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1. Introduction 
 

According to Marko et al. (2004), earthquakes are one 

of the biggest threats to life on this planet, by having 

devastated countless towns and villages. All these have led 

to different considerations towards structural safety, 

serviceability, and the potential of economic loss. 

Furthermore, those parameters are important to be 

considered in the structural design of the buildings under 

seismic loading. Hence, it is necessary to construct a 

structure considering the earthquake resistance at a specific 

intensity shaking (Juni P et al. 2017). In order to achieve a 

sustainable structural design with reduced economic loss, 

earthquake engineering requirements in building codes are 

used to prevent the collapse of buildings and to ensure the 

safety of building occupants during extreme ground 

motions. In recent years, the development and  
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implementation of energy dissipating devices resulted in 

significantly reducing the seismic demand of the structure 

becomes popular among both researchers and practicing 

engineers. 

The performance limit states are important parameters 

of Performance-Based Earthquake Engineering (PBEE) 

which can be defined through incremental dynamic analysis 

(IDA) curve (Vamvatsikos and Cornell 2002). Meanwhile, 

the IDA curve can be obtained when the structure 

undergoes incremental dynamic analysis (IDA) introduced 

into a few seismic records. From the outcome extracted 

from IDA, the fragility curve can be developed which 

represents the probability of the structural damage due to 

the earthquake events (Kammula et al. 2014). 

There are so many various studies that have 

concentrated on exploring the seismic performance of the 

structure with implementing the passive energy dissipation 

devices which are also known as dampers (Khorami et al. 

2017, Lavan 2015, Hoveidae et al. 2019, Montgomery and 

Christopoulos 2014, Alih et al. 2018, Xie 2005, Kim and 

Kim 2017, Yang et al. 2017, Cetin et al. 2017, Zhang et al. 

2019, Losanno et al. 2017, Sun et al. 2019, Cetin et al. 

2019, Hessabi et al. 2017, Casapulla 2015, Guan et al. 

2018, Silwal et al. 2016, Manie et al. 2015). However, only 

a few studies have specialized in the assessment of the 

seismic performance considering different types of dampers 

using a probabilistic approach (Seo et al. 2014, Hamidia et 

al. 2014, Sani et al. 2017, Kitayama and Constantinou 

2016). Other than that, from recent studies mentioned 

before, only Kitayama and Constantinou (2016) considered 
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Abstract.  The use of passive energy dissipation devices has been widely used in the construction industry to minimize the 

probability of damage occurred under intense ground motion. In this study, collapse margin ratio (CMR) and fragility curves are 

the main parameters in the assessment to characterize the collapse safety of the structures. The assessment is done on three types 

of RC frame structures, incorporating three types of dampers, viscoelastic, friction, and BRB dampers. The Incremental dynamic 

analyses (IDA) were performed by simulating an array of 20 strong ground motion (SGM) records considering both far-field 

and near-field seismic scenarios that were followed by fragility curves. With respect to far-field ground motion records, the 

CMR values of the selected frames indicate to be higher and reachable to safety margin more than those under near-field ground 

motion records that introduce a high devastating impact on the structures compared to far-field excitations. This implies that the 

near field impact affects the ground movements at the site by attenuation the direction and causing high-frequency filtration. 

Besides that, the results show that the viscoelastic damper gives better performance for the structures in terms of reducing the 

damages compared to the other energy dissipation devices during earthquakes. 
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both seismic scenarios which are far-field and near-field 

ground motion records and the other studies only 

considered either far-field or near-field ground motion 

records.  Furthermore, the use of dampers has been widely 

used in recent years and the use of collapse margin ratio is 

an important tool to evaluate the collapse safety for the 

structures with the use of several types of dampers. One 

main type of dampers is Friction dampers. The friction 

devices can provide rigidity and the desired energy 

dissipation capability (Kitayama and Constantinou 2016). 

According to Soong and Spencer Jr (2002), friction 

dampers used a solid friction mechanism that developed 

between two solid bodies sliding to another in order to 

produce the required energy dissipation. Meanwhile, studies 

by Zhu and Zhang (2008), stated that the friction damping 

devices dissipate the energy by the single friction 

mechanism built on the sliding layer, which is a relatively 

inexpensive and efficient approach to energy dissipation. 

The application of friction dampers results in a significant 

reduction of internal forces. 

In addition to that, Viscoelastic dampers consist of 

viscoelastic materials used within structural systems, which 

are typically copolymers or glassy substances that dissipate 

energy by shear deformation. According to Tubaldi et al. 

(2015), the use of viscoelastic dampers has become 

increasingly common in the development and refurbishment 

of civil structures subjected to earthquake loads, as it often 

allows for the mitigation of undesirable features of 

structural reaction (Asano et al. 2000). As well, according 

to Xu et al. (2003), optimization analysis of structures with 

viscoelastic dampers includes the optimization of 

viscoelastic dampers parameters and locations in the 

structure are very important because the parameters and 

locations of viscoelastic dampers will lead to the most 

effective absorption. Moreover, viscoelastic damper 

comprises of flaky viscoelastic materials attached to steel 

plates and, if shear deformation occurred in viscoelastic 

materials, energy dissipation occurred due to dynamic loads 

(Zhang et al. 2019). Nevertheless, Symans et al. (2008) 

reported that viscoelastic dampers are used in structures to 

minimize structural vibration induced by many different 

types of dynamic loads. Finally, Kim and Choi (2004), 

studied the effect of viscoelastic dampers towards 5-storey 

and 25-storey rigid frame connected to braced frames. The 

parametric study shows that the viscoelastic dampers are 

able to minimize the dynamic responses of the structures by 

reducing the maximum displacement occurred. 

Furthermore, buckling restrained brace, BRB provides 

stiffness and energy dissipation throughout the height of the 

structure and present good hysteretic behavior. Other than 

that, BRB is vulnerable to residual displacements were 

functioning in reducing overall structural performance 

(Maley et al. 2010).  In addition, Kim and Choi (2004), 

studied the seismic responses of structures with the use of 

BRBs and causes a reduction in maximum displacements of 

structures as the stiffness of BRBs increases and 

meanwhile, the wise distribution of the BRBs towards each 

storey results in a good structural performance especially in 

reducing the inter-story drift. Moreover, Xie (2005) 

conducted a study that represented a summary of BRB. 

Accordingly, when the brace is subjected to large 

compressive forces, it results in buckling deformation and 

present unsymmetrical hysteretic behavior in tension and 

compression. Ultimately, recent research suggested the 

technique of buildings with BRBs for low-intensity ground 

motion with regular occupancy showing adequate 

performance if it meets the Operational performance level 

suggests that the main framework and braces system should 

not lead to significant extensive damage. Based on the 

studies, the building shows adequate performance under 

Life Safety performance level and can be easily repaired 

which indicates when the main structural system remains to 

sustain at the elastic range and stay undamaged, the bracing 

device produces substantial plastic activity that allows a 

large amount of input energy to be dissipated. When the 

main structural system deforms further than the elastic 

range, the structural damage is concentrated in the braces’ 

structure (Terán-Gilmore et al. 2015, Teran-Gilmore and 

Virto 2009).  

One of the main objectives of the seismic design 

philosophy is to design structures so that under intense 

ground motions the structural collapse is prevented. 

Therefore, the safety margin against structural collapse 

must be quantified (Deierlein et al. 2007). Hamidia et al. 

(2014), recently proposed a technique for predicting the 

side-sways margin collapse ratio of buildings using linear 

viscous dampers as described by the FEMA P695 

methodology. The proposed technique is defined as much 

simpler because the FEMA P695 methodology needs only 

median sideways collapse capability as compared to the 

whole collapse fragility curve. Moreover, the determination 

of the structure's collapse margin ratio is affected by many 

factors such as pre-collapse elongation of the structural 

fundamental period, earthquake strength estimation, seismic 

risk potential, and spectral shape disparity between the 

ground motion medium spectrum and the design spectrum 

(Ou et al. 2014, Kassem et al. 2019). Other than that 

Tohidian and Manafpour (2015) also studied the collapse 

margin ratio for reinforced concrete moment resisting 

frames of 3-storey, 6-storey and 10-storey by considering 

different types of soil classifications and ductility levels. 

The collapse is assessed for each of the ground motion 

records and the median value collapse, SCT is calculated. 

Last but not least Seo et al. (2014), used the collapse 

margin ratio to evaluate the seismic performance of steel 

moment-resisting frames (MRFs) with the incorporation of 

fluid viscous dampers. He et al. (2018) stated a collapse 

margin ratio is one of the quantified indexes for structural 

collapse resistance to evaluate the efficiency of introducing 

BRBs in earthquake-resistant reinforced concrete frames. 

Eventually, the aim of this research is to develop the 

fragility curves of RC-MRFs with and without dampers 

subjected to different seismic scenarios, as well as to 

evaluate the collapse margin ratio (CMR) subjected to 

different types of dampers. Hence, this research focuses on 

the assessment of the structure with the use of dampers 

considering near-field (NF) and far-field (FF) seismic 

scenarios through the CMR, which can be defined by the 

fragility curves of the investigated dampers; viscoelastic, 

friction and BRB. 
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2. Utilized methodology 

 

In this work, the assessment related to collapse margin 

resistance of gravity load designed structures are 

investigated by intervening different type of dampers 

through (4-storey, 9-storey and 20-storey) buildings due to 

seismic scenarios. The structural models represent three 

types of clusters as low-rise, mid-rise, and high-rise 

buildings that were simulated, and analyzed using a 

nonlinear platform. A nonlinear dynamic analysis approach 

is adopted to assess the structural vulnerability of the 

structures with and without intervention of the damper 

systems, which are known as a key tool to determine the 

safety margin of the structure. These analyses were 

performed by conducting 20 seismic records as a series of 

nonlinear time history (NL-TH) divided by near-field (NF) 

and far-field (FF) SGMs. The ground motion records were 

selected based on the magnitude and distance to source as a 

criterion for this study. In addition to that, seismic fragility 

curves were developed to evaluate the seismic performance 

of structural models according to 4-performance limit sates 

(OP: Operational Performance, IO: Immediate Occupancy, 

LS: Life Safety, and CP: Collapse Prevention). Eventually, 

the collapse margin ratios (CMRs) as a seismic indicator 

have been calculated after performing the fragility analyses 

of Collapse level at 50% probability of damages as referred 

to FEMA P-695 process. Fig. 1 shows and describes the 

methodology of this study. 

 

2.1 Structural model configurations 
 

The investigated structures are 4-storey, 9-storey and 

20-storey with total height 12 m, 27 m, and 60 m 

respectively. Each frame consists of three bays with 6 m 

width each and has a similar storey height which is 3 m. 

Fig. 2 shows the investigated structural models. The frames 

are analyzed and designed according to Eurocode 2. Several 

properties are assumed for each of the frames. The material 

type used is concrete with concrete grade C30. Concrete 

compressive strength, f`c and weight per unit volume are 30 

MPa and 24 kN/m3 respectively. Meanwhile the modulus of 

elasticity of concrete, E is 25,743 MPa. The yield stress of 

reinforced steel, fy is 460 MPa. In this work, the concept of 

the strong column-weak beam is applied in designing the 

frames according to (Wongpakdee and Leelataviwat 2017) 

Tables 1 and 2 show the details on the design 

assumptions of beam and column specifications with 

reinforcement detailing of each, respectively. Fig.3 shows 

the detailing rebars of the columns designed. Each of the 

frame models undergoes clarification under gravity load 

cases in order to verify whether the sizes of properties 

assigned to the models is capable enough under gravity 

loads (dead load and live load) such as if there are any of 

the elements of the structure undergoes any overstress. All 

the frame models are stable under gravity loads and not 

exhibit any overstress at the reinforcement assigned to the 

elements of the structure to provide lateral resistance to 

withstand earthquake loading in seismic regions. Friction 

damper and viscoelastic damper are defined in terms of link 

elements. The mass of the dampers is defined according to 

the size of the dampers, meanwhile, in terms of force 

capacity of the dampers, different values of forces can be 

used for different types of buildings. However, the force 

capacities for each damper were defined uniformly for all 

the frames. Meanwhile, for buckling restrained braced are 

defined in terms of the size of the core segment of the brace 

and tension and compression limit. 

 

2.2 Properties of dampers 
 

In this study, there are three types of passive dampers 

which are friction damper, viscoelastic damper and 

buckling restrained brace (BRB). Configuration of dampers 

in this study is in the form of chevron configuration or 

known as inverted- V because of the effectiveness and 

economic issues to provide lateral resistance to withstand 

earthquake loading in seismic regions. Friction damper and 

viscoelastic damper are defined in terms of link elements. 

The mass of the dampers is defined according to the size of 

the dampers, meanwhile, in terms of force capacity of the 

dampers, different values of forces can be used for different 

types of buildings. However, the force capacities for each 

damper were defined uniformly for all the frames. 

Meanwhile, for buckling restrained braced are defined in 

terms of the size of the core segment of the brace and 

tension and compression limit. 

In terms of damping coefficient, even though the lower 

values of the damping coefficient are often used, the value 

of 5% damping is selected to match the requirements of 

Eurocode 8 horizontal response spectrum and to be 

consistent with several previous studies (Costanzo et al. 

2018, Karamanci and Lignos 2014, Symans et al. 2008).  

Hence, in this study, the damping coefficient is assumed 

to be 5%. Fig. 4 shows the dampers' placement in the frame 

structures. 

 
Fig. 1 Flowchart of the study work for assessing dampers 

effect due to seismic scenarios 
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(a) (b) (c) 

Fig. 2 Elevation view of the frame buildings: a) 4-storey b) 9-storey c) 20-storey 

Table 1 Beam sizes and reinforcement details 

No. of storey 
Sizes 

(mm × mm) 

Reinforcement 

(mm2) 
Shear Link Beam Reinforcement Details 

4 300 × 600 6H16 (1207) 8 mm links at 300 mm c/c 

 

9 300 × 600 6H16 (1207) 8 mm links at 300 mm c/c 

20 300 × 600 6H16 (1207) 8 mm links at 300 mm c/c 

Table 2 Column sizes and reinforcement details 

No. of storey Sizes (mm × mm) Reinforcement (mm2) 

4 400 × 400 8H16 (1610) 

9 450 × 450 10H16 (2010) 

20 

700 × 700 ( 1st – 10th story ) 

500 × 500 (11th – 14th story ) 

450× 450 (15th – 20th story ) 

14H16 (2815) 

8H16 (1610) 

8H16(1610) 

 
Fig. 3 Column sizes and reinforcement details 
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2.2.1 Friction dmper  
Friction dampers were modelled as nonlinear link 

elements. The mass and force capacity of the friction 

dampers were defined as 240 kg and 1000 kN, respectively.  

The friction dampers are assigned to the models using two 

joint links. 

 
2.2.2 Viscoelastic damper 
Viscoelastic dampers were modeled as fixed viscoelastic 

damper using linear type. The mass and force capacity of 

viscoelastic dampers were defined as 254 kg and 1000 kN, 

respectively based on Qamaruddin (2017). The viscoelastic 

dampers are assigned to the models using two joint links. 

 
2.2.3 Buckling rstrained baces (BRBs) 
BRBs were modeled as steel bracing. The tensile yield 

stress of BRB material is considered as 345 MPa. Modulus 

of elasticity of steel, E for BRBs is considered as 200 GPa.  

The core area of BRBs considered to be 3548.38 mm2. 

Other than that, the axial resistance based on (Ghowsi and 

Sahoo 2013), consists of tension and compression limitation 

on used for the BRBs are 1223.3 kN and 1345.6 kN 

respectively. The leaning column is limited in terms of the 

connection between columns and BRBs in order to have the 

same lateral displacement at each floor level as the adjacent 

braced frame column. This can be accomplished through 

the use of rigid link beams with fixed ends between the 

BRBs and the leaning columns at each floor level.  

 

 

Hence, in the present study, the pinned connection is 

used between the columns and BRBs. 

 

2.3 Strong ground motions selection 
 

In this study, there are two parameters that are taken into 

consideration in the selection procedure of the SGMs, 

which are the event magnitude and distance from the site to 

source. The earthquake scenarios are selected with the range 

magnitude between 5.0 to 7.0 with different distance from 

site to source. 

According to Alwaeli et al. (Alwaeli et al. 2017), the 

distance between site to the source generally influences the 

ground motion at the site through path attenuation and high-

frequency filtration. The seismic wave is either amplified or 

dissipated depends on the characteristics of the soil strata 

while traveling from the bedrock to the ground motion. The 

classification distance from the site to source for the far-

field and near-field is not exactly clarified. Some of the 

researchers suggested considering the distance from site to 

the source less than 20km for near-field case meanwhile, 

greater than 20km considered as the far-field case. 

Other than that, stated by FEMA P695 (2009), far-field 

record set is a distance from sites located greater than or 

equal to 10 km from fault rupture and meanwhile, the near-

field record set is a distance from sites less than 10 km from 

the fault rupture.  Hence, in this study, near-field ground 

motion is considered as the distance from site to source less  

 

 
 

(a) (b) (c) 

Fig. 4 Dampers placement for: (a) 4-storey (b) 9-storey (c) 20-storey 

Table 3 Near-Field NF ground motion records  

No Earthquake Date Magnitude, Mw Epicentral Distance, km PGA(g) 

1 Anza (Horse Canyon)-01 25/02/1980 5.19 5.85 0.275 

2 Dursunbey, Turkey 18/07/1979 5.34 5.57 0.185 

3 Fruili Italy-03 11/09/1976 5.50 16.26 0.366 

4 Helena Montana-01 31/10/1935 6.00 2.07 0.614 

5 Imperial Valley-07 15/10/1979 5.01 10.83 0.204 

6 Izmir Turkey 16/12/1977 5.30 0.74 0.391 

7 Lytle Creek 12/09/1970 5.33 17.40 0.526 

8 California 10/01/1987 6.10 14.60 0.223 

9 Northwest China-03 11/04/1997 6.10 9.98 0.446 

10 Parkfield-02 CA 28/09/2004 6.00 2.35 0.263 
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than or equal to 20 km meanwhile, far-field ground motion 

is considered as the distance from site to source greater than 

20 km. Other than that, several seismic codes recommend 

that the nonlinear dynamic analysis must be performed with 

a minimum of three to seven sets of ground motions such as 

FEMA 356, UBC97, IBC2006 and NEHRP. 

In this study, two sets of 10 natural earthquake records 

each with a total of 20 records were presented considering 

both seismic scenarios which are near-field and far-field 

earthquakes. The Pacific Earthquake Research Centre 

database (PEER) has been used to select the SGM records. 

Tables 3 and 4 show the specifications of the near-field 

(NF) and far-field (FF) ground motion records respectively. 

 

2.4 Seismic vulnerability assessment 
 
2.4.1 Fragility estimation 
The seismic fragility curve is one of the most important 

essential elements in the assessment of damage from 

earthquake events. The fragility curves represent the 

probabilities of structural damage due to earthquake events 

as a function of ground motion intensities such as peak 

ground motion acceleration (PGA), spectral acceleration 

(Sa) and spectral displacement (Sd). The fragility curves 

vary with the type of structural systems, characterization of 

earthquakes excitation and performance levels chosen 

(Kammula et al. 2013). In order to extract the occurrence 

probability of limit states from IDAs output, the fragility 

curves would be used. The occurrence probabilities of limit 

states were calculated with cumulative density function 

(CDF) and delineated with IM in fragility curves (Sani et al. 

2015, 2017). 

Meanwhile, in order to develop fragility curves, the 

selection of the seismic parameters such as spectral 

acceleration (Sa), spectral displacement (Sd), peak ground  

 

 

velocity (PGV) and peak ground acceleration (PGA) need  

to be chosen. Since in this study, the spectral acceleration, 

Sa(T1) is the parameter used to develop the IDA curves, 

hence, the spectral acceleration, Sa(T1) is selected to be the 

corresponding parameter in developing the fragility curves. 

According to Shinozuka et al. (2003), the cumulative 

distribution functions are calculated by dividing the number 

of data points that reached a particular damage state by the 

number of points of the whole sample. The equation needed 

to develop the fragility curves is shown in Eq. (1) 

mentioned in (Ibrahim and El-Shami 2000). 

 

  1 -

1

Ln Sa TD
P

Sa T






  
   

     

 (1) 

Where ϕ is the standard normal cumulative distribution 

function, μ and σ are the mean and standard deviation of the 

logarithm Sa at the damage state, and D specified as the 

mentioned performance level (Ibrahim and El-shami 2011). 

Besides, to measure the performance of the structures, the 

percentage of drifts will be used to observe the maximum 

displacement occurred to the structures that lead to the 

structural collapse as illustrated in Table 5.  

 

2.4.2 Collapse margin ratio (CMR) 
Defined by FEMA P695, the ratio between the median 

collapse intensity obtained from the fragility curve and 
Maximum Considered Event (MCE) intensity called, as 
collapse margin ratio (CMR) is the critical parameter in the 
evaluation to describe the stability of the structure collapse. 
In the assessment of the seismic performance of the 
structures incorporation different types of dampers, the 
FEMA P695 suggests the need to apply a collapse 
assessment methodology to structures with the use of 
damping systems. The collapse Margin Ratio (CMR) can be 
determined with the use of series ground motion records 
and collapse data obtained from IDA and fragility analyses. 
The CMR can be defined through fragility curves, which 
represent the probability of structural damage with the 
specific percentage drift based on performance limit states. 

The FEMA P695 recommends to determine the seismic 
collapse safety margin of structures based on a probabilistic 
indicator called collapse margin ratio (CMR) defined as the 
ratio of the amount of intensity measure (IM) increased to  

Table 4 Far-Field (FF) ground motion records 

No Earthquake Date 
Magnitude, 

Mw 
Epicentral Distance, km PGA(g) 

1 Georgia USSR 15/06/1991 6.20 63.53 0.321 

2 Imperial Valley-01 06/06/1938 5.00 32.44 0.453 

3 N. Palm Springs 08/07/1986 6.06 54.67 0.328 

4 Northern Calif-06 18/12/1967 5.20 37.11 0.573 

5 Northridge-01 17/01/1994 6.69 35.66 0.158 

6 Parkfield 28/06/1966 6.19 63.34 0.210 

7 Sabah 05/06/2015 6.00 20 0.125 

8 Roermond Netherlands 13/04/1992 5.30 55.48 0.427 

9 Taiwan SMART1(40) 20/05/1986 6.32 58.69 0.295 

10 Whittier Narrows-01 01/10/1987 5.99 72.62 0.456 

Table 5 Performance limit % drift of the structures (Vision 

2000) 

Performance Level OP IO LS CP 

Maximum % of ISDR 0.5% 1.0% 1.5% 2.5% 

Allowable 

Maximum 

Displacement 

(m) 

4-storey 0.06 0.12 0.18 0.30 

9-storey 0.14 0.27 0.40 0.68 

20-storey 0.30 0.60 0.90 1.50 
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Fig. 5 CMR indicator from a collapse fragility curve (Ou et al. 

2014) 

 

 

achieve building collapse by 50% of the ground motion to 

the intensity measure (IM) of the maximum considered 

earthquake (MCE) as shown in Eq. (2). 

%50 Collapse

MCE

IM
CMR

IM

 
  
 

 (2) 

According to Malaysia National Annex (2017) the value 

of PGA for Peninsular Malaysia is between 0.02 g to 0.10g 

for 500 years return period. Meanwhile, the value of PGA 

for Sabah and Sarawak is between 0.06 g to 0.12 g with the 

same return period. Accordingly, 3 values of PGA were 

selected as a reference of peak ground acceleration, agR 

which are 0.02 g, 0.06 g, and 0.12 g to overcome a wide 

range of PGA in Malaysia. In this case, considering the 

most critical value of PGA occurred in East Malaysia which 

is 0.12 g, the value of peak ground acceleration (PGA) for 

MCE is taken as 0.16g (0.424 g for Sa(T1)). Where Fig.5 

shows an example of a fragility curve obtained from the Eq. 

2. Ic is the earthquake intensity at 50% from the probability 

of structural collapse which occurred at the CP state. CMR 

indicates the ratio of Ic to the earthquake intensity 

corresponding to MCE, IMCE. 

 

 

3. Results and discussion 
 
3.1 Fragility curves 
 

In this study, the assessment has been done by using two 

sets of ground motion records representing far-field (FF) 

and near-field (NF) seismic scenarios. he seismic intensity 

measure (IM) used in this study is spectral acceleration, 

Sa(T1). Each frame is subjected to the ground motion 

records until it reaches the collapse state (CP) at 2.5%. The 

fragility curves were developed based on four performance 

limit states which are Operational Performance (OP), 

Immediate Occupancy (IO), Life Safety (LS) and Collapse 

Prevention (CP) defined as 0.5%, 1.0%, 1.5%, and 2.5% 

drift respectively. In order to develop the fragility curves, 

there are two important parameters which are mean and 

standard deviation. The parameters are calculated for all the 

frames subjected to ten ground motion records for each of 

the seismic scenarios consists of far-field records and near-

field ground motion records based on the equation proposed 

by Ibrahim and El-Shami (Ibrahim and El-Shami 2011).  

After calculating the mean and standard deviation for all 

cases and frames, the fragility curves were developed as the 

parameter that estimates the probability of the damage. The 

fragility curves consist of three parts which are the results 

for 4-storey, 9-storey and 20-storey frames. The comparison 

for each part consists of the performance of the frames 

without dampers and frames with the use of dampers 

subjected to seismic scenarios. 

 

3.1.1 4-Storey fragility curve 
Based on the fragility analysis for 4-storey frame 

without dampers and with the use of friction damper, 

viscoelastic damper, and BRB. The analysis results were 

illustrated to compare the probability of damages under the 

influence of far-field (FF) and near field (NF) SGM records 

at spectral acceleration Sa(T1) equals to 1.0 g regarding 

different types of dampers as shown in the Fig. 6 and Table 

6. 

For far-field records, it shows that 4-storey frame 

without dampers causes 100% damage of the structures 

higher than the 4-storey frame with the use of dampers with 

less than 100% damage of the structures. The probability of 

damage for 4-storey frame with the use of friction damper 

causes of 80% damage of structures higher than the frame 

with the use of viscoelastic damper and BRB causes of 50% 

damage of structures, respectively.  

Meanwhile, comparing with near-field records it shows 

that 4-storey frame without dampers causes 100% damage 

of the structures higher than the 4-storey frame with the use 

of dampers with less than 100% damage of the structures 

except for frame with the use of friction damper. The 

probability of damage for 4-storey frame with the use of 

friction damper causes 100% damage of structures the same 

as the frame without the use of dampers and higher than 

compared to the BRB and viscoelastic damper causes 80% 

and 50% damage of the structures, respectively. 

For both seismic scenarios, the friction damper shows a 

quite high probability of damage, still with the use of 

damper shows some improvement in structures behavior 

when subjected to the earthquake which can be seen using 

BRB and viscoelastic damper. From this comparison, this 

clearly shows that passive energy dissipation devices which 

are friction damper, viscoelastic damper and BRB give a 

better performance of the structures in terms of damage of 

structures compared to the structures without the use of 

passive energy dissipation devices during the occurrence of 

the earthquakes. 

 

3.1.2 9-storey fragility curve 

Based on the fragility analysis for 9-storey frame 

without dampers and with the use of friction damper, 

viscoelastic damper, and BRB. The analysis is illustrated to 

compare the probability of damages under the effect of far-

field (FF) and near field (NF) ground motion record at 

spectral acceleration Sa[T1] equals to 1.0 g regarding 

different types of dampers as shown in the Fig. 7 and Table 

7. 

For far-field records, it shows that the 9-storey frame  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Fig. 6 Fragility curves for 4-storey frame (a): Without dampers (FF) (b): Without dampers (NF) (c): Friction damper (FF) (d): 

Friction damper (NF) (e): Viscoelastic damper (FF) (f): Viscoelastic damper (NF) (g): BRB (FF), (h): BRB (NF) 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Fig. 7 Fragility curves for 9-storey frame (a): Without dampers (FF) (b): Without dampers (NF) (c): Friction damper (FF) (d): 

Friction damper (NF) (e): Viscoelastic damper (FF) (f): Viscoelastic damper (NF) (g): BRB (FF) (h): BRB (NF) 
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without dampers causes 100% damage of the structures 

higher than the 9-storey frame with the use of dampers with 

less than 100% damage of the structures. The probability of 

damage for 9-storey frame with the use of dampers results 

with the use of BRB causes 70% damage of structures 

higher than with the use of friction damper and viscoelastic 

damper causes only 50% and 24% damage of structures, 

respectively.  

Meanwhile, comparison under near-field records shows 

that 9-storey frame without dampers causes 100% damage 

of the structures higher than the 9-storey frame with the use 

of dampers with less than 100% damage of the structures. 

The probability of damage for 9-storey frame with the use 

of dampers results with the use of friction damper and BRB 

causes 90% damage of structures higher compared to the 

viscoelastic damper only causes 50% damage of the 

structures.  

For both seismic scenarios, shows that 9-storey frame 

with the use of dampers gives a better performance of the 

structures compared to the 9-storey frame without the use of 

dampers. From both seismic scenarios, viscoelastic damper 

causes a lower percentage of damage compared to the 

friction damper and BRB but, still shows very effective 

improvement in structures behavior when subjected to the 

earthquake. From this comparison, this clearly shows that 

passive energy dissipation devices which are friction 

damper, viscoelastic damper and BRB give a better 

performance of the structures in terms of damage of 

structures compared to the structures without the use of 

passive energy dissipation devices during the occurrence of 

the earthquakes. 

3.1.3 20-storey fragility curve 
Based on the fragility analysis for 20-storey frame 

without dampers and with the use of friction damper, 

viscoelastic damper, and BRB. The analysis results are 

illustrated to compare the probability of damages under the 

effect of far-field (FF) and near field (NF) ground motion 

record at spectral acceleration Sa[T1] equals to 1.0 g 

regarding different types of dampers as shown in the Fig. 8 

and Table 8. 

For far-field records, it shows that the 20-storey frame 

without dampers causes 60% damage of the structures 

higher than the 20-storey frame with the use of dampers 

with less than 60% damage of the structures. The 

probability of damage for 20-storey frame with the use of 

dampers results with the use of viscoelastic damper and 

BRB causes only 20% damage of structures higher than 

with the use of friction damper which only causes 41% 

damage of structures. 

Meanwhile, comparison under near-field records shows 

that 20-storey frame without dampers causes 80% damage 

of the structures higher than the 20-storey frame with the 

use of dampers with less than 80% damage of the 

structures. The probability of damage for 20-storey frame 

with the use of BRB causes 70% damage of structures 

higher than viscoelastic damper and friction damper which 

causes 60% and 40% damage of structures respectively. 

Both seismic scenarios show that for 20-storey frame 

with the use of dampers gives a better performance of the 

structures compared 20-storey frame without the use of 

dampers. From both seismic scenarios, viscoelastic damper 

causes the lower probability of damage compared to the 

friction damper and BRB but, still shows very effective 

improvement in structures behavior when subjected to the 

earthquake. From this comparison, this clearly shows that 

passive energy dissipation devices which are friction 

damper, viscoelastic damper and BRB gives better 

performance of the structures in terms of damage of 

structures compared to the structures without the use of 

passive energy dissipation devices during the occurrence of 

the earthquakes. 

 

3.2 Collapse Margin Ratio (CMR) 

 

The CMR suggested by FEMA P695 is one of the best 

collapse indicators that has been developed over the past 

decades. This indicator would describe the structure's 

collapse safety by combining the median spectral 

acceleration and MCE spectral acceleration in the 

fundamental period of the site classification structure in 

Malaysia-East Asia. The median intensity of collapse is 

specified once half of the structure has the type of life-

threatening failure or the possibility of damage is exceeded 

(Pcollapse=50%). In this study, by taking the spectral 

acceleration, Sa[T1] at 50% of CP state divide by the 

maximum considered earthquake (IMCE) which is taken as 

0.424 g as Sa, which is equal to 0.16 g PGA based on the 

East Malaysia seismic zone stated in Malaysia National 

Annex 2017. 

 

Table 7 Probability of damage at CP state for 9-storey at  

1.0 g SA[T1] 

Probability of damage (%) at CP state 

Models/ Seismic Scenario Far-Field Near-Field 

Without damper 100 % 100 % 

Friction damper 50 % 90 % 

Viscoelastic damper 24% 50 % 

BRB 70 % 90 % 

Table 6 Probability of damage at CP state for 4-storey at 1.0 g 

Probability of damage (%) at CP state 

Models/ Seismic Scenario Far-Field Near-Field 

Without damper 100 % 100 % 

Friction damper 80 % 100 % 

Viscoelastic damper 50 % 50 % 

BRB 50 % 80 % 

Table 8 Probability of damage at CP state for 20-storey at 

1.0g Sa[T1] 

Probability of damage (%) at CP state 

Models/ Seismic Scenario Far-Field Near-Field 

Without damper 60 % 80 % 

Friction damper 41% 40 % 

Viscoelastic damper 20 % 60 % 

BRB 20 % 70 % 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Fig. 8 Fragility curves for 20-storey frame (a): Without dampers (FF) (b): Without dampers (NF) (c): Friction damper (FF) 

(d): Friction damper (NF) (e): Viscoelastic damper (FF) (f): Viscoelastic damper (NF) (g): BRB (FF), (h): BRB (NF) 
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(a) 

 
(b) 

Fig. 9(a) Collapse fragility curve for (FF) ground motion 

records without dampers (b) Collapse fragility curve for (NF) 

ground motion records without dampers 

 

 
 

3.2.1 CMR for 4-story frame 
As an example, based on the collapse fragility curve in 

Fig. 9(a) and 9(b) which shows the spectral acceleration, 

Sa[T1] at 50% at CP state are taken from the fragility 

curves for 9-storey frame without damper under far-field 

and near-field records respectively. As well the Ic represents 

the spectral acceleration at 50% at CP state. Table 9 shows 

the CMR values for 4-storeys with and without dampers. 

 

3.2.2 CMR for 9-story frame 
As an example, based on the collapse fragility curve in 

Figs. 10(a) and 10(b) which shows the spectral acceleration, 

Sa[T1] at 50% at CP state are taken from the fragility 

curves for 9-storey frame without damper under far-field  

 
(a) 

 
(b) 

Fig. 10(a) Collapse fragility curve for (FF) ground motion 

records without dampers (b) Collapse fragility curve for (NF) 

ground motion records without dampers 

 

 

 

and near-field records respectively. As well the Ic represents 

the spectral acceleration at 50% at CP state. Table 10 shows 

the CMR values for 9-storeys with and without dampers. 

 
3.2.3 CMR for 20-story frame 
As another example based on the collapse fragility curve 

in Figs. 11(a) and 11(b) which shows the spectral 
acceleration, Sa[T1] at 50% at CP state are taken from the 
fragility curves for 20-storey frame without damper under 
far-field and near-field records respectively. Nevertheless, 
Figs.12 (a) and 12(b) shows the CMR for the following 
cases “friction damper”, “viscoelastic damper” and “BRB” 
for 20-storey frame. As well the Ic represents the spectral 
acceleration at 50% at CP state. Table 11 shows the CMR 
values for 20-storeys with and without dampers. 

Table 9 Collapse margin ratios (CMR) for 4-storey 

Seismic 

Scenario 
4-storey frame Ic50% collapse (g) 

IMCE  

(g) 
CMR 

Far-field 

Without damper 0.39 0.424 0.91 

Friction damper 0.69 0.424 1.63 

Viscoelastic 

damper 
2.02 0.424 4.76 

BRB 0.93 0.424 1.87 

Near-field 

Without damper 0.28 0.424 2.19 

Friction damper 0.38 0.424 0.89 

Viscoelastic 

damper 
1.06 0.424 2.50 

BRB 0.68 0.424 1.60 

Table 10 Collapse margin rations (CMR) for 9-storey 

Seismic 

Scenario 
9-storey frame 

Ic50% collapse  

(g) 

IMCE  

(g) 
CMR 

Far-field 

Without damper 0.39 0.424 0.90 

Friction damper 0.98 0.424 2.31 

Viscoelastic 

damper 
2.88 0.424 6.79 

BRB 0.79 0.424 1.87 

Near-field 

Without damper 0.35 0.424 0.81 

Friction damper 0.51 0.424 1.20 

Viscoelastic 

damper 
1.03 0.424 2.43 

BRB 0.56 0.424 1.31 
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(a) 

 
(b) 

Fig. 11(a): Collapse fragility curve for (FF) ground motion 

records without dampers (b) Collapse fragility curve for (NF) 

ground motion records without dampers 

 

 

 

4. Conclusion 
 

This study evaluates the 4-storey, 9-storey and 20-storey 

RC buildings with the use of different types of dampers 

which are friction damper, viscoelastic damper, and BRB 

under far-field and near-field seismic scenarios. In this 

research, the nonlinear incremental dynamic analyses were 

performed to evaluate the structural performance of the 

structures with and without the use of dampers. The 

conclusions that can be drawn are: 

• From the fragility curves, 4-storey, 9-storey and 20-

storey frames with the use of dampers show a decrement 

in the percentage of damage of the structures when 

subjected to the strong ground motions. The most  

 
(a) 

 
(b) 

Fig. 12(a) Collapse fragility curve for (FF) ground motion 

records with dampers (b) Collapse fragility curve for (NF) 

ground motion records with dampers 

 

 

effective damper, when subjected to the ground motions 

considering both seismic scenarios which are far-field 

and near-field ground motion records, for the 4-storey 

and 9-storey frames, has been the viscoelastic damper, 

while for 20-storey frame the friction damper has shown 

the best performance. This clearly shows that the 

passive energy dissipation devices used in this study 

which are friction damper, viscoelastic damper and BRB 

gives a better performance of the structures in terms of 

reduction of the damage to the structures compared to 

the structures without the use of passive energy 

dissipation devices during the occurrence of the 

earthquakes. 

• In this study, the CMR as the performance indicator of 

the structures with the use of dampers under both 

seismic scenarios has been defined from the fragility 

curves. Based on both seismic scenarios, the CMR 

values for the frames under far-field ground motion 

records are higher compared to the frames under near-

field ground motion records. This indicates that the near 

field effect affects the ground motion at the site through 

path attenuation and induced high-frequency filtration. 

Meanwhile, for far-field ground motion records, the 

seismic wave can be dissipated into the soil while 

traveling from the bedrock to the ground level but still 

depends on the characteristics of the soil. 

Table 11 Collapse margin ratios (CMR) for 20-storey frame 

Seismic 

Scenario 
9-storey frame Ic50% collapse (g) 

IMCE  

(g) 
CMR 

Far-field 

Without damper 0.90 0.424 2.12 

Friction damper 3.00 0.424 7.13 

Viscoelastic 

damper 
1.60 0.424 3.77 

BRB 1.59 0.424 3.73 

Near-field 

Without damper 0.63 0.424 1.49 

Friction damper 1.09 0.424 2.57 

Viscoelastic 

damper 
1.05 0.424 2.00 

BRB 0.79 0.424 1.87 
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