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Abstract. Rapid city growth in the hilly regions has really pushed up the
demand for reinforced concrete buildings built on sloping terrain, where
structural weirdness tied to uneven foundation levels tends to shift the
seismic performance in a big way. Buildings set on inclined ground can
show stiffness asymmetry, unequal column heights, and even torsional
response when earthquakes shake the structure, and this could reduce safety
if the structural layout is not thoughtfully planned. In this work the influence
of shear wall placement on the seismic response of a multi storey reinforced
concrete building on the sloping ground is looked at. The G+10 model was
prepared in ETABS, and the structural checks were done with the response
spectrum approach in line with IS 1893 (Part 1):2016 provisions. Four
different structural setups were considered, including a bare frame model,
plus three shear wall arrangements located at the central core, the building
corners, and along the building perimeter. The analytical results show that
bringing in the shear walls considerably improves the structural
performance, where the reduction in lateral deformation and also the
torsional response was clearly observed. The maximum roof displacement
in Seismic Zone V dropped from 118.6 mm for the bare frame setup to 74.5
mm for the peripheral shear wall configuration, that is nearly a 37%
reduction. Likewise, the maximum storey drift decreased from 11.3 mm to
7.1 mm, and the torsional irregularity ratio was reduced from 1.28 to 1.07.
Overall, these outcomes suggest that a peripheral arrangement of shear walls
gives the most effective layout for enhancing seismic stability of reinforced
concrete buildings, even when the building is constructed on sloping terrain.
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1 Introduction

Urban growth in mountainous and hilly zones has gone up a lot during the last two decades,
mostly due to population rise, a shortage of flat land, and also better infrastructure
development even in places that are geographically restricted. Because of that, building on
sloping ground has become quite normal in many areas around the world, especially in
seismically active regions where the natural land shape basically brings extra structural
difficulties. Structures that are built on inclined ground tend to show an irregular layout, and
the mass and stiffness do not end up being uniform along the vertical axis and also across the
horizontal directions [1][2]. These irregular traits really matter for seismic behaviour, since
during an earthquake the amplified displacement, the torsional response, and even the stress
concentration can show up. So, designing reinforced concrete buildings on slope sites means
you have to think carefully about the lateral load resisting mechanisms, so that the structure
stays safe enough and performs well during seismic loading conditions [3].

1.1 Background

Rapid urban development across hilly areas has really brought more pressure to have
structural systems that are dependable and can withstand earthquake induced forces. In those
kinds of places, the usual building arrangements that work reasonably well on flat ground
often don’t show the same structural behavior once the terrain is inclined. When buildings
are put on sloping soil, they typically end up with stepped foundations, unequal column
heights, and changes in the stiffness distribution from one storey to the next. Because of these
built-in features, you get vertical irregularities which then change the dynamic characteristics
of the structure, in a way that matters a lot [4][5].
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Fig. 1. Typical reinforced concrete building on sloping ground showing possible shear wall locations.

During the seismic episodes, the shorter columns tend to draw in the higher shear forces, while
the taller columns go through larger sideways movements and, in a way, a much more
noticeable drift than youd expectThe variation in column heights introduces stiffness
irregularity, resulting in increased torsional response and stress concentration within structural
members. So, buildings that are erected on sloping terrain end up showing the higher
vulnerability to earthquake damage when compared with similar structures set on flat ground.
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Furthermore, stiffness asymmetry amplifies the seismic response of the structure. This is why
the adoption of structural systems that improve lateral stability and cut down on the torsional
irregularity is an essential requirement in the seismic design process [6].

2 Role of Shear Walls in Seismic Resistance

Shear walls are highly effective structural elements for resisting lateral loads in reinforced
concrete buildings and are widely adopted in seismic-resistant design. The vertical reinforced
concrete components work as the main load-bearing system where the earthquake induced
actions are safely transferred down to the foundation. By providing enough in plane stiffness
and strength, the shear walls can improve the lateral load resisting capacity of the building,
but also help keep the excessive horizontal drift under check, especially when the response is
measured during dynamic events [7].

Beyond the overall stiffness gains, properly located shear walls help to curb the torsional
actions that come with an asymmetric structural layout. With a well designed shear wall
system, the seismic forces are spread more evenly through the structure, so the stresses don’t
pile up so sharply in one spot, like inside a single column or beam. Also, the way the shear
walls are arranged on the building plan is not a minor detail, it really governs the structural
effectiveness. Different configurations will lead to different displacement control levels and
torsional stability [8].

Fig. 1 shows a generally schematic , three dimensional representation of the multi storey
building that was built on sloping terrain, and it generally illustrates the stepped column
heights as well as where the possible shear wall locations could be found, like the central,
corner and peripheral arrangements. In general, the illustration gives a clear visual
understanding of structural irregularities linked with the uneven ground , while also showing
how shear walls play a stabilizing role in the overall structural system.

3 Research Gap

Although several studies have investigated the seismic performance of reinforced concrete
buildings incorporating shear walls, limited research has focused on buildings constructed on
sloping ground. Furthermore, comparative assessment of different shear wall locations under
varying seismic zones remains insufficiently explored. Therefore, the present study evaluates
the effectiveness of central, corner, and peripheral shear wall configurations in improving
seismic performance and reducing torsional irregularity in reinforced concrete buildings
constructed on sloping terrain [9][10].

4 Objectives of the Study

This study intends to look into the seismic response of multi storey reinforced concrete
structures that are built over sloping ground, using different shear wall setups. The first aim
is basically to carry out the structural analysis of the bare frame model, and it is then checked
against other models that have shear walls placed in the centrally positioned zone, corner
zones, and also along the peripheral edge. The second aim is to see how the variation in the
seismic zone affects the overall structural performance of all these configurations, in other
words, how it behaves when the hazard level changes. The third aim is to figure out the
optimal shear wall placement, one that reduces torsional irregularity, yet also enhances the
overall seismic resistance as per the guidelines in IS 1893 (Part 1):2016.
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5 Methodology And Structural Modelling

The assessment of the seismic performance of reinforced concrete buildings made on sloping
grounds needs a generally systematic modelling approach that can catch the geometric
irregularity, and also the stiffness changes caused by the inclined site condition. In this work,
a multi storey reinforced concrete building was modelled and then analysed with the
structural analysis software ETABS, The modelling procedure considered several shear wall
placement configurations, not just one, so we can see how they affect the seismic response
parameters like storey displacement, storey drift, base shear and also the torsional behavior.
All structural modelling parameters and the loading conditions were set based on the
requirements given in the relevant Indian Standard codes, including IS 875 for gravity
loading, plus IS 1893 (Part 1):2016 for earthquake resistant design.

5.1 Description of Building Model

The regular reinforced concrete building, consisting of the ground floor and ten upper storeys
(G+10) was considered for the present investigation. The building plan was assumed to be
the rectangular configuration with the plan dimensions of 30 m x 20 m , which represents a
typical midrise residential or commercial structure usually built within the urban
environments. The structural framing system comprised the reinforced concrete beams,
columns as well as the slabs, arranged in a symmetric grid configuration that feels generally
balanced overall.

The storey height at each level was maintained as 3.2 m, which resulted in the total structural
height of approximately 35.2 m measured from the foundation level to the roof level. The
building was assumed to be constructed on sloping ground with the inclination of 20°, where
the modelling approach incorporated stepped foundation levels to represent realistic site
conditions. Because of the slope, the column heights on the downslope side of the structure
became notably higher compared with the column heights on the upslope side. This change
in the column length introduces vertical irregularity and also alters the stiffness distribution
throughout the building.

So, the structural grid kind consisted of the six bays in the longitudinal direction and also the
four bays along the transverse direction, and the bay spacing was 5 m throughout. At each
floor level the slab system was modelled as the rigid diaphragm, this generally diaphragm
basically represents the in-plane stiffness of the reinforced concrete floor slabs. It’s like an
idealized behavior that captures how the slab area works rather than only just being a thin
plate, so yeah, that’s the idea.

The three-dimensional structural model used for the analysis, which shows the stepped
foundation levels and also the different column heights because the terrain is sloping, is
shown in Fig. 2. In the same figure, you can also see the general beam—column framing
system, plus the overall building geometry. This visualization helps with understanding how
the slope brings in geometric irregularities, and those irregularities end up affecting the
structural design process.
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Fig. 2. Three-dimensional ETABS model of the RCC building on sloping ground.

6 Material Properties

The structural parts of the building were assumed to be made using the usual reinforced
concrete materials that are commonly adopted in midrise construction practices in India. The
concrete of grade M30 was selected for all structural members, which gives the characteristic
compressive strength of about 30 MPa. For the reinforcement, Fe500 steel was used for both
the longitudinal bars and the stirrups (see Table I).

The modulus of elasticity of the concrete was found using the empirical relation given in IS
456:2000 [11][12].

E, = 5000/

Where E_c= the modulus of elasticity for the concrete (MPa) and f ck= the characteristic
compressive strength of the concrete (MPa)

For M30 concrete,
E. =5000v30 = 27,386 MPa

For this analysis, Poisson’s ratio for the concrete was taken like 0.2, while the unit weight of
the reinforced concrete was assumed as 25 kN/m?. Structural member dimensions were chosen
so that the stiffness, and also the resistance would be adequate during the seismic loading,
even if it sounded easy at first.

Table 1. Structural Material and Member Properties

Parameter Value
Concrete Grade M30

Steel Grade Fe500

Slab Thickness 150 mm

Beam Size 300 x 450 mm
Column Size 500 x 500 mm
Shear Wall Thickness 200 mm

The slab thickness of 150 mm was adopted to provide enough flexural capacity along with
diaphragm action, kinda like a twofold job. Beam and column sizes were selected based on
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the initial design considerations for the mid-rise structures, that are subjected to seismic
loading, and we know that sort of stuff matters.

7 Shear Wall Configurations

To look into how the placement of the shear wall affects the seismic behaviour of the structure,
four different structural models were developed. Each model kept the identical geometric
properties, the material characteristics , and the same loading conditions so that the impact of
the shear wall configuration could be sort of isolated and then examined.
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Fig. 3. Plan layouts showing different shear wall configurations.

7.1 Model 1 — Bare Frame Structure

The first model was basically the usual reinforced concrete moment resisting frame ,but with
no shear wall elements in place. In that set up, the lateral forces that show up during the
earthquake shaking are taken care of mostly through the beam—column interaction. This model
sort of acted as a baseline reference for checking how effective the shear walls are, and yes, it
was generally the key comparison case for the evaluation.

7.2 Model 2 — Central Shear Wall Configuration

The second model includes the shear walls , which form the core wall system by being placed
within the center region of the building . Putting them centrally boosts the global stiffness of
the structure , and still keeps the symmetry relative to the main axes as well , so it provides
improved performance.
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7.3 Model 3 — Corner Shear Wall Configuration

The third model incorporated the shear walls at the four corners of the building, i mean it was
done so. The corner placement gives the enhanced torsional strength, because the
configuration increase the distance between the centre of rigidity and the outermost structural
points—of the building itself.

7.4 Model 4 — Peripheral Shear Wall Configuration

The fourth structural configuration incorporated the shear walls positioned along the outer
boundary of the building plan, consequently. The peripheral wall arrangement improves the
resistance against the lateral movement because the configuration increases the effective
structural width and that in turn enhances the seismic stability of the building.

The structural models illustrated in Fig. 3 show the four different plan configurations which
include the following arrangements: (a) the bare frame system, (b) the central shear wall
arrangement, (c) the corner shear wall configuration as well, and (d) the peripheral shear wall
configuration. The shear walls are represented as the solid shaded elements within the building
plan grid, so the elements can be clearly distinguished from the beams and the columns.

8 Loading and Seismic Parameters

The gravity load ing of the building was evaluated according to the provisions of IS 875 (Part
1) as well as IS 875 (Part 2). The dead load considered in the analysis included the self weight
of the structural members, along with the floor finishes and partition walling. The live load
was assigned according to the typical occupancy needs that are tied to residential buildings,
mostly. The total dead load acting on the structural member can be expressed as [13][14]:

W =Xw; €y

Where W = the total dead load acting on the structure, and w_i = the individual component
load contributions

For seismic analysis, the earthquake forces were computed by following the guidelines laid
out in IS 1893 (Part 1) :2016 The design horizontal seismic coefficient is defined via the
equation below [15][16]:

A - ZIS,
" 2Ry
Where A h= the design horizontal acceleration coefficient, Z=the zone factor, I= the

importance factor, S a/g= the average response acceleration coefficient, R= the response
reduction factor, and g= the acceleration due to gravity.

()

The design base shear is determined using the following [17]:
Vb = AhW (3)

Where V_b = the total design base shear, and W= the seismic weight of the building. The
seismic parameters used in the analysis are given in Table II.

Table 2. Seismic Design Parameters

Parameter Value
Response Reduction Factor (R) 5
Importance Factor (I) 1
Soil Type Medium
Damping Ratio 5%
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These parameters correspond to the special moment resisting frame system, placed on medium
soil conditions, generally. it is located there at the same time, more or less.

9 Seismic Zones Considered

To gauage the impact of earthquake intensity on building performance, the structural models
were being analysed under the four seismic regions as specified in the IS 1893 (Part 1):2016
provisions. The seismic zone factor, (Z) indicates the anticipated level of ground shaking, and
it gets used in computing the design base shear.

Table 3. Seismic Zone Factors According To Is 1893:2016

Seismic Zone Zone Factor (Z)
Zone 11 0.10
Zone 111 0.16
Zone 1V 0.24
Zone V 0.36

Zone II covers those areas where the seismic risk is lower, or at least generally lower, when
you compare it with the other seismic zones. Zone V instead, marks the locations which are
identified as the regions showing the highest seismic hazard, following Table III. In this work,
the building models are evaluated across the four seismic zones, so it can show how the
structural response shifts depending on the different earthquake intensities, in a generally
uneven but still clear way.

10 Analysis Method

The seismic behavior of the building models was looked at by using the Response Spectrum
Method which is, more or less, the usual step for checking the dynamic behavior of multi
storey structures. In this approach the method finds the peak structural response to the
earthquake ground motion while at the same time the need for a full time history set of the
ground motion data is not taken Basically, the response spectrum function shows how the
natural period of vibration is related to the maximum acceleration that a single degree of
freedom system sees during the earthquake event. The fundamental natural period of the
building, can be taken as an approximation using the empirical expression given in IS 1893
(Part 1):2016.

T = 0.075h°7°
Where T= the fundamental time period (seconds), and h= the height of the building (m)

The modelling procedure in the ETABS, followed the sequential stages of structural definition
and analysis, like it should. First the building geometry was pinned down through the
specification of grid spacing, the setting of the storey heights and also the dimensions of the
structural members. The second stage was about the assignment of the material characteristics
and the section properties to the beams, the columns, the slabs, and the shear walls. After that,
the structural design codes asked for the application of gravity loads and seismic loads
according to the given design specifications. Then the response spectrum analysis produced
the dynamic response parameters, such as the storey displacement, inter storey drift, base
shear, and also the torsional irregularity, which is kinda key.

Finally, the outcomes from each shear wall configuration were compared in a systematic way
to identify the structural design that delivers the best seismic performance for buildings built
on the sloping terrain, not just “okay” performance.
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11 Results And Discussion

The response spectrum analysis done in ETABS, evaluated the seismic performance of
reinforced concrete building models that were built on the sloping terrain, more like a sloping
terrain. The analysis looked at four different structural configurations, namely the bare frame
model, the central shear wall model, the corner shear wall model and also the peripheral shear
wall model. These configurations were analyzed under the seismic loading scenarios, as
defined in IS 1893 (Part 1):2016, for the Zones II, 111, IV, and V.

For the dynamic analysis, the outcomes were interpreted by checking storey displacement,
storey drift, base shear, and the torsional irregularity as well. These parameters give the
foundation for judging, how well the structural system preserves stability against lateral
forces while still sustaining structural performance during the earthquake shaking events.

11.1 Storey Displacement

Storey displacement generally means the lateral movement of every floor level compared to
the base, during seismic shaking or excitation. If the displacement is too much, it suggests
there is not enough stiffness, and this can cause structural damage, or later on serviceability
issues. In practice, the greatest storey displacement usually shows up at the roof level, because
the sideways deflection seems to build up along the height, step by step as you go upward.
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Fig. 4. Variation of storey displacement along building height for different shear wall configurations.

Table IV shows the highest roof displacment results for the four structural models that were
evaluated across the different seismic zones and it is generally a summary, not too much else
to it.
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Table 4. Maximum storey displacement (mm)

Model Zone 11 Zone 111 Zone IV Zone V
Bare 32.4 51.8 76.9 118.6
Frame
Central
Shear 24.7 39.1 58.4 89.2
Wall
Corner
Shear 21.5 34.6 51.2 78.4
Walls
Peripheral

Shear 20.3 32.8 48.7 74.5
Walls

The results indicates that the inclusion of the shear walls provides an effective control for the
lateral movement of the structure, more or less. The bare frame structure in Zone V which
represents the highest seismic intensity, exhibited the roof displacement of 118.6 mm. The
installation of the central shear wall reduced the displacement by approximately 25%,
whereas the corner and the peripheral shear wall configurations achieved the reductions of
about 34%, and 37% respectively.

The shear wall system increases the lateral stiffness of the structure, so the displacement
response is better controlled. The buildings that incorporate peripheral shear walls showed
the minimum lateral movement because the structural width available for resisting the lateral
forces reached the maximum effective value, more or less. The displacement profiles
measured from the base to the roof, which illustrate the different response patterns of four
structural models subjected to the Zone V seismic loading as presented in Fig 4.

12 Storey Drift Analysis

The graph shows a rather gradual increase in displacement as the building height goes up,
while also, generally highlighting the better rigidity that comes from the peripheral and the
corner shear wall configurations. In a similar way the displacement numbers keep climbing
with the seismic zone factor, because those two parameters have a direct, proportional
relationship. As the zone factor rises, the design base shear also rises. Consequently, the
structure experiences greater lateral forces during seismic excitation:

Driftyimi; = 0.004 X 3.2 = 0.0128 m = 12.8 mm

In Zone V, the maximum story drift corresponding to each structural arrangement is shown,

in Table V.
Table S. Maximum Storey Drift Values (Mm)
Model Maximum Drift
Bare Frame 11.3
Central Shear Wall 8.6
Corner Shear Walls 7.4
Peripheral Shear Walls 7.1

10
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Fig. 5. Maxim um storey drift comparison for different structural models.

All structural configurations satisfy, the storey drift limit specified in IS 1893 (Part 1):2016.
The bare frame model comes near the permissible limit, more closely than the other structural
configurations, it seems. Once shear walls are added, the inter storey deformation goes down
because the stiffness of the building frame actually increases.

The peripheral shear walls, in particular, provide the most effective drift control. This is
because the lateral forces are routed along the outer edges of the building, and that basically
cuts down the deformation within the individual structural components.

The peak drift values of the four structural models were compared as shown in Fig. 5. The
figure highlights the substantial reduction in the storey drift that is achieved using the corner
and the peripheral shear wall configurations.

13 Base Shear Comparison

Base shear represents the total lateral force acting at the base of a structure during seismic
excitation. The calculation itself is done with the expression given by IS 1893 (Part 1):2016,
and you follow that one.

Vy = AnW €))

Where V_b= the design base shear, A h= the horizontal seismic coefficient, and W= the
seismic weight of the structure. These are more or less the key stuff, even if, you know, the
notation feels a bit sparse at first.
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Fig. 6. Base shear comparison for different seismic zones.

11
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Table 6 shows the values of shear forces of the models in the assembly buildings for the
various seismic zones, where the behavior is compared.

Table 6. Design Base Shear (KN)

Model Zone 11 Zone 111 Zone 1V Zone V
Bare 1185 1894 2846 4269
Frame
Central
Shear 1202 1923 2887 4330
Wall
Corner
Shear 1214 1940 2916 4378
Walls
Peripheral

Shear 1228 1964 2953 4426
Walls

The structural design approaches developed during the twenty first century have been widely
adopted in engineering practice, as shown in the documents published by the European
Commission. The base shear values do increase a little when shear walls are introduced,
because the overall rigidity of the structure becomes greater. The dynamic response
characteristics of the structures suggests that the seismic forces increase when the structural
stiffness goes up, and that is significantly what we would expect. So, this upgraded stiffness
of the structural arrangement therefore gives better stability since the deformation of the
structure is effectively reduced.

Also, the base shear rises quite noticeably when the seismic zone intensity increases, mainly
because the seismic zone factor, (Z) becomes larger. The grouped bar chart illustrated in Fig.
6 presents the base shear values for all structural models considered in the seismic Zones I,
L IV and V.

14 Torsional Irregularity Evaluation
Torsional irregularity shows up when the center of mass doesn’t line up with the center of

rigidity and this mismatch causes the structure to undergo rotational movement during the
earthquake excitation. The torsional irregularity ratio is defined as given in follows [20]:

Amax
n= (5)
Aavg

Where 1 = the torsional irregularity ratio, A_max = the maximum storey displacement at one
edge , and A_avg = the average displacement of the two extreme edges (not just one side).

According to IS 1893 the torsional irregularity exists when the ratio is greater than 1.2 , or
well above that threshold.

Table 7. Torsional Irregularity Ratio

Model Torsional Ratio
Bare Frame 1.28
Central Shear Wall 1.18
Corner Shear Walls 1.09
Peripheral Shear Walls 1.07

The bare frame configuration exhibits torsional irregularity due to the torsional irregularity
ratio exceeding the permissible limit, consequently. The incorporation of the shear walls then
brings about a substantial reduction in the torsional response of the structure. Meanwhile the

12
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peripheral shear wall configuration offers the most balanced stiffness distribution, which

finally yields the lowest torsional irregularity ratio.

-
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-
o
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Torsional Irregularity Ratio

Fig. 7 shows a relatively simple chart, which illustrates the torsional irregularity ratios that
correspond to every structural configuration. Also, the figure adds the permissible limit value
of 1.2, so it can be used for comparison.

15 Comparative Performance of Shear Wall Configurations

The overall comparison, of the structural performance indicators is given in Table VIII, like

Bare Frame

significantly there, it shows everything at once.

-=- IS 1893 Torsional Limit (1.2)

1.09

1.07

Central Shear Wall Corner Shear WallsPeripheral Shear Walls
Structural Model

Fig. 7. Torsional irregularity ratio comparison among structural models.

Table 8. Comparative Performance Of Shear Wall Configurations

. Max R
Model Max Drift Displacement Base Shear Torsn.on
(mm) (mm) (kN) Ratio
Bare Frame 11.3 118.6 4269 1.28
Central
Shear Wall 8.6 89.2 4330 1.18
Corner
Shear Walls 7.4 78.4 4378 1.09
Peripheral
Shear Walls 7.1 74.5 4426 1.07

The results indicate that the suitable placement of the shear walls significantly affects seismic
behaviour, of the buildings that are constructed on sloping ground and such. In other words,
when the walls are positioned right the whole response seems to change and it can be more

stable, or less stable depending on where they’re put.

16 Optimal Configuration Identification

From the analysed structural configurations, the peripheral shear wall system seems to show
the most favourable seismic performance, like by a good margin. This setup gave the lowest
storey displacement, also the minimum drift values, along with the smallest torsional
irregularity ratio. In other words, the peripheral arrangement helps the stiffness distribution
along the building perimeter in a more even way , so the structure becomes better at resisting

the lateral deformation and the torsional turning.

13
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The corner shear wall configuration looked quite capable too, although it had slightly higher
displacement and drift values, when compared with the peripheral system. Still, both of these
configurations did a good job reducing the torsional response, while also improving the overall
seismic stability of the structure.

On the other hand, the bare frame model recorded the highest displacement and the largest
torsional irregularity, which basically signals weak seismic resistance when exposed to strong
ground motion. The central shear wall configuration did improve the general structural
behaviour, but it was less effective at curbing the torsional effects, mainly because its position
is close to the building centroid, so the impact is not as strong.

Altogether, the findings confirm that placing shear walls on the periphery or at the corners
provides the most efficient structural configuration for reinforced concrete buildings that are
built on sloping terrain, and then loaded under seismic condition.

17 Discussion Of Practical Implications

The results obtained from the analytical investigation provide several practical insights for
structural engineers involved in the design of reinforced concrete buildings built on sloping
terrain. One of the most important observations is the strong influence of shear wall
placement on the seismic response of structures that show geometric irregularities due to the
ground inclination. Buildings constructed on hillside locations often develop unequal column
heights and a nonuniform stiffness distribution, which can lead to excessive displacement
and the torsional response during earthquake excitation. In other words, this investigation
shows that the appropriate positioning of shear walls meaningfully improves lateral stability
for these structural systems.

From the structural design perspective, the outcomes indicate that placing shear walls near
the building perimeter, or perhaps at building corners, is more effective than placing them
concentrated within the central region of the plan. The peripheral placement increases the
overall lateral stiffness while also giving a larger lever arm against torsional rotation. So, the
deformation demands acting on the beams and the columns are reduced, and the structure
behaves in a calmer way, compared to the mid-plan arrangement.

The findings of the investigation are particularly relevant for the structural design of the
residential and the commercial buildings that are built within hilly regions, where flat terrain
is not really available. In many mountainous areas, the buildings are often constructed on
stepped foundations, in order to accommodate the natural slope of the land. Under these
situations, the structural irregularities become generally unavoidable, and where the
conventional moment resisting frame systems may not provide the adequate seismic
resistance. So, adding shear walls that are strategically positioned becomes a generally
essential design aspect, to ensure the structural safety and also the serviceability performance
From the perspective of Indian seismic design practice, the investigation highlights how
important it is to comply with the provisions of IS 1893 (Part 1):2016, especially those related
to lateral load resisting systems and the control of torsional irregularity. The results suggest
that buildings designed for the higher seismic zones, mainly Zones IV and V, can gain much
more benefit from perimeter-based shear wall systems [21][22]. The reduction of the storey
displacement, and the torsional imbalance as well, through these setups supports better
structural behavior during strong ground motion. As a result, choosing optimized shear wall
placement strategies can help enable safer structural development across India, in the
earthquake prone hillside regions [23-26].
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18 Conclusion

The seismic behavior of the reinforced concrete buildings built on the sloping terrain was
examined by looking at the different shear wall placement configurations using a response
spectrum analysis. The analytical results for the structural models give several key insights.
In particular, when shear walls were introduced, the structure’s lateral stiffness improved
substantially, so the storey displacement dropped a lot compared to the bare frame type. On
the other hand, the bare frame configuration showed the highest displacement values,
especially in the more seismically active zones, which suggests it has a limited ability to resist
lateral earthquake loading. The presence of the shear walls effectively controlled the inter
storey drift, and it generally ensured that the maximum drift values remained within the
permissible limits specified in IS 1893 (Part 1):2016. Among the analysed configurations,
the peripheral shear wall arrangement gave the lowest drift values because the seismic forces
were distributed along, the building perimeter (not only there, but in practice it was observed
that way).

The analysis also indicated that the seismic response parameters increased consistently with
the increase in the seismic zone factor, which demonstrates the greater structural demand
associated with regions experiencing higher earthquake intensity.

The corner and the peripheral shear wall configurations provided superior torsional stability
and also improved overall seismic performance, where the peripheral configuration emerged
as the most efficient structural arrangement for reinforced concrete buildings constructed on
the sloping ground.
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