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Effect of longitudinal stiffening on bridge girder webs at
incremental launching stage

Efecto de la rigidizacion longitudinal en el alma de vigas de puente
durante el lanzamiento por empujes sucesivos

C. A. Graciano! and D. G. Zapata-Medina2

ABSTRACT

Patch loading is a predominant load case at incremental bridge launching. Bridge girder webs are frequently provided with longitu-
dinal stiffeners to increase in-service shear and bending strength, and its effect has been included in design codes. However, no
straightforward rules are given to account for the influence of such stiffeners on improving the patch loading resistance. This paper
presents a review of some available formulae found in the literature fo estimate the girder ultimate strength including the provisions of
the European, American and Colombian design codes. Additionally, a nonlinear finite element analysis is conducted on three case
studies related to actual launched bridges. The case studies are also used fo study the influence of the longitudinal stiffener and girder
depth on the girder capacity. Different load-displacement responses are observed depending on the girder depth. Finally, the finite
element analysis shows fo what extent the longitudinal stiffeners can increase the patch loading capacity of bridge girder webs during
launching.

Keywords: Patch loading, longitudinal stiffeners, ultimate strength, girders, bridge launching, finite element method.

RESUMEN

Cargas concentradas son normalmente la condicién de carga predominante durante el lanzamiento de puentes por empujes suce-
sivos, por lo cual, las almas de las vigas del puente son frecuentemente rigidizadas con placas longitudinales para incrementar la
resistencia de servicio a cortante y flexién. Este efecto benéfico del rigidizador longitudinal es tomado en cuenta por varios cddigos
de diseno. Sin embargo, no hay normas claras que indiguen como tener en cuenta la influencia de tales rigidizadores en el incre-
mento de la resistencia bajo cargas concentradas. Este articulo, presenta una revision de algunas de las formulaciones disponibles
en la literatura técnica para el cdlculo de cargas Ultimas de pandeo en vigas bajo cargas concentradas incluyendo los lineamientos
de los cédigos de disefio Europeo, Americano y Colombiano. Adicionalmente, se presenta un andlisis no lineal por elementos finitos
de tres casos de estudio concernientes con el lanzamiento de puentes. Los casos de estudio son también utilizados para estudiar la
influencia del rigidizador y de la profundidad de la viga en la carga Ultima. Se observaron diferentes respuestas carga-deformacion
dependiendo de la profundidad de la viga y se muestra hasta qué punto los rigidizadores longitudinales pueden incrementar la
capacidad de carga de vigas de puente durante su lanzamiento.

Palabras clave: cargas concentradas, rigidizadores longitudinales, resistencia Ultima, vigas, lanzamiento de puentes, método de
los elementos finitos.
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over the supports. These concentrated loads, which are transmit-
ted to the girder (box or plate) as a support reaction through a
launching shoe (see Figure 1), produce large out-of-plane defor-
mations in the girder web, which in many cases, govern the thick-
ness of the web.

Introduction

In the construction of composite bridges, incrementally launched
steel bridges are commonly used (Seitz and Kuhlmann 2004; Da-
vaine and Aribert 2005). For this technique, the bridge deck is
usually cast before launching. This reduces the cost of the deck,

but at the same time, increases substantially the weight during In current practice, one way to control these undesirable defor-

launching, therefore producing heavy concentrated loads normally
referred to as patch or concentrated loading. Patch loadings are
generated during bridged launching as the bridge girders move
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mations is by providing longitudinal stiffeners to the girder web,
which are primarily used in deep plate and box girders to increase
bending and shear strength during in-service conditions.
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Figure 1. Incremental launching of girder section: (a) Yandangshan
bridge; and (b) support detail (after Zhang and Luo, 2012).

The increase in web thickness and consequent increase in con-
struction costs might be avoided by quantifying the enhancement
of the patch loading resistance due to the longitudinal stiffeners.
This problem has caught the attention of bridge engineering prac-
titioners. Lagerqvist (1995) developed a design procedure based
on a strength curve approach to determine the resistance to patch
loading of unstiffened girders webs. Later on, Graciano (2002)
proposed a methodology for the patch loading resistance of longi-
tudinally stiffened girder webs. These procedures were introduced
in the Eurocode 3 Part |-5 (2006), covering both webs with and
without transverse stiffeners and longitudinal stiffeners. Navarro
et al. (2000) and Dauner et al. (2000) investigated the influence of
longitudinal stiffeners for the concentrated loading case of the
Vaux Viaduct.

This paper presents a review of available formulae found in the
literature to estimate the girder ultimate strength and also pre-
sents finite element analyses of three case studies to show the
positive effect of longitudinal stiffening on the patch loading capac-
ity of actual bridge girder webs during launching.

Background

The presence of a longitudinal stiffener on the ultimate resistance
of plate girders under concentrated loads is currently addressed
in most of the design codes including the Eurocode 3. Further-
more, its effect has not yet been included in neither the American
steel construction code (AISC 2010) nor the Colombian code for
earthquake-resistant construction (NSR-10).

The 2006 Edition of the Eurocode 3 Part |-5 (General rules —
Plated structural elements) and Part 2 (Steel bridges) includes a
check of the buckling resistance of girder webs to concentrated
transverse loads at the ultimate limit load state, which is relevant
during launching. More recently, several researchers have kept
the interest in improving the formulation for the patch loading ca-
pacity of girder webs with longitudinal stiffeners (Seitz 2005; Da-
vaine 2005; Clarin 2007).

In the design procedure presented in BS 5400 Part 3 (2000), the
increase in the ultimate load due to the stiffener is calculated by
multiplication of the ultimate load for an unstiffened girder with a

magnification factor, which is function of the relative position of
the stiffener. Recently, Chacén et al. (2013), showed that for sev-
eral design cases the Eurocode 3 (2006) leads to underestimate
results.

Laboratory tests have shown that longitudinal wed stiffening en-
hances the ultimate resistance of plate girders under patch loading
(Bergfelt 1979, Galea et al. 1987, Shimizu et al. 1987, Janus et al.
1988, Dubas and Tschamper 1990, Markovic and Hajdin 1992,
Carretero and Lebet 1998, Walbridge and Lebet 2001, Graciano
and Casanova 2005, Pavlovcic et al. 2007, among others). The
experimental results show an increase between 5% and 60% in
ultimate loads due to the inclusion of a longitudinal stiffener.

Bergfelt (1979) proposed a semi-empirical equation for the con-
sideration of a longitudinal stiffener in the ultimate patch load re-
sistance of plate girders based on the regression analysis of exper-
imental results. According to Bergfelt (1979) the ultimate load of
a longitudinally stiffened girder is expressed as:

Fo = 0-8t&/\/ Efyw tt_lf(ss) )

Fri = Frofs = Fro |1+ (3 22) J;] @)

where t; =t /b /25t;; f(sg) = 1+40(ss/a)(tw/hy) is a
correction factor accounting for the influence of the patch loading
length, sg; and f; is a magnification factor that accounts for the
present of a longitudinal stiffener. The distance between the
outermost plastic hinges in the loaded flange is:

a, = ag + sg + s2/2a, (3)

where, ay = 5.2(bf/n)(tf/tw)2,/tw/ti(fyf/JEfyw) and 17 is a

correction factor for flange bending moment (n =1).

Kutmanova and Skaloud (1992), based on the statistical analysis of
101 experimental results for plate girders with longitudinal stiffen-
ers tested to failure, presented a formula for f;, which only de-
pends on the relative position of the stiffener|:

Fro = 12,6t} f, |1+ 0.004 (:_W)] [(%) \/%]0453 "

F, = F,,[0.958 — 0.09In(b, /hy,)] (5)
where [¢ (= bft}?/12) is the moment of inertia of the flange.

Markovic and Hajdin (1992) proposed a linear equation for the
consideration of a longitudinal stiffener based on the statistical
analysis of 133 experimental tests carried out previously by differ-
ent authors.

3/2 2
_ 2 |Efywts 355 (tw — (2 6
Fo = 0.5t2 FT [1 +3 (t) ] 1 (fyw> ©
Fyy = F0[1.28 — 0.7(b1 /hy,)] 7)

where, g;, is the co-existing bending stress.

As expected, the formulas developed by Bergfelt (1979), Kutma-
nova and Skaloud (1992), and Markovic and Hajdin (1992) show
good correlation with their own experimental results. However,
they fail to capture the full range of experimental data available in
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the literature (Graciano 2002). Even so, Eq. (7) was incorporated
in BS 5400 Part 3 (2000).

Lagerqvist and Johansson (1996) proposed that the ultimate patch
load resistance for an unstiffened web can be calculated as:

Eo = yX(/l) (8)

where F, is the yield resistance given as:

Fy = fywtwly %)

and x(A) is the resistance function expressed as:

x(A) =0.06+047/1<1 (10)
with:
L, = sg+2t,(1 +my +myp) ()

A= [, Ry (12)

In Egs. (1) and (12) L, is the effective loaded length; 1 is the slen-
derness parameter; m; and m, are dimensionless parameters; and
F., is the elastic buckling load.

my = fyfbf/fywtw (I 3)

my = 0.02(hy/ts)* (14)
_ m2E  ty

Fer = ke 12(1-v2) hy, (13)

Lagerqvist (1995) proposed that for unstiffened webs the buckling
coefficient, kg, can be calculated as:

kpo = 5.82 + 2.1(h,,/a)? + 0.464/bftf3/hwt§v (16)

while for longitudinal stiffened plate girders kp is expressed as:
kpp = kpo + kg (17)

Graciano (2002) proposed that for webs with a longitudinal stiff-
ener located within 0.05 < b, /a < 0.3, the contribution from the
stiffener kg; to the buckling coefficient in Eq. (17) is:

kg = CO\/ Vst (18)

where Yy, is the relative flexural rigidity of the longitudinal stiffener
and C, is a parameter obtained by regression analysis that depends
on the aspect ratio of the directly loaded subpanel and the ratio
of torsional, ¢g, to flexural, y, rigidity of the longitudinal stiff-
ener.

Ve =109 < 13 (%)3 +210(03-2) (19

hwtiy

by
. 5.44(;) ~-0.21 bst/Vsr < 0.15 20
-
6.51(2) bse/yse = 0.15

Open sections stiffeners will normally fulfill ¢ /ys: < 0.15, and
closed sections stiffeners ¢ /¥ = 0.15. In Eq. (17) the contri-
bution of the longitudinal stiffener, kg, is limited to:

kst < CoylY® @h

where y! is the transition rigidity expressed as:

e 14 (%)2'9 +211(03 - %) bse/Vse < 0.15 -

a 1.3
45 (ﬁ) <110 bst/Vse = 0.15

Egs. (20) and (22) were obtained taken into account the geometric
interaction between the web plate and the longitudinal stiffener.
These two sets of equations also account for the transition from
the global to local buckling modes.

Graciano (2001) collected 127 test results from studies carried
out by different researchers. By regression analysis of these ex-
perimental results the following formula was obtained:

Fy = Eoy [0.700 +0.2541n [ﬁ (M)” (23)
h—w tf/tw

It considers the influence of a longitudinal stiffener on the ultimate
capacity of patch loaded plates and takes into account for the in-
fluence of the ratio flange-to-web thickness and the difference in
yield strength between flanges and web. The model presented by
Graciano (2001) proposes that the ultimate load for the unstiff-
ened web is calculated according to the model developed by
Lagerqvist (1995). Results show a good correlation with the full
range of experimental results used in the regression analysis.

Davaine (2005), based on an extensive FE investigation comprising
366 numerical simulations, proposes for deep plate girders some
improvements to the formulation presented by Graciano (2002).

Accordingly, the critical load is calculated as:

e 24)

Fer Fera Ferz

where F,. ; is calculated with Eqs. (15)-(22) and the term F, ,
considers the buckling of the upper panel for deep girder webs
according to:

2E t)
Ferp = kpy mb—l (25)

The buckling coefficient kr, was obtained by regression analysis
comprising 366 numerical simulations as:

kr, = [0-8 (%) + 0.6] (bll)(o-6(%2tf)+0-s) (26)

a

Eq. (26) is only valid when the following geometrical condition is
satisfied s; + 2t + 2by < a.

Finally, the methodology proposed in Eurocode 3 (2006) for the
ultimate resistance of girder webs under patch loading incorpo-
rates the design procedure developed by Lagerqvist and Johansson
(1996) and Graciano and Johansson (2002). The ultimate load is
calculated according to Egs. (8) to (16) except that the resistance
function is:

YD) =05/a<1 @7)

and the elastic buckling resistance, F,,, and the buckling coefficient,
kg, are simplified to:
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E, = 0.9kFE% (28)

ke =6+2 (’%W)Z + (5.44% - 0.21) Jrse @)

Numerical analysis
General

Implementation of nonlinear finite element analysis has been
proven to be a rational tool to study the behavior of plate girders
subjected to concentrated loads (Lagerqvist 1995, Granath 1998,
Tryland et al. 2001, Graciano and Edlund 2002, Graciano and Cas-
anova 2005, Graciano et al. 201 |, Graciano and Ayestaran 2013).
The results from the numerical analyses have shown satisfactory
agreement between experimental behavior and FEM simulations.
Thus, results computed by FEM analyses are reliable for the case-
studies presented herein.

Description and calibration of the model

The numerical simulations were carried out herein using the mul-
tipurpose commercial FEM software ABAQUS (2011). Graciano
and co-workers have already validated the finite element method-
ology presented herein with experimental results for patch loaded
girders (Graciano et al. 2014). In summary, shell elements are
used to model the girder components, additionally initial shape
imperfections are assumed to have sine curves in both along and
across the web plate. The loading node is placed in the plane of
symmetry at the top flange, and other nodes in this flange are con-
nected to this by nonlinear springs. Hence, the load was distrib-
uted over an area equal to the patch loading length times the flange
width (sgbf). The girder material was assumed to have an ideal
elastoplastic behavior. A denser mesh beneath the loaded flanged,
where a significant gradient in stress distribution is expected, was
employed.

Considering that the intention of this work is to analyze three case
studies, the results obtained by the corresponding authors are
compared to: |) those calculated using the formulae presented
herein, 2) the Eurocode 3 (2006 Edition), and 3) those obtained
by the FEM analyses conducted herein. Some assumptions are
correspondingly made. In general, the available formulae were de-
veloped assuming symmetry in the load and geometry of the
girder, uniform thickness across and along the web. Therefore,
the same assumptions were made in the FEM analyses and hence
just half of the girder was modeled. In the next section the three
cases-studies will be analyzed.

Case studies
Plate girders studied by Shimizu (1994)

Shimizu (1994) performed a series of numerical tests by means of
the FEM. The purpose was to study the influence of a longitudinal
stiffener and coexisting bending on the resistance of short plate
girders subjected to patch loading. Triangular planar-shell ele-
ments and elastoplastic large deflection analysis were used in the
FEM model. The model also had initial out-of-plane deflections
with a sine curve in its larger subpanel. In all the models, a launch-
ing shoe is supposed to lie as a “line support”. Details of the plate
girders without bending are shown in Table I.

Material properties were taken as E =206 GPa, v =0.3, and the
maximum out-of-plane web deflection, w,, was set to 0.6mm. The
yield strength of webs and flanges was assumed to be equal to 235
MPa. Note on Table | that an increase of 34% in the patch loading

capacity was observed when comparing the computed ultimate
loads for models A300T (unstiffened) and A320T (stiffened at
0.2h,,).

Table 1. Details of plate girders studied by Shimizu (1994)

Girder by (mm) bg (mm) tge (mm) F,. (kN)
A300T - - - 470
A310T 100 80 6 507
A320T 200 80 6 630

Figure 2 shows the load-displacement response obtained by
ABAQUS for the plate girders presented in Table |. Due to the
presence of the stiffener, the load carrying capacity increases
about 20% with respect to the unstiffened girder. The shadowed
area represents the positive effect of the horizontal stiffener in
increasing the ductility of the structure.

—o—unstiffened
——by/h, =0.1
——b,/h, =0.2

Effect of stiffener

1 2 3 4 5 6 7 8 9
Vertical displacement [mm)]

Figure 2. (a) FEM model of plate girder used; and (b) Load-displace-
ment response obtained by FEM (ABAQUS) for the plate girders
studied by Shimizu (1994)

The results presented in Figure 2 are in agreement with results
obtained experimentally (Galea et al. 1987, Janus et al. 1988,
Tschamper et al. 1991, Wallbridge and Lebet 2001, Seitz 2005). In
those works a stiffener was able to increase the patch loading ca-
pacity of the girders when placed at a position closer than 0.2h,,
to the loaded flange. Shimizu’s analysis predicts a larger increase
of the patch load resistance for girder A320T (b, =0.2h,,). It may
be due to the assumption for the initial shape imperfection, where
the smaller subpanel was assumed to be straight. This hypothesis
can considerably affect the buckling response of the girder and
consequently also the prediction of the patch loading resistance.

Part of bridge girder studied by Bergholtz (1994)

Bergholtz (1994) presented a report concerning buckling prob-
lems encountered during launching of steel bridges. Two different
bridge girders were analyzed by FEM and the numerical models
validated with field measurement of one I-girder web during actual
bridge launching.

Figure 3 shows the dimensions one of the girders studied by Berg-
holtz (1994), which was also used for validation of the resistance
model proposed by Lagerqvist (1998) for deep plate girders.
However, for this purpose some assumptions were made. It was
assumed that the girder is symmetric (@ =3157 mm) and has a
uniform web thickness (t,, =20 mm). Additionally, the load is as-
sumed to be applied at midplane and the girder is modeled simply
supported at both ends. Taking into account the previous assump-
tions, the design procedure proposed by Lagerqvist (1998) gives
F., =4187 kN for an unstiffened web and without influence from
the bending end moment at the girder ends. In Figure 3, the stiff-
ener is located at about 1/4 of the girder depth.

The FEM analysis performed by Bergholtz (1994) predicts the ul-
timate resistance F,; =5840 kN for the girder presented in Figure

INGENIERIA E INVESTIGACION VOL. 35 No. 1, APRIL - 2015 (24-30) 27



EFFECT OF LONGITUDINAL STIFFENING ON BRIDGE GIRDER WEBS AT INCREMENTAL LAUNCHING STAGE

3. Table 2 shows the actual geometry and material properties of
the plate girder used by Bergholtz (1994). The discrepancy be-
tween the predictions obtained by Lagerqvist (1998) and by FEM
(Bergholtz 1994) is mainly due to the difference in the assumptions
for the calculations. As seen in Figure 3, the girder is not symmet-
ric and the load is not applied at the midplane of the girder. There
is also a difference in the thickness of the plates used in Part 4 and
Part 5 of the girder (Figure 3).

Part 5 Part 4
3005

300

f=—=| _'I’_

57 T
v —= 150 2237 Sf

i)
f=—750 —>

Units in [mm] 3157

Figure 3. Part of bridge girder studied by Bergholtz (1994)

Table 2. Data for the FE-model used by Bergholtz (1994).

Part t, (mm) by (mm) ty (mm) fyr (MPa)
4 20 1000 50 370
5 18 750 40 330

Note: h,, =3005 mm, sg =750 mm, f,,, =340 MPa, t;, =11 mm and b;=800 mm for
both parts.

The ultimate resistance for the stiffened web computed by Berg-
holtz (1994) is 1.4 times higher than the one predicted by
Lagerqvist (1998) for an unstiffened web. Using Eq. (22) proposed
by Graciano (2001) for longitudinally stiffened girder webs an ulti-
mate resistance F,; =5437 kN is obtained. This prediction is 7%
lower than the one by Bergholtz.

Considering similar assumptions as in the validation performed by
Lagerqvist (1998) the finite element analysis made herein using
ABAQUIS predicts an ultimate resistance F,; =641 1 kN for unstiff-
ened web. This result is higher than the one computed by Berg-
holtz (1994). It must be pointed out that for the model presented
herein the web thickness was assumed to be uniform with t,,
=20mm.

8000

7000 -
6000
5000 Effect of stiffener
=
2, 4000

o
3000
2000 —o— unstiffened

—o—bi/hy =0.26
1000

—a—bi/hw =0.10

0 r " " T T
0 1 2 3 4 5 6 7 8 9
Vertical displacement [mm]

additional FEM analysis was conducted where the position of the
stiffener was varied. This analysis shows an increase of about 7
and 15% in ultimate loads when the stiffener is placed at 0.26h,,
and 0.lh,,, respectively, when comparing with the unstiffened
web.

Part of bridge girder studied by Dauner et al. (2000)

During the launching of the Vaux Viaduct in Switzerland some
problems related to patch loading arose. It was a difficult engi-
neering task as reported by Dauner et al. (2000) and Navarro et
al. (2000). Among the problems that the designers encountered
were the presence of longitudinal stiffeners, patch loading effects
in a very slender girder (h,, <6200 mm) and a change in the thick-
ness along the depth of the web. The latter point is not treated
in this paper. Before the launching of the viaduct, patch loading
tests were conducted on 6 web panels stiffened longitudinally
(Carretero and Lebet 1998). Trapezoidal stiffeners, similar to
those used in the actual bridge girder, were used in the experi-
ments.

Considering the change web thickness and the presence of closed
section stiffeners some assumptions were made in order to enable
the use of the aforementioned models. The assumed geometry
and material properties are summarized in Table 3. In the FEM
analysis conducted herein, the web thickness was assumed to be
uniform and equal to 26 mm, and the stiffeners had a closed trap-
ezoidal cross section as shown in Figure 5.

Table 3. Data used for the validation by Dauner et al. (2000).

a h,, ty, =t S by [ by
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
4330 6200 30 2000 1300 10 1240

Note: f,,,=fyr= 370 MPa.

L2
Zgi ) e e, =

6200

'S

Units in [mm)] |

Figure 5. Part of bridge girder studied by Dauner et al. (2000)

21000 -
18000 -

9000 [—o—unstiffened
6000 - | ——byh,=0.2

(b)

0 T T T T " T )
0O 2 4 6 8 10 12 14 16 18 20

Vertical displacement [mm]

Figure 4. Load-displacement response obtained by FEM for the
plate girder studied by Bergholtz (1994).

Figure 4, shows the load-deflection response of a girder similar to
that studied by Bergholtz (1994). As mentioned before, symmetry
in both geometry and loading conditions were considered. An

Figure 6. FEM model of the Vaux Viaduct plate girder: (a) FEM mesh;
and (b) load-displacement response.

The FE model for the plate components (flanges, web and stiff-
ener) and the load-displacement response for this plate girder are
shown in Figure 6. Note that similar to other cases, the inclusion
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of the web stiffener increased the girder ultimate resistance by
10% with respect to the unstiffened web.

Discussion of results

Results computed by FEM analysis were shown in Figures 2, 4 and
6. In all three figures an increase in ultimate patch load is observed
due to the presence of the stiffener.

For the three case-studies analyzed herein, an increase in the duc-
tility of the plate girder is observed for the stiffener types and po-
sitions as seen in the load—displacement response of the system.
The shadowed area between the curves illustrates this fact, which
is also in accordance with the results obtained experimentally in
the literature concerning longitudinal stiffening for patch loading.
In addition, it is observed that the closer the stiffener is to the
launching saddle the larger is the increase in both ductility and re-
sistance.

Table 4 summarizes the results obtained from the ultimate
strength analysis conducted using some design models for longitu-
dinally stiffened girder webs. Note that the ultimate loads ob-
tained using the design procedure suggested in Eurocode 3 are
consistently lower than both the nonlinear FEM predictions and
the E,. reported by the original sources. In general, the equations
proposed by Graciano (2002) give better predictions of the ulti-
mate loads.

Table 4. Comparison of patch load resistances.
Ultimate

Shimizu Shimizu

Load (1994) (1994) B‘E:%';g')t’ Da';'z':;:)t al.
(kN) A310T A320T
FEurocode3 349 437 6258 15333
F; 507 630 5840 -
FEEM 612 601 6787 16500
FSyaciano 535 476 5437 13679
pPavaine 402 324 2909 13129
FK&s 302 286 4156 6891
FHEH 318 299 3476 9099
poerafett 403 383 4808 8897

(*)Patch load resistance, F_r, reported by the respective authors.

The influence of the longitudinal stiffeners is clear from the load-
displacement responses presented in Figures 2, 4 and 6. Note that
the load-deflection curves are the same at the beginning for both
stiffened and unstiffened webs. For the stiffened girders, the gen-
eral tendency of the nonlinear part of this curve reaches a higher
load level, however after reaching the peak, it falls down and for
larger deformations reaches the curve of the unstiffened girder.

Summary and conclusions

This paper presents a review of available formulae found in the
technical literature for the estimation of the ultimate strength of
steel bridge girders subjected to patch loading. The review in-
cluded the provisions of the Europeans, American and Colombian
design codes. Nonlinear FEM analyses of three case studies, involv-
ing actual launched bridges were performed in order to show the
influence of the longitudinal stiffener and girder depth on the gird-
ers patch loadings resistance. Based on the aforementioned re-
view and FEM analyses, the following conclusions can be drawn:

Longitudinal stiffeners increase the patch loading resistance and
ductility of plate girder webs during incremental launching of
bridge girders.

The idealized girder behavior in terms of load-displacement re-
sponse can be appropriately studied by means of nonlinear FEM
analyses.

The design procedure presented in Eurocode 3 considers the
presence of a longitudinal stiffener; hence the results obtained in
this way are satisfactory. However, the predicted patch loading
capacities are consistently conservative for the case histories stud-
ied herein.

The design equations proposed by Graciano (2002) to calculate
ultimate patch loading resistance of longitudinal stiffened plate
girders produce better agreement with both experimental meas-
urements and nonlinear FEM results.

The design codes AISC and NSR-10 must be reevaluated to in-
clude the beneficial effect of longitudinal stiffening on bridge gird-
ers subjected to concentrated loadings.
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