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Foreword 

The State of Gujarat, being a coastal state with major rivers passing through it, is prone to both 

floods any cyclones. In addition it is also subject to seismic risk. Thus the area faces the 

possibility of three major natural hazards. Fifteen districts in the state have been identified as 

being prone to multi-hazard risk, where cyclones and earthquakes can affect a district. These 

districts and 87 talukas prone to cyclone are listed in these guidelines. Though it will be 

unusual to expect that these hazards can strike simultaneously, it implies in any case that the 

buildings and structures have to be designed to have adequate resistance against both the 

hazards. Furthermore, storm surges of substantial height are expected to accompany a cy-

clone, particularly in the 10-15 km wide coastal belt. This constitutes a serious hazard in 

addition to high wind velocities. 

Gujarat coast having active ports, settlements and industries (some of them in the Surat -

Baroda belt and along the Saurashtra and Kachchh coasts dealing with hazardous chemicals) 

the State has to prepare itself to minimize disasters in the region more particularly since chemical 

leaks can add another dimension to a situation of natural disaster. 

In regard to the earthquake risk in the State, GSDMA has already brought out three Guide-

lines for achieving earthquake resistance in all building constructions. 

Now in order to safeguard the new as well as existing buildings from the fury of cyclonic winds 

and the accompanying storm surges, these guidelines on Cyclone Resistant Construction of 

Buildings have been prepared in which simple methods of retrofitting the existing buildings 

against high winds have also been included. It is hoped that full use of these guidelines will be 

made in the new as well as existing buildings in the State so as to minimize the extent of 

damage in the future cyclone events. 

Dr. P K Mishra, 

December, 2001 Chief Executive Officer, 
Gujarat State Disaster Management Authority 

Gandhinagar 



To The Reader, 

A severe cyclonic storm had hit the Gujarat coast about 25 km north of Porbandar Port, on 
June 09, 1998. The projected peak wind-speed at landfall was reported to be betweenQ40 -45 
m/s (160 to 170 kmph). The cyclone proceeded almost in a straight line bearing 40 N to-
wards the Jamnagar port, on the northern coast of the Saurashtra peninsula. The exit of 
cyclone from Jamnagar to the Gulf of Kachchh was roughly at wind speed less than 42 m/s 
(150 kmph). After crossing the Gulf of Kachchh, the cyclone passed to the east of the major 
port of Kandla. The wind speeds reported at landfall near Kandia port, were between 33 and 
39 m/s (120 and 140 kmph). The cyclone then proceeded through the Rapar region of Kachchh 
onwards into Rajasthan at less than 30 m/s (110 kmph). This cyclone is estimated to have 
traveled over land for a total of 250 km in Saurashtra and Kachchh. Torrential rainfall of 
varying intensity accompanied the cyclone. 

Communications in the entire region were badly disrupted. A storm surge accompanied the 
cyclone in many of the stretches along the coast. The damage caused by the storm surge was 
severe in the ports of Kandla and Navlakhi on the Gulf of Kachchh. The shelving of the coast 
line and timing of the cyclone with the high tide aggravated the impact of the surge at Kandla. 
The surge in this event was about 2.2 m riding over the high tide of 3.4m rose to 5.6m above 
the mean sea level. This was a major cause of the damage and death in this area, since 
impact of the cyclone wind on both human life and buildings was much less in comparison with 
the damage caused by the surge. 

Financial loss due to this cyclone is estimated at Rs.1200 Crores out of which about Rs.500 
Crores was the estimate for the ports of Kandla and Navlakhi. The cyclone was also respon-
sible for the loss of about 1200 human lives, apart from the many persons missing. 

Question arises - What can we do ? 

Cyclones have occurred before and will continue to occur in future. Their occurrence is a 
natural phenomenon on which man has no control. Beside a cyclone brings the much needed 
beneficial rains too. What we need to do is to construct all our buildings and structures to let 
the winds pass with minimum obstruction (in streamline flow) and build them so as to be able 
to resist their pressures and suction effects without damage. The best approach for protection 
from the storm surge water flow and inundation will be to build on higher ground. This Guide-
lines aims to address the issues of safer constructions against cyclone winds and protection 
from the storm surge. 

Prof. A S Arya, 

December, 2001 Seismic Advisor, 
Gujarat State Disaster Management Authority. 

Gandhinagar 
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GUIDELINES FOR CYCLONE RESISTANT CONSTRUCTION 
OF BUILDINGS IN GUJARAT 

/ . INTRODUCTION 
The coastal areas of Gujarat have received a number of cyclonic wind storms causing 

devastation over large areas due to (i) high-speed winds, which destroy traditional 

homes and uproot trees and electric line supports (ii) local floods, caused by heavy 

rains, and (iii) storm surge waters, first flowing towards the land then receding back 

towards the sea, drowning people, destroying homes, agriculture, trees etc., whatever 

comes in the path of the flowing waters. High speed wind storms on mainland also 

many times cause severe damage to buildings, particularly light weight roofs, free 

standing boundary walls, etc. Horticultural crops suffer badly in both cases at sea 

coast and inland under high-speed winds. 

Although the main destruction during cyclones or high winds occurs in the traditional 

non-engineered buildings built using local clay, stone, Adobe or agro based materials, 

the engineered building having high sheeted roofs also suffer huge damage unless 

appropriate precautions are taken in design as well as construction. Even in heavy 

constructions, substantial non-structural damage occurs to doors, windows, cladding 

wall panels, glass panes etc. 

The aim of these guidelines is firstly, to briefly explain the action of wind on buildings 

and state the general principles of planning and design; secondly, to bring out details 

to prevent the non-structural damage in the various buildings; thirdly, to deal with the 

safety aspects of traditional non-engineered buildings; and finally, to suggest retrofitting 

details which could be adopted in existing buildings to minimize the damages under 

high winds. 

2. SCOPE 
These guidelines deal with the construction and retrofitting for achieving wind/cyclone 

resistant buildings. Both engineered and traditional buildings are considered. Safety 

of non-structural components is also included. 

Wind zoning map of India is give in IS: 875 (Part-3) - 1987. The same has been used 

here (See Fig.1) as drawn for Gujarat in Vulnerably Atlas of India (1997). It is seen that 

a land width of 45 to 65 km from the sea coast is subjected to very high cyclonic winds 

up to 50m/s (180 km/h). The Districts and Talukas situated in this belt are listed in 

Table - 1. It may also be seen that the remaining parts of Kachchh district, the whole 

of Banaskantha district and the N-W 50% of Mahesana district fall in that part of cyclone 

prone zone which could be subjected to winds of 47 m/s (169 km/h) speed. 
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Table 1 
List of Talukas situated in the Cyclone prone zone near the sea coast of Gujarat 

00 

Sr. No. Disirici Taluka Area in cyclone zone 

1. Bhuj Lakhpat, 100% 
Abadasa, 100% 
Nakhtrana, 50 % (South-West) 
mandvi, 100% 
Mundana, 100% 
Bhuj, 40 % (South) 
Bhachau, 60 % (South) 
Anjar, 100% 

2. Rajkot Maliya, 80% (West) 
Morvi, 100 % 
Tankara, 60 % (North) 

3. Jamnagar Jodiya, 100% 
Jamnagar, 100% 
kalavad. 50 %(N-W) 
Lai pur 100% 
Khumbhailiya, 100% 
Kalyanpur, 100% 
Bhahvad, 100% 
Jamjodhpur, 100% 
Dawarka, 90% 
Dhrol 100% 

4. Porbandar Porbandar, 100% 
Ranavav, 100% 
Kuntiyana 100% 

5. Junagadh Manavadar 90 % (South) 
Vanthli 40 % (S-W) 
Keshod 100% 
Mendrada 80 % (S-W) 
Mangrol 100% 
Malia 10% (N) 
Visavadar 20 % (South) 
Talala 100% 
Kodinar 100% 
Una 100 % 
Patan-veraval 100% 
Sutrapada 100% 

6. Amreli Dhari, 20 % (South) 
Kahmbha 80 % (South) 
Jafarabad 100% 
Savarkundia 40 % (South) 
Rajula 100% 

Sr.No. District Taluka Area in cyclone Zone 
7. Bhavnagar Mahuva 

Talaja 
Palitana 
Sihor 
Ghogha 
Bhavnagar 
Umralla 
Valabhipur 
Botad 

100% 
100% 
60 % (S-W) 
80 % (East) 
100% 
100% 
50 (East) 
100% 
50 % (East) 

8. Ahmedabad Dhandhanka 
Barvala 
Ranpur 

100% 
100% 
80 % (East) 

9. Surendranagar Limdi 
Chuda 
Bavia 
Dholka 

60 % (S-W) 
50 % (East) 
80 % (South) 
90 % (South) 

10. Kheda Matar 
Tarapur 
Petlad 
Khambhat 
Borsad 

40 % (S-W) 
100% 
30 % (West) 
100% 
20 % (West) 

11. Vadodara Padra 15% (West) 
12. Bharuch Jambusar 

Amod 
Vagra 
Bharuch 
Ankleshwar 
Valia 
Hansot 

100% 
80 % (West) 
100% 
75 % (West) 
100% 
20 % (West) 
100% 

13. Sural Mangrol 
Olpad 
Kamrej 
Bardoli 
Valod 
Surat 
Palasana 

60 % (West) 
100% 
100% 
70 % (West) 
15% (West) 
100% 
100% 

14. Navsari Navsari 
Jabalpur 
Gandevi 
Chikhli 
Bansada 

100% 
100% 
100 % 
100% 
25 % (West) 

15. Valsad Valsad 
Dharampur 
Umargaon 
Pardi 
Kaprad 

100% 
60 % (West) 
100% 
100% 
80 % (West) 



3. WIND PRESSURES ON BUILDINGS AND STORM SURGE HEIGHTS 
3.1 Basic Wind Speed Zones 

The macro-level wind speed zones of India have been formulated and published in IS: 
875 (parts) - 1987 titled " Indian Standard Code of Practice for Design Loads (other 
than earthquakes) for Building and Structures, Part 3, Wind Loads". There are six 
basic wind speeds'VO' considered for zoning, namely 55, 50, 47, 44, 39 and 33 m/s. 
From wind damage viewpoint, these could be described as follows: 

55 m/s (198 km/h) - Very High Damage Risk Zone - A 

50 m/s (180 km/h) - Very High Damage Risk Zone - B 

47 m/s (169.2 km/h) - High Damage Risk Zone 

44 m/s (158.4 km/h) - Moderate Damage Risk Zone - A 

39 m/s (140.4 km/h) - Moderate Damage Risk Zone - B 

33 m/s (118.8 km/h) - Low Damage Risk Zone 

The wind speed zoning map of Gujarat as per Vulnerability Atlas of India (1997) is 

shown in Fig. 1. The cyclone affected coastal areas of Gujarat are classified in zones 

of 50 m/s, and 44 m/s. The basic wind speeds are applicable to 10 m height above 

mean ground level in an open terrain with a return period of 50 years. At higher elevations 

and longer return periods, the values will be higher. 

3.2 Design Wind Speed and Pressures 
The basic wind speed is reduced or enhanced for design of buildings and structures 

due to following factors: 

(i) The risk level of the structure measured in terms of adopted return period 

and life of structures (5,25,50 or 100 years), 

(ii) Terrain roughness determined by the surrounding buildings or trees and, 

height and size of the structure. 

Local topography like hills, valleys, cliffs, or ridges, etc. 

Thus general basic wind speed being the same in a given zone, structures in different 

site conditions could have appreciable modification and must be considered in 

determining design wind velocity as per IS: 875 (Part 3) - 1987. 

The design wind pressure at height z above ground level on a surface normal to the 
wind stream is given by 

2 
Pz = 0.0006 Vz (1) 

Where, 

Vz = design wind velocity, m/s 

Pz = design wind pressure, kN/m 



Corner areas of severe suction 
The value of wind 

pressure actually to be 

considered on various 

elements depends on 

(I) aerodynamics of 

flow around buildings, 

(ii) the windward 

vertical faces being 

subjected to pressure, 

(Hi) the leeward and 

lateral faces getting 

suction effects, and (iv) 

the sloping roofs 

getting pressures or 

suction effects 

depending on the 

slope. The projecting 

window shades, roof 

projections at eave 

levels are subjected to 

uplift pressures 

several times the 

intensity of pz. These 

factors play an important role in determining the vulnerability of given building types in 

given wind speed zones. For example, Fig. 2 shows the various cladding areas of a 

building, which will have different pressure coefficients. 

Figures 3(a) and (b) show typical effects of openings in the walls for a given angle of 

attack of wind as indicated: 

(a) Only one large opening in a wall will cause very large internal pressure say 

0.7pz.which combined with external pressures/suctions will modify the wind 

effects on cladding and their connections immensely. 

(b) A building with all windows and doors locked will have zero or very small internal 

suction or pressure, 0.2 Pz. If a room has openings distributed in all walls or at 

least in opposite walls and the overall porosity is less than 5%, the passage of 

air will cause only low internal pressure say only 0.2 P .̂ Effects of wind uplift on 

roof projections can also be seen in Fig. 3 (a), (b). For a design speed of 50 m/ 

s, the basic pressure will be 1.5 kN/m^ and the design pressure could be obtained 

I Areas of higher suction / pressura. 
H General areas of norma / pressure P̂  

Fig. 2 Extenal wind pressure areas on building faces 

10 



1 1 1.8 0.6 1.3 t1 t 
\i t 

0.7 
57 

0.7 — 

D.r 
0.7 

; i i 

aas 

I 0 2-*B-<-02S 
T B-fr c,«5 

] O.J : 

I - ' 
0.2 i 

w 

I.I 1. t 9 06 a t | e 

\l 03 
t 
0.2 A 

> 0 !S 1 •> 

I 

1 

I 

I 

——0-»-ii 

1.1 1.6 1.1 1.3 0 2SW , 
(b) 

(ODeninas on windward side or large permeability case, (Openings in opposite walls or low permeability case, 
internal pressure coetficient taken as 0.7; h ? w/2, L < 1.5w) internal pressure coefficient taken as 0.2; h s, w/2, L « 1.5w) 

Fig. 3 Structural Load Coefficients, Internal and External Pressures 

by multiplying with the coefficients given in Fig. 3 (a) and (b) for the specimen 

cases shown. For other dimensions of length, width and height and direction of 

wind, reference may be made to IS: 875 Part 3-1987. 

Note:- Design procedure for wind resistant buildings is briefly outlined in Annexure 
'A'. Full details are available in IS:875 (3) 1987. 

3.3 Coastal Areas 
The coastal areas are subjected to severe windstorms and cyclonic storms. It is known 
that in certain events, the wind gusts could appreciably exceed the specified basic 
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wind speeds (by as much as 40 to 55%). But for design of structures (except those 
considered very important) the above macro-level zoning stated in 3.1 is considered 
as sufficient. 

The frequency of occurrence of cyclones on the different portions of the coast has 
been different. (See Fig.1). Even for the same design wind speed, the risk of damage 
per year will be higher in areas subjected to more frequently occurring cyclones. 

3.4 Storm Surge 
Besides the very high velocity winds, the coastal areas suffer from the onslaught of 
seawater over the coast due to storm surge generated by cyclones. A storm surge is 
the sudden abnormal rise in sea level caused by the cyclone. The surge is generated 
due to interaction of air, sea and land. The seawater flows across the coast as well as 
inland and then recedes back to the sea. Huge loss of life and property takes place in 
the process. The height of the storm surge is even higher during the period of high 
tides. The estimated combined heights of high tide and the surge due to cyclonic wind 
could be as high as indicated in Table 2. 

Since during cyclones, maximum loss of lives occurs by drowning and washing away in 
storm surge waters as in 1998 cyclone in Kandia, the coastal plains should be sun/eyed 
to prepare 0.5m interval contour plans and the area zoned for various habitat purposes 
to minimize storm surge losses to the communities. 

Table 2 
Estimated Highest Water Level above Mean Sea Level under Cyclones on Gujarat Coast 

No. Location Normal High 
Tide above 

IVISL (m) 

Estimated 
Maximum 

Storm Surge 
(m) 

Combined 
Maximum 

Water Level 
above MSL 

(m) 

Remarks 

1 Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

1.94 2.50 4.44 

2 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

1.30 2.60 3.90 

3 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

3.43 2.50 5.93 

4 

5 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

1.10 

3.68 

2.80 

2.80 

3.90 

6.48 

6 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

1.83 4.00 5.83 

7 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

5.31 4.80 10.11. 

8 

Okha 
0 0 

(22 28', 69 05') 

Porbandar 
0 0 

(21 38', 69 37') 

Kandia 
0 0 

(23 or, 70 13') 

Veraval 
0 0 

(20 54', 70 22') 

Navlakhi 
0 0 

(22 58', 70 27') 

Pipavav Bandar 
0 0 

(20 57', 71 32') 

Bhavnagar 
0 0 

(21 45', 72 14') 

Coast of Gulf of 
Cambay 

5.31 say 4.80 10.11 Like in Bhavnagar.Storm 
surge near Valsad=5.0 m 
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4. TYPES OF DAMAGE DURING CYCLONES 
The wind pressures and suction effects on flat objects could be sufficient to lift them off 
and fly away from their place of rest unless adequately tied down to substantial supports. 
Table 3 shows the aerofoil effects of some cyclonic wind speeds. 

Table 3: Aerofoil Effect of Wind 
Wind Speed, m/sec. Typical Possible Movement 

30-35.1 Roof sheets fixed to battens fly 
35-40 Small aircrafts take off speed 
40-45 Roof tiles nailed to battens fly 
45-50 Garden walls blow over 
50-55 Unreinforced brick walls fail 
55-60 Major damage from flying debris 
60-65 75 mm thick concrete slabs fly 

As a consequence of the wind pressures/suctions acting on elements obstructing the 

passage of wind the following types of damage are commonly seen to occur during 

high wind speeds: 

i. Uprooting of trees, which disrupt rail and road transportation, hence. Relief 

Supply Missions. 

ii. Failures of many cantilever structures such as sign posts, electric poles, 

and transmission line towers; 

iii. Damage to improperly attached windows or window frames; 

iv. Damage to roof projections, chhajjas and sunshades. 

V. Failure of improperly attached or constructed parapets, 

vi. Overturning failures of compound walls of various types; 

vii. Failure of weakly built walls and consequent failure of roofs and roof covering; 

viii. Failure of roofing elements and walls along the gable end particularly due to 

high internal pressures; 

ix. Failure of large industrial buildings with light weight roof coverings and long/ 

tall walls due to combination of internal and external pressures; 

X. Brittle failure of asbestos - cement (AC) sheeting of the roofs of Industrial 

sheds; failure of AC sheets is generally along eaves, ridges, and gable ends; 

xi. Punching and blowing off of corrugated iron roofing sheets attached to steel 

trusses; 

xii. Though a thatch roof commonly employed in rural construction lacks durability, 

it provides greater permeability and attracts less forces of wind compared to 

an impermeable membrane. 
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5. PLANNING ASPECTS 
5.1 Site Selection 

i. Though cyclonic storms 
always approach from the 
direction of the sea towards 
the coast, the wind velocity 
and direction relative to a 

Fig. 4 Shielding of house by hillock 

ŜsSdfeig from high wind 
au« to «i!««rws o< t)«rf !8W 

Shî na fsoff! hijdi wind by 
permaabte bajwrs sueii as 
strong trow 

Fig. 5 Wind shielding of buildings 

building remain random due to 
the rotating motion of the high 
velocity winds. In non-cyclonic 
region where the predominant 
strong wind direction is well 
established, the area behind a 
mound or a hillock should be 
preferred o provide for natural 
shielding (Fig. 4). Similarly a 
row of trees planted upwind will 
act as a shield (Fig.5). The 
influence of such a shield will 

be over a limited distance, only from 8 to 10 times the height of the trees. A 
broken tree close to the house may damage the house also hence distance 
of tree from the house may be kept about 1.5 times the height of the tree. 

In hilly regions, construction along ridges should be avoided since they 
experience an accentuation of wind velocity whereas valleys experience lower 
speeds in general. 

In cyclonic regions, close to the coast, a site above the likely inundation 
level should be chosen. In case of non availability of high level natural 
ground, construction should be done on stilts with no masonry or cross-
bracings up to maximum surge level, or on raised earthen mounds as shown 
in Fig. 6 to avoid flooding/inundation but knee bracing may be used. 

Construction at ground level -
risk of innundation 

If natural elevation not avail-
able construction on stilts or 
artificially raised earth mounds 

Fig. 6 Construction on raised ground / stilts to prevent innundation 
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5.2 Plan forms & Orientation 

III. 

For individual buildings, a circular or polygonal plan shape is preferred over 
rectangular or square plans, but fronn the viewpoint of functional efficiency, 
the rectangular plan is commonly used. 

A symmetrical building with 
a compact plan-form is more 
stable than an asymmetrical 
building with a zig-zag plan, 
having empty pockets, as the 
latter is more prone to wind/ 
cyclone related damage (see 
Fig. 7). 

i 
1 

1 w 
Symmetric building with 
«mp!y pockets are more 
vulnsrablo to damage 

Symmetric Ixiiidings are 
more stable 

Fig. 7 Desirable orientation and plan form for 
reducing wind danage. 

In case of construction of group of buildings, a cluster arrangement (see 
Fig. 8) can be followed in preference to row type. 

Il 
Row planning creates wind zig-zag planning avoids wmrt 

Fig. 8 Group Planning of buildings 

5.3 Roof Architecture 

The overall effect of 
wind on a pitched 
roof building and the 
critical locations were 
shown in Figs. 2 & 3. 
Some damage types 

. are shown in Fig. 9. 
It is seen that roof 
projections beyond 
the walls experience 
high uplift. Therefore, 
the roof projections 
should be kept to a 
minimum, say not 
exceeding 500 mm, 
or else, the larger 
projections be tied 
down adequately (Fig. 10). 

Hg a 
Flooting sheets lift 

'a 

fig c 
Reeper lifts from the rafter 

fig b 
Roofing sheets lift at the gable er)d Holding dowr] of rafter 

to wall inadequate 

Fig. 9 Types of roof damage due to wind 
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^^i Jiiiiiim ̂  
Tia 

J: 
I Rough 

^ finish 

Avoid large overtiangs / use ties / openings 
In overtiangs, rough finished walls desirable 

Note. For rain protection, a 
minimum roof projection of 500 
mm is desirable. Tying down will 
be very advantageous. 

l^rge overtiangs get lifted up and broken, 
Smootti finish on walls undesiraWe 

Fig. 10 Overhangs 

ii. For the purpose of reducing wind 
forces on the roof, a hipped or 
pyramidal roof is preferable to the 
gable type roof (see Fig. 11) 

Hi. In areas of high wind or those 
located in regions of high cyclonic 
activity, light weight (Gl or AC 
sheet) low pitch roofs should either 
be avoided or strongly held down 
to purlins. Pitchgd rô ĵfs with slopes 
in the range 22 -30 , that is, pitch 
of 1/5 to 1/3.5 of span, will not only 
reduce suction on roofs but would 
also facilitate quick drainage of rain 
water. 

5.4 Wall Openings 
Openings in general are areas of weakness 
and stress concentration, but needed 
essentially for lighting and ventilation. The 
following norms are recommended in respect 
of openings. 

high upliti 

Wind 

Gable ondeci root got high uplift 

Hip end 
puthed down lowupUft 

push 

Wind 

Wir>d 

Hip root get lower uplift 

Pyramidal roof get lowest uplift 

Fig. 11 
Effects of roof architecture on uplift forces 

Openings in load bearing walls should not be within a distance of h/6 from 
inner corner for the purpose of providing lateral support to cross walls, v,/here 
'h' is the storey height up to eave level. 

Opening just below roof level be 
avoided except that two small vents 
without shutter should be provided 
in opposite walls to prevent 
suffocation incase room gets filled 
with water and people may try to 
climb up on lofts or pegs. 

Since the failure of any door or 
window on wind-ward side may lead 
to adverse uplift pressures under 
roof, Fig. 3 (b), the openings should 
have strong holdfasts as well as 
closing/locking arrangement (Fig-12). 

J2. 

Fig. 12 
Adequate anchorage of door and 
window frames with Holders 
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5.5 Glass Panelling 
a. One of the most damaging effects of strong winds or cyclones is the extensive 

breakage of glass panes caused by high local wind pressure or impact of flying 
objects in air. The large size glass panes may shatter because they are too thin 
to resist the local wind pressures [See Fig. 13(a)]. A broken glass pane on 
windward side opening increases internal pressures abnormally, Fig. 3(b), and 
may lead to a chain of events including a roof failure. 

(a) Large and thin unprotected 
glass area in windows 

(b) glass paotection by (c) 
adhesive tapes 

Fig.13 Protection of Glass Panes 

small and thick / wired glass 
protected with guard bars 1 
tapes / wooden battens 

b. The way to reduce this problem is to provide well designed thicker glass panes. 

c. Further, recourse may be taken to reduce the panel size to smaller dimensions. 
Also glass panes can be strengthened by pasting ihin plastic film or paper strips 
[Fig. 13(b)]. This will help in holding the debris of glass panes from flying in 
case of breakage. It will also introduce some damping in the glass panels and 
reduce their vibrations. 

d. Further, to prevent damage to the glass panels from flying wind borne missiles, 
a metallic fabric/mesh be provided outside the large panels [See Fig. 13 (c)]. 

6. FOUNDATIONS 
Buildings usually have shallow foundation on stiff sandy soil and deep foundations in 
liquefiable or expansive clayey soils. It is desirable that information about soil type be 
obtained and estimates of safe bearing capacity made from the available records of 
past constructions in the area or by proper soil investigation. In addition the following 
parameters need to be properly accounted for in the design of foundation. 

i. Effect of Surge or Flooding - Invariably a cyclonic storm is accompanied by 
torrential rain and tidal surge (in coastal areas) resulting into flooding of the 
low-lying areas. The tidal surge effect diminishes as it travels on shore, 
which can extend even upto 10 to 15 km. Flooding causes saturation of soil 
and thus significantly affects the safe bearing capacity of the soil. In flood 
prone areas, the safe bearing capacity should be taken as half of that for the 
dry ground. Also the likelihood of any scour due to receding tidal surge 
needs to be taken into account while deciding on the depth of foundation 
and the protection works around a raised ground used for locating cyclone 
shelters or other buildings. 
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a. Building on Stilts- Where a building 
is constructed on stilts it is necessary 
that stilts are properly braced in both 
the principal directions. This will 
provide stability to the complete 
building under lateral loads. Knee 
braces will be preferable to full 
diagonal bracing so as not to 
obstruct the passage of floating 
debris during storm surge (Fig. 14). 

7.0 MASONRY WALLS 
7.1 External Walls 

Fig.14 Building on stilts 

All external walls or wall panels must be designed to resist the out of plane 
wind pressures adequately. The lateral load due to wind is finally resisted 
either by all walls lying parallel to the lateral force direction (by shear wall 
action) or by RC frames to which the panel walls must be fixed using 
appropriate reinforcement such as 'seismic' bands at window sill and lintel 
level. 

7.2 Strengthening of Walls against High Winds/Cyclones. 
For high winds in cyclone prone areas it is found necessary to reinforce the 
walls by means of reinforced concrete bands and vertical reinforcing bars 
as for earthquake resistance. For Gujarat, equivalence as in Table - 4 may 
be used. 

Table - 4 
Reinforcing of Masonry Buildings in Cyclone Prone Areas of Gujarat 

Cyclone Prone Zone in District Reinforcement in walls as 
in Seismic Zone 

1 Bhuj, Rajkot, Jamnagar, Probandar, As for Seismic Zone V 
Junagadh, Amreli, Bhavnagar, 
Surendranagar, Ahmedabad. 

2 Kheda, Vadodara, Bharuch, As for Seismic Zone IV 
Surat, Navsari, Valsad 

(1) See Table - 1 for the Talukas of the districts lying in Cyclone Prone Zones 

(2) For reinforcing details of seismic bands and vertical steel, refer to GSDMA "Guidelines forReconstruction 
and New Construction of Houses in Kachchh Earthquake Affected Areas of Gujarat", November, 
2001. 
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8 FRAMED BUILDINGS 
As an alternative to vertical load bearing walls, reinforced concrete, steel or timber 
framing can be used. In R C constructions, the frame comprises of rigidly connected 
beams and columns or posts. In steel and timber constructions, complete structural 
framing should be adequately braced both in the vertical and the horizontal planes. 
Stipulations for cyclonic regions as made in 7.0 for masonry walls are applicable to the 
cladding v\/all panel-̂  also. The guidelines recommended for the design of frames are 
as follows:-

a. Loading - The different loads and load combinations to be considered for the 
design are as per IS: 875 (parts 1 to 4). The dead loads, superimposed loads, 
wind and snow loads to be considered are given in parts 1,2,3 and 4 respectively. 

b. Cladding - For enclosing the space it is necessary that cladding be provided, 
firmly secured to columns or posts, on all the external faces and where partitioning 
is required. It is usual to have masonry wall panels as cladding in buildings with 
R C framing. The design of panel wall shall be carried out for out of plane local 
wind pressures as per IS: 1905 - 1987. 

In Industrial buildings corrugated galvanized iron/asbestos cement (CGI/AC) 
sheet cladding may be used for side covering. The design should be carried 
out for /oca/wind pressures. Proper attention be paid to connections specially 
near corners and roof edge where local pressures/suctions are very high. 

Alternatively, timber planks, if available, may be used for panelling particularly 
with timber posts. The planks and their connections with end posts shall be 
designed as per IS: 883-1970. 

c. Bracing - Adequate diagonal bracings with strong end connections shall be 
provided in steel/timber framing in both the horizontal and vertical planes to 
improve their lateral load resistance. In industrial buildings employing steel 
framing, at least the two end bays shall be braced in the vertical and horizontal 
plane as per Fig. 15. 

root truss 
ratter bracing 

vertical braeina 

jgot truss 

eaves level bracing 
knee bradng 

a. Bracing in planes of rafters 
b. Eaves level knee bracing 

Fig. 15 Typical roof bracings for industrial buildings 
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d. 

In timber framing it is normal practice to 
brace each bay as well as to provide 
bracing in horizontal plane as shown in 
Fig -16 so that complete structure is 
integrated. 

Anchoring - The frame columns and 
shear wall where used shall be properly 
anchored in to the foundation against 
uplift forces, as found necessary. For R 
C frames, usually a monolithic footing is 
provided which provides due stability 
against uplift. In case of steel framing 
too, column posts are properly tied to 

horizontal plane 

Fig. 16 Wind bracings in timber frames 

wooden post 
nails 

wooden 
cross pieces 

Fig. 17 Anchoring of wooden post using 
cross pieces 

Steel/concrete flooring through anchor 
bolts. For timber posts usually cross 
pieces are nailed at bottom end of the post 
and buried into the ground to provide 
necessary anchorage (Fig. 17). 

The following guidelines should be used 
in building framed houses: 

a. The main framing should be made with 
timber posts, bamboos or hollow pipes, 
and, ensuring proper connections of post 
with eaves level beam and rafters. (See 
Fig. 18) 

b. Frames should be 
properly braced in 
both horizontal and 
vertical planes using 
knee braces or using 
cross ties (See Fig. 
15, 16). 

c. Cladding pariels may 
be made using 
meshes of bamboo 
strips, cane or ikra or 
other suitable fibrous 
agro waste, and 
plastering In Situ. 

cross bĵ adngs 

Fig. 18 Wind bracing of frame 
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d. Openings in the walls should be small and located away from the edges and not 
immediately below the roof. In case openings are non-closable (without shutters) 
these should be less than 5 % of wall area each and in pairs on the opposite 
walls to prevent high suction on the roof from inside. 

Foundation 
a. 

b. 

c. 

9. 

The drainage around the 
building be iTiproved to 
prevent water collection for the 
durability of walls and 
foundations. 

All posts be properly anchored 
into the ground or in reinforced 
cement footing. Alternatively, 
the posts with cross members 
connected at the lower end be 
embedded in ground (See Fig. 
19) by a minimum depth of 750 
mm. 

| 4 
P C 

! 

timber or concrete pad 

Softer the ground, 
deeper the posts should be 
to withstand wind force 

Fig. 19 Proper footings for timber post 

Walls be raised from a well compacted lean concrete bed or well compacted 
ground from a minimum depth of 450 mm below the ground level. 

Floors 
Floors may consist of the following: 

(i) R C slabs 

(ii) Wooden or R C joists, or inverted T-irons, placed closely spaced and 
carrying brick tiles, stone slabs or reeds with clay topping, and 

(iii) Prefabricated R C elements of various designs placed side by side 

Whereas R C slabs are 
rigid in their own planes, 
the other types will 
require their integration 
through diagonal 
bracing or topping R C 
screed (structural deck 
concrete). Structural 
deck concrete of grade 
not leaner than M20 
should be provided over 
pre-cast components to 
act monolithic with 
them. (Fig. 20) 

WlbeajTl 
dia 6 M.S. dowel bars 0 150 c'c 
oroiected out ot tie beam 

d«6MJ^rs 0 ISOc/cbolhways 

concrete Boor finish 

wall / beam 

Fig. 20 Provision of reinforcement in structural deck concrete 
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Wherever, deck concrete is to be provided, the top surface of the components should 
be finished rough. Cement slurry with 0.5 kg of cement per sq.m of the surface areas 
should be applied over the components immediately before laying the deck concrete 
and the concrete should be fully compacted. The minimum thickness of deck concrete 
shall be 35 to 40 mm reinforced with 6 mm dia bars @ 150 mm apart both ways and 
anchored into the roof band or tie beam placed all round. 

Floors usually carry no wind loads unless the building is constructed on stilts (in a 
cyclonic surge prone area). The design is carried out for vertical loads only. For a 
building on stilts, flow of wind underneath the floor is possible, thereby causing wind 
forces (both uplift and suction type). The forces as calculated using design wind 
pressures should be considered. 

10. CONSIDERATIONS FOR ROOFS 
Depending upon the construction material used and the geometrical aspects, 
the roofs can be broadly classified into two main types: 

a. Flat roofs of various types 

b. Pitched roofs with various covering materials 

10.1 Flat Roofs 
The flat roofs usually consist of the same types of construction as given for floors in 
Para 9. 

In view of large uplift forces, particularly if wind sp^d could exceed 55 m/s, the total 
roof weight should preferably be kept about 375 kg/m . Lighter roofs should be designed 
for net hogging forces and properly held down to supporting beams/walls, etc. 

10.2 Use of Ferro-Cement (FC) as Roofing Material 
Ferro-Cement (FC) has the advantages of reduced dead weight compared to an R C 
roof, as well as better corrosion resistance. This new material could be used for flat or 
sloping roofs provided that the ferro-cement sheets are adequately anchored to the 
supporting walls/beams against the wind-uplift forces. 

10.3 Pitched Roofs 
a. The main load bearing structural members are timber or steel trusses, purlins, 

and bracings. The cladding may be of Gl or AC sheeting, tiles, timber planks, 
thatch or prefabricated concrete elements. It will be safer to use sheeting or 
tiles with adequate fixtures. 

b. The different design requirements for pitched roofs are as follows: 

Analysis and design of pitched roof is carried out as per provisions of relevant 
codes of practice i.e. IS: 800-1984 for steel trusses and IS: 883 for wooden 
trusses. Under high velocity wind along the ridge of pitched roofs, the suction 
forces may exceed the dead load of the roof appreciably, causing compression 
in the bottom chord and stress reversal in all truss members in general. Buckling 
consideration in all members of roof trusses which are normally under tension, 
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therefore, assumes significance. Therefore, the main ties of roof trusses also 
require lateral bracing and strutting against their buckling in lateral direction. 

c. Roof Covering -

As stated before (See Fig. 2 & 3.) the corners and roof edges are zones of 
higher local wind suctions and the connections of cladding/sheeting to the truss 
need to be designed for the increased forces. Failure at any one of these locations 
could lead progressively to complete roof failure. The following precautions are 
recommended. 

(i) Sheeted roofs: A reduced spacing of bolts, 3/4 of that admissible as per 
IS : 800, is recommended. For normal connections, J bolts may be used 
but for cyclone resistant connections U-bolts are recommended as shown 
in Fig. 21(a). Alternatively a strap may be used at least along the edges 
to fix the cladding with the purlins as shown in Fig. 21 (b) to avoid punching 
through the sheet. Properly connected M.S. flat can be used as reinforcing 
band in high suction zones as shown in Fig. 21(c). 

Nut 
30x30x6 gauge 

M.S washer 

Sealing washer 
neoprene or 

bituminous lelt 

/ 
/ 

w a1 
J bolt - cyclone connection lor roof 
cladding to purlins 

(M 
30x30x6 gauge 

Sealing washer 
neoprane or 

bituminous lelt/ 

a2 
U bolt • cyclone connection for roof 
cladding to purlins 

Corrugated sheeting 

txjits flattenned arxd 
nailed to purlin with lap 

Fixing of corrugated sheeting to Purlins with bolts 

M.S. flat 

^ high wind suction 

Using reinforcing bands in high suction zones 

Fig. 21 Cyclone resistant connection details 
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(ii) Clay tile roofs: Because of lower dead weight, these may be unable to 
resist the uplifting force and thus experience heavy damage, particularly 
during cyclones. Anchoring of roof tiles into R.C. strap beams is 
recommended for improved cyclone resistance (Fig. 22). As alternative 
to the bands, a cement mortar screed, reinforced with galvanised chicken 
mesh, may be laid over the entire tiled roof. 

epneane^ stripe 

concrete strips 

lOdia HSDtjar 
coocrpte strips 

tite 

ratter 
30 X 24 gauge 
-QiiVKjrtr̂  

Cb)Connection of concrete strips to rafter 

(a) Conerete strips 

Fig. 22 Securing tiles against cyclones 

(Hi) Thatch roof: Thatched roof 
should be properly tied down to 
wooden framing underneath by 
using organic or nylon ropes in 
diagonal pattern as shown in 
Fig.22(a). The spacing of rope 
should be kept 450 mm or less 
so as to hold down the thatch 
length. For connecting the 
wooden members, use of non 
corrodible fixtures should be 
made. If non-metallic elements 
are used, these may need 
frequent replacement [See Fig-
23(a)]. After a cyclone warning 
is received, all the lighter roofs 
should preferably be held down 
by a rope net and properly 
anchored to ground [See Fig. 
22(b)]. 

Ihalch root 
ropes 

GaWe type roof house 

Fig. 23 Rope tie-backs for weak structures 
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d. Anchoring of roof framing to wall/posts - The 
connection of roof framing to the vertical load 
resisting elennents i.e., wall or post, by providing 
properly designed anchor bolts and base plates 
is equally important for overall stability of the 
roof. Typical connection of wooden framing to 
wooden post is shown in Fig. 24 through cyclone 
bolt or metal straps. The anchoring of roof 
framing to masonry wall should be 
accomplished through anchor bolts embedded 
into concrete cores. The weight of participating 
masonry at an angle of half horizontal to 1 
vertical as shown in Fig. 25 should be more 
than the total uplift at the support. In case of 

Rat»r Cfliiinn jast 

Gaivanaed strap connecting 
. nxt Mming .to framing 

Bolting 

' B«vel wastw 

roo) truss 

wet??!. gtoujî  in coiweie 
particifxjting miisonry 

tan'''(1/2) 

Fig. 25 Anchoring of roof framing in masonry 

e. Bracing- Adequate diagonal or 
knee bracing should be provided 
both at the rafter level and the 
eaves level in a pitched roof (See 
Fig. 26). The purlins should be 
properly anchored at the gable 
end. It is desirable that at least 
two bays, one at each end, be 
braced both in horizontal and 
vertical plane to provide 
adequate wind resistance. 
Where number of bays is more 
than 5, use additional bracing in 
every fourth bay. 

f. Flutter.- In order to reduce wind 
induced flutter/vibration of the 
roof in cyclonic regions, it is 

Connecting mof Irame to wall Irame 
Fig. 24 Connection of roof 

framing to wall traming 

large uplift forces, the anchoring 
bars can be taken down to the 
foundation level with a structural 
layout that could ensure the 
participation of filler and cross 
walls in resisting the uplift. 

Fig. 26 Bracing the raftered roofs 
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recommended that all members of the truss and the bracings be connected at 
the ends by at least two rivets/bolts or welds. Further the cross bracing members 
be welded/connected at the crossings to reduce vibrations. 

11. RETROFITTING OF EXISTING BUILDINGS 
Retrofitting measures are advocated to reduce the risk of damage or failure for all the 
existing structures not having adequate cyclone resistance. Some measures along 
with approximate cost as a proportion of the cost of the building are given in Table 5 for 
preliminary guidance. These measures are based on the lessons learnt from the post-
cyclone damage surveys conducted in the past. While the recommendations would 
depend upon building typology, construction material and practices prevalent in the 
region, it is however, recommended that for cyclone affected zones of the country, the 
retrofit measures be evolved through a detailed study based upon building typology. 

11.1 Engineered Constructions 
In engineered constructions, the maximum wind forces should be evaluated as per the 
wind code and various elements checked for the worst combination of dead and live 
loads to identify the points of weakness requiring retrofitting. Some points for special 
attention are indicated in following paras: 

11.1.1 Roof-

a. In case of light roofs (AC or CGI sheeting) connections near the edges should 
be strengthened by providing additional U bolts. Mild Steel flat ties may be 
provided to hold down the roof. J-bolts if used earlier may be replaces by U-
bolts. 

b. All projections in roofs be properly checked for strength against uplift and tied 
down if found necessary, particularly, if longer than 500 mm, (See Fig. 10 ) 

c. All metallic connectors for different components of roof should preferably be 
of non-corrosive material, or else must be galvanized or painted and checked 
before each cyclone season and doubtful ones be replaced. 

d. There must be proper bracings (i) in the plane of rafters, in plan at eaves 
level, and, in the vertical plane of columns along both axes of the building in 
sufficient number of panels determined by calculation (See Fig. 25). 

e. Flat roofs may be integrated to behave as horizontal diaphragms and either 
weighted down by dead weights or held down against uplift forces. 
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Table: 3 
Retrofitting Measures for Buildings and Structures to Increase Cyclonic Resistance. 

Sr. 
No. 

Type 
Measures 

Retrofit/Maintenance 
of cost of building 

Approximate cost as a proportion 

1 Non Engineered 
Building Thatched 
House 

• Provisions of metal straps 
and nails at joints 

• Holding down coir ropes. 
• Replacement of worn out 

fibre ropes 

Retrofit - 4.5% 
Maintenance - 1% 

2 Tiled Building • Concrete strips 
• Holding down rods 
• Metal straps for connection 

to trusses 
• Provision of eaves holding 

down angle/metal strap 
• Maintenance replacement 

of broken tiles, worn out 
bolts, metal straps, etc. 

• R.C.C. holding down rafters 

Retrofit - 8% 
Maintenance - 1 % 

3 Compound wall Checking the available capacity 
and detailing retrofit measures 
consisting of vertical and 
horizontal reinforced concrete 
bands to obtain the required 
strength 

Additional cost varies in 
the range of 25 to 60% of new 
construction satisfying the design 
requirements. Retrofitting 
cost + existing structure cost 
approximatelye quals the cost of 
new construction. 

4 Lamp Masts • Provision of a foundation 
block and extending it upto 
certain height above a ground 
level to ensure natural 
frequency is greater than 

1.5 Hz. 
• Underground cables to 

reduce load on lamp 
mast/failure of masts by 
falling branches of trees. 

Cost of individual lamp mast 
with foundation will be increased 
by 40 to 50%. 

5 Water Tanks (Ferro 
cement /Other 
Lightweight Tanks) 

Provision of holding 
down/preventing sliding etc. 

Marginal 

11.1.2 Framed Buildings 

a. In case of a framed structure, the total system requires to be properly braced. If 
existing lateral strength or bracing is inadequate, braces be provided to improve 
the overall stability. 

All roof trusses be properly connected to posts with the help of anchor bolts or 
metallic straps. 

Undesirable openings in the walls specially near the corners or edges be closed 
permanently to improve the cross walls. 
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11.1.3 Load Bearing Walls 

a. Buttresses be provided to improve the lateral load resistance of long walls, 
achieving cross wall spacing to less than 5m, thus reducing the unsupported 
lengths. 

b. If the horizontal bands were not provided during construction, the exterior 
perimeter may be belted all round by using ferro-cement plating in the spandrel 
wall portion between lintel and eave/roof levels. 

11.1.4 Glass Panelling 
a. The size of large glass panes be reduced by adding battens at appropriate 

spacing. Large glass panes be strengthened by fixing adhesive tapes, along 
and parallel to diagonals, at 100-150 mm spacings prior to each cyclone season. 
Alternatively, thin plastic film be pasted on both faces of the panes to prevent 
shattering. 

b. Protective cover in the form of mesh or iron grill be provided to prevent breakage 
of glass panels by flying missiles. 

11.1.5 Foundations 
a. Proper drainage around the building should be provided to prevent pooling of 

water in its vicinity. 

b. The plinth should be protected against erosion by using pitching of suitable 
type. 

11.2 Non Engineered Constructions 
a. In case of thatched roof it should be properly tied to timber framing on 

underside. Use of metallic/synthetic connectors is desirable. Use of water 
proof mud plaster may be made to make it leak proof. 

b. In case of tiled roofs, the overlaps be jointed through use of cement mortar to 
provide more stability. 

o o 
c. While relaying of roofs, its slope be changed to about 20 to 30 to reduce 

the wind suction on roof and thus reducing the damage potential. At the 
same time, eave level wooden band should be introduced on top of walls. 

d. The wooden frame where used for the structure of the building should be 
properly braced in both horizontal and vertical planes by installing knee braces 
or cross ties. 

e. For greater durability of a mud wall, against rain and water etc., external face 
of wall upto 1.0 to 1.5 m height above plinth level should be covered with 
burnt clay tiles laid in cement mortar of 1:6 mix. 

f. The roof rafters be properly tied to posts using metallic strap connectors. 

g. All openings very close to wall edges be closed. All asymmetric non-closable 
openings be filled up to eliminate any unfavourable roof pressure from within. 
Two small vents in opposite walls close to the roof may be left open. 

h. If the foundations of the posts are not made heavy enough to prevent uprooting 
of the building, it is advisable that before the cyclone, season, a protective 
net be provided on the roof and securely tied to the ground to prevent flying 
away of roof/building. 
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Annexure - A 

DESIGN PROCEDURE FOR WIND RESISTANT BUILDINGS 

The following procedure may be followed to design a building that will be resistant 
to damages during high winds/cyclones. 

A.l Fix the Design Data 
a. Identity the national wind zone in which the building is situated. This can be 

seen from wind code (IS: 875 Part 3-1987) or the Vulnerability Atlas of India 
(1997). 

b. Corresponding to the zone, fix the basic design wind speed, Vb which can be 
treated as constant upto the height of 10m. 

c. Choose the risk co-efficient or the importance factor k-|, for the building, as for 
example given below: 

Building type Coefficient ki 

i. Ordinary residential building 1.0 

ii. Important building (e.g. hospital; 1.08 
police station; telecommunication, 
school, community and religious buildings, 
cyclone shelters, etc. 

d. Choose appropriate value of k2 corresponding to building height, type of terrain 
and size of building structure, as per IS: 875 (part 3), 1987. For buildings upto 
10m height and category - A, which will cover the majority of housing, the values 
are: 

Terrain Coefficient kg 
i. Flat sea-coastal area 1.05 
ii. Level open ground 1.00 
iii. Built-up suburban area 0.91 
iv. Built-up city area 0.80 

e. The factor k ,̂ depends upon the topography of the area and its location above 
sea level. It accounts for the acceleration of wind near crest of cliffs or along 
ridge lines and deceleration in valleys etc. 

A.2 Determine the wind forces 
a. Determine the design wind velocity Vz and normal design pressure P̂  

Vz =Vbki k2 k3 
2 2 

Pz = 0.0006 Vz , Pz will be in kN/m for Vz in m/s 

b. Corresponding to the building dimensions (length, height, width), the shape in 
plan and elevation, the roof typei and its slopes as well as projections beyond 
the walls, determine the coefficients for loads on all walls, roofs and projections, 
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taking into consideration the internal pressures based on size and location of 
openings. Hence calculate the wind loads on the various elements nornnal to 
their surface. 

c. Decide on the lines of resistance which will indicate the bracing requirements in 
the planes of roof slopes, at eave level in horizontal plane, and in the plane of 
walls. Then, determine the loads generated on the following connections: 

• Roof cladding to Purlins 

• Purlins to rafters/trusses 

• Rafters/trusses to wall elements 

• Between long and cross walls 

• Walls to footings. 

A.3 Design the elements and their connections 

a. Load effects shall be determined considering all critical combinations of dead 
load, live load and wind load. In the design of elements, stress reversal under 
wind suctions should be given due consideration. Members or flanges which 
are usually in tension under dead and live loads may be subjected to compression 
under dead load and wind, requiring consideration of buckling resistance in 
their design. 

b. Even thin reinforced concrete slabs, say 75mm thick, may be subjected to uplift 
under wind speeds of 55 m/s and larger, requiring holding down by anchors at 
the edges, and reinforcement on top face! As a guide, there should be extra 
dead load (like insulation, weathering course, etc) on such roofs to increase the 
effective weight to about 375 kg/m . 

d. Resistance to corrosion is a definite requirement in cyclone prone sea coastal 
areas. Painting of steel structures by corrosion-resistant paints must be adopted. 
In reinforced concrete construction, a mix of M20 grade with increased cover to 
the reinforcement has to be adopted. Low water cement ratio with densification 
by means of vibratos will minimise corrosion. 

e. All dynamically sensitive structures such as chimney stacks, specially shaped 
water tanks, transmission line towers, etc. should be designed following the 
dynamic design procedures given in various IS codes. 

f. The minimum dimensions of electrical poles and their foundations can be chosen 
to achieve their fundamental frequency above 1.25 Hz so as to avoid large 
amplitude vibrations, and consequent structural failure. 

It may be emphasised that good quality of design and construction is the single factor 
ensuring safety as well as durability in the cyclone hazard prone areas. Hence ail 
building materials and building techniques must follow the applicable Indian Standard 
Specifications. 
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