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Abstract — Wind is a observable natural gesture of air 

comparative to earth surface, especially in the form of air 

current gusting in a specific direction. Wind load is caused by 

difference in pressure. In these modern days, most of the 

structures are involved with architectural importance and it is 

highly impossible to plan the building with the aspect ratio of 

1, which is responsible for structural collapse of buildings 

under the action of dynamic loads. Hence, in this work, a 

detailed study on the behaviour of aspect ratios for high rise 

building with and without the influence of P-Δ effect has been 

carried out using E-TABS software package. In order to study 

the behaviour, G+40 RC Structure Building has been 

modelled in E-TABS and was analyzed by static analysis 

(Cp-coefficient method) as well as by dynamic analysis (Gust 

factor method) to study the effect of along wind and across 

wind response on the structural models, and also in order to 

observe with and without effects of PΔ on high rise building, 

PΔ analysis was done for both static and dynamic analysis. 

Typical results of variation of Displacement, Storey drift, 

Time period and Base shear have been included. 

Keywords: Reinforced Concrete Frames, P Delta Effect, 

Wind Analysis. Drift, Displacement, Time Period 

I. INTRODUCTION 

Buildings can be operated by the people as shelter for living, 

working or storage. In the modern era, due to enormous 

population the number of areas in units is falling day by day. 

In high rise structures we should consider all the forces that 

act on the building. The beam, column reinforcements and 

joint detailing should be upright enough to respond these 

forces successfully.  

 Wind is a phenomenon of great intricacy because of 

the many flow situations arising from the interaction of wind 

with structures. Wind in overall has two foremost effects on 

the tall buildings.  

1) It exerts forces and moments on the structure and its 

cladding.  

2) It dispenses the air in and around the building mainly 

termed as wind pressure.  

 Sometimes because of random nature of wind it 

takes so devastating form during some wind storms that it can 

upset the internal ventilation system when it passes into the 

building. Method given in the code IS 875 part 3-1987 is 

followed. The usual method is generally acceptable for a 

building with regular shape and size.  

A. Wind load  

Wind is essentially the large scale horizontal movement of 

free air. It plays an important role in design of tall structures 

because it exerts loads on building. A building having height 

more than 15m as per national code 2005 of India is called a 

high rise building. Wind is caused by air flowing from high 

pressure to low pressure. Since the earth is rotating, however, 

the air does not flow directly from high to low pressure, but 

it is deflected to the right (in the northern hemisphere; to the 

left in the southern hemisphere), so that the wind flows 

mostly around the high and low pressure areas. Variation of 

wind velocity with height: Near the earth’s surface, the 

motion is opposed, and the wind speed reduced, by the 

surface friction. At the surface, the wind speed reduces to zero 

and then begins to increase with height, and at some height, 

known as the gradient height, the motion may be considered 

to be free of the earth frictional influence and will attain its 

“gradient velocity”. 

 Wind effects on Structures: Wind effects on 

structures can be classified as „static‟ and „dynamic‟. Static: 

Static wind effect primarily causes elastic bending and 

twisting of Structure. Dynamic: For tall, long span and 

slender structures a „dynamic analysis‟ of the structure is 

essential. Wind gusts cause fluctuating forces on the structure 

which induce large dynamic motions including oscillations. 

 
 A sufficient tall structure or high rise building is 

subjected to lateral forces apart from the load of its 

components. There can be secondary effect on the member 

due to these forces. One of these forces give rise to p-delta 

effect, which is geometric non-linearity. This can be 

influenced by various condition like irregularity in structure 

mass and stiffness. It causes a destabilizing moments.  

 Structure in real life are flexible and cause a large 

lateral displacement in unusual circumstances. The lateral 

displacement is caused by wind, vertical loads and seismic 

loads. In structure particularly ground reactions results to P 

delta effect. Wind creates inward and leeward forces. This 

forces make building unstable forcing it apart if it is too weak 

to resist it. Such structure should be designed for p-delta. 

B. P Delta Effect 

In structural engineering, the P-∆ effect denotes the abrupt 

change in the response of Overturning moment, ground shear 

and axial force distribution at the base of the high rise 

structure or components of the structure when subject to a 
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lateral displacement. In general, Structural designers use 

linear static method for analysis, which is a first order 

analysis, where a p delta is the second order,  

 P Delta analysis is quite a traditional form of force 

follower analysis. It is also known as "Geometric 

Nonlinearity" because as the deflection increases you again 

have to test the additional forces generated by P-delta effects. 

A force follower analysis is the one in which, when a member 

loses its stability the force follows the deformed member and 

creates further more instability very quickly. A P-Delta 

analysis is not as simple as it sounds and its effects will be 

very adverse if neglected. These effects will be more severe 

in case of soft lateral force resisting systems like moment 

frames as compared to stiff systems like core wall systems 

and braced frames. Talking about P-Delta, P delta is a term 

coined from P that is load and delta is the lateral deformation. 

These lateral deformations are more lethal in case of 

earthquakes load for all structures and wind load for high rise 

buildings. 

 
BEHAVIOUR OF THE STRUCTURE UNDER LATERAL 

LOAD 

 P-δ effect, or P-"small-delta", is associated with 

local deformation relative to the element chord between end 

nodes. Typically, P-δ only becomes significant at 

unreasonably large displacement values, or in especially 

slender columns. So long as a structure adheres to the 

slenderness requirements pertinent to earthquake 

engineering, it is not advisable to model P-δ, since it may 

significantly increase computational time without providing 

the benefit of useful information. An easier way to capture 

this behaviour is to subdivide critical elements into multiple 

segments, transferring behaviour into P-Δ effect. The image 

below shows on the left, P-δ effect and on the right P-Δ effect. 

 
INFLUENCE OF P DELTA ON COLUMNS 

C. Need of the Study  

In developing countries, like India there is the lot of demand 

to develop the cities because more peoples are moving 

towards citied due to employment. Due to growing 

population and scarcity of land the tall buildings are required 

with the different requirement. In tall buildings the different 

forces are acting. For the stability of the building we required 

to analyses all the forces which is acting on the buildings. 

D. Objectives of the Study  

This paper deals with a parametric study with different aspect 

ratios of building with constant area. The building will be 

modelled and designed using ETAB V18 software and linear 

static & dynamic analysis using Gust Factor approach has 

been carried out. The main parameters are focused on time 

period, storey drifts, storey displacement, and base shear. 

II. METHODOLOGY  

Wind impacts on structure can be named as:  

1) Static Impact  

2) Dynamic Impact  

1) Static Impact: Static wind impact basically causes 

elastic bending and twisting of structure. This 

method is used for analysis of low rise structure.  

2) Dynamic Impact: For high rise, long traverse and 

thin buildings a dynamic analysis of the buildings is 

vital, Wind gusts cause unstable wave forces on 

building which induce huge dynamic movements, as 

well as oscillations.  

a) Parabolistic Approach: In several engineering sciences 

intensity of definite procedure in taken to function of 

period repetition interval. For example, in hydrology the 

rain fall intensity predicable one time in an area is taken 

in terms of return period for the reason that that rain 

predictable one time in 10 years is lesser than the one 

predictable once in 50 years. Likewise, in wind 

engineering wind speed is taken to contrast with return 

periods.  

b) Wind turbulence: Turbulence is nothing but motion of 

wind. The exact meaning for turbulence is little hard to 

define excepting to express that it will occurs due to wind 

flow for the reason that viscosity of air is very low nearly 

one sixteenth of water. If the speed of the air is more than 

2-3miles per hour, then it is called wind is in turbulence.it 

will cause random movement of air particles in all 

section.  

c) Vortex Shedding: Generally, wind buffeting in contrast 

to a bluff form will get diverted in three mutually 

perpendicular directions, resulting to the forces and 

moments about three directions. Though all six 

components are important in the aeronautical 

engineering, in civil and structural engineering, forces 

and moments corresponding to the vertical axis (lift and 

yawing moment) are of less important. Thus, sidewise 

from uplift forces on large roof parts, the motion of wind 

is made easy and taken in two dimensional consisting of 

along wind and traverse wind.  

d) Response parameters: Induced wind response of a high 

rise structure is a function of many parameters. These 

include the dynamic and geometric properties of 

structure and turbulence characteristic of the flow. Some 

of analytical approaches can be used for the calculation 

of the wind induced response of the tall structures in 

along and across wind direction.  
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e) Torsional Wind Load: The twisting motion of a bluff 

body subjected to air flow results from the non-uniform 

pressure distribution around the wall face of the body. 

This mechanism was generally studied through 

measuring aerodynamic loads in wind tunnel tests on 

bluff bodies with varying shapes, presence of other 

interfering bodies and various angle of the approaching 

flow. Codes and standards do not give appropriate 

procedure for computing the torsional wind response. 

 
Wind Response Direction 

Approaches for Estimation of Wind Load: 

1) Simple Static Approach  

2) Dynamic Analysis (Gust Factor Method)  

Simple Static Approach This method follows mode static-

method of estimating wind-load it accounts the effect of 

gusting and local extreme pressure on the face of the 

structure.it also accounts for local difference in exposure 

between the open countryside and a city centre, as well as 

allowing for vital facilities such as hospitals and fire and 

police stations, whose safety must be ensured for use after an 

extreme windstorm.  

 When calculating the wind load on individual 

structural elements such as roofs and walls, and individual 

cladding units and their fittings, it is essential to take account 

of the pressure difference between opposite faces of such 

elements or units. For clad structures, it is, therefore, 

necessary to know the internal pressure as well as the external 

pressure. Then the wind load, F, acting in a direction normal 

to the individual structural element or cladding unit is:  

F = (Cpe – Cpi) . A . pd  

where Cpe = external pressure coefficient,  

Cpi = internal pressure coefficient  

A = surface area of structural element or cladding unit, and  

pd = design wind pressure  

pd = Kd. Ka. Kc. Pz 

where Kd = Wind directionality factor 

 Ka = Area averaging factor  

Kc = Combination factor 

Pz = 0.6 Vz2 

where pz = wind pressure in N/m2 at height z, and Vz = 

design wind speed in m/s at height z. 

Vz = Vb. K1. K2 . k3. K4 

Vz = design wind speed at any height z in m/s,  

k1 = probability factor (risk coefficient) (see 5.3.1),  

k2 = terrain roughness and height factor (see 5.3.2), 

 k3 = topography factor (see 5.3.3), and k4 = importance 

factor for the cyclonic region (see 5.3.4). 

k4 = importance factor 

Dynamic Analysis (Gust Factor Method) Gust factor method 

is only the method of calculating load along wind or drag load 

by using gust factor method is given in the code since 

methods for calculating load across-wind or other 

components are not fully matured for all types of structures. 

However, it is permissible for a designer to use gust factor 

method to calculate all components of load on a structure 

using any available theory. However, such a theory must take 

into account the random nature of atmospheric wind speed.  

Criteria to satisfy for the requirement of dynamic analysis as 

per IS875-3  

Case 1: If height to least lateral dimension ratio > 5.  

Case 2: If natural frequency(f) < 1.0Hz. 

Computation of wind forces by Gust factor method 

The variation of hourly mean wind speed with height is 

calculated as follows: 

V z= Vb k1k2 k3k4 

where 

Vz = hourly mean wind speed in m/s at height ‘z’ m 

Vb= regional basic wind speed in m/s. 

k1= probability factor 

k2= terrain and height factor (from Table 33) 

k3= topography factor 

k4 = importance factor 

Design wind pressure ‘Pz’ = 0.6 Vz2 

Where 

Pz= design wind pressure at height ‘z’ m 

Vz= hourly mean wind speed in m/s at height ‘z’ m. 

Along Wind Load 

Along Wind Load on the structure on a strip area (A) at any 

height ‘z’m is given by: 

Fz= Cf.A.Pz .G 

where: 

Fz= along wind load on the structure at any height ‘z’ 

corresponding to strip area A. 

Cf= force coefficient for the building. 

A= effective frontal area considered for the structure at 

height’z’ m. 

pz= design pressure at height ‘z’, due to hourly mean wind 

obtained as 0.6Vz2 (N/m2) 

G= Gust Factor [(peak load)/(mean load)], and is given by: 

G= 1+ gfr√[B(1+ᴓ)2+(SE/β)] 

where: 

gf = peak factor defined as the ratio of the expected peak value 

to the root mean value of fluctuating load, and 

r= roughness factor which is dependent on the size of the 

structure in relation to ground roughness. 

The value of ‘gfr’ is obtained from the curves given in code. 

B= background factor indicating a measure of slowly varying 

component of fluctuating wind load and is obtained from the 

curves given in the code. 

SE/β= measure of the resonant component of the fluctuating 

wind load, 

S= Size reduction factor and is obtained from the curves 

given in the code. 

E= measure of available energy in the wind stream at the 

natural frequency of the structure and is obtained from the 

curve given in code. 

𝛽= damping coefficient (as a fraction of critical damping) of 

the structure. 

ᴓ=[(gfr√B)/4] and is accounted only for buildings less than 

75 m high in terrain category 4 and for buildings less than 

25m high in terrain category 3, and is to be taken as zero in 

all other cases.  
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Model Details – 

Model 1 – G+40 Building with the Aspect Ratio of 1(Static 

Wind Analysis Approach) 

Model 2 – G+40 Building with the Aspect Ratio of 2.25 

(Static Wind Analysis Approach) 

Model 3 – G+40 Building with the Aspect Ratio of 2.77 

(Static Wind Analysis Approach) 

Model 4 – G+40 Building with the Aspect Ratio of 4 (Static 

Wind Analysis Approach) 

Model 5 – G+40 Building with the Aspect Ratio of 1(Static 

Wind Analysis Approach with PΔ Effect) 

Model 6 – G+40 Building with the Aspect Ratio of 2.25 

(Static Wind Analysis Approach with PΔ Effect) 

Model 7 – G+40 Building with the Aspect Ratio of 2.77 

(Static Wind Analysis Approach with PΔ Effect) 

Model 8 – G+40 Building with the Aspect Ratio of 4 (Static 

Wind Analysis Approach with PΔ Effect) 

Model 9 – G+40 Building with the Aspect Ratio of 

1(Dynamic Wind Analysis Approach) 

Model 10 – G+40 Building with the Aspect Ratio of 2.25 

(Dynamic Wind Analysis Approach) 

Model 11 – G+40 Building with the Aspect Ratio of 2.77 

(Dynamic Wind Analysis Approach) 

Model 12 – G+40 Building with the Aspect Ratio of 4 

(Dynamic Wind Analysis Approach) 

Model 13 – G+40 Building with the Aspect Ratio of 

1(Dynamic Wind Analysis Approach with PΔ Effect) 

Model 14 – G+40 Building with the Aspect Ratio of 2.25 

(Dynamic Wind Analysis Approach with PΔ Effect) 

Model 15 – G+40 Building with the Aspect Ratio of 2.77 

(Dynamic Wind Analysis Approach with PΔ Effect) 

Model 16 – G+40 Building with the Aspect Ratio of 4 

(Dynamic Wind Analysis Approach with PΔ Effect) 

The dimensions of beams, columns and slab are kept constant 

for the purpose of analysis. Other data used for the purpose 

of analysis have been taken from IS 875:2015 Part III  

General Properties 

Location of Building Mumbai, India 

No. of storeys G+40 

Area of the building 900 m2 

Typical Storey Height 3.5 m. 

Total Height of the Building including 

parapet wall 
145 m. 

Size of Column 
500 mm x 1200 

mm 

Size of Beam 
300 mm x 600 

mm 

Thickness of Slab 150 mm. 

Material Properties 

Grade of Concrete M 40 

Grade of Steel Rebar Fe 500 

Type of Loading 

Live Load 3 KN/m2 

Wind Load Details (IS 875:2015 Part III) 

Basic Wind Speed 44 m/s 

Terrain Category IV 

Importance Factor (k4) 1 

Risk Coefficient Factor (k1) 1 

Topography Factor (k3) 1 

A. Model Details  

1) MODEL 1 (30 m. x 30 m. = 900 m2) 

 
2) MODEL 2 – (20 m. x 45 m. = 900 m2) 

 
3) MODEL 3 – (18 m. x 50 m. = 900 m2) 
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4) MODEL 4 – (15 m. x 60 m. = 900 m2) 

 

III. RESULTS  

The scope of the study gives an idea about the performance 

of building under the effect of wind. Various lateral response 

parameters which include top storey displacement, base 

shear, inter-storey drift, etc. are taken into consideration to 

justify the conclusion. 

A. Natural Time Period v/s Modes 

 
 

B. Drift 

Below figures compares the drift of all the models along both 

X and Y directions. The drift values exceed the permitted drift 

range which is suggested by IS 1893:2016 Cl 7.11.1[3]. The 

code recommends a maximum permitted drift value of 

0.004H where H is the storey height (H=3.6m), hence the 

permissible drift value for our study is 0.014.  
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1) Displacement 

The storey displacements of all the models are depicted in 

Figure below. It shows an increase in storey displacement 

along the height of the structure.  

 
Displacement for different types of Models in X- Direction 
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Displacement for different types of Models in Y- Direction 

 Storey displacement is the predicted movement of a 

structure under lateral loads, in medium rise structures, the 

higher the axial forces and deformations in the column and 

the accumulation of their effects over a greater height, all 

these causes the flexural component to become dominant. 

Apart from translational motion there is also floor rotation for 

displacement.  

2) Base Shear 

The value of base shear mainly depends on the stiffness factor 

of the structure indicating that structure is much stiffer for 

seismic response due to its overall mass distribution.  

 
Base shear for different types of Models 

 
Construction Cost for different types of Models 

IV. CONCLUSION 

The results obtained for the building carried out through static 

& dynamic approach with P Delta Effect. Following 

conclusions are made on the basis of the study –  

1) From this study it has been concluded that it is important 

to consider the effect of P∆ for high rise buildings even 

for wind loads. High rise buildings have to be designed 

for hurricane wind loads conditions along with the 
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considerations of P∆ effect. When P delta forces induced, 

the value of displacement increases up to 18% than the 

value obtained from static load. 

2) Dynamic analysis (Gust factor method) is the most 

realistic, reliable and accurate theoretical method of 

analysing high rise structure for wind loads, and it is very 

essential for all such structures to undergo dynamic 

analysis if the structure has tall cylinder like 

configurations, and was observed 20% to 30% more 

values of drift, displacement & base shear than the value 

obtained from static analysis.  

3) The natural time period for the square shape building is 

high due to its symmetry in x & y direction respectively 

while increasing the aspect ratio in terms of width & 

depth, the natural time period decreases up to 10% as 

compared to the building having aspect ratio of 1. 

4) Structures with rectangular shape in building having 

cumulative decrement of 8% lesser values of 

displacement & drift by increasing the aspect ratio from 

1 to 2 then up to 3 and so on. This is due to its shape and 

extreme projections projecting away from the core or 

centre of gravity are subjected to torsional moments of 

due to the gust movements of wind in windward and 

leeward faces of the structure, which is a major 

consideration in tall structures. 

5) The base shear, displacement and the drift coming on the 

such kind of structure having shear wall only on corners 

is high, in such conditions it is very important to use 

special stabilization techniques like introduction of shear 

walls at critical junction or centre, dampers, bracings, 

base isolation system etc. to reduce the effect up to some 

extent and to overcome the primary and second order 

stress coming on the structure. 

6) While increasing the aspect ratio, the value of natural 

time period, drift, displacement & base shear decreases 

from 6 % to 15% respectively in x direction up to the 

value of aspect ratio keep at 3, while increasing the value 

of aspect ratio from 3 the values of the considered 

parameters increases by 3% again from the values 

obtained from aspect ratio 3.  

7) And in y direction the values of natural time period, drift, 

displacement & base shear up to 20% as compared to the 

building having aspect ratio 1 as the area in respective 

direction decreases which ultimately decrease the value 

of forces and moments. 

8) The Cost of the building having Aspect ratio less than is 

15% less than the building having aspect ratio 1 as the 

forces on columns are reduced which ultimately 

decreases the reinforcement in it. 

 Recommendation – As per the national building 

code 2015 of INDIA building height more than 15m is 

considered as tall building. Generally, such structure is more 

affected by the action of wind. The structure engineer should 

ensure that the structure should be safe and serviceable during 

its anticipated life even if it is subjected to wind load on tall 

structures. For tall, long span and slender structures a 

dynamic analysis of the structure is essential. Wind gusts 

cause fluctuating forces on the structure which induce large 

dynamic motions including oscillations In such conditions, 

structures are subjected to more vulnerable to dynamic forces. 

The buildings with increase in aspect ratio up to 3 reduces the 

value of displacement and drift up to 24% while the aspect 

ratio increases up to 4, the values of displacement and drift 

got increased by 5%. So it is better to consider the aspect ratio 

of such high rise structures up to 3. The consideration of P 

delta effect for such structure is very necessary while 

analysing it as the value of increases up to 18%. Hence it is 

necessary to design such structures with proper aspect ratio 

& consideration of dynamic analysis for wind effect as it 

incurs less damage to the structure. 
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