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Preface
 
The objective of this manual is to assist the owners 
of the houses and buildings  damaged in the floods 
in the task of retrofitting and rebuilding. The manual 
is a comprehensive guide containing schematic 
sketches and instructions for carrying out the repair 
and rebuilding works. Care has been taken to keep 
the content simple to comprehend  even though 
technically sound. At the same time the manual is 
not to replace the expertise of engineers and we 
hope that the manual will be useful for  engineers, 
architects, contractors, masons and planners alike.

I have designed villages for the affected areas  during 
the Lathur earthquake, Bhuj  earthquake  and Tsunami  
in  2004. The experience gained in the construction 
of the houses and the site planning  became useful 
while doing this manual.

Many buildings have been completely destroyed by 
the floods and some might be beyond repair. Post 
disaster, the immediate thought is to demolish the 
buildings which can be restored also.  But if we can 
salvage most of the buildings by “retrofitting” them, 
then a large amount of resources can be saved, 
because unawareness leads to the demolition of 
many buildings which had the scope for repair.
 
The manual is expected to give an insight on how 
to conduct retrofitting of the damaged buildings, 
so that they can resist a future disaster as well. It 
even includes guidelines for the planning of the new 
buildings to be constructed in flood prone areas. 

This is not an exhaustive list of repairs or damages 
and in no way intends to replace the detailed 
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specifications. In complicated cases, it is better to 
consult expertise for the detailed specifications and 
technical information.

The manual is generally intended to provide guidance 
and assistance for the repair process and  has many 
limitations in explaining the complexity of some of 
the problems. Expert advice should be sought from 
experienced professionals.

I thank all my office colleagues for their efforts  in  
making the manual possible. Also, I take this occasion 
to thank my close friend Rubin D’Cruz for encouraging 
me to do this. I am greatful to Neelu Mathen for the 
translation of the manual to Malayalam.

I would  also like to thank Dr. M.P Parameswaran (Kerala 

Sasthra Sahithya Parishad), Dr. Ekbal (Member, Kerala 
State Planning Board),  Dr. Joy Elamon (Director, Kerala 
Institute for Local Administration), P. Jayakumar, I.R.S 
(Additional Divisional Railway Manager) and Mr. Hari 
Madathiparambil (Invis Multimedia) for giving their 
valuable suggestions. 

Dr. Benny Kuriakose
Chennai.
(bennykuriakose@gmail.com)
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1. Introduction
1.1  Floods and Climate Change
1.2  Probability of Flood
1.3  Maximum Flood Level 
1.4  Disasters on the Rise
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Kerala cannot be imagined without its rivers and canals. Its 
backwaters are renowned across the globe. History of Kerala 
is incomplete without the mention of its sea, streams and the 

maritime trade.



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala4

1. Introduction
Humans have invariably settled along the flood plains of rivers. The first great 
civilizations, such as those in Indus Valley, Mesopotamia and Egypt, all grew up in 
river valleys. Various historic cities have developed by the river fronts. The regular 
flooding provides soil full of nutrients and plenty of water for agriculture and basic 
needs. But there is a trade-off between living by the river side and unforeseen 
severity of flood hazards. Traditionally, in flood prone areas, people lived in elevated 
houses or elevated lands to safeguard them from water. With the construction of 
dams and decreased seasonal flooding, people started moving further or nearer to 
the river. This changed their construction patterns as well. But the distance from 
the river does not matter, it is the elevation which is critical.
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 b. After construction
 of dams, insensitive
 building practices
 near river beds
started

 a. Earlier the
 houses were on
 elevated grounds
 or sufficiently high
plinths/ stilts

Kerala 2018 
Flood level

Average flood level after 
construction of dams

Insensitive building

Average flood level before 
construction of dams

Buildings with higher plinthsBuildings constructed on elevated 
grounds
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Scenario 1: Normal 
River Level

Scenario 2: Average 
Flood Levels

After construction of dams, people started construction near the river bed. The changed 
construction pattern included construction in low lying areas, landfill near river bed  and 
building without sufficient elevation.
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Scenario 3: Kerala 
2018 Flood Level

Scenario 4: 
Stagnant flood-
water in low lying 
areas

Even after the flood has receded, the water has stayed in many low-lying areas due to lack of 
drainage. In such places pumping is required. 
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Are we sinking?
 We need to rebuild Kerala
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Now !! this time the poor & 
the rich are equaly affected;

 b‛coz they forgot to look at the 
heavy rainfall due to climate 

change.

After the 1924 
flood, the houses which 

were built was on 
HIGHER PLINTH

After the dams 
were built in 1970‛s, 

the anual floods 
disappeared

It‛s so beautiful to live 
along the river side !!

but rich people from the 
city built their houses 

close to the river

the annual
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1.1 Floods and Climate Change

Climate change and the global warming 
are the major concerns of today. The UN 
conference in Cancun, Mexico (2008) 
concluded that climate change is happening 
with catastrophic consequences and the 
various steps taken have fallen short. The 
sea level is expected to rise between 0.8 to 
2 meters by 2100 AD. This is much higher 

compared with the rise in last century, 
which is between 0.1 to 0.2 meters. Future 
images of coastal cities like Kochi, Mumbai 
etc will be different in 50 years from now. 
The present safety norms which have been 
adopted are insufficient to mitigate the 
coming situation.

 Is Noah's Arc the
   only way to escape

Solution 1???

 ?
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the river water to reach the ocean due to 
decreased slopes. This will increase the level 
of floods in the future years to come. Unless 
we plan ahead, our settlements will be facing 
a serious crisis in the future. Many countries 
have started planning ahead considering the 
impact of the sea level rise and storm surge.

The impact of climate change and global 
warming resulting in excessive rainfall was 
predicted by many scientists, with a trend 
towards further extremities.  There will be 
increase in floods due to the infrequent 
storm activity and heavy rainfall. The 
sea level rise will result in more time for 

 Is evolution to
 amphibians the
   answer  to survival?

Solution 2???
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1.2 Probability of Floods

Assuming that flooding is an event that 
occurs once in a hundred years, one can 
determine the probability of one or more 
occurrences of that event.  Estimating  the 
lifespan of a building as fifty years and the 
floods as a hundred year event, the table 

provides a probability of a flood occurring 
during the building’s lifetime as 39%. If the 
useful life of the building is only thirty years, 
the chance of a flood occurring during its 
lifetime is 26%.

 Flood Probability
Chart

 Source: Coastal
 c o n st r u c t i o n
 manual published
 by Federal
 E m e r g e n c y
 M a n a g e m e n t

Agency, USA

Frequency - Recurrence Interval

1 10% 4% 2% 1% 0.20%

10 65% 34% 18% 10% 2%

20 88% 56% 33% 18% 5%

25 93% 64% 40% 22% 5%

30 96% 71% 45% 26% 6%

50 99+% 87% 64% 39% 10%

70 99.94+% 94% 76% 50% 13%

100 99.99+% 98% 87% 63% 18%

Length of 
Periods 
(Years)

10 - Year 
Event

25 - Year 
Event

50 - Year 
Event

100 - Year 
Event

500 - Year 
Event
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flood level during the last 100 years, which is 
adopted as the basis for all future buildings. 
We have to take optimum safety measures 
to protect our buildings from future floods.

 Safe elevation from
 maximum flood
level

1.3 Maximum Flood Level 

In many countries, when new houses are 
planned, the floor level is  fixed at least sixty 
centimetres above the maximum flood level. 
The maximum flood level is  the highest 

Normal water level

Average Flood level

Kerala 2018 Flood level
Safe Flood Level

Floor level of the future 
houses shall be raised from 
the maximum flood level



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala14

have been on the increase during the last 
few decades. The graph is a clear indicator 
of the rise in water related disasters. Many 
studies prove that human casualties is on 
the decrease, while the property loss has 
been on the rise.

1.4 Disasters on the Rise

During disasters, the primary objective is 
to safeguard human lives and then their 
valuable belongings. For a family, their house 
is their biggest asset and an investment of a 
lifetime. Also, owning a house is the first step 
towards the upward mobility of a family. The 
figure shows that climate related disasters 

 N a t u r a l
 C a t a st r o p h e s ,

1980-2014

  Source: Report,
Munich Re
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The floods of 1924 still scar the memory of many people. 2018 
floods in Kerala have been further disastrous in many respects. 
Aim for the future shall be to take all the precautionary measures 
thus minimizing loss of life and property in case of a disaster of 

similar nature. 
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2. Damages in Flood 
Affected Buildings
2.1  Effect of Flood Water
2.2   Factors Influencing Damages due to Flood
2.3  Dampness
2.4      Rising Dampness 
2.5  Salt Crystallisation
2.6  Cracks
2.7  Dampness in Timber Members
2.8      How do Fungi Attack Timber?
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 Pressure exerted
 by floodwater on
 various building
  components

from the floating objects like timber log, cars, 
etc.

2.1.1 Damage due to Forces of 
Floodwater

Upward and sideway thrust created by  
water on structural members of the house 
damage it. The buildings are also damaged 

Kerala 2018 
Flood level

Sideward thrust 
by water

Upward thrust 
by water

2.1 Effect of Flood Water
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 I l l u st r a t i n g
 the degree of
 unbalanced force

on  the wall

Weight of 8 cars

Water level 
up to Eaves

of 8 cars stacked on top of each other.The force of water on the wall if it reaches the 
eave level is approximately equal to the load 
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 Loss of material
 strength due to
floodwater

Earth walls lose 
strength on 

penetration of 
excess water

walls and construction of burnt brick walls 
made made with mud mortar. 

2.1.2 Material Damage from 
Floodwater

The building in contact with water over a 
long period of time can lead to damage and 
loss of material strength, especially earth 
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 Foundation failure
 due to changes in

 soil condition

2.1.3 Structural Failure from Soil Movement

The foundation may fail due to change in soil conditions and movement beneath.
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 Pressure on walls
 due to difference in
water levels

Kerala 2018 
Flood level

2.1.4 Failure from Differential 
Pressure

If the doors and windows of a building are 
closed, there will be a difference in water 
level between the inside and outside of 

the house. This difference in level will exert 
a pressure on the walls and may lead to 
damage.
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Difference in 
Water level

 Pressure on walls
 due to difference in

water levels

The  internal  rate of flow depends on the amount of water getting inside the building through 
openings. The difference in water level creates pressure on the wall.
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 Damage based on
the depth of water

 Damaged based on
the depth of water

2.2 Factors Influencing Damages Caused by Flood
The damages caused by floodwater will depend on certain factors.

Average 
Flood level

Kerala 2018 
Flood level

of the walls getting collapsed/cracked.

2.2.1 Depth of Water

More the depth means more water pressure 
on the structure thus  increasing the chances 
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 Damage by
 increase in  velocity

of water

flow increases intensifying the damage 
further.

2.2.2 Velocity of Floodwater

When a certain volume of water moves   
through narrower areas, the velocity of water 

Velocity of water increases 
through narrower openings
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 Damage based
 on period of
submersion

exertion. It will lead to both structural and 
aesthetic deterioration. 

2.2.3 Period of Submersion

Longer the duration of submersion, greater 
will be the damage since prolonged exposure 
will lead to both absorption and pressure 
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 Damage based
 on materials of

construction

More damage in 
earth walls

Less damage in 
burnt brick walls

more damaged when compared with burnt 
brick or concrete  buildings.

2.2.4 Type of Material

Certain materials such as conventional earth 
buildings (which are not stabalized) will get 



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala 27

 Damage caused
 by water
contamination

objects. Even though the contamination is 
diluted by huge volume of water, the salt in 
the water impact the buildings.

2.2.5 Water Contamination

In most cases, the flood water will be 
contaminated with drainage, dead bodies, 
chemicals, etc. and will contain many floating 
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2.3 Dampness 

It is difficult to find out the source of  water in the case of dampness in buildings. There 
are various ways through which water may enter the buildings and damage it. In case of 
buildings completely immersed in flood water, multiple damages can be caused. 

But the presence of dampness can have serious consequences  in concrete and 
timber members of the building, especially roof. In case of concrete if left damp, the 
reinforcement will start corroding and the slab will be beyond repair, losing its structural 
strength. The English proverb “a stitch in time saves nine” is apt in case of repairing 
concrete components of a building. 

In the presence of water, the salts in the wall or in the ground will crystallize and damage 
the walls and the surface decoration. On further seepage the plaster may start to flake 
off as well. Paint finishes may start flaking off as dampness enters the building. Many 
defects hidden all these years may surface with the floods.
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Each person exhales 
1 litre of water as 
vapour each day
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2.4 Rising Dampness 

If a porous walling material such as brick or stone is in contact with damp soil, 
moisture will be drawn into the pores by a physical process called capillary action. 
The absorbed moisture will rise in the wall to a height at which there is a balance 
between the rate of evaporation and the rate at which it can be drawn by capillary 
forces. The height will vary in accordance with the level of the water table of the 
soil. The more the thickness of the wall, more water will rise.
 
Rising dampness usually contains salts carried up from the soil or dissolved from 
the walling material. Some of these salts are hygroscopic; i.e. they absorb moisture 
from the air. Their presence will maintain dampness even after the rising damp has 
been eliminated. 

The effects of rising dampness usually extend from 3 cm to 100 cm above floor 
level and exhibit a sharp change from wet to dry on the wall. Moisture will be 
present throughout the wall thickness. Contaminating salts may be seen as white 
deposits or crystals. Presence of a damp proof layer will prevent the ground water 
from rising in the walls through capillary action.
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Rising Dampness

Floor

Wall

Foundation

Dampness rising into 
the structure 
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2.5 Salt Crystallization

Salt crystallization is the precipitation of salts such as chlorides, sulphates and 
carbonates in the building material. These salts are activated only when a suitable 
agent is present. Water plays a key role as an agent either in the form of moisture, 
which causes dampness, or subsoil water rise in the structure; or seepage of 
water accumulated in the structure due to cracks and crevices. When water is 
drawn from soil, it  carries salts present in the soil.
 
When evaporation takes place on the surface, the salts get deposited near the 
surface and the mechanical forces exerted during crystallization cause the plaster 
or brick to disintegrate over a period of time. The floodwater has many salts 
present in it and this problem is observed in many places.  
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Salt crystallization

Salts get deposited on 
the surface when water 
evaporates
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2.6 Cracks

Many cracks appear in the existing buildings due to the pressure exerted by 
floodwater and also due to the absorption of water by the various building materials.

Some cracks may continue to appear in the buildings even after the initial repairs 
are done. One of the major reasons for this is the clayey soil in  flood prone areas, 
which shrinks while drying (due to changes in the water table). There will be 
dimensional changes in the volume of building materials with variation in moisture 
content and temperature. This change leads to minor cracks in the building.

Although most cracks are not dangerous, it is important to fill them to avoid 
penetration of rainwater. 
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 Classification of
cracks

Minor Cracks 
(Below 1mm)

Medium Cracks 
(1-5 mm)

Major Cracks 
(Above 5mm)

through stitching the cracks. Rebuilding of 
cracked wall elements is the last resort in 
repair.

Crack in buildings can be repaired by 
grouting if the cracks are small. In case 
of larger cracks repairing can be done 
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Clayey soil has high water retention capacity hence it changes its shape drastically 
when the water table settles. This may result into settlement of the foundation. 
Hence for a house  resting on clayey soil, it is quite natural for cracks to develop 
after the floods. The width of the cracks may also vary.
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 Cracks in buildings
on clayey soil

Settlement of foundation due 
to shrinking of clayey soil after 
water table goes down.

Water table 
in summer

Clayey  Soil

Water table 
after floods
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2.7 Dampness in Timber Members

Any one of the various timber–destroying fungi may attack timber if it is persistently 
wet and has moisture content of over 20%. It may take some time for the timber 
members to dry after the floodwater has receded. There are more chances of 
timber being attacked by termites when it is wet. There should be maximum 
ventilation inside the building including the roof so that the timber members dry 
as soon as possible.
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 Dampness in timber
members
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2.8 How Do Fungi Attack Timber?

Fungal decay starts from “spores”. They are the equivalent of plant seeds, minute 
and can float in the air. They are disseminated by air, water, animals or man. 
They occur in such large numbers and when conditions are suitable for fungal 
germination on timber, the timber decay starts.

Although fungal spores are common in the air, they cannot develop and attack 
timber unless it has moisture content in excess of about 20 per cent by weight. 
Dry timber will not rot. Preventing fungal attack is simply a matter of keeping wood 
relatively dry.

In a new house, the moisture content of timber may for a while be as high as 20 
per cent, this is soon reduced in normal circumstances to some 12–14 per cent. 
So, in fact a sound and dry building has nothing to fear.
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Fungal Attack on 
Timber

in walls will get affected by fungi because 
water in the wall takes a long time to dry.

Fungal damage in timber occurs more when 
the area is not ventilated  and the dampness 
persists for a longer time. Timber embedded 

Less ventilated 
timber gets 

affected by fungi
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3. Repairs for 
Damages in Flood 
Affected Buildings
3.1  Temporary Care of the Buildings
3.2  Materials for Repair
3.3  Repairing of Cracks
3.4  Damages to the Foundation 
3.5  Partially Collapsed Foundation or 
           Walls
3.6  Drainage Around the Foundation
3.7  Bulging Walls- Buttress Walls
3.8  Salt Crystallization on Walls
3.9  Cracks in External Walls
3.10 Horizontal Cracks in Walls with 
           Sloping Roof
3.11 Cracks Variable in Direction - External   

           Walls & Internal Walls
3.12 Strengthening of the Corners of the 
           Buildings
3.13 Jacketing of Columns
3.14 Cracks in Openings
3.15 Bracing of Sheds
3.16 Repair of Timber Members such as  
           Rafters and Beams
3.17  Weakened Timber Roofs
3.18 Repair of Rotten Ends of Timber   
           Beams
3.19 Weakening of Timber Beams
3.20 Repairing Cracks in Concrete Slabs
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3.21 Cracks in Concrete Columns
3.22 Dampness on Underside of Concrete  
           Slabs
3.23  Cracks in Concrete Ceiling
3.24 Dampness on Floor
3.25 Lifting of the Floor Tiles
3.26 Salt Crystallization on Floor
3.27 Cracks on Floors
3.28 Flaking of Plaster
3.29 Blistering of Paintwork
3.30 Poor Workmanship 
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3.1 Temporary Care of the Buildings

In case of a collapsed wall or a damaged roof, the  first step is to support the 
building temporarily using props. Please make sure that the post used to support 
the roof or the wall is also resting properly on a plank and the load is transferred to 
the ground. Planks may be used to support an outward leaning wall also.
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 Temporary support
for the building



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala 47

 Temporary support
for the building

Wedges to be used to 
tighten the support
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 Temporary support
for the building

The different props used 
to support shall be tied 
together
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Cement grout can be useful for filling in 
cracks. Sometimes, the grout will have to be 
injected using a syringe.

Commercially known Crack fillers can be 
used to fill the hairline cracks while repairing 
the walls. The advantage of these materials 
is that they do not shrink while they dry.

3.2 Materials for Repair

Materials for Repair
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Materials for Repair

Chicken wire mesh can be used for 
stitching together a cracked surface.

Galvanized Iron (GI) weld mesh can 
be used for stitching together a cracked 
surface.
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Materials for Repair

Shrinkage reducing additives are mainly 
based on ethylene glycol derivatives and are 
commonly available with the water proofing 
companies. These chemicals are added to 
prevent the cement mortar or grout from 
shrinking and cracking due to their high 
water content. 

Epoxy is a two component product (resin 
and hardener) which has to be mixed just 
before use. It is a very strong bonding 
material and shall be used to the minimum 
and as a last resort.
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 Repairing minor
cracks

3.3.1 Minor (Hairline) Cracks (Less 
than 1 mm wide)

The following steps shall be taken in the 
sealing of cracks;
1. Form a ‘V’ groove along the crack.
2. Remove all the loose particles using wire 

brush and water.
3. Fill in the voids using a crack filler which 

is available at paint and hardware shops.

3.3 Repairing of Cracks
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 Repairing minor
cracks

1. Making ‘V’ Groove 2. Removal of loose 
particles

3. Applying crack 
filler
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3.3.2 Medium Cracks (Between 1-5 mm 

wide)

1. Form a ‘V’ groove along the crack.
2. Remove all the loose particles using wire 

brush and water.
3. Insert small nipples so that the grout is 

ensured to have entered the inside of the 
voids as shown in the figure. 

4. Apply the cement grout mixed with non-
shrinkage chemicals.

5. Plaster over the grout.
6. Please carry out curing for a minimum of 

15 days.

 Repairing medium
cracks
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 Repairing medium
cracks

1. Making ‘V’ groove 

4. Cement grouting

2. Removal of particles

5. Plastering

3. Insertion of nipples 
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 Repairing major
cracks

3.3.3 Major Cracks (Above 5 mm wide)

1. Form a “V” groove along the crack.
2. Remove all the loose particles using wire 

brush and water.
3. Small stone chips to be inserted in the 

large voids. Chicken wire mesh may be 
fixed along the wall using nails and it 

should have proper cover to avoid any 
corrosion in future.

4. Non-shrinkage cement grout and mortar 
shall be used to fill in the cracks.

5. Please carry out curing for a minimum of 
15 days.
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 Repairing major
cracks

1. Making ‘V’ groove and removal of 
loose particles

4. Filling with mortar and non-shrinkable 
cement grout

3. Fixing of chicken wire 
mesh

2. Insertion of stone 
chips in the crack

5. Curing for 15 days
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3.4 Damages to the Foundation

Foundation is the first building component to get affected by flooding. Damage or 
collapse of the building can be caused by the failure of the foundations and it will 
not be evident visually, especially when the debris is filled outside. Soil erosion can 
happen during the initial flooding period as well as when the floodwater recedes 
leading to shifting of the foundation. 
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 F o u n d a t i o n
 damaged due to
flood

The earth under a foundation may get 
displaced due to water flow and foundation 
failure may occur. In such a case, it is 

important to rebuild the part of the foundation 
and walls which are damaged with a larger 
base to take the load.
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 Rebuilding the
  damaged wall due
of foundation failure

Collapse of a 
small portion 
of the wall and 
foundation

3.5 Partially Collapsed Foundation 

or Walls

1. Support the roof or the floor above using 
timber or steel columns. Accidental 
damage shall be avoided by providing 
additional supports.

2. Remove the wall which has been 
damaged and stack the materials which 
can be reused.

3. Rebuild the wall and make sure that it is 
tied to the rest of the walls in a toothed 
manner. 

4. Remove the timber supports or steel 
supports only after the masonry has 
achieved the required strength.
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 Rebuilding the
  damaged wall due
of foundation failure

 If a large part of the foundation is damaged, 
then the foundation has to be rebuilt in 
stages. If there are only cracks in the 

foundation walls, they may be filled or 
stitched using the recommendations given 
in the section on cracks.

Collapse of a larger wall

Reconstructing the wall in 
parts

Reconstruction in progress Completion of 
reconstruction

Insertion of supports to 
protect the wall
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3.6 Drainage Around the Foundation

It is to be made sure that the rainwater flows away from the building by making 
required slopes.  The earth which was collected close to the foundation during the 
floods shall be removed and a substantial level difference between the external 
ground level and the internal floor level should be created. This is to avoid the 
dampness coming to the floors of the building.
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 Drainage around
the foundation

Foundation

Dampness on 
wall

Earth collected 
during the floods
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 Bulging of wall due
to Water Pressure

3.7 Bulging Walls - Buttress Walls

In case of outward leaning walls, one method 
will be to add buttress walls on the outside 
which will enhance the strength of the walls.  

The buttress walls shall be properly 
integrated with the bulging wall.

Buttresses at a uniform distance for 
external wall support
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Buttress Walls

Tie the buttress wall 
with the existing wall  
with a tie introduced 
at regular intervals
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3.8 Salt Crystallization on Walls

The walls will be damp at lower heights and there will be white deposits appearing 
on the surface of the walls. The white deposits are the salts which came with 
the floodwater. When the salt crystallizes as water evaporates, the mechanical 
stresses created would make the wall to crumble.

The salts in the wall can be removed using a simple technique. Apply a layer of 
paper pulp (newspaper immersed in the water for few hours, crushed with hand) 
over the wall and leave it to dry. As the paper pulp dries, the water evaporates 
and the salts are left behind with the paper pulp which is removed. Continue this 
process a minimum of three times to completely remove the salts.

Plastering the walls using a rich cement mortar results in water rising to further 
heights. Hence it is a wrong practice leading to the shift of damages from the 
lower portion to the upper portion.

Many new buildings will have a damp-proof course in the form of a concrete belt, 
but  is absent in old buildings where the problem is severe.
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 Dampness near the
ground floor

3. Residue of paper pulp 
and salts

1. Salt stain on the wall 2. Application of paper 
pulp
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3.9 Cracks in External Walls

If the foundation of the wall in the middle has undergone a differential settlement, 
the width of the crack in the wall will be wider at the bottom and narrower at 
the top. It will appear on both sides of the walls and will be continuing into the 
foundation. In extreme cases, the crack may appear in the floor of the building 
also. This happens mostly in the case of clayey soils and where the soil has been 
displaced by the erosion of floodwater.

Depending on the width of the cracks, suitable remedial measures are to be taken 
as given in section 3.3.
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 Cracks in external
walls

Middle portion of the 
foundation has settled
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If the foundation of the wall has undergone a differential settlement at the corners, 
the width of the crack in the wall will be narrower at the bottom and wider at the 
top. It will appear on both sides of the walls and will continue into the foundation. 
In extreme cases, the crack may appear in the floor of the corners of the building 
also. This happens more in case of clayey soils and where the soil has been 
displaced by the erosion of floodwater.

Depending on the width of the cracks, suitable remedial measures shall be taken 
as given in section 3.3.
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 Cracks in external
walls

Foundation of the wall 
settled at the corners
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If the foundation of the wall settles in one corner of the building, a diagonal crack 
as shown in the image develops. The width of the crack will be wider at the top 
and narrower at the bottom. It will appear on both sides of the walls. This happens 
when the soil near the corner of a building is displaced. This may not be visible 
in the foundation especially when it is constructed with stone and a weak mortar.

Depending on the width of the cracks, suitable remedial measures shall be taken 
as given in section 3.3.
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 External wall -
diagonal cracks

Foundation of the wall 
settled at one corner
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3.10 Horizontal Cracks in Walls with Sloping Roof

If the timber roof is damaged due to the floodwater, it exerts an outward thrust.  
The top portion of the wall may bulge towards the outside. This crack will appear 
on both sides of the wall, but more visible on the inside. The roof tiles will absorb 
more water because of immersion in floodwater thus increasing the weight of the 
roof.

Horizontal cracks near eaves level appear on the interior walls, when there is an 
outward movement of the roof above.

Roofs also exert an outward thrust when there has been over-loading on the 
structural members or the tie which had been provided originally gets damaged 
because of insect or fungal decay.
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 External wall –
 horizontal cracks,
 pitched roof / eaves
level

Overloading of the 
Pitched Roof

3.10.1 Repair of Outward Leaning 
Pitched Roofs

The roof needs to be repaired or 
strengthened by adding ties. If the wall is 
out of plumb, the top portion may have to 
be rebuilt after giving temporary supports 

to the roof. Depending on the width of the 
cracks, suitable remedial measures are to 
be taken.
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3.11 Cracks Variable in Direction - External Walls & Internal Walls

Cracks which are variable in direction and varying in width from hairline cracks 
to major cracks may occur in some buildings. Floodwater may cause multiple 
damages to a building since many forces act at one time.

The foundation would have sunk, the walls would have got out of plumb and the 
roof would have  weakened. 

Proper reasoning of each of the cracks may be looked at and the remedial measures 
to be taken. In many cases, the buildings will continue to develop cracks as the 
shrinking clayey soil become dry during the summer. It is very rare that the building 
needs to be demolished and expert opinion  is to be sought in such cases.
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 Multiple cracks
 occuring in a
building

 Sketch  to be
made
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3.12 Strengthening of the Corners of the Buildings

In many cases,  corners of buildings may get damaged due to the floodwater. In 
such situation, the weakened corners in masonry walls can be strengthened by 
the following measures:

1. Remove the plaster and expose the cracked joints.
2. Remove all the loose particles with a wire brush and water.
3. Fix the corner with a welded wire mesh of size 25 x 50 mm size with 8-gauge 

wire after leaving a gap of 15 mm. 
4. Cover the weld mesh with chicken mesh.
5. Plaster the corner with a cement mortar of 1:3 (1-part cement with 3 parts of 

sand). The thickness of the plaster shall be 38 mm (1.5 inches) so that there is 
enough cover for the weld mesh.
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 Strengthening of
corners

1. Expose the crack by 
removing the plaster  

3. Fix the corner with a 
welded wire mesh

5. Plaster the corner with 
cement mortar

2. Removal of loose 
particles

4. Cover the wire mesh 
with chicken mesh
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Jacketing of 
Column

3.13 Jacketing of Columns

During floods, the masonry columns may 
buckle or crack because of the sideway 
thrust exerted by flood water.  In case, 
the foundation has also weakened, the  

column base will have to be strengthened 
by concreting the base. The strength of the 
column can be improved through increasing 
the size of the column by jacketing.

Concreting around 
columns

8 mm dia stirrups @ 
150 mm spacing

12 mm iron bars

Damaged Pier
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3.14 Cracks in Openings

Cracks may develop in arches after the 
floods. In most of these cases, the cracks 
may not be a threat, since the shape of 

the arch will readjust to take the load. The 
cracks may be filled with cement grout, by 
adding non-shrinking additives. Cracks in Arches
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3.15 Bracing of Sheds

There will be many roofs or sheds which 
are vulnerable to floodwater. Cross-bracing 
may be used to increase stability and wind 
resistance of the structural frame of the 

buildings. If a building becomes weak at its 
base due to flood, cross-bracing will help to 
keep the structure stable.

 Diagonal bracing of
shed

Without Bracing With Bracing
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 Repair of timber
 members such as

Rafters and Beams

3.16 Repair of Timber Members 
Such as Rafters and Beams

In case of  decayed timber members, the 
damaged portion should be cut out and 
replaced with new timber to match the 
cross-sectional area. As far as possible, 

one should try to match the direction of the 
grains as well. In joining, one should use a 
water-proof glue. Timber or steel dowels 
may be inserted for gaining more strength. 

Damaged timber member Repair with steel plates



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala 85

3.17 Weakened Timber Roofs

The timber roof may be weakened by the 
collapse of the walls and  poor connections. 
In cases, where the roof truss has become 
weak, it is possible to strengthen by bracing 

or adding more ties which can be bolted 
joints. 

 Weakness in timber
roofs

Timber Trusses

Steel plates 
for joints

Bolts are fixed 
through sloted 
holes
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 The timber members used for bracing or ties may be of a minimum size of 
100 x 25 mm (4 inches x 1 inch).

 Weakness in timber
roofs
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3.18 Repair of Rotten Ends of 
Timber Beams

The connection between the timber beam 
and the wall plate may be damaged due to 
the movement of the roof during floods. The 
end of a beam rotten due to fungal attack 

can be hastened with this movement. The 
different methods of repairs are illustrated in 
following pages.

 Rotten ends of
timber beam
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 Repair of rotten
 ends of timber

beam

3.18.1 Option 1

In this case, the decayed portion of the 
timber is removed and replaced by new 
timber which is butted to the old. A steel 
plate is inserted in a central slot and is 
carried back at least three times its own 

depth on either side of the junction. The 
plate is secured by a series of staggered 
bolts whose heads are countersunk below 
the timber surface. 

Steel plate minimum 
fixed length- three times 

the beam depth

Decayed end made 
good with fresh timber 

The steel plate fixed with 
small angle plates on a 
concrete pad
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3.18.2 Option 2

Another option to repair the rotten ends of 
the timber beam is shown in Figure.  In many 
cases, we might not be able to repair timber 
with timber alone. Also the use of steel will 
avoid the dismantling of a structure.  Many 
timbers which are in sound condition get 
damaged in the dismantling process. This 

will not only save the cost of repair, but also 
help in keeping the integrity of the building. 
The steel used to repair the timber beams 
must be placed so that it is concealed when 
the work is completed. The steel plates 
must be cleaned and applied with an anti- 
corrosive coating. 

 Repair of rotten
 ends of timber
beam

Rotted beam 
end cut back to 

sound wood

Flat plates fixed 
on the timber and 
the concrete bed

Length of steel plate: 3 times 
the cut portion of wood
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 Timber beams
 getting weakened

3.19 Weakening of Timber Beams

3.19.1 Option 1

The side plates should be used in situations 
when the damage/cracks are not visible. 
Steel plates are fixed on either side of the 
timber beam and bolted horizontally. Side 

plates must not be fixed against uneven 
surfaces as the voids behind them form 
excellent breeding grounds for insects.

Timber Beam

Fixing steel plates on 
both side of the timber 
with staggered bolting



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala 91

 Timber beams
getting weakened

3.19.2 Option 2

In this method, metal plates can be placed 
at the bottom and top of the weakened 
timber beam and bolted vertically. The steel 
plates act as the top and bottom flanges of 
an I section and the timber acts as the web. 
The bolting of the plate to the beam must 
be a rigid joint spread over a wide area to 

reduce the splitting of timber. The bolt holes 
must be staggered to avoid weakening of 
the timber beam. The bolting of the plate to 
a joint must be flexible through slotted holes 
and should not be filled with any glue or 
grout to allow for seasonal movements.

Compression 
plate

Secondary 
Beam

Timber beam

100 x 15 mm tension 
plate on the underside
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3.20 Repairing Cracks in Concrete Slabs

Cracks in concrete slab are a serious hazard to the structure. Rainwater or 
floodwater seepage can corrode the reinforcement of the concrete slab which 
can lead to further cracking and serious damage. If possible, seek advice from 
experts.

3.20.1 Minor Cracks in Concrete Slabs

1. Form a ‘V’ groove along the crack.
2. Remove all the loose particles using wire brush and water.
3. Fill in the voids using a non-shrinkable cement grout. 
4. Please carry out curing for a minimum of 15 days.
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 Minor crack in
concrete slabs

1. Make V groove

3. Cement grouting

2. Removal of loose 
particles

1. Curing for 15 days
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3.20.2 Major Cracks in Concrete Slabs

In addition to the steps to be taken in masonry wall cracks, stitching may be used 
to make sure that the tensile strength is retained.

1. Drill holes in the concrete slab on both sides of the crack.
2. Chicken wire mesh should be fixed along the wall using nails and it should 

have proper cover to avoid any corrosion in future.
3. U Shaped metal rods, 4-6 mm diameter is inserted as shown in the figure.
4. Fill the voids using non-shrink cement grout and mortar.
5. Carry out curing for a minimum of 15 days.
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 Major cracks in
concrete slabs

4. Filling with non-shrinkage 
Cement grout

3. Insert U shaped metal rods2. Fix the chicken mesh1. Drill holes on both side of 
cracks

5. Fill mortar and cure for 15 
days
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Concrete Stitching

3.21 Cracks in Concrete Columns

In case of a crack in the concrete columns, 
they can be stitched by inserting rods in the 

holes drilled in concrete. Fill the holes with 
non shrink slurry and epoxy.

1. Crack in ithe concrete 
column

2. Drilling holes in concrete 3. Inserting rods into the drilled 
holes
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 Pressure build-up
from trapped air

Air gets 
trapped in the 
floor below.

Ceiling can be damaged due the air pressure building up as water level rises 
and air is trapped inbetween.
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3.22 Dampness on Underside of Concrete Slabs

It is most likely to have dampness appearing on the ceiling of a concrete slab due 
to the corrosion of the floodwater entering the concrete slab. The intermediate 
floor made of concrete might not have good water-proofing qualities and the 
pressure exerted by the water will enter the pores in the concrete slab. 

Since the floodwater is contaminated with salts, it will start corroding the 
reinforcement bars aggravating the problem. The presence of chlorides will cause 
breakdown of the protective oxide layer on the iron bars. Iron expands while getting 
corroded leading to cracks and exposing the bars to the atmosphere leading to 
further corrosion.
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 Underside or Flat
Roofs
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3.23 Cracks in Concrete Ceiling

The cracking of concrete may happen in beams, columns and slabs. Initially, the 
cracking will be straight followed by the falling of concrete pieces exposing the  
iron bars to corrosion

The repairs shall be done as early as possible when the cracks appear. The 
damaged portion of reinforcement is to be removed and rust inhibiting chemicals 
to be applied over the iron bars. After that, a rich cement concrete or mortar mixed 
with non-shrink chemicals is to be applied over the reinforcement to prevent  
atmospheric contact. If the decay is in the advanced stage, then expert opinion 
should be sought before starting the repair of concrete roofs.

If a substantial cross section of the reinforcement bar has eroded by corrosion, 
then additional iron bars will have to be added for the strength of the slab. Cement 
grout will have to be applied to hide the reinforcement bars.
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Cracks causing 
flacking of plaster 
and exposing 
reinforcement

Cracks exposing 
Reinforcement
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3.24 Dampness on Floor

Water may leak through the joints of a tiled floor during the floods. The trapped 
water in the soil below the floor comes up through the joints because of the upward 
thrust. 

If the floor has cracks, it will have to be filled up depending on the width of the 
cracks. The problem will disappear once the water has receded and  proper 
drainage around the building is planned.
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 G r a n o l i t h i c
 and terrazzo –
 hollowness, liting,
cracking and curling

Dampness from 
underneath

Seepage through 
the joints
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3.25 Lifting of the Floor Tiles

The flooring tiles will sound hollow because of lost adhesion between the floor 
base. In some cases, the tiles might get detached from the floor base. This will be 
worse in case of poor workmanship.

In the case of serious damage, the affected portion of the floor will have to be 
re-laid. In other cases, a cement grout mixed with non-shrink additives can be 
injected through the joints.
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 Tiles lifting or
arching

Loss of adhesion of tiles 
due to dampness and poor 
workmanship
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3.26 Salt Crystallization on Floor

The floors will have white patches after the flood water has receded. The white 
patches will disappear when the floor is washed or wiped. On drying they reappear.

The white deposits are the salts which would have found entry into the floor 
through the contaminated floodwater. The salts dissolve when the floor is washed, 
but when the water evaporates, the salts are left on the floor.

The salts in the floor can be removed using a simple technique. Apply a layer of 
paper pulp (newspaper immersed in the water for few hours and crushed with the 
hand) over the surface of the floor and leave it to dry. As the paper pulp dries, the 
water evaporates and the salts will be left behind in the paper pulp. Continue this 
process for a minimum of three times so that the salt which is below the floor can 
be completely removed.
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 Removal of salt
stains from floor

1. Existing condition
2. Application of Paper 
pulp

3. Removal of the Dry 
Residual
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Cracks in floors

3.27 Cracks on Floors

1. If the crack is a hairline crack or is minor, it is better not to do any repair work. If the repair 
is attempted, it will make the floor look bad. 

2. If the crack is major, then follow the procedures for filling the cracks in masonry walls.
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Flaking of plaster

3.28 Flaking of Plaster

There are many cases where the plaster 
starts to flake off after the ingress of 
floodwater. The affected areas may be 
randomly located in the wall. Once the water 
finds entry between the brickwork and the 
plaster,  it will lose adhesion. Tapping of the 
affected area may be done with a timber stick 

which will sound hollow once the adhesion 
is lost. Initially only a small portion will come 
off. If  possible apply grout using a syringe 
in these hollow sounding portions and the 
plaster will continue to hold  its position. 
The areas where plaster has flaked off, will 
have to be replaced with fresh plaster.
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 Blistering of paint

3.29 Blistering of Paintwork 

If water has found entry inside the painted 
surface through some crevices, the paint will 
peel off from the walls or timber elements. 

The remedy is to paint  the surface 
again. Proper specifications of the paint 
manufacturer will have to be used including 

the use of primer. Please make sure that 
the wall or the timber is completely dry, 
otherwise it will fail again. It may take weeks 
or even months for the wall to be completely 
dry.
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3.30 Poor Workmanship

The biggest challenge the construction industry in India is facing today is to ensure 
good quality of construction. The durability of a building depends on the quality 
of workmanship and the design details. Many well-constructed buildings have 
survived the floods, while poorly constructed buildings have been damaged.
 
The quality of workmanship has come down drastically during the last two or three 
decades.  
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 Bad quality of
Workmanship

to both our houses 
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4. Design Guidelines for 
Site Planning
4.1  Access to the Site
4.2  Site Layout
4.3  Orientation of the Building
4.4  Elevated Floor Level
4.5  Poor Landfill Practices
4.6  Buildings in Flood Drainage Area
4.7  Public Buildings and Higher Standard of Safety
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4.1 Access to the Site

The new building should be located so that 
there is safe access to and from the site. This 
will ensure the safety of the people from fast 

flowing floodwater allowing them to enter or 
leave a property during any floods.  Safe Road Access

to Higher Elevation

Rescue route cut by 
the time floodwater 
reaches

Evacuation route is 
not blocked by rising 
floodwater
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When doing new site layouts, the layout of the roads shall be in such a way that evacuation 
is easier from a rescue point of view.

Cul- de- sac
 showing street
 planning  for
efficient evacuation

The evacuation route 
is blocked by the 
floodwater

The street design 
permits evacuation to 
higher levels

Evacuation route
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 Location of hazards
 and evacuation

scenarios

Although far from 
the river, the houses 
constructed on flood 
plain areas are highly 
unsafe

The flood plains 
near the river bed 
are highly unsafe 
and need proper 
evacuation scheme

Kerala 2018 
Flood Level

Refuge 
precinct

Houses inundated near 
the river are safe from 
floodwater but proper 
evacuation scheme is 
needed

It is not the distance from the river that 
matters, but the elevation of a place is more 
critical. In Kerala, a flood mapping exercise 
shall be carried out to ascertain the areas 

that would be submerged for the different 
levels of water above the maximum flood 
level.
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 Vulnerability of plots

4.2 Site Layout

The floodwater gains higher velocity in 
narrow paths between large buildings. This 

speedy flow of water can be devastating for 
houses in its path.

Vulnerable house 
because of high 
velocity of water flow
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 Effect of building
 orientation on

stability

4.3 Orientation of the Building

The shorter side of the buildings should be oriented towards the flow of water to 
minimize the damage caused by the flow of debris. Damage can be intensified by 
floating objects such as logs or vegetation striking the walls of the building.
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 Effect of building
 orientation on
stability

Square shaped houses are preferred as they are generally stronger in flood conditions

If the house is rectangular, the shorter side should be aligned towards the flow of water 
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Circular shaped buildings or those placed at an angle (placed diagonally) will withstand the 
velocity of water much better.

 Effect of building
 orientation on

stability
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 Elevated plinth for
 protection from

floodwater

4.4 Elevated Floor Level

Make sure that the ground floor level is at 
least 60 cm (2 feet) above the maximum 
flood level during the floods. Even the best 
engineering and architectural solution will 

not be able to save a building, if not built 
in accordance with the standards. Minor 
differences in elevation can drastically 
improve the safety of a building.

The floor level of 
new houses to be 
elevated 2 ft above 
Kerala 2018 Flood 
Level

Kerala 2018 
flood level
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  I n a p p r o p r i a t e
 landfill aggravating
the floods

4.5 Poor Landfill Practices

Landfill in wrong locations can cause 
damage to properties which were never 
flooded. 

Inappropriate fill will  reduce the receding of 
floodwater and increase stagnation.

Scenario 1: Kerala 
2018 flood level 

before filling

Scenario 2: Kerala 
2018 flood level 

after filling leading 
to rise in flood level

Inappropriate Filling
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 Decreasing the
 effective flow width

of floodwater

Filling along the riverside to gain elevation or to create elevated land causes increased flood 
levels because of a reduction in the cross-section of the river. 

Filling done makes 
this building unsafe 
for the same flood

Safe building

Normal Flood 
Level

Kerala 2018 Flood 
Level

Average flood level 
before filling

Kerala 2018 flood level 
after filling

Inappropriate Filling
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 Construction in
 accordance with
the natural landform

Higher Risk 
because of 

excavation of land 
for construction of 

basement

Lower Risk 
because of the use 
of natural contours  

for development 

Through proper site design and protection 
of critical facilities like generator room, 
electrical room, etc from water, the damages 
from risk of flooding can be avoided. By 
making use of the natural contours for the 

construction  and   using the lower parts of 
the site for carpark and landscaping, the 
chances of critical facilities getting impacted 
are avoided.
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4.6 Buildings in Flood Drainage 
Area

When a building is constructed in a flood 
drainage area, it is susceptible to flood, 
even if it raised by earth filling above the 
maximum flood level. Scouring and erosion 

of the filled earth may occur during flooding, 
which may cause foundation failure. In such 
locations where floodwater is likely to flow, 
it is better to avoid any land filling. 

Building in flood 
drainage area

Buildings located in 
the flood plain area 
will be affected by 
major floods

Even if the house 
is elevated by 
landfilling, the high 
velocity of the 
water will make the 
building vulnerable.
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The new building shall not restrict the free flow of the floodwater; otherwise it leads to  
higher flood levels or destructive flow as it happened during the Kerala 2018 flood.

Restricted flow of 
floodwater due 
to poor extension 
proposals

Flow path of 
Floodwater

Higher to Lower 
Elevation

The building 
extension restricts 
the flow of water 
and is vulnerable
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4.7 Public Buildings and Higher 
Stands of Safety

Critical facilities such as hospitals, flood 
shelters, schools, electrical substations, 
fire stations, police station, water supply 
stations, godowns which store hazardous 

chemicals etc. shall be built with much higher 
standards than the residences. Failure to do 
so will create severe safety issues.  Public building

 shall have higher
standards of safety
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 Public building
 shall have higher
standards of safety
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5. Design Guidelines for 
New Buildings in Flood 

Prone Areas

5.1  Importance of Good Quality 
           Workmanship
5.2  Flooded single storey House
5.3      Flooded two storied House
5.4  Lofts in Single Storey Sloped Houses
5.5  Building New houses on Stilts
5.6  Foundation Requirement for flood  
           resistant structures
5.7      First Floor Balconies
5.8  Access from the Building
5.9  Location of External Staircase
5.10  Plinth Protection
5.11   Sloping Ground Away From the 
           Building

5.12 Materials for Kitchen 
           Shelves and Wardrobes
5.13 Location of Water Tank
5.14  Electrical Services
5.15 Solar Panels
5.16 Sewage System
5.17    Alternate Building    
           Technologies
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In Kerala, the most important possession of a family is their 
house. The catastrophic floods have damaged this asset. A few 
simple, innovative and cost-effective measures can reduce the 

vulnerability of the houses to floods in future. 
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5.1 Importance of Good Quality Workmanship

Architecture can be conveyed in words and by drawings: workmanship cannot. 
The architect hopes that the workmanship will be good but it is the mason who 
finally controls the quality. The engineer or architect can point out and correct the 
major defects of workmanship, but they cannot produce good workmanship. 

Society is accustomed to pay for quantity, not quality. Labour contracts and 
overtime lead to reduction in quality. In labour contracts, the labour cheats by 
reducing the quality. The owner thinks that he has gained because of the apparent 
increased output. Building owners don’t realize that. The additional cost in attaining 
quality is actually only marginal, whereas ensuring quality pays off in the long run 
in lowered maintenance costs. 

Today, there is little incentive for the worker to do quality work. Manual labour is no 
longer respected. Now, only labourers seem to exist, no craftsmen. A craftsman 
understands the importance of his craft and can provide leadership to do good 
quality work. 



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala 135

 Quality  of
Workmanship

Today’s society pays for quantity rather than quality

There is no substitue for good quality workmanship. The durability of a building is very much 
dependent on good quality of workmanship.
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5.2 Flooded Single Storey House

During the floods in 2018, water even entered 
the first floor of many houses, which makes 
the single storey houses completely unsafe. 
There are many single storied houses in 
Kerala and they are liable to flooding in 
future causing loss to life and property. In 

such cases,  a two storey extension can be 
made adjacent to the present house with a 
staircase outside. The valuable objects such 
as furniture, television, electrical equipment, 
documents etc. can be stored in the first 
floor of this house at the time of a flood. 

 Flooded single
storey house

First floor of the 
building extension 
makes the single 
storey building safe 
against floods.
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5.3 Flooded Two Storied House

In case of two storied house, where water 
came into the first floor, a three storied 

extension of 200 sq.ft on each floor can be 
made with an external staircase.

 Flooded two storied
house

Second floor of the 
extended building 
makes the house 
safe against floods.
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5.4 Lofts in Single Storey Sloped Houses

There are many existing houses where the water rose to an adult person’s height. In 
such houses,  a loft can be created as a short-term flood refuge taking advantage 
of the sloping roof. The valuables can be stored in the loft and human lives can be 
saved in case of future floods. If the staircase takes a lot of space, then a ladder 
similar to the one in traditional Kerala houses can be used. 
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 Attic space for
emergency

Loft space could 
be created within 
the existing sloping 
roof as a refuge 
place
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5.5 Building New Houses on Stilts

An option is to have the houses on stilts 
with concrete columns so that the house is 
safe from flood damage. Staircase has to 
be constructed to gain access to the upper 
floor of the house. The stilt floor can be used 

for parking, work-shed or cattle-shed, etc. 
The stilts might be cheaper when compared 
with the cost of a raised plinth which has to 
be filled completely. 

 Buildings on Stilts:
 An efficient method
 to protect new
building from floods

The area can be used as a 
parking space, play area, 
cattle shed, etc.

Proper anchoring of 
foundation to prevent 
flood water distorting the 
stilts

The living area elevated 
above by a minimum of 
0.6m (2 ft.) above Kerala 
2018 flood level
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the displacement of soil during floods. Piles 
or columns are used to raise the structure 
above designated flood level in addition 
to meet requirements of the foundation of 
flood resistant structure.

5.6  Foundation Requirements for 
Flood Resistant Structure

It is very important that the foundation 
of a flood resistant structure is deep so 
that movement of the sub-strata does 
not cause a foundation failure. Shallow 
foundations can become unstable due to 

Shallow 
Foundation

Deep 
Foundation

 F o u n d a t i o n
requirement
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5.7 First Floor Balcony

When the entire ground floor of a building 
is under water, rescuing trapped people 

is easier in case of houses with first floor 
balconies. 

First floor balconies
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5.8 Access from the Building

In case of floodwater entering the inside of a 
house to a substantial height, the staircase 
might be unusable as an escape route, 
since the internal doors get stuck until the 

water drains out fully. If there is an external 
staircase, then the rescue team can  use 
this to board the people.

 Issues with internal
staircase

Blocked movement 
from internal 
staircase  in case of 
water entering the 
house. 
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 Ideal dimensions
 of an external

staircase

5.9 Location of External Staircase

The staircase plays a major role in houses 
in flood prone areas. The staircase should 

be wide enough to take valuable things to 
the first floor in case of inundation.

100 cm

10
0 c

m

28 - 30 cm
15 - 17 cm
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If there is cattle in the house, then a wider external staircase may be found useful in case of 
a flood.

 Ideal dimensions
 of an external
 staircase where
 cattle can be taken

upstairs

200 cm

15
0 c

m

28 - 30 cm

15 - 17 cm
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5.10 Plinth Protection

It is important to protect the plinth to avoid 
damage  to the foundation and plinth caused 
by the incoming waves of the floodwater. 

The soil near the foundation may be 
removed by the receding water also.  

Plinth protection
Foundation
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Even in areas, where plinth protection is  
done, the water might find entry into the 
foundation and thereby entering into the 

soil beneath the floor. This shall be avoided 
by proper filling around the building.WW

Plinth Protection

Plinth 
protection

Porous soil

Foundation

Impervious soil
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5.11 Sloping Ground Away from the Building

The ground should slope away from the building to ensure that rainwater flows 
away. All the soil and loose earth close to the external walls should be removed. 
The height of the plinth should be kept to a minimum of 450 mm in all the buildings.
 
Ground slope is a serious problem in the flood affected areas because of the high 
water table during the rainy season. In many of the existing villages, it is one to 
three feet below the existing ground level which is very high compared to average. 
The rising damp in the building will become less problematic if the land is sloped 
away from the building.
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5.12 Materials for Kitchen Shelves 
and Wardrobes

Solid timber will withstand water most,  
followed by marine grade plywood and 
exterior grade plywood. Medium Density 
Fibreboard (MDF) and particle boards have 

very little resistance towards immersion 
in water. In flood prone areas, moisture 
resistant adhesives must be used.  Material for kitchen

 shelves and
wardrobes

 Warping of plywood due
to water penetration

 Solid wood perform better
against water
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5.13 Location of Water Tank

The water tank of a house in a flood prone 
area should be located as high as possible. 
Even if the power supply is disconnected 
one will be able to access  the water if the 

water tank in located in the terrace or above 
the headroom. If it is a  underground sump, 
it should be elevated as high as possible so 
that the floodwater does not enter the tank. 

 Location of water
tank

 Overhead water
 tank will ensure
 c o n t i n u o u s
supply of water



Manual for Retrofitting and Flood Resilient Design for Flood Affected Areas in Kerala152

 Overhead rainwater
tanks

 Overhead rainwater
 tanks will ensure
 that the water
 supply is not
blocked

If the rainwater can be harvested on the roof/or at a higher level, then the water supply can be 
ensured even if the building get inundated with water.
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5.14 Electrical Services

In new buildings, the distribution board 
of the electrical supply shall be raised 
above the maximum flood level, although 
electricity board engineers want it close 
to the ground for inspection and reading. 

During floods, it is possible that mains 
electrical supply will be cut intentionally. If the 
electrical system gets submerged in water, 
it is difficult to restore power even after the 
floodwater recedes. 

 E l e v a t e d
 switchboards and
meter boxes

 Elevated position
 of  meter-box
 to protect from

 floodwater

 Steps constructed
 to take meter

reading
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Solar Panel

5.15 Solar Panel

The power supply will be disconnected 
during the floods to avoid multiple damages. 
During this period, a solar panel with an 

inverter will make sure that at least the lights 
and mobile phones can be made functional.

Solar Panels on the Terrace Solar Panels on the Roof
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Sewerage System

Raised opening 
of Septic tank

5.16 Sewerage System

If the septic tank can be raised above the 
flood level, then the mixing up of sewage and 
the floodwater will not happen. Providing a 

non-return valve ensures that the sewage 
does not back up into the toilets.

Provision 
of a Non-

Return Valve

Detail of a Non-Return Valve
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Raised toilet 
to protect from 
backflow

Elevated toilets in 
flood-prone  areas

In new houses, it is very important that the toilet floors are raised so that the rising up of the 
sewage into toilets do not happen. 
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Alternate building 
technilogy

5.17 Alternate Building Technology

Buildings built using alternate technology  
such as rammed earth and stabilised earth 
blocks will be good enough to withstand the 

flood water. But the ordinary earth blocks will 
become weak with prolonged submersion 
of water.
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Bamboo can also be used as a building 
material but proper engineered solutions 
such as protection against termites, 

avoiding contact with ground, connection 
between the roof and the walls, etc have to 
be done. Alternate building 

technilogy
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Solar panel

Roof tiles may be 
removed by floodwater

Elevated Toilet

Provide plinth 
protection

Raised electricity box

Timber roof to be 
anchored to the column 

and the wall

Steps to take meter 
reading

Raised rainwater 
harvesting tank

Design foundation which 
are deep to prevent 
erosion and differential 
settlement

Ground should be sloping 
away from the building

Avoid use of commercial 
plywoods since they are 
damaged by water

New buildings in 
flood-prone areas

Raised septic tank

Provide first floor balcony 
and outside staircase for 
easy rescue

Adding a loft provides 
additional protection
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6. Conclusion
The success of rebuilding Kerala will depend on how we take measures to 
overcome the future floods in Kerala. Climate change and global warming are real. 
We have to face the reality of the rising sea levels. Preparation of the flood plain 
maps to understand the real situation and the dangers ahead is the first step to 
be taken. The solution is definitely not going to be an engineering one alone. The 
thrust shall be to avoid a future disaster. We want Kerala to remain an attractive 
place that it is.

The decision whether to have buildings in flood prone areas shall be taken based 
on the cost benefit analysis. Enforce a ban on the construction of new buildings 
in the area is not a solution.

During reconstruction, some issues which are faced are the shortage of skilled 
labour, and increase in the price of building materials. The biggest challenge the 
building industry in India is facing today is to ensure good quality in construction. 
The durability of a building is highly dependent on the quality of workmanship and 
the design details. 
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It is important to follow guidelines to mitigate the floods. There are various cases 
where subsequent floods had caused more devastating impact because the 
buildings were already damaged by the earlier flood. Also, the trends depict the 
occurrence of future flood with other natural calamities.

To fight the impact of it, following steps are very important:
1. Avoid improper and haphazard landfilling.
2. Avoid construction in flood plain areas.
3. Follow proper planning and design methods. 
4. Good quality workmanship to be followed by regular maintenance


