S
Q Journal of Civil and Environmental Engineering
Volume 55 (2025), Issue 1, 11-21

University of Tabriz

EXTENDED ABSTRACT

Evaluation of the Mutual Effect of Shear Force and Bending Moment
in Plate Girders with Corrugated Webs

Hedayat Veladi*, Mohammad Pouria Moosavi Solat Abad, Seyyed Hamid Lari

Faculty of Civil Engineering, University of Tabriz, Tabriz, Iran

Received: 01 September 2023; Reviewed: 27 January 2024; Accepted: 30 January 2024

Keywords:
Plate girder, Corrugated web, Interaction of shear force and bending moment, Distributed loading.

1. Introduction

Plate girders are among the main load-bearing elements of large structures such as bridges, which, due to
their type of application, must meet the necessary geometric and physical characteristics in terms of hardness
and non-buckling. The existence of corrugated web in the bridges greatly increases the bending stiffness of the
girder. With the removal of stiffeners, plate girders with corrugated web, in addition to significantly reducing
the weight of the structure, save the costand time required for welding operations, and also significantly reduce
the fatigue of girder due to welding operations. This issue can have a significant impact on structures such as
bridges that are subject to successive loading and unloading. In plate girders with corrugated web, the bending
resistance is created by the flanges of the girder, and the corrugated web does not contribute significantly to it,
but it provides the shear capacity of the plate girder to a high extent. The failure in such girders is caused by
steel yielding, buckling or interaction of these two phenomena. lateral twisting and local buckling of the flange
are also considered as other important criteria of failure in this type of girders. One of the problems that
mankind has been constantly facing is the buckling of thin web. Therefore, the determination of the resistance
of corrugated web will be of special importance. So far, few studies have been done on the resistance of
corrugated web under distributed loading. The purpose of this study is to compare the strength of corrugated
and flat web plate girders by considering the interaction effect of shear force and bending moment according
to the types of web shapes.

2. Methodology
2.1. Experimental study

To validate the finite element model, the experimental results of Robert G. Driver et al. have been used. The
comparison of the force-displacement diagram of the G8 laboratory sample with the finite element model by
ABAQUS software shows that the maximum resistance value for the laboratory sample and the finite element
model will be equal to 364.7 ton and 350 ton, respectively. According to the mentioned values, the calculation
error is equal to 4.2%, which is a small amount and can be ignored. This error may be caused by the initial
imperfection of the modeled sample.
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2.2. FE modeling

In this article, 12 models of plate girder with simple, 7 and 8-shape, angular, triangular and sinusoidal
web under distributed loading is modeled using ABAQUS finite element software, then the best girder
corrugation form is presented by comparing their resistance. In the following, the resistance of this type of
plate girders with two spans will be investigated. Inthe recent study, the amount of steel used inall the samples
is constant and the type of corrugation, the corrugation distance and the thickness of the web of the plate
girders are variable.

Plate girders with one span have 2 fixed supports at both ends, and models with two spans have 2 fixed
supports at both ends and a hinged support in the middle of the span. The applied load on two types of plate
girder is distributed applied on the upper flange and continues until the final failure. Loading was applied using
the modified RIKS method. In addition, stiffeners are placed at the ends of both sides and in the middle of the
span of the girders to transfer the load from the flange to the girder and prevent crippling.

In the analysis of the models, the characteristics of the steel used, including the modulus of elasticity equal
to 6.1x108kg/cmz2, Poisson's ratio equal to 0.3, and the yield stress of steel equal to 2400kg/cm2 have been
considered. Von Mises yield stress has also been used to model the samples. In the analysis of the models, the
non-linear behavior of the materials and the geometry of the models is assumed.

In Tables 1 and 2, you can see the variable values of corrugated webs in girders with simple and corrugated
webs. Also, examples of girder modeling with corrugated web by ABAQUS software are given in Fig. 1.

Table 1. Geometrical characteristics of 7 and 8-shape and angular corrugated plate girders

Model Label L (m) tw (cm) a em) b (em)
SH1 1000 0.69 30 104
7 and 8-shape SH2 1000 0.56 30 60
SH3 1000 04 30 34
SH4 1000 0.74 30 155.86
SH5 1000 0.663 30 90
Angular
SH6 1000 0.533 30 51.96
SH8 1000 04 30 30

Table 2. Geometric characteristics of simple, triangular and sinusoidal corrugated plate girders

Model Label L (cm) tw (cm) a em) b (em)
Simple SH7 1000 0.6 - -
. SH9 1000 0.725 155 30
Triangular
SH10 1000 0.62 90 30
Sinusoidal SH11 1000 0.65 25 25
SH12 1000 0.45 125 125

ot
(@ (b) ©
Fig. 1. Girder models modeled with Abaqus: a) SH1, b) SH2, ¢) SH4

3. Results and discussion
3.1. Numerical models with one span under distributed loading

By investigation the force-displacement diagrams and studying the resistance and deformation of all the
numerical models of plate girders with simple and corrugated webs (7 and 8-shape, angular, triangular and
sinusoidal) with a span under the effect of distributed loading, it can be understood that SH1, SH7 and SH9
models have the maximum strength between the samples, which indicates the great influence of the wave
height (a), the distance of the waves from each other (b) and the thickness of the web (tw) so that the girders
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with large fold and the great thickness show the greatest tolerance against the applied loads. Also, by
investigation the wave shape of plate girder models, it can be concluded that among all the models, girder with
7, 8-shape and triangular web are the best and the most optimal type of wave shape under the effect of
distributed load. In addition, the SH9 and SH12 models have the most deformation among the numerical
samples under distributed loading, which indicates the favorable deformation of the girder models with
triangular and sinusoidal webs. (Fig. (2-a))

3.2. Numerical models with two spans under distributed loading

Under the same conditions and loading, the study of the force-displacement diagrams as well as the
resistance and deformation of all numerical models of plate girders with simple and corrugated webs (7, 8-
shape, angular, triangular and sinusoidal) with two spans under the effect of the distributed loading shows that
the best and the most optimal form of the girder is the plate girders with simple web and angular web, which
show the maximum resistance against the applied loads (Fig. (2-b)). Also, the web thickness in this type of
girders has a greater effect compared to the two wave variables (a, b).
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Fig. 2. Force-displacement diagrams 12 of numerical models: a) with with one span, b) with two spans
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4. Conclusions

By analyzing all the models with one span, it can be understood that the best and the most optimal shape of
web among the samples under the effect of distributed loading are the 7, 8-shape and triangular models, which
show the maximum resistance against applied loads. Also, the study of numerical models shows that the girders
with large folds, such as SH1 and SH9 samples, have endured the applied load more than all the samples, so
that the more angular the folds, the more resistance they have endured. It can be concluded that folds with
larger angles have the best and the most optimal state (such as the SH1 sample). Of course, it should be noted
that in all the samples, the steel used is the same, only the shape, type and dimensions of the folds and the
thickness of the web, were different due to the constant final weight. Also, the study of corrugated girders with
two spans under the effect of distributed loading shows that the best and the most optimal form of the web is
the models with a simple web and an angular shape, which show the maximum resistance against applied loads.
In addition, the thickness of the web has a significant effect on the resistance of the girders, so that models SH5
and SH7 with a minimum thickness of 6 mm have the maximum resistance among the studied models.



118 sy 21-11  igy Allio (1404 Hles) 1 o jlowis 55 aler e j Lo g oy pos (cwrckiten 4y il ""

PN

oz ee olo b sla@yg — i j0 (oS S g (o (G908 Bl T S5,

S5 SRS (e srckige 0SCEINS w03l swskigs 09,5 HLeils T
55 SRS (ol yas csiige KA o3les = jas csiige | sl 1572
S5 SRS (e _siige 0SCEINS 03l = as pesiige | i IS

1402111130 51 25 A402/L10 i 5, A402/L1T -5 5551 1402/6/10 il 5

oduS>

Bod 11, 053 (5o 5 (it sloSis e SIS £33 gt o5 il s Loy ol 55 slooslor ol s ol 53 a9
Sblye 039,00 Ll 2,5 o 2,90 o315 5 (GBl (looaisS s ol yody phans (ol ()b s3le (slagsyg <5 5o nled ol e pae 5 s
it 5 o6 5 B (lnartiS s o b figyn ol b slois s ol 45,5 5 45 9n a5 e ol Jogse s b s
-5 Cuoglio dulie cnlllne ol 51 Gua a0t by 5 Slaiile gloojle 55 ool gl2] 5 g yeKadir IS Crge el Cualius pals
sy o S 5 35 2813 ol S gl sl (s K 5 s 538 S S 5 0 b b 5 Jigse ol b slosg
PEalesl Jao slgoae glaJue ariwiomo Caz o1 5l g 8,5 )8 aalllas 0 j50 (05 5 5 (o o (552,18 Jols Jlozse lagsyg = ,18,
GRS ot g < it (claBi3e0 (618 5 T wosles o b ys = yed iged 12 callio ol 1o el 0 oslil (2008) ) Sen ¢ Driver
Oigred Ded oo Al o zee KD (i bl Conglie annlie b s coals (g3lw Joe ABAQUS sgaze Lol jli8le 5 51 oolazul b oo us
ol aaiged plad o (8 a0 9V5h po o dslllas )0 Coslonls 85 )18 (cw) 2 5 )90 aillngs 5 ailadSy & jg0 )~ 5 5l g5 Cnl Conslie
10T et 3 Sl it w53 sl e sl oy 4l o il ki ln s 5 ol alins 5 logel alols el 535
T30 Sl yite rizman oold Gl qusgaino jsboas I, oyl Cunglio dayg = 53 (ol (19,5 sloge 4 0ls (Lis lediged (gus 5 et s anlys
el anils jlozge Gl b slays 5 9,5ee (55, 2 0L S J""L R TR

03 7S (601 ¢ pheS g (B (S S8l e Ol k)9 7 WBe]lgunds

oy ool Getzmed wboo IR (ougmine Glimets (Sdos
3L aS s psboar wils 55 Ay (3e Sl 53 gl 3
30,0 30 1 20 )50t 1 39 e 40 63V sl ,s ol
Sy 3 ooliiul b lozse (oo¥sh Slmio o LialS
2 Sl wiSlo iy Oygoa g odd sy Saio a8 Ay
Pl a9 b prizmen Sighoe L2l Gleitlo slaojlu g o,
A sz BB e daGys s ol Gl g ST
malas b by pod Sgolatl carge oS @il (5 57e slog e
olBl las g5 cpl Ko cwlol Coje ad oo oL slo
WoaiiS s jga2 (50 5 ()l 4o g )l (S5 elie

dodiio -1

sbojle slays ol )3 Jloggs Slxio 55 o394
Lol 4853 Az gl 9550 00,08 g0t kg SleiSle
olwl el slojlu az pogdle o ly ;o lozge ol 992
S ol 585 oz b ogdi o0 8 6 lene slej slaogl>
OhSes 5 Chan) whice (Rl 6ok ol o5 (oies
(2002

Wi 5 lozge co¥ed slb i b oa i by o Lol
s Sl e b Jyens oSy Sl A o8
Sl Joos Sull logge lays ol B Loy valss

[oNole

https://doi.org/10.22034/ceej.2024.58225.2284
*Qrcid Cod Corresponding Author: 0000-0002-5499-7438

2717-8077 ; S sl LLs

o oBils (5,5l g Lheghy Cglee 100
*

041-3392389 : ol o lads s Jgime odiomss

(bl g (s5use .o .p) academicresearchforjournals@gmail.com «(soYy .) hveladi@tabrizu.ac.ir | Joe! o]

(s,Y -z-u») seiedhamidlari97@yahoo.com


https://doi.org/10.22034/CEEJ.0000.00000.0000
https://doi.org/10.22034/ceej.2024.58225.2284

21-11 (1404 ;Les) 1 o5louids 55 Wl s § baumo 9 o)l o (swidieo 43 i [ o)l )0 9 55¥ 5.0 12

Olypet & logse Gl boslays Gy Cwglie
Exdge D9 or Dgme Lo pd (ol (615 Lulyd o 5 Sl
(2006 ..\l 5en 5 AbDas) col 054 (o0 yliime anlllas
S Jlozse slagyy Sl cales s, 1969 Jluys
adlas cpl 10283 18 vy 0,90 o), Sen g EaSley lawgs
oo sl (Kot Sloio (695 bl 2 (o B gy o
= G5y9 059 4o o plosl Dllas .00 F &l)) Jlozge sl g
a3 gz sl oy ) e lages logse sla
(2006 . Ko 5 Ibrahim) ool oo ooy Ceaglin g (i

S dlxe gz oo Jge,8 (1969) )l Sen 4 Bryan
5 oy o Jels a5 wols &l lozee Clxas Loy
Skl 5 Sl (o 55 Sl il g5 (5 Sanlie
]

slayb Sl cos Sliss 4o (1979) () Ken 4 Korashy
oS s gole oy (olRtlesl (o) 4 Sl 2
28 O geinn ol @l waly Jbase ool sla s g
Gled bl o Jlozge plr b le s (Kws Caglie oS
0oy Jyere ol b by iy sy 25 s> o
Jb Sk b easses b sleys o ol s
el 059y ol jorr piiS

oy 41998 31997 sla Jls ,o lSKen 4 Elgaaly
Jels cod Jbozse ol b gloys ol sleae 5 LS,
5 las (st SISl B M b (Slil s
S33le 5 sl eslatwl b B ol oo Budod ol joaiiBls p gwiin
by atloy Jbozse slags L) soue oy & ABAQUS
lase allhe ool 55 258 anmlie 225 slaghle] @b
PEslT sbdae b obie cilhas ons sbul >
30 pebed dadiges ol jo aS sl las Ldsw gl aasils
Hajdu) coul osgy ol jor ()l Lisd Cowi (g0g0e iileS L o b
(2023 )l San 4

5 Moon lawg Sl [l Slidss 3 Slalllas o 51
5 Larsson ¢2010) .|, Kea 4 Nguyen {2009) .., 5en
o) 5en ¢ Lopez {(2014) dbrahim (2013) Persson
s SVl S g e aileS 3, 55, (2017)
o ploxil sgaos ledl g, 3l eolaiwl b Jlozge ol b slag g
]

slos,g = caglin 2019 Jlo ,o Krasotina 4 Robra
L e s slopls oo JKOI L ool cugi Jlogge ol L
a5 wslys gl ols I8 pwyn Syse Gl Casl Cux
zse Ol oy 0 Mles Sgnp Sl Slopls (slaoaiiS o

2 opdle dmodiiScote Bis b logse olr b glaye e
Sz 55 0)90 S8y g 438 50 e yobots o3l (459 SRalS
TR (S ies 035 (0920 )5l Slles
gz Jleas Ol 1) 8292 Sllee 5l (36 a5
g9o90 ol (1971 Fisher 5 Sherman) ses o  talS
e 3 & oS5 sl Wil gbele o Wl e
sl A wis )3 Sl slas,lo )k 5 6L
(2006 EN1993-1-5) o,li%

b (e Caglie Gbzse Gl b slagys x5 50
Ol 00 sz BB S L Jlogge ol g oud slml i slal
WS oo el @V Gliets 1) 5 (B Cd)b Ll o)l
(1998 Elgaaly)

F Syl g leS Vb el ST 50 5 Gl 2>
(2009 50 o Alinia) ss5 o slxl suss gy
slolns plgieds jo Jb (oo leS g (xS Geizmen
Sl 0ad 485 L5 0 oy g9 il o gl K0 e
(2005 .casanova 4 Graciano)

bl Dy SS9y ¢ P 485 O )ge Slidios
Eee Ol by (puiin (s g Syl (S Jold
3 el 1051 Gy 55 Gl (s (e o 0l s
aiye gl )| sao,0 10 zals cel oS can Jolao o 45
P )85l 59~ 5 5l £l S0 blje 5109 on 55
aenST50 58 adgi lie aS 6 sbay Cnl Cuns ;) s b Loy
Sy b anslie ;o Jlozse 55 750 bonS b J S0 05
ol s pSedr Olieed V58 5 (S Al bood i
2b o

300 nd colazwl Sl Wgw o euds pll Slaas
ey ol giluplaizle cans o) lozse ool sl s
Sz Sy 53l 0 jlozse ol b gla s 633 70 ans Loyl
Cyyods brugie 5 SargS i slaailes cl ! o eslic
ooliiwl 3 j50 (605 sl (yl5ants ¢ oo 9 Lol gl L slo s
o gy logase by ol 5l eslinal as 5 13
(2003 )l o 4 SaUSE) 39s Jgone

5 ool g Slado awsld cdgs s0Me 90 ams o
el jo a5 o bl by (Alib o lozse Ol b le s
ladk st s 5, o808 st ez 12 el
Olyedr g o plodl (bl (33 9 (2l 2l MSLae (900 Sl 0590
Kovesdi) sigi oo gusns 035>l 10 3350 ol 2! sl L
(2016 )l 5en

1. Bernard Construction Company



21-11 .(1404 )L@)l o ylois 55wl o buzxo g oyl o oo @ 206 [ Gl g ¥ .0 13

Joi 1) (Szs5 Sl sloid 5 ol blE Koo g bl e
L lagas Jlozge olr b o sheas 18, cnlply S o
R cmas 8y 0 5 ol 5 vshe sl ol sl
oS 55 2l Swglie Gl 53 Glges 5 9l (cwgmne

(2010 )l,San gKovesdi) s,5 Jlacs o ol 515l ies

G 9 s Co B~ e (o L8, -3-2
zo> Sl o oyl j18 ead sbml (goges Ly lo i ,SU
DN 392 Jlozse Gl b slays jo a5l SIS oS e
olonl cely wisS o Jos la j0 a5 soges iy slrg,s
5 Roberts) WS o 5 ola o oo sbjies

(2001 shahabian

GO o (oo -3

Sheslainl b sgase ol Jow (rwiore 52U, sl p
o) Sen 4 Driver o&isle;l mbs 51 ABAQUS l38ls 5
LG8 5 G7 Gy o 59 (59 -l o oolisl (2006)
Ju skl L 11000mm  slas  Jebay cwais Slasie
55 yeie ,b cow a5 1500mmx6mm > 3 450mmx50mm
g adlllae 3,90 1 8,0 )3 15 ailas lawg 3 1000mm alols «
((l) Sy wols 18 L)‘Z.itn)'i

Orizees w3l SlaolSaSS (59, » Byb 93 5l (5)9 5 0l
Cualind 4 (ploiiS S S pate )b 25 9 Seoms 98 Sl o
gl s ol (Sud 3l x5l Gl 0l 504 10mm
Ol Sl oad oals 13 5 58 peie b S (LU (p25e alaile
g n Jlael (2) St pllae oS Lawgs o 3 55 pui

, Flange (Typ.)

/ 450x50 a4 . T-stiffener (Typ.) ;
4 I/ i
HIBIBIBIGIEICIE li RN |
O ’ : ’ ‘ |
(NIRRT R |
! 4500 2000 l, 4500 .
o e ey
1 (Test Region) 11000 :
|
11 600 mm

=2
3

|
|20 |
170 | | 250
S 120 IN
36.9° 4 1,=6mm

200 300 mm | 200
| T

Web Profile

o3l ySeod g Driver (i Lo 4590 wilasuine -1 S
(2006)

Y J..Jb oaisS Corw o,lg0 Calrs uzmen .0l sl
Aok g owais s e oo jleolaiul b ol Sen g Lie
Wl ;o (g3ue Ghgyd wlge Dleogas oy (e (85
gz ololl Jlos (55, 2 6 pKeiar 36 (e slaali a5
MohammadPoor 4 Mohaddesi) ccslis wialy> laay o
sloanS s o)lps cwlks uldl b uixen (2013
(2022 .| Son s WaNg) wi aalys i o] 156 slopls

ol b sla s sheslanul jo Lasls iy a8 Mo 51 (SO
@95 slasys 5 S ol G5LS wg s, o1 b S
ol Caglin frmns cplply (1996 (o) Sas 4 Elgaaly) ol
Sy wle> 10,95 5 lofag Sl Comal I ablie (nl lozse
(2009 Eldib)

e SLeolr Cuglia 3,90 50 (Sl sla gy 90l 4
g Liew) coul a8 5 & jso 00l 5,050 S cow b
odwl Cawsdy 2l8islesl g 0,25 gl 4l » (2006 )l,\Son
T ool )l b 3y9 = 5 A9 12 dlae ol e asd 8l
b 00 7S (6N l St i 5 (SHie (sl <618
s 08 (6 5k Joe ABAQUS sguzma yladl |l58le 5 51 oolazul
Jse om 5l Ol e S8 G e el (ol Caaglie nlio
5 5l g ol Cuglas calsl jo el oo by w0ad &)1 sl
Ol 5o 8S alsE I3 s 990 s alles 93 L by
gz (2006) o, Sen o Driver alfisle;l aiges ;1 aslllas
oolainl 08,8 (6)IAF L o goae oo wcoro
)|OC9A S el 00l solive aslllae U”‘ J}.’o L ] 00
Ol qugmrme jsb | o] Ceaglio dogys =55 Ol 05
- 3l Dglaie wiles G Jlozas ol b sl s g — i LS, ools
loel alols g zlrgel S ppiman w3g alas 90 b glagsys
dle wialgs a3)9 = 5 5l g (nl Cuegliie 1y ol RSE

Sz olo b slai,yg — pd L, -2
o s, -1-2

98 5 Kilgs oo Lol Mzee ol b sleys o by kS
SSoe e Jalse yimen aibly Wl e g M5 Il

oS g gl cel shp o b Sl e el
(2017 )| e g Leblouba) wig s = s o yd5)

e i) =22
Slul (o Bas 5l (ul Jlogge Gl b slays (i 13,
Oty o ez Sl W Cov el Jlas Olasin g Jb
AWl ol 4 Jb Seop (>lg g 58 sladl yo Job ot



21-11 (1404 ;Les) 1 o5louids 55 Wl s § baumo 9 o)l o (swidieo 43 i [ o)l )0 9 55¥ 5.0 14

08 %
'

061 G7A
}f ....... GSA
L 04 b b =

""""" e
ko 1Py, b ¢ d
G2
[} T T T < 7
[ 25 50 75 00 ns 150
Load point deflection, mm

08 (plloj] igni ol ~g 5 ke =4 S

abaqus modeling result

400000
350000 ‘
300000

< 250000

“ug 200000

£ 150000
100000

50000
o/
[ 2 4 6 8 10 12 14
displacment in load point(cm)

G8 vgume yyladl Juo ol sl —g i (oo -5 ISl

ous b Jow axille -4
Sguzxe ol G Jue cwiid Wlo guas -1-4

Glos 50 5 ilas Sy L 39~ Wges 12 gy nl 5o
g e (glaiize0 (18 5 T wosl ()l b cailis j5boay
sgama olall ey 5l ealiial b eSS, o
e oyl Coglin dslae b e 00l (5 5L Joe ABAQUS
- dde Jae 12 (g g e &l Gl zge SIS
5y50 e 53 b aline Jao 12 rizen 5 ailas S L )
alas o b slag)g = po Sl 485 18 (o) g anlllas
2 eizmen 395 Sl g3 50 )1 1S SFASS g3 (s Jus o
90 ;0 105 oFASS g0 sl wiged yo iles go b sl Jus
- oo oSS ilas g o aie 5SS S 5 395 sl
203 wS Djpod B9 TS 5 90 59y » Jleel )b il
5 0ls 4l s S 6 5 sstise Jlael G585,
alas S5 b goae slaJas zge dwiin ghaio g o (6) SIS
Dgei oddlive |; ailas g0 4

935 4las o L slagg )y~ aled Job aslllas cnl )
oVgh gg5 el o 4§ La 10 20m 5 10m s e aileo
SYgd x> (rizren el 039 (LSS a3 y9 = 5 Jb g Ol 0
Sl Calind ] & g b g s U Jae ol 55 By
ewdid Slasin g ol zge olal il oo s (g00e slo o
Ol 1) alas G Jlagge g osle o b 39 =5 sla e
Gilodas ladigas (rizan 0505 aalie (2) 5 (1) Jgoz 5o

Deflection rigs

ol g Driver i lo 5T aiged 6,138 )b -2 s
(2006)

—a 1, ol Jow ABAQUS l33le 5 5l eolaul b Jl>
AtV Jgoe () JS) e o (55l Jowe Shell & )50
oS g 0/3 ﬁ‘)‘» U?‘“'?’ o po ‘6/1X106kglcm2 ﬁ‘)‘» QY93
5 Julow jo el oo as 3 JLa 0 4850kg/cm2 Ll ouls
oud digad dwrin 5 pllas (as o8 1) 5 (28 ¢ Joe U]
oo

LG8 alfisle;] diges slrals —g,5 loges duslia b
Sade a5 cdlye Gl e HlBley lawg Sgame Gl Jow
o) e 364/ Tton 2lisle;T diges sl Cunglie yiSlos
(4) J&m) Sg ..\.m|5> 350t0n ﬁ‘)‘» Sgdome ul.a.” JAA Lgl)‘.’ )lé.a.n
4%4/2 ﬁ‘)‘» ‘5:L~.ml2u 6”4? ol ;Q )JQLM 4 4>9JL ((5) )
s e a0 ] 5l g e a5 Canl x5 lade a5
5 Maiorana) silb aiges adgl i 5l ab Uasipl col
(2009 . Seon

(&h

ooy (3w oo diged (Wl :3gumxe (yledl gous Juo =3 s
Sguzxe lodl Juo 58 5 @395 (© )lSle 5 b



21-11 .(1404 L) 1 o Lo 55 il (s § Jaaxo g )l yos cwrikigen &1 piid | oy K0k g 53¥g 0 15

Silwdaw sly Von Mises s s 5l pizmen 0503
ol 00 ool odiges

Sguzxo kol g 3lw e -3-4
oo oolictul ABAQUS l3dle 5 51 e Juloss o (53l Joe sy
4 Static Riks s 5 sgame oyl (hg, 31 (65,5 b oS
b f S, 258 rizes O3l ce oue Sl S
(2021 )] 5e 9 Ghanim) cewl ous b Jow dwais 5 zllas

71 S R yF

7000 | Loy s lsyF ____f——\

36004 - .
f Fy>F00: lp o JJoges

[if { oY e
0 4200 |~
5 = K, e s
c%i I S TR SR T —— e
&
S 2800 |
LA
(if 1400 |
! Sedly Sz Sas
1 T
o 0.5 1 15 2 2.5 3

(&h

(@
‘Abaqus b (59 = s 0du g 3lw S adiges -8 i
SH4 (g :SH2 (& «SH1 (&I

sla S 5 ABAQUS spame slall | plf 55l eolial b ot
).u 6)LJJM ‘_g‘)» el 00l ools (J (10) (9) 9 (8)
Slady9 7 5 wlive (gwain Slasein 5l 1o dlas 9o L sla)s

ol oo solazwl dilas S

1 2
(lh
) @

99 9 4o Sy b slag g — i Hloz ge ol Wiz -6 S
s g (8 ¢ ibio (7 (51398 (@ 518 9 7 (W 1ailas

97 Jloggn ol b sy =y (wiied Sluogas -1 Jguar

Slatized I8
(ctr)n) om) (ctrv1v1) (can) loaiges e
104 30 069 1000  sm1
60 30 056 1000 SHz 18,7
34 30 04 1000  sH3
15586 30 074 1000  sHa
90 30 0663 1000  sHs
sladijed
5096 30 0533 1000  sHe
30 30 04 1000  sHs

w0l ol b glagyg = i (pwiid Sluogas -2 Jguar

(WG 9 G.'Z.L’l.o ‘)|.339.o
b a tw L

@M  m)  m)  (m) 29

- - 0/6 1000 SH7 ool
30 155 0/725 1000 SH9
30 90 0/62 1000 SH10
25 25 0/65 1000 SH11

125 125 045 1000 sz <

MoEse ol @9~ e Slge luoguas -2-4
Jge dlex 5l Bpae oVs8 Sliogas daJae LT jo
5 013 s oygulsy s pe BI1X10%g/CM2 Ll arecisl
ol 0o a8 5 a0 2400kg/em2 i oVgs wls 15
saaline (7) IS5 50 Glgicen 1) 9¥58 ()8 5 A5 o Al



21-11 (1404 ;Les) 1 o5louids 55 Wl s § baumo 9 o)l o (swidieo 43 i [ o)l )0 9 55¥ 5.0 16

s o0 Loy > Lo oS4 o 30 (sl o o5
2 10mm culis a4 olbodsS Cou (uimmed ol 00
JU 5k JEsl cea bad)g = 5 aled Lawg 5 o 93 sl
LaolS 4S5 g5 el 0 o8l 13 Suisg) §l 6T sl> 5 ol &

a5 osaline (11) S5 ) lgica ! a9 =55 )80

&
Wlod 90 b &y9 ~ i (51051 5 (PSS Lylyl -1 i

Woosls M 9 (",_L}'LJ _5
SISHL e 518 9 7 sbJuw L, owyp -1-5

YT 4
= Joe )i, el (s (12) S5 jlagas ;0 45 5boilon
w039 o jl bazge alold 5 > culbs L5t cov 618 57 o
5 () Ol Cwles 2al5 (@) 2l n gee )] lp S5 y5be
5 Caglie Sl cage (0) K0Sy 5l lagge alols ials

] 00l 00 S (6,108 ,L o o g

<8 57 o glal> -9 e

(kg ) 5,

° l 2

3 Bl s 6
(em) plrale sSlas

SHL 18 97 s ue loal> —g i S -12 JSCi
SH3 SH2

SIS b sladijed sbue b, o)y —2-5
00 i
et b ed i b cod glaiiyed glag)s TS 50
i ol 48 5 1 (slagsyg = 5 wiiles ol oo SHA L |
ials el laglgel dlols 5 ol culbis (1alS 45 s,
US5) ool 00s SHB 4 SHE SH5 ke dus o ,iSTa Cenglice
-Jae ladises o5 og2 (15) 5 (14) lagsis s ((13)
03 yiS (6135, o Abaqus 38l 5 5l eolainl b oads g5l

g0 odnlice Glgv oo )

(Ah

@
'Abaqus b 359 = i ool (g 3lw e glodiges =9 ISl
SHY (g «SH7 (& (SH5 (&l

(&h

(<)
‘Abaqus b (59 =y 00l (53w oo (grdiges =10 Jsi
SH12 (& «SH10 (A

S0 bl 9 5,105 09 -4-4
S92 00,5 SNk Cod daJoe 4l s nl 5o
oot 25kl b, 5l oolittul by ()38 L el )55 SlBss L
oo 5 b slagsyg 5 cslel 53 55 ansd o Jloc! RIKS
LSSy ogdle ailas 50 b slasys =y ;5 5 oS SaSS



21-11 .(1404 L) 1 o Lo 55 il (s § Jaaxo g )l yos cwrikigen &1 piid | oy K0k g 53¥g 0 17
oo ) aizgd sy Jow plrals - 9,5 e
1 _
E 150000 /\ T —l

L slaiijed ooy g3lw e slrdige ol 5 -15 i
SH8 (& SH6 (z SH5 (& SH4 (&I :Abaqus

SIS,k o ool gl b Joe jL8) (owyp -3-5

03 i’

Gl 5 )loged @llae eole (yl> b G5 — 8 Jow L8,
Gas 7 3l e5 ol P 0929 (lgiss eizmen ((16) JSC2)
Sges odnlin (19) ISa ,8 00,28 b cou |,

300000
ool o b Jao bl =508 i

250000

200000
3
X

Q_ 150000
g
g

100000

50000

0 -
0 1 2 3 4 5 6

(em) lral> Sl

(SH7) eobw ol b Juo gloasls —g i Sz =16 S5

SIS coi e gladae HLE, (owyp -5-4
00 i

O b ylozse slasyg = b cnled oo canlie o5 4355 Lo

30 0 xS (618 L Sl cou (17) I loged illae o

Ol csls 5 @) zoe gl 2als «(b) oo LSy Joolgd

- Coglie ,5STas (55, p Sl SU daT e (tw)

05,5 Iy halS Sl s 5 (i ISt L il las s

€M) plrals 2Slas
[l 198 o lrals (590 (e —13 JSb
SH8 (SH6 (SH5 (SH4

(&h

i

N . cemgEgEl

@

%

(@
‘Abaqus b 518 ¢ 7 oui g jlw e sadiges ol 5 -14 i
SH3 (z SH2 (& SH1 (I




21-11 (1404 ;Les) 1 o5louids 55 Wl s § baumo 9 o)l o (swidieo 43 i [ o)l )0 9 55¥ 5.0 18

056 (20) 5(19) sla sl yo oo )13 o3l 5 anlllas
oS gy 5 (ke w3l Gl b §)5 7 sladiy
&lwJow AbaqUs sgaze Lol 15816 5 a7 00 S (5,105 )L

Dges odalive ylg go |y Wiloals

L o (g3l (silio g oolw slrdiged 5 ~19 Ui
SH10 (g SH9 (< SH7 (I :Abaqus

(&h

b gwgionw 00 g3l sladiged o 5 -20 JSCi
SH12 (& SH11 (&J1:Abaqus

300000
G“L‘“‘ £5L°J"“ @bd‘l’ T9pS S
250000
200000 —
X
= — 10
Sts0000
<
100000
50000
0 ! 1
o 2 4 6 8 10 12 1 16

(em) plrale 25l

SH10 9 SHO ilie Juow (sl aile - g o -17 S5

Gl cxi qwgi B0 JLS) o)y ~5-5
00 i

28 ol aie 55 (18) UKo jlogel jo o Senay
w03y (6 AL Sl ot qwsrew lr b B)5 75 slo o
Cales 2al5 (D) zoe plp Jolgd 5 @) (LS zoe eliIL
b o) =y Caaglie fiSla 10 (6 Sy oS czge ol
S 9 SRS GRIEl Graren ol oud (wgiaw Ol
] @il ol jomray 1) Lo Joo JSCi

300000

o sladis olrdlr =50 Soie
250000 |

200000 |

Kgf) 55

s

$150000 |

L.

100000

50000 |

0 2 4 6 8 10 12 14 16
maximum displacement (cm)

(em) plrals 25l

g Jo @l - gy S -18 IS
(SH12 SH11)

ZTgo S i o i 5l s pl U aS 4isS Lo

S )9~ 5 Suaglie (59, 2 RS 3l e Jolsd 5 i)l ol
ol Calied paizan 5 o il calise JII L logse
Joxs BB 5950 2 5, 2 1) spSeiz b logse
Tye blisa JI31 b wanlss o Jlo 010 1y 89 Loy
GREL o alas g0 g alas o L slog s 5 Oz 50

3y90 dgaze (Lol sloJoe oled Cuglie (55, p 1) 00 S



21-11 .(1404 )L@)l o ylois 55wl o buzxo g oyl o oo @ 206 [ Gl g ¥ .0 19

alas o0 b glaJoe als Lloals —5,5 v

6 7 e § e 1] e 10
maximum displacement (cm)

—Y—12 —] —3
(em) el 5510

alas 9o b goue Joo 12 gloasls -9 oo =22 JSCi

& 5 aii =6

Sleos 6y 10 alas o b lozge s,y = axlllas
:aS RS oo UL“" obj.‘:_...f Lg)L;\f)Lg

ol el (518 5 7 Jlogse olr b slagys - 2
o] Censlia (59 2 52k sl o3l 0) gsn Jolsd 5 (1)
1 azge alols 5 ol cuales zals b aS s sbay azils
@y = S8, eizres b oo (RS a3 9 - 5 Cueglie

5 olr Cubs (ilie Gl b glo@yg m 3550 50 (2
S b3 )9 = 5 Cenglite 2SI 50 Sz 130 zge sla yeiie
b oo 28 (6 pd IS Lo it AL LS

Ol Culrd (pugin Hlogse ol b slagys <5 0 B
SialS 4S5 sba o)l diges Cuglie ;o (6 pKeix b
8 Caaglie 25T it i alS el le Culis
LR TY)

“ o ol US54 sagd (g se dpaiged a5 IUTL 4
2120 51 G sga 10) e e olis 095 5l Jles! sla b
(s Ol b G35 =5 (slasises

L Lgl.m‘_‘éﬁ - as AR o UL‘“’ Lo 6LQJM asllao (5
dpdiga slod I iy SHY §SHL sladigai aiile 5,5 oz
w03g sl Loz azse eiares 03 S Jexd | 00)ls Lo
ngjm dj;Q,J Q|936n Siloas J,o.z..n |) (8 i c,gojl.'d.n
O 5 e (02a<90) 1555 (sLlss b oz 45 0,8
ad i b ol 4l (SHL wges aiile) wils 1y el
slasl 5 £ ¢ IS5 Lt oLl 8 pme 355 Ladiges solod o oS
03y Dylite 2led 039 O b Joa ol culs 5 e
20 IS Jsbas wilas 50 b Jlozge slag,g = adlllas ool
1S aes oo ylis 00 S (6,I8 L Sl cow e

G e dadae Gl ol JSS Gy
o s JS5 gl 5 el ol b sl o s

(kg ) 5,

Wlas Sy L goue slaJue cuglin g ,Ld) ()5 =6-5
00 yiunS (6,185 ,L cxi
9 Coglie aslllae 5 plralr mgys sbalges (ow)n b
Mozse 5 ool Glr b 35 755 so0e ladoe kS JS 5o
Sl o Glas SO b ((owgiom 5 e (slais;ed (518 4 7)
SHO 5 SH7 SHL sla Jus 45 suagd &lsi oo 05 1S (5,135,
5B oamo il aS ooy bdigel yu Cawglie iSlas glls
Sualid 5 (0) K0Sl lagge alold (@) o el b Lo
Cuald 9555 ez b slagg g =505 45 )5kt ol (t) ol
s ge plis 393 les,ls sla)l pl yo 1) Jeod i oL
ol & OlEen Byg 5 sladoe goe JS8 (o p b uiznen
5618 57 Gl b G5 = oo adS oy 5l a0y e
00w Jb Sl Cod gae JSB g5 i 9 D1 M
shls SH12 3 SHY (sla Jow ol p ogde ((21) JSo) siinn
GRSl Co goas sladised (r )0 JSO i oo
Cole (6230 JSE oxiasLis gadge (nl &5 Alias 03,15
S5 09 walgs cwgiw g (ke Ol b §)9 75 sladoe

((21)

/

Load (kgf)

100000
50000
o

0 2 4 6 8 10 12 14

(em) glal> Sl

Wlas S b goue Jwo 12 stk g S —21 S50

Ao 9o b gouse s Jow Cuwglio g JLd) wypw-7-5
03w’ (5,185, e

"o Sbloged aslllas (5 5L 5 Ll ples cod
Slodae a5 IS5 1is g Conglie (o) 2 eizmen g x>
($laiized (618 3 T) Jlozge g ool oyl b Gy =5 g09e
Ol 0 75T (6 AT L Sl cod alas 90 b ((owgiom 5 (e
Ol b slag s = ol S8 (n Pdinke 5 e &5 S0
|, Conglie iSTa a5 ardl o (gldijed ol b Slozss 5 ool
((22) Jss) wmoe plis 095 5l Jlosl slajly pln 5o
Sy )*Jl’ L&,9 = 5l g9 2l 0 Ol Culs uizen
S0 (@ h) Zge o g0 b anglae o



21-11 (1404 ;Les) 1 o5louids 55 Wl s § baumo 9 o)l o (swidieo 43 i [ o)l )0 9 55¥ 5.0 20

Elgaaly M, Seshadri A, “Depicting the behavior of girders
with corrugated webs up to failure using non-linear
finite element analysis”, Advances in Engineering
Software, 1998, 29 (3), 195-208.
https://doi.org/10.1016/S0965-9978(98)00020-9

EN 1993-1-5, Eurocode 3, “Design of steel structures”,
part 1-5: Plated structural elements, CEN. Brussels,
2006.

Ghanim G, Wael S, Baldawi, Ammar A, “A Review of
composite steel plate girders with corrugated
webs”, Engineering and Technology Journal, 2021,
39 (12), 1927-1938.
https://doi.org/10.30684/etj.v39i12.2193

Graciano C, Casanova E, “Ultimate strength of
longitudinally stiffened I-girder webs subjected to
combined patch loading and bending”, Journal of
Constructional Steel Research, 2005, 93-111.
https://doi.org/10.1016/j.jcsr.2004.07.006

Hajdd G, Pasternak H, Papp F, “Lateral-torsional
buckling assessment of I-beams with sinusoidally
corrugated web”, Journal of Constructional Steel
Research, 2023.
https://doi.org/10.1016/j.jcsr.2023.107916

Ibrahim SA, “Lateral torsional buckling strength of
unsymmetrical plate girders with corrugated webs”,
Journal of Structural Engineering, 2014, 81, 123-
134.
https://doi.org/10.1016/j.engstruct.2014.09.040

Ibrahim SA, El-Dakhakhni WW, Elgaaly M, “Fatigue of
corrugated web plate girders”, Journal of Structural
Engineering, 2006, 132 (9), 1381-1392.
https://doi.org/10.1061/(ASCE)0733-9445(2006)
132:9(1381)

Korashy M, Varga J, “Comparative investigation of
fatigue strength of beams with web plate stiffened in
the traditional way and by corrugation”, Acta
Technica Academia Scientiarum Hungariche,
Budapest, 1979.

Kovesdi B, “Patch loading resistance of girders with
corrugated webs”, PhD Dissertation, Budapest
University of Technology and Economics, 2010.
https://doi.org/10.1016/j.jcsr.2010.05.011

Kovesdi B, Jager B, Dunai L, “Bending and shear
interaction behavior of girders with trapezoidally
corrugated webs”, Journal of Constructional Steel
Research, 2016, 383-397.
https://doi.org/10.1016/j.jcsr.2016.03.002

Larsson M, Persson J, “Lateral-Torsional Buckling of
Steel Girders with Trapezoidally Corrugated Webs”,
MSc thesis, Chalmers University of Technology,
2013.

Leblouba M, Junaid MT, Barakat S, Altoubat S, Maalej M,
“Shear buckling and stress distribution in
trapezoidal web corrugated steel beams”, Thin-
Walled Struct, 2017, 13-26.
https://doi.org/10.1016/j.tws.2017.01.002

Li Z, Pasternak H, Robra J, “Tragverhalten von
wellstegtragern mit kreisformigen 6ffnungskranz”,
Bauingenieur, 2021, 96, 114-120.
https://doi.org/10.37544/0005-6650-2021-04-50

Liew KM, Kitipornchai S, Peng LX, “Mesh-free methods
for buckling analysis of stiffened and corrugated
plates”, CRC Press, Book Cahpter, 2006.
https://doi.org/10.1007/s00466-005-0721-2

55 5l Jhesl slo,b ply o1, (B00000KgF) cusglie yiSTas

b G5 8 sladisad 4 51 Gl 0905 ,9) wias o (LS
(mgiew Ol

308 Loy =5 Cenglin 53 (ol 4 5l el 2
BMM culis Jslas b SH7 5 SH5 (gla Juo 455, sbas
2500 dxdllas 550 sl Joo w0 |y Cuoglin iSTos

&=l =7

Mohaddesi A, MohammadPoor B, “Investigation of the
bending and shear behavior of I-shaped steel beams
with corrugated webs”, 4th Conference of steel and
structure, 2013.

ABAQUS Standard User’s Manual. The Abaqus Software
is a product of Dassault Systemes Simulia Corp,
Providence, RI, USA Dassault Systemes, USA.

Abbas HH, Sause R, Driver RG, “Behavior of corrugated
web I-girders under in-plane loads”, Journal of
Engineering Mechanics, 2006, 132(8), 806-814.
https://doi.org/10.1061/(ASCE)0733-9399(2006)
132:8(806).

Alinia MM, Shakiba M, Habashi HR, “Shear failure
characteristics of steel plate girders”, Thin-Walled
Steel Struct, 2009, 498-506.
https://doi.org/10.1016/].tws.2009.06.002.

BryanER, Jackson P, “The shear behaviour of corrugated
steel sheeting”, Thin-Walled Steel Structures, 1969,
258-274.

Chan CL, Khalid YA, Sahari BB, Hamouda AMS, “Finite
element analysis of corrugated web beams under
bending”, Journal of Constructional Steel Research,
2002, 1391-1406.
https://doi.org/10.1016/50143-974X(01)00075-X

Driver RG, Abbas HH, Sause R, “Shear Behavior of
Corrugated Web Bridge Girders”, Journal of
Structural Engineering, 2006, 132 (2), 195-203.
https://doi.org/10.1061/(ASCE)0733-9445(2006)
132:2(195)

Easley JT, McFarland DE, “Buckling of light-gage
corrugated metal shear diaphragms”, Journal of
Struct, 1969, 95 (7), 1497-1516.
https://doi.org/10.1061/JSDEAG.0002313

Eldib MEA, “Shear buckling strength and design of
curved corrugated steel webs for bridges”, Journal
of Constr Steel Res, 2009, 2129-2139.
https://doi.org/10.1016/j.jcsr.2009.07.002

Elgaaly M, “Thin steel plate shear walls behavior and
analysis”, Thin-Walled Structures, 1998, 32, 151-
180.
https://doi.org/10.1016/S0263-8231(98)00031-7

Elgaaly M, Hamilton RW, Seshadri A, “Shear strength of
beams with corrugated webs”, American Society of
Civil Engineers, Journal Structural Engineering,
1996, 122 (4), 390-398.
https://doi.org/10.1061/(ASCE)0733-9445(1996)
122:4(390)

Elgaaly M, Seshadri A, “Girders with corrugated webs
under partial compressive edge loading”, Journal of
Structural Engineering, 1997, 123 (6), 783-791.
https://doi.org/10.1061/(ASCE)0733-9445(1997)
123:6(783)


https://doi.org/10.1061/(ASCE)0733-9399(2006)132:8(806)
https://doi.org/10.1061/(ASCE)0733-9399(2006)132:8(806)

21-11 .(1404 L) 1 o Lo 55 il (s § Jaaxo g )l yos cwrikigen &1 piid | oy K0k g 53¥g 0 21

Lopes GC, Carlos C, Real L, Lopes N, “Elastic critical
moment of beams with sinusoidally corrugated
webs”, Journal of Constructional Steel Research,
2017, 129, 185-194.
https://doi.org/10.1016/j.jcsr.2016.11.005

Maiorana E, Pellegrino C, Modena C, “Imperfections in
steel girders with and without perforations under
patch loading”, Journal of Constructional Steel
Research, 2009, 65, 1121-1129.
https://doi.org/10.1016/j.jcsr.2008.10.007

Moon J, Yi JW, Choi BH, Lee HE, “Lateral-torsional
buckling of I-girder with corrugated webs under
uniform bending”, Thin-Walled Struct, 2009, 47, 21-
30.
https://doi.org/10.1016/j.tws.2008.04.005

Nguyen ND, Kim SN, Han SR, Kang YJ, “Elastic lateral-
torsional buckling strength of I-girder with
trapezoidal web corrugations using a new warping
constant under uniform moment”, Journal
Structural Engineering, 2010, 32, 2157-2165.
https://doi.org/10.1016/j.engstruct.2010.03.018

Roberts TM, Shahabian F, “Ultimate resistance of
slender web panels to combined bending shear and
patch loading”, Journal of Constructional Steel
Research, 2001, 57, 779-790.
https://doi.org/10.1016/50143-974X(01)00009-8

Robra J, Krasotina L, “Querkrafttragfahigkeit von
sinusformig profilierten Stahltrégerstegen mit
runden und quadratischen Offnungen”,
Bauingenieur, 2019, 94, 285-291.
https://doi.org/10.37544/0005-6650-2019-07-08
-63

Sause R, Abbas HH, Wassef WG, Driver RG, Elgaaly M,
“Corrugated web girder shape and strength
criteria”, Lehigh University, ATLSS Reports, 2003.

Sherman D, Fisher J, “Beams with corrugated webs”,
Missouri University of Science and Technology,
International Specialty Conference on Cold-Formed
Steel Structures, 1971.

Wang J, Li Z, Robra J, Pasternak H, Euler M,
“Investigation on shear buckling of corrugated web
beams with reinforced web openings”, 2022.
https://doi.org/10.1002/cepa.1800



	Abstract Veladi
	Dr. Veladi

