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Earthquake is one of the most frequent natural phenomena in the world. In some cases, the earthquake causes catastrophic events in the term of human being and damaging structures and infrastructures. In structural analysis, structural members are always designed to support the lateral loads of earthquakes. Although structural members such as columns, beams, walls, slabs and so on are taking into account based on standards, the non-structural elements are not specifically considered for structural design. In this paper, nine large-size partition walls are constructed in the structural lab. The partition wall's dimension is 96×48 inches as height and long, respectively. The wall is built in I-shape. The gypsum board (GB) is employed on the web and flange in which two GBs are sheathed on the web and each flange. The thickness of the gypsum board is 0.625 inches. The gypsum boards are connected with 18 light gauge steel studs. In order to make a connection between the gypsum board and stud, three design variables are considered. These variables are partition wall without damping system, partition wall with a single damping and partition wall with double damping system in which the damping is made using a grommet. Three specimens are considered in each category. The lateral cyclic loading is applied on the top side of the I-shape. At the end of each experiment, the load-displacement diagrams are carried out. Since then, ABAQUS finite element software is exploited to validate the partition wall based on the experimental data. The shell element S4R is used for modeling gypsum board and stud, C3D8R for solid concrete basement and T3D2 for reinforcement of concrete basement. The Non-Linear Static Analysis is considered to simulate the partition wall. The validation of the ABAQUS result shows that the difference in load capacity is less than 3% compared with experimental ones. The results show that using a damping system does not affect the load capacity. However, comparing of single and double damping system with the wall with no damping induces 33% and 67%, in order. Moreover, the comparison of the ductility factor shows 38% and 68% enhancement for single and double damping over the non-damping system. Finally, the dissipated energy of single damping and double ones are increased to 112% and 137%, compared with the partial wall without damping.

Introduction

In structural analysis, structural members are always designed to support the extreme loads. Although structural members such as columns, beams, walls, slabs and so on are taking into account based on standards, the non-structural elements are not specifically considered for structural design [START_REF] Goulet | Evaluation of the seismic performance of a code-conforming reinforced-concrete frame building-from seismic hazard to collapse safety and economic losses[END_REF][START_REF] Newmark | Earthquake spectra and design[END_REF][START_REF] Sayyar Roudsari | Investigation of Sandwich Panel Under High Temperature Loading Using Finite Element Analysis[END_REF]. This issue is sometimes more critical for infrastructures such as high-raise buildings, stadiums, and malls. In these structures, the necessity of nonstructural elements is inevitable. Because not only these structures have subjected to earthquake load but also the usage and the applications that are employed in these infrastructures may induce more catastrophic events [START_REF] Baser | An emergency response plan for cascading postearthquake fires in fuel storage facilities[END_REF][START_REF] Kawaguchi | A report on large roof structures damaged by the Great Hanshin-Awaji Earthquake[END_REF][START_REF] Moeini | Vertical Isolation of Seismic Loads in Aboveground Liquid Storage Tanks[END_REF][START_REF] Shalbaftabar | Psychic and Mental Effects of Roof Garden on Dwells of Residential Building (Case of the Radin Residential Building in Tehran City)[END_REF]. During the last three decades, many earthquakes causes devastating consequences. In 1994, more than seven hundred steel structures were significantly damaged in Northridge earthquake. Forensic engineers indicated that majority of the damages were due to the brittle failure of steel components. Since the earthquake is one of the most frequent phenomena in over the world specially, the western of USA, FEMA started investigating the brittle failure criteria in structural components in 1995. Whittaker et al, [START_REF] Whittaker | An overview of nonstructural components research at three US Earthquake Engineering Research Centers[END_REF] indicated that the Northridge earthquake induced about 18 billion losses. In this event, more than 50% of damages were because of damaging the non-structural components. On the other hand, the repairing and retrofitting of the structural and non-structural components can be reached to about 75% of construction's costs [START_REF] Roudsari | Evaluation of large-size reinforced concrete columns strengthened for axial load using fiber reinforced polymers[END_REF][START_REF] Ryan | Fire Evaluation of RC Frames Strengthened with FRPs Using Finite Element Method[END_REF][START_REF] Ryan | Fire Evaluation of RC Frames Strengthened with FRPs Using Finite Element Method[END_REF][START_REF] Ryan | Fire Evaluation of RC Frames Strengthened with FRPs Using Finite Element Method[END_REF]. Many researchers studied on the steel structures and the connections. Sumner et al., [START_REF] Sumner | Behavior of extended end-plate moment connections subject to cyclic loading[END_REF] studied on bolt-extended steel connection to evaluate the bending strength. Zeynalian et al., [START_REF] Zeynalian | Seismic performance of cold formed steel walls sheathed by fibre-cement board panels[END_REF] performed experimental study on steel frame under cyclic loading conditions. The steel frame is covered with fiber-cement boards. They constructed four shear walls and compared them with the non-fiber-cement board. The results showed that the ductility factor of fiber-cement shear walls is more reliable than the regular ones. Liu et al., [START_REF] Liu | Development and experimental validation of a steel plate shear wall with self-centering energy dissipation braces[END_REF] investigated the energy dissipation of steel shear walls. They cast two different walls as steel plate shear walls and pre-pressed self-centering braces to evaluate the energy dissipation factor. The results represented more energy dissipation capability in steel plate shear walls and better performance of load capacity and stiffness for bracing system. Jian et al., [START_REF] Jiang | Collapse mechanism and shaking table test validation of a 3D mid-rise CFS composite shear wall building[END_REF] used Structural vulnerability theory to investigate the collapse mode of 5-story cold frame steel building. They proposed strong-frame week-wall methods for seismic design of shear walls. Salehi et al., performed analytical study on RC frame to evaluate the seismic behavior of structural members under earthquake loading conditions. He also applied high temperature to investigate the failure criteria of steel and composite reinforcing system. The results indicated that the steel components have more energy absorption than composite ones (Salehi, Akbarpour, & Shalbaftabar, 2020). Many researchers studied on the structural components of steel structures but there are just a few studies in the term of non-structural components [START_REF] Kazantzi | Strength-reduction factors for the design of light nonstructural elements in buildings[END_REF][START_REF] Singh | The Contribution of Non-Structural Components to the Overall Dynamic Behaviour of Concrete Floor Slabs[END_REF].

Experimental Program

The experimental investigation is subjected to evaluate the performance of nonstructural steel component under earthquake loading conditions. To approach this object, the steel stud partitions are employed to construct nine walls. The wall has a dimension of 4×8 ft (1.22 × 2.44 m). The bottom of wall is bolted to the steel track. The track is embedded in 6-inch (0.152 m) of concrete slab. The side of the wall has a flange-shape shoulder with dimension of 2×8 ft (0.61 × 2.44 m) and screws are used to fasten the gypsum boards. It should be noted that the shoulders are connected to both ends and not fasten to the slab. The shoulders help to transfer the lateral load and minimize the eccentricity errors. Figure 1 and 2 show the schematic view and the experimental setup of the wall. The gypsum board has a thickness of 0.625 inches (about 16 mm). In order to avoid the brittle behavior, the damping system is considered. Three different systems are used to compare the effect of damping models including Non-Damping System (NDS.), Single-Damping System (SDS.), and Double-Damping System (DDS.).

Figure 2. Gypsum Board Construction

The damping material is located at the bottom track and helps to reduce the effects of seismic loads. SDS specimen has a damping system at one side of bottom track while, DDS uses two damping system at both sides of the bottom track. The embedded track in concrete slab is to fix the bottom of the wall and the top side has a free end. The gypsum board is used at both sides of metal frame with the dimension of 4×8 ft × 5/8 inch (1.22 × 2.44 m×16 mm). The compressive strength of gypsum board is 400 Psi (2.76 MPa) and the damper is as Hillman rubber grommet with the size of 1 1/8 inches (28.6 mm) and the stiffness of 1340 lb/in (234 N/mm). Figure 3 shows the Hillman grommet. The experimental setup is conducted to apply seismic loading conditions. In this regard, the MTS 100 testing machine is exploited to apply cycling loads. The displacement control is considered as the lateral load of the wall. The loading condition has a return rate of 0.1 inch per second (2.5 mm) and 0.1 Hz frequency. The displacement gradually increases from 0.25 inches (6.4 mm) to 2.75 inches (70mm) with the increment rate of 0.25 inches (6.4 mm). Figure 4 displays the experimental and loading setups. The setup of loading procedures is made using two 4×4 steel angle beams. The beams are framed at 4 inches (10 cm) from the front and back side of the wall. The in-plane loading condition using the actuator is considered. As it is seen, the actuator applies the load on the flange side of the wall (shoulder). 

Results and Discussion

In this section, the results of cyclic loads on three different walls including NDS, SDS and DDS are presented. Herein should be declared that the pull-push behavior of the system is depicted for finite element analysis. In Figure 5, the load displacement diagram of non-damping system (Le et al.) is shown. In this figure, the maximum load capacity and displacement are 850 lb (3.78 kN) and 2 inches (about 5 cm). But, as it is seen, the maximum load capacity is occurred at 1.5 inches (3.8 cm). Moreover, the average theory can be used to compute the seismic strength capacity of the system. In NDS specimen, the seismic strength capacity is about 785 lb (3.5 kN). In Figure 6, the load-displacement diagram of Single-Damping System (SDS) is shown. In this figure, the maximum load and displacement are 810 lb (3.6 kN) and 2.52 inches (6.40 cm), respectively. However, the displacement at the maximum load capacity is 2.00 inches (5.1 cm). Figure 7 shows the load-displacement of Double-Damping System (DDS). In this figure, the maximum load capacity and displacement are 875 lb (3.9 kN) and 2.65 inches (6.8 cm). Comparing the load capacity results indicates that SDS has about 5% less capacity than NDS. But, using double damping system (DDS) helps to enhance the load capacity about 3%. On the other hand, comparison of the maximum displacement presents that SDS and DDS have about 26% and 32.5% more drift than NDS. 

Model Development

In this section, the finite element software is used to validate with the experimental program. To approach this issue, another specimen is constructed with same properties of NDS (Non-Damping System). This specimen is subjected under monotonic loading conditions at the positive direction. In this regard, ABAQUS software is employed for simulation. The geometries of specimen are based on Figure 1. The concrete properties of slab are applied using Concrete Damage Plasticity (CDP) Model. The compressive strength of concrete and failure strain are 5801.5 Psi (40 MPa) and 0.003, respectively. The CDP model is developed by Sayyar Roudsari et al., [START_REF] Roudsari | Evaluation of large-size reinforced concrete columns strengthened for axial load using fiber reinforced polymers[END_REF][START_REF] Sayyar Roudsari | Analytical study of reinforced concrete beams strengthened by FRP bars subjected to impact loading conditions[END_REF]. Figure 11 shows the compressive stress-stain diagram of concrete. It should be noted that the concrete module of elasticity is 4357079 Psi (30040 MPa). Moreover, the yield and ultimate stress of steel stud and tracks are 33000 and 45000 Psi (227 and 310 MPa), in order. In order to define the material behavior of gypsum board, "Maxps Damage" with the Max Stress Principal of 63800 Psi (400 MPa) is exploited. The gypsum board has specific module of elasticity in each direction which are 1160300, 362600 and 181300 Psi (8000, 2500 and 1250 MPa), in length, width and the thickness direction. Figure 12a shows the assembly of NDS in ABAQUS software. In order to consider the connection of steel studs and tracks to gypsum board, the tangential behavior is applied. In this regard, the surface to surface contact with friction coefficient of 0.25 is employed. In the experimental setup, the gypsum board is also attached to the steel studs and track with screws. So, the "fastener" connection is used in this simulation to define the behavior of screws connection. Therefore, the "Failure Cartesian" criteria with constrained parameters of U1=U2=U3=0 is defined. In Figure 12b, the interaction properties of model are shown. To apply the monotonic loading condition, the displacement control techniques is used. In this method, a set of nodes of top side elements are assigned to transfer the lateral load (Figure 12c). Also, the bottom surface of the slab is a fixed support. In order to choose the appropriate mesh size, different mesh study is operated. After performing various meshing models, the size of 2.5 is applied for whole models to avoid the mesh sensitivity and achieve the most accurate results. Figure 13 presents the meshing of NDS specimen. 
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  Figure 12. Modeling and simulation in ABAQUS

Figure 14 .

 14 Figure 14. Validation of ABAQUS Finite Element versus Experimental

th Turkish Conference on Earthquake Engineering, 2021 2-4 June 2021, Istanbul Technical University