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Abstract—Earthquake creates considerable hazard to 

structure, its behavior is unpredictable and hence it is 

most dangerous. Structure subjected to seismic forces are 

always vulnerable to damage and if it occurs on a sloped 

building as on hills which is at some inclination to the 

ground the chances of damage increases much more due 

to increased lateral forces on short columns on uphill 

side, torsion in structural system and thus may leads to 

the formation of plastic hinges. 

In the present study, multistoried regular building with 

different slopes are analyzed with the help of numerical 

analysis. Different soil structures will be considered and 

respective spring stiffnesses will be applied to support 

system. Structural response will be obtained by 

performing linear time history analysis in STAAD Pro. 

Comparison will be made for buildings on slopes with 

spring stiffness and same buildings without spring 

stiffness. 

Keywords—Building on different slopes; soil structure; 

regular buildings; numerical analysis 

 

I.  INTRODUCTION  

Earthquake creates considerable hazard to structure, 

its behavior is unpredictable and hence it is most 

dangerous. When a structure is subjected to seismic 

forces it does not cause loss to human lives directly 

but due to the damage cause to the structures that 

leads to the collapse of the building and hence to the 

occupants and the property. Mass destruction of the 

low and high rise buildings in the recent earthquakes 

leads to the need of investigation especially in a 

developing country like India. Structure subjected to 

seismic forces are always vulnerable to damage and 

if it occurs on a sloped building as on hills which is 

at some inclination to the ground the chances of 

damage increases much more due to increased lateral 

forces on short columns on uphill side and thus may 

leads to the formation of plastic hinges. Due to 

erosion of soil there is different soil structures of 

same origin, which can be created differential 

settlement and with combination with earthquake it 

may create more hazard to human life. Due to the 

scarcity of the plain terrain in this region there is an 

obligation of the construction of the buildings on the 

sloping ground.Many researcher has already worked 

on dynamic analysis of buildings on sloped ground 

by comparing with buildings on flat ground. Since 

soil of same origin may have different structures due 

to consolidation, there is need to consider these 

changed soil structures in analysis. This may give 

worst effect in addition with dynamic input. 

incorporating the applicable criteria that follow. 

 

II. METHODOLOGY 

A. Introduction to Consolidation of Soil 

In the present study, long term deflection of clayey 

soil is considered and respectivestiffnesses will be 

applied to support system. 

Consolidation is the compression of soil mass due to 

expulsion of water from the voids under steady static 

and long term pressure.It is a slow long term process 

and it is experienced in clays or loam soils. 

 

Fig. 2.1 Soil model 
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When a steady constant load ‘q’ is applied on soil, 

immediately after applying load, u’ = q and effective 

pressure σ’ = 0. Hence following equation can 

consider, 

u’ + σ’ = q   (2.1) 

Where u is the hydrostatic pressure or static pore 

water pressure, u’ is the hydrodynamic pressure or 

Excess pore water pressure and σ’ is the effective 

pressure. 

After long duration when soil is not fully 

consolidated, some excess pore water pressure 

released, u’ < q and σ’ > 0. 

At the time of consolidation excess pore water 

pressure removed u’ = 0 and σ’ = q. 

B. Formulation of Consolidation 

Thegraph below represents logarithmic variation of 

effective stress and void ratio. In the consolidation 

process void ratio decreases from initial void ratio e0 

to final void ratio ef, for initial effective stress σ0’ to 

final effective stress σf’ respectively. 

 

Fig. 2.2 Coefficient of Compressibility 

Coefficient of Compression Index (Cc) is formulated 

as below, 

 

𝐶𝑐 =  
𝑒0−𝑒𝑓

𝑙𝑜𝑔10(
𝜎𝑓′

𝜎0′
)
(2.2)  

 

𝐶𝑐 =  
𝛥𝑒

𝑙𝑜𝑔10(
𝜎𝑓′

𝜎0′
)
(2.3) 

∆𝑒 = 𝐶𝑐 𝑙𝑜𝑔10 (
𝜎𝑓′

𝜎0′
)   (2.4) 

Where, Cc = 0.009 (WL – 10) for natural undisturbed 

soil 

For laterally confined soil, final settlement is 

formulated as below 

∆𝐻 =  
𝐻0 𝐶𝑐 𝑙𝑜𝑔10(

𝜎𝑓′

𝜎0′
)

1+ 𝑒0
(2.5) 

C. Case Study 

For the study of consolidation, Himalayan region is 

considered due to clayey soil or loam is present at 

most of location. Research paper by C.M. Sharma 

et.al.[5] is referred for the present study. There are 

five forest types (FT1 to FT5), which has loam soil 

texture. Hence these soil data are considered for 

study. 

 

 Graph 2.1 Soil texture data  

Above graph represents relation between different 

forest types and void ratio, bulk density and porosity. 

For the forest types FT1 to FT5 Final settlements are 

shown below. 

 

Forest 

Types 

Soil  Consolidation 

settlement 

Spring 

Stiffness 

FT1 Loam 31.3 mm 16.0 kN/m3 

FT2 Loam 34.2 mm 14.6 kN/m3 

FT3 Loam 32.4 mm 15.4 kN/m3 

FT4 Loam 29.8 mm 16.8 kN/m3 

FT5 Loam 36.4 mm 13.7 kN/m3 

Table 2.1 

For calculation of consolidation settlement footing 

size of 3m X 3m and depth of footing is 2m below 

ground surface is considered. Column reaction of 

500kN is considered. 

D. Structural Modelling 

 RCC medium rise building of 5 storeyes with floor 

height 3 m subjected to earthquake loading in V has 

been considered. In this regard STAAD Pro V8i 

software has been considered as tool to perform. 
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Effect of sloping effect of the ground on behavior of 

structural frames is analyzed by considering 

minimum stiffness of support (13.7 kN/m3). 

Displacements have been calculated foe five 

different column. 

 

 

 

 

Fig. 2.3 Plan of building 

 

The plan for the above building shown in figure has 

been considered to carry out the study the dimension 

of the building are 12m x 12m. Hatched portion 

represents consolidation for half portion (three rows 

of column is affected).Generally in such cases the 

building is to be analysed for the earthquake force 

because maximum lateral force induced in building 

is due to earthquake load. The structural effect of the 

building on various sloping ground is to be studied.  

 

Case 1 – Regular building which having slope 0o 

Case 2 – Building having slope of 100 

Case 3 – Building having slope of 200 

Case 4 – Building having slope of 300 

Case 5 – Building having slope of 400 

Case 6 – Building having slope of 500 

 

 Loading consideration Dead Load (DL) and Live 

load (LL) have been taken. Seismic load calculation 

has been done based on the IS 1893 (Part 1) (2002) 

approach. Load combination 1.5(DL+EQX) along X 

direction and 1.5(DL+EQZ) along Z direction has 

been consider. 

Following data is assumed for analysis 

Storey Height- 3.0 m 

Column Size- 0.45 m x 0.3 m 

Beam size- 0.4 m x 0.23 m 

Thickness of slab- 0.15 m 

Live load- 3 kN/m 

 

 
 

Fig. 2.4 (0 degreesslope)  Fig. 2.5 (10 degrees slope) 

 

Fig 2.6 (20 degrees slope)          Fig.2.7 (30 degrees 

slope) 

 

Fig.2.8 (40 degrees slope)  Fig.2.9 (50 degrees slope) 
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III. RESULTS AND CONCLUSIONS 

Due to consolidation of soil and sloped ground, 

response at column location are compared and 

represented in graphical form. 

A. Column 1 

 

Fig. 3.1 Displacement of column 1 

B. Column 2 

 

Fig. 3.2 Displacement of column 2 

C. Column 3 

 

Fig. 3.3 Displacement of column 3 

D. Column 4 

 

Fig. 3.4 Displacement of column 4 

E. Column 5 

 

Fig. 3.5 Displacement of column 5 

 3.2 Observations 

 In Column 1 it is found that displacement are 

slightly more for plain ground than other sloped 

building.  

 In case of Column 2 displacement are less for 

plain building than gradually increase in slope angle 

building.  

 In case of Column 3 displacement are slightly 

more than other observed columns and also 

gradually decreases with increase in slope angle. 

 Column 4 & 5 are having the displacement are 

nearly same as the column 1 and 2 in which the 

displacement is gradually decreasing as the sloped of 

ground is increasing. 

 The displacements value gets smaller as the 

slopes increases due to curtailment of column.  

 Consolidation of soil plays vital role with 

combination of sloped buildings. 
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