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Abstract. In spite of extensive testing of the individual shear wall and the coupling beam (CB), numerical and
experimental researches on the seismic behavior of CSW are insufficient. As far as we know, no previous research
has investigated the affectations of position of CB regarding to the slab level (SL). So, the investigation aims to
enhance an overarching framework to examine the consequence of connection positions between CB and SL. And,
three cases have been created. One is composed of the floor slab (FS) at the top of the CB (FSTCB); the second is
created with the FS within the panel depth (FSWCB), and the third is employed with the FS at the bottom of the CB
(FSLCB). And, FEA is used to demonstrate the consequences of various CB positions with regard to the SL.
Furthermore, the main measurements of structure response that have been investigated are deformation, shear, and
moment in a coupled beam. Additionally, wall elements are used to simulate CB. In addition, ABAQUS software
was used to figure out the strain distribution, shear stress for four stories to further understand the implications of slab
position cases on the coupled beam rigidity. Overall, the findings show that the position of the rigid linkage among
the CB and the FS can affect the behavior of the structures under seismic loads. For all structural heights (4, 8, 12
stories), the straining actions in FSWCB and FSLCB were less than those in FSTCB. And, the increases in
displacement time history response for FSWCB are around 16.1-81.8%, 31.4-34.7%, and 17.5% of FSTCB.

Keywords: ABAQUS; coupling shear wall system; ETABS; finite elements; rigid link; slab level; wall
element

1. Introduction

The lateral deflections (LD) of a structure under seismic stresses are a major concern in mid to
taller building design. This LD can be an essential indicator of the extent of structural damage.
Also, it can cause unfavorable structure-structure interaction (i.e., pounding). Openings are
frequently constructed in RC structural walls to suit aesthetic or other practical needs. The coupled
shear wall (CSW) system that was employed extensively in modern taller buildings is regarded as
the main lateral force-resisting system. Likewise, the CSW in conjunction with the CB had been
functioned frequently in taller structures to raise lateral strength. The CSW system can endure a
substantially base moment and shear force with significant increased structural stiffness in
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comparison to the individual wall piers (WP) due to the effect of CB among the adjacent WP.
Furthermore, during massive earthquakes, the CB has the ability to derive a substantial magnitude
of energy and protect the WP from catastrophic damage. Several studies have undertaken
extensive testing on the seismic behavior for numerous CBs (Lim et al. 2016, Wang et al. 2018,
Galano et al. 2000, Singh et al. 2022, Ma et al. 2022, Tassios et al. 1996). Also, Yousufu Ma has
researched how two steel plate shear wall piers interact with the coupling beams to improve the
structure’s capacity to overturn (Ma et al. 2022). In addition, two significant aspects must be
considered in the design of the CSW: (1) During the test, the actual boundary conditions of the
CBs in the CSW which include the constraints from adjacent WP and slabs, aren’t easy to examine
appropriately. Therefore, the realistic behavior of the CBs which is different from single beam
specimen test ought to be investigated; (2) The appropriate ratio among diagonal and longitudinal
bars in a hybrid-layout CB have to be ascertained depending on the assessment of system
performance. Currently, structural simulation models with acceptable precision and efficiency are
essential. And, they have to execute huge numbers of elastic-plastic dynamic THS analyses of
numerous modeling to encourage and enhance research into structural seismic performance and
performance-based design (Ding et al. 2018). Previous research must have shed the light on the
design of the CBs to enhance their behavior by considering the material properties (Tian et al.
2019, Kumar et al. 2021, Kolozvari et al. 2018, Rezapour et al. 2022). Furthermore, two adjacent
shear walls have been connected by a coupling beam made of a steel corrugated plate that has been
employed on both of its sides (Zuo et al. 2022). However, slab stiffness has not been dealt with as
a basic variable in the CB design to date. Nowadays, flat slab technique is widely employed in the
construction where slab thicknesses are frequently bigger than other techniques. Consequently, it
is appropriate to further assess the properties of this variable on the CBs in the flat slab. Neither
the rigidity of the slab nor the effectiveness of the location of CBs regarding the SL is considered
as fundamental variables in the designing of the CBs. Consequently, the paper is interested in
developing a 3-d FE method to gain a better understanding of the studied cases’ performance.
Hence, the guidelines for constructing a stability system can be obtained. Considering the FE
software (ETABS), a new combined beam-shell model of the CSW is formed with tremendous
efficiency and exactness for the seismic examination. However, a time history (THS) analysis was
done to calculate the THS reaction of the CB position during the future predicted earthquakes.

2. Literature review

The coupled shear wall (CSW) includes two RC wall pillars and multiple CBs where the CSW
has a greater load-bearing capacity and lateral stiffness than individual WP because of the
coupling effects of CBs (Ding et al. 2018). The CSWs are exceptional lateral load-bearing
techniques that disperse inelastic deformation between CBs and WP. Multiple shear walls (SW)
are preferred in load-bearing techniques because of their capacity to give redundancy and ductility
to structures by dissipating energy via the creation of hinge zones. The connecting girders are vital
in improving the seismic response of the double wall mechanism which can be the power
dissipation source in the model. As well as, they can resist failure owing to the inherent
transformation in stiffness. To sustain earthquake stresses, the connected SW mechanism should
have high stiffness, strength, and power dissipation. Traditional reinforced CBs without diagonal
bars (DBS), diagonal CBs with all longitudinal bars replaced with DBS, and hybrid-layout CBs
with only part of the longitudinal bars replaced with DBS are the three sorts of CBs dependent on



The effectiveness of position of coupled beam with respect to the floor level 559

reinforcement layouts. Although the diagonal CBs have a higher shear capacity, energy
dissipation, and ductility than conventional CBs, its usage is severely restricted owing to
construction challenges. As a result, a hybrid layout had been chosen to lesser significantly the
difficulty of construction (Lim et al. 2016). In several design settings, structural walls are linked at
each slab plate level by moment-resistant elements. In addition, stiff CBs or relatively flexible
floor slabs have to be employed as connecting elements. The mutual reaction of the individual WP
and the frame action arising from the linkage between WP and CBs can resist the lateral loads.
Another key fact to remember is the degree of stiffness of the CBs to control the efficiency of the
CSW. Owing to the CBs, the CSW acts as a composite cantilever with bending around the centroid
axis of the wall groups. The verification of the overall response to powerful earthquakes is
extremely difficult, especially because the positions of the walls deviate from the building’s center
of mass. However, the CSWs resist the overturning moment (OM) by a combination of an axial
force couple that arises in the WPs. This is a result of the shear demand in CBs and flexural action
in the WPs. Otherwise, the flexural stresses are resisted totally by the cantilever walls (Eljadei
2012). The coupling ratio (CR) is a function related to stiffness and strength for the beam and the
wall. Similarly, the OM reaction by CBs is proportional to the (CR) degree. On the other hand, the
CBs act as a fuse in the structural models to improve the resistance of the OM and thus creating
the flexibility for dissipating energy (Aristizabal-Ocfaoa 1987). ACI 318-99 has recommended
that the aspect ratio (AR) has to be fewer than four in the diagonal CB. Likewise, it is suggested to
employ the transverse reinforcement round the DBS to resist the buckling effect. The slender CB
with an AR of three is considered as familiar owing to the requirements of the architecture.
However, the reduction in the aspect ratio of the DBS leads to a decrease in the effectiveness in
shear resistance. Furthermore, a rise in the AR can produce an upsurge in the flexural that can
cause the falling down of the structural members. So, it is needed for an alternative design like
high-performance fiber carbon concrete. Similarly, this kind of RC concrete can allow the
elimination of the DBS in addition to getting the same behavior of strength. As a reaction to the
limited amount of experimental research, FEA emerges as a viable option to create the structural
elements. At present, one-dimensional (1D) methods represent fiber beam components, truss
elements and springs. Likely, the 1D method is the best appropriate tool to investigate the seismic
behaviors of CSW. It could be suited to frame beams and columns where flexural behavior is
dominant rather than the significant shear in the CSW mechanism (Lu et al. 2005, Santhakumar
1974, Alvarez et al. 2020). To date, it is a major gap in previous studies for the numerical methods
of the CSW owing to the complex seismic reactions of CBs (Lu et al. 2005). As illustrated in Fig.
1, two simulation models ought to be abridged from past research where the WPs and CBs are
represented using a complicated 2-D membrane component or a 3-D shell to achieve a higher
accuracy. Fig. 1 depicts all previous modeling for creation the components of the CSW
mechanism.

Two methods are designated for representing the CSW system:

First, the WPs and CBs are simulated by beam elements to improve computation efficiency as
illustrated in Fig. 1(a). Second, the WPs and CBs are simulated using a complex 2D membrane or
a 3D shell element to achieve improved precision as indicated in Fig. 1(b).

To put it another way, the 2D technique with high accuracy is more appropriate for planer
CSW. However, there are 2D mechanism utilized insufficiently to simulate the CSW (Zhiwei et al.
2009).

Although, THS analysis is considered the most precise analysis for the structures confirmed to
seismic actions (Harries et al. 2000). It would be more difficult than pushover analysis because of
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Fig. 1 Modeling methodologies for RC coupled wall system (Two approaches)

monitoring the cyclic inelastic behavior of structural members. What’s more, the pushover
analysis is a faster method that would provide a reliable assessment of the structure response. But,
THS analysis methodology is the most accurate of all the dynamic methodologies. So, the thesis
views THS analysis as the primary method for investigating CBs.

3. Finite element modeling

In order to perfect building structure geometry, a variety of three-dimensional (3D) modeling
techniques have been employed, ranging from the approach for one-dimensional elements to
detailed 3D solid modeling of all structural components. And, to effectively forecast a building’s
seismic response, an FE model is required to integrate all the structural elements and simulate their
real behavior. Furthermore, creating these simulations typically takes more work. In general, this
type of study has produced better results than simplified models. The results of this type of
analysis have typically been better than those of simplified models. Analytical methodologies and
models of variable complexity for structural buildings are developed to assess the various models’
abilities to forecast the performance of CB as well as the implications of analysis assumptions on
demand projections. On the other words, the modeling of the construction of the structure is done
utilizing a comprehensive FE model that makes use of shell elements for the coupled beam, as
shown in Fig. 2. Flexure dominates CB behavior and is best described using shell elements. And,
guadrilateral shell pieces are used in this model to represent both the CB and the floor slab (Abdel
Raheem et al. 2018). Therefore, the analysis takes into account how each member interacts in
three dimensions. Three types of modeling have been created to investigate the different cases of
CB positions. The first is made with FS at top of the CB (FSTCB). The second is created with FS
within panel depth (FSWCB). And, the third is employed with FS at bottom of CB (FSLCB). On
the other hand, the research simulates the CB and WPs using shell and wall elements.
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Additionally, the rigid linkages (RLs) can be useful in creating stiffness linking models amongst
them. On the other words, a new combined beam-shell model of the CSW is created for the
seismic analysis with incredible efficiency and accuracy using the FE program (ETABS).

3.1 Rigid link between slab elements and coupled beam

The wall elements can be used to model CB and SW. Also, the rigid links (RLs) can be
effective in developing models for rigidity linking between them. Besides, the RLs are a
representative model in the FEM that states the kinematic interaction among the selected nodes.
However, the RLs between numerous nodes are investigated by Fialko (2017). In most
circumstances, the beam can indeed be denoted by simply attaching to the slab element’s node
which is incorrect and leads to the failure to express in-plane rotational stiffness (Idriss et al.
2022). As illustrated in Fig. 2, RL is among the strategies for creating the corrective model by
transmitting the OM and shear force from the node shell element to others.

On the other hand, the stiffness of the shell elements can be impacted by the transfer of shear
forces from the shell node to the inner nodes without rigid links. Therefore, the node | for all links
is the node linked to the coupled beam node. The end that extends into the nodes of the slab
elements is known as node J. All rigid links> J ends should have their degrees of freedom x, Mx,
My, and Mz released. From the J end to the inside shell elements node, only the Y and Z degrees of
freedom should be connected. The shear forces can be transferred from slab elements into a
coupled beam using this release configuration. Additionally, the presence of the rigid connection
won’t have a negative impact on the rigidity of the shell element.

4. Proposed mixed beam-shell model for RC coupled walls

Even in the elastic range, bending deformations in a deep coupling panel are minimal. And, the
majority of the deformation is due to shear. As the depth of the CB decreases, they become more
critical and may require modeling. When there are significant bending deformations, wall elements
should be functioned in representing modeling. Consequently, shell and wall elements are utilized
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Fig. 3 No of shell elements

to simulate the CB and WPs in the research. The CB has at least five meshes running the length of
it. In addition, the set of coupling wall elements have the similar number of the slab elements
connected to the coupling wall element. Fig. 3 displays RL linking between elements. The sum of
meshes in Y—direction is two meshes. As well as, the count of shell elements ranges from one to
two in the direction of the CB height.

5. Modal response spectrum (RS) method

The RS mechanism is applicable to all kinds of structures where the involvement of the model
in each orthogonal direction exceeds ninety percent of the mass of the structure. In addition, the
count of vibration modes established by FE modeling are bigger than ninety percent from mass
involvement. On the other hand, the ASCE 7-10 code standards are utilized with the assumption
response modification factor R=5 and soil type C for estimating the lateral seismic design loads on
the buildings (Engineers 2000). Furthermore, the soil class ‘C’ states the dense and stiff soil. And,
the seismic region chosen for this research is zone 5B per the Egyptian code. Self-weight, floor
cover, and 25% of the live load are all included in the total seismic mass. And, the curve of the
spectrum is type 2 (The seismic region parameter and importance factor are equal to 0.3 and 1,
respectively). As well, section 12.8 of ASCE 7-10 is used to calculate earthquake loads. Following
are the steps to compute the seismic base shear V (Engineers 2000)

V=CsW 1)
Where, W is the effective seismic weight and Cs is the seismic response coefficient.

Sps.
R )

Ie
Where, Sos refers for the design spectral response acceleration for 5% damping, | is the
importance factor, and R is the response modification factor.
The calculated seismic response coefficient must not be more than:
SDl

Cs = R ForT <T,

T(E

Cs =
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And
¢, = Sl
(1)

Where, T is the structure’s fundamental period, Tv is the long-period transition period, and Sp:
is the design spectral response acceleration value at a period of 1.0 s. On the other hand, the
mapping risk-targeted maximum regarded earthquake spectral response acceleration factors are
used to establish the design earthquake spectral response acceleration factors at a short period and
at 1 s period. The RS curve is illustrated in Fig. 4.

In the response spectrum approach, the directional combination is made using the square root
of the sum of the squares (SSRS), and the modal combination is made using the complete
quadratic combination (CQC). In order to determine the key aspects of the dynamic behavior of
the building, a three-dimensional numerical model of the physical structure is employed to depict
the structure’s mass and stiffness distribution.

ForT > T,

6. Selected input ground motions

The position of the CB with respect to the SL is implemented in three dimensions. And, its
impacts on the seismic reactions are investigated for Corralitos ground shakings where Corralitos
Earthquake THS data is defined by California state (USA). Furthermore, the peak ground
acceleration is determined by 618 cm/s? for north-south direction. Fig. 5 displays the THS reaction
for Corralitos Earthquake. Furthermore, the goal of the research is to recognize the optimal
location of the CB relying on seismic behavior decline.

7. The cases of studies

Upon the FE software, a new composite beam-shell model for CW seismic analysis is
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Fig. 5 THA for Corralitos earthquake

functioned with sufficient efficiency and precision. The behavior of CB position is presented in 3-
D models. The four, eight, and twelve-story finite element models based on a 3D constitutive
model are suggested and examined. The response assessments are evaluated for several models of
building (4, 8, and 12 stories). As indicated in Fig. 6, three cases are created. The first is made
with FS at top of the CB (FSTCB). The second is created with FS within panel depth (FSWCB).
And, the third is employed with FS at bottom of CB (FSLCB).

8. Objectives of research

The mentioned work aims to decide the optimal CB position in relation to the SL for lateral
load resistance. Different models 4, 8, 12 stories are studied to evaluate the structural response of
the building in relation to the position of CB. The current research seeks to give designers a clear
vision about the location of CBs. Moreover, the overall response of the CB along the construction
height under the seismic behavior is investigated to get the effect of the location of CBs. Besides,
THS analysis are conducted to determine displacement and acceleration THS responses.

9. Mathematical modelling

Three structural models (Four, Eight, and Twelve stories) are studied to implement the essential
analysis and hence obtain the guidelines. An initial design approach is conducted to estimate the
dimensions of the construction elements. The self-weight and the flooring loading are included in
the dead loads. For every level, the flooring load (FL) is one and half Kn/m?, and the live load
(LL) is two and half Kn/m?. The height of the structural modeling is 3.60 m. Fig. 6 demonstrates
the configuration of modeling. To keep things simple, the construction area (20.87 mx23.52 m)
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as exposed in Fig. 7 is identical for the whole stories. The dimensions of the cross-section of the
columns employed as an initial design are 60 cmx60 cm. Moreover, all slabs have the same
thickness with a value of twenty centimeters, and all elements are designed to be safe in
accordance with ACI 318 (Committee et al. 2020). As a result, the features of the CB cross-
sections are depicted in Fig. 8. The concrete compressive strength C45 equates 45 MPa. And the
yield strength of steel type ST40/60 is determined by 400 MPa. In addition, the poisson ratio of
steel is 0.3.

Fig. 9 shows the methodology of research. It contains the goal of research for evaluating the
response for different cases of CB position. Furthermore, it comprises two methods for analysis:
the response spectrum and time history analysis. As a result, the values of main measurements are
obtained. Where, lateral displacement and straining actions have been analyzed first method. And,
the second method have been used to measure displacement and acceleration of time history
analysis. In final of research, the CB mechanism is simulated to further understand the
implications of slab position states on the CB rigidity. And, ABAQUS are functioned to figure out
the stress distribution, shear stress criterion (Tresca yield criterion (S)), displacement(U), and
strains (Logarithmic strain (LE)) for four stories.
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10. Numerical results and discussion

To determine the optimal performance, this study work assesses the effects of the coupled
beam position on the response demands. The lateral displacements and straining actions may be
significantly impacted due to CB’s various positions with respect to SL. And, these important
factors can analyze how each point behaves along a coupled beam’s structural element.
Furthermore, the variations between these measurements could change the level of performance of
the structure’s building. Hence, the maximum stress and strain can then be calculated at each place
on the CB structure member.

On the other hand, the factor most frequently linked to the intensity of ground motion is peak
ground acceleration. However, it is now commonly recognized that this is a criterion for
determining the potential for damage. And, a significant peak acceleration could be connected to
either a short-duration (high-frequency impulse) or a long-duration (low-frequency impulse). On
the other hand, the structure’s displacement response is defined by cycles with significant
displacement amplitudes linked to the massive pulse in the input ground motion. Therefore, the
study had been interested to investigate both the displacement and acceleration time history
analysis.

10.1 Lateral Displacement Ux (Response Spectrum in X direction)

The rigidity linking between CB and slab elements has a tremendous impact on the behavior of
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the CB under seismic loading (Idriss et al. 2022). Figs. 10-12 show the effects of connection
positions between the CB and the SL on the LD for various cases (1-2-3).

The results demonstrate the variations among the studied cases ((case 1: FSTCB), (case 2:
FSWCB), (case 3: FSLCB)), the outcomes indicate that:

For four stories: the percentage of the increase in lower wall elements (LWE) of the CB for
(case2: FSWCB) and (case3: FSLCB) compared to (casel: FSTCB) are 42.68% and 37.30%,
respectively. Besides, the increasing percentages in the LD are 39.19% and 31.13% for the upper
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wall elements (UWE) as presented in Fig. 9.

For eight stories: the percentage of the increase in LWE of the CB for (case 2: FSWCB) and
(case3: FSLCB) regarding (casel: FSTCB) are 22.66% and 21.83%, respectively. In addition, the
increasing percentages in the LD are 21.59% and 18.78% for the UWE as demonstrated in Fig. 10.

For twelve stories: the percentage of the increase in LWE of the CB for (case 2: FSWCB) and
(case3: FSLCB) with respect to (casel: FSTCB) are 7.97% and 7.04%, respectively. Also, the
increasing percentage are 7.27% and 6.36% for the UWE as revealed in Fig. 11.

10.2 Straining action of CB (Response Spectrum in X direction)

For the studied cases, the analysis shows that there is a variation between values of axial forces,
shear, and moment on the CBs running the heights of the model. Fig. 13 to Fig. 15 display the
deviation path between values, which indicates the reducing of values of straining action (Axial
force, Shear, Moment). This is a result of the position of rigidity connection between the CB and
the slab level. Moreover, Figs. 13,14, and 15 show the percentages of reducing straining actions
for (case2: FSWCB) and (case3: FSLCB) compared to (casel: FSTCB). The reduction percentages
for axial forces, shear, and moment display that:

For four stories:

Axial force: (case 2: FSWCB) in comparison with (case 1: FSTCB): the range of decreasing is
between -95.9% to -83.9%. (case 3: FSLCB) concerning (case 1: FSTCB): the range of decreasing
is between -61.2% to -12.9%.

Shear force: (case 2: FSWCB compared to (case 1: FSTCB): the range of decreasing is between
-46.8% to -38.9%. (case 3: FSLCB) regarding (case 1: FSTCB): the range of decreasing is
between -37.3% to -26.6%.

Moment: (case 2: FSWCB) in contrast to (case 1: FSTCB): the range of decreasing is between -
28.9% to -6.5%. (case 3: FSLCB) in relation to (case 1: FSTCB): the range of decreasing between
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Fig. 13 Straining actions of the CB (four stories)

is -50.6% to -30.1%.

For eight stories:
Axial force: (case 2: FSWCB) in comparison with (case 1: FSTCB): the range of decreasing is
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Fig. 14 Straining actions of the CB (Eight stories)

between -97.4% to -64.1%. (case 3: FSLCB) in contrast to (case 1: FSTCB): the range of
decreasing is between -92% to -13.8%.
Shear force: (case 2: FSWCB) in relation to (case 1: FSTCB): the variation of decreasing is
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Fig. 15 Straining actions of the CB (Twelve stories)

between -48.3% to -36.7%. (case 3: FSLCB) concerning (case 1: FSTCB): the variation of
decreasing is between -38.3% to -21.3%.
Moment: (case 2: FSWCB) regarding (case 1: FSTCB): the range of decreasing is between -
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39.3% to -6.9%. (case 3: FSLCB) compared to (case 1: FSTCB): the range of decreasing is
between -53.2% to -25.2%.

For twelve stories:

Axial force: (case 2: FSWCB) in comparison with (case 1: FSTCB): the range of decreasing is
between -97.4% to -65.2%. (case 3: FSLCB) compared to (case 1: FSTCB):. the range of
decreasing is between -94% to -19.1%.

Shear force: (case 2: FSWCB) in relation to (case 1: FSTCB): the range of decreasing is
between -51.0% to -41.3%, (case 3: FSLCB) regarding (case 1: FSTCB): the range of decreasing
is between -42.7% to -25.1%.

Moment: (case 2: FSWCB) concerning (case 1: FSTCB): the variation of decreasing is between
-43.9% to -11.8%, (case 3: FSLCB) in relation to (case 1: FSTCB): the variation of decreasing is
between -56.6% to -29.5%.

Displacement and acceleration time history:

The cases of position (cases: One, Two, three) are analyzed to realize the affections of the
position of rigidity linkage amidst the SL and the CB on the seismic performance. The three-
dimension models are utilized, and, dynamic calculations are conducted by applying effective
ground shaking acceleration at the base. The last results illustrate the LD and acceleration of the
THS at the connection point (at the top floor) among the CB and the SF. Furthermore, the
investigations disclose that the positions of rigidity linkages have an impact on the acceleration
and displacement of the THS behavior because of variations in stress and strain distributions on
the CB depth. Figs. 16 and 17 show LD and an acceleration of the THS for the studied cases.

Regarding the studied cases: the increases in displacement THS response related to (case 2:
FSWCB) of CB positions for four, eight, and twelve stories are around 16.1-81.8%, 31.4-34.7%,
17.5% of (case 1. FSTCB). What’s more, the increasing percentages in (case 3: FSLCB) in
relation to (case 1: FSTCB) are 32-48.7%,7.5%,10.8-18.4%, respectively. Regarding acceleration
THS analysis, the percentages of increasing of acceleration of the THS for (case 2: FSWCB)
compared to (case 1: FSTCB) are in the range of 38% to 47% for eight stories as indicated in Fig.
17. However, the measures of decreasing for (case 3: FSLCB) with respect to (case 1: FSTCB) are
about 49.6-19.5% for four stories. On contrary, in case of twelve stories, the percentage of raising
acceleration of the THS for (case 2: FSWCB) and (case 3: FSLCB) in comparison to (case 1:
FSTCB) is 24% as plotted in Fig. 17(c). Besides, the placements of the CB have an extensive
effect on the THS due to the place of stiffness connection as shown in Figs. 16 and 17.
Furthermore, the outcomes of the stress and strain variations alternate depending on the places of
linking connections between the CB and the SL.

The response along the coupling beam for construction building:

The maximum and minimum response of the CB over the models’ heights have a discrepancy in
values due to the linkage position among the CB and the SL. Fig. 18 to Fig. 23 illustrate that the
maximum and minimum values for the shear and moment under an effective earthquake motion
alternate regarding different cases. What’s more, the best state for lessening the shear values in
eight and twelve stories is (case 2: FSWCB). As well as, the finest option for the lowering the
maximum and minimum moment measurements is (case 3: FSLCB). Furthermore, a noteworthy
solution for the linking position is the FS at top of the CB in four stories.

The CB mechanism is simulated to further understand the implications of slab position states
on the CB rigidity. ABAQUS (Abaqus et al. 2001) are functioned to figure out the stress
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Fig. 16 Displacement THS at connection point (the Fig. 17 Acceleration THS at connection point (the
top floor) between the CB and the SF top floor) between the CB and the SF

distribution, shear stress criterion (Tresca yield criterion (S)), displacement (U), and strains
(Logarithmic Strain (LE)) for four stories. Where, the maximum shear stress theory serves as the
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Fig. 18 The min and max shear response of the CB over the model heights (4 stories)
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575

foundation for the maximum shear stress criterion, sometimes referred to as the Tresca yield
criterion. According to this theory, a material will fail when the absolute maximum shear stress
reaches the stress at which it yields in a straightforward tension test. According to maximum
principal stress, a material fails when its principal stress as a result of any loading is higher than
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Fig. 19 The min and max moment response of the CB over the heights of models (4 stories)

the principal stress at which the failure takes place (Abaqus et al. 2001). Figs. 25, and 26 display
the stress and strains variations for the CBs in four stories. The shell and walls elements are
employed for more accuracy to simulate the CBs and the WPs as simulated in Fig. 24.
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Fig. 20 The min and max shear response of the CB over the model heights (8 stories)
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Fig. 21 The max and min moment response of the coupled beam along the building (8 stories)
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Fig. 22 The min and max shear response of the CB over the model heights (12 stories)
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Beam-Shear wall reinforcement and slab connection ~ Mesh element for coupling beams and shear walls
Fig. 24 Mesh elements for coupling beams and shear walls, the reinforcement for CB and SW
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Fig. 25 The max principal stress and Tresca shear stress for four stories
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U Displacement Logarithmic Strain (LE)

(FSTCB)

(FSWCB)

(FSLCB) (FSLCB)
Fig. 26 Displacement and Logarithmic Strain (LE) for four stories

The simulation of CB models is only employed for four stories. In conclusion, all findings
evidenced to be a good match with the previous analysis outcomes from ETABS and showing that:

Shear stress (z) for (case 2: FSWCB) has values fewer than casel (FSTCB)and case3 (FSLCB)
by 8.8% and 6%, respectively. Figs. 25, and 27 describe the change in the stress values for the
various models. So, the findings point to the effects of the SL on the CB.

Strain (Logarithmic Strain (LE)): There is a difference in strain behavior between different
states. And, the (case 1: FSTCB) has a lowering in values by 20% and 26% in comparison to cases
2 (FSWCB) and case 3 (FSLCB). Also, Figs. 26, and 28 present the stress and displacement for all
states.

The failure propagation in the CB arises at the position of maximum for both shear stress zmax
and principal stress, as designated in Fig. 25. The analysis shows that the best position of the CB
for dropping the failure is case 2 (FSWCB) for four stories.

If the floor slab is explicitly modeled and a rigid diaphragm is assumed, the neutral axis for the
CB cross section is at different positions (At top, within depth, at bottom). So, the neutral axis of
CB is probably located at various slab level locations. This may significantly impact the stiffness
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Fig. 27 Stress for different cases ((case 1: FSTCB), (case2:FSWCB), (case 3: FSLCB))
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Fig. 28 Strain for different cases ((case 1: FSTCB), (case 2:FSWCB), (case 3: FSLCB))

and bending strength. Furthermore, the position of the rigidity connection of CB determines how
the stress and strain distribution changes.
5. Conclusions

Numerical and experimental studies on the seismic behavior of coupled shear walls are
insufficient, despite intensive testing of the enormous individual shear wall and the coupling beam.
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As far as we are aware, no prior research has examined the effectiveness of the position of
stiffness coupling between the SL and the CBs. And, despite the fact that the influence of CB
position regarding the slab plate level is not taken into account in the design provisions, it has a
gigantic impact on the seismic performance. Therefore, the effectiveness of the position of rigidity
linkage between the SL and the CBs in the structure response for the seismic loading is examined
through different cases (casel(FSTCB): FS at top of CB, case2(FSWCB): FS within panel depth
of CB, case3(FSLCB): FS at the bottom of CB). On the other hand, this study gives a significant
advantage because of the CB positions’ contribution to reducing the response of structural
buildings.

The behavior of the CB position is explored in 3-D models considering measured responses for
the studied cases (four, eight, and twelve stories). Besides, the paper has concentrated on
designating a 3-D FEM to comprehend the system’s reactions in different states and hence getting
suggestions for constructing a stable system. The main conclusions are that the position of the CB
contributes to lower axial reactions, shear, moment, and lateral deformation. To abridge, the
outcomes of analysis can be mentioned as proceeding:

In all models (four, eight, twelve stories): The finest position for rigidity connection amidst the
CB and the SL for lowering lateral displacements is FS at top of the CB in relation to other cases
(case2(FSWCB, case3(FSLCB). And, the finest position for rigidity linking among the CB and the
SL for reducing axial force and shear force are recognized for FS within panel depth of CB
compared to other cases ((case 1: FSTCB) and (case 3: FSLCB)). On the other hand, the perfect
position for lowering moment is FS at bottom of CB in comparison to case 1: FSTCB, and case 2:
FSWCB. Furthermore, case 1(FSTCB) has an impact on the lowering of displacement of the THS
in relation to other cases. In addition, (case 3: FSLCB) reduces the acceleration of the THS in
comparison to (case 1: FSTCB) for four stories. What’s more, the positions of the CB have an
extensive impact on the THS due to the location of stiffness connection. The outcomes of the
stress and strains variant alternate depending on the locations of linking connections between the
CB and the SL. In general, the simulation of the CB models which are utilized in ABAQUS
software for four stories proves that all results are to be a good match with the previous outcomes
from ETABS, and show that the shear stress for (case 2: FSWCB) has values fewer than other
simulations ((case 1: FSTCB) and (case 3: FSLCB)). Future research should be devoted to
analyzing the sensitivity of the slab thickness and reinforcement ratio with respect to different CB
positions.
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