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PROTECTING EARTHEN BUILDINGS 
FROM RAINS AND FLOODS

Introduction

The main causes of d e t e r i o r a t i o n  of 
earthen b u i ld i n g s  are shr inkage  cracks, 
e ro s io n ,  un der scour i n g , and "mechanical" 
damage from expansion and contraction of the 
earthen w a l l s .  Most of these defects are 
due d i r e c t l y  or ind irect ly  to water. I f  an 
earthen w a l l  becomes damp, i t  swells; then 
when i t  d r y s ,  i t  shrinks. This results in 
c racks ,  reducing the overall strength of the 
w a l l .  U n d e r  c e r t a i n  c o n d i t i o n s ,  the 
building may collapse.

O t h e r  d e fe c ts  caused by water are 
e ros ion  and under scour i ng . As walls are 
e r o d e d ,  the lower p o r t io n  of the wal l  
d e t e r i o r a t e s  ra p id ly .  Soil at the base of 
the s t r u c t u r e  can be washed away by the 
con ce ntra t io n  of water running off the wall 
as w e l l  as by underscour ing  caused by 
s w i r l i n g  rainwater as i t  runs off along the 
base of the b u i l d i n g .  The combination of 
e ro s io n  and underscour ing  can severe ly  
weaken a building and make i t  unstable.

To make b u i ld in g s  water resistant, the 
following factors should be considered:

—  Climate of the area;

- - -  Topography;

—  Layout of the b u i ld i n g  and i t s  
position on the s ite;



—  P r o p e r t ie s  of s o i l s  used in the 
build ing's construction;

—  P r o p e r t ie s  of s o i l s  on which the 
building rests;

—  Design of the building;

—  E x t e rn a l  re n d e r in g  or surface of 
the building;
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—  Workmanship and detai l ing;

—  A b i l i t y  of the owner or occupant to 
modify or improve the building.

■ c1 ’ t
Protecting New Buildings

Waterproof ing is an important factor in 
b u i ld in g  design, and detail ing is especially 
important. Erosion and underscouring can be 
reduced by good foundation design. Concrete 
f o o t i n g s ,  concre te  b lo c k s ,  so i l -cem ent  
b lo c k s ,  and stones can be used for founda
t i o n s .  In areas where r a i n f a l l  may be 
heavy, the height of the foundation should 
be a p p ro x im a te ly  h a l f  a meter (20") above 
ground l e v e l .  A th in  layer of waterproof 
m a t e r i a l ,  such as cement, should be placed 
between the fo unda t ion  and the w a l l  to 
prevent  water from r i s i n g  up through the 
foundat ion  and weakening the wall through 
capi l lary  movement.

Concrete platforms or aprons around the 
b u i ld in g  are an effective preventive measure 
against erosion and underscouring.



Houses should have long eaves over
hanging the wall to reduce erosion from the 
r o o f ' s  r u n o f f .  Rainwater g u t t e r s  and 
v e r t i c a l  down pipes should also be provided 
where r a i n f a l l  is frequent and heavy. Flat 
ro o fs  should be profi led so that water w i l l  
d ra in  to the edges and not stand in pools on 
the r o o f .  I f  parapets are used along the 
edge of a f l a t  roof, an adequate number of 
holes (called "scuppers") should be le f t  for 
d ra in a g e .  I t  is also important that drains 
n o t  be placed over the corners  of the 
building.

Protecting Existing Buildings

J o  make e x i s t i n g  b u i ld in g s  water 
r e s i s t a n t ,  se vera l  methods can be used. 
They are:

—  Modifying the structure;

—  P la c in g  temporary barriers, such as 
p l a s t i c  sheets or other impervious 
m a t e r i a l s ,  over c r i t i c a l  parts of 
the structure;

—  Coat ing  e x t e r i o r  su r faces  with  
w a t e r p r o o f  or w a t e r - r e p e l 1ent 
materials.

The c o a t i n g  o f  e x t e r i o r  su r faces  
p ro v id e s  p r o t e c t io n  aga ins t  mechanical 
damage and prevents  water p e n e t ra t io n .  
M a t e r ia ls  for external rendering (or, as i t  
is  o f te n  c a l l e d ,  p l a s t e r i n g )  range from 
p l a n t  e x t r a c t s  and cow dung to such 
mater ia ls  as cement-lime mortars and asphalt



em uls ions .  Many have been found successful
and economical under v a r io u s  c l i m a t i c
conditions.

A. Plant Extracts

A v a r i e t y  o f  extracts from plants have 
been used in  d i f f e r e n t  par ts  of the 
wor ld  as additives to soils to make them 
water repellent. In parts of the Sahel, 
an e x t r a c t  f ro m  b o i le d  banana or 
p la n t a in  stems mixed w ith  l a t e r i t i c  
s o i l s  i s  commonly used. In centra l  
A f r i c a ,  e x t r a c t  from a v ine  known 
• local ly  as "D a fa ra "  i s  used, and an 
e x t r a c t  from the f ru i t  pod of the locust 
bean t r e e  has a lso  been used as a 
coa t in g .  Sap from certain rubber plants 
m ix e d  w i t h  l ime is  a lso  common in 
A f r i c a .  Sap from certain cactuses and 
t h e  maguey p la n t  have been used in 
var ious parts of the world but should be 
used w i th  caut ion as certain varieties 
may be p o i s o n o u s  to c h i l d r e n  and 
animals.

B. Dung

Cow dung mixed w ith  c la y  is a t ra d i 
t i o n a l  c o a t in g  used in A f r i c a  and 
southern A s i a .  Horse dung is used in 
parts of Asia and Latin America.

G e n e r a l l y  in areas where plant extracts 
and m ix tures  of dung and soil are used, 
there  is  a low annual ra in fa l l .  These 
re n d e r in g s  cannot resist more than one 
or two r a i n y  seasons, and w a l l s  are 
re-plastered almost every year.



C. Straw

A m ix tu re  of straw and so i l  is often 
used as a plaster for earthen buildings. 
The s t r a w  a c t s  as a b i n d e r  and 
re in fo rc e s  the soil paste. As a general 
r u l e ,  such p lasters  offer only limited 
p r o t e c t i o n  aga inst  l i g h t  ra in s  and 
quickly deteriorate in heavy rains.

D. Mud Plasters

Mud p la s te r s  are often used in very dry 
c l im a te s  where ra infa l l  is scarce. Mud 
p la s te rs  are made from a mix of one part 
c la y  to two parts  of sand. Later i t ic  
c la y s  make s a t i s f a c t o r y  plasters but, 
o v e r a l l ,  mud p la s t e r s  are not sat is
f a c t o r y  where there are frequent driving 
r a i n s . .  Because of this l imitat ion, i t  
i s  o f te n  necessary to s t a b i l i z e  mud 
p la s te rs  with additives to improve their 
resistance to water penetration.

The most commonly used stabi l izers are 
P o r t la n d  cement, Time, a combination of 
ce m e n t  and l i m e ,  and a s p h a l t i c  
e m uls ions .  Resins and o i ls  have also 
been used with  some success, as have 
such chemicals as sodium s i l i c a t e ,  
a n i l i n e  and others. However, these are 
g e n e r a l l y  too expensive for low-income 
people and they are not usually found in 
s u f f i c i e n t  q u a n t i t y  for mass applica
t ion.
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E. Portland Cement

P o r t la n d  cement can be used to provide 
w a t e r p r o o f ,  non -erodab le  s u r fa c e s .  
However, the method is expensive and, 
unless special care is taken to bond the 
cement su r fa c e  to the earth walls, the 
r e n d e r i n g  may se para te ,  p e r m i t t in g  
m o i s t u r e  to p enetra te  between the 
p l a s t e r  and the wall ,  softening the mud 
wall .

Wire mesh or nets are often placed over 
the walls to provide a structure for the 
p la s t e r ,  and this appears to be the only 
s a t i s f a c t o r y  method of maintaining any 
reasonable degree of bonding.

Var ious  mixes of sand to cement can be 
used. A common mix is one part cement 
to fo u r  p a r ts  sand. A tenth part of 
hydrated l ime can be added to make the 
mix e a s ie r  to app ly  and to provide a 
degree of e l a s t i c i t y  to the plaster. 
Mixes such as 1:2:9; 1:2:10 and 1:3:12 
cement: 1 ime: s and have a lso  been used 
with  satisfactory results. Best results 
are obtained when the plaster is applied 
in two l a y e r s ,  each approximately six 
m i l l i m e t e r s  (a q u a r te r  of an in c h )  
t h i c k .  The w a l l s  should be moistened 
before p l a s t e r i n g  and the f i r s t  coat 
should cure f o r  12 to 24 hours before 
the second coat is applied. Care should 
be taken to prevent  the plaster from 
d r y in g  too quickly. This can be done by 
keeping the area shaded and protected 
from the wind. Cracking can be reduced 
i f  the surfaces are made rough.
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F. Soi1-Cement Plasters

P la s t e r s  made of a mixture of soil  and 
cement can a lso  be used to p rov ide  
w a t e r p r o o f ,  n o n -e ro d a b le  s u r fa c e s .  
Sandy s o i l s  are generally recommended. 
Mixtures of one part cement to ten parts 
s o i l  are suitable. Lime can be. added to 
the mix to fa c i l i ta te  application. The 
bonding between soil-cement plasters and 
earthen w a l l s  is  much better than that 
achieved w ith  Portland cement plasters 
and does not r e q u i r e  the use of wire 
mesh.

G. Lime Plasters

A p la s t e r  made of lime and soil is used 
in many c o u n t r i e s  in L a t in  America. 
Th is  p ro v id e s  a s a t is fa c to ry  coating, 
although i t  is not as durable as a s o i l -  
cement p l a s t e r .  The usual mixture is 
one part lime to approximately e ight - to -  
ten p a r ts  s a n d y s o i l .  Depending on 
c l i m a t i c  c o n d i t i o n s ,  one or two coats 
may be required.

H. Asphalt And Bituminous Plasters

A sp h a l t  and bitumen have proven to be 
e f f e c t i v e  water p ro o f  ing agents. They 
are mixed w ith  moistened soil and then 
spread over the exterior surface of the 
b u i ld in g  with a trowel. Stabilized soil 
p la s t e r s  bond w e l l  with earthen walls 
and, when d r y ,  p rov ide  waterproof and 
eros i o n -p ro o f  surfaces that w i l l  last 
many y e a r s .  In many c o u n t r i e s ,  the 
aspha lt  is  r e l a t i v e l y  cheap ( i t  is the
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same typ e  as used in road construction) 
and f i v e  l i te rs  of asphalt can stab i l ize  
one cubic meter of soi1 "material.

Two methods may be used to waterproof 
mud w a l l s :  a p p ly in g  the mud plaster 
using bitumen cut-back; or spraying or 
brush ing  a bituminous solution over mud 
p la s t e r .  In the f i r s t  method, 64 kg. of 
chopped straw is  mixed with one cubic 
meter of s o i l .  S u f f i c i e n t  water is 
added to this mixture to keep i t  wet for 
about a week, and i t  is kneaded dai ly  to 
ensure proper rotting of the straw, thus 
in c re a s in g  i t s  w o r k a b i l i t y .  Molten 
bitumen (80/100 grade) is  mixed with 
kerosene o i l  and p a r a f f i n  wax in the 
p ro p o r t io n  of 100:20:1, and the mixture 
is  s t i r r e d  c o n s t a n t l y  u n t i l  a l l  the 
in g r e d ie n t s  are thoroughly mixed. 5% 
bitumen cu t -ba ck  is  then added to the 
s t r a w / s o i l  m ix tu re  and the whole is 
t h o ro u g h ly  mixed w ith  a spade or by 
kneading. This mud paste is then ready 
f o r  p l a s t e r i n g  and is  applied in 12mm 
th ick ne ss  on the mud wall .  After the 
p la s te r  has dried, a mixture of cow dung 
and s o i l  in the proportion of 1:1 (with 
suff ic ient water) is then applied.

In  the second method, 80/100 grade 
bitumen is  heated unti l i t  melts, then 
mixed w ith  kerosene oi l  in the propor
t i o n  of 1:2. The solution is thoroughly 
mixed by constant  s t i r r i n g  u n t i l  i t  
becomes homogenous. I t  is applied by 
s p r a y i n g  or brushing over the dry  
surface of mud plaster. Spraying can be 
accomplished w ith  a p e s t i c i d e  spray



pump. When d r y ,  the coa t ing  w i l l  be 
b la c k ;  two coats of l ime wash can be 
app l ie d  to the black surface to give i t  
a wh ite  appearance. The waterproofing 
t reatm ent  is  expected to last approxi
mately four to f ive years.

I .  Paints and Washes

To some extent, paints and washes can be 
used as w a te rp ro o f in g  when they  are 
a p p l ie d  d i r e c t l y  to mud walls .  O i l -  
based and re s in -b a s e d  paints are more 
e f f e c t i v e  waterproofers than emulsion- 
based p a in t s .  Lime washing and cement 
washing can also be used, but their  
e f f e c t i v e n e s s  is  on 1 y temporary. The 
d isadvantage to p a in ts  and washes is 
th a t  they  o f f e r  l i t t l e  resistance to 
erosion from abrasion and underscouring.

Selecting Protective Measures

P re v e n t i v e  measures against deterior
a t io n  from rain w i l l  not be the same for all  
areas and w i l l  va ry  according to ra in fa l l  
i n t e n s i t i e s .  In dry areas where heavy rains 
are uncommon, the measures i l lustrated on 
the f o l lo w in g  pages can be taken to protect 
earthen buildings from the damage caused by 
rain and floods.
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