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Abstract 
 

Steel and steel-concrete composite plate girder bridge decks are commonly designed with intermediate transverse 

stiffeners. They divide the web in small panels increasing their buckling resistance, although their most important role is the 

contribution to the post-buckling resistance. After the plate buckles, the compressive stresses remain constant, while the tensile 

stresses develop rapidly due to the vertical anchorage provided by the transverse stiffener. 

A numerical study is developed for high strength steel plate girders with transverse stiffeners, based on a non-linear finite 

element analysis, where the dimensions of single and double-sided rectangular stiffeners are varied. This study evaluates the 

behaviour of the intermediate transverse stiffeners for different initial imperfections of the plate girder and compares the 

compression forces obtained in the stiffener with the recognized very conservative EC 3-1-5 design method. 

To investigate the contribution to the bending moment in the stiffener caused by the lateral loading due to the buckled 

web, the stiffeners are replaced by a continuous lateral elastic support. With this set-up it is possible to analyse the shape and 

magnitude of the lateral loading to which the stiffener is subject in order to effectively sub-divide the web panels. This set-up 

is also helpful to evaluate which of strength or flexural rigidity is the most important characteristic for transverse stiffener 

design. 

A new elastic method for the design of the intermediate transverse stiffeners is developed, less conservative than the actual 

code, based on their behaviour and loads obtained from the finite element analysis. 
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1.  Introduction 
 

Webs of steel and steel-concrete composite bridge plate 

girder decks contribute mainly to the shear resistance. When a 

web panel is loaded with a shear force below its buckling 

resistance, the principal tensile and compressive stresses are of 

equal magnitude, as seen in Figure 1 a). It has been shown that 

after the web panel buckles the response is non-linear: the 

compressive stresses do not increase significantly, while the 

tensile stresses develop rapidly due to the membrane effect 

shown by the plates (Figure 1 b)). 

The plate girders with slender webs ( �̅�𝑤 ≥ 1.5) exhibit a 

significant post-buckling resistance and in order to take 

advantage of this resistance capacity, the transverse stiffeners 

need to constitute a rigid support to the panels. When high 

strength steel (HSS) is adopted the plate girders’ webs are 

slenderer. Therefore, the post-buckling resistance up to plastic 

failure is higher and the transverse stiffeners are submitted to 

higher compression forces. It is commonly accepted that the 

present form to design stiffeners much overestimates their real 

forces. The motivation for this work is therefore to understand 

the complex stiffened web behaviour up to failure and to develop 

a variant design proposal for the intermediate transverse 

stiffeners, less conservative than the actual design criteria 

present in EC 3-1-5 [1], by evaluating the axial and lateral loading 

caused the membrane stress field during the post-buckling phase. 

This subject has been studied first by Basler [2], in the sixties of 

last century and since then by many researchers during the last 

thirty years [3-20], Still, no studies have been conducted 

specifically for the case of stiffeners of plate girders made of high 

strength steel, where recent works have found the rules of EC 3-

1-5 very conservative [21-26]. 

C

CT

T

 

T

T

 

a) Pre-buckling phase b) Post-buckling phase 

Figure 1 – Simply supported plate loaded in shear 
 

2. Design of Intermediate transverse stiffeners 

according to EC 3-1-5 

2.1 Resistance to shear 
According to EC 3-1-5 [1], the design resistance for shear of 

stiffened or unstiffened webs 𝑉𝑏,𝑅𝑑, is taken as the sum of the 

contribution of the web 𝑉𝑏𝑤,𝑅𝑑  and the contribution of the flanges 

𝑉𝑏𝑓,𝑅𝑑 , but is limited to the plastic resistance of the web, 𝑉𝑝𝑙𝑤,𝑅𝑑  

(Eq. (1)) [30, 31], 
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𝑉𝑏,𝑅𝑑 = 𝑉𝑏𝑡,𝑅𝑑 + 𝑉𝑏𝑓,𝑅𝑑 ≤ 𝑉𝑝𝑙𝑤,𝑅𝑑  (1) 

where the plastic resistance of the web is defined by: 
 

𝑉𝑝𝑙𝑤,𝑅𝑑 =
 𝜂 𝑓𝑦𝑤  ℎ𝑤 𝑡𝑤

√3 𝛾𝑀1

 (2) 

 

• Contribution from the web 

Based on the model proposed by Hoglund [20], the 

contribution from the web considers both the elastic and post-

buckling resistance and it is given by Eq. (3), 
 

𝑉𝑏𝑤,𝑅𝑑 =
𝜒𝑤  𝑓𝑦𝑤  ℎ𝑤 𝑡𝑤

√3 𝛾𝑀1

 (3) 

where the shear buckling factor 𝜒𝑤 depends on the web 

slenderness �̅�𝑤 and on the type of end support being used. Table  

shows the expressions used to calculate 𝜒𝑤 and their plot is 

shown in Figure 2. For �̅�𝑤 < 1.08 the curves have the same 

reduction factor. Only for �̅�𝑤 ≥ 1.08 the reduction factor is 

different, moreover it depends on the type of end support. The 

webs with a rigid end support have a greater shear capacity 

(higher 𝜒𝑤) in comparison to the webs with a non-rigid end post. 
 

Table 1 - Contribution from the web to the shear buckling 

resistance from EC 3-1-5 [1,20,29,30] 
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end post 
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Figure 2 - Shear buckling factor (adapted from [28, 30]) 

 

• Contribution from the web 

The contribution from the flanges is usually small when 
compared to the resistance provided by the web. This 
contribution is associated to the formation of plastic hinges in the 
flanges, at the section where the diagonal tensile stress field is 
anchored, as shown in Figure 3. 
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Figure 3- Failure mechanism involving the formation of 

plastic hinges in the flanges 

Still based on the model proposed by Hoglund [20], the 
contribution from the flanges 𝑉𝑏𝑓,𝑅𝑑  is given by: 
 

where 𝑐 is the distance represented in Figure 3 and is calculated 

by Eq. (2.7) 
 

𝑐 = 𝑎 ∙ (0.25 +
1.6 ∙ 𝑏𝑓 ∙ 𝑡𝑓

2 ∙ 𝑓𝑦𝑓

𝑡𝑤 ∙ ℎ𝑤
2 ∙ 𝑓𝑦𝑤

)    (5) 

 

and 𝑀𝑓,𝑅𝑑  is the moment resisted by the effective cross-section 

of the flanges; in the presence of a longitudinal axial force 𝑁𝐸𝑑  its 

value should be reduced, and it is given by Eq. (6). 
 

𝑀𝑓,𝑅𝑑 =
𝑀𝑓,𝑘

𝛾𝑀0

∙ (1 −
𝑁𝐸𝑑

(𝐴𝑓1 + 𝐴𝑓2) ∙
𝑓𝑦𝑓

𝛾𝑀0

) (6) 

 

2.2 Buckling resistance 
The critical shear force of a web panel can be obtained by: 
 

𝑉𝑐𝑟 = 𝜏𝑐𝑟 ∙ ℎ𝑤 ∙ 𝑡𝑤 (7) 
 

The elastic critical plate buckling stress, 𝜏𝑐𝑟, is obtained by: 
 

𝜏𝑐𝑟 = 𝑘𝜏 ∙ 𝜎𝐸  (8) 
 

where 𝜎𝐸  is given by Eq. (9) 
 

𝜎𝐸 =
𝜋2𝐸𝑡𝑤

2

12(1 − 𝜈2)ℎ𝑤
2

= 190 000 (
𝑡𝑤

ℎ𝑤

)
2

[MPa] (9) 

 

and 𝑘𝜏 is the buckling coefficient that depends on the aspect ratio 

of the web panel and is evaluated assuming the edges are simply 

supported (Eq. (10) and (11)). 
 

  𝑘𝜏 = 400 + 5.34(ℎ𝑤 𝑎⁄ )2 if     𝑎/ℎ𝑤 < 1 (10) 

 𝑘𝜏 = 5.34 + 4.00(ℎ𝑤 𝑎⁄ )2 if     𝑎/ℎ𝑤 ≥ 1 (11) 
 

This assumption is conservative because the flanges and 

transverse stiffeners provide some rigidity, not allowing the free 

rotation of the web panels’ edges. In Figure 4 is represented the 

variation of 𝑘𝜏 with the aspect ratio of the web panel. Only for 

𝑎/ℎ𝑤 below 3 does the increase in the buckling coefficient start 

to be noticeable in relation to a web panel with infinite length 𝑎. 

This means that significant increases in 𝑉𝑐𝑟  are only possible by 

designing web plates with a small aspect ratio or thicker panels. 

However, a higher 𝑉𝑐𝑟  is not a key feature since the EC 3-1-5 

allows to take advantage of the post-buckling capacity of the web 

panel, which is a considerable part of the resistance to shear, 

especially for slender webs made of HSS, as in Figure 2. 

 
2.3 Design of the intermediate transverse stiffeners 
The design and safety verification of intermediate transverse 

stiffeners is based on the fulfilment of two requirements:  

a) rigidity  

b) resistance. 

• Rigidity requirement 

In order to provide a rigid lateral support for the web panel 

the transverse stiffeners should have a minimum flexural rigidity. 

𝑉𝑏𝑓,𝑅𝑑 =
𝑏𝑓 ∙ 𝑡𝑓

2

𝑐
∙

𝑓𝑦𝑓

𝛾𝑀1

∙ [1 − (
𝑀𝐸𝑑

𝑀𝑓,𝑅𝑑

)

2

] (4) 



3 

hw

a

a/hw  
Figure 4 – Variation of the buckling coefficient with the 

aspect ratio of the web panel (adapted from [28, 30]) 

The EC 3-1-5 assumes that there is an effective width of the 

web acting together with the outstand of the stiffener. The 

effective cross section of the stiffener is represented in Figure 5 

and it considers that the width 15 휀 𝑡𝑤, for each side of the 

outstand, is effectively acting with the stiffener. However, no 

more than the actual dimension available should be taken into 

consideration to avoid any overlap of contributing parts of 

adjacent stiffeners. This effective cross-section should be 

considered for the verifications of rigidity and strength [1, 30-32]. 
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Figure 5 - Effective cross section of the stiffener according 

to EC 3-1-5 

The minimum rigidity requirement is frequently easily 

checked with the stiffeners usually adopted in design practice. It 

depends on the aspect ratio of the panel and is given by Eq. (12) 

and (13). 
 

   𝐼𝑠𝑡 ≥ 1.5 ∙ ℎ𝑤
3 ∙

𝑡𝑤
3

𝑎2       if      𝑎/ℎ𝑤 < √2  (12) 

   𝐼𝑠𝑡 ≥ 0.75 ∙ ℎ𝑤 ∙ 𝑡𝑤
3     if      𝑎/ℎ𝑤 ≥ √2 (13) 

 

 

• Strength requirement 

The transverse stiffeners are usually designed assuming an 

initial sinusoidal imperfection, where the maximum amplitude 𝑤0 

is defined in EC 3-1-5 by [1]: 
 

𝑤0 = min (
ℎ𝑤

300 
; 

𝑎1

300
; 

𝑎2

300
) (14) 

 

where 𝑎1 and 𝑎2 are the width of the web panels adjacent to the 

stiffener, and ℎ𝑤 its height.  

The EC 3-1-5 assumes that the axial force in the stiffener is 

only present for the post-buckling phase, and that every 

increment in shear, after the shear buckling resistance, passes as 

compression through the stiffener (Figure 6 a)). The axial force is 

the stiffener is then calculated by Eq. (15). 

𝑁𝐸𝑑 = 𝑉𝐸𝑑 − 𝑉𝑐𝑟  (15) 

In case the shear force in the web panels adjacent to the 

stiffener is different, the check should be performed 

considering the shear force at the distance of 0.5 ℎ𝑤 from the 

edge of the panel with the largest shear force. 

hw

e e

NEd NEd

NEdNEd

NEd

NEd

a)

b)  

Figure 6 – a) General truss model assumed for conduction 
of shear to the supports on a stiffened plate girder after web 

buckling; b) Eccentricities in asymmetric stiffeners 

EC 3-1-5 allows the use of a buckling length of no less than 

0.75 ℎ𝑤, if both ends are assumed to be fixed laterally and the 

buckling curve 𝑐 should be assumed for the design.  

When single-sided asymmetric stiffeners are used 

eccentricities should be accounted for, as shown in Figure 6 b). 

The length 𝑒 is the distance between the centre of the web and 

the centre of gravity of the effective cross section of the stiffener. 
 

• Torsional buckling requirement 

For stiffeners with open cross sections the EC 3-1-5 provides 

the criterion presented in Eq. (16), 
 

𝐼𝑇

𝐼𝑃

≥ 5.3 ∙
𝑓𝑦

𝐸
 (16) 

 

where 𝐼𝑃 is the polar second moment of area of the stiffener 

around the edge fixed to the plate and 𝐼𝑇 is the Saint Venant 

torsional constant for the stiffener.  

In case the stiffener has a significant warping stiffness, only 

the least onerous of the criteria presented in Eq. (16) and Eq. (17) 

need to be met. 
 

𝜎𝑐𝑟 ≥ θ ∙ fy (17) 
 

In Eq. (17) 𝜎𝑐𝑟  is the elastic critical stress for buckling not 

considering rotational restraint from the plate, given by Eq. (18), 

and θ is a parameter to ensure class 3 behaviour (the value θ = 6 

is recommended) [27]. 
 

𝜎𝑐𝑟 =
1

𝐼𝑃

(𝐺𝐼𝑃 +
𝜋2𝐸𝐶𝑤

𝐿2
) (18) 

 

It is important to stress that this is a conservative verification 

because both Eq. (16) and Eq. (17) neglect the rotational restraint 

provided by the web plate that can be significant if the span of 

the plate is small. Another important aspect to notice is that these 

criteria become increasingly more restrictive as the yield strength 

of the steel adopted increases. For a rectangular stiffener 

outstand the Eq. (16) can be simplified and written as in Eq. (19) 

bellow: 

𝑏𝑠𝑡

𝑡𝑠𝑡

√
𝑓𝑦

355
≤ 10.56 (19) 

 

The maximum admissible ratio 𝑏𝑠𝑡/𝑡𝑠𝑡 is equal to 10.56 for 

stiffeners in steel S355, but this ratio decreases substantially with 

the adoption of HSS S690 to 7.57 [27]. 
 

3. Calibration of FE modelling 
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The calibration of the FE modelling is of great importance to 

demonstrate that the plate girder can be modelled with a 

geometrically and materially non-linear FE analysis and yield 

results similar to the original test girders (Figure 7). Two tests 

from [3] have been chosen for this calibration. In test TGV4 the 

failure mechanism involves a web failure, while the transverse 

stiffeners remain effectively straight and test TGV8-1 failure 

mechanism involves the bowing of one of the stiffeners. 
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Figure 7 – Details of experimental plate girder [1] 

 

Different configurations for initial geometric imperfections 

were developed to investigate the sensibility of the FE models 

and are often necessary to help the convergence of the FE 

analysis by initiating buckling. Initial imperfections were created 

from trigonometric functions with the intention of giving the web 

panels and intermediate transverse stiffeners a bow shape, as in 

Figure 8. For the maximum amplitude of the lateral initial bow, 

the proposed value from EC 3-1-5 Annex C, of ℎ𝑤/200  has been 

adopted (also proposed in the 2nd revision draft of EC 3-1-5 for 

the initial bow imperfection of the stiffeners) [1, 29]. All initial 

imperfections only have one bow along the vertical y axis. 
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Figure 8 – Initial geometric imperfections (magnified by a 

factor of 5) 
 

• FE calibration analysis on test TGV4 
All peak loads were slightly higher than the load of the 

experimental test girder. The maximum peak load of 210.7 kN 

(+3.8%) was reached by the FE model with imperfection nº1 and 

the minimum peak load of 207.5 kN (+2.2%) was reached by the 

FE model with imperfection nº2. Regardless of the initial 

imperfection used, the FE model failed in a shear mode and the 

stiffeners remained effectively straight after the peak load was 

reached (Figure 9). 
 

• FE calibration analysis on test TGV8-1 
The test TGV8-1 is representative of a girder that has a 

stiffener failure by bowing out of plane. After the peak load of 

180 kN was reached the load/ deflection has a negative slope, 

that indicates a large loss in rigidity in the original test girder. This 

loss in rigidity is due to the bowing of the intermediate transverse 

stiffener A and the panels A1 and A2 tended to function as a single 

web panel.  

 
Figure 9 - Lateral displacement contour (mm) in the 𝑥 axis of 

FE model TGV4 with initial imperfection nº1. Displacements in 

all directions are magnified by a factor of 5 
 

 
Figure 10 - Load/deflection plots of laboratory test TGV4 

and FE models 
 

The FE model with the initial imperfection nº1 was the only 

model able to find equilibrium beyond the peak load of the 

original girder, with 184.3 kN (+2.4%). The maximum load 

reached by the FE models with initial imperfections from nº2 to 9 

is below the load from the laboratory test. The minimum peak 

load was obtained by the model with the initial geometric 

imperfection nº6, with a load of 172.9 kN (-3.9%). 

Both FE models show similar results, with the rigidity of the 

models being very accurate until a mid-span deflection of 2 mm. 

After the peak load is reached in the FE models, there is a sudden 

loss in rigidity associated to the bowing of one of the 

intermediate transverse stiffeners (Figure 11). The negative slope 

in the curve starts for an earlier deflection when compared to the 

laboratory test girder. 

 

 

Figure 11 - Lateral displacement contour (mm) in the x 

axis of FE model TGV8-1 with initial imperfection nº7. 

Displacements in all directions are magnified by a factor of 5 
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Figure 12 - Load/deflection plots of laboratory test TGV4 

and FE models 

 

4. FE parametric study of plate girders with transverse 

stiffeners 

The geometry of the plate girder used for the parametric 

study is shown is Figure 13. 
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Figure 13 - Plate girder geometry used in the parametric study 

(all dimensions in mm) 
 

For the parametric study of the transverse stiffeners only 

imperfection nº1, 3 and 9 have been studied since they proved to 

be the governing ones. Both single and double-sided stiffeners 

are used in this study. The aspect ratio of the web panel has been 

fixed to 𝑎/ℎ𝑤 = 1 and the web geometric slenderness to 

ℎ𝑤/200. All stiffeners are rectangular and have a width to 

thickness ratio equal to 10 for stiffeners in steel S355 and 8 for 

stiffeners in HSS S690, to have always class 3 sections according 

to EC 3-1-1. 
 

4.1 Criteria for obtaining internal forces 

The intermediate transverse stiffener can be divided in two 

parts: the outstand part and the web part. The outstand part is 

the steel flange welded to the web panel and the web part is a 

certain width of the web that works together with the outstand 

due to the rigidity it provides. The EC 3-1-5 defines an effective 

cross section of the stiffener 𝐴𝑠𝑡 which is composed by the 

stiffener’s outstand plus an effective width equal to 15 휀 𝑡𝑤 for 

each side of the outstand. The definition of an effective cross-

section is of great importance for design purposes, but to 

evaluate the internal forces, a wider section needs to be 

investigated. Since the stiffener is a structural element that works 

in compression, only the elements of the FE model inside a length 

𝑙 of ℎ𝑤/2 for each side of the stiffener, with compression 

stresses, are to be taken into account for the calculation of both 

the axial force and bending moment (Figure 14). 

b2 b1

F

l l

hw

Stiffener B

 
Figure 14 - Definition of the web width acting with the 

stiffener (only the elements with vertical component of 

compression are shown in colour) 
 

4.2 Plate girders made of steel S355 
To evaluate the maximum axial load carried by the stiffener 

and the shear force in the web panel with the mid-span deflection 

of the plate girder, the two curves have been plotted in Figure 15 

for the three different initial imperfections considered. The axial 

force in the stiffener is close to zero for a mid-span deflection 

below 1.5 mm (pre-buckling phase). From then on (post-buckling 

phase), the maximum load in the stiffener starts increasing with 

a constant slope and reaches its peak value for approximately the 

same mid-span deflection the girder registers its peak load. The 

curve of the load in the stiffener, for imperfection nº1, has a 

lower slope when compared to the slopes of imperfections nº3 

and 9. The peak axial loads in the stiffener are also higher for 

imperfections nº3 and 9, but when the plate girder has the 

imperfection nº3, the stiffener unloads more rapidly when 

compared to imperfection nº9. 

In Figure 16 the axial force and bending moment diagrams are 

plotted for when the plate girder is under peak load. The axial 

force is sub-divided in the web and outstand components to help  

 
Figure 15 - Shear force and maximum compression force in 

the stiffener with mid-span deflection of the plate girder for 

𝑏𝑠𝑡 = 70 mm for the different initial imperfections 
 

better understand the behaviour of the single-sided stiffeners. 

The total axial force diagram in the stiffener has a parabolic shape 

for all three imperfections. The web part of the stiffener is more 

loaded than the outstand for all imperfections, but especially in 

the stiffener of imperfection nº3. For the stiffener of imperfection 

nº3 the outstand has very little compression, so almost all the 
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load of the stiffener is being carried by the web component. It is 

also for imperfection nº3 that gives the highest axial force and 

bending moments, with -49.2 kN and 2.30 kNm respectively. The 

peak axial force and bending moment are -34.6 kN and 0.84 kNm 

respectively, for imperfection nº1, while for Imperfection nº9 it is 

-44.6 kN and 0.72 kNm. 
 

 
Imperfection nº 1 

 
Imperfection nº 3 

 
Imperfection nº 9 

Figure 16 - Diagrams in the stiffener with 𝑏𝑠𝑡 = 70 mm while 

the plate girder with imperfection nº9 is under peak load (S355) 

 
Figure 17 - Axial force diagram of single-sided stiffener with 

𝑏𝑠𝑡 = 70 mm fitted in the plate girder with imperfection nº3 and 

the EC 3-1-5 design load (S355) 
 

Figure 17 compares the the results obtained from the FE 

models with the design loads from EC 3-1-5. The maximum 

compression force in the stiffener while the plate girder was 

under the peak load was −49.2 kN, far from the EC 3-1-5 design 

load of −124 kN. When imperfections nº3 and 9 were used, the 

axial force in the stiffener was about 40% of the EC 3-1-5 force, 

while when imperfection nº1 was adopted, the force was only 

about 30%.  
 

4.3 Plate girders made of HSS S690 
For the FE models in HSS S690 only imperfection nº3 was 

used, because it was concluded from the parametric study with 

the plate girder in steel S355 that it is the most demanding 

imperfection for the tranverse stiffener. 

Altough the shape of the total axial force diagram in the 

double-sided stiffeners is similar to the single-sided stiffeners, the 

distribution of the axial force in the two parts of the stiffener is 

different, because the outstand part carries most of the load 

(Figure 18). In the single-sided stiffeners the outstand wasn’t so 

loaded because is had tensile stresses in the exterior fibres due 

to the positive bending moment the stiffener was resisting. 
 

 
Figure 18 - Diagrams in the stiffener with 𝑏𝑠𝑡 = 80 mm 

while the plate girder with imperfection nº3 is under peak load 

(HSS S690) 
 

In Figure 19 the FE model shear and stiffener forces, as well 

as the force in the stiffener according to the EC 3-1-5 expression 

(Eq. (15)) has been plotted. According to EC 3-1-5, the axial force 

in the stiffener is zero until the buckling resistance is reached and 

is equal to 𝑉𝐸𝑑   – 𝑉𝑐𝑟  when the shear force is higher than 𝑉𝑐𝑟 . The 

force in the stiffener is almost null until a mid-span deflection of 

the plate girder of about 1.5 mm, which indicates that the 

stiffeners only start to be axially loaded after the web panels 

reach the buckling shear force. Once the stiffener starts to be 

loaded, the force increases proportionally to the shear force, 

although its slope is significantly inferior to the shear force slope. 

This means that after the buckling of the web panels, not all shear 

force passes through the stiffener and that the compression force 

can be described by the expression presented below (Eq. (20) and 

Eq. (21)), 

 𝑁𝐸𝑑 = 0 If   𝑉𝐸𝑑 < 𝑉𝑐𝑟  (20) 

 𝑁𝐸𝑑 = 𝛼 ∙ (𝑉𝐸𝑑 − 𝑉𝑐𝑟) If   𝑉𝐸𝑑 ≥ 𝑉𝑐𝑟  (21) 

 

where α is the ratio between the slope of the curve of the 

maximum compression force in the stiffener and the slope of the 

shear force curve in the web panel in the post buckling phase. To 

evaluate the value of α, for a mid-span deflection of the girder 

between 3 mm and 7 mm, the shear force and stiffener force 

plots have been curve fitted into a linear equation. The constant 

α is the ratio between the stiffener force and shear force slopes, 

taking in this case the value of 0.36. The factor α can be 

understood as the measure of the compression force that passes 

through the stiffener for an increment of 1 kN in shear force of 

the web panels during the post-buckling phase. 
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Figure 19 - Shear force and maximum compressive force in 

the stiffener with the mid-span deflection of the plate girder 
 

 

 

5. Evaluation of the lateral forces on the stiffener 

The outstand of the stiffener is replaced by lateral supports, 

simulating the behaviour of a real stiffener by only providing 

elastic lateral support. The goal is to study the distribution and 

magnitude of the lateral forces caused by the buckled web panel 

along the height of the stiffener. A challenge to this set-up is to 

see if the plate girder can reach the same peak loads it achieved 

when modelled with real transverse stiffeners since it is only able 

to withstand the compression force installed in the stiffener with 

the web part. A stiffness of 𝑘 =  10 kN/mm has been adopted 

for the elastic supports. 

To analyse the behaviour of the plate girder, the shear force 

and the maximum axial force in the stiffener have been plotted 

with the mid-span deflection (Figure 20). Both curves exhibit a 

similar shape when compared to the curve of the plate girder 

modelled with real transverse stiffeners. The maximum shear 

force is slightly under the force reached by the plate girders with 

initial imperfection nº3 with real single-sided stiffeners. The plate 

girder with imperfection nº3 continues to be more loaded in 

compression, at the section of the stiffener, in comparison with 

the imperfection nº1. 

The major difference between the lateral loading of the two 

girders is that the lateral forces are negative in the middle of the 

web for the girder with imperfection nº1, while the forces are 

always positive in the girder with imperfection nº3 for the 

exception of the bottom part of the web, where there are some 

forces with negative signal (Figure 21). The bending moment 

diagram caused by the lateral loading in the girder with 

imperfection nº1 has a positive signal throughout its height, 

although it decreases at mid-height due to the negative loading 

in the middle section. The maximum value registered was 1.54 

kNm and occurred at the bottom third of the web. 

 

 

 

Figure 21 - Lateral loading and bending moment diagram for 

the plate girder made of HSS S690 under peak load 
 

 

6. New proposal for intermediate transverse stiffeners 

design 

From the FE analysis conducted, it has been concluded that 

the intermediate transverse stiffeners are responsible for two 

main functions during the post-buckling phase: 
 

✓ To provide lateral support to the buckled web panels; 

✓ To resist a compression force resulting from the 

equilibrium of the vertical component of the diagonal 

tensile membrane field. 
 

The bending moment in the stiffener is caused by the lateral 

forces resulting from the buckled web panel and, in case single-

sided stiffeners are used, from the eccentric centre of gravity of 

the effective cross section.  

hw

qeqCentre of 
gravity

e0

δ eCG

δ 

NEd NEd

Real deformed 
stiffener

Stiffener design 
model

 

Figure 22 - Design model for the intermediate transverse 

stiffener 

The total bending moment in the stiffener results from the 

effects of the lateral loading 𝑀𝐿𝐿
𝐼𝑀𝑃 3 , its centre of gravity 𝑀𝐶𝐺  and 

the second order effect 𝑀𝛿. The maximum bending moment 

resulting from the equilibrium of the lateral loading of the 

buckled web when the plate girder has the initial imperfection 

nº3 𝑀𝐿𝐿
𝐼𝑀𝑃 3  already includes the effect of the initial maximum 

amplitude 𝑒0 of the stiffener. The expression in Eq. (22) is used to 

determine 𝑞𝑒𝑞. 
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𝑞𝑒𝑞 =
8 × 𝑁𝐸𝑑

ℎ𝑤
2

(
𝑀𝐿𝐿

𝐼𝑀𝑃 3

𝑁𝐸𝑑

+ 𝑒𝐶𝐺 + 𝛿) (22) 

 

The maximum deflection of the stiffener can be obtained by 

Eq. (23), assuming a simple supported beam loaded with the 

equivalent uniformly distributed load 𝑞𝑒𝑞: 

𝛿 =
5

384

𝑞𝑒𝑞ℎ𝑤
4

𝐸𝐼𝑠𝑡

 (23) 

  

The intermediate transverse stiffener should be verified using 

a second order elastic analysis, verifying the following criteria of 

strength and rigidity: 
 

✓ The maximum stress in the stiffener 𝜎, resulting from 

the axial force 𝑁𝐸𝑑  and the uniformly distributed lateral 

load 𝑞𝑒𝑞, should not exceed the yield stress 𝜎𝑦; 

✓ The deflection of the stiffener 𝛿, resulting from the 

uniformly distributed lateral load, must not exceed the 

maximum admissible deflection 𝛿𝑎𝑑𝑚, which presently 

according to EC 3-1-5 is stated to be ℎ𝑤/300, but it is 

expected to be reduced to ℎ𝑤/500 in the new version 

of the code. 
 

A sensitivity analysis to the mid-height deflection of the 

stiffener has been performed to establish a value that can be 

considered the maximum admissible deflection to be used for 

designing the stiffener. The variation of the peak shear force in 

the web panel with the deflection of the stiffener has been 

plotted in Figure 25 for the FE models with HSS S690. For a 

deflection of the stiffener lower than ℎ𝑤/300 there is no 

significant increase of shear force in the web panel for both single 

and double-sided stiffeners in plate girders modelled with HSS 

S690. For this reason, the value ℎ𝑤/300 has been defined as the 

maximum admissible deflection for the stiffener.  
 

 
Figure 23 - Variation of shear force in the web panel with 

the mid-height deflection of the stiffener for plate girder 

modelled with HSS S690 and initial imperfection nº3 
 

The value of 𝛼 is the percentage of post-buckling shear force 

that goes through the stiffener as compression. The value of 𝛼 =

0.5 has been adoped for the plate girders made of HSS S69. This 

means that, for design purposes, an axial force of − 123.5 kN is 

acting in the transverse stiffener, which is a slightly higher 

compression force when compared to the ones obtained from 

the FE models in HSS S690. 

Table 2 presents the results from the design of the 

intermediate transverse stiffeners according to this simple 

variant method. The outstand area of the single-sided stiffener is 

considerably higher (about 88%) than the area of the double-

sided stiffener and both were conditioned by the present 

deflection limit. This is because when a more robust single-sided 

stiffener is used, its inertia increases, which is beneficial to control 

the deflection, but the problem is that part of that benefit is lost 

due to the increase of the distance between the web and the 

centre of gravity of the effective cross-section, which increases 

the bending moment. On the other hand, the centre of gravity of 

a double-sided stiffener always coincides with the web, so there 

is no aggravation of the bending moment when its dimensions 

increase. Therefore, by comparing the two types of stiffeners it 

can be concluded that the double-sided stiffeners are more 

efficient according to this design method. 
 

 

Table 2 - Results from the variant design method of the 

intermediate transverse stiffeners 

 
qeq

δ 

NEd

Inside Outside

 

7. General Conclusions and Further Developments 

The compression forces in the stiffeners, obtained from the 

FE analysis, are much lower compared to the forces used to 

design the transverse stiffeners according to EC 3-1-5. During the 

post-buckling phase, only about 30% to 40% of the shear force in 

the web panel goes through the stiffener as compression, while 

the code assumes that all post-buckling shear produces 

compression in the stiffeners. The compression force in the 

stiffener should be evaluated for web panels with different 

geometries to confirm these percentages of post-buckling shear 

force in the stiffeners.   

Since the axial force is bigger when the stiffener has an initial 

bow shape, the change in the compression force should be 

investigated for different amplitudes of this initial imperfection, 

to verify if larger stiffener compression forces can be found. 

It has been confirmed that the main function of the stiffener 

is to provide a rigid lateral support to the buckled web panels and 

that the compression force can be withstood by the web adjacent 

to the stiffeners. The stiffeners are, in most cases, conditioned by 

rigidity and not by strength. In that sense, to reach the maximum 

plate girder resistance, the rigidity criteria imposed to the 

stiffeners in the EC 3-1-5 should be increased. Moreover, the use 

of hybrid plate girders where the intermediate transverse 

stiffeners have a lower yield-stress than the web panel might be 

worth to be investigated, because it should lead to a more 

economical design. 



9 

Finally, numerical results presented on this research work 

could / should be confirmed with a new laboratory testing 

campaign that can contribute for the improvement of the present 

stiffeners design rules. 
 

 

8. Notation 
 

amp Maximum amplitude of the initial geometric 

imperfection 

FE Finite element 

HSS High strength steel 

S355 Steel with yield strength of 355 MPa 

S690 Steel with yield strength of 690 MPa 

𝐴𝑓1 Cross-sectional area of the compression flange 

𝐴𝑓2 Cross-sectional area of the tension flange 

𝐴𝑠𝑡  Effective cross-sectional area of the transverse 

stiffener 

𝐶𝑤  Equivalent second moment of area for a “T” type 

stiffener 

𝐸 Modulus of elasticity of structural steel, taken as 

210GPa 

G Shear modulus of structural steel 

𝐼𝑠𝑡  Moment inertia of the effective cross section of the 

stiffener 

𝑀𝐶𝐺  Moment in the stiffener caused by the asymmetry of 

the stiffener 

𝑀𝐸𝑑  Design bending moment 

𝑀𝑓,𝑘 Characteristic moment resistance of the flanges 

𝑀𝑓,𝑅𝑑  Design moment resistance of the flanges 

𝑀𝐿𝐿 Moment in the stiffener caused by the lateral 

loading 

𝑀𝑠𝑡  Moment in the stiffener 

𝑀𝛿  Moment caused by second order effects 

𝑁𝐸𝑑  Design axial force 

𝑉𝑏,𝑅𝑑 Design resistance for shear 

𝑉𝑏𝑓,𝑅𝑑  Contribution of the flanges for the design resistance 

for shear 

𝑉𝑏𝑤,𝑅𝑑
 

 Contribution of the web for the design resistance for 

shear 

𝑉𝑐𝑟
 

 Shear buckling resistance 

𝑉𝐸𝑑
  Design shear force 

𝑉𝑝𝑙𝑤,𝑅𝑑
  Plastic design shear resistance 

𝑏𝑒𝑓𝑓  Effective width 

𝑏𝑓  Flange width 

𝑏𝑓𝑡  Tension flange width 

𝑏𝑓𝑐  Compression flange width 

𝑐 Distance between the plastic hinges in the flanges 

𝑒0 Initial eccentricity of the stiffener 

𝑒𝐶𝐺  Eccentricity of the centre of gravity of the stiffener in 

relation to the web plate 

𝑓𝑦  Yield strength 

𝑓𝑦𝑓 Yield strength of the flange 

𝑓𝑦𝑤  Yield strength of the web 

ℎ𝑤  Clear web depth between flanges 

𝑘𝜏 Plate buckling coefficient for shear stresses 

𝑞𝑒𝑞  Equivalent uniformly distributed lateral loading 

𝑡𝑓 Thickness of the flange 

𝑡𝑠𝑡  Thickness of the outstand of the stiffener 

𝑡𝑤 Thickness of the web plate 

𝛼 Ratio of compression force in the stiffener to shear 

in the web panel 

𝛿 Lateral deflection of the stiffener 

𝛿𝑚𝑎𝑥  Maximum admissible lateral deflection 

𝛾𝑀0  Partial safety factor for the resistance of cross 

sections 

𝛾𝑀1 Partial safety factor for structural member subject to 

instability 

휀 Factor 휀 = √235 𝑓𝑦⁄  

𝜎𝑐𝑟  Elastic critical buckling stress 

𝜎𝑦  Yield strength 

𝜆̅
𝑤 Reduced slenderness web plate 

𝜒𝑤 Reduction factor for shear 

𝜏𝐶𝑅  Elastic critical shear buckling stress 

𝜔0 Initial eccentricity of the stiffener assumed for 

design 

Fb 
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