
 

 

 

 

 

 

 

  

 

 

 

 

 

 

Numerical analysis of the primary and secondary 

structural dynamic interaction effects on elastic floor 

response spectra 
 

Madhavi Latha Annamdasu, Surya Prakash Challagulla, Vyshnavi 

Pesaralanka, Ismail Hossain , Daniel Cruze 

 

Online Publication Date: 20 November 2023 

URL:  http://www.jresm.org/archive/resm2023.25me0915rs.html  

DOI:  http://dx.doi.org/10.17515/resm2023.25me0915rs 

Journal Abbreviation: Res. Eng. Struct. Mater. 

To cite this article 

Annamdasu ML, Challagulla SP, Pesaralanka V, Hossain I, Cruze D.  Numerical analysis of the 

primary and secondary structural dynamic interaction effects on elastic floor response 

spectra. Res. Eng. Struct. Mater., 2024; 10(2): 637-649. 

Disclaimer 

All the opinions and statements expressed in the papers are on the responsibility of author(s) and are 

not to be regarded as those of the journal of Research on Engineering Structures and Materials (RESM) 

organization or related parties. The publishers make no warranty, explicit or implied, or make any 

representation with respect to the contents of any article will be complete or accurate or up to date. The 

accuracy of any instructions, equations, or other information should be independently verified. The 

publisher and related parties shall not be liable for any loss, actions, claims, proceedings, demand or 

costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with use 

of the information given in the journal or related means. 

 

 

 

 

Published articles are freely available to users under the terms of Creative 

Commons Attribution ‐ NonCommercial 4.0 International Public License, as 

currently displayed at here (the “CC BY ‐ NC”). 

 

http://www.jresm.org/archive/resm2023.25me0915rs.html
http://dx.doi.org/10.17515/resm2023.25me0915rs
https://creativecommons.org/licenses/by-nc/4.0/legalcode


*Corresponding author: chsuryaprakash@kluniversity.in  
a orcid.org/0009-0000-6062-6847; borcid.org/0000-0003-0125-1488; c orcid.org/0000-0003-1284-3139;         
d orcid.org/0000-0002-7256-8135; e orcid.org/0000-0002-4024-4742 
DOI: http://dx.doi.org/10.17515/resm2023.25me0915rs  

Res. Eng. Struct. Mat. Vol. 10 Iss. 2 (2024) 637-649  637 

 

Research Article 

Numerical analysis of the primary and secondary structural 
dynamic interaction effects on elastic floor response spectra   

Madhavi Latha Annamdasu*1,a, Surya Prakash Challagulla1,b, Vyshnavi Pesaralanka1,c, 
Ismail Hossain2,d, Daniel Cruze3,e 

1Dept. of Civil Eng., Koneru Lakshmaiah Education Foundation (Deemed to be University), Vaddeswaram, 
Guntur, 522302, India 
2School of Natural Sciences and Mathematics, Ural Federal University, Yekaterinburg, 620 000, Russia 
3Dept. of Civil Eng., Hindustan Institute of Technology and Science, India 
 

Article Info  Abstract 

 
Article history: 

 
Received 15 Sep 2023 
Accepted 17 Nov 2023 

 In modern seismic design, the assessment of seismic behavior in secondary 
structures relies on the evaluation of the primary structure's acceleration at the 
support of the secondary structure. To enable effective secondary structure 
design, a thorough understanding of the interaction between the primary and 
secondary structures is essential. This article conducts an analysis based on 
parametric data, delving into the dynamic interaction between these structures. 
In this study, both the elastic primary and secondary structures are represented 
as single-degree-of-freedom systems. The governing equations of motion for 
both the coupled and uncoupled systems are derived and solved using the 
numerical method. Subsequently, the floor response spectrum (FRS) is 
computed for both coupled and uncoupled configurations. This investigation 
focuses on the impact of three crucial parameters: the tuning ratio (Tr), the mass 
ratio (μ), and the damping ratio (ξs) on the FRS. The analytical findings reveal 
that dynamic interaction does not significantly affect the FRS when the mass 
ratio is very low, at 0.1%. However, for a range of 0.8 ≤ Tr ≤ 1.2, dynamic 
interaction has a substantial influence on the FRS. Additionally, this study 
underscores that lower damping ratios in the secondary structure result in a 
more pronounced coupling effect on the FRS. 
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1. Introduction 

A building structure comprises elements that do not resist any loads. Such building 
elements generally are called Secondary structures (SSs). These structures are broadly 
categorized into three groups: architectural components, mechanical and electrical 
components, and building contents. Secondary structures can be divided into 
displacement-sensitive and acceleration-sensitive depending on the kind of failure they 
experience. An earthquake's ground motion can be amplified by a structure, causing floor 
accelerations to be greater than the peak ground acceleration (PGA). If secondary 
structures (SSs) are not taken into account during the design phase, they will be severely 
damaged by these amplified accelerations. The survivability of SSs after an earthquake is 
critical for ensuring the continuation of emergency services, ensuring public safety, and 
minimizing the financial burden of the subsequent damage. Despite their name, secondary 
structures are far from insignificant. Furthermore, sometimes secondary structures may 
be costlier than the primary structure (PS) [1], [2]. Secondary structures have been shown 
to be vulnerable to earthquakes in recent decades [3]–[6]. Several large hospitals were 
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forced to evacuate during the 1994 Northridge earthquake in Los Angeles due to the failure 
of critical secondary structures such as emergency power systems, medical equipment 
control systems, and water supply pipe systems[7] Given the importance of ensuring SS 
integrity during seismic events, further study is needed to create credible performance-
based design criteria for SSs.    

For many years, it has been thoroughly studied how the SSs react to earthquakes in order 
to ensure public safety and lessen the financial effect of the resultant damage. A common 
method to obtain the seismic demand on the secondary structures is the floor response 
spectrum (FRS) method. For calculating the input load of a secondary structure, the floor 
response spectrum approach is frequently used [8]–[10]. To design secondary structures, 
engineers have frequently employed this technique. This method's major assumption is 
that the secondary structure doesn't interact with the main structure, that its presence has 
no impact on the primary system's dynamic response, and that it has no impact on the 
other way around. When the secondary structure (SS) has significant mass, the validity of 
this assumption may be compromised. In such cases, the potential for interaction between 
the primary and secondary structures necessitates the consideration of the entire system 
[11]–[13]. In general, disregarding the interaction leads to an overestimate of secondary 
structural demand and, as a result, an excessively conservative design [14]. Hence, there is 
a need to study the seismic behavior of secondary structures while accounting for the 
dynamic interaction between the primary and secondary structures. This investigation 
aims to develop precise and practical methods for evaluating the seismic response of 
secondary structures. 

Numerous researchers have explored the interaction effects and dynamic characteristics 
of integrated systems by utilizing a combined oscillator-structure model, as indicated in 
references [11], [15]–[18]. Nevertheless, it's important to note that prior research has not 
extensively addressed the impact of the dynamic properties of both primary and secondary 
structures on the seismic performance of secondary structures. Therefore, this study 
focuses on analyzing the seismic response of the secondary structure in cases where its 
weight is in the same order of magnitude as that of the primary structure. In this study, we 
employ single-degree-of-freedom (SDOF) elastic primary (PS) and secondary structures 
(SS) to explore how their dynamic interaction influences the seismic response of the SS. To 
assess the seismic demands on secondary structures, we analyse the floor response 
spectra (FRS) both with and without accounting for dynamic interaction, and we calculate 
the component dynamic amplification factors (CDAFs). These measures are essential in 
our evaluation of the seismic behavior of secondary structures. In the generation of FRS, 
component dynamic amplification factors play an important role as they reflect the 
amplification of SSs. The impacts of several factors are examined on the FRS and CDAF, 
including the fundamental vibration period of the PS, the mass ratio, and the damping ratio 
of the SS. Finally, the component dynamic amplification factors are compared with those 
obtained from the current code-based formulations.  

The paper is organized as follows: Section 2 provides a concise overview of the modelling 
of both the coupled and uncoupled systems. Section 3 discusses the selection of ground 
motions and provides specific details pertinent to this research. In Section 4, the research 
findings are presented, with a focus on three key response parameters: acceleration time 
history response, floor response spectra, and component dynamic amplification factors. 
The paper concludes in Section 5 with succinct summarizing remarks.  

2. Modelling and Analysis  

In this study, a SDOF system is used for both the elastic primary structure (PS) and the 
elastic secondary structure (SS). Both the PS and SS are considered to be two-dimensional 
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(2D) framed building systems. In this study, the analysis that incorporates the dynamic 
interaction is referred to as the "coupled analysis." In the coupled analysis, the entire 
structure, comprising both the primary and secondary structures, is treated as a two-
degree-of-freedom system. Conversely, the "uncoupled analysis" is conducted without 
considering the dynamic interaction between the primary structure (PS) and secondary 
structure (SS). During the uncoupled analysis, both the primary and secondary structures 
are separately regarded as single-degree-of-freedom systems. A series of analysis cases 
were performed using the uncoupled method to illustrate the observable impact of 
dynamic interaction between the PS and SS on the seismic response of the SS. Fig. 1 shows 
the SDOF primary structure attached to an acceleration-sensitive SDOF secondary 
structure. This study makes the assumption that the primary structure’s damping ratio 
(𝜉𝑝) is 5%. 

 

Fig. 1. Primary structure with a Secondary structure 

2.1. Uncoupled Analysis 

In this type of analysis, the dynamic interaction between the PS and SS (Fig. 1) is neglected. 
The dynamic response of the primary structure for a given earthquake loading can be 
computed according to Eq. (1). 

𝑚𝑝�̈�𝑝 + 𝑐𝑝�̇�𝑝 + 𝑘𝑝𝑥𝑝 =  −𝑚𝑝�̈�𝑔 (1) 

where 𝑚𝑝, 𝑐𝑝, and 𝑘𝑝 are the mass, damping, and stiffness for the primary structure: 𝑐𝑝 =

2𝑚𝑝𝜉𝑝𝜔𝑝; 𝜔𝑝 is the given primary structure’s frequency; 𝑥𝑝, �̇�𝑝, and �̈�𝑝 are the relative 

displacement, velocity, and acceleration of the primary structure with reference to the 
ground; �̈�𝑔 is the acceleration of the ground motion; �̈�𝑝 + �̈�𝑔 is the primary structure’s 

absolute acceleration response. To analyze the secondary structure, the absolute 
acceleration response of the primary structure is given as an input to the secondary 
structure, and the response of the SS can be computed according to Eq.  (2).    

𝑚𝑠�̈�𝑠 + 𝑐𝑠�̇�𝑠 + 𝑘𝑠𝑥𝑠 =  −𝑚𝑠(�̈�𝑝 + �̈�𝑔) (2) 

where, 𝑘𝑠 , 𝑐𝑠, and 𝑚𝑠 , are the stiffness, damping, and mass of the secondary structure: 𝑐𝑠 =
2𝑚𝑠𝜉𝑠𝜔𝑠; 𝜉𝑠, and 𝜔𝑠 are the damping ratio and frequency of the SS; 𝑥𝑠 , �̇�𝑠 , and �̈�𝑠 are the 
relative displacement, velocity, and acceleration of the secondary structure, respectively. 
The procedure of generating the floor response spectrum without considering the dynamic 
interaction between the structures is shown in Fig. 2. 

   

  

  

Primary Structure (PS)

Secondary Structure (SS)
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Fig. 2. Procedure for generation of floor response spectrum via uncoupled analysis 

 2.2. Coupled Analysis 

This type of analysis takes into consideration the dynamic interaction between the PS and 
SS. The dynamic behavior of the PS and SS for a given earthquake loading can be computed 
according to Eqs. (3) &(4), respectively.        

𝑚𝑝�̈�𝑝 + 𝑐𝑝�̇�𝑝 − 𝑐𝑠�̇�𝑠 + 𝑘𝑝𝑥𝑝 − 𝑘𝑠𝑥𝑠 =  −𝑚𝑝�̈�𝑔 (3) 

𝑚𝑠�̈�𝑠 + 𝑐𝑠�̇�𝑠 + 𝑘𝑠𝑥𝑠 =  −𝑚𝑠(�̈�𝑝 + �̈�𝑔) (4) 

Eqs. (3) & (4) can be written in matrix form as follows in eq. (5): 

[
𝑚𝑝 0

0 𝑚𝑠
] {

�̈�𝑝

�̈�𝑠
} + [

𝑐𝑝 −𝑐𝑠

0 𝑐𝑠
] {

�̇�𝑝

�̇�𝑠
} + [

𝑘𝑝 −𝑘𝑠

0 𝑘𝑠
] {

𝑢𝑝

𝑢𝑠
} = − {

𝑚𝑝�̈�𝑔

𝑚𝑠(�̈�𝑝 + �̈�𝑔)
} (5) 

The Eqs. (1)-(4) are written as a system of first-order ordinary differential equations and 
solved numerically using the fourth-order Runge-Kutta technique in MATLAB R2019B. 
The Runge-Kutta method is a numerical technique for approximating solutions to ordinary 
differential equations (ODEs) with known initial conditions. It subdivides the problem into 
smaller steps and calculates slopes at various points within each step. By updating the 
solution at the end of each step, it iteratively refines the approximation until reaching the 
desired endpoint. The accuracy can be controlled by adjusting the step size, with smaller 
steps providing greater precision. This method is widely used in various scientific and 
engineering fields to solve ODEs, especially when exact analytical solutions are 
unavailable. 

3. Ground Motions 

Actual ground-motion data provide a realistic response in the seismic response evaluation 
technique [19], [20]. Such data is freely available in the PEER [21] NGA-West2 Database. 
As a result, in the current study, 11 horizontal ground motion excitations for hard soil type 
were examined according to ASCE 7-16 [22] for hard soil type. To reflect hard soil, ground 
motions with shear wave velocities (𝑉𝑆30) of 360-760 m/s are used [23].  Ground motion 
details are shown in Table 1. In this study, spectrum compatible ground motions are used 
since they can greatly reduce computation work compared to multiple ground motions 
[24]. To generate spectrum-compatible earthquake excitations, the time-domain spectral 
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matching technique [25] is applied. Fig. 3 depicts the IS 1893:2016 spectra (5% damping) 
and the mean ground excitation spectra. The average spectrum shall not fall below 90% of 
the target spectrum for the whole-time range, according to ASCE 7-16. The Fig.3 shows 
that the mean spectra are over 90% of the target spectra. 

 

Fig. 3. Target and mean acceleration spectra 

Table 1. Details of ground motions 

Earthquake Year Station 
Moment 

magnitude 
(Mw) 

Joyner Boore 
distance  
(Rjb), km 

Vs30 
(m/s) 

Helena_ 
Montana-01 

1935 Carroll College 6 2.07 593.35 

Helena_ 
Montana-02 

1935 Helena Fed Bldg 6 2.09 551.82 

Kern County 1952 
Pasadena - CIT 

Athenaeum 
7.36 122.65 415.13 

Kern County 1952 
Santa Barbara 

Courthouse 
7.36 81.3 514.99 

Kern County 1952 Taft Lincoln School 7.36 38.42 385.43 
Southern Calif 1952 San Luis Obispo 6 73.35 493.5 

Parkfield 1966 
Cholame - Shandon 

Array #12 
6.19 17.64 408.93 

Parkfield 1966 San Luis Obispo 6.19 63.34 493.5 
Parkfield 1966 Temblor pre-1969 6.19 15.96 527.92 

Borrego Mtn 1968 
Pasadena - CIT 

Athenaeum 
6.63 207.14 415.13 

Borrego Mtn 1968 
San Onofre - So Cal 

Edison 
6.63 129.11 442.88 

4. Results and Discussion 

The following sections investigate the influence of a dynamic interaction between the PS 
and SS on the dynamic behavior of the elastic SDOF secondary structure. The acceleration 
time-history response of the secondary structure and the floor response spectrum (FRS) 
are studied in this research.   

4.1 Acceleration Time-History Response 

In this section, the acceleration response of the secondary structure is presented as shown 
in Fig. 4. To investigate the effect of the dynamic interaction on the dynamic behaviour of 
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the SS, the system shown in Fig. 1 is subjected to the ground motions. The two ground 
motions are randomly chosen from Table 1 for this analysis. The effect of the mass ratio 
(𝜇) and the damping ratio of the SS (𝜉𝑠) on the acceleration response of the SS is 
investigated. The mass ratio (𝜇) is the ratio between the secondary structure’s mass to the 
primary structure’s mass. The 𝜇 values 0.001, 0.01, 0.1, and 0.5 are considered for the 
coupled analysis. The vibration periods of the PS (𝑇𝑝) and the SS (𝑇𝑠) are taken as 0.5 sec 

in this analysis. The damping ratios of the SS (𝜉𝑠) are taken as 5%, and 1%.  
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Fig. 4. Acceleration time-history response of the secondary structure 

The amplitude of the acceleration response increases as the damping ratio of the SS 
decreases, as expected. The dynamic interaction between the primary structure (PS) and 
secondary structure (SS) demonstrates a minimal effect on the seismic response of the SS 
when the mass ratio is as low as 0.001 (0.1%). This is evident as the acceleration response 
with 𝜇 = 0.001 closely aligns with that of the uncoupled system. Hence, the seismic 
demands on the secondary structure can be calculated at this mass ratio using the 
uncoupled analysis. This observation is in line with the conclusions made in past research 
[26]–[28] As the 𝜇 increases (𝜇 = 1%, 10%, and 50%), the dynamic interaction between 
the PS and SS shows a substantial impact on the acceleration response of the SS. For such 
mass ratios, the uncoupled analysis does not provide precise results.  

Table 2. Peak acceleration of the SS (m/sec2) for ξs = 5% 

Ground motion 
Uncoupled 

Analysis 
Coupled Analysis 

𝜇=0.001 𝜇=0.01 𝜇=0.1 𝜇=0.5 
Helena_ Montana-

02 (1935) 
35.08 35.11 31.46 16.65 7.24 

Parkfield (1966) 27.68 27.44 24.14 18.02 8.96 

Table 2 illustrates the SS's peak acceleration response since peak values of any seismic 
response quantity give valuable insight into structural behavior. Table 2 clearly shows that 
for 𝜇=0.01, 0.1, and 0.5, the peak acceleration response of the SS is lowered by 10%, 52.5%, 
and 79.3%, respectively, when compared to the uncoupled study under Helena_ Montana-
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02 (1935) ground motion. Similarly, Parkfield (1966) ground motion reduces the peak 
acceleration response of the SS by 12.7%, 34.8%, and 67.6% for 𝜇=0.01, 0.1, and 0.5, 
respectively, when compared to the uncoupled study. A similar pattern was seen for the 𝜉𝑠 
= 1%. Therefore, the coupled analysis is to be carried out to study the seismic behavior of 
the SS for higher mass ratios. 

4.2 Floor Response Spectrum (FRS) 

The maximum design forces for the design of the SS can be obtained from the floor 
response spectrum (FRS) approach [9], [29]. The FRS method disregards the PS and SS's 
dynamic interaction [30]. As a result, the current study made an effort to examine the FRS 
by taking into account the coupling effect between the PS and SS. The SS’s peak responses 
to input ground motion are represented by the floor response spectrum. The effects of the 
mass ratio (𝜇) and the damping ratio (𝜉𝑠) on the floor response spectrum are studied.  Fig. 
5 shows the FRS for different damping ratios and mass ratios of the SS for the given 
damping characteristics of the PS (𝑇𝑝 = 0.5 sec, 𝜉𝑠 = 5%). The uncoupled system can be used 

to estimate the seismic demands on the SS for a tiny mass ratio (𝜇 = 0.1%), as seen in Fig. 
5 for this particular case.  
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Fig. 5. Effect of damping and mass ratios of the SS on the FRS 

The coupled effect of the PS and SS on the FRS is seen when the mass ratio increases for all 
damping ratios of the SS. The dynamic interaction between the PS and SS shows a 
substantial impact on the magnitude of the spectral acceleration of the SS (𝑆𝑎𝑆𝑆) at 𝑇𝑠 = 0.5 
sec. Such effect is negligible on the behaviour of very stiff and flexible secondary structures 
irrespective of their damping ratio. For the mass ratio of 1%, the peaks of the FRS reduce 
about 49.2%, 41.8%, 30.4%, and 13.3% at the damping ratios of 0.1%, 0.5%, 2%, and 10%, 
respectively. From this particular case of analysis, it can be concluded that coupled analysis 
is required only if the SS is tuned to the vibration period of the PS. Otherwise, the 
uncoupled analysis is sufficient to analyses the seismic behavior of the secondary 
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structure. It can also be deduced that the larger coupling effect on the FRS is observed for 
the lower damping ratios of the SS.    

4.2.1 Effect of Vibration Period of the PS on FRS 

In the preceding section, it was examined how the damping and mass ratios of the SS 
affected the FRS for a specific primary structure vibration period (𝑇𝑝 = 0.5 sec). The 

dynamic characteristics of the primary structure substantially affect the secondary 
structure's seismic demands [26], [27]. As a result, an effort has been made to investigate 
the influence of a PS vibration period on the FRS for a specific mass and damping ratio of 
the SS in this section. The damping ratio of the PS (𝜉𝑝 = 5%) is kept constant for all the 

analysis cases. In this analysis, the tuning ratio is introduced as a key parameter. It is 
defined as the ratio between the vibration period of the secondary structure (SS) and the 
fundamental vibration period of the primary structure (PS), as indicated in Eq. (6). This 
parameter is employed to encapsulate the impact of the dynamic characteristics of the 
primary structure on the overall system. 

Tuning ratio (𝑇𝑟) =  𝑇𝑠 𝑇𝑝 ⁄  (6) 

Fig. 6 shows the variation of the spectral acceleration of a SS with a tuning ratio for 
different mass and damping ratios of the SS. The FRS for the small mass ratio (𝜇 = 0.1%) is 
not shown in this figure since at such a small mass ratio, the coupling effect on the FRS is 
negligible, as shown in Fig. 5. Looking at Fig. 6, it becomes evident that the influence of 
dynamic interaction on the FRS is substantial within the range of 0.8 ≤ 𝑇𝑟 ≤ 1.2. 
Conversely, for the ranges of 𝑇𝑟 < 0.5 and 𝑇𝑟 > 2, it's apparent that the impact of dynamic 
interaction on the FRS is negligible across all the considered values of 𝜉𝑠 and 𝜇. Hence, it 
can be concluded that the coupling effect on the FRS can be considered only if the vibration 
period of the SS is in the vicinity of that of the primary structure. Regardless of the 𝜇, the 
𝑆𝑎𝑆𝑆 reduces with an increase in the primary structure's vibration period for a given 
damping ratio of the SS. 
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Figs. 6. a, b, c, d. Variation of floor response spectrum with tuning ratio for (a- ξs = 
0.1%; b- ξs = 0.5%; c- ξs = 2%; d- ξs = 10%) 
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4.3 Component Dynamic Amplification Factor (CDAF) 

The component's (secondary structure) acceleration relative to the floor acceleration to 
which it is coupled is examined in this section. Fig. 7 displays the FRS normalized by the 
associated peak floor accelerations (PFAs). A component dynamic amplification factor 
(CDAF) is the ratio of FRS to PFA. The CDAF of the building models is checked with the 
definitions of ASCE 7-16 [22] and FEMA P-750 [31] in the current study. According to ASCE 
7-16, for flexible SSs with time periods greater than 0.06 seconds, the components 
amplification factor (𝑎𝑝) is 2.5.  
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Fig. 7 Component dynamic amplification factors at different vibration periods of the PS 
and damping ratios of the SS 

The value of the amplification factor for stiff SSs (T< 0.06 sec) is 1. Fig. 7 provides a clear 
depiction of the trends: the definitions outlined in ASCE 7 and FEMA P-750 tend to 
underestimate the CDAF for periods in proximity to the primary structure's vibration 
periods, specifically when 𝑇𝑟  ≅ 1 for a mass ratio of 1%. Conversely, these definitions tend 
to overestimate the CDAF at 𝑇𝑟  ≅ 1 when dealing with a flexible primary structure (𝑇𝑝 = 2 

sec) and a substantial damping ratio in the secondary structure (𝜉𝑠 = 10%). The CDAF 
values specified by the code definitions start to become more conservative at a mass ratio 
of 10% as the SS damping ratio increases for a specific primary structure. When the mass 
ratio is raised to 50%, the estimated amplification factors provided by the code definitions 
are conservative. As shown in Fig. 7, this underestimation is also included in the definitions 
of FEMA P-750. The current code-based definitions should thus be modified to take into 
consideration the effects of the dynamic interaction between the PS and SS as well as the 
damping ratio of the SS. 
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5. Conclusions 

This study aims to examine how a dynamic interaction affects the seismic requirements of 
a secondary structure. For good secondary structure design, a thorough understanding of 
the interaction between the primary and secondary structures is necessary. This article 
discusses a parametric investigation on the dynamic interaction of primary and secondary 
structures. The single-degree-of-freedom (SDOF) system is used for both the elastic 
primary structure (PS) and the elastic secondary structure (SS). The numerical approach 
is used to develop and solve the governing equations of motion for the coupled and 
uncoupled systems for a certain set of ground motions. The conclusions and main 
highlights in the present study are as follows:  

• The dynamic interaction between the PS and SS shows an insignificant impact on 
the SS’s seismic demands for the mass ratio 0.001 (0.1%). Hence, at this mass 
ratio, the seismic demands on the SS can be calculated using the uncoupled 
analysis.  

• The dynamic interaction between the PS and SS shows a significant impact on the 
acceleration response of the SS as the mass ratio increases. The coupled analysis 
is required only if the SS is tuned to the vibration period of the PS, i.e., 0.8 ≤ 𝑇𝑟 ≤
1.2. The uncoupled analysis is sufficient to analyse the seismic behaviour of the SS 
for 𝑇𝑟 < 0.5 and 𝑇𝑟 > 2.  

• The larger coupling effect on the FRS is observed for the lower damping ratios of 
the SS. For a given damping ratio, the secondary structure’s spectral acceleration 
decreases with an increase in the vibration period of the primary structure, 
irrespective of the mass ratio.  

• The current code definitions underestimate the CDAF for a period closer to the 
fundamental vibration period of the primary structure. 

•  The mass ratio and damping ratio of the secondary structure have a significant 
effect on the CDAF.  

The existing code-based definitions need to undergo modification to account for the 
dynamic interaction occurring between the primary structure (PS) and secondary 
structure (SS). Additionally, these revisions should also incorporate the damping ratio 
specific to the secondary structure. This adjustment is necessary to ensure that the 
structural design and evaluation procedures accurately reflect the dynamic complexities 
that emerge due to the interaction between these components and the influence of 
damping in the secondary structure. 

List of Abbreviations 

Abbreviation Full form 

FRS Floor Response Spectrum 
PS Primary Structure 
SS Secondary Structure 

PGA Peak Ground Acceleration 
SDOF Single Degree of Freedom 
CDAF Component Dynamic Amplification Factor 
PFA Peak Floor Acceleration 

FEMA Federal Emergency Management Agency 

ASCE American Society of Civil Engineers 
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