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Abstract

Seismic resilience is a modern approach that aims to return the community of damage to its
natural condition in a shortest possible time. Seismic resilience could be interpreted as a struc-
ture's ability to maintain a degree of functionality over a particular period of time once it is
exposed to seismic events. The research study aims to address with an approach of functionality
and seismic resilience of a mid-rise Ordinary Moment Resisting Frame (OMRF) structure sub-
Jjected to repeated earthquakes. Besides, as a vulnerability and functionality study for risk as-
sessments, both the Seismic Resilience Index (SRI) and the fragility surface were used to
determine the seismic resilience of the selected building. The fragility surfaces expressed the
probability of damages with respect to intensity measure and seismic event period (T). The
concept phases of this approach were as follows: (1): Select targeted buildings, (2): Select and
scaled a set of repeated Seismic Ground Motion (SGM) records, (3): Generate an Incremental
Dynamic Analysis (IDA), (4): Fragility surface and (5): Functionality curve, with seismic re-
silience index (RI). Eventually, after investigating the structure through the vulnerability as-
sessment, initiating with IDA, and ending with the fragility surface, it is clearly established that
the buildings do not have the capacity to withstand a 15 sec repetitive earthquake due to their
ordinary structural design related to ductility demand. Meanwhile, with an increase in the pos-
sible seismic ground acceleration, the fluctuation in functionality, SRI, robustness, structural
losses, and time recovery of distinct performance levels could be estimated.
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1 INTRODUCTION

In the last decades, the intensity and frequency of earthquakes has increased, causing severe
destruction with enormous number of casualties, posing a main disruption and change in the
economic, social, and technical conditions for specific communities. Due to this fact, ‘resili-
ence’, ‘vulnerability’, ‘risk reduction’, and ‘recovery’ definitions are trending in research com-
munity. However, it is vital to conduct a quantitative procedure to evaluate these intuitive
definitions [1].

All these lead to the development of a resilience assessment for earthquakes by using a spe-
cific index, which is considered an important factor for managing and planning natural disasters.
The main idea of resilience at the beginning was developed by ecologists, however, it expanded
to a wider range of fields i.e., social science, psychology, and engineering [2].

The Seismic Resilience Index (SRI) is considered a powerful tool to demonstrate the capa-
bility of a structure to sustain a particular standard of performance and usability across a span

of time control (T, ) [3]. Bruneau et al. [4] introduced a very general definition for resilience,

which covered all the precautions that should be taken to reduce the main losses resulting from
hazards, and also the study covered the effects of mitigation and recovery. After this broad
definition that was introduced by Bruneau and Reinhorn [5], many studies were produced tack-
ling the development and assessment of resilience.

Samadian et al. [6] conducted a study in Iran to determine the seismic resilience of built and
rehabilitated RC school buildings, whereby the study was assessed through utilising vulnera-
bility and fragility curves. The main objective of this study is to implement a new approach
which focuses on provincial economic conditions, through the use of vulnerability analysis to
estimate earthquake-related losses. The results showed that when the magnitude of hazard lev-
els was increased the SRI decreased functionally. The study concluded that retrofitted school
buildings had a higher resiliency level. Furthermore, the comparative study between fragility
and vulnerability curves showed that the vulnerability curve indicated more efficient results to
evaluate the SRI.

Furthermore, Vona et al. [7] introduced a new resilience approach for communities based on
numerical assessment and observed post-seismic restoration procedure. The study focused on
the housing systems to develop SRI for the communities, by which it was expressed as a com-
bination of SRIs for each building category. The proposed approach could help in assessing
different scenarios with more precise results, which could be achieved with more potential
choices.

Titi and Biondini [8] tested the reliability of concrete frame structural systems that were
affected by corrosion. The results showed that the designed structures designated to have the
same level of functionality could display different seismic resilience over a specific time span
resulting from the surrounding environmental conditions. Other studies were established to as-
sess resiliency and calculate the SRI for different type of structures. For instance, Alipour and
Shafei [9] assessed the seismic resilience transport networks and Banerjee and Chandrasekaran
studied the seismic resilience of bridges under the effect of multi-hazards [10].

In addition, Cimellaro et al. [1] introduced a framework for analytical quantification of dis-
aster resilience. This research focused on integrating information from different fields, which
were earthquake engineering, social sciences, and economics to develop a disaster resilience
framework. The main outcome of this study was to build a decision-making tool that could help
both the policy makers and the engineering professionals for better preparedness and restoration
plans after disasters.
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Various studies tackled the development and assessment of SRI and covered different cate-
gories and indicators [11-13], however, the studies that focus on the assessment and develop-
ment of SRI under repeated earthquakes are limited.

Repeated earthquakes represented two or more incidents, which precisely hit the same fault
area and slip, by which it generated the same waveform [14]. The repeated earthquakes could
cause a significant deterioration and higher displacement demand for buildings. All these fac-
tors could directly impact the resiliency of these buildings [15-17]. Uchida [18] conducted a
study to detect the repeated earthquakes and their application in characterising slow fault slip.
The author concluded that by measuring the degree of waveform similarity and accurate hypo-
centre positions could help in recognising the repeated earthquakes and it could assist in eval-
uating the source-overlap ratio. The fragility curve or surface is considered as an efficient tool
to study the effect of repeated earthquakes.

In seismic risk assessment, fragility curves are considered an essential element, which is
defined by relating a given level of seismic intensity to the possibility of reaching or exceeding
a certain degree of damage. To determine the performance limit states in relation to the Perfor-
mance Based Seismic Design (PBSD) during earthquakes, structural damage was measured
based on the Engineering Demand Parameters (EDP), i.e., vertical displacements, crack pat-
terns or rotations. To establish fragility curves, which are empirical, theoretical, judgmental,
and hybrid, different approaches could be used. [19, 20].

The fragility curve is usually defined by one parameter i.e., PGA, Sa, and Arias, but one
distinct parameter is insufficient to study the effect of earthquakes on the buildings precisely.
From here came the idea of developing fragility surface, by taking into consideration more than
one parameter at the same time when studying the effect of the earthquake [21-23]. Many stud-
ies developed fragility surface to assess seismic risk on structures. For example, Ardebili and
Saouma [24, 25] developed seismic fragility surfaces to study the effect of earthquakes on con-
crete dams, and Gehl et al. [26] developed fragility surfaces to evaluate the seismic vulnerability
assessment for masonry buildings.

This leads to exploring the fact that lends the rise to the significance of seismic resilience
and functionality, and the vulnerability risk assessment by using fragility surface. The aim of
this paper is to shed the light on studying the seismic vulnerability assessment for an Ordinary
Moment Resisting Frame (OMRF) structure that was designed away from any seismic attention
under repeated earthquakes. This paper discusses the procedure for combining the vulnerability
analysis to know the possibility of damages for four damage states, namely immediate occu-
pancy (IO), damage control (DC), life safety (LS), and collapse prevention (CP), with the func-
tionality of the structure post seismic event in respect to recovery time. Each damage states
corresponds to an intensity measure to be determined by using the incremental dynamic analysis
(IDA), and fragility surface. From the damaged states the preparedness of recovery procedure
was adopted into three retrofitted actions. Firstly, no actions had been taken related to 10; sec-
ondly, the action was to apply a retrofitted application related to DC and LS; and thirdly, the
action was at the replacement restoration process at CP level. Eventually, the SRI, functionality,
loss of resilience and robustness were determined.

4882



Moustafa Moufid Kassem, Fadzli Mohamed Nazri, Ahmad Mohamad El-Maissi

2 CONCEPTS OF SEIMSIC RESILIENCE INDEX (SRI)

The Seismic Resilience Index (SRI) is considered as the main tool for studying the building
ability to tolerate a particular standard of performance and reliability across a broad time control

(TLC ) . In this paper, the SRI will be developed through applying different steps. Firstly, a model

will be developed to the selected building by using finite element platform. Thereafter, ground
motions for repeated earthquakes will be selected. Then, the IDA will be performed. This will
all lead to the development of fragility surfaces and vulnerability curves. Finally, the function-
ality curve will be produced, which will help in estimating the SRI, Robustness (R), and Losses
of Resilience (LOR). In order to develop the SRI and its functionality curve Q (t) the following
steps should be tracked as shown and illustrated in Figure 1. Each step will be discussed in
detail in the following section.

Steps Involved in the Evaluation of Seimic Resilience Index for RC-Buildings
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Figure 1: Framework steps for developing SRI.
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2.1 Modelling structural configuration

A mid-rise model of a 4-storey reinforced concrete building with a total height of 12.0 m
and with a common slab thickness of 200 mm was considered in this study. The structural
system selected for lateral resistance is considered as Ordinary Moment Resisting Frame
(OMRF). The model was designed according to the regulation of ACI318-14 code for gravity
loads, and for UBC1997 as OMREF for seismic loads. With reference to the seismic code, the
building was assumed to be in seismic zone 4, having soil profile SD, with Ca = 0.44, and Cv
= (.64 seismic coefficients.

The building materials used were 35 MPa of concrete compressive strength (f°¢c), and yield-
ing strength (fy) of 420 MPa for the reinforcing steel bars. The gravity loads consisted of dead
load and live load which was taken as 2kN/m?, and 4kN/m?, respectively. The columns cross
sections were selected with dimensions of 300 mm x 300 mm, with drop beams of 300 mm x
500 mm. The design calculations supported the use of minimum reinforcement ratio for column
longitudinal rebars, which was 1%, whereby 8T12 was used for column reinforcements, with
T8 spaced every 300 mm as transversal reinforcement. For the beams, the design expressed the
use of 3T12 as bottom longitudinal reinforcement, and 2T12 as top reinforcement. Figure 2
shows the targeted selected building model in three-dimensional (3D) shape, and elevation
views.

12m
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v

25m

Figure 2: Selected targeted building model in 3D and elevation views.

2.2 Repeated ground motion selection

Many studies have considered the impact of repetitive earthquake-induced ground motions
on the responsive behaviour of the structures. They found that both the inelastic displacement
ratio and its inter-storey drift ratio were significantly influenced by the occurrence of frequent
earthquakes. Therefore, in this study, the impact of repeated earthquakes is recognised.

Two real seismic sequences were allocated to each of the ground motion records, namely
Chalfant Valley (July 1986 - two events), Imperial Valley (October 1979 - two events) and
Mammoth Lakes (May 1980 - two events) from the same station with various record names.
For each occurrence, each single ground motion record had a time interval of 15 sec. A gap
time interval of 100 sec was added between the two consecutive seismic occurrences. As pro-
posed by Hatzigeorgiou and Liolios [27], this gap had zero spite of potential acceleration values
and was completely sufficient to reduce the displacement of any structure due to attenuating
and returning to the remaining condition. The three repetitive events were selected from the
Pacific Earthquake Engineering Research Center (PEER) database. The selected magnitude
(Mw) was between 5 and 7 Richter scale, and of intensity measure, PGA ranges between 0.113g,
and 0.447g as shown in Figure 3.
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Nevertheless, to perform the IDA and establish fragility surfaces or curves, the selection of
appropriate ground motion records are very critical as recommended by international standard
codes, such as FEMA356, UBC1997, IBC2000, and others [28-30]. These standard provisions
also recommended to select a minimum of three ground motion records, or seven to develop a
vulnerability assessment analysis. Finally, the selected earthquake events were scaled based on
UBC97 target spectrum where the building was located.
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Figure 3: Selection of repeated ground motion seismic events.

2.3 Seismic resilience index functionality assessment procedure

Resilience is a specific consideration for evaluating the seismic resistance of the structures
and infrastructures, as based on the Multidisciplinary Center for Earthquake Engineering Re-
search (MCEER). Resilience is quantified ranging from 0% to 100% in terms of functionality
to be normalised into 0 and 1 to develop its SRI, whereby 0% means spectacular failure and
100% reveals no structure deterioration. It is a wealth of information to develop the SRI as
seismic indicator and a recovery application that can help to reduce direct and indirect losses
caused by earthquakes.

The SRI is defined as the functionality of a structure after the recovery process or the ability
of a structure to withstand earthquakes without any reduction in its functionality [31]. Also, the
SRI can be treated as an alternative to deal with the problem of functionality which has been
neglected in the seismic codes [32]. Therefore, the SRI is determined by referring to the func-
tionality curves as shown in Figure 4. The area under the curve of functionality demonstrated
the structure's resilience, whereby, the functionality of the structure was represented as Q(¢) ,

as illustrated in Equation (1), and the resilience (R )as a function of Q(¢) and time of event

(1o ) With recovery time (T, ) along the total control time (7. ), as shown in Equation (2).
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Figure 4: Seismic Resilience with respect to time: Functionality curve.

2.4 Loss function evaluation

Losses are very unpredictable in an exceptional case, such as a terrorist attack, blast or other
man-made catastrophe, and are different for any scenario discussed. The estimation of losses
due to seismic activity is usually questionable and unpredictable. However, it is possible to
make some common classifications and identify different types of losses.

Generally, the loss feature usually consists of two types of losses, such as direct losses and
indirect losses. The direct loss is referred to structural damages and losses, whereas the indirect
losses are referred to causalities, social and economic losses. Since the quantitative analysis of
indirect financial damage and human casualties, losses is a complicated procedure, a lot of at-
tention was given to the direct loss in this analysis, as it ultimately depends on the risk of the
extensive structural damage.

The direct loss was calculated by using Equation (3) which was required to find the discrete
damage probability of four damage states from the fragility surface as a vulnerability analysis.
As per FEMA356, by taking into consideration the vertical and horizontal lateral-force resisting
components, the state of structural damage during the earthquake determined the performance
and output level of a building. These four-performance levels were classified and determined
based on % Inter-Storey Drift Ratio (%ISDR) as an Engineering Demand Parameter (EDP).
Table 1 describes performance levels of each damage state.

L,=> P, (DS =K)xr, (3)
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Where (L) is the direct loss, (K) represents the damage state of each performance level,

P, (DS = K) represents the discrete damage probability, (rK ) is the corresponding damage ratio

for each limit state and damage state that was taken from HAZUS MR4 [33] technical manual,
as shown in Table 2. The discrete damage was calculated from the difference between two
cumulative distribution functions corresponded to develop fragility surface for each state, as
shown from Equation (4) to Equation (8).

P [Damage > DS] = d)(wj “4)

S

Where ¢ is the cumulative distribution function, IM is an intensity measure, A is the mean
value, and ¢ is the standard deviation.

P[DS = I0] = P[DS = I0] - P[DS = DC] (5)
P[DS = DC] = P[DS = DC] - P[DS = LS] (6)
P[DS = LS] = P[DS = LS]-P[DS = CP] (7)
P[DS = CP] = P[DS = CP] (8)

% Inter-Storey

Damage State (DS) Damage Description Drift Ratio
(%ISDR)
There is significant damage to the minor struc-
Immediate Occupancy  tural elements, but the building stability or lat- 1.0%
I0) eral ability to resist prior and after the seismic is '
unaffected.
A certain quantity of repairable damage is ap-
Damags CC ontrol propriate, but the repair cost should be substan- 1.50%
(DC) tially lower than the replacement value.
. Due to the higher damage, repair is feasible but
Llfes; fety economically inefficient and costly. The loss is 2.0%
(LS) moderate, but the structure stays stable.
Collapse Prevention The structure is on the threshold point of local
. ) . 2.50%
(CP) or complete failure being experienced.

Table 1: Damage state performance levels description and its damage measures

Damage State (DS) Damage Ratio (rx)
Immediate Occupancy (10) 0.10
Damage Control (DC) 0.40
Life Safety (LS) 0.80
Collapse Prevention (CP) 1.0

Table 2: HAZUS MR4 technical manual for damage ratios of buildings
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2.5 Recovery function and time

The progress and the pattern of the structure's post-seismic event rehabilitation will be repre-
sented through recovery functions and time. Therefore, for evaluating seismic resilience, recov-
ery time and recovery function are crucial after a seismic event, hence, it should be precisely
measured. There are different types of recovery function that could be selected depending on
the system and society preparedness response, for example, three possible recovery functions
are: linear, exponential, and trigonometric. Where the recovery improvements of the building
vary according to the type of recovery functions, it is included to assess the building's function-
ality, since each function has its own path of restoration. In this study, the linear function is
considered to evaluate the building functionality, whereby it is the simplest function commonly
used when there is no information available about crisis management and resources. The equa-
tions (9, 10 and 11) show the different types of functions that may be used to develop the re-
covery time and its function path.

Linear function: Fro(ttop Trpe ) = [1 o J )
REC
t =t )(In 200
Exponential function: fre (o105 Trpe ) =€xp [—( or ) (U1 )j (10)
TREC
. . . (t —log )
Trigonometric function: fre (82205 Trpe ) =0.5414cos | [T-—"= (11)
REC

3 RESULTS AND DISCUSSION

The numerical model of the mid-rise building was developed by using the Finite Element (FE)
platform, where the nonlinear time history analysis was generated to develop the incremental
dynamic analysis curve. From the IDA curves, the relationship between %ISDR and spectral
acceleration of first periodic mode Sa (T1) could be determined, and thus, it determined the
performance level of the structure based on 4-performance limit state as shown in Figure 5.
Where the damage of measured Sa (T1) of the repeated earthquakes were increasingly scaled
by 0.05 g until it exceeds 2.0 g, the analysis was stopped due to the instability of the structure.
The IDA curves are considered an important parametric tool, which evaluates the dynamic be-
haviour of the structures. This curve clarifies that the building performance is linearly in rapid
changes between the damaged states, by which it tends to undergo into three restoration options
that will be taken into consideration during post seismic events. The options are; no action at
10 stage, restoration action at DC and LS stage, and replacement action at CP stage.

For example, in case of immediate occupancy, no retrofitting action is needed to be applied
before exceeding 0.78 g. However, once it reaches the damage control and life safety stages at
1.24 g, and 1.54 g, respectively, it is recommended to apply a retrofitting action before it reaches
the collapsed stage, whereby the replacement action is the only choice at 2.15 g and more. Table
3 summarises the structural performance levels, and types of preparedness actions.

Damage State IM of easc;(]l,?;né?e State- Preparedness Action of each Stage
Immediate Occupancy 0.78¢g No Action
Damage Control 1.24g Restoration- repairing action
Life Safety 1.54g Restoration- repairing action
Collapse Prevention 2.15¢g Replacement action

Table 3: IM of each damage state and its preparedness actions.
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Figure 5: Incremental dynamic analysis curve under repeated earthquakes.

After performing the IDA, the fragility surface and the fragility curve for each damaged state
was developed to determine the probability of reaching or exceeding the damaged state at cer-
tain Intensity Measure (IM). In this research, the spectral acceleration Sa (T1) was chosen as it
was used to perform the nonlinear analysis of time history, as well as the seismic events periodic
time was selected as another parameter to be used in developing the fragility surface in order to
study the effect of 15 sec seismic events with 100 sec gap between two repetitive earthquakes.
The mean and standard deviations are needed to establish the fragility surface assessment as
shown in Table 4.

Damage State 10 DC LS Cp
Log-normal pa- A S A S A S A S
rameters for mid- 0.899 0.249 1333 0386 1.794 0.517 222  0.631
rise building

Table 4: Log-normal distribution parameters for developing fragility surfaces for each damage state.

Figure 6 presents all set of fragility surface. The study focused on four intensity measures (1.0
g, 1.5¢g,2.0g, and 2.5 g) for further applying the preparedness actions of recovery in respect
to 15 sec of two repetitive seismic events without considering the 100 sec periodic gap. When
1.0 g ground motion intensity was applied, the building still behaved in the immediate occu-
pancy level with a probability of reaching or exceeding damages of 66%, whereby the rest of
the damaged states achieved 19%, 6%, and 2.5% for damage control, life safety, and collapse
prevention states, respectively. However, when the structure was exposed to higher intensity
measure of 1.50 g, the structure was between two damaged states of damage control and life
safety. Whereas, a certain quantity of repairable action was appropriate to be applied with a
probability of reaching or exceeding the states of 67%, and 28%, respectively, with slight in-
creases for the collapse stage with 12% possibility of damage. Furthermore, at intensity measure
of 2.0 g, the restoration process was mandatory where the loss was moderate, but the structure
stays stable that could be classified at life safety stage with probability of reaching the damage
of 65%, and 35% for collapse prevention state. Finally, with regard to the IDA curves, when
the ground motion intensity surpasses 2.0 g, the structure would suffer from extensive damages
and the structure would behave on the threshold point of local or complete experienced damage
by achieving 100% probability of damages for the life safety stage. Furthermore, it started to
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face a crucial damage by achieving probability of damages of 66% at 2.50 g. Therefore, after
analysing the structure through the vulnerability examination, starting with IDA, and finishing
with the fragility surface, it was clearly identified that due to its ordinary design moment frame
system, the building did not have the ability to resist a 15 sec repetitive earthquake. In addition,
the implementation of the resilience assessment was important to plan the recovery process for
four different damage states by investigating the structure's functional resilience, degradation,

robustness, and recovery time post-seismic events. Table 5 represents the percentage of cumu-
lative damage probability of exceedance for the four damage states.
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Figure 6: Fragility surfaces for each performance damage state.

Intensity Measure, Sa(T1), [g] 10 DC LS Cp
1.00g 66.00% 19.00% 6.00% 2.50%
1.50g 99.00% 66.00% 28.00% 12.00%
2.00g 100% 95.00% 65.00% 36.00%
2.500¢g 100% 100% 91.00% 66.00%

Table 5: Probability of damage using CDF for each damage state.
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In order to find the SRI and its functionality, the discrete damage probability should be calcu-
lated by using Equations (5) to (8). The discrete damage probability was computed from the
vulnerability analysis obtained from the fragility surface, known as cumulative distribution
function. Table 6 presents the discrete damage probabilities due to post seismic events for each

damage state. Subsequently, the direct damage loss (L) ratio could be computed by the prod-
uct of P, (DS = K) with the damage ratio (r )as illustrated in Table 7.

Intensity Measure, Sa(T1), [g] 10 DC LS CP
1.00g 47% 16% 4% 3%
1.50g 32% 38% 16% 12%
2.00g 4% 30% 30% 36%
2.500¢g 0% 9% 25% 67%

Table 6: Discrete damage probability for different IMs and DS

Intensity Measure, Sa(T1), [g] 1.0g-10 1.5¢-DC 2.0g-LS 2.50g-CP
Direct Loss (L) 0.164 0.438 0.721 0.898

Table 7: Direct damage loss ratio for different IM and DS as a preparedness stages

For instance, the time needed for the recovery approach depends on the damage level of the
structure. The time required for full recovery was deemed in this study between the time of
occurrence (tor) of seismic event as minimum period, and the control time (Trc) as the maxi-
mum period. In this study, the time occurrence was assumed to be taken at the 30™ day of the
120 days of the total control period. This study focused on three types of preparedness actions
for different retrofitting stages, which were 10, DC, LS, and CP with different intensity
measures of 1.0 g, 1.50 g, 2.0 g, and 2.50 g. These preparedness actions were: No action, retro-
fitting action, and replacement action based on calculating the SRI and its functionality curve.

At 1.0 g represented by IO retrofitting stage, the recovery time was set at 37" days which is
seven days after earthquake time occurrence to return back to its functionality as before the
earthquake. This means that no rehabilitation process needs to be performed. In terms of func-
tionality, the building SRI at this stage was equal to 91.8% (0.918), with robustness of 83.6%.

On the other hand, as the ground motion acceleration becomes higher reaching 1.50 g, which
was represented by DC retrofitting stage, the recovery time was set to be at 54™ days which was
24 days after seismic action occurrence, which means a simple retrofitting application is needed
for restoration process. Whereas, at this stage the SRI decreased to 78.1% (0.781), with an
approximate of 37% drop in its robustness to 56.2%.

Moreover, at the life safety retrofitting stage with 2.0 g, the recovery time was set at 107" days
from total time control which equals to 77 days after the seismic time occurrence. The building
requires a quick retrofitting action to be taken before it reaches the collapse stage, with losses
of more than 72% from its robustness, with SRI equals to 64% (0.64) where the robustness
equals to 28%.

Furthermore, at the collapse stage the retrofitting actions was not applicable, because the struc-
ture resilience loss exceeded 90%, where the structure robustness equals to 11%. Besides, the
recovery time was set at 200" days which was 170 days after time occurrence, which means it
exceeded the total time control, and it was beyond control to apply any of the rehabilitation
process. In this stage, at 2.50 g the replacement action was the only option that could be applied,
where the building SRI and its functionality equals to 55% (0.55). Although, during the total
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time control of 120 days, the functionality of the structure equals to 33% (0.33). Figure 7 shows
the variation of functionality curve with respect to time by using the linear function. Further-
more, the shaded area below the functionality curve represented the seismic resilience of the
structural system. Table 8 summarises the resilience index, robustness, and losses for each dam-
aged state.
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Figure 7: Functionality resilience curves for different preparedness stages.

Seismic Resilience Outcomes 10 DC LS Cp

Seismic Resilience Index (SRI) 0.918 0.781 0.64 0.55

Robustness (R) 83.6% 56.2% 28% 11%

Loss of Resilience (LOR) 16.4% 43.8% 72% 89%
Time Recovery (Trec) 7 days 24 days 77 days 170 days

Table 8: Seismic resilience output results for the targeted building
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4

CONCLUSION

The aim of the analysis was to determine the impact of the proposed repetitive seismic acceler-
ation on the seismic resilience capability of the Ordinary Moment Resisting Frame (OMRF)
building by applying a set of vulnerability assessment.

5

From this analysis, the fluctuation in functionality, resilience index, robustness, structural
losses, and time recovery of different performance levels could be predicted with an in-
crease in the potential seismic ground acceleration (1.0 g, 1.50 g, 2.0 g, and 2.50 g), which
was needed for the post-seismic event strategic recovery planning.

It could be shown that the increase from 1.0 g to a maximum of 2.50 g as a seismic intensity
measure for different damaged states resulted in a substantial increasing trend in the damage
loss ratio that further influenced the structure's functionality. As well as it increases the time
recovery for the structure to compensate its strength as before the seismic event.

The disparity in seismic resilience demonstrated the effect of ductility capability and de-
mand ductility of the OMREF structure at the post-seismic event for the various ground ac-
celerations.

The outcomes showed that despite the performance level, the seismic resilience for different
damaged states had to be taken into consideration to assess the seismic vulnerability and
functionality of the structural behaviour.
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