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Abstract - A structural designer's top concerns while 
designing and maintaining structures are stiffness and 
drift since a decrease in stiffness and an increase in drift 
can result in the breakdown of the entire structure, 
which can have negative effects on safety and the 
economy. ETABS, a tool commonly used to analyse 
structures under various loading conditions, is utilized in 
this study to examine the stability of an existing 
structure. The main goal of the study is to compare the 
mid-rise structure and exoskeletal system under lateral 
loading. The exoskeletal system upgrade improved the 
structure's lateral displacement, drift, and stiffness under 
seismic and wind loads, according to the analysis that 
was obtained. In order to improve the overall stability 
and performance of mid-rise structures under lateral 
loading circumstances, the study highlights the 
significance of the exoskeleton, offering important 
insight. The maximum lateral displacement for a 
structure without an exoskeleton is larger than that of a 
structure without one, according to analysis conducted 
under seismic and wind loads. This shows that 
exoskeletons reduce lateral displacement. The goal of the 
study is to determine which bracing orientation in steel 
exoskeletal constructions results in the greatest 
reduction in lateral displacement under lateral loading 
circumstances, as well as which bracing orientations 
cause the most lateral displacement loss. The efficacy of 
exoskeletal as a retrofitting technique is highlighted in 
the study. They act as a fixed supporting system for the 
structure, reducing the displacement under study in 
response spectrum analysis and increasing overall 
stiffness.  
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1. INTRODUCTION 

An important development in structural engineering and 
architecture is the incorporation of exoskeletal structures 
into mid-rise buildings, which offers an alternative to 
traditional building practices. The exoskeleton, a 
supplementary, external structural framework, is created to 
enclose and support the main building structure in this novel 
method [1]. The main load-bearing system is this 

exoskeleton, which is usually made of steel or reinforced 
concrete, relieving the internal structure of this duty. 
Numerous strong benefits are made possible by this division 
of structure and space. Exoskeleton systems have received a 
great deal of attention as a means of addressing the 
drawbacks of alternative solutions. Their successful and non-
invasive biomimicry-based technique significantly reduces 
the structure's seismic loads by making the building more 
rigid and resistant to lateral pressures. First of all, 
exoskeletons provide improved structural performance, 
which is especially important in areas that are prone to 
earthquakes or strong winds [2]. The building's resilience and 
safety can be increased by designing the external frame to 
more successfully withstand lateral forces. Second, and 
perhaps more importantly from an architectural perspective, 
the exoskeleton makes it possible to create interior areas 
that are open and free of columns. Over the course of the 
building's life, this layout flexibility permits easier adaptation 
to changing needs and gives designers more creative freedom. 
Open-plan offices and adaptable retail spaces are only two of 
the many uses made possible by large, continuous floor 
plates [3]. 

Exoskeletons provide advantages in terms of structure and 
space, but they also present intriguing opportunities for 
architectural expression. A key design element that adds to 
the building's aesthetic identity and establishes a unique 
visual presence is the external framework. Additionally, 
including sustainable design components is made possible by 
exoskeleton. It can accommodate rainwater collection 
systems, vertical green walls, sun shading devices, and other 
elements that improve environmental performance and 
energy efficiency. Although the idea of using exoskeletal 
structures in mid-rise building has its own set of prospects 
and challenges, it balances cost-effectiveness with the 
possibility of major functional and architectural 
advancements. The goal of creating more resilient, flexible, 
and sustainable built environments is what motivates this 
investigation into incorporating exoskeletons into mid-rise 
structures [4]. We must use dynamic analysis to examine the 
structure's dynamic behavior. For mid-rise buildings, 
dynamic analysis will assist in determining how each story 
will react to lateral loading events. To study the seismic 
effect, there are two different types of seismic dynamic 
analysis (a) Response spectrum analysis (b) Time history 
analysis. In this paper study done by considering Response 
spectrum analysis. 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 10 | Oct 2025              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 392 
 

2. CONVENTIONAL MID-RISE FRAME 

A G+6 residential RC building has been selected as the case 
study. The building's floor plan is rectangular, with Y and X 
measurements of 13.717 and 17.678 meters, respectively 
(see Fig -2). The building's overall height (H) is 31.394 
meters, based on the floor-to-floor height calculations shown 
in Table 1. The floors are 16.85 cm thick with a 15 cm RC 
slab. Cross sections of the columns were obtained: Col. 50 × 
50 cm2. The columns' longitudinal steel dimensions, taking 
reinforcement into account, were 4 Φ20 and 4 Φ16. The 
beam’s cross- sections were 30 × 80 cm2 ,40 ×70cm2 ,23 
×25cm2 and ,23 ×30cm2 are respectively for PB1, PB2, SB1 
and SB2 where PB means Primary Beam and SB means 
Secondary Beam as shown in (see Fig -4). 

Table -1: Floor to floor height of G+6 building 

STORY HEIGHT 
(m) 

ELEVATION 
(m) 

MASTER 
STORY 

Head Room 
Slab 

3.6576 31.394 No 

Terrace 3.6576 27.7364 No 

Sixth Floor 3.6576 24.0788 No 

Fifth Floor 3.6576 20.4212 No 

Fourth Floor 3.6576 16.7636 No 

Third Floor 3.6576 13.106 No 

Second Floor 3.6576 9.4484 Yes 

First Floor 3.3528 5.7908 No 

Ground Floor 2.438 2.438 No 

Base  0  

 

Fig -1: Isometric View 

Total height of the structure is 31.394m which comes under 
mid-rise building as per basic design concept. 

3. GEOMETRICAL FEATURES OF RC STRUCTURES 

 

      (a) Ground Floor Plan                (b) First Floor Plan 

 

(c) Plan of Second Floor to Terrace        (d) Headroom 

Fig -2: Configuration of structure frame Plan 
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(a) Elevation in X Direction      (b) Elevation in Y Direction 

Fig -3: Configuration of structure frame elevation 

 

(a) Column section 

 

 

 

 

 

(b) Beam sections 

 

Fig -4: Structural element cross-sections 

4. MODELLING 

The traditional mid-rise frame considered in the study is a 
rectangular design (L/B = 1.289) with dimensions of 17.678 
m × 13.717 m and three bays along the X and two bays along 
the Y directions. The structure in question is 31.394 meters 
tall, contains G+6 levels, and features a headroom slab. 
Beyond the building's perimeter, an exoskeleton structure is 
accessible at a distance of 1.30 meters. The exoskeleton 
structure is connected to the building's multiple floor levels 
by links. The links were made of 120 mm-diameter steel 
rods. 

Fig -2 (a, b, c, d) shows that the plans of the different 
floors of the structure differ, as shown by the study's 
assessment of the elevation and plan of the ordinary 
rectangular building (Fig -2, 3). The analysis begins with 
conventional mid-rise frames (Fig. 1) and moves on to X-
braced (Fig -5a), V-braced (Fig -5b), diagonal-braced (Fig -
5c), and diamond-braced (Fig -5d) structures. Fig -5 shows 
the elevation of every mid-rise frame along the positions of 
the exoskeletons, perpendicular to the building's frame at 
every outer column spot. 

 

         (a) X-braced                            (b) V-braced 

 

(c) Diagonal-braced     (d) Diamond-braced 

Fig -5: Conventional frame with exoskeletal integration 

Exoskeleton structures are made of steel of the Fe250 
grade. A 120mm-diameter steel rod serves as the linkage, the 
diagonal beams of the exoskeleton structures are hollow 
circular beams (ISNB50M), and the columns are created from 
built-up box sections of two channel section ISMC200 with 
battening at 0.30 m intervals (Fig -6). 

Releasing moments are employed to model the 
connections as axially stiff links. It is assumed that the 
Young's modulus (E) of the link is high. A high value of E is 
employed to make the connection as rigid as feasible and to 
maximize its axial stiffness. The exoskeleton structures were 
situated 130 cm from the center line of the building's 
exterior perimeter. 
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Fig -6: Exoskeletal frame Section 

5. LATERAL FORCE ASSESSMENT 

Static analyses were conducted using ETABS software to 
evaluate the current RC structure's performance in terms of 
lateral force resistance. This Response Spectrum approach 
was used to perform linear dynamic analysis in ETABS for 
frames of all five configurations: – rectangular mid-rise RC 
frame, X-braced, V-braced, Diagonal-braced and diamond-
braced [5-6]. Throughout the following sections, the frame 
without an exoskeleton is referred to as a conventional mid-
rise frame. A total of five models were examined, including 
four frames with exoskeleton structures and one standard 
frame. The response spectrum for Zone III as stated in 
IS:1893-2016 [7] was taken into account during the analysis. 
A response reduction factor (R) of 3.0 and an importance 
factor (I) of 1.0 have been considered. The process of 
response spectrum analysis entails calculating the responses 
in each vibrational mode and combining them using 
appropriate modal combination criteria. 

5.1 Floor Displacement 

As frame considered in this paper was rectangular in plan, 
so we need maximum displacement along X & Y direction due 
to lateral force in respective direction. The max displacement 
along respective direction shown in Table 2. 

Table -2: Maximum floor displacements in X-direction and Y-
direction 

 

Finally, complete content and organizational editing 
before formatting. Please take note of the following items 
when proofreading spelling and grammar: 

 

5.2 Floor Stiffness 

The maximum story stiffness induced in frames in X 
direction and Y directions respectively due to lateral force in 
their respective direction of different configurations 
provided in Table 3. The table presents a drastic increase in 
the stiffness of exoskeleton frame as compared to 
conventional mid-rise frame. However, exoskeleton 
structures X-braced frame shows maximum story stiffness. 

Table -3: Maximum story stiffness in X-direction and Y-direction 

 

5.3 Maximum Story Drift 

Story drift in mid-rise buildings under lateral loading 
refers to the relative displacement between adjacent stories 
due to horizontal forces such as wind or seismic activity. As 
these forces act upon the structure, each story undergoes 
horizontal movement, resulting in differential displacements 
along the building height [8]. The phenomenon of story drift 
is a critical consideration in structural design to ensure that 
displacements remain within acceptable limits to maintain 
occupant comfort, structural stability, and safety, 
optimizing and incorporating bracing systems to mitigate 
excessive drift. There is a decrease in story drift because of 
integration of exoskeletal as observed from Table 4. 

Table -4: Maximum story drift in X-direction and Y-direction 
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2. RESULTS AND CONCLUSION 

Exoskeleton integration into mid-rise buildings is an effective 
retrofit approach, particularly when there are functional and 
spatial limitations. The present work examines the 
performance of exoskeleton structures in the lateral force 
regulation of conventional RC frames. The current study 
utilizes rigid links with hinged connections, one of the several 
braced configurations that connect the exoskeleton to the 
conventional mid-rise RC frame. 

 

Fig -7: Maximum displacement in X-direction 

 

Fig -8: Stiffness of structure for different bracings 

 

Fig -9: Story drift in X-direction 

As a result, the analysis of five distinct building frames 
demonstrates that there are significant differences in how 
well a building performs under lateral loading. The response 
spectrum analysis also analytically demonstrates that the 
installation of an exoskeletal structural system without the 
use of a damping system automatically reduces story 
displacement (Fig -7) and story drift (Fig -9) in the 
diaphragm. So, this work can be considered as a reference 

for the design and execution of the of any mid-rise structure 
which is going to be constructed in India by considering 
exoskeletal system which increase the performance of the 
story stiffness (Fig -8). Additionally, exoskeletal systems can 
be efficiently designed using this study for a variety of 
performance goals at various risk levels. The exoskeletal 
system is therefore shown to be a safe choice for the mid-
rise structures that can successfully be designed. 
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