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Dear Mr. Oecksly: 

When we met last spring, I promised to send you some details on 
how we handled the use of polyethylene sheeting in India in 1971. I 
was hoping to send you a copy of the section of our Relief Operations 
Guidebook which covers the subject very thoroughly, but that work is 
not yet available for distribution. 

Thus, I am enclosing a copy of two reports which are relevant to 
your request. The first is a copy of Report I1 of the'Refugee Camps 
and Camp Planning series; page 26 contains data on the use of poly- 
ethylene as roofing. The second is a report on the use of films pre- 
pared by OXFAM. 

I am also enclosing a copy of the report on the Carnegie-Mellon 
University housing unit. 

Sorry for the long delay. 

FCC : j wp 

Encls. 

Frederick C. Cuny 
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INTRODUCTION 

This r epor t  o u t l i n e s  b a s i c  camp improvements which should be 

considered i n  a l l  camps. The s p e c i f i c  improvements out l ined,  however, 

a r e  genera l ly  more app l i cab le  t o  Phase I and Phase I1 camps than t o  

Phase I11 types.  

Report I1 is based upon and is  an expansion of a f i e l d  inspec t ion  

repor t  prepared by t h e  author  f o r  OXFAM - East  Ind ia  (dated 9 Ju ly  1971) 

and was prepared t o  f a c i l i t a t e  OXFAM's as s i s t ance  t o  Bengali refugees  

i n  the  Calcutta ,  West Bengal D i s t r i c t  of India .  



REFUGEE CAMP IMPROVEMENTS 

The problems faced in refugee camps fall into three general cate- 

gories: overall camp planning/design; sewage and waste disposal; and 

housing. The overall effort in the physical operations has been very 

poor in all the refugee operations. The major problem has been the 

record of recent inability to organise large scale work parties with 

specialised tasks to carry out necessary operations. The camp 

commanders must be made to realise that each camp is a complete system 

and that each operation affects the other. They cannot hope to prevent 

disease only with medicines; they must also have sanitary conditions 

which will encourage safety, health, etc. The following recommendations 

should be effected immediately from the outset of the development of 

the camps. 

A. Planning: 

Camps must be planned units and the plans must enable the 

authorities to administer and control all related activities 

with maximum flexibility and minimum effort. In effect, a 

camp is a small city and all the amenities of a city must 

be installed. These include central activity centres (i.e. 

hospital, administrative offices, central supply, distribution 

and storage areas, etc.), proper drainage (to include run-off 

collectors, local collectors,and major drainage canals), proper 

waste disposal, lighting, housing cells, circulation systems, 

and recreation areas. 

i. Layout: Due to the limited sophistication of planning 

techniques, overall camp planning must necessarily utilise 

a "use area" approach. This entails designation of all 

land areas as having a particular use and integrating the 

various uses into an overall system. In most terrains, a 

grid system of design can be adapted for the use area 

approach. While the grid provides the least privacy, it 

facilitates sanitation, drainage, and administration. The 

grids which delineate the use areas also provide the basis 
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for the circulation system and drainage system. The 

central activity centre should be the only unit of 

the system which does not follow the traditional grid 

and should have as much open area surrounding it as 

possible with all approaches well above flood level. 

(A typical layout is shown on page 4.) 

If a permanent, or Phase 111, camp is being de- 

signed, a more sophisticated design should be used. 

Several recommended designs are outlined in Report IV 

of this series. 

ii. Circulation: Each camp should develop a circulation 

system. The system should include vehicular approaches, 

internal vehicular drives, major walkways connecting 

the various use areas, and footpaths for local circu- 

lation. The entire system should be above the local 

flood level. 

Recommended construction material is brick, bamboo, 

and whatever wood is available. Drainage ways must be 

bridged to prevent the standing of water. In some camps, 

walks can be elevated by using earth extracted from the 

drainage canals. All walkways should be well lighted. 

(Typical construction is shown on page 6 . )  

iii. Lighting: Proper lighting must be installed as soon as 

possible. While it will assist the people in various 

ways such as keeping down disturbances, the singular most 

important aspect is that it will reduce the incidence of 

night defecation in areas other than the latrines. 

iv. Recreational Areas: As the number of refugees increases, 

they must have a release for tensions that will build up. 

Thus areas must be designated and preserved for organised 

recreation. These areas should at least be big enough 

to play football. They can also be used for other pro- 

grammes such as camp meetings, etc. The designation and 

development of these areas should, however, not receive a 

priority until the monsoon season has passed. 

. . . .4 
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ROADWAY/WAL~CWAS CONSTRUCTION 

DETAIL 2 

CROSS SECTION OF WAIKWAS CONSTRUCTION 
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Central activity centre: All administrative functions 

of the camps should be placed in a physically central 

location; as the camps become larger, these centralised 

posts can be established in sub-areas of the camps. 

All administrative areas must be above the flood level 

and well sand-bagged. 

Signs: A series of signs should be developed to facilitate 

the location of activities for both residents and visitors. 

Signs should be both graphic and colourful, in both the 

local language and English. 

vii. Drainage: In areas subject to heavy rains, proper drainage 

systems serve dual purposes, the most singularly important 

being moving water out of the camp. But a second and 

extremely useful effect is the daily cleansing of the 

camp site. Therefore, in these areas the most important 

designlengineering function becomes the development of * 
the drainage system. 

a. The system begins at each building or permanent 

structure. At the base of each a small localised 

trench is dug around the structure to collect the 

run-off and move it away. 

b. These trenches, or localised collectors, empty 

into a lateral which is generally one to two feet 

wide and which carries the water away from the 

local areas. These laterals should not be more 

than one hundred feet long and should generally 

follow the footpaths of the circulation system. 

* 
See schematic of drainage system, Detail 3, page7. 
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DETAIL 3 

DRAINAGE SCHEMATIC 

,MAIN DRAlNAC;E CANAL T O  BE 

AROUAID EACH HOUSE. ) 
LATEPAL TIZENCHES CARRY RUM- 
O F F  F l 2 O M  LOCALIZED Tl?EAJCI iES.  

.UOTE: NOT TO SCALE 
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L a t e r a l s  empty i n t o  major c o l l e c t o r s  which a r e  

placed approximately 200 - 500 f e e t  a p a r t  and 

which fol low the  major walkways and vehicular  

approaches. I n  the  smal ler  camps, only one o r  

two major c o l l e c t o r s  a r e  necessary. L a t e r a l s  

a r e  usual ly  2 and a ha l f  t o  th ree  and a ha l f  f e e t  

wide. 

As  t h e  water reaches the  lowest po in t  i n  the  

camp o r  genera l  a rea ,  i t  e n t e r s  a drainage canal  

and is  taken o u t  of t h e  camp. I f  poss ib le ,  a 

s i n g l e  drainage canal  i s  used t o  empty the  e n t i r e  

camp and i t  is  constructed w e l l  beyond the  camp 

boundary t o  a nearby stream, l a k e  o r  r i v e r  a 

minimum of th ree  hundred metres away. A s e r i e s  of 

s t r a i n i n g  ga tes  should be deployed a t  the  point  

where the  drainage cana l  leaves  the  camp s i t e  t o  

prevent  s o l i d  waste from flowing i n t o  t h e  adjo in ing 

countryside. 

A l l  t h e  p a r t s  of t h e  drainage system should be l i n e d  

e i t h e r  wi th  sandbags o r  whatever l o c a l  ma te r i a l s  are avai l -  

able .  Bamboo matting, t r e e  bark, plywood, p l a s t i c  sheet ing,  

e t c . ,  may be used. (See D e t a i l  4, page9 ) . The major 

i n t e r s e c t i o n s  of the  system must have the  opposing s i d e  

wa l l  supported t o  prevent washing away during heavy drainage 

flow periods.  Brick mate r i a l  i s  very good f o r  t h i s  purpose. 

(See D e t a i l s  5 and 6,  page 10). Backup ga tes  should be 

i n s t a l l e d  throughout t h e  system t o  a i d  i n  c o n t r o l l i n g  f looding 

and t o  a s s i s t  i n  r e p a i r  and cleaning t h e  system. (See D e t a i l  7, 

page 11). 

Depending on the  l o c a l  s o i l s ,  maintenance of the  drainage 

system w i l l  be  a ful l- t ime job and should have t h e  cantinuous 

supervis ion  of the.camp engineer .  I n  dry periods,  s tanding 
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DETAIL 4 

DRAINAGE L I N I N G  

LAIZC,E BAMBOO POSTS ARE SET INTO THE CjROLlND 
CLOSE T O  T H E  E D G E  O F  T H E  f -RENCH.  

BAWBOO M A T S  AeE THEN SET BETWEEN 
T A K E S  $ WALL O F T H E  T R E N C H .  

STAKES MUST BE C L O S E  ENOLIC;H 
0 WALL O F  T R E N C H  TO 

6AHBOO MAT5 )-1U57 
BE OVEELAPPED IN 
DIRECTION OF WATEE FLOW 
A 3  S H O W N .  THIS WILL HELP T O  
PPFVENT T H E M  BEING WASHED 
A W A Y  DUElNC, HEAVY PAINS. 

DETAIL OF MA J O E  COLLECTOR TPEhJCH 
sclowr~c, LINING, W I T H  BAMBOO 

MATS. 

NOTE: NOT T O  SCALE -- 
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DETAIL 5 

BRICK LINING, ON SIDE OF LATEeAL 
T R E N C H  ACROSS FROM WHERE EACH 

ELP T O  PREVENT 

B a l w  LINIMC~ ou ~ I D E  OF MAJOR 
COLLECTOR CANAL ACROSS FROM 
WHERE EACH L-ATEPAL TIZEhlCH 
EMPTIES INTO IT. T H I S  WILL HELP 

MAT 
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DETAIL 7 

T H I C K  PLYWOOD BOARD/ 
THAT C A N  BE PUT IN PLACE 
AS S H O W M ,  WHEN TWEPE IS 
DAhlqEE OF WATEE BACKlNq 
U P  IN70 THE CPHP. 

NOTE: BACK-UP GATE SHOULD BE ON A 
H I G H  POINT O F  GROUND AS CLOSE 
AS POSSIBLE T O  LAKE 012 RIVE(2 
AT END OF C A N A L .  

DETAIL OF M A I N '  D P A I N A ~ E  CANAL 
SHOWING BACK-UP GATE $ 
LlMlNGj O F  C A N A L  WITH S A N D -  
wqs. 
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water must be pushed out of the pools, the silt removed 

and the lining repaired. 

The system discussed herein is not a sophisticated 

system; in fact, it is similar in principle to the irri- 

gation techniques employed universally. A force of 50 

men per 1000 adult refugees can adequately build the 

system in most soils and 50 men per 2500 refugees can 

adequately maintain it. 

B. Sewage and Waste Disposal: 

Of primary importance, the problem of human wastes must be tackled 

with much greater effort than is usually expended. At this time, 

several new methods have been developed to handle human wastes, 

such as polythene septic tanks, porta cans, chemical latrines, 

etc. However, until they become available, primary reliance 

will continue to be standard earthen latrines, and each camp 

must continually build new latrines and keep the ones they already 

have clean. The sanitary team must hourly clean them out. 

Sewage: The problems of the latrines fall into four categories: 

location, approaches, cleanliness and disposal. It should be 

remembered that the latrine regimen instilled in the refugees 

can have a long-range effect. 

i. Location: The location of the latrines is usually dictated 

by circumstance. As much as possible, they should be below 

the prevailing wind, near the housing areas, away from the 

hospital, kitchen and contaminatables, and close to a 

surface water supply (for washing down). 

ii. Approaches: The approaches to the latrine must be designed 

and maintained to encourage people to use the latrines at 

all times - night and day. Walkways must be constructed 

which are solid, dry and not slippery and which are well 

lighted at night (if electrical power is not available, 
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then l a n t e r n s  o r  candles placed i n  t i n  cans should be 

used). Recent experience i n  Bengal i n d i c a t e s  

t h a t  b r i g h t  l i g h t i n g  along t h e  way t o  t h e  l a t r i n e s  almost 

el iminated t h e  amount of f eces  l e f t  near the  l a t r i n e s  at  

n ight .  

iii. Cleanliness: A work team must wash t h e  l a t r i n e s  down a t  

l e a s t  every hour day and n igh t  and spread bleach o r  s a n i t a t i o n  

chemicals t o  reduce odours. La t r ines  which u t i l i s e  concrete 

f l o o r s  o r  squa t t ing  pans a r e  use less  unless they a r e  washed 

out  a f t e r  each use. 

iv .  Construction of Latr ines:  The following general  r u l e s  apply 

t o  the  const ruct ion of a l l  types of l a t r i n e s :  

a .  To make su re  t h a t  food and water w i l l  be protec ted  

from contamination, l a t r i n e s  should be b u i l t  a t  l e a s t  

100 yards from t h e  u n i t  mess and t h e  nea res t  water 

source. Also, t h e  l a t r i n e  should not  be dug below 

t h e  water  l e v e l  i n  the  ground nor i n  a place  where it 

may d r a i n  i n t o  a water source. Usually, l a t r i n e s  a r e  

b u i l t  a t  l e a s t  30 yards from the  end of t h e  u n i t  a r e a  

bu t  wi th in  a reasonable d i s t ance  f o r  easy access.  A t  

. nigh t ,  i f  t h e  m i l i t a r y  s i t u a t i o n  permits,  they should 

be  w e l l  l i gh ted .  I f  l i g h t s  cannot be used, a p iece  

of cord o r  t ape  may be fastened t o  t r e e s  o r  s t akes  t o  

se rve  a s  a guide t o  t h e  l a t r i n e .  

b. A canvas o r  brush screen should be placed around each 

l a t r i n e ,  o r  t h e  l a t r i n e  may be enclosed wi th in  a t e n t .  

I n  cold c l imates  t h i s  s h e l t e r  should be heated. The 

screen o r  t h e  t e n t  should have a drainage d i t c h  dug 

around i t s  edges t o  prevent water from flowing over t h e  

ground i n t o  t h e  l a t r i n e .  For f l y  control ,  these  s h e l t e r s  

should be sprayed twice weekly with an approved i n s e c t i c i d e .  
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On t h e  o u t s i d e  of each l a t r i n e  enc losu re  a s imple 

hand-washing dev ice  should be i n s t a l l e d .  This  device  

should always b e  kep t  f i l l e d  w i t h  water  and should 

b e  easy  t o  ope ra t e .  

L a t r i n e s  should b e  po l i ced  every day. C e r t a i n  u n i t  

personnel  should be ass igned  t h e  r e s p o n s i b i l i t y  of  

ensu r ing  t h a t  t h e  l a t r i n e s  a r e  be ing  proper ly  main- 

t a i n e d .  

When a l a t r i n e  has  been f i l l e d  t o  w i t h i n  one f o o t  of 

t h e  s u r f a c e ,  o r  when i t  is  t o  be  abandoned, i t  should 

b e  c l o s e d  i n  t h e  fo l lowing  manner: t h e  con ten t s  of 

t h e  p i t ,  t h e  s i d e  w a l l s ,  and t h e  ground s u r f a c e  t o  a 

d i s t a n c e  of  two f e e t  from t h e  s i d e  w a l l s  should be  

sprayed w i t h  a DDT r e s i d u a l  s o l u t i o n  o r  o t h e r  i n s e c t i -  

c ide .  Then t h e  p i t  should b e  f i l l e d  t o  t h e  ground 

s u r f a c e  w i t h  succes s ive ,  3-inch l a y e r s  of e a r t h .  Each 

l a y e r  is packed down and i t s  s u r f a c e  is  sprayed w i t h  

i n s e c t i c i d e  b e f o r e  t h e  nex t  l a y e r  is added. Then t h e  

l a t r i n e  p i t  i s  mounded over  w i th  a t  least one f o o t  

of d i r t .  The purpose of  t h i s  method of c l o s i n g  i s  

t o  p reven t  any immature f l y  t h a t  may ha t ch  i n  t h e  

c losed  l a t r i n e  from g e t t i n g  out .  The l o c a t i o n  of t h e  

l a t r i n e  should then  be p l a i n l y  ind ica t ed  wi th  a s i g n  

which is  marked LATRJXE CLOSED and is  da ted .  

Appendix I p rov ides  examples of  some common l a t r i n e s .  

So l id  Waste: S o l i d  was t e s  must b e  c o l l e c t e d  and disposed of 

d a i l y .  Vehic les  such as c a r t s  o r  wheelbarrows should be provided 

f o r  t h i s  t a s k .  Disposa l  can  t a k e  two forms - b u r i a l  o r  burning.  

i. Bur ia l :  Th i s  method is  t h e  most p r e f e r a b l e  i n  d ry  areas i f  

t h e  d i s i n f e c t a n t s  can b e  secured.  P i t s  a r e  dug, t h e  was te  

is sprayed w i t h  d i s i n f e c t a n t  and then covered w i t h  e a r t h .  

This  method can be  u s e f u l  f o r  f i l l i n g  i n  low-lying a r e a s  

and i f  d i s i n f e c t e d  p rope r ly  w i l l  have no adverse  e f f e c t s .  
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ii. 

The d i r t  cover must be a minimum of one foo t  th ick ,  however, 

and garbage should be  packed down i n  a s e r i e s  of l a y e r s  a s  

i t  i s  placed i n  t h e  p i t  f o r  d isposal .  The waste must be 

buried below t h e  h ighes t  n a t u r a l  topographic peak i n  t h e  

land surface .  During the  monsoon season, b u r i a l  opera t ions  

must, of necess i ty ,  be i n  s c a t t e r e d  loca t ions  and i n  deep 

p i t s  ( a  minimum of four  f e e t  deep) and must be covered 

da i ly .  I f  t h e  a rea  i s  subject  t o  flooding, b u r i a l  techniques 

should no t  be used. A p i t  4 '  x 4 '  x 4' serves  100 people 

f o r  one day; thus  i t  can be r e a d i l y  seen t h a t  f o r  l a r g e  

camps, b u r i a l  is  l e a s t  p re fe rab le  due t o  space requirements. 

Burning: When burning wastes, a permanent s i te  should be 

se lec ted  a s  f a r  a s  reasonably poss ib le  from the  camp and 

below t h e  p reva i l ing  wind. Decontamination p r i o r  t o  burning 

is  not  necessary, but  chemical w a s t e  f u e l s  (e.g., gasoline)  

should be used t o  ensure an even, in tense  bum.  Each day 

ashes should rece ive  a t h i n  l a y e r  of d i r t  t o  keep them from 

blowing. 

Garbage i s  o f t e n  burned i n  open inc ine ra to r s .  Excellent  

types of open i n c i n e r a t o r s  may be constructed from mate r i a l s  

which a r e  r e a d i l y  a v a i l a b l e  i n  any camp area .  Since incin- 

e r a t o r s  w i l l  not  handle w e t  garbage, it i s  necessary t o  

separa te  t h e  l i q u i d  from t h e  s o l i d  por t ion .  This i s  done 

by s t r a i n i n g  the  garbage wi th  a coarse s t r a i n e r  such a s  an 

o ld  bucket, salvaged can, o r  55-gallon drum i n  which holes  

have been punched i n  the  bottom. The s o l i d s  remaining i n  

the  s t r a i n e r  a r e  inc inera ted ,  and t h e  l i q u i d s  a r e  poured 

through a grease t r a p  i n t o  a soakage p i t  o r  t rench.  Fie ld  

i n c i n e r a t o r s  should be located  a t  l e a s t  50 yards downwind 

from t h e  camp t o  prevent t h e i r  being an odour nuisance. 

The inc l ined  plane i n c i n e r a t o r  (Deta i l  8) w i l l  dispose 

of t h e  garbage of an e n t i r e  camp, evacuation hosp i t a l ,  o r  

o the r  u n i t  of s i m i l a r  s i z e .  Its e f fec t iveness  i n  combustion 
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DETAIL 8 

INCLINED PLANE INCINERATOR 

GARBAGE - 

DETAIL 9 

BARREL INCINERATOR 
5 5 - G A L L O N  DRUM - 

W I T H  T O P  AND 
B O T T O M  R E M O V E D  \ 

... 
'3 55-GALLON 

DRUM (ENCS 
REMOVED 

I M P R O V I  
G R A T E -  
LOWER 

/ 
S T O N E S  

I M P R O V I S E D  
G R A T E - -  
U P P E R  L E V E L  

T l O N S  

l C K S  

D I R T  F I L L E D  C A N S  
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and the  f a c t  t h a t  i t  i s  somewhat protec ted  from r a i n  o r  

wind make it an exce l l en t  improvised device. Time and 

s k i l l ,  however, a r e  required  i n  bui ld ing it. A sheet  

metal  plane is  i n s e r t e d  through telescoped 55-gallon 

drums from which the  ends have been removed. The metal 

plane should extend approximately 2 f e e t  beyond t h e  upper 

end of the  telescoped drums t o  serve  a s  a loading o r  

s toking platform. The telescoped drums are posit ioned on 

an inc l ined  surface.  A g r a t e  is  placed a t  the  lower end 

of the  telescoped drums, and a wood o r  f u e l  o i l  f i r e  i s  

provided under the  gra te .  After the  i n c i n e r a t o r  becomes 

hot ,  drained garbage i s  placed on the  s toking platform. 

A s  the  garbage becomes dry, i t  is  pushed through t h e  

telescoped drums i n  small amounts t o  bum. Final  burning 

takes  p lace  on the  g ra te .  I f  time does no t  permit the  

const ruct ion of the  inc l ined  place  inc ine ra to r ,  i t  can 

be s impl i f ied  a s  follows: d i g  a f i r e  p i t  a t  the  bottom 

of an inc l ine ,  l i n e  i t  with rocks, and place  a g ra te  over 

it .  Place th ree  telescoped drums i n  a shallow trench up 

t o  the  i n c l i n e ,  l e t t i n g  the  lower end of the  telescoped 

drums extend somewhat over the  f i r e  p i t  so  the  flame w i l l  

be drawn up the  drums. The sheet  metal plane, i f  avai lable ,  

should be used, a s  i t  permits  more thorough drying of t h e  

garbage. 

A simple b a r r e l  i n c i n e r a t o r  can be made from a 55- 

gal lon drum by c u t t i n g  out  both ends, punching many holes 

near  the  bottom, and i n s e r t i n g  g r a t e s  i n s i d e  the  b a r r e l  

severa l  inches above the  holes.  The b a r r e l  is  supported 

severa l  inches above the  ground on stones,  b r i cks ,  o r  d i r t -  

f i l l e d  cans, thus allowing space t o  bu i ld  a f i r e  under t h e  

b a r r e l .  The rubbish is put  i n t o  t h e  b a r r e l  on the  top 

gra te .  

Examples of the  above i n c i n e r a t o r s  can be seen i n  

D e t a i l s  8 and 9, page 16. 
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'Liquid Waste: I n  the  f i e l d ,  wash, bath,  and l i q u i d  ki tchen wastes 

a r e  disposed of i n  the  s o i l  usua l ly  by means of e i t h e r  soakage 

p i t s  o r  soakage trenches. I n  order  f o r  the  s o i l  t o  absorb these  

l i q u i d s ,  the  grease and soap, a s  we l l  a s  any s o l i d  p a r t i c l e s ,  

must f i r s t  be removed from them. For t h i s  reason, a grease t r a p  

is  made a p a r t  of each soakage p i t  o r  t rench t o  be used f o r  the  

d i sposa l  of wash and l i q u i d  k i tchen w a s t e s .  I n  p laces  where 

heavy c lay  s o i l  prevents t h e  use  of soakage p i t s  o r  t renches,  

evaporat ion beds may be used i f  t h e  c l imate  i s  hot  and dry. 

i. Soakage P i t s :  I n  a temporary camp, a soakage p i t  4 f e e t  

square and 4 f e e t  deep normally w i l l  be adequate t o  dis-  

pose of l i q u i d  k i tchen waste f o r  200 persons. I f  t h e  

people a r e  t o  remain i n  the  camp f o r  2 weeks, two p i t s  

should be constructed f o r  d isposal  of l i q u i d  ki tchen waste; 

each p i t  should be used on a l t e r n a t e  days, thus lessening 

the  p o s s i b i l i t y  of clogging. Each device provided f o r  

washing and bathing must a l s o  have a soakage p i t  under i t .  

These soakage p i t s  a r e  constructed i n  t h e  same way a s  a 

u r i n a l  soakage p i t  ( see  Appendix I )  except t h a t  t h e  u r i n a l  

p ipes  a r e  omitted. A grease  t r a p  i s  provided f o r  each p i t ,  

except those under showers. The a rea  under f i e l d  showers, 

a s  w e l l  a s  under drinking devices, should be excavated a 

few inches and then f i l l e d  wi th  small,  smooth s tones  t o  keep 

the  water  from standing.  Should a soakage p i t  become clogged, 

i t  is  closed, and a new one i s  constructed.  A soakage p i t  

i s  closed by covering i t  wi th  1 f o o t  of compacted e a r t h  and 

marked PIT CLOSED (date)  

ii. Soakage trenches: I f  t h e  ground water  l e v e l  o r  a rock forma- 

t i o n  e x i s t s  c lose  t o  t h e  surface ,  soakage trenches instead 

of p i t s  should be used. A soakage t rench c o n s i s t s  of a p i t ,  

2 f e e t  square and 1 foo t  deep, with a t rench extending out- 

ward from each of its s i d e s  f o r  a d i s t ance  of 6 o r  more f e e t .  
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iii. 

The t renches  a r e  1 f o o t  wide and vary  i n  depth from 1 foo t  

a t  t h e  c e n t r a l  p i t  t o  1 % f e e t  a t  t h e  ou te r  ends. The p i t  

and t renches  a r e  f i l l e d  with t h e  same m a t e r i a l  used i n  a 

soakage p i t .  Two such u n i t s  should be b u i l t  t o  dispose of 

l i q u i d  k i t chen  waste f o r  every 200 persons, and each u n i t  

should be used on a l t e r n a t e  days. One u n i t  should be b u i l t  

f o r  each washing device provided. A grease  t r a p  i s  provided 

f o r  each soakage trench.  A soakage t rench is  closed by 

covering i t  wi th  1 foo t  of compacted e a r t h  and marked PIT 

CLOSED (date)  . 
Grease Traps: 

a .  Baf f l e  Grease Trap: A b a f f l e  grease  t r a p  may be made from 

a drum (Deta i l  10).  The drum i s  divided v e r t i c a l l y  

i n t o  an entrance chamber and an exit chamber by a t t ach ing  

a wooden b a f f l e .  The b a f f l e  should b e  placed s o  t h a t  

the  ent rance  chamber w i l l  be approximately twice t h e  

s i z e  of the  e x i t  chamber. The b a f f l e  should hang t o  

a po in t  wi th in  1 inch of the  bottom. A s t r a i n e r  which 

may b e  made from a small  perfora ted  box f i l l e d  wi th  

straw, hay, o r  bur lap  i s  i n s e r t e d  i n t o  t h e  l i d  above 

the  ent rance  chamber. A p ipe  is  i n s e r t e d  i n t o  t h e  e x i t  

chamber about 3 t o  6 inches below t h e  top a s  an o u t l e t  

t o  t h e  soakage p i t .  This  b a f f l e  grease  t r a p  i s  usual ly  

placed on the  ground a t  t h e  s i d e  of t h e  soakage p i t  

wi th  t h e  o u t l e t  p ipe  extending 1 f o o t  beneath the  sur- 

f a c e  a t  the  cen te r  of t h e  p i t .  I f  a grease  t r a p  i s  

not  water- t ight ,  i t  must be placed p a r t i a l l y  under t h e  

ground. 

Before t h e  grease t r a p  is  used, t h e  chambers a r e  

f i l l e d  wi th  cool water.  The waste l i q u i d  is  poured 

through the  s t r a i n e r  which r e t a i n s  any s o l i d s .  A s  the  

warm l i q u i d  s t r i k e s  t h e  cool  water,  t h e  grease r i s e s  

t o  t h e  su r face  of t h e  ent rance  chamber and the  l i q u i d  
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runs under t h e  b a f f l e ,  f i l l i n g  the  e x i t  chamber. 

When the  l i q u i d  reaches the  o u t l e t  pipe near  t h e  top 

of t h e  exit  chamber, i t  runs through t h i s  p ipe  i n t o  

t h e  soakage p i t .  Unless the  grease t r a p  is  of s u f f i -  

c i e n t  capacity,  the  warm greasy l i q u i d  poured i n t o  the  

t r a p  w i l l  hea t  t h e  cool  water i n  t h e  t r ap ,  thus allowing 

t h e  grease  t o  remain uncongealed and t o  pass  through 

t h e  t r a p .  The e f f i c iency  of t h i s  grease t r a p  can be 

increased by const ruct ing it wi th  mul t ip le  b a f f l e s .  

Also, a s e r i e s  of t r a p s  may be used. 

The b a f f l e  grease t r a p  must be  properly maintained 

t o  prevent clogging of the  soakage p i t .  The grease  

re ta ined  i n  t h e  t r a p  should be skimmed from t h e  surface  

of the  water d a i l y  o r  a s  o f t en  as required  and e i t h e r  

buried o r  burned. The e n t i r e  t r a p  should be emptied 

and thoroughly scrubbed with hot ,  soapy w a t e r  a s  o f t en  

a s  necessary. 

b. Barre l  F i l t e r  Grease Trap: The b a r r e l  f i l t e r  grease  

t r a p  may be made from a 30- t o  50-gallon b a r r e l  o r  

drum which has  t h e  top removed and a number of l a r g e  

holes  bored i n t o  the  bottom (Deta i l  11) .  Eight inches 

of gravel  o r  small  s tones  a r e  placed i n  t h e  bottom and 

covered wi th  12 t o  18 inches of ashes o r  sand. A p iece  

of bur lap  i s  fastened t o  t h e  top of the  b a r r e l  t o  serve  

a s  a coarse f i l t e r .  The t r a p  may be placed d i r e c t l y  

on t h e  soakage p i t ,  o r  it  may be placed on a platform 

with a trough leading t o  t h e  p i t .  

Every 2 days t h e  grease t r a p  should be emptied, 

washed, and r e f i l l e d  as described above. The mate r i a l  

removed should be buried. The burlap f i l t e r  should be 

e i t h e r  washed o r  replaced every day. 

A p a i l  s t r a i n e r  may be used ins tead  of the  burlap 

f i l t e r .  It i s  made by boring holes  i n  t h e  bottom of 
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an o ld  metal  p a i l  o r  can and f i l l i n g  it with g rass  

o r  s traw. This s t r a i n e r  w i l l  remove coarse  p a r t i c l e s  

of food and a smal l  p a r t  of the  grease.  It i s  placed 

on top of the  b a r r e l  grease  t r ap .  

i v .  Evaporation Beds: I n  p laces  where c lay  s o i l  prevents  t h e  

use  of s tandard  soakage p i t s ,  evaporation beds (De ta i l  12) 

may be used i f  the  c l imate  is  ho t  and dry. 

a .  S u f f i c i e n t  beds, 8 by 10 f e e t ,  a r e  constructed t o  

al low 3 square f e e t  of su r face  a r e a  per  person pe r  

day f o r  k i t chen  waste and 2 square f e e t  pe r  person 

per  day f o r  wash and ba th  wastes. The beds a r e  spaced 

s o  t h a t  the  wastes can be d i s t r i b u t e d  t o  any one of 

the  beds. I n  the  cons t ruct ion  of a bed, the  top s o i l  

i s  f i r s t  scraped t o  t h e  edges, thus forming a small  

d ike  around i t ;  then t h e  e a r t h  wi th in  the  bed i s  

spaded t o  a depth of 10 t o  15 inches and raked i n t o  

a s e r i e s  of rows, making the  r idges  approximately 

6 inches  above the  depressions.  These rows may be 

formed e i t h e r  lengthwise o r  crosswise a s  deemed de- 

s i r a b l e  f o r  b e s t  d i s t r i b u t i o n  of water.  

b. I n  opera t ion ,  one bed i s  flooded during the  day with 

l i q u i d  waste t o  the  top of the  r idges ,  which i s  

equivalent  t o  an average depth of 3 inches over the  

bed; then the  l i q u i d  waste i s  allowed t o  evaporate 

and pe rco la te .  Af te r  3 o r  4 days t h i s  bed i s  usua l ly  

s u f f i c i e n t l y  dry f o r  respading and re-forming. The 

o t h e r  beds a r e  flooded on successive days, and the  same 

sequence of events  i s  followed. 

c.  Careful  a t t e n t i o n  must be given t o  proper r o t a t i o n ,  

maintenance, and dosage of evaporat ion beds. It is  

a l s o  e s s e n t i a l  t h a t  the  k i tchen waste be run through 

an e f f i c i e n t  grease  t r a p  before  i t  i s  allowed t o  e n t e r  

t h e  evaporat ion beds. I f  these  beds a r e  used properly,  
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they c r e a t e  no i n s e c t  hazard and only a s l i g h t  odor. 

Other modificat ions of waste d isposal  methods a r e  

poss ib le  and should be used when they a r e  more adapt- 

ab le  t o  the  p a r t i c u l a r  s i t u a t i o n .  

C. Housing: 

Housing problems t h a t  usual ly  a r i s e  a r e  r e l a t e d  t o  t h e  problem 

of numbers of refugees a s  w e l l  a s  construction.  The following 

i s  a d iscuss ion of const ruct ion and construction techniques, 

not  design. Some recommended designs can be found i n  Report V 

of t h i s  s e r i e s .  

i. Roof Construction: 

a .  Thatch: I n  most a reas  the re  a r e  usual ly  s u f f i c i e n t  

indigenous mate r i a l s  f o r  construction of adequate 

roofing mate r i a l  i f  proper design techniques a r e  used. 

The tha tch  roof l eaks  only because i t  i s  being placed 

on t h e  roofs  improperly, i . e . ,  layed out r a t h e r  than 

woven. U n t i l  o the r  mate r i a l  becomes ava i l ab le  i n  

quant i ty ,  t h e  engineering team must force  t h e  people 

t o  u t i l i s e  t h e  bamboo and straw i n  the  proper manner 

( i f  basket  weavers a r e  a v a i l a b l e  wi th in  the  camp, they 

should be placed i n  charge of weaving mats t o  be used 

as roof ing mate r i a l ) .  

b.  Tarpaulins: Tarps a r e  genera l ly  good but  have d e f i n i t e  

l i m i t a t i o n s .  They a r e  subject  t o  shrinkage and r o t .  

Both these  condi t ions  can be s i g n i f i c a n t l y  slowed, 

however, by spraying them with a f a b r i c  preservant ,  

s p e c i f i c a l l y  a product c a l l e d  "Scotch-Guard" manufactured 

by t h e  3 M  Company i n  t h e  United S t a t e s  and Great Br i t a in .  

Tarps a r e  only a s  good a s  the  means i n  which they a r e  

secured t o  the  housing frame. Nylon cord should be 

used where poss ib le .  

c.  F ibreglass  roofing: The most durable mater ia l  cu r ren t ly  

ava i l ab le ,  i t  should be used on the  high a c t i v i t y  
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buildings initially, and then used for housing as 

much as possible. The supports for the material must 

be stronger and more secure than the frames used for 

holding the tarps and thatch due to the increase of 

weight and the increased wind resistance. On non- 

peaked roofs (lean-tos) the low end should be placed 

into the wind for maximum support and best cooling 

effect. Another means of cooling the fibreglass is 

to paint the top surface with a white paint. 

d. Polythene Sheets, or synthetic rubber stripping: A 

good all-round construction material, polythene (or 

polyethylene) is easy to ship and store and is becoming 

widespread in use. As a roofing material, it is best 

used as an interim material or a supplement to existing 

roofs (to cover thatch, for example). Due to its 

susceptability to wind damage and tearing, when used 

on the outer surface of a structure it should be attached 

to a frame (see Detail 13, page 26). In humid tropical 

areas, use of polythene over thatch often causes rot 

and deterioration of the thatch and can cause a health 

hazard in living or medical structures. 

ii . Flooring: 

a. Floors must be designed and built to assist the drainage 

in the immediate area. The centre line of the floor 

should be a peak to enable any water which enters 

the structure to flow outside. 

b. Floors should be constructed of solid materials, prefer- 

ably brick, and should be covered with either mud mortar 

or straw to enable cleaning activities on the floor. 

c. Floors must be built above the local flood level (see 

page 27). If the availability of construction materials 

is limited, dikes and small levees must be built at the 

edges of the building beneath the roofline and should be 
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DETAIL 1 4  

PROTECTION FROM FLOODING 

,spoil f rom drains 
f lood level - - - - - - -  

f lood level - - - - -  - -  
spoil from camp exca 

f lood level , r a i z e d  f loor - - -  I -  - - 

vations 

- 
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of sufficient strength to keep out any localised 

flood waters. Bricks are the best material for this 

type of construction. (If brick material is not avail- 

able, bricks may be constructed by placing mud and straw 

in layers and compressing it between blocks or pieces 

of wood and heated by smoke fires in any dry enclosed 

room. This type of brick will work in temporary situa- 

tions and should last approximately 10 days before 

deteriorating, much longer if the brick can be fired 

or dried for a long period.) 

SUMMARY OF PLANNING RECOMMENDATIONS 

A refugee camp must be designed from the beginning with a well-defined, 

orderly and symmetrical camp plan. Sanitation should have the top priority 

in the approach to each task. In the planning and administration of a 

camp, the following items should be carried out: 

- -- Establish water points for drinking and for washing; dig latrines 

immediately, and mark them plainly; locate the kitchens on the side 

of camp away from the latrines and close to the water wells; dig a 

garbage pit. 

- -- Establish a communications and administrative centre during the 

early stages of development. Develop and mark access roads and the 

camp road network. 

-- - Lay out and build camps and facilities around a sanitation plan. 

Make sanitation facilities convenient to all refugees and staff.. 
- -- Control the water supply. Purify drinking water by accepted 

techniques. Establish and plainly mark separate water points for 

washing, cooking, and human consumption. Locate washing points down- 

stream from points used for human consumption. (See Appendix 11) 
--- Give particular care to location, maintenance, and cleanliness of 

latrines. Follow prescribed designs in construction. Flyproof every 



l a t r i n e .  Locate l a t r i n e s  conveniently t o  s h e l t e r  a r e a s  bu t  away 

from the  k i tchens ,  dispensary, and water supply. Never l o c a t e  a 

l a t r i n e  u p h i l l  on a drainage l i n e  leading down toward a water 

source. When a l a t r i n e  i s  taken out  of use, i t  must be  f i l l e d  

and covered, and then marked wi th  a s ign ,  LATRINE CLOSED (date)  . 
--- San i t a ry  condi t ions  i n  the  k i tchen a r e  a s  important a s  i n  the  

l a t r i n e s .  The k i tchen,  garbage p i t s ,  and i f  poss ib le ,  the  godown 

must be f lyproof .  Garbage must be kept  covered and must be removed 

t o  garbage p i t s  a t  l e a s t  once da i ly .  Empty food con ta ine r s  should 

e i t h e r  be burned o r  bur ied  t o  prevent f l i e s  from swarming. For each 

k i tchen a grease  t r a p  should be b u i l t  f o r  t h e  d i sposa l  of waste grease 

and greasy water .  Most important,  t h e  k i tchen a r e a  must inc lude  

f a c i l i t i e s  s o  t h a t  a l l  k i t chen  gear  (plus a l l  p o t s  and food con- 

t a i n e r s )  can be  thoroughly washed down i n  b o i l i n g  soapy water and 

then r insed  twice i n  b o i l i n g  c l e a r  water. 

-- - Wage c e a s e l e s s  war on i n s e c t s  and pes t s .  The s imples t  way t o  

c o n t r o l  f l i e s  i s  t o  c u t  o f f  t h e i r  nourishment by screening l a t r i n e s ,  

k i t chens  and garbage p i t s .  This keeps f l i e s  away from food and 

thus  from poisoning t h e  refugees.  Watch f o r  young f l i e s ,  p a r t i c u l a r l y  

i n s i d e  a screened s t r u c t u r e .  The presence ofyoung f l i e s  means t h a t  

f l i e s  a r e  breeding nearby, usua l ly  ins ide .  

--- Drainage of s tanding water,  coupled with o i l i n g  of s tagnant  

pools  and swampy areas ,  k i l l s  mosquito l a rvae  a s  they breed. The 

c l e a r i n g  of t a l l  grass ,  brush, and undergrowth he lps  t o  reduce t h e  

danger from m i t e s .  Human c lean l iness  and rodent c o n t r o l  s top  l i c e .  

A l l  i n s e c t  c o n t r o l  problems can be reduced i n  the  camps i f  pe r iod ic  

dus t ing  o r  spraying wi th  i n s e c t i c i d e s  i s  c a r r i e d  out .  

-- Be prepared f o r  emergencies. Never neg lec t  secur i ty ;  e s t a b l i s h  

a camp guard; promulgate a f i r e  b i l l ;  know your sources of ou t s ide  

help;  keep your f u e l  dump secure  aga ins t  f i r e  and t h e f t ;  e s t a b l i s h  

l i a i s o n  with your neighbors. 
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Introduction 

. A  recent report on an Oxfern project s tated 'while very large quantities 
of polythene sheeting were sent in by Oxfam, very l i t t l e  guidance was given as  
t o  how it w a s  intended t o  be used1 The report also h i a l i gh t ed  the d i f f i cu l t i es  
of fixing plaatio t o  struotures and haaards t o  plast io buildings in wind. 

This report wae in fact  about emergency shelters in the ~ e n ~ a 1 , r e f u g e e  
oamps. - 

$ 1  I 
This paper-has therefore been prepared t o  help f i e ld  s ta f f  and others 

understand the advantages and problems of these new sheeting materials. 

Polythene sheeting haa many uses. It can be used for  shelter  - 
st orage - tank lininga - tarpaulin type cwers  - groundsheet s - food cont ainers - 
crop protection - inflated a i r  houses etc. . 

Po1yl;hene sheeting is now readily available in many parts  of the world 
in large quantities and variow grades and qualities.  This material offers 
the poes i b i l i t y  of building w a t  e r t  ight etructures at unpreoedent ed low cost. 

- 
Plas t ic  sheetings are being used in structures with a sat isfactory . 

degree of r e l i ab i l i t y  - as ie  evidenced by the fact  that  currently in the U.K. 
there are about 300 aoree of greenhouses covered with p las t i c  film and a great 
number of semi-permanent plastio-clad fasm buildings used for  farm stock and 
storage purposes. 

2. Types of Plas t ic  Sheeting Available . 
I . . 

Most plas t io  materials such as polythene, poly vinyl chloride (FVC), 
nylon, terylene, polypropylene, etc. can be made in the form of th in  f lexible  

t sheeting. Also commeroiallywailable are several kinds of f lexible  sheet 
reinforced with strands of natural  or synthetio f ib res  t o  give greater strength. 
Such reinforoeknent inoreases oost and weight per unit area. Reinforced p las t i c  
eheet ing is normally made in maximum widths up t o  s i x  feet  and oonsequent l y  
wider sheets have to, be fabricated by st i tching or heat-sealing. 

Most ~ f v , w h a t  fo l la re  r e l a t e s  t o  the  w e  of polythene -- or as it should 
more oorreotly be oalled - polyethylene eheet ing. However, any of the tech- 



niques~::discussed w i l l  work with f lexible p las t ic  sheeting available on d i t  o. 

3. General Properties of poLythene f idn 
- 

Thicknesses 

Polythene f i l m s  can be mde in thi*knesses from .0005" (56  gauge) t o  
0.015w (1500 gauge). Cost per bit area i e  proportional t o  thickness. 
Hetrio equivalent of these gauges is: 

00005~ - 50 gauge - 12 microns . 
015" - 1500 gauge - . 375 microns , 

American terminology for  thickness is l m i l s *  which is confusing since 
the  term refere t o  'thousandths of an inch' . Ih American parlance a ' 10 m i l '  
film refers t o  1000 gauge or 0.01". 

For emergency housing purposes films thinner than 500 gauge (0.005") 
(5 m i l )  w&Ia byunsuitable. 

Polythene films are marginally stronger in the machine direct ion 
(along the length of the film) than in the transverse_ direction. 

Polythene is available from U.K., Continental and American manufacturers 
in seamless widths of up t o  24f't. in 1000 gaug* (O.Oll'), and in seamless widths 
of 36ft. in  500 gauge (0.005~). For ease of transport t h i s  wide sheeting is 
normally folded twice a t  the factory so that  it can be rol led  on t o  a cardboasd 
core. Thus 24ft. wide seamless sheeting is rolled on la 6ft. long core, 

It is l ight  in weight - approximately 20 sq.Ft; of : 1000 gauge sheet ing 
weighs 1 lb. . . 

_ . . -  

~nreinf&oed polythene film of 1000 gauge is tough and adequate t o  
withstand wihd stresses if correctly fixed t o  structures. ' ( ~ o s t  of the 
greenhouse acreage already mentioned is cwered with' film of 500 gauge - e 
9.g. one-half as thiok as 1000 gauge. The hundredweight sacks used t o  trans- 
port f e r t i l i z e r s  and other ohemioals are  usual-ly made from 800 gauge (0.008") . 

sheeting and same farmers use out-open plast i a  sacks fo r  .simple farm buildings a 

suah ae calf housing.) .- . . 

It is the oheapeet f lexible p las t ia  material - fo r  example, a r o l l  of 
1000 gauge sheeting 24' x 100, would cost the U.K. farmer abwt  E20425, 
approximately lp  per sq.ft. For the same m m  he wouldlobtain twice the area 
of 500 gauge film. - .  

Polythene is an inert  material - it w i l l  not ro t  even i f  buried in 
. f e r t i l e  d l  and i a  not- readily attaakea by rodents or insects (termites ha& 

been how t o  eat it).' Polythene film w i l l  not deteriorate during atorage. 
(clear  film must -be d o r e d  -in shade)  . ' +  . ' - . .  /' - 

I . *  - I j -  T- . - .  . ,I 

.. . , .- , . Colaurs A " .  

. .  a 
. - 

4 - C "  I !  . - - . ' A -  - . . . - 
* !Che two mod important types &e matural (clear  ix tr&sluc&t) and 

films ocmtain a b * + m f  very f inely divided carbon 

- ,  . ,, r . I -  . c - .  . . 
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d ~ i ~ ~ s h i n e  demadat ion or weakening 

Clear plast i c  sheeting deteriorates f a i r l y  quickly in strong sun1 ight , i 
,- black sheeting is best used under these conditions. 

Well-made black polythene films are extremely resistant  t o  sunshine 
dc -adat ion. Farm buildings covered with 1000 gauge black polythene sheet hl,: 
have been in continuous use since the middle 19606, with no apparent weakening 
of the film cover. 

- 
I f  clear films are required then types are available which w i l l  last 

for  a year in any climate. 

A l l  transparent Plast ic  films are slowly weakened on continuou~ ex- 
x s u r e  t o  sunshine. The durability of clear f i l m s  intended for  use outside . 
can be considerably increased by adding chemicals called 'ultra-violet-light 
absorbers1 during manufacture. Such lultr&violet-light inhibited1 f i l m s  . 
currently commercially available l a s t  fo r  at least  two years when continuously 
exposed t o  sunshine on greenhouse structures in the U.K., and it would be 
reasonable t o  expeat a t  least  a- onbyear l i f e  from them even in countries l ike  
India. - 

Living conditions in ah emergency shelter  covered with white film: 
might be more agreeable than in structures clad with clear or black film - 
day temperatures would certainly be more equable. 

Ultreviolet- l ight  inhibited films often have a sl ight  yellow or 
green colour - t h i s  is due t o  the nature of the absorbing chemical used. 

Emergency housing shelters clad with clear p las t ic  film w i l l  tend t o  
be hot when the sun shines and cold at night. 

When the temperature inside the shelter  is greater than outside - 
moisture and condensation may form on the inner surface. (1f t h i s  is a 
great nuZsance the amount of condensation forming can be reduced by usinc a 
polythene film *carpet* on the f loor of. the shelter). This prevents the   oil 
giving off more moisture thereby increasing the humidity. This condition only 
applies where so i l  moistures are high. 

- 
4. Use and Fixinas 'of Plas t ic  Films on Structures I 

Any plas t ic  structure intended for  emergenuy hausing must: 
I 

1) Offer shelter  from the weather a 

I - 
2) Be stable in wind 

< I 

3) Not be unbearably: hot in deyt ime . i 
I 

Choioe between black and olear film as a oovering w i l l  depend b n r  t 

I - 
1) Availability ' 

2) Expeoted l i f e  of the ehelter 

3) Prevailing. olimat i o  oandit ion 



For loneterm occupancy it would not be d i f f i c u l t  t o  devise s t ructures  
whi& m&e use of black fi lm f o r  the  roof ( fo r  durabi l i ty)  and oleax f i lm fo r  
par t  of the  walls ( l i gh t  admittance). 

Black f i l m s  expand whes the  sun shines and contract at night. Actual 
emansion faot-or is l&$ per 100 F temperature change. Thus a black p l a s t i c  
skin f i t t a d  t o  a s t ructure when the  sun is shining w i l l  become drum-tight a f t e r  
nightfal l .  Clear fi lms do not absorb heat energy from the  sun and s tay  at 
ambient - the expansicn/contract ion r a t e  can generally be ignored. 

I f  temperatures within any plastic-clad s t ruc ture  become too  high in 
sunshine they can be reduced by sp rwing  the  outer surface with aluminium or 
l i c h t - c o l m e d  paint. Some paints  do not 'key, very well  t o  polythene surfaceo, 
and may need t o  be replaced a f t e r  a period of time. I 

The tbrmal insulation propert ies  ( T ~ l  fac tor )  of polythene f i l m s  a re  
poor. However, well-insulated buildings can be made by using two sheets of 
 last i c  between which - is sandwiched an insulat ing material. In the  U.K. some 
very sa t i s fac tory  mushroom-growing houses have been made in t h i s  way, using 
f ibreglass  or mineral wool as an insulant. In I t a ly ,  farm buildings have 
been made in the  same manner, using two l w e r s  of p l a s t i c  with straw as an 
insulant. Any light-weight dry material  which contains a l o t  of air spaces 
would be suitable. I f  an organic material  l i k e  straw and hw i e  so used i"t 
would be desirable t o  p r e t r e a t  it with an insecticide.  

fix in^ film t o  s t ructures  and possible t ames  of s t ruc ture  

The oiroumst ances of any emergency, and s t ruc tu ra l  materials available 
local ly ,  w i l l  obviously vary grea t ly  and it would be impertinent t o  be dogmatic 
in these notes which a re  intended f o r  general guidance. 

b 1 
L' 

Beoauee t h e  plaet  i o  is stretohed f au t lv  and unifonnlv aver the m l r v ~ i i  

There a r e  two problems in supported polythene s t ruotures  

1) Erect ion of the  framework . . . .  , 
. -- 

2) Securing the  p l a s t i c  t o  it 

The ideal  shape of a s t ructure t o  be covered with p l a s t i c  f i l m  is 
semi-rcylindrical and i f  the width of such a s t ruc ture  is not too  wide it 'can 
eas i ly  and cheaply be covered with a s ingle  sheet of wide seamless polythene: 

We can l e m  something from the  cross-section of the  most popular type 
of p l a s t i c  greenhouse (tunnel greenh,ouse) i n  use in England at the  present . 
time, which is i l l u s t r a t e d  6 Sketches 1 and 2. 

It is appreciated tha t  1" s t e e l  tubing, su i tab le  curved, w i l l  probably 
not be available quiokly in a d isas te r  area,  but some of t h e  ideas of t h i s  
proven s tructure .can be adopted. PVC r i g i d  tube has been used with p e a t  
success in Bulgaria. FVC tube arches smoothly> - re turns  t o  i ts  original  
s t r a igh t  - d s  easy t o  transport  - lightweight and low cost. 

Note tha t  

a) The f ix ing  of the  f i l m  ie aohieved aimply by burying the  edges of 
the  plaet ic. No other fixing is imrolved other than t o  the  end 
hoope of the  etruoture. 



,. . aurfaoe no sf ress point's exist and no rflapping* of the film oan 
.,occur in wind. 2 1 

S::etch 1 
, 8' .. *: , 

30' width of seamleas 
Cross Section of polythene sheeting 
Plastic Greenhouse 

Trench bLkfil led 
to retain sheet 

sheet secured in 
trenoh at either 

supPovrt s -in ground 

Sketch 2 

~ubulai metal spacers A 

Tubular metal J 
eupport A 



A very simple emergency shelter  could be achieved by using a 24ft. 
sheet stretched over a ridge bar running paral le l  t o  and 7ft. abwe 
surfaoe. I f  two feet  of each edge of the sheet is buried, the cross- 

of t h i s  'bimple shelter  is as shown in Sketches 3 and 4rF' 

seamless 
the so i l  
seot ion 

. Sket oh 3 

Cross Section 
24' seamless sheet 

Soi l  piled up in 
trench, weighted 
with stones i f  

I '  
Sketch 4 ' 

Upright 

The s t ab i l i t y  of -this struoture w i l l  depend on 

1) Rigidity of ridge 

2 Baourity o f  f ixing at s o i l  lovol 

If the s o i l  w i l l  not igr ip i  the pleet io adequately, greater purohaee 
can be obtained by ro l l ing  the edge of the  plas t io  a r k d  a pieoe of timber 
before burying it, ae shown in Sketoh 5. - c, 

, . / 



~ k e  tc h-5 

Polythene sheeting 

Timber wrapped in . . 

If no t imbh it3 ava3lable individual stones ideally 5"-81t in 
diameter can bebed, in which 0-0 fold the filh over them ae a h m  in 
Sketch 6. . . 

I 

Sketch 6 
1 

- .  
- -  - 

Soil level 

St one 

If sawn timber is available the fixing method illustrated in ~ketkh 12 
can be adopted and the simple triangular structure illustrated can be incresaed 
in width to about 18ft. ss ahown in Sketch 7. 



Unreasonable stresses t o  the film could occur t o  such simple 
triangular struotures in high wind unless it could be located in a naturally I 

sheltered s i t e .  Strands of wire, rope or polypropylene baler twine could - I 
bo stretched taut ly  between ridge and timber r a i l  a t  ground level,  on each 
aide of the plas t ic ,  in order t o  give greater s tabi l i ty .  I f  locally available, 

1 
I 

pig wire netting or hexagonal meeh ohicken wire can be. used t o  (sandwich' the'  I 

f i l m .  Such reinforoement then absorbs the wind energy, not the film i tse l f .  
I 
I 

Round-pole timber (as out from grming t rees)  can be used for  the I 

ridge and upright supporting members, but i f ,  available a s t r i p  of sawn timber 
on top of the ridge w i l l  reduce local stressing due t o  the i r regular i t ies  of I 

. the round-pole timber, as shown i n  Sketch 8. Obviously sharp edges or 1 

rubbing points must be avoided. . . 
Sketch 8 I 

- 

. . 
Other f ilm-f ixinfl methohe 

Wherever possible it ia  bet ter  t o  secure sheeting along a whole edge ' - 
rather than that  strain should be taken at eyelets or individual ( r e l a t i ve ly .  
small) f king points. 

However 1000 gauge polythene f i l m  i s  tough enough for  actual eye1%tts 
t o  be fixed around the edges of a sheet and such an eyeletted sheet can be 
used as a substi tute f o r  canvas tarpaulin. Eyelets should be placed a t  
intervals no greater than 18" around the edges. Eyeletting de ta i l s  are as - 
f ollows. 

w e l e t a  are  in two pieces (eyelet and (BW ring). Welet. are  
fixed through sheeting material by a simple mandr e l  and die., 

No. 23 sail eyelet takes 5/16" diameter rope 
No. 24 s a i l  eyelet takes 3/8" diameter rope 

---om 23 eyelets cost E L 5 0  per 1000 
Hoe 24 eyelet8 ooet EZ. 304 per.  1000 7" 

/ 

S h p l e  mandrel and die for  fixing eyelets ooet C2.00. -'" 



points 
~ h e e f  materials should be double thickness i f  possible a t  . This is achieved by folding material back from edge, sv 

I 

c 
I 

J Sheet 
doubled 

eyelett  ing 
4" . 

I 

/' 

For additional strength when eyelett  ing sheet ins, aaheaive .. .' . 
r e  inf oroing pat ohes oan be fixed. Sellotape eyelet reinforcement patches 
9002 cost E7.85 per 1000 patches. Samples are sham in t h i s  booklet. . 

I 

If no other fixing-methods are available, ,sheeting can be secured 
by tying a h o t  in the corner of a sheet. ( l ike  tying a knot in a handbrchief) 
and a rope can be t i e d  round the knot, aa shown in  Sketoh 9. 

. . 
Sketch 9 * .  

. . Corner of ' polythene sheet . 

Knot t i e d  in oorner" 

To anchor point \I 
Several devices f o r  securing ropes t o  polyt,hene 8 :  - - --- - 

Fixing film t o  metal structures 

A s  already mentioned, an ideal f ixing method is t o  use uide seamless 
sheeting the edges of which are secured by burying in trenches, outside the 
metal hoops forming a tunnel. . I 

If the design of a structure requires that  film should be fixed t o  
metal angle-iron, or tubular ateel ,  two re l iable  fixing method8 are  i l lus t ra ted 
in Sketches 10 end 11. - It is a~sumed that sawn t lnber i a  available. . 
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4 Sketch 10 
'i 

Fixing f i l m  to  

Polythene f i lm 

or t i e d  on t o '  angle iron . 2 . . 

Sketch 11 

Timber batten 

' 4 '  
, . - 

L '.. 



Fixing film a t  so i l  level (with sawn timber) ' . 
If timber is a v a i l k e  the method i l lus t ra ted in skktoh 12 is a a ,  . ' . 

reasonably foolproof method of fixing sheeting at ground level. 

Sketoh 12 
I 

I 

. . 

Batten or similar 
1" x a,, x section Edge of polythene is  

nailed t o  timber fixed at 
s o i l  level  

Timber rail fixed a t  ground 
level. 3" x 2"; 2" x 2";  
4" x 1 ", 111 o r  'as available 

. -  1 

Timber peg in 
ground . -  - 

I 
,i ! 

Some other considerat ions ' , 

Make sure that the roof pitoh of any struotuz!e is  steep enough t o  
shed water. If a roof is too f l a t ,  ra in  lodging on the roof (as  i l lus t ra ted . 
by the dotted l ine  in Sketoh 13) oan cause unreasonable stresses on f i l m s  and 
structure* 

R a i n  can oollect here .' - 
Avoided by had* 
roof of adequa'te pitch 

/ 

* .  ./' 
. 

. - 
Fire hnswda t o  a structure owerod with aoslnglooskin w e  minimal . 

but the  f llm melts at tmperaturea in oxoess o f  100 C (212 P). 

- Fire hazards of an insulated, i.e. two layers of p las t io  san&iohing 
an insulant could-be oonsiderable depending on the materials used. 

Air inflated film is vi r tual ly  unbeatable for speedy Air Housing 
oover of large areas. Material needs are  a sheet of f i l m ,  a spade t o  bury it- 
round the e m , .  a fan, generator and supply of fuel. Double airlook is 
required .for entranoe poht .  


