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Abstract- A COMPARATIVE STUDY ON SEISMIC
RESISTANCE OF A STRUCTURE WITH SHEAR WALL ON
SLOPING GROUND, carried out on a residential building by
considering the gravity loads and lateral loads in the form of
Earthquake loads and Wind loads incorporating the shear
walls to reduce the lateral force effect on structural members.
The structure located in hilly areas are very much more prone
to seismic environment in comparison to the structures that
are situated in flat ground. Due to the sloping ground the
column height differs as short and long columns. Hence the
large amount of lateral force is attracted by short column due
to its higher stiffness. It leads to severe damage to structure
and causes loss of human life and property. Thus to increase
the seismic performance of building on sloping ground the
shear walls play very vital role. Hence in this study the
attempt is made to analyze the high-rise structures on plain
and sloping ground with and without shear walls.

A G+15 storey reinforced concrete (RC) building
with varying ground slope as 0°,10°, 20" and 30" without shear
walls and incorporating shear walls at center in plan four
sides ,at peripheral corners and providing complete external
walls with shear wall have been considered for the analysis.
The structure proposed is designed by Limit State Method
according to IS : 456-2000, the wind load analysis according
to IS : 875-(part-3) 2015 and seismic loads according to IS :
1893(part-1) 2016. Shear wall analysis according to IS :
13920-2016. The modeling and analysis of the structure has
been carried by Linear Dynamic analysis (Response
Spectrum) by using software ETABS 2016. Building in zone IV
at medium soil condition is analyzed for earthquake forces by
using ETABS. The main objective is to understand the
behavior of the building on sloping ground for the effect of
varying height of the column in bottom storey ,various
positions of shear walls and the effect of shear wall on sloping
ground. The seismic performance of structure with various
shear walls configurations is compared with respect to
parameters like base shear, lateral displacement, fundamental
time period, story drift and story shear.

Keywords- Reinforcement, ETABS ,base shear, lateral
displacement, fundamental time period, story drift, story shear
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and shear wall..
I. INTRODUCTION

"Earthquakes do not kill people, buildings do". This
statement is from seismologists who trust that human
construction and buildings that collapse during earthquakes
are the cause of most deaths. Most of the earthquake related
deaths are causes by total or partial collapse of buildings. In
India both at towns and urban areas the construction of
buildings are extremely growing with respect to population.
The destruction and loss in these areas in case of seismic
impact is due to the fact that most of the buildings are not
designed without considering the seismic forces.

Earthquake Resistance Design Philosophy : (1) Small but
frequent tremors : the load carrying elements of the structure
with horizontal and vertical forces must not be damaged
though, parts of the structure that do not carry a load can be
sustain and repairable of a damage. (I1) With moderate but
rare tremor : The main element can be sustain to the repairable
damage, while other elements of a building can be damaged,
so they may be require to replaced the member after the
tremor. (111) Under very strong but occasional tremor : The
main element may sustain large damage, but the structure
should not be collapse.

Therefore, after minor shaking, the building will be
completely operational within a small time and the repair
expenses will be little. After a moderate tremor, the building
will be operational once the strengthening and repair of the
damaged main element is completed. But after a very strong
tremor, the building may not useful for later use, but the
structure must be withstand so people can be safely evacuated.

SHORT COLUMN :

For example a building with a short column
constructed on sloping ground as shown in figure 1.2(a) and
building constructed on a mezzanine as shown in figure 1.2(b).
The bad behavior of the short columns is due to fact that in an
earthquake, a short column and long column of same
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dimensions move horizontally in the same quantity A shown
in figure (1.3). Therefore, the short column is more stiffer than
the long column and it is subjected to large tremor force. More
stiffness of the column is nothing but resistance to the
deformation i.e., the greater is the stiffness the greater in the
force to damage it. Where the short column is not design for
perfectly for the lateral load, it can be suffer more damage
when the earthquake occurs. This is known as Shorter Column
Effect. Due to large force the short column is damaged in form
of X-shaped cracks as shown in figure 1.2(c). This damage is
due to the shear failure of the column.

(k)

X-shaped cracking damage due to short column
Shear Wall Structures :

A shear wall is the concrete wall with a
reinforcement is designed to withstand the shear, the
horizontal force that causes most of the damage in tremors.
Most of the building codes require to use of such RCC
structure walls to make houses safer, more stable and learning
to know them is an importance of shear wall in architectural
education. Reinforced concrete structure often have vertical
walls similar to vertical plates called shear walls as shown in
the figure 1.4, in addition of columns, beams and slabs. The
shear wall usually start at the foundation level and are also
continuous along the height of the building. The shear wall
nothing but a vertically-oriented like beams they carry tremor
load to the surface. The minimum thickness of shear walls
should not be lesser than, (IS 13920 : 2016,clause 10.1.2)
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a) 150mm, and
b) 300mm for structure with coupled shear walls in any
tremor zones.

Reinforced Concrete Shear wall in building
Objectives Of Study :

The present study is taken up with the following
objectives :

1) To study the behavior of G+15 storied building
resting on plane ground is compared to the sloped
ground buildings with varying slopes i.e.,0, 10, 20,
30 degrees.

2) The buildings without shear wall are compared to
buildings with shear walls placing at peripheral
corners, shear wall provided symmetrically in plan
and shear wall provided complete external walls.

3) This comparison is carried out using Response
Spectrum Method by using Etabs 2016 software.

4) The comparison for various ground slope angles
considering parameters such as Displacement, Base
Shear, Storey Drift, Storey Shear, Fundamental Time
Period.

Il. LITERATURE REVIEW
Nagarjuna and Shivakumar B. Patil (2015) :

They studied a G + 10 storey RCC structure that rests
on a sloping ground whose slope of the ground varying from
10 " to 40 ° .A comparison was made with the structure
supported on a flat ground The goal is to study the effect of
different height of the column in the lower floor and the effect
of the structural wall in a different position during the tremor.
The tremor analysis was performed by linear static analysis
and also analysis of the response spectrum. The comparison
made with drift, storey displacement, time period and base
shear. They observed that a short column is more affective
during of the tremor.

Prasad Ramesh Vaidya (2015) :

They study the tremor performance of RCC structural
walls on a sloping ground. Their aim is to study the structure
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on a sloping ground for different positions of the structural
walls and also to study the effectiveness of the RCC structural
wall on sloped ground. The structure have been studied by
taking the four models. One model is a frame-type structural
system and three other models are of a dual-type structural
system with three different structural wall positions. The
analysis of the response spectrum is performed using the finite
element software SAP 2000. The performance of a structure
with respect a to displacement, the drift and the maximum
forces in a columns are compared.

S.P.Pawar ,Dr.C.P.Pise and N. K. Shelar(2016) :

They have studied an RCC building with G + 7 floors
resting on a sloping ground with a structural wall. He had
noted that the seismic behavior of structures on sloping terrain
different from other structures. The structures that rest on
sloping ground have more displacement and shears than basic
structures that rest on a flat ground and the short column
subjected more forces and suffers damage when subjected to
an earthquake. The setback in construction could be
vulnerable to tremor excitation. Base shear of structures on
slopes for the configuration of different structural walls
increases by about 50% along the direction parallel to the
slope, while increasing by 30-45% in another transverse
direction. The horizontal displacement are observed in the
direction parallel to the slope is greater than the displacement
in the transverse direction. Time period and the horizontal
displacement observed are less for the straight shape RCC
structural wall model between all configurations.

Response Spectrum Method :

This procedure provides an approximate maximum
response, but is quite accurate for a structural designing
applications. This approach, the multiple response modes of a
building to an tremor are taken into consideration. For every
mode, a response of a design spectrum is read, based on
modal mass and modal frequency. The responses of the
different modes are combined to provide an estimate of the
total response of a structure using modal combination methods
such as ‘complete quadratic combinations'(CQC), 'square root
of sum of squares'(SRSS), or 'absolute sum '(ABS) method.
Response spectrum method must be performed using the
design spectrum specified in the respective codes or from a
site-specific design spectrum, which is prepared specifically
for a structure at a particular project site.
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RESPONSE SPECTRA FOR ROCK AND SOIL SITES
FOR 5 PERCENT DAMPING

Description of Models :

Model-1 : G+15 storied building without shear wall in Zone
IV at O degree.

Model-2 : G+15 storied building with shear wall provided
symmetrically in plan in Zone IV at 0 degree

Model-3 : G+15 storied building with shear wall provided
peripheral corners in plan in Zone IV at O degree.

Model-4 : G+15 storied building with shear wall provided
complete external walls in plan in Zone IV at O degree.
Model-5 : G+15 storied building without shear wall in Zone
IV at 10 degree.

Model-6 : G+15 storied building with shear wall provided
symmetrically in plan in Zone IV at 10 degree .

Model-7 : G+15 storied building with shear wall provided
peripheral corners in plan in Zone IV at 10 degree.

Model-8 : G+15 storied building with shear wall provided
complete external walls in plan in Zone IV at 10 degree.
Model-9 : G+15 storied building without shear wall in Zone
IV at 20 degree.

Model-10 : G+15 storied building with shear wall provided
symmetrically in plan in Zone IV at 20 degree .

Model-11 : G+15 storied building with shear wall provided
peripheral corners in plan in Zone IV at 20 degree.

Model-12 : G+15 storied building with shear wall provided
complete

external walls in plan in Zone IV at 20 degree.

Model-13 : G+15 storied building without shear wall in Zone
IV at 30 degree.

Model-14 : G+15 storied building with shear wall provided
symmetrically in plan in Zone IV at 30 degree .

Model-15 : G+15 storied building with shear wall provided
peripheral corners in plan in Zone IV at 30 degree.

Model-16 : G+15 storied building with shear wall provided
complete external walls in plan in Zone IV at 30 degree.
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Load combination :

The analysis results obtained for the following load
combination as per IS 456-2000 and IS 1893-2016

COMB1 =
COMB?2 =
COMB3

COMBA4

COMBS5

COMBS6

COMBY7

COMBS8

COMBS9

COMBI10
COMB11
COMB12
COMB13
COMB14
COMB15
COMB16
COMB17
COMB18
COMB19
COMB20
COMB21
COMB22
COMB23
COMB24
COMB25 =
COMB26 =
IN X

COMB27 =
INY

1.5 (DL+LL)
1.2(DL+LL+WX)
1.2(DL+LL-WX)
1.2(DL+LL+WY)
1.2(DL+LL-WY)
1.5(DL+WX)
1.5(DL-WX)
1.5(DL+WY)
1.5(DL-WY)
0.9DL+1.5WX
0.9DL-1.5WX
0.9DL+1.5WY
0.9DL-1.5WY
1.2(DL+LL+EX)
1.2(DL+LL-EX)
1.2(DL+LL+EY)
1.2(DL+LL-EY)
1.5(DL+EX)
1.5(DL-EX)
1.5(DL+EY)
1.5(DL-EY)
0.9DL+1.5EX
0.9DL-1.5EX
0.9DL+1.5EY
0.9DL-1.5EY
RESPONSE SPECTRUM

RESPONSE SPECTRUM

3D models with shear wall on sloping ground 30’
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Plan dimansion 3I253X224Em
Seismic zone v

Zone factor, = 0.24
Wind Spead 47m/'s

MNumbear of storey G+1s

Floor height im
Deapth of Slab 130 mm
Sizz of beam 400 x 300 mm

Size of column 500 x 300mm

Thickness of shear wall 230mm
hiaterials W 4 concrete and Fa 413 steel
Thicknazs of extarnal and intarmal -
) 230mm
walls
Type of s0il Madium seil
Importance Factor, I 1
Ezsponse spactrum analvsis Linsar dvnamic analvsis
Damping of structura 5 parcant
Fasponsa reduction factor 3
Wall load 12kN/m
Liva load 2EN/m”

Ground slopas 0.10.20 and 30 dapraas

T .
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I11. RESULT AND DISCUSSIONS

Comparison of Lateral Displacement :

Storey Strucmre without providing shear walls, mm

level-X [3 iy w ar
1 1.154 1.84 2103 2438
2 4128 4.613 4042 5.207
3 T.B30 B.445 B.&57 L07E
4 11.536 12.352 12.05 13.20%
5 5.211 15.43 15008 17.269
& 1B.763 18.82 10.044 21.222
7 22 008 22324 13.571 25.033
B 15.123 15.670 17.034 1B.667
o 1806 1884 30.291 32.087
10 30.766 31.755 33.280 35.158
11 33184 34371 36.013 3E.14
12 35.253 36.632 3B.3EE 40,693
13 36.907 3B47E 40.368 41878
14 3B.088 30835 41.913 44,650
15 3B.7E3 40.76 43.032 46.044

The displacements of a structure resting on a sloped
ground are found to be relatively more than the structure
resting on flat ground (0) . As compare to 0" model the
percentage increasing of the models without shear wall resting
on 10, 20, 30" i.e., 5.09 %, 10.95 %, 18.72 %
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Storsy Strucre with shear walls provid ed symmetrically in

level X - R L -
1 0.314 0.487 0.08 1.448
2 1.11% 1.174 1.826 2473
3 1.97% 1040 2 806 3.503
4 2883 3160 3.B85 4.803
5 3.803 4441 5.041 5.08
& 4088 5.833 6.257 T.407
T 6.121 T.31 T.514 B.76E
g 7.202 2.823 B.BET 10.148
bl B.481 10.135 10.45 11.535
10 0671 11.444 12.744 13.93
11 10,848 12.737 13.628 14308
12 11.928 14.042 15.181 17.661
13 13.107 5219 16.688 18977
14 14168 16.411 1B.011 20.251
15 15.167 T.534 20.076 12.523

As compare to 0" model with shear walls provided
symmetrically in plan the percentage increasing of the models
resting on 10, 20", 30" i.e., 15.60% , 32.36% , 48.50% .

St Structure with shear walls provided at peripheral
R mees
1) 10 L] L)

1 0.2122 0.383 0.616 0803
2 0.042 118 1.547 1.E36
3 1.637 1278 1.674 3.05
4 1445 3.089 3684 4416
5 3.347 4.208 4.281 5.887
& 4324 5.461 5.006 7.365
T 5.357 §.008 T4E 2403
B §.410 2101 B8R 0.75R
o 7.521 10.116 10,358 11.438
10 B.6L7 11.147 12.408 12.615
11 2,701 11.263 13.04 13.973
12 10.759 13.751 14.64 16,308
13 11.776 14221 16,197 17281
14 12.744 15.777 17.703 1E.518
15 13.647 16.197 10140 20190

As compare to 0" model with shear walls provided at
peripheral corners in plan the percentage increasing of the
models resting on 10°, 20", 30" i.e., 18.68% , 40.31% , 48.01%

O0DEGEREE GROUND LEVEL MODELS X-DIRECTION

—e— Model1
—i—Model-2

d—Maodel-3

== Mode 4

DISPLACEMENTS (mm)
"

[1] 5 10 15 20
STOREY LEVEL

Fig: 5.1 (a) The Displacements of a models in the direction
of X on plane ground (0°)
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The lateral displacement is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 88.69% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
60.89% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plan
displacements are reduced by 64.81% compared to structure
without providing shear walls.

Strucre with shear walls provided completely extermal
Stu-mgr_ walls{mum)
level-X
w 1= i L
1 0.227 0.27 0488 0.726
2 0487 0611 [ 1.268
3 0. 7o 0.076 1378 1B
4 1.103 1.361 1.852 2,407
5 1.431 1.761 134 2008
] 1788 1160 21,835 3.5
) 21111 21,581 3.332 4.182
B 1454 2.58 3827 4.TE3
el 1781 3.387 4.315 5.371
10 3.117 3.7 4.781 5.043
11 3.427 4. 166 5.24% G400
12 3.714 4,52 5.685 T.033
13 3873 4. 848 6005 T.542
14 4188 5.13% 5.474 B.O022
15 4383 5.308 682 B.47
= ODEGREE GROUND LEVEL MODELS Y-DIRECTION
:-E 4
5 N = hlodek1
: ] —— Modek 2
= i Modek3
!!?‘.i i KModekd
Z 6

a 5 L 1% 20
STOREY LEVEL
Fig: 5.1 (b) The Displacements of a models in the direction
of Y on plane ground (0°)

The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 80.44% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
44.45% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plan
displacements are reduced by 57.56 % compared to a structure
without providing shear walls.

I0DEGREE GROUND LEVEL MODELS X.DIRECTION

e o] 2 5
——Models
Medel7

—=—mMuodek8

DISPLA CEME NT{mura)
w
= =

i

STOREY LEVEL
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Fig:5.2 (a) The Displacements of a models in the direction
of X on slope ground (10°)

The lateral displacement is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 86.76% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
56.98% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plan
displacements are reduced by 60.26% compared to structure
without providing shear walls.

IDEGREE GROUND LEYEL MODELS Y-DIRECTION

—&#—Niodebs
=B Nodelé
A= Nodel 7

e Nl 5

DISPLACEMENT(mm)

o 5 10 15 ko)
STOREY LEVEL

Fig:5.2 (b) The Displacements of a models in the direction
of Y on slope ground (10°)

The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 80.94% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
44.08% compared to structure without providing shear walls.
Shear walls provided at peripheral corners
displacements are reduced by 57.56% compared to structure
without providing shear walls.

in plane

A DEGREE GROUND LEVEL MODELS X.DIRECTION

—+—Rlodek3

—|—hiodek L
a—hodekll

—=—Nodek12

I SFLA CENENT ()
=4

1]

STOREY LEVEL

Fig:5.3 (a) The Displacements of a models in the direction
of X on slope ground (20°)

The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 84.15% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
53.34% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plan
displacements are reduced by 55.50% compared to structure
without providing shear walls.
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20DEGREE GROUND LEVEL MODELS Y-DIRE CTION

50

=
E, 40 ——Model2
é 30 —W—Mode10
—ModelF1l
g 20 :
= . Py ==adel-12
E 10 : b T e
5 o0 - | |
0 5 10 15 20

STOREY LEVEL

Fig:5.3 (b) The Displacements of a models in the direction
of Y on slope ground (20°)

The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 80.14% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
42.46% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plan
displacements are reduced by 56.93% compared to structure
without providing shear walls.

30DEGREE GROUND LEVEL MODELS X-DIRECTION

2 50

5 ’

E’ 40

E 30 == odel13
g n ;F.._nl— —B- Modek14
g 10 —.-q-l'!","":"—'z" g 4= Model-15

S .
A 0 e i —=Modek 16

0 5 10 15 20
STOREY LEVEL

Fig : 5.4 (a) The Displacements of a structure in the
direction of X on sloping ground (30).

The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 81.60% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
51.08% compared to structure without providing shear walls.
Shear walls provided at peripheral corners in plane
displacements are reduced by 56.13% compared to structure
without providing shear walls.

30DEGREE GROUND LEVEL MODELS Y-DIRECTION

S o

E 50

E 40 —b—NModel13
E 30 ——Model14
3 20 Maodzl-15

—— -1

5 10 Maodel-16
2

2 up

0 5 10 15 20
STOREY LEVEL

Fig : 5.4 (b) The Displacements of a structure in the
direction of Y on sloping ground (30).
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The lateral displacements is minimum for shear walls
are provided complete external walls in plan and it is reduced
by 79.36% compared to without providing shear walls. Shear
walls provided symmetrically displacements are reduced by
40.84% compared to structure without providing shear walls.
Shear walls provided at corners in plan
displacements are reduced by 56.25% compared to structure
without providing shear walls.

peripheral

Comparison of Storey drift :

MAXIMUMSTOREY DRIFT IN X-DIRE CTION
4.5

35

W owithout shearwall

2.5
m shear walls provided at

symmetrically
15
shearwalls

provided at peripheral corners

STOREY DRIFT (mnm)

M shear wall provided at
competely external wall

10" 200 30°

GROUND SLOPE

Fig : 5.5 (a) Maximum storey drift in X-direction of
buildings resting on different slopes (0', 10", 20, 30)

The storey drift for the building resting on the flat
ground have less values compare to sloped ground. As the
slope of the ground is increasing the storey drift also
increasing.

As compare to 0" model in x-direction with slope
ground and without providing shear walls in plan, the
percentage increasing of the models resting on 107, 20°, 30°
i.e., 5.13%, 6.78%, 11.73%.

As compare to 0" model in x-direction with slope
ground and shear walls provided at symmetrically in plan, the
percentage increasing of the models resting on 107, 20", 30°
i.e., 26.30% , 92.77% , 101.26%.

As compare to 0" model in x-direction with slope
ground and shear walls provided at peripheral corners in plan,
the percentage increasing of the models resting on 10°, 20°, 30°
i.e., 40.23%, 87.04% , 121.25%.

As compare to 0" model in x-direction with slope
ground and shear wall provided at completely external wall in
plan, the percentage increasing of the models resting on 10,
20", 30" i.e., 20.11% , 44.89% ,74.34%.
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MAXIMURMSTOREY DEIFT INY-DIRECTION

[}
L W without she sl
£ 25
E ] lod ot
w L5
P
= i 5 shend wnlls
E 6% . l . . provided = peripheral cormers
& - W shenr wall provided st
- 0 20" 0" competabyesternad wall

GROUND 5LOPE

Fig : 5.5(b) Maximum storey drift in Y-direction of
buildings resting on different slopes (0', 10", 20°, 30°)

As compare to 0" model in y-direction with slope
ground and without providing shear walls in plan, the
percentage increasing of the models resting on 107, 20", 30°
i.e.,5.82% , 11.85%, 26.53%.

As compare to 0° model in y-direction with slope
ground and shear walls provided at symmetrically in plan, the
percentage increasing of the models resting on 107, 20", 30°
i.e.,, 1.85% , 24.88% , 59.11%.

As compare to 0" model in y-direction with slope
ground and shear walls provided at peripheral corners in plan,
the percentage increasing of the models resting on 10°, 20°, 30°
i.e., 2.29% , 20.66% , 30.00%.

As compare to 0" model in y-direction with slope
ground and shear wall provided at completely external wall in
plan, the percentage increasing of the models resting on 10,
207,30 i.e., 0.35%, 2.47% , 4.06%.

It is observed that storey drift of all models at every
storey are found to be within the permissible limit i.e 12 mm.

Storey Shear :

0 DEGREE GROUND LEVEL MODELSX-DIRECTION
g 3000
= 2500 A ——Maodel1
E 2000 ; —B—Nodel-2
o 1500 e=Model-3
& 1000
=] ——flodel-4
S s5oo
g

] 5 10 15 20

STOREY LEVEL
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0 DEGREE GROUND LEVEL MODELS Y-DIRECTION
3000
5 2500 1 ——Model1
=]
= 2000 —B—Model-2
% 1500 —t—Model-3
& 1000 —NModeh4
E 500
0
0 5 10 15 20
STOREY LEVEL
10 DEGREE GROUND LEVEL MODELS X-DIRECTION
= 3000
E 500 —4—odel-5
g 2000 —&-Model-6
z e —i—Madeh?
o 1000
e ——=Madel-3
& 500
g
0 5 10 15 20
STOREY LEVEL
10 DEGREE GROUND LEVEL MODELS Y-DIRECTION
= 3000
E 2500 —4—Model-5
g 2000 B lodel
1500
a 1000 —i—Madel-7
B sw —adeka
g
STOREY LEVEL
20 DEGREE GROUND LEVEL MODELS X-DIRECTION
2 2500
Z 2000 ——Modelg
g 1500 —B-Madel-10
» 1000 —d—Model11
g 500 —=Model12
B 0
0 5 10 15 20
STOREY LEVEL
20 DEGREE GROUND LEVEL MODELS Y-DIRECTION
. 2500
=
= 2000
E —4—Madel-2
E 1500 —B—adzk10
1000 —d—Modek11
-
E 500 =r=Maodel12
=)
B 0
0 5 10 15 20
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30 DEGREE GROUND LEVEL MODELS X-DIRECTION
2500
£ 2000 ——Modek13
& 1500 —&-odel-14
'g oy - ModekLS
——=Model-18
a 500
g o
E 0 5 10 15 20
STOREY LEVEL
30 DEGREE GROUND LEVEL MODELS Y-DIRECTION
2500
Z 2000
5 : ——odel-13
g 1500 ~8- WModek-14
1000 —i— Model-15
B <o —Model-16
2
0 5 10 15 20
STOREY LEVEL
Fig : Storey Shear at X and Y direction of buildings
resting on (0, 10, 20, 30).
It is observed that maximum storey shear values
occur in complete external walls in plan compare to without

providing shear walls, providing at peripheral corners,
providing symmetrically in plan. It is also observed that the
maximum value of storey shear that occurred at upper storey
are decreasing when the slope of the ground is increasing. It is
also observed that the minimum values of storey shear that

occurred
ground is

at lower storey are increasing when the slope of the
increasing.
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Fig : 5.10 (a) Base Shear X-direction of buildings resting
on different sloping ground(Oo, 100, 200, 300).

It is observed that the model lying on 10 degree slope
ground have relatively higher base shear value compare to the
0,20 degree sloped ground models i.e. without shear wall, with
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shear wall provided symmetrically in plan and at peripheral
corners in plan. It is also observed that shear wall provided
completely external walls in plan have higher base shear
values compare to other models. It is also observed that shear
wall provided at symmetrical in plan have higher base shear
values compare to other models i.e., at peripheral corners in
plan and without shear wall.

BASE SHEARINY-DIRECTION

mithout shearwall

W shearwalls
provided at peripheral corners
shearwalls provided at
symmetrically

BASE SHEARGKN)

W shearwall provided at
competely external wall

10° 20 30°
GROUND 5LOPE

Fig : 5.10 (b) Base Shear Y-direction of buildings resting
on different sloping ground (0’, 10, 20", 30) .

It observed that base shear is less for without shear
wall model compare to other models. The model having with
shear wall provided symmetrically in plan less base shear
compare to models i.e., at peripheral corners and complete
external walls. It is also observed that shear wall provided
completely external walls in plan have higher base shear
values compare to other models.

IV. FUNDAMENTAL TIME PERIOD
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Fig : 5.11 Maximum Fundamental time period of buildings
resting on different sloping ground (0, 10, 20°, 30).

It is observed that maximum Fundamental Time
Period is increasing along slope of the ground is increasing.
Fundamental Time Period is increasing when without shear
wall along the slope (0°,10°,20°,30") is about 1 to 8%.By
Providing shear wall at different positions maximum
Fundamental Time Period is reduce by 54% to 79%.
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Fig : 5.12 Minimum Fundamental time period of buildings
resting on different sloping ground (0, 10, 20°, 30).

It is observed that minimum Fundamental Time
Period is increasing along slope of the ground is increasing.
Fundamental Time Period is increasing when without shear
wall along the slope (0", 10°, 20°, 30) is about 7% to 33%. By
Providing shear wall at different positions minimum
Fundamental Time Period is reduce by 11% to 80%.

V. CONCLUSIONS

1. For a structures on the sloping ground, location of shear
walls is very important for resisting seismic forces.

2. Short columns are the most critical members for the
building on the slope ground. To have a good control over
the forces and displacements, it is preferable to locate the
shear wall towards the shorter column side.

3. It is observed that the displacements of a structure without
shear wall resting on a sloped ground are found to be
more compare to flat ground (0) i.e., as the slope of the
ground increasing the displacements also increasing. The
displacements are increasing about 5 to 19 % depending
upon the ground slope (107, 20°, 30°).

4. Tt is observed that the presence of shear wall influences
the overall behavior of structures when subjected to
lateral forces. Lateral displacements are considerably
reduced about 40 to 89% while contribution of the
different position of shear wall in plan on sloping ground.

5. From the present work that has been identified that storey
drift of a structure without shear wall resting on a sloped
ground are found to be more compare to flat ground(0’)
i.e., as the slope of the ground increasing the storey drift
also increasing. The displacements are increasing about 5
to 27 % depending upon the ground slope (10, 20, 30").

6. Storey drift are considerably reduced about 28 to 90%
while contribution of the different position of shear wall
in plan on sloping ground.

7. Ttis also observed that the maximum value of storey shear
that occurred at upper storey are decreasing when the
slope of the ground is increasing. It is also observed that
the minimum values of storey shear that occurred at lower
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storey are increasing when the slope of the ground is
increasing.

8. It is observed that a structures with RC structural wall
provided complete external wall in plan are having
relatively higher base shear and storey shear values than
the other models.

9. It is observed that the models lying on 10 degree slope
ground have relatively higher base shear value compare to
the 0, 20 degree sloped ground models.

10. It is observed that maximum Fundamental Time Period is
increasing along slope of the ground is increasing.
Fundamental Time Period is increasing when without
shear wall along the slope (0', 10°, 20, 30") is about 1 to
8%. By Providing shear wall at different positions
maximum Fundamental Time Period is reduce by 54% to
79%.

11. It is observed that minimum Fundamental Time Period is
increasing along slope of the ground is increasing.
Fundamental Time Period is increasing when without
shear wall along the slope (0', 10", 20°, 30°) is about 7% to
33%. By Providing shear wall at different positions
minimum Fundamental Time Period is reduce by 11% to
80%.

VI. SCOPE OF FUTURE WORK

1. The studies can be carried out for more number of varying
hill slope angles for better understanding of the behavior
of RC frame building on hill slopes.

2. The present study is based on linear dynamic analysis
using response spectrum. The results need to be verified
with the non-linear dynamic analysis.

3. The study can be further extended to the buildings on hill
slopes by incorporating bracings and dampers.
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