900 [404] 81 810 [364] 106 000 [472] 90 900 [404J

1'19 [28.6] 8 0.790 [510] 102 700 [457] 94 800 [422] 118 500 [527] 106 700 [475] 138 200 [615] 118 500 [527]
1'1. [31.8] 8 1.000 [645] 130 000 [578] 120 000 [534] 150 000 [667] 135 000 [600] 175 000 [778] 150 000 [667]
1318 [34.9] 8 1.233 [795] 160 200 [713] 148 000 [658] 185 000 [823] 166 500 [741] 215 800 [960] 185 000 [823]
1'12 [38.1] 8 1.492 [962] 194 000 [863] 170 040 [756] 223 800 [996] 201 400 [896] 261 100[1161] 223 800 [996]

All Types of Grade 8 Grade 8M (Strain-Hardened)
All Other Types of Grade 8 (Strain-

Hardened)

Heavy Hex H Hex' Heavy Hex J Hex K Heavy Hex L Hex J

'I. [6.4] 20 0.0316 [20.4] 2540[11.3] 2 380 [10.6] 3 480 [15.5] 3 160 [14.0] 3 950 [17.6J 3 480 [15.5J
51,. [7.9] 18 0.0524 [33.8] 4 190 [18.6] 3 930 [17.5J 5 760 [25.6] 5 240 [23.3] 6 550 [29.1] 5 760 [25.6J
%[9.5] 16 0.0774 [49.9] 6 200 [27.6] 5 810 [25.8] 8 510 [37.8] 7 740 [34.4] 9 675 [43.0] 8 510 [37.8]
7/,. [11.1 J 14 0.1063 [68.6] 8 500 [37.8] 7 970 [35.4] 11 690 [52.0] 10 630 [47.3] 13 290 [59.1] 11 690 [52.0J
'12 [12.7] 13 0.1419 [91.5] 11 350 [50.5] 10 640 [49.8] 15 610 [69.4] 14 190 [63.1] 17 740 [78.9] 15 610 [69.4]

9/,. [14.2J 12 0.182 [117J 14 560 [64.8] 13 650 [60.7] 20 020 [89.0] 18 200 [80.9] 22 750 [101] 20 020 [89.0]
5Jo [15.9] 11 0.226 [146] 18 080 [80.4] 16 950 [75.4] 24860[110] 22 600 [100] 28 250 [126] 24 860 [110]
3/. [19] 10 0.334 [215] 26 720 [119] 25 050 [111] 36 740 [163] 33 400 [148] 41 750 [186] 36 740 [163]
7/8 [22.2] 9 0.462 [298] 36 960 [164] 34 650 [154] 46 200 [206] 41 580 [185] 53 130 [236] 46 200 [206J
1 [25.4] 8 0.606 [391] 48 480 [216] 45 450 [202] 60 600 [270] 54 540 [243] 69 690 [310] 60 600 [270]

1'18 [28.6] 8 0.790 [510] 63 200 [281] 59 250 [264] 75 050 [334]
1'1. [31.8] 8 1.000 [645] 80 000 [356] 75 000 [334] 95 000 [422]
131. [34.9] 8 1.233 [795] 98 640 [439] 92450 [411] 110970 [494]
1'12 [38.1] 8 1.492 [962] 119 360 [531] 111 900 [498] 134 280 [597]

67 150 [299]
85 000 [378]
98 640 [439]

119 360 [531]

82 950 [369]
105 000 [467]
123 300 [548]
149 200 [664]

75050[334J
95 000 [422]

110 970 [494]
134 280 [597]

A See limit for proof load test in 7.2.2.1. The proof load for jam nuts shall be 46 %of the tabulated load.
a Based on proof stress of 130 000 psi [895 MPa].
C Based on proof stress of 120 000 psi [825 MPa].
o Based on proof stress of 150 000 psi [1035 MPaj.
E Based on proof stress of 135 000 psi [930 MPa].
F Based on proof stress of 175 000 psi [1205 MPa].
G Based on proof stress of 150 000 psi [1035 MPa].
H Based on proof stress of 80 000 psi [550 MPa].
'Based on proof stress of 75 000 psi [515 MPa].
J Based on proof stress of 110 000 psi [760 MPa] up to 3/. in. [19 mm]; 100 000 psi [690 MPa] 7/. to 1 in. [22.2 to 25.4 mm]; 95 000 psi [655 MPa] 1'18 to 1'I. in. (28.6

to 31.8 mm]; 90 000 psi [620 MPa] 1% to 1'12 in. [34.9 to 38.1 mm].
K Based on proof stress of 100 000 psi [690 MPa] up to 3/. in. [19 mm]; 90 000 psi (620 MPa] 7/. to 1 in. [22.2 to 25.4 mmJ; 85 000 psi [585 MPa] 1'I. to 1'1. in. [28.6

to 31.8 mm]; 80 000 psi [550 MPa]l3Je to 1'12 in. [34.9 to 38.1 mm].
L Based on proof stress of 125 000 psi [860 MPa] up to 3/. in. [19 mm]; 115 000 psi [795 MPa] 7/. to 1 in. [22.2 to 25.4 mm]; 105 000 psi [725 MPa] 1'/. to 1'1. in.

[28.6 to 31.8 mm]; 100 000 psi [690 MPa] 1% to 1'12 in. [34.9 to 38.1 mm].

than those covered by ANSI B1.1 and B18.2.2 are not
subject to the cone proof load test.

7.3.2 Number of Tests-Sample nuts in accordance with
7.1.2.1 shall be tested by the manufacturer.

7.3.3 Test Method-The test shall consist of assembling a
hardened cone (see Fig. I) and the nut to be tested on a
hardened steel mandrel, and applying the proof load speci­
fied in Table 4. The mandrel shall conform to the require­
ments of Supplement Ill, Paragraph S14.1 of Test Methods
and Definitions A 370 except that the threads shall be in
accordance with ANSI B1.1 of the appropriate thread series,
Class 3A fit. The hardened cone shall be as described in Fig.
2. The lot shall be considered acceptable if the sample nut
withstands application of the proof load without failure.

5

8. Retests
8.1 Provisions for retests by the purchaser and his repre­

sentative are specified in Supplementary Requirement S3.

9. Dimensions
9.1 Nuts shall be hexagonal in shape, and in accordance

with the dimensions for the hex or heavy hex series, as
required, by ANSI B18.2.2. Unless otherwise specified, the
American National Standard Heavy Hex Series shall be used
and nuts shall be either double chamfered or have a ma­
chined or forged washer face, at the option of the manufac­
turer, and, conform to the angularity requirements of ANSI
BI8.2.2.

9.2 Unless otherwise specified, threads shall be in accord-
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TABLE 4 Proof Load Using 1200 Hardened Steel Cone A

Nominal Threads Proof Load, Ibf [kN]

Size, in. per Inch Stress Area,
Grade 1 Grades 2, 2HM, 6 6F, 7M Grades 2H, 3, 4, 7in,2, [mm2 ]

[mm] [25.4 mm]
Heavy Hex B Hex c Heavy Hex 0 Hex E Heavy Hex F Hex 0

,/, [6.4] 20 0.0318 [20.5] 3 800 [16.9] 3 550 [15.8] 4 400 [19.6] 4 000 [17.8] 5 150 [22.9] 4 400 [19.6]
5/,. [7.9] 18 0.0524 [33.8] 6 150 [27.4] 5 700 [25.4] 7 100 [31.6] 6 400 [28.5] 8 300 [36.9] 7 100 [31.6]
3/. [9.5] 16 0.0774 [49.9] 8 950 [39.8] 8 250 [36.7] 10 300 [45.8] 9 300 [41.4J 12 000 [53.4] 10 300 [45.8J
7/,. [11.1] 14 0.1063 [68.6] 12 000 [53.4] 11 100 [49.4] 13 850 [61.6] 12 450 [55.4] 16150[71.8] 13 850 [61.6]
';' [12.7] 13 0.1419 [91.5] 15 700 [69.8] 14 500 [64.5] 18 100 [80.5] 16 300 [72.5J 21 100 [93.8] 18 100 [80.5]
8/,. [14.2] 12 0.182 [117] 19 650 [87.4] 18 150 [80.7] 22 700 [101] 20 400 [90.7] 26500[118] 22 700 [101]
5/8 [15.9] 11 0.226 [146] 23 900 [106] 22 050 [98.1] 27 550 [123] 24 800 [110] 32 150 [143] 27 550 [123J
31, [19] 10 0.334 [215] 33 650 [150] 31 050 [138] 38 850 [173] 34 950 [155] 45 300 [202] 38 850 [173]
7/8 [22.2] 9 0.462 [298] 44 300 [197] 40 900 [182J 51 100 [227] 46 600 [207] 59 650 [265] 51 100 [227J
1 [25.4] 8 0.606 [391] 55 150 [245] 50 900 [226] 63 650 [283J 57 300 [255] 74 250 [330] 63 650 [283]
1'18 [28.6] 8 0.790 [510] 68 000 [302] 62 800 [279] 78 500 [349] 70 650 [314] 91 600 [407] 78 500 [349]
1'1, [31.8] 8 1.000 [645] 81 250 [361] 75 000 [334J 93 750 [417J 84 400 [375] 109 350 [486J 93 750 [417]
1% [34.9] 8 1.233 [795] 94 250 [419J 86 950 [387] 108 750 [484] 97 800 [435] 126 850 [564J 108 750 {484]
1'12 [38.1] 8 1.492 [962] 106 700 [475] 98 500 [438] 123 100 [548] 110 800 [493] 143 600 [639J 123 100 [548]

A Based upon following equation (this equation cannot be used for extrapolating values beyond the size ranges listed in this table):

CPL = (1 - 0.30D) x I x As

where:
CPL cone stripping proof load Ibf [kN],

D = nominal diameter of nut, in. [mm],
I = minimum proof stress of nut, psi [MPa]; see footnotes b, c, d, e, and I,

As = tensile stress area of nut, in? = 0.7854 [D - 0.9743/n]2, and
n = threads per inch [25.4 mm].
B Based on proof stress of 130 000 psi [895 MPa].
C Based on proof stress of 120 000 psi [825 MPa].
o Based on proof stress of 150 000 psi [1035 MPa].
E Based on proof stress of 135 000 psi [930 MPa].
F Based on proof stress of 175 000 psi [1205 MPa].

ordened sleel ,Iud

ance with ANSI B1.1 and shall be gaged in accordance with
ANSI B1.2 as described in 9.2.1 and 9.2.2.

9.2.1 Nuts up to and including 1 in. [25.4 mm] nominal
size shall be UNC Series Class 2B fit.

9.2.2 Nuts over I in. [25.4 mm] nominal size shall be either
UNC Series Class 2B fit or 8 UN Series Class 2B fit. Unless
otherwise specified, the 8 UN series shall be furnished.

10. Workmanship, Finish, and Appearance
10.1 Nuts shall be free of defects and shall be good

commercial finish.
10.2 If visible surface imperfections in size 1/4 thru Ph in.

[6.4 thru 38.1 mm] and in any grade other than Grade 8
become a matter of issue between the manufacturer and the
purchaser, the cone proof load test described in 7.3 shall be
employed.

10.3 If a scale-free bright finish is required, this shall be
specified on the purchase order.

11. Inspection
11.1 The manufacturer shall afford the purchaser's in­

spector all reasonable facilities necessary to satisfy him that
the material is being produced and furnished in accordance

with this specification. Mill inspection by the purchaser shall
not interfere unnecessarily with the manufacturer's opera­
tions. All tests and inspections shall be made at the place of
manufacture, unless agreed otherwise.

12. Rejection
12.1 Unless otherwise specified, any rejection based on

tests made in accordance with 6.4 shall be reported to the
manufacturer within 30 days from the date of tests.

13. Certification
13.1 When agreed upon in writing between the manufac­

turer and the purchaser, a certification that the nuts were
manufactured and tested in accordance with this specifica­
tion may be the basis of acceptance of the nuts.

13.2 When specified on the order, the manufacturer shall
supply a test report showing the results of the mechanical
and/or macroetch inspection tests performed in accordance
with this specification.

13.3 When required in the order, the chemical analysis
requirements and the minimum tempering temperature for
nuts of Grades 2H, 2HM, 3, 4, 6, 6F, 7, and 7M shall be
furnished on the certification. See 6.2 for heat analysis

FIG. 1 Application of Hardened Steel Cone to Testing of Nuts
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dimensions must be met for consistent results.

FIG. 2 Hardened Steel Cone

identification. (See Supplementary Requirement S2.)

14. Product Marking

14.1 All nuts shall bear the manufacturer's identification
mark.

14.2 Nuts shall be legibly marked to indicate the grade

and the process of the manufacturer, as prescribed in Table 5.
14.3 For purposes of identification marking, the manufac­

turer is considered the organization that certifies the fastener
was manufactured, sampled, tested, and inspected in accord­
ance with the specification and the results have been deter­
mined to meet the requirements of this specification.

TABLE 5 Marking of Nuts

Nuts Hot·
Nuts Machined

Nuts Manu·
Grade and Forged or

from Bar
factured in

Type Cold·
Stock

Accordance
Punched with 5.7

1 1 B
2 2 2B
2H A 2H 2HB
2H~A 2H~ 2H~B

3 3 3B
4 4 4B
6 6 6B
6F 6F 6FB
7 7 7B
7M A 7M 7MB
8 8 8B 8A
BC BC 8CB BCA
BM 8M 8MB BMA
BT BT BTB BTA
BF BF BFB BFA
BP 8P 8PB 8PA
BN 8N 8NB 8NA
BMN 8MN BMNB BMNA
8R 8R BRB 8RA
8S 8S 8SB BSA
8LN 8LN BLNB BLNA
BMLN 8MLN BMLNB 8MLNA

A The letters Hand M indicate heat·treated nuts (see Section 5).

7



4t A 194/A 194M

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall be applied only when specified by the
purchaser in the inquiry, contract, or order. Details of these supplementary requirements shall be agreed
upon in writing by the manufacturer and purchaser. Supplementary requirements shall in no way negate any
requirement of the specification itself.

SI. Strain-Hardened Austenitic Steel Nuts

S1.1 Grades 8, 8C, 8T, 8M, 8F, 8P, 8N, and 8MN nuts
shall be machined from cold-drawn bars with no subsequent
heat treatment. Nuts made in accordance with this section
shall be marked with the underlined grade symbol. The
hardness requirements of Table 2 will not apply.

S2. Chemical Composition Certification

S2.1 The purchaser shall be provided with a statement
certifying that the nuts meet the chemical composition
requirements specified in Table 1.

S3. Retests by Purchaser's Representative

S3.1 The purchaser's representative may select two nuts
per keg (200-1b unit [90-kg]) for sizes 5/S in. [15.9 mm] and
smaller, one nut per keg for sizes over 5/S in. [15.9 mm] up to
and including 1112 in. [38.1 mm], and one nut per every two
kegs for sizes larger than 1112 in. [38.1 mm], which shall be
subjected to the tests specified in Section 7.

84. Low-Temperature Requirements for (Grade 4 or) Grade
7 Nuts

S4.1 When low-temperature requirements are specified
for Grade 4 or Grade 7 nuts, the Charpy test procedures and
requirements as defined in Specification A 320 for Grade L7
shall apply. Depending on the size of nuts, separate test

samples of the same heat may be required and shall be
processed through heat treatment with the nuts for which the
test is to apply. Full-size impact specimens cannot be
obtained if the bar stock is smaller than 5/s in. in diameter.

S5. Proof Load Tests of Large Nuts

S5.1 Proof load testing of nuts requiring proof loads of
over 120 000 Ibf[530 kN] may be required. When specified,
the test is to be performed in accordance with 7.2 to the loads
required by Table 6. The maximum load will be based
entirely on the equipment available. For convenience, Table
6 lists up to 23/4-8 thread size.

S6. Control of Product by Heat Number

S6.1 When control of nuts by actual heat analysis is
required and this supplementary requirement is specified,
the manufacturer shall identify the completed nuts in each
shipment by the actual heat number. When this supplemen­
tary requirement is specified, a certificate including the
results of the actual production tests of each test lot together
with the heat chemical analysis shall be furnished by the
manufacturer.

TABLE 6 Proof Load for Large Heavy Hex NutsA

Nominal Threads
Stress Area,

Proof Load, Ibf (kN}8

Size, in. per
in? [mm21 Grades 2, 6, 6F Grades 2H, 3, 4. 7

[mm] in. [25.4 mm] Grade 1 Heavy Hex
Heavy Hex Heavy Hex

1% [41.2] 8 1.78 [1148] 231 400 [1029] 267 000 [1188] 311 500 [1386]
131. [44.4] 8 2.08 [1342] 270 400 [1203] 312 000 [1388] 364 000 [1619]
Fie [47.6] 8 2.41 [1555] 313300[1394] 361 500 [1608] 421 800 [1876]
2 [50.8] 8 2.77 [1787] 360 100 [1602] 415 500 [1848] 484 800 [2156]
2'/. [57.2] 8 3.56 [2297] 462 800 [2059] 534 000 [2375] 623 000 [2771]
2'12 [63.5] 8 4.44 [2864] 577 200 [2568] 666 000 [2962] 777 000 [3456]
23/. [69.8] 8 5.43 [3503] 705 900 [3140] 814 500 [3623] 950 250 [4227]

A ANSI B18.2.2 in the size range over 1'!2 in. [38.1 mm] provides dimensions only for heavy hex nuts. Refer to 7.3.1.
8 Proof loads for nuts of larger dimensions or other thread series may be calculated by multiplying the thread stress area times the proof stress in the notes to Table

3. The proof load for jam nuts shall be 46 % of the tabulated load.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.

8
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4 Annual Book ofASTM Standards. Vols 01.06 and 15.08.
S Annual Book ofASTM Standards. Vol 01.01.
6 Annual Book ofASTM Standards. Vol 01.04.
7 Annual Book ofASTM Slandards. Vol 15.08.

Washer Finish

plain (uncoated)
zinc coated
weathering steel. plain

Nut Class and Finish

Bolt Type and Finish

I and 2, plain (uncoated)
I and 2, zinc coated
3, plain

Bolt Type and Finish

I and 2. plain (noncoated)

1 and 2, zinc coated

A 563 - C, C3, D. DH. DH3. plain
A 194 - 2. 2H. plain
A 563 - DH, zinc coated
A 194 - 2H, zinc coated

3. plain A 563 - C3, Dm, plain

1.7 Unless otherwise specified, all washers used on these
bolts shall conform to the requirements of Specification
F 436 and shall be of a surface finish for each type of bolt as
follows:

2. Referenced Documents

2.1 ASTM Standards:
A 153 Specification for Zinc Coating (Hot-Dip) on Iron

and Steel Hardware4

A 194/A 194M Specification for Carbon and Alloy Steel
Nuts for Bolts for High-Pressure and High-Temperature
ServiceS

A 242/A 242M Specification for High·Strength Low-Alloy
Structural Steel6

A 449 Specification for Quenched and Tempered Steel
Bolts and Studs7

ments are stipulated in the purchase inquiry and order (see
S.l),

1.5 When zinc-coated high-strength structural boIts are
specified, the bolts shall be either Type I or 2, at the
manufacturer's option, unless otherwise ordered by the
purchaser. Zinc-coated boIts and nuts shall be shipped in the
same container.

1.6 Unless otherwise specified, all nuts used on these bolts
shall conform to the requirements of Specification A 194 or
A 563, shall be heavy hex, and shall be of the class and
surface finish for each type of bolt as follows:

1. Scope*

1.1 This specification2 covers the chemical and mechan­
ical requirements of various types ofquenched and tempered
steel bolts commonly known as "high-strength structural
boIts," intended for use in structural joints that are covered
under requirements of the Specifications for Structural Joints
Using ASTM A 325 or A 490 Bolts,3 issued by the Research
Council on Structural Connections of the Engineering Foun­
dation. Types of bolts covered in this specification are:

1.1.1 Type i-BoIts made of medium-carbon steel, sup­
plied in sizes 112 to 1112 in., inclusive, in diameter.

1.1.2 Type 2-BoIts made from what is. generally de­
scribed as low-carbon martensite steel, supplied in sizes 112 to
1.0 in., inclusive, in diameter.

1.1.3 Type 3-BoIts, 112 to 1112 in., inclusive, in diameter
having atmospheric corrosion resistance and weathering
characteristics comparable to that of the steels covered in
Specifications A 242, A 588, and A 709 (these steels have
atmospheric corrosion resistance approximately two times
that of carbon structural steel with copper).

1.2 When the boIt type is not specified, either Type I or
Type 2 may be supplied at the option of the manufacturer.
Type 3 bolts may be supplied by the manufacturer if agreed
by the purchaser. Where elevated temperature applications
are involved, Type I bolts shall be specified by the purchaser
on the order.

1.3 When atmospheric corrosion resistance is required,
Type 3 boIts shall be specified by the purchaser in any
inquiry or order.

1.4 This specification provides that heavy hex structural
boIts shall be furnished unless other dimensional require-

NOTE I-Bolts for general applications, including anchor bolts, are
covered by Specification A 449. Also refer to Specification A 449 for
quenched and tempered steel bolts and studs with diameters greater than
1112 in., but with similar mechanical properties.

I This specification is under the jurisdiction of ASTM Committee F·16 on
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts,
Nuts. Rivets. and Washers.

Current edition approved Feb. 23, 1990. Published April 1990. Originally
published as A 325 - 64. Last previous edition A 325 - 89.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi·
cation SA·325 in Section II of that Code.

} Published by American Institute of Steel Construction, Wrigley Building, 400
N. Michigan Ave., Chicago. IL 60611.

*A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical ReqUirements for Types 1 and 2 Bolts

5. Chemical Composition

5.1 Type 1 and 2 bolts shall conform to the requirements
as to chemical composition prescribed in Table I.

5.2 Type 3 bolts shall conform to one of the chemical
compositions prescribed in Table 2. The selection of the
chemical composition, A, B, C, D, E;or F, shall be at the
option of the bolt manufacturer.

5.3 Product analyses may be made by the purchaser from

4. Materials and Manufacture

4.1 Steel for bolts shall be made by the open-hearth,
basic-oxygen, or electric-furnace process.

4.2 Bolts shall be heat treated by quenching in a liquid
medium from above the austenitizing temperature and then
tempering by reheating to a temperature of at least 800°F.

4.3 Threads of bolts may be cut or rolled.
4.4 Zinc Coatings. Hot-dip and Mechanically Deposited:
4.4.1 When zinc-coated fasteners are required, the pur-

chaser shall specify the zinc coating process, for example, hot
dip, mechanically deposited, or no preference.

4.4.2 When hot-dip is specified, the fasteners shall be
zinc-coated by the hot-dip process in accordance with the
requirements of Class C of Specification A 153.

4.4.3 When mechanically deposited is specified the fas­
teners shall be zinc-coated by the mechanical deposition
process in accordance with the requirements of Class 50 of
Specification B 695.

4.4.4 When no preference is specified, the supplier may
furnish either a hot-dip zinc coating in accordance with
Specification A 153, Class C or a mechanically deposited
zinc coating in accordance with Specification B 695, Class
50. All components of mating fasteners (for example, bolts,
nuts, and washers) shall be coated by the same zinc-coating
process and the suppliers option is limited to one process per
item with no mixed processes in a lot.

4.4.5 Type 2 bolts shall be zinc-coated by the mechanical
deposition process only.

4.5 If heat treatment is performed by a subcontractor the
heat-treated material shall be returned to the manufacturer
for testing.

4.6 If zinc coating is performed by a sub-contractor, all
bolts shall be returned to the manufacturer for sampling and
testing in accordance with 9.2.8.

A 490 Specification for Heat-Treated, Steel Structural
Bolts, ISO ksi (1035 MPa) Tensile Strength7

A 563 Specification for Carbon and Alloy Steel Nuts7

A 588 Specification for High-Strength Low-Alloy Struc­
tural Steel with 50 ksi (345 MPa) Minimum Yield Point
to 4 in. (100 mm) Thick6

A 709 Specification for Structural Steel for Bridges6

A 751 Methods, Practices, and Definitions for Chemical
Analysis of Steel Products8

B 695 Specification for Coatings of Zinc Mechanically
Deposited on Iron and Stee19

DJ951 Practice for Commercial Packaging lO

F 436 Specification for Hardened Steel Washers7

F 606 Test Methods for Determining the Mechanical
Properties of Externally Threaded Fasteners, Washers,
and Rivets7

2.2 ANSI/ASME Standards: 11

BLl Unified Screw Threads
B18.2.1 Square and Hex Bolts and Screws
2.3 Military Standard: 12

MIL-STD-I05 Sampling Procedure and Tables for Inspec­
tion by Attributes

3. Ordering Information
3.1 Orders for products under this specification shall

include the following:
3.1.1 Quantity (number of pieces ofbolts and accessories),
3.1.2 Name of products, including accessories such as

nuts and washers when desired,
3.1.3 Zinc Coating-Specify the zinc coating process

required, for example, hot dip, mechanically deposited, or no
preference (see 4.4.),

3.1.4 Other Finishes-Specify other protective finish if
required,

3.1.5 Dimensions including nominal bolt diameter and
length. For· bolts of dimensional requirements other than
heavy hex structural bolts (see 1.4) it is normally necessary to
specify grip length,

3.1.5.1 Bolts threaded full length, specify Supplementary
Requirement Sl,

3.1.6 Type of bolt (that is, Type 1,2 or 3). Note that Type
I and 2 bolts may be shipped at the manufacturer's option if
type has not been specified by the purchaser,

3.1.7 ASTM designation and year of issue,
3.1.8 Whether proofload tests are required, and
3.1.9 Specify if test reports are required (see 13.1).
3.Ll0 Any special requirements. Element

Composition. %

Type 1 Bolts Type 2 BoltsA

NOTE 3-Two examples of ordering descriptions follow: (1) 1000
pieces, heavy hex structural bolts, each with one hardened washer,
ASTM F 436 and one heavy hex nut, ASTM A 563 Grade DH, hot dip
zinc coated, I by 4, ASTM A 325 - XX. (2) 1000 pieces, heavy hex
structural bolts, no nuts or washers, '/8 by 21/4 Type I, ASTM
A 325 - XX, for hot-dip zinc-coating.

8 Annual Book ofASTM Standards. Vols 01.01-01.05.
• Annual Book (ifASTM Standards, Vols 02.05 and 15.08.
10 Annual Book ofASTM Standards. Vol 15.09.
II Available from the American National Standards Institute, Inc., 1430

Broadway, New York, NY 10018.
12 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,

Philadelphia, PA 19120.

2

Carbon:
Heat analysis 0.28-0.55
Product analysis 0.25-0.58

Manganese, min:
Heat analysis 0.60
Product analysis 0.57

Phosphorus. max:
Heat analysis 0.040
Product analysis 0.048

Sulfur. max:
Heat analysis 0.050
Product analysis 0.058

Boron, min:
Heat analysis
Product analysis

A Type 2 bolts shall be fully killed. fine grain steel.

0.15-0.38
0.13-0.41

0.70
0.67

0.040
0.048

0.050
0.058

0.0005
0.0005
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TABLE 2 Chemical Requirements for Type 3 Bolts

Composition, %

Element Type 3 Bolts"

A B C 0 E F

Carbon:
Heat analysis 0.33-0.40 0.38-0.48 0.15-0.25 0.15-0.25 0.20-0.25 0.20-0.25
Product analysis 0.31-0.42 0.36-0.50 0.14-0.26 0.14-0.26 0.18-0.27 0.19-0.26

Manganese:
Heat analysis 0.90-1.20 0.70-0.90 0.80-1.35 0.40-1.20 0.60-1.00 0.90-1.20
Product analysis 0.86-1.24 0.67-0.93 0.76-1.39 0.36-1.24 0.56-1.04 0.86-1.24

Phosphorus:
Heat analysis 0.040 max 0.06-0.12 0.035 max 0.040 max 0.040 max 0.040 max
Product analysis 0.045 max 0.06-0.125 0.040 max 0.045 max 0.045 max 0.045 max

Sulfur:
Heat analysis 0.050 max 0.050 max 0.040 max 0.050 max 0.040 max 0.040 max
Product analysis 0.055 max 0.055 max 0.045 max 0.055 max 0.045 max 0.045 max

Silicon:
Heat analysis 0.15-0.35 0.30-0.50 0.15-0.35 0.25-0.50 0.15-0.35 0.15-0.35
Product analysis 0.13-0.37 0.25-0.55 0.13-0.37 0.20-0.55 0.13-0.37 0.13-0.37

Copper:
Heat analysis 0.25-0.45 0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.60 0.20-0.40
Product analysis 0.22-0.48 0.17-0.43 0.17-0.53 0.27-0.53 0.27-0.63 0.17-0.43

Nickel:
Heat analysis 0.25-0.45 0.50-0.80 0.25-0.50 0.50-0.80 0.30-0.60 0.20-0.40
Product analysis 0.22-0.48 0.47-0.83 0.22-0.53 0.47-0.83 0.27-0.63 0.17-0.43

Chromium:
Heat analysis 0.45-0.65 0.50-0.75 0.30-0.50 0.50-1.00 0.60-0.90 0.45-0.65
Product analysis 0.42-0.68 0.47-0.83 0.27-0.53 0.45-1.05 0.55-0.95 0.42-0.68

Vanadium:
Heat analysis 0.020 min
Product analysis 0.010 min

Molybdenum:
Heat analysis 0.06 max 0.10 max
Product analysis 0.07 max 0.11 max

Titanium:
Heat analysis 0.05 max
Product analysis

A A, B, C, 0, E, and F are classes of material used for Type 3 bolts. Selection of a elass shall be at the option of the bolt manufacturer.

TABLE 3 Hardness Requirements for Bolts

tested to either the proof load or alternative proof load
requirements specified in Table 4 in addition to the tensile
strength requirements. In case of controversy the bolts shall
be capable of conforming to the proof load requirements in
addition to all other requirements.

6.1.3 Bolts larger than 11/2 in. in diameter, other than
those excepted in 6.1.1, shall preferably be tested full size and
when so tested shall conform to the tensile strength and
either the proof load or alternative proof load requirements
specified in Table 4. When equipment of sufficient capacity
for full-size testing is not available, or when the length of the
bolt makes full-size testing impractical, machined specimens

Hardness Number

Rockwell C

35
31

Max

24
19

Min

331
293

Max

Brinell

248
223

Min

Bolt Size, in.

'Ia to 1, inel
1'18 to 1'la, Incl

finished material representing each lot ofbolts. The chemical
composition thus determined shall conform to the require­
ments prescribed in 5. I or 5.2.

5.4 Application of heats of steel to which bismuth, sele­
nium, tellurium, or lead has been intentionally added shall
not be permitted for bolts.

5.5 Chemical analyses shall be performed in accordance
with Methods, Practices, and Definitions A 751.

6. Mechanical Properties
6.1 Tensile and Hardness Tests, All Products:
6.1.1 Bolts shall not exceed the maximum hardness spec­

ified in Table 3. Bolts less than three diameters in length shall
have hardness values not less than the minimum nor more
than the maximum in hardness limits required in Table 3, as
hardness is the only requirement.

6.1.2 Bolts 1'12 in. in diameter or less, other than those
excepted in 6.1.1, shall be tested full size and shall conform
to the tensile strength requirements as specified in Table 4.
The proof load test is not a mandatory production test.
When specified on the inquiry and order, the bolts shall be

3
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TABLE 5 Tensile Requirements for Specimens Machined from
Bolts

A The stress area is calculated as follows:
As = 0.7854 [D - (0.9743/n))2

TABLE 4 Tensile Requirements for Full Size Bolts

Bolt Size, Proof Load, S Alternative
Threads per Stress Area, A

Tensile Length Proof
Inch and in.2 StrengthS Measure- Load,s Yield

Series Desig- min,lbf ment Strength
nation Method Method, min

Column 1 Column 2 Column 3 Column 4 Column 5

'12-13 UNC 0.142 17 050 12 050 13 050
%-11 UNC 0.226 27 100 19 200 20 800
3/.-10 UNC 0.334 40 100 28 400 30 700
7/8-9 UNC 0.462 55 450 39 250 42 500

1-8 UNC 0.606 72 700 51 500 55 750
1%-7 UNC 0.763 80 100 56 450 61 800
1'18-8 UN 0.790 82 950 58 450 64 000
1'1.-7 UNC 0.969 101 700 71 700 78 500
1'1.-8 UN 1.000 105 000 74000 81 000

13/8-6 UNC 1.155 121 300 85 450 93 550
13/8-8 UN· 1.233 129 500 91 250 99 870
1'12-6 UNC 1.405 147 500 104 000 113 800
1'12-8 UN 1.492 156 700 110 400 120 850

to shipment. For this test only the nut component, not the
bolt, is lubricated.

6.2.2 After the rotational capacity test, the assembly shall
show no signs of failure. Failure is defined as: (1) inability to
assemble to the nut rotation specified in Table 6 or by an
inability to remove the nut following the test, (2) shear
failure of threads as determined by visual examination of
bolt and nut threads following removal, and (3) torsional
failure of the bolt. Elongation of bolt, in the threads between
the nut and bolt head, is to be expected at the required
rotation and is not to be classified as a failure.

Oversize Limit, in. A

0.016
0.021
0.031

Diameter, in. A

Up to 7/'6, incl
Over '/'6 to I, incl
Over 1

7. Dimensions

7.1 Bolts with hex heads shall be full-body bolts con­
forming to the dimensions for heavy hex structural bolts
specified in ANSI/ASME BI8.2.1 (see SI).

7.2 Threads shall be the Unified Coarse Thread Series as
specified in ANSI!ASME B1.1, and shall have Class 2A
tolerances. When specified, 8-pitch thread series may be used
on bolts over 1 in. in diameter.

7.3 Unless otherwise specified, bolts to be used with nuts
or tapped holes which have been tapped oversize, in accord­
ance with Specification A 563, shall have Class 2A threads
before hot-dip or mechanically deposited zinc coating. After
zinc coating, the maximum limit of pitch and major
diameter may exceed the Class 2A limit by the following
amount:

Column 5

92 000 psi
81 000 psi

Bolt Size, in. Column 3 Column 4

where:
As = stress area, in.2 ,

D = nominal bolt size, and
n = threads per inch.

B Loads tabulated are based on the following:

'12 to 1, incl 120 000 psi 85 000 psi
1'18 to 1'12, incl 105 000 psi 74 000 psi

Tensile
Yield

Elongation
Strength Reduction

Bolt Size, in. St~ength, (0.2 %Offset)
in 2 in.,

of Area, min, %
min, psi

min, psi
min,%

11/.,1% and 105 000 81 000 14 35
1'12

TABLE 6 Rotational Capacity Test for Zinc-Coated Bolts

Bolt Length, in. Nominal Nut Rotation, 0 (turn)

Up to and including 4 300 (5/8)
Over 4, but not exceeding 8 360 (1)
Over 8 420 (1 '/8)

shall be tested and shall conform to the requirements of
Table 5. In the event that bolts are tested by both full-size
and by the machined test specimen methods, the full-size test
shall govern if a controversy between the two methods exists.

6.1.4 For bolts on which hardness and tension tests are
performed, acceptance based on tensile requirements shall
take precedence in the event that there is controversy over
low readings of hardness tests.

6.2 Rotational Capacity (Lubricant) Test:
6.2.1 In addition, when zinc-coated bolts and nuts are

supplied, the bolt/nut assembly shall be tested full size in an
assembled joint as specified in 8.5. This rotational-capacity
test is to determine the efficiency of the lubricant specified in
the last paragraph of the Manufacturing Processes section of
Specification A 563. The test shall be performed after the
bolts and nuts are zinc-coated, and the nuts lubricated, prior

A These values are the same as the minimum overlapping required for
zinc-coated nuts in Specification A 563.

7.4 The gaging limit for bolts shall be verified during
manufacture or use by assembly of a nut tapped as nearly as
practical to the amount oversize shown above. In case of
dispute, a calibrated thread ring gage of that same size (Class
X tolerance, gage tolerance plus) is to be used. Assembly of
the gage, or the nut described above, must be possible with
hand effort following application of light machine oil to
prevent galling and damage to the gage. These inspections,
when performed to resolve disputes, are to be performed at
the frequency and quality described in Table 7.

8. Test Methods
8.1 Tests shall be conducted in accordance with Method

F606.
8.2 For tension tests a proof load determination is pre­

ferred conducted in accordance with Method 1; Length
Measurement, of Test Methods F 606.

8.3 Bolts tested in full size shall be tested in accordance
with the wedge test method described in the Wedge Tension
Testing of Full-Size Product paragraph of Test Methods
F 606. Fracture shall be in the body or threads of the bolt,
without any fracture at the junction of the head and body.

8.4 The speed of testing as determined with a free-running
cross head shall be a maximum of l/S in./min for the bolt
proof-load determination, and a maximum of 1 in./min for
the bolt tensile-strength determination.

8.5 The zinc-coated bolt shall be placed in a steel joint
and assembled with a zinc-coated washer and a zinc-coated

4
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Lot Size Sample Size"·B Acceptance Number"

'3 Use of the torque value obtained in a Skidmore-Wilhelm calibrator. or
equivalent. may be used in meeting this requirement.

TABLE 7 Sample Sizes and Acceptance Numbers for Inspection
of Hot Dip or Mechanically Deposited Zinc-Coated Threads

" Sample sizes of acceptance numbers are extracted from "Single Sampling
Plan for Normal Inspection" Table IIA. MIL-STD-l05.

B Inspect all bolts in the lot if the lot size is less than the sample size.

Number of
Specimens

Number of Pieces
in Production Lot

800 and less I
801 to 8 000 2
8 001 to 35 000 3
35 001 to 150 000 8
ISO 001 and over 13

9.2.5 If any test specimen shows defective machining it
may be discarded and another specimen substituted.

9.2.6 Bolts shall be packed in shipping containers as soon
as practicable following final processing. Shipping containers
shall be marked with the lot identification number.

9.2.7 A copy of the inspection test report for each
production lot from which bolts are supplied to fill the
requirements of a shipment shall be furnished to the pur­
chaser when specified in the order. Individual heats of steel
need not be identified on the test report.

9.2.8 In the case of zinc coated bolts, the rotational
capacity test shall be performed at the rate of two assemblies
per lot.

9.2.9 When tested in accordance with the required sam­
pling plan, a lot shall be rejected if any of the test specimens
fail to meet the applicable test requirements.

9.3 Shipping Lot Method:
9.3.1 In-process inspection during all manufacturing op­

erations and treatments and storage of manufactured bolts
shall be in accordance with the practices of the individual
manufacturer.

9.3.2 Before packing bolts for shipment, the manufacturer
shall make tests of sample bolts taken at random from each
shipping lot. A shipping lot, for purposes of selecting test
samples, is defined as that quantity of bolts of the same
nominal size and same nominal length necessary to fill the
requirements of a single purchase order.

9.3.3 The manufacturer shall make tests for tensile
strength (wedge test) and hardness of each lot of bolts,
including proof load tests when specified on the order.
Alternatively, in accordance with 6.3, tests may be tensile
strength, yield strength, reduction of area, elongation, and
hardness.

9.3.4 From each shipping lot, the minimum number of
tests of each required property shall be as follows:

Number of Pieces Number of
in Shipping Lot Specimens

ISO and less I
lSI to 280 2
281 to 500 3
SOl to I 200 5
I 201 to 3 200 8
3 201 to 10 000 13
10 00 I and over 20

9.3.5 If any test specimen shows defective machining it
may be discarded and another specimen substituted.

9.3.6 A copy of the inspection test report for each
shipping lot shall be furnished to the purchaser when

produced from the same mill heat of steel.
9.2.3 The manufacturer shall make tests for tensile

strength (wedge test) and hardness of each lot of bolts.
Alternatively, in accordance with 6.1.3, tests may be tensile
strength, yield strength, reduction of area, elongation, and
hardness.

9.2.4 From each production lot, the minimum number of
tests of each required property shall be as follows:

1
2
3
5
7

10
14
21

13
20
32
50
80

125
200
315

2 to 90
91 to 150

151 to 280
281 to 500
501 to 1 200

1 201 to 3 200
3 201 to 10 000

10 001 and over

9. Quality Assurance of Mechanical Requirements

9.1 The manufacturer shall make sample inspections of
every lot of bolts to ensure that properties of bolts are in
conformance with the requirements of this specification. All
bolts shall be inspection tested prior to shipment in accord­
ance with one of the two quality assurance procedures
described in 9.2 and 9.3, respectively. The manufacturer
shall have the option of which procedure will be followed
when furnishing bolts to any single purchase order.

9.1.1 The purpose of a lot inspection testing program is to
ensure that each lot conforms to the requirements of this
specification. For such a plan to be fully effective it is
essential that following delivery the purchaser continue to
maintain the identification and integrity of each lot until the
product is installed in its service application.

9.2 Production Lot Method: .
9.2.1 All bolts shall be processed in accordance with a lot

identification-control quality assurance plan. The manufac­
turer shall identify and maintain the integrity of each
production lot of bolts from raw-material selection through
all processing operations and treatments to final packing and
shipment. Each lot shall be assigned its own lot-identification
number, each lot shall be tested, and the inspection test
reports for each lot shall be retained.

9.2.2 A production lot, for purposes of assigning an
identification number and from which test samples shall be
selected, shall consist of all bolts processed essentially to­
gether through all operations to the shipping container that
are of the same nominal size, the same nominal length, and

nut with which the bolt is intended to be used. The nut shall
have been provided with the lubricant described in the last
paragraph of the Manufacturing Processes section of Specifi­
cation A 563. The joint shall be one or more flat structural
steel plates with a total thickness, including the washer, such
that 3 to 5 full threads of the bolt are located between the
bearing surfaces of the bolt head and nut. The hole in the
joint shall have the same nominal diameter as the hole in the
washer. The initial tightening of the nut shall produce a load
in the bolt not less than 10 % of the specified proof load. 13

After initial tightening, the nut position shall be marked
relative to the bolt, and the rotation shown in Table 6 shall
be applied. During rotation, the bolt head shall be restrained
from turning.

5
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specified in the order. Individual heats of steel are not
identified in the finished product.

9.3.7 In the case of zinc coated bolts, the rotational
capacity test shall be performed at the rate of two assemblies
per lot.

9.3.8 When tested in accordance with the required sam­
pling plan, a lot shall be rejected if any of the test specimens
fail to meet the applicable test requirements.

10. Visual Inspection for Head Bursts

10.1 A burst is an open break in the metal (material).
Bursts can occur on the flats or corners of the heads of bolts.

10.2 A defective bolt, for the purposes of the visual
inspection for bursts, shall be any boit that contains a burst
in the flat of the head which extends into the top crown
surface oL the head (chamfer circle) or the under-head
bearing surface. In addition, bursts occurring at the intersec­
tion of two wrenching flats shall not reduce the width across
corners below the specified minimum..

10.3 A lot, for the purposes of visual inspection, shall
consist of all bolts of one type having the same nominal
diameter and length offered for inspection at one time.

10.4 From each lot of boits, a representative sample shall
be picked at random and visually inspected for bursts. The
sample size shall be as shown in Table 8. If the number of
defective bolts found during inspection by the manufacturer
is greater than the acceptance number given in Table 8 for
the sample size, all bolts in the lot shall be visually inspected
and all defective bolts shall be removed and destroyed. If the
number of defective bolts found during inspection by the
purchaser is greater than the acceptance number given in
Table 8 for the sample size, the lot shall be subject to
rejection.

11. Inspection
11.1 If the inspection described in 11.2 is required by the

purchaser, it shall be specified in the inquiry and contract or
order.

11.2 The inspector representing the purchaser shall have
free entry to all parts of the manufacturer's works that
concern the manufacture of the material ordered. The
manufacturer shall afford the inspector all reasonable facili­
ties to satisfy him that the material is being furnished in
accordance with this specification. All tests and inspections
required by the specification that are requested by the

TABLE 8 Sample Sizes with Acceptance and Rejection Numbers
for Inspection of Bursts 2.5 AQL

Lot Size Sample Acceptance R j tl N
Size A, B Number A e ec on 0,

2 to 8 2 0 1
9 to 15 3 0 1

16 to 25 5 0 1
26 to 150 20 1 2

151 to 280 32 2 3
281 to 500 50 3 4
501 to 1 200 80 5 6

1 201 to 3 200 125 7 8
3 201 to 10 000 200 10 11

10001 to 35 000 315 14 15

A Sample sizes, acceptance numbers, and rejection numbers are extracted
from 'Single Sampling Plan for Normal Inspection" Table IIA, MIL·STD·105.

B Inspect all bolts in the lot if the lot size is less than the sample size.

purchaser's representative shall be made before shipment,
and shall be conducted as not to interfere unnecessarily with
the operation of the works.

12. Rejection and Rehearing
12.1 Material that fails to conform to the requirements of

this specification may be rejected. Rejection should be
reported to the producer or supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

13. Certification

13.1 Bolts-When specified on the order the manufac­
turer shall furnish the test reports described in 9.2.7 or 9.3.6,
depending on whether the boits are furnished by the produc­
tion lot or shipping lot method.

14. Responsibility
14.1 The party responsible for the fastener shall be the

organization that supplies the fastener to the purchaser and
certifies that the fastener was manufactured, sampled, tested
and inspected in accordance with this specification and
meets all of its requirements.

15. Product Marking
15.1 All bolts, Types 1, 2 and 3, shall be marked A 325

and shall also be marked with a symbol identifying the
manufacturer.

15.2 In addition Type 1 bolts may, at the option of the
manufacturer, be marked with three radial lines 120· apart.

15.3 In addition Type 2 boits shall be marked with thn:e
radial lines 60· apart.

15.4 In addition Type 3 boits shall have the A 325
underlined, and the manufacturer may add other distin­
guishing marks indicating that the bolt is atmospheric
corrosion resistant and of a weathering type.

15.5 All markings shall be located on the top of the bolt
head and may be either raised or depressed, at the option of
the manufacturer.

16. Packaging and Package Marking

16.1 Packaging:
16.1.1 Unless otherwise specified, packaging shall be in

accordance with Practice 0 3951.
16.1.2 When zinc coated nuts are included on the same

order as zinc coated boits, the boits and nuts shall be shipped
in the same container.

16.1.3 When special packaging requirements are required,
they shall be defined at the time of the inquiry and order.

16.2 Package Marking:
16.2.1 Each shipping unit shall include or be plainly

marked with the following information:
16.2.1.1 ASTM designation and type,
16.2.1.2 Size,
16.2.1.3 Name and brand or trademark of the manufac-

turer,
16.2.1.4 Number of pieces,
16.2.1.5 Lot number,
16.2.1.6 Purchase order number, and
16.2.1.7 Country of origin.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
contract or order. Details of these supplementary requirements shall be agreed upon in writing between the
manufacturer and purchaser. Supplementary requirements shall in no way negate any requirement of the
specification itself.

S.l Bolts Threaded Full Length

S1.1 Bolts with nominal lengths equal to or shorter than
four times the nominal bolt diameter shall be threaded full
length. Bolts need not have a shoulder, and the distance from
the underhead bearing surface to the first complete (full

form) thread, as measured with a GO thread ring gage,
assembled by hand as far as the thread will permit, shall not
exceed the length of 2112 threads for bolt sizes I in. and
smaller, and 3112 threads for bolt sizes larger than I in.

SI.2 Bolts shall be marked in accordance with Section 15,
except that the symbol shall be A 325 T instead of A 325.

SUMMARY OF CHANGES

This section identifies the location of selected changes to
this specification that have been incorporated since the last
issue. For the convenience of the user, Committee F 16 has
highlighted those changes that may impact the use of this

specification. This section may also include descriptions of
the changes or reasons"for the changes, or both.

(I) Added paragraph 14.1 Packaging in accordance with
Practice D 3951 and paragraph 14.2 Package Marking.

The American Society for Testing and Materials takes no position respecting the validity 01 any patent rights asserted in connection
with eny Item mentioned in this standard. Users of this standard are expressly advised that determination 01 the validity 01 any such
patent rights, and the risk 01 inlringement 01 such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every live years and
if not revised, either reapproved or withdrawn. Your comments are Invited either for revision 01 this standard or lor additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting 01 the responsible
technical committee, which you may attend. 1/ you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.

7





~~l~ Designation: A 490 - 90 American Association State
Highway and Transportation

Officials Standard
AASHTO No.: M 253

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Raca St., Philadelphia, Pa. 19103

Raprinlod Irom tha Annual Book 01 ASTM Standards. Copyrigh' ASTM
Standard Specification for II nollislad In lhe curran' combIned ,ndax, will appear ,n 'ha naxl edition.

Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile
Strength1

This standard is issued under the fixed designation A 490; the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the year of last revision, A number in parentheses indicates the year oflast reapproval. A
superscript epsilon (f) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for Ihe specific year ofissue which has been adopted by Ihe Departmenl ofDefense.

Bolt Type and Finish

I and 2. plain (noncoatcd)

1.6 This specification provides that heavy hex structural
bolts shall be furnished unless other dimensional require­
ments are stipulated in the purchase inquiry and order.

NOTE I-For quenched and tempered alloy steel bolts. studs. and
other externally threaded fasteners with diameters greater than 1112 in.•
but with similar mechanical properties, refer to Grade BD of Specifica-
tion A 354. .

NOTE 2-Acomplete metric companion to Specification A 490 has
been developed-Specification A 490M; therefore no metric equivalents
are presented in this specification.

2. Referenced Documents

2.1 ASTM Standards:
A 194 Specification for Carbon and Alloy Steel Nuts for

Bolts for High-Pressure and High-Temperature Service3

A 242 Specification for High-Strength Low-Alloy Struc­
tural Steel4

A 325 Specification for High-Strength Bolts for Structural
Steel JointsS

A 354 Specification for Quenched and Tempered Alloy
Steel Bolts, Studs, and Other Externally Threaded
Fasteners3

A 563 Specification for Carbon and Alloy Steel Nuts3

A 588 Specification for High-Strength Low-Alloy Struc­
tural Steel with 50 ksi (345 MPa) Minimum Yield Point
to 4 in. (100 mm) Thick4

A 709 Specification for Structural Steel for Bridges4

A 751 Methods, Practices, and Definitions for Chemical
Analysis of Steel Products6

D 3951 Practice for Commercial Packaging7

E 138 Method for Wet Magnetic Particle InspectionS
E 709 Practice for Magnetic Particle Examination9

F 436 Specification for Hardened Steel Washerss

1. Scope*
1.1 This specification covers the chemical and mechanical

requirements of heat-treated steel bolts, il2 to 1112 in., incl, in
diameter. These bolts are intended for use in structural joints
that are made under the Specification for Structural Joints
Using ASTM A 325 or A 490 Bolts2 issued by the Research
Council on Structural Connections of the Engineering Foun­
dation. The various types ofbolts covered by this specifica­
tion are:

1.1.1 Type I-Bolts made of alloy steel, supplied in sizes
112 to 1112 in., inclusive, in diameter.

1.1.2 Type 2-Bolts made from what is generally de­
scribed as low-carbon marter.site steel, supplied in sizes 112 to
I in., inclusive, in diameter.

1.1.3 Type 3-Bolts 112 to 1112 in., inclusive, in diameter
having atmospheric corrosion resistance and weathering
characteristics comparable to that of the steels covered in
Specifications A 588, A 242, and A 709 (these steels have
atmospheric corrosion resistance approximately two times
that of carbon structural steel with copper).

1.2 The purchaser should specify either Type 1, 2, or 3
bolts. When the bolt type is not specified, Type I, 2, or 3
may be furnished at the option of the manufacturer.

1.3 When atmospheric corrosion resistance and weath­
ering characteristics are required, Type 3 bolts should be
specified by the purchaser.

1.4 Unless otherwise specified, all nuts used on these bolts
shall conform to the requirements of Specification A 194 or
A 563, shall be heavy hex, and shall be of the class and
surface finish for each type of bolt as follows:

Nut Class and Finish

A 563 - DH. DH3. plain
A 194 - 2H. plain

3. plain A 563 - DH3. plain

1.5 Unless otherwise specified, all washers used on these
bolts shall conform to the requirements of Specification
F 436 and shall be of a surface finish for each type of bolt as

follows:
Bolt Type and Finish

I and 2, plain (uncoated)
3, plain

Washer Finish

plain (uncoated)
weathering steel. plain

I This specification is under the jurisdiction of ASTM Committee F-16 on
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts,
Nuts. Rivets. and Washers.

Current edition approved Feb. 23. 1990. Published April 1990. Originally
published as A 490 - 64. Last previous edition A 490 - 89.

2 Published by the American Institute of Steel Construction. Wrigley Building,
400 N. Michigan Ave.• Chicago. IL 60611.

) Annual Book ofASTM Standards, Vols 01.01 and 15.08.
4 Annual Book ofASTM Standards, Vol 01.04.
, Annual Book ofASTM Standards. Vol 15.08.
6 Annual Book ofASTM Standards. Vols 01.01. 01.02, 01.03. 01.04, and 01.05.
7 Annual Book ofASTM Standards. Vol 15.09.
8 Discontinued; see 1980 Annual Book ofASTM Standards, Part 11.
9 Annual Book ofASTM Standards, Vol 03.03.

* A Summary of Changes Section appean at the end of this specification.
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TABLE 1 Chemical Requirements for Type 1 Bolts TABLE 2 Chemical Requirements for Type 2 Bolts

Product
Element Heat Analysis, % Analysis, %

0.15-0.34 0.13-0.37
0.70 0.67
0.040 0.046
0.050 0.056
0.0005 0.0005

Heat Analysis, % Product Analysis, %Element

Carbon
Manganese, min
Phosphorus, max
SUlfur, max
Boron, min

0.26-0.50
0.33-0.55
0.045
0.045

.... See 6.1

0.30-0.46
0.35-0.53
0.040
0.040

Carbon
For sizes through 13/8 in.
For size 1'12 in.

Phosphorus, max
Sulfur, max
Alloying Elements .....

Chemical Requirements for Type 3 Bolts

F 606 Test Methods for Determining the Mechanical
Properties of Externally and Internally Threaded Fas­
teners, Washers, and RivetsS

2.2 ANSI Standards:
B1.1 Unified Screw Threads10

B18.2.1 Square and Hex Bolts and Screws lO

2.3 Military Standard:
MIL-STD-105 Sampling Procedure and Tables for In­

spection by Attributes! I

TABLE 3

Element

Carbon
Manganese, min
Phosphorus, max
Sulfur, max
Copper, max
Chromium, min
Nickel, min or
Molybdenum, min

Heat Analysis, % Product Analysis, %

0.20-0.53 0.19-0.55
0.40 0.37
0.040 0.045
0.050 0.055
0.60 0.63
0.45 0.42
0.20 0.17
0.15 0.14

3. Terminology

3.1 Definitions:
3.1.1 Surface discontinuities covered in this specification

are defined as follows:
3.1.1.1 acceptable quality level (AQL)-as defined in

MIL-STD-I05, the maximum percent defective that, for
purposes of sampling inspection, can be considered satisfac­
tory as the process average.

3.1.1.2 burst-a break located at the periphery of the boit
head.

3.1.1.3 crack-a clean crystalline break passing through
the grain boundary without inclusion of foreign elements.

3.1.1.4 process average-as defined in MIL-STD-105, the
average percent defective of product at the time of original
inspection. Original inspection is that first inspection of a
particular quantity of product which is being reinspected
after rejection and reconditioning.

3.1.1.5 seam or lap-a noncrystalline break through the
metal which is inherent in the raw material.

4. Ordering Information
4.1 Orders for products under this specification shall

include the following:
4.1.1 Quantity (number of pieces of bolts and accessories),
4.1.2 Name of products, including accessories such as

nuts and washers when desired,
4.1.3 Dimensions, including nominal bolt diameter and

length. For bolts of dimensional requirements other than
heavy hex structural boits (see 1.6) it is normally necessary to
specify grip length,

4.1.4 Type ofboit (that is, Type 1,2, or 3). Note that Type
I, 2, or 3 bolts may be supplied by the manufacturer when
bolt type is not specified,

4.1.5 ASTM designation and year of issue,
4.1.6 Whether proof load tests are required, and
4.1.7 Any special requirements.

10 Available from American National Standards Institute, 1430 Broadway, New
York. NY 10018.

II Available from Naval Publications and Fonns Center, 5801 Tabor Ave.,
Philadelphia, PA 19120.

NOTE 3-Two examples of ordering descriptions follow: (1) 1000
pieces, heavy hex structural bolts, each with two hardened washers,
ASTM F 436, and one heavy hex nut, ASTM A 563 Grade DH, I by 4,
ASTM A490-XX. (2) 1000 pieces, heavy hex structural bolts, no nuts
or washers, '/8 by 21/4 Type I, ASTM A 490-XX.

5. Materials and Manufacture
5.1 Steel shall be made by the open-hearth, basic-oxygen,

or electric-furnace process.
5.2 Type 1 boits shall be heat treated by quenching in oil

from above the transformation temperature. Type 2 and
Type 3 bolts shall be quenched in a suitable liquid from
above the transformation temperature. Type 1 and Type 3
bolts shall be tempered by reheating to a temperature of not
less than 800°F. Type 2 boits shall be tempered by reheating
to a temperature of not less than 650°F. If heat treatment is
performed by a subcontractor, the heat-treated material shall
be returned to the manufacturer for testing.

5.3 Threads of boits may be cut or rolled.

6. Chemical Composition

6.1 Type 1 bolts shall be made from alloy steel con­
forming to the chemical composition requirements given in
Table I. The steel shall contain sufficient alloying elements
to qualify it as an alloy steel.

NOTE 4-Steel is considered to be alloy, by the American Iron and
Steel Institute, when the maximum of the range given for the content of
alloying elements exceeds one or more of the following limits: manga­
nese, 1.65 %; silicon, 0.60 %; copper, 0.60 %; or in which a defini~e

range or a definite minimum quantity of any of the following elements IS

specified or required within the limits of the recognized field of
constructional alloy steels: aluminum, chromium up to 3.99 %, cobalt,
columbium, molybdenum, nickel, titanium, tungsten, vanadium, zirco­
nium, or any other alloying elements added to obtain a desired alloying
effect.

6.2 Type 2 bolts shall be made from steel conforming to
the chemical composition requirements given in Table 2.

6.3 Type 3 boits shall be made from steel conforming to
the chemical composition requirements given in Table 3 and
having atmospheric corrosion resistance approximately two
times that of carbon steel with copper as required in 1.1.3.

6.4 Product analyses may be made by the purchaser from
finished material representing each lot ofboits. The chemical
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TABLE 4 Hardness Requirements for Bolts .

composition thus determined shall conform to the require­
ments given in Tables 1, 2, or 3, as applicable.

6.5 Application of heats of steel to which bismuth, sele­
nium, tellurium, or lead has been intentionally added shall
not be permitted for bolts.

6.6 Chemical analyses shall be performed in accordance
with Methods, Practices, and Definitions A 751.

7. Mechanical Properties

7.1 Product Hardness:
7.1.1 Bolts less than three diameters in length shall

conform to the minimum and maximum hardness limits
specified in Table 4, as hardness is the only requirement. All
bolts, regardless of diameter or length, shall conform to the
maximum hardness specified in Table 4.

7.2 Tensile Properties:
7.2.1 Bolts JI/4 in. in diameter or less, other than those

excepted in 7.1, shall be wedge tested full size and conform
to the minimum and maximum tensile strength require­
ments as specified in Table 5.

7.2.2 Bolts larger than 11/4 in. in diameter, other than
those excepted in 7.1, shall preferably be wedge tested full
size and when so tested, shall conform to the minimum and
maximum tensile strength requirements as specified in Table
5. When equipment of sufficient capacity for full-size testing
is not available, or when the length of the bolt makes full-size
testing impractical, machined specimens shall be tested and
shall conform to the requirements of Table 6. In the event
that bolts are tested by both full-size and by the machined
test specimen methods, the full-size test shall govern if a
controversy between the two methods exists.

7.2.3 The proof load test is not a mandatory production
test. When specified on the inquiry and order, the bolts shall
be tested to either the proof load or alternative proof load
requirements specified in Table 5 in addition to the tensile
strength requirements. In case of controversy the bolts shall
be capable of conforming to the proof load requirements in
addition to all other requirements.

7.3 For bolts on which hardness and tension tests are
performed, acceptance based on tensile requirements shall
take precedence in the event that there is controversy over
low readings of hardness tests.

7.4 Surface Hardness:
7.4.1 All sizes are subject to surface hardness require­

ments to control carburization. Surface hardness of bolts as
taken at a maximum of 0.003 in. from the surface shall not
be more than the equivalent of 3 points Rockwell C higher
than the hardness taken at a distance of I/S in. from the
surface. Both hardness readings shall be taken on the same
axial longitudinal section through the threaded length of the
bolt, shall be taken at the same time, and the same hardness
scale shall be used.

Hardness Number

9. Quality Assurance of Mechanical Properties

9.1 The manufacturer shall make sample inspections of
every lot of bolts to ensure that properties of bolts are in
conformance with the requirements of this specification. All
bolts shall be inspected tested prior to shipment in accord­
ance with one of the two quality assurance procedures
described in 9.3 and 9.4, respectively. The manufacturer
shall have the option of which procedure will be followed
when furnishing bolts to any single purchase order.

9.2 The purpose of a lot inspection testing program is to
ensure that each lot conforms to the requirements of this
specification. For such a plan to be fully effective, it is
essential that following delivery the purchaser continue to
maintain the identification and integrity of each lot until the
product is installed in its service application.

9.3 Production Lot Method:
9.3.1 All bolts shall be processed in accordance with a

lot-identification-control quality assurance plan. The manu­
facturer shall identify and maintain the integrity of each
production lot of bolts from raw-material selection through
all processing operations and treatments to final packing and
shipment. Each lot shall be assigned its own lot-identification
number, each lot shall be tested, and the inspection test
reports for each lot shall be retained.

9.3.2 A production lot, for purposes of assigning an
identification number and from which test samples shall be
selected, shall consist of all bolts processed essentially to­
gether through all operations to the shipping container that
are of the same nominal size, the same nominal length, and
produced from the same mill heat of steel.

9.3.3 The manufacturer shall test each lot of bolts for (l)
product hardness (7.1), in accordance with Test Method
F 606; (2) full-size wedge-test tensile strength or machined
specimen tensile properties depending on size and length as
required by 7.2; and (3) surface hardness (7.4). Proof load
tests shall be conducted only when specified on the purchase
order.

9.3.4 From each production lot, the minimum number of
tests of each required property shall be in accordance with
Table 7.

9.3.5 If any test specimen shows defective machining, it
may be discarded and another specimen substituted.

9.3.6 Bolts shall be packed in shipping containers as soon
as practicable following final processing. Shipping containers
shall be marked with the lot identification number.

9.3.7 A copy of the inspection test report for each
production lot from which bolts are supplied to fill the
requirements of a shipment shall be furnished to the pur­
chaser when specified in the order. Individual heats of steel
need not be identified on the test report.

8. Dimensions

8.1 Unless otherwise specified, bolts shall conform to the
dimensions for heavy hex structural bolts specified in ANSI
BI8.2.1.

8.2 Threads shall be the Unified Coarse Thread Series as
specified in ANSI B1.1, and shall have Class 2A tolerances.
When specified, 8 pitch thread series shall be used on bolts
over I in. in diameter.

38

max

Rockwell C

33

min

352

max

Brinell

min

311

Bolt Size, in.

'12 to 1'12, incl
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TABLE 5 Tensile Requirements for Full-Size Bolts

Proof Load.S
Alternative Proof

Bolt Size, Threads Tensile Load.s Ibf Load,s min,

per Inch. and Se- Stress Area. A in.2
Ibf Ibf

ries Designation Length Measure- Yield Strength
min max ment Method Method

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

'/2-13 UNC 0.142 21 300 24 150 17 050 18 500
5/s-11 UNC 0.226 33 900 38400 27 100 29 400
3/.-10 UNC 0.334 50 100 56800 40 100 43 400
7/s-9 UNC 0.462 69 300 78 550 55 450 60 100

1-8 UNC 0.606 90 900 103 000 72 700 78 800
1'Is-7 UNC 0.763 114 450 129 700 91 550 99 200
11/s-8 UN 0.790 118 500 134 300 94 800 102 700
11/.-7 UNC 0.969 145 350 164 750 116 300 126 000
1'1.-8 UN 1.000 150 000 170000 120 000 130 000

13/a-6 UNC 1.155 173250 196 350 138 600 150 200
13Is-8 UN 1.233 185 000 209 600 148 000 160 300
1'12-6 UNC 1.405 210 750 238 850 168 600 182 600
11/:z..8 UN 1.492 223800 253 650 175 050 194 000

A The stress area is calculated as follows:
A. = 0.7854 [D - (0.9743/n))2

where:
A. = stress area, in.2•

D = nominal bolt size. and
n = threads per Inch.

S Loads tabulated and loads to be used for tests of full-size bolts larger than 1112 In. In diameter are based on the following:

Bolt Size Column 3 Column 4 Column 5 Column 6

Ifz to 1112 in.• incl 150 000 psi 170 000 psi 120 000 psi 130 000 psi

TABLE 6 Tensile Requirements for Specimens Machined from
Bolts

Tensile Yield Elongation
Strength. Strength in 2 in. or Reduction

Bolt Size, in. psi (0.2%
50mm. of Area.

I
offset). min. % min, %

min max min. psi

9.4 Shipping Lot Method:
9.4.1 In-process inspection during all manufacturing op­

erations and treatments and storage of manufactured bolts
shall be in accordance with the practices of the individual
manufacturer.

9.4.2 Before packing bolts for shipment, the manufacturer
shall make tests of sample bolts taken at random from each
shipping lot. A shipping lot, for purposes of selecting test
samples, is defined as that quantity of bolts of the same
nominal size and same nominal length necessary to fill the
requirements of a single purchase order.

9.4.3 The manufacturer shall test each lot of bolts for (I)
product hardness (7.1), in accordance with Test Method
F 606; (2) full size wedge test tensile strength or machined
specimen tensile properties depending on size and length as
required by 7.2; and (3) surface hardness (7.4). Proof load
tests shall be conducted only when specified on the purchase
order.

9.4.4 From each shipping lot, the minimum number of
tests of each required property shall be in accordance with
Table 8.

9.4.5 If any test specimen shows defective machining, it
may be discarded and. another specimen substituted.

Lot Size Sample Size Acceptance Rejection
Number Number

o
o
o
o
o
o

2
3
5
8

13
20

25 and Jess
26 to 150
151 to 1 200
1 201 to 35 000
35 001 to 150 000
150 001 and over

TABLE 7 Production Lot Sample Size With Acceptance and
Rejection Numbers for Inspection of Mechanical and

Dimensional Requirements

9.4.6 A copy of the inspection test report for each
shipping lot shall be furnished to the purchaser when
specified in the order. Individual heats of steel are not
identified in the finished product.

10. Test Methods

10.1 Tests shall be conducted in accordance with Test
Methods F 606.

10.2 Proof load testing of bolts tested in full size shall
preferably be conducted in accordance with Method I,
Length Measurement, described in the section, Test Methods
for Externally Threaded Fasteners, of Test Methods F 606.

10.3 Bolts tested in full size shall be tested in accordance
with the Wedge Test method described in Wedge Tension
Testing of Full-Size Product paragraph, of Test Methods
F 606. Fracture shall be in the body or threads of the bolt
without any fracture at the junction of the head and body. '

10.4 Machined specimens shall be tested in accordance
with the method described in the paragraphs on Tension
Testing of Machine Test Specimens, of Test Methods F 606.

4014'h to 1112 in., incl 1150 000 1170 000 1130 000 I
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Lot Size Sample Size Acceptance Rejection
Number Number

TABLE 8 Shipping Lot Sample Size With Acceptance and
Rejection Numbers for Inspection of Mechanical and

Dimensional Requirements

25 and less
26 to 50
151 to 1 200
1 201 to 10 000
10 001 to 35 000
35 001 to 150 000
150 001 and over

2
3
5
8

13
20
32

o
o
o
o
o
o
o

TABLE 10 Sample Sizes with Acceptance and Rejection
Numbers for Inspection of Bursts 2.5 AQL

Lot Size Sample Acceptance Rejection
Size A. B Number A Number

2~8 2 0 1
9 to 15 3 0 1

16t025 5 0 1
26 to 150 20 1 2

151 to 280 32 2 3
~~~ ~ 3 4
501 to 1200 80 5 6

1201 to 3200 125 7 8
3201 to 10 000 200 10 11

10.5 The speed of testing as determined with a free­
running cross head shall be a maximum of 0.125 in./min for
the bolt proof load determination, and a maximum of I
in./min for the bolt tensile strength determination.

II. Magnetic Particle and Visual Inspection for Surface
Discontinuities

11.1 Bolts shall be examined by magnetic particle inspec­
tion for longitudinal discontinuities and transverse cracks,
and shall conform to an AQL of 0.25 when inspected in
accordance with the sampling plan described in 11.4. Eddy­
current inspection may be substituted, at the option of the
manufacturer, for the 100 % magnetic particle inspection
specified in 11.4.1 and 11.4.2, provided that the bolts, after
eddy current inspection, are subsequently randomly sampled
according to Table 9 and subjected to the magnetic particle
inspection and acceptance requirements as described above.
In the case of dispute, the magnetic particle test shall govern.

11.2 Bolts shall be examined visually for bursts and shall
meet an AQL of 2.5 when inspected in accordance with the
sampling plan described in 11.5.

11.3 A lot, for purposes of selecting a sample for magnetic
particle or visual inspection, shall consist of all bolts of one
type, having the same nominal diameter and length offered
for inspection at one time. No lot shall contain more than
10 000 pieces.

11.4 Longitudinal Discontinuities and Transverse Cracks:
11.4.1 From each lot of bolts a representative sample shall

be picked at random and magnetic particle inspected for
rejectable longitudinal discontinuities and transverse cracks
(as described in 11.4.2) in accordance with Practice E 709.
(See Note 5.) The sample size shall be as specified for an
AQL of 0.25 in Table 9. If any defectives are found during
inspection by the manufacturer all bolts in the lot shall be
magnetic particle inspected and all defectives shall be re­
moved and destroyed. If any defectives are found during

TABLE 9 Sample Sizes with Acceptance and Rejection Numbers
for Inspection of Rejectable Longitudinal Discontinuities and

Transverse Cracks

Lot Size Sample Acceptance Rejection
Size A• B Number A Number

2 to 50 all 0
51 to 500 50 0

501 to 1200 80 0
1201 to 3200 125 0
3201 to 10000 200 0

A Sample sizes, acceptance numbers. and rejection numbers are extracted
from "Single Sampling Plan for Normal Inspection" Table IIA, MIL·STD·l05.

B Inspect all bolts in the lot if lot size is less than sample size.

A Sample sizes. acceptance numbers. and rejection numbers are extnicted
from "Single Sampling Plan for Normal Inspection" Table IIA, MIL·STD·l05.

B Inspect all bolts in the lot if the lot size is less than the sample size.

inspection by the purchaser the lot shall be subject to
rejection.

NOTE S-Magnetic particle inspection may be conducted in accord·
ance with Method E 138. For referee purposes Practice E 709 shall be
used,

11.4.2 Any bolt with a longitudinal discontinuity (located
paralle~ to the axis of the bolt in the threads, body, fillet, or
underside of head), with a depth normal to the surface
greater than 0.03D, where D is the normal bolt size in inches,
shall be considered defective. In addition, any bolt with a
transverse crack (located perpendicular to the axis of the bolt
in the threads, body, fillet, or underside of head), shall be
considered defective.

NOTE 6-Magnetic particle indications of themselves shall not be
cause for rejection. Ifin the opinion of the inspector the indications may
be cause for rejection, a representative sample shall be taken from those
bolts showing indications and shall be further examined by microscop­
ical examination to determine whether the indicated discontinuities are
in accordance with the specific limits.

11.5 Bursts:
11.5.1 From each lot of bolts a representative sample shall

be picked at random and visually inspected for bursts. The
sample size shall be as specified for an AQL of 2.5 in Table
10. If the number of defectives found during inspection by
the manufacturer is greater than the acceptance number
given in Table 10 for the sample size, all bolts in the lot shall
be visually inspected and all defectives shall be removed and
destroyed. If the number of defectives found during inspec­
tion by the purchaser is greater than the acceptance number
give~ in .Table 10 for the sample size, the lot shall be subject
to reJectIOn.

11.5.2 Any bolt with a burst having a width greater than
0.010 in. plus 0.025D, where D is the nominal bolt size in
inches, shall be considered defective.

12. Inspection

12.1 If the inspection described in 12.2 is required by the
purchaser, it shall be specified in the inquiry and contract or
order.

12.2 The inspector representing the purchaser shall have
free entry to all parts of manufacturer's works that concern
the manufacture of the material ordered. The manufacturer
shall afford the inspector all reasonable facilities, without
charge, to satisfy him that the material is being furnished in
accordance with this specification. All tests and inspections
required by the specification that are requested by the
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purchaser's representative shall be made before shipment,
and shall be conducted as not to interfere unnecessarily with
the operation of the works.

13. Rejection
13.1 Material that fails to conform to the requirements of

this specification may be rejected. Rejection should be
reported to the producer or supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

14. Certification
14.1 When specified on the order the manufacturer shall

furnish the test reports described in 9.3.7 or 9.4.6, depending
on whether the bolts are furnished by the production lot or
shipping lot method.

15. Responsibility
15.1 The party responsible for the fastener shall be the

organization that supplies the fastener to the purchaser and
certifies that the fastener was manufactured, sampled, tested
and inspected in accordance with this specification and
meets all of its requirements.

16. Product Marking
16.1 Bolt heads shall be marked A 490, and shall also be

marked to identify the manufacturer. Markings may be
either raised or depressed, at the option of the manufacturer.

16.2 In addition to the markings required in 16.1, Type 2
bolts shall be marked with six radial lines 30· apart.

16.3 In addition to the markings required in 16.1, Type 3
bolts shall have the A 490 underlined, and the manufacturer
may add other distinguishing marks indicating that the bolt
is atmospheric corrosion resistant and of a weathering type.

17. Packaging and Package Marking

17.1 Packaging:
17.1.1 Unless otherwise specified, packaging shall be in

accordance with Practice D 3951.
17.1.2 When special packaging requirements are required,

they shall be defined at the time of the inquiry and order.
17.2 Package Marking:
17.2.1 Each shipping unit shall include or be plainly

marked with the following information:
17.2.1.1 ASTM designation and type,
17.2.1.2 Size,
17.2.1.3 Name and brand or trademark of the manufac-

turer,
17.2.1.4 Number of pieces,
17.2.1.5 Lot number,
17.2.1.6 Purchase order number, and
17.2.1.7 Country of origin.

SUMMARY OF CHANGES

This section identifies the location of selected changes to
this specification that have been incorporated since the last
issue. For the convenience of the user, Committee F 16 has
highlighted those changes that may impact the use of this

specification. This section may also include descriptions of
the changes or reasons for the changes, or both.

(1) Added 17.1, Packaging, in accordance with Practice
D 3951 and 17.2, Package Marking.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.

6
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AMERICAN SOCIETY FOR TESTING AND MATERIALS
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Roprinlod "om Ihe Annual Book 01 ASTM Siandards. Copyright ASTM
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This standard is issued under the fixed designation A 563; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (.) indicates an editorial change since the last revision or reapproval.

1. Scope*
I, I r:lis specification covers chemical and mechanical

requirements for eight grades of carbon and alloy steel nuts
for general structural and mechanical uses on bolts, studs,
and other externally threaded parts.

NOTE I-See Appendix X I for guidance on suitable application of
nut grades.

1.2 The requirements for any grade of nut may, at the
supplier's option, and with notice to the purchaser, be
fulfilled by furnishing nuts of one of the stronger grades
specified herein unless such substitution is barred in the
inquiry and purchase order.

1.3 Grades C3 and DH3 nuts have atmospheric corrosion
resistance and weathering characteristics comparable to that
of the steels covered in Specifications A 242/A 242M, A 588/
A 588M, and A 709 (these steels have atmospheric corrosion
resistance approximately two times that of carbon structural
steel with copper).

NOTE 2-A complete metric companion to Specification A 563 has
been developed-A 563M; therefore, no metric equivalents are pre­
sented in this specification.

2. Referenced Documents

2.1 ASTM Standards:
A 153 Specification for Zinc Coating (Hot-Dip) on Iron

and Steel Hardware2

A 194/A 194M Specification for Carbon and Alloy Steel
Nuts for Bolts for High-Pressure and High-Temperature
Service3

A 242/A 242M Specification for High-Strength Low-Alloy
Structural Steel4

A 307 Specification for Carbon Steel Bolts and Studs, 60
000 psi Tensile Strength3

A 325 Specification for High-Strength Bolts for Structural
Steel JointsS

A 354 Specification for Quenched and Tempered Alloy
Steel Bolts, Studs, and Other Externally Threaded
Fasteners3

A 394 Specification for Zinc-Coated Steel Transmission
Tower BoItsS

I This specification is under the jurisdiction of ASTM Committee F-16 on
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts,
Nuts, Rivets, and Washers.

Current edition approved Feb. 23, 1990. Published April 1990. Originally
published as A 563 - 66. Last previous edition A 563 - 89a.

2 Annllal Book ofASTM Standards, Vol 01.06.
3 Annllal Book ofASTM Standards, Vols 01.01 and·15.08.
4 Annllal Book ofASTM Standards, Vol 01.04.
S Annllal Book ofASTM Standards, Vol 15.08.

A 449 Specification for Quenched and Tempered Steel
Bolts and Studss

A 490 Specification for Heat-Treated, Steel Structural
Bolts, ISO ksi (1035 MPa) Tensile StrengthS

A 588/A 588M Specification for High-Strength Low-Alloy
Structural Steel with 50 ksi (345 MPa) Minimum Yield
Point to 4 in. (100 mm) Thick4

A 687 Specification for High-Strength Nonheaded Steel
Bolts and Studss

A 709 Specification for Structural Steel for Bridges4

A 751 Methods, Practices, and Definitions for Chemical
Analysis of Steel Products6

B 695 Specification for Coatings of Zinc Mechanically
Deposited on Iron and Steel?

D 3951 Practice for Commercial Packaging8

F 606 Test Methods for Determining the Mechanical
Properties of Externally and Internally Threaded Fas­
teners, Washers, and RivetsS

2.2 ANSI Standards:
ANSI Bl.l Unified Screw Threads9

ANSI BI8.2,2 Square and Hex Nuts9

3. Ordering Information

3.1 Orders for nuts under this specification shall include
the following:

3.l.l Quantity (number of nuts),
3.1.2 Nominal size and thread series of nuts,
3.1.3 Style of nut (for example, heavy hex),
3.1.4 Grade of nut,
3.1.5 Zinc Coating-Specify the zinc-coating process re­

quired, for example, hot-dip, mechanically deposited, or no
preference (see 4.7),

3.1.6 Other Finishes-Specify other protective finish if
required,

3.1.7 ASTM designation and year of issue, and
3.1.8 Supplementary or special requirements.
NOTE 3-An example of an ordering description follows: 1000 7/8-9

heavy hex nuts, Grade DH, hot-dip zinc-coated, and lubricated, ASTM
A 563-XX.

4. Manufacturing Processes
4.1 Steel for nuts shall be made by the open-hearth, basic­

oxygen, or electric-furnace process except that steel for Grades
0, A, and B nuts may be made by the acid-bessemer process.

6 Annual Book ofASTM Standards, Vols 01.01, 01.02, 01.03, 01.04, 01.05, and
03.05.

7 Annual Book ofASTM Standards, Vol 02.05.
8 Annual Book ofASTM Standards, Vol 15.09.
9 Available from American National Standards Institute, 1430 Broadway, New

York, NY 10018.

* A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical Requirements for Grades 0, A, B, C, 0, and
DH Nuts

DC heat 0.55 max 0.30 0.04 0.05
product 0.58 max 0.27 0.048 0.058

DHC heat 0.20-0.55 0.60 0.04 0.05
product 0.18-0.58 0.57 0.048 0.058

0. A. B, Cheat 0.55 max 0.12 0.15 A

product 0.58 max 0.13 B

Sulfur,
max

in. A

0.016
0.021
0.031

Phospho­
rus, max

Composition, jf,

Manganese.
minAnalysis Carbon

Diameter, in.

71a. and smaller
Over 7/,. to I
Over 1

Grade of Nut

A Applies to both pitch and minor diameters, minimum and maximum limits.

7.5 Nuts to be used on bolts mechanically zinc coated or
on bolts hot-dip zinc-coated to a specification other than
Specification A 153, Class C, or otherwise hot-dip coated,
shall be tapped oversize by a diametral amount sufficient to
permit assembly on the coated bolt thread, unless other
requirements are specified in the inquiry or purchase order.

7. Dimensions

7.1 Unless otherwise specified, nuts shall be plain
(uncoated) and shall conform to the dimensions prescribed
in ANSI B18.2.2.

7.2 Hex and hex-slotted nuts over 1112 to 2 in. inclusive
shall have dimensions conforming to ANSI B18.2.2 calcu­
lated using the formulas for the 11/4 through Ilh-in. size
range in Appendix III (Formulas for Nut Dimensions) of
ANSI BIS.2.2.

7.3 Unless otherwise specified, the thread in nuts shall
conform to the dimensions for coarse thread with Class 2 B
tolerances prescribed in ANSI B1.1.

7.4 Nuts to be used on bolts threaded with Class 2 A
threads before hot-dip zinc coating, and then hot-dip zinc­
coated in accordance with Specification A 153, Class C, shall
be tapped oversize at least by the fOllowing minimum
diametral amounts:

6. Mechanical Properties

6.1 The hardness of nuts of each grade shall not exceed
the maximum hardness specified for the grade in Table 3.

6.2 Jam nuts, slotted nuts, nuts smaller in width across
flats or thickness than standard hex nuts (7.1), and nuts that
would require a proof load in excess of 160 000 Ibf may be
furnished on the basis of minimum hardness requirements
specified for the grade in Table 3, unless proof load testing is
specified in the inquiry and purchase order.

6.3 Nuts of each grade, except those listed in 6.2, shall
withstand the proof load stress specified for the grade, size,
style, thread series, and surface finish of the nut in Table 3.

6.4 The speed of testing as determined with a free-running
cross head shall be a maximum of I in./min for nut proof
load determination.

A Sulfur content may be 0.23 max for Grade 0, A, and B nuts If agreed
between the manufacturer and the purchaser.

B Acid bessemer steel only.
C For 0 and DH nuts, sulfur content may be 0.05 to 0.15 % In which case

manganese must be a minimum of 1.35 %.

5. Chemical Composition

5.1 Steel for nuts of Grades 0, A, B, C, D, and DH shall
conform in chemical composition to the limits listed in
Table 1.

5.2 Steel for nuts of Grades C3 and DH3 shall conform in
chemical composition to the limits listed in Table 2.

5.3 Resulfurized steel is not subject to rejection based on
product analysis for sulfur. Rephosphorized steel is not sub­
ject to rejection based on product analysis for phosphorus.

5.4 Application of heats of steel to which bismuth, sele­
nium, tellurium, or lead has been intentionally added shall
not be permitted for Grades D, DH, and DH3.

5.5 Chemical analyses shall be performed in accordance
with Methods, Practices, and Definitions A 751.

4.2 Nuts may be made cold or hot by forming, pressing,
or punching or may be machined from bar stock.

4.3 Grades DH and DH3 nuts shall be heat treated by
quenching in a liquid medium from a temperature above the
transformation temperature and tempering at a temperature
of at least 800"F.

4.4 Grades C and D nuts made of steel having carbon
content not exceeding 0.20 %, phosphorus not exceeding
0.04 %, and sulfur not exceeding 0.05 % by heat analysis
may be heat treated by quenching in a liquid medium from a
temperature above the transformation temperature and need
not be tempered. When this heat treatment is used, there
shall be particular attention to the requirements in 6.1.

4.5 Grades C, C3, and D nuts made ofany steel permitted
for these grades may be heat treated by quenching in a liquid
medium from a temperature above the transformation tem­
perature and tempering at a temperature of at least SOO·F.

4.6 Threads shall be formed by tapping or machining.
4.7 Zinc Coatings. Hot-Dip and Mechanically Deposited:
4.7.1 When zinc-coated fasteners are required, the pur-

chaser shall specify the zinc coating process, for example,
hot-dip, mechanically deposited, or no preference.

4.7.2 When hot-dip is specified, the fasteners shall be
zinc-coated by the hot-dip process in accordance with the
requirements of Class C, of Specification A IS3.

4.7.3 When mechanically deposited is specified, the fas­
teners shall be zinc coated by the mechanical deposition
process in accordance with the requirements of Class 50 of
Specification B 695.

4.7.4 When no preference is specified, the supplier may
furnish either a hot-dip zinc coating in accordance with
Specification A 153, Class C, or a mechanically deposited
zinc coating in accordance with Specification B 695, Class
50. All components of mating fasteners (bolts, nuts, and
washers) shall be coated by the same zinc-coating process
and the supplier's option is limited to one process per item
with no mixed processes in a lot.

4.7.5 Hot-dip zinc-coated nuts shall be tapped after zinc
coating.

4.7.6 Mechanically deposited zinc-coated nuts for assem­
bly with mechanically deposited zinc-coated bolts shall be
tapped oversize prior to zinc coating and need not be
retapped afterwards.

4.8 Hot-dip and mechanically deposited zinc-coated
Grade DH nuts shall be provided with an additional lubri­
cant which shall be clean and dry to the touch.

2
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9. Test Methods
9.1 Tests shall be conducted in accordance with Test

Methods F 606.

800 and under 1
801 to 8 000 2
8 001 to 22 000 3
Over 22 000 5

8.4 If any test specimen shows flaws, it may be discarded
and another specimen substituted.

8.5 Should any specimen fail to meet the requirements of
any specified test, double the number of specimens from the
same lot shall be tested for this property, in which case all of
the additional specimens shall meet the specifications.

10. Inspection

10.1 If the inspection described in 10.2 is required by the
purchaser, it shall be specified in the inquiry and contract or
order.

10.2 The inspector representing the purchaser shall have
free entry to all parts of the manufacturer's works that con­
cern the manufacture of the material ordered. The manufac­
turer shall afford the inspector all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. All tests and inspections required by
the specification that are requested by the purchaser's repre-

7.6 When specifically permitted by the purchaser, nuts for
bolts with electrodeposited coating, such as cadmium, zinc,
etc., or with chemically applied coating may be tapped
oversize by a diametral amount sufficient to permit assembly
on the coated bolt thread.

8. Number of Tests

8.1 The requirements of this specification shall be met in
continuous mass production for stock, and the manufacturer
shall n', ..ke sample inspections to ensure that the product
conforms to the specified requirements (Section 14). Addi­
tional tests of individual shipments of material are not
ordinarily contemplated. Individual heats of steel are not
identified in the finished product.

8.2 When additional tests are specified in the inquiry and
purchase order, a lot, for purposes of selecting test samples,
shall consist of all material offered for inspection at one time
that has the following common characteristics:

8.2.1 Grade,
8.2.2 Nominal size,
8.2.3 Style of nut,
8.2.4 Thread series and class, and
8.2.5 Surface finish.
8.3 Unless otherwise specified in the inquiry and purchase

order, the number of tests for each lot of required property
shall be as follows:

Number of Nuts in Lot
Number of
Specimens

TABLE 2 Chemical Requirements for Grades C3 and DH3 Nuts

Composition. %

Element

N A B

Classes for Grade C3 NutsA

C o E F
Grade DH3

Nuts

Carbon:
Heat analysis 0.33-0.40 0.38-0.48 0.15-0.25 0.15-0.25 0.20-0.25 0.20-0.25
Product analysis 0.31-0.42 0.36-0.50 0.14-0.26 0.14-0.26 0.18-0.27 0.19-0.26

Manganese:
Heat analysis 0.90-1.20 0.70-0.90 0.80-1.35 0.40-1.20 0.60-1.00 0.90-1.20
Product analysis 0.86-1.24 0.67-0.93 0.76-1.39 0.36-1.24 0.56-1.04 0.86-1.24

Phosphorus:
Heat analysis 0.07-0.15 0.040 max 0.06-0.12 0.035 max 0.040 max 0.040 max 0.040 max
Product analysis 0.07-0.155 0.045 max 0.06-0.125 0.040 max 0.045 max 0.045 max 0.045 max

Sulfur:
Heat analysis 0.050 max 0.050 max 0.050 max 0.040 max 0.050 max 0.040 max 0.040 max
Product analysis 0.055 max 0.055 max 0.055 max 0.045 max 0.055 max 0.045 max 0.045 max

Silicon:
Heat analysis 0.20-0.90 0.15-0.35 0.30-0.50 0.15-0.35 0.25-0.50 0.15-0.35 0.15-0.35
Product analysis 0.15-0.95 0.13-0.37 0.25-0.55 0.13-0.37 0.20-0.55 0.13-0.37 0.13-0.37

Copper:
Heat analysis 0.25-0.55 0.25-0.45 0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.60 0.20-0.40
Product analysis 0.22-0.58 0.22-0.48 0.17-0.43 0.17-0.53 0.27-0.53 0.27-0.63 0.17-0.43

Nickel:
Heat analysis 1.00 max 0.25-0.45 0.50-0.80 0.25-0.50 0.50-0.80 0.30-0.60 0.20-0.40
Product analysis 1.03 max 0.22-0.48 0.47-0.83 0.22-0.53 0.47-0.83 0.27-0.63 0.17-0.43

Chromium:
Heat analysis 0.30-1.25 0.45""0.65 0.50-0.75 0.30-0.50 0.50-1.00 0.60-0.90 0.45-0.65
Product analysis 0.25-1.30 0.42-0.68 0.47-0.83 0.27-0.53 0.45-1.05 0.55-0.95 0.42-0.68

Vanadium:
Heat analysis 0.020 min
Product analysis 0.010 min

Molybdenum:
Heat analysis 0.06 max 0.10 max
Product analysis 0.07 max 0.11 max

Titanium:
Heat analysis 0.05 max
Product analysis

A C3 nuts may be made of any of the above listed material classes. Selection of the class shall be at the option of the manufacturer.
S Nickel or molybdenum may be used.

3

0.20-0.53
0.19-0.55

0.40 min
0.37 min

0.046 max
0.052 max

0.050 max
0.055 max

0.20 min
0.17 min

0.20 mins

0.17 min

0.45 min
0.42 min

0.15 mins

0.14 min
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TABLE 3 Mechanical Requirements
Nuts with UNC, 8 UN, 6 UN and Coarser Pitch Threads

Grade of Nut
Nominal Nut Size.

In. Style of Nut

Proof Load Stress, ksiA

Non-Zlnc-eoated Zlnc-eoated
Nuts· Nuts·

Brinell

min max

Hardness

Rockwell

min max

0 'I. to 1'I. square 69 52 103 302 B55 C32
A 'I. to 1'I. square 90 68 116 302 B68 C32

0 'I. to 1'!2 hex 69 52 103 302 B55 C32
A 'I. to 1'I. hex 90 68 116 302 B68 C32
B '1. to 1 hex 120 90 121 302 B69 C32
B 1'1. to 1'1. hex 105 79 121 302 B69 C32
DC v. to 1'1. hex 135 135 159 352 B84 C38
DHo 'I. to 1'!2 hex 150 150 248 352 C24 C38
DH3 V. to 1 hex 150 150 248 352 C24 C38

A V. to 4 heavy hex 100 75 116 302 B68 C32
B V. to 1 heavy hex 133 100 121 302 B69 C32
B 1'Ie to 1'I. heavy hex 116 87 121 302 B69 C32
CC 'I. to 4 heavy hex 144 144 143 352 B78 C38
C3 'I. to 4 heavy hex 144 144 143 352 B78 C38
DC 'I. to 4 heavy hex 150 150 159 352 B84 C38
DHo V. to 4 heavy hex 175 175 248 352 C24 C38
DH3 V. t04 heavy hex 175 175 248 352 C24 C38

A 'I. to 1'1a hex thick 100 75 116. 302 B68 C32
B V. to 1 hex thick 133 100 121 302 B69 C32
B 1'1. to 1'1. hex thick 116 87 121 302 B69 C32
DC V. to 1'1. hex thick 150 150 159 352 B84 C38
DHo V. to 1'1. hex thick 175 175 248 352 C24 C38

Nuts with UNF, 12 UN, and Finer Pitch Threads

0 V. to 1'1. hex 65 49 103 302 B55 C32
A V. to 1'1. hex 80 60 116 302 B68 C32
B V. to 1 hex 109 82 121 302 B69 C32
B 1'1. to 1'1. hex 94 70 121 302 B69 C32
DC 'I. to 1'1a hex 135 135 159 352 B84 C38
DHo V. to 1'1. hex 150 150 248 352 C24 C38

A V. t04 heavy hex 90 68 116 302 B68 C32
B V. to 1 heavy hex 120 90 121 302 B69 C32
B 1'1. to 1'1. heavy hex 105 79 121 302 B69 C32
DC V. to 4 heavy hex 150 150 159 352 B84 C38
DHo V. to 4 heavy hex 175 175 248 352 C24 C38

A V. to 1'1a hex thick 90 68 116 302 B68 C32
B V. to 1 hex thick 120 90 121 302 B69 C32
B 1'1. to 1'1. hex thick 105 79 121 302 B69 C32
DC 'I. to 1'1. hex thick 150 150 159 352 B84 C38
DHo V. to 1'1. hex thick 175 175 248 352 C24 C38

A To determine nut proof load In pounds, multiply the appropriate nut proof load stress by the tensile stress area of the thread. Stress areas for UNC, UNF. and 8 UN
thread series are given In Table 4.

• Non-zinc-coated nuts are nuts Intended for use with extemaJly threaded fasteners which have a plain (nonplated or noncoated) finish or have a plating or coating of
insufficient thickness to necessitate overlapping the nut thread to provide assemblability. Zlnc-coated nuta are nuts Intended for use with externally threaded fasteners
which are hot-dlp zinc-coated. mechanically zinc-coated. or have a plating or coating of sufficient thickness to necessitate overlapping the nut thread to provide
assarnblabllity.

CNuts made In accordance to the requirements of Specification A 194/A 194M, Grade 2 or Grade 2H. and marked with their grade symbol are acceptable equivalents
for Grades C and D nuts.

°Nuts made In accordance with the requirements of Specification A 194/A 194M, Grade 2H. and marked with It,> grade symbol are an acceptable equivalent for Grade
DH nuts.

sentative shall be made before shipment, and shall be con­
ducted as not to interfere unnecessarily with the operation of
the works.

11. Rejection
11.1 Material that fails to conform to the requirements of

this specification may be rejected. Rejection should be
reported to the producer or supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

12. Product Marking
12.1 Nuts made to the requirements of Grades 0, A, and

4

B are not required to be marked unless individual marking is
specified in the inquiry and order. When individual marking
is required, the mark shall be the grade letter symbol on one
face of the nut.

12.2 Heavy hex nuts made to the requirements of Grade
C (Note 4) shall be marked on one face with three circum­
ferential marks 120· apart.

12.3 Heavy hex nuts made to the requirements of Grade
C3 shall be marked on one face with three circumferential
marks 120· apart and the numeral 3. In addition, the
manufacturer may add other distinguishing marks indicating
that the nut is atmospheric corrosion resistant and of a
weathering type.
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A. The stress area is calculated as follows:

A... 0.7854 [D - 0.9~43r
where:
A. = stress area. In.2,

D = nominal size, In.• and
n .. threads per inch.

12.4 Nuts made to the requirements of Grade D shall be
marked with the grade symbol, D (Note 4) on one face.

12.5 Nuts made to the requirements ofGrade DH shall be
marked with the grade symbol, DH (Note 4) on one face.

12.6 Heavy hex nuts made to the requirements of Grade
DH3 shall be marked with the grade symbol DH3 on one
face. Hex nuts made to the requirements of DH3 shall be
marked with the symbol HX3 on one face. In addition, the
manufacturer may add other distinguishing marks indicating

TABLE 4 Tensile Stress Areas

15. Responsibility

15.1 The party responsible for the fastener shall be the
organization that supplies the fastener to the purchaser and
certifies that the fastener was manufactured, sampled, tested
and inspected in accordance with the specification and meets
all of its requirements.

that the nut is atmospheric corrosion resistant and of a
weathering type.

12.7 In addition, nuts of Grades C, C3, D, DH, and DH3
and hex nuts made to the requirements of DH3, shall be
marked with a symbol to identify the manufacturer.

12.8 Marks may be raised or depressed at the option of
the manufacturer. However, if markings are located on the
bearing surface, they shall be depressed.

NOTE 4-See Table 3 for marking of equivalent nuts made in
accordance with requirements of Specification A 194/A 194M.

13. Packaging and Package Marking

13.1 Packaging:
13.1.1 Unless otherwise specified, packaging shall be in

accordance with Practice D 3951.
13.1.2 When special packaging requirements are required,

they shall be defined at the time of the inquiry and order.
13.2 Package Marking:
13.2.1 Each shipping unit shall include or be plainly

marked with the following information:
13.2.1.1 ASTM designation and grade,
13.2.1.2 Size,
13.2.1.3 Name and brand or trademark of the manufac-

turer,
13.2.1.4 Number of pieces,
13.2.1.5 Purchase order number, and
13.2.1.6 Country of origin.

14. Report

14.1 When specified in the order, the manufacturer shall
furnish a test report certified to be the last completed set of
mechanical tests for each stock size in each shipment.

0.606
0.790
1.000
1.233
1.492
2.08
2.77
3.56
4.44
5.43
6.51
7.69
8.96

10.34
11.81

1-8
1'18-8
1'10-8
1318-8
1'1:z-8
1310-8
2-8
2'10-8
2'12-8
23/0-8
3-8
3'10-8
3'1:z-8
3310-8
4-8

0.0364
0.0580
0.0878
0.1187
0.1599
0.203
0.256
0.373
0.509
0.663
0.856
1.073
1.315
1.581

UNF Nominal 8 UN
Size-

Tensile Stress Threads Tensile Stress
Area,Ao In.2 per Inch Area,Ao In.2

'10-28
6/18-24
318-24
7/18-20
'12-20
8/18-18
6/8-18
310-16
7/8-14
1-12
1'18-12
1'10-12
1318-12
1'12-12

Nominal
Size·

Threads
per Inch

UNC

0.0318
0.0524
0.0775
0.1063
0.1419
0.182
0.226
0.334
0.462
0.606
0.763
0.969
1.155
1.405
1.90
2.50
3.25
4.00
4.93
5.97
7.10
8.33
9.66

11.08

Tensile Stress
Area,Ao in.2

Nominal
Size­

Threads
per Inch

'14-20
6/15-18
3/8-16
7/'6-14
'12-13
8/16-12
6/6-11
3/4-10
7/8-9
1-8
1'18-7
1'14-7
13/8-6
1'12-6
1314-5
2-4'12
2'10-4'12
2'12-4
23/0-4
3-4
3'10-4
3'12-4
33/0-4
4-4

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shall be applied only when specified by the purchaser on the
contract or order. Details of these supplementary requirements shall be agreed upon in writing between the
manufacturer and purchaser. This supplementary requirement shall in no way negate any requirement of the
specification itself.

TABLE S1.1 Tightening Test For Coated Nuts

S1. Lubricant and Test for Coated Nuts

81.1 Nuts shall be provided with an additional lubricant
that shall be clean and dry to the touch.

81.2 Galvanized bolts and galvanized and lubricated nuts
shall be capable of conforming to the test requirement in

Bolt Length, In.

Up to and including 4 x dia
Over 4 x dia but not exceeding 8 x dia
Over 8 x dia

Nominal Nut Rotation,
Deg(tum)

300 (618)
360 (1)
420 (1'18)

81.2.1. After this tightening test, the assembly shall show no
signs of failure.

81.2.1 A galvanized bolt shall be placed in a steel joint and
assembled with a galvanized washer and a galvanized nut.
The joint shall be one or more flat structural steel plates with
a total thickness, including the washer, such that 3 to 5 full
threads of the bolt are located between the bearing surfaces
of the bolt head and nut. The hole in the joint shall have the
same nominal diameter as the hole in the washer. The initial
tightening of the nut shall produce a load in the bolt not less
than 10 % of the specified proof load. After this initial tight­
ening, the nut position shall be marked relative to the bolt and
the rotation shown in Table 81.1 shall be applied. During
rotation the bolt head shall be restrained from turning.

5
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APPENDIX

(Nonmandatory Information)

Xl. INTENDED APPLICATION

XU Table X 1.1 gives additional information for the intended application of nuts.

TABLE X1.1 Nut and Bolt Suitability Guide

Grade
A563 Grade and ANSI Nut StyleA

of
Surface Nominal

RecommendedB SuitableC

Finish· Size, In.
Bolt D

Hex Heavy Hex Square Hex Heavy Hex Hex Thick

1/. to 11/2 A A B.D.DH A.B,C,D,DH,DH3 A,B.D,DH
A 307 non-zinc-coated

and >1'12 to 2 A AF C,D.DH,DH3
Grade A zinc-coated

>2t04 A C.D,DH,DH3

1/. to 1'12 A A B,D.DH B.C,D.DH,DH3 A.B.D.DH
A 307 non-zinc-coated

end >1'/2 to 2 A AF C.D,DH,DH3
Grade B zinc-coated

>2t04 A C.D,DH.DH3

A 325 non-zinc-coated '12 to 1'12 C C3,D,DH.DH3

Types 1 and 2 zinc-coated '12 to 1'12 DH

A 325 Type 3 non-zinc-coated 1/2 to 1'12 C3 DH3

1/. to 1'12 C D,DH C3,D.DH.DH3 D.DH
non-zinc-coated

A 354 >11/2 t04 C C3,D,DH.DH3

Grade BC 1/. to 1'12 DH DH
zinc-coated

>11/.t04 DH

A 354 1/. to 11/2 DH DH D,DH,DH3 D.DH

Grade BD non-zinc-coated
>11/zl04 DH DH3

A 394
zinc-coated .1/. to 1 A B.DType 0

A 394 zinc-c.oated 1/2 to 1 DH 0
Type 1 and 2

A 394 non-zinc-coated '12 to 1 DH3 C3
Type 3

1/. to 1'12 B D,DH B,C.C3,D.DH,DH3 B,D,DH
non-zinc-coated

A 449 >1'ht03 A C,C3,D,DH,DH3

Types 1 and 2
1/. to 11/2 DH D,DH 0 D.DH

zinc-coated
>11/2 to 3 DH 0

A 490 Type 1 non-zinc-coated 1/2 to 11/2 DH DH3

A 490 Type 3 non-zinc-coated '12 to 1'12 DH3

non-zlnc-coated 11/. to 3 0 DH,DH3
A 687

zinc-coated 11/. to 3 DH

A The aVailability of DH nuts in nominal sizes 'l'l In. and larger Is very limited and ganerally available only on special orders for 50 000 pieces or more. For smaller
quantities A194 Gr. 2H nuts should be considered.

B "Recommended" denotes a commercially available nut having the most suitable mechanical properties and dimensional configuration (style) thet will make it possible
to torque the bolt to the reqUired load when used In combination with the nut.

C "Suitable" denotes nuts having mechanical properties that wUl make it possible to torque the bolt te. the required load when used In combination with the nut; but,
which require consideration of dimensional configuration (style) SUitability and aVailability. Others are not suitable.

o The term "bolt" includes all externally threaded types of fasteners.
• Non·zlnc-coated nuts Bra nuts Intended for use with externally threaded fasteners which have a plain (nonplated or noncoated) finish or have a plating or coating of

insufficient thickness to necessitate overt8pplng the nut thread to provide assemblability. Zinc-coated nuts are nuts Intanded for use with externally threaded fasteners
which are hot-dip zinc-coated, mechanically zlnc-coated, or have a plating or coating of sufficient thickness to necessitate overtapping the nut thread to provide
assemblability.

F Hex nuts in nominal sizes over 11/. to 2 in. Inclusive are not covered In the tabies of tabulated sizes In ANSI B18.2.2 but are commercially available. Such nuts Bra
suitable. See 7.2 for dimensions.

6



4~ A 563

SUMMARY OF CHANGES

This section identifies the location of selected changes to
this specification that have been incorporated since the last
issue. For the convenience of the user, Committee F 16 has
highlighted those changes that may impact the use of this
specification. This section may also include descriptions of
the changes or reasons for the changes, or both.

(I) Added 13.1 Packaging in accordance with Practice

D 3951 and 13.2 Package Marking.
(2) In Supplementary Requirements Table S1.I corrected

the bolt length to be a function of the diameter.
(3) Realigned Table X1.I to improve readability, revised

definition of "recommended" and "suitable," and deleted
Grade C Heavy Hex zinc-coated nuts as recommended for
Specification A 449.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted In connection
with any Item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights. and the risk of Infringement of such rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional siandards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St.• Philadelphia, PA 19103.

7





~~l~ Designation: F 436 - 90

Standard Specification for
Hardened Steel Washers1

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race SI.. Philadelphia. Pa. 19103

Reprinled Irom the Annual Book 01 ASTM Standards•.copylIght ASTM
It not listed in the current combined index. will appear ,n Ihe nell edlllOn.

This standard is issued under the fixed designation F 436; the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (,) indicates an editorial change since the last revision or reapprovaJ.

1. Scope*
1.1 This specification covers the chemical, mechanical,

and dimensional requirements for hardened steel washers for
use with fasteners having nominal thread diameters of 1/4
through 4 in. These washers are intended for general-purpose
mechanical and structural use with bolts, nuts, studs, and
other internally and externally threaded fasteners. These
washers are suitable for use with fasteners covered in
specifications A 325, A 354, A 449, A 490, and A 687.

1.2 The washers are designated by type denoting the
material and by style denoting the shape.

1.2.1 The types of washers covered are:
1.2.1.1 Type i-Carbon steel.
1.2.1.2 Type 3-Weathering steel. Atmospheric corrosion

resistance and weathering characteristics are comparable to
that of steels covered in Specifications A 588/A 588M and
A 709, that is two times that of carbon structural steel with
copper.

1.2.2 The styles of washers covered are:
1.2.2.1 circular-Circular washers in nominal bolt sizes

1/4 through 4 in. suitable for applications where sufficient
space exists and angularity permits.

1.2.2.2 beveled-Beveled washers are square or rectan­
gular, in nominal sizes 112 through I 112 in., with a beveled 1
to 6 ratio surface for use with American standard beams and
channels.

1.2.2.3 clipped-Clipped washers are circular or beveled
for use where space limitations necessitate that one side be
clipped.

NOTE-A complete metric companion to Specification F 436 has
been developed-Specification F 436M; therefore no metric equivalents
are presented in this specification.

2. Referenced Documents

2.1 ASTM Standards:
A 153 Specification for Zinc Coating (Hot-Dip) on Iron

and Steel Hardware2

A 325 Specification for High-Strength Bolts for Structural
Steel Joints3

I This specification is under the jurisdiction of ASTM Committee F-16 on
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts.
Nuts. Rivets. and Washers.

Current edition approved Feb. 23. 1990. Published April 1990. Originally
published as F 436 - 76. Last previous edition F 436 - 89.

2 Annual Book ofASTM Standards, Vols 01.06 and 15.08.
3 Annual Book ofASTM Standards, Vol 15.08.

A 354 Specification for Quenched and Tempered Alloy
Steel Bolts, Studs, and Other Externally Threaded
Fasteners3

A 449 Specification for Quenched and Tempered Steel
Bolts and Studs3

A 490 Specification for Heat-Treated, Steel Structural
Bolts, 150 ksi (1035 MPa) Tensile Strength3

A 588/A 588M Specification for High-Strength Low-Alloy
Structural Steel with 50 ksi [345 MPa] Minimum Yield
Point to 4 in. [100 mm] Thick4

A 687 Specification for High-Strength Nonheaded Steel
Bolts and Studs3

A 709 Specification for Structural Steel for Bridges4

A 751 Methods, Practices, and Definitions for Chemical
Analysis of Steel Products5

B 695 Specification for Coatings of Zinc Mechanically
Deposited on Iron and Steel6

D 3951 Practice for Commercial Packaging?
F 606 Test Methods for Determining the Mechanical

Properties of Externally and Internally Threaded Fas­
teners, Washers, and Rivets3

3. Ordering Information

3.1 Orders for hardened steel washers under this specifica-
tion shall include the following:

3.1.1 ASTM designation and year of issue,
3.1.2 Quantity (number of pieces by size),
3.1.3 Type and Style (see 1.2.1 and 1.2.2),
3.1.4 Zinc Coating-Specify the zinc coating process

required, for example, hot-dip, mechanically deposited, or
no preference (see 4.3),

3.1.5 Dimensions, nominal size, and other dimensions, if
modified from those covered in this specification,

3.1.6 Specify if inspection at point of manufacture is
required,

3.1.7 Specify if manufacturer's certification or test reports,
or both, are required, and

3.1.8 Special requirements.

4. Materials and Manufacture
4.1 Steel used in the manufacture of washers shall be

produced by the open-hearth, basic-oxygen, or electric­
furnace process.

4.2 Washers up to and including 1112 in. in bolt size shall

4 Annual Book ofASTM Standards. Vol 01.04.
'Annual Book ofASTM Standards, Vol 01.03.
6 Annual Book ofASTM Standards, Vols 02.05 and 15.08.
7 Annual Book ofASTM Standards, Vol. 15.09.

* A Summary of Changes section appears at the end of this specification.
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A Weathering steel washers may also be manufactured from any of the steels
Usted in Table 2 of Specification A 325.

be through hardened. Washers over 11/2 in. may be either
through hardened or carburized at the option of the manu­
facturer.

4.3 Zinc Coatings. Hot-Dip and Mechanically Deposited:
4.3.1 When zinc-coated washers are required, the pur-

Phosphorus, max
Heat analysis 0.040 0.040
Product analysis 0.050 0.045

Sulfur, max
Heat analysis 0.050 0.050
Product analysis 0.060 0.055

Silicon
Heat analysis 0.15-0.35
Product analysis 0.13-0.37

Chromium
Heat analysis 0.45-0.65
Product analysis 0.42-0.68

Nickel
Heat analysis 0.25-0.45
Product analysis 0.22-0.48

Copper
Heat analysis 0.25-0.45
PrOduct analysis 0.22-0.48

TABLE 1

Element

Chemical Requirements

Composition, 'iii

Type 1 Type 3A

chaser shall specify the zinc coating process, for example,
hot-dip, mechanically deposited, or no preference.

4.3.2 .When hot-dip is specified the washers shall be zinc
coated by the hot-dip process in accordance with the
requirements of Class C of Specification A 153.

4.3.3 When mechanically deposited is specified the
washers shall be zinc coated by the mechanical-deposition
process in accordance with the requirements of Class 50 of
Specification B 695.

4.3.4 When no preference is specified, the supplier may
furnish either a hot-dip zinc coating in accordance with
Specification A 153, Class C, or a mechanically deposited
zinc coating in accordance with Specification B 695, Class
50, all components of mating fasteners (bolts, nuts, and
washers) shall be coated by the same zinc-coating process
and the supplier's option is limited to one process per item
with no mixed processes in a lot.

4.4 If washers are heat treated by a subcontractor, they
shall be returned to the manufacturer for testing prior to
shipment to the purchaser.

S. Chemical Composition
5.1 All washers shall conform to the requirements as to

chemical composition prescribed in Table 1.
5.2 Product analysis may be made by the purchaser from

TABLE 2 Hardened Circular and Clipped Circular Washers
NOTE 1-Tolerances are as noted in table on washer dimension tolerances.

T
1.11--+-----i-

--:L

Circular

1
T-JI~

Circular and Clipped Circular

-t
-+--+~f'

Clipped Circular

Clipped

Bolt Size Nominal Outside
Diameter (00), In.

Nominal Inside
Diameter (10), in.

Thickness (T), in.

min max

Minimum Edge
Distance (E)A, in.

1/. 5/e 8/32 0.051
5/'5 11/,e "/32 0.051
o/e 'o/,e '0/3' 0.051
7/,e 58/e. '5/32 0.051
'12 11/'5 '7/32 0.097
5/e 15/,e "/'5 0.122
0/. 1'5/32 'o/,e 0.122
7/e 13/. '5/,e 0.136
1 2 1'Ie 0.136
1'/e 21/. 11/. 0.136
1'/. 21/. 10/e 0.136
1% 23/. 1'12 0.136
11/. 3 15Ie 0.136
10/. 33/e 1% 0.178B

2 33/. 2% 0.178B

2'/. 4 20/e 0.24c
2'12 41/. 25/e 0.24c
20/. 5 27/e 0.24c
3 51/. 31/e 0.24c
31/. 6 33/e 0.24c
31/. 61/. 35/e 0.24c
33/. 7 3% 0.24c
4 71/. 41/e 0.24c

A Clipped edge E shall be not closer than 7/e of the bolt diameter from the center of the washer.
B 0/'5 in. nominal.
c 1/. in. nominal.

0.080
0.080
0.080
0.080
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.28B

0.28B

0.34c
O.34c
O.34c
O.34c
O.34c
0.34c

0.34c

O.34c

713.
8/32
"/32
'0/32
7/,e
8/,e
"/32
.5/32
7/e
1
10/32
17/32
15/,e
117/32
10/.
2
23/,e
2'0/32
25/e
27/e
31/,e
35f,e
31/.
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TABLE 3 Hardened Beveled Washers
NOTE 1-Tolerances are as noted in Table 4.

~. I~ ~ I-t-+-
I- A --l ~ ~T -.J ~T '--~---;A-~--'

Square Square Clipped

Square Beveled and Clipped Square Beveled" Clipped

Bolt Size, in.

'12
%
3/.
7/6

1
1'/6
1'/.
1%
1'12

Minimum Side
Dimension (A), in.

Nominal Inside
Diameter (I.D.), in.

Mean Thickness
(T), in.

Slope or Taper in
Thickness

1:6
1:6
1:6
1:6
1:6
1:6
1:6
1:6
1:6

Nominal Edge
Distance (E), sin.

A Rectangular beveled washers shall conform to the dimensions shown above, except that one side may be longer than that shown for the A dimension.
S Clipped edge E shall not be closer than 7/6 of the bolt diameter from the center of the washer.

coatings and foreign material on bearing surfaces. Arc and
gas cut washers shall be free of metal spatter.

10. Test Methods
IO.I Hardness:
10. I.l Non-carburized Washers-A mInimUm of two

readings shall be taken 1800 apart on at least one face at a
minimum depth of 0.015 in.

10.1.2 Carburized Washers-A minimum of two read­
ings shall be taken 1800 apart on at least one face.

10.2 Hardness tests shall be performed in accordance with
the Rockwell test method specified in Test Methods F 606.

9. Sampling and Number of Tests

9.1 The requirements of this specification shall be met in
continuous mass production for stock, and the manufacturer
shall make sample inspections to ensure that the product
conforms to the specified requirements. Additional tests of
individual shipments of material are not ordinarily contem­
plated.

9.2 When additional tests are specified in the inquiry or
purchase order, a lot, for purposes of selecting test samples,
shall consist of all material offered for inspection at one time
that has the following common characteristics:

9.2.1 Same nominal size.
9.2.2 Same material grade.
9.2.3 Same nominal post treatment (heat treatment or

coating or both).
9.3 From each lot described in 9.2, the number of

specimens tested for each required property shall be as
follows:

finished material representing each lot of washers. The
chemical composition shall conform to the requirements of
4.1 and 5.1.

5.3 Individual heats of steel are not identified in the
finished product. .

5.4 Chemical analyses shall be performed in accordance
with Methods, Practices, and Definitions A 751.

6. Mechanical Properties
6.1 Through hardened washers shall have a hardness of 38

to 45 HRC, except when zinc-coated by the hot-dip process,
in which case they shall have a hardness of 26 to 45 HRC.

6.2 Carburized washers shall be carburized to a minimum
depth of 0.0 15 in. and shall have a surface hardness of 69 to
73 HRA or 79 to 83 HRI5N, except when zinc-coated by the
hOlo-dip process, in which case they shall have a hardness of
63 to 73 HRA or 73 to 83 HRI5N.

6.3 Carburized and hardened washers shall have a min­
imum core hardness of 30 HRC or 65 HRA.

7. Dimensions and Tolerances
7.1 All circular and clipped circular washers shall conform

to the dimensions shown in Tables 2 and 4.
7.2 All square beveled and clipped square beveled washers

shall conform to the dimensions shown in Tables 3 and 4. In
addition, rectangular beveled and clipped rectangular bev­
eled washers shall conform to the dimensions shown in
Tables 3 and 4, except that one side may be longer than
shown for the "A" dimension.

7.3 Unless otherwise stated in the inquiry or purchase
order, plain (uncoated) hardened steel circular washers shall
be furnished. Where corrosion-preventive treatment is re­
quired, washers shall be coated as agreed upon between the
manufacturer and the purchaser.

8. Workmanship, Finish, and Appearance
8.1 Washers shall be free of excess mill scale, excess

Number of Pieces in Lot

800 and under
801 to 8000
8001 to 22 000
Over 22 000

Number of Specimens

1
2
3
S
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TABLE 4 Washer Dimension Tolerances

To 1'12 in. Over Over
1'!2 in. 3 to 4 in.Nominal Nominal NominalBolt Size.

Bolt Size. Bolt Size.inc! incl inc!

Nominal diameter of hole. in. -0, +'132 -0. +'I,e -0, +'Ie
Nominal outside diameter. in. ±'!32 ±'I,e ±'Ie
Flatness: max deviation from straightedge 0.010 0.Q15 0.032

placed on cut side shall not exceed (in.)
Concentricity, in.: center of hole to outside 0.030 0.090 0.250

diameter FIRA FIRA FIRA

Burr shall not project above immediately 0.010 0.015 0.025
adjacent washer surface more than (in.)

A Full indicator runout.

11. Inspection
11.1 Th~ manufacturer shall afford the purchaser's in­

spector all reasonable facilities necessary to satisfy him that
the material is being produced and furnished in accordance
with this specification. Mill inspection by the purchaser shall
not interfere unnecessarily with the manufacturer's opera­
tions. All tests and inspections shall be made at the place of
manufacture, unless otherwise agreed to.

11.2 If other than the normal inspection for continuous
mass production of parts as stipulated in 9.1 is required by
the purchaser, it shall be specified in the inquiry and contract
order.

12. Rejection and Rehearing
12.1 Material that fails to conform to the requirements of

this specification may be rejected. Rejection should be
reported to the producer or supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

13. Certification and Test Report

13.1 Upon request of the purchaser in the contract or
order, a manufacturer's certification that the material was
manufactured and tested in accordance with this specifica­
tion, together with a report of the latest mechanical tests of

each stock size in each shipment, shall be furnished at the
time of shipment.

13.2 Data contained in the certified test report shall
include material grade and hardness tests.

14. Responsibility
14.1 The party responsible for the fastener shall be the

organization that supplies the fastener to the purchaser and
certifies that the fastener was manufactured, sampled, tested
and inspected in accordance with this specification and
meets all of its requirements.

15. Product Marking
15.1 Washers shall be marked with a symbol, or other

distinguishing marks, to identify the manufacturer.
15.2 Additionally, Type 3 weathering steel washers shall

be identified with the symbol "3".
15.3 Additional identification or distinguishing marks, or

both, may be used by the manufacturer.
15.4 All marking symbols shall be depressed on one face

of the washer.
15.5 It is possible that during the clipping of circular

washers the marking symbols may be removed. This is
acceptable provided that the majority of washers in the lot
still display the identification marks.

16. Packaging and Package Marking
16.1 Packaging:
16.1.1 Unless otherwise specified, packaging shall be in

accordance with Practice D 3951.
16.1.2 When special packaging requirements are required,

they shall be defined at the time of the inquiry and order.
16.2 Package Marking:
16.2.1 Each shipping unit shall include or be plainly

marked with the following information:
16.2.1.1 ASTM designation and type,
16.2.1.2 Size,
16.2.1.3 Name and brand or trademark of the manufac-

turer,
16.2.1.4 Number of pieces,
16.2.1.5 Purchase order number, and
16.2.1.6 Country of origin.

SUPPLEMENTARY REQUIREMENT

S1. Surface Roughness

Sl.l Washers shall have a multidirectional lay with a
surface roughness not exceeding 750 Ilin. in height including

any flaws in or on the surface.
S1.2 Burrs shall not exceed 0.01 in. in height.

SUMMARY OF CHANGES

This section identifies the location of selected changes to
this specification that have been incorporated since the last
issue. For the convenience of the user, Committee F16 has
highlighted those changes that may impact the use of this
specification. This section may also include descriptions of

the changes Clr reasons for the changes, or both.
(1) Section 1 was revised to include "Type 1" for carbon

steel washers and "Type 3" for weathering steel washers.
(2) Added 16.1 to require Packaging in accordance with

Practice D 3951 and 16.2, Package Marking.
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted In connection
with any item mentioned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely their own responsibility.

This standard Is SUbject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards
and should be addressed to ASTM Heedquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Test Methods for
Determining the Mechanical Properties of Externally and
Internally Threaded Fasteners, Washers, and Rivets1

This standard is issued under the fixed designation F 606; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (,) indicates an editorial change since the last revision or reapproval.

This test method has been approvedfor use by agencies ofthe Department ofDefense. Consult the DoD Index ofSpecifications and
Standards for the specific year ofissue that has been adopted by the Department ofDefense.

NOTE I-A complete metric companion to Test Methods F606 has
been developed-F 606M; therefore, no metric equivalents are shown in
these test methods.

1.4 This standard does not purport to address the safety
problems associated with its use. It is the responsibility ofthe
user of this standard to establish appropriate safety and
health practices and determine the applicability ofregulatory
limitations prior to use.

1. Scope

1.1 These test methods establish procedures for con­
ducting tests to determine the mechanical properties of
externally and internally threaded fasteners, washers, and
rivets.

1.2 Property requirements and the applicable tests for
their determination are specified in individual product
standards. In those instances where the testing requirements
are unique or at variance with these standard procedures, the
product standard shall specify the controlling testing require­
ments.

1.3 These test methods describe mechanical tests for
determining the following properties:

For Externally Threaded Fasteners:
Product Hardness
Proof Load

Method I. Length Measurement
Method 2, Yield Strength
Method 3, Uniform Hardness

Axial Tension Testing of Full-Size Product
Wedge Tension Testing of Full-Size Product
Tension Testing of Machined Test Specimens
Total Extension at Fracture Test
Single Sheer Test

For Internally Threaded Fasteners:
Product Hardness
Proof Load Test
Cone Proof Load Test

For Washers:
Through Hardened Washers
Carburized Washers

For Rivets:
Product Hardness

Test for Embrittlement of Metallic-Coated Externally
Threaded Fasteners

Section

3
3.1

3.2.3
3.2.4
3.2.5
3.4
3.5
3.6
3.7
3.8
4
4.1
4.2
4.3
5
5.1
5.2
6
6.1
7

2. Referenced Documents

2.1 ASTM Standards:
A 394 Specification for Zinc-Coated Steel Transmission

Tower BoIts2

E 8 Test Methods of Tension Testing of Metallic Mate­
rials3

E 10 Test Method for Brinell Hardness of Metallic Mate­
rials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 83 Practice for Verification and Classification of Exten­
someters3

F 436 Specification for Hardened Steel Washers2

F 606M Test Methods for Determining the Mechanical
Properties of Externally and Internally Threaded Fas­
teners, Washers, and Rivets [Metricf

2.2 Military Standard:
MIL STD 1312, Test 13 and Test 204

3. Test Methods for Externally Threaded Fasteners
3.1 Product Hardness-For routine inspection, hardness

of bolts and studs may be determined on the ends, wrench
flats, or unthreaded shanks after removal of any oxide,
decarburization, plating, or other coating material. Rockwell
or Brinell hardness may be used at the option of the manu­
facturer, taking into account the size and grade of the prod­
uct. For purpose of arbitration, hardness shall be determined
at mid-radius of a transverse section of the product taken at
a distance of one diameter from the point end of the product
as specified in 3.1.1. The reported hardness shall be the
average of four hardness readings located at 90· to one
another. The preparation of test specimens and the perform­
ance of hardness tests for Rockwell and Brinell testing shall
be in conformity with the requirements of Test Methods
E 18 and E 10, respectively. For bolts, the following alterna­
tive methods of determining hardness are acceptable:

3.1.1 All grades and styles of product at mid-radius, one
diameter from the end:

Rockwell-all sizes
Brinell-over 21/4 in. nominal diameter only

3.1.2 On the side of the head ofa hex-head or square-head

1 These test methods are under the jurisdiction of ASTM Committee F-16 on
Fasteners and are the direct responsibility of Subcommittee F16.01 on Test
Methods.

Current edition approved Aug. 31, 1990. Published October 1990. Originally
published as F 606 - 79. Last previous edition F 606 - 86'2.

2 Annual Book ofASTM Standards, Vol 15.08.
3 Annual Book ofASTM Standards, Vol 03.01.
4 Available from Standardization Documents Order Desk, Bldg. 4 Section D,

700 Robbins Ave.• Philadelphia, PA 19111-5094.
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product of all grades after adequate preparation to remove
any decarburization:

Rockwell-all sizes
Brinell-over 11/2 in. nominal diameter only

3.2 Tension Tests-It is preferred that bolts and studs be
tested full size, and it is customary, when so testing, to
specify a minimum ultimate load (or stress) in pounds-force
(or pounds-force per square inch.) Paragraphs 3.2 through
3.5 apply when testing externally threaded fasteners full size.
Paragraph 3.6 shall apply where the individual product
specifications permit the use of machined specimens.

3.2.1 Proof Load-The proof-load test consists of
stressing the product with a specified load that the product
must withstand without measurable permanent set. Alterna­
tive tests for determining the ability of a fastener to pass the
proof.load test are the yield strength test and the uniform
hardness test. Either Method 1 (3.2.3), Method 2 (3.2.4), or
Method 3 (3.2.5) may be used, but Method 1 shall be the
arbitration method in case ofany dispute as to acceptance of
the product.

3.2.2 In both Methods 1 and 2, assemble the product in
the fixture of the tension testing machine so that six com­
plete threads (except for heavy hex structural bolts, which
shall be based on four threads) are exposed between the grips.
This is obtained by freely running the nut or fixture to the
thread runout of the. specimen and then unscrewing the
specimen six full turns. For continuous thread bolts at least. '
SIX full threads shall be exposed between the fixture ends;
however, for referee purposes, six full threads shall be
exposed.

3.2.3 Method 1, Length Measurement-Measure the
overall length of the specimen at its true center line with an
instrument capable of measuring changes in length of0.000 1
in. with an accuracy of0.0001 in. in any O.OOI-in. range. The
preferred method of measuring the length shall be between
conical centers on the center line of the bolt or stud with
mating centers on the measuring anvils. Mark the head or
body of the bolt or stud so that it can be placed in the same
position for all measurements. Assemble the product in the
testing equipment as outlined in 3.4, and axially load to the
proof load specified in the product specification. Upon
release of this load, again measure the length of the bolt or
stud. It shall show no permanent elongation. A tolerance (for
measurement error only) of ±0.0005 in. shall be allowed be­
tween the measurement made before loading and that made
after loading. Variables such as straightness, thread align­
~ent, or measurement error could result in apparent elonga­
tIOn .of the product when the specified proof load is initially
applIed. In such cases, the product may be retested using a
3 % greater load, and shall be considered acceptable if there
is.n~ difference i!1 the length measurement after this loading
wlthm a 0.0005-m. measurement tolerance as outlined.

?2.3.1 Proof Load-Speed and Time of Loading-When
usmg Method 1, the speed of testing, as determined with a
free-running cross head, shall not exceed 0.12 in./min, and
the proof load shall be maintained for a period of lOs before
releasing the load.

3.2.4 Method 2, Yield Strength-Assemble the product in
the testing equipment as outlined in 3.4. As the load is
applied, measure and record the total elongation of the
product or any part of it that includes the exposed threads to

.,

produce a load-elongation diagram. Determine the load or
stress at an offset equal to 0.2 % of the length of bolt
occupied by six full threads (except for heavy hex structural
bolts, which shall be based on four threads) by the method
described in 3.6.2.1.

3.2.5 Method 3" Uniform Hardness-The fasteners shall
be tested for hardness as described in 3.1, and in addition,
the hardness shall also be determined in the core. The
difference between the mid-radius and core hardness shall be
not more than 3 points on a Rockwell C Scale; and both
readings must be within product specification.

NOTE 2-This test is valid for fasteners up to and including 1 in. in
diameter. Tests are being conducted to determine values for fasteners
over 1 in. in diameter.

3.3 Bolts or Studs Too Short for Tension Testing­
Product lengths less than those shown in Table 1 for product
1/4 through 3/4 in. in diameter and less than three diameters in
length for product above 3f4 in. in diameter, or that do not
have sufficient threads for proper engagement and still leave
the specified number of complete threads exposed between
the grips, shall be deemed too short for tension testing, and
acceptance shall be based on a hardness test performed in
accordance with 3.1. If tests other than product hardness are
required, their requirements should be referenced in the
product specification.

3.4 Axial Tension Testing ofFull-Size Products:
3.4.1 Test bolts in a holder with the load axially applied

between the head and a nut or suitable fixture (Fig. 1), either
of which shall have sufficient thread engagement to develop
the full strength of the product. Assemble the nut or fixture
on the product, leaving six complete bolt threads exposed
between the grips except for heavy hex structural bolts
which shall have four complete threads exposed between th~
grips.

3.4.2 Test studs by assembling one end in the threaded
fixture to the thread runout. For studs having unlike threads
this shall be the end with the finer pitch thread, or with th~

FIG. 1 Tension Testing of Full-Size Bolt
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TABLE 1 Minimum Length of Product Requiring Tension Testing

Nominal Product Size. in. Minimum Length. In.

~ %
~e ~

% ~

7/,e 1
~ 1~

~ 1~

% 1~

3/. 13/.
7/eand larger 3 dia

larger minor diameter. Likewise, assemble the other end of
the stud in a threaded fixture, leaving six complete threads
exposed between the grips. For continuous thread studs, at
least six complete threads shall be exposed between the
fixture ends. The maximum speed of the free-running cross
head shall not exceed 1 in./min. When reporting the tensile
strength of product, in pounds-force per square inch, calcu­
late the thread stress area as follows:

A. = 0.7854 [D - (0.9743)/nj2

where:
As = thread stress area, in.2

,

D = nominal diameter of bolt or stud, in., and
n = number of threads per inch.

3.4.3 To meet the requirements of the test described in
3.4.1 and 3.4.2, the product shall support a load prior to
fracture not less than the minimum tensile strength specified
in the product specification for its size, strength, and thread
series. In addition, the failure shall occur in the body or
threaded section with no failure at the junction of head and
shank.

3.5 Wedge Tension Testing of Full-Size Product-The
wedge tensile strength of a hex or square-head fastener,
socket-head cap screw (with the exception of socket button
or flat countersunk head products) or stud is the tensile load
that the product is capable of sustaining when stressed with a
wedge under the head. The purpose of this test is to obtain
the tensile strength and demonstrate the "head quality" and
ductility of the product.

3.5.1 Wedge Tension Testing of Bolts-Determine the
ultimate load of the bolt as described in 3.4 except place a
wedge under the bolt head. When both wedge tension and
proof load testing are required by the product specification
use the proof load-tested bolts for wedge testing. The wedge
shall have a minimum hardness of 45 HRC for bolts and
studs having an ultimate tensile strength of 150 000 psi or
less, and a minimum hardness of 55 HRC for bolts and studs
having a tensile strength in excess of 150 000 psi. Addition­
ally, the wedge shall have a thickness of one half the nominal

+ 1==
f

c = clearance of hole
o = diameter of bolt or screw
R = radius or chamber
T = thickness of wedge at thin side of hole.

equals one half diameter of bolt or
screw

W = wedge angle (see Table 2)

FIG. 2 Wedge Test Details-Bolts

3
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TABLE 2 Tension Test Wedge Angles

A Heat-treated bolts that are threaded one diameter or closer to the underside
of the head, shall use a wedge angle of 6° for sizes '/. through 3/. in. and 4° for
sizes over 3/. in.

bolt diameter (measured at the thin side of the hole, see Fig.
2). The wedge shall have an included angle as shown in Table
2 for the product type being tested. The hole in the wedge
shall have a clearance over the nominal size of the bolt, and
its edges top and bottom shall be rounded as specified in
Table 3. The minimum outside dimension of the wedge
should be such that at no time during the test should any
corner loading of the head of the product (adjacent to the
wedge) occur. The bolt shall be tension tested to failure. To
meet the requirements of this test, the bolt shall support a
load prior to fracture not less than the minimum tensile
strength specified in the product specification for the appli­
cable size, grade, and thread series. In addition, the failure
shall occur in the body or threaded section with no failure at
the junction of head and shank.

3.5.2 Wedge Tension Testing of Studs-When both
wedge tension and proof load testing are required by the
product specifications, assemble one end of the same stud
previously used for proof load testing in a threaded fixture to
the thread runout. For studs having unlike threads, this shall
be the end with the finer pitch thread or with the larger
minor diameter. Assemble the other end of the stud in a
threaded wedge to the ronout and then unscrew six full
turns, thus leaving six complete threads exposed between the
grips, as illustrated in Fig. 3. For continuous thread studs, at
least six complete threads shall be exposed between the
fixture ends. The angle of the wedge for the stud size and
grade shall be as specified in Table 2. Assemble the stud in
the testing machine and tension test to failure, as described
in 3.4. The minimum hardness of the threaded wedge shall
be 45 HRC for product having an ultimate tensile strength
less than 150 000 psi, and 55 HRC for product having an
ultimate tensile strength in excess of 150 000 psi. The length
of the threaded section of the wedge shall be equal to at least
the diameter of the stud. To facilitate removal of the broken
stud, counterbore the wedge. The thickness of the wedge at
the thin side of the hole shall equal the diameter of the stud
plus the depth of counterbore. The thread in the wedge shall
have Class 3B tolerances, except when testing studs having
an interference fit thread, in which case the wedge shall be
threaded to provide a finger-free fit. The supporting fixture,
as shown in Fig. 3, shall have a hole clearance over the
nominal size of the stud, and shall have its top and bottom
edges rounded or chamfered to the same limits specified for
the hardened wedge in Table 3. To meet the requirements of
this test, the stud shall support a load prior to fracture not
less than the minimum tensile strength specified in the
product specification for its size, grade, and thread series.
The fracture may occur in the threaded section or in the
body if the stud does not have a continuous thread.

3.6 Tension Testing ofMachined Test Specimens:

TABLE 3 Tensile Test Wedge Hole Clearance-Details

0.030 0.030
0.050 0.060
0.060 0.060
0.060 0.125
0.094 0.125
0.094 0.225
0.125 0.256

Nominal Clearance in Nominal Radius on
Hole, in. Corners of Hole. in.

'/.-'!2
9/'6-3/.

7/8-1
1'/8-1'/.
1%-1 'h
1%-2
2'/.-3

Nominal Product
Size, in.

3.6.1 Where bolts and studs cannot be tested full size,
conduct tests using test specimens machined from the bolt or
stud (see Test Methods E 8).

3.6.1.1 Bolts and studs 9/16 in. in diameter and smaller
may be machined concentric with the axis of the bolt or stud.
The specimen shall have a turned section as large as feasible
and shall have a gage length four times the diameter of the
specimen. See Figs. 4 and 5.

3.6.1.2 Bolts and studs 5fg in. in diameter through 11/4 in.
in diameter may have their shanks machined concentric with
the axis of the bolt or stud, leaving the bolt head and
threaded section intact as shown in Fig. 4. Alternatively,
bolts and studs Sis in. in diameter through 11/4 in. in diameter
may have their shanks machined to a test specimen with the
axis of the specimen located midway between the axis and
outside surface of the bolt or stud as shown in Fig. 6. Bolts of
a small cross section that will not permit taking the 0.500-in.
round, 2-in. gage length test specimen shall have a turned
section as large as feasible and concentric with the axis of the
bolt or stud. The gage length for measuring the elongation
shall be four times the diameter of the specimen. Figure 5
illustrates an example of these small-size specimens. For
arbitration purposes, machined test specimens for bolts and
studs 5/8 in. in diameter through 11/4 in. in diameter shall be
machined with the axis of the specimen located midway
between the center and outside surface.

3.6.1.3 Bolts and studs 13/8 in. in diameter and larger may
have their shanks machined to the dimensions of a 0.500-in.
round, 2-in. gage length test specimen with the axis of the
specimen located midway between the center and outside
surface of the bolt or stud as shown in Fig. 6.

3.6.1.4 Machined test specimens shall exhibit tensile
strength, yield strength (or yield point), elongation, and
reduction of area equal to or greater than the values of these
properties specified for the product size in the applicable
product specification when tested in accordance with this
section.

3.6.2 Determination of Tensile Properties:
3.6.2.1 Yield Point-Yield point is the first stress in a

material, less than the maximum obtainable stress, at which
an increase in strain occurs without an increase in stress.
Yield point is intended for application only for materials that
may exhibit the unique characteristic of showing an increase
in strain without an increase in stress. The stress-strain
diagram is characterized by a sharp knee or discontinuity.
Determine yield point by one of the following methods:

3.6.2.2 Drop ofthe Beam or Halt ofthe Pointer Method­
In this method apply an increasing load to the specimen at a
uniform rate. When a lever and poise machine is used, keep
the beam in balance by running out the poise at approxi.
mately a steady rate. When the yield point of the material is

6
4

Studs and Flange
Bolts

Degrees

10
6

BoltsA

'/.-1
Over 1

Nominal Product Size, in.

4
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THRE AOED
WEDGE

C = clearance of hole (see Table 3)
D = diameter of stud
R = radius or chamfer (see Table 3)
T = E plus depth of counterbore
W = wedge angle (see Table 2)
E = length of threaded section 01 wedge" D

FIG. 3 Wedge Teat Det,lla-Studa

'II
I
I

lOS o.oo~o G091 len91h lor
Eloft901l0n oller froelur.

FIG. 4 Tension Test Specimen for Bolt with Turned-Down Shank

CRod.Lmin
'~ -4ol "

Golli Lenllth

FIG. 5 Examples of Small-Size specimens Proportional to
Standard 2-in. Gag, I,.ength Spec;imen

reached, the increase of the load will ~top, but run the poise
a trifle beyond the balance position, and the be~m of the
machine will drop for a briefbut appreciable interval of time.
When a machine equipp,ed with a load-indicating dial is
used, there is a halt or hesitation of the load~indicating

pointer corresponding to the drop of the beam. Note the load
at the "drop of the beam" or the "halt of the pointer" a~d

record the corresponding stress as th.e yield point.
3.6.2.3 Autographic Diagram Method-:-,When a sharp­

kneed stress-strain diagram is obtained by an autographic
recording device, take the stress corresponding to the top of
the knee (Fig. 7), or the stress at which the curve drop~ as the
yield point (Fig. 8).

3.6.2.4 Total Extension Under Load Method"!'"""WheQ test-

c

FIG.' Location of Standar~ Round 2·in. Gage Length Tension
T.at SpeclmenWhan Tum~d from Large Size Bolt

iQ~ material for yield point and the test specimens may not
exhibit a well-defined disproportionate deformation that
characterizes a yield point as measured by the drop of the
beam, halt of the pointer, or autographic diagram methods
described in 3.6.2.2 and 3.6.2.3, a value equivalent to the
yield point in its practic~l ~ignificance may be determined by
the following method and may be recorded as yield point:
Attach a Class C or better extensometer (Notes 3 and 4) to
the specimen. When the load producing a specified extension
(Note $) is reached, record the stress corresponding to the
load as the yield point, and remove the extensometer (Fig. 9).

NOTE 3-Automatic devicesafe available thllt determine the load at
the specified total extension without plotting a stress-strain curve. Such de­
vices may be used iqheir accuracy hils been demonstrated. Multiplying
calipers and other such devices are acceptable for use provided their ac­
curacy has been demonstrated as equivalent to a Class C extensometcr.

NOTE 4-Reference should be made to Practice E 83.
NOTE 5_For steel with a specified yield point not over 80 000 psi, an

appropriate value is 0.005 in./in. of gage length. For values above
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FIG. 7 Stress-Strain Diagram for Determination of Yield
Strength by the Offset Method

Strain

1/1
III
eu...-(/)

o~ ~m

om=Specified Extension Under Load

FIG. 9 Stress-Strain Diagram Showing Yield Point or Yield
Strength by Extension Under Load Method

n..,
R - - - - - - - - - - - - -~-=---=-.:.-.:.-,;;.-.;:.-....--'r;

7) layoff Om equal to the specified value of the offset, draw
mn parallel to OA, and thus locate r. The yield strength load
R is the load corresponding to the highest point of the
stress-strain curve before or at the intersection of mn with r.
In reporting values of yield strength obtained by this method,
the specified value of "offset" used should be stated in
parentheses after the term yield strength, thus:

Yield strength (0.2 % offset) = 52 000 psi

In using this method, a minimum extensometer magnifica­
tion of 250 to I is required. A Class BI extensometer meets
this requirement (see Note 4). See also Note 6 for automatic
devices.

3.6.3.2 Extension Under Load Method-For tests to
determine the acceptance or rejection of material whose
stress-strain characteristics are well known from previous
tests of similar material in which stress-strain diagrams were
plotted, the total strain corresponding to the stress at which
the specified offset (see Note 7) occurs will be known within
satisfactory limits. The stress on the specimen, when this
total strain is reached, is the value of the yield strength. The
total strain can be obtained satisfactorily by use of a Class BI
extensometer (Notes 3 and 4).

A
I,,

I
I

StraIn

n,
I

I
I
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,'r

I
I,

I
I

I
I,

I

I
I
I ...
I.:
I~
I~

I~
I
I
I

/
/ ..

I,
I,

I
I

I
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I
I,
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..
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lJ)

o~- m
om: Specified Offset

R

R

o m

FIG. 8 Stress-Strain Diagram showing Yield Point
Corresponding with Top of Knee

80 000 psi, this test method is not valid unless the limiting total
extension is increased.

3.6.3 Yield Strength-Yield strength is the stress at which
a material exhibits a specified limiting deviation from the pro­
portionality of stress to strain. The deviation is expressed in
terms of strain, percent offset, total extension under load, etc.
Determine yield strength by one of the following methods:

3.6.3.1 Offset Method-To determine the yield strength
by the "offset method," it is necessary to secure data
(autographic or numerical) from which a stress-strain dia­
gram may be drawn. Then on the stress-strain diagram (Fig.

NOTE 6-Automatic devices are available that determine offset yield
strength without plotting a stress strain curve. Such devices may be used
if their accuracy has been demonstrated.

NOTE 7-The appropriate magnitude of the extension under load
will obviously vary with the strength range of the particular material
under test. In general, the value of extension under load applicable to
any material strength level may be determined from the sum of the
proportional strain and the plastic strain expected at the specified yield
strength. The following equation is used:

Extensioll under load, in./in. of gage length = (YS/E) = r

where:
YS = specified yield strength, psi,
E = modulus of elasticity, psi, and
r = limiting plastic strain, in./in.

3.6.4 Tensile Strength-Calculate the tensile strength by
dividing the maximum load the specimen sustains during a
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tension test by the original cross-sectional area of the
specimen.

3.6.5 Elongation:
3.6.5.1 Fit the ends of the fractured specimen together

carefully and measure the distance between the gage marks
to the nearest 0.0 I in. for gage lengths of 2 in. and under, and
to the nearest 0.5 % of the gage length for gage lengths over 2
in. A percentage scale reading to 0.5 % of the gage length
may be used. The elongation is the increase in length of the
gage length, expressed as a percentage of the original gage
length. In reporting elongation values, give both the per­
centage increase and the original gage length.

3.6.5.2 If any part of the fracture takes place outside of the
middle half of the gage length or in a punched or scribed
mark within the reduced section, the elongation value
obtained may not be representative of the material. If the
elongation so measured meets the minimum requirements
specified, no further testing is indicated, but if the elongation
is less than the minimum requirements, discard the test and
retest.

3.6.6 Reduction of Area-Fit the ends of the fractured
specimen together and measure the mean diameter or the
width and thickness at the smallest cross section to the same
accuracy as the original dimensions. The difference between
the area thus found and the area of the original cross section
expressed as a percentage of the original area, is the
reduction of area.

3.7 Total Extension at Fracture Test:
3.7.1 The extension at fracture (AL ) test shall be carried

out on stainless steel and nonferrous products (bolts, screws,
and studs) in the finished condition, with lengths equal to or
in excess of those minimums listed in Table I.

3.7.2 The products to be tested shall be measured for total
length (L 1) as described in 3.7.2.1 and shown in Fig. 10.

3.7.2.1 Mark both ends of the bolt, screw, or stud using a
permanent marking substance such as bluing so that mea­
suring reference points for determining total length L 1 and
L2 are established. Using an open-end caliper and steel rule
or other device capable of measuring to within 0.010 in.,
determine the total length of the product as shown in Fig. 10.

3.7.3 The product under test shall be screwed into the
threaded adapter to a depth of one diameter (see Fig. 1) and
load applied axially until the product fractures. The max­
imum speed of the free-running cross head shall not exceed 1
in./min.

3.7.4 After the product has been fractured in accordance
with 3.7.3, the two broken pieces shall be fitted closely
together and the overall length (L2) measured (see 3.7.2.1
and Fig. 10). The total extension at fracture shall then be
calculated as follows:

AL = L2 - L 1

3.7.5 The value obtained shall equal or exceed the min­
imum values shown in the applicable specification for the
product and material type.

3.8 Single Shear Test: (Note 8) This test is intended to
determine the ability of a fastener to withstand a predeter­
mined load when applied transversely to the axis of the
fastener. Shear is defined as an action or stress caused by
applied forces that causes two adjacent parts of a body to
slide on each other to cause separation. Shear tests may be

L,

~- _u f=- 3 BUORE L060,.,

g--sa;
• L. '1 mER "ACTuRE

~3--~
FIG. 10 Determination of Total Extension at Fracture (Ad

(only Screw Product Shown)

conducted in either tension-type or compression-type single
shear fixture.

3.8.1 The specimen shall be tested using hardened steel
plates of sufficient thickness to preclude bearing failure.
Holes in the shear plates shall be 1/16 in. larger than the
nominal thread diameter of the test bolt and the holes shall
be chamfered 0.010 in. to relieve sharp edges. Shear plates
shall be prevented from separating by means of a suitable jig
or by using a nut on the test bolt tightened finger tight.

3.8.2 The test specimen, when assembled in the shear jig,
shall be mounted in a tensile-testing machine capable of
applying load at a controllable rate. The grips shall be
self-aligning and care shall be taken when mounting the
specimen to assure that the load will be transmitted in a
straight line transversely through the test bolt. Load shall be
applied and continued until failure of the bolt. Speed of
testing as determined with a free-running cross head shall not
be less than 1/4 in. nor greater than 1/2 in. per min.

3.8.3 The maximum load applied to the specimen, coin­
cident with or prior to bolt failure shall be recorded as the
shear strength of the bolt. At the discretion of the testing
activity, tests need not be continued to destruction provided
that the specimen supports, without evidence of bolt failure,
the minimum load specified.

3.8.4 A typical test fixture for tension shear testing is
shown in Fig. 11.

NOTE 8-This single-shear test is primarily used for testing Specifica­
tion A 394 tower bolts which range in size from '12 through I in.
diameter. For general use, the shear test practices and fixturing found in
MIL STD 1312 Test 13 is used for double shear and Test 20 may be
used for single shear.

4. Test Methods for Internally Threaded Fasteners
4.1 Product Hardness-For routine inspection, hardness

of nuts may be determined on the bearing face or wrench
flats after removal of any plating or coating. Rockwell or
Brinell hardness may be used at the option of the manufac­
turer, taking into account the size and grade of the nut. The
reported hardness shall be a minimum of two hardness
readings taken 180· apart halfway between the major diam­
eter of the thread and one corner, or, if applicable, on a
wrench-face one third' of the distance from a corner to the
center of the wrench face. In preparing the surface, remove
sufficient material to assure elimination of any oxide,
decarburization, coating, or other surface irregularities. The
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FIG. 11 Typical Single Shear Fixture (Tension Type)

preparation of test specimens and the performance of
hardness tests for Rockwell and Brinell testing shall be in
conformity with the requirements of Test Methods E 18 and
E 10, respectively. For purposes of arbitration or for nuts too
large for full-size testing, hardness (see 4.1.1.4) shall be taken
as described in 4.1.1.

4.1.1 Nuts to be tested need not be threaded, but shall be
part of the manufacturing lot that was formed (in the case of
heat-treated nuts, formed and heat-treated) with the product
to be shipped. For purpose of testing, sample nuts or nut
blanks shall be sectioned laterally at approximately one half
of the nut height. For standard hex, heavy hex, and square
nuts, the half of the nut not to be tested may be discarded.
For special nuts, the consumer may require as part of his
inquiry and purchase order that both halves of the sample
nut shall be permanently marked so as to identify that both
halves are from the same nut. The half not tested shall be
made available to the consumer at the time of first product
shipment, if specified by the customer on the purchase order.

4.1.1.1 Nonlzeat- Treated Nuts (see Fig. 12)-The section
of the sample nuts to be tested shall be prepared and tested in
accordance with 4.1 except that the two readings taken 180'
apart shall be at the core (halfway between the major
diameter if threaded, or blank hole if not threaded) and the
corner of the nut. The average of the two readings shall be
the hardness of the nut, and in addition shall be within the
hardness values listed in the product specification.

4.1.1.2 Heat-Treated Nuts (see Fig. 13)-The section of
the sample nuts to be tested shall be prepared and tested in
accordance with 4.1 except that two sets of three readings
180' apart shall be taken. The three readings shall be taken
across the section of the nut at the following positions:

Position I-as close to the major diameter, if threaded, or
hole side wall if the nut is blank, as possible, but no closer
than two times the indent diameter.

Position 2-at the core (halfway between the major
diameter (if threaded) or hole side wall (if not threaded or
blank)) and the corner of the nut.

Position 3-as close to the corner of the nut as possible,
but no closer than two times the indent diameter.

Read i ng take n
at core

Position 3

Position 2 (core)

Position t

FIG. 13 Heat-Treated Nut

FIG. 12 Nonheat-Treated Nut

4.1.1.3 All readings shall be within the hardness values
listed in the product specification. The average of all readings
shall be considered as the hardness of the nut. All readings
shall be conducted on a Rockwell machine.

4.1.1.4 Nuts exhibiting a proofload in excess of 160 000
Ib may be considered, at the option of the manufacturer, as
too large for full-size testing. Full-size testing is recom­
mended whenever possible.

4.2 ProofLoad Test-Assemble the nut to be tested on a
hardened threaded mandrel (4.2.2) or a test bolt (4.2.1) as
illustrated in Fig. 14(a) Tension Method or 14(b) Compres­
sion Method. The hardened test mandrel and the tension
method shown in Fig. 14(a) shall be mandatory as a referee if
arbitration is necessary. Apply the specified proof load for
the nut against the nut. The nut shall resist this load without
stripping or rupture, and shall be removable from the test
bolt or mandrel by the fingers after the load is released.
Occasionally it may be necessary to use a manual wrench or
other means to start the nut in motion. Use of such means is
permissible, provided the nut is removable by the fingers
following the initial loosening of not more than one-half turn
of the nut. If the threads of the mandrel or test bolt are
damaged during the test, discard the test.

4.2.1 The test bolt shall have threads appropriate to the
standard specified for the nut being tested and shall have a
yield strength in excess of the specified proof load of the nut
being tested.

4.2.2 Mandrels shall have a hardness of 45 HRC min­
imum and shall have threads conforming to Class 3A except
that the maximum major diameter shall be the minimum
major diameter plus 0.002 in. or 0.25 times the major
diameter tolerance (whichever is greater) ofClass 3A threads.

4.2.3 The proofload shall be determined at a free running
cross head speed not exceeding 1.0 in/minute and shall be

Test Bolt AssembledOpen Jig
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tLOAD

0= d 0.015 in.
0.009 in.

JLOAD

(a) Tens ion Method (b) Compression Method

FIG. 14 Proof Load Testing-Nuts

held at load for lOs minimum
4.3 Cone Proof Load Test-Perform this test using a

conical washer and threaded mandrel (as illustrated in Fig.
15) to determine the influence ofsurface discontinuities (that
is, forging cracks and seams) on the load-carrying ability of
hardened steel nuts through 1112 in. in diameter by introduc­
ing a simultaneous dilation and stripping action of the nut.
The mandrel shall conform to the requirements of4.2.2. The
conical washer shall have a hardness of 57 HRC minimum
and a hole diameter equivalent to the nominal diameter of
the mandrel +0.002, -0.000 in. The contact point of the
cone shall be sharp for nut sizes 112 in. and less. For sizes over
Ih in., the point shall be flat and 0.015 ± 0.001 in. in width.
Assemble the nut and the conical washer on the mandrel,
and apply the cone proof load for the nut against the nut.
The spe€;d of testing as determined with a free-running cross
head shall be a maximum of 0.12 in./min. Apply the proof
load for 10 s. Compute the cone proofload ofa nut as follows:

CPL = (I - O.30D) x/x A.

where:
CPL = cone proof load, lb,
D = nominal diameter of nut, in.,
f = specified proof stress of nut, psi,
As = tensile stress area of nut, in.2,

= 0.7854 [D - (0.9743/n)]2, and
n = threads per inch.

To meet the requirements of the cone proof load test, the
nut shall support its specified cone proof load without
stripping or rupture.

a

5. Test Methods for Washers
5.1 Through Hardened Washers:
5.1.1 Surface Hardness-Take measurements on a flat

portion of the washer after lightly grinding or polishing to
ensure accurate reproducible readings. Take two readings
180· apart on at least one face of the washer.

5.1.2 Core Hardness-Take minimum of two readings
180· apart on at least one face at a minimum depth of 0.015
in.

5.2 Carburized Washers:
5.2.1 Surface Hardness-Measurements shall be taken on

a flat portion of the face of the washer in two areas, 180·
apart, using methods that prevent penetration into the core
material.

5.2.2 Core Hardness-A minimum of two readings shall
be taken 180· apart on at least one face of the washer at a
depth greater than the actual depth of case.

5.2.3 Depth of Case-Measurements of case depth shall
be taken at a cross section through the rim of the washer
which has been ground and etched to define the case area.

5.3 Stainless Steel and Nonferrous Washers-Surface
hardness, core hardness, temper designations, or other hard­
ness values as required by the product specifications, shall be
tested in accordance with the methods found in individual
material specifications.

5.4 Perform all hardness tests in accordance with those
requirements for Rockwell hardness testing. The preparation
of test specimens and the performance of hardness tests shall
be in conformity with the requirements of Test Methods
E 18.
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FIG. 15 Cone·Proof Test
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NOTE 1-For expedience sake the test fixture shown above reflects a single bolt under load. It should be noted, however, that test fixtures with multiple test locations
are acceptable.

NOTE 2-Work is continuing on this test method and revisions are anticipated. Additionally caution should be taken when applying this test procedure. The heads of
embrittled fasteners may suddenly break off and become flying projectiles capable of causing serious injUry or blinding.

FIG. 16 Test Fixture

6. Rivets

6.1 Product Hardness-Determine hardness at the mid­
radius of a transverse section of the product taken at a
distance of one diameter from the point end of the rivet. Use
either Brinell or Rockwell hardness tests at the option of the
manufacturer, and measure as described in 3.1.1.

10

7. Test for Embrittlement Of Metallic Coated Externally
Threaded Fasteners

7.1 This is one test method for determining if
embrittlement exists in a metallic coated externally threaded
fastener covered by the product specifications of ASTM
Committee F-16.
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TABLE 4 Test for Embrittlement Wedge Angles, Degrees

7.2 The test fastener shall be installed in a test fixture (see
Note I in Fig. 16) with the head positioned against the
wedge, assembled with a nut, and tensioned (via the nut
only) by any means capable of measuring tensile load. The
torque method described in 7.3 is one such method. The test
samples shall be tensioned to 75 % of their specified min­
imum ultimate tensile strength. For studs with different
thread pitches on either end, the finer thread pitch end shall
be assembled with a nut and tested as the head end of the
fastener.

7.2.1 The assembly shall remain in this tightened state for
not less than 48 h, after which the test fastener shall be
visually examined for embrittlement-induced failure, such as
missing head.

7.2.2 The joint shall then be disassembled and the test
fastener visually examined using a minimum of 20 power
magnification for evidence of embrittlement failure, such as
transverse cracks in the shank, threads or at the junction of
head to shank.

7.2.3 For disassembly, if the torque method of tightening
is used, torque shall be applied in the ON direction until the
nut rotates a noticeable amount. The retightening torque
with the nut in motion shall be measured and shall be no less
than 90 % of the initial tightening torque.

7.2.4 If a direct tension method of tightening is used, then

Nominal Size of
Fastener, dia

'/. to 3/. in.
Over 3/. to 1-'12 in.

Studs and Fasteners with Fasteners with
Unthreaded Lengths, Unthreaded Lengths,

Less Than 2 dia 2 dia and Longer

4 6
o 4

the loss of clamping strength (in pounds) over the test period
shall be no more than 10 % of the initial clamping load.

7.3 The test fixture shall comprise a hardened wedge
(7.3.1), a plate(s) (7.3.2), and a hardened washer (7.3.3). (See
Fig. 16.)

7.3.1 The wedge shall have an angle as specified in Table
4. Other dimensions and properties shall be in conformance
with hardened wedges described in 3.5.1.

7.3.2 The plate(s) shall be steel and have a thickness such
that, after installation and tightening, a minimum of three
full threads of the test fastener will be in the grip. The hole in
the plate(s) shall be as close to the major diameter of the
fastener being tested as practical but not greater than the hole
in the hardened washer (7.2.3).

7.3.3 The hardened washer shall be in conformance with
Specification F 436.

7.4 If the torque method of tightening is used, the
tightening torque shall be determined using a load-measuring
device capable of measuring the actual tension induced in a
fastener as the fastener is tightened. Three fasteners from the
test lot shall be selected at random. Each shall be assembled
into the load-measuring device, mated with a nut, and the
nut tightened until a load equal to 75 % of the specified
minimum ultimate tensile strength of the fastener is induced.
The torque required to induce this load shall be measured
and the arithmetic average of the three measured torques
shall be the tightening torque. The surface against which the
nut is torqued should be similar in hardness and finish to
that of the test fixture (16) and use of a hardened washer
(7.3.3) is recommended.

7.5 To meet the requirements of this test the fastener shall
show no evidence of embrittlement failure when visually
examined and the retightening torque shall not be less than
90 % of the initial tightening torque.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by tha responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Specification for
Compressible-Washer-Type Direct Tension Indicators for Use
with Structural Fasteners1

This standard is issued under the fixed designation F 959; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year oflast revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (,) indicates an editorial change since the last revision or reapprovai.

1. Scope*
1.1 This specification covers the chemical, mechanical,

and dimensional requirements for compressible-washer-type
direct tension indicators capable of indicating the achieve­
ment of a specified minimum bolt tension in a tightened
structural bolt.

1.2 Two types of direct tension indicators in sizes 112 to
1'12 in., incl in diameter are covered:

1.2.1 Type 325-lndicators for use with A 325 bolts, and
1.2.2 Type 490-lndicators for use with A 490 bolts.
1.3 The indicators are intended for installation under

either a bolt head or a hardened washer.
1.4 If direct tension indicators are used under the turned

element, a hardened round steel washer shall be used
between the direct tension indicator and the turned element.

2. Referenced Documents

2.1 ASTM Standards:
A 325 Specification for High-Strength Bolts for Structural

Steel Joints2

A 490 Specification for Heat-Treated Steel Structural
Bolts, 150 ksi Minimum Tensile Strength2

B 695 Specification for Coatings of Zinc Mechanically
Deposited on Iron and Steel3

D 3951 Practice for Commercial Packaging4

2.2 Research Council on Structural Connections:
Specification for Structural Joints Using ASTM A 325 or

A 490 Bolts5

2.3 ANSI Standards6
:

B18.2.1 Square and Hex Bolts and Screws
B18.2.2 Square and Hex Nuts

3..Terminology
3.1 Description of Term Specific to This Standard:
3.1.1 compressible washer-type direct tension indicator-a

washer-type element inserted under the bolt head or hard-

I This specification is under the jurisdiction of ASTM Committee F-16 on
Fasteners and is the direct responsibility of Subcommittee F16.02 on Steel Bolts,
Nuts. Rivets and Washers.

Current edition approved Feb. 23, 1990. Published April 1990. Originally
published as F 959 - 85. Last previous edition F 959 - 89.

2 Annllal Book (~fASTM Standards. Vol 15.08.
J Allnllal Book ofASTM Standards, Vols 02.05 and 15.08.
4 Annllal Book ;JjASTM Standards, Vol 15.09.
S Available from Research Council on Structural Connections, ';', Old Do­

minion University, Civil Engineering Technology, Norfolk, VA 23508-8547.
6 Available from American National Standards Institute, 1430 Broadway, New

York, NY 10018.

ened washer, having the capability of indicating the achieve­
ment of a required minimum bolt tension by the degree of
indicator plastic deformation.

4. Ordering Information

4.1 Orders for indicators under this specification shall
include the following:

4.1.1 Quantity (number of pieces),
4.1.2 Name of product,
4.1.3 Size, that is, bolt diameter,
4.1.4 ASTM designation and year of issue,
4.1.5 Type required, A 325 or A 490 (see 1.2),
4.1.6 Zinc Coating-Specify "mechanically deposited," if

required (see 5.4).
4.1.7 Epoxy Coating-Specify "baked epoxy coating on

mechanically deposited zinc," if required (see 5.4).
4.1.8 Source inspection, if required (see Section 13),
4.1.9 Specify if certificate ofcompliance or test reports are

required (see Section IS), and
4.1.10 Any special requirements.

5. Materials and Manufacture

5.1 Steel used in the manufacture of direct tension indica­
tors shall be produced by the open-hearth, basic-oxygen, or
electric-furnace process.

5.2 Design:
5.2.1 Direct tension indicators shall have a configuration

produced by extrusion, punching, pressing, or similar
forming, to permit a measurable decrease in thickness when
placed in compression.

5.2.2 The design shall be such that the degree of plastic
deformation shall indicate the tension in a tightened struc­
tural bolt.

5.3 Heat Treatment-The indicators shall be quenched
and tempered.

5.4 Protective Coatings:
5.4.1 Unless otherwise specified, the indicators shall be

furnished "plain" with the "as fabricated" surface finish
without protective coatings.

5.4.2 When "zinc coated" is specified, the indicators shall
be zinc coated by the mechanical deposition process in
accordance with the requirements of Class 50 of Specifica­
tion B 695.

5.4.3 When "baked epoxy" is specified, the epoxy shall be
0.00 I to 0.002 in.. thick applied over the zinc coating
specified in 5.4.2. The epoxy shall not flake off exposed
surfaces during installation.

* A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical Requirements TABLE 3 Fastener Tension and Compression Load

A Coated indicaters shall not be tested under the turned element.

TABLE 2 Tension Indicator Average Gaps to Give Required
Minimum Bolt Tension

9. Workmanship, Finish, and Appearance
9.1 The indicators shall be commercially smooth and free

of burrs, laps, seams, cracks, excess mill scale, and foreign
material on bearing surfaces, and other injurious material or
manufacturing defects which would make them unsuitable
for the intended application.

6. Chemical Composition
6.1 The indicator material shall conform to the chemical

cOIl!position specified in Table I.
6.2 Product analysis may be made by the purchaser from

finished indicators representing each lot. The chemical
composition shall conform to the requirements in Table 1,
Product Analysis.

4
4
6
6
8
8

Number of Places Feeler Gages
Must Be Applied

4
5
6
7
8
9

Number of Protrusions on Load
Indicator Washer

Minimum ReqUired Bolt Compression Load, B in Testing
TensionA Thousands of Device, Thousands of Pounds,

Bolt Size, Pounds, (kips), min (kips)
Nominal, in.

A 325 A 490
Type 325 Type 490

Bolts Bolts

'12 12 15 12-14 15-18
1/. 19 24 19-23 24-29
3/. 28 35 28-34 35-42

7/. 39 49 39-47 49-59
1 51 64 51-61 64-77
1'10 56 80 56-67 80-96

1'1. 71 102 71-85 102-122
1% 85 121 85-102 121-145
1'12 103 148 103-124 148-178

TABLE 4

A Excerpt from the Specification for Structural Joints Using ASTM A 325 or
A 490 Bolts. Approved by the Research Council on Structural Connections of the
Engineering Foundation.

S Minimum values are equal to 70 'If, of specified minimum tensile strengths of
bolts, rounded to the nearest kip. Maximum values are 120" of the minimum
values rounded to the nearest kip.

NOTE 1-To measure average bolt-head-to-washer or washer-to-washer gap
at minimum values of required boll load with a pointed feeler gage, the feeler gage
must enter at least one half the number of places where it is applied around the
Indicator circumference (at maximum values of required boll load, the feeler gage
must not enter at least one half the number of applied places).

NOTE 2-A 1:20 bevel is maximum permitted on the outer faces of bolted
parts.

10. Number of Tests and Retests
10.1 Responsibility:
1O.1.1 The indicator manufacturer shall inspect each lot

of direct tension indicators prior to shipment in accordance
with the quality assurance procedures described in 10.2.

10.1.2 The purpose of a lot inspection testing program is
to ensure that each lot conforms to the requirements of this
specification. For such a plant to be fully effective, it is
essential that following delivery the purchaser continue to
maintain the identification and integrity of each lot until the
product is installed in its service application.

10.2 Production Lot Method:
10.2.1 All direct tension indicators shall be processed in

accordance with a lot identification control-quality assurance
plan. The manufacturer shall identify and maintain the
integrity of each production lot of direct tension indicators
from raw material selection through all processing operations
and treatments to final packing and shipment. Each lot shall
be assigned its own lot-identification number, eacq lot shall
be tested, and the inspection test reports for each lot shall be
retained.

10.2.2 A production lot, for purposes of assigning an
identification number and from which test samples shall be
selected, shall consist of all direct tension indicators proc­
essed essentially together through all operations to placing in

0.005

0,015

0.005

Average Gap, in.

A 325 A 490

0,015
0.005
0.005

Composition, "

Heat Product
Analysis Analysis

0.30-0.50 0.27-0.53
0.50-0.90 0.47-0.93

0.040 0.048
0.050 0.058

0.15-0.35 0.12-0.38

Element

Carbon
Manganese
Phosphorus, Max
Sulfur, Max
Silicon

Tension Indicator Installation (see Fig.
1) and Bolt and Indicator Finish

Under Bolt Head
Plain bolts and indicators
Zinc coated bolls and indicatorsA

Plain bolts and either zinc coated or
epoxy coated indicatorsA

Under Turned Element
Plain hardened washers and indica­

tors

8. Dimensions
8.1 The indicators shall conform to the dimensions spec­

ified in Table 5.
8.2 Die grooves, burrs, and excessive swelling under bolt

heads, sometimes found in hot forged bolts, may prevent the
tension indicator from properly contacting the underside of
the bolt head. The use of indicators in an "under the nut"
assembly (Fig. I) will overcome this problem.

7. Performance Requirements

7.1 Bolt Tension:
7.1.1 When indicators are installed in a structural joint

with A 325 or A 490 bolts and compressed to an average gap
equal to or less than the gaps specified in Table 2, the
induced bolt tension shall be equal to or greater than that
specified in Table 3, columns headed "Minimum Required
Bolt Tension" for the applicable grade.

7.1.2 Average gap shall be measured as specified in Table
4.

7.1.3 Tests to determine compliance with 7.1.1 shall be
conducted in accordance with Section 12.

2
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TABLE 5 Dimensions

Type A 325 Type A 490 All Types

Protrusion
Outside Diameter, Number Thickness In.

Outside Diameter Number Thickness in. Inside Diameter in.
Outer limit

Bolt
in. of Protru· In. of Protru· Diameter, in.

Size,
sions slons (see Fig. 3)

in.
(equally Without With (equally Without With

Min Max spaced) Protrusion Protrusion Min Max spaced) Protrusion Protrusion Min Max Max
Min Max Min Max

V. 11/0 PI,. 4 0.104 0.180 1·1,. 10/. 5 0.104 0.180 '7132 "I,. 7/e
"Ie 15/,. PI. ft 4 0.126 0.220 1"1,. 15/. 5 0.126 0.220 2'/32 11/,. 1'1,.
31_ 1"1,. 15/. It 5 0.142 0.240 1"1,. 10/_ 6 0.142 0.240 2%2 '0/,. 11/_
7/e 113/,. Fl. 5 0.142 0.240 1'5/,. 2 6 0.158 0.260 20/32 15/,1 F/,.
1 1'5/,. 2 6 0.158 0.270 20/,. 21/_ 7 0.158 0.270 11/02 11/,. 15/.
11/. 21/,. 2'/. 6 0.158 0.270 27/,. 21/2 7 0.158 0.280 1"1.. 1'5/.. 1'0/,.
1'1_ 20/,. 21/_ 7 0.158 0.270 2"1,. 20/_ 8 0.158 0.280 1'"1.. 120/.. 2
1% 27/,. 2'/2 It 7 0.158 0.270 2'5/,. 3 8 0.158 0.280 120/.. 133/.. 23/,.
1'12 2"1,. 20/_ 8 0.158 0.270 30/,. 31/_ 9 0.158 0.280 137/.. 14<)1.. 2%

UNDER HEAD
Turn nul to tighten

UNDER TURNED ELEMENT
Turn nUl to tighten Turn head to tighten

Hardened
Washer

Hardened--l-=t:~~t-'
Washer

FIG. 1 Assembly of Indicator for Bolting Installations

11. Specimen Preparation

11.1 Indicators for tests shall be tested full size "as
received" without any special preparation.

the shipping container that are of the same nominal size,
produced from the same mill heat of steel, and heat treated
in the same heat treatment cycle.

10.2.3 From each production lot, the minimum number
of tests shall be as follows:

12. Test Methods
12.1 Equipment and Calibration:
12.1.1 The indicators shall be tested in a device capable of

determining their performance characteristics.
12.1.2 The testing device or its load-measuring compo­

nents shall be calibrated at least once per year. The calibra­
tion test data shall be retained.

12.2 Procedure:

To 35 000 8 0 1
35 000 to 250 000 13 0 1
250 000 and over 32 0 I

10.2.4 When tested in accordance with the required
sampling plan, a lot shall be rejected if any of the test
specimens fail to meet the applicable test requirements.

10.3 Retests-If direct tension indicators are heat treated,
coated, or otherwise altered by a subcontractor or manufac­
turer subsequent to testing, they shall be retested in accord­
ance with 10.2 prior to shipment to the purchaser.

12.2.1 The indicators shall be tested as follows:
12.2.1.1 Place the indicator in the testing device.
12.2.1.2 Apply a compression load to each indicator in

the test sample until the average gap between the testing
device bearing block and indicator, or the underside of the
bolt head and indicator (see Fig. 2), measures 0.015 in. for a
plain finish indicator, or 0.005 in. if a coated indicator is
tested under a bolt head (see Table 2). Only zinc coated
indicators shall be tested under heads of zinc coated bolts.
When testing either zinc coated or epoxy coated indicators
with plain finish boIts, the indicator shall be positioned
under the bolt head. A pointed feeler gage is used when
measuring average gap under a bolt head per instructions in
Table 4.

12.2.1.3 When testing with a bearing block, surfaces must
be parallel. With this method, the gap can also be measured
with a dial gage reacting on a surface in the center of the
indicator support block, which surface correlates exactly with
the flat surface of the indicator (see Fig. 2).

12.2.1.4 Read the compression load.
12.2.1.5 Indicators showing a compression load within

the range for the applicable type in Table 3, columns headed
"Compression Load in Testing Device" are acceptable:
Indicators showing a compression load outside the ranges are
unacceptable and the lot represented shall be rejected.

12.2.1.6 Record the compression load and average gap
opening.

12.3 Field Testing-Calibrated field testing devices may
be used at the discretion of the users. In the event of
controversy, the referee method is to test in a compression or

Rejection
Number

Acceptance
NumberSample Size

Number of Pieces In
Production Lot

3
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Bt-fore Compression After Compression

~~~~~~~Gap'M.asur.d
with .015"
f.d.r gauge
or dial gauge

9'~pIjo;'
F.d.r Gaug.
Positioning

FIG. 2 Assemblies for Testing Indicator

universal testing machine and in accordance with 12.1 and
12.2.

13. Inspection
13.1 If the inspection described in 13.2 is required by the

purchaser, it shall be specified in the inquiry and contract or
order.

13.2 The inspector representing the purchaser shall have
free entry to all parts of the manufacturer's works that
concern the manufacture of the indicators ordered. The
manufacturer shall afford the inspector all reasonable facili­
ties to satisfy him that the indicators are being furnished in
accordance with this specification. All tests and inspections
required by this specification that are requested by the
purchaser's representative shall be made before shipment
and shall be conducted as not to interfere unnecessarily with
the operation of the plant.

14. Rejection

14.1 Indicators that fail to conform to the requirements of
this specification shall be rejected. Rejection should be
reported to the producer or supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

15. Certification
15.1 When specified on the order, the manufacturer shall

furnish a "test report" as described in 15.2 or a "certificate of
compliance" as described in 15.3, whichever is required.

15.2 When "test reports" are required, the manufacturers
shall furnish a test report for each production lot from which
indicators are supplied to fill a shipment. The report shall
show the heat number (to assure that the chemical composi­
tion is on record and could be furnished upon request), test
load, gap, nominal size, production lot identification
number, ASTM designation and type, and purchase order
number.

15.3 When "certificates of compliance" are required, the
manufacturer shall furnish a certificate certifying that the
indicators have been manufactured, tested, and conform to
the requirements of this specification. The certificate shall
show the production lot identification number, nominal size,
ASTM designation and type, and purchase order number.

16. Responsibility

16.1 The party responsible for the fastener :::hall be the
organization that supplies the fastener to the purchaser and
certifies that the fastener was manufactured, sampled, tested
and inspected in accordance with this specification and
meets all of its requirements.

17. Product Marking
17.1 Each indicator shall be marked with a symbol

identifying the manufacturer and type (see 1.2).
17.2 All markings shall be depressed on the same face of

I.D.

P.O.L.D

O.D.

FIG. 3 Protrusion Outer Limit Diameter

4
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the indicator as the protrusions. Raised markings are prohib­
ited.

18. Packaging and Package Marking
18.1 Packaging:
18.1.1 Unless otherwise specified, packaging shall be in

accordance with Practice D 3951.
18.1.2 Packaging shall be performed as soon as practical

following final testing.
18.1.3 When special packaging requirements are required,

they shall be defined at the time of the inquiry and order.
18.2 Package Marking:
18.2.1 Each shipping unit shall include or be plainly

marked with the following information:

18.2.1.1 ASTM designation and type,
18.2.1.2 Size,
18.2.1.3 Name and brand or trademark of the manufac-

turer,
18.2.1.4 Number of pieces,
18.2.1.5 Purchase order number,
18.2.1.6 Name of product,
18.2.1.7 Lot identification number, and
18.2.1.8 Country of origin.

19. Storage
19.1 The indicators shall be stored in an environment that

preserves the surface condition supplied by the manufac­
turer.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this specification that have been incorporated
since the last issue. For the convenience of the user, Committee F 16 has highlighted those changes that may
impact the use of this specification. This section may also include descriptions of the changes or reasons for
the changes, or both.

(1) Added paragraph 18.1 Packaging in accordance with Practice D 3951 and paragraph 18.2 Package Marking.

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments hava not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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AMERICAN NATIONAL STANDARD

SQUARE AND HEX SOLTS AND SCREWS
INCH SERIES

1 Introductory Notes
1.1 Scope

1.1.1 This Standard is intended to cover the complete
general and dimensional data for the various types of
inch series square and hex bolts and screws recognized
as American National Standard. Also included are
appendixes covering thread runout sleeve gages,
gaging procedure for checking bolt and screw straight­
ness, grade markings for steel bolts and screws, form­
ulas on which dimensional data are based, wrench
openings for bolts and screws, and a specification to
assist in identifying a product as being a screw or a
bolt. It should be understood, however, that where
questions arise concerning acceptance of product,
the dimensions in the tables shall govern over recal­
culation by formula.

1.1.2 The inclusion of dimensional data in this Stan­
dard is not intended to imply that all of the products
described herein are stock production sizes. Con­
sumers are requested to consult with manufacturers
concerning lists of stock production sizes.

1.2 Dimensions

All dimensions in this Standard are in inches, un­
less stated otherwise.

1.3 Options

Options, where specified, shall be at the discretion
of the manufacturer unless otherwise agreed upon by
the manufacturer and the purchaser.

1.4 Terminology

For defmitions of terms relating to fasteners or
component features thereof used in this Standard,
refer to American National Standard, Glossary of
Terms for Mechanical Fasteners, ANSI B18.l2.

1.5 Related Standards

It should be noted that standards for square and
hex nuts, machine screws and machine screw nuts,
tapping screws, socket cap screws, round head bolts,

and other related fasteners are published under
separate cover as listed on the back sheet of this
Standard.

1.6 Referenced Standards

Copies of referenced ASTM standards may be
obtained from the American Society for Testing and
Materials, 1916 Race Street, Philadelphia, Pennsyl­
vania 19103.

Copies of referenced SAE standards may be ob­
tained from the Society of Automotive Engineers, Inc.,
400 Commonwealth Drive, Warrendale, Pennsylvania
15096.

2 General Data
2.1 Heads

2.1.1 Width Across Flats. The width across flats of
head shall be the distance measured perpendicular
to the axis of product, overall between two opposite
sides of the head in accordance with the notes on
respective dimensional tables.

2.1.2 Head Height. The head height shall be the
overall distance measured parallel to the axis of
product from the top of the head to the bearing
surface and shall include the thickness of the washer
face where provided.

2.2 Bolt or Screw Length

The bolt or screw length shall be the distance
measured parallel to the axis of product from the
bearing surface of the head to the extreme end of
the bolt or screw, including point, if the product is
pointed.

2.3 Threads

Threads on all products except lag screws shall be
Unified Standard, Class 2A, of the series specified in
the notes on respective dimensional tables as docu­
mented in American National Standard, Unified Inch
Screw Threads (UN and UNR Thread Form) ANSI
B1.1. For threads with additive fmish, the maximum
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daimeter of Class 2A may be exceeded by the amount
of the allowance; that is, the Class 2A maximum
diameters apply to an unplated or uncoated part or
to a part before plating or coating, whereas the basic
diameters (Class 2A maximum diameters plus the
allowance) apply to a part after plating or coating.

2.4 Body Diameter, Minimum

The minimum body diameter on products for
which no minimum limits are shown in the dimen­
sional tables shall not be less than the minimum pitch
diameter of the thread.

2.5 Finish

Unless otherwise specified, bolts and screws shall
be supplied with a natural (as processed) fmish, un­
plated or uncoated.

2

ANSI B18.2.1-1981

2.6 Workmanship

Bolts and screws shall be free from burrs, seams,
laps, loose scale, irregular surfaces, and any defects
affecting their serviceability.

2.7 Designation

Bolts and screws shall be designated by the follow­
ing data in the sequence shown: nominal size (frac­
tional or decimal equivalent); threads per inch (omit
for lag screws); product length (fractional or two­
place decimal equivalent); product name; material,
including specification where necessary; and pro­
tective fmish, if required. See examples below:

3/8-16 x 1-1/2 Square Bolt, Steel, Zinc Plated

1/2-13 x Hex Cap Screw, SAE Grade 8 Steel

.75 x 5.00 Hex Lag Screw, Steel
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Nominal Size Body Width Across Width Across Height Radius Thread Thread Bearing
or Basic Dia (5) Flats (2) Corners of Fillet Length Length Surface

Product Dia (15) (10) (10) FIM (3)

Max Min Basic Max Min Max Min Basic Max Min Max Min Basic Max Max

1/2 0.5000 0.515 0.482 7/8 0.875 0.850 1.010 0.969 5/16 0.323 0.302 0.031 0.009 1.00 0.19 0.016
5/8 0.6250 0.642 0.605 1 1/16 1.062 1.031 1.227 1.175 25/64 0.403 0.378 0.062 0.021 1.25 0.22 0.019
3/4 0.7500 0.768 0.729 1 1/4 1.250 1.212 1.443 1.383 15/32 0.483 0.455 0.062 0.021 1.38 0.25 0.022
7/8 0.8750 0.895 0.852 1 7/16 1.438 1.394 1.660 1.589 35/64 0.563 0.531 0.062 0.031 1.50 0.28 0.025

1 1.0000 1.022 0.976 1 5/8 1.625 1.575 1.876 1.796 39/64 0.627 0.591 0.093 0.062 1.75 0.31 0.028
1 1/8 1.1250 1.149 1.098 1 13/16 1.812 1.756 2.093 2.002 11/16 0.718 0.658 0.093 0.062 2.00 0.34 0.032
1 1/4 1.2500 1.277 1.223 2 2.000 1.938 2.309 2.209 25/32 0.813 0.749 0.093 0.062 2.00 0.38 0.035
1 3/8 1.3750 1.404 1.345 23/16 2.188 2.119 2.526 2.416 27/32 0.878 0.810 0.093 0.062 2.25 0.44 0.038
1 1/2 1.5000 1.531 1.470 23/8 2.375 2.300 2.742 2.622 15/16 0.974 0.902 0.093 0.062 2.25 0.44 0.041

»
2
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with nominal lengths over 12 in. to and including 24 in.
the maximum camber shall be 0.008 in. per inch of
length. A suggested gage and gaging procedure for check·
ing bolt straightness is given in Appendix II.

(8) Bolt Length. Bolts are normally supplied in %
in. length increments, all lengths.

(9) Length Tolerance. Bolt length tolerances shall
be as tabulated below:

(10) thread Length. The length of thread on bolts
shall be controlled by the grip gaging length LG max
and body length La min as set forth in the following:

Grip gaging -length LG max is the distance measured
parallel to the axis of bolt from the underhead bearing
surface to the face of a non-,counterbored or non-counter·
sunk standard GO thread ririg gage assembled by hand as
far as the thread will permit. It Shall be used as the
criterion for inspection. The maximum grip gaging
length, as calculated and rounded to two decimal places
for any bolt not threaded full length, shall be equal to
the nominal bolt length minus the basic thread length
(LG max = L nom - 4). For bolts which are threaded
full length, La max defmes the unthreaded length under
the head and shall not exceed the length of 2.5 times the
thread pitch for sizes up to and including I in., and 3.5
times the thread pitch for sizes larger than I in. LG max
represents the minimum design grip length of the bolt
and Shall be used for determining thread availability
when selecting bolt lengths even though usable threads
may extend beyond this point.

Basic thread length 4 is a reference dimension,
intended for calculation purposes only, which repre­
sents the distance from the extreme end of the bolt to
the last complete (full form) thread.

Body length La min is the distance measured parallel
to the aXis of bolt from the underhead bearing surface
to the last scratch of thread or to the top of the extru­
sion angle. It shall be used as a criterion for inspection.
The minimum body length as calculated and rounded to

-0.121-0.121-0.191
-0.19 -0.25 -0.25

Tolerance on Length

1-1/8
thru

1-1/2

-0.25
-0.25

3/4
thru
1

5/81/2

Nominal Bolt Lertgth

Nominal Bolt Size

Thru 6 in.
Over 6 in.

Notes to table S:
Additional requirements in General Data on pp. 1 and 2.

(1) Top of Head. Top of head shall be full form
and chamfered or rounded with the diameter of chamfer
circle or start of rounding being equal to the maximum
width across flats, within a tolerance of minus 15%.

(2) Head Taper. Maximum width across flats shall
not be exceeded. No transverse section through the head
between 25 and 75% of actual head height as measured
from the bearing surface shall be less than the minimum
width across flats.

(3) Bearing Surface. Bearing surface shall be flat
and washer faced. Diameter of bearing surface shall be
equal to the maximum width across flats within a
tolerance of minus 10%.

Thickness of the washer face shall be not less than
0.015 in. nor greater than 0.025 in. for bolt sizes *in.
and smaller and not less than 0.015 in. nor greater than
0.035 in. for sizes larger than *in.

The plane of the bearing surface shall be perpendic·
ular to the axis of the body within the FIM limits
specified. Measurement of FIM shall be made as close to
the periphery of the bearing surface as possible while the
bolt is being held in a collet or other gripping device at a
distance of one bolt diameter from the underside of the
head.

(4) True Position of Head. The axis of the head
shall be located at true position with respect to the axis
of the body (determined over a distance under the head
equal to one diameter) within a tolerance zone haVing
a diameter equivalent to 6% of the maximum width
across flats, regardless of feature size.

(5) Body Diameter. There may be a reasonable
swell or fin under the head, or die seam on the body not
to exceed the basic bolt diameter by the following:

0.030 in. for sizes *in.
0.050 in. for sizes 0/8 and *in.
0.060 in. for sizes over *in. to 1% in.
0.090 in. for sizes over 1% in.

(6) Point. Point shall be chamfered or rounded at
manufacturer's option. Length of point to first complete
thread shall notexceed 1* threads.

(7) Straightness. Shanks of bolts shall be straight
within the following limits: for bolts with nominal
lengths to and including 12 in. the maximum camber
shall be 0.006 in. per inch of bolt length, and for bolts
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two decimal places shall be equal to the maximum grip
gaging length minus the maximum transition thread
length (LBmin = LG max - Y max). Bolts of nominal
lengths which have a calculated LB min length equal to
or shorter than 2.5 times the thread pitch for sizes 1 in.
and smaller, and 3.5 times the thread pitch for sizes
larger than 1 in. shall be threaded for full length.

Transition thread length Y is a reference dimension,
intended for calculation purposes only, which repre­
sents the length of incomplete threads and tolerance
on grip gaging length.

(11) Incomplete Thread Diameter. The major di­
ameter of incomplete thread shall not exceed the actual
major diameter of the full form thread.

(12) Threads. Threads, when rolled, shall be in the
Unified Inch coarse or 8 thread series (UNRC or 8 UNR
Series), Class 2A. Threads produced by other methods
may be Unified Inch coarse or 8 thread series (UNC or
8 UN Series), Class 2A. Acceptability of screw threads
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shall be determined based on System 21, ANSI B1.3
Screw Thread Gaging Systems for Dimensional Accept­
ability.

(13) Identification Symbols. Identification marking
symbols on the tops of heads for bolt sizes 5/8 in. and
smaller shall project not less than 0.005 in. above the
surface nor more than 0.015 in. over the specified maxi­
mum head height. Bolt sizes larger than 5/8 in. shall
project not less than the equivalent in inches of 0.0075
times the basic bolt diameter above the surface nor
more than 0.030 in. over the specified maximum head
height. ASTM grade markings for steel bolts are given
in Appendix III.

(14) Material. Chemical and mechanical properties
of steel bolts shall conform to ASTM A325 or ASTM
A490 (see Appendix III).

(15) Nominal Size. Where specifying nominal size in
decimals, zeros preceding the decimal and in the fourth
decimal place shall be omitted.



APPENDIX III

ASTM AND SAE GRADE MARKINGS FOR STEEL BOLTS AND SCREWS

Grade Marking Specification Material

0 SAE-Grade 1 Low or Medium Carbon Steel

ASTM-A307 Low Carbon Steel

NO MARK SAE-Grade 2 Low or Medium Carbon Steel

0 SAE-Grade 5
Medium Carbon Steel,

ASTM-A 449 Quenched and Tempered

e SAE-Grade 5.2
Low Carbon Martensite Steel,

Quenched and Tempered

@ ASTM-A 325
Medium Carbon Steel,

Type 1
Quenched and Tempered
Radial dashes optional

@ ASTM-A 325 Low Carbon Martensite Steel,
Type 2 Quenched and Tempered

e ASTM-A 325 Atmospheric Corrosion (Weathering) Steel,
Type 3 Quenched and Tempered

0 ASTM-A 354 Alloy Steel,
Grade BC Quenched and Tempered

@
Medium Carbon Alloy Steel,

SAE-Grade 7
Quenched and Tempered,
Roll Threaded After Heat
Treatment

@
SAE-Grade 8 Medium Carbon Alloy Steel,

Quenched and Tempered

ASTM-A 354 Alloy Steel,
Grade BO Quenched and Tempered

C SAE-Grade 8.2
Low Carbon Martensite Steel,

Quenched and Tempered

e ASTM-A 490 Alloy Steel,
Type 1 Quenched and Tempered

e ASTM-A 490 Atmospheric Corrosion (Weathering) Steel,
Type 3 Quenched and Tempered
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APPENDIX VI

SPECIFICATIONS FOR
IDENTIFICATION OF BOLTS AND SCREWS

1 Scope

This specification establishes a recommended
procedure for determining the identity of an external­
ly threaded fastener as a bolt or as a screw.

2 Definitions
2.1 Bolt

A bolt is an externally threaded fastener designed
for insertion through holes in assembled parts, and is
normally intended to be tightened or released by
torquing a nut.

2.2 Screw

A screw is an externally threaded fastener capable
of being inserted into holes in assembled parts, of
mating with a preformed internal thread or forming
its own thread, and of being tightened or released by
torquing the head.

3 Explanatory Data

A bolt is designed for assembly with a nut. A
screw has features in its design which makes it capable
of being used in a tapped or other preformed hole in
the work. Because of basic design, it is possible to use
certain types of screws in combination with a nut.
Any externally threaded fastener which has a majority
of the design characteristics which assist its proper
use in a tapped or other preformed hole is a screw,
regardless of how it is used in its service application.

4 Procedure

To identify an externally threaded fastener as a bolt
or as a screw, two sets of criteria - Primary and Sup­
plementary - shall be applied. The Primary Criteria
(5.1 thru 5.4) shall be applied first. Any fastener
which satisfies one of the Primary Criteria shall be
identified accordingly, and no further examination
need be made. The Supplementary Criteria (6.1 thru
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6.9, and not listed in order of importance or priority
of application) shall be applied to a fastener which
does not satisfy completely anyone of the Primary
Criteria. The Supplementary Criteria detail the prin­
cipal features in the design of an externally threaded
fastener which contribute to its proper use as a screw.
A fastener having a majority of these characteristics
shall be identified as a screw.

5 Primary Criteria

5.1 An externally threaded fastener which, because
of head design or other feature, is prevented from
being turned during assembly, and which can be
tightened or released only by torquing a nut, is a
bolt. (Example: round head bolts, track bolts, plow
bolts)

5.2 An externally threaded fastener which has a
thread form which prohibits assembly with a nut
having a straight thread of multiple pitch length, is a
screw. (Example: wood screws, tapping screws)

5.3 An externally threaded fastener, which must be
assembled with a nut to perform its intended service,
is a bolt. (Example: heavy hex structural bolt)

5.4 An externally threaded fastener, which must be
torqued by its head into a tapped or other preformed
hole to perform its intended service, is a screw.
(Example: square head set screw)

6 Supplementary Criteria
6.1 Under Head Fillet

A screw should have a controlled fillet at the junc­
tion of the head with the body. Because of the severe
combined torsion and tension stresses at this junction
when torquing the head, the minimum limits of the
fillet radius should be specified. Because the screw
must be capable of being turned through a minimum
clearance hole and into an immovable tapped hole,
the maximum limits of the fillet radius should be
specified to assure solid seating of the head, and to
prevent interference at the top of the hole with the
junction of head to body.



6.2 Bearing Surface

The under head bearing surface of a screw should
be smooth and flat to minimize frictional resistance
during tightening, to prevent scoring of the surface
against which the head is turned, and to produce
uniform clamping loads.

6.3 Head Angularity

The angularity (squareness) of the under head
bearing surface with the shank of a screw should be
controlled to minimize eccentric loading in the screw
or assembled parts, and to assure complete seating
and uniform under head bearing pressure.

6.4 Body

The body of a screw should be closely controlled
in accuracy of size and roundness. To fit effectively
through a minimum clearance hole, the body di·
ameter must have close tolerances, preferably uni­
lateral on the minus side.

6.5 Shank Straightness

The shank ofa screw should be particularly straight
to permit ready engagement with the internal thread,
to prevent eccentric loading in the fastener or in the
assembled parts, and to minimize interference with
the walls of a minimum clearance hole.
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6.6 Thread Concentricity

The threads of a screw should be concentric with
the body axis within close limits to permit assembly
into a tapped hole (which usually has a length of
thread engagement longer than a nut) without bind­
ing of the body against the walls of a minimum clear­
ance hole.

6.7 Thread Length

The length of thread on a screw must be sufficient
to develop the full strength of the fastener in tapped
holes in various materials.

6;8 ·Point

A screw should have a chamfered, or other special­
ly prepared point at its end to facilitate entry into the
hole and easy start with the internal thread, which
may be distant from the top of the hole. The point
also protects the first thread, which, if damaged, may
gall or scar the internal thread throughout its entire
length.

6.9 Length

The length of a screw should be closely toleranced,
with variance preferably unilateral on the minus side
to prevent bottoming of the fastener in a tapped hole.
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SQUAR~AND HEX NUTS (INCH SERIES)

1 INTRODUCTORY NOTES

1.1 Scope

1.1.1 This Standard is intended to cover the com­
plete general and dimensional data for the various
types of inch series square and hex nuts recognized as
"American National Standard." Also included are
apPendices covering gaging of slots in slotted nuts,
wrench openings fo.r nuts, and formulas on whi<::h di­
mensioml.i data are based. It should be understood,
however, that where questions arise concerning ac­
ceptance pfproduct, the dimensions in the Tables
shall govern over re<::alculation by formula.

1.1.2 The inclusion of dimensional data in this
Standard is not intended to imply that all of the prod­
ucts described herein lire stoCk production sizes. Con­
sumers lire requested to consult with manufacturers
concerning lists ofstock production sizes.

1.2 .Dimensions

All dimensions in this Standard are in inches, unless
stated otherwise.

1.3 Options

Options, where specified, shall be at the discretion
of the manufactJ.lrer unless otherwise agreed upon by
the manufacturer and the purchaser. .

1.4 Terminology

For definitions of terms relating to fasteners or
cOITlPonent features thereof used in this standard, re­
fer to ANSI B.8.12, Glossary of Terms for Mechani­
cal Fasteners.

1,1;) Reference(i Standards

Copies of referenced ASTM standards may be ob­
tained from ASTM, 1916 Race Street, Philadelphia,
Pennsylvania 19103.

Copies of referenced SAE standards may be ob­
tained from the Society of Automotive Engineers,
Inc., 400 Commonwealth Drive, Warrendale, PA
15096

2 GENERAL DATA

2.1 Width Across Flats

The width across flats of nut shall be the distance
measured, perpendicular to the axis of nut, overall be­
tween two opposite sides of the nut in accordance with
the notes on respective dimensional tables. For milled­
from-bar hex nuts, the nominal bar size used shall be
the closest commercially available size to the specified
basic width across flats of the nut. For milled-from­
bar nonferrous nuts, the tabulated maximum (basic)
width across flats dimensions may be exceeded to con­
form with the commercial tolerances of drawn or
rolled bar stock material.

2.2 Nut Thickness

The nut thickness shall be the overall distance, mea­
sured parallel to the axis of nut, from the top of the
nut to the bearing surface and shall include the thick­
ness of the washer face where provided.

2.3 Threads

Threads shall be Unified Standard, Class 2B, of the
series specified in the notes on respective dimensional
tables, in accordance with Unified Inch Screw
Threads (UN and UNR Thread Form), ANSI BU.

2.3.1 Thread Gaging. Unless otherwise specified
by the purchaser, gaging for screw thread dimensional
acceptability shall be in accordance with Gaging Sys­
tem 21 as specified in ANSI/ASME Bl.3M, Screw
Thread Gaging Systems for Dimensional Acceptabil­
ity.
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2.4 Finish

Unless otherwise specified, nuts shall be supplied
with a natural (as-processed) finish, unplated or un­
coated.

2.5 Workmanship

Nuts shall be free from burrs, seams, laps, loose
scale, irregular surfaces, and any defects affecting
their serviceability.

2.6 Designation

Nuts shall be designated by the following data in the
sequence shown: nominal size (fraction or decimal);
threads per inch; product name; material (including
specification, where necessary); protective finish, if
required.
EXAMPLES:

'/2 - 13 Square Nut, Steel, Zinc Plated

3/4 - 16 Hex Nut, SAE J995 Grade 5, Steel

1.000 - 8 Hex Thick Slotted Nut, ASTM F594
(Alloy Group 1) Corrosion Resistant Steel

2
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TABLE 9 DIMENSIONS OF HEAVY HEX NUTS AND HEAVY HEX JAM NUTS

F G H H, Runout of Bearing Face FIM

Heavy Hex Nuts Heavy Hex
Jam Nuts

Specified Proof
Load

Up to 150,000 All
Nominal Size Width Across Width Across Thickness Thickness 150,000 psi and Strength

or Flats Corners Heavy Hex Nuts Heavy Hex Jam Nuts psi Greater Levels
Basic Major Diam.

of Thread Basic Max. Min. Max. Min. Basic Max. Min. Basic Max. Min. Max.

1/4 0.2500 '12 0.500 0.488 0.577 0.556 15/64 0.250 0.218 "/64 0.188 0.156 0.017 0.011 0.017
5h6 0.3125 9h6 0.562 0.546 0.650 0.622 19/64 0.314 0.280 13/64 0.220 0.186 0.020 0.012 0.020
3/8 0.3750 "h6 0.688 0.669 0.794 0.763 23/64 0.377 0.341 15/64 0.252 0.216 0.021 0.014 0.021
7h6 0.4375 3/4 0.750 0.728 0.866 0.830 27/64 0.441 0.403 17/64 0.285 0.247 0.022 0.015 0.022
'/2 0.5000 7/8 0.875 0.850 1.010 0.969 31/64 0.504 0.464 19/64 0.317 0.277 0.023 0.016 0.023

9h6 0.5625 15h6 0.938 0.909 1.083 1.037 35/64 0.568 0.526 21/64 0.349 0.307 0.024 0.017 0.024
5/8 0.6250 11/'6 1.062 1.031 1.227 1.175 39/64 0.631 0.587 23/64 0.381 0.337 0.025 0.018 0.025
3/4 0.7500 1'/4 1.250 1.212 1.443 1.382 47/64 0.758 0.710 27/64 0.446 0.398 0.027 0.020 0.027
7/S 0.8750 17h6 1.438 1.394 1.660 1.589 55/64 0.885 0.833 31/64 0.510 0.458 0.029 0.022 0.029

1 1.0000 15/s 1.625 1.575 1.876 1.796 63/64 1.012 0.956 35/64 0.575 0.519 0.031 0.024 0.031

1'/s 1.1250 1'3{,6 1.812 1.756 2.093 2.002 17/64 1.139 1.079 39/64 0.639 0.579 0.033 0.027 0.033
1' /4 1.2500 2 2.000 1.938 2.309 2.209 17/32 1.251 1.187 23132 0.751 0.687 0.035 0.030 0.035
13/s 1.3750 23{,6 2.188 2.119 2.526 2.416 1 11132 1.378 1.310 25132 0.815 0.747 0.038 0.033 0.038
1'/2 1.5000 23/s 2.375 2.300 2.742 2.622 1'5/32 1.505 1.433 27132 0.880 0.808 0.041 0.036 0.041
15/s 1.6250 29{,6 2.562 2.481 2.959 2.828 1 '9132 1.632 1.556 29132 0.944 0.868 0.044 0.038 0.044

13/4 1.7500 23/4 2.750 2.662 3.175 3.035 123132 1.759 1.679 3'132 1.009 0.929 0.048 0.041 0.048
P/8 1.8750 2 '5h6 2.938 2.844 3.392 3.242 127132 1.886 1.802 1'132 1.073 0.989 0.051 0.044 0.051
2 2.0000 3'/s 3.125 3.025 3.608 3.449 131132 2.013 1.925 13132 1.138 1.050 0.055 0.047 0.055
2 '/4 2.2500 3'12 3.500 3.388 4.041 3.862 2 '3/64 2.251 2.155 1 '3/64 1.251 1.155 0.061 0.052 0.061
2 '12 2.5000 37/8 3.875 3.750 4.474 4.275 2 29/64 2.505 2.401 129/64 1.505 1.401 0.068 0.058 0.068

23/4 2.7500 4 '/4 4.250 4.112 4.907 4.688 245/64 2.759 2.647 137/64 1.634 1.522 0.071 0.064 0.074
3 3.0000 45/8 4.625 4.475 5.340 5.102 26'/64 3.013 2.893 145/64 1.763 1.643 0.081 0.070 0.081
3 '/4 3.2500 5 5.000 4.838 5.774 5.515 33{,6 3.252 3.124 1 13h6 1.876 1.748 0.087 0.075 0.087
3 '12 3.5000 53/6 5.375 5.200 6.207 5.928 37{,6 3.506 3.370 1'5h6 2.006 1.870 0.094 0.081 0.094
33/4 3.7500 53/4 5.750 5.562 6.640 6.341 3"{,6 3.760 3.616 21{,6 2.134 1.990 0.100 0.087 0.100
4 4.0000 6 '/8 6.125 5.925 7.073 6.755 3'5h6 4.014 3.862 23f16 2.264 2.112 0.107 0.093 0.107

See
1 2 3

Notes

(For additional requirements refer to Notes on p. 22 and General Data on pp. 1 and 2.)
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TABLE 9 (CONT'D)

GENERAL NOTES:
(a) Unification. Bold type indicates products unified dimensionally with British and Cana­

dian standards. Unification of fine thread products is limited to sizes 1 in. and under.

(b) True Position of Tapped Hole. The axis of tapped hole shall be located at true position
with respect to the axis of nut body within a tolerance zone having a diameter equiva­
lent to 4% of the maximum width across flats for 1Yz in. nominal size nuts or smaller,
and 6% of the maximum width across flats for nuts larger than 1Yz in., regardless of
feature size.

(c) Countersink. Tapped hole shall be countersunk on the bearing face or faces. The max­
imum countersink diameter shall be the thread basic (nominal) major diameter plus
0.030 in. for 3/8 in. nominal size nuts and smaller, and 1.08 times the basic major
diameter for nuts larger than 3/8 in. No part of the threaded portion shall project be­
yond the bearing surface.

(d) Threads. Threads shall be unified coarse, fine, or 8 thread series (UNC, UNF or 8 UN
series), Class 2B. Unless otherwise specified, coarse thread series shall be furnished.

(e) Material. Unless otherwise specified, chemical and mechanical properties of steel
nuts shall conform with Grade A of ASTM A 563, Carbon and Alloy Steel Nuts; or
Grade 2 of SAE J995, Mechanical and Material Requirements for Steel Nuts. Nuts of
other materials such as corrosion resistant (stainless) steel, brass, bronze, and alumi­
num alloys shall have properties as agreed upon between the m.anufacturer and pur­
chaser. The properties for nuts of several grades of corrosion resistant steel alloys are
covered in ASTM F 594, and of several nonferrous materials in the ASTM F 467.

NOTES:
(1) Width Across Flats. Maximum width across flats shall not be exceeded (see excep­

tion in General Data). No transverse action through the nut between 25% and 75% of
the actual nut thickness as measured from the bearing surface shall be less than the
minimum width across flats. For milled-from-bar nuts, see statement in General Data
pertaining to the nominal bar size to be used.

(2) Corner Fill. A rounding or lack of fill at junction of hex corners with chamfer shall be
permissible provided the width across corners is within specified limits at and beyond
a distance equal to 17.5% of the basic thread diameter from the chamfered faces.

(3) Tops and Bearing Surfaces of Nuts. Nuts in sizes 7/16 in. nominal size and smaller shall
be double chamfered. Larger size nuts shall be double chamfered or have washer
faced bearing surface and chamfered top.

The diameter of chamfer circle on double chamfered nuts and diameter of washer
face shall be within the limits of the maximum width across flats and 95% of the mini­
mum width across flats.

The tops of washer faced nuts shall be flat and the diameter of chamfer circle shall
be equal to the maximum width across flats within a tolerance of - 15%. The length
of chamfer at hex corners shall be from 5% to 15% of the basic thread diameter. The
surface of chamfer may be slightly convex or rounded.

Bearing surfaces shall be flat and, unless otherwise specified, shall be perpendicu­
lar to the axis of the threaded hole within the FIM limits tabulated for the respective
nut size, type, and strength level. Where purchaser specifies close runout of bearing
face style heavy hex or heavy hex jam nuts in nominal sizes 2 in. through 4 in., nuts
shall be so processed as to have a maximum bearing face runout of 0.010 in. FIM.
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APPENDIX E

AASHTO Standard Specifications for Highway Bridges--Division II

Section 11

STEEL STRUCTURES

11.1 GENERAL

11.1.1 Description

This work shall consist of fwnishing, fabricating,
and erecting steel structures and struct~l steel
portions of other structures in accordance With the,se
Specifications, the Special Provisions and the details
shown on the plans.

11.1.3 Inspection

Structural steel will be inspected at the fabrication
site.

The Contractor shall fwnish to the Engineer a
copy of all mill orders and certified mill test reports.
Mill test reports shall show the chemical analysis and
physical test results for each heat of steel used in the
work.

@1R ? ; £ gsa., Category I. The fabrication of fracture
critical members shall be Category III.

Certified mill test reports for steels with specified
impact values shall include, in addition to other test
results, the results of Charpy Y-notch impact tests.
When fine grain practice is specified, the test report
shall confum that the material was so produced.
Copies of mill orders shall be fwnished at ,the ~e
orders are placed with the manufacturer. Cerufied mill
test reports and Certificates of Compliance shall be
fwnished prior to the start of fabrication of material
covered by these reports. The Certificate of
Compliance shall be signed by the manufacturer ~d
shall certify that the material is in conformance WIth
the specUlCaUOns to which it has been manufactured.

Material to be used shall be made available to the
Engineer so that each piece can be exw:mned. The
Engineer shall have free access at all urnes ~ an,y
portion of the fabrication site where the material IS

stored or where work on the material is being
performed.

11.1. 4 Inspector's Autbority

The Inspector shall have the authority to reject
materials or workmanship which do not fulfill the
requirements of these Specifications. In cases of
dispute, the Contractor may appeal to the Engineer,
whose decision shall be fmal.

With the approval of the Engineer, certificates of
compliance shall be furnished in lieu of mill test
reports for material that normally is not supplied ~th

mill test reports, and for items such as fills, mmor
gusset plates and similar material when quantities are
small and the material is taken from stock.

Details of design which are permiued to be
selected by the conttaetor shall conform to Division I
of these specifications.

Painting shall conform to the provisions of
Section 13 of these specifications.

Falsework used in the erection of structural steel
shall conform to the provisions of Section 3 of these
specifications.

Structural components designated on the plans or
in the special provisions as "fracture critical" s~all

conform to the provisions of the AASHTO Gwde
Specifications for Fracture Critical Non-Redundant
Steel Bridge Members.

Welding and weld qualification tests shall
conform to the provisions of the
ANSJlAASHTO/AWS Bridge Welding Code DloS.

11.1.2 Notici 01 BegiDDiDl of Work

The Contractor shall give the Engineer ample
notice of the begiDning of work at the mill or in the
shop, so that inspection may be provided. The term
"mill" means any rolling mill or foundry where
material for the work is to be manufactured. No
material shall be manufactured, or work done in the
shop, before the Engineer has been so notified.

11·1



Section 11 DIVlSIO:-'; II-CONSTRUcnON 11-2

Inspection at the mill and shop is intended as a
means of facilitating the work and avoiding errors. and
it is expressly understood that it will not relieve the
Contractor of any responsibility in regard LO defecuve
material or workmanship and the necessity for
replacing the same.

The acceptance of any material or finished
members by the Inspector shall not be a bar to their
subsequent rejection. if found defective. Rejected
materials and workmanship shall be replaced as soon
as practical or corrected by the Contractor.

11.2 WORKING DRAWINGS

The Contraeter shall expressly understand that the
Engineer's approval of the working drawings
submitted by the Contractor covers the requiremenlS
for ..strength and detail," and that the Engineer
assumes no responsibility for errors in dimensions.

Working drawings must be approved by the
Engineer prior to performance of the work involved
and such approval shall not relieve the Contractor of
any responsibility under the contraCt for the successful
completion of the work.

11.2.1 Shop Drawings

The Contractor shall submit copies of the
detailed shop drawings to the Engineer for approval.
Working drawings shall be submiued sufficiently in
advance of the start of the affected work to allow time
for review by the Engineer and corrections by the
ContraCtor without delaying the work.

Working drawings for steel structures shall give
full detailed dimensions and sizes of component parts
of the structure and details of all miscellaneous parts.
such as pins. nulS. bollS, drains, etc.

Where specific orientation of plates is required.
the direction of rolling of plates shall be shown.

Working drawings shall specifically identify each
piece that is to be made of steel which is to be other
than AASHTO M 270 (ASTM A709) Grade 36 steel.

11.2.2 Erection Drawings

The ContraCtor shall submit drawings illustrating
fully his proposed method of erection. The drawings
shall show details of all falsework benlS, bracing.
guys, dead-men. lifting devices. and attaehmenlS to the
bridge members: sequence of erection. location of

cranes and barges. crane capacities. location of lifting
points on the bridge members. and weighlS of the
members. The plan and drawings shall be complete in
detail for all anticipated phases and conditions during
erection. Calculations may be required to demonstrate
that allowable stresses are not exceeded and that
member capacities and final geometry will be correct

11.2.3 Camber Diagram

A camber diagram shall be furnished to the
Engineer by the Fabricator. showing the camber at
each panel point in the cases of trusses or arch ribs.
and at the location of field splices and fractions of
span length (1/4 points minimum) in the cases of
continuous beam and girders or rigid frames. The
camber'"-diagram shall show calculated cambers to be
used in l'reassembly of the structure in accordance
with Article 11.5.3.

11.3 MATERIALS

11.3.1 Structural Steel

11.3.1.1 General

Steel shall be furnished according to the
following specifications. The grade or grades of steel
to be furnished shall be as shown on the plans or
specified. If not so shown or specified. structural
carbon steel shall be furnished. When copper bearing
steel is specified. the steel shall contain not less than
0.2 percent copper.

All steel for use in main load-carrying member
components subject to tensile stress shall conionn to
the applicable Charpy V-Notch Impact Test require­
menlS of AASHTO M270 (ASTM A709).

11.3.1.2 Carbon Steel

Unless otherwise specified, structural carbon steel
for bolted or welded construction shall conform to:
Structural Steel for Bridges, AASHTO M270 (ASTM
A700) Grade 36.

11.3.1.3 High-Strength Low-Alloy
Structural Steel

High-strength low-alloy steel shall confonn to:

Structural Steel for Bridges. AASHTO M270
(ASTM A7oo) Grades 50 or 50W.
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11.3.1.4 Hiih-Strength Low-Alloy,
Quenched and Tempered
Structural Steel Plate

High-strength. low-alloy quenched and tcmpered
steel plate shall confonn to AASHTO M270 (ASTM
A709) Grade 70W.

11.3.1.5 Higb- Yield-Strength,
Quencbed and Tempered
Alloy Steel Plate

High-yield-strength. quenched. and tempered alloy
steel plate shall confonn to:

(a) SIIUCtura! Steel for Bridges AASHTO M270
(ASTM A709) Grades 100 or 100W.

(b) Quenched and tempered alloy steel slIUctural
shapes and seamless mechanical tubing,
meeting all of the mechanical and chemical
requirements of A709 Grades 100 or 100W
steel, except that the specified maximum
tensile sU'ength may be 140.000 psi for
sU'uctural shapes and 145.000 psi for
seamless mechanical tubing, shall be
considered as A709 Grades 100 and 100W
steel.

11.3.1.6 Eyebars

Steel for eyebars shall be of a weldable grade.
These grades include structural steel conforming to:

(a) SlIUctural Steel for Bridges, AASHTO M270
(ASTM A709) Grade 36.

(b) SIIUCtura! Steel fer Bridges AASHTO M270
(ASTM A709) Grades 50 and SOW.

11.3.1. 7 Structural Tubinl

Structural tubing shall be either cold-fonned
welded or seamless tubing confcxming to ASTM 500,
Grade B or hot-formed welded er seamless tubing
confonning to ASTM SOl.

11.3.2 Hilb.StreDlth FasteDers

11.3.2.1 Material

High-strength bolts for structural steel joints
including suitable nuts and plain hardened washers
shall conform to either AASHTO Ml64 (ASTM
A32S) or AASHTO M2S3 (ASTM A490). When
high-sU'Cngth bolts are used with unpainted weathering
grades of steel, the bolts shall be Type 3.

The supplier shall provide a lot number appearing
on the shipping package and a certification noting
whcn and where all testing was done. including
rotational capacity tests, and zinc thickness when
galvanizcd bolts and nuts are used.

The maximum hardness for AASHTO MI64
(ASTM A325) bolts 1" or less in diameter shall be 33
HRC. The maximum tensile strength shall be 150
ksi for bolts 1" or less in diameter and 120 ksi for
larger bolts.

Proof load tests (ASTM F606 Method 1) are
required for the bolts. Wedge tests of full size bolts
are required in accordance with Section 8.3 of
AASHTO Ml64. Galvanized bolts shall be wedge
tested after galvanizing. Proof load tests (AASHTO
M291) are required for the nuts. The proof load tests
for nuts to be used with galvanized bolts shall be
pcrfonncd after galvanizing, over-tapping and
lubricating.

Nuts for AASHTO Ml64 (ASTM A325) bolts
shall confonn to AASHTO M291 (ASTM AS63) or
AASHTO M292 (ASTM Al94). Nuts for AASHTO
M2S3 (ASTM A490) bolts shall confonn to the
requirements of AASHTO M292 (ASTM A194). The
permissable grades of nuts shall be as specified in
AASHTO Ml64 (ASTM A32S) and in AASHTO
M2S3 (ASTM A490).

All galvanized nuts shall be lubricated with a
lubricant containing a visible dye. Black bolts must
be oily when installed.

11.3.2.2 IdeDtityiDI Marks

AASHTO Ml64 (ASTM A32S) for bolts and the
specifications referenced therein for nuts require that
bolts and nuts manufactured to the specification be
identified by specific markings on the top of the bolt
head and on one face of the nuL Head markings must
identify the strength grade by the symbol"A32S," the
manufacturer and the type. Nut markings must
identify the sU'Cngth grade, the manufacturer, and, if
Type 3, the type.

AASHTO M253 (ASTM A490) for bolts and the
specifICations referenced therein for nuts require that
bolts and nuts manufactured to the specifICations be
identified by specific markings on the top of the bolt
head and on one face of the nuL Head markings must
identify the strength grade by the symbol "A490," the
manufacturer and the type. Nut markings must
identify the strength grade, the manufacturer and. if
Type 3. the type.
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Washer markings must identify the lIW\u1.acwrer
and. if Type 3. the type.

11.3.2.3 Dimensions

Bolt and nut dimensions shall conform to the
requirements for Heavy Hexagon Structural Bolu and
for Heavy Semi-Finished Hexagon Nuts given In
ANSI Standard BI8.2.1 and BI8.2.2. respecuvely.

11..3.2.4 Galvanized High.StreDllb
Fasteners

When fasteners are specified to be galvaniZed.
they shall be hot-dip galavanized in accordance with
AASHTO M232 (ASTM A153) or. when approved by
the Engineer. fasteners may be mechanically
galvanized to an equal thickness in accordance with
AASHTO M298 (ASTM B695). Bolts to be
galvanized shall be either AASHTO MI64 (ASTM
A325) Type I or Type 2. If Type 2 bolts are
galvanized by the hot-dip galvanizing process. they
shall be tension tested after galvanizing as required by
AASHTO MI64 (ASTM A325). Nuts and bolts of
any nutlbolt assembly shall be galvanized by the same
process. The nuts should be ovenapped to the
minimum amount required for the fastener assembly.
and shall be lubricated with a lubricant containing a
visible dye so a visual check can be made for the
lubricant at the time of field installation. Galvanized
nuts and bolts are to be treated as an assembly and
shipped together. AASHTO M253 (ASTM A490)
bolts shall not be hot-dip galvanized.

11.3.2.5 Washers

Washers shall be hardened steel washers
conforming to the requirements of AASHTO M293
(ASTM F436) and Article 11.5.6.4.3.

11.3.2.6 Alternative Fasteners

Other fasteners or fastener assemblies which meet
the materials, manufacturing, and chemical
composition requirements of AASHTO MI64 (ASTM
A325) or AASHTO M253 (ASTM A490). and which
meet the mechanical property requirements of the
same specification in full-size tests, and which have
body diameter and bearing areas under the head and
nut. or their equivalent. not less than those provided
by a bolt and nut of the same nominal dimensions
prescribed in An. 11.3.2.3. may be used. subject to
the approval of the Engineer. Such alternate fasteners
may differ in other dimensions from those of the
specified bolts and nuts.

Subject to the approval of the Engineer. high­
strength steel lock-pin and collar fasteners may be
used as an alternate for high strength bolts as shown
on the plans. The shank and head of high-strength
steel lOCk-pin and collar fasteners shall meet the
requirements of An. 11.3.2.3. Each fastener shall
provide a solid shank body of sufficient diameter to
provide tensile and shear strength equivalent to or
greater than the bolt specified. shall have a cold forged
head on one end. of type and dimensions as approved
by the Engineer. a shank length suitable for material
thiCkness fastened, locking grooves, breakneck groove
and pull grooves (all annular grooves) on the opposite
end. Each fastener shall provide a steellocking collar
of proper size for shank diameter used which. by
means of suitable installation tools. is cold swaged
II1to the locking grooves forming head for the grooved
end of the fastener after the pull groove section has
been removed. The steel locking collar shall be a
Slllndard product of an established manufacturer of
lock-pin and collar fasteners. as approved by the
Engineer.

11.3.2.7 Load Indicator Devices

Load indicating devices may be used in
conjunction with bolts. nuts and washers specified in
Article 11.3.2.1. Load indicating devices shall
conform to the requirements of ASTM Specification
for Compressible-Washer Type Direct Tension
Indicators For Use with Structural Fasteners. ASTM
F959. except as provided in the following paragraph.

Subject to the approval of the Engineer. alternate
design direct tension indicating devices may be used
provided they satisfy the requirements of Article
11.5.6.4.6 or other requirements detailed in supple­
mental specifications provided by the manufacturer and
subject to the approval of the Engineer.

11.3.3 Welded Stud Shear Connectors

11.3.3.1 Materials

Shear connector studs shall conform to the
requirements of Cold Finished-Carbon Steel Bars and
Shafting, AASHTO MI69 (ASTM AI08). cold drawn
bars. grades lOIS, 1018. or 1020. either semi- or
fully-killed. If flux retaining caps are used. the steel
for the caps shall be of a low carbon grade suitable for
welding and shall comply with Cold-Rolled Carbon
Steel Strip. ASTM AI09.

Tensile properties as determined by tests of bar
stock after drawing or of fmished studs shall conform
to the following requirements:
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• As detennined by a 0.2% offset method.

Tensile Strength.
Yield Strength·
Elongation
Reduction of area

60.000 psi (min.)
50.000 psi (min.)

20% in 2 inches (min.)
50% (min.)

AI08). Grade 10160-10300. inclusive. shall be
furnished unless otherwise specified.

11.3.S Steel Castings

11.3.5.1 Mild Steel Castings

11.3.3.2 Test Methods

Tensile properties shall be determined in
accordance with the applicable sections of ASTM
A370. Mechanical Testing of Steel Products. Tensile
tests of finished studs shall be made on studs welded
to test plates using a test fixture similar to that shown
in Figure 7.2 of ANSI/AASHTO/AWS Bridge
Welding Code 01.5. If fracture occurs outside of the
middle half of the gage length. the test shall be
repe3led.

11.3.3.3 Finisb

Finished studs shall be of uniform quality and
condition. free from injurious laps. fins. seams.
cracks. twists. bends. or other injurious defects.
Finish shall be as produced by cold drawing, cold
rolling. or machining.

11.3.3.4 Certification

The manufacturer shall certify that the studs as
delivered are in accordance with the material require­
ments of this section. Certified copies of in-plant
quality control test reports shall be furnished to the
Engineer upon requesL

11.3.3.5 Cbeck Samples

The Engineer may select, at the Contractor's
expense. studs of each type and size used under the
conttaet, as necessary for checking the requirements of
this section.

11.3.4 Steel ForliDIS aDd Steel SbaltiDI

11.3.4.1 Steel ForliDls

Steel forgings shall conform to the Specifications
for Steel Forgings Carbon and Alloy for General Use.
AASHTO MI02 (ASTM A668), Classes C. 0, F, or
G.

11.3.4.2 Cold FiDisbed CarboD Steel
SbaltiDI

Cold fmished carbon steel shafting shall conform
to the specifications for Cold F'mished Carbon Steel
Bars Standard Quality, AASHTO M169 (ASTM

Steel castings for use in highway bridge
components shall conform to Standard Specifications
for Steel Castings for Highway Bridges. AASHTO
Ml92 (ASTM A486) or Carbon-Steel Castings for
General Applications AASHTO MI03 (ASTM A27).
The class 70 or grade 70-36 of steel. respectively,
shall be used unless otherwise specified.

11.3.5.2 Chromium Alloy-Steel Cast­
ings

Chromium alloy-steel castings shall conform to
the Specification for Corrosion-Resistant Iron­
Chromium. Iron-Chromium-Nickel and Nickel-Based
Alloy Castings for General Application. AASHTO
MI63 (ASTM A743). Grade CA 15 shall be
furnished unless otherwise specified.

11.3.6 IrOD Castings

11.3.6.1 Materials

(1) Gray Iron Castings - Gray iron castings shall
conform to the Specification for Gray Iron Castings,
AASHTO MIOS (ASTM A48). Class No. 30 unless
otherwise specified.

(2) Ductile Iron Castings - Ductile iron castings
shall conform to the Specifications for Ductile Iron
Castings. ASTM AS36. Grade 60-40-18 unless
otherwise specified. In addition to the specified test
coupons. test specimens from parts integral with the
castings. such as risers. shall be tested for castings
weighing more than 1.000 pounds to determine that
the required quality is obtained in the castings in the
fmished coodition.

(3) Malleable Castings - Malleable castings shall
conform to the Specification for Malleable Iron
Castings. ASTM A47. Grade No. 35018 shall be
furnished unless otherwise specified.

11.3.6.2 Workmanship and Finish

Iron castings shall be true to pattern in form and
dimensions. free from pouring faults, sponginess.
cracks. blow holes. and other defects in positions
affecting their strength and value for the service
intended.
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Castings shall be boldly filleted at angles and the
arrises shall be sharp and perfect.

11.3.6.3 Cleaning

All castings must be sandblasted or otherwise
effectively cleaned of scale and sand so as to present a
smooth. clean. and uniform surface.

11.3.7 Galvanizing

When galvanizing is shown on the plans or
specified in the special provisions. ferrous metal
products. other than fasteners. shall be galvanized in
accordance with the Specifications for Zinc (Hot­
Galvanized) Coatings on Products Fabricated from
Rolled. Pressed. and Forged Steel Shape Plates. Bars.
and Strip. AASHTO Mill (ASTM AI23).

11.4 FABRICATION

11.4.1 Identification 01 Steels Durini
Fabrication

The Contractor's system of assembly-marking
individual pieces. and the issuance of cutting
instructions to the shop (generally by cross­
referencing of the assembly-marks shown on the shop
drawings with the corresponding item covered on the
mill purchase order) shall be such as to maintain
identity of the original piece.

The Contractor may furnish from stock. material
that he can identify by heat number and mill test
report.

During fabrication. up to the point of assembling
members. each piece of steel. other than Grade 36
steel. shall show clearly and legibly its specification.
This may be done by writing the material
specification on the piece or using the identification
color code shown in Table 11.4.

which shall be established and kept on record for the
Engineer.

Pieces of steel. other than Grade 36 steel. which
prior to assembling into members. will be subject to
fabricating operations such as blast cleaning.
galvanizing. heating for forming. or painting which
might obliterate paint color code marking. shall be
marked for grade by steel die stamping or by a
substantial tag f1CIt1ly attached. Steel die stamps shall
be low stress-type.

Upon request, the Contractor shall furnish an
affidavit certifying that throughout the fabrication
operation he has maintained the identification of steel
in accordance with this specificatioo.

11.4.% Storage 01 Materials

Structural material, either plain or fabricated.
shall be stored above the ground on platforms. skids.
or other supports. It shall be kept free from dirt,
grease. and other foreign mauer. and shall be protected
as far as practicable from corrosion.

11.4.3 Plates

11.4.3.1 Direction 01 Rolling

Unless otherwise shown on the plans. steel plates
for main members and splice plates for flanges and
main tension members. not secondary members. shall
be cut and fabricated so that the primary direction of
rolling is parallel to the direction of the main tensile
and/or compressive stresses.

11.4.3.2 Plate Cut Edges

11.4.3.2.1 Edge Planing

Sheared edges of plate more than 5/8 inch in
thickness and carrying calculated stress shall be
planed, milled. ground, or thermal cut to a depth of
1/4 inch.

TABLE 11.4 Identification Color Codes 11.4.3.2.2 Oxygen CUlling

Other steels, except Grade 36 steel. not covered
above. nor included in the AASHTO MI60 (ASTM
A6) Specification. shall have an individual color code

Oxygen cutting of structural steel shall conform
to the requirements of the current edition of the
ANSI/AASHTO/AWS Bridge Welding Code 01.5.

Visual inspection and repair of plate cut edges
shall be in accordance with the ANSI/AASHTO/AWS
Bridge Welding Code 01.5.

Grade SO
Grade SOW

Grade70W
Grade 100

Grade lOOW

Green &. Yellow
Blue &. Yellow
Blue &. Orange

Ra1
Red &. Oranlle 11.4.3.2.3 VisuallnspeClion and Repair of

Plale Cut Edges
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11.4.3.3 BeDt Plates

11.4.3.3.1 GmeraJ

Unwelded.. load-carrying, rolled-steel plates to be
bent shall conform to the following:

Intermediate stiffeners not intended to suppOrt
concentrated loads, unless shown or specified other­
wise, shall have a tight fit against the compression
flange.

11.4.5 Abutting Joints

They shall be so taken from the stock plates that
the bend line will be at right angles to the direction of
rolling, except that cold-bent ribs for onhotropic-deck
bridges may be bent with bend lines in the direction of
rolling.

Abutting joints in compression members of
trusses and columns shall be milled or saw-cut to give
a square joint and uniform beating. At other joints,
not required to be faced, the opening shall not exceed
3/8 inch.

Before bending, the comers of the plates shall be
rounded to a radius of 1/16 inch throughout the
portion of the plate at which the bending is to occur.

Cold bending shall be sucb that no cracking of
the plate occurs. Minimum bend radii, measured to
the concave face of the metal, are given in the
following table:

Allowance for springback of Grades 100 and
lOOW steels should be about 3 times that for Grade 36
steel. For break press forming, the lower die span
should be at least 16 times the plate thickness.
Multiple hits are advisable.

End bearing stiffeners for girders and stiffeners
intended as suppatS for concenll'aled loads shall have
full bearing (either milled, ground or, on weldable
steel in compression areas of flanges. welded as shown
on the plans or specifJed) on the flanges to which they
transmit load or from which they receive load.

1075'P
9OO'F

112S'F
950'F

Grade 70W> 6" from weld
Grade 70W < 6" from weld
Grade 100 or 100W> 6" from weld
Grade 100 or l00W < 6" from weld

In all other steels, the temperawre of the heated
area shall not exceed 1200' F as controlled by
temperature indicating crayons, liquids. or bimetal
thennomecen.

11. 4.6 Facing of Bearing Surfaces

The surface fInish of bearing and base plates and
other bearing surfaces that are to come in contact with
each other or with concrete shall meet the ANSI
surface roughness requirements as defmed in ANSI
846.1, Surface Roughness, WaViness and Lay, Part I:

Steel slabs ANSI 2,000
Heavy p1ales in contact in shoes to

be welded ANSI 1,000
Milled ends of compression members,

milled or grolDld ends of stiffeners
and fillers ANSI 500

Bridge rollers and rockers ANSI 250
Pins and pin holes ANSI 125
Sliding bearings ANSI 125

1.1.4,7 Straigbtening Material

The straightening of plates, angles, other shapes,
and built-up members, when permitted by the
Engineer, shall be done by methods that will not
produce fracture or other injury to the metal.
Distoned members shaH be straightened by
mechanical means or, if approved by the Engineer, by
cazefully planned procedures and supervised application
of a l.imiIed amount of localized heat, except that heat
straightening of Grades 70W, 100 and 100W steel
members shall be done only under rigidly controlled
lX'OCedures, each application subject to the approvai of
the Engineer. In no case shaH the maximum
r.emperamre exceed values in the following table:

Cold Bending

Hot BeMbt,

11.4.3.32

11.4.3.3.3

If a radius shorter than the miDimum specified for
cold bending is essential, the plalel sball be bent hot
at a temperature DOl parer than 1200P, excepc for
Grades 100 and 100w. IfGrades 100 aDd 100W steel
plates to be bent are baled to a temper8lUre greater
than lIN, they must be requencbed and tempered in
acc<Xdance with the producing mill's practice.

11.4.4 Fit of StiffeDers

Thickness Up Over Over Over Over
in Inches to 1/2 Ito 1-1/2 2-1/2

(t) 1/2 to 1 1-1/2 to 2-1/2 to4
Bend radii for all
grades of suuc-
tural steel in this
snecification 2t 2-112t 3t 3-1/2t 4t
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Pans to be heat straightened shall be substantially
free of stress and from external forces. except stresses
resulting from mechanical means used in conjunction
with the application of heal

Evidence of fracture following straightening of a
bend or buckle will be cause for rejection of the
damaged piece.

11.4.8 Bolt Holes

11.4.8.1 Holes for High.Strength
Bolts and Unfinished Bolts··

11.4.8.1.1 General

All holes for bolts shall be either punched or
drilled. Material fanning partS of a member composed
of not more than five thicknesses of metal may be
punched 1/16 inch larger than the nominal diameter of
the bolts whenever the thickness of the material is not
greater than 3/4 inch for structural steel, 518 inch for
high-strength steel or 1/2 inch for quenched and
tempered alloy steel, unless subpunching and reaming
are required under Article 11.4.8.5.

11.4 ..8.1.3 Reamed or Drilled Holes

Reamed or drilled holes shall be cylindrical.
perpendicular to the member. and shall comply with
the requirements of Article 11.4.8.1.1 as to size.
Where practical. reamers shall be directed by
mechanical means. Burrs on the outside surfaces shall
be removed. Reaming and drilling shall be done with
twist drills, twist reamers or rotabroach cutters.
Connecting parts requiring reamed or drilled holes
shall be assembled and securely held while being
reamed or drilled and shall be match marked before
disassembling.

11.4.8J.4 Accuracy of Holes

Holes not more than 1132 larger in diameter than
the true decimal equivalent of the nominal diameter
that may result from a drill or reamer of the nominal
diameter are considered acceptable, the slightly conical
hole that naturally results from punching operations is
considered acceptable. The width of slotted holes
which are produced by flame cutting or a combination
of drilling or punching and flame cutting shall
generally be not more than 1132 inch greater than the
nominal width. The flame cut surface shall be ground
smooth.

When shown on the plans, enlarged or slotted
holes are allowed with high-strength bolts.

•• See Article 11.5.5 for bolts included in designation
"Unfinished Bolts."

The diameter of the die shall not exceed the
diameter of the punch by more than 1/16 inch. If any
holes must be enlarged to admit the bolts. such holes
shall be reamed. Holes must be clean cut without
torn or ragged edges.

When there are more than five thicknesses or
when any of the main material is thicker than 3/4 inch
for structural steel, 518 inch for high-strength steel, or
112 inch for quenched and tempered alloy steel, all
holes shall either be subdrilled and reamed or drilled
full size.

11.4.8.2 Accuracy 01 Hole Group

11.4.8.2.1 Accuracy Before Reaming

All holes punched full size, subpunched, or
subdrilled shall be so accurately punched that after
assembling (before any reaming is done) a cylindrical
pin 1/8 inch smaller in diameter than the nominal size
of the punched hole may be entered perpendicular to
the face of the member, without drifting, in at least 75
percent of the contiguous holes in the same plane. If
the requirement is not fulfilled, the badly punched
pieces will be rejected. If any hole will not pass a pin
3/16 inch smaller in diameter than the nominal size of
the punched hole, this will be cause for rejection.

11.4.82.2 Accuracy Afler Reaming

When holes are reamed or drilled. 85 percent of
the holes in any contiguous group shall, after reaming
or drilling, show no offset greater than 1132 inch
between adjacent thicknesses of metal.

All steel templates shall have hardened steel
bushings in holes accurately dimensioned from the
centerlines of the connection as inscribed on the
template. The centerlines shall be used in locating
accurately the template from the milled or scribed ends
of the members.

Punched Holes11.4.8.1.2

When required, all holes shall be either
subpunched or subdrilled (subdrilled if thickness
limitation governs) 3/16 inch smaller and, after
assembling, reamed 1/16 inch larger <X' drilled full size
to 1/16 inch larger than the nominal diameter of the
bolts.
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11.4.8.3 Numerically-Controlled
Drilled-Field Connections

In lieu of subsized holes and reaming while
assembled. or drilling holes full-size while assembled.
the Contractor shall have the option to drill or punch
bolt holes full-size in unassembled pieces and/or
connections including templates for use with match­
ing subsized and reamed holes by means of suitable
numerically controlled (N/C) drilling or punching
equipment Full-size punched holes shall meet the
requirements of Article 11.4.8.1.

If N/C drilling or punching equipment is used.
the Contractor, by means of check: assemblies, will be
required to demonstrate the accuracy of this drilling or
punching procedure in accordance with the provisions
of Article 11.5.3.3.

Holes drilled or punched by NIC equipment shall
be drilled or punched to appropriate size either through
individual pieces, or drilled through any combination
of pieces held tightly together.

11.4.8.4 Holes ror Ribbed Bolts,
Turned Bolts, or Other
Approved Bearing Type Bolts

All holes for ribbed bolts, turned bolts, or other
approved bearing-type bolts shall be subpunched or
subdrilled 3/16 inch smaller than the nominal diameter
of the bolt and reamed when assembled. or drilled to a
steel template or. after assembling. drilled from the
solid at the option of the Fabricator. In any case the
futished holes shall provide a driving fit as specified
on the plans or in the special provisions.

11.4.8.5 Preparation 01 Field Connec­
tions

Holes in all field connections and field splices of
main members of trusses, arches. continuous beam
spans, bents. towers (eacb face), plate girders, and
rigid frames shall be subpunched or subdril1ed and
subsequently reamed while assembled or drilled full
size to a steel template. Holes for field splices of
rolled beam suingers continuous over floor beams or
cross frames may be drilled full size unassernbled to a
steel template. All holes for floor beams or cross
frames may be drilled full size unassembled to a steel
template. All holes for floor beam and suinger field
end connections shall be subpunched and reamed while
assembled or drilled full size to a steel template.
Reaming or drilling full size of field connection holes
through a steel template shall be done after the
template has been located with utmost care as to

posluon and angle and flrmly bolted in place.
Templates used for reaming matching members. or the
opposite faces of a single member. shall be exact
duplicates. Templates used for connections on like
parts or members shall be so accurately located that
the parts or members are duplicates and require no
match-marlting.

For any connection, in lieu of subpunching and
reaming or subdrilling and reaming, the fabricator
may, at his option, drill holes full size with all
thicknesses or material assembled in proper position.

11. 4.9 Pins and Rollers

11.4.9.1 General

Pins and rollers shall be accurately turned to the
dimensions shown on the drawings and shall be
straight, smooth, and free from flaws. Pins and
rollers more than 9 inches in diameter shall be forged
rollers and annealed. Pins and rollers 9 inches or less
in diameter may be either forged and annealed or cold­
finished carbon-steel shafting.

In pins larger than 9 inches in diameter, a hole
not less than 2 inches in diameter shall be bored full
length along the axis after the forging has been
allowed to cool to a temperature below the critical
range, under suitable conditions to prevent injury by
too ropid cooling, and before being annealed.

11.4.9.2 Borinz Pin Holes

Pin holes shall be bored true to the specified
diameter, smooth and straight, at right angles with the
axi.s of the member and parallel with each other unless
ocherwise required. The fmal surface shall be produced
by a fmishing cut

The diameter of the pin hole shall not exceed that
of the pin by more than 1/50 inch for pins 5 inches or
less in diameter, or by 1/32 inch for larger pins.

The distance outside to outside of end holes in
tension members and inside to inside of end holes in
compression members shall not vary from that
specified more than 1/32 inch. Boring of pin holes in
bwJl-UP members shall be done after the member has
bccD assembled.

11 .4.9.3 Threads ror Bolts and Pins

'T'hteads for all bolts and pins for structural steel
COftSU'UCtion shall conform to the Unified Standard
ScneI UNC ANS I B1.1, Class 2A for external threads
a1 CL&u 2B for internal threads, except that pin ends
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having a diameter of 1-3/8 inches or more shall be
threaded 6 threads to the inch.

11.4.10 Eyebars

Pin holes may be flame cut at least 2 inches
smaller in diameter than the finished pin diameter.
All eyebars that are to be placed side by side in the
structure shall be securely fastened together in the
order that they will be placed on the pin and bored at
both ends while so clamped. Eyebars shall be packed
and match-marked for shipment and erection. All
identifying marks shall be stamped with steel stencils
on the edge of one head of each member after
fabrication is completed so as to be visible when the
bars are nested in place on the structure. Steel die
stamps shall be low stress type.

The eyebars shall be straight and free from twists
and the pin holes shall be accurately located on the
centerline of the bar. The inclination of any bar to the
plane of the truss shall not exceed 1/16 inch to a fool.

The edges of eyebars that lie between the
transverse centerline of their pin holes shall be cut
simultaneously with two mechanically operated
torches abreast of each other. guided by a substantial
template. in such a manner as to prevent distonion of
the plates.

11. 4.11 Annealing and Stress Relieving

Structural members which are indicated in the
contract to be annealed or normalized shall have
finished machining. boring. and suaightening done
subsequent to heat treaunent. Normalizing and
annealing (full annealing) shall be as specified in
ASTM E44. The temperatures shall be maintained
uniformly throughout the furnace during the heating
and cooling so that the temperature at no two points
on the member will differ by more than l000F at any
one time.

Members of Grades loo/looW or Grade 70W
steels shall not be annealed or normalized and shall be
stress relieved only with the approval of the Engineer.

A record of each furnace charge shall identify the
pieces in the charge and show the temperatures and
schedule actually used. Proper instruments. including
recording pyrometers. shall be provided for determin­
ing at any time the temperatures of members in the
furnace. The records of the treaunent operation shall
be available to and meet the approval of the Engineer.
The holding temperature for stress relieving Grades
100/l00W and Grade 70W steels shall not exceed
1125°F and 1075°F. respectively.

Members. such as bridge shoes. pedestals. or
other parts that are built up by welding sections of
plate together shall be Stress relieved in accordance
with the procedure of Section 4.4 of
ANSI/AASHTO/AWS Bridge Welding Code D1.5
when required by the plans. specifications. or special
provisions governing the contract

11.4.12 Curved Girders

11.4.12.1 General

Flanges of curved. welded girders may be cut to
the radii shown on the plans or curved by applying
heat as specified in the succeeding articles providing
the radii is not less than allowed by Anicle 10.15.2 of
Division 1.

11.4.12.2 Heat Curving Rolled Beams
and Welded Girders

11.4.12.2.1 M~riais

Steels that are manufactured to a specified
minimum yield point greater than 50.000 psi shall
not be heat curved.

11 .4 .12.2.2 Type ofHeating

Beams and girders may be curved by either
continuous or V-type heating as approved by the
Engineer. For the continuous method. a strip or
intermittent strips along the edge of the top and
bottom flange shall be heated approximately
simultaneously depending on flange widths and
thicknesses; the strip shall be of sufficient width and
temperature to obtain the required curvature. For the
V-type heating, the top and bottom flanges shall be
heated in truncated triangular or wedge-shaped areas
having their base along the flange edge and spaced at
regular intervals along each flange; the spacing and
temperature shall be as required to obtain the required
curvature, and heating shall progress along the top and
bottom fulnge at approximately the same rate.

For the V-type healing. the apex of the truncated
triangular area applied to the inside flange surface shall
terminate just before the juncture of the web and the
fulnge is reached. To avoid unnecessary web distor­
tion. special care shall be taken when heating the
inside Dange surfaces (the surfaces that intersect the
web) so that heat is not applied directly to the web.
When the radius of curvature is 1.000 feet or more.
the apex of the truncated trianguiar heating pattern
applied to the outside flange surface shall extend to the
juncture of the fulnge and web. When the radius of
curvature is less than 1.000 feet. the apex of the
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truncated triangular heating pattern applied to the
outside flange surface shall extend past the web for a
distance equal to one-eighth of the flange or 3 inches.
whichever is less. The truncated triangular pattern
shall have an included angle of approximately 15 to
30 degrees. but the base of the triangle shall not
exceed 10 inches. Variations in the patterns prescribed
above may be made with the approval of the Engineer.

For both types of heating, the flange edges to be
heated are those that will be on the inside of the
horizontal curve after cooling. Heating both inside
and outside flange surfaces is only mandatory when
the flange thickness is 1-1/4 inches or greater. in
which case. the two surfaces shall be heated
concurrently. The maximum temperature shall be
prescribed as follows:

11.4.12.2.3 TempualUTe

The heat-curving operation shall be conducted in
such a manner that the temperature of the steel does
not exceed ll500 F as measured by temperature
indicating crayons or other suitable means. The girder
shall not be artificially cooled until after naturally
cooling to 6OQOF. The method of artificial cooling is
subject to the approval of the Engineer.

11.4.12.2.4 Position for Healing

The girder may be heat-curved with the web in
either a vertical or a horizontal position. When curved
in the vertical position. the girder must be braced or
supported in such a manner that the tendency of the
girder to deflect laterally during the heat-curving
process will not cause the girder to ovenum.

When curved in the horizontal position. the girder
must be supported near its ends and at intermediate
points. if required. to obtain a uniform C1D'Vature; the
bending stress in the flanges due to the dead weight of
the girder must not exceed the usual allowable design
stress. When me girder is positioaed horizonU1lly for
heating, intermedWe safety carcb blocks must be
maintained at the mid-length of the girder within 2
inches of the flanges at all times during the heating
process to guard apinst a sudden sag due to plastic
flange buckling.

11.4.12.2.5 Sequena ofOperariollS

The girder shall be heat-curved in the fabrication
shop before it is painted. The heat curving operation
may be conducted either before or after all the required
welding of transverse intermediate stiffeners is
completed. However. unless provisions are made for
girder shrinkage, connection plates and bearing

stiffeners shall be located and attached after heat
curving. If longitudinal stiffeners are required. they
shall be heat-curved or oxygen-cut separately and then
welded to the curved girder. When cover plates are to
be attached to rolled beams. they may be attached
before heat curving if the total thickness of one flange
and cover plate is less than 2-112 inches and the radius
of curvature is greater than 1,000 feet For other
rolled beams with cover plates. the beams must be
heat-curved before the cover plates are au.aehed; cover
plates must be eiLher heat curved or oxygen-cut
separately and then welded to the curved beam.

11.4.12.2.6 Camber

Girders shall be cambered before heat curving.
Camber for rolled beams may be obtained by heat­
cambering methods approved by the Engineer. For
plate girders. the web shall be cut to the prescribed
camber with suitable allowance for shrinkage due to
cutting, welding, and heat curving. However, subject
to the approval of the Engineer. moderate deviations
from specified camber may be corrected by a carefully
supervised application of heat

11.4.12.2.7 Measurement of Curvature and
Camber

Horizontal curvature and vertical camber shall be
measured for fmal acceptance after all welding and
heating operations are completed and the flanges have
cooled to a uniform temperawre. Horizontal curvature
shall be checked wiLh the girder in the vertical
position.

11.4.13 Ortbotropic·Deck Superstructures

11.4.13.1 General

Dimensional tolerance limits for onhotropic-deck
bridge members shall be applied to each completed but
unloaded member and shall be as specified in para­
graph 3.5 of ANSI/AASHTO/AWS Bridge Welding
Code D1.5 except as follows. The deviation from
detailed flatness. straighmess. or curvature at any
point shall be the perpendicular distance from that
point to a template edge which has the detailed
straightness or curvature and which is in contaCt with
the element at two other points. The term element as
used herein refers to individual panels. stiffeners.
flanges. or other pieces. The template edge may have
any length not exceeding the greateSt dimension of the
element being examined and, for any panel, not
exceeding 1.5 times the least dimension of the panel;
it may be placed anywhere within the boundaries of
\be elcmenL The deviation shall be measured between
adjacent points of contact of the template edge with
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the element; the distanCe between these adj:lCem points
of contact shall be used in the fonnulas to establish
the tolerance limits for the segment being measured
whenever this distance is less than the applicable
dimension of the element specified for the fonnula.

11.4.13.2 Flatness of Panels

(a) The term "panel" as used in this article means
a clear area of steel plate surface bounded by stiffeners.
webs, flanges. or plate edges and not further
subdivided by any such elements. The provisions of
this article apply to all panels in the bridge; for plateS
stiffened on one side only such as orthotropic-deck
plates or flanges of box girders. this includes the total
clear width on the side without stiffeners as well as
the panels between stiffeners on the side with
stiffeners.

(b) The maximum deviation from detailed flatness
or curvawre of a panel shall not exceed the greater of:

3116 irdl.CI' _0_ in::h
144fT

where

D = the least dimension in inches along the
boundary of the panel;

T = the minimum thickness in inches of the
plate comprising the panel.

11.4.13.3 Straigbtness of Longitudinal
Stiffeners Subject to Calcu­
lated Compressive Stress,
Including Ortbotropic-Deck
Ribs

The maximum deviation from detailed straight­
ness or curvature in any direction perpendicular to its
length of a transverse web stiffener or other stiffener
not subject to calculated compressive stress shall not
exceed:

where L = the length of the stiffener or rib between
cross members. webs. or flanges. in inches.

11.4.13.4 Straightness of Transverse
Web Stiffeners and Other
Stiffeners not Subject to
Calculated Compressive
Stress

The maximum deviation from detailed sU'aight­
ness or curvature in any direction perpendicular to its

length of a transverse web stiffener or other stiffener
not subject to calculated compressive stress shall not
exceed:

...h...
2AO

where L = the length of the stiffener between cross
members. webs. or flanges. in inches.

11.4.14 Full Size Tests

When full size tests of fabricated structural
members or eyebars are required by the contract, the
Contractor shall provide suitable facilities. material.
supervision. and labor necessary for making and
recording the required tests. The members tested in
accordance with the contract shall be paid for in
accordance with Article 11.7.2.

11.4.15 Marking and Shipping

Each member shall be painted or marked with an
erection mark for identification and an erection
diagram showing these marks shall be furnished to the
Engineer.

The Contractor shall furnish to the Engineer as
many copies of material orders. shipping statements,
and erection diagrams as the Engineer may direct The
weights of the individual members shall be shown on
the statements. Members weighing more than 3 tons
shall have the weights marked thereon. Structural
members shall be loaded on trucks or cars in such a
manner that they may be transported and unloaded at
their destination without being excessively stressed.
defonned, or otherwise damaged.

Bolts of one length and diameter and loose nuts or
washers of each size shall be packed separately. Pins.
small parts and packages of bolts. washers. and nuts
shall be shipped in boxes. crates. kegs. or barrels. but
the gross weight of any package shall not exceed 300
pounds. A list and description of the contained
material shall be plainly marked on the outside of each
shipping container.

11.5 ASSEMBLY

11.5.1 Bolting

Surfaces of metal in contact shall be cleaned
before assembling. The parts of a member shall be
assembled. well pinned, and fmnly drawn together
before drilling. reaming. or bolting is commenced.
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Assembled pieces shall be taken apart. if necessary,
for the removal of burn and shavings produced by the
operation. The member shall be free from twists,
bends, and other deformation.

The drifting done during assembling shall be only
such as to bring the parts into position and not
sufficient to enlarge the holes or distort the metal.

11.5.2 Welded Connections

Surfaces and edges to be welded shall be smooth,
uniform, clean and free of defects which would
adversely affect the quality of the weld. Edge prepara­
tion shall be done in accordance with
ANSI/AASHTO/AWS Bridge Welding Code 01.5.

11.5.3 Preassembly of Field Connections

11.5.3.1 General

Field connections of main members of trusses,
arches, continuous beams, plate girders, bents, towers
and rigid frames shall be preassembled prior to
erection as necessary to verify the geometry of the
completed structure or unit and to verify or prepare
field splices. Attaining accurate geometry is the
responsibility of the Contractor and he shall propose
an appropriate method of preassembly for approval by
the Engineer. The method and details of preassembly
shall be consistent with the erection procedure shown
on the erection plans and camber diagrams prepared by
the Contractor and approved by the Engineer. As a
minimum, the preassembly procedure shall consist of
assembling three contiguous panels accurately adjusted
for line and camber. Successive assemblies shall
consist of at least one section or panel of the previous
assembly (repositioned if necessary and adequately
pinned to assure accurate alignment) plus two or more
sections or panels added at the advancing end. In the
case of structures longer than 150 feet. each assembly
shall be not less than 150 feet long regardless of the
length of individual coatinuous panels or sections. At
the option of the fabricaIar, sequence of assembly may
start from any 1oc1lion in the structure and proceed in
one or both directions so long as the preceding
requirements are satisfied.

11.5.3.% Bolted Connections

For bolted connections holes shall be prepared as
outlined in Article 11.4.8. Where applicable, major
components shall be assembled with milled ends of
compression members in full bearing and then shall
have their subsized holes reamed to the specified size
while the connections are assembled.

11.5.3.3 Check Assembly-Numeric­
ally Controlled Drilling

When the contractor elects to use numerically
controlled drilling, a check assembly shall be required
for each major structural type of each project. unless
otherwise designated on the plans or in the special
provisions, and shall consist of at least three
contiguous shop sections or, in a truss, all members
in at least three contiguous panels but not less than
the number of panels associated with three contiguous
chord lengths (Le., length between field splices).
Check assemblies should be based on the proposed
order of erection, joints in bearings, special complex
points, and similar considerations. Special points
could be the portals of skewed trusses, for example.

The check assemblies shall preferably be the flrst
sections of each major structural type to be fabricated.

Shop assemblies other than the check assemblies
will not be required.

If the check assembly fails in some specific
manner to demonstrate that the required accuracy is
being obtained. further check assemblies may be
required by the Engineer for which there shall be no
additional cost to the Department

Each assembly, including camber, alignment.
accuracy of holes, and flt of milled joints, shall be
approved by the Engineer before reaming is
commenced or before an N/C drilled check assembly is
dismantled.

11.5.3.4 Field Welded Connections

For field welded connections the flt of members
including the proper space between abutting flanges
shaJl be prepared or verified with the segment
pn:assembled in accordance with Article 11.5.3.1.

11.5.4 Match Markinl

Connecting parts preassembled in the shop to
assure proper fit in the field shall be match-marked,
and a diagram showing such marks shall be furnished
to the Engineer.

11.5.5 Connections Usinll Unfinished,
Turned or Ribbed Bolts

11.5.5.1 General

When unfinished bolts are specified, the bolts
shall be unfmished. turned, or ribbed bolts confonning
to the requirements for Grode A Bolts of Specification
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for Low-Carbon Steel Extemall y and Internal h
Threaded Standard Fasteners. ASTM A 307 Solu
shall have single self-locking nuts or double nuLl
unless otherwise shown on the plans or III the spec:w
provisions. Beveled washers shall be used where
bearing faces have a slope of more than 1:20 Wllh

respect to a plane normal to the bolt axlS. The
specifications of this anicle do not pertain to the use
of high-strength bolts. Bolted connections fabncaLCd
with high-strength bolts shall conform to Aruc:1c
11.5.6.

11.5.5.2 Turned Bolts

The surface of the body of turned bolts shall meet
the ANSI roughness rating value of 125. Heads and
nuts shall be hexagonal with standard dimensions for
bolts of the nominal size specified or the next larger
nominal size. Diameter of threads shall be equal to
the body of the bolt or the nominal diameter of the
bolt specified. Holes for tumed bolts shall be
carefully reamed with bolts furnished to provide for a
light driving fit. Threads shall be entirely outside of
the holes. A washer shall be provided under the nut,

11.5.5.3 Ribbed Bolts

The body of ribbed bolts shall be of an approved
form with continuous longitudinal ribs. The diameter
of the body measured on a circle through the points of
the ribs shall be 5/64 inch greater than the nominal
diameter specified for the bolts.

Ribbed bolts shall be furnished with round heads
conforming to ANSI B 18.5 unless otherwise
specified. Nuts shall be hexagonal. either recessed or
with a washer of suitable thickness. Ribbed bolts
shall make a driving fit with the holes. The hardness
of the ribs shall be such that the ribs do not mash
down enough to permit the bolts to tum in the holes
during tightening. If for any reason the bolt tw.ists
before drawing tight. the hole shall be carefully
reamed and an oversized bolt used as a replacemenL

11.5.6 Connections USinl: High Strength
Bolts

11.5.6.1 General

This article covers the assembly of structural
joints using AASHTO Ml64 (ASTM A325) or
AASHTO M2S3 (ASTM A490) high-strength bolts,
or equivalent fasteners. tightened to a high tension.
The bolts are used in holes conforming LO the
requirements of Article 11.4.8.

11.5 .6 .2 Bolted Parts

All material within the grip of the bolt shall be
sLeel. there shall be no compressible material such as
gaskets or insulation within the grip. Bolted steel
parts shall fit solidly together after the bolts are
ughtened, and may be coated or uncoated. The slope
of the surfaces of parts in contact with the bolt head or
nut shall not exceed 1:20 with respect to a plane
normal to the bolt axis.

11.5.6.3 Surface Conditions

At the time of assembly, all joint surfaces.
including surfaces adjacent to the bolt head and nut.
shall be free of scale, except tight miU scale. and shall
be free of dirt or other foreign material. Burrs that
would prevent solid seating of the connected parts in
!he snug tight condition shall be removed.

Paint is permitted on the faying surface uncondi­
banally in connections except in slip-critical connec·
uons as defmed in Anicle 10.24.1.4, Div. I.

The faying surfaces of slip-critical connections
shall meet the requirements of the following para­
graphs, as applicable:

(1) In non-coated joints, paint, including any
inadvertent overspray, shall be excluded from areas
closer than one bolt diameter, but not less than one
inch. from the edge of any hole and all areas within
the bolt pattem.

(2) Joints specified to have painted faying
surfaces shall be blast cleaned and coated with a paint
which has been qualified as Oass A or B in accordance
with the requirements of An. 10.32.3.2.3, Div. I.
except as provided in the following paragraph (3).

(3) Subject to the approval of the Engineer,
coating providing a slip coefficient less than 0.33 may
be used provided the mean slip coefficient is
established by test in accordance with the requirements
of ArL 10.32.3.2.3, Div. I. and the allowable slip
load per unit area is established.

(4) Coated joints shall not be assembled before
the coaling has cured for the minimum time used in
the qualifying tesL

(5) Faying surfaces specified to be galvanized
shall be hot-dip galvanized in accordance with
AASHTO MIll (ASTM A123). and shall subse­
quently be roughened by means of hand wire brushing.
Power wire brushing is not permitted.
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For rotational-capacity tests. the use of washers is
required even though their use may not be requirerl in
the actual installation.

c. The measured torque at a tension "P." after
exceeding the turn test tension required above
in b., shall not exceed the valuc obtained by
the following equation:

b. During this test, the maximum recorded
tension shall be equal to or greater than the
turn test tension which is 1.15 times the
required fastener tension indicated in Table
11.5A.

High-strength fasteners. black and galvanized.
shall be subjected to job-site rotational-capacity tests
performed in accordance with AASHTO MI64.
Section 8.5, and shall meet the following require­
ments:

Rouuionai-Capacity Tests

Requiremelll for Wash.!rs

11.5.6.4.2

11.5.6.4.3

a. After tightening to a snug tight condition, as
defined in 11.5.6.4.4. the fastener shall be
tightened two times the required number of
turns indicated in Table 11.5B, in a
Skidmore-Wilhelm Calibrator. or equivalent
tension measuring device. without stripping
or failure.

Torque =0.25 PO

wheze

T<:tqUe .. Measured torque (ft-Ibs)
P .. Measured bolt tension (100)
D .. Nominal diameter (ft)

tightened bolts which may have been loosened by the
tightcning of adjacent bolts shall not be considered as
reuse provided the snugging up continues from the
initial position and does not require greater rotation.
including the tolerance. than that required by Table
11.5B.

Where the outer face of the bolted parts has a
slope greater than 1:20 with respect to a plane normal
to the bolt axis, a hardened bevelled washer shall be
used to compensate for the lack of parallelism.

Hardened beveled washers for American Standard
Beams and Channels shall be required and shall be
square or rectangular, shall conform to the require·

11.5.6.4 Installation

11 .5.6.4.1 General

Fasteners together with washers of size and
quality specified, located as required below, shall be
installed in properly aligned holes and tightened by
any of the methods described in Arts. 11.5.6.4.4
through 11.5.6.4.7 to at least the minimum tension
specified in Table 11.5A when all the fasteners are
tight Tightening may be done by turning the bolt
while the nut is prevented from roWing when it is
impractical to tum the DuL Impact wrenches, if used,
shall be of adequate capacity and sufficienl1y supplied
with air to perform the required tightening of each bolt
in approximately 10 seconds.

AASHrO M2S3 (ASTM A490) fasteners and
galvanized AASHrO Ml64 (ASTM A32S) fasteners
shall not be reused. Other AASHTO Ml64 (ASTM
A32S) bolts may be reused if approved by the Engi­
neer. Touching up or retightening previously

Fasteners of appropriately assigned lot numbers
shall be assembled· together when installed. Such
fasteners shall be protected from dirt and moisture at
the job site. Only as many fasteners as are anticipated
tQ be installed and tightened during a work shift shall
be taken from protected storage. Fasteners not used
shall be returned to proteCted storage at the end of the
shift Fasteners shall not be cleancd of lubricant that
is required to be present in as-delivered condition.
Fasteners for slip-critical connections which accumu­
late rust or dirt resulting from job site conditions shall
be cleaned and relubricaLed prior to installation.

A tension measuring device (a Skidmore-Wilhelm
calibrator or other acceptable bolt tension indicating
device) shall be at all job sites where high-strength
fasteners are being installed and tightened. The
tension measuring device shall be used to perform the
rotational-capacity test and to confirm (1) the
suitability to satisfy the requirements of Table II.SA
of the complete fastener assembly, inclUding
lubrication if required to be used in the worle, (2)
calibration of the wrenches, if applicable, and (3) the
understanding and proper use by the bolting crew of
the method of tightening to be used. For short grip
bolts, direct tension indicators (DTI) with solid plates
may be used to perform this test The OTI shall be
flJ'St checked with a longer grip bolt in the Skidmore­
Wilhelm calibrator. The frequency of confirmation
testing, the number of tests to be performed and the
test procedure shall be as specified in Arts. 11.5.6.4.4
through 11.5.6.4.7, as applicable. The accuracy of
the tension measuring device shall be confllTJled by an
approved testing agency alleast annually.
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When tum-of-nut tightening is used. hardened
washers are not required except as may be specified in
Article 11.5.6.4.3.

Alternate design fasteners meeting the
requirements of Article 11.3.2.6 with a geometry
which provides a bearing circle on the head or nut
with a diameter equal to or greater then the
diameter of hardened washers meeting the
requirements of ASTM F436 satisfy the
requirements for washers specified herein and may
be used without washers.

ments of AASHTO M293 (ASTM F436), and shall
taper in thickness.

Where necessary, washers may be clipped on one
side to a point not closer than 7/8 of the bolt diameler
from the cenler of the washer.

Hardened washers are not required for connections
using AASHTO MI64 (ASTM A325) and AASHTO
M253 (ASTM A490) bolts except as follows:

Hardened washers shall be used under the
element turned in tightening when the tightening
is to be performed by calibrated wrench method.

11.5.6.4.4 TUTn-oj-NUl Tighlening

Irrespective of the tightening method.
hardened washers shall be used under both the
head and the nut when AASHTO M253 (ASTM
A490) bolts are to be installed in material having
a specified yield point less than 40 ksi.

Where AASHTO Ml64 (ASTM A325) bolts
of any diameter or AASHTO M253 (ASTM
A490) bolts equal to or less than 1 inch in
diameter are to be installed in oversize or short­
slotted holes in an outer ply, a hardened washer
conforming to ASTM F436 shall be used.

A representative sample of not less than three
bolt and nut assemblies of each diameter, length and
grade to be used in the work shall be checked at the
Slatt of work in a device capable of indicating bolt
tension. The test shall demonstrate that the method
for estimating the snug tight condition and controlling
the turns from snug tight to be used by the bolting
crew develops a tension not less than five percent
greater than the tension required by Table 11.5A.
Periodic retesting shall be performed when ordered by
the Engineer.

Calibrated wrench tightening may be used only
when installation procedures are calibrated on a daily
basis and when a hardened washer is used under the
element turned in tightening. .Standard torques
determined from tables or from formulas which are
assumed to relate torque to tension are not acceptable.

Bolts shall be installed in all holes of the
connection and brought to a snug tight condition.
Snug tight is defmed as the tightness that exists when
the plies of the joint are in firm contact. This may be
attained by a few impacts of an impact wrench or the
full effort of a man using an ordinary spud wrench.

Snug tightening shall progress systematically
from the most rigid part of the connection to the free
edges. and then the bolts of the connection shall be
retightened in a similar systematic manner as
necessary until all bolts are simultaneously snug tight
and the connection is fully compacted. Following
this initial operation all bolts in the connection shall
be tightened further by the applicable amount of
rotation specified in Table 11.5B. During the
tightening operation there shall be no rotation of the
part not turned by the wrench. Tightening shall
progress systematically from the most rigid part of the
joint to its free edges.

When AASHTO M253 (ASTM A490) bolts
over 1 inch in diameter are to be installed in an
oversize or short-slotted hole in an outer ply,
hardened washers conforming to ASTM F436
except with 5/16-inch minimum thickness shall
be used under both the head and the nut in lieu of
standard thickness hardened washers. Multiple
hardened washers with combined thickness equal
to or greater than 5/16-inch do not satisfy this
requirement.

Where AASHTO Ml64 (ASTM A325) bolts
of any diameter or AASHTO M253 (ASTM
A490) bolts equal to or less than 1 inch in
diameter are to be installed in a long slotted hole
in an outer ply, a plate washer or continuous bar
of at least 5/16-inch thickness with standard holes
shall be provided. These washers or bars shall
have a size sufficient to completely cover the slot
after installation and shall be of structural grade
material, but need not be hardened except as
follows. When AASHTO M253 (ASTM A490)
bolts over 1 inch in diameter are to be used in
long slotted holes in external plies, a single
hardened washer conforming to ASTM F436 but
with 5/16-inch minimum thickness shall be used
in lieu of washers or bars of structural grade
material. Multiple hardened washers with
combined thickness equal to or greater than 5/16­
inch do not satisfy this requirement.

11..5.6.4..5 Calibrattd Wrtnch Tighltning
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When fasteners which incotp(n.re a design feature
intended to indirectly indicate the bolt tension or to
automatically provide tbo teDIioa required by Table
11.5A and which have been qualified under Art.
113.2.6 are to be i....ted, a represenwive sample of
not less than three bobs of eacb diameter. length and
grade shall be cbec:ted at the job site in a device
capable of indicating bolt tension. The test assembly
shall include flat-hardened washers. if required in the
actual connection. arranged as in the actual
connections to be tensioned. The calibration test shall
demonstrate that each bolt develops a tension not less
than five percent greater than the tension required by
Table 1l.5A. Manufacturer's installation procedure
shall be followed for installation of bolts in the
calibration device and in all connections. Periodic

When calibrated wrenches are used for installa­
tion. they shall be set to provide a tension not less
than 5 percent in excess -of the minimum tension
specified in Table 11.5A. The installation procedures
shall be calibrated at least once each working day for
each bolt diameter. length and grade using fastener
assemblies that are being installed in the work.
Calibration shall be accomplished in a device capable
of indicating actual bolt tension by tightening three
typical bolts of each diameter. length and grade from
the bolts being installed and with a hardened washer
from the washers being used in the work under the
element turned in tightening. Wrenches shall be
recalibrated when significant difference is noted in the
surface condition of the bolts. threads. nuts or
washers. It shall be verified during actual installation
in the assembled steel work that the wrench
adjustment selected by the calibration does not produce
a nut or bolt head rotation from snug tight greater
than that permitted in Table 1l.5B. If manual torque
wrenches are used. nuts shall be turned in the
tightening direction when torque is measured.

When calibrated wrenches are used to install and
tension bolts in a connection. bolts shall be installed
with hardened washers under the element turned in
tightening bolts in all holes of the connection and
brought to a snug tight condition. Following this
initial tightening operation. the connection shall be
tightened using the calibrated wrench. Tightening
shall progress systematically from the most rigid part
of the joint to its free edges. The wrench shall be
returned to "touch up" previously tightened bolts
which may have been relaxed as a result of the
subsequent tightening of adjacent bolts until all bolts
are tightened to the prescribed amounL

retesting shall be performed when ordered by the
Engineer.

Manufacturer's installation procedure shall be
followed for installation of bolts in the calibration
device and in all connections. Special attention shall
be given to proper installation of flat-hardened washers
when direct tension indicator devices are used with
bolts installed in oversize or slotted holes and when
the load indicating devices are used under the turned
element.

Direct T,n.sicn Indicator Tighten­
ing

11.5.6.4.7

When alternate design fasteners which are intended
to control or indicate bolt tension of the fasteners are
used. bolts shall be installed in all holes of the
connection and initially tightened sufficiently to bring
all plies of the joint into fIrm contact but without
yielding or fracturing the conuol or indicator element
of the fasteners. All fasteners shall then be further
tightened. progressing systematically from the most
rigid part of the connection to the free edges in a
mllnner that will minimize relaxation of previously
tightened fasteners. In some cases. proper tensioning
of the bolts may require more than a single cycle of
systematic partial tightening prior to fmal twist-off of
the conttol or indicator element of individual fasteners.

When bolts are installed using direct tension
indicatorS meeting the requirements of ASTM F959.
bolts shall be installed in all holes of the connection
and brought to snug tight conditions. Snug tight is
indicated by partial compression of the direct tension
indicator protrusions. All fasteners shall then be
tightened. progressing systematically from the most
rigid part of the connection to the free edges in a
manner thal will minimize relaxation of previously
tightened fasteners.

In some cases. proper tensioning of the bolts may
require more than a single cycle of systematic partial
tightening prior to fmal tightening to deform the
protrusion to the specifIed gap.

When tightening of bolts using direct tension
indicator devices is used. a representative sample of
not less than three devices for each diameter and grade
of fastener to be used in the work shall be assembled
in a calibration device capable of indicating bolt
tension. The test assembly shall include flat-hardened
washers. if required in the actual connection. arranged
as those in the actual connections to be tensioned.
The calibration test shall demonstrate that the device
indicates a tension not less than five percent greater
than that required by Table 11.5A.

Installation of Alt,f7UJt, D,sign
Bolts

11.J.6.4.6
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The installation of lock-pin and collar fasteners
shall be by methods and procedures approved by the
Engineer.

TABLE 11.5A: Required Fastener Tension
Minimum Bolt Tension in Pounds·

Bolt Size AASHTO Ml64 AASHTO M253
inches ASTM A325 ASTM A490

112 12000 15000
518 19000 24000
3/4 28000 35000
718 39000 49000
1 51000 64000

1-118 56000 80000
1-1/4 71000 102000
1-3/8 85000 121000
1-1/2 103000 148000

Either the Engineer or the Contractor in the
presence of the Engineer, at the Engineer's option,
shall inspect the tightened bolts using an inspection
uxque wrench.

be plus or minus 30 degrees; for bolts installed by
2/3 turn and more, the tolerance should be plus or
minus 45 degrees.

b Applicable only to connections in which all
material within grip of the bolt is steel.

C No research work has been perfonned by the
Research Council Riveted and Bolted Structural
Joints to establish the tum-of-nut procedure when
bolt lengths exceed 12 diameters. Therefore. the
required rotation must be determined by actual tests
in a suitable tension device simulating the actual
conditions.

11'lSpectiofl11.5.6.4.9

LacJc-Pin and Collar Faslt!l'U!rs115.6.4.8

• Equal to 70% of specified minimum tensile
strength of bolts (as specified in ASTM SpeciiJeations
for tests of full-size A325 and A490 bolts with UNC
threads loaded in axial tension) rounded to the nearest
kip.

TABLE 11.5B: Nut Rotation from the Snug-Tight
Conditiona,b

Geometry of Outer Faces of Bolted Parts

One face
nonnalto Both faces
bolt axis sloped not
and other mae than

Bolt length face sloped 1:20 from
~ not more normal to

from than 1:20. bolt axis.
tmde:side of Both faces Bevel Bevel

head to end of normal to wasberDOt washers DOt
bolt. bolt axis. 11'ltJd. used.

Up to and
including 4

1/3 tum In. tumdiameters 2f3tum
Over 4

diameters but
not exceeding
8 diameters

1/2 tum 2f3 tum 5/6 tum
Over 8

diameters but
not exceeding
12 diametersC 2f3 tum 5/6 turn 1 tum

Three bolts of the same grade, size, and condition
as those under inspection shall be placed individually
in a device calibrated to measure bolt tension. This
calibration operation shall be done at least once each
inspection day. There shall be a washer under the part
turned in tightening each bolt if washers are used on
the strUcture. If washers are not used on the structure,
the material used in the tension measuring device
which abuts the pan turned shall be of the same
specification as that used on the structure. In the
calibra1ed device, each bolt shall be tightened by any
convenient means to the specified tension. The
inspecting wrench shall then be applied to the
tightened bolt to detennine the torque required to turn
the nut or head 5 degrees (approximately 1 inch at a
12·incb radius) in the tightening direction. The
average of the torque required for all three bolts shall
be taken as the job-inspection ta'que.

Ten percent (at least two) of the tightened bolts
on the sttueture represented by the test bolts shall be
selected at random in each connection. The job­
inspection torque shall then be applied to each with
the inspecting wrench turned in the tightening
direction. If this torque turns no bolt head or nut, the
bolts in the connection will be considered to be
properly tightened. But if the torque turns one or
more bolt heads or nuts, the job-inspection torque
shall then be applied to all bolts in the connection.
Any bolt whose head or nut turns at this stage shall
be tightened and reinspected. The Contractor may.
however, retighten all the bolts in the connection and
resubmit it for inspection.

a Nut rotation is relative to bolt. regardless of the
element (nut or bolt) being turned. For bolts
installed by 1/2 turn and less, the tolerance should
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11.5.7 Weldinl·

Welding. welder qualitications. prequalification of
weld details and inspection of welds shall confonn to
the requirements of the ANSJ/AASHrO/AWS Bridge
Welding Code 01.5;

Brackets. clips. shipping devices or other material
not required by the plans or special provisions shall
not be welded or taCked to any member unless shown
on the shop drawings and approved by the Engineer.

11.6 ERECTION

11.6.1 General

The Contractor shall provide all tools. machinery
and equipment necessary to erect the struCtUre.

Fa1sework and foons sball be in accordance with
the requirements of Section 3. "Temporary WOlD."

11.6.2 HandlinI and Storinl Materials

Material to be stored at the job site shall be
placed on skids above the ground. It shall be kept
clean and properly drained. Girders and beams shall be
placed upright and shored. Long members. such as
columns and chords. shall be supported on skids
placed near enough toge~ to preven~ injury from
deflection. If the contraCt IS for erecuon oniy. the
Contractor shall check the material turned OYez' to him
against the shipping lists and report promptly in
writing any shonage or injury discovt%ed. He shall be
responsible for the loss of any material while in I1is
care. or for any damage caused to it after beinl
received by him.

11.6.3 Bearinp ud ABcboraltS

Bridge bearinp sball be f1nisbed and iDstalled in
conformance willl5ec1icla 18 ~1beIe Specifications.

If the steel supeaSUUCbll'e is to be placed on a
subsU'UcttJre tbal WII buill under a sepua1e contract,
the Contractor sball verify that the masonry has been
consU'Ucred in the right 1ocaIion and to the correct
lines and elevations bdare ordering mareria1s.

11.6.4 Erectioa Procedure

11.6.4.1 Conformaace to Dra.iap

The erection procedure shall conform to the
erectioo drawings submitted in accordance willl Article

11.2.2. Any modifications to or deviations from this
erection procedure will require revised drawings and
verification of stresses and geometry.

11.6.4.2 Erection Stresses

Any erection stresses that are induced in the
sttucture as a result of the use of a method of erection
or equipment which differs from that shown on the
plans or specified. and which will remain in the
finished structure as locked-in stresses shall be
accounted for by the Contractor. He may provide
additional material at his expense to keep both
temporary and final stresses within the allowable
limits used in design.

The Contractor will be responsible for providing
temporary bracing or stiffening devices to accommo­
date handling stresses in individual members or seg­
ments of the structure during erection.

11.6.4.3 MaintainiDI Alignment and
Camber

During erection the Contractor will be
responsible for supporting segments of the sttucture
in a manner that will produce the proper alignment
and camber in the completed sttucture. Cross frames
and diagonal bracing shall be installed as necessary
during the erection process to provide stability and
as.sure correct geometry. Temporary bracing, if
necessary at any stage of erection. shall be provided by
the Contractor.

11.'.5 Field Assembly

The parts shall be accurately assembled as shown
011 the plans or erection drawings. and any match­
marts shall be followed. The mlUerial shall be
carefully handled so that no parts will be bent, broken.
or otherwise damaged. Hammez'ing which will injure
or distort the members sball not be done. Bearing
surfaces and surfaces to be in permanent contact sball
be cleaned before the members are assembled.
Splk:es and field connections sball have one·half of
cbc boles filled with bollS and cylindrical erection pins
(lWl bolts and half pins) before installing and
bpaening the balance of bigh-stren~bolts., Splices
-.1 coanections carrying traffic dunng erecuon shall
~ tbree-fourths of the holes so filled.

Fiuing-up bolts may be the same high-strength
boIIIlIICd in the installalion. If other fitting-up bolts
.. tiled !bey sball be of the same nominal diameter as
1M biP-suengdl bolts. and cylindrical erection pins
... be 1132 inch largez'.
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11.6.6 Pin Connections

Pilot and driving nuts shall be used in driving
pins. They shall be furnished by the Contractor
without charge. Pins shall be so driven that the
members will take full bearing on them. Pin nuts
shall be screwed up tight and the threads burred at the
face of the nut with a pointed tool.

11.6.7 Misfits

The correction of minor misfits involving minor
amounts of reaming. cutting. and chipping will be
considered a legitimate pan of the erection. However,
any error in the shop fabrication or deformation
resulting from handling and transpOrting will be cause
for rejection.

The Contractor shall be responsible for all
misfits. errors. and damage and shall make the
necessary corrections and replacements.

11.7 MEASUREMENT AND PAYMENT

11.7.1 Method or Measurement

Pay quantities for each type of steel and iron will
be measured by the pound computed from dimensions
shown on the plans using the following rules and
assumptions:

Scale weights may be substituted for computed
weights in the case of castings or of small complex
pans for which accurate computations of weight
would be di.fficulL

The weight of temporary erection bolts. shop and
field paint, boxes. crates. and other containers used for
shipping. and materials used for supporting members
during transponation and erection. will not be
included.

The weight of any additional material required by
Anicle 11.6.4.2 to accommodate erection stresses
resulting from the Contractor's choice of erection
methods will not be included.

In computing pay weight on the basis of
computed net weight the following stipulations in
addition to those in the foregoing paragraphs will
apply.

(a) The weight will be computed on the basis of
the net finished dimensions of the parts as
shown on the approved shop drawings.
deducting for copes, cuts. clips, and all open
holes. except bolt holes.

(b) The weight of heads. nuts. single washers,
and threaded stick·through of all high tensile
strength bolts. both shop and field, will be
included on the basis of the following
weights:

Unit Weights. Pound per Cubic Foot

The weights of rolled shapes will be computed on
the basis of their nominal weights per foot as shown
on the drawings. or listed in the handbooks.

The weights of plates will be computed on the
basis of the nominal weight for their width and thick­
ness as shown on the drawings. plus an estimated
overrun computed as one·half the "Permissible Varia·
tion in Thickness and Weight" as tabulated in
Specification. "General Requirements for Delivery of
Rolled Steel Plates. Shapes. Steel Piling. and Bars for
Structural Use." AASHTO Ml60 (ASTM A6).

Cast Iron
Malleable Iron
Wrought Iron
Steel-rolled or cast

445.0
470.0
487.0
490.0

Diameter of Bolt Weight per 100
(in.) bolts nbs.)
1/2 19.7
518 31.7
3/4 52.4
718 80.4
1 116.7

1-118 165.1
1-1/4 212.0
1-318 280.0
1-1/2 340.0

(c) The weight of fillet welds will be as follows:

The weight of castings will be computed from the
dimensions shown on the approved shop drawings.
deducting for open holes. To this weight will be
added 5 percent allowance for fillets and ovemm.
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Size of Fillet Weld Weight-Pounds per
Inches Linear Foot
3/16 O.O~

1/4 0.14
5/16 0.22
3/8 0.30
112 0.55
5/8 0.80
3/4 1.10
7/8 1.50
1 2.00

(d) To detennine the pay quantities of galvanized
metal, the weight to be added to the calculated
weight of base metal for the galvanizing will
be detennined from the weights of zinc coat·
ings specified by AASHTO MIll (ASTM
AI23).

(e) No allowance will be made for the weight of
paint.

11.7.2 Basis of Payment

The contraCt price for fabrication and erection of
structural steel shall be considered to be full compen­
sation for the cost of all labor, equipment, materials.
transportation, and shop and field painting, if not
otherwise provided for, necessary for the proper
completion of the work in accordance with the
contract. The contraCt price for fabrication without
erection shall be considered to be full compensation
for the cost of all labor, equipment and materials
necessary for the proper completion of the work, other
than erection and field assembly. in accordance with
the contract.

Under contraCts containing an item for sttuetural
steel, all metal pans other than metal reinforcement
for concrete, such as anchor bolts and nuts, shoes,
rockers, rollers, bearing and slab p1aIes, pins and nuts,
expansion dams. roadway drains and scuppers, weld
metal, bolts embedded in concrete, cradles and
brackets. railing, and railing pou sba11 be paid for as
struCtural steel unIesI otberwise stipular.ed.

Payment will be made OIl a pound·price or a lump
sum basis as required by the termS of the contraCt, but
unless stipulated otherwise, it shall be on a pound·
price basis.

For members comprising both carbon steel and
other special steel or material, when separate unit
prices are provided for same, the weight of each class
of steel in each such member shall be separately
computed, and paid for at the contract unit price
therefor.

Full-size members which are tested in accordance
with the specifications, when such tests are required
by the contract, shall be paid for at the same rate as
for comparable members for the struCWte. The cost of
testing including equipment. labor and incidentals
shall be included in the contraCt price for struCtural
steel. Members which fail to meet the contract
requirements, and members rejected as a result of tests,
will not be paid for by the Department
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PREFACE

The purpose of the Research Council on Structural Connections is to stimulate and
support such investigation as may be deemed necessary and valuable to determine
the suitability and capacity of various types of structural connections, to promote
the knowledge of economical and efficient practices relating to such structural con­
nections, and to prepare and publish related standards and such other documents
as necessary to achieving its purpose.

The Council membership consists of qualified structural engineers from the aca­
demic and research institutions, practicing design engineers, suppliers, and manufac­
turers of threaded fasteners, fabricators and erectors and code writing authorities.
Each version of the Specification is based upon deliberations and letter ballot of
the full Council membership.

The first Specification for Assembly ofStructural Joints Using High umsile Steel
Bolts approved by the Council was published in January 1951. Since that time the
Council has published 12 succeeding editions each based upon past successful usage,
advances in the state of knowledge and changes in engineering design practice. This
version of the Council's Load and Resistance Factor Design Specification is signifi­
cantly reorganized and revised from earlier versions.

The intention of the Specifications is to cover the design criteria and normal
usage and practices involved in the everyday use of high-strength bolts in steel-to­
steel structural connections. It is not intended to cover the full range of structural
connections using threaded fasteners nor the use of high-strength bolts other than
those included in ASTM A325 or ASTM A490 Specifications nor the use of ASTM
A325 or A490 bolts in connections with material other than steel within the grip.

A Commentary has been prepared to accompany these Specifications to pro­
vide background and aid the user to better understand and apply the provisions.

The user is cautioned that independent professional judgment must be exercised
when data or recommendations set forth in these Specifications are applied. The
design and the proper installation and inspection of bolts in structural connections
is within the scope of expertise of a competent licensed architect, structural engi­
neer or other licensed professional for the application of the principles to a particu­
lar case.
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LOAD AND RESISTANCE FACTOR DESIGN

Specification for
Structural Joints Using

ASTM A325 or A490 Bolts
Approved by Research Council on Structural Connections of the

Engineering Foundation, June 8, 1988.

Endorsed by American Institute of Steel Construction

Endorsed by Industrial Fasteners Institute

1. Scope

This Specification relates to the load and resistance factor design of structural joints
using ASTM A325 high-strength bolts, ASTM A490 high-strength bolts or equivalent
fasteners, and for the installation of such bolts in connections ofstructural steel mem­
bers. The Specification relates only to those aspects of the connected materials that
bear upon the performance of the fasteners.

Design and construction shall conform to an applicable load and resistance factor
design code or specification for structures of carbon, high-strength low alloy steel or
quenched and tempered structural steel. Load and resistance factor design is a method
ofproportioning structural components such that no applicable limit state is exceeded
when the structure is subject to all appropriate load combinations. When a structure
orcomponent ceases to fulfill the intended purpose in some way, it is said to haveexceeded
a limit state. Strength limit states concern maximum load carrying capacity, and thus
generally are related to safety. Serviceability limit states are usually related to perfor­
mance under normal service conditions, and thus usually are not related to strength
or safety. (See Commentary.) The term "resistance" includes both strength limit states
and serviceability limit states.

The design strength, cPRn (nominal strength multiplied by a resistance factor), of
each structural component or assemblage must equal or exceed the effect of the fac­
tored loads (nominal loads multiplied by load factors, with due recognition for load
combinations). Thus, both the load factor and the resistance factor must be known to
determine the reliability of the design, identified in load and resistance factor design
as the "safety index." Although the load factors are not stated in this Specification,
load criteria contained in American National Standard "Building Code Requirements
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for Minimum Design Loads in Buildings and Other Structures," ANSI A58.l-1982,
were used as the basis for determining the resistance factors. For construction
governed by other design load criteria, appropriate adjustment of resistance factors
may be required.

The attached Commentary provides background information in order that the
user may better understand the provisions of the Specification.

2. Bolts, Nuts, Washers and Paint

(a) Bolt Specifications. Bolts shall conform to the requirements of the current
edition of the American Society for Testing and Materials' "Specification
for High-Strength Bolts for Structural Steel Joints," ASTM A325, or "Spec­
ification for Heat Treated, Steel Structural Bolts, ISO ksi Tensile Strength,"
ASTM A490, except as provided in paragraph (d) ofthis section. The Engi­
neer of Record shall specify the type of bolts to be used.

(b) Bolt Geometry. Bolt dimensions shall conform to the current American
National Standards Institute's standard, "Heavy Hex Structural Bolts," ANSI
Standard Bl8.2.l, except as provided in paragraph (d) of this section. The
length of bolts shall be such that the end of the bolt will be flush with or
project beyond the face of the nut when properly installed.

(c) Nut Specifications. Nuts shall conform to the current chemical and mechan­
ical requirements of the American Society for Testing and Materials' "Spec­
ification for Carbon and Alloy Steel Nuts," ASTM A563, or "Specifica­
tion for Carbon and Alloy Steel Nuts for Bolts for High-Pressure and
High-Temperature Service," ASTM A194. The grade and surface finish of
nuts for each type shall be as follows:

A325 Bolt Type

1 and 2, plain (uncoated)

1 and 2, galvanized
3, plain

M90 Bolt Type

1 and 2, plain
3, plain

Nut Specification, Grade and Finish

A563 C, C3, D, D3 and DH3 or A194 2 and
2H; plain

A563 DH or A194 2H; galvanized and lubricated
A563 C3 and DH3; plain

Nut Specification, Grade and Finish

A563 DH and DH3 or A194 2H; plain
A563 DH3; plain

Nut dimensions shall conform to the current American National Standards
Institute's standard, "Heavy Hex Nuts," ANSI Standard Bl8.2.2., except
as provided in paragraph (d) of this section.

(d) Alternative Fastener Designs. Other fasteners or fastener assemblies which
meet the materials, manufacturing and chemical composition requirements
of ASTM A325 or ASTM A490, as applicable, and which meet the mechan­
ical property requirements of the same specifications in full-size tests, and
which have a body diameter and bearing areas under the head and nut not
less than those provided by a bolt and nut of the same nominal dimensions
prescribed by paragraphs 2(b) and 2(c), may be used subject to the approval
of the Engineer of Record. Such alternative fasteners may differ in other
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dimensions from those of the specified bolts and nuts. Their installation
procedure and inspection may differ from procedures specified for regular
high-strength bolts in Sections 8 and 9. When a different installation proce­
dure or inspection is used, it shall be detailed in a supplemental specifica­
tion applying to the alternative fastener, and that specification must be
approved by the Engineer of Record.

(e) Washers. Flat circular washers and square or rectangular beveled washers
shall conform to the current requirements of the American Society for
Testing and Materials' "Specification for Hardened Steel Washers," ASTM
F436.

(f) Load Indicating Devices. Load indicating devices may be used in conjunc­
tion with bolts, nuts and washers specified in 2(a) through 2(e). Load indicat­
ing devices shall conform to the requirements of American Society for Test­
ing and Materials' "Specification for Compressible-Washer-Type Direct
Tension Indicators for Use with Structural Fasteners," ASTM F959. Sub­
ject to the approval of the Engineer of Record, direct tension indicating
devices different from those meeting the requirements of ASTM F959 may
be used provided they satisfy the requirements of 8(d)(4). If their installa­
tion procedure and inspection are not identical to that specified in 8(d)(4),
they shall be detailed in supplemental specifications provided by the
manufacturer and subject to the approval of the Engineer of Record.

(g) Faying Surface Coatings. Paint, if used on faying surfaces of connections
which are not specified to be slip critical, may be of any formulation. Paint,
used on the faying surfaces of connections specified to be slip critical, shall
be qualified by test in accordance with "Test Method to Determine the Slip
Coefficient for Coatings Used in Bolted Joints" as published by the Research
Council on Structural Connections. (See Appendix A.) Manufacturer's cer­
tification shall include a certified copy of the test report.

3. Bolted Parts

(a) Connected Material. All material within the grip of the bolt shall be steel.
There shall be no compressible material such as gaskets or insulation within
the grip. Bolted steel parts shall fit solidly together after the bolts are tight­
ened, and may be coated or noncoated. The slope of the surfaces of parts
in contact with the bolt head or nut shall not exceed 1:20 with respect to
a plane normal to the bolt axis.

(b) Surface Conditions. When assembled, all joint surfaces, including surfaces
adjacent to the bolt head and nut, shall be free of scale, except tight mill
scale, and shall be free of dirt or other foreign material. Burrs that would
prevent solid seating of the connected parts in the snug tight condition shall
be removed.

Paint is permitted unconditionally on the faying surfaces in connec­
tions except in slip-critical connections as defined in Section 5(a).

The faying surfaces of slip-critical connections shall meet the require­
ments of the following paragraphs, as applicable.

(1) In noncoated joints, paint, including any inadvertent overspray, shall
be excluded from areas closer than one bolt diameter but not less
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than one inch from the edge of any hole and all areas within the
bolt pattern.

(2) Joints specified to have painted faying surfaces shall be blast cleaned
and coated with a paint which has been qualified as Class A or
B in accordance with the requirements of paragraph 2(g), except
as provided in 3(b)3.

(3) Subject to the approval of the Engineer of Record, coatings pro­
viding a slip coefficient less than 0.33 may be used provided the
mean slip coefficient is established by test in accordance with the
requirements of paragraph 2(g), and the design slip resistance,
cj)Rs , calculated in accordance with the formula in Section 5(b) or
5(c).

(4) Coated Joints shall not be assembled before the coatings have cured
for the minimum time used in the qualifying test.

(5) Faying surfaces specified to be galvanized shall be hot-dip gal­
vanized in accordance with American Society for Testing and Mate­
rials' "Specification for Zinc (Hot-Galvanized) Coatings on Prod­
ucts Fabricated from Rolled, Pressed, and Forged Steel Shapes,
Plates, Bars, and Strip," ASTM Al23 and shall subsequently be
roughened by means of hand wire brushing. Power wire brushing
is not permitted.

(c) Hole Types. Hole types recognized under this specification are standard
holes, oversize holes, short slotted holes and long slotted holes. The nomi­
nal dimensions for each type hole shall be not greater. than those shown
in Table 1. Holes not more than YJ2 inch larger in diameter than the true
decimal equivalent of the nominal diameter that may result from a drill or
reamer of the nominal diameter are considered acceptable. The slightly con­
ical hole that naturally results from punching operations is considered accept­
able. The width of slotted holes which are produced by flame cutting or
a combination of drilling or punching and flame cutting shall generally be
not more than YJ2 inch greater than the nominal width except that gouges
not more than YJ6 inch deep shall be permitted. For statically loaded con­
nections, the flame cut surface need not be ground. For dynamically loaded
connections, the flame cut surface shall be ground smooth.

4. Design of Bolted Connections

Expressions for design strengths, cj)Rn , of bolts subject to axial tension, shear and
combined shear and tension are given in 4(a) and 4(b). They are to be compared
to the effect of the factored loads. The design resistances of bolts subject to cyclic
application of axial tension are given in 4(e). They are to be compared to effect
of cyclically applied nominal (service) loads.

(a) Tension and Shear Strength Limit States. The design strength in axial
tension for A325 and A490 bolts which are tightened to the minimum fas­
tener tension specified in Table 4 is cj)Rn • The design strength in shear for
A325 and A490 bolts, independent of the installed bolt pretension, is cj)Rn

where:

(LRFD 4.1)
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Table 1. Nominal Hole Dimensions

Hole Dimensions
Bolt
Dia. Standard Oversize Short Slot Long Slot

(Dia.) (Dia.) (Width x Length) (Width x Length)

1/2 9/'6 5/a 9/'6 x 11/16 9/'6 x 1V4
5/a 11/'6 13/'6 11/'6 x 9'a 11/'6 x 19/'6

% 13/'6 15/16 13/16 X 1 13/'6 x 19'a
9'a 15/'6 11/'6 15/16 x 11/a 15/16 x 23/ 16

1 11/'6 1114 11/ 16 x 15/ 16 11/ 16 X 21/2
~1Va d + 1/16 d + 5/'6 (d +1/16) x (d + 318) (d + 1/16) x (2.5 x d)

In this expression:
Rn = nominal strength of a bolt subject to axial tension or shear, kips
Fn = nominal strength from Table 2 for appropriate kind of load, ksi
Ab = area of bolt corresponding to nominal diameter, in.2

¢ = resistance factor from Table 2.

(b) Combined Tension and Shear Strength Limit State. In bearing connec­
tions in which the applied shear force is greater than 113 the design shear
strength according to 4(a), the design strength in axial tension for A325
and A490 bolts is ¢Rn where:

(LRFD 4.2)

Where
Rn = nominal tension strength of a bolt subject to concurrent shear, kips
Fill = nominal tension strength of a bolt as calculated by formulas in Table 3,

ksi
Ab = area of bolt corresponding to nominal diameter, in.2

eP = resistance factor equal to 0.75

In Table 3, f.., equals the shear force on the bolt in ksi.

(c) Bearing Strength Limit State. The design bearing strength on the con­
nected material for all bolts in a connection with two or more bolts in the
line of force in standard, oversize, or short slotted holes when the edge dis­
tance i.n direction of force is not less than 1Vzd and the distance center to
center of bolts i.s not less than 3d is ¢Rn where:

(LRFD 4.3)

The design bearing strength on the connected material for all bolts in a con­
nection with two or more bolts in the line of force in long slotted holes
perpendicular to the direction of force when the edge distance, L, is not
less than 1Vzd and the distance center to center of bolts is not less than 3d
is ¢Rn where:

(LRFD 4.4)

The design bearing strength on the connected material for the bolt nearest
to the free edge in the direction of force when two or more bolts are in
the line of force in standard, oversize, or short slotted holes but with the
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Table 2. Nominal Strength of Fasteners

Load Condition
Nominal Strength (ksi) Resistance

A325 A490 Factor,et>

Applied Static Tension.a,b,c 90 113 0.75
Shear on bolt with threads in shear plane. 4Sd 60d 0.75
Shear on bolt without threads in shear plane. 60d 75d 0.75

a. Bolts must be tensioned to requirements of Table 4.
b. See 4(e) for bolts sUbject to tensile fatigue.
c. Except as required by 4(b).
d. In shear connections transmitting axial force whose length between extreme fasteners meas­

ured parallel to the line of force exceeds 50 inches, tabulated values shall be reduced 20
percent.

Table 3. Nominal Tension Strength for Bolts in Bearing Connections
(Nominal Tensile Strength, Fnn ksi.)

Fastener Grade
Threads Not Excluded Threads Excluded

from Shear Plane from Shear Plane

ASTM A325 (902-3.52f/)0.5 (902-2.25fv2)0.5

ASTM A490 (1132-3.54fv
2)0.5 (1132-2.27f/)0.5

edge distance less than I'!2d and for a single bolt in the line of force is </>Rn

where:

(LRFD 4.5)

When two or more bolts are in the line of force in standard, oversize, or
short slotted holes and if deformation around the bolt holes is not a design
considenition, the design strength in bearing for the individual bolts of a
connection may be taken as </>Rn where:

Rn = LtFu :5 3.0dtFu (LRFD 4.6)

In the foregoing:
Rn = nominal bearing strength of connected material, kips
Fu = specified minimum tensile strength of the connected part, ksi
L = distance' in the direction of the force from the center of a standard

hole or transverse slotted hole to the edge of the connected part or
the distance center to center of standard holes or transverse slots, as
applicable, in.

d = nominal diameter of bolt, in.
t = thickness of connected material, in.
</> = resistance factor = 0.75

(d) Prying Action. The force in bolts required to support loads by means of
direct tension shall be calculated considering the effects of the external load
and any tension resulting from prying action produced by deformation of
the connected parts.

(e) Tensile Fatigue. When subject to tensile fatigue loading, the tensile stress
in the bolt due to the nominal (service) load plus the prying force resulting
from cyclic application of nominal load shall not exceed the following design
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resistances in kips per square inch. The nominal diameter of the bolt shall
be used in calculating the bolt stress. In no case shall the calculated prying
force exceed 60 percent of the externally applied load.

Number of Cycles

Not more than 20,000
From 20,000 to 500,000
More than 500,000

A325

44
40
31

A490

54
49
38

Bolts subject to tensile fatigue loading must be tensioned to requirements
of Table 4.

5. Design Check for Slip Resistance

(a) Slip-Critical Joints. Joints in which, in the judgment of the Engineer of
Record, slip would be detrimental to the behavior of the joint, are defined
as slip-critical. As discussed in the Commentary, these include but are not
necessarily limited to joints subject to fatigue or significant load reversal,
joints with bolts in oversize holes or slotted holes with the applied force
approximately in the direction of the long dimension of the slots and joints
in which welds and bolts share in transmitting shear loads at a common
faying surface. Slip-critical joints shall be checked for slip resistance. At
the option of the Engineer of Record, the required check may be based upon
either nominal loads or factored loads. When serviceability at the nominal
(service) load is the design criterion, the design slip resistance specified
in Section 5(b) shall be compared with the effects of the nominal loads.
When slip of the joint at the factored load level would affect the ability of
the structure to support the factored load, the design slip resistance speci­
fied in Section 5(c) shall be compared to the effects of the factored loads.

Slip-critical joints shall also be checked to ensure that the ultimate
strength of the joint as a bearing joint is equal to or greater than the effect
of the factored loads.

Slip-critical joints must be designated on the contract plans and in the
specifications. Bolts used in slip-critical joints shall be installed in accor­
dance with the provisions of Section 8(d).

(b) Slip-Critical Joints Designed at the Nominal Load Level. Slip-critical
joints for which nominal loads are the design criterion shall, in addition
to meeting the requirements of Section 4, be proportioned so that the force
due to nominal (service) loads does not exceed the design slip resistance
for use at nominal loads (service) loads, cJ>R" where:

(LRFD 5.1)

Where:
Rs = nominal slip resistance of a bolt for use at nominal loads, kips
Tm = minimum fastener tension given in Table 4, kips
Nb = number of bolts in the joint
Ns = number of slip planes
D = slip probability factor*

= 0.81 for Jl equal to 0.33
= 0.86 for Jl equal to 0.40
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= 0.86 for Jl equal to 0.50
Jl = mean slip coefficient for Class A, B or C surfaces, t as applicable, or

as established by tests
= 0.33 for Class A surfaces (unpainted clean mill scale steel surfaces

or surfaces with Class A coating on blast-cleaned steel)
= 0.50 for Class B surfaces (unpainted blast-cleaned steel surfaces or

surfaces with Class B coatings on blast-cleaned steel)
= 0.40 for Class C surfaces (hot-dip galvanized and roughened surfaces)

cf> = 1.0 for standard holes
= 0.85 for oversize and short slotted holes
= 0.70 for long slotted holes transverse to the direction of load
= 0.60 for long slotted holes parallel to the direction of load

* D is a multiplier that reflects the distribution of actual slip coefficient values about the
mean, the ratio of measured bolt tensile strength to the specified minimum values, and a slip
probability level. Use of other values of D (see Commentary) must be approved by the Engi­
neer of Record.

t Coatings classified as Class A or Class B includes those coatings which provide a mean
slip coefficient not less than 0.33 or 0.50, respectively, as determined by "Test Method to Deter­
mine the Slip Coefficient for Coatings Used in Bolted Connections."

Table 4. Fastener Tension Required for Slip-Critical Connections
and Connections Subject to Direct Tension

Nominal Bolt Minimum Tensiona in 1,ODDs of Pounds (kips)

Size, Inches A325 Bolts A490 Bolts

'/2 12 15
5/8 19 24
3/4 28 35
~8 39 49

1 51 64
11/8 56 80
1% 71 102
13/8 85 121

11/2 103 148

a. Equal to 70 percent of specified minimum tensile strengths of bolts (as specified in ASTM
Specifications for tests of full size A325 and A490 bolts with UNC threads loaded in axial ten­
sion) rounded to the nearest kip.

When using nominal loads as the basis for design of slip-critical con­
nections subject to applied tension, T, that reduces the net clamping force,
the slip resistance (cf>R,) shall be multiplied by the following factor in
which T is the applied tensile force at nominal loads

(LRFD 5.2)

(c) Slip-Critical Joints Designed at Factored Load Level. Slip-critical joints
for which factored loads are the design criterion shall, in addition to meet­
ing the requirements of Section 4, be proportioned so that the force due
to the factored loads shall not exceed the design slip resistance for use at
factored loads, cf>R"r, where:
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(LRFD 5.3)

Where terms in Formula (LRFD 5.3) are as defined in 5(b).
When using factored loads as the basis for design of slip-critical con­

nections subject to applied tension, T, that reduces the net clamping force,
the slip resistance (~R\) shall be multiplied by the following factor in
which T is the applied tensile force at nominal loads

[I - T/(1.13T,nNh)] (LRFD 5.4)

6. Loads in Combination

When the reduced probabilities of maximum loads acting concurrently are accounted
for by load combination factors, the resistances given in this Specification shall not
be increased.

7. Design Details of Bolted Connections

(a) Standard Holes. In the absence of approval by the Engineer of Record for
use of other hole types, standard holes shall be used in high-strength bolted
connections.

(b) Oversize and Slotted Holes. When approved by the Engineer of Record,
oversize holes, short slotted holes or long slotted holes may be used sub­
ject to the following joint detail requirements:

(1) Oversize holes may be used in all plies of connections in which
the design slip resistance of the connection is greater than the fac­
tored nominal load.

(2) Short slotted holes may be used in any or all plies of connections
in which the design strength (Section 4(a» is greater than the fac­
tored nominal load provided the load is applied approximately nor­
mal (between 80 and 100 degrees) to the axis of the slot. Short
slotted holes may be used without regard for the direction of applied
load in any or all plies of connections in which the design slip resis­
tance (Section 5(b» is greater than the factored nominal load.

(3) Long slotted holes may be used in one of the connected parts at
any individual faying surface in connections in which the design
strength (Section 4(a» is greater than the factored nominal load
provided the load is applied approximately normal (between 80 and
100 degrees) to the axis ofthe slot. Long slotted holes may be used
in one of the connected parts at any individual faying surface with­
out regard for the direction of applied load on connections in which
the design slip resistance (Section 5(b» is greater than the factored
nominal load.

(4) Fully inserted finger shims between the faying surfaces of load
transmitting elements of connections are not to be considered a long
slot element of a connection.

(c) Washer Requirements. Design details shall provide for washers in high­
strength bolted connections as follows:

(1) Where the outer face of the bolted parts has a slope greater than 1:20
with respect to a plane normal to the bolt axis, a hardened beveled
washer shall be used to compensate for the lack of parallelism.
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(2) Hardened washers are not required for connections using A325 and
A490 bolts except as required in paragraphs 7(c)(3) through 7(c)(7)
for slip-critical connections and connections subject to direct tension
or as required by paragraph 8(c) for shear/bearing connections.

(3) Hardened washers shall be used under the element turned in tight­
ening when the tightening is to be performed by calibrated wrench
method.

(4) Irrespective of the tightening method, hardened washers shall be
used under both the head and the nut when A490 bolts are to be
installed and tightened to the tension specified in Table 4 in mate­
rial having a specified yield point less than 40 ksi.

(5) Where A325 bolts of any diameter or A490 bolts equal to or less
than 1 inch in diameter are to be installed and tightened in an over­
size or short slotted hole in an outer ply, a hardened washer con­
forming to ASTM F436 shall be used.

(6) When A490 bolts over 1 inch in diameter are to be installed and
tightened in an oversize or short slotted hole in an outer ply, hard­
ened washers conforming to ASTM F436 except with YJ6 inch mini­
mum thickness shall be used under both the head and the nut in
lieu of standard thickness hardened washers. Multiple hardened
washers with combined thickness equal to or greater than YJ6 inch
do not satisfy this requirement.

(7) Where A325 bolts of any diameter or A490 bolts equal to or less
than 1 inch in diameter are to be installed and tightened in a long
slotted hole in an outer ply, a plate washer or continuous bar of
at least YJ6 inch thickness with standard holes shall be provided.
These washers or bars shall have a size sufficient to completely
cover the slot after installation and shall be of structural grade mate­
rial, but need not be hardened except as follows. When A490 bolts
over 1 inch in diameter are to be used in long slotted holes in exter­
nal plies, a single hardened washer conforming to ASTM F436 but
with YJ6 inch minimum thickness shall be used in lieu of washers
or bars of structural grade material. Multiple hardened washers with
combined thickness equal to or greater than YJ6 inch do not satisfy
this requirement.

(8) Alternative design fasteners meeting the requirements of 2(d) with
a geometry which provides a bearing circle on the head or nut with
a diameter equal to or greater than the diameter of hardened washers
meeting the requirements ASTM F436 satisfy the requirements for
washers specified in paragraphs 7(c)(4) and 7(c)(5).

8. Installation and Tightening

(a) Handling and Storage of Fasteners. Fasteners shall be protected from dirt
and moisture at the job site. Only as many fasteners as are anticipated to
be installed and tightened during a work shift shall be taken from protected
storage. Fasteners not used shall be returned to protected storage at the end
of the shift. Fasteners shall not be cleaned oflubricant that is present in as­
delivered condition. Fasteners which accumulate rust or dirt resulting from
job site conditions shall be cleaned and relubricated prior to installation.
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(b) Tension Calibrator. A tension measuring device shall be at all job sites
where bolts in slip-critical joints or connections subject to direct tension
are being installed and tightened. The tension measuring device shall be
used to confirm (1) the suitability of the complete fastener assembly and
method of tightening, including lubrication, if required to satisfy the require­
ments of Table 4, (2) to calibrate the wrenches, .if applicable, and (3) to
confirm the understanding and proper use by the bolting crew of the method
to be used. The frequency of confirmation testing, the number of tests to
be performed, and the test procedure shall be as specified in 8(d), as applica­
ble. The accuracy of the tension measuring device shall be confirmed through
calibration by an approved testing agency at least annually.

(c) Joint Assembly and Tightening of Shear/Bearing Connections.
. (1) Snug Tightened Bolts. Bolts in connections not within the slip­

critical category as defined in Section 5(a) nor subject to tension
loads nor required to be pretensioned bearing connections in accor­
dance with 8(c)(2) shall be installed in properly aligned holes, but
need only be tightened to the snug tight condition. The snug tight
condition is defined as the tightness that exists when all plies in
a joint are in firm contact. (See Commentary.) If a slotted hole
occurs in an outer ply, a flat hardened washer or common plate
washer shall be installed over the slot.

(2) Tensioned Shear/Bearing Connections. The Engineer of Record
may designate certain shear/bearing connections to be tightened
to pretension in excess of snug tight. When so designated and iden­
tified on the contract drawings, the bolts in such connections shall
be installed and tightened in accordance with one of the methods
described in Subsections 8(d)(1) through 8(d)(4), but shall not be
subject to the requirements for faying surface conditions of slip­
critical connections contained in 3(b). The bolts need not be sub­
ject to inspection testing to determine the actual level of bolt preten­
sion unless required by the Engineer of Record.

(d) Joint Assembly and Tightening of Slip-Critical and Direct Tension Con­
nections. In slip-critical connections and connections subject to direct ten­
sion, fasteners together with washers of size and quality specified, located
as required by Section 7(c), shall be installed in properly aligned holes and
tightened by any of the methods described in Subsections 8(d)(1) through
8(d)(4) to at least the minimum tension specified in Table 4 when all the
fasteners are tight. Tightening may be done by turning the bolt while the
nut is prevented from rotating when it is impractical to turn the nut. Impact
wrenches, if used, shall be of adequate capacity and sufficiently supplied
with air to perform the required tightening of each bolt in approximately
10 seconds. Slip-critical connections and connections subject to direct ten­
sion shall be clearly identified on the drawings.

(1) Thrn-of-Nut Tightening. When turn-of-nut tightening is used, hard­
ened washers are not required except as may be specified in 7(c).

A representative sample of not less than three bolt and nut
assemblies of each diameter, length, grade and lot to be used in
the work shall be checked at the start of work in a device capable
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of indicating bolt tension. The test shall demonstrate that the method
for estimating the snug tight condition and controlling the turns
from snug tight to be used by the bolting crew develops a tension
not less than 5 percent greater than the tension required by Table 4.

Bolts shall be installed in all holes of the connection and brought
to a "snug tight" condition. Snug tight is defjped as the tightness
that exists when the plies of the joint are in firm contact. Snug tight­
ening shall progress systematicfllly from the most rigid part of the
connection to the free edges until all bolts are simultaneously snug
tight and the connection is fully compacted. In some cases, proper
tensioning of the bolts may require more than a single cycle of sys­
tematic tightening to produce a uniform snug tight condition. Fol­
lowing this initial operation, all bolts in the connection shall be
-tightened further by application of the rotation specified in Table
5. During the tightening operation, there shall be no rotation of
the part not turned by the wrench. Tightening shall progress syste­
matically from the most rigid part of the joint to its free edges.

(2) Calibrated Wrench Tightening: Calibrated wrench tightening may
be used only when installation procedures are calibrated on a daily
basis and when a hardened washer is used under the element turned
in tightening. (See the Commentary to this Section.) This specifi­
cation does not recognize standard torques determined from tables
or from formulas which are assumed to relate torque to tension.

When calibrated wrenches are used for installation, they shall
be set to provide a tension not less than 5 percent in excess of the
minimum tension specified in Table 4. The installation procedures
shall be calibrated at least once each working day by tightening
representative sample fastener assemblies in a device capable of
indicating actual bolt tension. The representative fastener assem­
blies shall consist of three bolts from each lot, diameter, length
and grade with nuts from each lot, diameter and grade and with
a hardened washer from the washers being used in the work under
the element turned in tightening. Wrenches shall be recalibrated
when significant difference is noted in the surface condition of the
bolts' threads, nuts or washers. It shall be verified during actual
installation in the assembled steelwork that the wrench adjustment
selected by the calibration does not produce a nut or bolt head rota­
tion from snug tight greater than that permitted in Table 5. If man­
ual torque wrenches are used, nuts shall be turned in the tighten­
ing direction when torque is measured.

When calibrated wrenches are used to install and tension bolts
in a connection, bolts shall be installed with hardened washers under
the element turned in tightening bolts in all holes of the connection
and brought to a snug tight condition. Snug tightening shall pro­
gress systematically from the most rigid part of the connections
to the free edges until bolts are uniformly snug tight and the plies
of the joint are in firm contact. Following this initial tightening oper­
ation, the connection shall be tightened using the calibrated wrench.
Tightening shall progress systematically from the most rigid part
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Table 5. Nut Rotation from Snug Tight Condition3
,b

Disposition of Outer Face of Bolted Parts

One face normal Both faces sloped
to bolt axis and not more than

Bolt length other sloped not 1:20 from normal
(underside of Both faces more than 1:20 to the bolt axis
head to end of normal to bolt (beveled washer (beveled washer
bolt) axis not used) not used)

Up to and includ- 1/3 turn 1/2 turn 2/3 turn
ing 4 diameters

Over 4 diameters
but not exceed- 1/2 turn 2/3 turn % turn
ing 8 dia.

Over 8 diameters
but not exceed- 2/3 turn % turn 1 turn
ing 12 dia.c

a. Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For bolts
installed by 1/2 turn and less, the tolerance should be plus or minus 30 degrees; for bolts
installed by 2/3 turn and more, the tolerance should be plus or minus 45 degrees.

b. Applicable only to connections in which all material within the grip of the bolt is steel.
c. No research has been performed by the Council to establish the turn-of-nut procedure for

bolt lengths exceeding 12 diameters. Therefore, the required rotation must be determined
by actual test in a suitable tension measuring device which simulates conditions of solidly
fitted steel.

of the joint to its free edges. During snugging and final tightening
the element not turned in tightening shall be held to prevent rotation
which will damage threads. In some cases, proper tensioning of the
bolts may require more than a single cycle of systematic tightening
to ensure all bolts are tightened to at least the prescribed amount.

(3) Installation of Alternative Design Bolts. When fasteners which
incorporate a design feature intended to indicate a predetermined
tension or torque has been applied or to control bolt installation
tension or torque, and which have been qualified under Section 2(d)
are to be installed, a representative sample of not less than three
bolts of each diameter, length and grade shall be checked at the
job site in a device capable of indicating bolt tension. The test
assembly shall include flat hardened washers, if required in the
actual connection, arranged as in the actual connections to be ten­
sioned. The calibration test shall demonstrate that each bolt develops
a tension not less than 5 percent greater than the tension required
by Table 4. Manufacturer's installation procedure as required by
Section 2(d) shall be followed for installation of bolts in the cali­
bration device and in all connections.

When alternative design fasteners are used in the work, bolts
shall be installed in all holes of the connection and initially tight­
ened sufficiently to bring all plies ofthe'joint into firm contact with
the bolts uniformly tight but without yielding or fracturing the con­
trol or indicator element of the fasteners. In some cases, proper
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tensioning of the bolts may require more than a single cycle of sys­
tematic partial tightening. After all plies of the joint are in firm
contact, all fasteners shall be further tightened, progressing syste­
matically from the most rigid part of the connection to the free edges
in a manner that will minimize relaxation of previously tightened
fasteners. In some cases, proper tensioning of the bolts may require
more than a single cycle of systematic partial tightening prior to
final yielding or fracture of the control or indicator element of indi­
vidual fasteners.

(4) Direct Tension Indicator Tightening. When bolts are to be installed
using direct tension indicator devices to indicate bolt tension, a rep­
resentative sample of not less than three devices for each diameter
and grade of fastener shall be tested with three typical bolts in a
calibration device capable of indicating bolt tension. The test assem­
bly shall include flat hardened washers, if required in the actual
connection, arranged as those in the actual connections to be ten­
sioned. The calibration test shall demonstrate that the device indi­
cates a tension not less than 5 percent greater than that required
by Table 4.

When bolts are installed in the work using direct tension indi­
cators meeting the requirements of ASTM F959, bolts shall be
installed in all holes of the connection and tightened until all plies
of the joint are in firm contact and fasteners are uniformly snug
tight. Snug tight is indicated by partial compression of the direct
tension indicator protrusions. All fasteners shall then be tightened,
progressing systematically from the most rigid part of the connec­
tion to the free edges in a manner that will minimize relaxation
of previously tightened fasteners. In some cases, proper tension­
ing of the bolts may require more than a single cycle of systematic
partial tightening prior to final tightening to deform the protrusion
to the specified gap.

Special attention shall be given to proper installation of flat
hardened washers when direct tension indicator devices are used
with bolts installed in oversize or slotted holes and when the load
indicating devices are used under the turned element.

If direct tension indicators different from those meeting the
requirements of ASTM F959 are used, manufacturer's installation
procedure as required by Section 2(f), shall be followed for instal­
lation of bolts in the calibration device and in all connections, and
in addition the general requirements for use of direct tension indi­
cators meeting the requirements of ASTM F959 shall be met.

" (e) Identification of Tightening Requirements. Bolts in slip-critical connec­
tions or bolts subject to axial tension which are to be installed and tight­
ened in accordance by one of the methods in 8(d) and which require inspec­
tion to ensure that requirements of Table 4 are satisfied shall be clearly
identified on the contract drawings. Shear/bearing connections which are
to be installed by one of the methods in 8(d) but which need not be inspected
to ensure bolt tensions specified in Table 4 are met shall be clearly identi­
fied on the contract drawings.
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(f) Reuse of Bolts. A490 bolts and galvanized A325 bolts shall not be reused.
Other A325 bolts may be reused if approved by the Engineer of Record.
Touching up or retightening previously snug tightened bolts which may have
been loosened by the snugging of adjacent bolts shall not be considered to
be a reuse.

9. Inspection

(a) Inspector Responsibility. When inspection is required by the contract docu­
ments, the Inspector shall determine while the work is in progress that the
requirements of Sections 2, 3 and 8, as appropriate, of this Specification
are met in the work. All connections shall be inspected to ensure that the
plies of the connected elements have been brought into firm contact.

Bolts in connections not identified as being slip-critical nor subject to
direct tension nor as tensioned bearing connections as provided in 8(c)(2)
should not be inspected for bolt tension. For connections identified to be
installed in accordance with 8(c)(2), the Inspector shall monitor installa­
tion and tightening of bolts to ensure that bolts are tightened in accordance
with one of the methods of 8(d), but should not test the bolts for actual
installed pretension.

For all connections specified to be slip critical or subject to axial ten­
sion, the Inspector shall observe the demonstration testing, and calibration
procedures when such calibration is required, and shall monitor the instal­
lation of bolts to determine that all plies of the material have been drawn
together and that the selected procedure has been used to tighten all bolts
to ensure that the specified procedure was followed to achieve the preten­
sion specified in Table 4. Bolts installed by procedures in Section 8(d) may
reach tensions substantially greater than values given in Table 4, but this
shall not be cause for rejection.

(b) Arbitration Inspection. When high-strength bolts in slip-critical connec­
tions and connections subject to direct tension have been installed by any
ofthe tightening methods in Section 8(d) and inspected in accordance with
Section 9(a) and a disagreement exists as to the minimum tension of the
installed bolts, the following arbitration procedure may be used. Other
methods for arbitration inspection may be used if approved by the Engi­
neer of Record.

(1) The Inspector shall use a manual torque wrench which indicates
torque by means of a dial or which may be adjusted to give an indi­
cation that the job inspecting torque has been reached.

(2) This Specification does not recognize standard torques determined
from tables or from formulas which are assumed to relate torque
to tension. Testing using such standard torques shall not be con­
sidered valid.

(3) A representative sample of five bolts from the diameter, length and
grade of the bolts being inspected shall be tightened in the tension
measuring device by any convenient means to an initial condition
equal to approximately 15 percent of the required fastener tension
and then to the minimum tension specified in Table 4. Material
under the turned element in the tension measuring device shall be
the same as in the actual installation, that is, structural steel or
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hardened washer. Tightening beyond the initial condition must not
produce greater nut rotation than I1f2 times that permitted in Table
5. The job inspecting torque shall be taken as the average of three
values thus determined after rejecting the high and low values. The
inspecting wrench shall then be applied to the tightened bolts in
the work and the torque necessary to turn the nut or head 5 degrees
(approximately 1 inch at 12 inch radius) in the tightening direction
shall be determined.

(4) Bolts represented by the sample in the foregoing paragraph which
have been tightened in the structure shall be inspected by apply­
ing, in the tightening direction, the inspecting wrench and its job
torque to 10 percent of the bolts, but not less than 2 bolts, selected
at random in each connection in question. If no nut or bolt head·
is turned by application of the job inspecting torque, the connec­
tion shall be accepted as properly tightened. If any nut or bolt is
turned by the application of the job inspecting torque, all bolts in
the connection shall be tested, and all bolts whose nut or head is
turned by the job inspecting torque shall be tightened and rein­
spected. Alternatively, the fabricator or erector, at his option, may
retighten all of the bolts in the connection and then resubmit the
connection for the specified inspection.

(c) Delayed Verification Inspection. The procedures specified in Sections 9(a)
and (b) are intended for inspection of bolted connections and verification
of pretension at the time of tensioning the joint. If verification of bolt ten­
sion is required after a passage of a period of time and exposure of the
completed joints, the procedure of Section 9(b) will provide indication of
bolt tension which is of questionable accuracy. Procedures appropriate to
the specific situation should be used for verification of bolt tension. This
might involve use of the arbitration inspection procedure contained herein,
or might require the development and use of alternate procedures. (See
Commentary.)
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APPENDIX A

Testing Method to Determine the
Slip Coefficient for Coatings Used

in Bolted Joints
Reprinted from Engineering Journal

American Institute of Steel Construction, Third Quarter, 1985.

JOSEPH A. YURA and KARL H. FRANK

In 1975, the Steel Structures Painting Council (SSPC) contacted the Research Council
on Riveted and Bolted Structural Joints (RCRBSJ), now the Research Council on
Structural Connections (RCSC), regarding the difficulties and costs which steel fabri­
cators encounter with restrictions on coatings of contact surfaces for friction-type
structural joints. The SSPC also expressed the need for a "standardized test which
can be conducted by any certified testing agency at the initiative and expense of
any interested party, including the paint manufacturer." And finally, the RCSC was
requested to "prepare and promulgate a specification for the conduct of such a stan­
dard test for slip coefficients."

The following Testing Method is the answer of Research Council on Structural
Connections to the SSPC request. The test method was developed by Professors
Joseph A. Yura and Karl H. Frank of the University of Texas at Austin under a grant
from the Federal Highway Administration. The Testing Method was approved by
the RCSC on June 14, 1984.

1.0 GENERAL PROVISIONS

1.1 Purpose and Scope

The purpose ofthe testing procedure is to determine the slip coefficient of a coating
for use in high-strength bolted connections. The testing specification ensures that
the creep deformation of the coating due to both the clamping force of the bolt and
the service load joint shear are such that the coating will provide satisfactory per­
formance under sustained loading.

Joseph A. Yura, M. ASCE, is Warren S. Bellows Centennial Professor in Civil Engineering, University
of Texas, at Austin, Austin, Texas.

Karl H. Frank, A.M. ASCE, is Associate Professor, Department ofCivil Engineering, University ofTexas
at Austin, Austin, Texas.
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1.2 Definition of Essential Variables

Essential variables mean those variables which, if changed, will require retesting
of the coating to determine its slip coefficient. The essential variables are given below.
The relationship of these variables to the limitation of application of the coating
for structural joints is also given.

The time interval between application of the coating and the time of testing is
an essential variable. The time interval must be recorded in hours and any special
curing procedures detailed. Curing according to published manufacturer's recom­
mendations would not be considered a special curing procedure. The coatings are
qualified for use in structural connections which are assembled after coating for
a time equal to or greater than the interval used in the test specimens. Special cur­
ing conditions used in the test specimens will also apply to the use of the coating
in the structural connections.

The coating thickness is an essential variable. The maximum average coating
thickness allowed on the bolted structure will be the average thickness, rounded to
the nearest whole mil, of the coating used on the creep test specimens minus 2 mils.

The composition of the coating, including the thinners used, and its method
of manufacture are essential variables. Any change will require retesting of the
coating.

1.3 Retesting

A coating which fails to meet the creep or the post-creep slip test requirements given
in Sect. 4 may be retested in accordance with methods in Sect. 4 at a lower slip
coefficient, without repeating the static short-term tests specified in Sect. 3. Essen­
tial variables must remain unchanged in the retest.

2.0 TEST PLATES AND COATING OF THE SPECIMENS

2.1 Test Plates

The test specimen plates for the short-term static tests are shown in Fig. 1. The plates
are 4x4 in. plates, %-in. thick, with a I-in. dia. hole drilled }liz in. ± X6 in. from
one edge. The specimen plates for the creep specimen are shown in Fig. 2. The
plates are 4 x 7 in., %-in. thick, with two I-in. holes, IV2 in. ± X6 in. from each
end. The edges of the plates may be milled, as rolled or saw cut. Flame cut edges
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Fig. 1. Compression test specimen
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are not permitted. The plates should be flat enough to ensure they will be in reasona­
bly full contact over the faying surface. Any burrs, lips or rough edges should be
filed or milled flat. The arrangement of the specimen plates for the testing is shown
in Figs. 2 and 3. The plates are to be fabricated from a steel with a minimum yield
strength between 36 to 50 ksi.

If specimens with more than one bolt are desired, the contact surface per bolt
should be 4x3 in. as shown for the single bolt specimen in Fig. 1.

2.2 Specimen Coating

The coatings are to be applied to the specimens in a manner consistent with the
actual intended structural application. The method of applying the coating and the
surface preparation should be given in the test report. The specimens are to be coated
to an average thickness 2 mils (0.05 mm) greater than average thickness to be used
in the structure. The thickness of the total coating and the primer, if used, shall
be measur~d on the contact surface of the specimens. The thickness should be meas­
ured in accordance with the Steel Structures Painting Council specification SSPC­
PA2, Measurement of Dry Paint Thickness with Magnetic Gages.' Two spot read­
ings (six gage readings) should be made for each contact surface. The overall aver­
age thickness from the three plates comprising a specimen is the average thickness
for the specimen. This value should be reported for each specimen. The average
coating thickness of the three creep specimens will be calculated and reported. The
average thickness of the creep specimen minus two mils rounded to the nearest whole
mil is the maximum average thickness of the coating to be used in the faying sur­
face of a structure.

The time between painting and specimen assembly is to be the same for all speci­
mens within ±4 hours. The average time is to be calculated and reported. The two
coating applications required in Sect. 3 are to use the same equipment and procedures.

3.0 SLIP TESTS

The methods and procedures described herein are used to determine experimen­
tally the slip coefficient (sometimes called the coefficient of friction) under short­
term static loading for high-strength bolted connections. The slip coefficient will
be determined by testing two sets of five specimens. The two sets are to be coated
at different times at least one week apart.

3.1 Compression Test Setup

The test setup shown in Fig. 3 has two major loading components, one to apply
a clamping force to the specimen plates and another to apply a compressive load
to the specimen so that the load is transferred across the faying surfaces by friction.

Clamping Force System. The clamping force system consists of a Ys-in. dia.
threaded rod which passes through the specimen and a centerhole compression ram.
A 2H nut is used at both ends of the rod, and a hardened washer is used at each
side of the test specimen. Between the ram and the specimen is a specially fabri­
cated Ys-in. 2H nut in which the threads have been drilled out so that it will slide
with little resistance along the rod. When oil is pumped into the centerhole ram,

1. Steel Structures Painting Council, Steel Structures Painting Manual. Vols. I and 2. Pittsburgh, Pa.,
1982.
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the piston rod extends, thus forcing the special nut against one of the outside plates
ofthe specimen. This action puts tension in the threaded rod and applies a clamping
force to the specimen which simulates the effect of a tightened bolt. If the diameter
of the centerhole ram is greater than I in., additional plate washers will be neces­
sary at the ends of the ram. The clamping force system must have a capability to
apply a load of at least 49 kips and maintain this load during the test with an accuracy
of ±l%.

Compressive Load System. A compressive load is applied to the specimen until
slip occurs. This compressive load can be applied by a compression test machine
or compression ram. The machine, ram and the necessary supporting elements should
be able to support a force of 90 kips.

The compression loading system should have an accuracy of 1.0% of the slip load.

3.2 Instrumentation

Clamping Force. The clamping force must be measured within 0.5 kips. This may
be accomplished by measuring the pressure in the calibrated ram or placing a load
cell in series with the ram.

Compression Load. The compression load must be measured during the test.
This may be accomplished by direct reading from a compression testing machine,
a load cell in series with the specimen and the compression loading device, or pres­
sure readings on a calibrated compression ram.

Slip Deformation. The relative displacement of the center plate and the two out­
side plates mustbe measured. This displacement, called slip for simplicity, should
be the average which occurs at the centerline of the specimen. This can be accom­
plished by using the average of two gages placed on the two exposed edges of the
specimen or by monitoring the movement of the loading head relative to the base.
If the latter method is used, due regard must be taken for any slack that may be
present in the loading system prior to application of the load. Deflections can be
measured by dial gages or any other calibrated device which has an accuracy of
0.001 in.

3.3 Test Procedure

The specimen is installed in the test setup as shown in Fig. 3. Before the hydraulic
clamping force is applied, the individual plates should be positioned so that they
are in, or are close to, bearing contact with the Jg-in. threaded rod in a direction
opposite to the planned compressive loading to ensure obvious slip deformation.
Care should be taken in positioning the two outside plates so that the specimen will
be straight and both plates are in contact with the base.

After the plates are positioned, the centerhold ram is engaged to produce a clamp­
ing force of 49 kips. The applied clamping force should be maintained within ±0.5
kips during the test until slip occurs.

The spherical head of the compression loading machine should be brought in
contact with the center plate of the specimen after the clamping force is applied.
The spherical head or other appropriate device ensures uniform contact along the
edge of the plate, thus eliminating eccentric loading. When 1 kip or less of com­
pressive load is applied, the slip gages should be engaged .01' attached. The purpose
of engaging the deflection gage(s), after a slight load is applied, is to eliminate ini­
tial specimen settling deformation from the slip readings.

When the slip gages are in place, the compression load is applied at a rate not
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exceeding 25 kips (109 kN) per minute, or 0.003 in. of slip displacement per minute
until the slip load is reached. The test should be terminated when a slip of 0.05 in.
or greater is recorded. The load-slip relationship should preferably be monitored
continuously on an X-Y plotter throughout the test, but in lieu of continuous data,
sufficient load-slip data must be recorded to evaluate the slip load defined below.

3.4 Slip Load

Typical load-slip response is shown in Fig. 4. Three types of curves are usually
observed and the slip load associated with each type is defined as follows:

Curve (a). Slip load is the maximum load, provided this maximum occurs
before a slip of 0.02 in. is recorded.

Curve (b). Slip load is the load at which the slip rate increases suddenly.
Curve (c). Slip load is the load corresponding to a deformation of 0.02 in. This

definition applies when the load vs. slip curves show a gradual change
in response.

SLIP

t:. - slip lood

I ~ LOAD

Jill
o 0.020

SLIP (in.)

0.04 0

Fig. 4. Definition of slip load

k, = 2 x clamping force

The mean slip coefficient for both sets of five specimens must be compared. If the
two means differ by more than 25 %, using the smaller mean as the base, a third
five-specimen set must be tested. The mean and standard deviation of the data from
all specimens tested define the slip coefficient of the coating.

3.5 Coefficient of Slip

The slip coefficient k, for an individual specimen is calculated as follows:

slip load
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3.6 Alternate Test Methods

Other test methods to determine slip may be used provided the accuracy of load
measurement and clamping satisfies the conditions presented in the previous sec­
tions. For example, the slip load may be determined from a tension-type test setup
rather than the compression-type as long as the contact surface area per fastener
of the test specimen is the same as shown in Fig. 1. The clamping force of at least
49 kips may be applied by any means provided the force can be established within
±l %. Strain-gaged bolts can usually provide the desired accuracy. However, bolts
installed by turn-of-nut method, tension indicating fasteners and load indicator
washers usually show too much variation to be used in the slip test.

4.0 TENSION CREEP TESTS

The test method outlined is intended to ensure the coating will not undergo signifi­
cant creep deformation under service loading. The test also determines the loss in
clamping force in the fastener due to the compression or creep of the paint. Three
replicate specimens are to be tested.

4.1 Test Setup

Tension-type specimens, as shown in Fig. 2, are to be used. The replicate speci­
mens are to be linked together in a single chain-like arrangement, using loose pin
bolts, so the same load is applied to all specimens. The specimens shall be assem­
bled so the specimen plates are bearing against the bolt in a direction opposite to
the applied tension loading. Care should be taken in the assembly of the specimens
to ensure the centerline of the holes used to accept the pin bolts is in line with the
bolts used to assemble the joint. The load level, specified in Sect. 4.2, shall be main­
tained constant within ±l % by springs, load maintainers, servo controllers, dead
weights or other suitable equipment. The bolts used to clamp the specimens together
shall be Jg-in. dia. A490 bolts. All bolts should come from the same lot.

The clamping force in the bolts should be a minimum of 49 kips. The clamping
force is to be determined by calibrating the bolt force with bolt elongation, if stan­
dard bolts are used. Special fasteners which control the clamping force by other
means such as bolt torque or strain gages may be used. A minimum of three bolt
calibrations must be performed using the technique selected for bolt force determi­
nation. The average of the three-bolt calibration is to be calculated and reported.
The method of measuring bolt force must ensure the clamping force is within ±2
kips (9 kN) of the average value.

The relative slip between the outside plates and the center plates shall be meas­
ured to an accuracy of 0.001 in. (0.02 mm). This is to be measured on both sides
of each specimen.

4.2 Test Procedure

The load to be placed on the creep specimens is the service load permitted for Jg-in.
A490 bolts in slip-critical connections by the latest edition of the Specification for
Structural Joints Using ASTM A325 or A490 Bolts2 for the particular slip coefficient
category under consideration. The load is to be placed on the specimen and held

2. Research Council on Structural Connections, Specification for Structural Joints Using ASTM A325
or A490 Bolts. American Institute of Steel Construction, Inc., Chicago. November 1985.
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for 1,000 hours. The creep deformation of a specimen is calculated using the average
reading of the two displacements on each side ofthe specimen. The difference between
the average after 1,000 hours and the initial average reading taken within one-half
hour after loading the specimens is defined as the creep deformation of the speci­
men. This value is to be reported for each specimen. If the creep deformation of
any specimen exceeds 0.005 in. (0.12 mm), the coating has failed the test for the
slip coefficient used. The coating may be retested using new specimens in accor­
dance with this section at a load corresponding to a lower value of slip coefficient.

If the value of creep deformation is less than 0.005 in. (0.12 mm) for all speci­
mens, the specimens are to be loaded in tension to a load calculated as

Pu = average clamping force X design slip coefficient x 2

since there are two slip planes. The average slip deformation which occurs at this
load must be less than 0.015 in. (0.38 mm) for the three specimens. If the deforma­
tion is greater than this value, the coating is considered to have failed to meet the
requirements for the particular slip coefficient used. The value of deformation for
each specimen is to be reported.

COMMENTARY

The slip coefficient under short-term static loading has been found to be indepen­
dent of clamping force, paint thickness and hole diameter.3 The slip coefficient can
be easily determined using the hydraulic bolt test setup included in this specifica­
tion. The slip load measured in this setup yields the slip coefficient directly since
the clamping force is controlled. The slip coefficient k, is given by

slip load
k = -----:...----

s 2 X clamping force

The resulting slip coefficient has been found to correlate with both tension and com­
pression tests of bolted specimens. However, tests of bolted specimens revealed that
the clamping force may not be constant but decreases with time due to the compres­
sive creep of the coating on the faying surfaces and under the nut and bolt head.
The reduction of the clamping force can be considerable for joints with high clamp­
ing force and thick coatings, as much as a 20 % loss. This reduction in clamping
force causes a corresponding reduction in the slip load. The resulting reduction in
slip load must be considered in the procedure used to determine the design allowa­
ble slip loads for the coating.

The loss in clamping force is a characteristic of the coating. Consequently, it
cannot be accounted for by an increase in the factor of safety or a reduction in the
clamping force used for design without unduly penalizing coatings which do not
exhibit this behavior.

The creep deformation of the bolted joint under the applied shear loading is
also an important characteristic and a function of the coating applied. Thicker coat­
ings tend to creep more than thinner coatings. Rate of creep deformation increases
as the applied load approaches the slip load. Extensive testing has shown the rate
of creep is not constant with time, rather it decreases with time. After 1,000 hours
of loading, the additional creep deformation is negligible.

3. Frank, K. H., and 1. A. Yura, An Experimental Study ofBolted Shear Connections, FHWA/RD-81-148,
Federal Highway Administration, Washington, D.C., December 1981.
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The proposed test methods are designed to provide the necessary information
to evaluate the suitability of a coating for slip critical bolted connections and to deter­
mine the slip coefficient to be used in the design of the connections. The initial test­
ing of the compression specimens provides a measure of the scatter of the slip coeffi­
cient. In order to get better statistical information, a third set of specimens must
be tested whenever the means of the initial two sets differ by more than 25 %.

The creep tests are designed to measure the paint's creep behavior under the
service loads determined by the paint's slip coefficient based on the compression
test results. The slip test conducted at the conclusion of the creep test is to ensure
the loss of clamping force in the bolt does not reduce the slip load below that asso­
ciated with the design slip coefficient. A490 bolts are specified, since the loss of
clamping force is larger for these bolts than A325 bolts. Qualifying of the paint for
use in a structure at an average thickness of 2 mils less than the test specimen is
to ensure that a casual buildup of paint due to overspray, etc., does not jeopardize
the coating's performance.

The use of I-in. (25 mm) holes in the specimens is to ensure that adequate clear­
ance is available for slip. Fabrication tolerances, coating buildup on the holes and
assembly tolerances reduce the apparent clearances.
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Commentary on Specifications
for Structural Joints Using
ASTM A325 or A490 Bolts

June 8, 1988.

Historical Notes

When first approved by the Research Council on Structural Connections of the Engi­
neering Foundation, January 1951, the "Specification for Assembly of Structural
Joints Using High-Strength Bolts" merely permitted the substitution of a like num­
ber of A325 high-strength bolts for hot driven ASTM A141 (presently identified as
A502, Grade 1) steel rivets of the same nominal diameter. It was required that all
contact surfaces be free of paint. As revised in 1954, the omission of paint was
required to apply only to "joints subject to stress reversal, impact or vibration, or
to cases where stress redistribution due to joint slippage would be undesirable." This
relaxation of the earlier provision recognized the fact that, in a great many cases,
movement of the connected parts that brings the bolts into bearing against the sides
of their holes is in no way detrimental.

In the first edition of the Specification published in 1951, a table of torque to
tension relationships for bolts of various diameters was included. It was soon dem­
onstrated in research that a variation in the torque to tension relationship of as high
as plus or minus 40 percent must be anticipated unless the relationship is estab­
lished individually for each bolt lot, diameter and fastener condition. Hence, by
the 1954 edition of the Specification, recognition of standard torque to tension rela­
tionships in the form of tabulated values or formulas was withdrawn. Recognition
of the calibrated wrench method of tightening was retained, however, until 1980,
but with the requirement that the torque required for installation or inspection be
determined specifically for the bolts being installed on a daily basis. Recognition
of the method was withdrawn in 1980 because of continuing controversy resulting
from failure of users to adhere to the detailed requirements for valid use of the method
both during installation and inspection. With the 1985 version of the Specification,
the calibrated wrench method was reinstated, but with more detailed requirements
which should be carefully followed.

The increasing use of high-strength steels created the need for bolts substan­
tially stronger than A325 in order to resist the much greater forces they support
without resort to very large connections. To meet this need, a new ASTM specifica­
tion, A490, was developed. When provisions for the use of these bolts were included
in this Specification in 1964, it was required that they be tightened to their specified
proof load, as was required for the installation of A325 bolts. However, the ratio
of proof load to specified minimum tensile strength is approximately 0.7 for A325
bolts, whereas it is 0.8 for A490 bolts. Calibration studies have shown that high­
strength bolts have ultimate load capacities in torqued tension which vary from about
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80 to 90 percent of the pure-tension tensile strength.) Hence, if minimum strength
M90 bolts were supplied and they experienced the maximum reduction due to torque
required to induce the tension, there is a possibility that these bolts could not be
tightened to proof load by any method of installation. Also, statistical studies have
shown that tightening to the 0.8 times tensile strength under calibrated wrench con­
trol may result in some "twist-off' bolt failures during installation or in some cases
a slight amount of under-tightening.2 Therefore, the required installed tension for
A490 bolts was reduced to 70 percent of the specified minimum tensile strength.
For consistency, but with only minor change, the initial tension required for A325
bolts was also set at 70 percent of their specified minimum tensile strength and,
at the same time, the values for minimum required pretension were rounded off to
the nearest kip.

Cl Scope

This Specification deals only with two types of high-strength bolts, namely, ASTM
A325 and A490, and to their installation in structural steel joints. The provisions
may not be relied upon for high-strength fasteners of other chemical composition
or mechanical properties or size. The provisions do not apply to ASTM A325 or
A490 fasteners when material other than steel is included in the grip. The provi­
sions do not apply to high-strength anchor bolts.

The Specification relates only to the performance of fasteners in structural steel
connections and those few aspects of the connected material that affect the perfor­
mance of the fasteners in connections. Many other aspects of connection design and
fabrication are of equal importance and must not be overlooked. For information
on questions of design of connected material, not covered herein, the user is directed
to standard textbooks on design of structural steel and also to Kulak, G. L., 1. W.
Fisher, and 1. H. A. Struik, Guide to Design Criteria for Bolted and Riveted Joints,
2nd ed., New York: John Wiley & Sons, 1987. (Hereinafter referred to as the Guide.)

C2 Bolts, Nuts, Washers and 'Paint

Complete familiarity with the referenced ASTM Specification requirements is nec­
essary for the proper application of this Specification. Discussion of referenced spec­
ifications in this Commentary is limited to only a few frequently overlooked or little­
understood items.

In this Specification, a single style of fastener (heavy hex structural bolts with
heavy hex nuts) available in two strength grades (A325 and A490) is specified as
a principal style, but conditions for acceptance of other types of fasteners are
provided.

Bolt Specifications. ASTM A325 and A490 bolts are manufactured to dimensions
as specified in ANSI Standard B18.2.1 for Heavy Hex Structural Bolts. The basic
dimensions, as defined in Fig. C1, are shown in Table Cl. The principal geometric
features of heavy hex structural bolts that distinguish them from bolts for general
application are the size of the head and the body length. The head of the heavy hex

1. Christopher, R. 1., G. L. Kulak, and 1. W. Fisher, "Calibration of AIloy Steel Bolts," ASCE Jour­
nal of the Structural Division, Vol. 92, No. STI, Proc. Paper 4768, April, 1966, pp. 19-40.

2. GiIl, P. J., "Specifications of Minimum Preloads for Structural Bolts," Memorandum 30, G.K.N.
Group Research Laboratory, England, 1966 (Unpublished Report).
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Table Cl

Bolt Dimensions, Inches Nut Dimensions, Inches

Nominal Bolt Heavy Hex Structural Bolts Heavy Hex nuts

Size, Inches Width across Height Thread Width across Height
D flats, F H length flats, W H

V2 ~a 5/'6 1 ~a 3%4
5/a 11/ 16 25/64 1114 11/ 16 39/64
314 1114 15/32 Pia 1V4'~ 47/64
~a 17/16 35/64 1V2 17/'6 55/64

1 1% 39/64 13,4 1% 6%4
1Va 113/16 11/16 2 113/ 16 1%4
1114 2 25/32 2 2 17/ 32
13/a 23/ 16 27/32 2114 23j16 11%2

1V2 2% 15/16 2% 23/a 115/ 32

Nut may be chamfered
on both faces

Fig. Cl. Heavy hex structural bolt and heavy hex nut

structural bolt is specified to be the same size as a heavy hex nut of the same nomi­
nal diameter in order that the ironworker may use a single size wrench or socket
on both the bolt head and the nut. Heavy hex structural bolts have shorter thread
length than bolts for general application. By making the body length of the bolt
the control dimension, it has been possible to exclude the thread from all shear planes,
except in the case of thin outside parts adjacent to the nut. Depending upon the amount
of bolt length added to adjust for incremental stock lengths, the full thread may extend
into the grip by as much as %inch for 1Iz, %, *, Ys, IIA, and 1112 in. diameter bolts
and as much as Yz inch for 1, IYs and 1% in. diameter bolts. Inclusion of some thread
run-out in the plane of shear is permissible. Of equal or even greater importance
is exercise of care to provide sufficient thread for nut tightening to keep the nut threads
from jamming into the thread run-out. When the thickness of an outside part is less
than the amount the threads may extend into the grip tabulated above, it may be
necessary to call for the next increment of bolt length together with sufficient flat
washers to ensure full tightening of the nut without jamming nut threads on the thread
run-out.

There is an exception to the short thread length requirements for ASTM A325
bolts discussed in the foregoing. Beginning with ASTM A325-83, supplementary
requirements have been added to the ASTM A325 Specification which permit the
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purchaser, when the bolt length is equal to or shorter than four times the nominal
diameter, to specify that the bolt be threaded for the full length of the shank. This
exception to the requirements for thread length of heavy hex structural bolts was
provided in the Specification in order to increase economy through simplified ordering
and inventory control in the fabrication and erection of structures using relatively
thin materials where strength of the connection is not dependent upon shear strength
of the bolt, whether threads are in the shear plane or not. The Specification requires
that bolts ordered to such supplementary requirements be marked with the symbol
A325T.

In order to determine the required bolt length, the value shown in Table C2
should be added to the grip (i.e., the total thickness of all connected material, exclu­
sive of washers). For each hardened flat washer that is used, add '%2 inch, and for
each beveled washer add 7';6 inch. The tabulated values provide appropriate allowances
for manufacturing tolerances, and also provide for full thread engagement (defined
as having the end of the bolt at least flush with the face of the nut) with an installed
heavy hex nut. The length determined by the use of Table C2 should be adjusted
to the next longer 1,4 inch length.

ASTM A325 and ASTM A490 currently provide for three types (according to
metallurgical classification) of high-strength structural bolts, supplied in sizes V2 inch
to IVz inch inclusive except for A490 Type 2 bolts which are available in diameters
from 1/2 inch to 1 inch inclusive:

Type 1. Medium carbon steel for A325 bolts, alloy steel for A490 bolts.
Type 2. Low carbon martensitic steel for both A325 and A490 bolts.
Type 3. Bolts having improved atmospheric corrosion resistance and weather­

ing characteristics for both A325 and A490 bolts.

When the bolt type is not specified, either Type 1, Type 2 or Type 3 may be
supplied at the option of the manufacturer. Special attention is called to the require­
ment in ASTM A325 that, where elevated temperature applications are involved,
Type 1 bolts shall be specified by the purchaser. This is because the chemistry of
Type 2 bolts permits heat treatment at sufficiently low temperatures that subsequent
heating to elevated temperatures may affect the mechanical properties.

Heavy Hex Nuts. Heavy hex nuts for use with A325 bolts may be manufactured
to the requirements of ASTM A194 for grades 2 or 2H or the requirements of ASTM
A563 for grades DH, except that nuts to be galvanized for use with galvanized bolts
must be hardened nuts meeting the requirements for ASTM A563 grade DH.

The heavy hex nuts for use with A490 bolts may be manufactured to the require­
ments of ASTM Al94 for grade 2H or the requirements of ASTM A563 for grade DH.

Galvanized High-Strength Bolts. Galvanized high-strength bolts and nuts must be
considered as a manufactured matched assembly; hence, comments relative to them
have not been included in the foregoing paragraphs where bolts and nuts have been
considered separately. Insofar as the hot-dip galvanized bolt and nut assembly, per
se, is concerned, four principal factors need be discussed in order that the provi­
sions of the Specification may be understood and properly applied. These are (1)
the effect of the hot-dip galvanizing process on the mechanical properties of high­
strength steels, (2) the effect of hot-dip galvanized coatings on the nut stripping
strength, (3) the effect of galvanizing upon the torque involved in the tightening oper­
ation, and (4) shipping requirements.

The ASTM Specifications for galvanized A325 high-strength bolts recognize
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Table C2

Nominal Bolt Size, Inches
To Determine Required Bolt

Length Add to Grip, in Inches

1/2 11116

5/s Ys
3/4 1
Ys 111s

1 1%
111s 1112
1% 15/s
13/s 13/4

11/2 Hs

both the hot-dip galvanizing process and the mechanical galvanizing process. The
effects of the two processes upon the performance characteristics and requirements
for proper installation are distinctly different; therefore, distinction between the two
must be noted in the comments which follow. ASTM A325 Specifications require
that all components of a fastener assembly (nuts, bolts and washers) shall have been
coated by the same process and that the supplier's option is limited to one process
per item with no mixed processes in a lot. Mixing a bolt galvanized by one process
with a nut galvanized by the other may result in a unworkable assembly.

Effect of Hot-Dip Galvanizing on the Strength of Steels. Steels in the 200 ksi
and higher tensile strength range are subject to embrittlement if hydrogen is permit­
ted to remain in the steel and the steel is subjected to high tensile stress. The mini­
mum tensile strength of A325 bolts is 105 or 120 ksi, depending upon the size, com­
fortably below the critical range. The required maximum tensile strength for A490
bolts was set at 170 ksi in order to provide a little more than a 10 percent margin
below 200 ksi; however, because manufacturers must target their production slightly
higher than the required minimum, A490 bolts close to the critical range of tensile
strength must be anticipated. For black bolts this is not a cause for concern, but,
if the bolt is hot-dip galvanized, a hazard of delayed brittle fracture in service exists
because of the real possibility of introduction of hydrogen into the steel during the
pickling operation of the hot-dip galvanizing process and the subsequent "sealing­
in" of the hydrogen by the zinc coating. There also exists the possibility of cathodic
hydrogen adsorption arising from corrosion process in service in aggressive environ­
ments. ASTM Specifications provide for the galvanizing of A325 bolts but not A490
bolts. Galvanizing of A490 bolts is not permitted. Because pickling and emersion
in molten zinc is not involved, galvanizing by the mechanical process essentially
avoids potential for hydrogen embrittlement.

The heat treatment temperatures for Type 2 ASTM A325 bolts are in the range
of the molten zinc temperatures for hot-dip galvanizing; therefore there is a poten­
tial for diminishing the heat treated mechanical properties of Type 2 A325 bolts
by the hot-dip galvanizing process. For this reason, the current Specifications require
that only mechanical galvanizing shall be used on Type 2 ASTM A325 bolts.

Nut Stripping Strength. Hot-dip galvanizing affects the stripping strength of the
nut-bolt assembly primarily because, to accommodate the relatively thick zinc coat-
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ings of non-uniform thickness on bolt threads, it is usual practice to hot-dip gal­
vanize the blank nut and then to tap the nut oversize after galvanizing. This overtap­
ping results in a reduction in the amount of engagement between the steel portions
of the male and female threads with a consequent approximately 25 percent reduc­
tion in the stripping strength. Only the stronger hardened nuts have adequate strength
to meet specification requirements even with the reduction due to overtapping; there­
fore, ASTM A325 specifies that only Grades DH and 2H be used for galvanized
nuts. This requirement should not be overlooked if non-galvanized nuts are purchased
and then sent to a local galvanizer for hot-dip galvanizing. Because the mechanical
galvanizing process results in a more uniformly distributed and smooth zinc coat­
ing, nuts may be tapped oversize before galvanizing by an amount less than required
for the hot-dip process before galvanizing. This results in a better bolt-nut fit with
zinc coating on the internal threads of the nut.

Effect of Galvanizing Upon Torque Involved in Tightening. Research3 has shown
that, in the as-galvanized condition, galvanizing both increases the friction between
the bolt and nut threads and also makes the torque induced tension much more vari­
able. Lower torque and more consistent results are provided if the nuts are lubri­
cated; thus, ASTM A325 requires that a galvanized bolt and lubricated galvanized
nut shall be assembled in a steel joint with a galvanized washer and tested in accor­
dance with ASTM A563 by the manufacturer prior to shipment to ensure that the
galvanized nut with the lubricant provided may be rotated from the snug tight con­
dition well in excess of the rotation required for full tensioning of the bolts without
stripping. The requirement applies to both hot-dip and mechanical galvanized
fasteners.

Shipping Requirements for Galvanized Bolts and Nuts. The above requirements
clearly indicate (1) that galvanized bolts and nuts are to be treated as a matched assem­
bly, (2) that the seller must supply nuts which have been lubricated and tested with
the supplied bolts, and (3) that nuts and bolts must be shipped together in the same
shipping container. Purchase of galvanized bolts and galvanized nuts from separate
sources is not in accordance with the intent of the ASTM Specifications because
the control of overtapping and the testing and application of lubricant would be lost.
Because some of the lubricants used to meet the requirements of ASTM Specifica­
tions are water soluble, it is advisable that galvanized bolts and nuts be shipped and
stored in plastic bags in wood or metal containers.

Washers. The primary function of washers is to provide a hardened non-galling sur­
face under the element turned in tightening, particularly for those installation pro­
cedures which depend upon torque for control or inspection. Circular hardened
washers meeting the requirements of ASTM A436 provide an increase in bearing
area of 45 to 55 percent over the area provided by a heavy hex bolt head or nut;
however, tests have shown that standard thickness washers play only a minor role
in distributing the pressure induced by the bolt pretension, except where oversize
or short slotted holes are used. Hence, consideration is given to this function only
in the case of oversize and short slotted holes. The requirement for standard thick­
ness hardened washers, when such washers are specified as an aid in the distribu-

3. Birkemoe, P. C, and D. C Herrschaft, "Bolted Galvanized Bridges-Engineering Acceptance Near,"
ASCE Civil Engineering, April 1970.
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Fig. C2. Required. marking for acceptable bolt and nut assemblies

tion of pressure, is waived for alternative design fasteners which incorporate a bearing
surface under the head of the same diameter as the hardened washer; however, the
requirements for hardened washers to satisfy the principal requirement of providing
a non-galling surface under the element turned in tightening is not waived. The
maximum thickness is the same for all standard washers up to and including 11

/2

inch bolt diameter in order that washers may be produced from a single stock of
material.

The requirement that heat-treated washers not less than 7i6 inch thick be used
to cover oversize and slotted holes in external plies, when A490 bolts of lYs inch
or larger diameter are used, was found necessary to distribute the high clamping
pressure so as to prevent collapse of the hole perimeter and enable development
of the desired clamping force. Preliminary investigation has shown that a similar
but less severe deformation occurs when oversize or slotted holes are in the interior
plies. The reduction in clamping force may be offset by "keying," which tends
to increase the resistance to slip. These effects are accentuated in joints of thin
plies.

Marking. Heavy hex structural bolts and heavy hex nuts are required by ASTM
Specifications to be distinctively marked. Certain markings are mandatory. In addi­
tion to the mandatory markings, the manufacturer may apply additional distinguishing
marking. The mandatory and optional markings are shown in Figure C2.

Paint. In the previous edition of the Specification, generic names for paints applied
to faying surfaces was the basis for categories of allowable working stresses in "fric-
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tion" type connections. Research4 completed since the adoption of the 1980 Speci­
fication has demonstrated that the slip coefficients for paints described by a generic
type are not single values but depend also upon the type of vehicle used. Small differ­
ences in formulation from manufacturer to manufacturer or from lot to lot with a
single manufacturer significantly affect slip coefficients if certain essential varia­
bles within a generic type are changed. It is unrealistic to assign paints to categories
with relatively small incremental differences between categories based solely upon
a generic description. As a result of the research, a test method was developed and
adopted by the Council titled "Test Method to Determine the Slip Coefficient for
Coatings Used in Bolted Joints." A copy of this document is appended to this Speci­
fication as Appendix A. The method, which requires requalification if an essential
variable is changed, is the sole basis for qualification of any coating to be used under
this Specification. Further, normally only two categories of slip coefficient for paints
to be used in slip-critical joints are recognized: Class A for coatings which do not
reduce the slip coefficient below that provided by clean mill scale, and Class B for
paints which do not reduce the slip coefficient below that of blast-cleaned steel
surfaces.

The research cited in the preceding paragraph also investigated the effect of vary­
ing the time from coating the faying surfaces to assembly of the connection and
tightening the bolts. The purpose was to ascertain if partially cured paint continued
to cure within the assembled joint over a period of time. It was learned that all cur­
ing ceased at the time the joint was assembled and tightened and that paint coatings
that were not fully cured acted much as a lubricant would; thus, the slip resistance
of the joint was severely reduced from that which was provided by faying surfaces
that were fully cured prior to assembly.

C3 Bolted Parts

Material Within the Grip. The Specification is intended to apply to structural joints
in which all of the material within the grip of the bolt is steel.

Surface Conditions. The Test Method to Determine the Slip Coefficient for Coat­
ings Used in Bolted Joints includes long-term creep test requirements to ensure reli­
able performance for qualified paint coatings. However, it must be recognized that
in the case of hot-dip galvanized coatings, especially if the joint consists of many
plies of thickly coated material, relaxation of bolt tension may be significant and
may require retensioning of the bolts subsequent to the initial tightening. Research5

has shown that a loss of pretension of approximately 6.5 percent occurred for gal­
vanized plates and bolts due to relaxation as compared with 2.5 percent for uncoated
joints. This loss of bolt tension occurred in five days with negligible loss recorded
thereafter. This loss can be allowed for in design or pretension may be brought back
to the prescribed level by retightening the bolts after an initial period of "settling-in."

Since it was first published, this Specification has permitted the use of bolt holes
X6 inch larger than the bolts installed in them. Research6has shown that, where

4. Frank, Karl H. and 1. A. Yura, "An Experimental Study of Bolted Shear Connections."
FHWA/RD-81/148, December 1981.

5. Munse, W. H., "Structural Behavior of Hot Galvanized Bolted Connections," 8th International Con­
ference on Hot-dip Galvanizing, London, England, June 1967.

6. Allen, R. N. and 1. W. Fisher, "Bolted Joints With Oversize or Slotted Holes," ASCE Journal of
the Structural Division, Vol. 94, No. ST9, September, 1968.
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greater latitude is needed in meeting dimensional tolerances during erection, some­
what larger holes can be permitted for bolts % inch diameter and larger without
adversely affecting the performance of shear connections assembled with high­
strength bolts. The oversize and slotted hole provisions of this Specification are based
upon these findings. Because an increase in hole size generally reduces the net area
of a connected part, the use of oversize holes is subject to approval by the Engineer
of Record.

Burrs. Based upon tests? which demonstrated that the slip resistance of joints was
unchanged or slightly improved by the presence of burrs, burrs which do not pre­
vent solid seating of the connected parts in the snug tight condition nec,d not be
removed. On the other hand, parallel tests in the same program demonstrated that
large burrs can cause a small increase in the required turns from snug tight condi­
tion to achieve specified pretension with turn-of-nut method of tightening.

Unqualified Paint on Faying Surfaces. An extension to the research on the slip
resistance of shear connections cited in footnote 4 investigated the effect of ordi­
nary paint coatings on limited portions of the contact area within joints and the effect
of overspray over the total contact area. The tests8 demonstrated that the effective
area for transfer of shear by friction between contact surfaces was concentrated in
an annular ring around and close to the bolts. Paint on the contact surfaces approxi­
mately one inch but not less than the bolt diameter away from the edge of the hole
did not reduce the slip resistance. On the other hand, in recognition of the fact that,
in connections of thick material involving a number of bolts on multiple gage lines,
bolt pretension might not be adequate to completely flatten and pull thick material
into tight contact around every bolt, the Specification requires that all areas between
bolts also be free of paint. (See Figure C3.) The new requirements have a potential
for increased economy because the paint-free area may easily be protected using
masking tape located relative to the hole pattern, and, further, the narrow paint strip
around the perimeter of the faying surface will minimize uncoated material outside
the connection requiring field touch-up.

This research also investigated the effect of various degrees of inadvertent over­
spray on slip resistance. It was found that even the smallest amount of overspray
of ordinary paint (that is, not qualified as Class A) within the specified paint-free
area on clean mill scale reduced the slip resistance significantly. On blast-cleaned
surfaces, the presence of a small amount of overspray was not as detrimental. For
simplicity, the Specification prohibits any overspray from areas required to be free
of paint in slip-critical joints regardless of whether the surface is clean mill scale
or blast cleaned.

Galvanized Faying Surfaces. The slip factor for initial slip with clean hot-dip gal­
vanized surfaces is of the order of 0.19 as compared with a factor of about 0.35
for clean mill scale. However, research (see note 3) has shown that the slip factor
of galvanized surfaces is significantly improved by treatments such as hand wire
brushing or light "brush-off' grit blasting. In either case, the treatment must be
controlled in order to achieve the necessary roughening or scoring. Power wire brush­
ing is unsatisfactory because it tends to polish rather than roughen the surface.

7. Polyzois, D. and 1. A. Yura, "Effect of Burrs on Bolted Friction Connections," AISC Engineering
Journal, 22 (No.3) Third Quarter 1985.

8. Polyzois,,o. and K. Frank, "Effect of Overspray and Incomplete Masking of Faying Surfaces on
the Slip Resistance of Bolted Connections," AISC Engineering Journal. 23 (No.2), 2nd Quarter 1986.
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Field experience and test results have indicated that galvanized members may
have a tendency to continue to slip under sustained loading.9 Tests of hot-dip gal­
vanized joints subject to sustained loading show a creep-type behavior. Treatments
to the galvanized faying surfaces prior to assembly of the joint which caused an
increase in the slip resistance under short duration loads did not significantly improve
the slip behavior under sustained loading.

C4 Design for Strength of Bolted Connections

Background for Design Stresses. With the 1985 edition of the Specification, the
arbitrary designations "friction type" and "bearing type" connections used in former
editions, and which were frequently misinterpreted as implying an actual difference
in the manner of performance or strength of the two types of connection, were dis­
continued in order to focus attention more upon the real manner of performance
of bolted connections.

In bolted connections subject to shear-type loading, the load is transferred
between the connected parts by friction up to a certain level of force which is depen­
dent upon the total clamping force on the faying surfaces and the coefficient of fric­
tion of the faying surfaces. The connectors are not subject to shear, nor is the con­
nected material subject to bearing stress. As loading is increased to a level in excess
of the frictional resistance between the faying surfaces, slip occurs, but failure in
the sense of rupture does not occur. As even higher levels of load are applied, the
load is resisted by shear in the fastener and bearing upon the connected material
plus some uncertain amount of friction between the faying surfaces. The final fail­
ure will be by shear failure of the connectors, or by tear out of the connected

9. Kulak, G. L., 1. W. Fisher, and 1. H. A. Struik, "Guide to Design Criteria for Bolted and Riveted
Joints," 2nd ed., New York: John Wiley & Sons, 1987. p. 208. (Hereinafter referred to as the Guide.)
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material, or by unacceptable ovalization of the holes. Final failure load is indepen­
dent of the clamping force provided by the bolts. to

The design of high-strength bolted connections under this Specification begins
with consideration of strength required to prevent premature failure by shear of the
connectors or bearing failure of the connected material. Next, for connections which
are defined as "slip-critical," the resistance to slip load is checked. Because the com­
bined effect of frictional resistance with shear or bearing has not been systemati­
cally studied and is uncertain, any potential greater resistance due to combined effect
is ignored.

Connection Slip. There are practical cases in the design of structures where slip
of the connection is desirable in order to permit rotation in a joint or to minimize
the transfer of moment. Additionally there are cases where, because of the number
of fasteners in a joint, the probability of slip is extremely small or where, if slip
did occur, it would not be detrimental to the serviceability of the structure. In order
to provide for such cases while at the same time making use of the higher shear
strength of high-strength bolts, as contrasted to ASTM A3(J7 bolts, the Specification
now permits joints tightened only to the snug tight condition.

The maximum amount of slip that can occur in connections that are not classi­
fied as slip-critical is, theoretically, an amount equal to two hole clearances. In prac­
tical terms, it is observed to be much less than this. In laboratory. tests it is usually
about one-half a hole clearance. This is because the acceptable inaccuracies in the
location of holes within a pattern of bolts would usually cause one or more bolts
to be in bearing in the initial unloaded condition. Further, in statically loaded struc­
tures, even with perfectly positioned holes, the usual method of erection would cause
the weight of the connected elements to put the bolts into direct bearing at the time
the member is supported on loose bolts and the lifting crane is unhooked. Subse­
quent additional gravity loading could not cause additional connection slip.

Connections classified as slip-critical include those cases where slip could the­
oretically exceed an amount deemed by the Engineer of Record to affect the suita­
bility for service of the structure by excessive distortion or reduction in strength
or stability, even though the resistance to fracture of the connection, per se, may
be adequate. Also included are those cases where slip of any magnitude must be
prevented, for example, joints subject to load reversal.

Shear and Bearing on Fasteners. Several interrelated parameters influence the shear
and bearing strength of connections. These include such geometric parameters as
the net-to-gross-area ratio of the connected parts, the ratio of the net area of the
connected parts to the total shear-resisting area of the fasteners, and the ratio of
transverse fastener spacing to fastener diameter and to the connected part thick­
ness. In addition, the ratio of yield strength to tensile strength of the steel compris­
ing the connected parts, as well as the total distance between extreme fasteners, meas­
ured parallel to the line of direct tensile force, play a part.

In the past, a balanced design concept had been sought in developmg criteria
for mechanically fastened joints to resist shear between connected parts by means
of bearing of the fasteners against the sides of the holes. This philosophy resulted
in wide variations in the factor of safety for the fasteners, because the ratio of yield
to tensile strength increases significantly with increasingly stronger grades of steel.
It had no application at all in the case of very long joints used to transfer direct

10. Ibid., pp. 49-52.
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tension, because the end fasteners "unbutton" before the plate can attain its full
strength or before the interior fasteners can be loaded to their rated shear capacity.

By means of a mathematical model it was possible to study the interrelation­
ship of the previously mentioned parameters.! 1,12 It has been shown that the factor
of safety against shear failure ranged from 3.3 for compact (short) joints to approxi­
mately 2.0 for joints with an overall length in excess of 50 inches. It is of interest
to note that the longest (and often the most important) joints had the lowest factor,
indicating that a factor of safety of 2.0 has proven satisfactory in service.

The absence of design strength provisions specifically for the case where a bolt
in double shear has a non-threaded shank in one shear plane and a threaded section
in the other shear plane is because of the uncertainty of manner of sharing the load
between the two different shear areas. It also recognizes that knowledge as to the
bolt placement (which might leave both shear planes in the threaded section) is not
ordinarily available to the detailer. If threads occur in one shear plane, the conser­
vative assumption is made that threads are in all shear planes.

The nominal strength and resistance factors for fasteners subject to applied ten­
sion or shear are given in Table 2. The values are based upon the research and recom­
mendations reported in the Guide. With the wealth of data available, it was possible
through statistical analyses to adjust resistances to provide more uniform reliability
for all loading and joint types. The design resistances provide designs approximately
equivalent to the designs provided by the allowable stresses in the 1980 edition of
the Specification. The design of connections is more conservative than that of the
connected members of buildings and bridges by a substantial margin, in the sense
that the failure load of the fasteners is substantially in excess of the maximum serv­
iceability limit (yield) of the connected material.

Design for Tension. The nominal strengths specified for applied tension!3 are
intended to apply to the external bolt load plus any tension resulting from prying
action produced by deformation of the connected parts. The recommended design
strength is approximately equal to the initial tightening force; thus, when loaded
to the nominal (service) load, high-strength bolts will experience little if any actual
change in stress. For this reason, bolts in connections in which the applied loads
subject the bolts to axial tension are required to be fully tensioned, even though
the connection may not be subject to fatigue loading nor classified as slip-critical.

Properly tightened A325 and A490 bolts are not adversely affected by repeated
application of the recommended service load tensile stress, provided the fitting mate­
rial is sufficiently stiff, so that the prying force is a relatively small part of the applied
tension.!4 The provisions covering bolt tensile fatigue are based upon study of test
reports of bolts that were subjected to repeated tensile load to failure.

Design for Shear. The nominal strength in shear is based upon the observation that
the shear strength of a single high-strength bolt is about 0.62 times the tensile strength
of that bolt.!S However, in shear connections with more than two bolts in the line
of force, deformation of the connected material causes nonuniform bolt shear force
distribution so that the strength of the connection in terms of the average bolt strength

11. Fisher, 1. W. and L. S. Beedle, "Analysis of Bolted Butt Joints," ASCE Journal of the Structural
Division, 91 (No. ST5), October 1965.

12. Guide, pp. 89-116; 126-132.
13. Ibid., pp. 263-286.
14. Ibid., pp. m.
15. Ibid., pp. 44-50.
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goes down as the joint length increases.16 Rather than provide a function that reflects
this decrease in average fastener strength with joint length, a single reduction factor
of 0.80 was applied to the 0.62 multiplier. The result will accommodate bolts in all
joints up to about 50 inches in length without seriously affecting the economy of
very short joints. As noted in the footnotes to Table 2, bolts in joints longer than
50 inches in length must be further discounted by an additional 20 percent.

The average value of the nominal strength for bolts with threads in the shear
plane has been determined by a series of tests17 to be 0.833 Fu with a standard devi­
ation of 0.03. A value of 0.80 was taken as a factor to account for the shear strength
of a bolt with threads in the shear plane based upon the area corresponding to the
nominal body area of the bolt.

The shear strength of bolts is not affected by pretension in the fasteners pro­
vided the connected material is in contact at the faying surfaces.

The design shear strength equals the nominal shear strength multiplied by a resis­
tance factor of 0.75.

Combined Tension and Shear. The nominal strength of fasteners subject to com­
bined tension and shear is provided by elliptical interaction curves in Table 3 which
account for the connection length effect on bolts loaded in shear, the ratio of shear
strength to tension strength of threaded fasteners, and the ratios of root area to nominal
body area and tensile stress area to nominal body area.18 No reduction in the design
shear strength is required when applied tensile stress is equal to or less than the
design tensile strength. Although the elliptical interaction curve provides the best
estimate of the strength of bolts subject to combined shear and tension and thus
is used in this Specification, it would be within the intent of the Specification for
invoking specifications to use a three straight line approximation of the ellipse.

Design for Bearing. Bearing stress produced by a high-strength bolt pressing against
the side of the hole in a connected part is important only as an index to behavior
of the connected part. It is of no significance to the bolt. The critical value can be
derived from the case of a single bolt at the end of a tension member.

It has been shown,19 using finger-tight bolts, that a connected plate will not fail
by tearing through the free edge of the material if the distance L, measured parallel
to the line of applied force from a single bolt to the free edge of the member toward
which the force is directed, is not less than the diameter of the bolt multiplied by
the ratio of the bearing stress to the tensile strength of the connected part.

The criterion for nominal bearing strength is

Lid ~ Rn/Fu

where
R" = nominal bearing pressure
Fu = specified minimum tensile strength of the connected part.

As a practical consideration, a lower limit of 1.5 is placed on the ratio Lid and
an upper limit of 1.5 on the ratio Fp/Fu and an upper limit of 3.0 on the ratio Rn /Fu '

The foregoing leads to the rules governing bearing strength in the specification.

16. Ibid., pp. 99-104.
17. Yura, 1. A., K. H. Frank, and D. Polyois, "High Strength Bolts for Bridges." PMFSEL Report No.

87-3, May 1987, Phil M. Ferguson Structural Engineering Laboratory, University of Texas at Austin.
18. Guide, pp. 50-51.
19. Ibid., pp. 14H43.
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The bearing pressure permitted in the 1980 Specification and the current provisions
are fully justifiable from the standpoint of strength of the connected material. How­
ever, even though rupture does not occur, recent tests have demonstrated that ovali­
zation of the hole will begin to develop as the bearing stress is increased beyond
the previously permitted stress, especially if it is combined with high tensile stress
on the net section. Furthermore, when high bearing stress is combined with high
tensile stress on the net section and the effect of exterior versus interior plies, lower
ultimate strengths than previously reported result in addition to the hole ovalization.

Recognizing that initiation of hole ovalization occurs well below the ultimate
strength, and to facilitate standardization in detailing and fabrication, sufficiently
conservative simplified criteria have been provided in a formula format for usual
applications. The more accurate formula in which the strength is related to the dis­
tance L may be used for special cases such as those with very large bolts or very
thin material.

For connections with more than a single bolt in the direction of force, the resis­
tance may be taken as the sum of the resistances of the individual bolts.

C5 Design Check for Slip Resistance

The Specification recognizes that, for a number of cases, slip of a joint would be
undesirable or must be precluded. Such joints are termed "slip-critical" joints. This
is somewhat different from the previous term "friction type" connection. The new
terminology was adopted in order to focus attention on the fact that all tightened
high-strength bolted joints resist load by friction between the faying surfaces up to
the slip load and subsequently are able to resist even greater loads by shear and
bearing. The strength of the joint is not related to the slip load. The Specification
requires that the two different resistances be considered separately.

The consequences of slip into bearing varies from application to application;
hence the determination of which connections shall be designed and installed as slip­
critical is best left to judgment and a conscious decision on the part of the Engineer
of Record. Also, the determination of whether the potential slippage of a joint is
critical at nominal load level as a serviceability consideration or whether slippage
could result in distortions of the frame such that the ability of the frame to resist
factored loads would be reduced can be determined only by the Engineer of Rec­
ord. The following comments reflect the collective thinking of the Council as devel­
oped during numerous meetings and reviews of drafts of the Specification and Com­
mentary. They are provided as guidance and' an indication of the intent of the
Specification.

In the case of bolts in holes with only small clearance, such as standard holes
and slotted holes loaded transverse to the axis of the slot in practical connections,
the freedom to slip generally does not exist because one or more bolts are in bearing
even before load is applied due to normal fabrication tolerances and erection proce­
dures. Further, the consequences of slip, if it can occur at all, are trivial except for
a few situations. If for some reason it is deemed critical, design should probably
be on the basis of nominal loads (Section 5(b».

In connections containing long slots that are parallel to the direction of the applied
load, slip of the connection prior to attainment of the factored load might be large
enough to alter the usual assumption of analysis that the undeformed structure can
be used to obtain the internal forces. The Specification allows the designer two alter­
natives in this case. If the connection is designed so that it will not slip under the
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effect of the nominal loads, then the effect of the factored loads acting on the deformed
structure (deformed by the maximum amount of slip in the long slots at all loca­
tions) must be included in the structural analysis. Alternatively the connection can
be designed so that it will not slip at loads up to the factored load level. These require­
ments are noted in Clause 7(b)(3).

Joints subject to full reverse cyclic loading are clearly slip-critical joints since
slip would permit back-and-forth movement of the joint and early fatigue failure.
However, for joints subject to pulsating load that does not involve reversal of load
direction, proper fatigue design could be provided either as a slip-critical joint on
the basis of stress on the gross section or as a non-slip-critical joint on the basis
of stress on the net section. Because fatigue results from repeated application, the
service load rather than the overload load design should be based upon nominal
load criteria (Section 5(b)).

For high-strength bolts in combination with welds in statically loaded condi­
tions and considering new work only, the nominal strength may be taken as the sum
of two contributions.20 One results from the slip resistance of the bolted parts and
may be determined in accordance with Section 5(c). The second results from the
resistance of the welds as provided by applicable welding specifications. If one type
of connector is already loaded when the second type of connector is introduced,
the nominal strength cannot be obtained by adding the two resistances. The Guide
should be consulted in these cases.

From the definition of the term "coefficient of slip" (friction), the expression
for nominal slip resistances for bolts in standard holes is apparent and needs no
explanation. The mean value of slip coefficients from many tests on clean mill scale,
blast-cleaned steel surfaces and galvanized and roughened surfaces were taken as
the basis for the three classes of surfaces.

In the 1978 edition of the Specification, nine classes of faying surface condi­
tions were introduced, and significant increases were made in the recommended
allowable stresses for proportioning connections which function by transfer of shear
between connected parts by friction. These classes and stresses were adopted on
the basis of statistical evaluation of the information then available.

Extensive data developed through research sponsored by the Council and others
during the past ten years has been statistically analyzed to provide improved infor­
mation on slip probability of connections in which the bolts have been preloaded
to the requirements of Table 4. Two principal variables-coefficient of friction of
the faying surfaces and bolt pretension-were found to dominate the slip resistance
of connections.

An examination of the slip (friction) coefficient data for a wide range of sur­
face conditions indicates that the data are distributed normally, and the standard
deviation is essentially the same for each surface condition class. This means that
different reduction factors should be applied to classes of surfaces with different
mean values of coefficients of friction-the smaller the mean value of the coeffi­
cient of friction, the smaller (more severe) the appropriate reduction factor-in order
to provide equivalent reliability of slip resistance.

The bolt clamping force data indicate that bolt tensions are distributed normally
for each method of tightening. However, the data also indicate that the mean values
of the bolt tensions are different for each method. If the calibrated wrench method
is used to tighten ASTM A325 bolts, the mean value of bolt tension is about 1.13

20. Ibid., pp. 238-40.
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times the minimum specified tension in Table 4. If the turn-of-nut method is used,
the mean value of tension is about 1.35 times the minimum specified preload for
A325 bolts and about 1.27 for A490 bolts.

The combined effects of the variability of coefficient of friction and bolt ten­
sion have been accounted for in the slip probability factor, D, of the formula for
nominal slip resistance in Section 5(b). The values of the slip probability factor,
D, given by 5(b) imply a 90 percent reliability that slip will not occur if the calibrated
wrench method of installation is used. If the turn-of-nut method is used, a reliabil­
ity of about 95 percent will be provided.

Reference is made to Guide to Design Criteria for Bolted and Riveted loints
(2nd ed., New York: John Wiley and Sons, 1987 p. 135) for tables of values of D
appropriate for other mean slip coefficients and slip probabilities and suitable for
direct substitution into the formula for slip resistance in Section 5(b).

The frequency distribution and mean value of clamping force for bolts tight­
ened by turn-of-nut method are higher than calibrated wrench installation because
of the elimination of variables which affect torque-tension ratios and due to higher­
than-specified minimum strength of production bolts. Because properly applied turn­
of-nut installation induces yield point strain in the bolt, the higher-than-specified
yield strength of production bolts will be mobilized and result in higher clamping
force by the method. On the other hand, the calibrated wrench method, which is
dependent upon the calibration of wrenches to slightly more than Table 4 tensions,
independent of the actual bolt properties, will not mobilize any additional strength
of production bolts. High clamping force might be achieved by the calibrated wrench
method if the wrench was set to a higher torque value. However, this would require
more attention to the degrees of rotation to prevent excessive deformation of the
bolt or torsional bolt failure.

Because of the effects of oversize and slotted holes on the induced tension in
bolts using any of the specified installation methods, lower values are provided for
bolts in these hole types. In the case of bolts in long slotted holes, even though the
slip load is the same for bolts loaded transverse or parallel to the axis of the slot,
the values for bolts loaded parallel to the axis has been further reduced based upon
judgment in recognition of the greater consequences of slip.

Attention is called to the fact that the criteria for slip resistance are for the case
of connections subject to a coaxial load. For cases in which the load tends to rotate
the connection in the plane of the faying surface, a modified formula accounting
for the placement of bolts relative to the center of rotation should be used.21

Connections of the type shown in Figure C4(a), in which some of the bolts (A)
lose a part of their clamping force due to applied tension, suffer no overall loss of
frictional resistance. The bolt tension produced by the moment is coupled with a
compensating compressive force (C) on the other side of the axis of bending. In
a connection of the type shown in Fig. C4(b), however, all fasteners (B) receive
applied tension which reduces the initial compression force at the contact surface.
If slip under load cannot be tolerated, the design slip-load value ofthe bolts in shear
should be reduced in proportion to the ratio of residual axial force to initial tension.
If slip of the joint can be tolerated, the bolt shear stress should be reduced accord­
ing to the tension-shear interaction as outlined in the Guide, page 71. Because the
bolts are subject to applied axial tension, they are required to be pretensioned in
either case.

21. Ibid., pp. 217-30.
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While connections with bolts pretensioned to the levels specified in Table 4 do
not ordinarily slip into bearing when subject to anticipated loads, it is required that
they meet the requirements of Section 5 in order to maintain the factor of safety
of 2 against fracture in the event that the bolts do slip into bearing as a result of
large unforeseen loads.

To cover those cases where a coefficient of friction less than 0.33 might be ade­
quate for a given situation, the Specification provides that, subject to the approval
of the Engineer of Record, and provided the mean slip coefficient is determined
by the specified test procedure and the appropriate slip probability factor, D, is
selected from the literature, faying surface coatings providing lower slip resistance
than Class A coating may be used.

It should be noted that both Class A and Class B coatings are required to be
applied to blast-cleaned steel.

High-Strength Bolts in Combination with Welds or Rivets. For high-strength bolts
in combination with welds in statically loaded conditions and considering new work
only, the nominal strength may be taken as the sum of the two contributions. If one
type of connector is already loaded when the second type of connector is introduced,
the nominal strength cannot be obtained by sum of the two resistances. The Guide
should be consulted in these cases.

For high-strength bolts in combination with welds in fatigue loaded applica­
tions, available data are not sufficient to develop general design recommendations
at this time. High-strength bolts in combination with rivets are rarely encountered
in modern practice. If need arises, guidance may be found in the Guide.

C7 Design Details of Bolted Connections

A new section has been added with this edition of the Specification in order to bring
together a number of requirements for proper design and detailing of high-strength
bolted connections. The material covered in the Specification, and in Section 7 in
particular, is not intended to provide comprehensive coverage of the design of high­
strength bolted connections. For example, other design considerations of importance
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to the satisfactory performance of the connected material such as block shear, shear
lag, prying action, connection stiffness, effect on the performance of the structure
and others are beyond the scope of this Specification and Commentary.

Proper location of hardened washers is as important as other elements of a detail
to the performance of the fasteners. Drawings and details should clearly reflect the
number and disposition of washers, especially the thick hardened washers that are
required for several slotted hole applications. Location of washers is a design con­
sideration that should not be left to the experience of the iron worker.

While hardened washers are not required with some methods of installation,
their use will overcome the effects of galling under the element turned in tightening.

Finger shims are a necessary device or tool of the trade to permit adjusting align­
ment and plumbing of structures. When these devices are fully and properly inserted,
they do not have the same effect on bolt tension relaxation or the connection perfor­
mance as do long slotted holes in an outer ply. When fully inserted, the shim pro­
vides support around approximately 75 percent of the perimeter of the bolt in con­
trast to the greatly reduced area that exists with a bolt centered in a long slot. Further,
finger shims would always be enclosed on both sides by the connected material which
would be fully effective in bridging the space between the fingers.

C8 Installation and Tightening

Several methods for installation and tensioning of high-strength bolts, when ten­
sioning is required, are provided without preference in the Specification. Each method
recognized in Section 8, when properly used as specified, may be relied upon to
provide satisfactory results. All methods may be misused or abused.

At the ~xpense of redundancy, the provisions stipulating the manner in which
each method is intended to be used are set forth in complete detail in order that
the rules for each method may stand alone without need for footnotes or reference
to other sections. If the methods are conscientiously implemented, good results should
be routinely achieved.

Connections Not Requiring Full Tensioning. In the Commentary, Section C6 of
the previous edition of the Specification, it was pointed out that "bearing" type con­
nections need not be tested to ensure that the specified pretension in the bolts had
been provided, but specific provision permitting relaxation of the tensioning require­
ment was not contained in the body of the Specification. In the present edition of
the Specification, separate installation procedures are provided for bolts that are
not within the slip-critical or direct tension category. The intent in making this change
is to improve the quality of bolted steel construction and reduce the frequency of
costly controversies by focusing attention, both during the installation and tension­
ing phase and during inspection, on the true slip-critical connections, rather than
diluting the effort through the requirement for costly tensioning and tension testing
of the great many connections where such effort serves no useful purpose. The
requirement for identification of connections on the drawings may be satisfied either
by identifying the slip-critical and direct tension connections which must be fully
tightened and inspected or by identifying the connections which need be tightened
only to the snug tight condition.

Under the provisions of some other specifications, certain shear/bearing con­
nections are required to be tightened well beyond the snug tight conditions;22 how-

22. For example, American Institute of Steel Construction, "Specification for Design Fabrication and
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ever, because the joints are in bearing, prevention of slip of the joint is not a con­
cern in these connections. Because they are not slip-critical joints, they should not
be subject to the same requirements as slip-critical joints, especially the require­
ments for faying surface coatings and conditions. To ensure proper tightness of the
connections, they should be tightened by one of the four methods in 8(d); however,
inspection should be limited to monitoring the work to confirm that the bolt tighten­
ing procedure is properly applied. Inspection should not include testing to ensure
that any specific level of tension has been achieved.

In the Specification, snug tight is defined as the tightness that exists when all
plies are in firm contact. This may usually be attained by a few impacts of an impact
wrench or the full effort of a man using an ordinary spud wrench. In actuality, snug
tight is a degree of tightness which will vary from joint to joint depending upon
the thickness, flatness and degree of parallelism of the connected material. In most
joints, the plies will pull together at snug tight; however, in some joints in thick
material, it may not be possible to have continuous contact throughout the faying
surface area. In such joints, the slip resistance of the completed joints will not be
reduced because compressive forces between the faying surfaces, however distributed,
must be in equilibrium with the total of the tensile forces in all bolts.

Tension Calibrating Devices. At the present time, there is no known economical
means for determining the tension in a bolt that has previously been installed in
a connection. The actual tension in a bolt installed in a tension calibrator (hydraulic
tension indicating device) is directly indicated by the dial of the device, provided
the device is properly calibrated. Such a device is an economical and valuable tool
that should be readily available whenever high-strength bolts are to be installed in
either slip-critical or shear/bearing connections. The testing of as-recieved bolts and
nuts at the job site is a requirement of the Specification because instances of coun­
terfeit under strength fasteners not meeting the requirements of the ASTM Specifi­
cation have not infrequently occurred. Job site testing provides a practical means
for ensuring that nonconforming fasteners are not incorporated in the work. Further,
although the several elements of a fastener assembly may conform to the minimum
requirements of their separate ASTM Specifications, their compatibility in an assem­
bly or the need for lubrication can only be ensured by testing of the assembly. Hence,
such devices are important for testing the complete fastener assembly as it will be
used with the method of tightening to be used to ensure the suitability of bolts and
nuts (probably produced by different manufacturers), other elements, and the ade­
quacy of impact wrenches and/or air pressure to pro\' ide the specified tension using
the selected method. Testing before start of installation of fasteners in the work will
also identify potential sources of problems, such as the need for lubrication to pre­
vent failure of bolts by combined high torque with tension, under-strength assem­
blies due to excessive overtapping of hot-dip galvanized nuts, and to clarify for the
bolting crews and inspectors the proper implementation of the selected installation
method to be used. Such devices are essential to the confirmation testing of alterna­
tive design fasteners, direct tension indicators, and to verify the proper use of the
turn-of-nut procedure. They are also essential to the specified procedure for the
calibrated wrench method of installation, and for the specified procedure for deter­
mining a valid testing torque when such inspection by a torque method is required.

Erection of Structural Steel for Buildings," Section 1.15.12, stipulates several cases where high-strength
bolts in bearing connections are to be fully tensioned independent of whether potential slip is a concern
or not.
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They are the only known economically available tool for field use for determining
realistic torque to tension relationships for given fastener assemblies.

Experience on many projects has shown that bolts and/or nuts not meeting the
requirements of the applicable ASTM specification would have been identified prior
to installation if they had been tested as an assembly in a tension calibrator. The
controversy and great expense of replacing bolts installed in the structure when the
nonconforming bolts were discovered at a later date would have been avoided.

Hydraulic tension calibrating devices capable of indicating bolt tension undergo
a slight deformation under load. Hence, the nut rotation corresponding to a given
tension reading may be somewhat larger than it would be ifthe same bolt were tight­
ened against a solid steel abutment. Stated differently, the reading of the calibrating
device tends to underestimate the tension which a given rotation of the turned ele­
ment would induce in a bolt in an actual joint. This should be borne in mind when
using such devices to establish a tension-rotation relationship.

Slip-critical Connections and Connections Subject to Direct Tension. Four
methods for joint assembly and tightening are provided for slip-critical and direct
tension connections. It has repeatedly been demonstrated in the laboratory that each
of the four installation methods provides the specified pretension when used properly
with specified fasteners in good condition, but improperly applied methods or under­
strength fasteners or fasteners in poor condition provide uncertain pretensions. There­
fore, regardless of the method used and prior to the commencement of work, it is
required to be demonstrated by installation of a representative sample of the fas­
tener assemblies in the tension calibrator that the specified pretension can be achieved
using the procedure to be used with the fasteners to be used by the crews who will
be doing the work.

With any of the four described tensioning methods, it is important to install
bolts in all holes of the connection and bring them to an intermediate level of ten­
sion generally corresponding to snug tight in order to compact the joint. Even after
being fully tightened, some thick parts with uneven surfaces may not be in contact
over the entire faying surface. In itself, this is not detrimental to the performance
of the joint. As long as the specified bolt tension is present in all bolts of the com­
pleted connection, the clamping force equal to the total of the tensions in all bolts
will be transferred at the locations that are in contact and be fully effective in resist­
ing slip through friction. If however, individual bolts are installed and tightened in
a single continous operation, bolts which are tightened first will be subsequently
relaxed by the tightening of the adjacent bolts. The total of the forces in all bolts
will be reduced, which will reduce the slip load whether there is uninterrupted con­
tact between the surfaces or not.

With all methods, tightening should begin at the most rigidly fixed or stiffest
point and progress toward the free edges, both in the initial snugging up and in the
final tightening.

Turn-of-Nut-Tightening. When properly implemented, turn-of-nut method provides
more uniform tension in the bolts than does torque controlled tensioning methods
because it is primarily depende.nt upon bolt elongation into the inelastic range.

Consistency and reliability method is dependent upon ensuring that the joint
is well compacted and all bolts are uniformly tight at a snug tight condition prior
to application of the final required partial turn. Under-tightened bolts will result
if this starting condition is not achieved because subsequent turning of the nut will
first close the gap before meaningful elongation of the bolt occurs as would be the
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case with solid steel in the grip. Reliability is also dependent upon ensuring that
the turn that is applied is relative between the bolt and nut; thus the element not
turned in tightening should be prevented from rotating while the required degree
ofturn is applied to the turned element. Reliability and inspectability of the method
may be improved by having the outer face of the nut match-marked to the protrud­
ing end of the bolt after the joint has been snug tightened but prior to final tighten­
ing. Such marks may be applied by the wrench operator using a crayon or dab of
paint. Such marks in their relatively displaced position after tightening will afford
the inspector a means for noting the rotation that was applied.

Problems with turn-of-nut tightening have been encountered with hot-dip gal­
vanized bolts. In some cases, the problems have been attributed to especially effec­
tive lubricant applied by the manufacturer to ensure that bolts from stock will meet
the ASTM Specification requirements without the need for relubricating and retest­
ing. Job site tests in the tension indicating device demonstrated the lubricant reduced
the coefficient of friction between the bolt and nut to the degree that "the full effort
of a man using an ordinary spud wrench" to snug tighten the joint actually induced
the full required tension. Also, because the nuts could be removed by an ordinary
spud wrench they were erroneously judged improperly tightened by the inspector.
Research (see note 3) confirms that lubricated high-strength bolts may require only
one-half as much torque to induce the specified tension. In other cases of problems
with hot-dip galvanized bolts, the absence of lubrication or lack of proper overtap­
ping caused seizing of the nut and bolt threads which resulted in twist failure of
the bolt at less than specified tension. For such situations, use of a tension indicat­
ing device and the fasteners being installed may be helpful in establishing either
the need for lubrication or alternate criteria for snug tight at about one-half the ten­
sion required by Table 4.

Because r~liability of the method is independent of the presence or absence of
washers, washers are not required except for oversize and slotted holes in an outer
ply. In the absence of washers, testing after the fact using a torque wrench method
is highly unreliable.

That is, the turn-of-nut m~thod of installation, properly applied, is more reli­
able and consistent than the testing method. The best method for inspection of the
method is for the Inspector to observe the required job site confirmation testing
of the fasteners and the method to be used, followed by monitoring of the work
in progress to ensure that the method is routinely properly applied.

Calibrated Wrench Method. Research has demonstrated that scatter in induced
tension is to be expected when torque is used as an indirect indicator of tension.
Numerous variables, which are not related to tension, affect torque. For example,
the finish and tolerance on bolt threads, the finish and tolerance on the nut threads,
the fact that the bolt and nut may not be produced by the same manufacturer, the
degree of lubrication, the job site conditions contributing to dust and dirt or corro­
sion on the threads, the friction that exists to varying degree between the turned
element and the supporting surface, the variability of the air pressure on the torque
wrenches due to length of air lines or number of wrenches operating from the same
source, the condition and lubrication of the wrench which may change within a work
shift, and other factors all bear upon the effectiveness of the calibrated torque wrench
to induce tension.

Recognition of the calibrated wrench method of tightening was removed from
the Specification with the 1980 edition. This action was taken because it is the least
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reliable of all methods of installation and many costly controversies had occured.
It is suspected that shortcut procedures in the use of the calibrated wrench method
of installation, not in accordance with the Specification provisions, were probably
being used. Further, torque controlled inspection procedures based upon "standard"
or calculated inspection torques rather than torques determined as required by the
Specification were being routinely used. These incorrect procedures plus others had
a compounding effect upon the uncertainty of the installed bolt tension, and were
responsible for many of the controversies.

It is recognized, however, that if the calibrated wrench method is implemented
without shortcuts as intended by the Specification, that there will be a 90 percent
assurance that the tensions specified in Table 4 will be equaled or exceeded. Because
the Specification should not prohibit any method which will give acceptable results
when used as specified, the calibrated wrench method of installation was reinstated
in the 1985 edition of the Council Specification. However, to improve upon the previ­
ous situation, the 1985 version of the Specification was modified to require better
control. Wrenches must be calibrated daily for each diameter and grade of bolt.
Hardened washers must be used. Fasteners must be protected from dirt and mois­
ture at the job site. Additionally, to achieve reliable results attention should be given
to the control, insofar as it is practical, of those controllable factors which contrib­
ute to variability. For example, bolts and nuts should be purchased from reliable
manufacturers with a record of good quality control to minimize the variabilty of
the fit. Bolts and nuts should be adequately and uniformly lubricated. Water solu­
ble lubricants should be avoided.

Installation of Alternative Design Fasteners. It is the policy of the Council to recog­
nize only fasteners covered by ASTM Specifications; however, it cannot be denied
that a general type of alternative design fastener, produced by several manufacturers,
is used on a significant number of projects as permitted by Section2(d). The bolts
referred to involve a splined end extending beyond the threaded portion of the bolt
which is gripped by a specially designed wrench chuck which provides a means for
turning the nut relative to the bolt. While such bolts are subject to many of the vari­
ables affecting torque mentioned in the preceding section, they are produced and
shipped by the manufacturers as a nut-bolt assembly under good quality control,
"Yhich apparently minimizes some of the negative aspects of the torque controlled
process.

While these alternative design fasteners have been demonstrated to consistently
provide tension in the fastener meeting the requirements of Table 5 in controlled
tests in tension indicating devices, it must be recognized that the fastener may be
misused and provide results as unreliable as those with other methods. They must
be used in the as-delivered clean lubricated condition. The requirements of this Spec­
ification and the installation requirements of the manufacturer's specification required
by Section 2(d) must be adhered to.

As with other methods, a representative sample of the bolts to be used should
be tested to ensure that, when used in accordance with the manufacturer's instruc­
tions, they do, in fact, provide tension, as specified in Table 5. In the actual joints,
bolts must be installed in all holes of a connection and all fasteners tightened to
an intermediate level of tension adequate to pull all material into contact. Only after
this has been accomplished should the fasteners be fully tensioned in a systematic
manner and the splined end sheared off. The sheared off splined end merely signi­
fies that at some time the bolt has been subjected to a torque adequate to cause the
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shearing. If the fasteners are installed and tensioned in a single continuous opera­
tion, they will give a misleading indication to the Inspector that the bolts are properly
tightened. Therefore, the only way to inspect these fasteners with assurance is to
observe the job site testing of the fasteners and installation procedure and then monitor
the work while in progress to ensure that the specified procedure is routinely followed.

Direct Tension Indicator Tightening. This Specification recognizes load indicat­
ing devices covered by the American Society for Testing and Materials' "Specifica­
tion for Compressible-Washer Type Direct Tension Indicators For Use With Struc­
tural Fasteners," ASTM F959, in Section 2(f). The referenced device is a hardened
washer incorporating several small formed arches which are designed to deform in
a controlled manner when subjected to load. These load indicator washers are the
sole type of device known which is directly dependent upon the tension load in the
bolt, rather than upon some indirect parameter, to indicate the tension in a bolt.

As with the alternative design load indicating bolts, load indicating washers are
dependent upon the quality control of the producer and proper use in accordance
with the manufacturer's installation procedures and these Specifications. If the load
indicator washers delivered for use in a specific application are tested at the job
site to demonstrate that all components of the assembly do provide a proper indica­
tion of bolt tension, they are reliable if they are properly used by the bolting crews.
Direct tension indicators meeting the requirements of ASTM F959 depend upon ten­
sion in the fastener to cause inelastic deformation of the formed arches. Bolts together
with the load indicator washer plus any other washers required by Specification should
be installed in all holes of the connection and the bolts tightened to approximately
one-half the specified tension (deformation of the formed arches by about one-half
the amount required to compress them to the specified gap) to ensure that plies of
the joint have been brought into firm contact. Only after this initial tightening oper­
ation should the bolts be fully tensioned in a systematic manner. If the bolts are
installed and tensioned in a single continuous operation, the load indicator washers
will give the inspector a misleading indication that bolts are uniformly tensioned
to the specified tension. Therefore, the only way to inspect fasteners with which
load indicator washers are used with assurance is to observe the job site testing of
the devices and installation procedure and then routinely monitor the work while
in progress to ensure that the specified procedure is followed.

Use of direct tension indicators provides a reliable means for tensioning gal­
vanized fasteners because it avoids the factors which affect other methods.

During installation, care must be taken to ensure that the indicator nubs are
oriented to bear against the hardened bearing surface of the bolt head or against
a hardened flat washer if used under the nut.

C9 Inspection

It is apparent from the commentary on installation procedures that the inspection
procedures giving the best assurance that bolts are properly installed and tensioned
is provided by Inspector observation of the calibration testing of the fasteners using
the selected installation procedure followed by monitoring of the work in progress
to ensure that the procedure that was demonstrated to provide the specified tension
is routinely adhered to. When such a program is followed, .no further evidence of
proper bolt tension is required.

If testing for bolt tension using torque wrenches is conducted subsequent to the
time the work of installation and tightening of bolts performed, the test procedure
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is subject to all of the uncertainties of torque controlled calibrated wrench install(l­
tion. Additionally, the absence of many of the controls necessary to minimize varia­
bility of the torque to tension relationship, which are unnecessary for the other
methods of bolt installation, such as use of hardened washers, careful attention to
lubrication and the uncertainty of the effect of passage of time and exposure in the
installed condition all reduce the reliability of the arbitration inspection results. The
fact that in many cases it may have to be based upon a job test torque determined
by using bolts only assumed to. be representative of the bolts in the actual job, or
using bolts removed from completed joints, makes the test procedure less reliable
than a properly implemented installation procedure it is used to verify. Verification
inspection using ultrasonic extensometers is accurate but costly and time-consuming,
and requires that each tested bolt must be loosened to zero tension for calibration.
Therefore, extensometers should be used for inspection only in the most critical cases.
The arbitration inspection procedure contained in the Specification is provided, in
spite of its limitations, as the most feasible available at this time.
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