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ABSTRACT 
 

The objective of this paper is to illustrate probabilistic fragility assessment of existing residential buildings in 

Turkey. Poor seismic performance of these buildings during the recent major earthquakes not only exhibit that the 

present building stock predominantly consists of low- and mid-rise structures with the lack of engineering design 

and detailing; but also were constructed according to the regulations of the previous versions of seismic codes. 

The damage in these buildings has accentuated the need for risk assessment of sub-standard structures to estimate 

the potential damage and to mitigate the losses during future seismic events.  

Within the scope of this research, an ensemble of 50 existing RC buildings is selected which represent the structural 

characteristics of existing structures with weakness in stiffness and strength, in addition to poor concrete quality 

and rebar detailing. The ensemble consists of buildings, which have been site-investigated after the corresponding 

earthquake events and have experienced different levels of damages during the major earthquakes in Turkey.  

In order to conduct the analytical study, nonlinear dynamic and static analyses are carried out for the set of RC 

frame structures utilizing DRAIN-2DX computer program. A set of artificial ground motions is employed during 

the analyses. Evaluations are performed oriented to the damage potential of the existing buildings and the damage 

zone boundaries in the proposed fragility expressions are calculated using the analytical results of the moderately 

damaged building set. Finally, a software is enhanced in order to produce the fragility functions in terms of peak 

ground acceleration.  
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1. INTRODUCTION  

 

Devastating earthquakes of Turkey within the last quarter century demonstrated that the building stock, 

mostly consisting of low- and mid- rise reinforced concrete (RC) structures, have experienced severe 

damages and partial or even total collapse. These poor in stiffness and strength buildings are especially 

constructed prior to the Turkish Earthquake Resistant Design Code (TERDC) of 1975 and 1998. The 

damage to these buildings mainly depends on inadequate reinforcement detailing, unapplied 

confinement zones, heavy and large-span cantilevers and indirect supporting preventing the formation 

of regular structural frames. Therefore, the seismic damages to buildings has accentuated the need for 

risk assessment of the stock in order to predict the probable damage during future earthquakes. 

Furthermore, the need to estimate the vulnerability of existing buildings has led to increase the 

researchers having an interest with the development of seismic fragility derivation methods. 

In cases of urban renewal, damage or loss estimation and retrofitting decisions in metropolitan cities 

with high seismicity; fragility curves provide easy and fast application and exhibit the probability of 

reaching or exceeding a predefined structural damage limit due to earthquakes in terms of a ground 

motion intensity parameter: e.g., peak ground acceleration or velocity (PGA or PGV), elastic spectral 

acceleration or displacement (Sa or Sd). Fragility functions can be derived for a specific structure or a 

certain group of structures and their use provides opportunity to predict the amount of the influenced 

stock for a specified damage state when subjected to an earthquake. For the purpose of loss estimation, 
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fragility curves of varied building classes are produced during the recent studies, however, there exist 

only a few attempts to estimate the seismic vulnerability of Turkish RC buildings by the use of fragility 

curves (Akkar et al, 2005; Kircil and Polat, 2006; Tuzun and Aydinoglu, 2007; Erberik, 2008; Ucar and 

Duzgun, 2013). Among the more recently researches, Hancilar and Cakti (2015) performed a study for 

structural fragility assessment of public school buildings in Istanbul, which is accomplished relying on 

nonlinear dynamic analyses through Monte Carlo simulations. 

This study presents probabilistic structural fragility assessment of a typical building stock in Turkey in 

which mostly moderately damaged structures during the destructive earthquakes exist. After developing 

the planar frames for each state of the building considering the contribution of non-structural infill walls, 

nonlinear dynamic and static analyses are performed utilizing the modified version of DRAIN-2DX 

(Prakash et al., 1993) computer program by Ascheim (2005). A set of artificial ground motions 

consisting 7 earthquakes which are compatible with the design spectrum for 0.4g effective acceleration 

coefficient and Z2 soil class defined in TERDC-2007 is employed during the nonlinear time history 

analyses. The demand parameters in terms of maximum inter-story drift ratio, base shear capacity and 

base shear demand ratio are obtained for the earthquake ensemble and the demand/capacity ratios (DCR) 

are determined in terms of limit states. 

Finally, evaluations are performed oriented to the damage potential of the existing buildings and a 

software is enhanced. By the favor of this software, damage levels are defined correlated with 

demand/capacity and interstory drift ratio parameters and two complementary fragility relationships are 

proposed. The damage zone boundaries in the proposed two fragility expressions are calculated using 

the analytical results of the moderately damaged building set, which have been site-investigated after 

the corresponding earthquake event. Depending on ductile or brittle behavior of an existing structure, 

one of the two fragility expressions proposed in this study is selected and the results of the unfavorable 

is recommended to be considered.  

 

 

2. DEFINITIONS OF THE INVESTIGATED BUILDINGS & EARTHQUAKE ENSEMBLE 

 

2.1 Structural Properties of the Building Ensemble 

 

Low- and mid- rise RC frame structures constitute approximately 75% of the total building stock in 

Turkey and vast number of earthquakes with varied intensities proved that the damage potential of these 

buildings has to be considered important. Nevertheless, a considerable amount of these damaged 

buildings are observed to be designed brittle, weak in stiffness and strength and poor in material qualities 

due to the lack of proper amount of engineering service during the design and construction stages. 

Therefore, it is a very significant issue in case of urban renewal to replace these buildings with an 

earthquake resistant building ensemble using a rapid risk assessment method by means of vulnerability 

functions. 

A set of 50 existing residential RC buildings, which have experienced different levels of damages during 

the major shakes in Turkey are considered herein this paper. Damage levels of the buildings are specified 

as no damage, slightly damaged, moderately damaged and heavily damaged and building codes are 

named related with the damage ranges as given in Table 1. 51% of the building ensemble which 

experienced moderate damage during June 27th, 1998 Adana-Ceyhan, Turkey Earthquake are selected 

from the archive of ITU-Structural and Earthquake Application Research Center and are investigated in 

details by means of structural layout plans and material qualities during site assessments. 

In the entire set, number of stories for the buildings varies from 2-storey to 8-storey, therefore the set 

mostly consists of low- and mid-rise structures. All buildings with frame structural systems are 

investigated in details by means of structural material quality, reinforcement amount and detailing of 

bars and local site conditions. Concrete class is found to be varying from C7~C25 (fck=7.0~25.0 MPa), 

while the reinforcing steel is mainly S220 (fyk=220 MPa) class except the limited number of buildings 

that have S420 (fyk=420 MPa) steel type. Below Table 1 tabulates some characteristics of the buildings, 

where T1 is the dominant vibration period in both directions and W is the total weight of the building. 
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Table 1. Structural characteristics of the inspected buildings. 

 

Code Story # Htotal (m) fck (MPa) fyk (MPa) W (kN) T1,(x-x/y-y) (s) 

01-ND-ST4 4 12.00 14.0 220 17100.0 0.498 / 0.469 

02-MD-ST3 3 8.25 16.0 220 3950.7 0.423 / 0.351 

03-MD-ST6 6 17.4 16.5 220 10750.7 0.502 / 0.544 

04-MD-ST5 5 13.75 13.3 220 8104.4 0.442 / 0.445 

05-MD-ST3 3 8.85 8.6 220 7676.8 0.439 / 0.319 

06-MD-ST4 4 12.1 10.0 220 6382.8 0.718 / 0.423 

07-MD-ST3 3 8.7 8.3 220 3872.7 0.356 / 0.379 

08-MD-ST5 5 13.85 11.4 220 7859.3 0.481/ 0.519 

09-MD-ST4 4 11.05 12.0 220 5890.4 0.539 / 0.557 

10-MD-ST3 3 8.55 11.9 220 4009.2 0.302 / 0.285 

11-MD-ST3 3 8.10 9.4 220 3556.9 0.393 / 0.421 

12-MD-ST4 4 12.25 13.1 220 5731.8 0.588 / 0.504 

13-MD-ST5 5 13.75 11.5 220 8104.4 0.451 / 0.454 

14-MD-ST5 5 14.25 8.2 220 10587.2 0.921 / 0.603 

15-MD-ST5 5 15.3 11.7 220 7383.9 0.793 / 0.518 

16-MD-ST2 2 5.60 12.0 420 4594.0 0.222 / 0.233 

17-HD-ST3 3 7.95 12.0 220 5789.0 0.341 / 0.257 

18-ND-ST2 2 6.3 25.0 220 4238.0 0.261 / 0.251 

19-ND-ST8 8 22.4 14.0 220 11154.7 0.808 / 0.618 

20-ND-ST6 6 17.55 14.0 220 9214.0 0.726 / 0.599 

21-ND-ST2 2 6.4 14.0 220 10086.7 0.309 / 0.270 

22-ND-ST2 2 6.4 14.0 220 7400.3 0.337 / 0.268 

23-MD-ST6 6 15.2 8.3 220 8208.1 0.563 / 0.546 

24-MD-ST4 4 10.8 12.3 220 3442.8 0.443 / 0.397 

25-ND-ST3 3 11.5 14.0 220 26130.7 0.602 / 0.614 

26-ND-ST5 5 14.32 12.0 220 26880.8 0.890 / 0.749 

27-ND-ST4 4 11.55 14.0 220 15130.5 0.649 / 0.495 

28-ND-ST7 7 19.5 20.0 420 26544.0 0.631 / 0.522 

29-MD-ST4 4 13.3 12.3 220 8198.4 0.415 / 0.629 

30-ND-ST4 4 11.2 12.2 220 13834.7 0.478 / 0.432 

31-ND-ST5 5 17.4 11.0 220 57775.8 0.750 / 0.691 

32-ND-ST3 3 10.2 10.0 220 13138.6 0.505 / 0.496 

33-ND-ST3 3 10.2 10.0 220 9635.9 0.499 / 0.472 

34-ND-ST7 7 20.8 20.0 420 29375.0 1.210 / 1.334 

35-ND-ST3 3 8.5 13.0 220 10520.0 0.321 / 0.355 

36-ND-ST7 7 19.6 16.0 220 35299.5 0.973 / 1.039 

37-ND-ST7 7 18.5 16.0 220 30900.8 0.681 / 0.767 

38-MD-ST3 3 9.65 7.0 220 5151.4 0.541 / 0.546 

39-MD-ST5 5 14.75 10.6 420 19050.6 0.653/ 0.796 

40-MD-ST5 5 14.75 10.0 220 15680.1 0.521 / 0.541 

41-MD-ST4 4 12.8 14.5 220 14147.1 0.526 / 0.507 

42-ND-ST5 5 13.75 14.0 220 18538.3 0.616 / 0.688 

43-MD-ST4 4 10.65 16.3 220 10684.8 0.261 / 0.376 

44-ND-ST8 8 24.0 17.0 420 39385.3 0.611/ 0.631 

45-SD-ST8 8 24.0 9.0 220 41317.9 0.836 / 0.855 

46-SD-ST5 5 14.8 13.0 220 4238.4 0.550 / 0.508 

47-MD-ST7 7 20.0 14.0 220 18814.0 0.896 / 0.638 

48-ND-ST4 4 12.0 10.0 220 24573.8 0.658 / 0.682 

49-ND-ST6 6 18.7 25.0 420 22838.0 0.704 / 0.557 

50-ND-ST5 5 14.3 13.4 220 7132.9 0.539 / 0.497 
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2.2 Ground Motion Ensemble 

 

7 acceleration-time histories are generated utilizing TARSCTHS (Papageorgiou et al. 2000) computer 

program, which is capable of simulating earthquake motions compatible with a defined spectrum, and a 

set of artificial ground motions is achieved. 

When the locations and local site conditions of the investigated moderately damaged buildings are 

considered, the effective ground acceleration of A0=0.40g for seismic zone-1 and a local soil class of Z2 

with characteristic periods of TA=0.15s and TB=0.40s are taken into account. The artificial 7 strong 

ground motions each with durations of 25 seconds are generated compatible with the design spectrum 

defined in the TERDC, which has a probability of exceedance of 10% within 50 years. Table 2 

summarizes the engineering intensities such as peak ground acceleration PGA; strong motion duration 

tSM defined as the duration for the accelerations greater than 5% of g; effective duration teff calculated as 

the time interval between the 5% to 95% of Arias Intensity curve. 

 
Table 2. Characteristic properties of the earthquake ensemble. 

 

  Artificial Strong Ground Motions 
MEAN 

  SimEQ-1 SimEQ-2 SimEQ-3 SimEQ-4 SimEQ-5 SimEQ-6 SimEQ-7 

PGA (gal) 420.7 435.0 412.8 406.2 413.2 405.3 427.0 417.2 

tSM (s) 17.33 19.79 18.08 18.67 17.69 18.36 19.83 18.54 

teff (s) 11.27 11.80 12.02 11.91 11.82 11.69 11.95 11.78 

 

 

Figure 1. Elastic response spectra of ground motions and design spectra in TERDC-2007 (left); Tripartite elastic 

response spectra of the earthquake ensemble (right) 

 

Figure 1 shows the acceleration response spectra for the earthquake ensemble compared with the ‘target’ 

design spectrum for a 5% damping ratio. Mean tripartite elastic response spectrum, as well as the 

corresponding acceleration, velocity and displacement sensitive spectral regions and separating periods 

with values Tc=0.46s for acceleration to velocity sensitive regions and Td=3.67s for velocity to 

displacement sensitive regions, are also shown in the same figure. 

 

 

3. ANALYTICAL MODELLING OF THE BUILDINGS 

 

Planar analytical models of the buildings, including the non-structural infill walls, are prepared and the 

analytical study is performed utilizing the modified version by Ascheim (2005) of DRAIN-2DX 

computer program which is capable of handling the stiffness and strength degradation through ‘Takeda 

hysteretic model’. Nonlinear behavior of columns and beams is assumed to be represented with a 

stiffness degrading hysteresis model and element type-7 is assigned. For the entire building ensemble, 

a structural damping of 5% and a strain hardening of 3% are taken into account. The structural model 
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for non-structural walls is established as in Al-Chaar and Lamnb (2002), where walls are modeled as 

two diagonal compression struts having a width of aw defined by Equation 1, and element type-9 is 

assigned for the infill walls.  
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In Equation 1, t is the thickness; rw is the diagonal length and θ is the diagonal slope angle of the wall. 

Considering the wall height as hw; story height H; the moment of inertia of the neighboring columns as 

Ic and the modulus of elasticity for infill walls Ew=1000MPa and concrete Ec varies between 

22600~30250MPa, strut widths aw are computed for each nonstructural wall. Figure 2 shows the 

modeling of infill walls. 

 
 

Figure 2. Modelling of the infill walls 

 

For the entire building ensemble, the structural system is modeled as planar frames connected to each 

other with elastic tension/compression link elements representing rigid diaphragm effect and element 

type-9 is assigned for these elements.  

Figure 3 shows the backbone curves for the hysteretic relations employed to the structural and non-

structural elements during the nonlinear dynamic analysis. In the left figure, My and Mu represent the 

yield and ultimate moments and χy and χu are the corresponding curvatures. k1 is the initial stiffness; k2 

and k3 are the post-yield stiffnesses in the positive and negative directions where α is the strain-hardening 

ratio and k4 is the unloading stiffness. In the model for the infill walls, k1 represents the axial stiffness 

of the uncracked section, u1 and u2 are the cracking and ultimate deformations, respectively. 

 

 
Figure 3. Hysteresis curves for structural (left) and non-structural elements (right) 
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4. DERIVATION OF FRAGILITY CURVES 

 

Seismic risk assessments are performed on populations of buildings to designate the urban areas 

presumably be exposed to large life and economic losses during a strong shake. The consequences of 

such studies are worthy of consideration for the mitigation of losses during future seismic events since 

they allow strengthening intervention and disaster management plans to be drawn up. 

One of the key terms of the seismic risk assessment procedure is the vulnerability, which is an indicator 

of the damage of a building possible to be experienced when subjected to an earthquake excitation with 

a specified intensity. Fragility curves (vulnerability functions) are put account for estimating the 

probable seismic damage of an individual building as well as specified building ensembles. As is known, 

these are handy tools when utilized for pre-earthquake planning; strengthening intervention; 

damage/loss estimation; disaster management and drawing up mitigation plans. 

The presented fragility functions can be classified into four generic groups of empirical, judgmental, 

analytical and hybrid according to whether the damage data used in their generation derives mainly from 

observed post-earthquake surveys, expert opinion, analytical simulations or combinations of these 

(Rosetto and Elnashai, 2003). For the derivation of analytical fragility curves, there exist different 

approaches such as nonlinear dynamic/static analysis, incremental dynamic analysis and Monte Carlo 

simulation technique among the researches. 

Herein this paper, the methodology for deriving PGA-based fragility functions of a typical building 

ensemble in Turkey, which mostly consists of moderately damaged buildings during the destructive 

earthquakes, is presented. 

 

4.1 Methodology 

 

By the aim of conducting the analytical study for the building ensemble, nonlinear dynamic and static 

analyses are carried out utilizing DRAIN-2DX computer program. In pursuit of establishing the planar 

structural models for the buildings, the set of artificial ground motions consisting 7 earthquakes is 

employed during the nonlinear time history analyses and an amount of 700 calculations are performed. 

In order to evaluate the acquired structural responses in an extended acceleration range, the PGA values 

of each of the artificial earthquake record is scaled with an increment of 0.05g from 0.1g to 0.8g. 

Subsequently, the building ensemble is reanalyzed under each strong ground motion with 15 different 

coefficients and totally 10500 dynamic analyses results are achieved. The demand parameters in terms 

of maximum inter-story drift ratio (Utop) and base shear demand ratio (Vb) are obtained for the earthquake 

ensemble and by conducting Equation 2 for the stock, base shear capacities (Vr) are achieved for the 

determination of demand/capacity ratios (DCR). 

 

0.2r ck cV f A   (2) 

 

Furthermore, with the purpose of establishing structural capacities, nonlinear static pushover analyses 

are performed for each direction of the building assuming that lateral load distribution is the first mode-

loading pattern. On the use of bi-linearization technique for the obtained capacity curves, yielding forces 

(Vy) are determined for each structure in the ensemble. This couple of values is later used to obtain the 

fragility curves. 

The analytical expressions used in this paper for the derivation of fragility functions are based on the 

assumption that earthquake damage distribution can be represented by the cumulative standard 

lognormal distribution function (Kircher et.al. 1997). Concerning the conditional probability of damage 

reaching or exceeding a predefined damage state (DSi) for a given ground motion intensity parameter, 

the fragility function can be expressed by Equation 3: 

 

   1/ ln /iP Damage DS IM IM        (3) 

 

where ɸ is the standard normal cumulative distribution function, IM is the defined level of ground 

motion intensity measure and, µ and β are the median and the lognormal standard deviation of the IM, 

respectively. 
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For estimating the structural demand distribution of building ensemble, a routine is coded in Matlab 

environment which performs Maximum Likelihood Estimation (MLE). By the use of MLE analysis, the 

appropriate parameters are investigated for various probability density functions and the average value 

of the logarithm of likelihood value related with the parameters is computed. When the distributions are 

arranged in order according to the normalized log-likelihood values, it is agreed that the distribution that 

has the maximum value represents the structural demand distribution in the best possible way. After this 

process, for every PGA values from 0.1g to 0.8g, probability of exceedance of the predefined damage 

states is designated by applying Equation 4: 

 

    Pr 1exceedanceP DS DP DS F x     (4) 

 

where DP is the damage parameter and F(x) is the likeliest cumulative probability distribution function. 

For a definite damage state, the function of the obtained probability of exceedances with respect to the 

different values of strong ground motion intensity parameter, i.e PGA, gives the fragility curve. The 

Matlab-coded FORECAST program delineates the statistically achieved F(x) fragility curve with a 

parametric function by using two different models. At this stage, the parameters of the lognormal 

cumulative distribution function and polynomial curve fitting are being estimated. Solution is provided 

with Nelder-Mead Method (Lagarias et.al., 1998) in case of lognormal cumulative distribution function 

is used while fragility curve is modelled as a polynomial of x variable during polynomial curve fitting 

method. Herein the aim is to capture the a coefficients given in Equation 5, which reduce the Mean 

Square Error-MSE to minimum. 

 
* argmax

a

a MSE  (5) 

 

The signified errors are achieved by using Root Mean Square Error-RMSE and Kolmogorov-Smirnov 

Statistics methods and are illustrated in the presentation of the fragility curves obtained. 

 

4.2 Proposed Fragility Functions 

 

Employing the moderately damaged buildings in the first place for calibration purposes, the distributions 

of the demand parameters in terms of top story drift ratio and base shear demand ratio are obtained for 

the earthquake ensemble. The Matlab-coded FORECAST program is enhanced in order to perform the 

statistical investigations and by the use of this software, two complementary fragility relationships are 

proposed. The damage zone boundaries in the proposed fragility expressions are calculated using the 

analytical results of the moderately damaged building set and damage levels are defined in regards to 

shear demand/capacity and interstory drift ratio parameters. Table 3 and 4 tabulates the alteration of the 

top story drift ratio and shear demand/capacity ratio, which are obtained according to the analytical and 

statistical findings, respectively.  

 
Table 3. Top story drift ratio ranges considering moderate damage zone boundaries. 

 

Damage Zone Boundaries Top Story Drift Ratio 

No Damage or Slight Damage < 0.9 % 

Moderate Damage 0.9 % - 1.7 % 

Heavy Damage or Collapse > 1.7% 

 

Figure 4 illustrates the PGA-based fragility function that predicate the probability of exceeding the 

‘Moderate Damage’ level for the building ensemble with the abovementioned statistical curve function 

while Figure 5 represents the probability of exceeding the ‘Heavy Damage/Collapse’ level with regard 

to top story drift ratio.  
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Figure 4. Proposed fragility curve that gives the probability of exceeding ‘Moderate Damage’ level for the 

ensemble with regard to top story drift ratio 

 

 
 

Figure 5. Proposed fragility curve that gives the probability of exceeding ‘Heavy Damage/Collapse’ level for the 

ensemble with regard to top story drift ratio 

 
Table 4. Shear demand/capacity ratio ranges considering moderate damage zone boundaries. 

 

Damage Zone Boundaries Shear Demand/Capacity Ratio 

No Damage or Slight Damage < 1.04 

Moderate Damage 1.04 – 2.44 

Heavy Damage or Collapse > 2.44 

 

In a similar manner, Figure 6 illustrates the PGA-based fragility function that predicate the probability 

of exceeding the ‘Moderate Damage’ level for the building ensemble with the abovementioned statistical 

curve function while Figure 7 represents the probability of exceeding the ‘Heavy Damage/Collapse’ 

level with regard to shear demand/capacity ratio. 
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Figure 6. Proposed fragility curve that gives the probability of exceeding ‘Moderate Damage’ level for the 

ensemble with regard to shear demand/capacity ratio 

 

 
 

Figure 7. Proposed fragility curve that gives the probability of exceeding ‘Heavy Damage/Collapse’ level for the 

ensemble with regard to shear demand/capacity ratio 

 

When a rapid estimation of the damage level of a ductile or brittle sub-standard existing building under 

the effect of a probable seismic event is necessitated, it is recommended to select one of the two fragility 

expressions proposed in here and to consider the results of the unfavorable one by considering the related 

demand parameters.  

 

 

5. CONCLUSIONS  

 

The worthy of notice amounts of casualties, injures and economic losses during destructive shakes in 

Turkey over the last quarter-century are regrettably far too much when compared to those for similar 

intensity earthquakes recorded elsewhere in the world. Site-observed damages after these earthquakes 

indicate that main structural design and construction deficiencies cause partial or total collapse of RC 



10 

 

 

buildings in Turkey. Therefore, a detailed and fast estimation of the building stock in order to predict 

the probable damage during future events is required by means of organizing the emergency 

management services efficiently.  

Within the scope of this research, an ensemble of 50 existing RC buildings is selected which represent 

the structural characteristics of existing structures with weakness in stiffness and strength, in addition to 

poor concrete quality and rebar detailing. The ensemble consists of buildings, which have been site-

investigated after the corresponding earthquake events and have experienced different levels of damages 

during the major earthquakes in Turkey. Nonlinear dynamic and static analyses are carried out utilizing 

DRAIN-2DX computer program and a set of artificial ground motions is employed during nonlinear 

dynamic time history analyses by scaling the PGA values of the earthquake ensemble with an increment 

of 0,05g from 0,1g to 0,8g. 

By the favor of the enhanced software, statistical evaluations are performed and two complementary 

fragility relationships are proposed. The damage zone boundaries in the proposed fragility expressions 

are calculated using the analytical results of the moderately damaged building set. Eventually, when a 

fast estimation is necessitated in order to define the damage rank of a building and/or a building stock 

subjected to an earthquake, the boundaries of the “Moderate Damage” zone based on DCR and drift 

ratio parameters can be used for shear critical and ductile systems, respectively. 

Furthermore, this study attempts to prove that utilizing the relevant software and integrating it with a 

countrywide seismic hazard analysis tool, one can estimate the probable damage distribution, as well as 

its relevant data, which will improve disaster response strategies. The study also illustrates the 

significance of assessing the vulnerability of a population of sub-standard buildings under the effect of 

various seismic scenarios and the need for expanding this study to cover other classes of structures in 

the region. 
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