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Abstract

Buildings with shear walls are much less likely to sway in the direction of their orientation, reducing the likelihood of structural
damage. In addition to providing lateral stiffness, shear walls also prevent roof or floor wobbling. If walls are strategically
placed within a structure, they may be able to withstand the lateral forces caused by wind and earthquakes. The investigation
of the effects of various floor area ratios on shear walls in a building with an irregular shape is explained in the paper. The
primary concern is torsion formation in a structure with an irregular layout. In an irregularly shaped building, the floor area
(F/A) ratio of the shear wall is discussed in this essay along with its causes, effects, and potential solutions. In Seismic Zone
III, a U-shaped building with 15 stories and medium soil conditions is the subject of the study. Its damping value is 5%. CSI
ETABS ver. 19 will be used to accomplish the modeling and analysis. The study will conclude by highlighting the rationale
behind selecting a certain test model that demonstrates the lowest levels of story drift, time period, story displacement and
base shear. This test model has a varied percent shear wall (impact of a variable floor area ratio of shear wall).

Keywords ETABS - Shear wall ratio - Lateral story stiffness - Story drift - Response spectrum analysis

Introduction foundation level. These findings caused academic scholars
and practicing engineers to pay attention to shear wall-frame
structures. Shear walls should be used in earthquake-resist-
ant designs to reduce loss following earthquakes, according
to experimental and analytical studies on seismic design
methodologies (Akhil Ahamad & Pratap, 2020). This wall

resists the lateral loads that the structure is subjected to as

Multistory buildings in places with strong wind speeds are
provided with a shear wall as a structural element. Along the
length and width of buildings, these walls often start at the
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a result of wind, earthquakes, and occasionally hydrostatic
or lateral earth pressure. The modification of various met-
rics with increasing shear wall ratio, such as inter-story drift
or roof pitch, can be used to assess the effect of shear wall
ratio on structural vulnerability (Azad & Abd Gani, 2016;
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Basavalingappa, 2020; Dahat & Autade, 2016; Ali Kaveh &
Ilchi Ghazaan, 2017). Furthermore, properly engineered RC
shear walls safely deflect the applied seismic energy, causing
only minor or even no structural damage to the components
of building. One of nature's greatest threats to both property
and human life is an earthquake. The goal of engineering
design is to create buildings that can withstand earthquakes
of the highest magnitude for the duration of their useful lives,
minimizing the risk of fatalities and property damage (Fares,
2019; Gupta et al., 2016; Kaveh et al., 2020). Shear walls are
frequently employed in tall modern buildings as a vertical
structural element for resisting lateral stresses that may be
caused by the impact of wind and earthquakes (Kaveh &
Zakian, 2012; Pandey, 2021; Shaha & Banhatti, 2016).
Investigations into solid ground movements revealed that shear
wall systems that were well-planned and definite during previous
earthquakes operated successfully (Hiremath & Hussain, 2012;
Kaveh & Zakian, 2014; Mawle & Singi, 2020). Shear barriers
constructed in areas with high seismic activity should adhere
to strict enumeration requirements. But prior research showed
that even buildings with maximum shear wall to floor ratios and
walls with average seismic enumeration could experience high-
magnitude earthquakes. These perceptions led both academic
analysts and practical designers to take wall-outline structures
into consideration (Banerjee et al., 2023; Parashar & Gupta, 2023;
Sanjay et al., 2017; Tarigan et al., 2018). The trial and scientific
research on seismic planning are about to energize the use of
shear walls for a seismic tremor-safe plan to limit misfortune after
earthquakes. For a period spanning from the Skopje earthquake
in 1963 to the Armenian earthquake in 1988, the way current
designs behaved under solid ground movements and found that,
despite occasional breaking with varying degrees of seriousness,
no breakdown or life misfortune occurred in structures with shear
walls. It was established that excessive inter-story floats, which
led to section shear disappointments, were the main cause of
the collapse of numerous RC outline constructions (Edition &
Duggal, 2006; Engineering, 2024; Goswami et al., 2012; Kaveh
& Zakian, 2012; Yadav & Joshi, 2019). In any case, when
complete disintegration went undetected, massive inter-story
floats in the outlines resulted in severe property loss. The wall
angle proportion, the shear wall to floor area proportion, and the
wall design in plan bare were shown to be critical boundaries that
affect the itemizing of a shear wall for an RC plan. But among
these barriers, shear wall percentage is also recognized as a
crucial boundary disturbing the global presentation of a structure
subject to significant ground movements. Shear wall percentage
is, therefore, chosen as the crucial limit to be investigated in this
scientific evaluation (Jain & Mandal, 1992; Seeram & Kumar,
2023; Sharma et al., 2018). The diversity of different boundaries
with growing shear wall proportion, such as rooftop or inter-
story float, can be used to examine the impact of shear wall
proportion on the main weakness. The basic methodology for
seismic tremor-safe plans uses a shear wall region to floor area
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ratio of roughly 1.0% as a guideline when a double framework is
used. The text suggests some suggested shear wall proportions
for use in the first planning stages of shear wall-outline designs.
These ratios are primarily based on precise characteristics that are
discovered by building surveys carried out following significant
earthquakes or through logically based relationships (Dahesh
et al., 2015; Mukundan & Manivel, 2015; Parashar et al., 2023).

The effects of various floor area ratios on shear walls in a
building with an irregular shape are explained in this study.

Role of shear wall

Shear walls are the planar structural components that give
the structure lateral stiffness or rigidity. The shear wall in a
building experiences a decrease in lateral displacement with
the addition of lateral stiffness. But the shear wall's advantage
is in its placement. The shear wall in a building must be posi-
tioned from a stability perspective so as to prevent eccentric-
ity b/w the center of mass and stiffness (Mohan, 2011; Ravi
& Lekshmi, 2016). This is what caused the building's torsion
forces to grow. In other words, shear walls are beneficial for
buildings only if they do not cause torsion.

A bare frame model and eight other test models are taken
into consideration for the investigation of the role of shear
walls in decreasing the various parameters, such as story drift,
story displacement, etc., in an irregular building (Fig. 1).

Response spectrum analysis (RS)

The response spectrum analysis is performed in accord-
ance with the requirements of IS 1893:2016. The concrete
structure’s damping ratio is set at 5%, the response reduc-
tion factor for the SMRF is set at 5, and medium stiff
soil used. These factors are all based on the assumption
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Fig. 1 Shear wall (Source; www.constructionworld.com)
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that the building is in zone III; importance factor (IF)
for the residential building is taken to be 1.2 according
to IS 1893:2016; the response reduction factor for the
concrete structure; and the concrete structure’s damping
ratio (Fig. 2).

Modeling of structural frame

The goal of this investigation is to examine the effects
of seismic forces on multi-story RC (G + 15) irregular
structure outlines with various time histories and seismic
zones. For the seismic assessment in seismic zone III,
the Reaction Range technique is utilized. This contex-
tual analysis focuses on the commercial building with

Table 1 Geometric and loading details of the test model

S.no  Parameter Value
1 Building type 15 Story moment-resisting
frame

2 Length of bay in x direction S5m

3 Length of bay in y direction Sm

4 Plan dimension 45 mXx35m

5 Floor height 3m

6 Shear wall 0.23m

7 Size of column (400x 600) mm

8 Size of beam (300 500) mm

9 Modules of elasticity 28,500 Mpa Poisson’s
(concrete) ratio=0.2

10 Grade M30 (concrete) 30Mpa

11 Modules of elasticity (steel) 210,000 Mpa

12 Seismic zone I

13 Importance factor I

14 Soil type I

15 Live load 4 KN/m?

16 Dead load 1.5 KN/m?

NATURAL PERIOD T, s

the G + 15 U-shape, deviation, and asymmetry. The usual
floor-to-floor distance is 3 m. There are five meters
between each edge. M30-level cement and Fe500-level
rebar were used in the construction. The moment-resist-
ing frame of RC constructions is listed in Table 1.
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Fig 1: Bare Frame Model
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Result and comparison
Fundamental time period

The time it takes for a given structure to complete one
complete cycle of oscillation is known as the natural period,
or simply “T.” Following ETABS’s dynamic analysis, we
determined the duration of time using the mode shapes of
the test models.

According to Fig. 3, the time period reduces as the ratio
of the shear wall to the floor area grows larger. In detail,
the times for models 5, 6, and 7 are 1.71, 1.61, and 1.55 s,
respectively. For the most basic model, a maximum of 2.79 s
has been measured.

Maximum displacement

According to Eurocode-819, the maximum allowable dis-
placement is H/250, where H is the building's vertical height
above ground. Maximum allowed displacement is calculated
to be 180 mm using the formula H/250. Data for the verti-
cal relocation of various models are shown in Fig. 4. After
performing a dynamic analysis in ETABS, we measured the
test models’ X- and Y-axis storey displacement. Base shear
refers to the maximum lateral force that can be expected to
act on a building’s foundation as a result of seismic ground
motion.

When there is a greater ratio of shear wall area to floor
area, there is a decreased displacement in both directions.
For Model 5, the displacements along the X and Y directions
are, respectively, 20.64 mm and 20.13 mm, whereas for
Model 6, they are 19.86 mm and 20.12 mm, and for Model
7, they are 18.95 mm and 18.75 mm. For the bare model, the
greatest measured narrative displacements in the X and Y
axes are 35.19 mm and 40.63 mm, respectively.

Story drift

The story drift must not be larger than 0.004 times the storey
height, as stated in IS 1893:2016 (Part-I), section 7.11.1.
This part specifies the permissible drift in accordance with
the norm that was described before (0.004 times 3000 equals
12 mm). This is the most amount of drift that is allowed
under the rules. After using ETABS for dynamic analysis,
the storey drift of models was calculated in both the X and
Y directions. This was done so that the models would be as
precise as possible (Fig. 5).

The maximum amount of story drift that is allowed in
any story is 0.004 times the height of the story. The story
drift for model 5 is almost identical to that of models 6 and
7, with all of them having the same value of 0.00055 in both
the X and Y directions. This is valid for all three models.

Base shear

There appears to be a clear relationship between the percent-
age increase in shear wall to floor area ratio and the cor-
responding rise in base shear, as seen in the Table 2 below.
When comparing models 5 and 6, model 7 has the highest
base shear values. However, the bare model has the least X
and Y base shear of any of the models (Fig. 6).

Eccentricity

There appears to be a clear relationship between the percent-
age increase in shear wall to floor area ratio and the cor-
responding rise in base shear, as seen in the Table 2 below.
When comparing models 5 and 6, model 7 has the highest
base shear values. However, the bare model has the least X
and Y base shear of any of the models (Fig. 7).
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The eccentricity ratio in the response spectrum parameter
is affected by the building's configuration and mass and stiff-
ness distribution. Models 5, 6, and 7 have nearly identical
eccentricities along the X axis, as seen in the Table 2. Mod-
els 5, 6, and 7 all have eccentricities of 0.2556 m in X; how-
ever, these values increase to 0.6466 m and 0.7257 min Y.

Structural behavior

In particular, the structural behavior of a reinforced and
hybrid-reinforced concrete structure is dependent on size-
scale and reinforcing percentage. The outcomes of the first
two modes of our model are translation in the directions of X
and Y, while the outcomes of the third mode are rotation in the
direction of Z. Structural behavior were shown in the Table 2.

Conclusion

The following conclusions can be drawn based on the
findings of the various floor area ratios of shear walls that
were evaluated, which ranged from 0.6 to 2.2%, and the
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Fig. 7 Eccentricity

identification of the optimal model with a shear wall ratio
of 1.8%:

1. Optimal shear wall ratio: The model with a shear wall
ratio of 1.8% fared the best out of all of the floor area
ratios that were put to the test. This leads one to believe
that the proportion of shear walls to the overall floor
area of the building has a substantial influence on the
structural integrity and stability of the building.

2. The effectiveness of shear walls: The findings suggest
that increasing the shear wall ratio by more than 1.8%
did not necessarily result in an improvement in the
structural performance of the building. This discovery
shows that there may be decreasing results in terms of
boosting the building's resistance to lateral stresses by
rising the shear wall ratio any higher.

3. Efficient structural design: A shear wall ratio of
1.8% illustrates a satisfactory equilibrium between
the effectiveness of the overall efficiency of the
construction and the structural design. This conclusion
might be especially applicable to the high-rise building
construction, where it is very important to make the most
of available resources while minimizing expenditures.

4. Seismic performance: It is quite likely that the model
with a shear wall ratio of 1.8% had greater seismic
performance when compared to models with ratios that
were lower. Shear walls are vital for lessening the impact
of lateral pressures that occur during earthquakes, and
the distribution of shear walls within a building that
has been thoughtfully constructed can strengthen the
building's resistance to seismic activity.

5. Additional research: Despite the fact that the
investigation determined that a shear wall ratio of
1.8% is the optimum value, additional research may
be necessary to investigate a wider variety of building
types, soil conditions, and architectural configurations
to validate these findings in a more all-encompassing
manner. In this particular instance, shear walls have been
installed along the exterior boundary of the building.

Table 2 Structure behavior

Behavior in 2nd mode

Behavior in 3rd mode

Model name Behavior in 1st mode
Bare model Translational
Model 1 Translational
Model 2 Translational
Model 3 Translational
Model 4 Translational
Model 5 Translational
Model 6 Translational
Model 7 Translational
Model 8 Translational
Model 9 Translational

Rotational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
Translational Rotational
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6. In conclusion, the study emphasizes the importance it
is for architects and structural engineers to choose shear
wall ratios that are acceptable for the structures they
are designing. It would appear that a shear wall ratio of
1.8% offers the best possible compromise between the
structural efficiency and performance of the building,
but particular site and building constraints should always
be taken into consideration for each individual project.
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