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Abstract - The monetary improvement and snappy 
urbanization in inclining regions has enlivened the land 
improvement in India. Thusly, people thickness inside the 
lopsided locale has extended enormously. Structures 
orchestrated in lopsided area are planned contrastingly solid 
with the land condition. The base level for progressive lines of 
portion could in like manner be particular provoking 
structures having step back and step back-set back 
arrangements. The direct and response of such structures is 
basically not equivalent to structures on plain ground because 
of blend of peculiarity, mass irregularity and robustness 
irregularity. Fragile story structures have exhibited dull 
appearing in past shakes. G+5 Residential structures with OGS 
on slanting ground under significantly seismic areas are under 
scrutiny. The showing of step back and step back-set back 
structure with Infill brick masonry work with and without 
Shear wall are to be given at corners. The inclination 
structures are to be kept 15˚, 25˚, 35˚and 45˚. Unmistakable 
response parameters like the assortment of Story 
Displacement, Base shear, Story drift, and Period of time 
concerning assortment in a couple of inclining ground are 
concentrated as for fixed base. The assessment is performed by 
using equivalent static force procedure, response spectrum 
method and nonlinear time history strategy. For improvement 
of the structure on inclining ground the Step back-Set back 
structure arrangement is sensible, close by shear divider put 
the side of the structure. Corner shear wall gave incredible 
fortifying to the structure on slanting ground. 

 
Key Words:  Step back building, Step back-Set back building, 
Shear wall, Sloping ground, Short column effect. 
 

1. INTRODUCTION  
 
Tremor is that the most shocking and whimsical wonder of 
nature. Right when a structure is presented to seismic forces 
it doesn't make incident human lives honestly however since 
of the damage cause to the structures that results in the 
breakdown of the structure and in this way to the occupants 
and consequently the property. The structures are overall 
based on level ground yet since of deficiency of level grounds 
the progression practices are started on slanting grounds. 
Multistoried R.C. kept structures are better than normal 
standard in lopsided domains in view of augmentation in 

land cost and under shunless conditions as a result of 
deficiency of land in urban zones. Likewise, a noteworthy 
number of them are based on uneven inclinations. Set back 
and Step back-Set back structures are extremely normal on 
lopsided inclinations. North and north eastern bits of India 
have huge sizes of a rough area, which are characterized 
under seismic zone IV and V. During this district the 
improvement of multi-story RC encompassed structures on 
incline inclines incorporates a notable and pressing 
solicitation, because of its budgetary new development and 
quick urbanization. This improvement being developed 
activity is adding to monster increase in masses thickness. 
While advancement, it must be seen that incline structures 
are not exactly equivalent to those in fields i.e., they're 
capricious and unsymmetrical in even and vertical planes. 
Since there's lack of plane ground in lopsided regions, it 
submits the progression of structures on inclines. Dynamic 
characteristics of incline structures are in a general sense 
not exactly equivalent to the structures laying on plain 
geography, as these are inconsistent and unsymmetrical in 
both even and vertical orientation. The erratic switch-over of 
robustness and mass in vertical moreover as even heading, 
prompts point of convergence of mass and point of 
convergence of solidness of a story not coordinating with 
one another and not being on a vertical line for various 
floors. The short, solidified areas on extreme side attract 
much higher sidelong powers and are defenseless against 
hurt. In case a brief section isn't sufficient planned for such 
an enormous force, it can bear basic mischief during a 
seismic tremor. This direct is named short area sway. OGS 
structures have dependably shown horrendous appearing in 
past seismic tremor over the planet. In India, many are 
worked with OGS and still this preparation is goes on. It's 
seen from the past seismic tremors, structures in lopsided 
regions have experienced elevated level of enthusiasm 
achieving breakdown anyway they need been proposed for 
prosperity of the inhabitants against regular dangers. In this 
manner, while grasping act of multistory R.C. structures in 
these rough and seismically unique regions, most 
extraordinary thought should be taken, making these 
structures shudder safe. It's been seen that a huge amount of 
structures were folded considering noteworthy mischief in 
inclining ground story portions during past tremor. Shear 
wall are one among the superior capable sidelong force 
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restricting segments in multistoried structures. Exactly when 
shear wall are given at a correct region during a structure 
they will convince be extraordinarily successful. Besides, 
ideal situation of reducing equal impact inside the structure 
under seismic stacking are routinely available using shear 
wall. 

2. LITERATURE REVIEW 

A great deal of research work has been done including slant 

structures. Rahul Ghosh and Debbarma [1] focused on 

Structure on inclining ground are outstandingly frail to 

tremors because of irregularities in plan and rise. Structure 

considered Soil-Structure Interaction (SSI) and without SSI 

considering. G+4 story plan-standard and uncovered 

packaging model structure models on slanting ground 

focuses 0˚,15˚,30˚ and 45˚ with and without SSI were 

bankrupt down in ETABS programming using, equivalent 

static force procedure (ESFM), response spectrum strategy 

(RSM), time history method(THM), non linear static method 

(NLSM). Assessment was done between extend of inclination 

edge with and without soil structure correspondence. 

Structures on the inclining ground are found as more 

unprotected than the structures fair and square ground, and 

thusly the degree of feebleness develop with the 

enlargement of slope edge. Structure without SSI thought 

overestimate the forces (base shear and bending moment) 

and barely care about the responses (time period, 

displacement, torsion). This misguided estimation of forces 

and responses can impact the structure gravely. There are 

not really any limitation of the work plan irregularity is't 

considered here, and just one way slant is thought of. Rahul 

Ghosh and Debbarma [2] focused on Structure with blend of 

oddity, mass variation from the norm, strength irregularity 

which make structure so delicate to make due during 

shudder. G+4 story plan-standard and disaster building 

models were dismembered in ETABS programming using, 

corresponding equivalent static force procedure (ESFM), 

response spectrum method (RSM), time history technique 

(THM). Assessment was done between various help gauges 

like, plan of shear wall in OGS. OGS segments are proposed 

for 2.5 events of story shear and moments (cl.7.10.3-IS 

1893:2002(Part 1). Displacing OGS fragments with 

reinforced concrete filled steel tube areas (RCFSTC). RCFSTC 

in OGS has been found considering the way that the most 

appropriate response for ruin neutralization of trouble 

working with fragile story course of action at ground level 

during tremors. Choudhury and Kaushik [3] assessed the 

seismic lack of protection of low to medium-rising 

workmanship infill RC plots with different infill courses of 

action. Nonlinear static weakling examination was controlled 

in SAP2000 programming for execution assessment of three 

sorts of building models like uncovered edge, OGS and totally 

infill model. Different parameters were gathered in delicacy 

assessment, for instance, trademark time of vibration, 

number of straights, stories and openings. It's a general 

insight about OGS structures that openings present inside 

the infill dividers decline the solidness of upper stories, and 

along these lines, balances sensitive story sway. It had been 

seen that opening in stone work infills don't impact on 

sidelong weight lead of OGS traces. OGS plots remain 

outstandingly defenseless during seismic tremor regardless 

of the way that the edge having immense openings in infill 

dividers or any solid and story course of action. It completely 

was induced that seismic delicacy of OGS plots found over 

the totally infilled and uncovered housings since segments in 

ground story had need adequate adaptability, solidness, and 

quality required to contradict high story shear. Zaid 

Mohammad, Abdul Baqi and Mohammed Arif [4] controlled a 

parametric report in slant building are geometrically 

contrasted height and length (along slant and across incline 

heading). Response spectrum procedure was coordinated in 

Etabs programming for execution assessment of Step back 

and Step back-Set back sorts of building models. Propensity 

of ground incline edge 26˚. Story height depends upon 

parametric assortment of working along and across slant 

heading. Between story height is taken as 3m. Assessment is 

done by, response spectrum method (RSM) dynamic 

parameter gained (top story displacement, time allotment, 

drift and story shear) connection was done between Step 

back and Step back-Set back structure on slant. 

3. DETAILS OF BUILDING AND MODELLING OF 
STRUCTURE 

Six-Story (G+5) private structure (Step Back and Step Back-
Set Back) of 18m height and 12m x 12m square course of 
action, with 4 Nos. of bay (every bay @ 3m) is considered for 
examination. The 3D View and plan of the structure are 
showed up in Figs. 1 to 4. 
 

 

 

 

 

 

 

Figure 1. 3D view of Step Back Building 
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Figure 2. (a) & (b) Plan of Step Back Building 

 

 

 

 

 
 

 
 
 

Figure 3. 3D view of Step Back-Set Back Building 
 
 
 

 

 

 

 

(c) 

 

 

 

 

 

 

(d) 

Figure 4. (c) & (d) Plan of Step Back-Set Back Building 

Seismic structure data are according to the accompanying:  

Seismic zone: V, zone factor (Z): 0.36, soil type: medium soil. 

Damping extent: 5%, response reduction factor (R): 5, 

Importance factor (I): 1.  

Material Properties are taken as, unit weight of concrete: 

25kN/m3, characteristic strength of concrete: 30 Mpa, 

characteristic strength of steel: 415 Mpa. 

Table 1. Details of structural elements 

Beam 250 mm X 300 mm 

Column 350 mm  X 350 mm 

Slab thickness 150 mm 

Wall thickness 250 mm (External), 115mm 
(Internal) 

Parapet height 1000 mm 

L-Shape shear wall thickness 250mm 

Table 2. Details of various loads 

Dead load self-weight of all building element 

Floor finish 1 kN/m2 

Live load 3 kN/m2 on typical floor 

1.5 kN/m2 on Roof 

Wall load Infill wall: 13.50 kN/m 

Parapet wall: 5.0 kN/m 

Load combination 1.5 (DL ± EL) 

Mass source 1.0DL + 1.0WL + 0.25LL 
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4. DESCRIPTION OF MODELS 

G+5 Residential structures with OGS on inclining ground 

under outstandingly seismic zones are under scrutiny. Step 

back and Step back Set back structure with OGS, Infill brick 

masonry with and without shear wall are to be given at 

corners on inclining ground in ETABS 2017 programming. 

Seismic zone V and medium sort of soil only and without soil 

structure association considered here. The slope at which 

the structures are to be kept: 15˚, 25˚, 35˚and 45˚. Step back 

is provided on fourth and fifth story. Completed 20 numbers 

of models are prepared. Documentations of all of these 

models are depicted inside the going with Table 3 and 4.  

Table 3. Notations of Step Back Building 

 
Table 4. Notations of Step Back-Set Back Building 

 

5. METHODS OF ANALYSIS 

In this assessment, all the models are examinations in direct 

static procedure which is grasped as ESFM (Equivalent Static 

Force Method), linear dynamic technique, which is thought 

as RSM (Response Spectrum Method), NLTHM (Non-Linear 

Time History). Straight examination is performed using the 

item ETABS 2017. Study the assortment of Story 

Displacement, Base shear, Story drift, Time period with 

respect to assortment in a couple of slanting ground. ESFM 

assessment and RSM examination are overseen and results 

are stood out from overview the seismic response of the 

structures. In particular assessments, mode shapes are 

generally gotten in summarized structure, for that the 

outcomes of response go procedure persuaded the chance to 

be fittingly scaled. Inside the present examination, the 

scaling has been done by comparing the base shears got from 

ESFM and RSM as indicated by IS 1893 (2016). Certifiable 

tremor data of El Centro shudder are used for non linear 

time history assessment. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Images of models 

6. RESULTS AND OBSERVATIONS 

Assessment between Step back and Step back Set back 

structure with OGS, Infill brick masonry with and without 

using L-shape Shear divider is given at corners on different 

inclining ground. Dismember these models by using straight 

static and dynamic examination, for instance, Equivalent 

static assessment and Response Spectrum examination 

independently. Separate same models by using non linear 

time history methodology independently. Study the 

assortment of Story Displacement, Base shear, Story drift, 

Sr. 
No. 

Slope     
angles 

Step back-Set 
back building 
with Infill and 
without Shear 
wall 

Step back-Set 
back building 
with Infill and  
Shear wall 

1. 15˚ S-15 SSW-15 
2. 25˚ S-25 SSW-25 

3. 35˚ S-35 SSW-35 
4. 45˚ S-45 SSW-45 
5. FULLY 

INFILL45˚ 
S-45 FULLY 
INFILL 

SSW-45 FULLY 
INFILL 

Sr. 
No. 

Slope     
angles 

Step back-Set 
back building 
with Infill and 
without Shear 
wall 

Step back-Set back 
building with Infill and  
Shear wall 

1. 15˚ SSET-15 SSETSW-15 

2. 25˚ SSET-25 SSETSW-25 

3. 35˚ SSET-35 SSETSW-35 

4. 45˚ SSET-45 SSETSW-45 

5. FULLY  
INFILL45˚ 

SSET-45 FULLY 
INFILL 

SSETSW-45 FULLY 
INFILL 
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Time period concerning assortment in a couple of inclining 

ground. 

6.1 Base Shear 

Evaluated of most extraordinary expected level force on the 

base of the structure due to seismic development, which 

depends upon mass and solidness of the structure, these are 

presented in Fig. 6 and 7. According to results both kind of 

building base shear extended with shear wall diverged from 

without shear wall. Base shear lessened lower edge to higher 

edge.  

 

 

 

 

Figure  6. Base shear of Step back building with and without 

Shear wall 

 

 

 

 

Figure 7. Base shear of Step back-Set back building with and 

without Shear wall 

6.2 Time Period 

It is property of system, when it is licenses vibrating 

uninhibitedly with no external force and it depends upon 

mass and robustness of the structure; these are presented in 

Fig. 8 and 9. As showed by the both sort of building essential 

time period less with shear wall compared to without shear 

wall.  

 

 

 

 

 

Figure 8. Variation of fundamental time period of Step back 

building 

 

 

 

 

 

Figure 9. Variation of fundamental time period of Step back-

Set back building 

6.3 Torsional Response 

Most prominent torsional response from non linear time 

history methodology did. The non linear time history 

examination is the best technique to survey helper response 

under tremor excitations depicted by ground speeding up 

records. Here, El Centro seismic tremor data used from non-

linear time history system. Step back back and Step back Set 

back structure torsional response showed up in Fig. 10 and 

11.  

 

 

 

 

 

Figure 10. Torsional response for step back building 

 

 

 

 

 

Figure 11. Torsional response for step back-Set back 

building 

6.4 Short Column Effect 

During past seismic tremors, reinforced concrete (RC) 

diagram structures that have areas of various heights inside 

one story, persevered through more mischief inside the 

shorter portions when diverged from taller sections inside a 

comparative story. Two occurrences of structures with short 

areas are showed up in Fig. 12. Structures on a slanting 
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ground and structures with a mezzanine floor.[5] Poor lead 

of short fragments is an immediate aftereffect of the very 

reality that in a tremor, a tall portion and a short section of 

same cross-territory move uniformly by same total (Δ). 

Regardless, the short segment is strong when stood out from 

the tall section, and it attracts most prominent seismic 

tremor power. Immovability of a section suggests security 

from misshapening – the greater is that the strength, greater 

is that the force required to diform it.  

 

 

 

 

 

Figure 12. Buildings with short columns – two explicit 

examples of common occurrences 

If a short segment isn't adequately expected for such a 

tremendous force, it can bear immense damage during a 

seismic tremor. This lead is named Short Column Effect.  

 

 

 

 
Figure 13. Short column effect due to consecutive levels on 

sloping ground     

Short Column sway considered in Step back and Step back 

Set back structure with and without corner shear divider on 

different inclining ground. Consecutive levels on inclining 

ground considered showed up in Fig. 13. Short segment 

sway concludes consecutive level as a result of most 

outrageous axial force, shear force and bending moment 

showed up in Table 5 and 6. Consistent with results most 

outrageous axial force, shear force and bending moment 

occurs in short column. 

Because of various slanting ground section stature changed. 

Advancement on inclining ground in both grouping of 

building using corner shear wall less axial force, shear force 

and bending moment appear differently in relation to 

without shearwall.

Table 5. Short column effect of Step back building 
 

  
Axial Force (KN) Shear Force (KN) 

Bending Moment 
(KN-M) 

Consecutive Level & Angle Column Height S SSW S SSW S SSW 

E & 15˚ 0.59 684.43 117.75 264.68 32.87 80.28 10.94 

D & 25˚ 0.2 480.43 228.75 376.80 96.07 43.73 12.52 

C & 35˚ 0.9 266.94 90.35 191.91 7.48 113.40 4.93 

A & 45˚ 1.5 224.99 30.54 71.25 0.74 65.44 2.56 

A & Fully Infill 45˚ 1.5 57.91 22.08 2.409 0.65 8.53 2.27 

  
Table 6. Short column effect of Step back-Set back building 

 

  

Axial Force (KN) Shear Force (KN) 

Bending Moment 

(KN-M) 

Consecutive Level & Angle Column Height SSET SSETSW SSET SSETSW SSET SSETSW 

E & 15˚ 0.59 516.59 82.24 234.82 24.53 72.23 8.28 

D & 25˚ 0.2 433.58 206.37 305.30 91.48 34.19 10.93 

C & 35˚ 0.9 299.30 91.75 179.51 12.79 84.18 6.24 

A & 45˚ 1.5 172.22 20.12 43.48 4.74 38.75 2.80 

A & Fully Infill 45˚ 1.5 62.29 18.42 56.21 4.95 41.84 2.90 
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6.5 Displacement 

Story displacement profiles noteworthy way (X bearing) and 
minor (Y heading) of intensity, with the story height for 
different models in ESFM, RSM and NLTHM are showed up in 
Fig. 14-19. According to results both kind of building less 
movement with shear wall gave at corner appear differently 
in relation to the without shear wall. 

 

 

 

 

 
 

 

 

Figure 14. Variation of storey displacement ESFM for Step 

back building  

 

 

 

 

 

 

Figure 15. Variation of storey displacement ESFM for Step 
back-Set back building 

 

 

 

 

 

 

 

Figure 16. Variation of storey displacement RS for Step back 

building 

 

 

 

 

 

 

 

 
Figure 17. Variation of storey displacement RS for Step 
back-Set back building 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18. Variation of storey displacement NLTHM for Step 
back building 

 

 
 
 
 
 
 
 
 
 
 

Figure 19. Variation of storey displacement NLTHM for Step 
back-Set back building 

6.6 Drift 

Story drift profiles noteworthy way (X heading) and minor 
(Y course) of intensity, with the story stature for different 
models in NLTHM are showed up in Fig. 20 and 21. 
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Figure 20. Variation of storey drift NLTHM for Step back 
building 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21. Variation of storey drift NLTHM for Step back-Set 
back building 
 

7. CONCLUSION 

In this paper, the seismic examination of the structures 

laying on different inclination point with and without corner 

shear wall thought is acted in static and dynamic 

methodologies. Structures on the inclining ground are found 

as more vulnerable than the structures on the plain ground, 

and the degree of weakness increases with expansion of 

grade point. Step back-Set back structure game plan having 

19% less base shear appeared differently in relation to the 

Step back structure on different inclining ground. According 

to results and saw that base shear lessens from lower edge 

to higher point. The Step back-Set back structure 

configuration having 25% less evacuations, 36% less story 

skims stood out from the Step back structure. In closeness of 

the shear wall at corner of the structure having 91% to 95% 

less displacement, 56% less story drift, 48% to less time 

period allotment, 66% to 70% less torsional response 

independently stood out from without shear wall. 

Considering masonry totally infill movement 45˚ measured 

diminishes the affected story 32% displacement when 

appeared differently in relation to the open ground story 

case. In any case, Step back and Step back-Set back structure 

infill without OGS (totally infill) gave axial force, shear force 

and bending moment has been reduced by 73%, 63% and 

65% separately. The structure which are laying on inclining 

ground are presented to short column action sway pull in 

progressively axial force, bending moment and shear force 

most exceedingly horrendous affected during seismic 

excitation. Along these lines, excellent thought is required 

while specifying and organizing there short columns. As 

showed by non linear time history results for both kind of 

working without shear wall most suitable point is 25˚. Step 

back structure without shear found that most critical angle is 

45˚ and 35˚. Step back-Set back structure without shear wall 

highly venerable on 45˚ and 15˚. For advancement of the 

structure on slanting ground the Step back-Set back 

structure plan is fitting, nearby shear wall put the edge of the 

structure. Corner shear wall gave extraordinary fortifying to 

the structure on slanting ground.  

8. FUTURE SCOPE  

There are not really any obstacle of the work, for instance, 

plan irregularity isn't consider here, Soil structure affiliation 

(SSI) isn't consider here, Only single bearing inclination 

considered. This work is done pondering seismic zone V and 

medium sort of soil in a manner of speaking. Thusly, a 

comparative work can be continued pondering various zones 

and other kind of soils. 

REFERENCES 

[1] Rahul Ghosh & Rama Debbarma, “Effect of slope angle 
variation on the structures resting on hilly region 
considering soil-structure interaction”, International 
Journal of Advanced Structural Engineering (Springer), 
2019, 67-77. 

[2] Rahul Ghosh, Rama Debbarma, “Performance evaluation 
of setback buildings with open  ground storey on plain 
and sloping ground under earthquake loadings and 
mitigation of failure”, International Journal of Advanced 
Structural Engineering (Springer), 2017, 97-110. 

[3] Trishna Choudhury, Hemant B. Kaushik,“Seismic 
fragility of open ground storey RC frames with wall 
openings for vulnerability assessment”,(Elsevier) 
Engineering Structures 155, 2017, 345-357. 

[4] Zaid Mohammad, Abdul Baqi & Mohammed Arif, 
“Seismic response of RC framed buildings resting on hill 
slopes”, Procedia Engineering (Elsevier), 2017, 100-108. 

[5] C.V.R. Murthy, “Why are Short Column more damaged 
during Earthquake?”, ITK-BMTPC, Earthquake Tip-22, 
2002. 
 
 
 
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 05 | May 2020                 www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 7836 
 

BIOGRAPHIES  
 
 Arunkumar Prajapati 

He is presently M.E. Student of 
Structural Engineering at Government 
Engineering college, Dahod 389151, 
Gujarat, India. He has participated in 
many national and international 
conferences. 
 

 Dr. Kaushal Parikh 
He is Presently Head & Associate 
Professor of Applied Mechanics 
Department, Government Engineering 
College, Dahod 389151, Gujarat, India. 
He has published in papers various 
national & international journal. His 
Interested area is Structural 
Engineering. 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 


