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Abstract

In the current scenario, appealing architecture along with high rise buildings is not limited to plain terrain but also extended
to the hilly terrain keeping in mind the problems arised and their effects. In this study, the five different sloping ground frames
building i.e., 0-degree slopes, 8 Degree slopes, 10 Degree slopes, 14 Degree slopes & 18 Degree slopes frames of G+6 storey
has been analyze by using structural software which is STAAD.Pro. V8i for seismic Zone —V, Mandi, Himachal. The objective
of this study is to carried out equivalent static analysis (ESA) for five different sloping RCC frame building and various
parameters are compared against various constraints and results obtained from various building cases. To analyze the variation
of stability parameters such as axial force and node displacement at different slopes. The dynamic response of the structure
on hillslope has been discussed. A review of studies on the seismic behaviour of buildings resting on the sloping ground has
been presented. It is observed that the seismic behaviour of buildings on the sloping ground differs from other buildings.

Introduction

India has a record of earthquakes in various regions mostly in the hilly areas which result in loss of human lives and economy
as well as the shaking of the surface of the earth which results in a sudden release of energy in the earth’s lithosphere causes
seismic waves. These seismic waves are caused by the sudden breaking of rock within the earth, the moment or trembling of
tectonic plates or any explosion which has occurred naturally or by human activities. Human life gets heavily affected due to
these waves resulting in the loss of property and life. Apart from the loss of life the most vulnerable to damage due to these
are the high-rise buildings in seismic zones. To understand the behaviour of seismic waves and prevent damage to property
and life seismic zones are set up. Seismic zones are the areas that are prone to Earthquakes due to their particular topography.
Bureau of Indian standards has grouped India into four seismic zones which are Zone-Zone-1V, Zone-Ill, Zone-1l. Where
Zone-1l the least intense zone and Zone-V is the most severely intense zone.

Mapping seismic zones help in detecting the lowest, moderate as well as highest hazardous or earthquake-prone areas in India.
The most important application is that this map guides architects and engineers to design safe and durable buildings in such
areas that are prone to earthquakes which led to the prevention of losses of lives and property.

Buildings that are made on high elevation areas are vulnerable to damages when earthquakes hit the place and the underlying
causes can be either damage due to soil conditions or damage resulting from poor design and errors while construction.

e Structural Modeling- A RCC medium-rise building of six stories with a floor height of three-meter subjected to
earthquake loading in IV has been thought of. In this regard, STAAD professional V8i software system has been
thought of as a tool to perform. impact of the sloping impact of the bottom on the behaviour of structural frames is
analyzed.

e Step set back building (Step back)—Setback-Resting on sloping ground-

The Buildings on the hill dissent from alternative buildings. the varied floors of such building step back towards the
Capitol Hill slope and at identical time buildings could have setbacks additionally. Buildings located in cragged areas are
rather more susceptible to seismic surroundings. during this study, 3D analytical model of ten storied buildings are generated
for bilateral and uneven building Models and analyzed victimization structural analysis tool ‘STADD-PRO” to check the
impact of variable height of columns in-ground keep thanks to sloping ground and also the impact of a shear wall at completely
different positions throughout an earthquake
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e  Modeling of the building-
The building is modelled with help of the software STAAD pro. The analytical models of the building embody all parts that
influence the mass, strength, stiffness and deformability of the structure. The building structural system consists of columns,
beams, walls, slab, and foundation. The non-structural parts that don't considerably influence the building behaviour aren't
modelled. The slopes of a building are varied from zero to eighteen degrees
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A. Methodology and Modeling

The study is all about analyzing the (G+6) multistorey building with the shear wall using step set back configuration on
different sloping condition for example Odegree,8-degree,10-degree, 14 degree and 18-degree using STAAD Pro. A G+6
multistorey building is configured comprising of 7 no’s of bays along length and width each of 2m in length and 7 no of bays
along with the height each of 3m in length. All the different 5 cases (as mentioned in the table) and studied and analyzed
according to Indian standard code IS 1893 (Part 1): 2016 for the seismic parameters in the zone — V using static analysis
method and using STAAD Pro software to check the possibilities to resist the deformation and to check whether the structure
can withstand the earthquake loads.

e General

A G+6 multistorey building is configured comprising of 7 no’s of bays along with length and width each of 2m in length and
7 no of bays along the height each of 3m in length. All the different 10 cases are studied and analyzed according to Indian
standard code IS 1893 (Part 1): 2016 for the seismic parameters in the zone — V using static analysis method and using
STAAD Pro software to check the possibilities to resist the deformation and to check whether the structure can withstand the
earthquake loads.
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Figure-1: plan of the building (top view)
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PARAMETERS

Length of building
Width of building
Height of building
Exterior beam size
Interior beam size
Base column size
Floor column size
Floor slab size
Roof slab size

Shear wall

Depth of foundation
Material properties

Support
Floor height
Wall thickness
Inner plastering
Outer plastering

Unit weight of plain cement concrete

Unit weight of RCC
Beam depth deduction

Table-1: Assumed data
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ASSUMED DATA

14m
14m
19.5m
350mm x 350mm
300mm x 300mm
400mm x 400mm
350mm x 350mm
125mm

150mm

150mm

1.5m

Concrete (M25)
fixed

15mm
20KN/m?

25KN/m?
450mm

Figure-1.1: Dimensions(isometric view)
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PARAMETERS ASSUMED DATA

Soil type Medium soil
Seismic zone V (Z =0.36)
Response reduction factor 5
Importance factor 1 (for commercial building)
Damping ratio 5%
Fundamental natural period of Tax = 0.48416 seconds
vibration (Ta) Tay = 0.48416 seconds

Table-2: Earthquake parameters

e LOADING DETAILS

The load applied in the structure are all primary loads and their load combination is taken according to IS 1893:2002/2016.
Primary loads are generally DEAD LOAD(DL), LIVE LOAD(LL), static seismic load (EQX AND EQZ).

The calculation of all primary loads are as follows: -

1. DEAD LOAD(DL)- Dead load is the self-weight of the elements of the structure which include dead load exterior
beam, interior beam, dead loads of columns and dead loads of floor slab and roof slab.

Dead loads of exterior walls(w1) = (wall thickness + inner plastering + outer plastering) x (unit weight of pcc) x (floor height
— beam depth) = (0.230+0.012+0.015) x 20 x (3-0.45) = 13.1 KN/m

Dead loads of interior walls(w2) = 15% reduction = 0.85 x wl = 0.85 x 13.1 = 11.1KN/m
Parapet wall (w3) = 5.1 KN/m

Floor slab dead load = (slab thickness x unit weight of rcc) + (inner plastering + floor finish) x unit weight of pcc = (0.125 x
25) + (0.012 + 0.075) x 20 = 4.85KN/m?

Roof slab dead load = (0.150 x 25) + (0.012 + 0.150) x 20 = 6.99KN/m?

2. LIVE LOAD(LL)_- All the values are considered according to the IS code 875-part 2 live load on the floor is same Of
intensity 3KN/m?2and live load on the roof slab is of intensity 1KN/m?

3. SEISMIC LOAD (EQX AND EQZ) — Seismic load calculation includes submission of all dead loads plus some 25%
percentage of live loads on the roof. The seismic parameters used in the projects are as follows: -

Seismic zone factor = (z - 0.36) — zone v, importance factor = 1 (commercial building)
soil type = medium soil condition, damping ratio = 5% and moment resisting frame
Time period=T = 0.09nh/\d

Tz=10.09 X 12714 +0.09 X 3/N6 +0.09 X 3/710 = 0.48416 - T,

Tx = 0.09 X 18/N14 = 0.43296-Tx

AH = (Z/2) X (SA/G) / (R/1) = 0.36/2 X 2.5% 5 = 0.09 - A

Vg (design base shear) = AH X W = Vg = 0.09 X 6859.16 = 617.32KN
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4. Load Combination

Load cases Details of load cases
i 1.5(DL+LL)
i 1.2(DL+LL+EQX)
iii. 1.2(DL+LL-EQX
iv. 1.2(DL+LL-EQZ)
V. 1.2(DL+LL+EQZ)
Vi. 1.5(DL+LL-EQZ)

5. Analysis

The sample model was created in the software using STAAD Pro software to check the possibilities to resist the deformation
and to check whether the structure can withstand the earthquake loads
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B. Result

In this research paper, various cases are analyzed according to IS CODE 1893:2016 for seismic zone
V against all the cases given the above table 3. The seismic analysis had been performed for all the
different cases against various load combinations with or without shear wall using step set back
configuration. The parameter used for the comparative examinations is maximum nodal
displacement, maximum base shear, maximum shear force, maximum bending moment by both
tabular and graphical form for models using with shear wall and without a shear wall.

Table — 3 Maximum nodal displacement for various building cases

A0 12.701 BO 13.982
Al 16.160 Bl 17.833
A2 19.708 B2 21.759
A3 19.739 B3 21.309
A4 17.435 B4 19.508

Chart Title

Graph — 1 Graphical representation of maximum nodal displacement for all building cases
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Table — 4 Maximum base shear value in X direction for all building cases

A0 617.324 KN
Al 1032.291 KN
A2 1056.881 KN
A3 1085.904 KN
A4 1113.063 KN
BO 571.222 KN
Bl 835.674 KN
B2 851.971 KN
B3 906.711 KN
B4 907.514 KN

BASE SHEAR

Base Shear (KN)

Graph -2 Graphical representation of base shear in x direction for all different cases of building
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Conclusion

1. Maximum nodal displacement increases as increases in the slope of the building having step set back
configuration rested on flat ground with shear wall and without shear wall both.

2. The values of maximum displacement will be more in building having step set back configuration without
shear wall as compared building with shear wall.

3. Base shear increases as increases in the slope of the building having step set back configuration rested on flat
ground with shear wall and without shear wall both.

4. The values of base shear will be less in building having step set back configuration without shear wall as
compared building with shear wall.

5. The max values of base shear will be on the top floor and minimum value will be on the ground floor.
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