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Abstract 
Steel plate composite shear wall made up of two steel web plates and two flange plates filled with concrete. At regular 

intervals, steel tie bars are used to connect the web plates. Steel-headed stud anchors (shear studs) may be introduced during the 
composite process to minimize the slenderness of the steel plate and prevent local buckling. The behavior of steel plate composite 
shear wall specimens subjected to monotonic loading and cyclic lateral loading with or without boundary elements was studied 
in a variety of ways. In this paper, an effort has been made to discuss the work carried out by various researchers on the behavior of 
steel plate composite wall to understand the impact of the various parameters such as tie bar spacings on steel plate thickness ratios, 
steel plate reinforcement ratios, tie bar reinforcement ratios, steel plate slenderness ratios, aspect ratio, effect of boundary elements 
and different tie bar to skin plate welding processes. 
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1. Introduction 

To resist lateral stresses caused by an earthquake or wind loading, reinforced concrete (RC) shear walls or elevator core 
walls are often utilized to design and construct high-rise structures. The base shear and overturning moments increase with the 
structure's height, resulting in high reinforcement ratios RC walls. These high reinforcement ratios (more than 2.5%) cause issues 
such as rebar congestion, poor concrete placing, compaction, and even construction delays. Steel plate composite shear walls are 
a newer building material that is being investigated as a replacement for reinforced concrete (RC) shear walls. 

 
As shown in Figure 1, steel plate composite shear walls are made up of two steel faceplates, steel-headed stud anchors, 

tie bars, and concrete infill. The major reinforcement for the concrete wall is faceplates. Steel-headed stud anchors are welded to 
the faceplate’s inner surfaces and embedded in the concrete. Stud anchors create composite action between the steel faceplates 
and the infill concrete. Tie bars connect the outer steel faceplates through the concrete infill, giving the rigidity and stability of 
the empty module. 
 

 
Figure 1: Components of Steel plate composite shear walls [21] 
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2. Behavior of double-skinned composite wall. 
Various studies have proposed several interaction types to create the composite action between steel faceplates and 

concrete. The stability and loading resistance were creased when steel-headed shear studs, tie rods, stiffeners, and standard studs 
were used to attach the plate to the concrete. 

 
The plate type and shape of the wall subjected to various loadings is the most important parameter in steel plate composite 

wall systems design. steel plate composite wall structures can be categorized based on plate design and loading type. 
 

2.1. Double-skinned profiled steel plate infill with concrete composite walls. 
2.1.1. Under axial loading. 
 Mydin and Wang [5] investigated the structural behavior of a steel plate composite wall consisting of two external skins 
of profiled steel plates and a lightweight foamed concrete core. Wall specimens were subjected to axial compression stresses. 
Experimental results include Failure modes, maximum load capacity, and load-vertical strain responses. The effective width 
method for steel plates was used to calculate the load-carrying capacity of the test specimens, which was then compared to the 
experimental data. 
 

Prabha et al. [6] investigated the impact of confinement on the axial capacity and behavior of a steel plate composite wall. 
On-wall panels with various stud arrangements and plate edge boundary conditions, five small-scale load tests are performed. The 
infill material is lightweight foamed concrete and through–through studs are used to create composite action between the plate 
and the concrete. The concrete surface was subjected to axial compression loading. Experimental results include failure modes, 
Axial loads-displacement response, and Axial load-strain behavior. The study showed that the load-carrying capability of wall 
panels increases with the degree of confinement supplied by the studs and enhanced plate edge conditions. 

 
2.1.2. Under lateral loading. 

Tae-Sung Eom et al. [2] investigated the seismic behavior of five independent and connected composite walls in an 
experimental study. The cyclic lateral loading was applied to three isolated walls and two connected walls with rectangular and T-
shaped cross-sections. A cover plate and rib plate reinforce the wall base. Experimental results include Lateral load vs top 
displacement re-relationships, lateral load versus steel strain relationships, and failure modes. The study showed that double skin 
composite walls with significant depths were susceptible to early failure of the welded connections at the wall base and coupling 
beams when subjected to reversed cyclic loads. This is caused due to a high concentration of tension and a considerable plastic 
strain at the welded connections. 

 
Epackachi et al. [8] investigated the behavior of composite shear walls under lateral pushover stresses using nonlinear FE 

analyses. Steel shear walls with sinusoidal corrugated plates and trapezoidal corrugated plates were compared. The impacts of 
corrugated plate thickness, corrugation depth in corrugated plates, and corrugation length of the corrugated plate infill were 
studied. The study showed that Trapezoidal plates showed superior energy dissipation, ductility, and ultimate bearing than 
sinusoidal waves in a wall with constant dimensions while using less steel. 

 
2.1.3. Under Combined loading. 

       Howard Wright [1] tested twenty steel plate composite walls made out of two corrugated steel web plates and infill concrete in 
an experiment. Axial compressive stress was applied to fifteen specimens, whereas axial compression and bending were applied to 
five specimens. Experimental results include axial load capacities, failure modes, and load-deflection curves. The study showed 
that the axial load capacity is less than the squash load capacity this is due to the steel plate’s early buckling and the difficulty in 
transferring the applied load across the components. Early local buckling and steel plate separation influenced the axial and bending 
capacity of the investigated composite wall specimens. 

 
Qiuhong Zhao, Yikang Li, et al. [17] conducted experiments and finite element analysis on a corrugated double-skin 

composite wall. concrete-filled steel tubes are used as a boundary element joined by tie bolts and infill concrete. Under combined axial 
and cyclic lateral loads, specimens with various aspect ratios were evaluated.  Aspect ratio, axial load ratio, and concrete-filled steel 
tube bottom reinforcing method are investigated as test parameters. The study showed that the concrete-filled steel tubes absorbed 
the majority of the bending moment is caused by lateral loading. 
 

Qiuhong Zhao, Yikang Li, and Ying Tian [18] investigated the four-steel plate composite wall specimens under axial and 
cyclic lateral loading. faceplate profile and tie bolt spacing were investigated as test parameters. The results show that all 
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specimens failed with steel tube fracture, steel faceplate buckling, and concrete crushing at the bottom of the wall. 

 
Fig. Schematics of Double-skinned profiled steel plate infill with concrete [18] 

 
2.2. Double-skinned flat steel plate infill with concrete composite walls. 
2.2.1. Under axial loading. 

Kai Zhang, Jungil Seo, and Amit H. Varma [20] conducted experimental investigations on nine steel plate composite wall 
specimens. A wide variety of faceplate slenderness parameters are used to examine the local buckling and axial compressive 
behavior of composite walls. The experimental results included are axial stiffness, compressive strength, and failure mode. The 
study showed that non-slender steel faceplates produce yield stress in compression before local buckling, while slender steel 
faceplates experience local buckling in the elastic range before yielding. 

 
Choi et al. [9] used regular and eco-oriented cement concrete to describe the compressive behavior and determined the 

squash load of steel plate composite wall structures. Axial compression pressure was applied to six steel plate composite wall 
specimens. The composition of the concrete and the width–thickness ratio of the surface steel plate was investigated as test 
parameters. The experimental results included are failure behavior, surface steel plate buckling behavior, effective buckling length 
factors, and plate buckling coefficient. The study showed that with the increase of the width to thickness ratio, the variations in 
wall strengths due to variations in concrete strengths were reduced. 

 
2.2.2. Under lateral loading 

Rahai and Hatami [3] investigated the influence of shear stud spacing variation, middle beam rigidity, and beam to column 
connection method on composite wall behavior experimentally and numerically. The study showed that up to a certain stud 
spacing, increasing shear stud spacing reduces the slope of the load-deformation curve and enhances ductility. Furthermore, the 
influence of middle beam rigidity and beam-to-column connection on steel plate composite wall behavior is negligible. 

 
Junming Zhou et al. [4] conducted a Finite Element Analysis to assess the seismic behavior of four steel plate reinforced 

concrete shear walls. The reversed cyclic horizontal loading was applied to wall specimens. The effect of shear wall thickness, 
the reinforcement ratio of the shear wall, the thickness of steel plate, and the spacing between shear studs was investigated as test 
parameters. The study showed that the thickness of steel plate and the spacing of shear studs have a greater impact on the shear 
force capacity and ductility of shear walls than the thickness and reinforcing ratio of shear walls. 
 

Jianguo Nie et al. [7] investigated the seismic performance of two specimens of two-bay and five-story steel plate shear 
walls under cyclic loading. One specimen is unstiffened and bolted whereas the other is stiffened and welded. The study showed 
that unstiffened specimens with bolted connections had high ductility and energy dissipation performance. But that in the 
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serviceability condition, a slip at the bolted connections and buckling of steel panels reduced stiffness. The stiffened and welded 
specimen had higher elastic stiffness and a high energy dissipation capability. 

 
Siamak Epackachi et al. [8] investigated the seismic performance of four rectangular conventional and steel plate 

composite walls subjected to cyclic loads. The aspect ratio of the wall specimen was 1.0. A pre-tensioned bolted baseplate was 
used to anchor the specimens to a concrete foundation. The wall thickness, reinforcement ratio, stud spacing, and tie bar spacing 
were investigated as test parameters.  The study showed that the damage to the infill concrete was concentrated around the level 
of the first row of tie bars, and the distance between the first row of the tie bars and the base of the wall has a significant influence 
on the post-peak load behavior. 

 
Kurt and Varma et al. [11] investigated the seismic performance of eight steel plate composite walls subjected to cyclic 

loads with aspect ratios ranging from 0.6 to 1.0. The wall aspect ratio, reinforcement ratio, and wall thickness were investigated 
as test parameters. The study showed that decreasing the aspect ratio and increasing the wall thickness boosted the composite 
wall’s lateral load capabilities. Cyclic yielding and local buckling of the steel faceplates and compression crushing of the concrete 
infill determined the behavior and failure. 

 
Yasser Alzeni and Michel Bruneau [12] investigated four steel plate composite walls with and without circular boundary 

elements that are subjected to cyclic loading and have length-to-width ratios of 2.46 and 2.76. Different tie bar spacing to steel 
plate thickness ratios and different ways for welding the tie bars to the skid plates were investigated as test parameters. Simple 
plastic theory principles were used to compute the walls’ plastic moment capacity. The study showed that all of the walls were 
able to reached their plastic moment capability and exhibited ductile behavior. 

 
Jungil Seo and Amit H. Varma [14] investigated the fundamental behavior and the strength of four composite wall-to-wall 

T-joints. The distribution of stud anchors and detailing of tie bars were investigated as test parameters. The ultimate joint shear 
strength and the governing failure mode were determined by measuring and evaluating joint shear force-displacement responses 
and joint shear force-shear strain responses. The result showed that the structural behavior of composite wall T-joints is nearly 
identical to that of reinforced concrete beam-column joints. 

 
Kim and Park [22] investigated the flexural and shear performances of steel plate composite walls with boundary elements 

of steel U-section. Cyclic lateral loading was applied to the specimens. The failure mechanism of specimens, kind of boundary 
reinforcement, the sectional area of steel U-sections, horizontal web reinforcement ratio, and wall thickness were investigated as 
test parameters. The study showed that the use of steel U-sections enhanced displacement ductility and energy dissipation, giving 
lateral confinement to the bordering concrete and preventing shear cracking and sliding, according to the results. The addition of 
steel U-sections improved the diagonal tension-shear strength of walls in shear failure-mode specimens. 

 
2.2.3. Under combined loading 

Jia-Ji Wang et al. [13] investigated the seismic behavior of seven shear walls subjected to tension and bending stresses. 
steel-content ratios and axial tension ratios were investigated as test parameters. Failure mode, strength and displacement capacity, 
stiffness degradation, Shear deformation, damping coefficient, strain, and cracking of each test specimen were test results. The 
study showed that as the axial tension ratio increased, the composite shear walls’ strength, stiffness, and ductility all dropped 
significantly. A method for forecasting the ultimate strength of composite shear walls is proposed based on the test results. 

 
Xin Nie, Jia-Ji Wang et al. [15] investigated four steel plate composite wall specimens under high axial compression ratios 

ranging from 0.313 to 0.542 and reciprocal lateral stress without a tie bar. Shear studs, orthogonal reinforcement in the wall web, 
and longitudinal reinforcement in the boundary element are all coupled to a steel plate. The experimental results included are the 
failure mode, load-displacement relationship, displacement capacity, flexural strength, stiffness deterioration of specimen. The 
study showed that the ultimate drift ratio ranged from 1.17 to 1.78 percent, showing that the material connected by shear studs 
was ductile enough.  

 
Soheil Shafaei, Amit H. Varma et al. [21] investigated the behavior of five steel plate composite wall specimens. The 

specimens were subjected to constant axial compression and cyclic lateral loading. The axial load level, steel plate slenderness 
ratio, and tie reinforcement ratio were investigated as test parameters. The study showed that flexural yielding of steel plates 
governs the lateral load capacity of composite walls, followed by plate inelastic local buckling and concrete crushing. The flexural 
capacity computed using the plastic stress distribution approach was exceeded by all of the wall specimens. 
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3. Conclusion 
 Based on above literature reviews and various test parameters such as tie bar spacings, stud spacings, steel plate thickness, 
aspect ratio, and boundary elements, the following conclusions are made. 

1. The axial and bending capacity of composite wall specimens were influenced by early local buckling and steel plate 
separation. 

2. Up to a certain stud spacing, increasing shear stud spacing decreases the slope of the load-deformation curve and increases 
ductility. 

3. The shear force capacity and ductility of shear walls are more affected by the thickness of the steel plate and the spacing of 
shear studs. The load-carrying capability of wall panels increases with the degree of confinement. 

4. Decreasing the aspect ratio and increasing the wall thickness increases the composite wall’s lateral load capabilities. 
5. The structural behavior of composite wall T-joints is nearly identical to that of reinforced concrete beam-column joints. 
6. As a boundary element, concrete-filled steel tubes absorbed most of the bending moment caused by lateral loading. 
7. The addition of steel U-sections as a boundary element improved the diagonal tension- shear strength of walls in shear 

failure mode. 
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