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In the present study, the effect of the irregularity of concrete structures with special shear walls has been analyzed and 

modeled by considering the effect of soil-structure interaction using the dynamic analysis method with ABAQUS software. 

The results are presented in the form of diagrams with different soil interaction conditions, and the effect of the number of 
layers was investigated for different soils. The results showed that the bearing system of the flexural frame and the concrete 

shear wall under the lateral load of the earthquake has good strength and ductility, which is significant. This structural 

system should be used for cities with very high earthquake risk. As the number of floors increases, the effect of the shear 
walls on increasing the bearing capacity decreases. As the number of floors increases, the final displacement of the frame 

increases. The results showed that for soil type 1(hard soil which Vs=1000 m/s, v=0.15, q=50000 Kg/m2, P=2000 Kg/m3, 

r=0.5 m) structural system of concrete shear walls with better displacement, maximum structural stiffness, better behavior 
was observed in the structure. The three-story frame with a concrete shear wall has a significant increase in performance 

compared to similar frames with more floors, which shows the good performance of this system in structures with fewer 

floors. 
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1. Introduction 

In the design of structures, the assumption of a rigid connection of the structure to the ground is an important uncertainty. In fact, due to the 

properties of the soil and the effect of the site on the earthquake wave, the behavior of the structure will be different. An important and key 

issue in the behavior of the structure is the discussion of the interaction between structure and soil [1]. To increase the reliability and accuracy 

in the design of structures, the effects of the interaction between the soil and the structure should be considered [2]. To dynamically analyze a 

structure, an earthquake that is recorded in the free field of the soil (ie, when the structure is not constructed and the relevant excavations have 

not been done), enters the connection of the structure to the ground in a fixed state and dynamic analysis is performed. When the structure is 

built on hard soil, otherwise the response of the structure will be very different due to the phenomenon of soil interaction. The effect of soil-

structure interactions SSI is important when large or hard structures such as nuclear reactors or dams are placed on relatively soft soil [3]. Due 

to the rigidity of the foundation relative to the soil and the inability of the soil to adapt to the movement of the free field, the foundation 

experiences an average of the free field movement of the soil, which is modified by this movement, called input stimulation. This effect is 

separate from the mass of the foundation and structure. In design regulations, the effect of interaction between structure and soil is usually 

ignored. Because in steel structures, the interaction effect is important and effective, there is a need to study the parametric performance of the 

structure in the inelastic domain by considering the interaction [4]. In the structures design, the effects of dynamic soil interaction of the structure 

are usually ignored. The nonlinear behavior of the soil changes the seismic response of the structure, and the presence of the structure affects 

the movement of the soil. Due to weight and inertia, the structure is forced by the soil and will alter its shape. The subject of studying the 

behavior of concrete shear walls is of great importance due to the widespread use of this load-bearing system. The use of concrete shear wall 

has been widely used in recent decades and experimental and numerical studies have shown that concrete shear wall is an effective and 

economical system to withstand lateral loads of wind and earthquake [5]. 

A thorough and accurate assessment of the systems necessitates taking the interaction between the soil and the structure into account (SSI). By 

analysing and contrasting the computerized representations of a 5-story frame construction built on the addition’s method (soil-inclusion-

platform-structure) versus the piling framework, mid-rise constructions' responses are explored. Installation on solid ground, an anchorage, and 

drifting piling (soil-pile-structure) are examples of these heap toe circumstances. Flac 3D was used to create fully connected finite difference 

numerical models. Analysing buildings of various heights took the influence of the structure's dynamic features into consideration (3 storeys to 

7 storeys) [6]. 
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Nomenclature & Symbols   

SSI Soil Structure Interaction WR Weathered Rock 

SDOF Single-Degree-Of-Freedom IDA Incremental-Dynamic-Analysis 

AS Alluvial Gravel RC Reinforcement Concrete 

FE Finite Element MDOF Multi Degrees of Freedom 

WS Weathered Gravel SASSI Evaluation of Soil-Structure Communication 

DRM   Development Response Band BNWF Behavioral Winkler Basis framework 

1D Identification Card V Velocity 

Ѵ Factor q Uniform Load 

P Steel in m3   r Radius Of Area 

E0 The Modulus of Elasticity    σ Strain 

G   The Drager-Prager Flow Potential Function LPF Load Per Structure Factor 

 

The investigation of the structural interaction between soil and building (SSI) is performed on low-rise buildings and piloti-type constructions 

while accounting for Korean topographical features, and the impact is then determined theoretically. To achieve this, a five-story piloti-type 

development with four distinct soil properties—fill (FI), alluvial gravel (AS), weathered gravel (WS), and weathered rock—is constructed into 

multidimensional structural evaluation prototypes in addition to earthquake SSI evaluation employing the measurements from the Gyeongju 

Province seismic event and development response band (DRM) according to construction standards of weathered rock (WR). According to the 

analysis's findings, regardless of the type of earthquake, the seismic SSI has a significant impact on the weathered soil (WS), and its effects 

vary depending on the type of soil. Simple and logical estimations are suggested through parameter research to consider the impact of SSI on 

foundation shear in low-rise as opposed to piloti-style structures [7]. The base and surrounding soil are modelled analytically simply, and an 

improved finite element (FE) model of Shanghai Tower's superstructure is established. The subsequent collapse process and mechanism of the 

Shanghai Tower are forecasted while also accounting for the SSI. On failure sequences and collapse resistance capacity, the effects of the SSI 

are discussed. The findings show that the fundamental period of the Shanghai Tower has been greatly prolonged when SSI is considered, and 

the collapse margin ratio has improved with a commensurate drop in seismic demand. Additionally, the SSI has a small but significant influence 

on the failure modes of the Shanghai Tower after being subjected to strong earthquakes [8]. The effect of soil elasticity on the shaking behavior 

of open ground-story constructions. To examine popular open ground story construction concepts while considering soil's inherent adaptability, 

static nonlinear simulation (also known as pushover evaluation) was used in conjunction with SAP2000 technology. Variations in boundary 

circumstances are considered by simulating using three distinct soil types—hard, substrate, and soft—as stated in IS 1893 (Part 1) 2016. The 

present study shows that the lateral movement and additional pulling forces of the P-Delta influence increase due to the soil's elasticity [9]. The 

keys components of the risk assessment include the information of fragility details (which explain conditional on the intensity of input ground 

motion, the probability of exceeding a given collapse state or damage) for each building type that has been included in the exposure model and 

identified within the region. At least a structural drawing was utilized to evolve the Multi Degrees of Freedom MDOF numerical model of the 

structural system that involved also one real representative building and the predominant non-structural elements (like external facade walls 

and partition) from the regions were deemed for each building type (the so-called index building). However, running non-linear dynamic 

analysis of many such numerical models was found to be too large a computational effort when each was subjected to hundreds or tens of 

records, to permit fragility rules to be directly improved from this analysis. To mathematically establish the vulnerability criteria for every 

construction typology's mechanical framework, a studied dynamic relationship between soil and structure (SSI) was employed, which 

streamlines the single-degree-of-freedom (SDOF) comparable theory of systems [10]. Financial losses due to non-structural and structural 

deterioration; the finding shows that structure (with shallow foundation) on very soft soil is carried on experiencing decreased loss due to soil-

structure interaction, while the existence of moderately soft soils fulfils increases the seismic losses because the considerable probability that 

soil- structure interaction and has detrimental effects. It confirms the well-known fact that, contingent upon soil properties and building 

components, SSI might have no effect or worsen how vulnerable buildings are to earthquakes. By employing a finite element model of the soil-

block (i.e., the straightforward approach), incremental-dynamic-analysis (IDA) has been investigated for recovering vulnerability curves of 

strengthened concrete (RC) constructions and modelling soil-structure communication. It was discovered that considering of interaction 

between soil and structure performance when compared to the fixed-base case could significantly impact the projected effectiveness of 

constructions established on porous soils, generating a significant change in time [11]. According to [12], who additionally pointed out the 

important function of the connection between soil and structure due to unpredictable or linear soil behaviour in modifying and influencing the 

fragility curves of fixed-base concrete-reinforced structures, the fixed-base framework theories may produce unreliable results. However, the 

elimination of the structural distortion requirements comes at the expense of increased overall changes due to the interaction between soil and 

structure in aggregate. The study examined the effect of the (linear) soil-structure interaction's wavelength requirement on the brittleness of 

concrete-reinforced bridges. It was discovered that the actual weakness curves of a structure can be additionally exaggerated and overlooked 

by the frequency-independent theory, reduced, and that the former may result in a bridge behaviour that considerably diverges from the actual 

one. The comparison was made between the anticipated susceptibility of an example bridge and the grouped variables manufactured by the 

same researchers using both a typical, frequency-independent, Kelvin-Voigt approach [13]. Offered a fascinating investigation into the 

emphasizing of soil irregularities in the interaction between soil and structure with application to nuclear structure risk estimation. Findings of 

LS-DYNA's irregular temporal-domain soil-structure assessment of interaction for prolonged shaking have been contrasted with those from 

frequency-domain programs via equivalent-linear assessment, called Although it for Evaluation of Soil-Structure Communication (SASSI), and 

it was found that the unpredictable reactions and the equivalent-linear patterns are significantly various: It was determined that overestimating 

the danger of earthquakes and superstructure reaction may result from accounting for seeing while disregarding the unpredictability of elevation 

and slippage [14]. The importance of a behavioural method was emphasized by [15], who used the aggregated particular flexible springtime, 

and the beam based on the Behavioural Winkler Basis (BNWF) framework to derive vulnerability curves for a collection of concrete that has 

been strengthened event resistive structures. Another example of the effect of (nonlinear) Soil-Structure Collaboration on the seismic 

susceptibility of frame structures made of reinforced concrete was offered by [16] utilizing the beam approach on the Dynamic Winkler Basis 

framework. Although these models can be very comprehensive, they could exaggerate shear-induced deflections in the soil underneath 

foundations with shallow depths and they are limited to capturing the displacements as an outcome of the combined impact of compressive 

strains. However, the relationship between soils leads to liquefaction-induced dislocation processes. Recent research specifically showed that 
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bending under shear is a result of sediment-structure interaction, which results in effects such as load-bearing mistakes, ratcheting, and soil 

deflections caused by incomplete discharge [17]. 

Furthermore, it was investigated that due to a skewed evaluation of soil volumetric flexibility, limited 1D site reaction evaluation is employed 

to represent free-field soil behavior and often overstates settling. Computer modelling in two dimensions (2D) is frequently useful since it 

simplifies the issue by using straightforward strain parameters. Nevertheless, these assumptions and the resulting construction foundations can 

underestimate the concept of excess pressure within pores. When soil reactions are analyzed using 2-D simulations, but distortions cannot be 

fully analyzed, for instance, the framework is carried out as a framework (by maintaining its vestibular features) [18]. The models with two 

dimensions are often capable of providing cautious estimates of the damaging impact of destabilization on the soil and building components. 

Consider a study that compared the accuracy of multiple hypotheses regarding the nature of the soil's responses (such as vertical acceleration 

and settlement time evolution) [19]. For instance, comprehensive two-dimensional simulations using computation point to the necessity for 

more study along with an evaluation of three-dimensional numerical modeling of shifting impacts, and it is assumed that the simulated 

construction foundations cause the soil to liquefy [20]. The objectives of this article are modeling and studying structures with concrete shear 

walls considering the effectiveness of Soil Structure Interaction (SSI) by dynamic analysis method, investigating the behavior of concrete 

structures by considering the interaction of soil and structures, investigating the effect of interaction on the response of structures with concrete 

shear walls under earthquake, and investigating the irregularity effect of structures with concrete shear walls by considering the effectiveness 

of SSI. The organization of this manuscript is as follows. Section 2 deals with the analysis of an Abaqus program. In section 3 we illustrate the 

analysis and results have been presented. Section 4 describes the conclusions. 

2. ABAQUS Program 

2.1. Soils analysed 

One of the objectives of the present investigation is to investigate the impact of the soil's composition on the behavior of concrete structures 

with special shear walls. For this purpose, type 1, 2, 3, and 4 soils (where Vs=velocity, ѵ=factor, q=uniform load, P=steel in m3, r=radius of 

area) have been used as shown in Table 1, which represent hard, medium, soft, and silty, respectively. The mentioned soils are 3 types of soils 

out of 4 types of soils in Regulation 2800 [21]. 

Table 1. Characteristics of analysed soils 

Soil type Vs (m/s) ѵ ꝗ (kg/m2) Ρ(kg/m3) r(m) Soil 

1 1000 0.15 50000 2000 0.5 Hard 

2 600 0.2 40000 1800 1.0 Medium 

3 300 0.3 25000 1600 1.5 Soft 

4 150 0.5 15000 1400 2.0 Silty 

2.2. Specifications of accelerometers 

In the present study, nonlinear time history analysis has been used for modeling. Modeling the nonlinear behavior of materials and the fact that 

in strongest earthquakes the structure enters the nonlinear phase, has led to the use of the term nonlinear time history analysis in this study. 

Accelerometers are used to determine the effect of ground motion. They should, as far as possible, reflect the actual motion of the ground in 

the construction area. In this research, 7 earthquake records extracted from the Pir information site have been downloaded.  

2.3. Modelling method 

In modern methods of modeling and structural analysis, the use of advanced computer programs has greatly developed due to their high accuracy 

and appropriate analysis time. Analysis of structures based on the number of loads on the structure in different dead and live loads, and especially 

earthquake loads provides important information to designers. Various methods for structural analysis have been introduced and proposed in 

the regulations, and one of the most accurate methods of structural analysis is dynamic analysis of time history. In this method, the analyses of 

the structural response to the earthquake are solved by applying the acceleration of the actual earthquake. In this chapter, the time history for 

the dynamic analysis on a concrete structure with a special double shear system has been performed by considering the soil interaction of the 

structure . 

2.4. Pattern of nonlinear behaviour of concrete in modelling 

These parameters describe the level of traction and pressure damage, respectively. Damage parameters can range from zero (undamaged 

materials) to one as shown in Fig. 1 (loss of total strength of materials). The modulus of elasticity E0 expresses the initial elastic stiffness 

(undamaged) of the material and the stress-strain relationship for uniaxial tensile and compressive loads as shown in Fig. 2, which are expressed 

in Equations (1) and (2). 

𝜎 𝑡 = (1 − 𝑑 𝑡) 𝐸 0(𝜀 𝑡 −  𝜀 𝑡
𝑝𝑙)                                                                                                                                                                         (1)     

 

𝜎 𝑡 = (1 − 𝑑 𝑐) 𝐸 0(𝜀 𝑐 −  𝜀 𝑐
𝑝𝑙)                                                                                                                                                                        (2) 

 

The plastic damaged concrete model used in Abacus software is the Drager-Prager model, which is used to model the determination of concrete 

plastic behavior, including yield levels and plastic flow. The Drager-Prager flow potential function is by Equation (3). 

 

𝐺 = √(f c − m. f t. tanβ) 2 + q −2 − p −. tanβ                                                                                                                                                 (3) 
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Fig. 1. Behavior of concrete in uniaxial loading in tension 

 

Fig. 2. Behavior of concrete in uniaxial loading under pressure 

2.5. Modelling in Abacus 

Rod elements are used for rebar and volumetric elements are used for modeling concrete and soil. The interaction between rebar and concrete 

or the definition of embedded region is done. The interaction between soil and concrete is the contact behavior. In the interaction behavior 

between soil and concrete, tangential behavior with a coefficient of friction of 0.4 between soil and concrete is used. The interaction is of 

surface-to-surface contact type. The meshing is done in such a way that it is small meshes under the structure and coarse meshes in the far parts 

of the structure as shown in Fig. 3. The nonlinear behavior of the rebar was modeled by modeling the behavior of steel with a mass of 7850 

kg/m³, a Poisson's ratio of 0.3, a Young's modulus of 210 GPa, and a nonlinear yield strain of 0.09 for a stress of 370 MPa. Concrete behavior 

was performed with the concrete damage plasticity model. Soil behavior was modeled by Mohr-Coulomb plasticity. The dimensions of the soil 

environment are 30 × 200 × 200 meters. The type of loading is entered as a lateral load of the model as shown in Fig. 4. 

 

Fig. 3. Soil meshing model 
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Fig. 4. Structural soil interaction model 

3. Analysis and Results 

The results of the numerical analysis of the irregular effect of concrete structures with special shear walls are evaluated by considering the effect 

of soil-structure interaction through dynamic analysis. Different soils of the structure with different numbers of different layers have been used. 

In the third chapter, the methodology for performing the analysis was thoroughly described. Analysis was performed on different modes of 

analysis. The outputs are examined and analyzed in the form of diagrams. 

3.1. The effect of different soil materials on 3-story concrete structures 

The displacement load diagrams of a 3-story concrete structure for 4 different soil types are presented (see Fig. 5). In the displacement load 

diagram, the vertical axis represents the ratio of the load borne by the frame to the code-specified load, allowing for a proper comparison of the 

bearing capacity of the frame for different soils. In the horizontal axis, the relocation of the roof is also given . As can be seen from Fig. 5, by 

changing the type of soil for 3-story structures, the rate of increase of the load-bearing ratio to the load of the regulation is reduced. Concrete 

structures with 3-story structures, for type 1, type 2, type 3, and type 4 soils, have load bearing ratios of 4.78, 2.24, 1.66, and 1.12, respectively, 

which show varying bearing capacities. 

 

Fig. 5. Diagram of the effect of soil type on the displacement of a 3-story structure by comparison with other floors 

The standard provides a final capacity of 2800. To determine the absorbed energy and ductility of the frame, the last load capacity value was 

limited to 0.8 of the final loads, and the diagrams were redrawn. Using the surface below the displacement load diagram, the absorbed energy 

of the system was determined. Table 2 shows the amount of energy absorbed, the final displacement, and the ratio of bearing capacity to the 

standard base shear. It should be noted that the final displacement corresponds to the point in the diagram where the structure has lost 20% of 

its bearing capacity. 
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Table 2. The values of absorbed energy, final displacement and frame strength for different soils 

Final displacement (mm) LPF Absorbed energy frame (N-m) Model 

0.085 4.87 13963 Soil type 1 

0.23 2.24 30096 Soil type 2 

0.35 1.66 34530 Soil type 3 

0.39 1.12 36212 Soil type 4 

 

Figs. 6, 7, and 8 of Load Per Structure Factor (LPF) diagrams show the final displacement and energy absorbed against the number of layers 

for type 1 soil. 

Figs. 7-17 show the ratio of bearing capacity to displacement of the roof of a 3-story structure, 6-story structure, and 9-story structure, 

respectively. It can be seen from the figure that the 9-story structure with a concrete shear wall and soil type 1 has a significant increase 

compared to structures with 3-story and 6-story structures. 

By changing the type of soil, the effect of concrete shear walls in increasing the bearing capacity decreases. Additionally, by increasing the 

number of floors, the final displacement of the frame increases. This increase is linear. Furthermore, in frames with a high number of floors, 

the energy wasted in the structural system increases. Figure 9 shows the displacement changes in the height of the structure at maximum load. 

3.2. The effect of different soil materials on 6-story concrete structures 

Fig. 10 shows the graph of the ratio of load capacity to roof displacement. The increase in LPF (Load Per Structure Factor) for type 1 and 3 

soils is 112% and 149%, respectively.  

Table 3 shows the amount of energy absorbed and the final displacement of the concrete structure. 

The hardness of the 6-story concrete structure for type 1 soil is clearly shown in Figs. 11 and 12. 

 

Fig. 6. Diagram of ground type's impact upon the displacement of the roof of a 3-story structure by comparison with other floors 

 

Fig. 7. Diagram of the effect of soil type on the final displacement of a 3-story structure by comparison with other floors 
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Fig. 8. Diagram of the ground type's impact on the absorbed energy of a 3-story structure compared to other classes 

 

Fig. 9. Graph of displacement changes in the height of the structure for different soils 

  
Fig. 10. LPF diagram against the displacement of the roof of a 12-story structure compared to other floors 
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Table 3. Values of absorbed energy, final displacement and frame LPF 

model Absorbed energy frame (N-m) final displacement (mm) LPF 

9573 0.071 3.24 Soil type 1 

18987 0.19 1.49 Soil type 2 

33775 0.35 1.31 Soil type 3 

36250 0.42 1.14 Soil type 4 

 

 

Fig. 11. Diagram of the impact of the number of floors on the LPF of a 6-story structure for 4 different soil types 

 

Fig. 12. Diagram of ground type's impact upon the final displacement of a 6-story structure by comparison with other floors 

According to Figs. 13 and 14, it can be said that with increasing the number of floors, similar results were observed with the concrete structure 

for type 1 soil. 

 

Fig. 13. Diagram of ground type's impact upon the absorbed energy of a 6-story structure by comparison with other classes 
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Fig. 14. Diagram of the effect of soil type on the displacement of a 6-story structure by comparison with other floors 

3.3. The effect of different soil materials on 9-story concrete structures 

Fig. 15 In this section, the effect of different soil types on 9-story concrete structures is investigated. 

 

Fig. 15. LPF diagram against roof displacement for a 9-story structure 

Fig. 16 shows the ratio of bearing capacity to displacement of the roof of a 9-story structure. It can be seen from the Figure that the 9-story 

structure with concrete shear wall and soil type 1 has a significant increase compared to structures with different soils. Similar to the number 

of other soils, this increase is 101% and 170% for type 2 and 3 soils, respectively. 

 

Fig. 16. Diagram of ground type's impact upon the final displacement of a 9-story structure by comparison with other floors 
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Fig. 17. Diagram of ground type's impact upon the final displacement of a 9-story structure by comparison with other floors 

According to Fig. 18, it can be said that by changing the type of soil, the bearing capacity ratio decreases and the final displacement of the 

concrete structure is increased. The absorbed energy is also increased but this increase is less than other structures.  

The diagram of displacement changes corresponding to the maximum force against the floor height is shown in Fig. 19. 

 

Fig. 18. Diagram of ground type's impact upon the absorbed energy of a 9-story structure by comparison with other classes 

 

Fig. 19. Graph of displacement changes in the height of a 9-story structure for different soils 

3.4. The effect of different soil materials on 12-story concrete structures 

In this section, the effect of different soil materials on the structure of a 12-story shear wall is investigated (Fig. 20). Fig. 21 shows the ground 

type's impact upon the final displacement of a 12-story structure by comparison with other floors. 
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Fig. 20. LPF diagram against the displacement of the roof of a 12-story structure compared to other floors 

 

Fig. 21. Diagram of ground type's impact upon the final displacement of a 12-story structure by comparison with other floors 

Fig. 22 describe the  change in the soil type, it directly affects the bearing capacity ratio, final displacement, and the energy absorbed by the 

concrete structure. 

 

Fig. 22. Graph of changes in displacement with height for the structure across different soil types 

4. Conclusion 

In the present article, the effect of irregularity of concrete structures with shear walls was evaluated according to the effect of soil-structure 

interaction for four types of soil according to the regulations. Analysis and modeling were performed with Abacus software. Analysis was 

performed for different structures at height. Graphs of bearing capacity ratio, displacement and absorbed energy for 3, 6, and 9 storey structures 

for concrete structures were investigated. The results were obtained are bending frame concrete shear and bearing system wall under earthquake 
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lateral load have good ductility and strength, which makes this structural system to be used for cities with high earthquake risk. The interaction 

of structural soil with changing soil type affects the behavior of the structure. By increasing the number of floors, the impact of the shear walls 

on increasing the bearing capacity decreases. As the number of floors increases, the final displacement of the frame increases. In frames with a 

high number of floors, the energy lost in the structural system increases. Three-story frame with concrete shear wall has a significant increase 

compared to similar frames with more floors, which shows the good performance of this system in structures with fewer floors. For soil type 1 

(hard soil) structural system of concrete shear wall with displacement, better maximum structural stiffness, better behavior was observed in the 

structure. 
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