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1. Introduction

In recent years, performance-based design has undergone
significant development. Meanwhile, the direct displace-
ment-based design (DDBD) approach determines the per-
formance criteria of a structure based on its maximum
displacement during an earthquake. For this purpose, for
a specific performance level, the damage state in struc-
tural and non-structural elements is defined based on
strain values and inter-story drift ratios, respectively. The
displacement corresponding to this level of damage is
considered as the target displacement. Therefore, it is ex-
pected that structures designed using the DDBD approach
will achieve the target displacement, strain values, and in-
ter-story drifts.

Many researchers have studied the seismic behavior
of concrete structures, especially reinforced concrete
(RC) shear walls. They have proposed various methods
for design and modeling. The DDBD approach can be
summarized in four main steps:

1. Determining the displacement profile.

2. Converting  the  multi-degree-of-freedom
(MDOF) system into an equivalent single-de-
gree-of-freedom (SDOF) system.

3. Calculating the design base shear and moments.

4. Determining the flexural and shear reinforce-
ment.

This study aims to investigate the fulfillment of perfor-
mance objectives in 12 buildings designed using the
DDBD procedure.

2. Modeling and Research Methods

In this research, three 5-, 10-, and 20-story buildings were
designed for two regions with different seismicity levels
and two soil type conditions. Thus, 12 shear walls de-
signed using the DDBD procedure were modeled in

OpenSees using nonlinearBeamColumn elements with fiber
sections. Each shear wall model was subjected to 45 artifi-
cial and 10 natural earthquake records. Subsequently, the
lateral displacement profile due to input ground motions
and the distribution of curvature and inter-story drift along
the wall height were investigated.

3. Results and Discussion

For all models, the maximum displacement of each story
was determined under each ground motion record by con-
ducting nonlinear time history analyses. The median value
of displacements (1), the standard deviation (o), and the me-
dian plus standard deviation (utc) were also calculated.
The results of lateral displacement profiles for the 20-story
building located in Los Angeles are shown in Figure 1. Ad-
ditionally, the design displacement profile, which repre-
sents the target displacement obtained from the DDBD de-
sign procedure, and the median displacements for the SDOF
structure are presented in Figure 1.
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Figure 1 displacement profile in 20 story model
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Figure (2) shows the results of the curvature profile for
20-story building located in Los Angeles. In these graphs,
median values (1) and median plus standard deviation
(pnto) were determined for 45 records. SDOF system cur-
vature profile (SDOF) and yield curvature value (Yield)
and design curvature (Design) are also specified for com-
parison of the results.

In Table (1) Ay Aqroy Gy Ouso) are the median

of maximum displacement, median of maximum dis-
placement plus standard deviation, the median of inter-
story drift, and the median of inter-story drift plus stand-
ard deviation, respectively.

As mentioned, the non-structural criterion in shear
walls is the inter-story drift, which is limited to 2%.
Therefore, the performance goal is achieved when the
median of inter-story drift is about 2% and the dispersion
of the results is not significant. According to Table 1, the

median of inter-story drifts for selected models are between
1.6% and 2%, which indicates the proper and acceptable
performance of the structures designed using DDBD. In ad-
dition, the maximum standard deviation (o) is around 20%
and pto values for inter-story drift are between 2% and
2.4%.

4. Conclusions
In this study, 12 RC shear walls were designed using DDBD
approach and were modeled nonlinearly in OpenSees pro-
gram using fiber section elements. Each wall was subjected
to 45 artificial and 10 real earthquake records. The results
obtained from this study showed that the models reach to
the predetermined performance objective while they were
designed considering DDBD method. It should be men-
tioned that in most structures, the median of lateral displace-
ment and inter-story drift are almost equal to (and slightly
lower than) the target displacement and drift limitations, re-
spectively. Also, the curvature values in the middle height
of the walls increases due to higher modes effect as far as
wall height increases.

Finally, u+o indices for displacement, inter-story drift and
curvature showed 20 to 30% dispersion for different earth-
quake records.
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Figure. 2 curvature profile in 20 story model
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Performance Evaluation of RC Shear Walls Designed by Direct Displacement Based Design
Saeid Abdi Horr Khosravi Amir Hossein Jafarieh

Abstract In recent years, performance-based design has developed significantly. Meanwhile, the direct displacement-
based design (DDBD) determines the performance criteria on the basis of the maximum displacement of structure. For
this purpose, for a predetermined performance level, the level of damage in structural and non-structural elements is
defined based on tensile and compressive strain values and inter-story drift ratio, respectively. Then, the displacement
corresponding to this level of damage is calculated and is considered as a target displacement. Using design displacement
spectrum, the stiffness and strength of structure is adjusted to achieve the target displacement. Therefore, it is expected
that the structures designed based on DDBD approach, reach the predetermined target displacement, strain values and
inter-story drifts. In this research, in order to investigate the fulfillment of the design goals, first 12 buildings with shear
wall systems were designed. They include 5-, 10- and 20-story buildings designed for two levels of earthquake hazard
levels and two site classes. The designed buildings were subjected to 45 artificial and 10 natural earthquake records and
the displacement, curvature, and inter-story drift ratio were determined. The nonlinear dynamic analysis results show
that the average value of story displacements, inter-story drifts and curvatures are almost equal to the design goals and
somewhat less. Therefore, the DDBD method meets the performance objectives well.

Key words DDBD, Performance objective assessment, RC Shear wall, Nonlinear dynamic analysis.
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