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This paper summarizes the results of a research proj e ct on 
the behavior of longitudinally stiffened plate girders subjected 
to e ither pure bending or high shear. Analytical and experi
me ntal studies were conducted to determine the increase in the 
static strength of plate girders due to the presence of longitudinal 
stiffeners . Requirements for positioning and proportioning 
longitudinal stiffeners are also discussed. 

•THE provisions in the AASHO specifications (1) for dete rmining the proportions of a 
plate girder web and the location and size of web stiffeners are primarily based on 
stability considerations, i.e., the theoretical web buckling stress is the crite rion for 
failure or limit of usefulness. However, because of a redistribution of stress in the 
web and the supporting action of the flanges and stiffeners which frame the web, the 
maximum load which a girder can sustain is considerably higher than the the oretical 
web buckling load (2). In many cases where plate girder design is based on web 
buckling theory, the existence of post-buckling strength is tacitly recognized by the use 
of a low factor of safety against web buckling (3 ). 

In this paper the type of stress r edistribution which occurs in a plate girder web is 
discussed for the separate loading cases of pure bending and high shear. In particular, 
the effect of a longitudinal stiffener on the stress redistribution is de scribed for these 
two loading cases. 

When investigating the influence of longitudinal stiffeners on the behavior of plate 
girders, it is helpful first to study the behavior of transversely stiffe ned plate girders 
(2 , 4, 5 ). Based on this information and observations of the behavior of longitudinally 
stiffened test girders, the effect of longitudinal stiffeners can then be explored. 

BENDING STRENGTH 

The behavior of transversely stiffened plate girders subjected to pure bending can 
be described using the test data on lateral web deflections and bending stresses shown 
in Figure 1. Shown in Figure la are the web deflection patterns measured at three 
different test loads. The web deflections increased continuously in the upper half of 
the girder, which was subje cted to compressive bending stresses. There is no indica
tion of a sudde n change in the magnitude of the deflections such as would be expected 
according to web buckling theory. 

Another illustration is provided by the curves of bending stress distribution (Fig. lb). 
The dark lines represe nt the measured stresses and the light lines r epresent the 
linear stress distributions computed from conventional beam theory (a= My/I). In 
the lower portion of the web, the measured tensile stresses correspond very closely 
to those predicted by beam theory; however, due to the increasing lateral web deflec
tions in the compression zone, a redistribution of compressive stresse s from the web 
to the compression flange occurs. The stresses in a significant portion of the web 
between the neutral axis and the compression flange are essentially zero; the com
pression flange and a portion of the web adjacent to it carry stresses which exceed 
those predicted by beam theory. 
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Figure l. Test measurements on a transversely stiffened girder . 

• tJ.. flange stress reduction formula has been ::iclopted for transversely stiffened 
girders to compensate for the inc r ease in compression flange stress above the beam 
theory stress due to the stress redistribution (4). The magnitude of reduction is a 
function of the web slenderness ratio since the extent of the stress redistribution in
creases with higher slenderness ratios. 

A longitudinal stiffener placed in the zone between the neutral axis and the compres
sion flange reduces or completely eliminates lateral web deflections and thus has a 
significant effect on the stress redistribution described. This effect is illustrated by 
the web deflection and bending stress distribution data (Fig. 2). The test girder in 
Figure 2 was essentially identical to that in Figure 1, except for the presence of a 
longitudinal stiffener located Y6 of the web depth from the compression flange. Be
cause of the presence of the longitudinal stiffener, the extent of the increase in lateral 
web deflections shown in Figure 2a is substantially smaller than that shown for a 
transversely stiffened girder (Fig. la). 

Further information on the influence of longitudinal stiffeners on bending strength 
can be obtained from a comparison of the stress distributions in Figures lb and 2b. 
Although the initial web deflections of the longitudinally stiffened specimen caused the 
bending stresses in the web to deviate somewha t from the linear beam theory distribu
tion (Fig. 2b), a redistribution of stress from the web to the compression flange of the 
type shown in Figure lb is not evident. Beam theory could be used to predict ac
curately the compression flange stresses for the longitudinally stiffened girder. 

From this discussion it may be concluded that if a suitably positioned and pro
portioned longitudinal stiffener is used, beam theory can be used to predict the com
pression flange stresses. In this case a flange stress reduction is not necessary. 
Thus, by preserving the beam-type action the longitudinal stiffener will have a signifi
cant and beneficial effect on the bending strength. The percentage increase in the 
bending strength due to the longitudinal stiffener is shown in Figure 3 as a function of 
the web slenderness ratio and the ratio of the area of the web to the area of the flange, 
Aw/ Af. For the practical range of Aw/ Af between 0. 5 and 2 and with a web slenderness 
ratio of 400, the increase in bending strength varies from about 6 percent to 30 percent. 

A longitudinal stiffener should be located 1/s of the web depth from the compression 
flange to be effective in controlling the stress redistribution under pure bending (~). 
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Figure 2. Test measurements on a longitudinally stiffened girder. 

3 

This is the position specified in the AASHO specifications (1 ). Requirements for pro
portioning longitudinal stiffeners are discussed in a separate section of this paper. 

The bending strength theory described in this paper has been checked with the 
results of tests included in this program and tests conducted by others (6). The web 
slenderness ratios of the test girders ranged from 299 to 407. The ratios of the ex
perimentally obtained ultimate loads lo the ultimate loads predicted by the theory 
varied from 0. 94 to 1. 02 with a mean value of 0. 98. Due to the presence of the longi
tudinal stiffeners the ultimate loads of these test girders we r e increased from 14 per
cent to 26 perce nt. The correlation of the bending strength theory with the test results 
is shown in Figure 4. Bar graphs are used for the ratio of the predicted ultimate load 
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Figure 3. Increase in bending strength due to a longitudinal stiffener. 
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Figure 4. Correlation of bending strength theory 
with test resu Its. 

puth to the yield load Py and the ratio of 
the experime nta lly obtarned ultimate load 
Pu ex to the yield load. The test results 
indicate that a substantial increase in 
bending strength can be achieved by using 
longitudinal stiffeners, and that the theory 
provides a reliable estimate of the actual 
bending strength of longitudinally stiffonod 
plate girders. 

SHEAR STRENGTH 

The type of shear panel which will be 
considered in this section is shown in Fig
ure 5. The panel consists of a rectangular 
portion of the web bounded by the flanges 
and transverse stiffeners. It is assumed 
that the moment present on any sect ion in 
the panel is small so that the shear 
strength of the panel can be studied in
dependently. 

An element subjected to pure shear 
stresses T is shown in Figure 6a. These 
s tress es correspond to the principal 
stresses shown in Figure 6b, where the 
tensile principal stress u1 is numerically 
equal to both the compressive principal 
stress a2 and the shear stress T. The 

state of stress shown in Figure 6a is the type usually assumed in simple beam theory; 
in the following discussion it will be referred to as "bea.m action shear." As the shear 
force on a plate girder panel is increased, a stage is reached where the compressive 
stress a 2 can no longer increase as rapidly as the tensile stress cr1 because the web 
deflects laterally. For an ideal panel which is initially perfectly plane, this stage 
starts when the shear force reaches the critical value predicted by plate buckling 
theory. The stress in the direction of the tension diagonal continues to increase as 
the applied shear force increases beyond the critical shear force. A field of tensile 
stresses of the type shown in Figure 6b develops, and it is the source of the post-buck
ling shear strength of the panel. This state of stress is termed "tension field action 
shear." 

Evidence of stress redistribution from the beam action type to the tension field 
action type in a plate girder web is shown in Figure 7 -a photograph of a longitudinally 
stiffened test girder after it has been subjected to the ultimate shear force (7 ). The 
diagonal yield line patterns indicate the development of separate tension fields in the 
subpanels formed by the longitudinal stiffene r. 

Based on observations of test girders and the shear strength theory developed by 
Basler (5), the tension field model shown in Figure 8 has been used to estimate the 
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- shear strength of longitudinally stiffened 
plate girders (6). The following assump
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Figure 5. Typical shear panel. 

tions were used: 

1. The ultimate shear strength of a 
longitudinally stiffened panel is the sum 
of the shear strengths of the two subpanels; 

2. The shear strength of a subpanel is 
the sum of the beam action contribution 
and the tension field action contribution; 

3. The beam action contribution is the 
shear force carried by the web at the 
theoretical web buckling stress; 
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(a) Beam Theory Shear Stress 

(b) Tension Field Stress 

Figure 6. Stress states in a plate girder web. Figure 7. Longitudinally stiffened test girder 
after shear test. 
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4. The tension field contribution is the vertical component of the tension field force 
(Fig. 8 ); and 

5. The ultimate subpanel shear forces will be reached when the combination of beam 
action and tension field action stresses cause yielding in the web. 

The ultimate shear force of a longitudinally stiffened panel Vu non-dimensionalized 
by the plastic s hea.r force (the product of the web area a nd the yield sfress in shear), 
is plotted against the web slenderness ration D/t for constanl valu s of yield strain cy 
and aspect ratio d/D (Fig. 9). Curves are shown in Lhe figure for three different 
longitudinal stiffe ner positions illustrating that the stiffener position which ,provides 
the highest shear strength varies with the web slenderness ratio. The optimum longi
tudinal stiffener position moves from mid-depth toward the compression flange as the 
web slenderness ratio increases. 

d 

Figure 8. Tension field model for a longitudinally stiffened panel. 
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Using the optimum longitudinal stiffener position, the increase in the shear strength 
of a plate girder panel due to the use of a longitudinal stiffener is shown in Figure 10 
as a function of the web slenderness ratio. The yield strain and aspect ratio are con
stants in this figure and have the same values as those used in Figure 9. According to 
the theory, the maximum increase in shear strength is about 26 percent for a slender
ness ratio of about 160 with an increase of almost 10 percent for the entire range 
120 ,;; D/t s 400 (Fig. 10). The increase in shear strength due to the longitudinal 
stiffener will be slightly different from that shown in Figure 10 for other values of 
yield strain and aspect ratio. 

The results of seven longitudinally stiffened plate girder tests were used to check 
the shear strength theory described (6). In these tests three panel aspect ratios 
(d/ D = 0. 75, 1. 0 and 1. 5) and three longitudinal stiffener positions (D1/ D = '12, % and 
'/s) were used. The web slenderness ratio varied from 256 to 276. For the seven 
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Figure 10. Increase in shear strength due to longitudinal stiffener. 
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tests the ratio of the expe_rimentally ob

tained ultimate loads Pu ex to the ultimate 

loads predicted by the theory Puth ranged 
from 1. 00 to 1. 18 with a mean value of 
1. 10. The use of longitudinal stiffeners 
in the test specimens resulted in an in
crease in shear strength ranging from 
6 percent to 38 percent. The ratios of 

Pu ex and Pu th to the plastic shear load 

Pp are shown in Figure 11 to provide a 
visual indication of the correlation of the 
shear strength theory with the seven test 
results. In summary, the test results 
indicate that the theory provides a reliable 
but somewhat conservative estimate of 
the actual shear strength of longitudinally 
stiffened plate girders and that the use of 
longitudinal stiffeners can lead to a sub
stantial increase in shear strength. 

Figure l l. Correlation of shear strength theory 
with test resu Its. 

LONGITUDINAL STIFFENER 
REQUIREMENTS 

Three requirements are proposed for 
proportioning longitudinal stiffeners: 

1. A minimum width-thickness ratio to prevent premature local buckling; 
2. A minimum stiffener rigidity to force a nodal line in the deflected web; and 
3. A minimum stiffener column strength to avoid premature lateral buckling. 

The first requireme nt is the same for both bending and shear. Although the second 
requirement is intended to help insure that web deflections are controlled for both 
l oading cases, for pure be ndi ng the pm·pose is to prevent a redistribution of stress 
from th · web to the compr ession Ilange; for high shear the rigidity requirement is to 
i ns \lre that separate tension fields will for m in the subpanels. Correspondingly, the 
numerical values of the mi nimum stiffener r igidity are different for the two loading 
cases (6). For the be nding case, lhe com1>ressive force used in checking the third 
requirement is that assigned to the s tiffener section according to beam theory. In the 
case of high shear the mini mum s tiffener column strength is required to transfer the 
horizontal components of the tension fields from one side of a panel to the other 
(Fig. 8). 

SUMMARY 

Results of an investigation of the influence of longitudinal stiffeners on the behavior 
and strength of plate girders have been sum mari zed. F or the case of pure be nding it 
was found that longitudina l stiffeners, by cont r olling lateral we b deflections, help to 
maintain a linear bending stress distribution, thus eliminating the need fo:r.· reductj on 
in the flange stress. For a girder panel subjected to high s hear, longitudina l stiffe ners 
force the formation of separate tension fields in the subpanels. In both loading cases, 
a substantial increase in strength can be achieved by using longitudinal stiffeners. 

Requirements for p t•opor tion:ing longitudinal stiffeners have been described. These 
r equj.rements a r e applicable to b oth loadi ng cases considered. The problem of posi
tioning longitudinal s tiffe ner s has a lso been treated for the two loading cases. 

This study was limited to the static strength of symmetrical, longitudinally stiffened 
steel plate girders. Since longitudinal stiffeners are effective in controlling lateral 
web deflections, they should also have a beneficial effect on plate girder fatigue 
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strength. The effect of longitudinal stiffeners on the behavior and strength of unsym
metrical girders has not yet been determined. Research programs are in progress to 
investigate these related problems. 
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