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CE  1028 – Wind Engineering 

Eighth Semester 

Unit I 

1. Define wind 

 The wind is a movement of free air caused on a large scale by thermal 

currents in the first 10 miles above the earth’s surface. 

2. Define Coriolis effects 

 The earth’s rotation produces acceleration on each particle of air, it is 

customary to represent this effect by the related deviating force, called the coriolis 

effect. 

3. What is geotropic wind? 

 When the air movement reaches a steady state, the coriolis force balances 

the pressure gradient force, leaving a resultant motion approximately along the line 

of equal pressures, or isobars called the geostrophic wind. 

 Geostrophic wind = pressure gradient / 2  Sin ( >10 )oPwe ϕ ϕ  

P = air density, we = earth’s angular velocity about its axis. 

ϕ = angle of latitude. 

4. What is depression? 

 Depression is also called extra tropical cyclones because of their anti-

clockwise rotation, consist of warm air forces up by an inrush of cold air. 
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5. What is jet stream? 

 At heights between 25,000 & 40,000 ft., a tubular current by air may form, 

with a very high wind speed called a jet stream. 

6. How eddies are formed in air? 

 Eddies are created in air when the flow meets a sharp discontinuity on the 

earth’s surface, such as a tree, a building on a mountain. 

7. What are called as aerodynamic and semi-aerodynamic? 

 Few natural or manmade objects do not cause an eddy are called as 

streamlined or aero dynamic. 

eg) calm sea, high speed aircraft. 

 Shapes which make less eddies than other shapes and sizes are called semi-

aerodynamic. 

8. Define gust and lull? 

 When the wind speed reaches a peak, it is called as a gust, and its minimum 

speed it is termed as lull. 

9. List the types of anemometers 

1. Pressure anemometers   

2. Rotation anemometers : a) cup anemometer 

b) windmill anemometer 

3. Gust measuring anemometers : a) Hotwire anemometers 

b) gust anemometer 
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 10. How wind data is obtained? 

 a) Non-continuous record 

 b) Continuous Record 

 c) Short term Record 

11. Define Gust factor 

 The ratio of gust to mean hourly speed is called gust factor and varies 

between 1.5 and 2.5 depending on terrain (surface roughness). 

12. Define shape factor: 

 The shape factor is described generally as  

 Force = CFAq 

 A = Structure’s area, CF= non-dimensional shape factor. 

 q = ½ QV
2
 

 q = dynamic head of wind. 

13. Define aspect ratio : 

 The member has one or two ends, and air escapes around these ends, and 

reduces the average dray per unit length.  This reduction is a function of the length 

diameter or aspect ratio λ  which is therefore defined, 

 
L

D
λ =  
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14. What is wind shear? 

 The rate of change of wind speed due to roughness, is called wind shear. 

15.  What are the purposes needed for the short term records? 

 - wind – velocity probability distributions. 

 - horizontal and vertical wind energy spectra. 

 - horizontal and vertical velocity correlations. 

 - velocity variation with height above ground level. 

 - relation between maximum wind speeds for various time periods. 
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UNIT – II 

PART A 

1. What is Interference effects? 

 A body which is to windward of another will affect the wind forces on the 

second one, if they are within 6 diameters (widths) of each other. 

2. Define logarithmic decrement of damping? 

 The logarithmic decrement of damping δ ,  is defined as the logarithmic 

ratio of two successive peak amplitudes in an unforced, decreasing oscillation. 

log
1

Bn
e

Bn
δ =

+
 

3. Define resonance 

 When the exciting force is 90
o
 out-of-phase, it is only opposed by a normally 

small damping force and the oscillation increases until the damping force balances 

the exciting force.  The system is then said to be in resonance. 

4. What is damping? 

 Oscillation damping is due to the dissipation of energy in the structural 

material, and also to frictional or viscous forces preventing movement between two 

adjacent layers. 
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 Material damping is related to the material elastic modulus, the shape of the 

structure or member and its peak stresses, by the empirical relation. 

2

max     n
m EJ

α
δ σ

β
−  

=  
 

 

E   = modulus of elasticity 

J&n   = Constants for the particular material. 

&α β  = constants dependant on the stress distribution in   

                         the structure and on n. 

5. What are 3 main aerodynamic excitations? 

 - Vortex excitation 

 - Random gust or Vortex excitation. 

 - Self generated oscillation. 

6. Define Vortex excitation 

 Vortex excitation, in which the alternate formation forcing function at a 

frequency, proportional to wind speed and across the wind direction. 

7. Define Random gust 

 Random gust on Voxtex excitations in which a random forcing function 

oscillates the structure at one of its natural frequencies.  Gust excitation is in line of 

wind, and vortex excitation is cross wind. 
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8. Define self generated oscillation 

 They are caused by an unstable force / angle characteristic.  The structure 

generates its own instability at a natural frequency, which is only stopped by 

increased damping on by a limit to the unstable force. 

9. What are the four cases to be considered in excitations. 

 - A rigid body under the influence of a force at a single frequency. 

 - A rigid body under random exciation. 

 - A flexible structure excited by a single frequency force. 

 - A flexible structure under random excitation. 

10. What are the 3 methods evolved to damp out wind vortex excitations. 

 - the stock bridge damper for cables and wires. 

 - a holed shroud placed around the cylinder. 

 - Sharp edged strakes wound helically around the cylinder. 

11. What is galloping oscillation? 

 Vortex excitation which is produced by the alternate shedding of vortices 

behind the structure may be considered a stable oscillation, in that the excitation 

energy has a definite value at a particular frequency, which can be limited or 

eliminated by damping on moving the excitation. 
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12. Define flutter 

 If two motions, up and down and twisting are superimposed on each other at 

the same frequency in a wind stream, the resulting movement will still be stable.  It 

the centre-line of twist is brought forward , the wind moment act so as to increase 

the movement, which is therefore unstable.  This instability is called flutter.  (eg) 

aeroplane wings etc. 

13. What is Rigid Structure? 

 Rigid structures are the structures which donot possess oscillatory motion. 

14. Define Dynamic effect 

 The force acting on a structure which causes oscillatory motion I called as 

Dynamic effect. 

15. Define static effect 

 The force acting on a structure which donot cause damping force is called as 

static effect. 
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Unit III 

PART A 

1. What are the three wind effects acting on bridges? 

 - static wind pressures 

 - dynamic (oscillatory) wind movements 

 - buffeting between adjacent structures. 

2. How are wind effects considered with respect to plate girder or trussed 

bridges? 

 - beam construction. 

 - arch construction 

 - cantilever construction 

 - suspension construction 

3. How static forces are affected on bridges? 

 The static wind forces on bridges are affected by the type of stiffening, ie, 

plate girder or truss, and the type of decking. 

4. How dynamic structural characteristics are calculated in bridges? 

 - the mode shapes of oscillation 

 - natural frequencies 

 - damping 
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5. Define Buffeting 

 When the two bridges are in close proximity to each other.  Then, there is a 

possibility that the turbulent eddy formations from the windward bridge will excite 

the leeward bridge.  

6. How wind forces are studied on 4 main groups of building structures? 

 - tall buildings (aspect ration>8) 

 - long low buildings (factories, barns etc) 

 - equal sided block buildings (aspect ratio<8) 

 - roof and cladding 

7. How rectangular block buildings can be suffered due to the wind? 

 - lifting of flat or pitched roof sections 

 - destruction of gable ends 

 - destruction of chimneys 

 - smoke blowing down chimneys 

 - difficulty in opening door or windows. 

8. What are the problems encountered for roof due to wind? 

 - force on flat, pitched and circular roof 

 - roof ventilation of interiors spaces. 
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9. What is cladding? 

 Cladding is defined as the non structural coverings, has traditionally 

consisted of roof materials and windows. 

10. Define Mast. 

  A mast is usually a slender column supported by guys at several levels of 

height, which serve to minimize honizontal deflections and which also keep the 

vertical (buckling) load on the column to a minimum. 

11. What are the load considered for design of towers? 

� Vertical dead of live load  

� Honizontal wind load 

� unbalanced loads 

� Emergency loads such as earthquakes etc. 

 

Unit-IV 

Part-A 

1. What are the loads considered for tall buildings and roofs? 

� Dead load 

� Imposed load 

� Wind load 

� Snow loads 
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� Special loads and load combinations  

2. Define imposed loads.  How are they classified? 

 These are the loads which are not permanently acting on the structure.  They 

can be classified into  

� climatic loads 

� Exceptional overloads 

� Dynamic superimposed loads 

� Construction loads. 

3. What are the loads due to imposed deformations?  

These loads may be due to  

� Shrinkage, temperature or prestressing 

� movements of supports  

 

4. Write the formulae for the factored design load. 

 Factored design load = (Partial safety factor) x (Characteristic load) 

5. Write the formulae for design wind speed 

 Vz = Vb.K1.K2.K3 

 Vz  = design wind speed (m/s) in ht. 

 Vb  = Basic wind speed for the site (33 to 55m/s) 

 K1  = Probability factor or risk coefficient with return periods  
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 K2   = Factor for the combined effects of terrain height and size of the  

                     component on structure   

 K3  = Factor for local topography  

6. Write the formulae for pressure coefficients for components in a building. 

 Force  = (Cpe – Cpt) Aρ  

Cpe   = External pressure coefficient  

Cpt     = Internal Pressure coefficient  

ρ      = Pressure due to wind speed  

A      = Area of the component  

7. Write the  formulae for the Gust factor 

 Gust factor, G = 
 load

 load

Peak

Mean
  

8. Write the formulae for the force coefficients for structure  

  Force  = 
f c

C PA  

Cf  = force coefficient  

p  = pressure  

Ac  = Effective area of the building  

9. How terrains are classified?  

Category 1: Exposed open terrain with no destructions  

Category 2: Open terrain with scattered obstructions of height between 1.5m  
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  and 10m  

Category 3: Terrain with numerous low rise (10m) obstructions  

Category 4: Terrain with numerous high rise obstructions (city centers)  

10. What is a bluff body? 

 A bluff body is a body where the boundary layer separates permanently from 

the surface. 
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Unit-V 

Part-A 

1. What is the use of wind tunnel?  

 The use of wind tunnels if to determine the response of a structure to wind 

forces, a second important application is to ascertain the pattern of wind flow to 

leeward of a structure. 

2. What are the types of wind tunnels?  

� closed jet tunnels  

� Open jet tunnels  

3. What are the 3 main control for the wind tunnels?  

� For controlling wind speed  

� For measuring pressures  

� For measuring forces and moments  

4. What are the types of mountains for structural tests in wind tunnel? 

� Rigid floor mount  

� Rigid balance mount  

� Rotating structure mount  

� Spring mounted rigid model  

5. Define Reynold number  

 2

   
 =  = 

 forces of air

a
VD Inertia forces of air

R
Viscous

ρ

µ
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6. What is rotational number?  

 Rotational number  =
 speed of rotation

 = 
 speed 

ND Tip

V wind
 

7. What is gravitational number? 

 Gravitational number = 2

 force on structure 

  of the air

gD Gravitational

Inertia forceV
=  

8. What is elasticity numbers? 

 Elasticity number  = 2

 modules force of sturcture 

 force of the air

E Elastic

InertiaaVρ
=  

9. What is density number?  

 Density number =  Inertia of structure/Inertia of displaced air 

10. List out the eight variables on which the behaviour of a structure is 

determined? 

 

 Air velocity, air viscosity, air density, structural density, typical length 

parameter, elastic modules of structure, structural damping parameter, speed of 

rotation of structure, gravitational constant. 

.  

SIXTEEN MARKS 

UNIT-1 

1. How wind is formed? 

 

The wind is a movement of free air caused, on a large scale, by thermal currents in 

the first 10 miles   above the earth’s surface. In this region called the troposphere, 
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the air is heated indirectly by the sun’s radiation of whose energy 40% lies in the 

infrared part of the spectrum. This infra red energy is absorbed by the earth’s 

surface, and re radiated to the troposphere, where only the water vapour and carbon 

di oxide constituents can absorb any significant quantities. 

A hot area, such as the tropics, will have a warm column of air above the surface, 

and the cold polar regions will have a dense cold column above them. At a given 

height, the pressure in the cold region will be less than that in the warm one and 

the air will flow from the high pressure region to the low pressure. There must 

however, be a continuity of flow, and this produces the basic circulation. These 

considerations would lead to a general circulation of air from the polar regions to 

the tropics.The second important factor in large scale air movement is the earth’s 

rotation which gives rise to two effects. Firstly, the rotation produces an 

acceleration on each particle of air, it is customary to represent this effect by the 

related deviating force called the coriolis force, which moves the air particle to the 

right of its direction of motion in the northern hemisphere, and to the left in the 

southern hemisphere. This force is proportional to the angular velocity of the earth 

about of its axis, the sine of the latitude, and the velocity of the air particle. When 

the air movement reaches a steady state, the coriolis force balances the pressure 

gradient force, leaving a resultant motion along the lines of equal pressure or 

isobars called the geostrophic wind. This theory is close to the actual air movement 

at heights of 2000 ft or more above the earth’s surface. The second effect of the 

earth’s rotation becomes apparent in the mid-latitudes. By virtue of the rotation, 

each particle in the atmosphere has an angular momentum directed from west to 

east. As a particle moves towards the poles its radius of gyration will decrease and 

from consideration of conservation of angular momentum, the component of its 

velocity ion the direction west-east will correspondingly increase. This effect is 
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small near the equator , since there will be little changes in radius of gyration , but 

in the temperate zones, it accounts for the westerlies which are in a direction 

opposite from the general flow, in both hemisphere.  

The doldrums is a region of little or no wind, and the sub tropical high pressure 

belts are also areas of light and variable winds, in between are the Trade winds 

which are steady and of medium or low velocity. The westerlies and subpolar lows 

are the regions of very disturbed weather, with many depressions and anti 

cyclones.  These are caused by the meeting of warm and cold streams of air, and 

the subsequent formation of a depression. 

2. Explain the types of anemometers with neat sketches. 

The types of anemometers are  

1. Pressure anemometers 

2. Rotation anemometers 

a) Cup anemometers 

b) Windmill anemometer 

3. Gust measuring anemometer 

a) Hot wire anemometer 

b) Gust anemometer 

Pressure anemometer: 

The kinetic energy of the air is measured as a dynamic pressure at the end of a 

horizontal tube, which is maintained in to the wind by a vane. 

Rotation anemometers: 

There are two types, 

a) Cup anemometer: 

Three or four cups on a vertical axis are circulated by the difference of wind drag 

on the obverse and reverse of the cups. 
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b) wind mill anemometer: 

A wind mill or propeller mounted on a vertical axis is circulated by the wind, it is 

kept pointing into the wind by a vane. 

 

Gust measuring anemometer: 

Gust measuring anemomter which are capable of measuring wind speed changes of 

1/10 sec accurately are of two types: 

a) Hot wire anemometer: 

A heated wire is cooled by the wind flow, and the current required maintaining its 

original temperature is measured. 

b) Gust anemometer: 

A light perforated ball is placed on the end of a cantilever arm. The wind drag on 

the ball bends the cantilever, whose stresses are measured by strain gauges. 

All these anemometers suffer from disadvantages, when compared with the ideal. 

In order to record all deviation of speed and direction, a wind speed indicator 

should have the following properties: 

1. The inertia and friction of the moving parts should be negligible. As 

increasing inertia requires increasing acceleration to accelerate the sensor 

there will be a time lag for an increasing wind speed, an overshoot at 

maximum wind speed, and another lag for a decreasing wind speed. Friction 

acts as a retardant at all times. Bothe cups and vane anemometer have 

relatively high inertia. 

2. The gust sensor should have a high natural frequency so that it is capable of 

recording gust variations without going into resonance. An alternate 

arrangement is that the non amplified response should be higher that the 

resonant frequency of the majority of the structures. A response of gusts of 

0.1 sec period is considered adequate for gust anemometers. 
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3. The indicator should cover the complete range of wind speed and direction 

with equal sensitivity, the maximum velocity ranges varies throughout the 

world, but for general purposes, should be 0-200m.P.H. 

4. The sensor should perform equally under all weather conditions. Some 

hazards include high winds, icing or snow, hail, lightening and birds. No 

anemometer meets all these conditions, and the most appropriate one should 

be chosen for its particular purpose.  

Anemometers in common use include: 

1. Four cup anemometer 

2. Three cup anemometer 

3. Wind mill anemometer 

4. Pressure anemometer 

 

 

3. Explain how wind data is obtained. 

Wind data is obtained by  

1. Non continuous  record 

2. Continuous record 

3. Short term record 

Non continuous records: 

Non continuous records, can only produce velocity frequency and duration curves, 

which are based on time interval of the records. They are presented as 

1. Frequency of occurrence of wind speed of various groups 

2. The number of yearly hours for which the wind velocity is exceeded. 

Point readings, taken at specific times, are often biased, especially in tropical 

climates where there is daily variations due thermal currents. This is emphasized 

by mean-wind-speed distribution in madras, where the afternoon wind speed is 

three times that in the morning. Non continuous stations are not always well 

documented, and a height and exposure of anemometer can affect the distribution 
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considerably.  There should not be any correlation between the frequency 

distribution or annual mean wind speed, and the peak gust speed. The wind speed 

data is given in the form of frequency distributions can only be used for deducing 

monthly or annual wind speeds, and this data is liable to annual variations. This is 

of little use in structural design.             

Continuous records: 

Continuous anemograph records form the best basis for wind design data. 

Maximum speeds which cause more damage than any other, are often short lived. 

The first line indicate the gradual built up of cyclonic storm over the period of 1 

hour, the semi lull at the height of the storm and the slight change of the direction 

as the cyclone passé the anemometer. The effect of the thunderstorm is very 

different. An instantaneous ( 5 sec or more) high wind is coupled with 90 degree 

fluctuation in wind direction, and in this case the mean hourly speed 16mph cannot 

be connected statistically with the peak gust of 104 mph.  

In the region of westerlies, cyclonic storms are larger and move slowly; the peak 

wind speeds continue for several hours, and peak gust are caused by the 

superimposed ( randomly –determined) eddies on a high mean hourly speed. 

It is clear that the only data obtainable from long term anemograph is: 

1. Peak speed of 2-5 secs duration depending on the anemometer 

2. Mean hourly speed; lesser periods are obscured 

3. Mean wind direction( to an accuracy of 15 degrees, due to wind-vane 

oscillation after changes of wind direction) 

This is sufficient information to determine static forces and moments, but does not 

assist in calculating dynamic or oscillating effects. Nor are speed variations with 

height assertined ; both these loss are found are found from short term records. 

Short termed records: 

Short termed records, which are measured by responsive anemometers and 

indicated on large scale recording paper, are needed for following purposes: 

1. Wind-velocity probability distributions 

2. Horizontal and vertical wind energy spectra 
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3. Horizontal and vertical velocity correlations 

4. Velocity variations with height above ground level 

5. Relation between maximum wind speeds for various time periods 

 

Wind energy spectra: 

The statistical nature of the wind flow suggests that the kinetic energy of the wind, 

can be analyzed as Fourier series of harmonic variations at an infinite number of 

frequencies. 

 

4. Explain wind speed variation with height. 

The roughness of the terrain retards the wind near the ground. The lower layers of 

air then retard those above them, resulting in different wind speed from ground 

level until the retarding forces are diminished to zero. At that height called the 

gradient height changes in wind speed are unaffected by ground effects. The rate of 

change of wind speed due to roughness is called the wind shear. 

An empirical expressions which correlates wind velocities at different heights in 

stormy non convective conditions is, 

Vz/VzO= [z/zo]^p 

Where Vz is the velocity at height z above the ground level 

Vzo is the velocity at a reference height zo usually 10 m. In some limited cases the 

same law may apply to changes in height above sea level, where the changes in 

ground height are small (300ft) and gradual, but more often the nature of the 

ground variations causes local accelerations and cannot be used for changes in 

ground level winds due to ground height. 

Three classifications of p are of particular interest: 

a) The change of mean hourly speed with height 

b) The change of gust speed with height 

c) The change of gust factor with height. The gust factor is defined as the ratio 

of instantaneous (2sec) gust speed to mean hourly speed at any point. 
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Miscellaneous effect: 

wind speeds and forces are affected by the following climatologically and 

topographical variations: 

I) Pressure and temperature 

II) Particles carried by the wind 

III) Ice and snow 

IV) Mountain and valleys 

Pressure and temperature: 

The air rarefies with decrease in pressure and increase in temperature. 

Barometric changes at sea level are not significant but a temperature of -20deg 

C causes a 15% increase in air density and wind pressure compared to an 

ambient of +23deg C. 

Density decreases with height above sea level, on mountains, but structures are 

not often placed at such height. Wind speed measurements are also affected 

directly, as all anemometer readings are directly proportional to air density.  

Particles carried by the wind: 

Sand, hail, rain and snow can be carried by the wind, and few studies have been 

made of the combined motion. There is however no evidence that these 

particles increase the maximum wind pressure on a structure. It is probable that 

the interchange of momentum between wind and particles results in an 

equivalent momentum to that of pure air, so that the wind force, which is 

equivalent to the rate of change of momentum, remains the same for laden and 

non laden air. 

Ice and snow: 

Ice formation is a combination of the shapes and size of the body, its type of 

structures, droplet size, wind velocity and air temperature. 

Some experimental work has been done on electricity conductors, which is 

qualitatively summarized as follows: 

1. Ice deposits vary inversely with structural size, for small members 
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2. High wind speeds probably produce thicker deposits 

3. Large droplets produce maximum deposits 

4. The worst icing occurs at air temperature of -5 deg C to 0 deg C 

The specific gravity of ice varies considerably, and may change as the ice melts 

and refreezes. Hoar frost has a sp.gr.=0.1, glazed frost is 0.8 and sleet is 0.9. on 

low ground worst icing is caused by the deposit of wet icing is caused by the 

deposit of wet snow, but in hilly country ice is more usually of the glazed type. 

Topography: 

 Measurements have been made on hill tops for wind generation purposes, and 

these have shown considerable divergence, up to 50% compared with annual mean 

wind speeds at nearby meteorological  stations.  

 

 

 

 

 

 

 

UNIT-2 

1. Explain single frequency excitation in Rigid structures. 

Wind forces can cause single frequency structural excitations by two methods. 

Firstly, the shedding of eddy vortices behind a bluff or semi aerodynamic structure 

causes a cross wind excitation, whose frequency is that of the vortex shedding this 

is called a cross wind excitation, this is called vortex excitation. Secondly the force 

or moment characteristics can have an inherent instability which causes 
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oscillations at the structure’s natural frequency, this is called galloping excitation, 

the term having medical rather than equine associations.  

Vortex oscillations: 

When the air stream separates on both sides of structures, vortices are formed 

alternatively at each separation edge. The formation and detachment of each vortex 

causes a suction at the separation  point, which alternates between the two 

separation points. 

 When the natural frequency of a structure is n1 c/s then the velocity (V1) 

producing resonance is given by, 

V1=n1D/St 

Where, D= structural diameter or the distance between separation edges, St is the 

stroahal number. Each structural shape has a unique strouhal number for a given 

Reynolds number. For bluff bodies, the strouhal number is constant for Re>10^3, 

for semi aerodynamic shapes. When the resonating wind velocity V has been 

calculated, the exciting force P is found. 

 Some secondary vortex oscillation effects are: 

1. Minor oscillations are caused by wind velocities of value V1/2, when the 

eddy frequency is half that producing major oscillations. Their amplitudes 

are an order lower than those of major oscillations. 

2. In the supercritical region, where 3 X 10^5<Re<3X10^6, vortex shedding 

becomes random, and the structure oscillates, at much lower amplitudes, at 

one or more of the structure’s natural frequencies. Proturbencas and surface 

roughness, if they exist, enable this random shedding to start at a lower 

Reynolds number lead to a small reduction in oscillation amplitude. 
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3. Natural air turbulence has an effect similar to that of surface roughness. 

Strong gusty winds are not so likely to excite structures, as their pattern 

shows large velocity and direction variations. Steady, uni-directional winds 

are needed to maintain vortex oscillation. 

4. When a tapered structure is oscillated, such as a chimney, the vortex 

frequency of oscillation is that of the tip diameter. It will be shown later that 

effective excitation of a flexible structure is caused by only a short part of its 

length. 

5. Vortices shed from a structure can cause appreciable buffeting on another 

structure placed downstream. If the upstream structure  oscillates, it can set 

up similar oscillations in the downstream one. This effect has not been 

analysed but model and full scale results are available. 

6. Many large structures are in the ultra crtitical range and wind tunnels cannot 

undertake correctly scaled tests. For these structures in analysis can be done 

using data or experimental results are scaled from sub critical Re tests. 

7. Circular structures, such as thin walled cylinders, can go in to an ovalling 

oscillation. The critical velocity is given by, 

Vo=noD/St 

Where no= natural frequency of ovalling 

Vo= exciting wind speed 

These oscillations are easily damped by suitable stiff rings. 
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2. Explain Random excitation in Rigid structures. 

If the aerodynamic force has no predominant frequency, but varies in a random 

manner, it is called a random frequency excitation. Two types of wind forces are 

relevant. Firstly the gustiness of the wind, and secondly vortex excitation in the 

supercritical Re range, when the forces separate randomly from two positions on 

the structure. 

In order to analyse the effect of a random excitation it is assumed that the force has 

certain statistical properties: 

1. That the statistical properties are independent of the time at which the force 

is measured, within the analytical time span. 

2. That the statistical properties are independent of time interval over which the 

force is measured. 

Only two characteristics are needed to determine the excitation force on a 

structure. The first is the mean square energy spectrum, giving the energy content 

in each frequency band width and the other is the spectral coherence between two 

points on the structure. In many cases the worst coherence os one of unity, where 

the whole structure sees the same wind at the same time. In other cases, where 

moments are caused by unequal forces on the structures, a low coherence may be 

more critical. 

The random force varies in time and amplitude in an entirely random manner, 

about a mean energy level. It can be analyzed mathematically into forces at 

different frequencies, with a mean energy level at each frequency. Plotting energy 

against frequency gives the random spectrum, and the total area is the total energy 

in the random force variation. This is added statistically to the mean, non variant 

wind energy. In fact, the energy level at each frequency does not remain constant, 
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but varies in the same random manner, so that the energy level in the spectrum is 

the mean square value at each frequency. 

The accuracy of the spectrum is dependent on its method of measurement. Firstly, 

the actual sensor must have a natural frequency higher than any in the spectrum, or 

the measurement will be amplified or attenuated. Then, the signal is processed 

electrically . Electrically a spectrum analyzer measures the mean energy level at 

different narrow frequency band widths and some care must be taken not to 

amplify the signal. Mathematically, the signal record is analyzed in to series of sine 

waves at all frequencies, as a Fourier analysis but the readings must be given 

certain weightings to obtain a smooth spectrum. This smoothing is automatic in 

electronic analysis. 

Once the random excitation spectrum is known the resonance of a rigid structure is 

simple to calculate, of its characteristics are known. 

3. Explain the methods evolved to damp out the wind vortex excitation. 

Three methods have been evolved to damp out wind vortex excitations: 

1) The stockbridge damper for cables and wires 

2) A holed shroud placed around the cylinder 

3) Sharp edge strakes wound helically around the cylinder 

The stockbridge damper works on the pendulum principle, where a pendulum 

attached to the structure, is made to oscillate at the same frequency but exactly out 

of phase. The inertia force is therefore cancelled out, damping out the oscillation. 

The Stockbridge damper consists of a double cantilever turn to the eddy frequency 

of the vortex shedding behind the wire. This method is particularly suitable for 

structure with allow inertia, but also capable of universal applications. It is used to 
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restrain ships from rolling but allowing a quantity of free surface water to move 

from one side of a ship to another exactly out of phase with the rolling motion. 

The boulder shroud is a device for breaking up eddy formations, by allowing air to 

pass through, instead of going around the shroud. The regular existing force is 

therefore dispelled, but the drag force is increased to that of the sharp edged 

structure of the same diameter. This technique is also used, in a less series manner, 

by perforated practice golf-balls. 

When stakes are wound around a cylinder, the eddy formation at any cross-section 

is determined by the wind direction and the eddies departing from the edges of the 

strakes. As these are now at different position at every c/s, there is no regular 

vortex down the cylinder and the existing forces then reduced by approximately 

90%. Vortex suppression is only filtered to that part of the structure which is 

responsible for most of the excitation ie, the top section of the cantilever. The 

typical response curve is shown in curve. A small randomly excited resonance 

occurs at 80mph in both types of structure, and the peak level of this is not affected 

by the fitting of strakes. 

Normal design procedure is: 

1. Design out resonance at all design wind speeds 

2. If this is not possible, 

A) Increase damping 

B) Design the structure into the supercritical Re range. 

C) Spoil the vortex shielding, remembering the spoilers may double the drag 

force of the structures. 
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4.Explain flutter. 

The shape considered in galloping oscillations so far have all got an unstable force 

or moment characteristic in their direction of movement. if a flat plate is placed 

end in the wind direction, such as the wing of an aero plane , any up and down 

motions results in an considerable resistive force from the wind flow ,so that up 

and down oscillations are quickly damped out. Again, if the plate were to twist in 

the wind the relative wind velocities at both the tips would produce a returning 

force to stabilize the motion. 

If these two motion, up and down and twisting, are super imposed on each other at 

the same frequency in the wind stream, the resulting movement will be suitable. If, 

however, the center-line of twist is brought forward, the wind movement acts so as 

to increase the movement, which is therefore unstable. The instability is called 

flutter, and it occurs to any flexible flat plate notably, aero plane wings and 

suspension bridges. 

For flutter to occur, it is essential that the vertical and the center-line torsional 

natural frequencies of the plate are reasonably close to each other, so that by a 

small variation of geometry the two frequency can be made to coincide. At low 

wind velocity the torsion is about the center line and the frequency is the basic 

torsion one; there is no instability. As the wind velocity increases the frequency 

reduces towards the vertical natural frequency, and the center of rotation moves 

forward, until the critical wind velocity Ve and the critical joint frequency, the 

instability commences. Note that center of rotation is early at the edge of the plate 

and that it can move of the plate together. 
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UNIT -3 

1. Explain the wind effect on tall buildings with neat sketches. 

Wind is a phenomenon of great complexity because of the many flow situations 

arising from the interaction of wind with structures. Wind is composed of a 

multitude of eddies of varying sizes and rotational characteristics carried along in a 

general stream of air moving relative to the earth’s surface. These eddies give wind 

its gusty or turbulent character. The gustiness of strong winds in the lower levels of 

the atmosphere largely arises from interaction with surface features. The average 

wind speed over a time period of the order of ten minutes or more tends to increase 

with height, while the gustiness tends to decrease with height.  

A consequence of turbulence is that dynamic loading on a structure depends on the 

size of the eddies. Large eddies, whose dimensions are comparable with the 

structure, give rise to well correlated pressures as they envelop the structure. On 

the other hand, small eddies result in pressures on various parts of a structure that 

become practically uncorrelated with distance of separation. Eddies generated 

around a typical structure are shown in Fig. 

 

 

Figure : Generation of eddies. 
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Some structures, particularly those that are tall or slender, respond dynamically to 

the effects of wind. The best known structural collapse due to wind was the 

Tacoma Narrows Bridge which occurred in 1940 at a wind speed of only about 19 

m/s. It failed after it had developed a coupled torsional and flexural mode of 

oscillation. There are several different phenomena giving rise 

to dynamic response of structures in wind. These include buffeting, vortex 

shedding, galloping and flutter. Slender structures are likely to be sensitive to 

dynamic response in line with the wind direction as a consequence of turbulence 

buffeting. Transverse or cross-wind response is more likely to arise from vortex 

shedding or galloping but may also result from excitation by turbulence buffeting. 

Flutter is a coupled motion, often being a combination of bending and torsion, and 

can result in instability. 

An important problem associated with wind induced motion of buildings is 

concerned with human response to vibration and perception of motion. At this 

point it will suffice to note that humans are surprisingly sensitive to vibration to the 

extent that motions may feel uncomfortable even if they correspond to relatively 

low levels of stress and strain. Therefore, for most tall buildings serviceability 

considerations govern the design and not strength issues. The next few sections 

give a brief introduction to the dynamic response of structures in wind. 

Different terrains can be categorized according to their associated roughness 

length. Table 1 shows the different categories specified in wind code, 

AS/NZS1170.2 (2002). Closer to the surface the wind speed is affected by 

frictional drag of the air stream over the terrain. There is a boundary layer within 

which the wind speed varies from almost zero, at the surface, to the gradient wind 

speed at a height known as the gradient height. The thickness of this boundary 

layer, which may vary from 500 to 3000 m, depends on the type of terrain,. As can 

be seen the gradient height within a large city centre is much higher than it is over 
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the sea where the surface roughness is less. Terrain category and roughness length 

(zo) 

 

 

2. Explain the wind effect on roofing with neat sketches. 

The performance of the roofing system is critical in protecting both the building 

and building contents from subsequent water damage during hurricanes or 

rainstorms. Even a tiny breach of the horizontal element of the building envelope 

can allow tremendous volumes of water to enter a building. As such, special 

attention should be placed on the wind load resistance design and performance of 

the roofing system. Post investigation studies have identified the heightened 

importance of having a durable, watertight roofing system to protect the contents 

and building interior in multistory construction from water damage. Reducing 

economic losses caused by wind-driven rain in recent hurricanes has become the 

major concern to property insurers. Current performance tests do not address the 

potential problem of load distributions in roofing systems under spatially variable 

wind uplift pressure. Indeed, the current rating systems are typically based on a 
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uniform static test based on chamber pressure that is used to estimate membrane 

failure loads at the fasteners. However, there are no tests that are based on actual 

measurements of the fastener loads at the point of failure. In addition, for 

mechanically attached roofing systems, the membrane and fasteners typically have 

little reserve capacity to resist overstressed conditions and fatigue.  

A roofing membrane that is sandwiched between the fastener plates and the 

substrate at discrete points will displace vertically upwards as the negative wind 

uplift pressure _or suctions_ occurs above the roof. This displacement causes an 

increase in membrane stresses that are a maximum at the fastener plates and can 

result in failure. Once the membrane fails around a single fastener the unrestrained 

membrane suddenly billows upwards, thus transferring the loads to the adjacent 

fixed fastener locations. In this way, the failure of a single fastener causes 

overloading of adjacent fasteners and leads to the zipper-like failure of the 

remaining fasteners on a row, which then further lead to failure of fasteners along 

the adjacent rows. Thus, it is critical to create an accurate method for predicting the 

wind uplift failure capacities of these roofing systems.  

 

The consensus standard tests for roofing systems are based on the application of 

uniform static uplift pressure to the roofing system while monitoring the pressure. 

These test protocols simulate the mean load distributed on the roofing system, they 

can neither duplicate the extreme local pressures that are generated by the wind, 

nor can they replicate the impact loads due to gustiness in the wind. Currently, 

roofing systems are designed using the design wind pressure from relevant 

building code and applying a factor of safety of 2. In other words, if the design 

wind pressure at roof level is 2.16 kPa _45 psf_, the selected roofing system should 

have an ultimate failure capacity of 4.32 kPa _90 psf_, based on consensus 

uniform, static uplift test. The factor of safety should account for the normal 
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variability in loading. However, the testing does not address the potential failure 

mechanisms due to impact from fluctuating wind loads. 

 

The need for geometric correction factors when testing roofing membrane systems 

is well established because of the space limitations associated with test specimens. 

Although a typical installed roofing system can extend for several hundred feet in 

all directions, and the membrane displacement is essentially unrestrained, a test 

membrane specimen is limited to the size of the test chamber and its fixed 

boundary conditions are clearly different from the as-built roof. Square-shaped test 

chambers with side dimensions larger than three or four times the fastener row 

spacing would be preferable because they most closely simulate then structural 

load distributions of an “in-field” fastener location. Many test chambers have 

limited size and are long, rectangular shapes with clamped boundary conditions 

that create load sharing between membrane and boundaries.  

 

3. Explain the effect of wind driven rain  on cladding  

The study of wind-driven rain around a building and the raindrops hitting on a 

building face can be divided into five steps. (1) Wind flow pattern around the 

building is computed to obtain the velocity vectors in the flow domain. (2) 

Raindrop trajectories moving towards and around the building are calculated for 
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drops of various diameters; velocity normal to the building face at impact is also 

obtained. (3) Wind-driven rain intensities hitting different parts of the building face 

are then calculated for raindrops of a rainstorm. (4) The amount of rain water per 

unit volume of air during a storm of certain intensity together with the drop size 

distribution are needed for the estimation of the mass of rain water, and (5) The 

average cladding pressure due to w.d.r. is calculated from the change of 

momentum of the raindrop; the total contribution is obtained by integrating drops 

of all sizes. 

Step 1: Wind flow pattern around the building Wind flow pattern around a building 

is computed using the computational fluid dynamics method. A finite volume 

numerical scheme is used to solve the turbulent flow k-ε model. Velocity vector 

over the flow domain obtained from solving the set of equations are used in the 

next phase of calculation. 

Step 2: Raindrop trajectory 

 

A raindrop moving through the air is acted upon by two forces – its self weight and 

the drag force by the surrounding moving air on the raindrop. Equations of motion 

are set-up to solve for the position and the velocity of the raindrop at each time 

step until it hits on the building face using an iterative procedure. The velocity 

component of the raindrop normal to the building face, U(r)wdr, as it hits the 

building is obtained 

 

Step 3: Wind-driven rain intensity 

 

To calculate the intensity of wind-driven rain impinging onto the building face, 

raindrops (radius r) are generated at a regular spacing with known intensity, Ir, at a 

distance far upstream of the building. Computing the trajectories of the raindrops, 
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the locations of impact of the drops on the building face can be determined. Thus, 

the ratio of the intensity of the raindrops (radius r) landing on certain location on 

the building face to the intensity Ir is equal to the number of raindrops per unit area 

landing on the location to the number of raindrops per unit horizontal area being 

generated. This ratio is termed the local effect factor, LEF(r), which is a function 

of the drop radius. 

Step 4: Amount of rain water per unit volume of wind & drop size distribution The 

overall effect of wind-driven rain due to a rainstorm is the overall combined 

contributions from raindrops of all sizes. The amount of raindrop of one size in a 

storm is different from those of other sizes; knowledge on the proportion of 

raindrops of different sizes in a storm is required.  

Step 5: Cladding pressure due to wind-driven rain 

 

As the raindrops hit on the building face, forces will be generated due to the 

change of momentum. The average pressure on the cladding due to drop size r will 

be the force per unit area on the cladding due to raindrops of size r. The overall 

wind-driven rain pressure on the building face due to a rain storm is the overall 

combined contributions from raindrops of all sizes which is the sum of the 

contributions from each drop size weighted by the distribution probability. The 

pressure due to wind-driven rain is expressed in terms of the dynamic wind 

pressure, q, as a pressure coefficient . 

Studies were carried out using the method as outlined above on rectangular 

buildings of different height to width ratios. Velocity vectors were obtained in the 

3-dimensional domain using the k-ε turbulent flow model.  

 

4. Explain the wind effect on cooling Towers with neat sketches. 
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Environmental cross winds usually distort the uniform distributions of both air 

flow and air resistance at inlet the cooling towers and subsequently cause hot areas 

due to insufficient local cooling of water by air. Curative devices, such as 

windbreaks, are developed to enhance the performance of the power station 

cooling towers. At present experimental investigation, the effects of curative 

devices on performance of a 1/1000 scaled isothermal model of a 660MW wet 

cooling tower were quantified, using intake dynamic and total pressure losses. 

Dimensional similitudes were used in the isothermal modeling of the wet cooling 

tower. A dimensionless pressure loss coefficient in the tower was defined, as the 

performance indicator, which is the ratio of total pressure drop in the heat 

exchanger region (i.e. combined packing and rain zone) to the dynamic pressure. 

Over twenty three curative devices were designed, manufactured, and their effects 

on the pressure loss coefficient were quantified. Pressure drop coefficient with no 

curative device was selected as the base condition and was compared with the 

presence of curative devices. Up to 33% improvement was noticed in the pressure 

loss coefficient. The top three most efficient curative devices were selected and 

presented here. 

Atmospheric boundary layers distort uniformity of air flow at inlet to the cooling 

towers, leading to 

Lower performance and higher coolant wanter temperature from the cooling 

towers. The application of curative devices such as windbreak walls could 

ameliorate the performance of the cooling tower in decreasing the pressure drop 

coefficient The wind disturbs the natural induced flow and the use of the curative 

devices changes the air flow pattern at the intake of the cooling tower which is 

more uniform flow at the intake. 
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UNIT-4 

1. Explain the design procedure to compute the wind pressure for the tall 

buildings. 

Step:1 

Given Data 

Plan of building = 

Basic wind speed Vb= 

 Step :2 

Find design wind speed Ve 

Ve=k1k2k3Vb 

Risk coefficient k1 = 1 

Topography factork3 =1 

K2 factor depende on the following: 

From IS 875 (part 3), table 2 

I) Terrain category 

II) Structural size factor 

Read off k2 for terrain category class for varying heights 

Step :3 

Determine dynamic pressure for different heights 

www.Vidyarthiplus.com

www.Vidyarthiplus.com

www.R
eji

np
au

l.c
om

www.Vidyarthiplus.com


Vb= 

Vc=k1k2k3Vb 

Pressure,P=0.6Vc^2 N/m^2 

Step:4 

Calculate the force coefficient Cf 

Let wind be normal to 45m base= 

Wind normal to 15m base= 

 a= depth of plan dimension 

b= dimension on which wind at 0 deg acts = 45m 

h= height 

from IS 875 CL.3.2.1 and fig.4 

a/b= 

h/b= 

Cf= 

Step: 5 

Determine force of wind at 0 deg 

Wind force = pCf(Area) 

Area= 

U.D.L on floor slab= 

P(N/m^2) = 

Force (kN/m)= 

 

2. Explain the design procedure to compute the wind forces for towers. 

 

Step:1 

Given Data 

Plan of building = 
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Basic wind speed Vb= 

 Step :2 

Find design wind speed Ve 

Ve=k1k2k3Vb 

Risk coefficient k1 = 1 

Topography factork3 =1 

K2 factor depende on the following: 

From IS 875 (part 3), table 2 

I) Terrain category 

II) Structural size factor 

Read off k2 for terrain category class for varying heights 

Step :3 

Determine dynamic pressure for different heights 

Vb= 

Vc=k1k2k3Vb 

Pressure,P=0.6Vc^2 N/m^2 

Step :4 

Calculate pressure coefficient for walls (Cpe & Cpt) 

h/w= 

L/w= 

Step :5 

Determine pressure on walls 

P=pA(Cpe-Cpt) 

Step :6 

Calculate pressure on truss 

From fig 7.11, IS 875:table 5 
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UNIT-5 

 

1. Explain the types of wind tunnel with neat sketches. 

Wind Tunnel Applications 

Wind tunnels are used to simulate air flow in laboratories under controlled 

conditions. These find vast application in automobile and aircraft industry to test 

the prototype for aerodynamic conditions specially drags force on the prototype. 

School laboratories utilize them to study flow around small objects like a sphere or 

a wedge. 

Wind tunnels are designed for specific purposes. A wind tunnel designed for 

school lab is generally between 2m to 12 meters long while the wind tunnels in 

automobile are large enough to accomodate whole car in its test section. These 

days wind tunels are being replaced by CFD tools. 

Types of Wind Tunnel 

Wind tunnels can be classified based on air flow speed in test section and based on 

shape. 

Based on Flow Speed: 

1. Subsonic or low speed wind tunnels: 

Maximum flow speed in this type of wind tunnels can be 135m/s. Flow speed in 

wind tunnels is generally preferred in terms of Mach number which comes out to 

be around 0.4 for this case. These types of wind tunnels are most cost effective due 
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to the simplicity of the design and low wind speed. Generally low speed wind 

tunnels are found in schools and universities because of low budget. 

2. Transonic wind tunnels: 

Maximum velocity in test section of transonic wind tunnels can reach upto speed 

of sound ie 340m/s or Mach number of 1. These wind tunnels are very common in 

aircraft industry as most aircrafts operate around this speed.  

3. Supersonic wind tunnels: 

Velocity of air in test section of such wind tunnels can be upto Mach 5. This is 

accomplished using convergent - divergent nozzles. Power requirements for such 

wind tunnels are very high. 

4. Hypersonic wind tunnels: 

Wind velocity in test section of such type of wind tunnels can measure between 

Mach 5 and Mach 15. This is also achieved using convergent - divergent nozzles. 

Based on Shape: 

1. Open circuit wind tunnel: 

• This type of wind tunnel is open at both ends. The chances of dirt particles 

entering with air are more so more honeycombs (meshes to clean incoming 

air) are required to clean the air. Open type wind tunnels can further be 

divided into two categories: 
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a) Suck down tunnel: With the inlet open to atmosphere, axial fan or centrifugal 

blower is installed after test section. This type of wind tunnels is not preferred 

because incoming air enters with significant swirl. 

b) Blower tunnel: A blower is installed at the inlet of wind tunnel which throws the 

air into wind tunnel. swirl is a problem in this case as well but blower tunnels are 

much less sensitive to it. 

2. Closed circuit wind tunnel: 

Outlet of such wind tunnel is connected to inlet so the same air circulates in the 

system in a regulated way. The chances of dirt entering the system are also very 

low. closed wind tunnels have more uniform flow than open type. This is usually a 

choice for large wind tunnels as these are more costlier than open type wind 

tunnels. 

 

 

 

 

 

open type wind tunnels 
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closed type wind tunnels 

 

2. Explain the wind tunnel tests 

Wind tunnel tests 

Wind tunnel testing is a powerful tool that allows engineers to determine the nature 

and intensity of wind forces acting on complex structures. Wind tunnel testing is 

particularly useful when the complexity of the structure and the surrounding 

terrain, resulting in complex wind flows, does not allow the determination of wind 

forces using simplified code provisions. Wind tunnel testing involves blowing air 

on the building model under consideration and its surroundings at various angles 

relative to the building orientation representing the wind directions. This is 

typically achieved by placing the complete model on a rotating platform within the 

wind tunnel. Once testing is completed for a selected direction, the platform is 
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simply rotated by a chosen increment to represent a new wind direction. Wind 

tunnels are either an open-circuit or closed circuit type with a working section and 

a working length. 

For average size tunnel testing tall buildings, the 1:400 scale model o the natural 

wind is usually generated using the augmented growth method. This method 

generates large-scale turbulence using devices such as trip boards and spires 

upstream of the fetch length. Carpet or roughness blocks are used along the fetch 

length to generate the required velocity profile. For larger tunnels, generation of 

1:200 or even 1:100 scale models may be possible. In order to use wind tunnel 

results to aid in the prediction of wind forces acting on full-scale structure, the 

behavior of the natural wind must be satisfactorily modeled by the wind tunnel.  

To model the natural wind successfully, and maintain dynamic similarity between 

model and full-scale results, the following non-dimensional parameters are kept as 

near to constant as possible between the natural wind and the wind tunnel. They 

are: the velocity profile U (z) /U (zo ) , that is the variation of velocity with height 

normalized with respect to the values at height zo , the height of the building under 

investigation; the turbulence intensity σ U /U ; and the normalized power spectral 

density, nSU (n) /σ 2U , which defines the energy present in the turbulence at 

various frequencies. Reynolds’ number is not an important parameter in this case 

as a sharp edged model is used. To relate wind tunnel pressure measurements to 

full-scale values, length and time scales must be determined. Let us assume that a 

length ratio of 1:400 and a velocity scale between the wind speed in the tunnel and 

full-scale winds of 1:3 is chosen. This result in a time scale of approximately1:133. 

In other words, a one second record obtained in the wind tunnel corresponds to a 

133 second wind record in the real world. As the time scale is the inverse of the 

frequency scale, the rigid model is deemed to possess a natural frequency 133 

times that of the full-scale building being modeled. By equating the model and 
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full-scale Strouhal numbers,it can be seen that the time scale depends only on the 

length scale and the ratio of mean wind speed at the top of the model building to 

mean wind speed at the top of the full-scale building. The design wind speed is 

based on meteorological data for the given city or area which is analyzed to 

produce the required probability distribution of gust wind speeds. By appropriate 

integration processes and application of necessary scaling factors, directional wind 

speeds for the wind tunnel testing can be determined. 
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