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IMPROVEMENT OF LOW-COST HOUSING IN FIJI 

TO WITHSTAND HURRICANES AND EARTHQUAKES

I .  INTRODUCTION

BACKGROUND

As r e c e n t  hurricanes  have demonstrated,  the major i ty  o f  F i j ia n s  
r e s i d e  i n  h o u s e s  v u l n e r a b l e  t o  damage from hurricanes and, to a 
l e s s e r  e x t e n t ,  e a r t h q u a k e s .  Most o f  the bu i ld ings  do not meet the 
s t a n d a r d s  o f  t h e  F i j i a n  Building Codes.  The major i ty  o f  the people 
o u t s i d e  Suva r e s i d e  i n  n o n - e n g  ineered b u i ld in g s ,  i . e . ,  bu i ld ings  
w h i c h  a r e  c o n s t r u c t e d  by the owners or by l o c a l  bu i ld ing  tradesmen 
w i t h o u t  e x t e n s i v e  a r c h i t e c t u r a l  or engineering input and with only 
l imited  use o f  d i s a s te r  r e s i s ta n t  co n s tr u c t i o n  techniques .

The repeated hurricanes  have placed an enormous f in a n c ia l  burden 
on t h e  c o u n t r y .  Reconstruct ion cos ts  account for  a s i z a b le  por t ion  
o f  e a c h  y e a r ' s  f o r e i g n  a i d  b u d g e t .  Each re c o n s tru c t i o n  program 
r e p r e s e n t s  valuable resources  that must be d iverted  from development 
s c h e m e s .  Fur t he r mo r e ,  as the country modernizes and the investment 
i n  h o u s i n g  i n c r e a s e s ,  t h e  p o t e n t i a l  c o s ts  o f  r e c o n s t ru c t i o n  grow 
p r o p o r t i o n a l l y .

In 1980 t he  So ut h  P a c i f i c  Bur e au  f o r  Economic Cooperation 
( S P E C ) ,  i n  response to the d i s a s te r  threats in F i j i  as well  as other 
P a c i f i c  n a t i o n s ,  c a l l e d  f o r  t h e  e s t a b l i s h m e n t  o f  d i s a s t e r  
p r e p a r e d n e s s  m e a s u r e s  i n  t h e  r e g i o n .  At a Disaster  Preparedness 
P l a n n i n g  C o n f e r e n c e  i n  Suva i n  1 9 7 9 ,  t h e  h o u s i n g  s e c t o r  was 
i d e n t i f i e d  as a p r i o r i t y  area f o r  a c t i o n .

In  s u p p o r t  o f  t h e s e  o b j e c t i v e s ,  INTERTECT was retained by the 
O f f i c e  o f  U.S.  Foreign D isaster  A ss is tance ,  Agency f o r  Internat iona l  
D e v e l o p m e n t  , t o  c o n d u c t  a s u r v e y  o f  low-cost  housing in F i j i  and 
t h r e e  o t h e r  c o u n t r i e s  to determine i t s  v u l n e r a b i l i t y  to hurricanes 
and earthquakes. The o b j e c t i v e s  o f  the F i j i  study were:

A.  To s u r v e y  the low er-cos t  housing o f  F i j i  and the con s tr u c ­
t ion  techniques used in order to :

1. C la s s i f y  the various bu i ld ing  types ,  and

2. Analyze the r e l a t i v e  v u l n e r a b i l i t y  o f  each type o f  
bu i ld ing  to hurricanes and earthquakes.

B. To d e t e r m i n e  design changes,  improvements in the con s tr u c ­
t i o n  p ro c e ss ,  and improvements in the use o f  l o c a l  bu i ld ing  
m a t e r i a l s  t h a t  c a n  make the housing more wind and earth­
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quake  r e s i s t a n t ,  yet remain a f fo r d a b le  to the major ity  o f  
people res id in g  in these b u i ld in g s .

C. To make r e c o m m e n d a t i o n s  f o r  d isseminat ion o f  information 
about c o n s tr u c t ion  methods to pro te c t  bu i ld ings

1. i n  s h o r t - n o t i c e  o r  e me r g e nc y  s i tu a t io n s  ( in c lu d in g  
i n s t r u c t i o n s  that can be disseminated when a hurricane 
t h r e a t e n s ,  methods  f o r  improving s a fe t y ,  and techni ­
ques  f o r  r e d u c i n g  damage and strengthening bui ld ings  
t o  b e t t e r  withstand hurricane and earthquake f o r c e s ) ;

2. t h r o u g h  s e l f - h e l p  progress ive  upgrading act ions  ( i n ­
c l u d i n g  s u g g e s t i o n s  on how e x i s t in g  bu i ld ings  can be 
im proved  and made sa fer  through m o d i f i ca t ion  or r e t r o ­
f i t t i n g  m e a s u r e s  as p a r t  o f  no r ma l  upgrading and

-m aintenance ) ;  and

3. t h r o u g h  c h a n g e s  i n  d e s i g n  and co n s tr u c t i o n  o f  new 
bu i ld ings  .

D. To a s s e s s  the impact o f  recent  re c o n s t ru c t i o n  programs and 
determine the ir  c o n t r ib u t io n  to v u l n e r a b i l i t y  reduc t ion .

DEFINITION OF TERMS

The f o l l o w i n g  a r e  b r i e f  d e f i n i t i o n s  o f  the terms used in th is  
r e p o r t :

A. T r a d i t i o n a l  H o u s i n g : i n d i g e n o u s  modes and s ty le s  o f
h o u s i n g  u s i n g  l o c a l  t r a d i t i o n s ,  s k i l l s  and techniques .  
T r a d i t i o n a l  housing can be i d e n t i f i e d  by a p a r t i c u la r  s ty le  
o r  d e s i g n  o f  c o n s t r u c t i o n ,  by popular f e a tu re s ,  and/or by 
the bu i ld in g  methods used.

B. N o n - E n g i n e e r e d  B u i l d i n g s : those s tructures  b u i l t  e i th er  
by h o m e o w n e rs  o r  by l o c a l  bu i ld ing  tradesmen such as c a r ­
p e n t e r s  and masons  without formal a r c h i t e c tu r a l  or eng i ­
n e e r i n g  i n p u t s  i n t o  t h e  des ign  or c o n s tr u c t ion  p rocess .  
For  th e  p u r p o s e s  o f  t h i s  r e p o r t ,  the term only inc ludes  
t h o s e  s t r u c t u r e s  which could  be cons idered formal houses; 
i t  d o e s  n o t  i n c l u d e  th e  t e m p o r a r y ,  makeshift  dwell ings  
o f t e n  used by fam i l ie s  in squatter sett lements p r io r  to the 
c o n s t r u c t i o n  o f  a more  formal  house.  Buildings  erected  
u n d e r  h o u s in g  schemes or those b u i l t  according  to plans or 
d r a w i n g s  p r e p a r e d  by h o u s i n g  i n s t i t u t i o n s  ( e . g . ,  the 
H o u s i n g  A u t h o r i t y )  a r e  n o t  i n c l u d e d  i n  t h i s  t e r m .
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c.  T r a n s i t i o n a l  H ous ing : There are two types o f  t r a n s i t i o n ­
a l  b u i l d i n g s .  The f i r s t  are  s tructures  that use a com­
b i n a t i o n  o f  t r a d i t i o n a l  and manufactured materials  in a 
mo de r n  h o us e  form. The second are s tructures  that are not 
c o n s i d e r e d  permanent or " formal"  houses by th e ir  occupants .  
T h e s e  a r e  usual ly  wood frame bu i ld in gs  found in peri -urban 
areas .

D. V u l n e r a b i l i t y : a c o n d i t i o n  wherein human settlements or
b u i l d i n g s  are exposed to a d i s a s te r  by v i r tu e  o f  the ir  con­
s t r u c t i o n  or proximity to hazardous t e r r a i n .  Buildings  are 
c o n s i d e r e d  v u l n e r a b l e  i f  they cannot withstand the fo rces  
o f  h i g h  winds or earthquakes.  Communities in unprotected ,  
l o w l y i n g  co a s ta l  areas exposed to hurr icanes ,  or in seismic 
a r e a s  whe r e  a l a r g e  p r o p o r t i o n  o f  the structures  cannot 
w i t h s t a n d  t he  f o r c e s  o f  an earthquake ,  are considered 
"vu lnerab le  communities" .

E. D i s a s t e r  R e s i s t a n t  C o n s t r u c t i o n : a term used to denote 
the  d e g r e e  to which a structure  can be made more r es is ta n t  
t o  ( o r  s a f e  f r o m )  c e r t a i n  n a t u r a l  phenomena. The term 
r e c o g n i z e s  that no bu i ld ing  can be cons idered t o t a l l y  saf e ,  
but  t h a t  c e r t a i n  steps can be taken to improve performance 
or s u r v i v a b i l i t y .

F. R i s k : t he  r e l a t i v e  degree  of  p r o b a b i l i t y  that a hazard­
ous e v e n t  w i l l  o c c u r .  An a c t iv e  fa u l t  zone, fo r  example, 
would be an area o f  high r i s k .

G. H o u s i n g  M o d i f i c a t i o n : changes in the co n f ig u r a t io n  o f  an
e x i s t i n g  bu i ld ing  to make i t  s t ronger .  M od i f i ca t ions  might 
include  changing the p i tch  o f  the r o o f ,  adding a room, e t c .

H. R e t r o f i t t i n g : t he  p r o c e s s  o f  i n s t a l l i n g  add i t ion a l  sup­
p o r t s  o r  a l t e r i n g  c o mp o ne nt s  o f  an e x i s t in g  bu i ld ing  in 
order to make i t  more d i s a s te r  r e s i s t a n t .

I .  D e s i g n  Cha ng e s  : t he  process o f  a l t e r in g  the design o f  a
s t r u c t u r e  b e f o r e  i t  i s  e r e c t e d  to make i t  more d i s a s te r  
r e s i s t a n t .

J. H o u s i n g  E d u c a t i o n : i n s t r u c t i o n  f o r  homeowners or b u i ld ­
e r s  on how t o  b u i l d  a s a f e r  o r  more d i s a s te r  r es is ta n t  
hou se .

K. P r o g r e s s i v e  U pgrad ing : systematic improvements to e x i s t ­
i n g  b u i l d i n g s  t o  i n c r e a s e  d i s a s te r  r e s i s t a n c e .  Measures 
may include m od i f i ca t ion s  and/or r e t r o f i t t i n g .
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KEY ISSUES

T h e r e  a r e  a number o f  housing issues  that must be addressed in 
o r d e r  t o  s u c c e s s f u l l y  conduct v u l n e r a b i l i t y  reduct ion  e f f o r t s .  These 
i n c l u d e :

A. Land T e n u r e  : Land t e n u r e  problems in F i j i  date back to
1879 when i n d e n t u r e d  laborers  from India were imported to 
wor k  i n  a g r i c u l t u r e ,  e s p e c i a l l y  in the sugar cane f i e l d s .  
At t h a t  t i me  a p o l i c y  was es tab l ished  to pro tec t  native 
F i j i a n s '  l a n d  r i g h t s .  Wi t h t he  except ion  o f  a l imited 
amount  o f  Crown Land and an even smaller amount o f  f reeho ld  
l a n d ,  a l l  r e a l  e s t a t e  i s  owned and c o n t r o l l e d  by native 
F i j i a n s  i n  communal  land-owning units c a l l e d  Mataqualis , 
u n d e r  t h e  s u p e r v i s i o n  o f  t he  N a t i v e  Land Trust Board. 
Native F i j ia n s  own 82% o f  the land.

The indentured laborers  who came to F i j i  could  e l e c t  to r e ­
mai n i n  t h e  c o u n t r y  at the end o f  a 10-year p e r io d .  The 
m a j o r i t y  d i d  s o ,  c o n t i n u i n g  to farm land leased from the 
F i j i a n s .  In f o l l o w i n g  y e a r s ,  the Indian populat ion in ­
c r e a s e d  d r a m a t i c a l l y ,  and today approximately h a l f  o f  the 
t o ta l  populat ion  o f  F i j i  is  o f  Indian o r i g i n .

The d i f f e r i n g  l i f e s t y l e s  and c u l tu r a l  backgrounds o f  the 
two g r o u p s  h a v e  c r e a t e d  a number of  problems which in ­
f l u e n c e  housing and v u l n e r a b i l i t y  reduct ion  d e c i s i o n s .  The 
f i r s t  i s  t h a t  t he  m a j o r i t y  o f  people have only l imited  
a c c e s s  to land ownership.  Even with long-term l e a s e s ,  many 
I n d i a n s  f e e l  in s e c u r e  on the land they occupy and are un­
w i l l i n g  t o  make e x t e n s i v e  investments in housing.  This 
means t h a t  l a r g e  numbers o f  people in t e n t i o n a l l y  l i v e  in 
bui ld ings  o f  a lower qu al i ty  than they can a f f o r d .

The second problem is  that ,  without the p o s s i b i l i t y  o f  land 
o w n e r s h i p ,  the ch i ldren  o f  some Indian farmers are un w i l l ­
in g  t o  r e m a in  on th e  land,  and move to the c i t i e s .  This 
i n c r e a s e s  h o u s i n g  demand in areas where land development 
and c o n s t r u c t i o n  costs  are much h igher .

F i n a l l y ,  the d i f f e r e n t i a t i o n  between the races in housing,  
as w e l l  as  i n  many other  f i e l d s ,  has led to the predomi­
n a n c e  o f  o ne  e t hn i c  group or the other in various  govern­
ment  d e p a r t m e n t s .  For  example, the Housing Authority  is  
p r e d o m i n a n t l y  an Ind i  a n - s  ta f  f  ed o rg a n iza t io n ,  while the 
Pr i me  M i n i s t e r ' s  R e l i e f  & R e h a b i l i ta t i o n  Committee (the 
o r g a n i z a t i o n  t hat  provides  housing in the rural  areas and 
o u t e r  i s l a n d s )  i s  p r e d o mi n a n t l y  nat ive F i j i a n .  The by­
p r o d u c t  o f  t h i s  is  compet it ion  f o r  re so u r ce s ,  some d u p l i ­
c a t i o n  o f  s e r v i c e s ,  and p ro v i s i o n  o f  housing under unequal 
terras f o r  d i f f e r e n t  groups o f  peop le .
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B. R i s i n g  E x p e c t a t i o n s : In the
b e e n  a m a j o r  change in housing 
and Indian fam i l ie s  have rap id ly  
much h i g h e r  standard o f  l i v i n g ,  
b u i l d i n g s  r e f l e c t i n g  this  change 
b u i l d i n g  t y p e s  a r e  c o n c r e t e  
h o u s e s .

la s t  two decades there has 
s t y l e .  Both native  F i j ia n  
modernized and developed a 

In housing the demand for 
is  h igh .  The most popular 

b lock  houses and wood panel

T h e s e  r i s i n g  expectat ions  lead to severa l  re la ted  problems. 
F i r s t ,  th e  b u i l d i n g  materials  required fo r  these housing 
s t y l e s  must be imported in s i g n i f i c a n t  q u a n t i t i e s .  Timber 
b o a r d  p r o d u c t s ,  asbestos  cement panels and sheets ,  g la s s ,  
n a i l s ,  l o u v e r e d  window frames,  f i x t u r e s  and s t e e l  products 
su c h  as c o r r u g a t e d  iron ro o f in g  sheets and metal r e i n f o r ­
c i n g  r o d s  a r e  a l l  i m p o r t e d .  This creates  a s i g n i f i c a n t  
b a l a n c e  o f  p a y m e n ts  p r o b l e m  and i n c r e a s e s  the cos t  o f  
h o u s e s .  Thus i t  i s  important that the government not only 
r e d u c e  co s t s  in housing but p ro tec t  the nat ional  investment 
in  h o u s i n g  from a d i s a s te r  which would increase demand and 
further  increase  co s t s  and balance o f  payment problems.

C. I n c r e a s i n g  V u l n e r a b i l i t y : Another problem is  that many
o f  t h e  s t r u c t u r e s  prov ided  under government programs are 
a l s o  v u l n e r a b l e .  Some o f  th e  b u i ld in g s  are poor ly  de­
s i g n e d ,  many use  l o w - q u a l i t y  m a ter ia ls ,  and the way they 
a r e  e r e c t e d  in communities may a c t u a l ly  increase  the speed 
o f  winds channeled between s t r u c tu r e s .

A p r o b l e m  r e l a t e d  t o  r i s i n g  e x p e c t a t i o n s  is  that the 
g o v e r n m e n t  cannot curren t ly  meet demands for  modern b u i ld ­
i n g s  t h r o u g h  i t s  housing programs. Thus many people bu i ld  
t h e i r  own s t r u c t u r e s ,  o f t en  without adequate supervis ion  
and using fa u l ty  c o n s tr u c t ion  techniques .

Many o f  t h e s e  b u i l d i n g s  are h ighly  vulnerable  to hazards 
a n d ,  b e c a u s e  th ey  are heavier than t r a d i t i o n a l  b u i ld in g s ,  
th e  l i k e l i h o o d  o f  p e r s o n a l  in jury  is  increased should a 
bu i ld ing  c o l l a p s e  occur .

D* Low P r o d u c t - t o - C o s t  R a t i o : The f in a l  d e l ivered  cos t  o f
many o f  th e  h o u s e s  prov ided under government housing and 
r e h o u s i n g  schemes is  far above the real  value o f  the b u i ld ­
i n g s .  The h o u s i n g  p r o d u c t i o n  methods se le c te d  and the 
s t r a t e g i e s  f o r  r e p l a c i n g  damaged bu i ld ings  should be r e ­
e x a m i n e d .  M eth od s  f o r  in c o r p o r a t in g  a larger  amount o f  
i n d i g e n o u s  b u i l d i n g  m a t e r i a l s  and methods which re ly  on 
s e l f - h e l p  should be cons idered .
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OBSTACLES TO VULNERABILITY REDUCTION

A. L e v e l  o f  B u i l d i n g  S k i l l s : The l e v e l  o f  bu i ld ing  s k i l l s
v a r i e s  g r e a t l y  throughout the country .  In urban areas the 
m a j o r i t y  o f  c on trac to rs  are Indian,  and some have attained 
a v e r y  h i g h  q u a l i t y  o f  c o n s tr u c t i o n  e x p e r t i s e .  In rural  
a r e a s  t h e r e  a r e  f e w e r  Indian co n tr ac to rs  and more F i j i a n  
c a r p e n t e r s  and m a s o n s .  As d i s t a n c e  increases  from the 
m a j o r  c i t i e s ,  the l e v e l  o f  s k i l l s  decreases dram at ica l ly .  
C o u p l e d  w i t h  p o o r  qu a l i ty  bu i ld ing  materials  and the lack 
o f  q u a l i t y  c o n t r o l ,  t h i s  con tr ibu tes  to the e r e c t i o n  o f  
f a i r l y  weak b u i ld in g s .  In a l l  s ec tors  o f  housing construc ­
t i o n  t h e r e  i s  a g e n e r a l  n e e d  t o  upgrade the qu al i ty  of  
w o r k m a n s h ip  and to expand knowledge about d i s a s te r  r e s i s ­
tant t e ch n iq u es .

B. L ack  o f  T e c h n i c a l  Ass istance  in Rural Areas : In Suva and
o t h e r  m a j o r  c i t i e s  a number o f  i n s t i t u t i o n s  and organiza­
t i o n s  ca n  provide guidance,  adv ice  or superv is ion  to those 
b u i l d i n g  new h o u s e s .  O u t s i d e  o f  these areas ,  however, 
t e c h n i c a l  a ss is tan ce  is  d i f f i c u l t  to o b ta in .  T h e o r e t i c a l ­
l y ,  t e c h n i c a l  a s s i s t a n c e  is  a v a i la b le  from Publ ic  Health 
I n s p e c t o r s  but ,  in f a c t ,  th e i r  area o f  in te r e s t  i s  l imited  
t o  th e  i n s t a l l a t i o n  o f  sanitary  f a c i l i t i e s ,  and v i r t u a l l y  
no e f f e c t i v e  b u i ld in g  in sp ec t i on  is  provided o f f  the four 
main i s la n d s .  In order to reduce v u l n e r a b i l i t y ,  i t  w i l l  be 
n e c e s s a r y  t o  d e v e l o p  an i n f r a s t r u c t u r e  fo r  p rov is ion  o f  
t e c h n i c a l  a s s i s t a n c e .  Organizations from both the govern­
ment and the p r ivate  se c to r  should be invo lved .

C. T r a n s p o r t a t i o n : P r e s e n t  housing approaches require  that
l a r g e  amounts o f  bu i ld ing  materials  be shipped from d i s t r i ­
b u t i o n  p o i n t s  on V i t i  Levu to the other i s la n d s .  Due to 
th e  s m a l l  s i z e  o f  th e  transport ing  v e s s e l s ,  long waiting 
p e r i o d s  resu l t  be fore  a house can be assembled.  For normal 
c o n s t r u c t i o n ,  these  delays are t o l e r a b l e ;  however, in the 
a f t e r m a t h  o f  a d i s a s te r  the delays  increase  recovery  time 
f a r  b e y o n d  reasonable e x p e c ta t i o n s .  Any increased housing 
c o s t  i s  an o b s t a c l e  t o  v u l n e r a b i l i t y  r e d u c t i o n .
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I I .  RISK IN FIJI

HURRICANE RISK

F i j i  i s  s i t u a t e d  in one o f  the most a c t iv e  hurricane regions  in 
t h e  w o r l d .  W i t h i n  t he  l a s t  d e c a d e ,  four hurr icanes  and numerous 
t r o p i c a l  s t o r m s  have struck the i s la n d s .  The c a s u a l t i e s  and damage 
i n  e a c h  h u rr i ca n e  underscore the v u l n e r a b i l i t y  o f  the populat ion and 
show t h a t  a m a j o r i t y  o f  housing cannot withstand the fo r ces  o f  high 
winds .

Hurricanes threaten housing in four bas ic  ways:

----- Damage or c o l l a p s e  re s u l t in g  from the for ces
o f  high winds;

----- Inundation from storm surges (popu lar ly  known
as t id a l  waves) a f f e c t i n g  lowlying coas ta l  
a r e a s ;

----- Inundation from f lo o d in g  caused by the high
r a i n f a l l  accompanying the storm; and

----- Damage re su l t in g  from la n d s l id e s ,  mudslides
or other displacements caused by super­
saturat ion  o f  the s o i l  by heavy r a i n f a l l .

A l l  o f  t h e s e  e x i s t  in F i j i ,  and many is lands  are threatened by 
two or more o f  these hazards .

F i g u r e  2 d e p i c t s  t he  t r a c k s  o f  hurricanes  which have struck 
F i j i  i n  t h e  l a s t  30 y e a r s .  Figure 3 d e p i c t s  a c r o s s - s e c t i o n  o f  a 
t y p i c a l  h u r r i c a n e ,  s h o w i n g  t he  se c to rs  o f  the storm system which 
p r o d u c e  t he  mos t  damage. I t  can be seen from this  drawing that the 
band o f  d e s t r u c t i o n  can be f a i r l y  wide,  o f ten  spanning a diameter o f  
up t o  100 m i l e s .  B e c a u s e  o f  t he  r e l a t i v e l y  small  s i z e  o f  the 
c o u n t r y ,  as w e l l  as  t he  number  o f  s m a l l  i s l a n d s ,  no areas are 
completely  safe from high winds.

F i g u r e  4 shows  t h o s e  a r e a s  on t he  l a r g e s t  is lands that are 
s u s c e p t i b l e  t o  f l o o d i n g  and l a n d s l i d e s .  Damage caused by storm 
s u r g e s ,  f l o o d in g  or lands l ides  is  pr imari ly  a s i t i n g  problem and thus 
is  beyond the scope o f  th is  r e p o r t .

Hi gh w i n d s  can cause extensive  damage in any type o f  s t ru c tu re ,  
bu t  g e n e r a l l y  l ightweight  b u i ld in g s ,  e s p e c i a l l y  those made o f  t r a d i ­
t i o n a l  m a t e r i a l s ,  are more su sce p t ib le  to damage i f  bas ic  hurricane 
r e s i s t a n t  bu i ld ing  fea tures  are not incorporated into  the design and 
c o n s t r u c t i o n .  B e c a u s e  the major ity  o f  bu i ld ings  outs ide  the major 
c i t i e s  a r e  b u i l t  with l i t t l e  engineering  input and the major ity  are
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t r a n s i t i o n a l  ( i . e . ,  they use a combination o f  manufactured and i n d i ­
g e n o u s  m a t e r i a l s  in a modern form),  they o f t e n  do not have adequate 
r e s i s t a n c e  to high winds.

EARTHQUAKE RISK

Dama g i ng  earthquakes have occurred in F i j i  in 1850 near Kandavu 
and i n  1869  i n  e a s t e r n  V i t i  Levu. In th i s  century ,  smaller earth­
q u a k e s  were reported  in Mba, Ovalau Is la n d ,  Tenuloa,  and the southern 
p a r t  o f  K o r o .  In  September 1953, Suva was struck by a large  ear th -  
e a r t h q u a k e  m e a s u r i n g  6.75 on the M e r c a l l i  Sca le ,  causing extensive  
damage  and t h e  l o s s  o f  s e v e r a l  l i v e s .  Less damaging earthquakes 
occurred near Suva in 1961 and 1975.

F i j i  i s  s i t u a t e d  n e a r  the northeastern  edge o f  the Austra l ian  
P l a t e ,  c l o s e  to where i t  abuts the P a c i f i c  P late  ( see  Figure 5 ) .  I t  
i s  t h e  r e l a t i v e  movement along th is  j o i n t u r e  or " f a u l t "  that causes 
the earthquakes which p e r i o d i c a l l y  a f f e c t  the country .

Earthquakes threaten housing in three ways:

----- Forces generated by ground-shaking ;

----- L iq u e f a c t i o n  (This c o n d i t i o n  occurs  with
lo o s e ly -p a ck e d  sandy s o i l s  having a high 
moisture co n te n t .  When the s o i l s  are v ib ra ted  
by an earthquake,  the water moves upward and 
turns the s o i l s  in to  a com pos i t ion  l ik e  
quicksand, a l low ing  b u i ld in g s  on the surface  
to p a r t i a l l y  sink or s e t t l e . ) ;  and

----- Secondary e f f e c t s ,  such as la n d s l id e s  or
'  tsunamis ( s e i s m ic a l l y - g e n e r a t e d  sea waves) .

Damage f r o m  s e co n d a ry  e f f e c t s  i s  a concern in var ious  parts oi 
t h e  l a r g e r  i s l a n d s  due to the types o f  s o i l  and the s i t i n g  o f  man} 
c o m m u n i t i e s  a l o n g  t h e  s h o r e l i n e .  Damage from a tsunami occurred 
a f t e r  the Suva earthquake o f  1953.

By l o c a t i n g  the major fa u l t  systems and examining the h i s t o r y  o f  
e a r t h q u a k e s  t h r o u g h o u t  the i s l a n d s ,  i t  i s  p o s s ib le  to i d e n t i f y  the 
r e l a t i v e  p o t e n t i a l  f o r  recurrence  o f  se ismic a c t i v i t y .  Se ism ic i ty  in 
t h e  F i j i  i s l a n d s  i s  i n f l u e n c e d  by two f a c t o r s .  The f i r s t  i s the 
a c t i v i t y  a l o n g  t h e  Tonga/Kermadek trench system, and the second is  
t h e  a c t i v e  system o f  f r a c tu re s  that separates  the New Hebrides is land  
arc from the Tonga i s land  a rc .

Mo s t  o f  t h e  earthquakes  in th i s  reg ion  occur  at depths o f  over 
600 k i l o m e t e r s ;  t h e r e f o r e  they are not f e l t  s t ro n g ly  at the surface 
and do n o t  r e p r e s e n t  a s i g n i f i c a n t  r i s k .  The shal low earthquakes,
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h o w e v e r ,  a r e  o f  more  c o n c e r n .  The recent  i n s t a l l a t i o n  o f  a l o ca l  
m ic r o -e a r th q u a k e  d e te c t i o n  network, operated by the Mineral Resources 
D e p a r t m e n t  o f  F i j i ,  has  enabled the accurate  recording  o f  smaller 
e a r t h q u a k e s  and g i v e s  an i n d i c a t i o n  as to where seismic a c t i v i t y  
could  be expected .

F i g u r e  6 p r e s e n t s  th e  seismic zones; however,  th is  chart only 
shows r e c e n t l y  r e c o r d e d  d a t a  and should only be considered as an 
i n d i c a t i o n  o f  where current a c t i v i t y  i s  being f e l t .  I t  i s  important 
t o  remember  t h a t  a s trong  earthquake could  occur at any time in an 
a r e a  n o t  now a c t i v e  and that F i j i  i s  r e l a t i v e l y  small ,  thus a very 
l a r g e  m a g n i t u d e  e a r t h q u a k e  in  the more a c t i v e  eastern zone could 
p o s s ib ly  be f e l t  on many i s la n d s .

The b u i l d i n g s  m ost  s u s c e p t ib l e  to damage from earthquakes are 
h e a v y  b u i l d i n g s ,  e s p e c i a l l y  m u l t i - s t o r y  s tructures  and those made of  
c o n c r e t e  b l o c k  o r  p a n e l s .  The s e i s m i c  a c t i v i t y  recorded in the 
i s l a n d s  i n d i c a t e s  t h a t  i t  i s  important to improve the qual i ty  of  
c o n s t r u c t i o n  o f  large bu i ld ings  and those made from lo ca l ly -produ ced  
c o n c r e t e  b l o c k s  i n  ru r a l  areas and on the outer i s l a n d s .  The con­
s t r u c t i o n  o f  two-s tory  dwel l ings  with the lower s tory  b u i l t  o f  unre­
i n f o r c e d  c o n c r e t e  b l o c k  i s  a d a n g e r o u s  p r a c t i c e  in a l l  areas .  
F u r t h e r m o r e ,  because  s o i l s  and foundation con d i t i on s  vary co n s id e r ­
a b l y  t h r o u g h o u t  th e  i s l a n d s ,  i t  i s  im p o r t a n t  that c a re fu l  s o i l  
s tudies  be ca rr ied  out p r io r  to e r e c t i o n  o f  a m u l t i - s t o r y  b u i ld in g .

ESTABLISHING PRIORITY AREAS FOR VULNERABILITY REDUCTION

As a general  r u l e ,  comprehensive v u l n e r a b i l i t y  reduct ion e f f o r t s  
s h o u l d  be i n i t i a t e d  in areas where there are c e r ta in  in d ica to rs  that 
s u ch  e f f o r t s  w i l l  succeed .  Among the in d i ca to rs  are areas where new 
c o n s t r u c t i o n  is  o ccurr ing  (such as the growth areas around c i t i e s  and 
t o w n s ) ,  a r e a s  w here  a g r i c u l t u r a l  a c t i v i t i e s  are strong and where 
m i g r a t i o n  f r o m  r u r a l  t o  urban areas i s  minimal, and areas where a 
t h r e a t  f r o m  a d i s a s t e r  is  perceived as being a major problem to the 
m a j o r i t y  o f  homeowners within the reg ion .  Thus, by examining demo­
g r a p h i c  t r e n d s  and d e n s i t y ,  and areas o f  economic growth,  p r i o r i t y  
a r e a s  fo r  e s ta b l i s h in g  v u l n e r a b i l i t y  reduct ion  e f f o r t s  can be i d e n t i ­
f i e d  .

Due t o  th e  widespread nature o f  a d i s a s te r  th rea t ,  and the fa c t  
t h a t  no a r e a  i s  c o m p l e t e l y  w i t h o u t  some degree o f  v u l n e r a b i l i t y ,  
p r i o r i t i e s  f o r  v u l n e r a b i l i t y  reduct ion  must be set on the bas is  o f  
o p e r a t i o n a l  c o n s i d e r a t i o n s .  Because the outer is lands  take so long 
t o  s u p p l y  and r e b u i ld ,  a f i r s t  p r i o r i t y  should be to upgrade housing 
m  t h e s e  areas .  Coastal  settlements should r e c e iv e  a higher  p r i o r i t y  
th a n  inland communities due to th e ir  increased exposure to hurricanes 
and t o  w e a k e r  s o i l  con d i t ion s  that would make bu i ld ings  s i tuated  in 
these areas more vulnerable  to earthquakes.
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The s e c o n d  p r i o r i t y  should be to focus a t t e n t io n  on the vulner­
a b i l i t y  o f  p e r s o n s  i n  l o w - l y i n g ,  rap id ly  urbanizing areas around 
Su v a ,  e s p e c i a l l y  those with a past h i s t o r y  o f  f l o o d i n g .  ( i n  addit ion  
t o  b u i l d i n g  i m p r o v e m e n t s ,  f l o o d  c o n t r o l  e f f o r t s  should a lso  be 
e x p l o r e d . )
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I I I .  CONTEMPORARY HOUSING AND HOUSING TRENDS

CONTEMPORARY LOW-COST HOUSING

L o w - c o s t  h o u s i n g  in  F i j i  can be c l a s s i f i e d  into  one o f  three
c a t e g o r i e s :  t r a d i t i o n a l ,  t r a n s i t i o n a l  or formal housing.%
A. T rad i t ion a l  Housing

The t r a d i t i o n a l  house or bure is  considered by many to be one of  
th e  mo s t  b e a u t i f u l  t r a d i t i o n a l  h o u s i n g  forms in the world.  
A r c h i t e c t u r a l  h i s t o r i a n s  h a v e  i d e n t i f i e d  over 30 indiv idual  
t y p e s  o f  b u r e s  i n  t he  i s la n d s ,  many with i n t r i c a t e  s t ruc tura l  
f e a t u r e s  and o r n a t e l y  appointed i n t e r i o r s .  S t r u c tu r a l ly ,  most 
b u r e  d e s i g n s  b u i l t  with t r a d i t i o n a l  c on s t r u c t i o n  methods resu l t  
i n  v e r y  s trong ,  d i s a s te r  re s i s t a n t  b u i ld in g s .  Unfortunately,  in 
many o f  the newer bures that f o l l o w  t r a d i t i o n a l  des igns ,  severa l  
s h o r t c u t s  have been used to speed the bu i ld ing  process and these 
have increased the bures '  v u l n e r a b i l i t y .

B. T ran s i t ion a l  Housing

T r a n s i t i o n a l  h o u s e s  a r e  b u i ld in g s  that i l l u s t r a t e  the a r c h i ­
t e c t u r a l  t r a n s i t i o n  b e t w e e n  t r a d i t i o n a l  bu i ld ings  and more 
mo de r n  forms,  or bu i ld ings  which are temporary or interim s t r u c ­
t u r e s  e r e c t e d  by f a m i l i e s  u n t i l  they can a f f o r d  more formal 
h o u s e s .  The most popular forms in F i j i a n  v i l l a g e s  are bu i ld ings  
t h a t  h a v e  sawn timber frames covered with t r a d i t i o n a l  mats with 
c o r r u g a t e d  iron ( C . I . )  sheets on the r o o f .  Metal houses made o f
C . I .  s h e e t s  a t t a c h e d  t o  wooden p o s t s ,  and various  wood frame 
h o u s e s  w i t h  pal m b o a r d  s i d i n g  and metal r o o f s ,  are the most 
p o p u l a r  t r a n s i t i o n a l  bu i ld ings  in Indian communities and urban 
areas .

C. Formal Low-Cost Housing

Fo r mal  h o u s i n g  c a n  be further  subdivided into  owner-bui l t  and 
g o v e r nme n t -  a i d ed h o u s i n g .  Owner-built housing c o n s i s t s  o f  a 
v a r i e t y  o f  c o n c r e t e  b l o c k  designs  and more formal wood frame 
h o u s e s .  (The usual means o f  determining i f  a house is  formal or 
t r a n s i t i o n a l  i s  by whether or not i t  has i n t e r i o r  running water 
and sanitary  f a c i l i t i e s . )

Go v ernme n t -a id e d  housing is  pr imari ly  provided by two agenc ies :  
the  H o u s i n g  A u t h o r i t y ,  and t he  Pr i me  M i n i s t e r ' s  R e l i e f  & 
R eh a b i l i ta t i o n  Committee.

The F i j i a n  Housing Authority was es tab l i shed  in 1957 to provide 
l o w - i n c o m e  housing.  I ts  primary area o f  operat ion  has been the
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u r b a n  a r e a s  due to d i f f i c u l t i e s  encountered with land tenure in 
r u r a l  a r e a s .  Housing is  provided under four bas ic  schemes: the 
home p u r c h a s e  scheme; the cash loan scheme; the rental  schemes; 
and th e  v i l l a g e  h o u s i n g  s c h e m e .  The Housing Authority  a lso  
d e v e l o p s  h o u s i n g  s i t e s  and provides  bas ic  s e rv i ces  including 
w a t e r ,  s e we r ,  e l e c t r i c i t y ,  roads ,  and storm sewerage.  In 1981, 
th e  H o u s i n g  A u t h o r i t y  b e g a n  a sp ec ia l  program fo r  squatters 
w h e r e b y  t h e  A u t h o r i t y  leases  land from Mataqualis (the F i j i a n  
communal landowning uni t )  and then subleases  the land on a long­
term bas is  to the squatter .

The Housing Authori ty  both builds houses and provides design 
a s s i s t a n c e  to prospect ive  homebuilders.  In this way, some 
degree of quality control is attempted. The building types nor­
mally erected in schemes do not fal l  under the purview of this 
study.  However, any study of vulnerability must address several 
points  regarding these buildings. Problems such as the low roof 
p i t c h ,  e xce ss ive  overhangs,  and open eaves under some o f  the 
designs are l ike ly  to result in extensive roof damage to these 
b u i l d i n g s .  Furthermore, quality control in many o f  the build- 
i n g s  a p p e a r s  i n s u f f i c i e n t  and th is  may fu r ther  increase  vu lner -  
a b i l i t y .

The Prime M in i s t e r ' s  R e l i e f  & R e h a b i l i ta t i o n  Committee was e s ta ­
b l i s h e d  i n  t h e  a f t e r ma t h  o f  Hurricane Bebe in 1972. The Com­
m i t t e e  has  c o n t i n u e d  i n  o p e r a t i o n  and provided housing and 
b u i l d i n g  m ater ia ls  f o r  housing r e c o n s t ru c t i o n  to persons l i v in g  
in  r u r a l  areas and on the outer i s l a n d s .  Recent ly ,  r e s p o n s i b i l ­
i t y  f o r  p r o v i d i n g  r u r a l  housing in nat ive  F i j i a n  v i l l a g e s  was 
a lso  assigned to the Committee.

The h o u s i n g  p r o v i d e d  is  a v a r i e t y  o f  p re fabr i ca ted  panel-type 
b u i l d i n g s  that are transported to d i s a s te r  areas and erected  on 
s i t e .  Some o f  t h e  h o u s e s  have been provided f ree  o f  charge,  
w h i l e  o t h e r s  h a v e  b e e n  s o l d .  Many o f  the houses are poorly  
d e s i g n e d ,  poor ly  b u i l t ,  inadequately braced,  and use low -qual i ty  
m a t e r i a l s  which are rap id ly  d e t e r i o r a t i n g .  None o f  the designs 
a r e  cons idered  hurricane r e s i s t a n t ,  and many are more vulnerable  
t han t he  houses they r e p la c e .  I t  is  important that the govern­
ment  u n d e r t a k e  a thorough review o f  the v u l n e r a b i l i t y  o f  these 
b u i l d i n g s  and take steps to remedy the problem be fore  a d i s a s te r  
occurs again.

HOUSING TRENDS

T h e r e  a r e  a number o f  housing trends that a f f e c t  v u l n e r a b i l i t y  
reduct ion  e f f o r t s .  They are :
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A. Decrease in t r a d i t i o n a l  c o n s tr u c t i o n

T h r o u g h o u t  the country there is  a rapid change from t r a d i t i o n a l  
b u i l d i n g s  t o  more modern bu i ld ing  s t y le s  and des igns .  In the 
mos t  r e c e n t  census,  the government found that only 12.3% o f  the 
t o t a l  p o p u l a t i o n  s t i l l  l i v e s  in t r a d i t i o n a l  b u r e s . As much as 
h a l f  t h e  p o p u l a t i o n  l i v e s  in t r a n s i t i o n a l  b u i ld in g s ,  hoping to 
eventual ly  bu i ld  a more formal modern-style house.

T h i s  ch a n g e o v e r  in bu i ld ing  s ty le s  has severa l  im pl ica t ions  fo r  
v u l n e r a b i l i t y  redu c t ion  e f f o r t s .  Because the changeover i s  so 
w id e s p r e a d  and because large numbers o f  people are s t i l l  wait ing 
to  b u i l d  formal s t r u c tu r e s ,  there i s  an e x c e l l e n t  opportunity to 
h a v e  an e f f e c t  on the design and co n s t r u c t i o n  o f  new bui ld ings  
t o  e n s u r e  t h a t  t h e y  a r e  b u i l t  s a f e l y .  On the other hand, i t  
means that large  numbers o f  people are l i v i n g  in marginal s t ru c ­
t u r e s  w h ic h  t h e y  w i l l  be re luc tant  to improve, beyond taking 
basic  emergency measures fo r  personal s a fe t y .

The s e c o n d  i m p l i c a t i o n  is  that ,  unless v u l n e r a b i l i t y  reduct ion 
e f f o r t s  a r e  b e g u n  immediate ly ,  not only w i l l  people  l i v i n g  in 
t r a n s i t i o n a l  b u i l d i n g s  be vu ln erab le ,  but those bu i ld ing  more 
f o r m a l  h o u s e s  a r e  a l s o  l i k e l y  to bu i ld  vulnerable  s t r u c tu r e s .  
When a d i s a s t e r  o ccu rs ,  the co s t  o f  r e c o n s t ru c t i o n  w i l l  be many 
t i m e s  h i g h e r  th a n  r e c o n s t r u c t i o n  o f  the t r a d i t i o n a l  bu i ld ings  
w h i c h  r e l y  on indigenous m a te r ia l s .  Should the d i s a s te r  occur 
in  t h e  o u t e r  i s l a n d s ,  c o s ts  w i l l  be further  increased i f  i t  is  
n e c e s s a r y  to transport large  quant i t ies  o f  manufactured bu i ld ing  
m a t e r i a l s  f r o m  th e  l a r g e r  i s l a n d s  to the more remote areas .  
T h i s  a l s o  means t h a t  the t o t a l  time fo r  recovery  would be in ­
c r e a s e d  due t o  transport  delays and the time required to bu i ld  
more formal b u i ld in g s .

B . Material  pre ferences

The m a j o r i t y  o f  p e r s o n s  bu i ld ing  new homes p re fe r  to use con­
c r e t e  b l o c k .  At present ,  b lock  is  cheaper than wood. I f  c o s t s  
o f  wood w ere  c o m p a r a b l e  or even s l i g h t l y  l e s s ,  concre te  b lock  
w ou ld  s t i l l  be pre ferred  because many fam i l ie s  cons ider  i t  more 
d u r a b l e  than  wood and most b e l i e v e  that concrete  b lock  houses 
b e t te r  r e s i s t  hurr icanes .

Due t o  the demand fo r  concrete  b l o c k s ,  a number o f  small co t tage  
b lo ck -m a k in g  industr ies  have been es tab l i sh ed  in the rural  areas 
o f  t h e  c e n t r a l  i s lands  and on the larger  outer i s la n d s .  Unfor­
t u n a t e l y ,  the q u a l i ty  o f  the b locks  made in these establishments 
i§  f a i r l y  poor t The government helps subs id ize  block-making by
paying trangport  coats  for cement and in some cages for the 
actual  blocks* Houses made of block are often inadequately
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r e i n f o r c e d ,  r o o f s  improperly  attached ,  and the qu al i ty  o f  the 
ma s o n r y  wo r k  i s  v e r y  p o o r .  Thus v u l n e r a b i l i t y  is  increas ing  
w i t h  a c o r r e s p o n d i n g  decrease in sa fe ty  fo r  the inhabitants  o f  
the s t r u c tu r e s .

C. Development o f  wood resources

In th e  m i d - 1 9 8 0 s ,  i t  i s  a n t i c i p a t e d  that the F i j i  f o r e s t r y  
s c h e me s  w i l l  b e g i n  t o  p r o d u c e  s u f f i c i e n t  timber to permit a 
m a j o r  r e d u c t i o n  in the p r i c e  o f  wood. The Ministry  o f  Forests 
i s  c u r r e n t l y  e x p l o r i n g  various  marketing schemes, and techn i ­
c i a n s  from the Ministry working with the F i j i  I n s t i t u t e  o f  Tech­
n o l o g y  and the A rch i te c ts  Sect ion  o f  the Publ ic  Works Department 
a r e  d e v e l o p i n g  a s e r i e s  o f  recommended bu i ld ing  standards and 
v a r i o u s  guidebooks  to encourage increased use of  F i j i a n  wood in 
h o u s i n g .  I f  t h e  c o s t s  make wood com pet i t ive ,  a surge in con­
s t r u c t i o n  mi g h t  be ex p ec ted .  Planners should a n t i c ip a te  this  
demand and be prepared to provide  tech n ica l  a s s is ta n c e .

D. Increasing urbanizat ion

The 19 76 c e n s u s  showed t h a t  37% o f  the populat ion (218,495) 
l i v e d  in urban, periurban, or township areas .  This percentage is  
e x p e c t e d  t o  i n c r e a s e  to over 50% in the next decade.  The new 
a r r i v a l s  can be expected to increase  the demand for  new housing,  
i n c r e a s e  the percentage o f  people l i v i n g  in t r a n s i t i o n a l  b u i ld ­
i n g s  and increase the demand fo r  modern bu i ld ing  m ater ia ls .  For 
t h o s e  unable to obtain  houses from the housing authority  or have 
t h e i r  s t r u c t u r e s  b u i l t  by reputable s k i l l e d  c o n t r a c t o r s ,  the ir  
homes are l i k e l y  to further  increase  v u l n e r a b i l i t y .

E. Squatter sett lements

Due t o  l a n d  t e n u r e  p r o b l e m s  and h i g h  c o s t s  o f  government- 
s u b s i d i z e d  h o u s i n g ,  many low-income fam i l ies  choose to l i v e  in 
s q u a t t e r  se t t l e m e n ts .  Squatters are de fined  as people who have 
b u i l t  w i t h o u t  the permission o f  planning a u th o r i t i e s  and/or the 
p e r mi s s i o n  o f  the owner of  the land on which the house is  b u i l t .  
In r e c e n t  y e a r s ,  as many as 15% o f  the urban dwellers  were 
l i v i n g  i n  s q u a t t e r  set t lem ents ,  and the rate was increas ing  at 
approximately 12% per year.

S q u a t t e r s  normally occupy the land and bu i ld  an interim house to 
s e c u r e  t he  s i t e .  The interim bu i ld ing  is usual ly  a one-room, 
wood - f ram e  sh e l t e r  with wood or C . I .  sheet wa l l s .  Additions  and 
i m p r o v e m e n t s  t o  t he  d w e l l i n g s  are added a f t e r  tenure becomes 
more secure .
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S q u a t t e r  sett lements  are found in a l l  the major c i t i e s  o f  F i j i .  
The p e o p l e  who move to the squatter areas may come from rural  
a r e a s ,  but  many are c i t y  res idents  who want land and th e ir  own 
s in g le - fa m i ly  home.

The p r o b l e m  w i t h  s q u a t t e r  sett lements  is  that they are essen­
t i a l l y  unplanned communities and are d i f f i c u l t  to upgrade u nt i l  
t e n u r e  becomes secure .  The bu i ld in gs  are usually  h ighly  vu lner ­
a b l e  t o  b o t h  h u r r i c a n e s  and earthquakes.  The qua l i ty  o f  con­
s t r u c t i o n  o f  t h e  i n t e r i m  and t r a n s i t i o n a l  bu i ld ings  is  f a i r l y  
p o o r ,  and even the few concrete  b lock  bu i ld ings  are su sce p t ib le  
t o  d a mag e .  B e c a u s e  few fa m i l ie s  have secure tenure,  there is  
l i t t l e  i n t e r e s t  in borrowing or expending resources  to upgrade 
ho me s ;  t hus  i n  t h e s e  a r e a s  planners must concentrate  on very 
l o w - c o s t  improvement measures rather than act ions  which could  be 
taken to s i g n i f i c a n t l y  reduce v u l n e r a b i l i t y .

In 1 9 8 1 ,  the Housing Authority  i n i t i a t e d  a se r ie s  o f  innovative  
p r o g r a ms  t o  help persons in the squatter sett lem ents .  The pro­
grams c o n c e n t r a t e  on im prov ing  the s i t e s  and se rv ic es  to the 
a r e a s ,  but  ass is ta n ce  fo r  housing con s tr u c t ion  may a l so  soon be 
o f  fered  .

F. Decl ine  in b u i ld in g  s k i l l s

In r e c e n t  y e a r s  t h e r e  has been a general  d e c l in e  in the l ev e l  
and q u a l i t y  o f  bu i ld in g  s k i l l s .  This d e c l in e  is  evident in the 
damage l e v e l s  o b s e r v e d  a f t e r  recent hurr icanes .  For example, 
th e  t i m b e r  p o s t s  whi ch  form the main s t ru c tu ra l  components o f  
t r a d i t i o n a l  b u r e s  a r e  i n s u f f i c i e n t l y  imbedded in the ground. 
R o o f s  t h a t  we r e  t r a d i t i o n a l l y  bound together and to the main 
f r ame  o f  t he  b u i l d i n g  are now n a i le d ,  with a dramatic loss  in 
s t r e n g t h .  In more modern types o f  c o n s t r u c t i o n ,  bu i ld ing  s k i l l s  
a r e  n o t  c o n s i d e r e d  t o  be o f  a high standard.  Poor bu i ld ing  
p r a c t i c e s  in masonry c o n s t r u c t i o n  o f ten  resu l t  in extremely weak 
b u i l d i n g s .  Car pe nt r y  s k i l l s ,  e s p e c i a l l y  the making o f  j o i n t s ,  
l e a v e  much t o  be  d e s i r e d .  Furthermore,  severa l  observers  have 
noted a d ec l in e  in worker p r o d u c t iv i t y  in the b u i ld in g  trades .

V u l n e r a b i l i t y  r e d u c t i o n  e f f o r t s  depend on good workmanship. 
T h u s ,  i t  i s  ex t rem e ly  important that planners support i n s t i t u ­
t ions  and a c t i v i t i e s  which wi l l  improve bu i ld ing  s k i l l s .

G. Increased use o f  c on trac to rs

In r e c e n t  years ,  there has been a trend towards increased use of  
c o n t r a c t o r s  to b u i ld  or superv ise  c o n s t r u c t i o n .  This is  due in 
p a r t  t o  th e  demand f o r  more modern bu i ld ing  materials  and the 
g r o w i n g  s o p h i s t i c a t i o n  o f  h o u s i n g  des ign s .  The m ajor i ty  o f
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housing in both rural  and urban communities is built with at 
l e a s t  some input from a tradesman. Contractors with a carpentry 
background are generally more plentiful than masons in the rural 
areas , although most contractors are familiar with both types of 
c o n s t r u c t i o n .  A cont ra ct or  may play many different roles. 
Sometimes he may be asked to furnish the construction materials 
as wel l  as the labor. In other cases, the contractor may only 
be hired to provide periodic advice or to build critica l com­
ponents •

The increased use of contractors is an important consideration 
fo r  housing vul ner ab i l i t y  reduction. Efforts should focus on 
upgrading c o n t r a c t o r s '  sk ills  and capabilities. Without full  
p a r t i c i p a t i o n  by contractors, vulnerability reduction will be 
d ifficu lt to achieve.

HOUSING DEMAND

Demands fo r  new housing are a result of several factors: in­
creased u r b a n i s a t i o n ;  increased desire on the part of Fijian v i l ­
l a ge rs  for more modern housing; a need to replace substandard, deter­
i o r a t i n g  b u i l d i n g s ;  and a desire for more formal buildings on the 
part of families living in interim buildings in squatter settlements. 
The demand for new housing in urban areas alone has been estimated by 
Cook to be approximately 1,356 new units per year. The principal 
approaches used by the government (housing schemes, loans, sites & 
s e r v i c e s  programs, etc. )  together meet only one-quarter to one-third 
o f the demand. Furthermore, a recent survey by the Housing Authority 
( in  19 79) found that many persons were no longer interested in 
Housing Authority schemes because of the long waiting period, ques­
t i ons  of loan e lig ib ility , and the high costs of meeting standards of 
construction set by the Housing Authority.

Further i nc r eas es  in housing demand occur in the aftermath of 
d i s a s t e r s .  In some cases, the sudden need for replacement housing 
has increased the total housing deficit by as much as 25%. According 
to the Prime Minister's Relief & Rehabilitation Committee, Hurricane 
Meli  destroyed 1,328 houses, which was equivalent to 75% of the total 
new housing demand fo r  that  year .  Thus it can be seen that the 
improvement o f low-cost housing to better withstand natural hazards 
should be viewed as part of the total response to the overall housing 
problem. A house that withstands a disaster not only provides a safe 
refuge for  i t s  occupants; it  also eliminates an economic burden on 
both the family and the government, and represents savings in build­
ing materials and financial resources.



IMPACT OF RECONSTRUCTION PROGRAMS

H u r r i c a n e  re c o n s t ru c t i o n  programs conducted in the la s t  10 years 
h a v e  had a profound e f f e c t  on the o v e r a l l  housing p i c tu r e  both at the 
nat ional  and v i l l a g e  l e v e l .  Some o f  the most important aspects are :

A. Impact on development plans and budgets :

V a r i o u s  d i s a s t e r s  have  s u b s ta n t ia l ly  increased the annual and 
t o t a l  demand fo r  new housing .  Because the government has chosen 
t o  r e p l a c e  damaged b u i l d i n g s  with pre fab r i c a ted  s t ru c tu re s ,  
r e c o n s t r u c t i o n  c o s t s  h a v e  r i s e n  a p p re c ia b ly .  This requires  
f u n d s  and r e s o u r c e s  which might otherwise  have been devoted to 
s o c i a l  and e c o n o m i c  deve lopm ent  programs. By 1981 the PMRRC 
r e p o r t e d  that overhead alone f o r  re c o n s tru c t i o n  e f f o r t s  amounted 
t o  $ 7 , 0 0 0 , 0 0 0 ,  represent ing  20% o f  the t o ta l  development funds 
r e c e i v e d  f r o m abroad in 1980. Because many o f  these bu i ld ings  
a r e  n o t  d i s a s t e r  r e s i s t a n t ,  should another hurricane s t r ik e  in 
t h e  same a r e a ,  the government could  be faced with having to r e ­
b u i l d  h o u s e s  b u i l t  under previous re c o n s tru c t i o n  programs not 
a l r e a d y  p a i d  f o r .  Thus i t  i s  extremely important that e x i s t in g  
r e l i e f  h o u s i n g  be  u p g r a d e d  and that ,  i f  the same approach is  
cont inued,  new housing be redesigned and strengthened.

B. Ris ing  expecta t ions  caused by r e l i e f  programs:

R e l i e f  and re c o n s t ru c t i o n  programs have been c i t e d  as one o f  the 
m a j o r  c o n t r i b u t o r s  to r i s i n g  expecta t ions  on the outer i s l a n d s .  
Many houses have been provided free  or at very low c o s t .  Sever­
a l  o b s e r v e r s  r e p o r t  that many people  on the outer is lands  now 
e x p e c t  a f r e e  bu i ld in g  in the aftermath o f  any d i s a s t e r .  S e l f -  
h e l p  r e c o n s t r u c t i o n  i s  now r a r e .  Many have been without r e ­
p l a c e m e n t  h o u s i n g  f o r  as long as two years a f t e r  a d i s a s t e r .  
Thus , the r e l i e f  programs have served as a d i s in c e n t iv e  to s e l f -  
help  and have a c t u a l ly  delayed re covery .

C. Increased v u l n e r a b i l i t y :

As p o i n t e d  o u t  in other  se c t i o n s  o f  th is  r e p o r t ,  the hurricane 
r e l i e f  h o u s e s  are extremely vu lnerable to high winds and moder­
a t e l y  v u l n e r a b l e  t o  e a r t h q u a k e s .  In  many c a s e s ,  hurricane 
h o u s e s  h a v e  replaced bu i ld ings  that might have been repaired  at 
a much l o w e r  c o s t  and t h a t  m ight  provide more s a fe ty  to the 
occupant i f  properly rebuilt. Thus the hurricane housing pro­
grams are c o n tr ib u t in g  to increased vulnerability rather than 
reducing i t .
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D. Impact on v i l l a g e  l i f e s t y l e s :

The d r a w i n g s  on the next page i l l u s t r a t e  the layout o f  a F i j ia n  
v i l l a g e  b e f o r e  and a f t e r  a hurr icane .  The f i r s t  drawing shows 
h o u s e s  a r r a n g e d  i n  the t r a d i t i o n a l  manner around a large  open 
common g r o u n d .  H i s t o r i c a l l y  th is  space has served as an area 
f o r  s o c i a l  g a t h e r i n g s  and s p o r t s  events ,  and has provided a 
sense o f  i d e n t i t y  among v i l l a g e r s .

The s e c o n d  d r a w i n g  shows houses in a gr id  pattern  without the 
common open space .  This layout  has been lamented by planners in 
o t h e r  p a r t s  o f  the world.  S o c i o l o g i s t s  have noted that people 
l i v i n g  in th is  arrangement f e e l  crowded,  yet i s o la t e d  from their  
n e i g h b o r s .  I t  i s  p r o b a b ly  too ear ly  to t e l l  what e f f e c t  this  
w i l l  h a v e  on v i l l a g e  l i f e s t y l e s ,  but i t  i s  hoped that the more 
t r a d i t i o n a l  arrangement could  be maintained.
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I V . VULNERABILITY ANALYSIS OF LOW-COST CONSTRUCTION

The purpose o f  th is  chapter i s  to i d e n t i f y  the most common types 
o f  l o w - c o s t  houses ,  to i d e n t i f y  the s truc tura l  problems of  each type,  
and t o  determine  th e ir  r e l a t i v e  v u l n e r a b i l i t y  to both high winds and 
e a r t h q u a k e s .  O p t i o n s  f o r  improving the s t ru c tu ra l  performance o f  
each bu i ld ing  type are then cons idered .

DETERMINANTS OF VULNERABILITY

The extent  to which a house is vulnerable to a disaster is a 
function of four factors: the design and configuration of the house; 
the q u al i t y  of workmanship; the strength of the materials used; and 
the r e l a t i v e  s a f e t y  of the s i t e .  In general, buildings made of 
l igh tweight materials are more susceptible to damage from high winds, 
while buildings made of heavier materials (such as block or concrete 
panels) are more susceptible to damage from earthquakes.

Vulnerability to hurricanes is determined by:
----- c o n f ig u r a t io n  o f  the b u i ld in g ;

----- c o n f ig u r a t io n  o f  the r o o f ;

----- angle o f  the r o o f  (a 30-45° angle is  b e s t ) ;

----- how wel l  the bu i ld in g  is  t i ed  together ;

----- how secure ly  the r o o f  i s  t ied  to the w a l l s ;

----- how wel l  the b u i ld in g  is  anchored to the ground.

Thus t h e  b u i l d i n g s  mo s t  v u l n e r a b l e  to hurricanes are l i g h t ­
w e i g h t  s t r u c t u r e s  with wood frames,  e s p e c i a l l y  o lder  bu i ld ings  where 
wood has  d e t e r i o r a t e d  and weakened the w a l l s .  Houses made o f  unre­
in fo r ced  or poor ly  constructed  concrete  b lock  are a lso  vu lnerab le .

R o o f  c o n f i g u r a t io n  and co n s tr u c t i o n  are very important c o n s id e r ­
a t i o n s  f o r  a l l  t y p e s  o f  h o u s i n g .  I f  the r o o f  i s  not adequately 
a t t a c h e d  and b r a c e d ,  and has a large  overhanging eave,  i t  i s  poten­
t i a l l y  the weakest part o f  the house.

V u l n e r a b i l i t y  o f  housing to earthquakes is  determined by many o f  
t h e s e  same f a c t o r s ,  plus severa l  o th e rs .  In add it ion  to c o n f ig u r a -
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t ion  and s t ru c tu ra l  i n t e g r i t y ,  other determinants are :

----- Si te (should  be f l a t  with s tab le  s o i l s )

----- Foundation (should be strong and l e v e l )

----- Balance ( p a r a l l e l  wal ls  should be o f  equal s i z e
and weight)

----- Center o f  Gravity (w al ls  should be low; r oo f
should be l ig h tw e ig h t )

----- Reinforcement in the Walls (adequate v e r t i c a l ,
h or i z on ta l  and diagonal r e in f o r c in g  should be 
placed in each wa l l ) .

In areas  o f  se ismic a c t i v i t y ,  the most vulnerable  houses are the 
u n r e i n f o r c e d  or poor ly  constructed  concrete  b lock  and concre te  panel 
b u i l d i n g s .  T h e o r e t i c a l l y ,  these types o f  housing should be f a i r l y  
e a s y  t o  r e i n f o r c e  t o  bas ic  standards o f  earthquake r e s i s t a n c e ,  and 
some b l o c k  h o u s e s  do use adequate iron re inforcement .  However, the 
q u a l i t y  o f  the b locks  in many areas and the workmanship and d e t a i l in g  
are very poor;  thus some bu i ld in gs  may be p a r t i c u l a r l y  vu lnerab le .

A g a i n ,  i t  i s  i m p o r t a n t  t o  remember  t h a t  " r i s k "  means the 
c h a n c e  t h a t  some t y p e  o f  e v e n t  l i k e  a hurricane might s t r ik e  an 
a r e a ;  " v u l n e r a b i l i t y "  r e f e r s  t o  the p o s s i b i l i t y  o f  a bu i ld ing  or 
s e t t l e m e n t  b e i n g  damaged by that event .  Thus, i f  a strong bu i ld ing  
is  s i t ed  in a high r i s k  area ,  i t  may not be vu lnerab le .

POPULAR BUILDING FEATURES

A. Features and P r a c t i c e s  Which Reduce V u ln e r a b i l i t y

1. Hi p p e d  R o o f s : Many b u i l d i n g s ,  e s p e c i a l l y  t r a d i t i o n a l
b u r e s  and o lder  wood frame houses,  use "hipped"  or 4 -s ided  
r o o f s  which o f f e r  e x c e l l e n t  p r o t e c t i o n  in high winds. Con­
t i n u e d  u s e  o f  hipped roo f  c on f ig u ra t ion s  should be encour­
aged .

2. H u r r i c a n e  S t r a p s : In many b u i l d i n g s ,  the p r a c t i c e  o f
u s i n g  m e t a l  s t r a p s  and o t h e r  dev ices  to fa sten  the r o o f  
t r u s s e s  t o  the bu i ld ing  is  f a i r l y  common. In recent  years 
t h i s  p r a c t i c e  seems  t o  have gained more acceptance ,  and 
planners should encourage increased use o f  these measures.
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3 . Sma 11 E a v e s : The r o o f s  o f  many bures p r o j e c t  only a few
i n c h e s  o v e r  t h e  s i d e s  o f  the w a l l s .  This reduces u p l i f t  
u n d e r  t he  e a v e s  and damage to the r o o f .  Where shading is 
r e q u i r e d  f o r  windows, breakaway awnings can be used,  as is  
the p r a c t i c e  in many o f  the o lder  wooden homes.

4 .  S t o n e  F o u n d a t i o n s : Many o l d e r  b u i l d i n g s ,  e s p e c i a l l y
t h o s e  c o n s t r u c t e d  during the V i c t o r ia n  per iod ,  used stone 
f o u n d a t i o n s .  When heavier wall  c o n s t r u c t i o n  is  used,  this  
n o t  o n l y  h e l p s  to prevent cracking  and s e t t l i n g  in earth­
q u a k e s ,  but a lso  helps strengthen the wal ls  by d i s t r i b u t i n g  
th e  w e i g h t .  In h u r r i c a n e s ,  the foundation prevents wind 
f r o m g e t t i n g  under the house to l i f t  upwards on the b u i ld ­
ing .

5. Low C e n t e r  o f  G r a v i t y : Many ear ly  bu i ld ings  were b u i l t
so  t h a t  t h e  w e i g h t  o f  the structure  was d i s t r ib u te d  with 
h e a v i e r  c o n s tr u c t ion  materials  at the base and p ro g r e s s iv e ­
l y  l i g h t e r  materials  as the height  increased .  In part this 
was due to a r c h i t e c tu r a l  and engineering  techniques o f  that 
p e r i o d .  The p r a c t i c e  o f f e r s  e x c e l l e n t  p r o te c t io n  against 
e a r t h q u a k e s  and h u r r i c a n e s ,  and s ho u l d  be encouraged,  
p a r t i c u la r ly  f o r  two-s tory  b u i ld in g s .

B. Features and P ra c t i ce s  Increas ing  V u ln e r a b i l i t y

1. F l a t  o r  S l i g h t l y  Pitched R o o f s : In recent years the f l a t
or  " s h e d "  r o o f  has become popular.  This c o n f ig u ra t io n  is  
e s p e c i a l l y  v u l n e r a b l e  t o  damage in hurr icanes .  The low 
p i t c h  i n c r e a s e s  suct ion  and u p l i f t i n g  f o r c e s ,  and the nor­
m a l l y  l a r g e  o v e r h a n g  a s s o c i a t e d  with this  type o f  roo f  
lends i t s e l f  to u p l i f t i n g  at the edges.

2. L o u v e r e d  W i n d o w s : L o u v e r e d  windows, p a r t i c u l a r l y  those
made o f  g l a s s  o r  f l imsy  metal ,  can be dangerous in h u r r i ­
c a n e s .  V i b r a t i o n s  c a u s e d  by high winds can o f ten  cause 
me t a l  f a t i g u e ,  destroy ing  the louvers  and permitting  exces ­
s i v e  amounts o f  wind to enter the house.  Glass louvers can 
be s h a t t e r e d  by f l y i n g  d e b r i s ,  in jur ing  persons ins ide  the 
h o u s e .  I f  l o u v e r s  a r e  u s e d ,  s t o r m  shutters  should be 
added.

3. V e r a n d a s  : Ver andas  or open porches are a popular feature
on many h o u s e s .  Many o f  th e  d es ig n s  used for  verandas 
c o n t r i b u t e  t o  wind damage, p a r t i c u l a r l y  i f  the veranda is  
f o r me d  by e x t e n d i n g  the main por t ion  o f  the ro o f  over the 
e d g e  o f  t h e  h o u s e .  Br e akaway  v e r a n d a s ,  such as those 
i l l u s t r a t e d  in other  parts o f  th is  r e p o r t ,  should be used.
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4 .  S t i l t s  : A common p ra c t i c e  when bu i ld ing  two-s tory  houses
i s  t o  b u i l d  t h e  u p p e r  s t o r y  on " s t i l t s "  formed by the 
v e r t i c a l  columns, u n t i l  such time that the owner can a f fo r d  
t o  e n c l o s e  the lower part o f  the b u i ld in g .  Until  the lower 
f l o o r  i s  b u i l t ,  the s tructure  i s  very unstable due to the 
g r e a t  mass b a l a n c e d  a b o v e  t he  g r o u n d .  In hurr icanes ,  
s t r o n g  w i n d s  c a n  push t he  b u i ld in g  o f f  the columns.  In 
e a r t h q u a k e s ,  the upper s tory  cannot be supported by the few 
c o l u m n s  and t h e  b u i l d i n g s  are l i k e l y  to topple  with even 
mo d e r a t e  ground-shaking.  Furthermore, when the lower f l o o r  
i s  e n c l o s e d ,  i t  i s  d i f f i c u l t  to r e in f o r c e  or attach the 
w a l l s  s a f e l y ,  and the concrete  b locks  as i n f i l l  between the 
c o l umns  become extremely dangerous. In some ca se s ,  vulner­
a b i l i t y  may even be increased .

T h i s  type o f  bu i ld ing  should be o f f i c i a l l y  d iscouraged .  I f  
a ho me o wne r  wants  a two-story  home, a on e -s to r y  s tructure  
ca n  be b u i l t  with a f l a t  concrete  r o o f  which wi l l  permit a 
s e c o n d  s t o r y  to be added l a t e r .  Prov is ions  can be made so 
t h a t  v e r t i c a l  c o l u mn s  can  be e x t e n d e d  into  the second 
s t o r y ,  thereby providing the necessary s t ru c tu ra l  s trength .

For  e x i s t i n g  b u i l d i n g s ,  some degree  o f  strength can be 
o b t a i n e d  by a d d i n g  c a b le  c r o s s -b ra ce s  in the corners  o f  
the  b u i l d i n g .  When o wn e r s  p r e p a r e  to bu i ld  the second 
f l o o r ,  s h e a r  w a l l s  made o f  concrete  panels should be in ­
s t a l l e d  r a t h e r  t han  concrete  b lo c k s ,  in order to provide 
the  n e c e s s a r y  r i g i d i t y  f o r  s t ruc tura l  support.  In some 
ca se s ,  the wal ls  can be poured in p la ce .

5. C o n c r e t e  P i e r s : Many o f  the smaller wood frame bu i ld ings
a r e  p l a c e d  on short  concrete  p o s t s .  In some c a s e s ,  there 
i s  some p r o v i s i o n  f o r  anchoring the frame to the p i e r ,  but 
u s u a l l y  t h e  bu i ld ing  simply res ts  on the p o s t s .  In h u r r i -
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c a n e s ,  f a s t -m o v in g  turbulent a i r  can pass under the s t r u c ­
t u r e ,  l i f t i n g  i t  o f f  the fo o t in g s  and co n tr ibu t in g  to i t s  
c o l l a p s e .

In e a r t h q u a k e s ,  t h e  ground motion is  l i k e l y  to shake the 
f o o t i n g s  u n d e r n e a t h  the b u i ld in g ,  thereby co l l a p s in g  the 
w a l l s .  Wood f r ame  b u i l d i n g s  need strong w al l - to -ground  
c o n n e c t i o n s ;  a complete and s o l i d  rock and/or poured con­
c r e te  foundation is  requ ired .

PROBLEMS COMMON TO ALL BUILDING TYPES

T h e r e  are a number o f  problems common to a l l  types o f  housing in 
F i j i .  The f o l l o w i n g  s e c t i o n  d e s c r i b e s  some of  the more popular 
s t y l e s  and d e t a i l s  that have been i d e n t i f i e d  as being dangerous in 
e i th e r  hurr icanes  or earthquakes.

A. R o o f  C o n f i g u r a t i o n : Many b u i l d i n g s  in F i j i  u t i l i z e  a gable
r o o f  such as the one i l l l u s t r a t e d  in the f i g u r e  below.
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For  both hurricane and earthquake r e s i s t a n c e ,  a hipped roo f  such 
as that i l l u s t r a t e d  below is  p re fe r re d .

A g a b l e  r o o f  may be used,  however, i f  the angle o f  in c l i n a t i o n  
o f  th e  r o o f  i s  a p p r o x i m a t e l y  30-40° ,  and i f  the roo f  trusses 
a r e  a d e q u a t e l y  braced so that they do not c o l l a p s e  when for ces  
are applied  along the long i tud ina l  axis o f  the house,

and p r o v i d e d  t ha t  the gable i s  s u f f i c i e n t l y  r e in fo r c e d  so that 
i t  d o e s  n o t  f a i l  and c o l l a p s e  when pressures are exerted from 
e i th er  an earthquake or a hurr icane .

The r o o f s  o f  bures are wel l  conf igured  and meet the requirements 
f o r  wi nd r e s i s t a n c e .  However, in the other types o f  houses the 
r o o f s  a r e  o f t e n  t o o  f l a t .  The lack o f  r o o f  truss r e in f o r c in g  
and p o o r l y - b u i l t  gables are common to a l l  types o f  t r a n s i t i o n a l  
bu i ld ings  .

V e r a n d a s  : The manner  i n  wh i c h  a v e r a n d a  i s  c o n s t r u c t e d
a f f e c t s  the v u l n e r a b i l i t y  o f  a house.  I f  the veranda is  a t tach ­
ed t o  th e  r o o f  structure  and traps wind underneath,  the en t i re  
r o o f  can be l i f t e d  o f f  the house.
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A p o p u l a r  v e r a n d a  and i t s  p a t t e r n  o f  f a i l u r e  is  i l l u s t r a t e d  
be low .

v e r a u u a  a u u  wa j. jl o em u  i u u j . o i.  ̂ ~ ~  — — —  o ---------

way t h a t  t he  veranda can break away from the main structure  of  
the house without severe ly  damaging the rest  o f  the house.

C. L o u v e r s :  U n l e s s  l o u v e r s  a r e  co m p le te ly  sealed o f f  during a
h u r r i c a n e ,  excess ive  wind can enter the b u i ld in g ,  increas ing  the 
upward pressures  on the r o o f .
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In  t h e o r y ,  i t  should be p o s s ib le  to board up these areas be fore  
a h u r r i c a n e ,  e s p e c i a l l y  i f  adequate warning is  g iven .  In prac­
t i c e ,  h o w e v e r ,  when a warning is  r e c e iv e d ,  wood becomes scarce 
and i t  may be  d i f f i c u l t  t o  obtain the materials  necessary to 
s e a l  o f f  t h e s e  a r e a s .  The idea l  s o lu t i o n  is  to i n s t a l l  storm 
shutters  which can be c l o se d  when a hurricane approaches.

When p l a c e d  o v e r  a r e l a t i v e l y  a i r t i g h t  window, storm shutters 
a r e  an idea l  adaptation to a hurricane environment.  The drawing 
b e l o w  i l l u s t r a t e s  t he  p r i n c i p l e s  behind  the ir  use .  When a 
h u r r i c a n e  t h r e a t e n s ,  the storm shutter i s  c l o se d  over the win­
dow.  The s h u t t e r  p r o t e c t s  the opening from f l y in g  debris  and 
th e  downward angle o f  the panels prevents rain from entering  the 
window.
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D. Open S p a c e s : Many houses  in the rural  areas leave open space
b e t w e e n  t h e  r o o f  and w a l l s .  This allows a i r  to enter the house 
f o r  c o o l i n g  purposes.  But during high winds th is  space permits 
e x c e s s i v e  amount s  o f  wind to enter the house and increase  the 
outward pressure on the wal ls  and r o o f .

The b e s t  s o l u t i o n  to th is  problem is  to seal  the eave as i l l u s ­
t r a t e d  b e l o w .  This w i l l  a l so  help  reduce the u p l i f t i n g  forces  
at the e d g e s .
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E. P o o r  F a s t e n i n g s  o f  the  Roof to the W a l l s : Many roo f s  are in ­
a d e q u a t e l y  f a s t e n e d  to the w a l l s .  In hurr icanes ,  the r o o f  can 
be l i f t e d  completely o f f  the b u i ld in g .

In e a r t h q u a k e s ,  the rocking motion o f  the r o o f  can create  addi ­
t i o n a l  l o a d s  on the w a l l s ,  c o n t r ib u t in g  to the ir  c o l l a p s e .  It  
i s  e s p e c i a l l y  important that roo f  trusses  be secure ly  fastened 
t o  th e  f r ame  o f  t he  h o u s e .  Wire, hurricane straps made from 
s t r i p s  o f  C . I .  shee ts ,  or commercial hurricane fasteners  may be 
used .

The importance o f  these fastenings  should not be underestimated.  
R e c e n t  s t u d i e s  h a v e  shown t h a t  adding one fastener  at every 
p o i n t  whe r e  t he  r o o f  j o in s  the wall  can s u b s t a n t ia l ly  improve 
the s u r v i v a b i l i t y  o f  even m a rg in a l ly -bu i l t  s t r u c tu r e s .

F. P o o r  C o n n e c t i o n s  Between Walls and Ground: For hurricane r e ­
s i s t a n c e ,  a good wal l - to -ground  connect ion  is  important fo r  two 
r e a s o n s :  t o  p r o v i d e  s u p p o r t  t o  the v e r t i c a l  elements o f  the
b u i l d i n g ,  and t o  a n c h o r  the bu i ld ing  secure ly  to the ground. 
T h i s  i s  p a r t i c u l a r l y  important in bures and wood frame b u i ld ­
ings .

In  e a r t h q u a k e  areas ,  a good wal l - to -ground  connect ion is  impor­
t a n t  t o  p r o v id e  add i t ion a l  strength to the v e r t i c a l  elements o f  
a b u i ld in g .

Where wood c o l u mn s  a r e  u s e d  f o r  a n c h o r a g e ,  they should be 
t r e a t e d  w i t h  an ad equ ate  wood p reservat ive  (such as crankcase 
o i l )  and p l a c e d  i n  the ground deep enough to provide f r i c t i o n  
and r e s i s t a n c e  against u p l i f t .  A number o f  anchors can a lso  be 
i n c o r p o r a t e d  i n  the design o f  the posts to help  reduce u p l i f t .
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Several  o f  these are shown in the drawings below.

For  b u i ld in g s  made o f  concrete  b l o c k ,  a strong foundation is  re ­
q u i r e d  in order to help s t a b i l i z e  and support the b u i ld in g .  The 
designs shown below could  be used.

VULNERABILITY ANALYSIS OF THE BASIC CONSTRUCTION TYPES

The f o l l o w i n g  i s  an a n a l y s i s  o f  the p r in c ip a l  housing types 
f o u n d  i n  F i j i .  Primary emphasis i s  on the wind re s i s ta n ce  p o te n t ia l  
o f  e a c h  s t r u c t u r e ,  as  h u r r i c a n e s  and wind storms are the greater  
h a z a r d  due t o  t h e i r  f requency.  However, the earthquake re s i s ta n ce  
p o te n t ia l  is  a l so  d is cu ssed .
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Most  r e c o m m e n d a t i o n s  f o r  making the s tructures  more d i s a s te r  
r e s i s t a n t  c a n  be  incorporated  at l i t t l e  or no increase  to the to ta l  
c o s t  o f  new c o n s t r u c t i o n ,  but some m o d i f i ca t i o n s  to c e r ta in  e x i s t in g  
b u i l d i n g  t y p e s  are both expensive and t e c h n i c a l l y  d i f f i c u l t .  Thus, 
r e c o m m e n d a t i o n s  a r e  d i v i d e d  i n t o  two c a t e g o r i e s :  simple l ow-cost  
c h a n g e s  which could  be carr ied  out in an emergency, and more sophis ­
t i c a te d  act ions  that can be ca rr ied  out over a longer period o f  t ime.

I t  i s  i m p o r t a n t  to remember that the most c r i t i c a l  features  in 
maki ng  a house d i s a s te r  r e s i s ta n t  are the c o n f i g u r a t io n  o f  the house,  
c o n f i g u r a t i o n  o f  t h e  r o o f ,  a t t e n t io n  to d e t a i l i n g ,  and qual i ty  of  
w o r k m a n s h i p .  A l l  o f  t h e s e  f e a t u r e s  are more important than the 
m a t e r i a l s  w h i c h  a r e  c h o s e n .  For i t  i s  not the mater ials  that are 
used,  but rather  how they are used,  that i s  important.
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A. T rad i t ion a l  Construct ion

The t r a d i t i o n a l  F i j i a n  house,  or bure,  i s  s t i l l  found in large  
number s  throughout the country .  A r ch i te c tu ra l  h i s t o r ia n s  have 
o b s e r v e d  over  30 d i f f e r e n t  types o f  bures o f  varying shapes and 
a r c h i t e c t u r a l  s t y l e s .  Bures are p a r t i c u l a r l y  well  adapted to 
the  F i j i a n  cl imate  and environment.  They are com fortab le ,  inex­
p e n s i v e  t o  b u i l d  and maintain,  and o f t e n  d isp lay  great c r a f t s ­
manship and woodworking s k i l l s  in th e ir  c o n s t r u c t i o n .

1.  C o n s t r u c t i o n : In t r a d i t i o n a l  bures ,  strong wooden corner  
p o s t s  a r e  s e t  i n  t h e  g r o u n d  and a wooden r o o f  frame is  
e r e c t e d  on t o p  o f  the posts to create  the bu i ld ing  frame. 
Mats  made o f  woven bamboo or reeds are attached between the 
c o r n e r  p o s t s  to make the w a l l s .  These are o f ten  supported 
by s m a l l  v e r t i c a l  posts which help  to r e in f o r c e  the walls  
in  th e  c e n t e r .  T r a d i t i o n a l l y ,  the house is  bound together 
w i t h  r o p e s  made from coconut f i b e r  or other  natural  mater­
i a l s ,  but  in recent  years c o n s t r u c t i o n  wire has been used.  
In many o f  t h e  newer bures ,  n a i l s  have replaced the b ind­
ing .

2. R o o f  : Bur e s  n orm al ly  have a thatched r o o f  made from pan-
danus  ( o r  i n  a f ew ca ses  palm l e a v e s ) .  Almost a l l  r o o f s  
a r e  h i g h  and use a hipped ( 4 - s i d e d )  c o n f i g u r a t io n .  In r e ­
c e n t  y e a r s ,  many thatched ro o f s  have been replaced by c o r ­
rugated iron ( C . I . )  sheets .

3. S i z e : Bur e s  v a r y  i n  s i z e ,  averaging between 15 x 35 f ee t
and 25 x 60 f e e t .

4.  V u l n e r a b  i 1 i  t y : Many o f  the o lder  bures are quite  s trong ,
e s p e c i a l l y  t h o s e  t h a t  f o l l o w  t r a d i t i o n a l  c on s tr u c t ion
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me t h o d s  and bind the bu i ld ings  together with rope or w ire .  
The c o n f i g u r a t i o n  o f  bures is  cons idered strong ,  and the 
c o n f i g u r a t i o n  and p i t ch  o f  the r o o f  is  e x c e l l e n t .  The c o r ­
n er  posts  are normally f a i r l y  strong and buried s u f f i c i e n t ­
ly to r e s i s t  u p l i f t .

The newer  b u r e s  wh i c h  us e  n a i l s  are very vulnerable  to 
h u r r i c a n e s  b e c a u s e  n a i l s  have i n s u f f i c i e n t  f r i c t i o n  and 
s t r e n g t h  t o  r e s i s t  the pressures on the j o i n t s  caused by 
h u r r i c a n e s .

When damaged,  bures are d i f f i c u l t  to repair  and most r e s i ­
d e n t s  usual ly  rebu i ld  a new s t ru c tu re .  However, even t o ta l  
c o l l a p s e  o f  a b u r e  i s  ra re ly  l i f e - t h r e a t e n i n g .  The roo f  
u s u a l l y  b l o w s  o f f  t h e  structure  i n t a c t ,  and i t  i s  common 
p r a c t i c e  t h a t  t he  o c c u p a n t s  then rush outs ide  and crawl 
under the r o o f  fo r  the remainder o f  the hurr icane .

The p r i m a r y  causes o f  s t ru c tu ra l  f a i l u r e  are separat ion o f  
th e  r o o f  f r o m t h e  w a l l s  (caused by u p l i f t  on the r o o f ' s  
s u r f a c e  and f a i lu r e  o f  the connect ions  between the roo f  and 
w a l l s ) ,  c o l l a p s e  o f  t h e  w a l l s  r e s u l t i n g  from lack o f  
r i g i d i t y  i n  the center p or t ion  o f  the w a l l ,  and fa i l u r e  o f  
the  c o r n e r  p o s t s  due to d e t e r i o r a t i o n  o f  the wood in the 
ground.

5. Weak P o i n t s : The weak p o i n t s  o f  the house are the con­
n e c t i o n s  b e t w e e n  t he  r o o f  and corner  p o s ts ,  the centra l  
p o r t i o n s  o f  t he  walls  due to lack of  r i g i d i t y  in the cen­
t e r ,  and the corner  posts i f  they have d e t e r i o r a t e d .  Other 
weak po ints  which a l low e x cess iv e  amounts o f  a i r  to enter a 
bui ld ing  during a storm are the doors and windows.

6. M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : In order to improve
th e  wi nd r e s i s t a n c e  o f  b u r e s ,  the fo l l ow in g  act ions  are 
recommended:

a . Emergency measures

-----  The r o o f - t o - w a l l  connect ions  should be strengthen­
ed by u s i n g  metal straps or wire to help bind the 
roo f  to the w a l l s ,  e s p e c i a l l y  at the corner  p o s t s .

-----  Check a l l  connect ions  in the r o o f  s tructure  to en­
s u r e  t h a t  t h e y  a r e  proper ly  bound. Next, place  
a d d i t i o n a l  h e a v y  v e r t i c a l  posts in the centra l  
p o r t i o n  o f  t he  w a l l s  and bind them to the r o o f  
frame.

----- Board up the windows.
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----- Throw r o p e s  or  n e t s  o v e r  t he  r o o f  and anchor
securely  to the ground.

-----  I n s t a l l  c r o s s - b r a c e s  o f  wire between the columns
of the bu i ld ing  and the corner p o s ts .

b . Progress ive  upgrading measures

----- Replace corner  posts that are r o t t e n .

----- I n s t a l l  c r o s s - b r a c e s  o f  galvanized wire or wood
b e t w e e n  a l l  t he  primary columns and corner  posts 
o f  the b u i ld in g .

-----  Use wood treatment fo r  a l l  parts o f  the house that
are placed on or in the ground.

-----  The p r i m a r y  columns (corner  posts and columns in
th e  m i d d l e  o f  each wal l )  should be buried a mini­
mum o f  24 i n c h e s  and s h o u l d  use  some form o f  
anchoring d e v i c e .

The h u r r i c a n e  r e s i s t a n c e  o f  bures,  i f  properly  b u i l t  and 
r e i n f o r c e d ,  is  moderate.  Structural  performance can be im­
p r o v e d  a l t h o u g h ,  due t o  t h e  t y p e  o f  c o n s t r u c t i o n ,  the 
b u i l d i n g  cannot be made a i r t i g h t  or s u f f i c i e n t l y  strong to 
w i t h s t a n d  e x t r e m e l y  high winds (over 100 mph) and s t ru c ­
t u r a l  damage can s t i l l  be expected .  I f  a l l  the bas ic  rules 
a r e  f o l l o w e d ,  h o w e v e r ,  a substant ia l  improvement in per­
formance can be a t ta in ed .

7. M o d i f i c a t i o n s  f o r  E a r t h q u a k e  R e s i s t a n c e : In terms o f
v u l n e r a b i l i t y  t o  earthquakes ,  bures are r e l a t i v e l y  s a fe .  
The p r i n c i p a l  weakness i s  s t i l l  the columns in the ground. 
In a s t r o n g - m o t i o n  earthquake,  the columns may break and 
d i s p la c e m e n t  or c o l l a p s e  o f  the wal ls  wi l l  r e s u l t .  By f o l ­
l o w i n g  t he  recommendations out l ined above,  the earthquake 
res is tance  o f  bures can be s u b s tan t ia l ly  increased .

Even t h o u g h  e x t e n s i v e  s t r u c t u r a l  damage may resu l t  from 
h u r r i c a n e s ,  the p o te n t ia l  f o r  serious  in jury  resu l t in g  from 
c o l l a p s e  o f  these bu i ld ings  i s  r e l a t i v e l y  minor.  They are 
l i g h t w e i g h t  s t r u c t u r e s  a nd ,  because they are woven t o ­
g e t h e r ,  components wi l l  not come f l y in g  o f f  to cause major 
harm to the occupants.
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B. Wood Frame w i t h  P andan u s  Mat W a l l

1. C o n s t r u c t i o n : Wood f r ame  h o u s e s  w i t h  w a l l s  made of
t r a d i t i o n a l  mats are one of  the most popular bu i ld ing  types 
f o u n d  i n  r u r a l  F i j i a n  v i l l a g e s .  The house o f f e r s  the ad­
v a n t a g e s  o f  e a s e  i n  c o n s t r u c t i o n  and s u i t a b i l i t y  to the 
c l i m a t e .  I f  p r o p e r l y  m a in ta in e d ,  i t  w i l l  last  fo r  many 
y e a r s  and c a n  be  u p g r a d e d  by r e p l a c i n g  the mats with 
boards .

2. R o o f : C o r r u g a t e d  i r o n  s h e e t s  are  used most o f t e n ,  but
some r o o f s  a r e  made o f  pandanus thatch .  The most popular 
c o n f ig u ra t io n  is  a two-sided (g a b le )  r o o f .

3. S i z e : Sizes vary from 12 x 15 fee t  to 15 x 30 f e e t .

4.  V u l n e r a b i l i t y : The mos t  common damages caused by high
wi n d s  are ro o f  separat ion and d e s t ru c t ion  of  the w a l l s .  In 
h o u s e s  w i t h  louvered windows, damage may be caused by d i f ­
f e r e n t i a l  pressure pushing out on the wal ls  u n t i l  port ions  
o f  the wal ls  r ip  away.

Many wood frame houses rest  on short concrete  p iers  or are 
a n c h o r e d  t o  t he  g r o u n d  o n l y  by the corner posts o f  the 
f r a m e ,  i f  at a l l .  This i s  i n s u f f i c i e n t  anchorage for  hur­
r i c a n e s ,  and t h e  houses w i l l  be l i f t e d  o f f  the ground and 
toppled over .

5. O t h e r  Weak P o i n t s : Typical  weak points  o f  wood frame and
mat h o u s e s  a r e  t he  connect ions  between the roo f  sheet ing 
and r o o f  t r u s s e s ,  connect ions  between the r o o f  trusses  and 
w a l l s ,  and connect ions  between the bu i ld in g  and the ground.
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M o d i f i c a t i o n s  f o r  Wind R e s i s ta n c e : The fo l l ow ing  act ions
a r e  recommended in order to improve the s truc tura l  p e r f o r ­
mance o f  wood frame houses in high winds:

a . Emergency measures

-----  Use more n a i l s  to secure the roo f in g  sheets to the
roo f  frame or t ru ss .

-----  S e a l  t h e  ar e a  below the house with rocks and mud
to prevent u p l i f t .

------ Use metal straps to secure the r o o f  trusses to the
wa l l s .

------ S e a l  t h e  eaves  o f  the house to prevent wind from
enter ing under the overhang.

----- Board up windows during periods  o f  high wind.

-----  P l a c e  a d d i t io n a l  boards d iagona l ly  from the f l o o r
t o  th e  t o p  o f  the wal l ,  e s p e c i a l l y  in the center  
of  the wa l l ,  to add r i g i d i t y .

b . Progress ive  upgrading measures

----- Use a hipped r o o f  c o n f i g u r a t io n .

----- Increase  the p i t ch  o f  the r o o f .

-----  P l a c e  diagonal braces on top o f  the frame at each
corner to t i e  the wal ls  t ogether .

------A n c h o r  t he  s t r u c t u r e  secure ly  by rep lac ing  the
s h o r t  p i e r s  wi t h  longer p iers  that have b u i l t - i n  
anchors and stronger beara-to-pier connec t ions .

I f  t h e s e  recommendations are ca rr ie d  out ,  the p o te n t ia l  for  
t h i s  t y p e  o f  s t r u c t u r e  to r e s i s t  high winds wi l l  be sub­
s t a n t i a l l y  i n c r e a s e d .  I f  p r o p e r l y  b u i l t ,  th is  type o f  
s tructure  w i l l  provide  moderate sa fe ty  in hurr icanes .

M o d i f i c a t i o n s  f o r  Earthquake R e s i s ta n c e : The earthquake
r e s i s t a n c e  o f  wood frame housing is  very good,  and by f o l ­
l o w i n g  the recommendations above, the margin o f  sa fe ty  w i l l  
be i n c r e a s e d .  The o n l y  major type o f  damage that should 
o c c u r  i n  an earthquake would be c o l l a p s e  o f  the s tructure  
at  th e  b a s e  due to i n s u f f i c i e n t  v e r t i c a l  r e s i s ta n ce  o f  the 
p iers  .



1. C o n s t r u c t i o n : A wood f r a me  house with C . I .  sheet wal ls
i s  one  o f  th e  most popular t r a n s i t i o n a l  bu i ld ing  types in 
F i j i ,  and is e s p e c i a l l y  popular with low-income fam i l ie s  in 
r u r a l  areas where land tenure cannot be secured.  The metal 
h o u s e  o f f e r s  t he  advantages o f  ease in bu i ld ing  addit ions  
and s u i t a b i l i t y  to the c l im a te .  I f  proper ly  maintained,  i t  
w i l l  l a s t  f o r  many y e a r s .  Because i t  i s  l igh tw e igh t ,  i t  
can be moved i f  necessary .

C . Wood Frame C o n s t r u c t i o n  w i t h  C o r r u g a t e d  I r o n  W a l l s

2. R o o f : The r o o f  cover ing  for  these houses is  C . I .  sheets .
The mos t  p o p u l a r  c o n f i g u r a t i o n  is  a one-s ided s lop ing  or 
"shed"  r o o f .

3.  S i z e : Sizes vary from 12 x 15 fee t  to 15 x 50 f e e t .

4.  V u l n e r a b i l i t y : The mos t  common damage caused by high
wi n d s  is  roo f  separat ion .  In houses with louvered windows, 
damage may be caused by d i f f e r e n t i a l  pressure pushing out 
on the walls  u n t i l  the C . I .  sheets separate from the p o s t s .

Most  m e t a l  houses are anchored to the ground by large  c o r ­
n er  p o s t s  a t t a c h e d  t o  t he  f r ame  w h i c h  p r o v id e  enough 
s t r e n g t h  to hold  the bu i ld ings  down in high winds. Others,  
h o we v e r ,  res t  on short concre te  p i e r s .  The p iers  o f f e r  i n­
s u f f i c i e n t  anchorage f o r  hurr icanes ,  and the houses w i l l  be 
l i f t e d  o f f  the ground and toppled over .

5. O t h e r  Weak P o i n t s : T y p i c a l  weak points  o f  metal houses
a r e  th e  c o n n e c t i o n s  b e t w e e n  t he  r o o f  sheet ing and r o o f  
t r u s s e s ,  c o n n e c t i o n s  b e t w e e n  t he  r o o f  trusses  and the 
w a l l s ,  and connect ions  between the bu i ld ing  and the ground.
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6 . M o d i f i c a t i o n s  f o r  Wind R e s i s ta n c e : The fo l l ow in g  act ions
a r e  recommended in order to improve s t ru c tu ra l  performance 
in high winds:

a . Emergency measures

-----  Use more n a i ls  to secure the ro o f in g  sheets to the
roo f  frame or t ru ss .

-----  S e a l  t he  a rea  below the house with rocks and mud
to prevent u p l i f t .

-----  Use metal straps to secure the r o o f  trusses  to the
wa l l s .

-----  S e a l  t h e  eaves  o f  the house to prevent wind from
entering under the overhang.

----- Board up windows during periods o f  high wind.

b . Progress ive  upgrading measures

----- Use a hipped r o o f  c o n f i g u r a t io n .

----- Increase  the p i t ch  o f  the r o o f .

-----  P l a c e  diagonal braces on top of  the frame at each
corner to t i e  the walls  toge th er .

-----  Anchor the structure  secure ly  by p lac ing  anchoring
devices  on a l l  columns.

I f  t hes e  recommendations are ca rr ied  out ,  the p o te n t ia l  for  
t h i s  t y p e  o f  s t r u c t u r e  to r e s i s t  high winds wi l l  be sub­
s t a n t i a l l y  i n c r e a s e d .  I f  p r o p e r l y  b u i l t ,  th is  type o f  
structure  w i l l  provide moderate sa fe ty  in hurr icanes .

7. M o d i f i c a t i o n s  f o r  Earthquake R e s i s ta n ce : The earthquake
r e s i s t a n c e  o f  metal housing is  very good;  by f o l l ow in g  the 
r e c o m m e n d a t i o n s  a b o v e ,  t he  margin o f  s a fe ty  wi l l  be i n ­
c r e a s e d .  The o n l y  major type o f  damage that should occur 
in  an e a r t h q u a k e  is  c o l l a p s e  o f  the structure  at the base 
due t o  d e t e r i o r a t i o n  o f  wood columns.  Diagonal bracing and 
t r e a t me nt  o f  a l l  wood in or on the ground would make earth­
quake damage almost n e g l i g i b l e . .
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D. Wood Frame C o n s t r u c t i o n

1. C o n s t r u c t i o n : Wood frame houses are in cr e as in g ly  popular
i n  F i j i .  P o p u l a r i t y  is  expected to increase  when F i j i a n  
t i m b e r  b e c o m e s  more  a v a i l a b l e  and less  expensive .  The 
h o u s e s  o f f e r  t h e  advantages o f  ease in bu i ld ing  addit ions  
and s u i t a b i l i t y  t o  the c l im a te .  I f  proper ly  maintained,  
t h e y  w i l l  l a s t  f o r  many y e a r s .  Because they are l i g h t ­
weight,  they can be moved i f  necessary .

Wood f r a me  h o u s e s  at one time were very reasonably pr iced  
and a f f o r d a b l e  t o  a lmost  a l l  income groups.  In the last  
d e c a d e ,  however,  th is  type o f  house has become more expen­
s i v e  b e c a u s e  o f  the cos t  o f  lumber. In some areas ,  i t  is  
a l m o s t  as e x p e n s i v e  to bu i ld  a house o f  wood as i t  i s  to 
bu i ld  one o f  b lock  and s t e e l .

2. R o o f  : The p r e f e r r e d  r o o f  cover ing  for  wooden houses is
C . I .  s h e e t s .  Most  r o o f s  are gabled ,  although many use a 
hipped c o n f i g u r a t io n .

3. S i z e : Sizes vary from 12 x 15 f e e t  to 15 x 50 f e e t .

4.  V u l n e r a b i l i t y : The mo s t  common damage caused by high
w i n d s  is  r o o f  separa t ion .  In houses with louvered windows, 
damage may be  caused by d i f f e r e n t i a l  pressure pushing out 
on the wal ls  u n t i l  boards separate from the columns.

Many wood f r ame  h o u s e s  r e s t  on short concre te  posts or 
p i e r s  o r  a r e  a n c h o r e d  t o  t h e  ground only by the corner 
p o s t s  o f  t h e  f r a m e .  T h i s  is  i n s u f f i c i e n t  anchorage for  
h u r r i c a n e s ,  and t he  houses wi l l  be l i f t e d  o f f  the ground 
and toppled over .
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5 . O t h e r  Weak P o i n t s : T y p i c a l  weak p o i n t s  o f  wood frame
h o u s e s  a r e  t h e  c o n n e c t i o n s  between the r o o f  sheet ing and 
r o o f  t r u s s e s  (most  n a i l s  are too s h o r t ) ,  connect ions  be­
t we e n  t he  r o o f  trusses  and the w a l l s ,  and connect ions  be­
tween the bu i ld in g  and the ground.

6. M o d i f i c a t i o n s  f o r  Wind R e s i s ta n c e : The fo l l ow in g  act ions
a r e  recommended in order to improve the s truc tura l  p e r f o r ­
mance o f  wood frame houses in high winds:

a . Emergency measures

-----  Use more,  and longer ,  n a i l s  to secure the ro o f in g
sheets to the r o o f  frame or t ru ss .

-----  S e a l  t h e  a r e a  below the house with rocks and mud
to prevent u p l i f t .

-----  Use metal straps to secure the r o o f  trusses  to the
w a l l s .

-----  S e a l  t h e  eaves  o f  the house to prevent wind from
enter ing under the overhang.

----- Board up windows during periods  o f  high wind.

b . Progress ive  upgrading measures

----- Use a hipped r o o f  c o n f i g u r a t io n .

----- Increase  the p i t ch  o f  the r o o f ,  i f  necessary .

------ P l a c e  diagonal braces on top o f  the frame at each
corner to t i e  the wal ls  t ogether .

-----  Anchor the s tructure  secure ly  by p lac ing  anchoring
devices  on a l l  columns.

I f  t h e s e  recommendations are ca rr ied  out ,  the p o te n t ia l  for  
t h i s  t y p e  o f  s t r u c t u r e  to r e s i s t  high winds w i l l  be sub­
s t a n t i a l l y  i n c r e a s e d .  I f  p r o p e r l y  b u i l t ,  th is  type o f  
s tructure  w i l l  provide  moderate sa fe ty  in hurr icanes .

7. M o d i f i c a t i o n s  f o r  Earthquake R e s i s ta n ce : The earthquake
r e s i s t a n c e  of  wood frame housing is  very good,  and by f o l ­
l o w i n g  the recommendations above, the margin o f  sa fe ty  w i l l  
be i n c r e a s e d .  The o n l y  major type o f  damage that should 
o c c u r  i n  an earthquake would be c o l l a p s e  o f  the structure  
at the base due to s l ippage  from the p i e r s .
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E. Concrete Block Construct ion

I f  p r o p e r l y  b u i l t ,  a c o n c r e t e  b lock  house can withstand the 
f o r c e s  o f  both earthquakes and windstorms and is a safe form o f  
c o n s t r u c t i o n .  I f  improperly b u i l t  and r e i n f o r c e d ,  th is  type of  
c o n s tr u c t i o n  is  the most dangerous.

1. Cons  t r u e  t i o n  : The s t r e n g t h  o f  a b lock  house depends on
the  amount  o f  re in forcement  at the co rn ers ,  the amount of  
v e r t i c a l  and h o r i z o n t a l  r e i n f o r c i n g  in the wal l s ,  the 
s t r e n g t h  o f  t he  foundat ion ,  and whether the house is  pro ­
p e r l y  b a l a n c e d .  I d e a l l y ,  r e i n f o r c i n g  rods are placed ver ­
t i c a l l y  i n  t he  c o r n e r s  and walls  at no more than 18-inch 
i n t e r v a l s .  At the top o f  the wal ls  a ring beam is  made of  
p o u r e d  c o n c r e t e .  F o u n d a t i o n s  a r e  made by cementing a 
c o u r s e  o f  b l o c k s  s l i g h t l y  below ground on which the walls  
r e s t .

2.  R o o f : The r o o f s  o f  c o n c r e t e  b lock  houses in F i j i  are of
C . I .  shee ts .  The sheets are attached to wood purl ins  which 
a r e  f a s t e n e d  to trusses  held on the walls  in two ways. In 
th e  f i r s t ,  a p o r t i o n  o f  the s t e e l  rods used in the r e i n ­
f o r c i n g  columns is  l e f t  protruding out o f  the ring beam. A 
b o a r d  p l a t e  i s  la id  on top o f  the beam with a ho le  d r i l l e d  
f o r  th e  r o d  to pass through. The rod is  bent over to hold 
th e  p l a t e  down. The r o o f  trusses  are then attached to the 
p l a t e .

In  th e  second method, b o l t s  are imbedded in the cement when 
th e  r i n g  beam i s  p o u r e d .  The p la te  is  then attached by 
b o l t i n g  i t  down. Of the two methods th is  l a t t e r  i s  s t rong ­
e r ,  e s p e c i a l l y  i f  washers are used between the wood and nut 
on the b o l t .
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R o o f s  u s e  " s h e d "  ( f l a t ,  s lop in g  r o o f ) ,  gable and hipped 
c o n f i g u r a t i o n s .

3.  S i z e : C o n c r e t e  b l o c k  houses vary in s i z e .  The smallest
a r e  a p p r o x i m a t e l y  12 x 20 f e e t ,  with the average being 
approximately 15 x 30 f e e t .

4.  V u l n e r a b i  1 i  t y  : The p r i n c i p a l  damage to a concrete  b lock
h o u s e  wo u l d  be separat ion of  the roo f  from the walls  (due 
t o  a p o o r  c o n n e c t i o n  o f  the r o o f  frame to the wa l l s )  and, 
i n  some ca ses ,  damage caused by the wind pushing against an 
u n r e i n f o r c e d  o r  p o o r l y  r e in fo r ce d  wal l ,  causing c o l la p s e  
due t o  e x c e s s i v e  wind pressure on the outer surface  o f  the 
w a l l .

In c a s e s  where houses use louvered windows, excess ive  pres ­
s u r e  c a n  b u i l d  up i n s i d e  the house,  usual ly  r e s u l t in g  in 
l o s s  o f  t h e  r o o f .  Hi gh wind " e x p lo s i o n s "  occur only to 
very p o o r l y - b u i l t  s t r u c tu r e s .

5. O t h e r  Weak P o i n t s : Many b lock  houses in F i j i  have large
ov e rh a n g in g  eaves .  In high winds, the eaves trap excess ive  
amo unt s  o f  wind underneath,  c reat in g  u p l i f t  under the edge 
o f  t h e  r o o f  and t h e r e b y  c o n t r i b u t i n g  to r o o f  damage or 
l o s s  .

6. M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : In order to improve
the  s t r u c t u r a l  p e r f o r m a n c e  of  concrete  b lock  housing in 
high winds, the f o l l ow in g  act ions  are recommended:

a . Emergency measures

----- Use m o r e ,  and l o n g e r ,  n a i l s  to attach the C . I .
sheets to the roo f  frame.

----- Seal the eaves o f  the r o o f .

------ F a s t e n  the wooden roo f  truss more secure ly  to the
r i n g  beam o f  the wal ls  by using sp e c ia l  fasteners  
on each connec t ion .

b . Progress ive  upgrading measures

----- Use a hipped r o o f  c o n f i g u r a t io n .

----- Use a r o o f  p i tch  between 30-40° .

----- Reduce roo f  overhangs.

----- Replace f l a t  r o o f s  with hipped r o o f s .
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I f  t h e  recommendations out l ined  above are incorporated  into 
th e  des ign  o f  concre te  b lock  houses ,  the wind re s i s ta n c e  o f  
th e  s t r u c t u r e s  w i l l  be e x c e l l e n t  and only minor damage 
should occur in windstorms.

7. M o d i f i c a t i o n s  f o r  E a r th q u a k e  R e s i s ta n c e : The recommen­
d a t i o n s  a b o v e  a l s o  a p p l y  t o  c o n s t r u c t i o n  o f  earthquake 
r e s i s t a n t  h o u s i n g .  In  order to be earthquake r e s i s t a n t ,  
s p e c i a l  a t t e n t i o n  needs to be given to the r e in f o r c in g  o f  
columns and ring beams.
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VULNERABILITY ANALYSIS OF GOVERNMENT-AIDED LOW-COST HOUSING

A. Housing Authority  Buildings

The mos t  p o p u l a r  b u i l d i n g s  provided under the various Housing 
Authority  schemes are i l l u s t r a t e d  below.

Even b u i l d i n g s  o f  t he  same design vary g rea t ly  in qua l i ty  of  
c o n s t r u c t i o n ,  s o m e t i m e s  e v e n  with in  the same community. I f  
b u i l t  p r o p e r l y ,  most would be moderately safe in hurricanes  and 
v e r y  s a f e  i n  earthquakes.  However, due to the varying qua l i ty  
o f  c o n s t r u c t i o n ,  many are su s ce p t ib le  to damage. The fo l l ow in g  
is  a summary o f  d e f i c i e n c i e s  which could  a f f e c t  performance.

1. Most bu i ld ings  use a gable r o o f .

2. The angle o f  p i tch  on many roo f s  is  too f l a t .

3.  R o o f i n g  n a i l s  are too short and would not prevent the C . I .  
sheets from blowing o f f .

4.  P o r c h e s  and verandas are attached in such a way that they 
would damage the r o o f  i f  they blew o f f .
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5.  T h e r e  is  i n s u f f i c i e n t  use o f  hurricane s t ra p s .  Many o f  the 
s t r a p s  t h a t  are used would provide l i t t l e  or no res is ta n ce  
to u p l i f t .

6.  Some o f  th e  materials  used are below the qu al i ty  s p e c i f i e d  
by t h e  Housing Author ity .  They appear to be d e te r io r a t in g  
rapid ly  and w i l l  soon have no s truc tura l  s trength .

7. T h e r e  i s  e x c e s s i v e  open space between the top o f  the wall  
and the r o o f .  This wi l l  permit excess ive  wind to enter the 
house and push upward on the r o o f .

Most  o f  t h e  p r o b l e m s  mentioned above can be reso lved through 
b e t te r  qua l i ty  co n tr o l  during the con s tr u c t ion  p rocess .

B. R e l i e f  H o u s i n g  o f  the Prime M in i s t e r ' s  R e l i e f  & R e h a b i l i ta t i o n  
Committee (PMRRC)

S e v e r a l  types  o f  housing have been provided to d i s a s te r  v ict ims 
by t h e  PMRRC. The drawings below i l l u s t r a t e  two types o f  units 
erected  .
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Many o f  t h e s e  s t r u c t u r e s  are inadequately designed and poorly  
b u i l t  and are vu lnerable  to hurr icanes .  The f o l l ow in g  d e f i c i e n ­
c i e s  have been i d e n t i f i e d :

1. The r o o f  sheets  are too th in .  A much heavier gauge is  r e ­
quired .

2. The r o o f i n g  n a i l s  are too short to hold the C . I .  sheets to 
the p u r l in s .

3. T h e r e  a r e  i n s u f f i c i e n t  numbers o f  hurricane straps to hold 
th e  r o o f  f r ame  t o  t he  b u i ld in g .  Many o f  the straps that 
are used are improperly attached and have no strength.

4.  There are large open spaces beneath the r o o f  eaves .

5. The w a l l  m a t e r i a l s  are o f ten  o f  poor qua l i ty  and begin to 
show s i g n s  o f  d e t e r i o r a t i o n  a f t e r  r e l a t i v e l y  short periods 
o f  t ime.

6. The c o n n e c t i o n s  b e t w e e n  w a l l  panels  at the corners  are 
we a k .  Where n a i l s  a r e  u s e d ,  they  provide i n s u f f i c i e n t  
s t r e n g t h  t o  r e s i s t  o u t w a r d  p r e s s u r e  on the b u i ld in g .  
Where  m e t a l  s t r a p s  are used,  v ib ra t i o n s  o f  the hurricane 
are l i k e l y  to fa t igue  the metal ,  al lowing i t  to f a i l .

7.  Concrete p ie rs  show signs o f  d e t e r i o r a t i o n .

8. The p i e r s  a r e  t o o  short to provide adequate res is ta n ce  to 
u p l i f t .  C o n n e c t i o n s  to the structure  are weak and would 
p r o v i d e  inadequate v e r t i c a l  r e s i s ta n ce  to ground motion in 
an earthquake.

The p r o b l e m s  i d e n t i f i e d  above are a resu l t  o f  poor design and 
s p e c i f i c a t i o n s ,  and lack o f  qu al i ty  c o n t r o l .  A l ternat ive  de­
s i g n s  s h o u l d  be c o n s i d e r e d ,  and a program to upgrade e x i s t in g  
s t r u c t u r e s  should be i n s t i t u t e d .  Better qua l i ty  con tro l  proce ­
dures should a lso  be es tab l ished  for  a l l  new c o n s t r u c t i o n .

ANALYSIS OF LOCAL BUILDING SKILLS

The s t r u c t u r a l  i n t e g r i t y  o f  a bu i ld ing  during windstorms and 
e a r t h q u a k e s  c a n  o f ten  be su b s tan t ia l ly  improved simply by improving 
th e  q u a l i t y  o f  wo r k ma n s h i p  and d e t a i l i n g  when the bu i ld ing  is  
e r e c t e d .  In studying the s k i l l s  o f  the bu i ld ers  o f  l ow -cos t  housing,  
a number  o f  problems a f f e c t i n g  the v u l n e r a b i l i t y  o f  these structures  
were n o t e d .
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A. Carpentry S k i l l s

1. J o i n t s  ; The k e y  problem in wood frame s tructures  is  that 
many o f  t h e  j o i n t s  a r e  weak in terms o f  both design and 
f a s t e n i n g .  S tructura l ly  important j o i n t s  are o f ten  na i led  
i n  t e n s i o n  rather than in shear.  When fo r ce s  are app l ied ,  
the n a i l  w i l l  s l i p  out and the j o i n t  w i l l  separate .

2. S p l i c i n g : The s p l i c i n g  o f  wood in wood frame construc ­
t i o n  i s  a m a j o r  p r o b le m .  Many s p l i c e s  are held together  
w i t h  only a n a i l .  Few carpenters  use j o i n t s  that would add 
s t r e n g t h  t o  t he  d e t a i l .  The fo l l ow in g  s p l i c e s  should be 
used .

In p o l e  c o n s t r u c t i o n ,  many j o i n t s  have i n s u f f i c i e n t  f r i c ­
t i o n  to strengthen the connec t ion .  The p lace  where a j o i n t  
w i l l  be made should be carved f l a t  as i l l u s t r a t e d  below.
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I m p r o p e r  Use o f  B r a c i n g : S t r u c t u r a l  reinforcements in
th e  b u i ld in g  frame do not provide adequate strength .  Com­
mon problems inc lude :

a.  P l a c e m e n t  o f  b ra ce s  in tension where they can e a s i l y  
s ep a ra te .

b.  P l a c e m e n t  o f  b ra ces  at angles which are i n s u f f i c i e n t  
t o  p r o v id e  adequate r i g i d i t y  or r e s i s t a n c e ,  and p la ce ­
ment  o f  s u p p o r t s  i n  s uc h  a manner that they do not 
adequately d i s t r i b u t e  loads .

c .  Fai lure  to use braces in c r i t i c a l  parts o f  a b u i ld in g .

d.  Fai lure  to use diagonal bracing in gable r o o f s .

B. Problems in Masonry Construct ion

The s t r e n g t h  o f  masonry  is  a funct ion  o f  the alignment o f  the 
w a l l  ( b o t h  v e r t i c a l l y  and h o r i z o n t a l l y ) ,  the strength o f  the 
m o r t a r ,  and the strength o f  the b l o c k s .  A number o f  fau l t s  have 
been noted ,  inc lud ing :

1. P o o r - q u a l i t y  b l o c k s : This is  usual ly  a resu l t  o f  lack o f  
q u a l i ty  co n t r o l  in the l o c a l  f a b r i c a t i o n  o f  the b lo c k s .

2. P o o r  m o r t a r : T h e r e  i s  o f t e n  a tendency to reduce costs
o f  th e  m o r t a r  by u s i n g  less  cement in the mix. This re ­
d u c e s  t he  strength o f  the bond. Likewise ,  there is  a ten­
d e n c y  t o  make the mortar too wet in order to make i t  more 
p l i a b l e  and e a s i e r  t o  work w i t h .  This too reduces the 
bonding strength .

3. P o o r  c o n c r e t e  mi x  i n  the s t ru c tu ra l  columns and bu i ld ing  
p iers  .

4.  I n s u f f i c i e n t  mortar between b l o c k s .
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5. Poor connect ions  between i n t e r i o r  and e x t e r i o r  w a l l s .

6. Unlevel  masonry on each course .

7. I n s u f f i c i e n t  r e i n f o r c e m e n t  in poured columns, and in s u f ­
f i c i e n t  use o f  rebars placed ins ide  b lock  w a l l s .

8. Poor d e t a i l i n g  around doors and windows.

9 .  Improper or i n s u f f i c i e n t  f ou ndat ions .

10. E x c e s s i v e  s p a n s  and q u e s t i o n a b l e  d e t a i l i n g  o f  l i n t e l s  
above windows.

NOTE: The problems o f  poor d e t a i l i n g  are common to both owner-
b u i l t  and c o n t r a c t o r - b u i l t  houses,  but problems o f  i n s u f f i c i e n t  
o r  p o o r - q u a l i t y  reinforcement reported ly  appear more in con trac ­
t o r - b u i l t  housing and represent attempts to cut c o s t s .  This is 
a p r o b l e m  t h a t  c a n  o n l y  be a d d r e s s e d  through expanded and 
s t r i c t e r  code enforcement a c t i v i t i e s .



V. VULNERABILITY REDUCTION STRATEGIES

V u l n e r a b i l i t y  reduct ion  measures include three types o f  a c t i v i ­
t i e s :  emergency measures to p ro tec t  e x i s t in g  b u i ld in g s ;  progress ive
u p g r a d i n g  f o r  e x i s t i n g  bu i ld in g s ;  and improved design and construc ­
t ion  o f  new b u i ld in g s .

EMERGENCY MEASURES

Eme r g e n c y  m easures  are immediate a ct ions  taken to provide pro­
t e c t i o n  f r o m an i mmi ne nt  d a n g e r  s uc h  as a hurr icane .  Emergency 
m e a s u r e s  f o c u s  on a c t i o n s  to ensure the sa fe ty  o f  persons within a 
h o u s e .  A c t i v i t i e s  s h o u l d  emphasize p r o te c t io n  o f  those l i v in g  in 
t r a d i t i o n a l  and t r a n s i t i o n a l  housing.

T h o r o u g h  p l a n n i n g  and p r e p a r a t i o n  are  required in order to 
e f f e c t i v e l y  d issem in ate  the required information when a d i sa s te r  is  
imm inent .  Preparedness planning in the housing sec tor  should be part 
o f  a c o m p r e h e n s i v e  s t r a t e g y  inc luding  housing,  evacuation and, i f  
n e c e s s a r y ,  e m e r g e n c y  s h e l t e r .  Some examples o f  emergency measures 
that can be taken are given in Appendix I I .

The requirements fo r  planning comprehensive emergency a c t i v i t i e s
a r e :

A. T h o r o u g h  p r e p a r e d n e s s  p lanning. This includes a review o f  the 
a c t i o n s  r e q u i r e d ,  the organizat ions  that w i l l  p a r t i c i p a t e ,  the 
t o o l s  and equipment necessary ,  and the formulation o f  a compre­
hensive plan to guide the response.

B. I d e n t i f i c a t i o n  o f  p u b l i c  information requirements . A v a r ie ty  
o f  me d i a  i s  r e q u i r e d  i n  order  to disseminate the information 
t h o r o u g h l y  i n c l u d i n g  l e a f l e t s ,  p o s t e r s ,  pre -recorded  radio 
announcements ,  newspaper inser ts  and supplements.  These must be 
d e s i g n e d  t o  show how t o  p r o t e c t  a house,  reduce damage from 
b l o w i n g  d e b r i s ,  and r e d u c e  i n j u r y  in case a bu i ld ing  f a i l s .  
I n f o r m a t i o n  s h o u l d  a l s o  be a v a i la b le  to enable homeowners to 
d e t e r m i n e  f l o o d  or storm surge threat ,  and whether they should 
e v a c u a t e .  For  t h o s e  who w i l l  evacuate,  an evacuation plan is 
r e q u i r e d ,  and maps showing evacuation routes must be prepared 
and d i s s e m i n a t e d  t o  appropr iate  organizat ions  and news media. 
In a d d i t i o n ,  route markings and equipment fo r  personnel must be 
p r e p a r e d  and p r e - p o s i t i o n e d . In some cases ,  hurricane sh e l te rs  
may be requ ired ,  and they must be designated and strengthened in 
advance.

C. T r a i n i n g  and t e c h n i c a l  a s s i s t a n c e  f o r  l o ca l  emergency r e l i e f  
o f f i c i a l s  and o r g a n i z a t i o n s . Not only must information on how
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t o  p r o t e c t  h o u s e s  be d i s t r ib u te d  in advance,  but a lso  a s u f f i ­
c i e n t  number o f  people acquainted with how to use the techniques 
s h o u l d  be  t r a i n e d  and a v a i l a b l e  t o  help the publ ic  on each 
i s l a n d .

D. I n f o r m a t i o n  d i s s e m i n a t i o n  m e c h a n i s m s . The most e f f e c t i v e  
means o f  communicating information on p r o te c t io n  o f  bu i ld ings  is  
t h r o u g h  v i s u a l  m e d i a .  To a l imited  extent ,  newspapers can be 
h e l p f u l  i n  d i s s e m in a t in g  th is  in formation .  More comprehensive 
i n f o r m a t i o n ,  however,  w i l l  require  h igh ly  i l l u s t r a t e d  booklets  
and l e a f l e t s .  A system fo r  d i s t r i b u t i n g  th is  information must 
be e s t a b l i s h e d  i n  advance ,  and the materials  f o r  d i s t r i b u t i o n  
must  be  pr  e - p o s  i t i o n e d  for  rapid d i s t r i b u t i o n  to these o u t le t s  
p r io r  to the occurrence o f  a d i s a s t e r .

O v e r a l l  r e s p o n s i b i l i t y  fo r  implementation o f  short -term a c t i v i ­
t i e s  i s  now a s s i g n e d  t o  the Emergency Serv ices  Committee (EMSEC). 
The o t h e r  a g e n c i e s  that should be involved are the Prime M in i s t e r ' s  
R e l i e f  & R eh a b i l i ta t i on  Committee (PMRRC), the Housing Author ity ,  the 
Royal F i j i  P o l i c e ,  and the Public  Works Department.

PROGRESSIVE UPGRADING

The o v e r a l l  o b j e c t i v e  o f  p rogress ive  upgrading is to strengthen 
e x i s t i n g  h o u s i n g  t o  w i t h s t a n d  a hurricane or earthquake.  Actions 
f o c u s  on a c t i v i t i e s  t h a t  can be ca rr ied  out by the homeowner with 
m i n i ma l  f i n a n c i a l  and tech n ica l  a s s i s t a n c e ,  and that do not require  
e x t e n s i v e  r e c o n s t r u c t i o n  or m o d i f i ca t i o n  o f  the e x i s t in g  b u i ld in g .  
B e c a u s e  some m e a s u r e s  r e p r e s e n t  a cos t  to homeowners, a c t i v i t i e s  
normally concentrate  on formal rather than t r a n s i t i o n a l  houses.

Examples o f  progress ive  upgrading measures are :

----- Changing the c o n f ig u r a t io n  o f  a r o o f .

----- Reducing r o o f  overhangs.

----- Sealing the eaves .

----- Adding storm sh u t te rs .

----- I n s t a l l in g  or increas ing  hurricane straps in the r o o f .

----- I n s t a l l i n g  breakaway verandas.

----- I n s t a l l in g  braces in wal ls  and co rn ers .

----- Improving foundat ions .

----- Replacing d e te r io r a te d  wood.
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----- Increasing the number o f  w al l - to -ground  connect ions .

-----  R e p l a c i n g  s h o r t  p i e r s  w i t h  l o n g e r  p iers  that have
anchoring d e v i c e s .

The o b j e c t i v e  o f  upgrading is  to reduce the need for  replacement 
h o u s i n g  a f t e r  a d i s a s t e r .  To be s u c c e s s f u l ,  a c t i v i t i e s  should a lso  
improve l i v a b i l i t y  and reduce cos ts  o f  maintenance and operat ion .

P r o g r e s s i v e  u p g r a d i n g  requires  a comprehensive approach and a 
commitment from many a g en c ies .  The government should f i r s t  develop a 
p o l i c y  t o  g u i d e  the a c t i v i t i e s  and an appropr iate  framework for  im­
p l e m e n t a t i o n .  In a d d i t i o n ,  t he  government should des ignate  one 
agency to serve as co o r d in a to r .

A. Re qu i  r emen t s : In  o r d e r  t o  e n c o u r a g e  p e o p l e  t o  carry out
housing upgrading and m o d i f i c a t i o n ,  the fo l l ow in g  are required :

1. B u i l d i n g  P e r f o r m a n c e  S t a n d a r d s . To provide a framework 
f o r  d e t e r m i n i n g  which a c t ions  are appropr iate for  the up­
g r a d i n g  o f  d i f f e r e n t  types o f  s t r u c tu r e s ,  minimum bui ld ing  
s t a n d a r d s  based on bu i ld ing  performance and emphasizing the 
s a f e t y  o f  o c c u p a n t s  should be developed by the government 
f o r  a l l  t y p e s  o f  l o w - c o s t  housing .  These w i l l  provide 
c r i t e r i a  t h a t  f i n a n c i a l  i n s t i t u t i o n s  can use to determine 
w h i c h  i m p r o v e m e n t s  can be funded by loans ,  and the stan­
d a r d s  w i l l  h e l p  t o  i d e n t i f y  the c r i t i c a l  components and 
f e a t u r e s  o f  a d i s a s te r  r e s i s ta n t  bu i ld ing  for each housing 
type .

C u r r e n t  b u i l d i n g  c o d e s  c a n  be used for  c e r ta in  types of  
f o r m a l  c o n s t r u c t i o n .  However, t r a n s i t i o n a l  and t ra d i t i o n a l  
b u i l d i n g s  are not covered ,  and enforcement of  the ex i s t in g  
code on these types o f  bu i ld ings  is  not p r a c t i c a l .

2. F i n a n c i a l  A s s i s t a n c e  or Other I n c e n t i v e s . Some fam i l ies  
w i l l  r e q u i r e  f i n a n c i a l  a s s i s t a n c e  f o r  upgrading the ir  
h o u s e s .  The g o v e r n m e n t  may want  to cons ider  expanding 
e x i s t i n g  l o a n  programs to accomodate the demand. Special  
p l a n s  w i l l  be r e q u i r e d  t o  handle requests from fam i l ies  
without c l e a r  t i t l e  to the ir  lands.

3. I n f o r m a t  i o n . In o r d e r  t o  both encourage and guide pro­
g r e s s i v e  upgrading,  a v a r i e t y  o f  information is  needed in ­
cluding :

a.  I n f o r m a t i o n  about how to decide  what m od i f i ca t i on s  are 
required and p r a c t i c a l .

b .  Information on where to obtain  a s s i s t a n c e .
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c .  A v a r i e t y  o f  m e d i a ,  e s p e c i a l l y  f i l m s  and heav i ly  
i l l u s t r a t e d  b o o k l e t s ,  to provide de ta i led  "how to do 
i t "  in formation.

To h e l p  homeowners determine whether they need to up­
g r a d e  the ir  homes and what techniques would be p r a c t i ­
c a l ,  a s i m p l e  "home t e s t "  should be devised and d i s ­
s e m i n a t e d .  T h i s  t e s t  would use a numerical grading 
s y s t e m  t o  help determine how safe the bu i ld ing  is  and 
wo u l d  show t he  homeowner how v u l n e r a b i l i t y  could  be 
r e d u c e d  through the ad d i t ion  o f  c e r ta in  components or 
f e a t u r e s .

4.  T e c h n i c a l  A s s i s t a n c e . Most people upgrading the ir  houses 
w i l l  do so  on a s e l f - h e l p  b a s i s .  To ensure that upgrading 
i s  c a r r i e d  out in a c o r r e c t  manner, techn ica l  ass is tance  in 
the  f o r m o f  a d v i c e  and demonstrations  should be read i ly  
a v a i la b le  on a l l  i s l a n d s .

5. D e v e l o p m e n t  o f  L o c a l  S k i l l s . Some housing improvements 
w i l l  r e q u i r e  the se rv ices  o f  c o n t r a c t o r s .  I t  is  important 
t h a t  t he  government  provide tra in ing  to e x i s t in g  bu i ld ing  
c o n t r a c t o r s  t o  e n a b l e  them to p a r t i c ip a t e  in housing im­
p r o v e m e n t  a c t i v i t i e s .  A c e r t i f i c a t i o n  program for  l o c a l  
c o n t r a c t o r s  would be a means of  improving the s k i l l  l e v e l ,  
as w e l l  as ensuring that an adequate r e s e r v o i r  o f  ta lent  is 
d ev e lop ed .

B. C o o r d i n a t i o n  and I m p l e m e n t a t i o n : Overall  r e s p o n s i b i l i t y  fo r
im plem entat ion  o f  the upgrading of  e x i s t in g  bui ld ings  would best 
be a s s i g n e d  t o  a s i n g l e  a g e n c y .  P o s s i b i l i t i e s  include the 
D i r e c t o r a t e  o f  Town & Country Planning,  the Ministry o f  Urban 
D e v e l o p m e n t ,  Housing & Socia l  Welfare ,  or the Ministry o f  Works 
& C o m m u n i c a t i o n s .  O t h e r  m i n i s t r i e s  and organizat ions  that 
s h o u l d  p a r t i c ip a t e  include the Housing Author ity ,  the PMRRC, the 
M i n i s t r y  o f  Health,  the Ministry  o f  F o re s t s ,  and the Ministry  o f  
F i j i a n  A f f a i r s  & Rural Development. The F i j i  National Training 
C o u n c i l  and t he  F i j i  I n s t i t u t e  o f  Technology should provide 
tra in ing  in support o f  the program in the implementation phase.

C. F i n a n c i a l  A s s i s t a n c e : New approaches should be examined for
t h e  p r o v i s i o n  o f  f i n a n c i a l  a s s i s t a n c e  to homeowners for  up­
g r a d i n g  o f  t h e i r  h o me s .  Primary emphasis should remain with 
e x i s t i n g  f i n a n c i n g  p r o g r a m s  and i n s t i t u t i o n s .  To enable a 
g r e a t e r  number of  people to be served,  the e l i g i b i l i t y  c r i t e r i a  
f o r  s m a l l  l o a n s  wo u l d  ne e d  to be expanded. This may require  
l o a n  g u a r a n t e e s  f r o m t he  g o v e r n m e n t  or other i n s t i t u t i o n s .  
Lo ans  would be provided only f o r  those improvements s p e c i f i e d  in 
th e  b u i l d i n g  s t a n d a r d s .  For persons unable to obtain  loans,
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a l t e r n a t i v e  p r o g r a ms  whe r e  t h e y  c an  o b t a i n  easy access  to 
m a t e r i a l s  o r  c as h  should be con s idered .  An example would be a 
c o mmu n i t y  s e rv i c e  work program wherein people could obtain c r e ­
d i t s  t o wa r d  p u r c h a s e  o f  m a t e r i a l s  at discount  or subsid ized 
p r i c e s .  As a g e n e r a l  p r i n c i p l e ,  the p rov is ion  of  d i r e c t  cash 
grants should be avoided.

D. T e c h n i c a l  A s s i s t a n c e : Some p r o v i s i o n s  for making technica l
a s s i s t a n c e  a v a i la b le  on a permanent bas is  should be e s ta b l i sh e d .  
One me t ho d  t h a t  c o u l d  be t r ied  is  to form a corps o f  bui ld ing  
i n s  p e c t  o r /  ins true tors  to work with people bu i ld ing  new housing.  
The i n s p e c t o r / i n s t r u c t o r s  would not only provide advice  to those 
b u i l d i n g  o r  u p g r a d i n g  t h e i r  homes, but would a lso  work with 
l o c a l  c o n t r a c t o r s  t o  t ra in  and encourage them to p a r t i c i p a t e .  
The i n s p e c t o r / i n s t r u c t o r s  would maintain a l i s t  of  c e r t i f i e d  
c o n t r a c t o r s  and help homeowners determine what improvements are 
n e c e s s a r y  o r  p r a c t i c a l ,  as well  as he lping them to obtain  the 
appropr iate f in a n c ia l  and tech n ica l  a ss is tance  required .

The i n s p e c t o r / i n s t r u c t o r s  could e i th er  replace  or complement the 
i n s p e c t o r s  from the Ministry  o f  Health. Their funct ion would be 
" a c t i v e "  enforcement o f  bu i ld ing  standards.  In the more remote 
a r e a s  or outer i s la n d s ,  pr ivate  con trac to rs  could be l i censed  to 
s e r v e  as i n s p e c t o r / i n s t r u c t o r s  i f  no government representat ive  
is  on the island f u l l - t i m e .

E. T e c h n i c a l  I n f o r m a t i o n  R e s o u r c e s : At the present time,  there
i s  no s i n g l e  r e p o s i t o r y  f o r  i n f o r m a t i o n  regarding low-cost  
h o u s i n g  or  t he  t e c h n i q u e s  and s k i l l s  required to maintain and 
u p g r a d e  t h e s e  b u i l d i n g s .  There are several  organizat ions  cur ­
r e n t l y  i n v o l v e d  in bu i ld ing  research using indigenous bu i ld ing  
m a t e r i a l s  and s k i l l s .  S ev era l  proposals  have been forwarded 
r e g a r d i n g  a bu i ld ing  i n s t i t u t e ,  but no such organizat ion  has yet 
b e e n  e s ta b l i s h e d .  The government should consider  e s ta b l i sh in g  a 
" n a t i o n a l  c e n t e r  f o r  bu i ld ing  & c o n s t r u c t i o n "  which would in ­
clude :

1. A ho us i ng  information center with l ib r a r y  and publ ic  i n f o r ­
m a t i o n  m a t e r i a l s  on a l l  t y p e s  o f  c on s tr u c t ion  in F i j i ,  
i n c l u d i n g  both engineered and non-engineered s tructures  and 
bu i ld ing  techniques;

2. A n a t i o n a l  h o u s i n g  re ference  l i b r a r y  that would be use fu l  
t o  a r c h i t e c t s ,  eng ineers ,  planners,  b u i ld e r s ,  publ ic  o f f i ­
c i a l s ,  m a t e r i a l  s u p p l i e r s ,  o r  anyone in te res ted  in any 
a s p e c t  o f  b u i l d i n g  co n s t r u c t i o n  and human settlements in 
F i j i .  I t  i s  e s p e c i a l l y  important that data be developed 
concerning h i s t o r i c  and vernacular c o n s t r u c t i o n .
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IMPROVED DESIGN AND CONSTRUCTION OF NEW BUILDINGS

I m p r o v e d  des ign  and co n s t r u c t i o n  focuses  on ensuring the sa fe ty  
o f  new h o u s i n g  by e n c o u r a g i n g  b u i l d e r s  t o  incorporate  d is a s te r  
r e s i s t a n t  f e a t u r e s  in bu i ld ings  as they are e re c te d .  This requires  
c r e a t i n g  an a w a r e n e s s  o f  t h e  n e e d  t o  add these features  and the 
deve lopm ent  o f  a r e s e r v o i r  o f  ta lent  and publ ic  information on how to 
b u i ld  s a f e l y .

The me t h o d s  u s e d  to improve new bu i ld ings  are o f ten  simple and 
u n c o m p l i c a t e d ,  and usual ly  add l i t t l e ,  i f  any, extra cos t  when they 
are ro u t in e ly  i n s t a l l e d  during c o n s t r u c t i o n .  Design changes inc lude :

----- Changes in bu i ld ing  c o n f i g u r a t io n .

----- Changes in bu i ld ing  layout .

----- Changes in r o o f  c o n f i g u r a t io n .

----- Changes in r o o f  p i t c h .

----- Changes in ba lance .

----- Cha ng e s  i n  b u i l d i n g  des ign  s p e c i f i c a t i o n s  or layout
w h i c h  i n c r e a s e  strength and d u r a b i l i t y  and/or f a c i l i ­
ta te  r e i n f o r c i n g .

----  Modifying c e r t a in  d e t a i l s  to increase  s trength .

----- Changes in design o f  foundations and f o o t i n g s .

Construct ion improvements inc lude :

----- Improved qu a l i ty  o f  workmanship.

----- Improved use o f  bu i ld ing  m a te r ia l s .

----- Increased use o f  r e i n f o r c i n g  materials  and components.

----- Use of  b e t t e r - q u a l i t y  m a te r ia l s .

----- Improved qu a l i ty  c o n t r o l .

A. R e q u i r e m e n t s  and I n fo r m a t io n  Resources : The requirements and
i n f o r m a t i o n  r e s o u r c e s  fo r  improvement o f  new houses are essen­
t i a l l y  t h e  same as f o r  progress ive  upgrading,  although the em­
p h a s i s  is  on a f f e c t i n g  co n s t r u c t i o n  be fo re  and during the b u i ld ­
i n g  p r o c e s s .  S p e c i f i c  p r o g r a m s  may have to be modi fied as 
a p p r o p r ia t e .
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B. C o o r d i n a t i o n : R e s p o n s i b i l i t y  f o r  e f f e c t i n g  improvements in
new c o n s t r u c t i o n  s h o u l d  be assigned to the same Ministry that 
coord inates  progress ive  upgrading.

C. I n c e n t i v e s  : The mos t  e f f e c t i v e  way to encourage improvement
o f  new b u i l d i n g  c o n s tr u c t ion  is  by o f f e r i n g  increased f in a n c ia l  
a s s i s t a n c e  t o  homeowners on the c on d i t ion  that d i s a s te r  r e s i s ­
t a n t  c o n s t r u c t i o n  techniques  be used.  To a f f e c t  a l l  types of  
h o u s i n g ,  t he  ne e d  t o  p r o v i d e  f i n a n c i a l  a ss is tan ce  to those 
b u i l d i n g  o u t s i d e  t he  f o r m a l  c o n s t r u c t i o n  process  should be 
r e c o g n i z e d  and appropr iate  means o f  providing l imited  funds in 
this  sec tor  should be developed.

D. T e c h n i c a l  A s s i s t a n c e : A more comprehensive range o f  te chn ica l
a s s i s t a n c e  and information would be required to e f f e c t  improve­
ment  in new c o n s t r u c t i o n .  The focus is  on formal houses,  so the 
number  o f  b u i l d i n g  t y p e s  i n v o l v e d  is  much smaller .  I n i t i a l  
e mp h a s i s  s h o u l d  be p laced  on concrete  b lock  b u i ld in g s .  Pro­
v i s i o n  o f  t e c h n i c a l  a s s i s t a n c e  at the l o c a l  l ev e l  should be 
c a r r i e d  out in the same manner as f o r  progress ive  upgrading,  but 
i n c r e a s e d  e mp h a s i s  s h o u l d  be placed on tra in ing  c o n t r a c t o r s .  
S i m p l i f i e d  p l a n s  and drawings should be developed for  fam i l ies  
t o  e n a b l e  them t o  b u i l d  s a f e  c o n c r e t e  b lock  and wood frame 
b u i l d i n g s .
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VI. COMPREHENSIVE VULNERABILITY REDUCTION ACTIVITIES

The f o l l o w i n g  a r e  s u g g e s t i o n s  f o r  comprehensive a c t i v i t i e s  
d e s i g n e d  t o  reduce v u l n e r a b i l i t y  o f  low -cos t  housing in F i j i .  These 
a c t i v i t i e s  w i l l  e n c o u r a g e  sa fer  co n s tr u c t i o n  and e s ta b l i s h  bet ter  
bu i ld ing  methods as part o f  the normal bu i ld ing  proc esses .

The v u l n e r a b i l i t y  o f  l ow -cos t  housing can be reduced.  In terest  
i s  h i g h  t h r o u g h o u t  t he  c o u n t r y ,  and recent  hurr icanes  have demon­
s t r a t e d  t he  n e e d .  Thus, a c t i v i t i e s  to reduce v u l n e r a b i l i t y  and im­
prove housing can have substant ia l  impact.

ACTIVITIES

The f o l l o w i n g  a c t i v i t i e s  are recommended for  reducing vu lner ­
a b i l i t y  :

A. Designate a coord in at in g  agency .

B. E s t a b l i s h  an intergovernmental  coord in at in g  committee to c o o r ­
d i n a t e  t e c h n i c a l  a ss is ta n ce  and other inputs from the d i f f e r e n t  
g o v e r n m e n t  a g e n c i e s .  Members should include the 'M in is try  of  
Urban D e v e l o p m e n t ,  Housing & Socia l  Wel fare ,  the Public  Works 
Depar t ment ,  the Prime Mi n i s t e r ' s  R e l i e f  & R eh a b i l i ta t i on  Commit­
t e e  ( PMRRC) ,  the Ministry o f  Health,  the F i j i  In s t i t u t e  o f  Tech­
n o l o g y ,  Town & C o u n t r y  P l a n n i n g ,  and the Ministry o f  F i j i an  
Af f a i r s  & Rural Development.

C. P r e p a r e  minimum p e r f o r m a n c e  standards  fo r  a l l  types of  non- 
engineered and low-cost  housing.

D. Co n v e n e  a s e r i e s  o f  w o r k s h o p s  f o r  a s s i s t i n g  i n s t i t u t i o n s , 
e s p e c i a l l y  f i n a n c i a l  i n s t i t u t i o n s ,  to encourage the ir  p a r t i c i ­
p a t i o n  i n  the a c t i v i t i e s  and to develop approaches for  in cr e as ­
ing th e ir  s e r v i c e s .

E. P r e p a r e  a c o m p r e h e n s i v e  s e t  o f  i n s t r u c t i o n a l  mater ials  in -  
c l u d i n g  m a t e r i a l s  n ecessary  to t ra in  the s t a f f ,  mater ials  for  
t r a i n i n g  con trac to rs  and homebuilders ,  and general  pub l ic  i n f o r ­
m a t i o n  mater ials  to promote v u l n e r a b i l i t y  red u c t ion .  (A l i s t  of  
these materials  is  attached as Appendix I . )

C o n d u c t  p e r i o d i c  w o r k s h o p s  f o r  housebui lders  in a l l  parts of  
th e  c o u n t r y .  T r a i n i n g  s ho u l d  s t ress  use o f  the m o d i f i ca t i o n  
t e c h n i q u e s  and how t o  promote adoption o f  the methods by the 
general public  .
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TARGET GROUPS

P u b l i c  information a c t i v i t i e s  should focus on those groups with­
i n  th e  g e n e r a l  populat ion that are most l i k e l y  to be r e c e p t iv e .  In
general  these groups are :

A. Young p e o p l e  b e t w e e n  the ages o f  18 and 30 . This is  the p r i ­
mary group involved in co n s tr u c t i o n  o f  new housing.  Promotional 
a c t i v i t i e s  s h o u l d  s tress  the long-term advantages o f  invest ing 
in  h o u s i n g  i m p r o v e m e n t s ,  and promotional media should depict  
people in th is  age group.

B. B u i l d i n g  t r a d e s m e n . Emp ha s i s  should be placed on improving 
th e  s k i l l s  o f  the c o n t r a c t o r s .  Without the ir  p a r t i c ip a t i o n  in 
the program, i t  is  un l ike ly  that the ideas wi l l  be perpetuated.

C. P e r s o n s  l i v i n g  i n  s q u a t t e r  s e t t l e m e n ts . The major ity  o f  new 
c o n s t r u c t i o n  occurs in settlements  in the urban areas .  E f f o r t s  
t o  a f f e c t  these houses should be carr ied  out in cooperat ion  with 
o t h e r  p r o g r a ms  t o  a s s i s t  s q u a t t e r  sett lements and the newly 
deve loping  areas .

D. P e r s o n s  l i v i n g  i n  t r a n s i t i o n a l  hous ing . Many fam i l ies  cur ­
r e n t l y  res id e  in temporary bu i ld ings  u n t i l  land tenure is  secure 
o r  u n t i l  t h e y  o b t a i n  the resources  for  c on s tr u ct ion  o f  a more 
f o r m a l  s t r u c tu r e .  Educational mater ials  on how to upgrade these 
b u i l d i n g s  and/or how to b u i ld  small core  s tructures  that can be 
g r a d u a l l y  enlarged in a safe manner should be provided to these 
f a m i l i e s .

E. Homeowner s  l i v i n g  i n  d e t e r i o r a t e d  o l d e r - p e r i o d  b u i l d i n g s . 
T h e r e  are many o lder  bu i ld ings  that could be brought up to stan­
d a r d .  I t  i s  important  to focus on homeowners rather than ren­
t e r s  as they are most l i k e l y  to make investments in the ir  b u i ld ­
ings .

COST REDUCTION STRATEGIES

In o r d e r  t o  make h o u s in g  improvements a f f o r d a b l e ,  a number of  
cos t  reduct ion  s t r a t e g i e s  and incent ives  can be exp lored ,  inc lud ing :

A. C o s t  R e d u c t i o n s : To enable some fam i l ies  to p a r t i c i p a t e ,  the
c o s t  o f  m a t e r ia l s  may have to be reduced.  Program iraplementers 
s h o u l d  i d e n t i f y  those materials  that are c r i t i c a l  and require  a 
d e c r e a s e  i n  c o s t ,  t h e n  i d e n t i f y  methods to reduce the c o s t s .  
Methods may inc lude :

1. Payment o f  t ransporta t ion  c o s t s ;

2. Local  product ion o f  components;
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3. Subsidies .

B. M u l t i p l e  F i n a n c i a l  A p p r o a c h e s : F inancial  a ss is tan ce  wi l l  be
r e q u i r e d  t o  ensure  that every group o f  people can p a r t i c i p a t e .  
A b a l a n c e d  program with severa l  d i f f e r e n t  approaches is  neces ­
s a r y .  P o s s i b l e  p r o g r a m s  inc lude  loan guarantees,  subsid ized  
loans,  s o f t  loans ,  and revo lv ing  loans.

C. C o o p e r a t i v e  A c t i v i t i e s : One o f  the best means o f  lowering the
c o s t  o f  h o u s i n g  i s  f o r  f a m i l i e s  to work c o o p e r a t iv e ly .  One 
me t ho d  i s  t he  format ion o f  a group o f  four or f i v e  fam i l ie s  to 
h e l p  e a c h  other b u i ld  or r e p a i r .  The fam i l ies  c o l l e c t i v e l y  pay 
f o r  th e  s e r v i c e s  o f  a c e r t i f i e d  con tr ac to r  to superv ise the ir  
w o r k .  Construct ion occurs  simultaneous ly ,  thereby lessening  the 
p o s s i b i l i t y  that one family would f a i l  to a s s i s t  the others once 
t h e i r  h o u s e  has  b e e n  f i n i s h e d .  Ot h e r  forms o f  cooperat ive  
a c t ion  should a lso  be exp lored .
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APPENDIX I :

RECOMMENDED TRAINING AIDS AND PROMOTIONAL MATERIALS

The f o l l o w i n g  sets  o f  materials  are recommended. Many o f  these 
m a t e r i a l s  are already  a v a i la b le  or can be quick ly  adapted from e x i s ­
t i n g  r e s o u r c e s .  A l s o ,  many o f  t h e  m ater ia ls  can be used i n t e r -  
c h a n g a b l y  between s e t s .  An a s te r i s k  denotes materials  that should be 
prepared s p e c i f i c a l l y  f o r  F i j i .

MATERIALS FOR PUBLIC AWARENESS AND PROMOTIONAL ACTIVITIES

1. F i l m :  B u i l d i n g  f o r  S a f e t y  i n  H a z a r d o u s  A r e a s ; A 15-
mi n u t e  f i l m  e x p l a i n i n g  how the fo r ce s  o f  hurricanes  and 
e a r t h q u a k e s  damage houses .  This f i l m should be used for  
b o t h  p u b l i c  information a c t i v i t i e s  and port ions  o f  the in ­
s t r u c t i o n a l  program. The f i l m uses animation to show how 
b u i l d i n g s  c o l l a p s e  and i l l u s t r a t e s  how d i f f e r e n t  bu i ld ing  
features  and designs a f f e c t  performance.

2. * A u d i o - c a s s e t t e s  f o r  Radio Programs: A se r ie s  o f  audio­
c a s s e t t e s  f o r  d i s t r i b u t i o n  to radio s t a t i o n s ,  descr ib ing  
met hods  f o r  p ro te c t in g  bu i ld ings  in an emergency as well  as 
whe r e  and how t o  o b t a i n  te ch n ica l  information,  should be 
prepared .

3. * MHow S a f e  i s  Yo ur  H o u s e ? 11: Pamphlet to help fam i l ies
d e t e r m i n e  whether the ir  houses need improvement or m o d i f i ­
c a t i o n .  The pamphlet should use a c h e c k l i s t  and numerical 
g r a d i n g  s y s t e m  t o  h e l p  homeowners determine the r e l a t i v e  
s a f e t y  o f  a b u i ld in g ,  and i t  should help them determine the 
r e l a t i v e  value o f  various opt ions  they may choose .  (A sim­
p l i f i e d  v e r s i o n  o f  t he  c h e c k l i s t  may be produced and 
p r i n t e d  in newspapers to help encourage people to determine 
sa fety  at the beginning o f  each hurricane season . )

MATERIALS FOR TRAINING CONTRACTORS AND HOMEBUILDERS

A. Training Aids f o r  Design and Construct ion o f  New Buildings

4.  ^ I n s t r u c t o r ' s  M a n u a l : A manual  i n c l u d i n g  se c t ion s  on
c o n s t r u c t i o n  t e c h n i q u e s ,  bu i ld ing  d e t a i l s ,  in s t r u c t i o n a l  
t e c h n i q u e s ,  and g u i d e l i n e s  f o r  t ra in ing  including  how to 
p r e p a r e  a c l a s s ,  how to e f f e c t i v e l y  demonstrate bu i ld ing  
d e t a i l s ,  and how to prepare course  o u t l in es  fo r  t o p i c s  not 
d i s c u s s e d .  S u g g e s t e d  course o u t l in es  and c h e c k l i s t s  fo r  
each c la s s  in a tra in ing  program should be inc luded .

66



5. * I n t  r o d u c  t i o n  t o  Wind Resistant  Construct ion :  A Guide f o r
A g e n c i e s  i n  t h e  So ut h  P a c i f i c : Booklet to introduce the
basic concepts o f  wind r e s i s ta n t  co n s t r u c t i o n .

6. * "How t o  B u i l d  a S a f e  Wood Frame H o u s e " : Pamphlet to
serve as a guide f o r  those bu i ld ing  new wood frame houses .

7. * "How t o  B u i l d  a S a f e  B u r e " : P a mp h l e t  t o  serve as a
guide f o r  those bu i ld ing  b u r e s .

8. * "How t o  B u i l d  a Safe Concrete Block House": Pamphlet to
serve as a guide for  those bu i ld ing  with concrete  b l o c k .

9.  " T e c h n i q u e s  o f  C o n c r e t e  C o n s t r u c t i o n 11: Pamphl e t  to
d e m o n s t r a t e  c o r r e c t  t e c h n i q u e s  for  preparing and using 
c e me nt  and c o n c r e t e  (can be prepared from e x i s t in g  mater­
i a l s  a v a i la b le  from VITA and the Peace Corps) .

10. * F l i p c h a r t s  : Tra in in g  aids to amplify po ints  made in the
v a r i o u s  b o o k l e t s ,  f o r  use by in s t r u c to r s  in the c l a s s e s .  
T h e s e  charts  should be prepared on c l o th  or p l a s t i c  to make 
them more durable .

B. Training Aids f o r  Upgrading Ex is t ing  Buildings

11. * "How t o  S t r e n g t h e n  T r a n s i t i o n a l  Hous ing" : Pamphlet to
g u i d e  owners  o f  the d i f f e r e n t  types o f  t ra n s i t i o n a l  houses 
in  how t o  c o r r e c t l y  strengthen the ir  b u i ld in g s .  The pam­
p h l e t  s h o u l d  d i s c u s s  the r e l a t i v e  value o f  the d i f f e r e n t  
t y p e s  o f  m o d i f i c a t i o n s  and r e t r o f i t t i n g  measures p o s s ib le ,  
and p r o v i d e  g u i d a n c e  i n  how to determine the s truc tura l  
in t e g r i t y  o f  wooden components.

12. * "How t o  S t r e n g t h e n  a Bure" : Pamphlet to i l l u s t r a t e  sim­
p l e  t e c h n i q u e s  fo r  improving hurricane and earthquake re ­
s i s ta n c e ,  to be developed for  owners o f  t r a d i t i o n a l  bures.

13. * "How t o  S t r e n g t h e n  Wood Frame B u i ld in g s " : Pamphlet to
i l l l u s t r a t e  r e t r o f i t t i n g  measures which can improve the 
s t r e n g t h  o f  wooden bu i ld ings  in hurr icanes .  Special  empha­
s i s  s h o u l d  be placed on use o f  hurricane straps and on the 
problems of  p iers  and anchoring the b u i ld in g s .

14. "How t o  S t r e n g t h e n  Houses Made o f  Concrete B l o c k " : Pam-
p h l e t  t o  g u i d e  homeowners in how to reduce v u l n e r a b i l i t y ,  
p l a c i n g  s p e c i a l  e mp h a s i s  on r e in f o r c in g  the connect ions  
between the r o o f  and wal l s .
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C. I n s t r u c t i o n a l  M a t e r i a l s  f o r  Emergency P r o te c t i o n  o f  Exist ing  
Buildings

Many o f  th e  m a t e r i a l s  i d e n t i f i e d  above can be used to provide 
h o m e o w n e rs  with information on r e p a i r s ,  m od i f i ca t ion s  or r e t r o ­
f i t s  t h a t  c a n  be  c a r r i e d  out when a hurricane threatens .  In 
a d d i t i o n ,  a sp e c ia l  pamphlet e n t i t l e d  "How to Protect  Your House 
in  H u r r i c a n e s "  s h o u l d  be developed.  This would be a guide to 
s i m p l e  improvements fo r  a l l  types o f  housing,  and would provide 
i n f o r m a t i o n  on how to p ro te c t  the bu i ld ing  and the s i t e ,  and how 
t o  d e t e r m i n e  whether or not a family should evacuate to a sa fer  
a r e a .
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