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Abstract:- From the past few decades the population of the 
world has been increasing abruptly, due to this there is 
scarcity of land. To overcome this drawback structures of 
different configurations such as Step-back and Step back-set 
back has been adopted on hilly regions. This adopted 
configurations has led to different irregularities in the 
structures such as torsion and increased shear due to 
seismic ground motion. 

 To understand the real behaviour of buildings on 
hill slope a 3D analysis of the building is required. In the 
present study non-linear static pushover analysis and 
Response spectrum analysis (RSA) have been conducted 
using SAP2000 software for step- back  and step back-set-
back  buildings for a sloping ground of 270 and for different 
soil conditions( hard, medium and soft) by equivalent 
springs. Different response parameters have been studied 
with respect to fixed base and equivalent springs. 

Key Words: Step-back Configuration, Step back-Set 
Back configuration, SAP2000, Pushover Analysis, 
Response Spectrum Analysis, Response Parameters. 

1. INTRODUCTION  

The scarcity of plain ground in hilly areas has led to 
construction on sloping ground. The behavior of building 
during earthquake depends on the mass and stiffness in 
both horizontal and vertical planes of the buildings. 
Majority of buildings constructed on hill slopes are 
irregular and asymmetric due to step back and set back 
type construction. Such buildings are prone to have special 
structural and constructional problems such as shear, 
torsion and unequal column heights within a storey, which 
results in drastic variation in stiffness of columns of the 
same storey. The short column attracts much higher 
lateral forces and are prone to damage. In order to 
highlight the differences in behavior, which may further be 
influenced by the characteristics of the locally available 
foundation material, a parametric study has been 
conducted on five different buildings i.e step back and step 
back-set back buildings using SAP 2000. 

Current building codes including IS :1893 (Part 1) :2002 
and IS: 1893 (Part 1):2016 suggest detailed dynamic 
analysis of these type of buildings on different soil (hard, 
medium and soft soil) types. To asses acceptability of the 
design it is important to predict the force and deformation 
demands imposed on structures and their elements by 

severe ground motions by means of static pushover 
analysis. 

2. LITERATURE REVIEW 

Pandey A.D et.al(2011):Static pushover analysis and 
response spectrum analysis(RSA) have been conducted on 
five buildings for different configuration with varying soil 
conditions. These buildings were analysed for different 
soil conditions (hard, medium and soft) by equivalent 
springs. The displacement from both pushover analysis 
and RSA was considered and response correction factor 
was obtained. Displacement obtained from pushover 
analysis was greater than displacement from that of RSA. 
The value of T increase with the decrease in the correction 
factor. 

Y.Singh et.al(2012): Dynamic analysis of hill structure of 
different configuration of sloping angle 45º  was compared 
with regular structure on a plain ground with respect to, 
inter story drift ,fundamental period of vibration, plastic 
hinge formation and column shear. Linear and non-linear 
time history analysis was carried out. Hill buildings have 
different dynamic characters compared to structures on 
plain ground. Due to vertical and horizontal irregularity on 
a slopping ground torsional irregularity was observed due 
to shifting of centre of stiffness and centre of mass with 
floor level. Story shear was higher on hill slope which 
resulted in shear failure. 

2.1  OBJECTIVES 

1. In the current investigation, Static and Dynamic 
analysis has been regulated. In Static analysis 
non-linear pushover analysis is carried out and in 
dynamic analysis Response Spectrum Analysis 
(RSA) is carried out.  

2. Analysis is carried out on five buildings i.e three 
step back buildings and two step back set back 
buildings with a sloping ground of 270 with 
respect to horizontal.  

3. Analysis was carried out for fixed base and 
flexible condition. 

4. Analysis was done for different types of soil i.e 
hard soil, medium soil and soft soil and glorified 
by equivalent springs. 

5. Over-all base shear (V), displacement from 
pushover analysis (ẟ  performance point), 
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displacement from RSA (ẟelastic) response 
correction factor (R’).  

6. Lateral displacement, storey drift and response 
spectrum curve has been studied for moderate 
seismic zone (III) for fixed base and flexible 
condition. 

3.  MODELLING AND ANALYSIS 

The five different buildings (Fig 1 and Fig 2) are analyzed 
in SAP 2000. The gradient of ground has been taken as 27º 
with respect to horizontal. The characteristic of the 
considered building configurations in the present study 
are summarized below (Birajdar 2004).  The structural 
material is assumed to be isotropic and homogenous. The 
joint has been modelled using diaphragm as constraints.                 
Height of every floor: 3.5 m    

Plan dimension: 7*5 m   

Thickness of Floor :0.15 m  

Thickness of Wall :230 mm     

Thickness of Parapet wall:230 mm 

Concrete Density 25kN/m2  

Poisson’s Ratio:0.2 

 Damping:0.05 

Column size:230*500 mm  

Beam Size:230*500 mm  

Size of isolate footing taken 1m *1m  

Moderate Seismic zone (III) 

 

a) 2 Storey 2 Bay 

 

b) 3 Storey 3Bay 

 

c) 4Storey 4Bay 

Fig 1: Step back buildings (a,b,c) with increased number of 
storey and bays. 

 

d) 3Storey-3 Bay 
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e) 4Storey 4Bay 

Fig 2: Step back-Set back buildings(d,e) with increased 
number of storey and bays. 

3.1 RESPONSE SPECTRUM METHOD 

 Response spectrum is a exceptional case of modal 
analysis. The modes of vibration are basically of the form of 
period and shape. The maximum response with respect to 
each mode is determined with respect to response 
spectrum.in the title or heads unless they are unavoidable. 
The seismic analysis of all buildings was carried out by 
response spectrum method in accordance to IS:1893 (Part 
1):2002 and IS 1893    (Part 1):2016. Other parameters 
used in seismic analysis were, importance factor 1 and 
reduction factor 3. Ordinary moment resistant frame for all 
configurations was assumed. 

3.2 Pushover Analysis 

The Nonlinear static pushover analysis is a comprehensive 
method of evaluating earthquake seismic response of 
structure by considering non-linear behaviour of structural 
elements. The capacity spectrum method is adopted for 
implementing pushover analysis. The capacity spectrum 
method estimates peak response by expressing both 
structural capacity and ground shaking in terms of spectral 
acceleration and displacement. 

3.3 Foundation Characteristics 

The foundation is replaced by statically equivalent springs. 
According to the equations given by Wolf (1985) 

𝐾𝑥 = 𝐾𝑦  =
32 1 − 𝑣 𝐺𝑅𝑜

 7 − 8𝑣 
     where 𝑅𝑜 =

𝐴𝑓

√𝜋
   Eq . 3.1 

 𝐾𝑧 =   
  4𝐺𝑅𝑜

 1 − 𝑣 
     where 𝑅𝑜 =

𝐴𝑓

√𝜋
                           Eq 3.2 

𝐾𝑅𝑥 =
8𝐺𝑅𝑜3

3 1−𝑣      
     where    𝑅𝑜 =

 4Iyf
4

π
                     Eq 3.3   

𝐾𝑅𝑦 =
8𝐺𝑅𝑜3

3 1−𝑣 
        where      𝑅𝑜 =

√4Ixf
4

π
                    Eq 3.4                 

𝐾𝑅𝑧 =
16 𝐺𝑅𝑜3

3
     where     𝑅𝑜 =

 2 Iyf+Ixy 
4

π
             Eq 3.5 

Where  

G =shear modulus of the soil,  

v = Poisson’s ratio  

Ro = equivalent radius 

Af = The area of the footing  

lxy and lyf are moments of inertia of footing about X and Y 
axis respectively.  

The values of Poisson’s ratio (v) and shear modulus (G) for 
three different kinds of soil are taken from Pandey A.D 
et.al (2011) . The flexible properties of the foundation soil 
for hard, medium and soft soil are arranged in counter and 
numerical value of spring constants of different 
foundation soil for isolated footing are briefed in table 1 
and table 2. 

Table1: Elastic Properties of Foundation Soil 

Type of 
Soil 

Shear 
Modulus    

G(kN/m2) 

Elastic 
Modulus 

E(kN/m2) 

Poisson's 
Ratio 

Hard 2700 6750 0.25 

Medium 451.1 1200.0 0.33 

Soft 84.5 250.0 0.48 

 
Table 2: Spring Constants for Isolated Footing 

Typ
e of 
Soil 

Kx 

(kN/
m) 

Ky 
(kN/

m) 

Kz 
(kN/

m) 

KRx 

(kN/
m) 

KRy 
(kN/

m) 

KRz 
(kN/

m) 

Hard 
7309.

4 
7309.

4 
8121.

6 
1777.

8 
1777.

8 
2666.

7 

Medi
-um 

1251.
1 

1251.
1 

1518.
9 334.1 334.1 444.5 

Soft 251.0 251.0 366.6 80.3 80.3 83.5 

 
4.  Results and Discussion 

Hinges are defined by selecting default hinge properties 
based on FEMA -273/356 or ACT-40 criteria. Default hinge 
PMM for end to end moment frame columns and default 
M3 hinges for beams was assigned. 

The below tables clearly show that the total base shear in 
X- direction for all the considered building models were 
higher than the base shear in Y- direction 
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Except for soft soil. Further it can be observed that  the 
displacement in x-direction was less than that of y-
direction. The building in X-direction is stiffer hence 
showed lesser displacements and attracted greater shear 
forces in the short column. The building in Y-direction is 
less stiffer due to this there is higher displacement and 
less shear forces.  

Table 3: Results From pushover analysis (Step Back 
Building) 

Building 
Configurati

on 

Values 
of Vpp 
and ẟpp 

(kn and 
mm) 

Fixed 
Suppo

rt 

Flexible Base 

Hard 
soil 

Mediu
m soil 

Soft 
soil 

2 storey 2 
bay 

Vx 1183.8 625 526.15 334.9 

Vy 660.24 480 440.12 242 

ẟx 21 50 125 
277.1

2 

ẟy 34 61 146 310.6 

3 storey 
3bay 

Vx 2101.7 
1280.

7 649.01 160.6 

Vy 882.6 765.8 300 257 

ẟx 24 61 171 583 

ẟy 40 85 * 910 

4 storey 4 
bay 

Vx 2935.5 2032 1628.2 
857.5

6 

Vy 1603.2 
1367.

6 975.8 
50.96

1 

ẟx 24 67 134 502 

ẟy 42 89 154 461 

 
Table 4: Results From pushover analysis (Step Back -Set 

Back Building) 

Building 
Configurati

on 

Values 
of Vpp 

and 
ẟpp(kN 

and mm) 

Fixed 
Suppo

rt 

Flexible Base 

Hard 
soil 

Mediu
m soil 

Soft 
soil 

3 storey 
3bay 

Vx 2615.3 
1428.

7 * * 

Vy 
1468.5

4 
1043.

7 100.1 * 

ẟx 24 48 * * 

ẟy 40 83 27 * 

4 storey 4 
bay 

Vx 3030.5 
2396.

9 1901.7 
501.3

9 

ẟx 14 58 162 290 

 

 

 

Vy 

 

* 

 

* 

 

* 

 

* 

ẟy * * * * 

 
(pp) -Performance Point V is the total base shear,ẟ  is the 
displacement , * Results not available. 

 The displacements from pushover analysis (ẟ  performance point 

,(ẟpp)) and response spectrum analysis(ẟ elastic) have been 
tabulated below for step-back and step-back-set back 
buildings. The displacement obtained from the pushover 
curve is higher than the displacement obtained from the 
response spectrum analysis. Correction factor has been 
used because as,(ẟpp > ẟ elastic)  and when the number of 
storeys increases the ratio (ẟpp / ẟ elastic

 ) becomes less than 
1 and hence correction factor has been used. 

The correction factor R’ has been calculated by  

R’= (ẟpp/ ẟ ’)                                                                Eq 4.1                                                                                                                   

ẟp = Displacement obtained from Pushover analysis 

ẟ ’= R * ẟ elastic                                                               Eq 4.2                                                                                                       

R = response reduction factor 

ẟ elastic = Displacement obtained from response spectrum 

Table 5: Displacement from Pushover analysis and 
response spectrum analysis (Step back building) 

 

(pp) -Performance Point V is the total base shear, ẟ  is the 
displacement , * Results not available. 
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Table 6: Displacement from Pushover analysis and 
response spectrum analysis (Step back -Set back building) 

 

(pp) -Performance Point V is the total base shear, ẟ  is the 
displacement, * Results not available. 

 

Fig 3: Correction Factor for Steep back Building in              
X-Direction 

 

Fig 4: Correction Factor for Step- back Building in Y-
Direction 

 

Fig 5: Correction Factor for Step Back -Set Back Building 
in X- Direction 

4.1 Storey Drift 

Storey drift is defined as the displacement of one level 
relative to the other level above or below. Drift can vary 
according to each direction. 

Table  7 : Storey Drift for Step -back Building 

 

 

Fig 6: Storey Drift For 2 Storey Step Back Building along 

X- direction 
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Fig 7: Storey Drift For 3 Storey Step Back Building along 

X- direction 

 

Fig 8: Storey Drift For 4 Storey Step Back Building along 

X- direction 

Table 8 : Storey Drift for Step -back Building 

 

 

Fig 9: Storey Drift For 3 Storey Step Back Set Back 
Building along Ex 

 

Fig 10: Storey Drift For 4 Storey Step Back Set Back 
Building along Ex 

4.2 RESPONSE SPECTRUM CURVE 

Response spectrum curve is plotted by taking the time 
period of different soil conditions from response spectrum 
analysis and interpolating Sa/g for the required time 
period. 

Table 9 : Response Spectrum for 2 Storey Step -Back 
building 
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Fig 11: Response Spectrum for 2 Storey Step Back building 

Table 10: Response Spectrum for 3 Storey Step Back 
building 

 

 

Fig 12: Response Spectrum for 3 Storey Step Back building 

Table 11: Response Spectrum for 4 Storey Step Back 
building 

 

 

Fig 13: Response Spectrum for 4 Storey Step Back building 

Table 12: Response Spectrum for 3 Storey Step Back Set 
Back Building 
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Fig 14: Response Spectrum for 3 Storey Step Back Set 
Back building 

Table 13 : Response Spectrum for 4 Storey Step Back Set 
Back Building 

 

 

Fig 15 : Response Spectrum for 4 Storey Step Back -Set 
Back Building 

5. CONCLUSIONS 

1. The base shear carried out by the step back 
buildings and the step back set back buildings for 
slope 270when pushed in X-direction was higher 

than that of Y- direction. This is influenced by the 
orientation of columns. 

2. Pushover analysis can be tested on existing 
structure for earthquake forces. If the structure 
fails by this forces retrofitting measures can be 
adopted. 

3. The displacement obtained from pushover 
analysis is always greater than displacement 
obtained from response spectrum analysis. 

4. As the foundation moves from fixed condition to 
flexible condition. The shear forces decreases in 
both X and Y direction but the displacement 
increases in X and Y direction. 

5. As the foundation moves from the fixed base to 
flexible base the reduction factor decreases in 
both the directions. 

6. In many cases it can be seen that Step back set 
back configuration is better. 
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