IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS You may also like

Deflection of Thin-Walled Panels Loaded in Shear it e simiosos bonin

and shear

with Different Types of End Stiffeners T C Sajith and M S Ajith

- Experimental Study on Shear Strength

e ; Behavi f the Composite UHPC Steel
To cite this article: E A Mousa et al 2020 /OP Conf. Ser.: Mater. Sci. Eng. 974 012012 Gﬁdi¥;°iﬁr§&nd§r W°e'E oste =

Haitham H. Muteb and Dhafer M. Hasan

- Analysis of the Shear Angle in Corrugated
Web Girders

View the article online for updates and enhancements. Witold Basinski

245th ECS Meeting Bringing together industry, researchers, and
government across 50 symposia in electrochemistry

and solid state science and technology

San Francisco, CA
May 26-30, 2024

Learn more about ECS Meetings at
PRIiME 2024 http://www.electrochem.org/upcoming-meetings

Honolulu, Hawaii

October 6-11, 2024 @ Save the Dates for future ECS Meetings!

This content was downloaded from IP address 195.43.0.86 on 29/05/2023 at 09:43



https://doi.org/10.1088/1757-899X/974/1/012012
https://iopscience.iop.org/article/10.1088/1757-899X/1114/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/1114/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/1114/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/671/1/012099
https://iopscience.iop.org/article/10.1088/1757-899X/671/1/012099
https://iopscience.iop.org/article/10.1088/1757-899X/671/1/012099
https://iopscience.iop.org/article/10.1088/1757-899X/471/5/052005
https://iopscience.iop.org/article/10.1088/1757-899X/471/5/052005
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssZRRDzFNCCO1eBs5yM26ZG6duDOduGFT2yT_G2zsHwRNqUOKtLw26gsiKNem0tHVbfSoJveNF76IAiHrlQOT9qsfq4rciVekHrrJMS3FK2IgjRn-n3ctIRgk2olS6UKsRPiuxVZqoC1qPuXPsLcogxpUX0tYrhVcqPW7W40N06K8Rx-FjUL6VMhkM3ULWYK0Tzgyh5OHvOVYNXkDi2f7fMM166jeEVN1Z2fg7K6-cSOJsLDGeYVYur-ebqZLmwQKwx18V6Laat47gHam5vn5O-WIv5jxriWGBnP4epf931xA&sai=AMfl-YQNQzmvX4gr2uOTe0tFN4IUNs84Zp6NiCB5gaVsNNpKl3Aposl-EMrZ8DqpVC4sMtXXGRyD2IOnvPzPFtk&sig=Cg0ArKJSzK4rUEbPgpHm&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/upcoming-meetings/

13th International Conference on Civil and Architecture Engineering (ICCAE-13) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 974 (2020) 012012 doi:10.1088/1757-899X/974/1/012012

13th International Conference
on Civil and Architecture
Engineering
ICCAE-13-2020

MilitaryTechnicalCollege
Kobry El-Kobbah,
Cairo, Egypt

Deflection of Thin-Walled Panels Loaded in Shear with
Different Types of End Stiffeners

E A MoUSA', M H EL-BOGHDADI*,N M YOSSEF**

'PhD student, department of Structural Engineering, Faculty of Engineering, Tanta University,
Tanta,

?Associate Professor, Dept. of Structural Engineering, Faculty of Engineering, Tanta Univ.,
Tanta,

? Corresponding author (Mobile: +201225151616; Fax: +20403315860; Email:
nashwa.yossefl@gmail.com, nashwa abdeltawab@f-eng.tanta.edu.eg

Abstract, Numerical analysis for the load/deflection behavior of thin-web plate girders have
been studied in this paper using a finite element program. An analytical approach presented in
literature was discussed, and hence, it was used to calculate the load/deflection values in pre-
bucking and post buckling stages. The validated finite element model is used to discuss the
meaningful of the analytical approach. The effect of different parameters on load-deflection
curves is proposed. Stiffener thickness (t.), end post type (no end post (NEP), rigid end post
(REP), and non-rigid end post (NREP)) and end distance () are the main parameters considered
in this paper. The analytical approach estimates well the load/deflection behaviors of REP and
NREP plate girders with (a/h,, < 2.2). On the other hand, the analytical approach can’t estimate
either for the shear strength or the deflection of NEP plate girders.

KEYWORDS
Plate girders; Shear behaviour; In-plan deflection; End stiffeners; Finite element model.

1. INTRODUCTION

Plate girder is a structural element which contains steel plates assembled together by welded or bolted to
one another. Rolled sections account for structures with relatively low loads and limited spans. However,
when it comes to relatively heavy loads with large spans, as bridge girders with small to medium spans,
designed plate girders are among the most widely used sections [1, 2].

Optimizing the plate girder dimensions presents deep thin web, that thin web tends to buckle. Hence
transverse intermediate stiffeners are used to restrain the web and increase the buckling strength. At
shear force, the thin web panels buckle. Therefore the shear behavior of thin web panel is one of the
important design aspects of plate girder [3, 4].

A thin web panel subjected to shear was studied by several researchers [3-14]. The shear resistance of
transversely stiffened plate girders was affected mainly by three factors [15]; 1) the buckling shear
resistance, 2) the post-buckling shear resistance, and 3) flanges contribution to the shear resistance.

The buckling shear resistance was studied and formulated by Porter et al. [16], hence Lee and Yoo [4]
propose design equations for the determination of ultimate shear strength of the web panels. In the
meanwhile, Ajam and Marsh express the elastic shear buckling strength based on the Tresca yield
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criterion [17]. For all studied models, the shear buckling coefficient is the key parameter for the shear
strength. As a simplification, and as an accurate approximation, all panel edges are assumed to be simply
supported, although Galambos has present the shear buckling coefficient for panel with fixed rotational
restraints at the top and bottom [18].
Wilson in 1886 was one of the first to discuss the post-buckling behaviour [19]. In a major advance in
1950, Basler and Thurlimann [20] presented extensive studies on the post-buckling behaviour of plate
girder web panels. They assumed that the transverse stiffeners doing as anchors and the yield was far
from flanges. Then later Basler [21, 22] presented different approach on the post-buckling behaviour of
thin web panel of a plate girder. In 1970s, Rockey and his co-workers predicted the ultimate strength of
webs subjected to shear [16, 23].
As noted by many researchers, increasing flange dimensions develops larger shear strength, which
means flanges contribute the shear strength by the frame action. However, Hoglund [24] calculated the
shear contribution from the frame action.
A numerical study of nonlinear large deflection behaviour of plate girder under shear was presented by
Alinia et al. [7]. It was observed that plastic hinges induced by shear in the end panel only. These hinged
are induced by the shear deformation near the supports. The researchers state that the end-posts are
important elements in the behaviour and design of plate girder under shear.
A number of experimental and analytical studies have been carried out to establish a mechanical model
to represent the out-of-plane and the in-plane deformation characteristics of web panel under shear [25,
26]. However the proposed model by Qian and Tan [25] does not take the effect of end-post into
account, there is still a need for general analysis and design methodology to combine the effect of end-
post on the out-of-plane and the in-plane deformation characteristics of web panels under shear.
Hence, this paper focuses on the shear behaviour of the thin web panel of plate girders. The principal
aim is to improve the current presented model of the structural behaviour for the thin panel under shear
formed by Qian and Tan [25]. The key parameters that affect this panel in the current investigation are
the stiffeners thickness (#), the type of end-post, the web aspect ratio (a/h,) and the end-post distance
(e). The scope of this study can be summarized as:
1. Discuss the current literature model for calculating the in-plane deflection of web panels loaded
in shear.
2. Propose and validate a detailed finite element 3D model used to address the behaviour of full-
scale plate girders.
3. Investigate factors affecting the in-plane deflection, and compare between the finite element
results and current literature model.

2. LITERATURE APPROACH FOR IN-PLANE DEFLECTION

Qian and Tan [25] presented a mechanical approach to calculate the in-plane deflection of web panel
loaded in shear. Qian had used Cardiff theory to calculate the shear strength in his analytical approach.
In Qian approach the overall deflection is divided into two stages, which are deflection of pre-buckling
stage (d.) and deflection of post-buckling stage (J,). Such that the total deflection for the panel loaded in
shear (d,) could be calculated as follow;

Opp = O T+ Op 1
Thus, the pre-buckling deflection can be calculated as:

O =21,a(l+V)/E 2
in which:

a is the panel length;

v is the Poisson’s ratio;
E is the elastic modulus;

s the shear buckling stress of the web panel (= K —2—(£)");
T is the shear buckling stress of the web panel (= K --—=-(;*) |
t,, and A, are the web panel thickness and height respectively;
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K is the shear buckling coefficient in case of web panel with transversal stiffeners only and equals to

{5.34 +4 /(a/hy,)? a/h, = 1.0

4 +5.34/ (a/h,)? a/hy, < 1.0

In the meanwhile, the post-buckling deflection was derived for the shear case as follows:

&, = (Jg)zczhwtw 3
b= B a4 Mpp)

where:

¢ is the distance assumed between the plastic hinge and the end bearing stiffener

_ 1.6 bpt?fyr
(— a(0.25 + e S )>

M, is the plastic moment capacity of flanges (= 0.25f, ¢ Af tf )

crty and V,;; are the tensile yield stress of web panel under shear and the post-buckling shear force
component, respectively, which can be calculated as:

O'ty = _%Tcr sin 26 + \[fyzw + T?r [(15 sin 26)2 - 3] 4
Ve = 0} hyt,, sin? (cot9 - hi) + 4 0l't, Smgﬁfg’if ’
w tw

Thus, 6 is the inclination of the tensile field, the angle 6 may be calculated by iteration to give the
maximum value of V,;; or can be approximated as (9 = 2/3 tan_l(’%‘”)) as given by Rockey et al.

[24].
However, equation 5 is subject to the following control [27]:
2 2
2L < 0.125 (%) —5&+j1—0.25 <ﬁ—f) 6
hwtwfyw a yw yw
If the left-hand side is greater than the right-hand side stated in equation 6, the value of V,,;; is given by:
Vuie _ hw i _ﬂf_cr _ 3 V3t 2
Tertwhw 4‘@( a )hwztwfyw * 4 fyw * J 075 16< Fyw ) !

3. FINITE ELEMENT MODEL

A detailed finite element (FE) 3D model used to address the behaviour of transversely stiffened, full-
scale plate girders was developed and verified. Nonlinear behaviour of the thin web panel was presented.
The verified FE model is used to promote the current literature equations for in-plane deflection and
study additional factors affecting the behaviour of thin web panels under shear force.

3.1 Model description

Transversely stiffened plate girders were modelled using reduced-integrated shell element S4R. The
element S4R, from non-linear finite element analysis of the ABAQUS platform element library [28], has
four nodes each with six degrees of freedom. The full-scale 3D model includes both geometric and
material nonlinearity. The mesh convergence study verified that the element with size 30 mm x 30 mm
gives reasonable accuracy.

Girders with no end post (NEP), with rigid end post (REP), and with non-rigid end post (NREP) were
included. Plated girder dimensions notations and various end supports were introduced, according to EN
1993-1-5 [29], as shown in figure 1.
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Figure 1. Cross section dimensions and types of end supports.

3.2 Boundary conditions and load procedures

The boundary conditions and load procedures follow what is indicated in [7], to assure quite small
bending moment and constant shear force for the end panel. However, two-point loads were applied at
the third points, and simply supported boundary conditions were applied to the end section. Both load
and boundary conditions are presented in figure 2.

Out-of-plan
support

P (load)

Out-of-plan
support

Out-of-plan
support

R xayy

Hinged
support

bt ddedehd T2

ok
<)
9

R
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support

--r.a‘t“ﬂ""“
2w o v 2w WD

i‘:

Support U, u, U, 0, 0, 0,

Hinged X X X 0 0 X

Wy Roller X X 0 0 0 X
out-of-plane X 0 0 0 0 0

support X = restrained, 0 = free.

Figure 2. FE mesh, load and boundary conditions used.

3.3 Material properties
Bilinear elastic-plastic curve with linear strain hardening was used to simulate the behavior of the steel
material for web, flanges and stiffeners. The slope of the linear elastic part of the curve, which mean
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Young's modulus, was used as £ = 200 GPa, and Poisson’s ratio was taken v = 0.3. The slope of the
hardening part was taken as 2 GPa. The used steel material is S355, which has ultimate stress 510 MPa
and yield stress 355 MPa.

3.4 Model validation

To determine the accuracy of the FE model, the model was used to simulate the behaviour of specimens
exhibited in the experimental tests of Zhu and Zhao [26]. As well as, the numerical model studied by
Alinia et al. [7]. Table 1 presents the comparison between the available results in the literature and the
FE model results. The mean value for the ratio of the available ultimate load in literature (P,) to the FE
ultimate load (P, rr) is 0.97 with standard deviation of 0.05.

The failure modes of plate girders in [26] were compared with the failure of FE model, as shown in
figure 3, which indicates a good agreement. In the meanwhile, the failure modes stated by [7] for studied
plate girders were also confirmed by the FE study, as shown in figure 4. Finally, the comparisons
between load-deflection curves for the literature plate girders and the FE load deflection curves are
presented. Where the FE model accurately predicts the load-deflection curves, as can be seen in figure 5.

Table 1. Comparison between available ultimate load in the literature (P, ;) and the FE one (P, r).

Details of experimental tests of Zhu and Zhao [26]
Plate h,, ty b te L a fyw E Pus Pure Py/
girder [mm] [mm] [mm] [mm] [mm] [mm] [MPa] [GPa] [KN] [KN] Py re
Gl 600 8 180 16 2700 900 280 208 1200 1291 0.93
G2 600 8 180 16 3600 1200 280 208 985 1037 0.95
Details of the simulated plate girder studied by Alinia et al. [7]

G(A) 1000 4 300 9 4000 1000 345 210 800 773 1.03
G(B) 1000 3.33 300 7.5 4000 1000 345 210 N/A 551 N/A
G(C) 1000 333 300 3.33 4000 1000 345 210 N/A 312 N/A
Mean* 0.97
Standard deviation 0.053

*  The ultimate load P, for the plate girder G(B) and G(C) are unavailable, hence they were excluded from the
mean and the standard deviation

a)

Figure 3. Lateral torsional buckling of tested specimen G2: a) Experimental results [26],
b) F.E. results
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Figure 5. Comparison between literature girders and FE load-deflection curves.

4. NUMERICAL STUDY
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4.1 Assumptions and parameters

In this section, the analytical and numerical load/deflection behaviour of thin-walled panel loaded in
shear is investigated. Based on the main target of that section for studding the shear failure, the span
length of the modelled plate girders was taken as 3 times the panel width (3a), so the bending effect on
the studied panel was minimized. Regarding the geometrical limitation of thin-walled panel, #4,/%, ratio
was taken as 200 for all studied panels. Twenty (a/ h,,) ratios were investigated, such that (a/ h,,) ratio
was varied from 3.5 to 0.8. The initial imperfections values (w,) were introduced for the model with
scale factors (%,/200), which considers a greater value for the bow of the web.

The current study contains four hundred full scale thin-web plate girders, as shown in table 2, covering
three main parameters; stiffener thickness (#;), end-post type (REP, NREP and NEP) and end distance

(e).
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4.2 Results discussion

The specimens listed in table 2 were solved numerically using (ABAQUS), hence load-deflection curves
for these specimens were determined numerically and analytically. Investigating the effect of different
parameters on the finite element load-deflection curves, then conforming these results to the theoretical
approach is the main goal of this study.

The results and the primary parameters are presented and discussed herein, where P, sz is the ultimate
load carrying capacity calculated numerically using the FE model, which is the maximum load stated,
and was typically followed by a drop in the load value. Opyrr is the maximum FE vertical deflection
under loading points for the post buckling stage, which is followed by failure stage (an increase in the
deflection with nearly constant load).

In the meantime, the shear deflection d,,, calculated by the analytical approach were expressed in
equation 1, and the ultimate shear force P, , is calculated such that;

Pu,a = Ter (AM)J'_ Vult 8

4.3 Effect of stiffeners thickness

To investigate the effect of stiffeners thickness, 160 specimens were studied as listed in table 2.
Specimens with REP and NREP were examined. The specimens had the same cross section dimensions,
but different stiffeners thickness (5 mm, 10 mm, 15 mm, and 20 mm). Twenty ratios of (a/ h,) were
studied separately and combined, based on the aspect ratio of the web panels to evaluate the elastic shear
buckling strength and post buckling strength, [4].

Table 3 & 4 present the comparison between the analytical results of the presented approach and the FE
results for girders with stiffeners thickness 5 and 20, respectively. When the thickness of stiffeners were
5 mm, the mean values of P, /P, rr for REP and NREP are 0.96 and 1.00, with standard deviations of
0.17 and 0.19, respectively. Then the mean values P, /P, rr are 0.9 and 0.95 with standard deviations
0.11 and 0.15, for REP and NREP girders respectively, with stiffeners thickness 20 mm. Which indicates
a good agreement with the analytical results.

For girders with thin stiffener (#,= 5 mm), the mean values of /0, s for REP and NREP are 0.80 and
0.82, with standard deviations of 0.11 and 0.12, respectively. Hence for girders with thick stiffeners (¢, =
20 mm), the mean values of ,;,./0, sz for REP and NREP are 0.82 and 0.87 respectively, with standard
deviations of 0.10, for both. Deflection values indicate slight discrepancies between the FE and
analytical approach. The authors believe that the presented approach underestimate the deflection values,
since it only considers the shear deflection. But the FE model were subjected to shear and bending
effects. Furthermore, results confirmed the small impact of the stiffener thickness on both shear strength
and deflection of thin girders.

Figures 6, 7 and 8 present comparisons between the analytical and the FE load-deflection curves for
different specimens, where it can be seen that the analytical approach accurately predicts the load-
deflection curves for the studied specimens, especially for girders with panel aspect ratio ranged from
a’h,, =1.7 to a/h,, = 2.2, hence the performance has some discrepancy for a/h, > 2.2. That was probably
as discussed, such that for a/h,, > 2.2, the effect of bending was significant as the panel and the girder
length increased. Although these slight deviations between analytical predictions and numerical results,
the given approach still exhibits acceptable accuracy compared with these FE especially for a/hw < 2.2.
In the meantime, the stiffeners thickness has negligible effect on the load-deflection behavior.
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Table 3. Analytical and FE loads/deflections of the studied specimens with (¢, = 5 mm) values.

a t, Analytical FE (REP) FE (NREP) Ratio Ratio
s z Eq. (REP) (NREP)
_f; ; mm lE: mm Py, 8pb,a Pure  Opore  Pure  Opore w @ w @
£ E KN mm kN mm kN mm r:.\:; & o\? &
3.5 3500 701  19.14 954 2320 939 23.00 0.73 083 0.75 0.83
3.4 3400 714  18.12 950 21.41 843 21.16 0.75 085 0.85 0.86
3.3 3300 727 17.12 952 1984 942 19.74 0.76 0.86 0.77 0.87
3.2 3200 742 16.15 961 2428 946 2390 0.77 0.67 0.78 0.68
3.1 3100 757 1521 969 2240 951 2226 0.78 0.68 0.80 0.68
3.0 3000 773 1430 976 20.64 952 1836 0.79 0.69 0.81 0.78
2.8 2800 808 12.57 987 1537 962 13.04 082 0.82 0.84 0.96
0 2.6 2600 e 5 848 1095 994 1253 973 1262 085 0.87 0.87 0.87
% 2.4 2400 é 894 946 1005 1273 971 1140 0.89 0.74 092 0.83
- 2.2 2200 = 947 8.08 1005 1091 989 1052 094 0.74 0.96 0.77
2.0 2000 1009 6.83 1027 829 992 1001 098 0.82 1.02 0.68
1.8 1800 1081 5.69 1083 6.73 1033 7.07 1.00 0.85 1.05 0.80
1.7 1700 1123 516 1096 6.02 1032 571 1.02 0.86 1.09 0.90
1.6 1600 1168 4.67 1095 5.07 1044 503 1.07 092 1.12 0.93
1.5 1500 1217 420 1092 445 1063 488 1.11 094 1.14 0.86
1.4 1400 1272 377 1135 398 1083 4.02 1.12 095 1.17 0%
1.3 1300 1332 336 1164 3.46 1106 350 1.14 097 120 0.96
1.2 1200 1399 299 1193 442 1132 3.02 117 0.68 124 0.99
1.0 1000 1556 233 1282 333 1203 336 121 0.70 1.29 0.69
0.8 800 1769 1.82 1408 3.26 1314 353 126 0.56 135 0.52
Mean 096 0.80 1.00 0.82
Standard deviation 0.17 0.11 0.19 0.12

10
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Table 4. Analytical and FE loads/deflections of the studied specimens with (¢, = 20 mm) values.

a t; Analytical FE (REP) FE (NREP) Ratio Ratio

o) o) Eq. (REP) (NREP)
5 fg mm E_« mm Pua spb,a Pu,FE 5Pb,F Pu,FE 8Pb,ﬂ-: - w - B
s = = 5 £ 3 £
é -:_ kN mm kN mm kN mm &; f: &: 2;
~ o ~ 2

3.5 3500 701  19.14 946 23.00 946 2286 074 0.83 0.74 0.84

3.4 3400 714 1812 945 2122 951 21.05 0.76 085 0.75 0.86

3.3 3300 727 1712 966 19.66 947 19.66 0.75 0.87 0.77 0.87

3.2 3200 742 16.15 970 2420 958 18.19 0.76 0.67 0.77 0.89

3.1 3100 757 1521 978 2236 962 2242 0.77 0.68 0.79 0.68

3.0 3000 773 1430 983 2046 966 2046 0.79 0.70 0.80 0.70

2.8 2800 808 12.57 994 15.10 975 1295 0.81 0.83 0.83 0.97

2.6 2600 848 1095 1002 1291 985 11.52 085 0.85 0.86 0.95

2.4 2400 894 946 1016 11.70 995 12.64 0.88 0.81 090 0.75

w 22 2200 & 20 947 8.08 1023 1045 1018 1025 093 0.77 093 0.79

§ 2.0 2000 § 1009 6.83 1054 826 1020 7.62 096 0.83 099 0.90

- 1.8 1800 - 1081 5.69 1119 6.65 1074 6.73 097 086 1.01 0.85

1.7 1700 1123 516 1115 566 1077 570 1.01 091 1.04 0091

1.6 1600 1168 4.67 1151 5.00 1097 5.02 1.01 093 1.06 0.93

1.5 1500 1217 420 1200 4.45 1124 447 1.01 094 1.08 0.94

1.4 1400 1272 3.77 1251 392 1153 392 1.02 096 1.10 0.96

1.3 1300 1332 336 1311 3.40 1185 3.41 1.02 099 1.12 0.99

1.2 1200 1399 299 1387 432 1229 294 1.01 0.69 1.14 1.02

1.0 1000 1556 233 1577 3.12 1351 3.13 099 0.75 1.15 0.74

0.8 800 1769 1.82 1833 2.81 1497 2.17 097 0.65 1.18 0.84

Mean 090 0.82 0.95 0.87

Standard deviation 011 0.10 0.15 0.10
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Figure 6. Comparison between analytical equation and FE load-deflection curves
for REP and NREP plate girders with (a/h,, = 1.0).
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Figure 8. Comparison between analytical equation and FE load-deflection curves
for REP and NREP plate girders with (a/h,, = 3.0).

4.4 Effect of end-post

Sixty plate girders having the same cross-sections and the same spans but with different end-post profiles
were studied. Table 5 presents a comparison between analytical and FE load/deflection results for the
studied plate girders. Since the analytical approach of Qian and Tan [25] neglected the effect of end-
post, the analytical load/deflection results did not confirm any difference with different end-posts. Unlike
the analytical results, the FE results highlight the effect of end-post rigidity on the load-deflection
behaviour. The results show that providing a REP increases the ultimate shear strength (P, rz) of the
girder, if compared with NREP. In the meantime, changing end-post from REP to NREP has
insignificant effect on maximum vertical deflection (Jpy, ), in the most studied cases. It also shows that,
(P, re) of the same plate girder considerably decrease by providing NEP. However NPE profile has
irregular effect on (J9pp, rr)-

The column charts presented in figure 9 shows the ratio between the analytical approach and finite
element results for REP, NREP and NEP plate girders with a/h, = 0.8, 1, 1.4, 1.7, 2, 2.2 and 3. The
analytical approach estimates well the shear strength of REP and NREP plate girders, hence it can’t
estimate the shear strength or deflection for NEP plate girders.

In the meantime, the presented analytical approach gives underestimates deflection results for both REP
and NREP plate girders.

4.5 Effect of end-distance (e)

The current sub-section studies the effect of end-distance (e) in the load-deflection curves, note that the
cross-section dimensions of the studied plate girders remained constant. However, a/h,, ratio was varied
from 0.8 to 3.5, as listed in tables 5, 6 and 7 for (e) equals 100, 200 and 300 mm, respectively.

Figure 10 presents the load-deflection curves of plate girders (a/h, = 2) with different end-post profiles.
Accordingly, the end distance (e) are 100 mm, 150 mm and 300 mm. the FE results show that increasing
the end-distance (e) has no effect on the initial stiffness of the plate girders.

However, it slightly increases the ultimate shear strength of the girders. That was expected, since
increasing the end-distance influence the rigidity of end-post and hence the position of plastic hinges on
flanges at failure stage. Hence, that explains the insignificant change of the maximum deflection at the
post buckling stage for the studied girder. In other word, the end-distance becomes effective only in the
failure stage. Figure 10 also states the misestimating of the analytical approach for the NEP girders.

The same conclusions can be seen clearly form tables 5, 6 and 7, increasing the end-distance has
insignificant effect on the deflection of the studied girders. Given that, for (e) equal 100, 150 and 300

13
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mm, the mean values of d, /9 e are 0.84, 0.85 and 0.85 respectively for REP girders. And equals 0.86,

0.87 and 0.86 for NREP girders.
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Figure 9. Comparison between the analytical and FE results (loads/deflections) with different
end-post profiles.
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Figure 10. Analytical and FE load-deflection curves for plate girder (a/h,, = 2.0) with different end-
distances.

5. CONCLUSIONS
The load/deflection of thin-walled panel loaded in shear were studied using numerical and analytical
methods. The Qian and Tan [25] mechanical approach, to calculate the in-plane deflection web panel
loaded in shear, has been applied to calculate pre- and post-buckling deflection. And hence the non-
linear large deflection FE analysis of the full-scale plate girders were studied. The comparison between
the results of two methods concluded that:
e The analytical approach presented by Qian and Tan [25] can be used to simulate the
load/deflection behaviour of thin-walled panel loaded in shear for a/h, < 2.2, with REP and
NREP. Such that, it estimates well the shear strength of REP plate girders and slightly
overestimates the shear strength for NREP plate girders.
e The presented analytical approach can’t be used for calculating the deflection of NEP plate
girders. And more studied is needed to find an accurate approach for NEP panels.
o The stiffeners thicknesses have insignificant effect on the load-deflection behaviour.
o The type of end-post directly affects the ultimate shear strength(P,). The results show that
providing a REP increases the ultimate shear strength (P,rz) of the girder, if compared with
NREP.
e Changing end-post from REP to NREP has insignificant effect on maximum vertical deflection
(Opn,rE)-
e The FE results show that increasing the end-distance (e) has no effect on the initial stiffness of
the plate girders. However, it slightly increases the ultimate shear strength of the girders.

Conflict of interest
On behalf of all authors, the corresponding author states that there is no conflict of interest.

21



13th International Conference on Civil and Architecture Engineering (ICCAE-13) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 974 (2020) 012012 doi:10.1088/1757-899X/974/1/012012

6. REFERENCES

[1] M. Hirt, J.-P. Lebet, Steel Bridges: Conceptual and Structural Design of Steel and Steel-Concrete
Composite Bridges, EPFL Press 2013.

[2] N.M. Yossef, S.Taher, Cost Optimization of Composite Floor Systems with Castellated Steel Beams,
Practice Periodical on Structural Design and Construction 24(1) (2018).

[3] S.C. Lee, J.S. Davidson, C.H. Yoo, Shear buckling coefficients of plate girder web panels,
Computers & Structures 59(5) (1995) 789-795.

[4] S.C. Lee, C.H. Yoo, Strength of Plate Girder Web Panels under Pure Shear, Journal of Structural
Engineering 124(2) (1998).

[5]1 C.H. Yoo, S.C. Lee, Mechanics of Web Panel Postbuckling Behavior in Shear Journal of Structural
Engineering 132(10) (20006).

[6] M.M. Alinia, H.R. Habashi, A. Khorram, Nonlinearity in the postbuckling behaviour of thin steel
shear panels, Thin-Walled Struct. 47(4) (2009) 412-420.

[7] M.M. Alinia, M. Shakiba, H.R. Habashi, Shear failure characteristics of steel plate girders, Thin-
Walled Struct. 47(12) (2009) 1498-1506.

[8] J. Loughlan, N. Hussain, The in-plane shear failure of transversely stiffened thin plates, Thin-Walled
Struct. 81 (2014) 225-235.

[9] G. Quan, S.-S. Huang, I. Burgess, An analytical approach to modelling shear panels in steel beams at
elevated temperatures, Eng. Struct. 85(15) (2015) 73-82.

[10] Y.B. Kwon, S.W. Ryu, The shear strength of end web panels of plate girders with tension field
action, Thin-Walled Struct. 98(January) (2016) 578-591.

[11] Y. Xiao, X.Y. Xue, F. FeiSun, G.Q. Li, Postbuckling shear capacity of high-strength steel plate
girders, Journal of Constructional steel research 150(November) (2018) 475-490.

[12] A. Reis, N. Lopes, P.V. Real, Ultimate shear strength of steel plate girders at normal and fire
conditions, Thin-Walled Struct. 137(April) (2019) 318-330.

[13] N.M. Yossef, J. Fogarty, S. El-Tawil, Residual Compressive Strength of Flange-Damaged Steel
Columns, Journal of Structural Engineering (2015).

[14] O.F. Zaher, N.M. Yossef, M.H. El-Boghdadi, M.A. Dabaon, Structural behaviour of arched steel
beams with cellular openings, Journal of Constructional steel research 148 (2018) 756-767.

[15] D.W. White, M.G. Barker, Shear Resistance of Transversely Stiffened Steel I-Girders, Journal of
Structural Engineering 134 (2008) 1425-1436.

[16] D.M. Porter, K.C. Rockey, H.R. Evans, The collapse behaviour of plate girders loaded in shear, The
Structural Engineer 53(8) (1975) 313 - 325.

[17] W. Ajam, C. Marsh, Simple model for shear capacity of webs, Journal of Structural Engineering
117(2) (1991) 410-422.

[18] T.V. Galambos, Guide to stability design criteria for metal structures, 5th ed., McGraw-Hill, New
York., 1998.

[19] J. Wilson, On specifications for strength of iron bridges, Trans. Am. Soc. Civ. Eng. 15(1) (1886)
489-490.

[20] K. Basler, B. Thurlimann, Plate Girder Research, AISC Nat. Engrg. Conf., American Institute of
Steel Construction, New York, N.Y., 1959.

[21] K. Basler, Strength of plate girders under combined bending and shear., Journal of the Structural
Division, ASCE 87(2) (1961) 97-181.

[22] K. Basler, Strength of plate girders in shear, Transaction of ASCE, American Society of Civil
Engineers., New York, 1961.

[23] K.C. Rocky, M. Skaloud, The ultimate load behaviour of plate girders loaded in shear, The
Structural Engineer 50(1) (1972) 29 - 47.

[24] T. Hoglund, Strength of steel and aluminum plate girders shear buckling and overall buckling of
plane and trapezoidal webs comparisons with test, Dept. of Structural Engineering, Royal Institute of
Technology, Stockholm, Sweden., 1995.

[25] Z.-H. Qian, K.-H. Tan, Deflection behaviour of plate girders loaded in shear at elevated
temperatures, Journal of Constructional steel research 65 (2009) 991 - 1000.

[26] Y. Zhu, J. Zhao, Experimental and numerical study on member classification of I-section plate
girders, Journal of Constructional steel research 137(October) (2017) 192-200.

22



13th International Conference on Civil and Architecture Engineering (ICCAE-13) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 974 (2020) 012012 doi:10.1088/1757-899X/974/1/012012

[27] K.C. Rockey, E. H.R., D.M. Porter, A design method for predicting the collapse behavior of plate
girders Proceedings of the Institution of Civil Engineers 65(1) (1978) 85-112.

[28] ABAQUS Standard User’s Manual, The Abaqus Software is a product of Dassault Systémes
Simulia Corp, DassaultSystémes, Providence, RI, USA, 2008.

[29] CEN, EN 1993-1-5, Eurocode 3. Design of steel structures - Part 1-5, Plated structural elements.,

2007.

Nomenclature

crty tensile yield stress of web panel under shear;

a panel length;

a/ h,  web panel aspect ratio;

A, area of the web;

by width of the flange;

c distance assumed between the plastic hinge and the end stiffener;
E elastic modulus;

fyr yield stress of the flange plate;
fow yield stress of the web plate;

h,, height of the web;

h,/t, web slenderness ratio;

K shear buckling coefficient;

L span of the plate girder;

My,r  plastic moment capacity of ﬂanges(= 0.25f,¢As tf ));
P, ultimate shear force

t thickness of the flange;

1 thickness of the stiffeners;

ty thickness of the web;

Ve  post-buckling shear force component;

W, initial imperfection

Op deflection of web panel from pre-buckling to the post buckling stage;

Ocr deflection of web panel at the pre-buckling stage;

Opb total deflection of web at the post buckling stage for a panel loaded in shear;
% Poisson’s ratio;

Ter shear buckling stress of the web panel

o inclination of the tensile field;
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