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Abstract -   Excavations for road construction, mining, 
building foundation, tunneling has become more common in 
urban areas. Not only in urban areas, even in hilly regions 
there may be a situation where excavation becomes necessary 
for any construction work. These kinds of deep excavations 
induce more displacement on the adjacent structures. If the 
building or structure lies on a sloping ground, the effect of 
slopes also contributes to the displacement of structure which 
in turn may cause failure of the structure. 
 
 In the present study, 2D seismic analysis by response spectrum 
method is carried out to know the seismic behavior of a RCC 
building resting on sloped ground adjacent to deep excavation 
using SAP 2000 software. Building models are analyzed by 
considering it to be resting on medium and soft soil.  The 
results of the analysis in terms of displacement are obtained 
and displacement values are compared for building on 
medium soil and soft soil. 
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1. INTRODUCTION  
 
Excavations are done for various purposes which include 
excavating soil for construction of footing, tunnels, road 
construction, bridges, mining and so on. Excavation is of the 
following types 
 

 Shallow excavation: Excavation which has depth 
less than 1.5m. 

 Deep excavation: Excavation with depth above 4.5m 
Deep excavations in urban areas can be considered as a 
serious issue. Due to deep excavations there is an adverse 
effect on adjacent structures. Since there is a limited space 
available in urban areas, in addition to safety measures 
taken for the construction site it is also important to 
consider safety of the bordering buildings and structures. 
Damage caused on buildings resting on sloping ground due 
to seismic load is very high compared to buildings on flat 
surface as there are different levels at which columns are 
placed, this may cause cracks in columns which in turn 
damage the complete structure. The effect of earthquake on 
buildings become more vulnerable when there is excavation 
next to it with the building resting on a sloping ground. In 
addition to this, variation in soil properties also contributes 

to the behavior of building. Soil properties play an important 
role in the performance of structure, buildings on hard soil 
which has high internal strength are prone to less damage in 
comparison to buildings on medium and soft soil whose 
internal strength differ from medium to low respectively. 
 
 Bearing capacity of soil also gets reduced if there is any 
nearby excavation. Due to the presence of adjacent 
excavation there may be reduction in ultimate bearing 
capacity of the soil which causes failure of   foundation. 
 
Terzhaghi’s bearing capacity equation:  
qult = cNcsc + q Nq + 0.5γNγsγ 
 
There is a loss of ultimate bearing capacity if any excavation 
is present nearby. Hence the equation can be written as 
qult = cNcsc + 0.5γNγsγ  
 

 

 
 

Fig -1: Deep excavation for basement 

 
Fig -2: Building resting on sloped ground adjacent to 

excavation 
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1.1 Excavation support system 
 
Excavation supports are used to keep the sides of deep 
excavation stable, and they help in avoiding the damage to 
the adjacent structures and utilities caused by deep 
excavation. In the present study, sheet pile is used as the 
excavation support.  
 

1.2 Objectives 
 
The main objective of this study is as follows 

 Inquest the effect of important parameters affecting 
the behaviour of a building such as distance of 
excavation from the building, depth of excavation 
and properties of the soil. 

 Compare the behaviour of building due to 
excavation of soil with different properties. 

 To study the behaviour of building to excavation 
without and with supporting system. 

 
2. METHODOLOGY 
 
Behavior of a (G+9) storey building resting on sloping 
ground adjacent to deep excavation is analyzed and its 
response is studied by response spectrum method using 
SAP2000 software. Analysis is done for the building model 
on medium and soft soil with adjacent excavation with 
varying distance of 1m, 2m and 3m from the building and of 
depth 6m. Model parameters are defined in Table -1. 
Building adjacent to unsupported and supported excavation 
is shown in figure 3 and 4 respectively. 
 

Table -1: Model description 
 

Number of stories G+9 
Floor height 3m 

Grade of concrete M25 for beams 
M30 for columns 

Grade of steel Fe 550 
Beam size 0.2mX0.6m 

Column size 0.2Mx0.45m 
Footing size 2mX1m 

Live load 3kN/m2 

Weight of floor finish 2kN/m2 

Soil type Medium soil(II) 
Soft soil(III) 

Poisson’s ratio(𝜇) 0.25 for medium soil 
0.2 for soft soil 

Modulus of elasticity(E) Medium soil- 
17250kN/m2 

Soft soil- 10350kN/m2 

Weight per unit volume Medium soil- 18kN/m3 

Soft soil- 16kN/m2 

Slope 1:4 
Seismic zone V 

Response reduction factor 3 

Importance factor 1 
Damping ratio 5% 

 

 
 

Fig -3: Building with adjacent excavation 1m distance, 6m 
depth 

 

 
 

Fig -4: Building with adjacent excavation supported by 
sheet pile 

 
3. RESULTS AND DISCUSSION 
 
Comparative study is carried out with respect to top storey 
displacement of building with adjacent unsupported and 
supported excavation in medium and soft soil.  
 
3.1: Top storey displacement 
 

 
Chart -1: Comparative graph for top storey displacement 

of building resting on medium soil with adjacent 
unsupported and supported excavation 
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Chart -2: Comparative graph for top storey displacement 
of building resting on soft soil with adjacent unsupported 

and supported excavation  
 

 
Chart -3: Comparative graph for top storey displacement 

of building resting on medium soil and soft with 
unsupported excavation  

 

 
Chart -4: Comparative graph for top storey displacement 

of building resting on medium soil and soft soil adjacent to 
excavation supported by sheet pile 

 

4. CONCLUSIONS 
 

1) Displacement of the building gets reduced as the 
distance between excavation and the building 
increases i.e. the building gets displaced more when 
excavation is very near to it. In this study, we can 
observe that displacement is more when excavation 

of 6m depth is at a distance of 1m from the building 
and reduced as the distance is increased to 2m and 
3m. 

2) In this study, displacement of building is also 
computed when excavation is supported by sheet 
pile and comparison is made for displacement 
induced by unsupported excavation and displaced 
induced by excavation supported by sheet pile (for 
depth of 6m and 1m away). Unsupported 
excavation induces higher displacement. 

3) It can be observed that, when excavation is 
supported by sheet pile, the building is more stable 
when the support system is near the building since 
it induces less displacement. 

4) Displacement is more for building resting on soft 
soil than building resting on medium soil. 

 

4.1 Scope for future work 
 

 This project can be carried out considering different 
seismic zones. 

 Analysis can be carried out on building resting on 
layered soil. 

 3D analysis can be carried out. 
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