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1. Introduction

A Buckling Restrained Brace (BRB) comprises a steel core and a casing designed solely to prevent
the steel core from buckling. To avoid the transfer of axial forces to the casing, a debonding
material or an empty gap is placed between the core and the casing. The main idea behind the
Bucking Restrained Braced Frame (BRBF) as a relatively new seismic lateral resisting system was
formed based on preventing the buckling of braces in the conventional CBF system. In this regard,
steel braces have undergone a number of improvements, including the usage of an enclosed steel
brace and combinations of a steel tube, filler, and unbounding substance to prevent buckling. The
BRBF system has emerged as a popular alternative to the conventional CBF system for the seismic-
resistant building design. The BRBF system was first introduced in the 80s in Japan [1-3], but its
use in America dates back to after the 1994 Northridge earthquake [4].

The traditional CBF system exhibits unsymmetrical hysteretic behavior with significant strength
deterioration because the tension and compression behavior of the braces is different. But, with the
BRBF system, braces can yield in both tension and compression. Black et al. [5S] demonstrated that
the BRBF system offers significant and repeatable energy dissipation capabilities in addition to the
stiffness required to satisfy the permitted drift limits in buildings as compared to the CBF system.
The BRBF system exhibits stable and predictable hysteretic behavior and provides significant
energy dissipation capacity and ductility. This feature of the BRBF system has attracted a lot of
interest across the world. Xie [6] states that the BRBF technology is used in the construction of
about 60% of steel high rise buildings in Japan. In addition to using the BRBF system for new
buildings, this system can be also used in retrofitting existing structures. For example, Carden [7]
used the BRB system to upgrade steel bridges. Castaldo [8] used the BRBF system as a means of
rehabilitating or upgrading numerous existing reinforced concrete framed structures.

Early studies on the BRBF system focused on the BRB element alone, independent of the frame [9—
11]. The ductility of the element was investigated, and the results indicated the high ductility of the
element. Mirtaheri et al. [12] optimized the length of BRB steel core to increase the dissipation
energy capacity of the member. Chen et al. [13] investigated the effect of the unbounding materials
on the performance of BRBs. In other researches, the hysteretic behavior and ductility of BRBF
system were investigated in large-scale tests in which the BRB elements are parts of full frames
[14-18].

Another group of research investigated the performance of the BRBF system computationally.
Sabelli et al.[19] did numerical research on BRBFs which demonstrated that the residual story drifts
are approximately 40 to 60 percent of the highest drift values. Tremblay and Poncet [20] conducted
research to compare the seismic behavior of conventional CBFs and BRBFs. Kiggins and Yuang
[21] investigated the use of the BRBF system in a dual system to minimize permanent residual
deformation. Fahnestock et al. [22] describes numerical simulation of the BRBF system to analyze
the response under strong ground motions. Naghavi et al. [23] compared the performance of the
BRBF system with traditional CBF structures through numerical investigation. Asgarkhani et al.
[24] proposed four approximate methods for estimating residual drift demands in BRBFs. Asgarian
and Shokrgozar [25] evaluated overstrength, ductility, and response modification of BRBF
structures. Ariyaratana and Fahnestock [26] employed nonlinear dynamic analysis to evaluate the
performance of BRBF and BRBF-SMRF systems. Li et al. [27] conducted a series of hybrid and
cyclic loading tests on a three-story single-bay full-scale BRBF.

Even though BRBFs have been the subject of numerous studies examining their seismic behavior,
very few studies have been conducted on the effect of the type of strong ground motions on the
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response of BRBFs. The effectiveness of BRBF structures needs to be examined in relation to the
influence of various types of strong ground motions. Near-field strong ground motions are one of
the various types of strong ground motions that have distinctive properties. Near field ground
motions are described as ground motions that occur when the earthquake's epicenter is close to the
desired site. To distinguish between far-field and near-field ground motions, the base distance from
the fault rupture is 20 kilometers. Examples of near-field ground motions have been seen in
Northridge (1994), Kobe (1995), Kokaeli-Turkey (1999), and Chi-Chi Taiwan (1999). When the
fault rupture propagates towards the site, typically at a velocity close to the shear wave velocity,
near-fault ground motions can be identified by large, long-period velocity pulses in the fault-normal
direction. In contrast to far-fault earthquakes, a significant amount of seismic energy is released in a
short time at the "forward-directivity" site, leading to much higher demands for engineering
structures [28,29]. Another common near-fault ground motion characteristic known as "fling step"
is characterized by a unidirectional large-amplitude velocity pulse with a permanent offset of the
ground. It occurs parallel to strike or dip directions [30]. Fling step ground motions exhibit one-
sided pulses that cause permanent ground displacement, whereas forward directivity ground
motions feature two-sided pulses and do not result in permanent displacement. The displacement
history of the ground motions of filing steps exhibits a monotonic step. Structures may experience
residual displacement as a result of these monotonous steps.

One of the most defining features of near-fault ground motions is the presence of a pulse in their
velocity time history. Numerous studies have been conducted to identify these pulses, classifying
such ground motions as pulse-like. Among these studies, Baker's work [31] is particularly
noteworthy. Wavelet analysis was used to extract the largest pulse from the velocity time history,
and the size of the extracted pulse, relative to the original ground motion, was quantified. This
comparison provided a criterion for determining whether a ground motion is classified as pulse-like.
Hoseini Vaez and Minaei [32] applied Particle Swarm Optimization (PSO) to extract velocity pulses
across a broad range of pulse-like ground motions. Minaei et al. [33] employed a mathematical
model combined with the Imperialist Competitive Algorithm (ICA) to extract the dominant pulse
from pulse-like records. Vaez et al. [34] proposed a new mathematical method consisting of two
components: harmonic and polynomial expressions, designed to simulate the dominant velocity
pulse of near-fault ground motions.

The impact of near fault ground motions on the performance and seismic response of BRBFs
structures has not been the subject of many studies. Vafaei and Eskandari [35] investigated the
seismic performance of steel BRBFs with mega configuration under near source excitation. Du et
al. [36] presents the seismic performance quantification of BRBs and reinforced concrete frames as
a dual system subjected to near-fault ground motions with forward-directivity and fling step effects.
According to Fang et al. [37], near-fault pulse type motions increased the deformation demand in
the BRBs but did not result in a larger floor acceleration. Ahmad and Phillips [4] investigated the
response of BRBF buildings under four ground motion sets, which are far fault, near fault with
pulse, near fault with no pulse, and subduction zone long duration earthquakes. Shakouri et al. [38]
investigated the impact of seismic pounding between adjacent structures isolated with double
friction pendulum bearings (DFPB) and triple friction pendulum bearings (TFPB) under near-fault
ground motions. Majdi et al. [39] investigated the effect of near-fault earthquake characteristics on
the seismic response of structures isolated with Triple friction pendulum isolator. Soltanmohammadi
et al [40] investigated the effect of near fault ground motions on the fragility curves of multi-span
simply supported concrete girder bridges. Minaei et al. [41] proposed a method for estimating the
response of steel moment-resisting frames subjected to pulse-like ground motions.
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Although the results of these research studies serve as useful guidelines, they do not consider the
impact of near-fault ground motions on the response of BRBF structures at multiple intensity
measures (IMs). The impact of near-fault ground motions on the response of BRBF structures has
only been examined at one intensity level in all of the aforementioned studies. IDA is the time
history dynamic analysis in which the response of structures is obtained at various IMs. This useful
analysis method was first introduced by Vamvatsikos and Cornell [42]. IDA entails executing
numerous nonlinear dynamic analyses on a structure while gradually intensifying the input ground
motion until the structure reaches a predetermined limit state.

In this study, the effect of near-fault ground motions on the seismic demands of mid-rise BRBF
structures is investigated. Seismic demand is calculated using IDA method. In this study, two
buildings with a total height of 8 and 12 stories and designs that adhere to the Iranian National
Building Code are used as case studies. These two structures were chosen because their periods fall
within the range of the pulse periods of near-fault ground motions. Seven ground motions from each
of two groups of far-fault and near-fault motions are chosen. Under both near-fault and far-fault
ground motions, the IDA curves of these two structures are computed and compared. Owing to the
inherent uncertainty stemming from record selection, an alternative approach is taken, whereby the
confidence intervals of the averaged IDA curves are contrasted across three distinct confidence
levels (99%, 95%, and 90%) for both far-fault and near-fault ground motions. Furthermore, the
confidence interval for the distribution of average inter-story drift ratios across the floors is
presented and juxtaposed between the two record categories, evaluated at confidence levels of 99%,
95%, and 90%.

2. Structural modeling

In this study, the effect of near-fault ground motions on the IDA curve of BRBF structures is
investigated through an examination of two buildings: an 8-story and a 12-story structure, each
comprising four spans. In both structures, the first floor's height is set at 5 meters, while the rest of
the floors have a uniform height of 4.5 meters. The configuration of these two structures is depicted
in Fig. 1 and Fig. 2. Both of these structures are designed in accordance with the fourth edition of
Iranian seismic code (Iranian Code No. 2800 [43], considering a location in Tehran with very high
relative seismicity, soil conditions of type III, and an importance factor of I=1. According to Iranian
Code No. 2800, the design earthquake's Peak Ground Acceleration (PGA), representing an
earthquake with a 10% probability of occurrence in 50 years, is specified as 0.35g. The response
modification factor for the BRBF structural system is set at 7. The floor dead load is 640 kg/m?,
accompanied by a live load of 200 kg/m? along with a snow load of 150 kg/m.
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Fig. 3. Behavioral model of Elastic-Perfectly Plastic Gap Material (a) tension gap, (b) compression
gap.
and

Table 2 illustrate the beam and column sections, and BRBs area in the 8-Story and 12-Story
structures, respectively. In this study, the OpenSees software [44] is employed to simulate
structures. Floors are modeled using rigid diaphragms, and the connection of the columns to the
foundation is assumed to be fixed. The connections of beams to columns are assumed to be simple.
The Corotruss element has been utilized for modeling BRB (Buckling Restrained Brace) elements
within the OpenSees software. An Elastic-Perfectly Plastic Gap Material is used to model the beam
and column. Fig. 3 illustrates the behavioral model of the Elastic-Perfectly Plastic Gap Material.
The Fatigue material in OpenSees was used to model the bracing elements. The steel used in the
structure have a compressive strength of 290 MPa, an elastic modulus of 199,996 MPa, and a strain
hardening value of 0.027.

Table 3 showcases the periods of the first to third modes for both 8-story and 12-story structures.

7@4.5m

A |
5m
?

4@6 m——=|

Fig. 1. Height configuration of the 8-story structure.
3. Ground motions selection

To perform IDA analysis for structures, a selection of fourteen records is made, consisting of seven
far-fault ground motions and seven near-fault ground motions. All ground motions are of a
magnitude of more than 6.5 and belong to soil type III according to Iranian Code No. 2800 (Fourth
Edition) [43]. In this study, Kalkan et al.'s [45] recommendations are utilized for selecting near-fault
ground motions. Selected far-fault ground motions are all located at distances greater than 10 km
from the source. All records are available on the website (http://peer.berkeley.edu/nga). In two-
dimensional IDA analysis, the larger horizontal component of the records is employed. Table 1.
Beam and column sections, along with BRBs area, in 8-story structure.

Story Number Brace Area (cm?) Beam Sections Columns Sections
8 29 W460x89 W360x110
7 29 W535x124 W360x110
6 45.2 W535x124 W360x216
5 45.2 W535x124 W360x216
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4 58.1 W535x124 W360x216
3 58.1 W535x124 W360x347
2 71 W535x124 W360x347
1 71 W535x124 W360x347

Table 2. Beam and column sections, along with BRBs area, in 12-story structure.

Story Number Brace Area (cm?) Beam Sections Column Sections
12 452 W460x89 W360x347
11 452 W535x124 W360x347
10 45.2 W535x124 W360x347
9 452 W535x124 W360x347
8 83.9 W535x124 W360x509
7 83.9 W535x124 W360x509
6 83.9 W535x124 W360x509
5 83.9 W535x124 W360x509
4 96.8 W535x124 W460x463
3 96.8 W535x124 W460x463
2 96.8 W535x124 W460x463
1 96.8 W535x124 W460x463

Table 3. Periods of the first to third modes for the studied structures.

Period (sec)

Mode Number 8-story 12-story
1 1.52 2.4
2 0.46 0.7
3 0.23 0.35

and Error! Reference source not found. present the characteristics of the far-fault and near-fault
ground motion records, including magnitude, average shear wave velocity at upper 30 meters, and
distance from the source. In these tables, Rwp represents the shortest distance from the recording site
to the ruptured area.The acceleration spectra for far-fault and near-fault ground motions are
depicted in Fig. 4 and Fig. S5, respectively. Fig. 6 displays a comparison between the average
acceleration spectra of far-fault ground motions and near-fault ground motions. Based on the pulse
indicator for classifying ground motions proposed by Kardoutsou et al., [46] all selected near-fault
ground motions are classified as pulse-like. As an example, Fig. 7 shows the velocity time history of
record number 2 along with its extracted pulse.

4. Results

To construct the IDA curve for the structures, the spectral acceleration at the first mode period
considering 5% damping ratio (S.(71,5%)) is selected as the IM, while the engineering demand
parameter (EDP) chosen is the inter-story drift ratio. In both two-dimensional IDA analyses with
far-fault and near-fault ground motions, the larger horizontal component is employed. Fig. 8 and
Fig. 9 display the IDA curve for 8 and 12-story structures separately under far-fault and near-fault
ground motions. The results exhibit a significant degree of dispersion. Instead of directly comparing
their averages, the comparison between IDA curves related to far-fault and near-fault ground
motions involves the comparison of their average values' confidence intervals. The rationale behind
using confidence intervals, as opposed to point estimates of averages, arises from the presence of
inherent uncertainty in the sampling process. A confidence interval represents a range within which
the mean of a quantity is expected to fall, based on a specified level of confidence. A direct
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comparison of sample means does not account for variability or uncertainty in the data. Two sample
means might differ, but this difference could be due to random sampling error. The confidence
interval (CI) for estimating the population mean of a quantity can be determined using the following
equation:

_ S
Cl=X+tta (—) 1
(= (M
Here, X represents the mean of a quantity measured from a sample of size n; S denotes the standard
deviation of the sample; and 7. is the t-value from the Student's t-distribution, which corresponds
to the chosen significance level («) for the estimation. For example, if the confidence interval (CI)

of interest is 95%, « is set to 0.05.
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j

Fig. 2. Height configuration of the 12-story structure.
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Fig. 3. Behavioral model of Elastic-Perfectly Plastic Gap Material (a) tension gap, (b) compression gap.

Table 1. Beam and column sections, along with BRBs area, in 8-story structure.
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Story Number Brace Area (cm?) Beam Sections Columns Sections
8 29 W460x89 W360x110
7 29 W535x124 W360x110
6 452 W535x124 W360x216
5 452 W535x124 W360x216
4 58.1 W535x124 W360x216
3 58.1 W535x124 W360x347
2 71 W535x124 W360x347
1 71 W535x124 W360x347

Table 2. Beam and column sections, along with BRBs area, in 12-story structure.

Story Number Brace Area (cm?) Beam Sections Column Sections
12 45.2 W460x89 W360x347
11 45.2 W535x124 W360x347
10 45.2 W535x124 W360x347
9 45.2 W535x124 W360x347
8 83.9 W535x124 W360x509
7 83.9 W535x124 W360x509
6 83.9 W535x124 W360x509
5 83.9 W535x124 W360x509
4 96.8 W535x124 W460x463
3 96.8 W535x124 W460x463
2 96.8 W535x124 W460x463
1 96.8 W535x124 W460x463

Table 3. Periods of the first to third modes for the studied structures.

Mode Number Period (sec)
8-story 12-story
! 1.52 4
0.46 0.7
3 0.23 0.35

In the context of the IDA curve, "sampling" refers to the selection of records. The confidence
interval associated with the average establishes a range within which the average is likely to reside,
with a given probability denoted as a. This utilization of confidence intervals enhances the
robustness of the analysis within the framework of the IDA curve. The application of confidence
intervals to compare the IDA curve of far-fault ground motions with that of near-fault ground
motions offers a distinct advantage. This lies in its ability to quantify the level of confidence in
discerning differences between these two categories.Fig. 10, Fig. 11, and Fig. 12 illustrate the
contrast in average confidence intervals for IDA curves between far-fault and near-fault ground
motions, showcasing confidence levels of 99%, 95%, and 90%. The findings underscore a lack of
significant disparity between ground motions in both near-fault and far-fault categories, as indicated
by the 99% confidence level results. The confidence intervals of both sets of records intersect,
underscoring the absence of a substantial divide. At the 95% confidence level, a slight divergence
becomes evident; the confidence intervals no longer overlap, though the observed difference
remains minor. Yet, a noteworthy contrast emerges at the 90% confidence level in the responses
recorded within these two categories. In addition to the comparison of IDA curves, the study also
examines the structural performance at the corresponding intensity level of the Design Based
Earthquake (DBE) defined by the Iranian Code No. 2800.

Table 4. Characteristics of far-fault ground motions employed in this study.
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Record Event Year Station M Rrup(km) Tp(sec) PGA(g)
Number v W P P &
Kashiwaza
Chuctsu- ki NPP_
1 uetsu 2007 Unit 1: 6.8 11.00 0.34 0.91
Oki
ground
surface
2 El Mayor- 2010 Riito 72 13.71 0.12 0.39
Cucapah
Cerro
3 Eclxsy;’; 2010 Pricto 72 11.00 0.10 0.29
P Geothermal
El Mayor- Michoacan
4 Cucapah 2010 De Ocampo 7.2 16.00 0.24 0.54
Loma Gilroy
5 Pricta 1989 Array #4 6.9 14.34 0.44 0.42
Morgan Gilroy
6 Hill 1984 Array #4 6.2 11.54 0.24 0.35
Northwest ..
7 China-03 1997 Jiashi 6.1 17.73 0.20 0.30
Table 5. Characteristics of near-fault ground motions employed in this study.
Record :
Number Event Year Station Mw Rrup(km) Te(sec) PGA(g)
1 Loma 1989 LGPC 6.93 3.88 0.70 0.57
Prieta x
Kocaeli Yarimca
2 Turkey 1999 (YPT) 7.51 4.83 0.52 0.23
3 Chi-Chi_ 1999 TCU052 7.62 0.66 1.08 0.36
Taiwan
4 Chi-Chi_ 1999 TCU068 7.62 0.32 0.42 0.51
Taiwan
5 Chi-Chi_ 1999 TCUO074 7.62 13.46 0.70 0.60
Taiwan
6 Chi-Chi_ 1999 TCU084 7.62 11.48 0.88 1.00
Taiwan
7 Chi-Chi_ 1999 TCU129 7.62 1.83 0.24 1.00
Taiwan
14
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Fig. 4. Acceleration spectrum of far-fault ground motions employed in this study.
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Fig. 5. Acceleration spectrum of near-fault ground motions employed in this study.
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Fig. 6. Comparing the average acceleration spectra of far-fault and near-fault ground motions.
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Fig. 7. Velocity time history of a near-fault ground motion employed in the study (Record Number 02).
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This evaluation entails a detailed investigation into the distribution of inter-story drift ratios across
various floors. Fig. 13 and Fig. 14 depict the inter-story drift ratio distribution across floors for both
8- and 12-story structures, considering both far-fault and near-fault ground motions. The specified
threshold for inter-story drift ratio in Iranian Code No. 2800 stands at 2%. According to these
figures, observations reveal that within 8- and 12-story configurations, this ratio remains below 2%
for all far-fault ground motions. However, for two near-fault ground motions, the maximum inter-
story drift ratio of some lower stories in both structures exceeds the allowable limit. Across all four
graphs, a notable level of dispersion is evident. To assess the divergence between the performance
levels of each designed structure under far-fault and near-fault ground motions, and to determine
their compliance with the anticipated limits of the Iranian Code No. 2800 standard, confidence
intervals for the inter-story drift ratio are plotted across different floors at confidence levels of 99%,
95%, and 90%. These intervals are then contrasted with the Iranian Code No. Iranian Code No.
2800 limits. Fig. 15, Fig. 16, and Fig. 17 present the confidence intervals pertaining to the mean
inter-story drift ratios across various floors within both 8 and 12-story structures. These assessments
encompass far-fault and near-fault ground motions, scaled to match DBE intensity level. As
anticipated, higher confidence levels correspond to larger interval lengths. Notably, the 99%
confidence interval is significantly wider than both the 95% and 90% intervals. Therefore, ensuring
that these structures uphold an inter-story drift ratio within acceptable limits becomes significantly
more demanding at higher confidence levels, particularly under the 99% confidence interval
compared to the 95% and 90% intervals. Both considered structures impeccably adhere to
regulatory standards across confidence levels of 99%, 95%, and 90%.

06 + , 0.6
I ’
~045 / ¢ o 045
) 7 =
= / g
§ ; -®-Rec-1 l=r1
;’ 034 / u. Rec-2 5 03
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« -&-Rec-4
0.15 =iRecS 0.15
~%-Rec-6

+ Rec-7

o 0.s 1 LS 2 25 3 35

05 1 X
Max Inter-Story Drift Ratio (%) Max Inter-Story Drift Ratio (%)

(@) (b)
Fig. 8. IDA curve for the 8-story structure subjected to the selected: (a) far-fault ground motions and (b)
near-fault ground motions.
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Fig. 9. IDA curve for the 12-story structure subjected to the selected: (a) far-fault ground motions and (b)
near-fault ground motions.

L5 2 0 0.5 1 L5 2 25 3 35 4 45 s 55



58 Y. Minaei et al./ Journal of Rehabilitation in Civil Engineering 13-4 (2025) 47-66

—#%— Mean Far-Field
—#%— Mean Far-Field

Sa (T1,5%) (g)
o
B
th
N
—C
Sa (T1,5%) (2)
=)
'Y
th
—

=]
W
F—.

—s=—Lower Bound 99% Far-Field

=
w
4

—s-Lower Bound 99% Far-Field
=T, r Bound 99% Far-Field
~#—Upper Bound 99% Far Ficld pper Bound 5950 Far-ki

—=— Mean Near-Field 0.15 + —%- Mean Near-Field

—#-Lower Bound 99% Near-Field —#-Lower Bound 99% Near-Field

—#—TUpper Bound 99% Near-Field —#—Upper Bound 99% Near-Field

0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 2.5 3 35 4 4.5

Max Inter-Story Drift Ratio (%) Max Inter-Story Drift Ratio (%)

(a) (b)
Fig. 10. Comparing 99% confidence intervals for average IDA curves of far-fault and near-fault ground
motions: (a) 8-story structure, and (b) 12-story structure.

Upon analyzing the confidence intervals for inter-story drift ratio of different floors, no notable
distinction becomes apparent between the two sets of records at the 99% confidence level. This
outcome stems from the overlap of confidence intervals for near-fault and far-fault ground motions.
In contrast, at the 95% confidence level, a slight difference is observed in floors 1 to 4 of 8-story
structure—where the highest inter-story drift ratios are observed—between the confidence intervals
for near-fault and far-fault motions. At the 90% confidence level, no meaningful difference is
discernible in both structures within the upper floors.
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Specifically, for floors 1 to 4 of 8-story structure, and also floors 1 to 3 of 12-story structure, which
display the most pronounced inter-story drift ratios, the confidence intervals for near-fault and far-
fault ground motions do not overlap, indicating a substantial contrast between these categories. An
intriguing aspect concerning the contrast between the inter-story drift ratio distribution under far-
fault and near-fault ground motions is that beyond the actual values of the drift ratio, the
distribution's shape varies. Notably, for near-fault ground motions, the drift on the first and second
floors significantly surpasses that of other levels, exhibiting a leaning towards the soft-story
mechanism.
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Fig. 13. Inter-story drift ratio distribution in the 8-story structure under ground motions at DBE intensity
level: (a) far-fault and (b) near fault.
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intensity level and (b) near fault ground motions at DBE intensity level.

In Fig. 18, Fig. 19 and Fig. 20, the IDA curves illustrate residual drifts for both 8 and 12-story

structures under far-fault and near-fault ground motions, within confidence intervals of 99%, 95%,

and 90%. At the 90% confidence level, a significant contrast emerges between far-fault and near-
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fault ground motions for both structures. Moving to the 95% level, the distinction remains
significant only for the 12-story structure. However, at the 99% confidence level, no significant
difference between far-fault and near-fault ground motions is observed for either structure.
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Fig. 15. Comparing 99% confidence intervals for average inter-story drift ratio of far-fault and near-fault
ground motions at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
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Fig. 16. Comparing 95% confidence intervals for average inter-story drift ratio of far-fault and near-fault
ground motions at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
Fig. 21, Fig. 22, and Fig. 23 illustrate the confidence intervals for residual drifts in 8 and 12-story
structures over a hazard return period of 475 years, considering various floors and subjected to far-
fault and near-fault ground motions. The distribution of residual drifts varies notably between far-
fault and near-fault ground motions. In the case of the 12-story structure, a significant difference
between far-fault and near-fault ground motions is evident across all confidence intervals (99%,

95%, and 90%), particularly pronounced in lower floors.



Du 11, d70)(E)

Y. Minaei et al./ Journal of Rehabilitation in Civil Engineering 13-4 (2025) 47-66 61

8 12
=% Mean Fnr-Lield =% Mean Far-Kield
1 —#—-Lower Bound 90% Far-Field 10 + —s+-Lower Bound 90% Far-Field
6 + —#+Upper Bound 90% Far-Field ~#~Upper Bound 90% Far-Field
=% Mean Near-Field 8 + =%~ Mean .\'ear;Field
51 —&+-Lower Boulid 90% Near-Field -#Lower Bou“d 90% Near-Field
E‘ 4k —+Upper Bou&d 90% Near-Field E 6 -s-Upper Bou'iid 90% Near-Field
% ~o- Allowable Drift @ = Allowable Drift
} 4 4 ,
2 .
2 1 :
! ;
0 & + + 0 & t
0 0.5 1 15 2 25 0 0.5 1 1.5 2 25
Max Inter-Story Drift Ratio (%) Max Inter-Story Drift Ratlo (%)
(a) (b)

Fig. 17. Comparing 90% confidence intervals for average inter-story drift ratio of far-fault and near-fault
ground motions at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
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Fig. 18. Comparing 99% confidence intervals for average IDA curves of far-fault and near-fault ground
motions in residual drift: (a) 8-story structure, and (b) 12-story structure.
For the 8-story structure, the disparity is less pronounced. In the 99% confidence interval, no
significant difference is observed. However, in the 95% confidence interval, a notable difference
emerges primarily in the first and second floors, while other floors exhibit no significant distinction.
Moving to the 90% confidence interval, a significant difference is observed across all floors, with a

more pronounced effect noted in lower floors.
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Fig. 19. Comparing 95% confidence intervals for average IDA curves of far-fault and near-fault ground
motions in residual drift: (a) 8-story structure, and (b) 12-story structure.
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Fig. 20. Comparing 90% confidence intervals for average IDA curves of far-fault and near-fault ground
motions in residual drift: (a) 8-story structure, and (b) 12-story structure.

5. Discussion

This study focuses on comparing the effects of near-fault ground motions on the response of BRBF
structures from two unique perspectives. First, instead of relying on the average structural response
across various records, confidence intervals were employed to provide a more robust comparison.
Second, the comparison was conducted at different intensity levels using Incremental Dynamic
Analysis (IDA). Additionally, both drift response and residual drift were analyzed for performance
assessment. The confidence interval for the average IDA curve, corresponding to the 99%

confidence level, shows no substantial distinction between far-fault and near-fault ground motions.
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Fig. 21. Comparing 99% confidence intervals for average residual inter-story drift ratio of far-fault and near-
fault ground motions in residual drift at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
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Fig. 22. Comparing 95% confidence intervals for average residual inter-story drift ratio of far-fault and near-
fault ground motions in residual drift at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
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Fig. 23. Comparing 90% confidence intervals for average residual inter-story drift ratio of far-fault and near-
fault ground motions in residual drift at DBE hazard level: (a) 8-story structure, and (b) 12-story structure.
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In the context of the 95% confidence level, despite the non-overlapping confidence intervals for the
two record sets and an observed difference, this variance is not considered significant. However, at
the 90% confidence level, a notable difference of approximately 25% for the 8-story structure and
75% for the 12-story structure becomes evident. Both the 8 and 12-story structures, designed in
accordance with seismic regulations, successfully satisfy the inter-story drift ratio criteria.

Notably, the upper limit of the 99% confidence interval in both structures closely approaches the
threshold value for the inter-story drift ratio. Among the various confidence levels investigated, the
99% confidence level stands out as the most stringent means of enforcing regulatory compliance.
An analysis of the disparity within the confidence interval distributions of average inter-story drift
ratios across floors in both 8 and 12-story structures, across three confidence levels (99%, 95%, and
90%), unveils distinct trends between far-fault and near-fault ground motions. At the 99%
confidence level, no substantial divergence exists between these two record categories. Shifting to
the 95% confidence level, slight and negligible differentiation is observed in the 1st to 4th floors of
8-story structure, while the variation is not pronounced in the upper levels. Turning to the 90%
confidence level, the upper floors exhibit no significant differentiation between the record
categories, yet a considerable discrepancy comes to the fore in the lower floors. The distribution of
inter-story drift ratios across the floors in the examined structures displays notable disparities
between responses to far-fault and near-fault ground motions. Specifically, under near-fault ground
motions, the inter-story drift ratio distribution on the first and second floors significantly exceeds
that of other levels. In contrast, for structures subjected to far-fault ground motions, the distribution
tends to be more uniform across all floors. When comparing residual drift between near-fault and
far-fault ground motions, the 8- and 12-story structures show no significant difference at the 99%
confidence level. At the 95% confidence level, the 8-story structure exhibits no significant
difference, while a slight but significant difference appears in the 12-story structure. Notably, at the
90% confidence level, significant differences occur in both the 8- and 12-story structures.

A key limitation of this study is the limited number of structures analyzed. Future work could
expand on this by examining the impact of near-fault ground motions on the seismic risk and
resilience index of BRBF structures.

Conclusion

The main objective of this study is to compare the seismic behavior of structures with BRBFs under
near-fault and far-fault ground motions. Near-fault ground motions are characterized by short,
intense pulses. To achieve this goal, the investigation examines two distinct structures: one with
eight floors and another with twelve floors, both utilizing BRBFs. These two buildings have been
designed following Iran's earthquake-resistant building design regulations. The analysis involves
selecting two sets of ground motions: seven categorized as far-fault and seven as near-fault. By
employing IDA, response curves are generated to illustrate how these structures respond to both
types of ground motions. To establish a comprehensive comparative approach, the focus shifts from
a simple averaging of results for each set of far-fault and near-fault ground motions. Instead, the
study evaluates the confidence intervals associated with these two record sets. These intervals are
assessed at different confidence levels: 99%, 95%, and 90%. This methodology inherently considers
the uncertainties that stem from the process of selecting records. The IDA curves for structural drift
under the two record categories showed varying differences depending on the confidence level. At
the 99% confidence level, no significant difference was observed for either structure. At the 95%
level, a significant difference was noted for the 12-story structure, while the 8-story structure
showed no significant difference. At the 90% confidence level, significant differences were



Y. Minaei et al./ Journal of Rehabilitation in Civil Engineering 13-4 (2025) 47-66 65

observed in both structures, with the 8-story structure showing a 25% variation and the 12-story
structure showing a 75% variation. The drift distribution across floors varied between the two
record categories. For near-fault ground motions, drift was considerably higher in the lower floors.
Similar trends were observed for residual drift. Comparing drift to the permissible limit at the
design-based hazard level reveals the following: At the 95th and 90th percentiles, drift for both
record categories remains below the permissible limit. However, at the 99% level, the drift for
structures under far-fault ground motions is well below the permissible limit, whereas for near-fault
ground motions, it slightly exceeds the limit.
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