
Each year, about 75 severe tropical cyclones — or 
typhoons or hurricanes as they're known north of the 
equator — develop around the world. One in five of 
these forms off Australia. From not far north of Perth in 
the west round the north coast to near Brisbane in the 
east, every part of the coastline may find itself, some 
time or other, in the path of a summer cyclone. Severe 
effects can be felt up to 50 km inland. 

T h e c y c l o n e can be a l o n g t ime in c o m ­

i n g . B e f o r e C h r i s t m a s m o r n i n g 1 9 7 4 , 

w h e n T r a c y laid it l o w , D a r w i n had not 

b e e n hit by a c y c l o n e s ince 1937 , w h e n a 

m u c h less severe o n e passed t h rough . 

B o w e n , o n the Q u e e n s l a n d coast , experi­

e n c e d n o c y c l o n e s for 74 years; its turn 

c a m e in 1958 and again a year later. Bris­

bane has never suffered a direct hit, and 

maybe never wi l l . T h e r e is s o m e doub t 

abou t whether its l oca t i on puts it at risk o f 

a ful l-scale c y c l o n i c battering. 

Vas t u n o c c u p i e d stretches separate the 

p o p u l a t i o n cen t res a l o n g the e x p o s e d 

coas t l ine , with the result that many c y c ­

l ones pass by wi thou t caus ing p rob l ems . 

T r a c y gave Austral ians a fr ightening v i e w 

o f the a w e s o m e p o w e r they p o s s e s s . 

M a x i m u m gust speeds probably e x c e e d e d 

2 5 0 k m per h , and bu i ld ings were e x p o s e d 

for substantial lengths o f t ime to w inds u p 

to 2 0 0 k m per h . M o r e than 5000 o f Dar­

w i n ' s 8 0 0 0 houses were damaged b e y o n d 

repair, and on ly 4 0 0 remained habitable. 

It t ook 3 years' work and some th ing l ike 

$ 5 0 0 m i l l i o n to return the city to normal . 

T o r n a d o e s and severe thunderstorms 

c a n p r o d u c e w i n d speeds app roach ing 

Cyclones -
assessing 
the risk 

those exper ienced dur ing c y c l o n e s , but 

they cause m u c h less devastation for t w o 

main reasons. T h e first is the area af­

f e c t e d : s t rong w i n d s t yp i ca l l y e x t e n d 

10—30 k m f rom the m o v i n g eye o f a c y c ­

l o n e , w h e r e a s o n l y a ve ry s m a l l area 

around the path o f a tornado or s torm is 

affected. T h e other reason is the durat ion 

o f the w inds , measured i n minu tes for 

to rnadoes and s torms but in hours for 

c y c l o n e s . 

A s an i l lustration o f the difference, a 

tornado that passed th rough Brisbane in 

1973 caused bu i ld ing damage similar to 

that p r o d u c e d by C y c l o n e T r a c y in Dar ­

w i n , but o n l y in por t ions o f four suburbs. 

I f a c y c l o n e o f s i m i l a r f o r c e p a s s e d 

th rough Brisbane, e n o r m o u s devastation 

w o u l d result. 

H o w e v e r , the D a r w i n e x p e r i e n c e , as 

we l l as p rov id ing graphic ev idence o f the 

d a m a g e c y c l o n e s c a n d o , a l s o d e m ­

onstra ted that w e l l - d e s i g n e d and c o n ­

s t ruc t ed b u i l d i n g s c a n w i t h s t a n d the 

severes t c y c l o n i c w i n d s . B u i l d i n g s — 

such as shops , industrial bu i ld ings , and 

off ice b l o c k s — des igned i n co l l abora t ion 

wi th structural engineers general ly c a m e 

th rough wi th little damage . S o d id s o m e 

types o f h o u s e , mos t notably those wi th 

re inforced conc re t e panel wal l s . 

M o s t h o u s e s , h o w e v e r , p roved totally 

inadequate in the face o f the p r o l o n g e d 

buffet t ing they r ece ived . A m o n g these 

were houses buil t wi th features — inc lud­

ing c y c l o n e bol ts and other fittings de­

s igned to h o l d the r o o f in p lace — that 

w e r e be l i eved before T r a c y to p rov ide 

adequate res is tance to c y c l o n e s . S i n c e 

T r a c y , further bu i ld ing regula t ions have 

been in t roduced in the ci ty, des igned to 

ensure that all n e w h o u s e s w o u l d survive 

a r epe t i t i on o f that c y c l o n e . Unfo r tu ­

nately, the o n l y c o n c l u s i v e test o f the ef­

fect iveness o f those regulat ions wi l l take 

p lace w h e n another c y c l o n e o c c u r s . 



Two houses on stilts — severe racking 
distortion (above) and total demolition 
(below) above floor level. 

T h e p e o p l e w h o l ive in a c y c l o n e - p r o n e 

ci ty obv ious ly have the m o s t direct in­

terest in ensur ing that damage is kept to a 

m i n i m u m . C y c l o n e T r a c y k i l l e d 4 9 

p e o p l e in D a r w i n — m o s t o f them appar­

ently c rushed by fal l ing walls or other 

parts o f bu i ld ings — and injured many 

m o r e . Property des t ruct ion was e n o r m ­

o u s ; many p e o p l e lost virtually everything 

they o w n e d . 

But others a lso have a s t rong interest in 

see ing that the least poss ib l e damage re­

sults — notably gove rnmen t s and in su r -

ance c o m p a n i e s . T h e federal gove rnmen t 

found it necessary to spend approximate ly 

$ 1 7 0 m i l l i o n per year — about one-third 

o f its bu i ld ing cons t ruc t ion budge t — o n 

D a r w i n in the 2 years f o l l o w i n g T r a c y . 

T h e i n s u r a n c e p a y o u t was e n o r m o u s , 

a m o u n t i n g to a f igure equivalent to the 

entire p r e m i u m i n c o m e f rom all h o u s e -

o w n e r s ' a n d h o u s e h o l d e r s ' p o l i c i e s 

th roughout Austral ia for a year. 

Risk around the coast 

T o f ind out m o r e about the risk o f c y c l o n e 

damage in Austral ia , a g roup f rom the 

CSIRO D i v i s i o n o f B u i l d i n g Resea rch and 

the C o m m o n w e a l t h Depar tmen t o f H o u s ­

ing and Cons t ruc t ion recent ly c o n d u c t e d 

a wide- ranging study. T h e a im was to as­

sess the risk facing s o m e o f the ma in cit ies 

and towns that may find themselves in the 

path o f a c y c l o n e . 

T h e g roup — D r B o b Leices te r and M r 

D o n B e r e s f o r d , f r o m CSIRO, and M r 

Char l e s B u b b and M r Chr i s D o r m a n , 

f r o m the D e p a r t m e n t — d r e w o n 

m e t e o r o l o g i c a l data a n d i n f o r m a t i o n 

about the bu i ld ings in each centre to p ro ­

d u c e their risk assessments . T h e y derived 

estimates o f h o w often damag ing winds 

c o u l d be expec ted in each area and o f their 

l ikely gust speeds , and l inked these wi th 

assessments o f the general strength o f the 

bu i ld ings and their exposure to the w ind . 

In Western Austral ia , they l o o k e d at 

Gera ld ton , Carnarvon, four small towns 

in R o e b o u r n e Shire ( R o e b o u r n e , Kar -

ratha, W i c k h a m , and D a m p i e r ) , and the 

three small towns Por t H e d l a n d , Sou th 

H e d l a n d , and F i n u c a n e I s land , w h i c h 

were cons ide red together as Hed land . In 

the Nor thern Terr i tory , on ly D a r w i n was 

cons ide red . Cairns , T o w n s v i l l e , Mackay , 

a n d B r i s b a n e w e r e t he Q u e e n s l a n d 

cent res i n c l u d e d in the study (see the 

map) . 

Wind strength 

F o r each loca t ion , the scientists derived 

f igures for the peak 3 - second gust , 10 

metres above an o p e n field, that c o u l d be 

expec ted in per iods s u c h as every 1 0 , 1 0 0 , 

o r 1 0 0 0 yea r s . T h e y u s e d these g u s t 

speeds as indicators o f a c y c l o n e ' s ability 

to cause damage . T h e y stress that, w h e n a 

c y c l o n e actually strikes, it is no t o n l y the 

peak gusts that d o the damage . 

M u c h damage probably results f rom the 

gradual deteriorat ion o f bu i ld ing mate­

rials dur ing hours o f c o n t i n u o u s buffet-

ting. F o r e x a m p l e , metal r o o f sheet ing 

may rise under the w i n d pressure and d rop 

back 10 000 t imes dur ing a c y c l o n e . Meta l 

Tracy gave Australians a 
frightening view of the 
awesome power cyclones 
possess. 

fatigue around r o o f fastenings, caused by 

this type o f m o v e m e n t , appears to have 

b e e n a s ignif icant factor in the damage 

caused by C y c l o n e T r a c y . 

T h e scientists der ived their gust v e l o c ­

ity figures f rom Bureau o f M e t e o r o l o g y 

records . Informat ion c o v e r i n g the past 20 

years is fairly detai led, and s o m e g o e s 

back as m a n y as 60 years. H o w e v e r , the 

records are clearly inadequate to s h o w the 

m a x i m u m gusts that c a n be expec ted after 

l o n g intervals, say every 100 years. 

T h e o n l y way to obta in the required 

figures was by extrapolat ion. T h e g roup 

u sed a m e t h o d , k n o w n as the M o n t e Car lo 

s imula t ion t echn ique , that has a lso been 

u sed in assessments o f hurr icane occur r ­

e n c e in the M e x i c a n G u l f coastal area o f 

T e x a s . T h i s i n v o l v e s g e n e r a t i n g f i c ­

t i t ious records o f c y c l o n i c w inds o n a 

c o m p u t e r a n d m a t c h i n g t h e m , in a 

statistical sense , wi th the data that d o 

e x i s t fo r the l o c a t i o n s u n d e r s t u d y . 

O b v i o u s l y there is cons iderab le r o o m for 

error in the p rocedure , but it is the best 

that currently exists. 

Coastal areas north of 27° South are 
considered to be at serious risk from 
cyclone attacks, and there is some risk 
for a considerable distance further south, 
particularly along the west coast. 
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A new house designed for 
cyclone-resistance. 

Another Darwin scene — cyclones can 
lift and toss aeroplanes, boats, caravans, 
and much else, large and small. 

T h e d iagram o n page 6 shows the re­

sults o f the s imula t ions , and indicates 

that, in terms o f w i n d risk a lone , the min ­

ing industry towns o f R o e b o u r n e Shire 

and Hed land are the wors t situated. 

H o w e v e r , m o s t o f the houses i n these 

towns have been bui l t fairly recent ly , and 

wi th the risk o f c y c l o n e s taken f i rmly i n to 

accoun t . A s a result , the scientists c o n ­

c l u d e d that the risk o f c y c l o n e damage 

there is no t s ignif icant ly greater than in 

the other t owns surveyed. 

Building strength 

T h e y b a s e d thei r a s s e s s m e n t s o f the 

strength o f the bu i ld ings in each town o n 

ten factors related to des ign , approval , 

supervis ion , and cons t ruc t ion . Examples 

are the sensitivity o f particular types o f 

bu i ld ing to w i n d , the structural engineer ­

i n g ability o f the approval authority, the 

n u m b e r and variety o f structures super­

vised by an inspec tor , and the quality o f 

the structural materials used . A c c o u n t 

was taken o f the results o f various f ield 

invest igat ions o f w i n d damage , i nc lud ing 

studies o f the damage caused by C y c l o n e 

T r a c y . 

T h e y f o u n d that, in m o s t o f the centres , 

the houses c o u l d be useful ly g rouped in to 

three c a t e g o r i e s — t h o s e bu i l t b e fo r e 

1950 , those buil t be tween 1950 and the 

early 1970s , and n e w houses buil t s ince 

C y c l o n e s Al thea (wh ich hit T o w n s v i l l e in 

1971) and Tracy . 

H o u s e s in the first g roup are usual ly 

qui te small and have steep h ip roofs and 

vertical board l in ings that provide a struc­

tural tie b e t w e e n the rafters, wa l l top 

plates , and f loor jo is t s . T h e s e features 

g ive them substantial w i n d resistance. 

E x p e r i e n c e suggests that they are usu­

ally s t ronger than those in the s e c o n d 

g r o u p , w h i c h general ly have internal l in­

ings o f sheet materials that are no t f ixed in 

s u c h a way as to provide a vertical struc­

tural tie. In addi t ion, m a n y houses in this 

g r o u p have gab led roofs that are often in­

adequately braced and end walls that may 

be inadequately tied back to the ce i l ing . 

T h e c y c l o n e s u n c o v e r e d the w e a k ­

nesses in this fo rm o f cons t ruc t ion , and 

the third g roup o f houses conta ins fea­

tures des igned to o v e r c o m e them. 

T h e team classif ied bu i ld ings in five 

ca tegor ies , depend ing o n their assessed 

ability to stand u p to the w ind . Category A 

h o u s e s , the type m o s t l ikely to b l o w d o w n , 

w o u l d be expec ted to suffer m i n o r damage 

if exposed to a gust at 125 k m per hour and 

major damage if a 160 k m per hour gust 

struck. B o t h gust speeds are b e l o w those 

to b e expec ted near the eye o f a c y c l o n e . 

F igures for the m i d d l e category ( C ) are 

160 k m per hour for m i n o r damage and 

2 1 5 k m per h o u r fo r m a j o r d a m a g e . 

H o u s e s in the top category (E) are ex­

pec ted to c o m e th rough any c o n c e i v a b l e 

w i n d buffeting wi thout s ignif icant dam­

age. 

Br isbane was the ci ty that c a m e out 

wors t w h e n the percentage o f each categ­

ory o f h o u s e in each centre was ca l cu ­

lated. M o r e than two-thirds o f its houses 

ended up in category A , and the rest — 

excep t just 1% in ca tegory C — are in 

ca tegory B . T h e f igures for Gera ld ton , 

W . A . , are nearly as bad, wi th o n l y 9 % in 

ca tegory C and n o n e in categor ies D and 

E. I n Carnarvon, Cairns , T o w n s v i l l e , and 

Mackay , m o r e than half the houses are in 

the t w o riskiest ca tegor ies , A and B. 

D a r w i n n o w has o n l y 2 % in category A , 

and a fairly even scatter th rough the other 

ca tegor ies i n c l u d i n g 1 7 % in the safest 

c a t e g o r y E . H e d l a n d a n d R o e b o u r n e 

Shire , the centres wi th the h ighes t w i n d 

risk, p robably have the safest co l l e c t i ons 

o f houses . H e d l a n d has n o n e in the t w o 

l o w e s t c a t e g o r i e s (A a n d B ) a n d 

R o e b o u r n e Shire has n o n e in category A 

and just 3 % in ca tegory B . M o s t o f the 

h o u s e s in bo th centres are in category D . 

Exposed or sheltered 

T h e factor, other than w i n d s and bu i ld ing 

strengths, cons ide red in the risk assess­

ments was the degree to w h i c h the terrain 

and other bu i ld ings sh ie lded houses f rom 

the full blast o f the c y c l o n i c w inds . T h e 

scientists distributed the h o u s e s in each 

c i t y a n d t o w n a m o n g t h r e e ' t e r ra in 

ca tegor ies ' . T h e windies t o f these, categ­

ory 1, compr i se s o p e n sea coasts and flat, 

treeless plains . Category 2 , slightly less 

exposed , represents areas such as o p e n 

fields. Category 3 sites, typical ly w o o d e d 

areas, suburbs , and industrial areas, are 

m o r e shie lded. 

In Brisbane, the g roup estimated that 

9 0 % o f h o u s e s were sufficiently sh ie lded 

to be p laced in category 3 — t h e h ighes t 

percentage for any o f the centres surveyed. 

In the other three Queens l and cities and 

in D a r w i n and Gera ld ton , 7 0 % or m o r e o f 

h o u s e s were p laced in that category. Car­

narvon and the R o e b o u r n e Shire and H e d ­

land cent res are m u c h m o r e e x p o s e d . 

M o s t o p e n to all w inds are the h o u s e s in 

R o e b o u r n e Shire , on ly 28 % o f w h i c h were 

p l aced in category 3. 

D r a w i n g together all the informat ion , 

the scientists der ived risk assessments for 

e a c h cen t r e . T h e y e x p r e s s e d these in 

terms o f a damage i n d e x derived by divid­

ing the annual cos t o f repairing the dam­

age caused by c y c l o n e s (averaged over an 

infini te pe r iod o f t ime) by the initial cos t 

o f the bu i ld ings . Effects o f inflat ion were 

e l iminated f rom the ca lcu la t ions . 

Carnarvon sco red the h ighes t damage 
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This chart, which averages results for all 
the centres, shows that most damage can 
be expected from winds experienced 
infrequently. 

Large and dangerous errors 
can arise if damage risks 
are estimated solely on the 
basis of recent experiences. 

i ndex , m o r e than four t imes the f igure for 

Cai rns , w h i c h ach ieved the l owes t score 

(see the chart at r ight) . T h e figures for 

Br isbane and D a r w i n were a m o n g the 

lowes t . 

The rare mighty wind 

A m o n g the m a i n c o n c l u s i o n s that the sc i ­
entists draw f rom the study is that m o s t 
damage can b e expec ted f rom winds wi th 
strengths l ikely to b e encoun te red o n c e in 
a pe r iod o f 100 years or l o n g e r (see the 
chart above) . A related c o n c l u s i o n is that, 
typically, there is r ough ly a 5 0 % c h a n c e 
that average annual damage for any 20-

year per iod wi l l be less than 1 5 % o f the 
expec ted annual damage averaged over a 
very l o n g per iod o f t ime. 

Bo th these results demonstra te clearly 
that large and dangerous errors can arise i f 
damage risks are estimated so le ly o n the 
basis o f recent exper iences . In D a r w i n , 
w inds exper i enced dur ing C y c l o n e T r a c y 
were m o r e than three t imes as strong as 
any recorded dur ing the previous 20 years. 

A n o t h e r c o n c l u s i o n is that it is wise to 
bu i ld in sheltered l o c a t i o n s . In Q u e e n s ­
land, on ly 2 0 % o f the houses surveyed in 
the study were in the exposed loca t ions 
s ignif ied by terrain categor ies 1 and 2 . 
A c c o r d i n g to the ca lcu la t ions , h o w e v e r , 
they a c c o u n t for 6 0 % o f expec ted total 
damage . 

T h e scientists estimate that a h o u s e 
bui l t w i th sufficient strength to stand u p 
to a severe c y c l o n e cos ts 5—15% m o r e 
than an equivalent h o u s e c o n f o r m i n g to 
normal bu i ld ing c o d e s . T h e y have p rop­
osed a m e t h o d , based o n risk assessment , 
for dec id ing whether the bu i ld ing regula­
t ions for a particular centre s h o u l d insist 
o n the c o n s t r u c t i o n o f h i g h - s t r e n g t h 
h o u s e s . 

It i nvo lves w o r k i n g o u t hypothe t ica l 
d a m a g e ind ices for the centre , a s suming 
that all structures are in either strength 
category A (most at risk o f w i n d damage ) 
or ca tegory C (strong e n o u g h to withstand 
m o s t c y c l o n e s ) . T h e idea is that, i f a 
theoret ical change f rom type A to type C 
houses reduces a t o w n ' s damage index by 
m o r e than 1 5 % over a 30-year p e r i o d , 

These estimates of peak gust speeds and 
their frequency of occurrence for each 
centre were derived using existing wind 
records and a simulation technique. 

The annual damage index for the 
buildings in each centre represents the 
average annual cost of repairing cyclone 
damage as a proportion of the cost of the 
buildings. 

Houses like this, with reinforced 
concrete panel walls, stood up well 
against Tracy's battering. 

high-strength h o u s e s shou ld be insisted 
o n . 

T h e scientists ' ca lcu la t ions s h o w that 
this is the case in four o f the centres sur­
v e y e d — D a r w i n , Carna rvon , H e d l a n d 
and R o e b o u r n e Shire — and they sugges t 
that all houses bui l t there shou ld b e in the 
high-strength categor ies ( C , D , and E ) . A s 
it turns out , these are the centres that n o w 
h a v e the greatest p r o p o r t i o n s o f s u c h 
h o u s e s . T h e i r expe r i ence o f h i g h winds 
— rather recent expe r i ence in D a r w i n ' s 
case — has already p r o d u c e d an apprecia­
t ion o f the advantages o f b u i l d i n g for 
strength. 

Robert Lehane 

More about the topic 

A n assessment o f potent ia l c y c l o n e dam­
age to dwel l ings in Austral ia . R . H . 
Le ices te r , C . T . J. B u b b , C . D o r m a n , 
and F . D . Beresford. Proceedings of the 
Fifth International Conference on Wind 
Engineering, Colorado, U.S.A., July 
1979 (in press) . 

B u i l d i n g to resist t ropical c y c l o n e s . R . H . 
Le ices te r . Proceedings of the Annual 
Conference of the Australian Institute of 
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Building, Singapore, 1978, 1978. 
A statistical analysis o f the structural 

d a m a g e b y C y c l o n e T r a c y . R . H . 
Le i ce s t e r and G . F . Rea rdon . The Civil 
Engineering Transactions of the Insti­
tute of Engineers, Australia, 1976 , 18, 
5 0 - 4 . 

M e a s u r e m e n t o f w i n d loads wi th o n e -

th i rd - sca le m o d e l s t ruc tures . R . H . 

Le ices te r and B . T . H a w k i n s . Confer­

ence Papers, The Institution of En­

gineers, Australia, Diamond Jubilee 

Conference, Perth, 1979, 1979. 

C o m i n g to terms wi th c y c l o n e s . Ecos N o . 

5, 1975, 1 3 - 1 9 . 

Res i s t ance o f house-wal l sheet ing to fly­

i ng debris . P. U . A . G r o s s m a n and C . E . 
M a c k e n z i e . CSIRO Division of Build­
ing Research Technical Paper (Second 
Series) N o . 15, 1977. 

' W i n d D a m a g e in Austral ia — a Pictor ia l 
R e v i e w . ' R . H . L e i c e s t e r and G . F . 
Rea rdon . ( C S I R O D i v i s i o n o f Bui ld ­
ing R e s e a r c h : M e l b o u r n e 1976. ) 

Holding houses together 

A s part o f their assessment o f the d a m a g e 
c a u s e d by C y c l o n e T r a c y , D r Le ices t e r 
and his c o l l e a g u e M r G r e g R e a r d o n ( n o w 
in cha rge o f the C y c l o n e T e s t i n g Stat ion 
at James C o o k Univers i ty , T o w n s v i l l e ) 
m a d e r o u g h estimates o f the threshold 
w i n d speeds for different degrees o f dam­
age to houses . First , they used d a m a g e 
statistics to estimate the ve loc i t i e s o f the 
peak 3 - s e c o n d gusts expe r i enced in diffe­
rent parts o f D a r w i n dur ing the c y c l o n e ; 
in genera l , m a x i m u m gusts in the north­
e r n s u b u r b s , w h e r e t h e w i n d c a m e 
straight of f the o p e n sea o n t o a very flat 
p la in , w e r e assessed as be ing cons iderab ly 
s t ronger than those in the southern sub­
urbs . T h e n they used these gust-speed es­
t imates to assess the w i n d resis tance o f 
the h o u s e s . 

S o m e o f the one-third-scale houses used 
in wind-force tests. 

T h e threshold gust speed for loss o f all 
r o o f sheet ing f rom a h o u s e o n stilts — the 
traditional Austra l ian tropical d e s i g n — 
turned o u t to b e less than 150 k m per h , 
and for loss o f the entire r o o f structure 
about 160 k m per h . F o r loss o f half the 
wal ls , it was 170 k m per h. 

S i n g l e - s t o r e y g r o u n d - l e v e l h o u s e s 
fared better, particularly those wi th br ick 
walls . F o r t hem, the threshold speed for 
loss o f all r o o f sheet ing was about 170 k m 
per h, and for lo s s o f half the wal l s it was 
about 190 k m per h . 

T h e scientists no ted that the transit ion 
f rom m i n o r to major d a m a g e i n v o l v e d 
only a smal l increase in w i n d ve loc i t i e s . 
T h e y attribute this to the fact that, in 

houses bui l t by traditional co t tage c o n ­
struct ion m e t h o d s , any structural failure 
increases the poss ib i l i ty o f other failures 
occu r r ing . F o r example , loss o f the r o o f 
r educes the stability o f the wal l s . 

D r Le ices te r l ikens this type o f h o u s e to 
a series o f l inks in a cha in : i f o n e l ink fails, 
all the others can b e affected. H e suggests 
that this p r o b l e m c o u l d be o v e r c o m e by 
incorpora t ing rel iable ' ancho r structures' 
in bu i ld ings . T h e i r pu rpose w o u l d b e to 
ensure that, if o n e part o f a bu i ld ing — 
s u c h as the r o o f or a wal l — failed, c o l ­
lapse o f the w h o l e bu i ld ing w o u l d no t fo l ­
l o w . T y p i c a l l y they w o u l d b e frames, o f 
w o o d , steel, o r re inforced conc re t e , capa­
b l e o f wi ths tanding all the forces i m p o s e d 
b y a c y c l o n e wi thou t any assistance f rom 
the r o o f or wal l c l add ing . H e suggests that 
i n c l u s i o n o f a s o u n d a n c h o r s t ructure 
shou ld no t add m o r e than 5 % to the cos t o f 
a n e w h o u s e . 

In D a r w i n and s o m e o ther c y c l o n e -
p rone areas, the bu i ld ing approval p rocess 
n o w sets ou t to ensure that all n e w h o u s e s 
satisfy es tabl ished eng inee r ing standards 
for resis tance to cyc lone-s t rength w i n d s . 
T h e s e standards are m u c h tighter than 
t h o s e i m p o s e d b y t r a d i t i o n a l h o u s e ­
bu i ld ing regula t ions . 

T h e D a r w i n expe r i ence s h o w e d that 
eng ineered bu i ld ings resist s t rong w i n d s 
very successful ly . I n fact, there is a c o n ­
s i d e r a b l e b o d y o f o p i n i o n a m o n g en ­
gineers that current w ind- load ing c o d e s 
are t o o conservat ive w h e n appl ied to l o w -
rise structures s u c h as h o u s e s , and that 
bu i ld ing cos ts c o u l d be r educed i f they 
were m a d e m o r e realist ic. 

F o r a pro jec t a imed at assessing these 
c o d e s and , general ly, at f ind ing out m o r e 
about the nature o f the forces exerted o n 
bu i ld ings by w i n d s , D r Le ices te r and c o l ­
leagues at the D i v i s i o n o f B u i l d i n g R e ­
search have bui l t a v i l lage , e x p o s e d to 
M e l b o u r n e ' s w i n d s , o f m o v e a b l e , o n e -
third-scale h o u s e s . O n e o f them conta ins 
force-measur ing instruments . It c a n b e 
p laced o n its o w n or a m o n g the other 
h o u s e s , w h i c h c a n be arranged in any pat­

tern to p rov ide different degrees o f shie ld­
ing or w i n d channe l l ing . 

I n t h e i n s t r u m e n t e d h o u s e , l o a d -
sens ing pane ls are substi tuted for areas o f 
wal l or roof -c ladd ing . Measu remen t s are 
made c o n t i n u o u s l y and recorded , enab­
l ing the total w i n d effect o n the panels t o 
be der ived. 

In the past, m o s t in format ion o n w i n d 
load ings has b e e n ob ta ined f rom w i n d 
t unne l tests, u s i n g m o d e l h o u s e s n o t 
m u c h b igge r than c igar b o x e s . T h e Bui ld ­
ing R e s e a r c h team is p l ann ing a lso to 
c o n d u c t tests o f this k ind in a w i n d tunnel 
recent ly bui l t at the C S I R O D i v i s i o n o f 
M e c h a n i c a l Eng inee r ing . 

H o w e v e r , the m o d e l s used in w i n d tun­
nels are t o o smal l to b e ins t rumented in a 
manner g iv ing anything l ike the detail o n 
w i n d forces obta inable f rom, the scaled-
d o w n vi l lage . T h e m a i n difficulty wi th 
the v i l lage exper iments is that on ly the 
h o u s e s , n o t the w i n d , are at one- third 
sca le . T h i s g ives r ise to p r o b l e m s in inter­
pret ing the results. Early exper iments in­
dicate , h o w e v e r , that these p r o b l e m s c a n 
b e deal t wi th satisfactorily. 

T h e sc ien t i s t s a l s o c o n d u c t expe r i ­
ments to test the strength o f var ious struc­
tures and bu i ld ing materials. O n e exper­
imen t has s h o w n that the use o f p l y w o o d 
sheets na i led o n t o t imber wal l frames c a n 
p r o v i d e effect ive res is tance to c y c l o n e 
w i n d forces . I n other w o r k , the resis tance 
o f different types o f p l y w o o d and fibre-
c e m e n t sheet ing to damage f rom f lying 
debris has b e e n tested. Sharp and b lunt 
miss i l e s d r o p p e d f rom varying he igh t s 
s imula ted the wind-dr iven debris i n these 
tests. 

A cons ide rab le p ropor t ion o f the dam­
age and injury in c y c l o n e s is caused by 
f lying debr is . Even i f it was pos s ib l e to 
guarantee that h o u s e s w o u l d h o l d to ­
gether and no t f l ing parts o f their roofs or 
wal l s at n e i g h b o u r i n g h o u s e s , this danger 
w o u l d remain . C y c l o n e s make a very g o o d 
j o b o f p i c k i n g u p caravans, garden sheds, 
o i l d rums , and m u c h e lse , and o f toss ing 
t h e m at h o u s e s . 
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