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1. Introduction

The use of fiber modeling method for nonlinear modeling
of reinforced concrete shear wall is widespread. In this
method, by using fiber elements that are based upon the
stress-strain relationships of materials, extensive plastic-
ity behavior is explored along the entire length of the ele-
ment. In order to model shear wall details, the fiber model
is commonly used. Among the simplified models pre-
sented for shear wall, the multi vertical line element
model, called MVLEM, is used as an efficient simplified
model to model the nonlinear behavior of reinforced con-
crete shear wall. In this model, the wall is modeled with
uniaxial elements with stiffness ki to k, in parallel, a rigid
axial element in the center of the wall and rigid beams
above and below the floor level. The stiffness character-
istics and force-displacement relationship of axial ele-
ments depend on the structural stress-strain relationships
of concrete and steel and the surface attributed to each el-
ement. Among the simplified models for concrete resist-
ing frames, the substitute frame model is suitable, which
concentrates on the stiffness and strength of the elements
of an n-frame to a single frame. Due to the importance of
studying the behavior of the dual wall-frame system, there
is a necessity for a simplified model that can analyze the
seismic behavior of the system with less time and maxi-
mum accuracy. Therefore, in this research, a simplified
model for this system is proposed.

2. The proposed Simplified Model

In this research, a model for a regular dual system in plan
with the same span is proposed, which is a combination
of simplified models of shear wall and moment resisting
frame (Figure 1). For simplified modeling of shear wall,
MVLEM is used to substitute frame for moment resisting
frsme. These two sections are connected to each other by
connection beams. These interface beams represent the
beams between the frame and the wall in the original
model. The important difference between the wall-frame
model proposed in this simplified model is the interface
element between the frame and the wall, which has been
previously used as rigid elements.

3. Modeling Method
To evaluate the proposed simplified wall-frame model, a

regular ten-storey building that is symmetrical in two di-
rections was designed. This model is the main model or
reference model and the proposed simplified model is
compared with it. Due to the symmetry of the structure in
two directions, the model with details includes three
frames that are connected as a rigid floor (see Figure 2).
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Figure 1. Simplified model proposed for dual system of
bending frame and shear wall

The detailed model was modeled as a reference model
or main model in OpenSees software. In this model, two
beam-column elements with fiber cross section in each
floor were employed to model the shear wall. The beams
and columns of the frame are also modeled in the form of
concentrated plasticity, i.e., an elastic element with two
concentrated springs at both ends of the element which
illustrate the non-linearity of the member.
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Figure 2. The model with dual frame-wall system details

In the simplified model, one frame is used as a substitute
for nine frames of the main system and one wall is used
as a replacement for two walls in the main system. The
interface beam between the wall and the frame in the sim-
plified system also replaces the four interface beams in the
main system. For modeling the wall, in the simplified
model, two MVLEM elements are placed in each floor
and the number of axial elements in the cross section of
the wall is six elements, i.e., two axial elements for the
border columns of the wall and four axial elements that
form the wall existence. In defining the parameters of the
end springs of frame beams and interface beams, the stiff-
ness and anchor parameters in the spring are equivalent to
simplified models equal to the sum of the corresponding
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parameters in the original model (parallel to the total
springs). Other parameters are averaged.

4. The Evaluation of the Proposed Simple Model

To evaluate the simple model and compare it with the ref-
erence model, cyclic nonlinear static analysis and nonlin-
ear dynamic analysis were used. Table 1 presents the
modal period of the first three structural modes for both
the main and simplified models. The main period of the
structure in the two models shows a slight difference of
0.142%, which can indicate that the proposed simplified
model correctly models the initial stiffness of the structure
and delivers an accurate estimation of the main rotation
time of the structure.

Table 1. Modal Period of the first three modes of the struc-

ture
Modal Period | Original Model | Simplified Model
T1 0.6335 0.6326
T2 0.1317 0.1308
T3 0.0506 0.0497

In order to better understand the overall nonlinear be-
havior of the structure, Figure 3 shows the cyclic pushover
curves for the whole structural system, which shows that
the behavior of the two models during loading and unload-
ing is well matched and shows almost the same yield ca-
pacity (see Figure 3).
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Figure 3. Cyclic pushover curve

For more accurate evaluation of the structural response by
two main and simplified models, two categories of near-
fault and far-fault records were used. One of the important
parameters that are considered in the evaluation of seismic
behavior and structural damage in earthquake engineering
is the relative displacement of floors or drift. In this re-
search, this parameter was used to investigate the struc-
tural responses with two main and simplified models. Fig-
ure 4 shows the drift in the height of the building. Each
gray color curve shows the drift in the original model for
each earthquake record. In addition, the average drift of
all records for both the main and simplified models are
shown. As shown, the drift of the upper floors is higher
than that of the lower floors. In other words, the drift of
the floors is affected by the function of the wall. Moreo-
ver, due to the average drift, the response obtained from
the two main and simplified models under near fault re-
cods show less difference.
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Figure 4. distribution of drift under (a) far-field records
and (b) near-field records

Figures 5 show the examples of time history response of
the roof displacement ratio for the original and simplified
models, under far-field records and near-field records. As
can be seen, the changing procedure of response during
the time is similar for both far and near field record groups
in the two main and simplified models, but there are dif-
ferences in maximum displacements and permanent de-
formation for some earthquake records.

Figure 5. Time history of roof displacement under records (&
far feiuld record FEMAG95ChiChiCHY101, (b) far feiuld rec-
ord HectorMineHector, (c) near feiuld record Morgan Hill,
and (d) near feiuld record Northridge-01

5. Conclusion

The results of nonlinear analysis for 40 near-fault and far-
fault earthquake records show that the simplified model
predicts drifts with an error of less than 20%. Further-
more, the time required to analyze a simplified model is
about 30 times less than the time required to analyze a de-
tailed model.
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Imperial Valley-06 6.53 0.1 0.378 EC Meloland Overpass FF
Imperial Valley-06 6.53 7.1 0.357 El Centro Array #4
Imperial Valley-06 6.53 4.0 0.375 El Centro Array #5
Imperial Valley-06 6.53 0.6 0.462 El Centro Array #7
Imperial Valley-06 6.53 3.9 0.468 El Centro Array #8
Imperial Valley-06 6.53 5.1 0.417 El Centro Differential Array
Westmorland 5.9 16.7 0.172 Parachute Test Site
Coalinga-05 5.8 0.866 Oil City
Morgan Hill 6.2 0.5 0.814 Coyote Lake Dam (SW Abut)
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Northridge-01 7.0 6.7 1.376 Pacoima Dam (upper left)
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Kobe, Japan 0.3 6.9 0.645 Takarazuka
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Imperial Valley-06 7.28 23.6 0.245 Yermo
Imperial Valley-06 7.28 36.2 0.089 Palm Springs, Airport
Imperial Valley-06 6.69 17.3 0.883 Santa Monica City Hall
Imperial Valley-06 6.69 104 0.367 | LS Angeles, g‘l’é'gwo‘)d Storage
Imperial Valley-06 6.69 24.3 0.172 Los Angeles, N. Westmoreland
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Imperial Valley-06 7.62 32 0.44 CHY101
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Cape Mendocino 751 53.7 0.22 Arcelik
Northridge-01 751 98.2 0.36 Duzce
Northridge-01 7.28 82.1 0.42 Coolwater
Northridge-01 6.93 9.8 0.53 Capitola
Northridge-01 7.37 404 0.51 Abbar
Northridge-01 6.69 13.3 0.52 BeverlyHillsMulhol
Kobe, Japan 6.54 11.2 0.45 PoeRoad
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