———

DESIGN EXAMPLES FOR
STEEL BOX GIRDERS

Q

US.Department
of Transportation

Federal Highway
Administration

Research, Deve\opment,
and Technelogy

Turner- Fairbank Highway
Research Center

B30Q Georgelown Pike
McLean, Virginia 22101

Final Report

Report No.
FHWA-TS-86-209

July 1986

7. 2"

hL_2-12‘-0' LANES = 24'-0"

5.5 | 3.4

9'-0" 1Z-0"

9-0* _|3.qf 55"

LOADS:

LIVE LOAD:

PARAPET
FUTURE WEARING SURFACE

HS 20- 44

40 LBS. / FT

25 LBS. /S0 FT.

REPRODUCED BY:
U.$, Department of Commerce
Nalional Technical Infarmation Service
springfield, Virginia 22461

J

This document is available to the U.S. public through the National Technical Information Service, Springfield, Virginia 22161







$0272-101

: 1. REPORT NO, 2 L Ascipient's Accession Mo,
RO Sace O | e -g6-203 | P8GR ~-209781]
4. Titie and Subtitie ) 5. Report Dete
‘ July 1986
EVALUATION OF STEEL BOX GIRDER SPECIFICATIONS -
[ 7. Autnortn) ‘ ‘ 18 Performing Organization Rept Me.
Harold Clinton, Gerhard Joehnk and Ernst H. Petzold ITT '

9. Perdorming Organization Name and Address . 10, Project/Task/Work Unit Mo.

Sverdrup & Parcel

- ~ 11. Comtrect{C) or Grart(@) Ne.
"Consulting Engineers

801 North Eleventh | © DTFH61-82-C-00034
St. Louils, Missouri 63101 (G

12. Sponsoring Organization Name and Address _ 13 Type of Report & Period Covered
U.S. Department of Transportation
Federal Highway Administration Final Report
CEfice of Development 14,

Washington, D.C. 20590

15. Supplemartery Notes |
FHWA Contract Manager - Jochn M. Hooks. Report was prepared by Sverdrup & Parcel under
subcontract to the American Iron and Steel Institute, acting on behalf of the Committee
of Structural Steel Producers and the Committee of Steel Plate Producers.

18. Abstrect (Umit: 200 words)

The Proposed Design Specifications for Steel Box Girder Bridges as contained in Report
No. FHWA-TS-80-205 are evaluated. The results of comparative designs done using the
AASHTO code and the proposed specification are summarized. The differences in the
designs are explained with reference to the differing design requirements of the two

are discussed. The results of parametric studies done to investigate the application
of the proposed sPecificatibn to the design of principal elements of box girders are
included. The donclusions and recommendations based on the evaluation are also
included. Appendix A contains comparative design examples contrasting the use of the
AASHTO code with the proposed specification. Appendix B contains a discussion of areas
of the proposed specification that could benefit from additicnal clarification or
comment.

specifications. The practicality and ease of application of the proposed specification

17. Document Anslysis . Descriptors

Steel Box Girders Flanges
Bridges Webs
Specifications Design

b. ldentifiers /OpenEnded Terms

¢. COSAT! Fleld/Group

18. Avaltabillty Statemen: 19, Security Cless (This Report) 21. Na. of Pages
' Unclassified L fez T
20, Security Clasa (This Pege) 22 Price _
Unclassified - L :
(See ANSI=Z39.18) Sae instructionrs on Reverse : OPTIONMAL FORM 272 (&-77)

(Formarty NTIS-3%9
' ) Department of Commarce






Foreword

This Tech Share report documents the results of an evaluation of the Proposed
Design Specifications for Steel Box Girders as presented in Report

No. FHWA-TS-80-205. The results of comparative designs done using the AASHTO
code and the proposed specification are summarized. The differences in the
designs are explained with reference to the differing design requirements of
the two specifications. The AASHTO Subcommittee on Bridges and Structures has
voted to insert a reference to the proposed spec1f1cat1ons in the 1986 interim
AASHTO specifications, Section 10 51.

Copies of this raeport are being distributed to FHWA Region and Division
offices and to each State highway agency. Additional copies of . this report
and copies of FHWA-TS-80-205 can be obtained by public agencies from the FHWA
R,0&T Report Center, HRD-11, MclLean, Yirginia 22101 and by other interested
parties from the National Technical Information Service, Port Royal Road,
Springfield, VYirginia 22161, :

s

Ronald E. Heinz R. J. Betsold
Director, Office of — Director, Office of
Engineering ' Implementation

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no ljability for its contents or use thereof,

The contents of this report reflect the views of the author Sverdrup and
Parcel, which is responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily ref]ect the policy of the
Department of Transportation.

This report does not constitute a standard, specification, or regulation.



PREFACE

The Proposed Design Specifications for Steel Box Girder Bridges,
Report No. FHWA-TS5-80-205, dated January 1980, grew out of the engineer-
ing profession's need for a set of design rules reflecting the current
State-of-the-art. Following publication of this report, the AASHTO
Technical Subcommittee on Steel Design recommended that additional
study be done to assess the validity of the proposed specifications.

In April 1981, the American Iron and Steel Institute (AISI)
contracted with Sverdrup & Parcel (S&P) to begin an initial study of
the proposed specifications. This study, which was sponsored by
AISI's Bridge Task Force Cormittee under its Project 319, consisted of
designing the principal elements of a 3-span continuous multi-box
composite bridge with a 150-ft main span and a 3-span continuous
"~ single box multi-cell bridge with orthotropic deck and main span of
650 ft. Each bridge was designed using the proposed specifications
and the current AASHTO Specifications. '

Subsequently, the Federal Highway Administration responded
to a request to sponsor additional studies and on August 27, 1982
entered into Contract No. DTFH61-82-C-00034 with the AISI for these
additional studies. AISI in turn subcontracted the work to S&P.

This work was divided into the following tasks:
- Task.A - Design the principal elements of a 3-span continuous

single box multi-cell box girder bridge with a composite
concrete deck, using the current AASHTO and proposed

specifications.

Task B - Compare the opposing designs prepared under Task A and
the initial study.

" Task C - Evaluate the application of the current AASHTO and

: proposed specifications with regard to the practicality
and ease of the application of the proposed specifica-
tions.

Task D - Conduct a parametric study of the application of the

proposed specifications to the principal elements of
steel box girders. ‘

This report presents the results of the findings of Tasks A

through D, together with conclusions and recommendations. In addition,
comparative design examples are presented in Appendix A.

ii
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A, INTRODUCTION

AL, BACKGROUND

‘ The Proposed Design Specifications for Steel Box Girder Bridges,
as published in Report No. FHWA-TS5-80-205, hereinafter referred to as
the proposed specifications, reflect the engineering profession's need
for a set of design rules which are applicable to long span steel box
girder bridges of composite or orthotropic design. This need was
identified through previous work of the ASCE-AASHTO Subcommittee on
Box Girders in the early '70's. At that time, parallel studies and
developments in several other countries were evaluated and found to be’
either inappropriate and/or underdeveloped for uge. as a practical '
specification. For instance, the Merrison Rules” were found to be
complex and unwieldly for use.

In response to this need, the U.S. Department of Tramsporta-
tion, Federal Highway Administration, sponsored a study to develep a
set of design rules which were practical and easy to use and would
result in a safe, economical steel superstructure. The rules were to
be written in the format of the AASHTO Standard Specifications for
Highway Bridges and were to be based on Load Factor Design. The
project was completed in June, 1979 and the new design rules were
submitted to the AASHTO Subcommittee on Bridges and Structures for
consideration and adoption.

The proposed specifications, intended as an addition to the
AASHTO Highway Bridge Specifications, are applicable for box girder
bridges, regardless of span, and their use for the design of short to
moderate-span box girder bridges, instead of the current AASHTO rules,
would be optional. 8Special provisions necessary for horizontally
curved girder bridges, girders with haunches, skewed girder bridges,
cable-stayed girder bridges or girder-stiffened suspension bridges are
not included in the proposed specifications.

The AASHTO Technical Subcommittee on Steel Design recom-
mended that additional study be done in order to assess the validity
of the proposed specifications. Preparation of typical bridge designs
made with these specifications was necessary. Comparison of bridge
designs made with the current AASHTO Specifications and with the new
specifications was required to highlight differences in the two codes.
These comparisons were recommended for spans of moderate length as well
as for long spans. In addition, parametric studies, to further evaluate
the practicality of the proposed specifications, were recommended.

Inquiry into the Basis of Design and Method of Erection of Steel Box
Girder Bridges, Report of the Committee - Appendix I, Interim Design
and Workmanship Rules, H. M. Stationary Office, Londom, 1973, 1974.



A.2.  PURPOSE

The purpose of this study is to investigate the practical
effect and impact that the usage of the proposed specifications will
have upon the designer, the design, and the steel fabricator. For
this purpose, comparative designs were done for three bridges with
different cross sections and span lengths. The main spans varied from
150 to 650 ft. Parametric studies were also done to evaluate the
effect of various input parameters on practical designs.



B. SPECIFICATIONS APPLICABLE FOR THIS COMPARISON

B.1. PROPOSED DESIGN SPECIFICATIONS FOR STEEL BOX GIRDER BRIDGES

: As previously mentioned, these specifications are contained
in Report No. FHWA-TS-80-205 and contain specific provisions for most
types of box girder bridges. This specification is based on Load
Factor Design.

New methods of determining design strengths are given for
unstiffened and longitudinally stiffened bottom flanges in compression.
The new strength values are affected by geometric imperfections,
residual stresses and out-of-straightness of the longitudinal stiffeners.

The elastic buckling and postbuckling contributions to the
web strength are computed independent of the flange properties. The
postbuckling strength is determined by utilizing a lower bound for the
tension field strength corresponding to tBe "true Basler™ solution
which assumes negligible flange rigidity. The combined effect of
shear and axial stresses ‘are considered in the determination of both
elastic and postbuckling strengths.

The webs are designed on the basis that the individual
panels or sub-panels are rigidly supported around their periphery.
Therefore, the web stiffeners are designed to remain straight up to
the point at which the web ultimate strength is reached.

B.2. AASHTO SPECIFICATIONS

These specifications are the 1977 Twelfth Edition adopted by
"The American Association of State Highway and Transportation Officials"
and interim specifications dated 1978, 1979, 1980, 1981 and 1982.
These specifications contain only provisions for composite multi-box
girder bridges of moderate span subject to geometric limitations. The
Load Factor Design method was used for all designs and is the basis of
comparison with the proposed specifications.

Transverse distribution of live loads as given by the simple
AASHTQO distributiocn equation was used for the analysis of the short
span structures only. The intermediate and long span structures were
analyzed in a manner consistent with the proposed specifications.

As presented in the AASHTO code, the design of unstiffened
and longitudinally stiffened bottom flanges in compression is based on
the analogy between column and plate buckling.

Fujii, T., "On an Improved Theory for Dr. Basler's Theory,” Final
Report of the Eighth Congress of I1.A.B.S.E., New York, September,
1968.



ge ign of webs is based on tension field strength accord-
ing to Basler The interaction of shear and flexure is considered
indirectly in AASHTO by an empirical formula. Longitudinal stiffening
is limited to ome stiffener only.

. !.é... COHPARISON OF SPECIFICATIONS

The design examples are a reflection of the difference between
the proposed specification and the present AASHTO; however, a direct
comparison of the codes will render a better understanding of the
differences. In this section, the code differences and their effects oy
upon the design are presented. Reference will be made to this dis- LAt
cussion in the later section dealing with the compar1son of the des1gns :

B.3.1. Strength of Unstlffened and Stiffened Plate Panels

(a) Unstiffened Flanges ~ AASHTO Code .

Under the current AASHTO code, stocky panels may be designed
for the yield stress.

when b/t == 6—1—4—9; F _=F

ﬁ.; cr y

where b = flange width between webs
t = flange thickness
B critical buckling stress
F;r = yield strength of steel

For slender panels, the Euler equation is used.

- 2
when b/t == =K I E > ,
-\I 12 (1 - %) (b/e)
with K = , U = and E = 29 x 10° psi,
F__ =105 (t/6)2 x 10° (AASHTO Article 1.7.64(E)(3))

3 Basler, K. "Strength of Plate Girders in Shear," Journal of the
Structural Division, ASCE, Vol. 87, No. S5t7, Oct., 1961, pp 151-180.
Basler, K., "Strength of Plate Girders in Combined Bending aad Shear,”
Journal of the Structural Division, ASCE, Vol. 87, No. St7, Oct.,
1961, pp. 1B1-197.



For intermediate values of b/t, a transition curve is used.
6140 < b -< 13,300;

5T

Where ¢ ié as defined in the AASHTO code.

— - \ cTr
Fcr‘f‘o,sgz Fy (1 + 0.687 sin ;—)

(b) Unstiffened Flanges - Proposed Specificationms

The proposed specification includes the effects of residual
stresses as well as geometric imperfections in determining

the strength of unstiffened flanges. The strength curve for
the new code is shown on Figure 1. For easy comparison,

the current AASHTO curve has been shown by a dashed line.

It can be seen that the AASHTO curve yields a higher value

of F for 32<b/t<70 (F_ = 36 ksi}. It should be emphasized
that the proposed specificXtion, by including certain material
effects in the allowable strength, contains a "material
resistance" factor. Since material factors are ipmcluded in
the current AASHTO load factors, if the proposed specification
is made a part of the AASHTO specifications, the AASHTO load
factors may need to be reviewed. However, the conservatism
introduced by the proposed specification does not appear to

be very significant as the effect is confined to the highly
stressed compression zone only (see Conclusions and Recom-
‘méndations). .

(c) Stiffened Flanges

The stiffened flange strength as computed by the proposed
specification likewise yields a lower strength than ao
"extended" AASHTO version. Due to the complexity of para-
meters, a direct comparison was not attempted. For manual
computations, the strength curves as presented in Figure
1.7.206(A) of the proposed specification are convenient.
However, for computer design, the strength-slenderness
parameter relationship must be given in a more direct and
usable expression.

3.3.2. Web Panels

. The shear streangth is given as the sum of beam shear strength,

VB’ and the tension field strength (postbuckling strength), VT.

The AASHTO Specifications utilize the Basler solution for the
web design. The Basler solution can be stated as follows:

- T,/ T

V =7 _ Dt +F Dt
u cr w y v o, E 1+ °<§)

5
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where V = maximum shear capacity
DY = depth of web between flanges
d = distance between transverse stiffeners
o% = d /D (aspect ratio)
t = web thickness
Y= yield stress of web
Tyr‘= critical buckling stress of web
v = yield stress in shear of web

Utilizing the following relationships,
F ;;Jg-and C =
Y/ TY TC f/ TY

where C = 18,000 X £ X 1
. cosP

-0.3=< 1.0

@ = the angle of the panel‘diagonal with the horizontal;

the above equation takes on the form: .
<3 1-2¢C
V. = Dt C+ Dt —/
u ’ty W T& w 2 Il+d2

which is the same as AASHTO 1.7.59(E)(3),

0.87 (1 - C)
VvV =V c +
u P [ 41 + (d:O/D)z:I

 The proposed specification utilizes the "true Basler" solution,
as given below:

a-7T. /T

2 («f1 +te¢ +ex)

VS T D, tE Dt

Using the approximate von Mises yield condition,

F,=F (1 - —25)
T
Yy 'ty
where FT = tension field stress
gives
Vu = VB + VT

_ _ 2
where VE = ’[cr D tw and VT = FT D tw/(2 { = + N+ X M.



Here, V., is due to beam action of the web and V., is due to the tension
field action. The equations above are as they appear in the proposed
specification. )

Comparing the second part (tension field action) in the two
codes, one will notice that the only difference is in the denominators,
where :

_ | 2 . _\(___—_5 +ox . : -
DeAASHTO‘r 1 + <" and DeProposed 1 + ox . Since these values

depend only on the aspect ratio X and since the tension field action
directly depends on these denominators, the ratio

_ VT AASHTO ) ll +ex o

R = =
VT proposed 'dl Y

gives an excellent comparison between the codes, see Table 1.

TABLE 1. COMPARISON OF TENSION FIELD STRENGTHS

=3 0.5 0.75 . 1.0 1.25 1.5
R 1.45 1.6 1.71 - 1.78 1.83

As. can be seen, the tension field action according to AASHTO is between
45% to 83% larger for aspect ratios between (.5 and 1.5, respectively.

Comparing the first part, V_, (beam action), the two codes seem
to be identical; however, there is a great difference in the evaluation
of ’tcr' While AASHTO uses a theoretical value for C which only depends
on the panel geometry and the yield stress of the web material, the
proposed code finds the critical buckling shear stress by means of an
interaction formula, taking into account the combined effects of shear,
flexure, and axial forces.

It is obvious that determining the governing case using the
proposed interaction formula requires additional effort on the part of
the designer. ] : -

The results from our designs show that generally, for stiffened
panels, the V_ is slightly increased when using the proposed specifica-
tion; however, V. is heavily decreased as expected, resulting in an over-
all lower V., valile which is reflected in the increase of web and/or
stiffener material. The approximate total effect on V when using the
proposed specification can be found for any panel. Table 3 is a
summary of web studies based on the proposed specifications. By using
the fraction of V. utilized shown in the last column and the above
ratios from Table"1, the VT of the panels can be found for both the



proposed specification and AASHTO. By assuming that V, is the same by
both codes, then the values of Vu can be determined. ‘Eor the panels
of Table 3, the proposed specification results in a reduction of VT _
of 35 percent and in Vu of 24 percent.

Recent experimental work on plate girger webs has confirmed
the conservatism of the proposed specification. The reference cited
reports on the testing of eight web panels. The mean of the panel
strengths as determined by the proposed specification was 76 percent
of the actual ultimate capacity determined by the tests. The Basler
solution upon which the AASHTO code is based resulted in a mean
strength of 104 percent of the ultimate capacity. The authors of
the report concluded that the Basler solution with a 0.92 reduction
factor would result in adequate and comnservative web design. Tests
to date have indicated that box girder flanges are sufficiently rigid
to allow the development. of significant amounts of tension field action.
However, the authors also emphasized that additional tests will be ‘
required to verify the validity of using the web strength of plate
girders to predict the web strength of box girders.

. For unstiffened webs, the proposed specification bases the
carrying capacity of the web on the buckling shear, VB, and postbuckl-
ing strength is disregarded. The buckling stress curve for the pro-
posed specification is shown in Figure 2. Included for comparison is
the applicable curve from the AASHTO specification. Note that the pro-
posed specification curve is based on shear acting alone and that the
value of Fovc; will be reduced when the coinciding moments are considered.

B.3.3. Web Stiffeners

AASHTO requirements for longitudinal and transverse stiffeners
require that the stiffeners be rigid enough to preserve the straight
boundaries assumed when computing shear buckling of the webs. Numerical
data from Bleich~ for transverse stiffeners yields the following form.

- d
- 3| D o
I =250t [ I 0-713]

If the second term’cohstant is set to 0.8 and introducing

J =25 (D/do)2 -2

> Cooke, N., Moss, P. J., Walpole, W. R., Langdon, D. W., Harvey, M. H.,
"Strength and Serviceability of Steel Girder Webs,'" Journal of Struc-

- tural Engineering, ASCE, Vol. 109, No. 3, March, 1983, pp. 785-807.

6 L |

Bleich, F., Buckling Strength of Metal Structures, McGraw-Hill Book
Co., Inc., New York, 1952.
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the resulting requirement for I is:

I=d tw3J AASHTO 1.7.59(E)(5)

where I = moment of inertia of transverse.stiffener with reference to
midplane of web

and other nomenclature is as previously defined.

When longitudinal stiffeners are used, the transverse stiffener
must support them. According to P. B. Cooper:

ST = SL D/d0

AASHTC reduced this requirement drastically to:

ST = (1/3) SL D/dO AASHTO 1.7.59(F)(3)

section modulus of transverse stiffener

where ST

5L

section modulus of longitudinal stiffener

The rigidity requirement of the longitudinal stiffener is simi-
lar to the transverse:

3 | vdo
1 20D t, [2.&(5—) - 0.13]
If the tension field strength is utilized, the vertical compon-

ent of this force has to be carried by the transverse stiffener.  The
required area is:

_ ' i 2
a_ = [0.15DBt_ (1 - C) (V/V ) - 18t °] ¥ AASHTO 1.7.59(E)(5)

where B = correction factor for one-sided stiffeners
V = shear force on the cross section
= yield strength ratio, web/stiffener

The above stiffener requirements are all easy to apply. All
numbers are either chosen sizes or known values (B, C, V, V , Y) and
L . - u
their implementation consumes only a minimal effort.

The proposed specification has similar rigidity and strength
requirements for transverse stiffeners. Based on requirements of
straight boundaries, the code stipulates, conservatively, that the rela-
tive rigidity cecefficient of a stiffener. should be at least equal to

7 Cooper, P. B., "Strength of Longitudinally Stiffened Plate Girders,"

Journal of the Structural Division, ASCE, Vol. 93, No.. 5t2, April,
1967, pp. 419-451.
. 11



. where

the "theoretical optimum rigidity", X", multiplied by an empirical
factor, L :

E V‘,
I = 0.09 mT X th ——0—

The ratio f;/Fgcr indicates the extent to which the shear capacity of

the web is utilized.

As in AASHTO, a strength requirement subject to the ten510n field vertical
force, PVT’ is specified.

o - FTtde . o v - VB
VT 2 WJ]. _'_IOLZ VT

Without a closer examination, these requirements, which seem to be similar,
are quite different in design effort. It is a simple task to find a
stiffener which satisfies an I and A requirement. It becomes a larger
task when the stiffener moment of inertia must be computed, including an
effective width of web. Additionally, checking a trial stiffener as a
column for a given force is more involved than simply meeting an area
requirement.

Similarly, under the proposed speCLflcatlons the longitudinal
" stiffener has a rigidity requirement.

% 3
Ip = 0.09 nmg JL(D, + Ty D,

= multipliers, dependent on the number of longi-
tudinal stiffeners and the web D/tw ratio

s W ! t 2 5 t 2
X = K ) fc + fb + K _f_v.__
L+ T ) Lo\ o o LT o
F F F
ccr bcr _ vcr

n, m
> 'L

All stresses are those for the governing adjacent sub-panel and are fully
defined in the proposed. specification.

12



The values of K X are determined from graphs in Figure 1.7.213(B)
of the proposed spec1f1cag;ons, where 12 curves are shown which make
interpolation (between 0.7 <XoK =1.5) difficult. All rigidity coeffic-
ients should be given in an explicit form:for computer design. Addi-
tionally, the longitudinal stiffener is checked as a column with the

force and location of application depending on whether or not the

stiffener is continuous or discontinuous. The amount of work spent

on stiffener sizing is comparable to that required for flange design

or the design of the web panel.

13



- C. DESCRIPTION OF THE THREE DESIGNS SELECTED FOR COMPARISON OF CODES

To insure that the evaluation of the proposed specification
would be for a range of structure lengths, our work assignment called
for the design of 3-span continuous box girders with main-span lengths
of 150, 400, and 650 ft.

The short span bridge had a span arrangement of 115-150-115 ft.
The bridge was a 2-lane bridge with 10 ft shoulders. The cross section
(see Figure 3) shows a multi-box composite bridge. It consists of three
single cell boxes where the geometry fulfills the AASHTO geometric
requirements. The slab was set to an 8-inch thickmess. The loads for
parapets were assumed to be 410 lbs/ft and a future wearing surface of
25 1bs/sq. ft. was used. Live load was set to HS 20-44 and the concrete
deck was assumed to have a 28-day strength of f'C = 4,000 psi.

The intermediate span bridge had a span arrangement of
310-400-310 ft. For purposes of variation, this cross section was.
arranged as a multi-cell, single composite box with inclined webs.
Loads and concrete specifications were the same as for the short span.
It was our specific intention with our cross section choice to let
this section fall outside the geometric confines of AASHTO Article
1.7.64. We could easily have modified the cross section to two single
cells by removing the bottom flange between interior cells (see Figure
4). The AASHTO lateral live load distribution, therefore, was not
applicable, and a refined analysis determining simultaneous bending
and torsional moments and shear forces was employed. Since only minor
section changes between codes result, the same analysis was applicable
for both codes. ‘

The long span box girder, due to its 650-ft main span (500 ft
side spans), was assumed to have an orthotropic deck. It is a two-cell
single box with variable depth. The cross section and pertinent data
are shown on Figure 5. The deck itself was only designed in general
for sizing purposes and was used for both designs unless different
deck plate thicknesses were required when considering the deck plate
and main bridge system to act integrally. Generally, all provisions
of the AASHTO specification were considered applicable. The only
code provision explicitly modified was that dealing with bottom flanges
in compression, 1.7.64(E). This provision does not provide for trans=
. verse flange stiffeners. The approach taken in the design was to use

the Service Load provision, 1.7.49(D)(4), extended for Load Factor
_Design with certain simplifying assumptions removed.

14
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D. FINAL RESULTS OF THE SIX DESIGNS, THEIR COMPARISON, CHANGES
AND DEPARTURES FROM CURRENT SPECIFICATIONS AND.PRACTICES

In the previous section, a short description of the three
bridge studies was presented. Each of these bridges was designed
using the AASHTO and the proposed specification. In Table 2, a weight
comparison is given, showing weights in tons for half the structure.
Differences refer to the AASHTO design as a base. Weights shown for
top and bottom flanges include weights for flange plates and longitudi-
nal and transverse stiffeners, where applicable. The short span
designs used A36 material throughout. The designs for the intermedi-
ate and long span structures used Grade 50 material at supports and
- A36 elsewhere. The ratio of Grade 50 to A36 was similar for compara-

. tive designs. :

It is realized that for a true comparison, fabrication costs
of the designs should be considered. However, this study does not
include an evaluation of economic factors, but merely points out the
effects of the different requirements on the weight and arrangement of
the principal elements.

D.1. SHORT SPAN COMPARISON

Typical cross sections for these designs are shown as Figures 6
and 7 and typical girder elevations are shown on Figures 12 and 13.
Both designs follow the rules for lateral live load distribution in
accordance with AASHTO Article 1.7.49(B). It can be seen by comparing
the two designs that the only difference in the bottom flange is at
the point of contraflexure where a 9/16" plate was substituted in the
AASHTO design for the 1/2" plate used in the proposed specification
design. However, directly over the support, the proposed specification
required a 1/8" thicker plate due to the lower allowable in the compres-
sion flange. The increase in weight of the bottom flange, when using
the proposed specification, was 11.9%. The reduction in the bottom
flange at the point of contraflexure was caused by the thicker web
plate (3/8-inch) required by the proposed specification as a minimum
(1.7.210(D)). This requirement causes a 21.3% increase in web plate
material. Due to the heavier bottom flange and web, the top flange
yielded an 8.3% savings in the proximity of the support..

The heavier web required by the proposed specification
resulted in a 49.4% savings in transverse stiffeners.

The net result, when considefing all of the principal design

elements, amounted to a 9.3% increase in steel weight when using the
proposed specification.

18
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TABLE 2. COMPARISON OF PRINCIPAL ELEMENT WEIGHTS BASED ON DESIGN
BY THE AASHTO CODE AND THE PROPOSED SPECIFICATIONS

SHORT SPAN

(115 ft~150 ft-115 ft)

INTERMEDIATE SPAN
(310 ft-400 ft-310 ft)

LONG SPAN

(500 f£-650 ft-500 fr)

AASHTO | PROPOSED % AASHTO | PROPOSED % | AASHTO | PROPOSED %
‘CODE SPEC. DIFF | CODE SPEC. | DIFF | CODE SPEC. | DIFF

BOTTOM FLANGE 54.5 61.0 11.9 | 260.8 264.6 1.5 732.7 | 741.4 1.2
PLATE 30.0 36.4 21.3 | 224.6 218.5 | -2.7 | 431.3 | 406.8 =5.7

WEB |[LONGIT. STIFF. - = Z 10.2 18.6 | 82.4 17.4 28.9 66.1
TRANS. STIFF. 1.7 0.86 |-49.4 27.8 41.0 | 47.5 38.6 74.9 94.0
PLATE + STIFF. 31.71 37.3 14.2 | 262.6 278.1 5.9 | 487.3 | 510.6 4.8

TOP FLANGE 22.9 21.0 ~8.3 | 145.1 154.1 6.2 | 894.0 | 903.0 1.0
TOTAL-ALL ELEMENTS 109.1 | 119.3 9.3 | 668.5 696.8 4.2 | 2114.0 | 2155.0 1.9

NOTES:

Units are tons.

Weights given are for one-half of structure.

Both A36 and Grade 50 material are included in the weights shown.
Weights for top and bottom flanges include plate and longitudinal and
transverse stiffeners where applicable.

1
2.
3. % DIFF uses AASHTO welight as base.
4
5
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D.2. INTERMEDIATE SPAN COMPARISON

As discussed under Section C, the span length, basic¢ geometry
and loads were the same for both designs. The resulting design moments,
shears, and torques were therefore identical for design under both
codes. For comparative typical cross sections, see Figures 8, 9 and
10. Typical girder elevations are shown on Figures 14 and 15.

For the bottom flanges, both designs utilize the same plate
thicknesses with approximately the same plate cut-offs. The differences
in weight result from the differences in flange stiffener arrangement
between the two designs.

D.2.1. Bottom Flange in Compression

As noted in the comparison of codes in Section B, the proposed
specification for bottom flanges in compression causes a reduction in
design critical stress as compared to AASHTO. In order to increase
the critical stress, four methods exist:

1. Use thicker flange plate.

2. Reduce longitudinal stiffener spacing.

3. Reduce transverse stiffener spacing.

4. Use larger (stiffer) longitudinal stiffener.

Methods 1 and 2 are principally aimed at reducing the w/t ratio while
3 and 4 will reduce the L/r ratio. A study showed that the reduction
of L/r was the most weight-efficient for this case. Hence, the method
used was to reduce the transverse stiffener spacing to increase the
critical stress to a value comparable to that for the AASHTO design.
Thus, bottom flange plates remain unchanged in most instances, with
transverse stiffeners making up the weight difference.

D.2.2. Bottom Flange in Tension

The major difference in the designs resulted from slenderness
considerations. The AASHTO code has no explicit limits for slenderness
of stiffened plates in tension. Values used were w/t==120 and L/r =200
(AASHTO 1.7.5). Section 1.7.208(G) of the proposed specification
contains specific slenderness provisions which require the ratio w/t
and L/r not to exceed 120. These code differences did not affect the
total weight; however, the ratio of stiffener weight to plate weight
changed, and this could influence fabrication costs. The total weight
for bottom flanges (compression and tension) showed an increase of
1.5% under the proposed specification.

D.2.3. Web Plate

The web thickness used over the supports in the proposed
design is 1/16" thinner than that in the AASHTO design. This is the
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reason for the difference between 449.2 kips/web for the AASHTO design
and 437.0 kips/web for the proposed specification design. The choice
of the thinner web was made possible by the use of more than one
longitudipal stiffener which is provided for in the proposed specifica-
tion, in conmtrast to AASHTO. However, the total web plus stiffener
weight increased by 53.9%. :

D.2.4. Top Flange Plate

The additional flange forces specified by the new code in
Sections 1.7.211 and 1.7.212 result from postbuckling behavior of the
webs and consist of two parts: Part 1 is due to the inability of the
web to carry bending compression forces after it buckles. Part 2 is
the horizontal component of the tension field force due to truss
action. In the positive moment area, the above forces are additive to
the simple bending forces and a larger area is required. In the
negative moment area, the above forces have opposite sign and their
net effect is to reduce the flange force. This reduction offsets the
increased flange force due to the use of the thinner web in this area.
Therefore, a slight reduction in the top flange area over the support
was possible by using the proposed specification.

For the top flange as a wheole, the increase in material
required by the proposed code in the positive moment area was greater
than the reduction in the negative moment area. The net effect was an
increase of 6.2%. :

D.3. LONG SPAN COMPARISCN

. The origin of the differences for the long span structures
was essentially the same as for the intermediate span structures

. discussed above. Although such things as effective flange width,
effects of combined stress, etc., became slightly more pronounced,
these were not traceable in the final weight computation. For typical
cross section for long span structures, see Figure 11. Figures 16
through 19 show typical girder elevations.

D.3.1. Bottom Flange

The main difference was in the part of the bottom flange in
compression. A 1.2% increase in weight resulted when using the proposed
specification. ‘

D.3.2. Web Plate

The effect of using multiple longitudinal stiffeners showed
up as a 5.7% savings in web plate material, up from the 2.7% savings
for the intermediate span. Naturally, the increased use of stiffeners
would diminish the gain. For web plate plus stiffeners, the weight'

26



Lz

| FLOOR BEAM WEB 38" PL. (TYP)
STEEL PARAPET /

5,1 P ] .
6" RIBS ON ABT. 2'-O" CTRS.
[ RIBSO RS _—DECK PLATE 4
T T JIT F T UUUU\J\J\T\J\J\J\JV\TUUU\J\J 2
] 3 . , '
FLOORBEAM %
FLG. PL. / CROSS FRAME
10"x12"(TYP) ' , ~— WEB PL.
WEB PL— WEB PL. TRANS. WEB
4 | sTiFr
i | ; LONGIT. WEB
I b S— - — T \H STIFF.
BOTY. FLG. 5 :
TRANS STIFF.— '
' . T T T T T
BOTT. FLG. PL. BOTT. FLG LONGIT®
AT _MID SPAN AT PIER
NOTE : DESIGN BY PROPOSED SPECIFICATION IS SHOWN. AASHTO DESIGN
SIMILAR |

FIGURE 1l. TYPICAL CROSS SECTION- LONG SPAN



increase diminished from 5.9% for the intermediate span to 4.8% for the
long span. :

D.3.3. ~ Top Flange Plate

. Since the orthotropic deck supplled adequate area for the
addltlonal flange force in the positive moment area, the only increase
was in the negative moment area. Here, the effect of a thinner web
was not offset by the additional flange forces as for the inter-
mediate span. However, the total increase for the total top flange
was only 1.0% compared to 6.2% for the intermediate span.

The total effects of all main components was an increase of
1.9% of which 1.1% was caused by web plate including stiffeners and
0.8% by flange plates including stiffeners.

It should be mentiomed at this time that all six designs are
practical designs where transverse stiffeners in deck, web, and bottom
flange are spaced with the same or a multiple of the same spacing. It
is easy to optimize one main component, but to have an overall workable
solution, some tradeoffs must be made. The designers have tried to
make the comparison as fair as possible, and the overall differences
have been accounted for by differences in the codes.
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E. . EVALUATION OF PRACTICALITY AND EASE OF APPLICATION
OF THE PROPOSED SPECIFICATION

The basis for evaluating the proposed specification for
practicality and ease of application was the alternate designs previ-
ously. discussed in Sections C and D. To illustrate the differences in
application, design examples have been prepared. These are included
as Appendix A of this report. Reference will be made to these examples
throughout the present discussion. The design examples cover the
-design of the full cross section for the intermediate span structure
at the point of maximum positive and negative moment. These locations
were selected for illustration since they are generally the ones of
most interest to designers.

Certain areas of the proposed specification that contain
apparent discrepancies or require further clarification have been
identified during the course of the work covered by this study. Some
of these areas have been mentioned in the comparative design examples
of Appendix A and additional comments are made below. A complete list
and description of all such points is included as Appendix B of this
report.

The proposed specification contains comprehensive requirements
for box girder bridges. Due to the nature of the structures designed
and the limited scope of this study, all requirements of the proposed
specification have not been evaluated. The main emphasis has been on
the design of stiffened plates, whether flanges or webs.

'E.1. EFFECTIVE WIDTH OF FLANGES

Section 1.7.64 of the AASHTO code contains provisions for
the effective width of bottom tension flanges. The concrete top
flange effective width is determined from Section 1.7.48(C). There
are no specific provisions for bottom flanges in compression. Section
1.7.51 contains provisions for orthotropic deck effective widths.

The proposed specification covers effective flange widths in
Section 1.7.204. This section applies to both top and bottom flanges
in tension or compression. It apparently applies to steel flanges
only as Section 1.7.209 refers the designer back to the AASHTO code
for composite concrete flanges.

The proposed specification limits the use of effective
widths to cases of service load and/or those for which the effects of
shear lag in compression flanges are significant. It appears that for
most boxes of usual proportions, the steel flanges w1ll be fully
effectlve in the ultimate condition.
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The provisions of the proposed specification give the design
engineer needed information and present it in a generally suitable
form. Figure 1.7.204(d), however, would benefit from an expanded
scale and an extension of the curves in their rapidly declining range.
As can be seen from Appendix A, Section A.3.1, the application of the
proposed specification as regards effective widths is relatively .
straightforward. ‘ ‘

E.2. STIFFENED BOTTOM FLANGE DESIGN

E.2.1, Design Forces

Section 1.7.206(C} of the proposed specification specifies
forces for the design of compression flanges and Section 1.7.208(D)
specifies forces for tension flanges. Flanges must be designed for
axial forces due to longitudinal bending and additional forces, [kF,
when tension field action is utilized in the web design. In addition,
shear forces from flexure and torsion have to be considered in the
flange design. The forces are applied at the four-tenths point of the
flange panel measured from the higher stressed. end.

The proposed specification, by specifying forces and location
of application, gives the designer some valuable guidance that is
lacking in the AASHTO code. Design by the proposed specification will
naturally result in some additional design time as compared to strictly
following the AASHTO code. However, for large box girders, these
additional forces would need to be considered regardless of the design
code used.

E.2.2. Compression Flanges

The proposed specification contains provisions for both
transversely stiffened and unstiffened flanges. The computation of
the flange strength involves only the computation of w/t and L/r
ratios for the particular panel under consideration. As can be seen
in Appendix A, Section A.5.4.a), the application of the proposed
specification is very straightforward. For manual computations, the
use of Figure 1.7.206(A) to determine flange strength is quite simple.
However, for future computer applicaticns, mathematical formulations
will be required. ‘

The design of longitudinal stiffeners of compressign flanges
is covered in Section 1.7.207. There are two basic requirements; a
maximum value for the effective slenderness ratio, € , and a maximum
value for the width to thickness ratio of stiffener outstanding elements.
The parameter C_ is a measure of the stiffener's local torsional
buckling stress” A limit on C_ is necessary due to the assumption
that the local torsional buckling of the stiffeners does not govern
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the flange strength. There are two limits on Cs'depehding on whether
or not the maximum stress in the stiffenmer is greater or less than
one-half the yield stress. '

The defipnition of the maximum stress, £ -, may require some
-clarification. It has been assumed that £ incTd8es the effect of
I\F, the additional force from temsion field action. This canm be
inferred from the proposed specification, but is not specifically
stated.

. It is unfortunate that the limits of C_ , contained in Section
1.7.207(A), are stepped at 0.5-F_. The inclusiof of a tramsition
curve would be logical if feasibie. Equations are given to determine
CS for particular stiffener types (tees, plates, and angles). If
practical, a general mathematical formula that could be used to deter-
mine CS for other shapes (channels, bulb tees, etc.) would be useful.

As can be seen from the design example of Appendix A, the
use of the proposed specification to determine flange strength and
longitudinal stiffener adequacy is straightforward and is not time
consuming.

E.2.3, Tension Flanges

By the proposed specification, the strength of tension
flanges is computed as the effective flange area times the yield
stress of the material. The AASHTO code defines tension flange strength
in a similar fashion. The proposed specification also specifies the
use of a reduced equivalent yield stress due to the effect cof combined
axial and shear stresses.

As shown in Appendix A, Section A.3.2.c), the proposed
specification places slenderness limitations on tension flanges. The
AASHTO code has no such specific limits. These requirements have a
negligible effect on the total area of tension flanges, but a larger
percentage of the flange area will consist of stiffeners when design
is by the proposed specification. This presents no design difficulty,
however.

E.3. STIFFENED WEB DESIGN

E.3.1. Design Forces .

Stiffened web design is covered in two sections of the
proposed specification; Section 1.7.211 for transversely stiffened
webs and Section 1.7.212 for tramsversely and longitudinally stiffened
webs. Section 1.7.211(C) specifies design forces to be used. The
effects of shear and direct forces from flexure and other effects are
to be considered. .These forces are to be applied at the cross section
of the panel midway between transverse stiffeners.
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The proposed specification also requires that coincident
shears and direct stresses be used for web design. While this is not
a direct departure from the current AASHTO code, due to the method
used to compute the web stremgth in the proposed specification, some
additional design and analysis difficulties arise. Design by the
AASHTO code is conventionally based on maximum shear and moment enve-
lopes. As long as the design shear force is less than six-tenths of
the web shear capacity, no interaction is comsidered. For other
cases, an interaction equation is used to determine the reduction in
moment capacity due to the high shear. Technically, this reduction
applies to the coinciding moment. Often, the shear capacity of the
web is increased to avoid having to increase the flange material in
highly stressed regions.

Since the proposed specification includes the combined
effects of shear and direct stresses in the computation of the web
capacity, it is now necessary to have coinciding values of shear and
moment at all points along the girder. The proposed specification
also refers to the '"governing" coinciding case. It is not clear
whether this refers to the maximum shear and coinciding moment case or
some other coinciding case. Some clarification of this point might be
in order. It might also be considered, as an alternate, to allow the
use of maximum envelope values of shear and moment. The conservatism
so introduced is not believed to be significant.

E.3.2. Strength of Webs ' _

Determining web capacity by the proposed specification
requires the computation of the shear buckling strength and the tension
field strength (if utilized). These computations are illustrated in
Section A.3.4 of Appendix A. As can be seen by comparing to the
AASHTO computations of Section A.2.5, the amount of work is increased
by the use of the proposed specification. The proposed specification
does, however, provide a logical and consistent approach to the deter-
mination of web strength. Its greater required effort is understandable
in light of its greater flexibility in handling stiffener arrangements.

The additional flange force due to tension field action can
be computed after each web panel is solved. It is not clear how to
compute these forces for composite sections. One method is illustrated
in Appendix A. Some clarification of this point would be desirable.

,

E.3.3. Slenderness Limitations

‘ The slenderness limits of the proposed specification are
based on considerations similar to that for the AASHTO requirements.
One area needs some additional clarification, however. The definition
of D , the clear distance between neutral axis and compression flange,
should be extended to include composite flanges.
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E.4. WEB STIFFENERS

E.é.l. Transverse Stiffeners

By the proposed specification, transverse .intermediate
stiffeners are checked for strength, rigidity, and torsional buckling
gtability. The AASHTO code requires similar checks. Due to the way
in which the rigidity and strength requirements are handled in the
proposed specification, some additional design time will be required
when compared to AASHTO.

The proposed specification requires the moment of inertia of
the stiffener to be computed including an effective width of web. The
AASHTO code assumes the neutral axis of the stiffener is at the cen-
terline of the web. This AASHTO assumption somewhat simplifies the
computations. ‘

The AASHTO code covers the strength requirement by stipulat-
ing a necessary stiffener area. The proposed specification requires
that the stiffener be designed as a column to support the tension
field vertical force. Therefore, design by the proposed specificaticn
requires additional design effort.

The check for local torsional buckling stability of the
stiffener is treated in the proposed specification in a manner similar
to that discussed above for longitudinal flange stiffeners. For web
stiffeners, fma is defined as the maximum calculated factored compres-
sion stress if-the stiffener outstand. -The location where f is to
be computed needs to be clarified. For one-sided stiffeners?aﬁhe
maximum compression in the ‘stiffener will be at its intersection with
the web. The free edge of the stiffener will normally be in tension.

It seems somewhat conservative to require that the effective slenderness
coefficient of this stiffener be limited to the same value as stiffeners
where the maximum compressive stress occurs at the free edge.

E.4.2. Longitudinal Stiffeners

Longitudinal stiffeners are treated similar to transverse
stiffeners in the proposed specification. Therefore, the discussion
above is applicable in general terms.

E.5S. SUMMARY .

The proposed specification has been found to be a comprehensive
specification for box girder bridges. Generally, it is no more diffi-
cult to apply than the AASHTO code. The total design effort is greater,
however, with the proposed specification since it is more flexible and
retined in many areas as compared to AASHTO. Some areas would benefit
from additional explanations and clarifications as discussed above.
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F. PARAMETRIC STUDIES

This section summarizes the results of parametric studies
used to investigate the application of the proposed specification to
the principal elements of steel box girders. The proposed specifica-
tion emphasizes two main elements; the webs, and the bottom compression

-flanges. Therefore, the parametric studies were confined to these
elements. '

The main focus of these studies has been to determine the

effect of various parameters on element weight. A total economic
analysis was not considered as part of this study.

F.1. WEBS AND WEB STIFFENERS

Webs from each of the structures designed were studied. Table 3
summarizes the web panels which were investigated. Cases SNW and MNW were
located at the interior supports of the respective structures. Cases
MPW were located at the 0.4 point of Span 1 and cases LPW were located
at the 0.25 point of Span 1.

, The effects of three basic parameters were investigated.
These parameters were: the transverse stiffener spacing, the web
thickness, and the number of longitudinal stiffeners. The effect of
any given parameter was determined by varying that parameter while

holding the others constant.

F.1.1. Effect of Transverse Stiffener Spacing

_ This parameter was evaluated by considering the following
groups of cases:

1) SNW - BASE, 1,
2) MPW - BASE, 1,
3) MW -1, 2, 3
4) LPW - BASE, 1, 2

5) LPW - 3, &
6) LPW -5, 6
7) LPW -7, 8,9

See Table 3 for‘explanation of symbols and results.

It can be seen that, in general, the weight of web plus
stiffeners decreases slightly as the web panel becomes longer, reaches
a minimum, and then increases for still longer panels. Therefore, the
longest web panel will not, in general, be the least-weight solution.
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TABLE 3. SUMMARY OF PARAMETRIC WEB STUDIES - PROPOSED CODE

V1

, TRANS. LONG. WEB STIFF. ,
F d D t STIFF. STIFF. WEIGHT WEIGHT W A v-v
y o , w B B
CASE n |(ksi.) | (dn.) | (in.) | (4n.) | (4n. x in.) | (dn. x in.) | (1b./ft.) | (1b./ft.) | (kips) | (kips) VT
‘| SNW-BASE | O 36 30 48 .375 4°'x .375 - 61.2 8.2 470 363 .88
SNW-1 0 36 20 48 .375 5 x .375 - 61.2 15.3 470 400 .53
SNW-2 0 36 35 48 .375 4 x .375 - 61.2 7.0 470 355 1.0
MPW-BASE | 1 36 300 148.5 | .4375 6 x .4375 12 x .625 220.9 29.9 129 52 .45
MPW-1 1 36 432 148.5 | . 4375 6 x .50 15 x .6875 220.9 38.6 129 51 .63
MPW-2 1 36 144 148.5 | .4375 5x .375 9 x .4375 220.9 20.0 129 53 .24
MPW-3 1 36 72 148.5 | .4375 5x .375 -7 x .375 220.9 21.1 129 53 .15
MNW-BASE | 2 50 60 | 148.5 )] .4375| 10 x .875 6 x .50 220.9 .90.4 1029 617 .87
MNW-1 2 50 60 | 148.5 | .50 10 x .5625 6 x .50 252.5 64.0 1029 765 .51
MNW-2 2 50 78 148.5 | .50 10 x .875 6 x .50 252.5 73.4 1029 695 .69
MNW-3 2 50 90 148.5 | .50 10 x 1.125 7 x .5625 252.5 83.0 1029 609 .88
MNW-4 1 50 60 | 148.5] .50 10 x 1.125 6 x .50 252.5 105.1 1029 453 .94
LPW-BASE | 1 36 90 168 .50 7 x .50 7 x .625 285.6 37.1 362 168 42
LPW-1 1 36 120 168 .50 8 x .625 7 x .625 285.6 38.7 362 . 158 .51
LPW-2 1 36 168 168 .50 11 x .875 9 x .625 285.6 51.8 362 145 .68
LPW-3 1 36 - 90 168 .5625 8 x .4375 7 x .5625 321.3 35.6 362 215 .29
LPW~-4 1 36 120 168 “.5625 7 x .625 8 x .625 321.3 37.8 362 205 .35
LPW-5 1 36 90 168 4375 9 x .75 6 x .50 250.0 53.0 362 . 126 .58
LPW-6 1 36 72 168 .4375 8 x .625 5 x .4375 250.0 47.0 362 138 .50
LPW-7 2 36 90 | 168 .50 6.5 x .375 6.5 x .50 285.6 32.9 362 © 313 .11
LPW-8 2 36 120 | 168 .50 5 x .375 7 x .625 285.6 30.2 362 311 .13
LPW-9 2 36 168 168 .50 5 x .375 9 x .625 285.6 33.7 362 311 .17
LPW-10 1 36 168 168 .50 5.5 x 4375 |- 7 x .625 285.6 23.1 362 = -
NOTES: 1. SNW refers to the short span negative moment area.
2. MPN refers to the intermediate span positive moment area.
3. MNW refers to the intermediate span negative moment area.
4. LPW refers to the long span positive moment area.
5. BASE 1s the resulting panel fromthe design examples.
6. n = the number of longitudinal stiffeners.
7. When two longitudinal stiffeners are used only the one closest
to the compression flange is indicated.
8. V = factored applied shear, per 1 box for SNW cases, per web for others.
9. V_ = buckling shear capacity per box or web.
10. = tension field shear capacity per box or web.




This conclusion can be explained by considering the effect
that the panel length has on the transverse and longitudinal stiffener
sizes. For very short panels the rigidity requirement for the trans-
verse stiffeners is relatively large and tends to govern the stiffener
design. The column force, P from the tension field action, is
small and does not control. vls the web panel increases in length the
rigidity requirement decreases but P increases due to the greater
utilization of the tension field strength. Thus, the transverse
stiffener size decreases as the rigidity requirement diminishes but
ultimately becomes larger due to the increased strength requirement.

The longitudinal stiffeners increase in size as the panel
length becomes longer. The rigidity requirement increases for larger
panel lengths, and it is this factor that dominates the longitudinal
stiffener design. For the cases studied the strength requirement did
not control.

The general trends discussed above applied to all groups of
cases except Group 1). In Group 1), it was observed that the stif-
fener weight continued to decrease with increasing panel length.
These cases did not use a longitudinal stiffener, therefore, the
increasing weight of this element was not present. In addition, the
web plate used was relatively stocky and thus the P force at the
maximum panel length was small and did not govern the transverse
stiffener design. Therefore, it can be concluded that for webs in
which a large proportion of the total shear force is resisted by V
(buckling action), longer relative panel lengths result in least
weight. This is particularly true for webs with no longitudinal
stiffeners. -

F.1.2. Effect of Web Thickness

This parameter was evaluated by considering the following
groups of cases:

1) MNW - BASE, 1
2) LPW - BASE, 3, 5
3) LPW -1, 4

From the limited cases studied, it is seen that for all
groups the case with the thinner web results in the least weight.
Holding the panel length constant and reducing the web thickness
reduces the buckling capacity of the panel and forces more of the
shear load to be carried by tension field action with resulting higher

forces. For the cases considered, the increase in transverse
SYTffener material was more than offset by the reduction in web mate-
rial.
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F.1.3. Effect of Number of Longitudinal Stiffeners

TblS parameter was evaluated by considering the following
groups of cases:

1), MNW -1, 4

* 2) LPW - BASE, 7
3) IPW -1, 8
4) IPW -2, 9

It was observed that increasing the number of longitudinal
stiffeners resulted in a reduction in total stiffener material. The
additional stiffener raises the buckling capacity of the web and reduces
the column force in the transverse stiffener. There is also a reduc-
tion in the required stiffness of the transverse stiffener when the
number of longitudinal stiffeners is increased.

F.2. COMPRESSTON FLANGES AND STIFFENERS

Table 4 is a summary of the flange panels studied. The
flange from each of the structures designed was studied. The location
cf study was taken at the interior support for all structures.

The investigation was done by holding the w/t ratio constant,
varying the longitudinal stiffenmer rigidity and hence r, and using
Figure 1,.7.206(A) of the proposed specification to solve for L, the
distance between transverse stiffeners. Then either w or t was incre-
mented to get a new w/t ratic and the process was repeated. Basically,
three different longitudinal stiffeners were used, a WI7, WI9, and
WIl2. The stiffener rigidities approximately doubled for each increase
in stiffener size.  The basic parameters investigated were, therefore,
the w/t ratio and the stiffener rigidity.

F.2.1. Effect of w/t

For a given number of longitudinal stiffeners, the effect of
the w/t ratio is investigated by varying t; for example, see cases
SF-2, 3, 4 as compared to SF-13, 14, 15. From this type of analysis,
it was observed that total flange weight decreased with increased w/t.
The increased transverse stiffening required with the thinner plate
was offset by the reduction im plate area. Of course, there is a
practical limit to the degree to which w/t can be increased.. In
comparing case MF-2 to MF-5, it is seen tha* the case with the larger
w/t has the greater weight. This is so because the longitudinal
- stiffener is not very rigid, requiring a very close transverse stiffener
spacing tc develop the required strength. Wwhen a larger longitudinal
stiffener is used (cases MF-3 and MF- 6) the higher w/t ratio does
indeed result in the least weight.
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TABLE 4. SUMMARY OF PARAMETRIC COMPRESSION FLANGE STUDIES - PROPOSED CODE

" FLG. WT. |

W t Fy LONG. T L ‘ b TRANS.

CASE | (in.) | (dn.) (ks}.) A PL STIFF. (in.) | (in.) 7\C0L Fu/Fy (in.) STIFF. (1b./ft.)
SF-2 24 .875 36 .51 WT9 x 23 3.36 131 .43 .90 96 MC7 x 17.6 379.5
SF-3 24 .875 36 .51 WT7 x 19 2.60 77 .33 .94 96 MC7 x 17.6 377.7
SF-4 24 .875 36 .51 | WT12 x 27.5 4.39 216 .53 .87 96 ‘MC7 x 17.6 387.8
SF-5 32 1.000 36 .59 WT7 x 19 2.28 61 .30 .90 96 MC8 x 20 410.0
SF-6 32 1.000 36 .59 WT9 x 23 2.97 103 .39 .88 96 MC7 x 17.6 ©402.0
SF-7 31 1.000 36 .59 | WT12 x 27.5 3.74 167 .50 .85 96 MC?7 x 17.6 405.1
SF-8 32 1.125 36 .53 WT7 x 19 2.20 129 .66 .81 96 MC7 x 17.6 433.5
SF-9 32 1.125 36 .53 WT9 x 23 2.87 179 .70 .79 96 MC7 x 17.6 437.9
SF-9A 32 1.125 36 .53 | WT12 x 27.5 3.79 250 .74 .77 96 MC7 x 17.6 444.0
SF-11 32 .9375 36 .63 WT9 x 23 3.03 41 .15 .92 96 MC10 x 21.9 416.5
SF-12 32 .9375 36 .63 WT12 x 34 4.40 157 .40 .86 96 MC7 x 17.6 398.0
SF-13 24 .9375 36 47 WT?7 x 19 .2.55 109 .48 .89 96 MC7 x 17.6 391.0
SF-14 24 .9375 36 47 WT9 x 23 3.30 168 .57 .85 96 . . MC7 x 17.6 398.0
SF-15 24 .9375 36 .47 | WT12 x 27.5 4.33 244 | .63 .82 96 MC7 x 17.6. 408.0
SF-16 48 1.25 36 .71 WI7 x 19 1.81 82 .55 .78 96 MC7 x 19.1 | . 466.0
SF-17 48 1.25 36 .71 WT9 x 23 2.38 128 .60 .17 96 MC7 x 17.6 . " 461.0
SF-18 48 1.25 36 .71 WT12 x 34 3.58 204 .64 .75 96 MC7 x 17.6 467.0
SF-19 48 1.125 36 .79 WT7 x 19 1.88 18 .11 .86 96 MC12 x 30.9 - 566.0
SF-20 48 1.125 36 .79 WT9 x 23 2.46 33 .15 .85 96 MC10 x 21.9 468.0
SF-21 48 1.125 36 .79 WT12 x 34 3.70 89 .27 .82 96 MC7 x 17.6 ‘ 435.0
MF-2 28.8 | 1.25 50 .50 WT7 x 19 2.22 102 .61 .83 144 MC18 x 42.7 - 748.0
MF-3 28.8 11.25 50 .50 WT9 x 23 2.90 138 .63 .82 144 Cl5 x 33.9 ©739.0
MF-4 28.8 | 1.25 50 .50 WT12 x 34 4.26 235 .73 .77 144 MC12 x 30.9 - 767.0
MF-5 28.8 ] 1.125 50 .56 WT7 x 19 2.29 49 .28 .92 144 MC18 x 58 801.0
MF-6 28.8 | 1.125 *50 +56 WT9 x 23 2.98 86 .38 .89 144 MC18 x. 42.7 714.0
MF-7 28.8 11.125 | 50 .56 WT12 x 34 4.37 | 198 .60 .84 144 MC1l2 x 30.9 709.0
MF-8 28.8 11.375 50 .46 WT7 x 19 2.16 119 .73 .77 144 Cl5 x 33.9 790.0
MF-9 28.811.375 50 .46 WT9 x 23 2.82 162 .76 .75 144 MC13 x 31.8 793.0
MF-10 © 24 1.125 50 2471 WT7 x 19 | 2.44 89 .48 .89 144 MC18 x 42.7 715.0
MF-11 24 1.125. 50 .47 WT9 x 23 3.16 132 .55 .86 144 Cl5 x 33.9 703.0
MF-12 24 1.125 50 47 WT12 x 34 4.58 236 .68 .80 144 Cl2 x 30.9 740.0
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TABLE 4. SUMMARY OF PARAMETRIC COMPRESSION FLANGE STUDIES - PROPOSED CODE (continued)

| W t F, LONG. r L b |  TRANS. FLG. WT.

CASE | (dn.) | (in.) (ksi;) 7\PL STIFF. (in.) | (dn.) COL Fu/Fy (in.) STIFF. (1b./ft.)
MF-13 24 1.000 50 .52 WT7 x 19 2.51 38 .20 .98 144 2-MC18 x 42.7 909.0
MF-14 24 1.000 50 .52 WT9 x 23 3.25 69 .28 .95 144 MC18 x 42.7 694.0
MF-15 24 1.000 50 52 WT12 x 34 4.69 185 .52 .87 144 MC12 x 30.9 684.0
LF-2 24 1.125 50 .47 WT7 x 19 2.44 168 .91 .67 240 W24 x 55 1168.0
LF-3 24 1.125 50 47 WT9 x 23 3.17 225 .94 .65 240 W21 x 50 1178.0
LF-4 24 1.000 50 .52 WT7 x 19 2.51 148 .78 .74 240 W24 x 55 1076.0
LF-5 24 1.000 50 .52 WT9 x 23 3.25 202 .82 .72 240 W21 x 50 1082.0
LF-6 C 24 .875 50 .60 WT7 x 19 2.60 112 .57 .83 240 W24 x 68 1030.0
LF-7 24 .875 50 .60 WT9 x 23 3.36 173 .68 .80 240 W24 x 55 997.0
LF-8 24 .875 50 .60 WT12 x 34 4.80 298 .82 .72 240 W21 x 44 1055.0

1. The bottomrflange at the intérior support was the location of

NOTES:

WV
v e s e

study for all structures,

SF cases
MF cases
LF cases
FLG. WT.

are for the short span structure.
are for the intermediate span structure.

are for the long span structure.

shown 1includes flange plate plus all stiffeners.




Therefore, it can be concluded that to efficiently utilize
increased w/t ratios, the rigidity of the longitudinal stiffener will
ultimately need to be increased.

By using a different number of longitudinal stiffeners w
is changed and the effect of varying both'w and t is investigated.
Por a given number of stiffeners, as discussed above, there is a
practical maximum for w/t. It is observed from the studies done that
this practical maximum decreases in magnitude for increasing values
of w.

F.2.2. Effect of Longitudinal Stiffener Rigidity

The longitudinal stiffener rigidity was varied to investigate
the tradeoff between longitudinal and transverse stiffener weight.
Obviously, L and r move in the same direction. Larger transverse
stiffener spacings require larger longitudinal stiffeners.

Generally, for any given w/t ratio, the total weight of
flange stiffeners did not vary significantly for the different longi-
tudinal stiffeners used. The only cases in which this was not observed
were those where the w/t ratioc was near its maximum. As discussed
above, in these cases, the longitudinal stiffener rigidity was such
that very small transverse stiffener spacings were required.
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G. CONCLUSIONS AND RECOMMENDATIONS

The proposed design rules for steel box girder bridges were
meant to be practical and easy to apply. At the same time, they
should reflect the current state-of-the-art and be based on ultimate
load principles to accommodate integration with AASHTO load factor
design. Furthermore, their use should result in a safe, economlcal
steel superstructure.

It is the general conclusion derived from this comparative
study that the above set of goals are fully met and that the proposed
specification truly lives up to the latest state-of-the-art. The
proposed specification permits the designer flexibility in planning
stiffener arrangements in order to fully optimize the structure.

The differences arising from the inclusion of geometric
imperfections and residual stresses in the actual girder weight are
minor for the long span box girder. The load factors in AASHTO were
initially derived for shorter span bridges and since at present the
recommendation for truss load facters calls for a factor of 1.5, a reduc-
tion of the load factors does not seem justified for long span struc-
tures.

It is recommended that the strength of stiffened and unstif-
fened compressicn flanges be given in equat1ons to facilitate computer
based design.

The tension field strength has been reduced to the "true
Basler" solution which reflects the latest thinking in that field and
particularly because the flanges of box girders are less rigid than
those of plate girders. Furthermore, the flange stability may be
endangered with a fully developed tension field. This reductien in
strength seems justified, specifically for long span bridges. However,
further testing aimed at determining the ultlmate strength of box
girder webs is needed.

'The proposed specification allows the tension field action,
(1.7.211(B)) to be disregarded if no advantage is derived from its
application. This mainly would occur on shorter spans where the D/t
ratio is less and no longitudinal stiffener is provided. However, for
these structures the AASHTO code presents a far easier, faster and more
economic design. ‘ .

Short span bridges, as they are built today according to
AASHTO and tradition, have a higher built-in safety factor due to
lateral distribution factors and the common practice of using moment
and shear envelopes rather than coinciding forces.

The requirement in the new code of using coinciding forces
puts a large multiplier on design work since wherever the influence
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of several forces exists the multiple combinations of flexure, torsion,
shear and axial loads make the determination of the governlng loading
case complex.

It is suggested that the proposed specification be modified
to allow the use of the worst combination’from a set of leads, not
mecessarily the envelope values. This could greatly ease design
efforts without much overdesign.

It seems unduly restrictive in the proposed specification to
require an analysis which includes the effects of torsional distortions.
In some well braced box shapes these effects are of mineor impact and
may be evaluated and superimposed later.

When comparing the codes, in general, the proposed specifica-
tion represents the latest state-of-the-art. Its level of sophistication
is higher. 1It, therefore, allows the designer more freedom (stiffener
arrangement, etc.). Its requirements for exactness are greater (coin-
ciding forces). Therefore, it is understandable that the effort on
the part of the designer both in understanding and us1ng the proposed
speC1f1cat10n is more demand1ng

For long span structures these demands are acceptable and
justifiable and the proposed specification fills a long needed gap.

For short span bridges the existing AASHTO specifications
have proven that they fully serve their purpose in g1V1ng easy, econo-
mical and safe de51gn results.

The d1ff1cu1t question remains, however, whether to use the
AASHTO code or the proposed specification for the design of any specific
structure.” The answer should not be entirely a matter of ecomomy, but
should involve an assessment of the structural adequacy of the finished
bridge. At what point is it beneficial to use multiple longitudinal
web stiffeners? When is the safety of the structure being infringed
upon by using the Basler solution for web design? At what span length
does the AASHTO compression flange design become inappropriate due
to the absence of transverse stiffeners? These questions are hard to
answer and are dependent on many parameters such as the girder cross
section, plate thicknesses, stiffener arrangements, etc. Many of
these parameters are related to the span length. Without any know-
ledge of the specific structure deciding on the span length to change
from the AASHTO code to the proposed specification becomes very diffi-
cult and subjective. However, it appears that this transition from
AASHTO to the proposed specification should occur between span lengths
of 250 and 300 ft.
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BOTT_FLANGE 4-WT 7xli I0-WT7xI) | 1I0-WT7 10-WT9x25 * -WTTxl 4-WT7xll
LONGIT. STIFF. x 215 , '
BOTT.FLANGE | '2" e " 2" 3 1w a1tk %" 2" e
FLANGE 50'- 0" i20°-0" ‘60'-0" 0'-0" | _35-0"_|_ 30!-0°| 35-0" |30-0" 60'-0" 60'- 0"
SEGMENTS 310'-0" 200'-0"
SPAN | SPAN 2

NOTE: ALL MATERIAL TO BE A36 UNLESS OTHERWISE NOTED.

MATERIAL NOTED BY AN % SHALL HAVE A YIELDPOINT OF s0%s!.
INTERIOR WEBS ARE SAME AS EXTERIOR WEB EXCEPT AS NOTED.

FIGURE 4. INTERIOR ELEVATION OF EXTERIOR WEB-AASHTO DESIGN-INTERMEDIATE SPAN



CROSS FRA. SPA. 8 SPA. AT 24'-3" 4 SPA. AT 24'-0" 2 SPA.AT ; 7 _SPA. AT 24'-0" - 12-0
/14 EQ. SPAj 3 EQ. SPA. 3EQ. SPA. 20 -0 . L - 3 EQ. SPA.
TRANS STIFF. /_,2 EQ.SPA. 2EQ.SPA. 7 4EQSPA. | 2EQ._§PA.
SPA. BTWN. ‘
CROSS FRAMES : '
o] Lo | u ™ [] n () u lzu " 5‘n‘.j » l2" - M Iu [ lzn
TOP FLG. PLS. 22%1a 27"x 12 2"x|14 3% 2% 30"x22"¢ 352 522", 232 2% _21°x I'4 27%x)1
TOP FLG. SEG. 50]-0" 120'-0" ' 59'L0" 32'-0"_|'35-0" | 28'-0" |]35'-0" |32'-0" | 59'-0"| 60! - 0"
WEB PLATES , 6" | 3 Tie || % Ye"
TRANS. STIFF. & [ _TYPE | . TYPE 2 TYPE | TYPE2
CROSS FRAME 1 - BRE. -
CONN. PLS. /—BET“NG D APHRAGM LONGIT. STIFR -PL. 5k 3" =T € BRE. ' MM, ABT
wlr. STIFF.{WT 74ll9 | _/ LONGIT. STIFE. [WT7 x 19
p— . 1 JJ X,
U NN i
| T ,
LONGIT STIFF. PL. M
a"x'2"rve THis || | [ 1 ' N -
LINE UNLESS Lt ] A 1 k-
NOTED ) /
g { L——TRANSVERSEq IFF. (TYP.) BEARING DIAPHRAGN -LONQIT. STIFF. PL. %R "

_ BRG. CROSS FRAME CONN. PL| (fYP.) '
BOTT. FLG. TRANS B SPA. AT 24'-3" 8 SPA|AT|12'-07|] |4 iSPA B spa. aYli2'40" 3 SPA. AT 24'-0812 -0"
STIFF. SPA. - . T 80’ a?" .

1 N R R .
BOTT. FLG. __MCc8x187 Jﬁ |0:2§.5 MC18x 4217 Mk:.la x42 7| ME10x28i5 . _MClBx18.7
TRANS. STIFF. ’ o o
BOTT FLG. IO-WT8xI13 I0-WT 9 I0-W]9x[25% 0-WT9 10-WT[8x13
LONGIT. STIFF. , ' x25 x 25 ' _
BOTT.FLG. SEG. | 50'-0" , 120-0" _59-0" 36'-0" | 34-0" | 221-07|34'-0" | 36'-0" 59'- 0" 60'-0"
BOTT. FLG PLS, Tie" . 7 %" l2* %" e | fats] 1« | %" Ip " _ Se
310'-0" ‘ 200'-0"
SPAN | , SPAN 2

NOTE:ALL MATERIAL TO BE A36 UNLESS OTHERWISE NOTED. .
MATERIAL NOTED BY AN % SHALL HAVE A YIELD POINT OF 50K%
INTERIOR WEBS ARE SAME AS EXTERIOR WEBS EXCEPT AS NOTED.

FIGURE I5. INTERIOR ELEVATION OF EXTERIOR WEB -PROPOSED SPECIFICATION —INTERMEDIATE SPAN



FIGURE 16. INTERIOR ELEVATION OF

GIRDER WEB — AASHTO DESIGN — LONG SPAN

3 SPA. AT 5'-0" , . 2 SPA.AT 150" 2 SPA, AT
T ‘ ' " 3 SPA.AT I18" 13-9 e
TRANS. WEB_STIFF_SPA. 26 SPA._AT I5-0 : N _l5-0
Vo PL 9 x X o PL. I13"x | PLC. PL. .
TRANS STIFF_EXT. WEB /— - PL. 8% % PL. 15"x1l8" 121", [0 PL. 124fe"
2 PL.8"x%" 2 PL. 2P
TRANS. STIFF._INT_WEB ' 2 PL.6"x Tis" 6"x%g| K'Zxfe" | 2 PL.|[[9"x 78"
WEB PLATES 375~ 0" / 12" eb-ol'/ 5¢"| _|30-P"/! e0'0"ffa"
34
& 1oRG DIAPHRAGM € gRG.1a
: , UPPER LONGIT WEB |
) - S vl GRG. DIAPHRAGM
" '2" DECK PLATE (YIELD POINT= 50 KSI)
R . i J
= \
? -
5 iy
i ~ [\
iy -
. ﬂ- ‘
’/
NOTES: MATERIAL SHALL BE A36 UNLESS OTHERWISE NOTED. : '
ALL MATERIAL IN HAUNCHED AREA SHALL HAVE A YIELD POINT OF %0 KSI. PARABDLIC HAUNCH 2-6
ALL WEBB ARE IENTICAL EXCEPT AS NOTED.
FOR SPAN 2 SEE FIGURE 17 .
. ]
LOWER LONGIT WEB 90-0"/WlT 8 k13| 35'-0% [ 300" 3d-0v
. STIFF. WT 8x)3 |WTBxI53 WT8xi
‘ ol ‘2 SHA.AT I5'H[0"
CROSS FRAME 8 BOTT 27 [SPA. AT 15'%0" 3|SPAJAT -84 Y | 50"
FLG. TRANS, STIFF SPA] S T 24455 L 29m AT 13"
BOTT. FLG. TRANS. STIFF W 2i 4 44 W2l x50 | ﬁ W 24x§ W 24x 68
BOTT FLG. PLATES 105'0" 7 34" : 0-0)7, 120'-0% 1" 60-0"/ 78" : 155-0" /%" 0'0" %’
BOTT. FLG. LONGIT. STIFF] 315 0"/ 10-WT Tx1l 155-0"/ 20 WT 7x 215 60*0"/20WT 7x305
500'- 0"
SPAN |
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2SPAAT 2SPA AT 3 SPA AT A 7o6b
s-o". |, 13-9", 150" |, i'-8" 7 15 SPA. AT 14'-10 TRANS. WEB STIFF. SPA.
= Mo} ;34 PL )
pL. 12"x||f8" Pl e PL.15% I'e" PL. 8"x3' TRANS. STIFF. EXT. WEB
| 2| PLi6l2"x 58] e ol |
) -2 AL. 6x ¢ .
2_PL 947" / 7 2 |PL. 6"x e TRANS. STIFF. INT. WEB
60-0"/7 300734y 64'-8" / [58" 200'- 4" /12" WEB PLATES
¢ BRG & ‘-\
BRG. DIAPHRAGM UPPER LONGIT. WEB | L oymm. ABT
/—'z DECK PLATE [(YIELD PDINT=50KSI) STIFF. WT 7 x1l ¢ SPAN 2
N /4 .
N [
= ' -w
-';) \ ' i L
T
=
v ol NOTES: MATERIAL SHALL| BE| A36 UNLESS ERWISE NOTED. '
2-6 PARABOLIC HAUNCH ALL] MATERIAL INHAUNCHED AREA SHALL HAVE A YIELD POINT OF 50 KS|. -
ALY WEBS ARE |DENTICAL EXCEPT AS NOTED. -
, FOR SPAN | SEE FIGURE 16 .
| 30~0%| 300"/} 3% 0O
WT BxI18 [WT8455 WT| B x i3 ng'-18"/ |WT 8x 13 LOWER LONGIT WEB STIFE
2 SPA. AT 1349" T
2 3PA[AT 1540" e ) ) o .
5-0" K N3 JPAAT I8 I5 QPA. AT [14 L10" [} | CROSS FRAME @& BOTT. FLG
W 24 x55 ' ' TRANS. STIFF. SPa. -
__ W _ 24168 W24x63 l— W 21x50 W.2Ix 44 BOTT. FLG TRANS. STIFF.
~po-0"/ [rg" _183-8"/ 34" 664" s |” 45-071'8"_| BOTT FLG PLATES
60-0740 -WT 183'-8" / 20 -WT 7x 215 114"/ 10-WT _Txll | BOTT_FLG LONGIT STIFF.
7Tx305| -
: 325'-0"
SPAN 2

FIGURE I7. INTERIOR ELEVATION OF GIRDER WEB — AASHTO DESIGN — LONG SPAN



TRANS, WEB_STIFF.

I8 SPA. AT 7-6"

8 SPA AT 150"

20 SPA AT 7'-6"

_aSPA. .4 SPA, l_2;§_

55 :
SPA. . 7-0" | AT T-6]AT 6-10
PL.9"™x T8" : PL.10"x 34 PL. PL.
TRANS. WEB STIFF. PL. 11"k 78" PL. 9"x 78" PL. 6'2" x 916" e PL I1"x Ta" 7 pLI2xid] |51 18
EXT WEBS * ' '
EB STIFF. | 2-PL. 612" x9i6" | [2-PL6% 2" 7 & rL, 13 ZeL, f-’PsL‘ 2 |G
TRANS WEB STIFF. -PL. 612"« PL6EX 2-PL 6"x 6" w1 | 2-PLS6 % 9 x %"} | 10% 1"x
INT. WEBS ™ T ~
WEB PLATES 375- 0" 12" 65'-9"A 916" 0154 60-0" 4 hn
l~ ¢ BRG 8 ¢ BARG|& BRG.
BRG.DIAPHR qM — L T WEq qTIFE WT7xI9 Dl{ PHRAGM
12" DECK PLATE(YIELD POINT =50 KSi) ‘ bus‘osbn PLATE \ ' V
= \ W\
o =
b "N °
© N LONGIT WEH ST|FF. WT 4 Il !
| TR
NOTE: MATERIAL SHALL BE 1\36 UNLESS OTHERWISE NOTED. B Q
ALL MATERIAL IN HAUNCHED AREA SHALL HAVE A Ni
YIELD POINT|OF SO KSi. .
ALL WEBS ARE IDENTICAL UNLESS OTHERWISE NOTED) PA IC_HAUNCH) 1 26
FOR SPAN 2 SEE FIBURE 19. : b q1Je b
. 2 SPA | '4lq -1 1B4p
CROSS FRAME SPA. | 27 SPA. AT 15-0" AT 14-0} l-‘r'GL { 9- 417
‘ . 2 5P, et
BOTT. FLG. TRANS 27_SPA. AT 150 T 140 4 SpA |t 2'-6"
STIFF. SPA. AT 650
W 18]z 40 :
BOTT. FLG TRANS. W8 x 35 (W2lx44 29x
STIFF,
BOTT FLG. LONGIT 3(5°0" /10 - WT 7x 1l 125-0"/20-WT 7x 2I5 120-0720WT7Tx305
STIFF ' : )
BOTT._FLG. PLATES 105'0" 7 M" 30-0778" 120'-0" 7 1" 60-0"/78 " 125-0" 7 24" 120-0"/ 7¢"
| 500'-0"
i SPAN |
FIGURE I8. INTERIOR ELEVATION OF GIRDER WEB - PROPOSED SPECIFICATION -

LONG SPAN
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4SPA AT 4 SPA. 5 SPA. 7-6"

2-6" | _©-107 AT 7-6" AT7-0", 20 sPA AT 7-6" o o1o B SPA. AT 146" TRANS. WEB STIFF. SPA.
PL. PL PL. | PL ) ,
8% 17| 45" U 129" 103 Pl 11"x Tt | 9% Tg] L. 6'7% 916" TRANS WEB STIFF._EXT WEBS
2-pL.| |2-PL| | 2-PL.| |2-PL. 2-PL . ~
1'% 1 Wl 2 Sq 2% L2-PLe'?agl [6"x 2] 20PL. 6" 76"~ _| |TRANS. WEB STIFF_INT WEBS
69 0"/ 34]3¢07% 7 _|65-0" /%6’ , ch'-o' ALEN 7 WEB PLATES
¢ g:?ip.ﬁ? A?;:G 7 ~—SYMM. ABT.
' T%‘uscx PLATE r—lz" DECK PLATE KYIELD Pbmnsonsn.) ‘ @ SPaN 2
N
ray , / . .O
= <!
Q || / I =
o | , 11 = '4ABE '
~N AT A — LONGIT. WEB STIFH WT 7xI19
< g2%=3 ‘W'T- WEB STIFE|WT|[7x 1l
: HA : NOTE: MATERIAL SHALL BE AB6 UNLESS|OTHERWISE NOTED.
«n ALL MATERIAL IN HAUNCHED ARER $HALL HAVE A
2-6 PARABGLIC |HAUNCH YIELD|POINT QF 50 K9i.
ALL WEBS ARE [IDENTICAL|UNLESS OTHERWISE NOTED.
FOR 4PAN 1| SEE FIGURE |8. Cew
2 SF.’A’ [_7—6
9-4i2" AT 14-0} 10 [SPA. AT I15-0" 5 SPA|AT 14'-6" CROSS FRAME SPA.
14'-6" \ )
' 2 SPA. :
2-6" AT14-0 I0_[SPA. AT 15'-0" ‘5 SPA.|AT 14-6" BOTT_FLG. TRANS. STIFF.
T T SPA. , ,
w 2l W 1B x 40 :
x44 r widx35 ] BOTT. FLG. TRANS. STIFF.
12010720 - WT 7x30. 155:d' 7/ 20- WT 7x 215 10-0"/10-WT [7Tx i BOTT. FLG. LONGIT. STIFE
poo" /T | I156'-0"/3%" | es5-0"1" 45-0"1's"_| BOTT. FLG. PLATES
325-0" '
"SPAN 2

FIGURE I9. INTERIOR ELEVATION OF GIRDER WEB —'PROPOSED SPECIFICATION -
‘ LONG SPAN
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A.1. INTRODUCTION

The following design examples will be used to illustrate the dif-
ferences in application and use of the proposed code versus the current
AASHTO specification.

the examples.

The intermediate span structure will be used for
The sections investigated are shown in Figure A-1.

The
methodology will be to design the section first using the AASHTO specifi-
cation and then a second time by the proposed code.
SECTION FOR MAXIMUM SECTION FOR MAXIMUM SYMM. ABT.
POSITIVE MOMENT\ NEGATIVE MOMENT ¢ SPAN 2
IR | 2 )
, —}
— /
- 125-0" L bl = - 1
. 310-0 200-0'
- SPAN | SPAN 2

FIGURE A-1. _PART ELEVATION OF STRUCTURE SHOWING SECTIONS TO BE DESIGNED
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A.2.. DESIGN FOR MAXIMUM POSITIVE MOMENT BY AASHTO SPECIFICATIONS

A.2.1. General Information

_The main material of the box assumed at this location for the
selastic analysis is shown in Figure A-2. The resulting moments and
shears are shown in Table A-1. The live load used was AASHTO HS-20.

The dead load included a 25 psf wearing surface and 410 plf for each
parapet. The live load values in Table A-1 result from 2.7 lanes loaded

(3 lanes x .9 reduction factor). Torque moments result from lanmes being
shifted to the right or left gutterline.

1-7 44-0" ROADWAY | [~ 7"
22 0" _22-0"
(FI_EJJ;J)RE WEARING SURFACE '
¢ BOX i PARAPET—
\ | ® )
» DA T T ]
PL. 24% 15 ' : ) ~y T
(TYe | | NEUTRAL AXiSy >‘1}i‘—|’
' ‘ N
Te PL.CTYP) g
,,,,, > 3

9'-0" |30 5-5'
| | ALL STEEL=A36
FIGURE A-2. CROSS-SECTION FOR POSITIVE MOMENT DESIGN
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TABLE A-1. MOMENTS AND SHEARS FOR POSITIVE MOMENT DESIGN - FULL BOX -

UNFACTORED
: | Super-

. Non-Compo-{ imposed | Live Load + Impact

- - ‘ Sign site Dead Dead Max. Max.
Convention Load Load Moment Shear

Longit. Moment ( + ) 49,370 11,990 22,530 |16,410 / 6212
(ft.-kip)
Torque Moment | e o+ | —— - - 406 730 / 192
(ft.-kip)
Shear (kip) f +} -150 -29 60 / 6 131 / -113

A.2.2. Section Properties

The effective width of the top slab is computed from Article 1.7.48(C)
and is found to be 108 in. per web or 432 in. for the full box. The
bottom flange effective width is found from Article 1.7.64(D) and equals
the full flange width. Table A-2 summarizes the resulting section
properties. Note that 4-WT7X11 bottom flange longitudinal stiffeners
not shown in Figure A-2 are included in the computations for properties..

TABLE A-2. SECTION PROPERTIES - POSITIVE MOMENT DESIGN - AASHTO

Loading Y I YT‘ Yg St Sg
. . . . 4 . . .. 3 .3
Application (in.) (in. ) (in.) (in.) (in.”) (in.”)
NCDL 57.5 2,524,400 88 58.25 28,690 43,340
SDL (n = 24) 75.7 3,705,900 69.8 76.45 © 53,090 48,470
LL+I (n = B) 97 5,086,900f 48.5 97.75 104,880 52,040

'A.2.3. Slenderness and Bracing Requirements

a) Top Flange

The width to thickness ratio is governed by Article 1.7.61(C).

b'/t = 2200 1.3 fDL

Conservatively, say fDL =.36, 000 psi.

Therefore, b'/t ZZOOI/QI 3 x 36,000 = 10.2

Actual b'/t = 12/1. 5 8 == 10.2 O.K.




Check top flange lateral 5racing using Article 1.7.59(D)(1). Use
unbraced length, Lb = 25 ft. : N

3Fy L\ I ‘mote: b' = .9 x 12 = 10.8 in.
M =F_ S§}l- —_ -t (Article 1.7.60(A))
S 2 b/ '
s 4" E

2

3 x 36 25 x 12

36 x 28,6901~ x 1/12

4 xm? x 29,000 \10.8

79,800 ft. - kips

Dead load factored moment equals 64,180 ft.-kips (49,370 x 1.3). Therefore,
buckling does not control.

b) Web

Article 1.7.60(B) or (C) governs. Maximum web depth, D, of the
inclined web is approximately 148.5 in.

Check whether D or Dc‘is to be used,

D = 144 - 97 = 47 in. =< D/2
Therefore, D is used‘in'code requirements.
Acﬁual depth to thickness ratio:

D/t = 148.5/.4375 = 339
Allowable for transverse stiffener omnly:

D/t < 36,500/4|36,000 = 192

Allowable for transverse and longitudinal stiffeners:

D/t = 73,000/\'36,000 = 385

Therefore, a longitudinal stiffener is required. Note that a 3/8 in. web
is not permissible since resulting D/t viclates the allowable.



c) Bottom Flange

See Figure A-3(a) for the arrangement of longitudinal flange stif-
feners. This arrangement results from eliminating six out of ten stif-
feners.used in the negative moment area, see Section A.&.

Y
s \r ‘ A
j , WT7xtl
; — —— : ‘ f o e v =)
I — N Y
. r.g'.@; PL. 4-6 x =2
4-6' 46 497 || 4'9% 4-6'| 46" £= 1.35 in.
! ——
‘ (a) (b)

FIGURE A-3. BOTTOM FLANGE STIFFENERS - POSITIVE MOMENT DESIGN - AASHTO

For design by the AASHTO code, a limit on plate slenderness of 120 was
arbitrarily assumed. The maximum width-thickness ratio is

(w/t)max = 54/.75 = 72 0.K.

The limit for the slenderness ratio, L/r, for the stiffeners of the
tension flange was taken as 200 based on Article 1.7.5. Usiog an unbraced
length of 25 ft.,

L/r = 25 x 12/1.55 = 194 0.K.

Naote that section is non-compact since the requirements of
Article 1.7.59(A) are not satisfied. Therefore, the steel stresses
should not exceed the yield stress or the buckling streogth of the
plates as applicable. ‘ :

A.2.4. Flange Design

Table A-3 summarizes the maximum stresses at the top and bottom
flanges. : .

TABLE A-3. STRESS RESULTS - POSITIVE MOMENT DESIGN - AASHTO

NCDL SDL LL+I Total
Location (ksi.) {ksi.) (ksi.) (ksi.)
Top Flg. 26.8 3.5 5.6 35.9
Bott. Flg. 17.8 3.9 11.3 33.0




| Since the bottom flange is somewhat understressed, reduce thickmess to
11/16 in. Resulting section properties are shown in Table A-4 and
stresses in Table A-5.

TABLE A-4. REVISED SECTION PROPERTIES - POSITIVE MOMENT DESIGN - AASHTO

* Loading Y I YT Y S 5
o . 4 . B T 3 By
Application {in.) (in. ) {in.) (in.) (in.”) (in.”)
NCDL 59.5 2,445,600 | 86 60.19 2B,440 | 40,630
SDL (n = 24) | 77.8 3,570,700 67.7 | 78.49 52,740 | 45,490
LL+I (n = 8) | 98.9 4,867,000 46.6 99.59 104,440 | 48,870

TABLE A-5. REVISED STRESS RESULTS - POSITIVE MOMENT DESIGN - AASHTO

NCDL | SDL LL+T | Total
Location (ksi.) (ksi.) {ksi.) (ksi.)
Top Flg. 27.1 3.5 5.6 36.2
Bott. Flg. 19.0 4.1 12.0 35.1

Stresses for the revised section are acceptable. The bottom flange
slenderness is 0.K. by inspection. Change in section. properties would
not be significant enough to require a reanalysis of structure.

A.2.5. Web Design

The design of webs will be based on one-fourth of the direct load
being carried by each web. The approximate shear flow due to torsion in
the outer webs and flanges is equal to

Q = .00119 HTORQUE
where HTORQUE is in ft.-kips and resulting shear flow is in kip/ft.

Table A-6 is a summary of the factored moments and shears as computed
using the values from Table A-1.

TABLE A-6. FACTORED MOMENTS AND SHEARS - POSITIVE MOMENT DESIGN - AASHTO

Loading Total Mom. Shear-
Case Full Box (ft.-kip) |Ext. Web (kip)
Max. Mom. 128,580 -70
Max. Shr. 97,290 . -129




Check need for transverse stiffeners per Article 1.7.59(E)(5). ,
" Maximum factored shear force allowable without transverse stiffeners is

1.015 x 10°
u 5

1.015 x 10
u

b tw3/D b4 10-3
‘x .4375%/148.5 = 57. kips

A v
. v v

which is less than the maximum shear shown in Table A-6. Therefore,
transverse stiffeners are required.

Try stiffener spacing equal to the maximum allowed by AASHTO,
Article 1.7.59(E)(5).

d, = 1.5D = 1.5 x 144 = 216 in.

Per Article 1.7.59(F)(3) the shear capacity is computed using
Article 1.7.59(E)(3). With

t, = 4375 in.
D = 148.5 in.
do = 216 in.
Fy = 36 ksi.

it can be shown that

.0392
696 kips

C
v
u

Therefore, maximum stiffener spacing is adequate and controls.

Check for possible moment capacity reduction as per Article
1.7.59(E)(4). For the maximum moment case, V/V = 70/696 = .1.
Since ratio is less than .6, no reduction-is re&uired.

Since cross-frames are spaced at 25 ft. intervals, intermediate
_stiffeners will be required at 12.5 ft. spaces. For this value of do,

C

v
u

from Article 1.7.59(E)(3).

.0933
879 kips

A.2.6. Web Stiffener Design

a) Longitudinal Stiffener

The provisions of Article 1.7.59(F)(3) (a) through (c) govern.

a) b'/t < 2,600/_\1"y = 13.7 for FY = 36,000 psi.

A-9



b) I= Dti‘ [z.acdo/n)z - .13]

=28.8 in;4 . - for subject panel

. .
. ¢) r= do,IFY /23,000

1.24 in.

Try plate 6 x 1/2 in. (A36) with web plate equal to 18tw acting with

it.
b'/t =6/.5=12 0.

63 x .5/3 = 36 in.* 0O.X.

] =

A = 6x .5+ 18 x .4375% = 6.45 in.°

,|36/6.b5 = 2.36 in. O.K.

Therefore, use plate 6 x 1/2 in. for longitudinal stiffener.

r

b) Transverse Stiffener

The provisions of Article 1.7.59(E)(5) apply with depth of subpanels
used instead of total panel depth as stipulated in Article 1.7.59(F)(3).
_Stiffeners will be designed as a single plate from A36 material.

The width-to-thickness requirement is the same as for longitudinal
stiffeners.

b'/t = 13.7

The minimum area requirement is

A= [15 BDt_(1-C) (V/V) - 18t5]‘f

2.4 for single plate

subpanel depth 2% .8 x 148.5 = 118.8 in.
.4375 in.

.0933

129 kips

879 kips

1.0 ‘

where B

N e Yo =]

Therefore, minimum A = -.96 in.2 and area requirement does not control.

The minimum moment of imertia required is
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where _
J=2.5 (D/do)z-z > .5

For subject panel:

’ ~J=.5
and
I=6.3in"
Try plate 4 x 3/8 in.:
~ 4

I 2375 x (4 + .4375/2)°/3 =.9.4 in.
b'/t = 4/.375 = 10.7 0.K.

0.X.

Since a longitudinal stiffener is used, Article 1.7.59(F)(3) also requires
that

5,2 1/3 x (D/d ) x 8§,

= section modulus of transverse stiffenmer
= full panel depth
= section modulus of lpngitudinal stiffeners .

For plate 6 x i/Z in. 1ongitudiqal stiffener:
S, = 36/6 = 6 in.
Therefore,

S, = 1/3 x (148.5/150) x 6 = 2 in.d

Actual section modulus of 4 x 3/8 in. plate:

3 0.K.

9.4/4.22 = 2.2 in.
Therefore, a plate 4 x 3/8 in. is adequate for transverse stiffeners
at this location. Note that in the final design, a larger stiffener
plate is used. This is because the stiffener is designed to satisfy the
requirements of a range of locations rather than just onme location.

A-11



A.3. DESIGN FOR MAXIMUM POSITIVE MOMENT BY THE PROPOSED SPECIFICATION

A.3.1. Shear Lag Effect

As per Article 1.7.208(B), the effect of a non-uniform longitudinal
stress distribution due to shear lag must be ipnvestigated for the bottom.
flange. Article 1.7.204 is used to compute the effective flange width.
Figure A-4 illustrates the effective width concept. Using an L of 215 ft
.corresponding to the distance from end support to the point of NCDL
contraflexure and assuming the stiffener area A is equal to zero, the
resulting values of §); and ¢, from Figure 1.7. 204 are 1.0. Therefore,
the average flange stress equals the peak stress. By Article 1.7.206(B)(4),
a uniform distribution of stresses in the ultimate condition is assumed
with the bottom flange fully effective.

—EFFECTIVE WIDTH - 7
N\ \———\r R
i ' b
f - w22
i Y2 7 2
r Total Effective Width
N = btor_(.ew1 + LAWY
) - when 1= .3 tot
ﬁbl - bZ — bl . bz -I‘btot
b to+

FIGURE A-4. EFFECTIVE WIDTHS

Top flanges are discussed in Article 1.7.209 from which it is
determined that the current AASHTO treatment of effective widths for
concrete slabs is applicable. .

The section as designed by the AASHTO code will be used as the
starting point for the design by the proposed code. Therefore, the
section properties shown in Table A-4 are appropriate. Note that the
proposed code states that axial flange stresses should be computed at
the mid-plane of the flange plate (for example, Article 1.7.208(D)(1)).
" Extreme fiber stresses have been used in the AASHTO design. Any differences
are neglected for this example and extreme fiber stresses will be used.

A.3.2. 'Slenderness and Bracing Requirements

a) Top Flange

The steel top flange is treated the same as in the AASHTO Code,
therefore, the checks of Section A.2.3.(a) are adequate.
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b Web

Art1c1e 1.7.212(C) (1) applies for webs w1th one long1tud1nal stlffener

k There are two requxrements
13.6
F /E

1) D/t S

= 386 for A36 steel

== 77 for A36 steel

where D = clear depth of web
D' = depth of subpanel adjacent to compression
flange 2= 2D /5
Dc = clear distance between neutral axis and compression .

flange

In the current AASHTO code, the value of D is computed using the
composite section for live load. This procedure has also been used for
the proposed code. However, this is only designer interpretation as the
proposed code does not specifically address this point. Note that
requirement 1) is the same as AASHTO. For the trial section

D' .2D
.2 x 148.5
29.7 in.

D'/t, = 29.7/.4375 = 68 << 77 O.K.

Dc = 144 - 98.9 = 45.1 in.

2DC/5 =2 x 45.1/5 = 18 =< 29.7 0.K.

~ Therefore, the web satisfies the ﬁroposed code requirements.

c¢) Bottom Flange

Article 1.7.208(G) contains specific slenderness limitations for
bottom flanges in tension. Assume arrangement of longitudinal stiffeners
is as shown in Figure A-3 with an 11/16 in. flange plate. The radius of
gyration of the stiffener strut shown in Figure A-3(b)} with an 11/16 in.
flange is 1. 60 in.
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The plate slenderness, w/t, limitation of 120 is the same as used
previously in the AASHTO design. Therefore, the plate slendermess is
within the allowable. The slendermess ratio, L/r, of the stiffeners is
limited to 120 in the proposed code. Using an unbraced leagth of 25 ft:

L/r =25 x 12/1.6 = 188
Therefore, the stiffener arrangement used for the AASHTO design is not
adequate using the proposed code. .To achieve an L/r ratio of about 120,
the number of stiffeners must be increased to a total of ten and the
stiffener size must be increased to a WT8X13.

A.3.3. Flange Design

The stiffeners added for slenderness reasons to the bottom flange
are also effective in resisting moment. A 5/8B in. flange plate in 2
conjunction with the 10-WTI8X13 longitudinal stiffgners provides 263.4 in.
of flange area. This compares with the 260.5 in.” provided by an 11/16 in.
flange with 4-WT7X11 stiffeners used for the AASHTO design. Therefore,
a 5/8 in. flange plate will be used and the stresses will be assumed to
be the same as shown in Table A-5, the slight change in area being
negligible.

A.3.4. Web Design

a) Panel Description

" The factored moments and shears shown in Table A-6 will be used for
the web design by the proposed code. Article 1.7.212 applies to trans-
versely and longitudinally stiffened webs. The basic method is that
covered in Article 1.7.211 with some modifications to accommodate the
additional web panels.

Per Article 1.7.211(C), the moments and shears used in the web
design are to be those at the center of the web panel under consideration.
For this example, it will be assumed that section 1 shown in Figure A-1
corresponds to a panel centerline.

As regards design stresses, Article 1.7.211(C) refers to "the
governing load-factored coincident shear and flexural or direct stresses'
for use in web design. It is not clear exactly what this means. For
- purposes of this design example, the web is investigated for two cases:

1) maximum moment plus coincident shear; and 2) maximum shear plus
coincident moment. Of course, there may be other coincident loading"

cases where neither the moment nor shear is maximum, but which nevertheless
govern. No attempt has been made to identify these cases.

Since cross frames have been assumed at 25 ft. spaces, try this

spacing for the panel length. Figure A-5 shows the panel and stresses
required to compute the shear capacity.
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' L ‘ TOTAL STRESSES
LONG. STIFF @ PANEL MOMENT : SHEAR
‘ | i Max. Mom. Max. Shr. Max. Mom. Max. Shr.

™~ Fiwz )\ 35.5 kei  31.6 ksi
- e A @ 21.4 20.0 1.08 kel _ 2.0 ksi
o _/‘i : '
2.
= ? -34.8 -26.2
Ls

; 1 7/
N6 (A36) UBPANEL DESIGNATION

FIGURE A;S. WEE PANEL - POSITIVE MOMENT DESIGN - PROPOSED

b) Critical Shear Buckling Stress, FVCr, and Strength, V

B
Fvcr is a function of the apﬁlied loading and the following critical
buckling stresses.
¢ = Due to shear stress acting alone
ver
Fgcr = Due to bending acting along
:cr = Due to axial compression acting alone

An interaction equation is used to find the value of Fvcr’ see
Article 1.7.211(B)(&). '

2

F
cr ccr
. + F—o =1
vcr bcr ccr ‘

r' , and F p are the individual shear, pure bending and pure
COEprESSlOD stress components which when acting simultaneously cause
buckling. F and Fccr are related to Fvcr by the following equations.

b;r
£
Fbcr = %Jl}‘vcr where R = ffw
‘ W
. . f'
Feer © : ';R ’qucr vhere H=—f_‘1;2
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f!  and fi are as illustrated for subpanel (1) in Figure A-5 and

f:wis the“shear stress. If R <« -1, the interaction equation reduces
to
F N2 /5 \*
ver becr
. ) o * ) =1
Fvcr icr
vith Fbcr = M Fvcr
A value of F i is found for each subpanel. The minimum value of
F so found is assumed to be the governing value for the entire web depth

and%is used to determine the buckling strength, VB’ of the web.

For subpanel (1), the values F° F® _, and Fgcr are determined

as follows. ver' “ber
Fe .
- &' =d/D' = 300/29.7 = 10.1

K, =5+ 5/(c0)% = 5.049

. |F
A - '-B_D- __L = -85
v
' t E Kv

w
From Table 1.7.211(B)(2) of proposed code,
Fo =[53 - 357 (A, - .58)118 F;' = 18.1 ksi.

ver
] .
Fbcr' : _
Since cJ:>2/3, by Article 1.7.211(B)(3) it is found that K =24
and |
p'/t. | F -
= = X = .51 =< .65
.95 EK
Fherefore, Fgcr = Fy = 36 kéi.
-] -
Fccr' 7 .
Similarly, since o'=1, K=4 and N =1.26
therefore,

; ‘ 2 .
LB = | - - . l = ] .
Fccr 072 (A - 5.62) 78 FY 21 ? k§1 |
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For subpanel (1):

R =21.4/35.5 = .603 Max. Mom. Case
R = 20/31.6 = .633 Max. Shr. Case
and . M =35.5/1.08 = 32.9 Max. Mom. Case
* JL=31.6/2.0 =15.8 Max. Shr. Case

All the terms for the interaction equation are now known or can be
determined. It can be shown that
0.8 ksi. Max. Mom. Case
1.62 ksi. Max. Shr. Case

F
ver
ver

In a similar fashion to that used for subpanel (1), subpanel (2)
can be solved as follows. ‘

F° = 2.06 ksi.
vcr
° - - »
Fbcr = 8.65 ksi.
R =-1.63 Max. Mom. Case
R =-1.31 Max. Shr. Case
= 19.8 , Max. Mom. Case
M= 10.0 . Max. Shr. Case
and Fvcr = 0.43 ksi.  Max. Mom. Case
Fvcr = 0.80 ksi. Max. Shr. Case

As is seen, subpanel (2) governs for both cases and the shear
buckling capacities are,

Dt (F. ) . = 148.5 x .4375 x .43 = 28 kips

Maximum Moment Case: V .
‘ B w S ver’‘min

Maximum Shear Case: V 52 kips

B
c¢) Teasion Field Stress,‘FT, and Strength, VT

Per Articie 1.7.212(B)(5), the tension field strength is computed
for the entire web panel disregarding the longitudinal stiffeners. 'The
value of FT is computed from Article 1.7.211(B)(5).

2

o 2
Fp=F J.zs f5, * 3Foer

where f axial web stress at opposite edge from maximum compression

2w
stress

e ]
n

taken as (F__ ) .
ver ver‘min



For the two cases, -

Maximum Moment: F 1B8.6 ksi.
Maximum Shear: FT 22.8 ksi.

*The value of V

s T is found from Article 1.7.211(B)(1).

th FT

2 («j1 +o° +X)

where CX is the aspect ratio for the entire panel, 300/148.5 = 2.02.
Therefore, for

Maximum Moment: V 141 kips

T

Maximum Shear: Vo = 173 kips

d) Ultimate Shear Capacity

The ultimate shear capacity, Vu, is defined as follows.

Vu = VB + VT

Therefore, for the two cases considered,
Maximum Moment: v, = 169 kips == 70 kips 0.K.
Maximum Shear: Vu = 225 kips > 129 kips  O.K.

The maximum value of‘Vu is limitéd as shown below:

- 2 _ 2
(Vu)max = .SBth “JFY (2/3 fav)
vhere fav = (35.5 + 34.8)/2 = 35.2 ksi.
therefore, (Vu) max = 1030 kips 0.X.

e) Additional Flange Forces Due to Web Post-Buckling Behavior

The additional flange forces are computed using Artitle\i.?.le(E);

v, -xv. [ ]
I AN - t(‘ﬂ_d

-

- - - =d
AF, = v lgfm fz) Ag, = 1/2 V), cot(ez)
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vhere AQF, addi;ionél force to compression flange

AF, = additional force to tension flange -

2
'VH = total load factored shea;'force on box
s - ZvB = sum of buckling shear capacities of all webs
fl' f2 = stress in compression or tension flange from elastic
analysis, fully participating web
flR’ fZR = stress in compression or tension flange from elastic
analysis based on reduced moment of inertia, IR'
computed by removing the web in compression
Afc' Aft = compression or tension flange area
9, = cot L)

Additional flange forces are computed for the maximum moment case

only.

for a composite section.

contribution.

It is not clear how to compute and apply the additional forces

The procedure used here is to find the force
(f, - £)A for each stage of analysis and sum them to obtain the total
Conservatively, the additional forces have been assumed
carried by the steel flanges omly.
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The reduced moments 6f inertia and the forces (flR - fl)A are shown
. c
in Table A-7. : ‘
TABLE A-7. ‘FORCES (flR - fl)Afc
, _ Ip e/l fiR £ Age (£1r-f1)A¢c
_Loading Go.Y)  |Ga. (ksi.) | (ksi.)| (in. (kips)
NCDL ' 2,445,600 2,093,650 .86 | 31.5 27.1 144 - 634
SDL (n = 24) 3,570,700 3,401,500 .95 3.68 3.5 306 55
LL+I (n = 8) | 4,867,000 4,813,500 .99 5.66 | 5.6 630 38 .
, 727
The forces (f2R - fz) Aft are shgwnvin Table A-8.
TABLE A-8. FORCES (f2R - fz)Aft |
fr B2 ] A (f3p = £2)Ag
Loading (ksi.) (ksi.) (in. (kips)
NCDL 22.1 19.0 263 B15
SDL (n = 24) 4.32 4.1 263 58
LL+I (n = 8) 12.1 C12.0 263 26
’ 899




The total factored shear force, VH’ is

Vy = 1.3 (150 + 29 - 5/3.x 6) = 220 kips and
Ty = 4 vebs x 28 = 112 kips
. ; - -1 -
: B, = tan " (D/d)) = 26.3°
Therefore,
OF, = (Qg%lﬂ)" 727 + .5 x 220 x cot(26é3)_l= 588 kips
OF, = (3@-5-2‘-%3) 899 - .5 x 220 x cot(:"sé3)]= 210 kips

The.top flange will need to be increased. Try a 27 x 1% in. plate.
Approximate resulting stress:

£, £(36.2 x 144 + 588)/(4 x 27 x 1.5) = 35.8 ksi. O:K.
Bottom flange stress on original section:
fB = (35.1 + 210/263) = 35.9 ksi. O.K.
Therefore, as a first approximation, the top flange will be increased
.to a 27 x 1% in. plate. This design example assumes this plate as the
final size disregarding the fact that a more rigorous solution requires

a recycling through the moment analysis.

A.3.5. Web Stiffener Design

a) Longitudinél Stiffener

Article 1.7.213(D) applies to stiffeners in the compression zone of
the web. The stiffeners must satisfy strength, rigidity, and stability
requirements. .

The minimum rigidity of the longitudinal stiffemer, IL’ is

*
- ‘ 3
IL,_ .09 n mL KL(O""T) th_

where n = multiplier = 1 for one longitudinal stiffener

m multiplier = 3 for webs with D/t = 240 and
longitudinal stiffener at 0.2D '
* ) . .
6‘ = minimum relative rigidity coefficient of longitudinal
LIE+T)  sriffener
' 4 2 2
* fé ff) * f\',
Si(osm) U* - ' Zs‘L’T o
LiO+ ° ) °
Lo Fccr Fbc Fvcr
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¥%
where BTZT and ELI"’C deterpined from Fig. 1.7.213(B)

fc b’ fv

smaller of f , £, £, or Fccr’lFbcr’ Fvcr’

respectively

fc, fb’ fv = actual pure compréssion, bending, and shear
- stresses in web subpanel. If axial stress
is tension, disregard félrgcr term.

and other terms are as previously defined.

All the stresses are to be computed from the subpanel with the lower -
value of Fvcr'

Substituting known values into the expression for IL’ yields:

_ 3
I, =.09x1x3x 148.5 x .4375* Loy "r) KL(CNTJ
‘Table A-9 shows the computation of FL(O""'U for the two cases of
loading studied. Subpanel (2) is used to compute stresses. Note that
for this panel the pure axial stress is temnsile. A value of x= 2.0
and R = -1.0 have been used to determine * and . The wvalues
have been extrapolated from the available curves of tEe proposed code.

: *
TABLE A-9. DETERMINATION OF J (o)

, , . T T F

Loading ' 6* F* fb _ Fbcr Fbcr fv Fvcr Fvcr ‘2aiU*T)
Case o LT (ksi.)|(ksi.)| (ksi.)| (ksi.)|(ksi.)|(ksi.)

Max. Mom. | 51 18 - 28.1 | 8.5 |8.65 | 1.08 |.43 | 2.06| 50

Max. Shr. 51 18 23.1 B.O 8.65 2.0 |.80 2.06 48

Therefore, the minimum value of IL is

I = 3.36 x 50 = 168 in.%

Trial stiffener section is 12 x 5/8 in. plate with properties as
shown in Figure A-6.

Y A = 10.95 in.?

- ._*.b o peM Y = 4.48 1in.

00 toAPL 2 X58 I=181. in.”

Nt f ,/P r = 4.07 ia.

3l T S, = 40.5 in,

& : 5, = 22.8 in.
4375 @5

FIGURE A-6. LONGITUDINAL STIFFENER
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As can be geen, the minimum moment of inertia requirement is met. To
check stremgth use current AASHTO Article 1.7.69(A) and (B). From
Article 1.7.213(D)(2)(a) of the proposed code, the design axial force is

F=18x .4375% x 21.4 = 74 kips
€0d the design eccentricity is
e =4.48 - .4375/2 + 300/500 = 4.86 in.

Given the above applied force and eccentricity, the section can be shown
to be adequate for strength.

The stability requirements of Article 1.7.213(C)(3) must alsc be
checked. The maximum stress on the stiffener is approximately
15.8 ksi which is less than .5F_ for A36 material. Therefore, the
maximum value for Cé is y

c! = 0.8 - 22.7
F /E
. y/
for the 12 x 5/8 in. plate:
C' = d/t = 12/.625 = 19.2 " 0.K.
s 0

b) Transverse Stiffener

As for the longitudinal stiffener, the transverse stiffemer must .
satisfy strength, rigidity and stability requirements. Article 1.7.213(C)
applies. : ‘

The minimum rigidity of the transverse'stiffenef, IT’ is

fl

A\

-
i

* 3
r = 0%y fr Dty o
- vVCr

where ., multiplier = 1.5 for webs with D/tw = 150

+ = minimum relative rigidity coefficient obtained from
Figure 1.7.213(A) of proposed code or by an alternate
method specified in Article 1.7.213(C)(2)(b).

Other terms are as previously defined or used. The code stipulates that
the stresses f; and Fscr are to be determined for the adjacent web

panel or critical subpafiel with the greater value of F___. For this
example, it will be assumed that the panel under consid&fation is the

one with the greater value of Fvcr' ‘
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o U*r‘for an ox equal to approximately 2.0 and the longitudinal stiffener
‘at 0.2D is found to be about 3.0. Therefore, _ '

I = .09 x 1.5 x 3.0 x 148.5 x (.4375)" x .80/2.06 = 2.0 in."

Values.of f! and F:cr haﬁe 5een taken frém‘TabIe A;9 for the maximum

“shear case.

For strength considerations, the stiffener is treated as a column
strut designed for the tension field vertical force, PVT'

with notation as previously defined. In addition, when longitudinal web
stiffeners are present, the transverse stiffemer column must be designed
for an in-plane lateral force equal to 2% of the longitudinal stiffener
capacity. Both P .. and the lateral force are to be calculated in the
panel that results in the larger value.

For the parameters previously detefmined;
' _ 22.8 x .4375 x 300 [} ) 2.02 } 129 - 52

2 \E + 2.02 173

P = 69 kips

VT

Note that the maximum shear case has been used.
The strength of the longitudinal stiffener shown in Figure A-6, can

be shown to be approximately 120 kips. Two percent of this or 2.4 Kkips
is applied to the stiffener column as shown in Figure A-7(a).

s

1o
(a) | : (b)
FIGURE A-7. LATERAL FORCE ON TRANSVERSE STIFFENER

The moment diagram on the stiffenmer due to the lateral force is shown in
- Figure A-7(b). The stiffener has coanservatively been assumed to be
pinned at top and bottom flanges.
: A-23



The effective width of the web acting with the transverse stiffener
is given by ' ’

| 129-52

vV -V .
t, = 1811 =993

e ZVT

B .4375 = 6.12 in.

| and the effective length of the stiffener column, L; is 7
L' = 0.7D = 0.7(148.5) = 104 in.

Trial section is a 6 x 7/16 in. plate with properties as shown in
Figure A-8. '

.l'.‘
-l f II-PL;SKﬂS' ' : -
oY (I " A =5.31in.2
o Y = 1.81 in.,
‘ J I = 21.6 in.
-~ r = 2.02 in.3
4375 5, =11.9 in.]
-— S2 = 4.67 in.

ole,
- FIGURE A-8. TRANSVERSE STIFFENER

As can be seen, the rigidity requirement is met. It can be shown by
AASHTO Article 1.7.69 that the stiffener is adequate for strength.

The resulting maximum stress on the stiffener can be shown to be
28.5 ksi. Therefore, the maximum value of C; allowed by the proposed
code is -

¢r = —%8 - 13,6 for A36 material

_IF E
- Y/
The actual value for the 6 x 7/16 in. plate is

: C; = 6/.4375 = 13.7 Say O.K.

A-24



A.4. DESIGN FOR MAXIMUHM NEGATIVE MOMENT BY AASHTO SPECIFICATIONS

A.4.1. General Information

The main material of the box assumed at the interior support for
Jsthe elastic analysis is shown in Figure A-9. The resulting moments and
“shears for this location are summarized in Table A-10. Note that the
maximum live load moment and shear case coincide.

14.58 IN> OF GR. 60 SLAB REINF. ACTING
COMPOSITELY  (TYP) |

o *.——:;;1

_ rnﬂ'ﬁE ¢
L} It ’ [= = ) b
PL. 36% 23 (TYP 4 XIS !
- N
NEUTRAL AXIS ! ‘ A > m
H | ! >
E PL.CTYP) Brr—r—r o el
e — FLANGES AND WEBS,
Fy =50 KSI
Note: For dimensions not shown, see Figure A-2.
FIGURE A-9. CROSS SECTION FOR NEGATIVE MOMENT DESIGN
TABLE A-10. MOMENTS AND SHEARS FOR NEGATIVE MOMENT DESIGN -
FULL BOX - UNFACTORED LOADS
Non-Compo- Super-
Sign site Dead " imposed Live Load + Impact
Convention Load Dead Load Max. Moment & Shear
Longit. Moment ( -k‘) 129,200 -27,600 -31,240
(ft.-kip)
Torque Moment |[__ + . - - -1680
(ft.-kip) _ ‘
Shear ' + l g -1843 -399 | -428
(kip) |

Note: Torque moments and shears are those to left of joint.

A.4.2. Section Properties

The top flange and slab reinforcing are fully effective in resisting
moments. The bottom flange effectiveness has been evaluated by extending
Article 1.7.64(D) to the case of compression flanges. The bottom flange
is found to be fully effective. Table A-11 summarizes the resulting
section properties. The properties shown include 10-WT9X25 used to
stiffen the 1-1/4 in. bottom flange.
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TABLE A-11. SECTION PROPERTIES - NEGATIVE HOHENT DESIGN - AASHTO

Loading Y I Y, Yy S; S
4 . 3 By
Application (in.) (in. ) (in.) (in.) {in.”) (in.”)
NCDL { 65.6 - 5,174,800 81.15 66.85 63,770 77,410
E§PL¥IL§I 69.6 5,597,400 77.15 70.85 72,550 | 79,000

A.4.3. Slenderness and Bracing Requirements

a) Top Flange

There are no specific slenderness limits for the top flange.
b) Web
Dc = 69.6 in. |
D/2 = 148.5/2 = 74.25 in. = D

Therefore, Article 1.7.59(F) applies for webs stiffened transversely and
longitudinally.

Allowable: D/t = 73,000/ {50,000 = 326
Actual D/t with 1/2 in. web: 7
"D/t = 148.5/.5 = 297 0.X.

¢} Bottom Flange

Figure A-10 shows the arrangement of longitudinal flange stiffeners

used.
WT9x25

A—

4

__Jb,

TTTT. TTT. - ; |
PL. 28.8"'% 114 |

4 FQ SPA 5 EQ SPA |4 EQSPA ‘
9'-0" 12'-0" g- 0" L o =3p2"

W ®)

y A S S

FIGURE A-10. BOTTOM FLANGE STIFFENERS - NEGATIVE MOMENT DESIGN - AASHTO
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A modified form of Article 1.7.49(D)(4) and Article 1.7.5]1 is used
to compute the critical buckling stresses for the compression flanges.
There is no specific limit on L/r of the stiffener column. The plate
width to thickness ratio, w/t, is not to exceed 60.

w/t = 28.8/1.25 = 23 =< 60 0.K.

The outstanding elements of the flange stiffeners are not to exceed
b' _ 2600 _ _ 2600

= 11.6
]
t ’Fy ,IS0,000
For the WT9X25:
b'/t' &£ 7.495/(2 x .570) = 6.6 << 11.6 0.K.

A.4.4, Flange Design

a) Strength of Flanges

The top (tension) flange can be designed to the yield point of the
steel, 50 ksi. The strength of the bottom (compression) flange will be
governed by buckling and is determined from an extension of Article 1.7.49
or from Article 1.7.51. The minimum strength so determined will govern.
The strength determined from Article 1.7.49 consists of one of three
cases depending on the w/t ratio of the flange

| 3070k
1) F =F when w/t = ——31
er 'y ‘\IF_
T, |

It can be shown that

(1+ (a/p)2 )+ ((@+1) (EI,/bD))
k) = , for a/b=3.
(0 + D¥a/m)? 1+ @+ 1) (4;/bt))

where the notation is the same as in AASHTO except,

I. = moment of inertia of onme stiffener including an effective
t width of plate about an axis parallel to the flange
D = plste rigidi&y
= Et”/12(1 -7")
Ai = area of one stiffener
2) F = .592F [1+.687 sin (cm/2)]
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6650 |k, EdFy
3580 |k1 |
. A .
\ 3070q|k 6650,|k
and when —1< e — 1
' ’F IF
y y

3) Fcr = 26.2 x 10 (t/w) kl when 60 > w/t ==  —m——
, IF
y

The strength of the flange can be determined from Article 1.7.51 by
rearranging the equation for (L/r) max to solve for Fcr'and assuming a
factor of safety of 1/.55:

L 2 2
. F = 1/1485 11500 F_ - (001 —) F
cr y r ¥

For the flange shown in Figure A-10, the results of applying
Article 1.7.49 as described above are summarized in Table A-12.

where c =

.

e

but not to exceed 60

TABLE A-12. CRITICAL STRESS BY EXTENDED AASHTO 1.7.49

w t . a b n I. A. k c F
i i -1 cr
(o) ] €iny | oy | (ino) (in.>y | (in.%) (ksi.)
28.8 |1.25 | 240 w6 | &t 396 7.33 1.09 481 | 43.5

Using an L of 240 in. results in a value of Fcr of 39.9 ksi.. from the use
of Article 1.7.51.

Therefore, the strength of the flange shown in Figure A-10 is
determined to be 39.9 ksi.

b) Stresses Due to Moment

Using the section properties found in Table A-11 and the moments
from Table A-10, the stresses are found. These are summarized in Table A-13.

TABLE A-13. STRESS RESULTS ~ NEGATIVE MOMENT DESIGN - AASHTO

NCDL SDL LL+I Total
Location (ksi.) (ksi.) (ksi.) (ksi.)
Top Flg. 31.6 5.9 11.2 48.7
Bott. Flg. | 26.0 - 5.4 10.3 [ 41.7
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As is seen, the top flange section is adequate. The bottom flange

stress is about 5 percent over the capacity.

Since this stress occurs

at the support where the flange will be supported transversely, buckling
will not control and the bottom flange stress can be allowed to go up to

the yield point.
the stress has reduced to 39.3 ksi.

adequate.

A.4.5.

Web Design

At the first panel quarter point (5 ft from the support), -
Therefore, the bottom flange is

The.web is checked in a manner similar to that shown in Sectiom A.2.5.
Table A-14 is a summary of the factored moments and shears as computed
using the values from Table A-10.

TABLE A-14. FACTORED MOMENTS AND SﬁEARS - NEGATIVE MOMENT DESIGN - AASHTO

Total Mom. Shear
Loading -Full Box -Ext. Web
Case {(ft.-kip) (kips)
Max. Mom. ‘
or Max. Shr. -271,530 ~1044.
Assume a transverse stiffener spacing, do, of B0 in. It can be
shown that
C =0.272
Vu = 1786 kips

Since the ratio V/Vu is less than 0.6, no reduction in moment capacity
is required.

A.4.6. Web Stiffener Design

a) Longitudinal Stiffener

Assume use of A36 steel. Requirements are the same as stated in
Section A.2.6.(a) except for do = 80 in. and t, = .5 in.

4

I = 10.5 in.

r =

.66 in.

Try plate 5 x 3/8 in. with 9 in. of web acting with it.

b'/t = 5/.375 = 13.33 =< 13.7 - 0.K.

3 4 4
I = 5 x .375/3 = 15.6 in. = 10.5 in. | 0.K.
A = 5% .375+9 x .5=6.375 in.>

r =-\|15.6/6.375 =

1.56 in. > .66 in. 0.K.
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Therefore, plate 5 x 3/8 in.lis adequate as longitudinal stiffener.

b) Transverse Stiffener

Assume use of A36 steel. The requirements are sumparized below.

s b'/t = 13.7

A 2 6.4 in.
I == 35 11:1.‘4

s, = 1.93 in.3

Try plate 9 x 7/8 in.:
" b'/t = 9/.875 = io.3 < 13.7 " 0.K.

A =9x7/8=7.9in.° > 6.4 in.> 0.K.

I = .875 x (9 + .25)%/3 = 231 in.* = 35 in.* 0.K.

s, =231/9.25 =25 in.> 0K

Therefore, plate 9 x 7/8 in. stiffener from A36 material is adequate.
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A.5. DESIGN FOR MAXIMUM NEGATIVE MOMENT BY THE PROPOSED SPECIFICATIONS

A.5.1. Shear Lag Effect

Article 1.7.204 is used to determine the effective width of the
bottom flange. Refer to Figure A-4 for an illustration of terms. The
® bottom flange as designed by the ASSHTO code is used as a starting point
for this design. Using an L of 190 ft and including the area of the
WT9X25 stiffeners, Figure 1.7.204 is used to find the values of
and (/. The distance 190 ft corresponds to the distance between
points of NCDL contraflexure in spans 1 and 2. The resulting values of

@, and @, are
@, = .86
@, = .83

Therefore, the effective width of the bottom flange equals .85 of the
actual width. '

Per Article 1.7.206(B)(4) shear lag may be neglected if the peak
stress, f , does not exceed the average stress, f , by more than
20%. max’ avg

Therefore, if f
ax
or

avg

IVIA

1.2 £ then neglect shear lag.
.83 £27
" “max

From the distribution of stresses given in Article 1.7.204(A)(3), it can
be shown that

fan = ggfmax
Therefore, if QV >> .83 shear lag-can be neglected and a uniform

distribution of stresses can be assumed. This is seen to be the case
for this example.

The top flange is fully effective.

A.5.2. Design Forces

Note that the proposed code requires that the forces for compression
flange design be those at 0.4 of the panel length from the higher stressed
panel end (see Article 1.7.206(C)). Similarly, for stiffened webs, the
design forces are calculated midway between the transverse stiffeners.
Therefore, the moments and shears shown in Table A-10 are not appropriate
for design using the proposed code. Table A-15 summarizes moments and
shears to be used for compression flange and web design. A panel length
of 10 ft. was assumed for the compression flange. Transverse stiffener
spacing was assumed to be 5 ft. :
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TABLE A-15. MOMENTS AND SHEARS - FULL BOX - UNFACTORED - NEGATIVE
MOMENT DESIGN - PROPOSED SPECIFICATION.

Non-Composjte Superimposed Live Load |
_ Dead Load Dead Load + Impact -
Longit. Moment -122,870 ~26,200 - -30,020
= - (ft.=-kip) ‘ : >
e
= ] .
ﬁ 2 Torque Moment - » - -1642
= g (ft.-kip) +
g &
3 Shear -1801 -391 -420 |
(kip) T
Longit. Moment -125,240 -26,730 -30,480 l
(fv.-kip) ‘ . ) ‘ -
P ‘Torque Moment - - -1656
& (ft.-kip) T
Shear -1817 ) -394 =423
 (kip)- -

A.5.3. Slenderness and’Bracing;Bequirements

a) Section Used and Top Flange

The cross section shown in Figure A-9 is used as the basis for the
design by the proposed code. The web thickness will be reduced to
7/16 in. by the use of multiple longitudinal stiffenmers. The resulting
properties are shown in Table A-16. There are no specific slenderness
requirements for the top flange. '

B

. 7

TABLE A-16. SECTION PROPERTIES - SECTION OF FIGURE A-9 WITH 7/16 IN. WEBS -

Loading - ‘Y I4 YT YB ST ; SB s _
Application (in.)" (in. ) (in.) (in.) (in.”) (in.”)

NCDL 65.5 5,111,800 81.25 66.75 62,915 76,580 '

SDL+LL+I 69.6 -5,535,080] 77.15 70.85 71,740 78,120 -

b) Web

Article 1.7.212(C)(2) applies to webs with two or more lipnes of
longitudinal stiffeners. The requirements are

Eg_ = 8.1 77BD
tw |r /E c
Yy
NP |
= 195 — (for F, = 50 ksi.)
[



.and _ D'1 = _SE
where D& = depth of web subpanel n
'nnD = distance between compression flange and stiffener n
Di = depth of subpanel adjacenf'to the compression flange

and other terms are as previously defined.

: For this example, two longitudinal stiffeners were assumed, one at
0.2D, the other at 0.4D. Therefore,

Dy =Dy = .2 x 148.5 = 29.7 in.

D3

For subpanel 1:

89.1 in.

D&/tw = 29.7/.4375 = 67.9 \
19577 D/D_ = 195 x 29.7/69.6 = 83.2 = 67.9 0.K.
| 2Dc/5 =2 x 69.6/5 = 27.8 in. > 29.7 in. say 0.K.
Similarly, subpanel 2 and 3 are within the limits.

c) Bottom Flange

Article 1.7.206(D) contains the slenderness limits for the plate
and attached stiffeners. Reference is made to Article 1.7.205(E) for
the plate. The plate width-to-thickness ratio, w/t, is limited to a
value of 60. This is the same value specified by AASHTO, therefore, the
plate is within limits.

Article 1.7.207 is referred to for the longitudinal stiffeners.
For a factored compression stress in excess of one-half the yield stress,
the effective slenderness coefficient, Cs, is limited to a maximum value

of
c, = }:—"‘;—E-=9.6
A
For the tee stiffener:
C = d + w/la2t

5 1.35 t + .56 r
o y

stiffener depth

where » d

stem thickness

et
"
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r_ = stiffener radius of gyration about axis perpendicular to
y flange plate
w = width of plate between stiffeners
» 77 t = flange plate thickness

For the WI9X25 stiffener, ¢ = 8.3. Article 1.7.207 also contains a
limit for the width-to-thicEness ratio of outstanding elements of a
stiffener. This limit is the same as the current AASHTO. Therefore,
the WT9X25 stiffener 'is adequate.

A.5.4. Flange Design

a} Strength of Flanges

The top flange can be designed to the yield point of the steel.
The bottom flange strength is governed by buckling. Article 1.7.206
applies to stiffened bottom flanges in compression. The ultimate strength,
F_, is found from Figure 1.7.206(A). Two parameters, A and f\ ,
PL COL
must be evaluated.

A :M f!
PL 1.9 E

A =1 fx(é)
‘coL T Afp \:/

spacing of the transverse flange stiffeners

where L

radius of gyration of one longitudinal stiffener including
width of flange plate, w.

“
n

Other notation is as previously defined. For the flange shown in Figure A~10,
with L = 120 in. and FY = 50 ksi. ‘

Ao = 28.8/1.25 (50 _ _
PL 1.9 29,000 .

}\COL

1 (30 120 = .53
Tr A\ 29,000 \3.02 :

Therefore, F,/F, = .87 from Figure 1.7.206(A) and F, = 43.5 ksi.
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b) Stresses Due to Moment

Using the section properties found in Table A-16 and the moments
from Table A-10 or A-15, the stresses can be determined. The top flange
stress is found at the centerline of support. The compression flange
streses-is at 0.4 of the first compression panel. The stresses are
“summarized in Table A-17. :

TABLE A-17. STRESS RESULTS - NEGATIVE MOMENT DESIGN - PROPOSED

NCDL SDL LL+I Total

Location (ksi.) (ksi.) (ksi.) | (ksi.)
Top Flg. 32.0 6.0 11.3 49.3
Bott. Flg. 25.0 5.2 10.0 40.2

Therefore, the section is adequate. The effect of combined axial compres-
sive stress and shear was found to be negligible.

A.5.5. Web Design

a) Panel Description

As mentioned previously, a spacing of 5 ft. has been assumed for the
transverse stiffeners near the support. Figure A-11 shows the panel and
stresses required to compute the shear capacity. The total factored
moment and shear at the centerline of panel are summarized in Table A-18.

. STRESSES
Moment Shear

) VNEB PANEL
-46.3 ksi

1

15.8 ksi

|48,5"

22.9

—LONG. STIFF
3

40.2

l%ﬂl Hl

60”

FIGURE A-11. WEB PANEL - NEGATIVE MOMENT DESIGN - PROPOSED SPECIFICATIONS

~
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TABLE A-18.
PROPOSED :
Total Mom. Shear

Loading =-Full Box -Ext. Web
[ . Case. (ft.-kip) | (kip)
——

Max. Mom.

or Shr. -263,700 -1029

b) Critical Shear Buckling Stress, F___, and Strength, VB

vCr

The computation of F

FACTORED MOMENTS AND SHEARS - NEGATIVE MOMENT DESIGN -

for the three subpanels is similar to that

illustrated in Section A.3°A.(b) of this design example and the details

are not included here.
in Table A-19.

TABLE A-19. SHEAR BUCKLING STRESS - NEGATIVE MOMENT bESIGN
PROPOSED SPECIFICATIONS

A summary of the results for each panel is shown

0 -] [-] .
vcr ccr Fbcr Fvcr
R M (ksi.) (ksi.) (ksi.) (ksi.)|
Subpanel (1) 0.57 2.54 24.3 22.7 50.0 9.5
Subpanel (2) 0.24 1.45 24.3 22.17 50.0 15.0
Subpanel (3) -8.26 0.35 110.2 - 15.1 9.9
From Table A-19, it is seen that subpanel (1) governsrfor Fv Therefore,

VB =

q) Tension Fiéld Stress, FT’ and Strength, VT

148.5 x .4375 x 9.5 = 617 kips

From Article 1.7.211(B)(5)

Fy = 50 -‘\].25(46.3)2 + 3(9:5)% = 21.6 ksi.

and from Article 1.7.211(B)(1)

- 148.5 x .4375 x 21.6

L = = 473 kips
z(:|1 + (60/148.5)2 + 60/1&8.5)

v
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'd) Ultimate Shear Capacity

Knowing VB and VT results in

V_ = 617 + 473 = 1090 kips == 1029 kips ' 0.K.

'&he maximum value for Vu is found from Article 1.7.211(B)(1).

(Vu)max = 1538 kips = 1029 kips 0.K.

e) Additional Flange Forces Due to Web Post-Buckling Behavior

In 8 similar fashion to that illustrated in Section A.3.4.(e), the
additional flange forces can be found as follows.

EBFI {Compression Flange) = 1139 kips
ZBFZ (Tenéion Flange) = =674 kips

The forces have been computed at the location where the flange stresses
were checked for bending.

Check the stress in the bottom flange including the effect of the
additional force.

£ = 40.2 + 1139/523.3 = 42.4 ksi.

This total stress is less than the 43.5 ksi. ultimate strength computed
in Section A.5.4.(a). Therefore, the bottom flange is adequate.

~ Some savings can be achieved in the top flange due to the reduction
in total force. TIry plate 35 x 2-3/4 in. '

£, 5 (49.3 x 396 - 674)/(4 x 35 x 2.75) = 49.0 ksi.

A.5.6. Web Stiffener Design

. ‘Tbe web stiffener design is similar to that covered in Section A.3.5.
and the details are not shown here. The required longitudinal stiffeners
are,

‘at 0.2D: plate 6 x % in. (A36)
at 0.4D: plate 5 x 3/8 in. (A36)

and the transverse stiffener is

plate 10 x 7/8 in. (Fy = 50 ksi.)
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APPENDIX B
AREAS FOR POSSIBLE IMPROVEMENT AND
CLARIFICATION OF THE PROPOSED SPECIFICATION

. This appendix llsts and dlscusses certain areas of the proposed
speC1f1cat10n that could benefit from some minor rewording, additional
comments, etc. These are not preseanted to criticize but rather to
ensure that the proposed specification is fully understood by designers
and is applied in the way the authors intend.

The comments are listed in order based on the sectlon numbering
of the proposed specification.

1.7.204(A)(3)

The term f is used in this section to denote the bending
longitudinal stress 5% the flapge-web junction. This term is also used
in other areas of the code, e.g., Figure 1.7.205(B), Figure 1.7.206(B),
- Section 1.7.213(C)(3). The meaning is, however, different for each
usage.. While this is not always avoidable in a code of this size, it is
objectionable since it leads to possible confusion. If it is not practical
to use different subscripts for the different stresses referred to,
p0551b1y the term fma could be included in the notation of Sectlon

.7.53 and defined 1h general terms.

1.7.204(B) (1)

This section specifies that the effective width of transverse
deck floorbeams shall be computed by the rules of Section 1.7.204(A).
This requirement seems .to conflict with Section 1.7.209(B) which refers
the designer to AASHTO Article 1.7.51 for the design of orthotropic

-decks. An obvious question raised by this discrepancy is whether the
effective width of deck plate acting with the longitudinal girder is to
be based on 1.7.204 or 1.7.51(C). Some additional comments on these
peints would be helpful. ‘

Figure 1.7.204(d)

This figure is used to determine‘P'(the effective width co-
efficient) based on span-to-width ratios and the position within the
span. The curves should be continued for span-to-width ratios between
0 and 5. Also, a larger figure with more divisions indicated on the
axes would be helpful. Typically, the ordinates and abcissas of the
figures in the proposed specification are drawn to scales which do not
fit an engineer's scale. Hence, the use of these figures is more cumber-
some than necessary.

1.7.205(D), 1.7.206(C), 1.7.208(D)

These sections discuss the design forces to be used in flange
design. There are many references to the '"governing stresses.'" It has
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been interpreted that the governing stresses arise from that case which
causes the maximum axial stress in the flange. Therefore, the "governing"
shear stresses may or may not be the absolute maximum values. Is it
intended that other coinciding loading cases are to be investigated
in an effort to find the true governing case? OQr, alternately, could

e maximum values of axial and shear stresses be treated as one case
even though in reality they may arise from different cases?

1.7.206(B)(5)

This article discusses compression flanges subject to a linearly
varying stress across their width. This situation could arise, for
example, from a lateral load on the box. It is not clear whether this
case is to be investigated for a non-uniform stress distribution due to
shear lag. Or is such an investigation confined to vertical loads only?

Figure 1.7.206(A)

This figure is used to determine the strength of stiffened
plates in compression. For manual computations the presentation is
adequate and easy to use. However, if the design of such elements is to
be computerized in the future, a mathematical formulation of these
strengths will probably be necessary.

1.7.207

This section pertains to the longitudinal stiffeners of com-
pression flanges. It has been interpreted that the stress f is to
include the effect of the additional force from tension fielﬂagction,éﬁF.
It is not clear where the stress is to be computed, whether in the
- flange plate or at the free edge of the stiffener. The cross-section
used for computing this stress has been assumed to be the same as that
used for design of the flange panel.

The limits for the effective-slenderness coefficient, C_, are
discontinuous at 0.5 F . This seems somewhat unfortunate and, if practical,
a transition in this aYea would be more logical. Also, a general mathe-
matical formula to determine C_ for sectionms other than plates, tees,
and angles might be useful.

1.7.209(C)(1)(a)

To avoid confusion the first paragraph of this section could
be changed to read:

-"..., and the flange stresses produced by the factored

superimposed dead load and the factored service live load
acting on the composite girder,..."
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1.7.209(C)(2)

It has been interpreted that the AASHTIO effective width from
Article 1.7.4B(C) for concrete composite flanges is applicable. Therefore,
on the designs with cowposite flanges the section properties have been
based.on a fully effective steel flange {based on 1.7.206(B)(4)) and a
partially effective concrete flange based on the AASHTO effective widths.
Possibly some clarification is in order regarding this point.

1.7.210(C), 1.7.211(C)

These sections discuss the design forces to be used in web
panel design. As discussed above regarding flange design, the reference
to "governing...stresses" is somewhat troubling. Does the maximum shear
case with its coinciding moment constitute the governing case as implied
in the definition of f. in Section 1.7.211(B)(4)? Should other coin-
ciding cases be investigated? Would the use of maximum moment and shear
values be too conservative for design? Some further discussion on this
subject seems warranted. : ‘

1.7.210(D)

This section deals with slenderness limitations for unstiffened
webs. The limitations should be reversed. See 1.7.211(D).

1.7.210(D), 1.7.211(D), 1.7.212(C)

All sections deal with the slendermess limitations for webs.
D is defined as the clear distance between neutral axis and compression
flange. For composite designs the neutral axis used was that for the
composite section for live loads as per AASHTO Article 1.7.61(b). The
definition of D in the proposed specification should be revised to
include composiEe sections.

1.7.211(B)(4), 1.7.212(B)(3)

These sections cover the determination of the critical shear
buckling stress, F__ .  One question arises concerning the stresses f]
and £, {or £' and"F! ). Are these stresses to be computed on the v
basis“8f full%weffectlve flanges regardless of whether or not a non-uniform
longitudinal stress distribution due to shear lag has been considered in

the flange design?
1.7.211(E)

This section covers the additional flange forces due to the
postbuckling behavior of the web. Some clarification is required as
regards composite flanges. Is a /\F component to be computed for each
stage of analysis (non-composite, live load, etc.) or is only one AT to
be computed for each flange? If only one /AF is calculated, is it
applied to the composite flange or the steel flange only?
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1.7.211(E), 1.7.213(C) (1) (b)

The horizontal and vertical components of the tension field
force are dealt with in these sections. These forces are transferred to
the flanges and transverse stiffeners. The proposed specification has
not discussed the manner in which this transfer takes place. Are there
special design considerations that should be specified regarding this
topic?

1.7.212(B)(5)

This section deals with the tension field streﬁgth of longi-
tudinally stiffened webs. It has been interpreted that the value of

used to compute the tension field stress is F used to determine
tge ultimate shear capacity of the web. It could 143 1m§f1ed from this
section that a new value of F should be computed "with horizontal
stiffeners disregarded.” This Should be clarified.

1.7.212(C)(1) and (2)

These sections cover slenderness limitations for webs with
longitudinal stiffeners. One apparent contradiction could be discussed
in the commentary. The depth of subpanel adjacent to the compression:
flange is to be greater than or equal to 2D_/5 for the case of one
longitudinal stiffener but less than or equidl to 2D /5 for two or more
lines of longitudinal stiffeners.

1.7.212(0) (1)

This section pertains to the additional flange forces when the
webs are longitudinally stiffened. The last part of the paragraph
should probably read:

". .., the reduced moment of inertia, I,, shall be obtained
by removing those portions of the lomgitudinal stiffeners
including. approprlate effect1ve widths of the web plate

in compression.

1.7.213(C)(2)(a)

This subsection deals with the required rigidity of transverse
stiffeners. To avoid misapplication of this provision, the last paragraph
should probably be changed to read:

L "
..the greater value of Fvcr or Fvcr min®

1.7.213(€)(2) (b)

This subsection contains an alternate method to determine the
minimum relative rigidity coefficient for transverse stiffemers. In
computing the thickness t the elastic buckling capacity under shear
acting alone (F° ) is requlred for the longitudinally stiffened web.

B-4



lIs this the minimum F®  of all subpanels or does the subpanel with the
minimum critical buckY1ng shear stress (F___) govern? The former inter-

pretation has been used for all designs. ver

1.7.213(C)(3)

. o This section covers the torsional stability of web stiffeners.
Generally, the above comments on Section 1.7.207 apply. It is not clear
where oo the stiffener the stress £ is to be calculated. The stress

-on one-sided stiffeners in particular”varies considerably across the
stiffener section. The free edge of the stiffener is often in tension.

1.7.213(D)t3)

This section specifies rigidity requirements for longitudinal
stiffeners. The stress f_ and £ have been interpreted as being the
pure axial and pure bendlng stresses, respectively, which together make
up the true state of axial stress in the web subpanel. The use of the
word "actual” in the specification seems a little confu51ng Possibly
some rewordlng is necessary.

In the last sentence of this section the word "adjacent" could
be added to avoid confusion:

"All abéve stresses shall be calculated in the adjacent

subpanel with the lower value of Fvcr'"

Figure 1.7.213(A)

This figure is used to determine the relative rigidity co-
efficient for transverse web stiffeners. It is unfortunate that the web
panel illustrated with this figure shows only one longitudinal stiffener.
It has been interpreted that for webs with multiple longitudinal stiff-
eners the selection of the rigidity coefficient is based on the longi-
tudinal stiffener with the largest n value.

For computerized design, mathematical expressions for the
relative rigidity coefficients will be required.

Figure 1.7.213(B)

‘ This figure is used to determine the relative rigidity coeffi-
cient for longitudinal web stiffenmers. It appears that too much informa-
tion has been compressed on this one figure as it is somewhat confusing
to use. A possible solution would be multiple figures, ome for each
value of R. Also, curves for additional values of o< would be useful.
The curves also limit the value of to no less than 0.2. In reality,
values of as low as 0.1 would be practical for deep webs and the
curves should be extended to at least this point. '

‘ Mathematical expressions for the rigidity coefficients will be
required for computerized design.
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