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Abstract
Numerical study of Corrugated Steel Plate Shear Walls
By
Hayder Fadhil Abbood

Supervisors

Prof. Amer M. Ibrahim, Ph.D. Dr. Mohammed Sh. Mahmood, Ph.D.

A shear wall is a structural element that is used to resist the lateral
loads resulting from winds, earthquakes and gravity loads. The corrugated
steel shear walls are one type of this system. It consists mainly of the steel
frame (two beams and columns) and infill corrugated steel plate. They have
several advantages including ductility, strength, and energy dissipation let
alone the lightweight.

This study uses the finite element method to build and analyses the
models of the corrugated steel plate shear walls. The model outcomes
validate the available experimental data in the literature and they provide
reliable results under the horizontal cyclic loading. The numerical models
are simulated using Abaqus/CAE (2017).

The research seeks to investigate and evaluate the performance of the
corrugated steel plate shear wall through a parametric study. The
performance is assessed by the initial stiffness, ductility ratio, strength and
energy dissipation. The effect of the angles and directions of the corrugation
of the plate, the length of the horizontal and the inclined side of the
corrugation of the plate, the thickness of the plate, the aspect ratio of the
plate, and the presence of an opening in the plate are all investigated and

evaluated.



The results show that the increase of the corrugation angle leads to
decreasing the performance of the shear wall. The angles 30° and 20° in
vertical and horizontal corrugations respectively provide the optimal
performance required. 100mm and 50mm are the lengths of the horizontal
and the inclined sides of the corrugations respectively which can afford the
best performance in ultimate strength by 7%, 11%, and energy dissipation
5.5%, 6% and it gives acceptable performance in terms of initial stiffness
and ductility ratio.

The increasing of the thickness of the plate leads to increasing the
performance of the corrugated steel plate shear wall by 26% in dissipated
energy and 22% in ultimate strength. Knowing that thickness has a clear
impact on the ductility.

The results show that increasing the height of the corrugated plate
leads to lowering the performance while the increasing the length of the
corrugated plate with a suitable height that leads to increasing the
performance where the aspect 1.6 gives the better performance.

The presence of an opening in the plate leads to reducing in the
performance of the corrugated plate with increasing the percentage of
opening and the circular opening gives better performance from the square
opening in the ultimate strength and energy dissipation by 4%, 3%. Also, the
results reveal that when the two directions of the corrugation of the plate are
compared, the vertical corrugation gives a better performance than that given

by the horizontal corrugation.
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Chapter one
Introduction
1.1General
In many countries, the buildings and facilities are designed to resist
seismic loads. More than 16,000 buildings are protected in the world through
seismic isolation, energy dissipation and other seismic systems
(M.Mazzolani and Herrera, 2012) which differ according to the importance
of the building, service and economic factors, The absence of this system
leads to losing the safety of buildings and may cause a loss in the integrate
of buildings and even the collapse the building subjected to an earthquake.
Shear walls are one of the systems that act as part of the lateral loads
resisting systems. The systems of the shear walls are mainly divided into
three major types: the Reinforced Concrete Shear Wall (RCSW), the Steel
Plate Shear Wall (SPSW), and the Composite Shear Wall (CSW) which
consists of concrete with a steel plate(Ashour, 2016), shown in Fig. (1-1).

== Clanll 118
Fig. (1-1) : Location and shape of the steel plate and RC shear walls.
Steel Plate Shear Wall (SPSW) can be divided into stiffened and
unstiffened. The use of SPSW has increased in recent years because they
have a number of advantages over other systems (Astaneh-Asl and Council,

2001) such as:
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1. SPSW has the high stiffness, ductility, as well as the high ability to
dissipate energy making it one of the best types in the systems of resistance
lateral loads.

2. SPSW is lighter than the other types of the shear wall which lead to a dead
load reduction, a decrease in the size of the foundations and the cost as well.
3. The use of SPSW leads to speeding up the construction process and
reducing the time and effort as compared with other types.

4. The use of SPSW in high rise buildings provides a better space than that
the used RC shear wall does with the same efficiency. The RC shear wall
used in high rise buildings increases the thickness of the walls, especially on
the ground floors.

5. The process of repairing SPSW is easier and less costly than other types
of repair when used in seismic retrofit of existing building.

Because of the early elastic buckling of a plate often avoids the use of
SPSW in high buildings. This happens due to the gravity loads of the upper
floors that transfer from the boundary frames and the floors during the
constructions or under the low level of the lateral loads in service. Therefore,
there is a need to find a method to strengthen the plate without welding the
stiffeners or casting concrete. The best alternative is the corrugated steel
plate shear walls(Zhao et al., 2017).

The Corrugated Steel Plate Shear Wall (CSPSW) is another kind of
the lateral load opposing system within the family of SPSW. CSPSW
consists mainly of the steel frame (two beams and two columns), and the
steel plate which is connected to steel frame by welding bolts or both(Zhao
et al., 2017). In general, the CSPSW as the SPSW which usually installs one
or more bays along the height of the buildings with regular or irregular

distribution according to design purposes as shown in Fig. (1-2).
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Fig. (1-2) : CSPSW in the building and the geometric shape (Zhao et al., 2017).

The corrugated plate is categorized by three aspects: the angle of
corrugation, the horizontal side, and the inclined side which form the ribs.
The ribs are one of the advantages of the geometric shape of the corrugated
plate. They act as stiffeners to the plate. Due to the geometric shape of a
plate, the ductility, initial stiffness, energy dissipation, and the ability to
oppose the gravity loads improve in comparison with the SPSW. In addition,
the cost reduces because there is no need to stiffen the plate (Zhao et al.,
2017). The corrugated plate is divided according to the direction of
corrugation to the vertical corrugated plate and horizontal corrugated one as

shown in Fig. (1-3).

T

%

angle of corrugation
inclined side

Fig. (1-3): Details of the geometric shape of CSPSW.
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1.2 Behavior of corrugated steel plate shear wall

The effect of the cyclic loading on the behavior of the corrugated plate
and the frame that is usually influenced by the thickness of plate, rigidity and
stiffness of the frame. The aspect ratio of the plate, connection of the columns
to adjacent storey, and divided the loads on the height of the shear wall also
effected on the on the behavior of the shear walls (Moghimi and Driver,
2014).

After subject the CSPSW to the later load two stresses appears as
compressive and tensile principal stress in the plate that leads to the
appearance the buckling in the plate. The left column is then affected by
tension force and the right column by the compression forces as shown in

Fig. (1-4).

Fig. (1-4) : The effect of the later load on the CSPSW (Moghimi and Driver, 2014) .
1.2.1 Buckling type
1.2.1.1 The local buckling

The local buckling occurs in the corrugated plate when the percentage
of the horizontal side length to the thickness is excess of 60 time. It leads to
the appearance of the local buckling, as shown in Fig. (1-5). this can be
calculated by using equation (1.1). (Yi et al., 2008):

m2E t
Tfr,z, = k X 2007 (5)2 (1.1).




Chapter One Introduction

Where 75, = the local buckling strength (kN/mm?).

v = Poisson’s ratio

E = Young’s modulus of elasticity (kN/mm?).

t = the plate thickness (mm).

a = the maximum width of a horizontal or inclined side (mm).

k = the buckling coefficient defined according to the boundary conditions

and aspect ratio of the horizontal side.

horizontal
side

e ~—— l | BN inclined side \___

Fig. (1-5) : Local buckling in the corrugated plate(Yi et al., 2008).

1.2.1.2 The global buckling

The global buckling occurs when the number of ribs dense increasing
the corrugation which leads to the appearance the global buckling as shown
in Fig. (1-6). Bucking strength can be calculated using equation(1.2) (Yi et
al., 2008) :

E Dszlf %
w5 = 368 X (1.2).

Where 75, ; = the global buckling strength,

Dx=E Ik, Dy=E Iy are the longitudinal and the transverse bending stiffness
per unit length of the corrugated plate

f = the global buckling coefficient that changes from 1.0 to 1.9 according to

the boundary conditions between the plate and frame.
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Fig. (1-6) : Global buckling in the corrugated plate(Yi et al., 2008).

1.2.1.3 The interactive buckling

The interactive buckling located between the global and local bulking
depends mainly on the geometric shape of a corrugated plate as shown in
Fig. (1-7). Buckling strength can be calculated by using the following

equation (1.3)(Yi et al., 2008):

L (1.3).

E E E
(Tcr,l )n (Tcr,L)n (Tcr,G)n (Ty)n

Where 75 ;= the interactive buckling strength (kN/mm?).
Tfm = the local buckling strength (kN/mm?).

Tfr’G = the global buckling strength (kN/mm?).

7,, = the shear yield strength (kKN/mm?).

T

T\

Fig. (1-7) : Interactive buckling in the corrugated plate (Yi et al., 2008).
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1.3 Aim and objectives of the study
This study aims at studying the structural behavior of the CSPSW and
investigating the influential parameters that can affect the CSPSW
performance through:
1- Forming and validating a finite element model (FEM) for CSPSW
under the effect of cyclic loads with as much as possible efficiency.
2- Determining factors affecting CSPSW performance.
3- Studying the effect of these factors and the effect of correlating these
factors on corrugated steel plate performance.
4- Determining the value of the ultimate load, ductility, stiffness and
energy dissipation through the analysis of the models.
5- Determining the best cases for a corrugated plate that gives a better
performance through the results of the study.
1.4 Scope of study
This study considers the effect of the parameters below on the
performance of the CSPSW:
1- Angle of corrugation
2- Horizontal side of the corrugated plate.
3- Inclined side of corrugated plate.
4- Thickness of the corrugated plate.
5
6
7
1.5 Methodology

Effect of opening.

Direction of corrugation.

Aspect ratio of the corrugated plate.

In order to complete this study two experimental programs (Emami
2013, Hosseinzadeh 2017) are used as a guideline for adopted forming and
validation of the FE model of CSPSW. Where ABAQUS/2017 used to

building the FE models. After that the numerical results from analysis the
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models are compared with the experimental data in order to check solution
and achieve the accuracy in analysis.

The second part of this thesis includes a parametric study in order to
investigate the effects of parametric study on the behavior of CSPSW and
discuss the results to determine the better performance of CSPSW. Where
the performance is assessed by value of the initial stiffness, ductility ratio,

strength and energy dissipation.

1.6 Outline of Thesis

The thesis consists of five chapters which are outlined as follows:
Chapter 1: present a general introduction about the shear wall, CSPSW, and
the behavior of CSPSW with the scope, objectives, and methodology of the
study.

Chapter 2: provides a review of previous studies concerning the experimental
and analytical studies carried out on CSPSW.

Chapter 3: describes the FE model that is developed to predict the behavior
of CSPSW and presents the validation of the finite element model of
CSPSW.

Chapter 4: describes in details the case study of the CSPSW under cyclic
loading.

Chapter 5: present the main conclusions of the study along with some

suitable recommendations for future work on CSPSW system.



