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Abstract: The structures are generally constructed on level ground; however, due to scarcity of level 

grounds the construction activities have been started on sloping grounds. There are two types of configuration 

of building on sloping ground, the one is step back and the other is step back setback. In this study, G+ 10 

storey RCC building and the ground slope varying from 100 to 300 have been considered for the analysis. A 

comparison has been made with the building resting on level ground. The modeling and analysis of the building 

has been done by using structure analysis tool ETABS 2015, to study the effect of varying height of the column 

in bottom storey at different position during the earthquake. The seismic analysis was done by the response 

spectrum analyses have been carried out as per IS: 1893 (part 1): 2002. The results were obtained in the 

form of top storey displacement, Storey Acceleration, Base shear and Mode period. It is observed that short 

column is affected more during the earthquake. 

 

I. Introduction 
The term earthquake can be utilized to depict any sort of seismic waves which might be either 

normal or started by people, which creates seismic waves. Quakes are caused regularly by crack of land 

deficiencies. An earthquake release of vitality in the Earth's hull which makes seismic waves comes about a 

quake. The recurrence, sort and greatness of tremors experienced over some undefined time frame characterize 

the seismicity (seismic movement) of that zone. The perceptions from a seismometer are utilized to gauge 

tremor. Seismic tremors more noteworthy than roughly 5 are for the most part given an account of the size of 

minute size. Those littler than extent 5, which is more in number, as detailed by the national seismological 

observatories, are for the most part measured on the nearby size scale, which is otherwise called the Richter 

scale. 

At display time the strategies for seismic assessment for the seismic harm or quake harmed structures 

are not yet completely created. The structures which don't satisfy the prerequisites of seismic plan may endure 

broad harm or fall if shaken by an extreme ground movement or tremor. 

Quake is the significant explanation behind the issue of security for the development of multi story 

structures. The structures which are available now are outlined and built by as per older code arrangements, are 

not fulfilling. In this manner it is have to develop diverse sorts of structures which have the ability to oppose the 

powers, similar to Flat Slab and R.C Framed structure structures are more appropriate until further notice a 

day, because of expanded in populace and the land esteem. 

Structures are available in uneven ranges are altogether different from those in plain ground; in 

bumpy territories they are extremely unpredictable and unsymmetrical.Hence, they watch out for serious 

harm to the structure when influenced by seismic tremor, in light of the fact that in sloping zones the 

structure is built with various section statures, the short segment will influences more harm then the long 

segment amid earth shudder. The current tremor at Utharkhand-India (2015) it has been seen that structures 

situated close to the edges have experienced serious harms. Consequently, the structures should be planned on 

the premise of quality and firmness criteria. 

The developments of multi-storey flat piece working in level ground is better then in the development on 

the slanting in ground, amid quake the development of working in inclining ground makes more harm the 

structure and it is perilous for the structure, the materials like consumed block, stone workmanship and 

dressed stone brick work structures are for the most part made over level ground in slanting ground. Since 

level land in bumpy districts is exceptionally constrained, there is a more request to develop structures on 

inclining ground. In a couple of segments of world, inclining domain is more danger to seismic 

development. 

The development of confined structure is to help the pieces by bars and support the bars by 

segments. This might be called as R. C. Framed structure or Beam-Slab development. The bars diminish the 

available net clear roof stature. Subsequently in stockrooms, workplaces and open lobbies now and then 
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beamsare stayed away from and pieces are specifically bolstered by sections. These sorts of development are 

called level sections. 

The level pieces have a lower solidness in contrast with abeam-segment floor arrange for which can 

prompt moderately large deflections. Furthermore, the shear limit can likewise be reduced specifically around 

the segment head where large shear strengths can create. There are two principle disappointment modes of flat 

chunks: 

 Flexural Failure and 

 Punching Shear Failure. 

 

Pieces are intended to bomb by flexural disappointment, the disappointment mode is malleable along 

these lines giving moderately expansive diversions under excessive stacking, and furthermore splits will 

show up on the bottom surface before disappointment happens. These signs permit the issue to be tended to 

before disappointment occurs. Punching shear disappointment by correlation is  a weak disappointment mode 

when shear fortification is not included, which means disappointment will occur before huge avoidances 

happen, moreover to this any breaks that will create before disappointment will propagate from the best 

surface. Since this surface is normally secured, it is improbable that there will be adequate cautioning 

available before disappointment happens. 

As indicated by the Seismic Zoning Map of IS: 1893-2002, India is isolated into four zones on the 

premise of seismic exercises. They are: 

Zone II, Zone III, Zone IV and Zone V. 

 
Fig.1.1Building Frame with Short Columns 

 

 

 Fig.1.2StructuralBehaviour of Short Columnunder 
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Later Load 2. Essentialness of Study 

Amid past seismic tremors, structures in hillyregions have encountered high level of crumple, 

however the structures have been intended for security of the tenants against normal dangers. Thus, while 

constructing the multi - story structures in these sloping and high sesmic territories, safety measure measures 

ought to be taken, ensuring structures seismic tremor safe. The work is done to know the hugeness of the 

building situated in the slopy locale and in the plain ground. Structures in slopy ground are exceptional in 

association with those in fields; they are phenomenally sporadic and nonsymmetrical in level and vertical 

planes, and in torsion. From this time forward, they are watched harmed amidst tremor ground improvement. 

Past tremors have shown that structures masterminded at slanting ground continued on through authentic harms. 

Such structures have some quantity of mass and endurance moving in the vertical direction and level 

planes, happening the purpose of union of mass and focus of unbending nature don't surrender   to   different   

floors.   This   requires   torsional   investigation; notwithstanding horizontal powers under the activity of seismic 

tremors. The outcomes in type of crucial day and age, base shear, parallel relocation and storey float 

comes about are looked at for, level section on level and slanting ground. The comparision of these 

parameters are accomplished for the plain ground  and  for  inclining  ground  with  point  shifting  10°,  20°  

and  30°.  The examination is performed with Etabs 2015software. 

The examination introduced in this paper gone for foreseeing the seismic reaction of level chunks with various 

setup on inclining and plain ground. 

 

3. Seismic Design 
 The expectation of seismic investigation and configuration is to know the security levels of the 

structures regarding breakdown amid quakes and additionally concerning close by structures. Frenzy 

caused amid the  quake which can be unsafe, ought to likewise be mulled over while seismic outlining. 

 Two vital part of the building are limit and request. Request is the spoken to by the seismic tremor 

movement. Point of confinement is addressed as the limit of the structure to restrict the seismic 

demand. The general furthest reaches of a structure depends upon the quality and turning. Analyzing the 

Buildings Using straight and non coordinate dynamic Analysis affirms that fundamental and non-essential 

parts are not hurt past beyond what many would consider possible of the execution objective for the 

qualities which is connected in the midst of the tremor. 

 

4. Analysis Method: 

According to the Indian Standard code for Earthquake IS: 1893-2002, seismic investigation can be performed by 

three strategies. 

 Static Method 

 Identical Static Linear Method 

 

 Dynamic Methods 

 Reaction Spectrum Method 

 Time history Method 

 

 Proportional Static Linear Method 

The contrasting static examination performed with get the structure sidelong qualities at each 

floor level along the stature of the building and its dispersal to particular even load-constraining sections. 

The equal static examination methodology is in a general sense a versatile outline procedure. The identical 

static examination by utilizing obliged fragment framework is the standard methodology that can't be 

related for dynamic examination of soil structure correspondence. In this framework the structure and soil 

are investigated in single walk. The structure is devastated utilizing limited section portions and strong with 

obliged parts. 

 

 Reaction Range Examination 

Response spectrum is a report containing collaboration between ground speeding up and basic 

framework. A reaction sprectum displayed as a plot of most extreme reaction (Deformation, speed, 

increasing speed or some other amount of interest) to relating regular recurrence. 

In the reaction range investigation the pinnacle reaction of a structure amid a seismic tremor is 

gotten specifically from the quake reaction range. This technique gives an estimated crest reaction, however this 
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quit exact contrasted with proportional static strategy for auxiliary outline applications. The reaction range 

strategy gives a procedure to dissect the seismic tremor strengths and gives a pinnacle reaction of the 

working under a direct range utilizing quake powers. The upside of utilizing reaction range strategy for 

seismic examination is to control the removals and part constrains in the basic compontes of the building. 

This strategy gives just the greatest estimations of removals and part drives in every hub utilizing smooth 

outline spectra. 

 

5. Geometric Parameters 
In the present study, one building configurations are considered, which include buildings situated 

on plain ground. Number of storey considered for each type of configurations is 10 storeys. Plan layout 

of each configuration includes 4 bays across the Y direction and 6 bays are considered along X direction, 

which is kept same for all configurations of building frame. The segments are removed to be square to 

keep from the issues like presentation. The significance of adjust underground level is taken as 1.5 m 

where, the hard stratum is open. 

Geometric Properties And Material Properties Are Given Below. 

 

6. Demonstrating Aspects 
The development of encircled structure is to help the chunks by pillars and bolster the shafts 

by segments. This might be called as R.C.Framed structure or Beam-Slab development. The pillars decrease 

the accessible net clear roof stature. Consequently in distribution centers, workplaces and open lobbies now 

and again pillars are kept away from and chunks are straightforwardly bolstered by sections. These sorts of 

development are called level chunks. 

The model utilizing three dimensional casing components though Slabs are demonstrated as 

unbending stomachs. The floor stomach speaks to the quality; solidness and twisting limit with regards to 

in plane loading. Foundations are demonstrated to have settled condition at segment establishment 

intersection. Distinctive structures segments are displayed as depicted underneath Using Software's, the 

examination are carried on ten storied structures on plain ground and on slanting ground. 

The investigation was completed by two unique techniques i.e. is with the straight static strategy and 

static non-direct technique. 

Equivalent Static Analysis  

Response Spectrum 

 

 

7. Depiction of the Building Models 

In the present examination four Set of building are viewed as the arrangement of the model is 

same for all set, however just point will changes (0 to 30 deg). Set-1 is laying on a plain ground where as Set-2 

is laying on a slanting ground at a point of 10° and Set-3 is laying on an inclining ground at an edge of 20°. The 

Set-4 is laying on an inclining ground at a point of 30°are respectively the structures on a plain and fluctuating 

slanting ground with level chunks, Set-1 is the building model on plain ground, the slant of the ground is 10, 

20 and 30 Degree with along horizontal directions for Set-2, Set- 3 &Set-4. 

 

8. Model’s Considered for the Study 
Set 1: Building model on plain ground 
 

The building model is business with level chunk, the segment measure is square, the building is laying on 

plain ground (0°) as appeared in figure (4.3.1a and b), yet the majority are incorporated. 
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FIGURE 4.3.1b.Elevation of the Model 

 

The building model is business with level chunk, the section estimate is square, the building is laying on 

inclining ground at a point of 10° as appeared in figure (4.3.1c and d), yet the majority are incorporated. 

 

FIGURE 4.3.1c.Elevation of the Model 
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FIGURE 4.3.1d.Plan of the 3D Model 

 

9. Response Spectrum Analysis 
The seismic examination of all structures are done by reaction go procedure by utilizing Is1893 (part -I) 

2002. Substitute parameters utilized as a touch of seismic examination might be, expedient seismic zone (5), zone 

factor 0.36, centrality factor 1.5, 5 % damping and reaction diminish factor 5.0, the building bunch framework is 

Special RC minute constraining edge plot for all setups and stature of structures. Modal mass-the separates mass 

Mk of the model is given by 

 

 
g 

ɸ i k 

W i 

Acceleration in perspective of gravity  

Mode shape coefficient at floor i in mode k, and 

Seismic weight of floor i. 

 

Modular Participation Factors — The modular interest factor of mode k is given by Plan parallel drive at each 

floor in every mode- 

The pinnacle sidelong force at floor i in mode k is given by Qik = AkɸikPK W 

Where, Ak = Design' flat increasing speed range an incentive according to utilizing the normal time of 

viberation of mode k Story shear constrains in every mode-The pinnacle horizontal force acting in story i in 

mode k is given by 

 

Vik= ∑_(j=i+1)^n▒Qik 

 

1. Story shear compels due all modes considered - The pinnacle story shear force in story i 

because of all modes considered is acquired by joining those because of every mode. 

2. Parallel powers at every story because of all modes considered-The plan sidelong forcesFroof 

and Fi, at rooftop and at floori. 

 

Froof =Vroof, and Fi = Vi–Vi+1 
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According to codal arrangement, dynamic outcomes were standardized by duplicating with a base shear 

proportion, λ =Vb/VB , where Vb is the develop shear evaluation arranged in light of day and age given by 

correct condition and, VB is the base shear from dynamic examination , Vb/VB extent is more than one. 

 

10. Results and Discusion 
In this examination the working with level section laying on plain ground and inclining ground, the 

slanting edges are 10 deg to 30 deg the point varing along length of the plan.However to know the further 

detail's investigation of the expanding on the inclining ground it is fascinating to know the reaction to seismic 

tremor drive for genuine building's. Subsequently four set's are considered,the plan of the building is 

same for every one of the 4 set's i.e.set.1 on a plain ground, set.2 on a slanting ground at an edge 10°,set.3 on 

an inclining ground at an edge 20°, and set.3 on a slanting ground at a point 30° have been considered for the 

examination. 

The outcomes are talked about in light of the three models and are exhibited in detail. It incorporates 

fifteen stories building model and the relating comes about are figured by equal static straight technique and 

reaction range examination. These outcomes are dissected and performed by ETABS 2015 programming. 

The  outcomes  are  seismic  base  shear,  parallel  displacement,  storey  speeding  up, 

recurrence/day and age and story float are thought about for all the 4 sets of the building. Base Shear: 

 

The Base Shear in the 0° (plain ground) base slant building is more due in this manner increment in seismic 

weight of the structure. 

From the outcomes it can be seen that as the dirt turns out to be free the base shear will likewise increment 

because of the decrease in solidness &moduls of flexibility of soil. 

 

1  

0.8     SOIL TYPE-1 

0.6     SOIL TYPE-2 

0.4     SOIL TYPE-3 

0.2      

0 0 10 20 30  

 
Recurrence and Time period: 

The recurrence of the structure increment with increment in incline of the ground at the base. 

This is fundamentally is the fate of abatement in tallness of structure at the stature base point. Subsequently 

additionally time decreases. 

 

 
Natural day and age and Natural recurrence much relies upon the sort of soil for the most part moves toward 

becoming there is no extra changes in the structure. 

 

Table.  5.1.5.4: Max Displacement in X directions 

 0° 10° 20° 30° 

V 1 107.4 37.5 71.4 0.3 

 2 149.4 62.7 100.4 0.6 

 3 183.5 88.3 126.7 0.8 
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Fig. 5.1.5.4: Max Displacement in X directions 

 

 
Fig.5.1.5.4: Max Displacement in Y directions. 

 

Table. 5.1.5.5: Accelerations in X directions. 

 
 

Table. 5.1.5.5: Accelerations in Y directions. 
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Fig. 5.1.5.6: Max Drift in Y directions. 

 

Story Drift: 

Drift in the structure where base incline is more have less float. 

It is additionally for the most part happens to the mass participation is less and consequently float decreases. 

Maximum story float is more at the base story yet these story are subjected 

to greater fixity and consequently float is nearly nill at the these stories. 

As found in comes about the most extreme story float likewise exceptionally relies upon the kind of soil. 

As the solidness of soil diminishes the float wil increment. 

 

Conclusion 
Drift 
Drift in the structure where base incline is more have less float. 

 

It is additionally for the most part happens to the mass participation is less and consequently float decreases. 

Maximum story float is more at the base story yet these story are subjected to greater fixity and consequently 

float is nearly nill at these stories. 

As found in comes about the most extreme story float likewise exceptionally relies upon the kind of soil. 

As the solidness of soil diminishes the float wil increment. 

Displacement 

Displacement and Acceleration of the structure diminish with increment in the incline of ground at the base of 

the structure. 

 

It is on account of as the slant increment the fixity for the structure at various statures increment 

and as the fixity is expanded, the firmness of the structure builds which brings about reduction in uprooting 

and speeding up of structure. 

And additionally as the firmness in the dirt diminishes the relocation of the structure will likewise 

increment. 

 

Mode period 

The recurrence of the structure increment with increment in incline of the ground at the base. 

This is fundamentally is the fate of abatement in tallness of structure at the stature base point. 

Subsequently additionally time decreases. 

 

Base shear 

The Base Shear in the 0° (plain ground) base slant building is more due in this manner increment in 

seismic weight of the structure. 

From the outcomes it can be seen that as the dirt turns out to be free the base shear will likewise 

increment because of the decrease in solidness & moduls of flexibility of soil. 

 

 

 



International Journal of Latest Engineering and Management Research (IJLEMR) 

ISSN: 2455-4847 

www.ijlemr.com || Volume 03 - Issue 02(S) || PP.50-59 

3
rd

 International Conference on Frontline Areas of Civil Engineering (ICFACE–2018)          59 | Page 

References 
[1]. A.R. Vijaya Narayanan, Rupen Goswami and C.V.R. Murty, ―Performance of RC Buildings along 

Hill Slopes of Himalayas during 2011 Sikkim Earthquake‖, EERI Newsletter, EERI Special 

Earthquake Report, February 2012, 1-14. 

[2]. Dr. S. A. Halkude, Mr. M. G. Kalyanshetti, Mr. V. D. Ingle ―Seismic Analysis of Buildings Resting on 

Sloping Ground with Varying Number of Bays and Hill Slopes‖, International Journal of Engineering 

Research & Technology (IJERT), ISSN: 2278- 0181, Vol. 2 Issue 12, 

[3]. Chaitrali Arvind Deshpande,P.MMohite „Effect of Sloping Ground on Step- Back And Setback 

Configurations of R.C.C. Frame Building’ International Journal of Engineering Research & 

Technology (IJERT), Vol. 3 Issue 10, October- 2014  

[4]. Prabhat  Kumar,  Sharad  Sharma,  Pandey  A.D,  „Seismic  Soil-Structure Interaction Of Buildings 

On Hill Slopes‟ International Journal Of Civil And Structural Engineering Volume 2, No 2, 2011 

[5]. D.H. Lang & E. Erduran , Y. Singh &PhaniGade „Seismic Behavior of Buildings Located on

 Slopes - An Analytical Studyand Some Observations From Sikkim 

Earthquake of September 18, 2011‟  

[6]. S.M.Nagoje And K.S.Sable„ Seismic performance of multi-storey building on sloping ground‟ 
Mohammed  Umar  Farroque  Patel  ,  A.  V.  Kulkarni  ,  NayeemullaInamdar  „A Performance 

Study and Sesmic Evaluation of R C fram Buildings on sloping ground‟ IOSR Journal of 

Mechanical and Civil Engineering (IOSR -JMCE) SandeepVissamanei, „Determination Of Hill 

Sloping Buildings Damages Due To Earthquake‟   International   Journal   of   Advance   Research   

In   Science   And Engineering IJARSE, Vol. No.3, Issue No.12, December 2014. 

[7]. Hemal J shah, Dr.S and S.S Gandhy (2014) ―Seismic Time History Analysis Of Building On Sloping 

Ground Considering Near/Far field Earthquake‖ (2014) Pandey A.D , Prabhat Kumar , Sharad Sharma3 

―Seismic soil structure interaction of buildings on hill slopes‖ Volume 2, No 2, 2011 

[8]. K.S.L Nikhila, Dr. B Pandunangrao ―Static Linear and Nonlinear analysis of R.C Building on Sloping 

Ground with Varying Hill Slope‖ American Journal of Engineering Research (AJER) e-ISSN:2320-

0847 p-ISSN :2320-0936 Volume-03. Issue-11 (2014). 

[9]. Shivanand.B, H.S Vidyadhara ―Design of 3D RC Frame on Sloping Ground‖ International Journal 

of Research in Engineering & Technology eISSN -2319-1163 pISSN :2312-7308 Volume 3 Issue:08 

Aug 2014. 

[10]. Ravikumar C M, Babu Narayan K S ―Effect of Irregular Configurations on Seismic Vulnerability of 

RC Buildings‖ Architecture Research 2012,2(3):20-26DOI: 10.5923/j.arch.20120203.01. 


