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Abstract

The current study offers a non-linear elastoplastic FEM analysis utilizing the ABAQUS
program of the experimentally investigated collapse behavior of stiffened steel plates. Twelve
samples are used in the experiment with a range of 76 and 100 slenderness ratio. The test
specimens' stresses, axial shortening, and lateral deflections are also measured. The elements
are classified as being of type S4R in ABAQUS nomenclature by the analysis using ABAQUS.
The FEM findings were contrasted with experimental data published in the literature. The
previous research studies used the rectangular section as stiffeners so the purpose of this
research is to use an angle section instead of a rectangular as a stiffener and investigate the
benefit of angle steel sections to resist the load and increase the strength of the plates in two
cases simple and fixed support.

Keywords: Angle steel section, stiffened plates, lateral pressure, axial load, nonlinear, Abaqus
software.

Introduction

Stiffened steel plates are widely utilized for offshore and aerospace structures, box
girder components, bridge decks, and ship decks and hulls. In maritime and offshore structures,
stiffened plates often experience the combined effects of lateral and in-plane loads. Stiffeners
can be offered in either longitudinal or transverse orientations or both. Stiffening helps create
designs that are affordable and lightweight. The final load capacity of the plate is greatly
increased by the presence of stiffeners, but the design is difficult because more parameters are
involved. Angle sections are frequently employed in contemporary roof buildings and they
frequently undergo biaxial bending and torsion. Their behavior can be exceedingly complex,
making it challenging to estimate their strengths with any degree of accuracy as shown in the
figure:
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Fig.1 Torsion in angle section due to eccentricity e (Trahair, 2001, 2005).

Research gap

There are many papers studied the steel plate subjected to various actions studying it
under shear in the plane when the plate is unstiffened and stiffened (Alinia et al., 2009; Alinia
& Dastfan, 2007) and also unstiffened plate under axial compression load (Saad-Eldeen et al.,
2015) and stiffened plate under lateral pressure and axial load (Shanmugam et al., 2014) but
most of the recent paper was studying the plate when the stiffeners are rectangular shape or
other shapes (Paik, Thayamballi, Pedersen, et al., 2001; Suneel Kumar et al., 2009) so in this
paper will study the angle stiffeners shape and their behavior with axial and lateral pressure in
two cases simple and fixed support because they are widely using in modern steel construction
in these days.

Materials and Dimensions: (Shanmugam et al., 2014).

A- Using the slenderness ratio, the plates were split into groups, group A and group B,
which is equal to 100(b/t=290/2.9=100) and 76(b/t=220/2.9=76) for groups A and B
respectively.

B- Plate dimensions for both groups as the figures (1), (2).
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Fig.2 4 plates’ dimensions (mm).
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Fig.3 4 plates’ dimensions (mm).

C- Base plate and stiffener material properties
Table 1 Material specifications for plate and stiffeners.

__,_
il

JY

section x-x

Sample no.
1 2 3 4 Average

Base plate
yield
strength(N/mm?2] 343 368 335 341 347
Young'smodulusE 204 190 197 172 191
(Cral

Stiffeners

yield 22 335 327 337 333
strength{N/mmz2)
Young's modulus E
(Gpa) 185 191 199 199 194

Experiment study (Shanmugam et al., 2014)

In this study, stiffened plates could be examined using a test apparatus that could
withstand both lateral pressure and an in-plane load. Figure 3 depicts the test rig in the section.
The axial loading frame has an extraordinarily rigid thrust girder to entirely transfer the
specimen’s axial load from hydraulic jacks. The specimen was subjected to lateral pressure

using a bag that fills the air with over of 914 mm x 914 mm.
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All of the specimens for both series were put to the test until they failed under various
loading configurations. Only lateral pressure was used to test A1 and B1 until they failed. Only
axial loads were used in the tests on A6 and B6. The remaining specimens were put to the test
until they broke under various combinations of axial force and lateral pressure.

Table 2 Axial and lateral load from the experiments.

Groups Specimen AXFECEIkIh‘:;’d Lo::?:ltg?l:hl)
MNo. Expaerimental

200 O 248.3
A2 170 Z201.46

o~ A3 200 147.4
A 400 112.8
AL 500 S50
A 12 (o]
B1 O 250.9
B2 200 203.8
B3 400 145.7

B B4 520 F5.4
B5 &30 3.3
B& 785.4 (o]

1- FEM analysis (Cho et al., 2013; Ghavami & Khedmati, 2006; Paik et al., 1999; Paik,
Thayamballi, & Kim, 2001; Paik & Kim, 2002; Pan & Louca, 1999; Smith, 2021;
Srivastava et al., 2013).

The elements are classified as being of type S4R in ABAQUS nomenclature by the
analysis using ABAQUS. The S4R element was selected because it is a potent four-node
standard ABAQUS plate-bending element that considers thickness changes and finite
membrane strain into account. The right choice of material model in ABAQUS can account for
material non-linearity. The analysis of general collapse is appropriate for the classical metal
plasticity model. The traditional von Mises yield surface models with the related plastic flow
are used in the ABAQUS classical metal plasticity models. According to this yield surface, the
metal's yield is independent of the corresponding pressure stress. As the material yields,
associated plastic flow indicates that the inelastic deformation rate is in the direction
perpendicular to the yield surface. Perfect plasticity and a non-linear elastoplastic model were
both used in the current investigation. Non-linear analysis was carried out during the analysis
step to take into account significant non-linearity. To validate the accuracy of the FEM
research, boundary conditions are modeled as closely as feasible to the real experimental
conditions. Models of stiffened plates merely supported the plate along the edge stiffeners. To
mimic the real boundary circumstances in the experiment, all nodes along the boundaries were
constrained in the vertical direction, while the nodes along one of the transverse edges were
restrained in the longitudinal direction. In the model, two corner nodes along one of the
longitudinal edges were constrained to stop stiffened plates from freely moving in the
transverse direction.
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Fig.5 Edge Angle section stiffener and pale’s boundary conditions.

Fig.6 Modeling mesh

Fig.7 Acting loads in modeling
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Fig.9 Experiment’s failure shape (Shanmugam et al., 2014).
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Fig.10 Relationship between lateral load and displacement in A group
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Fig.11 Relationship between lateral load and displacement in B group

Table 3 Experiment and Abaqus comparison result

Specimen = Axial Load

Lateral Load Qu (kIN) Qang/Qexp

No. P (kN)
Exp ABAQUS

Al 0 246.3 252.1 1.02
A2 170 201.6 183 0.91
A3 300 147.4 135.2 0.92
Ad 400 112.8 105.8 0.94
AS 500 75.1 74.7 0.99
B1 0 250.9 262.6 1.05
B2 200 203.8 204.8 1
B3 400 145.7 141.2 0.97
B4 520 95.4 107.7 1.13
BS 630 93.3 96.4 1.03

Specimens under axial load only

Specimen Lateral
Axial load Pu (kN) Popg/ Pexp
load
No.
P (kN) Exp. ABAQUS
A6 0 712 769 1.08
B6 0 785.4 819.5 1.04

Results from the current investigation's specimens' Abaqus finite element analysis were
contrasted with those from the experiments. In Table 3, experimental results are contrasted
with those obtained by utilizing finite elements with nominal error. It is shown that there is a
strong correlation between the Abaqus and the experimental results.

The parameter is modified from rectangular stiffener sections to angle stiffener sections
after the simulation research. Table 4 provides a summary of the angle stiffener section
dimensions.
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Table 4: Plate and angle stiffeners’ dimensions
Angle section stiffener

i Plate Slenderness Longitudinal Transverse
(longitudinal and : h ) v
transverse directions) thickness ratio spacing spacing
ISA 75*50*10 18 25
ISA 75*50*8 14 32
575 1350
ISA 80*50*10 8 36
ISA 100*75*12 11 46

Table 5 Parametric results

P1: Failure P2: Failure

Angle section load (kN) load (kN)
stiffener Plate Slenderness Abaqus Abaqus Po/p1
(longitudinal and  thickness ratio software software
transverse stiffeners) (simply (fixed
supported) supported)

ISA 100*75*12 18 25 17856 18570.24 1.04
ISA 80*50*10 14 32 14634 16975.44 1.16
ISA 75*50*10 8 36 10467 13607.1 1.3
ISA 75*50*8 9 46 9847 10930.17 1.11
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Fig.12 Failure axial loads for various angle sections with lateral pressure for simple supported
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Fig.13 Failure axial loads for various angle sections with lateral pressure for fixed supported
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Results and Discussion

In general, increasing the slenderness ratio causes the column strength of the stiffener-
plate assembly as well as the plate strength to drop. The strength of the plate increases with the
increase of the angle section dimensions and with an increase in the thickness of the plate as
shown in Figure 10. Using an angle section as a stiffener increased the local base plate buckling
for stiffened plates with a Slenderness ratio and the width of a stiffened panel becomes less
effective due to local buckling. Figures 12 and 13 show that the ultimate loads increase when
the support is fixed compared to simple.

Conclusion

The strength of stiffened plates subjected to both in-plane load and lateral pressure is
significantly influenced by the plate slenderness ratios. The maximum load capacity of
stiffened plates decreases as the plate slenderness ratio increases. The capacity of the plate can
be greatly increased by using angle steel sections as stiffeners, but doing so requires unique
techniques, especially because of the significant impact of torsional moments due to the
eccentric relationship between the CG (center of gravity) and shear center. The ultimate loads
of stiffened plates with fixed-ended boundary conditions are often greater than those of plates
with simply supported boundary conditions. According to parametric research, the ultimate
load can increase by up to 15.25 % when the boundary condition is switched from simply
supported to fixed-ended. The position of failure is influenced by the boundary condition
change in addition to the ultimate load.
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