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Abstract— In the conventional method of analysis, usually effect of secondary forces and effect of soil system on 
foundation and super structure are generally ignored, which are likely to affect the performance of the structure. In the 
present work, the P-Δ effects on soft storey buildings by considering effect of soil structure interaction have been studied. 
For this purpose 3-D models of structure with soft storey are developed using ETABS® software. Soft storey levels are 
varied based on relative position ratios (H/h), where ‘H’ is total height of the building and ‘h’ is height from the top most 
edge of the building to the upper edge of the soft storey level. To account the effect of soil system, the soil underneath the 
footing is for modelled by Winkler’s approach (spring model) in which hard, medium and soft soil are modelled as springs. 
Equivalent static earthquake analysis is carried out. Models are analysed also by considering P-Δ effect. Results obtained 
with and without P-Δ effect are compared in terms of roof displacement, storey drift and column moments. Results indicate a 
substantial increase in response of the structure, when P-Δ effect is considered. 
 
Keywords— Soft storey, Relative response ratio, P-Δ effect, Winkler modeling. 
 
I. INTRODUCTION 
 
A soft storey refers to a storey in a building which 
has a substantially low resistance or stiffness, when 
compared to the stories above them. These soft 
stories usually found in the ground floor of the 
building in order to accommodate parking spaces, 
reception lobbies, display structures etc. As a result of 
these stiffness irregularities, these buildings are most 
vulnerable to unpredictable seismic activities. Usually 
Elastic analysis is carried out for structures. Elastic 
analysis forms linear elastic behaviour and is carried 
out based on undeformed geometry of the building 
(First order elastic analysis) or deformed geometry of 
the building (Second order elastic analysis). A first 
order analysis being the most basic method does not 
include the interaction of two loadings namely, the 
effects of gravity load on lateral load induced 
deflection. After considering the effect of each 
loading separately, the results are superimposed. 
While in reality the horizontal load acting on a 
building causes structure to drift. This resulting 
eccentricity of the gravity loading from the inclined 
axes of the structure‟s vertical member causes further 
lateral displacement of the building which in turn, 
increases moments. This effect of gravity load acting 
on horizontal displacement (Δ) is referred as P-Δ 
effect. In the conventional analysis and design of 
super structure and foundation structure, the super 
structure is assumed as fixed or hinged at the bottom 
and its behaviour is assumed to be completely 
independent of foundation and supporting soil. It is 
well known fact that, the actual behaviour of super 
structure depends not only on stiffness of super 

structure but also on stiffness of foundation and soil 
system. Soil conditions play a detrimental role in the 
stability and integrity of the structure. Soil is a very 
complex material for modeling. Halkude et. al, [1] 
studied the seismic response of RC frames by 
considering raft modelling. For this purpose dynamic 
analysis was carried out and the soil flexibility was 
incorporated using Winkler‟s approach. The study 
indicates that, considering soil structure interaction, 
significantly affects the response of the structure. The 
Winkler‟s foundation model is one of the oldest and 
simplest elastic models, in which springs are used to 
model the soil conditions. 
Kamath et. al, [2] studied the seismic response of RC 
frame structures with soft storey at different storey 
levels using pushover analysis. Results show that, 
structures with soft storey were most vulnerable to 
earthquake and also they possess lower lateral load 
carrying capacity. Hirde and Tepugade [3] analysed 
the performance of the structures with soft storey at 
different levels and the results highlights that, poor 
seismic performance of the building with soft storey 
at different levels. Konapure and Dhanshetti et al [4] 
have analytically studied the effect of P-Δ on multi-
storey buildings and results shows that roof 
displacement, column forces and storey drift were 
increased by considering P-Δ effect. Rajpurohit et. al, 
[5] studied the response of structures supported on 
elastic foundation. For this purpose spring model with 
different values of modulus of subgrade reaction were 
analysed. Results show that, significant variation in 
the raft settlement, displacement, design forces and 
moments. It can be seen from the literature that, the 
effect of P-Δ on varying soft storey buildings by 
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considering effect of soil structure interaction has not 
been considered and hence in the present study P-Δ 
effect on varying soft storey with soil structure 
interaction has been considered. For the present study 
soft storey levels are varied based on the relative 
position ratio (H/h) as shown in Fig. 1. The relative 
position is the ratio of total height of the structure to 
height from the top most edge of the building to the 
upper edge of the soft storey level. H/h ratios are 
obtained by keep in ‘H’ as 

constant and varying ‘h’ value. The effect of soil 
structure interaction is included by using spring 
model (Winkler’s model). Initially all models are 
subjected to equivalent static earthquake load as per 
IS 1893 (part1):2002 [6] and are also analysed 
without considering P-Δ effect. Models are also 
analysed by considering P-Δ effect. Results obtained 
without P-Δ and with P-Δ are compared in terms of 
roof displacement, storey drift and column moments 
at soft stories. 
 

Table 1: Elastic properties and stiffness of soil area spring element 

 
 

II. METHODOLOGY 
 
A 15 storey 3-D R.C. frame structure is modelled 
using ETABS® software. Columns and beams having 
cross-section of 0.45 m × 0.45 m are used. 150 mm 
thick floor slabs are assigned as rigid diaphragm. 
Gravity loads consisting of 2 kN/m2 floor finish, 1.5 
kN/m2 water proof loads and 2 kN/m2 live loads are 
considered. A wall load of 12 kN/m2 is applied on all 
the beams except those corresponding to soft storey 
where the load is consider as 19 kN/m2. Fig. 2 shows 
the plan of the structure. M 30 concrete and Fe 500 
steel are considered for the structure. Various 
parameters as per IS 1893 (part1):2002 [6] like zone 
factor (Z) = 0.10, Importance factor (I) = 1, Response 
reduction factor (R) = 3 and medium type of soil are 
consider for seismic load. The frame is assumed to be 
resting on raft foundation of size 21 m × 21 m, 
having thickness of 1m and raft is idealized as shell 
thick element. The underneath soil is modelled by 
Winkler spring method. The soil spring stiffness is 
calculated as per George Gazetas [7] equations and is 
shown below, 

Where E is the modulus of elasticity of soil, G is 
shear modulus of soil; µ is the Poisson‟s ratio of soil. 
Ab is area of the foundation considered. L and B are 
half length and half width of the foundation 
respectively. Kz, Kx and Ky are spring stiffness 
values in vertical, horizontal (linear) and horizontal 
(longitudinal) directions respectively. The soil spring 
stiffness and elastic properties for hard, medium and 
soft soil are shown in table1. 

 
Fig.1: Relative Position Ratio (H/h) 

 

 
Fig.2: Plan of the building 

 
Initially soft storey is introduced at 1st storey level 
i.e. H/h=1.11. Equivalent static analysis is carried out 
without considering P-Δ effect for fixed base and 
with raft modeling for different soil conditions. The 
model is once again analysed considering P- Δ effect. 
Then soft storey levels are varied in the similar 
manner based on relative position ratio (H/h) from 
1.11 to 15.50. Results are obtained and compared 
without and with P-Δ effect 
 
III. RESULTS AND DISCUSSIONS 
 
Tables 2 shows percentage increase in the roof 
displacement, when P-Δ effect is considered for fixed 
base, hard soil, medium soil and soft soil for relative 
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position ratio varies from 1.11 to 15.5. From the 
tables it can be observed that, by considering P-Δ 
effect there is a substantial increase in roof 
displacement in all the cases. It can be seen that, 
percentage increase in P-Δ effect is observed to be 
maximum for soft soil when compared with other 
cases. For H/h=1.19, i.e. soft storey at second floor 
level, the increase in roof displacement is found to be 
maximum in all the cases, among these soft soil and 
has a highest value of 25.15%. Also minimum effect 
of P-Δ is observed, when the soft storey is located at 
H/h=15.50, which corresponds to the soft storey at 
14th storey level. 
 

Table 2: Percentage increase in roof displacement 

 
 
Fig. 3, 4, 5 and 6 show the variation of roof 
displacement for fixed base, hard soil, medium soil 
and soft soil respectively, when relative position ratio 
varies from 1.11 to 15.5. It is evident from the 
Figures that, maximum roof displacement is observed 
in soft soil, when compared to other cases. Also 
effect of P-Δ is observed to be more in soft soil than 
other cases. 
Fig. 7 shows the variation of storey displacement for 
building when soft storey is located at a relative 
position ratio of 1.19 i.e. at 2nd storey level for 
different cases. It can be observed from the graph 
that, storey displacement increases substantially in all 
floor levels when P-Δ effect is considered. It can also 
be observed that, soft soil shows the maximum storey 
displacement when compared to other cases. Similar 
plots can be obtained for other relative position ratios. 
Tables 3 shows percentage increase in the storey 
drift, when P-Δ effect is considered for fixed base, 
hard soil, medium soil and soft soil, for relative 
position ratio varies from 1.11 to 15.5. From the table 
it can be observed that, by considering P-Δ effect 
there is a substantial increase in storey drift in all the 
cases and it is maximum for soft soil. For H/h=1.19, 

which corresponds to the soft storey at second floor 
level, the increase in storey drift is found to be 
maximum in all the cases, among these soft soil and 
has a highest value of 38.14%. Also it can be 
observed that, when P-Δ effect is considered the 
percentage increase in storey drift is found to be 
minimum in all the cases at H/h=15.50, which 
corresponds to the soft storey at 14th storey level. 
Fig. 8, 9, 10 and 11 show the variation of storey drift 
for fixed base, hard soil, medium soil and soft soil 
respectively, when relative position ratio varies from 
1.11 to 15.5. It can be observed from the Figures that, 
maximum storey drift is observed in soft soil, when 
compared to fixed, hard soil and medium soil 
conditions. 

Table 3: Percentage increase in storey drift  

 
 
Fig. 12 shows the variation of storey drift for building 
when soft storey is located at a relative position ratio 
of 1.19 i.e. at 2nd storey level. It can be observed 
from the graph below that, storey drift increases 
substantially when P-Δ effect is considered and also 
storey drift is maximum at the soft storey location. It 
can also be observed that, soft soil shows the 
maximum storey drift when compared to other cases. 
Similar plots can be obtained for other relative 
position ratios. Column moments are obtained for 
C18 column (Fig. 2) which corresponds to the soft 
storey under consideration. Table 4 shows percentage 
increase in moments for C18 column, when P-Δ 
effect is considered for fixed base, hard soil, medium 
soil and soft soil, for relative position ratio varies 
from 1.11 to 15.5. It can be seen from the table that, 
there is a substantial increase in the column moments 
when P-Δ effect is considered and maximum 
variation is observed in soft soil condition. It can also 
be noted that, when the relative position ratio is 1.11, 
there is a significant increase in column moments for 
soft soil when P-Δ effect is considered and it is about 
50.44%. Also, the percentage increase in column 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-6, Jun.-2016 

A Study on P-Δ Effects For Buildings With Varying Soft Storey Considering Soil Structure Interaction 
 

140 

moment is found to be minimum at H/h = 15.50 
which corresponds to the soft storey at 14th storey 
level. Fig. 13, 14, 15 and 16 show the variation of 
C18 column moments for fixed base, hard soil, 
medium soil and soft soil respectively, when relative 
position ratio varies from 1.11 to 15.5. It can be 
observed from the graphs that, maximum column 
moment is observed in fixed base but effect of P-Δ is 
more in case of soft soil, when compared to other 
cases. 

 
Table 4: Percentage increase in column moments 

 
 

 
Fig.3: Roof displacement (fixed base) v/s Relative response 

ratio 
 

 
Fig.4: Roof displacement (hard soil) v/s Relative response ratio 

 
Fig.5: Roof displacement (medium soil) v/s Relative response 

ratio 
 

 
Fig.6: Roof displacement (soft soil) v/s Relative response ratio 

 

 
Fig.7: Storey displacement (H/h=1.19) v/s Storey 

 

 
Fig.8: Storey drift (fixed base) v/s Relative response ratio 
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Fig.9: Storey drift (hard soil) v/s Relative response ratio 

 

 
Fig.10: Storey drift (medium soil) v/s Relative response ratio 

 

 
Fig.11: Storey drift (soft base) v/s Relative response ratio 

 

 
Fig.12: Storey drift (H/h=1.19) v/s Storey 

 
Fig.13: Column moments (fixed base) v/s Relative response 

ratio 
 

 
Fig.14: Column moments (hard soil) v/s Relative response ratio 

 

 
Fig.15: Column moments (medium soil) v/s Relative response 

ratio 
 

 
Fig.16: Column moments (soft soil) v/s Relative response ratio 
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CONCLUSION 
 
From the results and discussions following 
conclusions can be drawn. P-Δ effects increase 
substantially with increases in soil flexibility. When 
P-Δ effect is considered for building with soft stories 
by taking into account soil structure interaction, there 
is a considerable increase in displacement, storey drift 
and column moments which indicates the significance 
considering of P-Δ effect and soil structure 
interaction. 
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