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FOREWORD

This paper is the ﬁhird report on the strength of
plate girders. While the first dealt with the bending
strength only and the second exclusively with the shear
strength, this last paper covers the interaction between
bending and shesr. Reference should be mades to the

Foreword of the first for the scope of the entire investi-

gation.

SYNOPSIS

A study of possible interaction between bending
moments and shear forces on the carrying capacity of plate
girders is presented. DBased on theoretical considerations

and experimental results approximations suitable for design

use are suggested,
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1. INTRODUCTION

Most plate girders are subjected to a_compinatiqn_qf
bending and shear. It is possible that a girder segtionh_w
can be subjected to bending moments alone, but not to shear
alone. To postulate that no bending moments shoﬁld occeur
over a girder panel would exclude shear forces likewise,
since shear force 1s the rate of change of bending moment.
Nevertheless; it is safe to disregard moments in the treat;
‘ment of shear as long as they do not exceed a certain

magnitude to be determined here.

As the expression "plate girder" implies, flanges
which bound the web are always present and thus prevent a
collapse should the web be unable to carry its part of the
moment. Ipteraction will be concerned with such a re;
arrangement of stress for two different reasons. In very
slender webs the stress rearrangement ig predominantly due
to web deflectionSgﬂslight deflections of the web from a
plane result in a transfer of the bending moment resistance
from the web to the flange, as described in Sec. 1.2 of
Ref. 3. This is achieved without a loss in shear carrying
capacity which is esgentially contributed by a tension field.
In girders with stockier webs, however, the behding moment
which cannot be carried by the web, because of high concurrent

shear, is transferred to the flange through yielding.
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- For these reasons, compatibility conditions can be
ignored to a great extent when determining the cérrying
capacity of plate girders. The procedure will thus be
similar to‘plaétic analysis, where a lower bound of the
carrying capacity is obtained by considering a possible
state of stress which is in equilibrium with the applied

moment and shear yet nowhere violates the yleld condition.
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2, THE INTERACTION FORMULA

Subsequently the following notations for certain -
reference values are used. My, the flange moment, is de-
fined as the moment carried by the flanges slone when the
stresses over the entire flange are equal to the yileld _
stress og. The yleld moment, My, is the moment initiating
yielding at the centroid of the compression flange. The
- resisting moment of a fully yielded cross section is de%
noted as the plastic moment, Mp<l)° Appreximating the
distance between the flange centrolds as equal to the web
depth b and designating the area of & single flange as Ap
and the web area as Ay, the three reference moments of &
gymmetrically proportionsd girder cross section can be ex-

pressed as

Mp = ogbhp
A .

My = ogb(Ag +‘ﬁﬁw)

The shear force V and the bending moment M give in-
formation as to their relative Importance only if they ars
compared with girder proper&ies, For this reason, and also
to non-dimensionélize V and M, the shear force will be ex-
presgsed in terms of the ultimabe shear force Vﬁ(e) and the
moment in ferms of the yield moment Myo The shear force

and the bending moment are not independent of sach other.
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When the loading condition is fixed, the shear force and b@nd?
ing moment at any cross section of a particular girder depend
on the common perameter P which denctes the load intensity.
Therefore, theuratio‘M/V is independent of the load snd charsec-
te%izes the loading condition. If & Carteslan coordinate o
system has absclssa and ordinate of M/M&,and V/Vﬁ, respectively,
there is then an asssociated polar system whose length of radius
vector is directly proportional to the load intensity P. The
interaction curve C in such a coordinate system, Fig. 1, is
defined as the boundary between points on the safé side and
those which lead te fallure. Because the vector length may

be interpreted as the load intensity, the ultimate load Py

for a cross section subjected to bending and 'shear is oy
definition the intersection of its particular ray with the
@urvelco With this preparation the derivation of the inter-

action curve follow

a

L

As pointed out in'th@ introduetion, the web can trahsfer
1ts allotted moment to the flanges and retain its shear strength,
provided that the moment capacity of the flange is not exceeded.
This means that, in the coordinate system explained previously,

the failure curve is represented by a straight line

88 shown In Fig. 2.
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Since a web which carries the ultimate shear force 1is
utilized up to yielding, the flanges are the sole carriers
of the bending moment. If it is assumed for the time being
that these flanges are proportioned and laterally stiffened
such that the yileld stress can be reached, then the limiting
moment which they can take is the flange moment Mp., If there
were no shear present, the maximum moment that could be ax%
pected under the most favorable circumstances, disregarding
strain-hardening, is the plastic moment Mp. The only portion
on the moment scalé where bending moments affect the shear
carrying capacity is therefore that between Me and‘Mb° Thus,
an interaction clrve must pass through the points Qp (Me/My, 1)
and Qg(M?/MyQ 0). Since wery small quantities of shear hardly
affect the moment carrying capacity, the interaction curve
should also start off at right angles to the absciésa at point

Qoo

The simpleat set of interaction curves fulfilling these
conditions is that given in Eg. 3a, with the exponent n

greater than unity.

(%i)n E;?Ef 1 (3a)
(F)"+ () - &
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Should the curve also be tangent to the line V/Vy = 1 at
point Qq, e&n interaction formula of the type of Eg. 3b would

be required with m and n greater than unity.

For an exponent n = m = 2, possgible states of stress
leading to Egs. 3a and 3b respectively are shown in Fig. 2,
In approach (3a) it is assumed that the portion of the web
which participates with the flanges in resisting moment is
unable to carry shear. In approach (3b) normal stresses o
and shearing stresses T act over the entire web depth but are

interrelated with Mised?'! yield conditionsg o2 & BTQ = @ygo

In view of tension field action the more conservative
approach (3a), or (3b) with m = 1, is preferred. The @hoiée
of an exponent n = 2 for girders with very slender webs may
be somewhat hypothetical. But in evaluating the strengbh of
girders subjected to pure bending(g), it was shown that little
more bthan the flange moment is pregerved in slendsr web
girders. Therefore, most of the interaction curve 3a is cut

off by the reguirement

=1 ()

where M, is the ultimate bending moment evaluated from Eg. 1l2a

of Ref. 3. In Fig. 2, Egqs. 2, 3 and li are plotted for the case

Of Mf = 0080 I\/Ly.p Mu :>Oo95 My and Mp = lclo Myo

8, ),
% a5

oo
b4
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For its application to design, it is of advantage to
express the interaction equations in terms of stress. Re-
writing Eq. 38 with an exponent n = 2 and solving it for the

bending moment M leads to Eq. 5a.

Vo F]
M= Mp + - 1 - (5
e+ Oprig) | 1= () (52)
M8 My M M,i'___,[l - (L sz)z- (5b)
S My My v Ay Vu
A 2
1 +“i’ —EﬂEL e %"’“ :l
g = gy : J:‘_ n (5¢c)
1 Ay
*,m ——t
PR R,
1 Aw[ T 2
1+ 51 - (=)
5. Lo Ag et }
o ==L (54)
N LA
1 +“Y‘ ——W
6

P

Equation 5b iz obtasined hy dividing either side of:Eq° 5a by
the yield moment M& and expanding certain fractions, where S
denotes the section modulus and A, the web area. The ratio
M/S is the flange stress o due to bending, M?/s ts the yield
stress oy, V/A,; is the average shearing stress in the web, and
Vi/Aw is the ultimate shear stress. If these values are sub-
stituted and the ratios Mf/My and (Mp—Mf)/My are expressed
according to Egs. 1, the result in Eq. 5c¢ is obtained. Using
this expression with warious ratios of Ayw/Af and a yield
stress Oy = 33 kai (A7 steel) the failure envelopes are
sketched in Fig. 3.
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If a constant factor of safety (N = 1.65, AISC) were
applied, the cogxistent allowable bending and shear stresses
are indicated in thiz figure by the thin lines determined
from Eq. 5d. As seen, with the choice of an ultimate bending
stress of 20 ksl an interaction check is required only if the
shear stress exceeds about 60% of the allowable wvalue. Also,
an intersction 1imit in flange stress 1s not required below
15 ksl when Ay/Ape < 2. Since this watlo of web to flange area
is about the wupper 1limit of the generally used girder Pro=
portions, the poasible interaction rules for girders made of

A7 steel areg

T
AISC ¢ 0 < 27 = 12 == (6a)
a1l
%
AASHO: o < 24,5 = 11 = (6b)

Thege two conditions are traced in Filg. 3. The allowable
stress range resulting from & fachtor of safety N = 1,83

(AASHO) is plotted in broken lines.

%
o
afo
=

Thus far, interaction has been treated solely as a
stress problem. Conditions caused by local and overall in-
stability of the compression flange must at least be mentioned.

This will be done in the remaining part of this paper.
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3, CORRELATION WITH TEST RESULTS

In the course of this investigation some girders were
tested with the purpose ol obtaiping information on the inter-
action between bending and shear. The girder properties,
loading arrangement, and the test observations of these girders
are presented in Ref. L. With the help of the flange moment
My and the plastic moment Mp listed in Table 1.7 of this ref-
erence, as well as the rvatios Vuexp/vuth derived in Table 1
of Ref. 2, the intersction diagrams of Fig. i are constructed.
The reference moment‘values My which were used differ from
those given in Table 1.7 of Ref. l} in that they are taken as
the moment value which initiates yielding at the compression
flange centﬂ@ia, and not at the extreme fiber of the eom=

pression flangse.

Girders G8, G9 and El are shear girders. Girders E2 and
Ely furnished the most significant interaction data. Girder
E5 is predominantly a bending girder. Since on each ray the
distance of a point from the origin is directly proportional
to the applied load, the relation between the conventionally
computed web buckling load, the predicted ultimate load, and
the sxpsrimentally obtained ultiméte load can -be easily
visualized. The intersection of a ray with the failure
‘envelope‘gives the predicted ultimate load, the circled points

mark the observed ultimate loads, and the conventional buckling
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theory predicts instability at a load (Table 1.9, Ref. L)

indicated by a short transverse bar,

It must be pointed out that the choice of the cross
gsection for which the moment values were computed is of
significance since the bending moment varies throughout the
length of the test girders and only the shear force stays
constant (Fig. 1.3 of Ref. li), This section was chosen to be
in the failed panel abt a longitudinal distance one?half the
web depth away from the high-moment end, or at the middle of
the longitudinal panel dimensions when its length was less
than its depth., The croases shown in graph EZ2 of_Fig;o L
would represent the teast resultsuif the sections wilth the

maximum bending moment were used.

To justify the cholce of a section other than at the
moment peak, and also to illustrate the uncertainties un-
aVoidably encountered when predicting ultimate loads in
general and interaction in particular, the follewing para-
graphs are presented. Of the various possibilities where
small errors could occur only those whiéh are associlated with
the determination of the girder's.yield strength and the choice

and application of the yield oohdition will be examined.

The yield stress, on which all the test results discussed
in this plate girder investigation are dependent to a great

extent, is a material property whose determination depends on
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the shape of the coupon and the testing speed. To evaluate
the accuracy with which the yield strength of a member can be
predicted on the basis of coupon results, reference{is made
to tests conducted at Fritz Engineering Laboratory(S). It
was found that for eighteen different wide flange shapes _
the static yield stress of stub columns deviate between =8?2%
and +l.7% from the yileld strength predicted by the coupons.
This indicates the uncertainty implicit in large scale ex~
periments which should not be overlooked, even though coupon
measurements are made on the very steel plates of which the
test girder is built and even though both coupon and girder
yield stress are obtained under static condition of zero

strain rate,

The shear yield stress can only be computed from the
tensile yield stress. Different values will be obtained
depending on the assumed yield condition. The "yield condi-
tion of constant maximum shear stress“, or "Tresca's yield
condition", glves 1y = 0.50 oy. In this investigaﬁion Miszes?
yield condition was used for which Ty = 0.58 oy, this being
15% higher than predicted according to Tresca. The very fact
that it is not known which of these two conditions is the
more appropriate points up the much bigger uncertainties
connected with yield level than with the steel properties
E and v used in the theory of elasticity. Thus, the scatter

of results seen in the first diagram in Fig. I is within the
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range that has to be expected when shear test results on
built-up girders are compared with predictions based on

coupon tests.

Mises'! yield condition finds its application in most
Buropean specifications when considering interaction between
bending and shear in plate girders. Here the stress

intensity

-
Og = ‘Jdua + 0y° = ouoy * 3T (7)

must not exceed a specified stress level at any point in

the web., Thus, the same margin against incipient yielding

is obtained as in a test coupon subjected to the normal stress
cg° This method is, however, unsatisfactory for an inter-
action check of plate girders., Along the panel borders are
residual stresses of unknown magnitude which are always
neglected in the application of Eq. 7. Even if thelr magni=
tude were known, an estimate of the static carrying capacity
could not be made, since the load producing yielding at one
point is not in a constant relationship with the load causing
such exhaustion of duétility that faillure of the structure

occurs.

It would be better to accept as a criterion for carrying
capacity that the yielding must spread over an entire girder
cross section., Then it would be justified to disregard re-

sidual stressges due to fabrication since their resultant over
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an entire cross section vanishes. Still, a féilure mechanism

is only theoretically cbtained‘by postulating an ideal elastic -
plagtic stress-strain relation. As soon as a pronounced moment
gradient (shear force) is involved test results are likely to
exceed the predicticns based on maximum moment. This has been
observed with beams(Fig. 5.7, Ref. 1) a&s well as with plate
girder as pointed out before, and is due to the strain-
hardening effect, Barring premature failure due to primary
instability, feilure of'a gstatically determinate girder only
occurs when yielding has brogressed not only over the entire

cross sectvion at peak moment but also over a certain length of |

the girder as well, after which failure is triggered by local
inelestic buckling of a compression element. It must be noted
that, due to the requirement of transverse stiffeners at
places where concentrated loads are introduced, the maximum
bending moment ccours alw&ys at the end of a.panel. At this
Crogs séction, however, the_web as well gs,the compression
flange is restrained against local instability by the trans-
verse stiffener which allows this yielded zone of limited
length to strain-harden. Therefore, local torsionalvbuckling
of the flange occurs at cross sections where the moment value
is smaller than that at the theoretical reaction line or cover

plate end, as is illustrated in Pig. 5.

Consequently, in presenting the teat resﬁlts a "signi-

ficant cross section" is chosen rather than the loading point
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at the.end of & panel where the moment is highest. This
beneficial effect of & moment gradient will be considered
again while discussing the influence of torsional buckling

on interaction.
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li. THE INFLUENCE OF FLANGE INSTABILITY

So far it has besen assumed that féilure would occur by
" ghear exhaustion of ductility, or at least that the flanges
could be strained up to the yield level without a premature
instability faillure due to lateral, torsional or wvertical
f}qu; , buckling of the compression flange. This requirement will
| now be dropped and the queation raised as to how the results
obtained by analyzing these three fallure modes on girders
(3)

subjected to purs bending must be modified in the case of

& combination of bending and shear.

The presence of shear has both a detrimental and a bens-
ficial aspect. The beneficial aspect iz due to the fact that
shear forces always imply a moment gradisnt and,'therefore,
only & short girder portion is gffected by the maximum moment.
The adverse aspect is that a web which is exhausted by shear
cannot simultaneously take its allotted bending moment and
the flanges will have to compensate for it, resulting in a
higher flange stress than computed by the section modulus

concept.

a) Lateral Buckling. From Fig. 7 of Ref. 3 it 1s seen

that the overturning moment (torsion) causing lateral buckling
is made of a contribution by the compression flange and ancther
by the web. A rearrangement of stresses between the web and

the flange, however, does not change the overall or resulting
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overturning moment. And since the resisting moment, which
ig dependent on the lateral stiffness of the compresgion _
flangé, is only slightly affected by the highef stress level,
the adverasse iﬁfluence mentioned above can be neglected in an
analysis of lateral buckling. Calling the ultimate bending
moment due to flange instability Mﬁp the failure condition
given by Eq. L, which is independent of shear, applies also
to lateral buckling.

It remaing to discuss the beneficial aspect of a moment
gradient. This csan be evaluated in the way proposed by Clark
andeill(6) and advocated in the Guide to Design Criteria for
Metal Compression.ﬂbmbersc7), namely, by multiplying by a
factor Clthé elastic critical atress which would result if
the entire girder section were subj@@ted to pure bending. ,
Thus, the lateral buckling expression as represented in Eq. 7

of Ref, 3 ia generalized as followsg

Jer =7 .M 0<% < {567
Oy _ C1 |
—, R e A>42C
Oy A , 1 (8b)
! As + % A B
with A= TR Y\—%’-w -

Pursuant to the Guide's recommendation (Eg. 4.6, Ref. 7), the
effective inelastic buckling stress is obtained on the basis
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of an equivalent column slenderness, and is reduced from
Euler'!s curvevin”the same way as the basic column curve,
Sec. 2.2, Ref. 7. Equation 8a fixes the thusly derived
critical stress in the inelastic range, This reduction in
the inelastic range is graphically indieated in Fig. 6,
where the buckling stress curves are plotted for various

values of Cqe

(3)

Ag explained when discussing the case of pure behding R
the standard slendernsss abscisse A in Fig. 6 can be supple;
‘mented by one for /¢ and [/2s, the former being the
slenderness ratic cobtained by considering the compression
flange togebher with 1/6 of the web as & column, while the
latter is simply the ratic of buckling length to flange width,
applicable only if the flange is a rectangle. Both of these

abscigsa are plotted for a yield strain e, = 33/30000; the A

v
scale, however, 1s appropriate for aﬁy yield strain., Instead
of the lateral bracing distance ! the "k-length" k{, an
gffective lateral buckling length, can Ee introduced to
account for restraining influences offered by neighboring
sections. Since St. Venant torsion is neglected, the value

k is exactly the same as for columns subjected to identical

axial stresses and end restraint as the compreésion flange,

and also has the same physical significance, Sec. 2.2b, Ref. 3.
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Denoting as ® the ratio of the smaller end moments of
a longitudinal girder segment free from interspan loads to
the larger end moment, Eq. li.13 of the Guide(7) gives the

following expression for the coefficient Cy:
C1 = 1.75 - 1.052 + 0.3%€° (~0.5<x<+ 1)  (9)

This relatlionship between stress raising coefficlent C;, and
the moment gradient is based on solutions obtained by _
Salvadoriw)° With help of the sketches to the right of Fig. 6
the beneficisal influencé of a moment gradient can be readily

gstudied,

A few cases of a girder with interspan loads are also
inserted in Fig. 6. Here the critical stress is often
further modified tou inelude the effect of location of load
application (top flange or botbom flange). If a load is sus-
pended from the bottom flange, the buckling stress curves
presented are conservative; if ‘Jloaded on top, a tipping
effect could make the result unconservative. Although it
makes a signifi@ant‘difference whether the load 1s acting
through the shear center or not, it must be pointed out that,
for the case of plate girders, the tipping effect is more an
academic than a real problem. In most cases the points of
load application are simultaneously points of lateral bracing.
Even in the case where the loading beam is laterally unstayed

the physical pleture still does not correspond to the condition
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pictured in Fig. 7a, since a cross beam offers torsional
restraint to the girder. As seen from PFig. 7b, the cross
beam does not even need to be tied to the girder by bolts
in order to exert a btorsional restraint. Transverse
stiffeners are required under concentrated loads, hence
theoretical knife edge load application at flange center 1is
rather unlikely to occur. But when it does, as is the case
of a crane girder, concurrent lateral forces are usually
taken into aceouhtg and the analysis changes from an eigen-
value into a boundary wvalue problem, i.e. stress limitations
at the flange tips govern the design rather than lateral
buckling stress. For these reasons no further provision

against tipping ssems required in plate girder ‘specifications.

b) Torsicnal Buckling, According to the analysis of

girders subjected to pure bending given in Sec. 2.3 of Ref. 3,
torsional buckling is preceeded by lateral buckling if the
ratio of flange width to thickness 1s smaller than twelve
plus the ratio of lateral buckling length to flange width.

For larger flange width~thickness ratios, a critical stress
can be obtained bj entering Fig. 6 with the buckling length
that fulfills this condition.

The beneficial effect of a moment gradient applies also
to torsional buckling of a long, hinged plate under longitu-

dinal edge compression since its wave length extends also over
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the entire plate length. But the slight improvement in
eritical stress when the buckling length exceeds two or
three times the plate width is less pronounced than in the
case of lateral bucklings torsional buckling of the com-
pression flange blate is of more local nature. ~Furthermore,
the increase of flange stress, resulting from ah exhausted
web, should be accounted for. Rather than create further
design provisions, the relation cited above from Ref. 3
might be used, The‘fa@tuthatg at the most stressed cross
section of a panel, the compression flange is prevented from
torsional buckling (Fig. 5) might be regarded as a compen-

gation for any adverase influsnces.

This, of couras, is only a ﬂta§<in the right direction.
However, toc compare numerically the mutually canceling
effects would smount to an effort beyond the scope of this
investigation. Not only would an exact analysis require
knowledge of the combined failure mode of lateral and tor-
sional buckling of the compfession flange but strain-
hardening and residual stresses would also have to be con=
sidered. Allowing lateral buckling alone White attempted to
includs strainmhardening(g)y while Galambos considered the
influence of residusl stresses in the absence of moment

gradiento(lg)

Torsional buckling of the flange plate in
the inelastic range was sbtudied by Haailjer and Thiirlimann
disregarding possible interaction between lateral and tor-

sional bucklingo(11>
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c¢) Vertical Buckling, To prevent & premature failure

due to vertical buckling of the flange plabte, a 1limit for the
web's depth-to-thickness ratio was proposed in Sec. 2.1,
Ref. 3. When the girder web is slender, a prerequisite for
vertical buckling, the shear is carried principally in ftension
field marmer. The question 1s whether or not the web's tension
field would pull the flanges of a givder with sthaped Cross
gection into the web. In derlving expressions to predict the
shear carrying @apacity(2>s no such intentional use of the
flanges a3 supporting boundary members of & diagonal tension
field was made., The interaction tésts carvied out on plate
girders developesd no detrimental seffect prior to application
of ultimete load. As gn 1llustration, Fig. 8 shows a girder
after tests which caused failure in diffefent panelsa(u) It
| had a 50 x 3/16 inch wsb plate and 12 x 3/l inch flanges. Of
course, a straining beyond the ultimate ioad, that is, inteo
the unloading rangs, would reach a point where the compression
flange plate suddenly buckles into the web. But this is not
the primary cause of failure. Rather it is a factor limiting
girder deformation capsascity under bending after the ultimate
lcading has been reached. While certain girders exhibit a
proncunced yield plateau in their load versus centerline

deflection disgram, slender-web girders under a combination

of bending and shear may lack this favorable property.
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It is conceivable that shear stress might be a factor in
initiating vertical buckling of compression flange in the
plane of a girder web. This was not discernible in any of
the tests reported in Ref. l but these did not cover the
entire Interaction range with slender-web girders. However,
precautionary measures have been taken in the derivaﬁion of
Eqs. 6, from Eg., 5d, by the use of a relatively large value
for the wratio Aw/Af ag representative of all girders, whereas
the derivation given in Sec., 2.1 of Ref., 3 has indicated that
girders prone to verbtical buckling of compression flange have

a low Ay/Ar ratio,

Interaction bebween bendiang and shear oceurs only when
both types of stresses gimultaneously yaaéh high values.
Generally, this will only ococur at interior supports of con-
tinuous girders., Due to the stress concentrated at these
points, strain-hardening is poasible, (Fig. 5). This favor-
able effect is not reflected in the conventional design rules
which prescribe the same maximum bending stres; limits, re-
gardless whether it occurs only at one cross sectlon or over
a certain length of the girder. As far as the compression
flange is concerned, this effect was used to compensate for

an unconservabtive provision for torsicnal buckling. In the
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tension flange, however, local torsional buckling cannot
occur and the flanges can strain-harden. Also, the tenslon
flange does not require provisions against vertical buckling,
such as the relatively restrictive Egs. 6 which, although
derived for Ay/Ap = 2,0 would be applied bto girders with a

lower ratio of Ay/Ap, as pointed out above,

For these reasons it iz suggeshed that the interaction
Eqs. 6 be waived for the tension flange stress at interior re-
action points of fully continuous girders. This may result in
the choice of unsymmetrical cross sections having a smaller
tension flange area than compressgion flange area, as advocated
previously(lg)o Due te this measure, however, yielding in the
tension flange would be initiated prior to instabllity of the
compresgion flange, reaulting in‘a beneficial redistribution
of moments., Signsg of imminent failure through tension yileld-

ing would be much better than a sudden collapse, triggered by

compression flange instability.
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NOMENCLATURE

b g Depth of girder web

c 3 Half of flange width

g s Lateral buckling length

rog Radiug of gyration (in lateral direction, by

considering compression flange and one sixth of the
web as column cross section)

Agps Plange aress

Ay Web arsa

Cq38 Stress raising coefficient
- Ip Moment of inertis corresponding to r
M s Bending moment

Mes Flange moment

Mgg Yield moment

M., ¢ Plastic moment

M2 Ultimate moment

N 3 Factor of safety

S e Section Modulus

Vo Shear force

Vige Ultimate shear force

g 3 Strain

Ratio of smaller to higher end moment

> X

20Q

Normalized slenderness ratio
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o3 Normal stress

cy: Yield stress

O,.2 Critical stress; buckling stress of compr. flange
T ¢ Shear stress

Tall: Allowable shear stress

Ty "Shear yield stress
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