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The Seismic forces, acting on the non-structural component, are different with respect to the lateral force observed by the 
different design codes. For remarking the behavior of the structural components during dynamic action, large numbers of 
research were done as compared to the secondary or non-structural components of the structures. The behavior of inertia force 
acting on the non-structural components changes along with the altitude of the structure. The inertia force existing on non-
structural components depends on the acceleration amplification factor. In this paper, five different RC moment-resisting frame 
models as 2,4,6,8 and 10 stories, with pin support conditions are considered. The linear time history method is used for the 
analysis of all RC frame models with different range (0.01g to 0.32g) of ground motion data. Determine the acceleration 
amplification factor for all these models and compared with the previously models. It is observed that no previous model 
performed satisfactory results. Therefore, to proposed the amplification model which not only depends on the height of the 
building, natural period of the building but also depends on the range of the Peak Ground Acceleration (PGA).The proposed 
model is compared with the previous renowned models, It is detected that the proposed model performs better results with 
respect to other models. 
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1 Introduction 
Until the worldwide acceptance of current seismic 

design events towards the end of the twentieth century, 
the structures (irrespective of the structural material) 
collapsed or got damaged due to moderate to high 
earthquake actions. The engineering reinforced 
building or unreinforced masonry building both 
suffered huge damages during recent earthquake 
actions. As the basic shell of structures (i.e., load 
carriage parts, for example, outlines, substructure, 
establishments, and so forth; generally meant to as 
structural segments) are harmed seriously to make their 
annihilation fundamental, the degree of harm caused by 
the optional structure components (i.e., components not 
contributed the heap way of horizontal seismic force; 
for the most part indicated as non-auxiliary segments ) 
used to go totally disregarded1.With the acceptance of 
seismic design practiceuniversally, damages to the 
structural segment of engineered buildings have been 
repairable during moderate to severe earthquake 
events. But, by evaluation, as Non-Structural 
Components (NSCs) are not planned and fitted to resist 
earthquakes, they continually get damaged to a larger 

extent. The devastation to non-structural segments 
recognized in the current Taiwan earth tremor is 
evidence of these aspects2. 

Taiwan is situated along with the thrust between the 
Eurasian and Philippine Sea Plates. This region is 
recognized as a sensitive area in the world where 
frequent earthquake occurs3. A magnitude of 
7.3 earthquakes was hit on the central region of 
Taiwan, on 21 September 1999. A large percentage of 
building components (structural and non-structural 
components) got damaged due to the mainshock or 
strong aftershocks that cause not only loss of the 
economy but also loss of life4. Sometimes the expense 
of the non-auxiliary segments of a structure is 70-80% 
of the all-out development cost of business structures5. 

Non-Basic Segments (NSCs) are not regularly seen 
in design norms6,7 and are estimated to be basically 
for building, mechanical, or electrical purposes8,9. 
Research and development have been deficient in 
design methods of NSCs on the behaviour of the 
building. For unsymmetrical building, the damages of 
NSCs are more with respect to symmetrical 
buildings10. The perception that the NSCs perform 
openly to the structural casing is wrong, as it has been 
dug in that NSCs interface with the structural 
framework11 – 15. 
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For the seismic action on the structure, NSCs are 
categorized based on storey drift sensitive and the 
acceleration sensitive. Some guidelines provided by 
the researchers, for the designing of these 
components16,17, are based on the minimum equivalent 
static forces for the construction of a new building 
and retrofitting of the existing building18,19. These 
guidelines were obtained based on partial analytical 
studies20 and partial experimental studies21. It is also 
observed by some researchers that these guidelines do 
not provide truthful results when floor acceleration 
varies along with the height of the building22,23. 

The inertia force is a significant parameter for the 
designing of NSCs, and these inertia forces act in NSC 
by the floor acceleration24. For studying the behavior of 
the floor acceleration effect of the structures, 
Gillengerten and Bachman25 presented an approach to 
understands the concept of the acceleration 
amplification factor. It was observed that the 
acceleration amplification factor formula proposed by 
ASCE 7-1026, bounded between the mean plus standard 
deviation (mean+sd) of the peak acceleration. 
Akhalkhi27 suggested, that the acceleration 
amplification factor, was based on the normalized 
height (ratio between the height of the floor to the total 
height of the structure to the base) of the structure and 
the fundamental period of the structures. Agrahari28, 
proposed the amplification factor for fixed supported 
RC frame structures which was based on the different 
range of the PGA. However, Fathali’s29 marked that the 
amplification factors of the structures were also 
dependent on the intensity of the seismic motion acting 
on the structures. In this paper, to an analysis of five 
different height storeys of the moment-resisting RC 
frame model with pin support condition. For this 
analysis different ranges of ground motion data are 
considered (based on Fathali’s29), to determine the 
acceleration amplification factor. The proposed 
mathematical model of acceleration amplification 
factor after comparison with mean+sd and previous 
renowned amplification model is found to be better 
performing than previous models. 

2 Materials and Methods 
 

2.1 Current model equations 
 

2.1.1 Uniform Building Code 1997 (UBC) 
In this code30, the horizontal force acting on the 

non-structural components of the floor is given as: 

𝐹 1 3 𝑊 . (1) 

where, 𝑎  is the structural amplification factor, 𝑅  
is the response modification factor, ℎ  and ℎ  are the 
altitude of the components and the over-all height of 
the building from the bottom of the structures, 𝐼  
represent the important factor of the components, 𝑊  
is the total weight of the components respectively. 
The coefficient of  𝑎 , wary between 1.0 to 2.5 and 
the response modification factor (𝑅 ) vary between 

1.0 to 4.0. In this equation 1 3  represent the 

floor acceleration amplification factor of the 
secondary elements. 

The floor horizontal force 𝐹  

0.7𝐶 𝐼 𝑊 𝐹 4.0𝐶 𝐼 (2)

For determining the horizontal force on the elastic 
components of the floors, the response amplification 
and structural amplification factor is considered as 1.0. 

2.1.2 ASCE 
The lateral seismic force acting on the 

non-structural components, defined by ASCE/ SEI 
7-1026 in section 13.3.1 as

𝐹 0.4𝑆 𝑎 1 2 𝑊 (3)

0.3𝑆 𝑎 𝑊 𝐹 1.6𝑆 𝑎 𝑊 (4)

where, 𝐹  is the lateral seismic design force, 𝑆  
represent the site-specific short period spectral 
acceleration, 𝑎 is the component amplification factor 
having a range of 1.0 to 2.5, z and h denotes the 
height of the component and the height of the building 
with respect to base respectively, Ip is the component 
important factor, and 𝑅  refers to the component 
response modification factor which shows the energy 
absorbed by the component and 𝑊  is the weight of 

the component. However, the value of 1 2
express the floor acceleration amplification factor of 
the non-structural segments. 

2.1.3 IITK-GSDM 
 For the design of non-structural components in RC 

frame structures, IS 1893-200231 code does not 
provide clear information. Clause 7.12.2, define the 
lateral force acting on the non-structural components 
should be five times the horizontal design acceleration 
multiplied by the weight of the components. The 
provision given by the code gave highly inadequate 
results for the estimating of lateral force acting on 
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non-structural components. IITK-GSDM32 proposed 
an acceleration amplification model for obtaining the 
amplification factor on the RC frame structures. IITK 
amplification model is based on the normalized height 
of the structures which is given as 

Ω  1 (5) 

where, z and h are the height of the components 
and the height of the building with respect to the base. 
This model found that the maximum amplification of 
the non-structural components which occurred is 2 
when the z and h are equal. 

2.1.4 Akhlaghi and Moghadam 
Akhalaghi and Moghadam estimated that the 

seismic behavior of rigid acceleration sensitive 
secondary elements having the fundamental period 
was less than or equal to 0.06 sec. It was observed 
that the nature of the peak horizontal acceleration of 
the floor or roof is the same as the nature of the rigid 
non-structural components along with the height of 
the building, linked with the main structure. They 
concluded that the response of the floor or roof during 
the ground motion, was the same as the response of 
the non-structural components, so they proposed the 
equations of the floor acceleration amplification 
factor (Ω) based on the fundamental time period of 
the structures. 

Ω 1 α 1  (6) 

Where, Ω is the floor acceleration amplification 
factor, defined as the ratio between peak horizontal 
floor acceleration to peak ground acceleration, ℎ  and 
ℎ  are the height of the storey and the total height of 
the building with respect to the base of the building 
and α represent the fundamental period dependent 
factor, which was given as:  

𝛼 3 when T<0.5 

α
.
/  when 0.5 ≤ T≤ 1.0 

α
.
/  when T>1  

where, T is the fundamental period of the 
structures. 

2.1.5 Fathali and Lizundia 
Fathali and Lizundia observed that the floor 

acceleration a height amplification factor to be not 
only dependent on the height of the components of the 
structure but also dependent on the level of the ground 
motion and proposed the non-linear equation based on 
it.  

Ω 1  α (7)

where, z, h are the height of the non-structural 
component and height of the storey to the base. α and 
𝛽 are two parameters based on the natural period of 
the structure and the level of the ground motion 
respectively. The values of α and 𝛽 are shown in 
Table 1 and 2 respectively. 

2.2 Proposed mathematical model 
 The IITK model is based only on the normalized 

height of the structures and is not dependent on the 
fundamental period of the structures or the intensity 
of the seismic motion. UBC 1997 formula for 
amplification factor, gave obscure results when the 
height of the building increases. ASCE model, also 
based on the normalized height of the structures only. 
The Fathali and Akhlaghi models show that the 
amplification factor not only depends on the 
normalized height of the building but also depends on 
the intensity of ground motions and the fundamental 
period of the structures. But sometimes its results 
were observed to be conservative when the range of 
the ground motion changes. So based on these factors, 
the proposed amplification factor model for this 
study. In these models, no single maximum structural 

Table 1 — Value of α is suggested for the seismic design of newly constructed NSCs 

Natural period PGA = 0.4SDS < 0.067 g 0.067 ≤ PGA = 0.4SDS < 0.20 g PGA = 0.4SDS ≥ 0.20 g 

Ta< 0.5s 2.120 1.930 1.750 
0.5≤ Ta<1.5s 2.610 1.550 1.010
Ta ≥1.5s 2.520 1.530 0.500

Table 2 — Value of β is suggested for the seismic design of newly constructed NSCs 

Natural period PGA = 0.4SDS < 0.067 g 0.067 ≤ PGA = 0.4SDS < 0.20 g PGA = 0.4SDS ≥ 0.20 g 

Ta< 0.5s 0.780 1.250 0.920 
0.5≤ Ta< 1.5s 1.160 0.750 0.690 
Ta ≥1.5s 1.640 1.650 3.000
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period is found to satisfy the actual amplification 
factor. To find the realistic amplification factor, two 
steps have been followed. Firstly, the ground 
acceleration has been divided into three ranges viz. 
0.01-0.067g, 0.067-0.2g and 0.2-0.32g. Secondly, 
Tmax is divided into three ranges in each acceleration 
range based on natural period. About 90 simulation 
studies have been carried out to arrive at the Tmax 
values. The proposed models based on observed 
results are represented as:  

Ω=  = (1+
∗

 )  (8) 

where Tmax is the maximum structural period, and 
its value is recommended as 2.5 seconds33. T is the 

period of supporting structure when the peak roof 
acceleration is not less than PGA. Constant “a” not 
only depends the period of the supporting structures 
but also depends the nature of the ground motion, its 
values given in Table 3. 

2.3 Configuration of buildings 
For the analysis in this paper, five different RC 

frame building models as two, four, six, eight, and ten 
storeys are considered. All these models are pin 
supported in hard rock strata. From base to the first 
storey, the height is 4m and for the above storey 
height of 3.4m is considered. The 2D model of the pin 
supports shown in Fig. 1. The size of the beam and 
column are presented in Table 4. The damping ratio 

Fig. 1 — Moment resisting frame models (a) 2, (b) 4, (c) 6, (d) 8, and (e) 10 stories. 
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and the fundamental period of the structures are 
considered as 5% and up to 1.5 sec, respectively. 
Etabs34 software has been used for the analysis of all 
these models. 

2.4 Selection of time history data 
The previous researches worked with the higher 

range of the ground motion (0.3g to 0.8g), but most of 
the cases the structures are damages below the low 
range of the ground motion. So, in this paper, 
considering the low range of the acceleration data. 
The analysis of RC frame structure, seismic data has 
been taken in the range of 0.01g to 0.31g. These data 
is divided based on the Fathali and lizundia29 
approached (0.01g to 0.067g, 0.067g to 0.02g and 
higher than 0.2g). The selection of ground 
acceleration was obtained from the strong ground 
motion virtual data center35. For the study of these 
models, different ranges of time history data (28 
recorded ground motion data, between 0.01g to 
0.067g, 29 ground motion data in the range of 0.067g 
to 0.2g, and 24 ground motion data between 0.2g to 

0.32g) are considered. Details of the ground motion 
data are given in Tables (5-7) as below. 

In these tables, T represents the total Recorded 
period and Tp represents the time that peak 
acceleration occurs. 

2.5 Analysis of building based on finite element technique 
To the examination of all the RC frame model have 

been done by finite element method (e.g. Etabs 
v2016). It is a mathematical strategy to understand the 
frame models into element models. For all the various 
models clarified in Agrahari et al.36, linear time 
history methods are used. The Pin support condition is 
allocated at the joint base of the structures, and the 
soil type is hard. A large number of near field time 
history data (0.01g to 0.32g) is considered and also 
the fundamental period of the structure is taken up to 
1.5 sec.  

3 Results and Discussion 
 

3.1 Floor spectra curve 
For obtaining the spectral acceleration of the 

structures in each storey, different ground motion data 
Table 3 — Values of “a” based on ground motion range and 

period of supporting structure 

Ground motion acceleration “a” Period of supporting 
structure 

PGA=0.04SDS<0.067g 1.2 0<T<0.70sec
0.61 0.7sec≤T<1.2sec 
0.35 1.2sec≤T<1.5sec 

0.067g≤PGA=0.04SDS<0.2g 1.00 0<T<0.70sec 
0.75 0.7sec≤T<1.2sec 
0.49 1.2sec≤T<1.5sec 

0.2g≤PGA=0.04SDS<0.31g 1.25 0<T<0.70sec 
0.70 0.7sec≤T<1.2sec 
0.43 1.2sec≤T<1.5sec 

Table 4 — Proportions of beams and columns 

Beam Size in mm

B1 300x400
B2 300x450
B3 450x500
B4 450x600
B5 450x650
B6 450x675

Column Size in mm
C0 300X400
C1 300x450
C2 450x500
C3 525x550
C4 550x600
C5 600x700
C6 650x850

Table 5 — Recorded ground motion data having 
ranges 0.01g to 0.67g 

Ground motion PGA (g) T (sec) Tp (sec) 

Chi-chi 1 0.066 64.992 16.696 
Chi-chi 2 0.057 52.98 17.005 
Chi-chi 3 0.044 47.975 15.66 
Chi-chi 4 0.047 47.975 16.115 
Chi-chi 5 0.0199 45.988 17.14 
Chi-chi 6 0.027 45.988 16.112 
Chi-chi 7 0.028 63.98 22.875 
Chi-chi 8 0.0237 63.98 26.69 
Chi-chi 9 0.0372 53.98 20.615 
Chi-chi 10 0.066 70.97 15.56 
Chi-chi 11 0.0516 70.97 16.23 
Chi-chi 12 0.0441 50.98 18.42 
Chi-chi 13 0.0352 50.98 17.14 
Chi-chi 14 0.0592 60.98 18.1 
Chi-chi 15 0.0503 60.98 13.73 
Chi-chi 16 0.0467 56.985 14.305 
Chi-chi 17 0.0492 56.985 16.775 
Chi-chi 18 0.0361 62.98 25.205 
Chi-chi 19 0.065 62.98 17.275 
Chi-chi 20 0.0662 74.98 14.69 
Chi-chi 21 0.066 62.98 17.275 
Chi-chi 22 0.0604 59.98 15.656 
Chi-chi 23 0.0574 59.98 18.694 
Chi-chi 24 0.0511 62.988 19.476 
Chi-chi 25 0.0514 62.988 20.66 
Chi-chi 26 0.024 49.992 16.004 
Chi-chi 27 0.0185 49.992 15.872 
Chi-chi 28 0.0439 56.992 20.424 
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on the structures is applied. Figure 2, express the 
mean spectral acceleration of the building for the 
ground motion ranges as 0.2g to 0.32g respectively.  

For the analysis of all these models hard rock type 
soil is considered. It is noticed that when the 
fundamental period of the structures increases the 
floor spectral acceleration of the structures decreases 
i.e. when the height of the building is less, the
amplification value is maximum. When the
fundamental period of the structure increases to 1.5
sec, the floor spectra value decreases to 25% with
respect to the low natural period of the structure.

3.2 Compared to peak floor acceleration compared with 
respect to seismic ground accelerations 

To compared the peak floor acceleration of all 
model with respect to seismic ground acceleration are 
shown in Figs (3 – 5) respectively. 
 

Figures (3 – 5), present the peak floor acceleration 
in five building models to those recorded during the 
Chi-Chi earthquake. The peak floor acceleration is 
approximately 4 times, 1.5 times and 2 times higher 
than the building base for .01g to .067g, 0.067g to 
0.2g and 0.2g to 0.31g acceleration. The amplification 
values are significantly higher when the natural period 
of the structure less than 1 sec. The shape of peak 
floor acceleration performed non-linear, as the 
seismic motion increases. 

3.3 Compared to the mean +sd acceleration amplification 
factor with previous models 

To compare all models with the proposed model is 
shown in Figs (6 – 8), respectively. 

In Fig. 6, the behaviour of acceleration 
amplification factors is non-linear as the height of the 
building increases. IITK model performed the 
conservative result for all the building models when 
the ground motion range is 0.01g to 0.067g. UBC 
code performed safe results on an approximate basis. 
It was 48% high than the mean + sd results. ASCE 
model gives the linear relation between the 
amplification factor and the normalized height of the 
structures. ASCE model performed the obscure results 
for the natural period of the structure less than 0.7 
sec., after that it performed satisfactory results. In 
Akhlaghi model, performed better results when the 
natural period of the structure is less than 1.0 sec but 
for a higher period, it reacts obscure results and its 
values approximately 35% higher than mean + sd 
results. Fathali model is a non-linear model and its 
results are 34% higher than the mean + sd results. The 

Table 6 — Recorded ground motion data having 
ranges 0.067g to 0.2g 

Ground motion name PGA (g) T (sec) Tp (sec) 

Chi-chi 1 0.1374 60.98 17.74 
Chi-chi 2 0.1348 60.98 15.93 
Chi-chi 3 0.1217 56.985 13.905 
Chi-chi 4 0.1179 56.985 15.08 
Chi-chi 5 0.1092 57.975 15.99 
Chi-chi 6 0.147 65.045 14.58 
Chi-chi 7 0.1215 65.045 14.475 
Chi-chi 8 0.1167 70.97 16.555 
Chi-chi 9 0.127 70.97 17.265 
Chi-chi 10 0.1913 65.045 16.81 
Chi-chi 11 0.1565 65.045 16.545 
Chi-chi 12 0.1654 65.045 15.6 
Chi-chi 13 0.1692 65.045 16.0 
Chi-chi 14 0.1439 63.985 14.275 
Chi-chi 15 0.1624 65.045 14.45 
Chi-chi 16 0.1517 65.045 14.73 
Chi-chi 17 0.1322 66.005 13.45 
Chi-chi 18 0.1234 66.005 16.125 
Chi-chi 19 0.1866 74.98 17.235 
Chi-chi 20 0.155 74.98 15.04 
Chi-chi 21 0.157 61.98 16.72 
Chi-chi 22 0.197 74.985 15.47 
Chi-chi 23 0.1344 96.985 11.85 
Chi-chi 24 0.1863 96.07 16.635 
Chi-chi 25 0.1563 93.985 12.685 
Chi-chi 26 0.1883 96.985 12.02 
Chi-chi 27 0.1831 99.03 10.715 
Chi-chi 28 0.1699 61.99 9.66 
Chi-chi 29 0.1829 71.0 14.38 

Table 7 — Recorded ground motion data having 
ranges 0.2g to 0.31g 

Ground motion name PGA (g) T (sec) Tp (sec) 

Chi-chi 1 0.2296 47.99 8.015 
Chi-chi 2 0.2167 74.985 11.94 
Chi-chi 3 02061 86.485 17.615 
Chi-chi 4 0.2252 124.06 10.04 
Chi-chi 5 0.2779 65.005 5.8 
Chi-chi 6 0.2347 68.03 15.22 
Chi-chi 7 0.2678 68.03 15.39 
Chi-chi 8 0.2818 74.98 12.15 
Chi-chi 9 0.2164 77.49 19.62 
Chi-chi 10 0.2465 63.985 1428 
Chi-chi 11 0.2504 139.98 36.02 
Chi-chi 12 0.2021 122.97 37.19 
Chi-chi 13 0.2449 149.97 37.53 
Chi-chi 14 0.2206 143.97 31.98 
Chi-chi 15 0.201 139.98 20.14 
Chi-chi 16 0.2515 149.97 46.14 
Chi-chi 17 0.2828 149.97 33.97 
Chi-chi 18 0.2820 149.97 34.05 
Chi-chi 19 0.2656 60.03 10.965 
Chi-chi 20 0.2598 149.97 47.37 
Chi-chi 21 0.2229 149.97 29.39 
Chi-chi 22 0.2270 149.97 37.37 
Chi-chi 23 0.201 119.976 31.64 
Chi-chi 24 0.2596 119.976 36.688 
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proposed amplification model values are nearly 20% 
higher than the mean + sd amplification factor value 
for natural period of the structure less than 0.7 sec. 
However, the proposed model results are much close 
to the mean + sd results, when the natural period of 
the structure higher than 0.7 sec, and its values are 
nearly 10% higher than the mean + sd results.  

In Fig. 7, IITK and Akhlaghi models gave lower 
value with respect to mean + sd results for all the 
fundamental period of the structures. UBC code 
observed better results compare to the IITK model, 
and it is approximately 38% higher than the mean + 
sd results for the natural period of the structure upto 
0.7 sec. For the higher natural period of the 

Fig. 2 — Floor spectral acceleration of different model for hinge support condition. 
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Fig. 3 — Behavior of peak floor acceleration with respect to normalized height when the chi-chi earthquake 0.06g for (a) 2 storey,
(b) 4 storey, (c) 6 storey, (d) 8 storey, and (e) 10 storey.

Fig. 4 — Behavior of peak floor acceleration with respect to normalisedheight when the chi-chi earthquake 0.17g for (a) 2 storey 
(b) 4 storey (c) 6 storey (d) 8 storey, and (e) 10 storey.

Fig. 5 — Behavior of peak floor acceleration with respect to normalized height when the chi-chi earthquake 0.26g for (a) 2 storey,
(b) 4 storey, (c) 6 storey, (d) 8 storey, and (e) 10 storey.
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structure, gaping of amplification values are increased 
related to mean + sd results. The Fathali model results  
are obscure when the natural period of the structures 
is less than 0.7 sec. However, its results are 
satisfactory when the period of the structure higher 
than 0.7 sec, and the amplification factor for this 
model is approximately 29% higher than the mean + 
sd results. When the natural period of the structures 
less than 0.7 sec, only one model (UBC code) gives 
the truthful results as comparing the other model, and 
the amplification values of this model are around 40% 

higher than the mean + sd amplification value. 
However, the amplification of the proposed model 
value is approximately 22% higher than the mean + sd 
results. The fundamental period of the structures 
increases from 1 to 1.5 sec where some model 
performed unclear results (IITK and Akhalghi model), 
however ASCE, UBC, and Faithli models 
amplification value 42%, 84%, and 30% higher than 
the mean + sd amplification results. The amplification 
value obtained by the proposed model is almost 18% 
higher than the mean + sd amplification results for the 

Fig. 6 — Comparition of the models with the seismic range 0.01g to 0.067g (a) 2, (b) 4, (c) 6, (d) 8, and (e) 10 stories. 
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natural period of the structure is 1.0 to 1.5 sec and the 
seismic range of ground motion is 0.067g to 0.2g, 
respectively. 

In Fig. 8, When the ground motion range between 
0.2g to 0.31g, the UBC model gives better results and 
is nearly 30% higher than the mean+sd results 
although the natural period of the structures is up to 
0.7 sec. For a higher natural period, the UBC model 
performed obscure results, and the amplification 
factor values are approximately 72% higher than the 
mean+sd amplification factor results. Whereas, the 
amplification value of the proposed model is 20% 

higher than the mean+sd amplification results for the 
fundamental period of the structure up to 1.0 sec. As 
the natural period of the structures increases from 1.0 
sec to 1.5 sec IITK and Faithli model does not 
observe reasonable results, whereas ASCE and UBC 
model observed 30% and 72% higher than the 
mean+sd amplification results. The amplification 
values of the proposed model are approximately 15% 
higher than the mean+sd amplification value for 
the period of structure lying between 1.0 sec to 1.5 
sec and the seismic range are 0.2g to 0.31g, 
respectively. 

Fig. 7 — Comparition of the models with the seismic range 0.067g to 0.2g (a) 2 (b) 4 (c) 6 (d) 8, and (e) 10 stories. 
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4 Conclusion 
In this paper, five different models as 2, 4, 6, 8, and 

10 stories have been considered. The support condition 
of all these models is the pin and linear time history 
method used for the analysis of these models. A range 
of time history data, 0.01g to 0.32g is considered. To 
determine the acceleration amplification factor and 
comparison with the previously proposed models is 
done. It is found that for acceleration amplification 
values, no single model is performed to give 
satisfactory results for pin support conditions. To this 
overcome, the proposed acceleration amplification 

model is given and compared with the previous 
renowned models. The conclusions are summarised as: 

 For pin support condition and the different range
of seismic motion, IITK-GSDM model do not
perform to give satisfactory results.

 UBC code formula, performed to give better
results when the natural period of the structures is
less than 0.7 sec., after that its results are
conservative.

 Akhlaghi model depends on the fundamental
period of the structures, but this model does not

Fig. 8 — Comparition of the models with the seismic range 0.2g to 0.31g (a) 2, (b) 4, (c) 6, (d) 8, and (e) 10 stories. 
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perform to give truthful results when the support 
condition has pined. 

 ASCE model is not given the adequate result when
the fundamental period of the structures less than
0.7 sec for all the different ranges of seismic
ground motion.

 When the natural period of the structure is higher
than 0.7 sec, the ASCE model gives better results
for the ground motion range of 0.01g to 0.067g.
But for other ranges as 0.067g to 0.2g and 0.2g to
0.32g, its results are found to be conservative.

 Fathali model observed satisfactory results when
the ground motion range is 0.067g to 0.2g. But on
the higher seismic range, its results performed
inadequately.

 The acceleration amplification factor of the non-
structural components is not only dependent on the
height of the building, but it also depends on the
fundamental period of the structures and the
intensity of the ground motion.

The proposed model was performed to give 
satisfactory results with respect to the previous 
renowned models for the different range of ground 
motion with pin support conditions. This research is 
focused on the pin supported RC frame Structures: 
hence the results and conclusion derived herewith may 
not presented the shear wall or braced frame structures. 

References 
1 Dhakal R P, Poural A, Tasligedik A S, & Yeow T, Earthq Eng 

Eng Vib, 15 (2016) 1. 
2 Pan S T, Cheng Y Y,  Wu C L,  Chang R H,  Chiu C,  Foo N P,  

Chen P T,  Wang T Y,  Chen L H,  Chen C J,  Ong R,  Tsai C C,  
Hsu C C,  Hsieh L W,  Chi C H, & Lin C H, J Formos Med 
Assoc, (2018), 311. 

3 D’Amicoa S, Caccamob D, ParrilloF, Lagana C, & Barbieri F 
M, Izv Phys Solid Earth, 46(4) (2010) 317. 

4 Tsai KC, Hsiao C P, & Bruneau M, Earthq Eng Eng Seismol, 
2(1) (2008) 93. 

5 Taghavi S, & Miranda E, PEER, (Richmond, CA) 2003. 
6 CSA S304.1–04, CSA, (Mississauga, Ontario), 2004. 
7 Li B, Hutchinson G L, & Dufield C F, Struct Des Tall Speci 

Build, 20 (2011) 853. 
8 Bachman R E, & Dowty S M, Build Saf J, (2008) 30. 
9 Sofi M, Lumantarna E, Duffield C, & Mendis P, Int J Struct 

Stab Dyn, 17(6) (2017). 
10 Hur J, Althoff E, Sezen H, Denning R, & Aldemir T, Nucl Eng 

Technol, 49(2) (2017) 387. 
11 Abadi H Al, Lam N T K, & Gad E F, Int J Struct Stab Dyn, 4(3) 

(2004) 361. 
12 Amanat K M, & Hoque E, Eng Struct, 28(4) (2006) 495. 
13 Crowley, & Pinho R, Earthq Eng Struct Dyn, 39 (2010) 223. 
14 Lu Y, J Struct Eng ASCE, 128(2) (2002) 169. 
15 Su R K, Chandler A M, Sheikh M N, & Lam N T K, Struct Des 

Tall Spec Build, 14 (2005) 143. 

16 Kingston K M, An evaluation of floor response spectra for 
acceleration sensitive non-structural components supported on 
regular frame structures. Master’s thesis, University of 
Maryland, USA, 2004. 

17 Chaudhuri S R, & Villaverde R, ASCE J Struct Eng, 134(4) 
(2008) 661. 

18 Building Seismic Safety Commission., Federal Emergency 
Management Agency, (Washington, DC), 2000. 

19 American Society of Civil Engineers., Federal Emergency 
Management Agency, (Washington, DC), 2000. 

20 Soong T T, Shen G, Wu Z, Zhang R H, & Grigoriu M, National 
Center for Earthquake Engineering Research, (Buffalo, NY), 
1993. 

21 Bachman R E, & Drake R M, “Design force provisions for non-
structural elements and model codes”. In Proceedings of the 
Sixth National Conference on Earthquake Engineering, 
Earthquake Engineering Research Institute, Oakland, CA, 1998. 

22 Searer G R, & Freeman S A, Unintended consequences of code 
modification, In Proceedings of the 7th US National Conference 
on Earthquake Engineering, Boston, MA. Earthquake 
Engineering Research Institute: Oakland, CA 2002. 

23 Horne P, &Burton H, Investigation of code seismic force levels 
for hospital equipment. Report ATC-29-2, Proceedings of a 
Seminar on Seismic Design, Performance and Retrofit of 
Nonstructural Components in Critical Facilities, Applied 
Technology Council, Redwood City, CA, 2003 

24 Azeem M A, & Mohiuddin H, Indian J Sci Technol, 36(9) 
(2016), 1. 

25 Gillengerten J D, & Bachman R E, Background on the 
Development of the NEHRP Seismic Provisions for Non-
Structural Components, In Proceedings of the ASCE/SEI 
Structures Congress and Exposition, Seattle, Washington, 2003. 

26 American Society of Civil Engineers (ASCE), Minimum Design 
Loads for Buildings and Other Structures, ASCE7-10, Reston, 
VA, 2010. 

27 Akhlaghi H, & Moghadam A S, Height-Wise Distribution of 
Peak Horizontal Floor Acceleration (PHFA),The 14Th World 
Conference on Earthquake Engineering, Beijing, China, October 
12, 2008. 

28 Agrahari R K, &Pathak K K, Civ Eng Archit, 9(4), (2021),  
30. 

29 Fathali S, &Lizundia B, Struct Des Tall Spec Build, 20 (2011) 
30. 

30 UBC 1997. Uniform Building Code. International Conference of 
Building officials, Whittier, CA, 2 

31 IS 1893 (Part-1): Criteria for Earthquake Resistant Design of 
Structures, Part 1– General Provisions and Buildings. New 
Delhi: Bureau of Indian Standards; 2002. pp. 1–42. 

32 Murty CVR, Earthquake protection of non-structural elements 
in buildings, (IITK-GSDMA Gujarat State Disaster 
Management Authority. Gujarat: Govt of Gujarat), 2013. 

33 Wieser J, Pekcan G, Zaghi A E, Itani A, & Maragakis M, Earthq 
Spectra, 29(3) (2013) 987. 

34 Extended 3D (Three-Dimensional) Analysis of Building 
Systems (ETABS). Integrated Analysis, Design and Drafting of 
Building System, Advanced ver. 16.2.0 Computers and 
Structures, Inc. CSI, Berkeley, CA, 2016. 

35 Strong ground motion, https://strongmotioncenter.org/vdc/ 
scripts/default.plx 

36 Agrahari R K, Pathak K K, & Sharma A, J Struct Eng(Madras), 
47(3) (2020) 181. 


