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Abstract: In modern multi-storey buildings stiffness irregularities are usually found within the building which may be due to the 

occupancy and architectural appearance. Such irregularities in elevation can lead to buildings with soft stories. Soft story refers to 

the existence of a building floor that presents a significantly lower stiffness than the others. As per IS1893 (part 1) – 2002, in a soft 

storey lateral stiffness of the storey is less than 70% of the above storey or less than 80% of the average lateral stiffness of the 

above three stories. Usually open soft storey is provided at ground level to accommodate parking, reception lobbies etc. also, the 

soft storey may be constructed at the intermediate level for the purpose such as offices, function halls, supermarkets etc. Such soft 

storey configuration may lead to serious earthquake damage. To experience minimum damage and less psychological fear in the 

minds of people during the earthquake, IS1893 (part1):2002, permits maximum inter-storey drift as 0.004 times the storey height. 

Inter storey drift always depends upon the stiffness of the respective storey. To understand the behavior of p delta effects different 

types of 20 storey building is modeled using ETABS software and subjected to earthquake loading. Building parameters are varied 

by introducing shear wall, exterior walls, bracing system and further parameters such as inter-storey drift, roof displacement and 

column moments are computed and variations in these parameters are discussed and it is observed that building with open soft 

storey has the least capacity to resist failure during earthquake. 
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I. INTRODUCTION 

 

An earthquake is a sudden and abrupt shaking of the 

ground causing great damage to life and property due to 

movements within the earth’s crust thereby releasing energy 

in the form of seismic waves. Thus earthquake resistant 

design has gained lot of importance in multistorey building 

construction. 

There are various factors that play a key role in 

behavior of building during earthquake such as irregularity in 

stiffness which leads to formation of soft storey. Introduction 

of different lateral load resisting system such as shear walls, 

bracing etc.., 

In the case of high rise structures with enormous 

amount of dead load and live loads P-Delta effect takes place 

when  its  subjected  to  lateral  loads  thus  it  should  be 

considered in the analysis as it causes considerable changes 

in moments and drifts when soft storey at different level is 

considered which is explained by Palankar et.al., this effect 

varies with ductility of columns which is explained by Rupali 
B et. al., the variation in P-Delta effect for varying height of 

building is explained by Yousuf et. al., considering all this 

studies variation is considered by changing the lateral load 

resisting system of the building by providing shear wall, 

bracing and open base type structure which is explained in 

this paper. 

 

 
II. SOFT STOREY 

 
As  per  IS1893 (part 1)  –  2002, in  a  soft  storey 

lateral stiffness of the storey is less than 70% of the above 

storey or less than 80% of the average lateral stiffness of the 

above three stories. Usually open soft storey is provided at 

ground level to accommodate parking, reception lobbies etc. 

also, the soft storey may be constructed at the intermediate 

level for the purpose such as offices, function halls, 

supermarkets etc. A extreme soft storey is one in which the 

lateral stiffness is less than 60 percent of that in the storey 

above or less than 70 percent of the average stiffness of the 

three storeys above. For example, buildings on STILTS will 

fall under this category. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1 : soft storey and stiffness irregularity. 
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III. THE P-DELTA EFFECT 
 

The   P-Delta   effect   refers   specifically   to   the 

nonlinear geometric effect of a large tensile or compressive 

direct stress upon transverse bending and Study on dynamic 

P-Delta effects of a building with soft storey shear behavior. 

A  compressive stress  tends  to  make  a  structural  member 

more flexible in transverse bending and shear, whereas a 

tensile stress tends to stiffen the member against transverse 

deformation.  This  option  is  particularly  useful  for 

considering the effect of gravity loads upon the lateral 

stiffness of building structures, as required by certain design 

codes (ACI 2002; AISC 2003). It can also be used for the 

analysis of some cable structures, such as suspension bridges, 

cable-stayed bridges, and guyed towers. Other applications 

are possible. The basic concepts behind the P-Delta effect are 

illustrated in the following example. Consider a cantilever 

beam subject to an axial load P and a transverse tip load F as 

shown in Figure The internal axial force throughout the 

member is also equal to P. 
 
 
 
 
 
 
 
 
 

Figure 2 : p delta effect in a cantilever beam 
In this example, a column of length L is encountering an 
axial load (P) and a lateral load (V). In a standard linear static 

analysis we would calculate the lateral deflection (Δ) as: 
 
 
 

Notice that in the case of a linear static analysis the 

lateral deflection, Δ, depends on the lateral load (V). 

However, if the column is encountering an axial load (P) then 

wouldn't the column deflect even more? This is obvious 

because the axial load would induce a secondary moment 

with a value of P×Δ. To see this let's sum the moments about 

the base of the column: 
 
 
 

So really the deflection would be closer to: 
 
 
 

We can see that compared to the original deflection 

value there is an extra term on the right in terms of P and Δ. 

If P or Δ are siginificant values then the a standard linear 

static analysis would be underestimating the deflection of the 

 

column. It should be obvious by now that a P-Delta Analysis 

is named after the secondary moment PΔ. Therefore, P-Delta 

effects are caused due to geometric non-linearity and for this 

reason a P-Delta Analysis is often called a Non-Linear 

Analysis.  A  proper  P-Delta  Analysis  would  continue  to 

iterate the process above to update the value of Δnew. 

 
IV. METHODOLOGY 

4.1 Linear static analysis 
1.  A  twenty  storey  3-D  RC  frame  structure  is 

modeled using Extended 3D Analysis of Building System 

(ETABS) software. 

2. The properties adopted for the structure are as 

follows 
 
 
 
 
 
 

3. Loads applied: 

Live load : 3Kn/m2 

Floor finish :2 Kn/m2 

Wall load : 20Kn/m at 1st storey level and 12Kn/m at rest of 

the storeys. 

Seismic load : In both X and Y direction 

Zone factor – 0.1 

Response reduction factor-3 

Importance factor – 1 

4. Load combinations: The loads were applied as per 

IS 875 part 2 and the load combinations considered are as 

follows: 
 
 
 
 
 
 
 
 
 

5. A unit load of 1 Kn/m is applied at the mass 

center of the structure at the top most level and the storey 

stiffness is obtained for this load and check for soft storey is 

done for this load case. 

6. Now analysis is done without considering the P- 

delta effects and results are obtained then for the same 

structure once  again analysis is  carried  out  using P-delta 

effect and results are compared for both the cases. 

7. P-Delta effect : The P-Δ or P-Delta effect refers 

to the abrupt changes in ground shear, overturning moment, 

and/or the axial force distribution at the base of a sufficiently 

tall structure or structural component when it is subject to a 

critical  lateral  displacement.  This  effect  is  caused  in  a 
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building when it is subjected to lateral loads such as 

earthquake  or  wind  and  it  has  significant  effect  on  the 

building . Study on dynamic P-Delta effects of a building 

with soft storey 

8. To check the behavior of soft storey different 

types of  buildings are  adopted by changing certain 

parameters such as A) Introducing periphery walls and 

providing open base (also known as STILTS) this leads to 

formation of extreme soft storey condition. 

B)  Introducing  shear  walls  to  increase  the  lateral  load 

carrying capacity of the structure. 

C) Introducing X braces in all four directions to increase the 

load carrying capacity of the building. 

9. Analysis is carried out for all the structures with 

and without considering the P-delta settings and results are 

discussed below. 
 

 
 
 
 
 
 
 
 

Fig 3: bare frame structure 
 
 
 
 
 
 
 
 
 
 
 

Fig 4 : shear wall structure 

 
Fig 5: open base structure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig6: braced structure 

 
V. RESULTS AND DISCUSSION 

5.1 Top storey displacement: 
As per IS codes the maximum permissible roof displacement 
is h/500 where, ”h” is the total height of the building. The 

variation in roof displacement is observed for different types 

of buildings below. 

Table1: for bare frame Table 2: shear wall structure 

 
 
 

Table 3: open base structure Table 4: Braced structure 
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Study on dynamic P-Delta effects of a building with soft 

storey 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6: storey displacement for bare frame structure 
 

From the above data it is observed that there is 

significance amount of variation in roof displacement after 

considering P-delta effect roof displacements has increased 

by 29.8% after considering P-delta effect in case of bare 

frame structure and 14.7% for shear wall structure , 13.6 % 

for open base structure and 12.2% for X braced structure. 

5.2 Inter storey drift: 

IS1893 (part1):2002, permits maximum inter-storey 
drift as 0.004 times the storey height. Inter storey drift always 

depends upon the stiffness of the respective storey. The 

variation in storey drift has been discussed 

. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 7: open base drifts Table 8: X braced drifts 

Table 5: bare frame drift Table 6: shear wall drift 
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Fig 7: Inter storey drift for X braced structure 

 
From the above data there has been a significance increase in 

drifts after considering P-delta effect . 

The storey drift at the soft story level has increased 

by 45% after considering the P-delta effect for bare frame 

structure, 24% increase for shear wall structure, 16% increase 

for open base structure and 15% for X braced structure. 

 
4.3 Variation in column moments 

The  variations  in  column  moments  at  different 
storey level for column C11 is shown below for different 

types of structure to understand the effects of these variations 

in parameters on the building. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 : column moments without p-delta 

 
Figure 9: column moments with p-delta 

Maximum change in column moment has occurred 
in the case of bare frame structure at the bottom soft storey 

 

level. The moments have varied by 46% after p delta effects 

are considered for this case. 

 
VI. CONCLUSIONS 

From the results and discussions following conclusions can 

be drawn. 

 
1. When P-Δ effect is considered, there is a considerable 

increase in displacement, storey drift and column moments 

which indicates the significance of P-Δ. 

2. Maximum variation in roof displacement of 29.6% and it 

keeps decreasing with introduction of different types of load 

resisting system. 

3. Maximum variation in storey drift at soft storey level is 

observed in all the structures and highest drift is observed in 

open base structure due to formation of extreme soft storey. 
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