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GENERAL DISCLAIMER

This document may have problems that one or more of the 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 of making
available as much information 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 1s the best reproduction available
from the original submission.
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Addendun T

High Strength Bolts for Bridges

Report No. FHWA-SA-91-031

(date of Addendum: April 14, 1994)

This publication was prepared in accordance with the standards
and specificaticns 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 lt
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.

ANST B18.2.1-1981 and ANSI B18.2.2-1987 are current as of thls
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 Boltsg
currently exist. The 1985 version is for use in Allowable Stress
Design, the 1988 for Load and Registance 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 specificaticns.

The follow1ng changes should be made to the slldes and
accompanying - text:

2- 1 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. ,

2-10 Check current ASTM spe01f1catlons for overtapping
provisions.






3-30

Matching Nuts

A325/M164 AS63/M291 A1394/M292
Type 1 & 2 .~ C,C3,D,DH,DH3 2,2H
Type 1 Galv. DH 2H

A325 Type 2 bolts were withdrawn from use in November,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

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

Alexander’'s model:

Effect of Nut Strength on Boit and Nut Stripping
& 157

2}

c Bolt
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Fig. 19 Nut Strength (ksi)

Overtapping provisions have been substantially revised
in AS563. See current specifications. A563 provisions
still do not meet FHWA requirements.

The top solid line is for "As Received and Lubricated
Cases". The. bottom soclid line is for "Clean". The
equation for the center dashed line is T = 16.7 P D.
AASHTO reference in Division II is now Article 11.5.6.

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

A325 Type 2 bolts were withdrawn from use in November,
15891.

Change slide: "P = measured bolt tension (lbs.)". Also,
delete the last sentence cof 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- §
10- 2
10- 8
11- 1
11- 2
11- 3
12- 6
12- 8
12-10
12-11

Change slide: "P = "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 11.5A".

Change slide and text: "Table 10.17A" to "Table 11.5A".
Change slide: "f," TO "F,".

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

Change text: "Table 10.17A" to "Table 11.5A".
Change slide and text: "Table 10.17B" to "Table 11.5B".

For brldge appllcatlons the typical gap is 0.005
inches.

Change text: "Tabkle 10.17A" to "Table 11.5A".
Change slide and text: "Table 10.17B" to "Table 11.5B".

Change text: "Table 10.17A" to "Table 11.5A", 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 11.5A".
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 11.5A".
Change text: "Table 10.17B" to "Table 11.5B".

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
inspection 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 changes and corrections should be made to the
appendices that follow the slides and commentary in the
publication: :

Appendix A2, A3, A4 and AS

Change all references: "Table 10.17A" to "Table 11.5A"
Change all references: "Table 10.17B" to "Table 11.5B"

Appendix A1

In Procedure Section 3, change "snug tension" to "initial
tension". ”

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."

Correct the values at the top of the second page for Table
10.17A.

Table 11.5A - Required Fastener Tension (kips)
Bolt Diam. 172 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 | 1-1/2
(inches)
M1l64 (A325) 12 19 28’ 39 51 56 71 85 l103
M253 (A430) 15 24 35 49 64 g0 102 . 121 148

Appendix A6

'Replaced in its entirety. See attachment.






APPENDIX A6
PROCEDURE FOR VERIFICATION AND INSTALLATION OF HIGH

STRENGTH BOLTS WITH DIRECT TENSION INDICATORS (DTDs)
(Part of Report No. FHWA-SA-91-031 May 1991, revised April 1992)

L Venﬁcanon of DTI Performance

Venﬂcauon 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 basic principle used in this verification test is to make
sure that there is a DTI 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 fit into the space, at a load equal to 1.05 times the required bolt installation tension. This
méaximum number of spaces 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 DTT's shall be further compressed 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 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. If the nut can be turned the full thread length, the DTE smallest gap load requirement
is satisfied. Alternatively the bolt load at this smallest gap should not exceed 95% of the load recorded in- step 6 of the rotational
capacity test for long bolts. The instaliation verification test shall be performed three times for each fastener rotational capacity lot
on the job with the corresponding diameter of DT to be used. If the same RC lot is to be installed with the DTT in two different
positions with respect to the turned element, three tests are required for each position of the DTL Bolts from 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 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, nuis, and standard washers to be used in the work with the DTTs.

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 DTI)

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

2.l Use another wrenclr on the bolt head to prevent rotation of the head against the D‘l'I if the DTI 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 DTI if the DT 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 2 manual wrench to attain the requ.u’ed tension. The load indicating
needle of the bolt calibrator cannot be read accurately when an impact wrench is used.

= Bolt Tension (kips)
Bolt Dia. (in.) 172 5/8 3/4 7/8 1 1-1/8 | 1-174 | 1-3/8 | 1-1/2

v ce s s mAEs e an an A1 g4 {0 e L3 2Q 108







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 DTT's is shown below. -

) Number of Spaces
Bolt Dia. (in.) 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2
Ml164 (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 whnch 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.

_ ‘ , Venfication 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 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 to be allowed in the work. Normally, this smallest 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
completely closed. 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
load in the bolt becomes indeterminant when no gap exists. It is possible to cause bolt failure by tightening beyond compiete
-crushing of the washer.

7. Remove the bolt from the calibrator and turn 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, exeluding the thread runout. Alternatively, if the nut is unable to go the full thread
length, but the load at the minimum DTI gap (measured in step 6 above) is less than 95% of the maximum load achieved in
step 6 Appendix 1 of the rotational capacity test, the assembly, including the DTI, is deemed to have passed this test. If the
nut cannot be run the full thread length, and if the ioad 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 wili accept a 0.005 in.
feeler gage, or the DTI's could be replaced. ‘

Short Boits:

Bolts from RC lots toc 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% alternative cannot be used since short bolts are not tested in the tension mcasunng
device for rotational capacity. The DTI used with the short bolt should be checked in accordance with steps | through 5 using a
longer bolt in the tensnon measuring devnce

0. Installation:

1. The use of a DTI under the unturned bolt head requires that the element bearing against the DTI not turn. Two men 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 eiement and the-
protrusion on the DTI.

2. Snug the connection to conipact 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 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 7 is not allowed. Bolts which have a DTI with a smaller gap or no gap shall be replaccd and the bolts tightened with a
new DTL

Inspection Criteria*
Number of spaces in washer 4 5 6 7 8

e O L S I - - - a 4







Fastener Worksheet

Fastener
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Notés:

Tergs s + A e i

| Black - \ds received T
Black - rusted 1
Black - dry El 20
Black - relubed N Lo
Galv. - dsi Lr?&enlged Lyt 4o !
Galv. - no lube - . RS oy,
Galv. - lube added “ﬁ’?

Wex taorls o G L R(ug






Tension - Elongation

(o))
o

<
o

Tension (kips)
N Cg =

b
o

o

1
3

" Rotation (turns)

2 1 2 1 2
31 3231
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~ TEST ,_,_QURL-MENTS

TORQUE <25 P.D.
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Rotatian:apacity Test Worksheet
Long Bolt Procedure

- Grade=A325/M164 Bolt Diameter=3/4

Bolt Length =
Measured Tension =
Measured Torque =

- Maximum Permitted Torque
T=025PD
P = tension(pounds)
D = bolt diameter(feet)
= 0.25[(3/4)/12]P = 0.0156P

Maximum Torque =

Bolt Length Both faces normal
: to bolt axis
L = 4D 2/3 turn
4D < L = 8D 1 turn
=____8D <L "~ 1-1/3 turn
- Measured Tension = (min.-32k)

Verify condition of threads - ok






._mRotatioaI-Capacity Test Worksheet

Short Bolt Procedure

Grade=A325/M164 Bolt Diameter=3/4

Bolt Length =

~ Bolt Length Both faces normal
to bolt axis
L =4D 1/3 turn

- Measured Torque =

Maximum Permitted Torque = 500ft-Ib

Bolt Length 'Both faces normal
o to bolt axis
L = 4D 2/3 turns

Verify condition of threads
ok







Rotatioal-Capacity Test Worksheet
Long Bolt Procedure

Grade=A325/M164 Bolt Diameter=7/8

| 3
Bolt Length = _ -~ 7" | |
Measured Tension = _°7" o
Measured Torque = _ &0 4 L

Maximum Permitted Torque
T =025PD |
P = tension(pounds)
- D = bolt diameter(feet)
= 0.25[(7/8)/12]P = 0.0182P u

Maximum Torque = o 25 e (Ll
— N g o 0]
Bolt Length Both faces normal 1 \ g ‘”u,
to bolt axis "
L = 4D 2/3 turn
4D < L = 8D T turn
8D <L 1-1/3 tumn | f
. . - . . ‘
Measured Tension =__°° (min.-45k)

, Verify condition of threads - ok_






| | R’Otatioal-Capécity Test Worksheet
Short Bolt Procedure

Grade =A325/M164 Bolt Diameter=7/8

Bolt Length =

Bolt Length Both faces normal
, to bolt axis
L=4D |  13tum

Measured Torque =

Maximum Permitted Torque = 820ft-Ib

Bolt Length Both faces normal
to bolt axis
L =4D 2/3 turns

Verify condition of threads
| ok







ROTATIONAL CAPACITY TEST / MAXIMUM TORQUE

% INCH BOLT

o
TENSION (KIPS)

TORQUE (FT-LBS)

TENSION (KIPS)

% INCH BOLT

TORQUE (FT-LBS)

28 437 39 711
29 453 40 729
30 469 a1 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
my 625 51 930
a1 641 52 948
42 656 53 966
43 ) 54 984
44 688 55 1003
45 703 56 1021







The following is the data that should be included in the rotaticnal
capacity test certification. The information may be presented in
any form the certifier chooses.

ROTATIONAL CAPACITY TEST CERTIFICATION

DATE OF TEST .. J TESTING FIRM
LOCATION OF TEST TESTER NAME

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

BOLT SIZE : DIA x LENGTH

_ REQUIRED ROTATION

TEST: (FHWA) (ASTM)
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. TURN MIN. 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. TEST PASSED
SIGNATURE OF TESTER

NOTARY PUBLIC:
(Optional)






Installation Verification Tests

Achieved

~ Installation Method Tension

Turn of Nut

(Calibrated Wrench

‘ Direct Tension Indicator

Twist-Off Bolt

|Lock Pin & Collar |
 Minimum Required Tension for 3/4" A325 = 28 k
- Minimum Achieved Tension for 3/4" A325 = 29 k
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Session 1
Introduction, Objectives and Problems Encountered

INTRODUCTION

(‘ U.S. Department of Transportation

Federal Highway Administration

DEMONSTRATION PROJECT NO. 88
HIGH - STRENGTH BOLTS FOR BRIDGES

dp 88
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In the mid 1980’s a number of problems
developed during the installation of

HIGH % . high-strength bolts in bridge structures.

EASTEN Because improperly manufactured and
installed and poorly inspected fasteners can
;E':%HW A SPONSORED RESEARCH precipitate structural failures, FHWA
HIGH STRENGTH BOLTS" sponsored a research project at the
FHWA SUPPLEMENTAL University of Texas to determine various
SPECIFICATIONS problems concerning manufacturing and

iy installation of high-strength bolts for bridges,
=i g g g

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.




ASTENERS

Discussion of fasteners will be limited to

high-strength bolts, nuts and washers for
' bridges.
\

OTHER ALTERNATE
FASTENERS

A) TENSION CONTROL
BOLTS
B) HUCKBOLTS




OBJECTIVES

Disseminate Information And
Conduct Demonstrations To Assure
That Fasteners Will Be Specified,
Purchased, Manufactured, and

installed In Accordance With
Appropriate Specifications

PLICABLE
FICATIONS

PRODUCTION SPECIFICATIONS
INSTALLATION SPECIFICATIONS

HECIFICATIONS
AASHTO MATERIALS
SPECIFICATIONS

ASTM SPECIFICATIONS
ANSI SPECIFICATIONS

AASHTO STANDARD
SPECIFICATIONS FOR
BRIDGES

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 PROBILEMS FOR
FASTENER ASSEMBLIES

REPORTED PROBLEMS

FOR
FASTENER ASSEMBLIES

dp 88

fe=|i

IMPROPER MARKINGS

BOLT HEAD
NUT HEAD

1-10

IMPROPER
CERTIFICATION

1-11



PROBIL.EMS iN

SHIPPING
FASTENER COMPONENTS

1-12

INADEQUATE STORAGE
OF
ON-SITE FASTENERS

dp 88

=il

QA PROGRAM

REPORTED PROBILEMS FOR
FASTENER ASSEMBLIES (Cont'd.)



PROBLEMS FASTENER ASSEMBLIES (Cont'd.)

(1) STRIPPING

(1) BOLT BREAKING BEFORE
PRELOAD
(M) BOLT BREAKING BEFORE
REQUIRED TURNS
dp 88

o | §

1-15

PROBLEMS

(IV) OVERTIGHTENING OF
SHORT LENGTH BOLTS
(V) NON-HARDENED NUT$

dp 88

||

PROBLEMS

(V1) IMPROPER NUTS

(VHl) HARDNESS OUY OF
SPECIFICATIONS

(Vi) HYDROGEN
EMBRITTLEMENT AFTER

INSTALLATION dp 88

o |

1-17



PROBLEM REPORTED PROBLEMS FOR
CoLh VR A E&IENERASSEMBLIES (Cont,d.)

DR

4 i

(IX) GALVANZIED A490

(M253) BOLTS
(X) LONGITUDINAL CRACKS
(XI) BURSTS IN BOLTS

1-18

PROBLEMS
FASTENEFR ¥ AILURE (CONT.)

(X) IMPROPER ZINC THICKNESS
(X1ll) MISINTERPRETATION OF NUT
OVERTAP REQUIREMENTS
(IVX) NO LUBRICANT ON NUT
(XV) BREAKING OF BOLT AT

HEAD SHANK
INTERFACE

1-19

PROBLEMS

P ASTENER FAILURE (CONT.)

(XV1) FALURE TO SATISFY
ROTATIONAL-CAPACITY

TEST dp 88
o [

1-20



OTHER PROBLEMS | EPO ROBLEMS FOR
FASTENER ASSEMBIIES (Cont’d.)

(XVii) BOLTS IN RUSTED OR
DIRTY CONDITION

(XVIi) IMPROPER SNUGGING

(IXX) IMPROPER TIGHTENING

OF THE BOLT
(XX) NO CALIBRATION OF
TORQUE WRENCHES

OTHER PROBLEMS

(CONT.)

(XXI) POORLY WRITTEN
SPECIFICATION PROVISIONS
(XX1l) INADEQUATE KNOWLEDGE
OF APPLICABLE
SPECIFICATIONS
dp 88

]

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.

GALVANIZED FASTENERS

BLACK BOLTS




FHWA Research - High-
Strength Bolts for Bridges

Supplemental Specs
DP-88

1-24

GALVANIZED FASTENERS

= Lubrication
Thread Tolerance
Nut Strength and Hardness
R-C Test

GALVANIZED FASTENERS

L.ubrication

1-26

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-1bs. 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 Washed Away

= Lubricant Not Effective
- Lubricant Not Visible
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Thread Tolerance
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Rotational-Capacity Test
ASTM Requirement
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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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Nut Strength
and

Hardness

Bolt Strength
and

Hardness

Mechanical

V.

Hot Dipped

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 A32S5 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.



BLACK BOLTS

THREAD FIT

BLACK BOLTS

Nonhardened Nuts
(Soft Nuts)
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SNUG TIGHT
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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
permissibie 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.



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
STORAGE 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

e et example, bolts of the same length and
. diameter for a specific purchase order are
Production Lot considered to be the same shipping lot even
Vs, though they may be from different pro-
Tenrat o duction lots or different manufacturers.
Shlppmg Lot Herein lies the problem: lack of uniformity of
and product can lead to possible non-uniform
Production Lot Identification B B SuE SN CEN B EN S0 S
assemblies.
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Multiplicity
of
Installation Situations
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.~ Type of Material
-~ Fastener Size

~ Number of Threads in Grip

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.)

(¢) Number of threads in the grip

*Comparable size of ASTM A490 (AASHTO M253)
bolt assemblies have been observed to be iess ductile
than ASTM A325 (AASHTO M164) bolt assemblies.
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Theory and Behavior of Structural Bolts and Connections

OLT Q VIO

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.

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.

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 nut 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 MATCH BOLTS
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BOLY MAJOR D,

BOVE PITCH D,

SUT MINGR D,
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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.



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.
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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 int 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
CAPACITY

BEARING-BOLT AND
CONNECTION MATERIAL
DETERMINES CAPACITY
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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.

Twao 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.



SHEAR CAPACITY OF JOINT = K, * T BOLT TENSION

ko = SLIP COEFFICIENT OF
FAYING SURFACE
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TIGHTENING METHODS

TURN OF THE NUT

DIRECT TENSION INDICATORS
ALTERNATE DESIGN BOLTS

CALIBRATED WRENCH
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APPENBIX A

Testing Method To Determine the
Slip Coefficient for Coatings Used

in Bolted Joints

AL RINETLE (L T AT LA R T TPy

JOSEPH A YURA and KARE H FRANK

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.
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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.

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.

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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3.4 Hot-dip and mechanically

deposited zinc-coated

nuts shall be provided with an
which shali

be clean and dry to the touch.
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=1 ¢ Nuts shall be provided

with an
that shall be clean and dry
to the touch.
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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
Al194 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
S1.1is invoked.



STANDARD SPECIFICATION for
Coat f Zinc Mechanically

Deposited on Iron and Steel

5.2.5.3
Note 2
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ntal Spec.

24 Lubrication

1.
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(Proposed)
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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, 8§2.1, 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.



UV Detectable Lubricants

~ Predictability
~ Verifiable

» Easy to use

~ Easy to handie
+ Clean and safe
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SUMMARY
Galvanized Nuts:
+ Visible lubricant
Black Bolts:

» Oily to touch when delivered and
installed
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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 SUPPLEMENTAL SPECIFICATIONS

The FHWA first issued supplemental
specifications to underscore various
recommendations and to implement
recommendations made in the FHWA-
sponsored research report, High-Sirength
Bolts for Bridges .

The maodified supplemental specifications
issued by FHWA in November 1989 are in &
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.



AASHTO MATERIALS
SPECIEICATIONS

ASTM SPECIFICATIONS

AASHTO STANDARD
SPECIFICATIONS FOR .
BRIDGES

ANSI SPECIFICATIONS 4, ¢
jem|y

SUPPLEMENTAL CONTRACT
SPECIFICATIONS FOR PROJECTS
WITH AASHTO M164 {A325)

HIGH STRENGTH BOLTS

(FHWA MEMORANDUM NOV, 1989)

SPECIFICATION FOR
STRUCTURAL JOINTS
USING ASTM A325 OR.
A490 BOLTS - 1985

AND/OR 1988

Generally, the States have been using
“AASHTO Materials Specifications” and
“AASHTO 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 “AASHTO
Materials Specifications” and “AASHTO
Standard Specifications for Bridges, Division
|1 g

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.



THENGTH
LTS

ASTM A325
(AASHTO M164)

ASTM A490 ‘
(AASHTO M253) dp 88
- Jom |§

1/2"TO 1 142"

L.LOW -CARBON
MARTENSITE

1/2° TO 1"
WEATHERING

1/72"TO 1 1/2" dp ss
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5 {Mite4) BOLTS
TH REQUIREMENTS

1 1/8 -1 /2

GH-S NG

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.

S (M164 H
UIRE S

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



A325 (M164) BOLTS
HARDNESS REQUIREMETNS

DIAMETER (IN.) - MINIMUM . MAXIMUM

172 - 7 24

1 1/8° -1 tj2° 19

“RECOMMENDED M THE FHWA BUPPLEMENTAL
SPECIFICATIONS - 33Rc .
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MATCHING NUTS

A325 A 563 A194
(M164) (M291) (M292)

TYPE 1 & 2 G, C3, D, 2, 24
' PLAIN DH & DH3

TYPE 1 & 2 DH & DH3 2H
GALYV,

TYPE 3 €3, DH3

NUT HARDNESS REQUIREMENTS
PLAIN NUTS-A563(M291) & A194(M292)

GRADE MIN.
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A325 (M164) HARDNESS REQUIREMENTS

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

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
AS563(M291) nuts.

NUT HARDNESS REQUIREMENTS
FOR A325 (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.



ALLOY DH, DH3, & 2H

LOW - CARBON DM, DH3, & 2H
MAHTENSITE

WEATHERING D3
dp B8

BIN- 150
MAX-170

‘dp 88
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NUT HARDMNESS REQUIREMENTS
FOR A490 (M253) BOLTS

DH & DH3

2H

3-15

A490 (M253) BOL.TS & 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 REQUIREMENTS
FOR A490 (M253) BOIL.TS

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

Note: (C24>>89HRB)



UPPLE S CATION
(FHWA Memorandum Nov. 8, 1989)

'SEVEN SECTIONS

. SCOPE “FHWA supplemental specifications for

.- SPECIFICATIONS - ' projects with AASHTO M164 (A325)

- MANUFACTURING high-strength bolts” contains seven sections.
. TESTING '
. DOCUMENTATION
. SHIPPING

. INSTALLTION -

dp 838
b=l
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The FHWA supplemental specifications
amend or revise AASHTO Material
FHWA MEMO AMENDS N Specifications, but do not replace them.

OR REVISES AASHTO
M SPECIFICATIONS

(DOES NOT DUPLICATE)

dp 88

=i
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The supplemental specifications cover
' , requirements for M164 (A325) bolts,
FHWA SUPPLEMENTAL matching nuts, and washers only. Similar
SPECIFICATIONS requirements for other fasteners are under
: consideration.

SCOPE -

3-18



FHWA SUPPLEMENTAL
SPECIFICATIONS

FWING SPECIFICATIONS:

M164 (A325)

M282 (A194)
M291 (A563)

WASHER M293(F436) dp 28
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Limits Bolt Hardness

= Increases Hardness
Requirements for Nuts

= Limits Oversize Tapping

» Requires Visible Lubricant
Galvanized Nuts

= Requires Marking

ACTURING

1. Limits Maximum Bolt Hardness

3-21

CATIONS

URING

The FHWA supplemental specifications limit
M164 (A325) bolt hardness of 1/2 inchto 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.



A325 (M164) BOLTS

HARDNESS 24R¢c ——.
STRENGTH 119KSI —

A490 (M253) BOLTS

STRENGTH —170KSI
HARDNESS —38Re

dp 88
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A490 (M253) A325 (M164)

150 ksi 156 ksi
33R, 35 R,

Can Not Be Gaivanized Can Be Galvanized

RECOMMENDED
MAXIMUM HARDNESS

A325 (M164) BOLTS

INCONSISTENCY IN THE CURRENT
REQUIREMENTS FOR STRENGTH
AND 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 Iow 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 1inch diameter.



JFACTURING

2. Increases Hardness

Requirements for Non-Heat
Treated Nuts

WHY MINIMUM
HARDNESS OF 89 HRB?

STRIPPING can be controlled
using heat-treated nuts 2H,
DH, DH3, or nonheat-treated

nuts 2, C, C3 and D provided
nonheat-treated nuts have
'strength > 87 ksi, i.e.
hardness > 89 HRB.

3-27

NUTS

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

WHY MINI
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.

HARDNESS OF 89

The curves have been plotted for A325 bolts
of 78 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,C3 and D)

If Hardness >89 HRB -
NO Stripping

(Tension Fai'lureARathe.r
Than Stripping Failure)

MANUFACTURING

3. Limits Oversize Tapping

AS563 (M291) MIN. OVERTAPPING
SECTION 7.4 IF NUT IS 7O

"} BEGALV.
7116 & SMALLER 0.016 IN.

OVER 7/16 TO 1 0.021 IN.

OVER 1 0.031 IN.

A325 (M164) DIAMETRAL INCREASE
SECTION 7.3 IF BLACK BOLT dp 88

ISHOT- .
DIP GALV. = ",
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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

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. INA

716 Smaller 0.016

Over 716 tol 0.021
Over 1 0.031

A: Applies to both pitch and minor
diameters, minimum and maximum limits.



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.

" STRIPPING

3-31

* FHWA supplemental specifications
- ‘ limit maximum overtapping for
R {DED BY FHWA galvanized nuts.
MAXIMUM OVERTAPPING
g * FHWA supplemental specifications

e s . (November 1989 memorandum)
DIAMETER (inches)  inches require a fastener assembly to pass the

7/16 & Smaller 0.016 . rotational-capacity test.
Over 7/18 to 1 0.021
Over 1 0.031
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FHWA supplemental specifications require
visible lubricant for galvanized nuts and, dry
and oily to the touch for black bolts.

ACTURING

4. Requires Visible Lubricant

3-33



FHWA supplemental specifications require
that all bolts, nuts and washers be marked in
accordance with appropriate

MANUFACTURING AASHTO/ASTM specifications.

5. Requires Marking on
Fasteners

3-34
[ESTING

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

" TESTING

% Prior to Shipping
7r Upon Arrival in the Field




TESTING

T R,

Mechanical Tests for
Fasteners

3-37

1. PROOF LOAD TEST -
AFTER GALV.
2. WEDGE TEST - AFTER GALV.

3. ZINC THICKNESS - MEASURED
dp 88

B [

ING

NUTS

1. PROOF LOAD -

AFTER GALV.
2. ZINC THICKNESS -
MEASURED
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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

WASHERS

1. HARDNESS TEST -

AFTER GALV.
2. ZINC THICKNESS -
MEASURED

3-40

TESTING

ASSEMBLIES

1. ROTATIONAL-CAPACITY TEST - (Black.

and Galvanized)

TESTING:

Rotational- Capacnty Test .
—_— e
1. By Manufacturer or Distributor -

2. Same Test Required in Fleld

3. Each Combination Lot of Boit,
Nut, and Washer

TestlnSkldmon,NotlnStud
~ Joint

3-42

w ERS

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

SEMBLIES

Rotational-capacity testing is required on all
black and galvanized (after galvanizing)
assemblies by the manufacturer or distributor
prior to shipping.



'Each Production Lot Combination Is

Required to Be Tested.

city Test

SKIDMORE-WILHELM CALIBRATOR
or Equivalent Device Is Required -

3-45

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).

OTATIONAL- S

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



ROTATIONAI -CAPACTTY TEST

Steel joints are not permitted except with
short bolts.

ROTATIONAIL-CAPACITY TEST

The minimum rotation from a snug tight

TESTING: condition (10% of the specified proof load)
Rotational-Capacity Test Sha be:
__rofational-Lapacity ‘est [t (23turn) L < 4D
0
TWO TIMES INSTALLATION ROTATIONEIRGSS (1turn) 4D <L < 8D
480° (11/3turn) L > 8D
TENSION: L KR LLE  The tension reached at the above rotation
Tension shall be equal to or greater than 1.15 times

installation tension.

Therefore, required turn test tension for a
7/8 inch diameter M 164 (A325) bolt:

= 1.15x39K (req’d. instal. tension)
= 45 kips
TESTING: Values of minimum required turn test

) . tension are included in the FHWA
w supplemental specifications.
For Tension > Installation Tension

After reaching the installation tension, the

T<0.25PD relationship between torque and tension shall
_\:_Vhi;E: dT (ft-lbs) be given by:
= Measured Torque (ft-lbs
P = Measured Tension (Ibs) Torque =025PD
D = Bolt diameter (ft) . Where:
‘ Torque = measured torque (ft.-Ibs)
P = measured tension (Ibs)

D = bolt diameter (feet)



TESTING:
SHORT BOLTS

Madiﬁed Rotational-Capacity
Test

3-49

TESTING

REPORTING
WITNESSING

dp 88

|
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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.

Reporting
The results of all tests (including zinc coating
thickness) must be recorded. Locations

where tests are performed and date of tests
are also recorded.

Witnessing

The tests need not be witnessed by an
inspection agency, however, the
manufacturer or distributor is required to
certify that the results are accurate.



T <=k PD

= NUT FACTOR (DIMENSIONLESS)

BOLT TENSION (POUNDS)
BOLT DIAMETER (INCHES)

dp 88
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Ax Recermd ony
Liwscedid Zage
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 INSTALLATION

. AASHTO Division Il Requirements

. Snug Tight Condition Achieved

. -Rotational-Capacity Test

(Washer Required) B

.- ._._m__._.a-..".__,.__..___.._«__‘_.*,_ui
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T TION

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. IT 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.



INSTALLATION TESTS

PURPOSE:

» To Ensure Proper Instaliation

Tension

» To Ensure Quality of the Product
Recelved at the Job Site
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INSTALLATION

REQUIREMENTS

1. SKIDMORE - WILHELM CALIBRATOR
OR EQUIVALENT DEVICE

2. CALIBRATED DTI (FOR SHORT
BOLTS)

3. CALIBRATED WRENCH dp 8

DOCUMENTATION

1. MILL TREST REPORT (MTR)
2. MANUFACTURER CERTIFIED
" TEST REPORT (MCTR)

3. DISTRIBUTOR CERTIFIED
TEST REPORT (DCTR)

dp 88

L

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



MILL TEST REPORT

MTR
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MANUFACTURER CERTIFIED TEST
REPORT

MCTR

3-58

"MCTR

IF ROTATIONAL - CAPACITY TEST
IS PERFORMED BY THE

MANUFACTURER, ADDITIONAL
RELATED INFORMATION MUST
BE INCLUDED ON THE MCTR

3-59

Miil 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.).

If 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 MCTR
meet appropriate specifications.



MCTR

Lot Number of Each item
Rotational-Capacity Lot Number

Assigned '
Test Results of Rotational-
Capacity Test
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MCTR

4, LOCATION & DATE - TEST
PERFORMED
6. LOCATION - FASTENER -
COMPONENT MANUFACTURED
6. STATEMENT OF CONFORMANCE
dp 88
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DISTRIBUTOR CERTIFIED TEST
REPORT

B N PP PVU SN SP B -

DCTR
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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 REQUIRED
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

SHIPPING

COMPONENTS FROM EACH
ROTATIONAL -CAPACITY
LOT ARE REQUIRED TO
BE SHIPPED TOGETHER

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.



rotational-capacity lot number and
TONS 1 adequately identified.

S H ! P P l N G Each container is marked with

SAME PRODUCTION LOT
NUMBER FOR EACH SIZE
OF NUT AND WASHER
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The MTR, MCTR or DCTR is supplied to
the contractor or owner as required.

ENSURE:

" (1) identity of Contents
(1) Inclusion of MTR/MCTR and/or
DCTR as appropriate







Session 4

Manufacturing Processes

BOLT COLD FORMED FASTENERS
MANUFACTURING

Bolts are manufactured by either cold
forming or hot forging methods. Most

COLD FORM ED intermediate diameters (38 inch through 114
inch) are cold formed.
HOT FORGED

dp 58
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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.

LR
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SRR
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pecht o s T ; A mill test report (MTR) is furnished for each

R

i EI heat by the producing mill. This MTR must list
o : the heat number and heat analysis. Additional-
ly, for “Buy American” projects, the MTR will
include a statement indicating that the material
e WL ‘ ' was melted and manufactured in the U.S.A.

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
