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Abstract- In this study, the seismic analysis of three different sloping ground frame buildings—10
degree slope, 12 degree slope, and 15 degree slope frames of G+12 storeys—was performed for seismic
zone V, Himachal Pradesh, and Uttarakhand using structural software called STAAD.Pro.V8i (Series 5).
This study's goal is to perform equivalent static analyses (ESA) for three distinct sloping RCC frame
buildings using comparable physical characteristics, such as built-up area, beam and column sizes, load
calculations, seismic parameters, and material specifications. Here, the principal stress, shear force,
bending moment, and node movement are compared. The most efficient building will be determined by
summary criteria, but the least efficient building will also be revised or redesigned. The goal of the
research project is to find a solution to the issue of maximum displaced building. More precisely, this
project's goals are: In order to assess design parameters like Node Displacement, Bending moment,

Shear force, axial force, and the torque principle tension in all frames. To accomplish the most cost-

effective, responsive slope building possible, which means offering in the best possible location.

Keywords- STAAD Pro. V8i, G+12, Zone V, RCC, and structural analysis.

I. INTRODUCTION

The real estate industry has been boosted by the
quickly expanding urbanization and economy in hilly
areas, which is luring more people to live there.
Therefore, the need for multistory building
development has increased. Because the ground in
hilly areas slopes, building construction there is
entirely different from that of structures constructed
on flat land. This is due to the fact that the ground in
hilly areas slopes at an angle from the normal
ground level, resulting in varying column heights
within the same storey. As a result, the supports
within the same storey maintain varying stiffness
values.

Many conventional  Geographical Information
Systems (GIS) applications require the determination
of ground slope as a basic step. Slope is a crucial
factor in studies conducted by scientists, the military,
and civilians.

There are numerous ways to calculate inclination. The
technique of manually creating slopes based on
contour line data has been around for a while and is
generally regarded as acceptable. Future periods will
see a significant increase in the number of multi-
story building frames constructed on sloped terrain.
It is crucial that these building frames on sloping
ground be realistically analyzed and designed in this
respect. STAAD-Pro v8i software is used today to
create such multi-story building frames. This
inspiration served as the impetus for this research on
the impact of various sloping angles in multi-story
building frames. (2D-Frames).

Earthquakes are among the most hazardous natural
disasters. Seismic analysis of structures located in
areas prone to strong earthquakes is crucial.
According to  historical earthquake data, RCC
buildings that contain columns of varying heights
within the same storey have more harm in the short
column of that storey than the tall column of the
same storey. Due to the slope of the ground, the
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short columns on the uphill side are more vulnerable
to damage than the long columns on the downhill
side and are prone to higher lateral forces.

This is due to the fact that the short column is more
rigid than the tall column, drawing more powerful
seismic forces. The "Short Column Effect” is the name
given to this phenomenon. The short column
experiences shear failure and the damage appears as
X-shaped fractures. In hilly areas, structures have
irregularities in their mass and stiffness along their
longitudinal and transverse axes.

In this paper, the seismic behavior of RC buildings on
sloping ground is analyzed; considering the G+12
storey frame geometries with shear wall and without
shear wall at different slopes. The modeling and
analysis is done with the help of STAAD Pro v8i. The
objectives of the study are as follows:

» To analyze 3-D building with Dead load, live load,
under seismic load on different slopes i.e. 10degree,
12degree and 15degree.

» To study the variation of shear force, bending
moment, axial force and Node displacement at
different slopes.

» To optimize the structure stability with different
angles.

II. LITERATURE

In this review, characteristics of the structures due to
variation of the slope angle are explained. The effect
of the irregular configurations on vulnerability due to
seismic forces is discussed. There are very few
researchers who explained the effect of change of
sloping angle. No research work is done based on
experimental investigation of the structures on
sloping ground.

S.P. Pawar et al. (2016) [1] - This study based on
the seismic behavior of buildings resting on sloping
ground with a shear walls. It is observed that the
seismic behavior of buildings on sloping ground
differ from other buildings. The various floors of such
buildings step backs towards hill slope. Most of the
studies agree that the buildings resting on sloping
ground have higher displacement and base shear
compared to buildings resting on plain ground and
the shorter column attracts more forces and undergo
damage when subjected to earthquake. Step back
building could prove more vulnerable to seismic
excitation. They conclude that, buildings on sloping
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ground have higher stiffness on shortest column. The
base shear and displacement is more along the slope
than in other transverse direction. The straight shape
(or rectangular) shear walls configuration proves to
be better among all configurations for resisting the
lateral displacement.

Sripriya Arjun and Arathi S. (2015) [2] - In this
study, behavior of G+3 storied sloped frame building
having step back set back configuration is analyzed
for sinusoidal ground motion with different slope
angles ie, 16.7°, 21.8°, 26.57° and 30.96° using
structural analysis tool STAAD Pro. By performing
Response Spectrum analysis as per IS: 1893 (part 1):
2002. The results were obtained in the form of top
storey displacement and base shear. It is observed
that short column is affected more during the
earthquake. The analyses showed that for
construction of the building on sloppy ground the
step back setback building configuration is suitable.
Sujit

Kumar et al. (2014) [3] - He studied the seismic
analysis of a G+4 story RCC building on varying
slope angles ie, 7.50 and 150 is studied and
compared with the same on the flat ground. The
seismic forces are considered as per IS: 1893-2002.
The structural analysis software STAAD Pro v8i is
used to study the effect of sloping ground on
building performance during earthquake. Seismic
analysis has been done using Linear Static method.
The analysis is carried out to evaluate the effect of
sloping ground on structural forces.

The horizontal reaction, bending moment in footings
and axial force, bending moment in columns are
critically analyzed to quantify the effects of various
sloping ground. It has been observed that the
footing columns of shorter height attract more
forces, because of a considerable increase in their
stiffness, which in turn increases the horizontal force
(i.e. shear) and bending moment significantly. Thus,
the section of these columns should be designed for
modified forces due to the effect of sloping ground.
The present study emphasizes the need for proper
designing of structure resting on sloping ground.

Prasad Ramesh Vaidya (2014) [4] -This study
investigates the seismic performance of shear wall
building on sloping ground. The main objective is to
understand the behavior of the building on sloping
ground for various positions of shear walls and to
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study the effectiveness of shear wall on sloping
ground. The performance of building has been
studied with the help of four mathematical models.
Model one is of frame type structural system and
other three models are of dual type (shear wall-
frame interaction) structural system with three
different positions of shear walls. Response spectrum
analysis is carried out by using finite element
software SAP 2000. The performance of building with
respect to displacement, story drift and maximum
forces in columns has been presented in this study.

III. METHODOLOGY

The study is all about the analyzing the different
sloping conditions of frames under equivalent
seismic analysis by using STAAD Pro. The built-up
area considered for three different shaped frames
(i.e. 10 degree slope, 12 Degree slope & 15 Degree
slope) .The frames is been abbreviated as during this
study are as follows - Case 1 (10 degree slope), Case
2 (12 Degree slope) & Case 3 (15 Degree slope) .The
size of column 0.35 X 0.35 m . The size of beams
have size of 0.35 X 0.23 m. The Slab thickness of each
frame cases is 150 mm. The material used in RCC
frame cases is concrete of M30 Grade & steel of
Fe415 Grade. This irregularity comes under the
vertical geometrical irregularity as per 1S1893:2002/
in zone 5, Damping ratio 0.05%.

Sloping ground building having different degrees
are as follows:

Iﬁ..:.l':-‘ﬁ'

Fig 1. 10 Degree.
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Fig 2. 12 Degree.
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Fig 3. 15 Degree.
IV. RESULT AND ANALYSIS
1. Maximum Node displacement summary in Y-

direction of Rcc building frame having sloping
ground at 10 degree:

Node Displacement Summary

Node uc X Y Z  |[Resutant| X 4] [’
mm) mm) (mmy (mm) ) (rad]
Max X 31 | 20GENERATE | 60618 | D248 020| 00815 0.000| .00
M X 326 |22GENERATE £2.500( -1.501 0m2| 52 .00 0
MaxY | 191 |1EQX 074 | «n 0.00
MaY | 193 |[7.GENERATEI| -1.808 0421 8708 200
WaZ | 81 |Z1OENERAE| 208 | R% 0.00
MnZ | 321 |27.GENERATE| 1533 CETY T .00
Vel | W0 |25 GENERATE| -108 Wia| 6 0.00
Mok | W8 [23.GENERATE| 0043 4007 18788 2,00
Max Y 81 | 25.GENERATE| -1871 02790 02818 0.000
MarY | 321 |23.GENERATE[ -2001 20| QW 2000 00
Maxi2 | 348 |22.GENERATE| -15.562 0010] 1570 00| 0002
WniZ | W8 | JWGENERATE| 15188 ooz 159% L0 0.0
MaxRst | 321 |2U.GENERATE| 033 82317 63180 0.000 .00

2. Maximum Node displacement summary in Y-
direction of Rcc building frame having sloping
ground at 12 degree

Node Displacement Summary

Node uc X Y 7 [Resutant| rX [ ['4

o) | (o) | (o | () | (od) | () | (nd)
Max)X | 31 |2GGENERATE( S0.28| Q21| 0007 S| 00| 000 QM
MeX | 325 |22GENERATE| 418d2[ 1385 0007 41948 D000 2000| 00N
MaxY | 181 | VEQX QO] 9484 0010 M8t 0000 000 0N
MoY | 153 |T.GENERATE[( -23%4| 8768| 00121 9088 0000| 0000 000
M2 [ O [SGeNeRATE| 5[ D24 coger| 10T O] 00N A0
MaZ | 321 [2GENERATE| 2211 1764 S1007( 610820 Q001 Q00| O
Macrl [ 2 [20GENERATE[ 1O8] OME[ 2T A4 om2| 000[ 000
Mark | 208 [23GENERATE| 1087 OWE| -20412) 20509 4002 Q00| 000
MacrY | O |20GENERATE| 2200 1775 G0%G5| 61081 00| 0000 D0N
MarY | 31 |2TGENERATE( -1535) 0288 1010( 01000 001( 00| D00
MaxiZ | W0 [Z20ENERATE 20288 @03 0007 2622 400| Q00| 0002
TR | @ |DGENERAE| B0W| AM0| O0%| &0 J0m| o] 4w
MaxRst | 151 |22GENERATE| H1823| 7067 D026 6234 00| 400| 000

Page 3 of 5



Chandrakiran Utti. International Journal of Science, Engineering and Technology, 2023, 11:2

3. Maximum Node displacement summary in Y-
direction of Rcc building frame having sloping
ground at 15 degree:

Node Displacement Summary
Node uc X Y i Resutant| X i} [74
mm) (mm) (mm) (mm) (rad) (rad) (rad)

MaxX | 81 |24Geseated | SOMS| D23] 0002[ 98| 0000 2000 200
WnX | 05 |2Gewated | 4249 1438 0004| 623%5] 0000] 0000 000
MaxY | 181 [teax QR[] dom| M9 oo <m0 Q00
MY | 13 |TGeneatedii| 2219 $907| D00| 9180| 2000| 00| 00w
WaZ | &) [ZiCeeaed | 219 | 053] 6106] 10| 01| 000] 400

MnZ | 1 [22Generated | -2195| 1763 41866 81930 D001 Q00| D00
Wi | B |21Gewand | 1 103| 08| 048] 8| om2| O0m| 00w
Mk | 280 [23Geesrated | 0003 D908| 7245| 28| Q002 Q00| 000
MaxrY | 61 |21Cenecated | -2195) 1783 O1880( 0130 0001 0000 D00
MnrY | 321 |20Geoerated | 2185 1703 A1808) 01330 D001| 9000| Q00
MaxiZ | X |20enerated | -28767) 88| 00| 2775] 00| Q00 0.2
Whil | & |DCeweand | B8] A4 J00| KW8| J00] 00| om
MaxRst | 191 [2Generates | S230[ 7017 0000| 62741] D000 0000] 000

4. Maximum Axial force, Shear force, Torsion,
Bending moment summary in Y-direction of Rcc
building frame having sloping ground at 10
degree:

Beam End Force Summary

The signs of the forces at end B of each beam have been reversed For axample: this means that the Min Fx entry gives the largest
tension valug for an beam

Auial Shear Torsion Bending
Beam | Node uc Fx Fy F Mx My [}
() (W) (kN (Nm) [ (Nm) | (km)

VaxFx | 791 | 3% |TGENERATEI| TMEW | O084| 0081] 000] AM| 41
MnFx | 788 3 [2eQZ 26420 -850 208 790 24A| 288
MacFy | 784 | 329 [24.GENERATE[ 7835 [ 125865 .30 0.153 02¢8] 80.2%
MnFy | 784 | 325 |22.GENERATE| 20023 | 126.573 0082 D] D24| -89.38%
MaxFz | 782 | 327 |23.GENERATE| 644715 536855| s8.201 1979 455 28088
MnFz | 784 | 329 |21.GENERATE| 05448 | 54043 90083 | 1973 4581 2678
Waclh | 767 | 38 |ZNGENERATE| Bacd®| Q05| 9Ia00| 2002| 4511|188
MnMc | 783 | 328 |25:GENERATE| 379131 | D804 97201 2001 84591 130

MaxMy | M 87 |23.GENERATE| %9108 | -1097( 49878| 00| w4gr5| 2083
MMy | 173 82 |23GENERATE| 6040F | -1097| 43878 003 | 48| 2406

MaxMz | T84 | 325 |24.GENERATE| 7832 | 120685| 370[ 0153 0243| 86290
MMz [ 784 | 328 |22GENERATE| 20020 | 128573 0082 0180 024[ $9.385

5. Maximum Axial force, Shear force, Torsion,
Bending moment summary in Y-direction of Rcc
building frame having sloping ground at 12
degree

Beam End Force Summary

The signs of the foroas af end B of each beam have been reversed For axample: this means that the Mn i eniry gives the lamest
tansion valbé for an beam

Auial Shear Torsion Bending
Beam | Node [ LC Fx fy f (] My W
() () (N | (Nm) | (ONm) | (&m)

WaxFx | 793 [ 38 [T.enwrated)r]| AJ0EN3 [ 2081 Q00| 00| 000) O0M
MnFx | 7 KIS 668 | Q] 08| W[ W3] 2020
MacFy | 785 | 30 |20Generated | 05100 200401 0443 ( 03[ GSAM| G408
MnFy | 781 | 38 |2Geeted [ 121409 | 2230 | T8 [ (04B[ MIN| 103

MacFo | 780 | 36 [20Cenerated | Q61730 | D503) w9958 2738| 63| 47

Mnfe | T80 [ 28 [20Gereted | S517X[ 30 SSS] 278 e53m[ AW
Walx | 81 | 48 |ZGeneated | Vo0 | 10001 | 2100 | 01| S01| 9%
Mokl | 785 | 30 [22Gewated | 130000 [ 8200 28] [ ST H1aw

Maxly | 380 | 209 [20Generated | 704141 183 R Q00| 15| 24
Mnly | 170 | 79 [23Generated | 041 | 1833 K021 00| 5842|247
MaxVa [ 780 | 8 [MGeneated | TS0 | 10NS| Q00| 000 00| MM
Moz | 7 N8 |2Generated | 35W | 195515) 0000 Q00| D00[ H.15
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6. Maximum Axial force, Shear force, Torsion,
Bending moment summary in Y-direction of Rcc
building frame having sloping ground at 15
degree:

Beam End Force Summary

The signs of the forces at end B of each beam have been reversed. For example: this means that the Min Fx entry gives the lamest
tension value for an beam

Axial Shear Torsion Bendi
Beam | Tode c 13 ] Fr Wix _H_, [}

() (W) (N o0Nm) | (dm) | (Nm)
MaxFx | 793 338 | T.GENERATE[ | 1.33E83 5792 .03 .00 0.017 2249
WinFx | 153 6 | 1ZGENERATE | 406643 | 182310 0211 9010 002T| 91%

Vs Fy | 783 | 328 |2GENERATE| 29040 | 295453 | Q24| D007| D08 7204
Min Fy 783 328 | 24.GENERATE | 773483 | -237.850 .21 009 0.031 $728
WsFz | 761 | 328 |Z3GENERATE| D437 | 1274 | 157600| S342| 8971|050
WinFz | 783 | 328 |25 GENERATE| 388 9328 | A7 | 3348 | Aw8| 060
WiaxVix | 765 | 390 |ZZGENERATE| 13765 | 167825 | WAA% | 6929 | S281| 54
e B o o 5| vh28s| A2 48| 81| 48
[VaxWy | 33 | 209 |21 GENERATE| T089% | 1710| 20240 D045| 76202 2309
WinWly | 170 | 73 |Z3GENERATE| 71008 | 1714| %0283| 0045| 7622| 237%
VaxWz | 170 | 73 |Z0GENERATE| T804 | 0778|1403 0003 | -1907| 77080
WinMz | 388 | 214 | 20.GENERATE| 6930 | 50775 | -1.388] 0007 2218| 75251

7. Maximum plate centre principal stress
summary of RCC building frame having sloping
ground at 10 degree:

Plate Centre Principal Stress Summary

Principal Von I-f.ns Tresca
Plate (V[ Top | Gottom | Top | Bottom | Top | Gotom
(Nme’) | Nmet’) | (Nmn?) | (Nmes®) | (Nimm®) | Qimm')

Max (t) 818
Max (b) 88

22.GENERATE 0.503 £.008 0408 0.078 0.502 0.080
24 GENERATE 9.085 0.118 0459 0.108 0.487 0.1

MaxVM () | 808 |22GENERATE| 0502] 02| 0473 0105] 0%2[ 0.1
[Wax VW) | & |ZSOENERATE| 025 OZB| 083 o3a| O#i| 038

2.GENERATE| 0503| 0008| 04e5| 0078 0503 0080
TUGENERATE | 0208 | 048 | 0%3| 04| 01| 0.3%

Tresca (t) | 818
Tresca (b) [ 81

8. Maximum plate centre principal stress
summary of RCC building frame having sloping
ground at 12 degree:

Plate Centre Principal Stress Summary

Principal Von Mis Tresca
Plate (V]9 Top | Bottom | Top | Bottom | Top | Gotbm

(Nmev') | Nmm') | (Nmn?) | (Nmer®) | (Nimee') | i)

Max (1) 84 | 21:Generated 06% 0.374 0.641 0.4% 0.6% 0.512
Max (b) 818 | 25:Generated 0.013 0127 0835 0.443 0.641 0.4%2
Max VM (f) | 804 |21.Generated 065 0374 0.641 0430 0.8% 0.513
Max V() [ 811 | 23:Cenerated 0.378 0.382 PR 0.540 0.048 0.8

DGenerated | 0425| 0268] 0567[ o0427| 0670 0489
TCwerated | O] 0| OW4| OWD| OME| e

Tresaa (1) 812
Tresca () | 8N

9. Maximum plate centre principal stress
summary of RCC building frame having sloping
ground at 15 degree

Plate Centre Principal Stress Summary

Principal Von Mis Tresea
Plate | UG Top | Gottam | Top | Botiom | Top | Botbm
(Nmer') | Nvme') | (Wmerd) | (Nmae®) | (Nime?) | i)
Max 1) 818 |27.GENERATE| 0.5 0370 0538 0505] 0884| 057
Max(d) | 81 [2¢GENERATE| OO4T| 0188| 03[ O4m[ Of1| 083
Max VM (1) | 812 [21.GENERATE( 0313 o0 0.657 0on 0785 074
Tax VW (D) | B0 |ZVGENERAE| OWT| OMT| UAW| o79| O4®| 00%
Tresa (t) | 812 [20:GENERATE[ QM5 03| 0857 08M[ 0755 07
Tasa (D) | 011 |NGENCRAE| O40T| O%87| O44| O1%| od%| om
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V. CONCLUSION

Based on different configurations of the building on
sloping ground the following conclusions are drawn.
It is observed that maximum displacement is found
in case of 12 degree slope .Hence we can say that,
risk increases with the inclination of the slope.

In this study we found that, on increasing the slope
of ground most of the parameter are increasing
accordingly. Maximum axial force obtained at 12
degree and 15 degree both whereas Torsion force is
maximum at 15 degree slope.

It is observed that, maximum shear force and
maximum bending moment increase significantly for
sloping ground at 15° slope. It is observed that, axial
force increases in the buildings with increasing slope.
Maximum principal stress in plate centre at top is
found on 12 degree slope, whereas Von mesca and
tresca forces on top are obtained at 15degree.
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