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FOREWORD 

Afghanistan suffers regularly from seismic activity. In the past, the country had been struck by 
devastating earthquakes which caused huge loss of life and massive destruction of houses and 
property. Because of local tectonics, earthquakes will continue to occur in the country. Several 
small to medium scale earthquakes in recent times only seen to highlight Afghanistan's vulnera

bility to earthquake. The recent devastating earthquake in Pakistan was a wake-up call for 

Afghanistan. 

Houses in Afghanistan are commonly of non-engineered construction - a majority of 
houses are constructed without following earthquake construction practices. Furthermore, 
there are very few well-trained engineers and building inspectors who could support appropri
ate constructions in Afghanistan. Construction mostly uses traditional materials such as earth 
or rubble stones in mud mortar. These buildings are largely owner-built, sometimes with advice 
and assistance from masons - most of whom have no training on building construction, let 
alone on earthquake -resistant methods. All these factors make the cities and rural settlements 

highly vulnerable. 

The Community-based Disaster Awareness and Mitigation Programme (C-DAMP) of 
UN-HABITAT has been implementing disaster preparedness and mitigation activities in 
Afghanistan since March 2005. C-DAMP seeks to improve the performance of new buildings 
and enhance the capacity of all stakeholders involved in building process. The project has 
developed earthquake resistant construction guidelines to improve earthquake safety of rural 

and suburban housing in Afghanistan. 
These Guidelines are based on theoretical knowledge and the practical application of best prac
tice earthquake engineering. They also combine the knowledge and experience gained from 
countries of Asia and South America that have applied seismic resistance to non-engineered 
earthen buildings. The earthquake resistant construction guidelines developed by UNCRD, 
NSET, IAEE and ADPC, were the major source of information. The guidelines were success
fully applied in Afghanistan to train constriction engineers, master builders and community 

level builders. 

I hope that these guidelines will be useful for the earthquake resistant construction prac
titioners to support safe house constriction. The guidelines could also be used as effective 
training materials for engineers and technicians to enhance their capacity in Earthquake safe 
construction. 

Madhab Mathema 
Director (a.i.), UN-HABITAT 
Regional Office for Asia and the Pacific 
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PREFACE 

Afghanistan is home to the Hindu Kush Range of mountains that are frequently shaken 
by earthquakes. Most of the country's earthquakes zones are located in the North-Eastern part 
of the country. Earthquakes of magnitude 4 occur nearly every week or two. Depending on 
their magnitude, some quakes have been felt as far away as parts of northern India and north
central Pakistan. Over 95% of Afghanistan's buildings are non-engineered constructions, made 
of mud, mud-bricks and stones. These buildings form the principal dwelling houses for com
munities in rural and semi-urban areas. 

The majority of dwellings are constructed without the participation of well-trained engi
neers or building inspectors. These buildings are generally built by the owners with advice and 
assistance from masons. The latter unfortunately have no systematic knowledge or training on 
building construction, particularly of earthquake-resistant construction methods. All these fac

tors lead to Afghan populations highly vulnerable to earthquake. Therefore, there is a need to 
make communities and construction workers aware of simple techniques that can be used for 
building stronger houses, resistant earthquakes, using locally available construction materials 
and traditional technology. 

The Community-Based Disaster Awareness and Mitigation Programme is implemented 
by UN- HABITAT with an aim to improve the performance of new buildings by adopting 
earthquake safety measures in the building process. The C-DAMP has developed simple, easy 
to understand, earthquake resistant construction guidelines for Afghanistan. The Guideline has 

been used to train the local level engineers and master builders to enhance their capacity in 
earthquake safe construction. 

The Guideline has adapted theoretical knowledge on earthquake engineering and it also 
combines the knowledge and experience gained in countries prone to earthquakes and who 
have adopted earthquake safety practices on non -engineered earthen buildings. This Guideline 
aims to serve as training material for engineers and technicians who lead in the building pro
duction process in Afghanistan. It is hoped that this Guideline will be useful not only for the 
C-DAMP technicians, but also for everyone involved in the reconstruction process of 

Afghanistan. 

UN-HABITAT would like to thank Ministry of Urban Development and Housing 
(MUDH), Department of Disaster Preparedness (DDP), Department of Geology, Kabul 
University, SEEDS-India, ADPC for their continual support and collaboration, and UNCRD, 
NSET and Ministry of Housing and Physical Planning of Nepal for letting us adapt some of 
their guidelines on earthquake resistant construction for the development of this guidelines 
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Guidelines Development Team 
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January 12, 2006 



1. INTRODUCTION 

1.1 AIM OF THE GUIDELINES 
Over 95% of the buildings in Afghanistan are non-engineered, made of mud, mud-bricks and 

stones. These buildings are often used as houses in communities located in rural and semi

urban areas. Despite the devastating impacts of earthquakes, the awareness and capacity on 
earthquake preparedness and mitigation within communities and construction workers is signif
icantly low. Therefore, there is a need to make communities and construction workers aware of 

simple techniques that can adopted during the building process. 
The objective of this Guideline is to provide the necessary information to construction work
ers, local builders and trainers for earthquake resistant construction of non-engineered rural 

and suburban houses. 

1.2 SCOPE OF THE GUIDELINES 
The objective of this guideline is to provide the necessary information to: 

Local builders -Training of local builders 

-Reference for construction and retrofitting 

Local trainers who will train local builders -Training of trainers for builders training 

-Reference materials for community awareness 

1.3 LIMITATIONS 
This Guideline focuses on earthen constructions (adobe or mud-based construction) but is 
specifically focused on residential house construction. It is advised not to build schools or 
other community buildings with earthen materials, unless the adobe is stabilized using appro
priate methods. The Guideline has attempted to deliberately minimize the use of expensive 
materials in order to keep the costs of earthquake resistance to a minimum. 

1.4 STRUCTURE OF THE GUIDELINES 
This Guideline consists of 5 sections: 
Section 1, the Introduction, describes the aim of the Guideline and the target user groups. 
Section 2, Earthquake Hazard and Risk of Afghanistan, provides an overview of the seismic 
hazards in Afghanistan, building types, vulnerability and earthquake risk. Section 3, Earthquake 
Resistant Construction, provides details on selections of construction materials, building con
figurations and construction technologies for achieving earthquake resistant houses. Section 4, 
Seismic Vulnerability Assessment and Section 5, Retrofitting of Earthen Houses. 
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2.SEISMIC HAZARD AND RISK OF AFGHANISTAN 

2.1 AFGHANISTAN AND EARTHQUAKES 
Afghanistan is home to the Hindu Kush Range of mountains that are prone to earthquakes. 
Most earthquake zones are located in the North-Eastern part of the country and earthquakes 
of magnitude 4.0 occur nearly every week or two. Depending on their magnitude, some quakes 
have been felt as far away as parts of northern India and north-central Pakistan. 
A hazard map prepared by the UNDP /AIMS in (figure 1) shows most of the seismic activity is 
concentrated in the North-Eastern and Eastern border of Afghanistan. 

Historical Earthquakes 
The largest recorded earthquake in Afghanistan took place on 15th November, 1921 (36.50 N, 
70.50 E) in the Badakhshan Province. It measured at a magnitude of 8.1 on the Richter scale 
(NOAA). More recently, a devastating earthquake in the Baghlan Province (March, 2002) 
claimed over 1,200 lives. The earthquake damaged houses and caused landslides which blocked 
many roads in the epicentre area. Just 150 km North-East of Rostaq, a 5.9 earthquake struck in 
February, 1998. The earthquake killed at least 2,323 people, injured 818 and destroyed 8,094 

houses. 
More than 4,000 lives were lost and many homes destroyed in the May, 1998 earthquake 
(Magnitude 6.6) in the Badakhshan and Takhar provinces. 
Figure 1 shows that all of Afghanistan is prone to earthquakes; highest level of seismic activity 
is in the North-Eastern part of the country, both Northern and Southern parts experience 
moderate levels of seismic activity and the central regions are defined as areas of low seismic 

activity. 

IRAN LOW 

- MEDIUM 

- HIGH 

Figure 1: Earthquake zoning Map of Afghanistan. (UNVP/AIMS) 
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SEISMIC HAZARD AND RISK OF AFGHANISTAN 

Measuring Earthquakes 

• The magnitude of an earthquake is a measure of its total size and the amount of energy released. 
Magnitude is a term applied to the earthquake as a whole. One of most common units for earthquake 
measurement is the Richter scale. The largest measured earthquake is of magnitude 9.3 on Richter scale. A 
unit increase in Richter Magnitude denotes a 32-fold increase in the quantum of energy released by the 

earthquake. 

• Intensity is a measure of the felt effects of an earthquake at a site. It measures how intense the 
ground was shaking at the site. A single earthquake can create different intensities at different sites. This 
depends on the magnitude of the earthquake, its distance from the earthquake source (epicentre), the rock 
types, the soil type at the site, or the topography of the site. The intensity level is assigned by looking at the 
visible consequences caused by an earthquake or the reports from those who experienced it. The intensity 
is assessed by classifying the degree of the shaking using intensity scales. The most commonly used scales 
are known as Modified Mercalli Intensity (MMI) and Medvedev-Sponheuer-Karnik (MSK). Both are based 
on a 12 point scale in Roman Numerals (I, being the lowest and XII, being the highest). Intensity using an 
MSK I is not felt except under certain circumstances and MSK XII represents the total destruction and the 
topographical change (refer Appendix! for MMI intensity scale). 

2.2 PREVAILING BUILDING CONSTRUCTION PRACTICES 
Over 95% of the buildings in Afghanistan are non-engineered constructions, made of mud, 
mud-bricks and stones. These buildings are used mainly as houses in communities located in 
rural and semi-urban areas. These dwellings are constructed without applying earthquake resist

ant practices. The combination of weak construction materials and lack of earthquake resistant 
features make these dwellings extremely vulnerable, even to a medium level earthquake 

Afghanistan is a highly mountainous country ' ~-~ 

and houses are commonly constructed on 
mountain slopes (Figure 2). Property is usu,.. 
ally surrounded by a compound wall with a 
central open yard and rooms are located 
along the compound walls. Bedrooms are 
oriented in order to take advantage of the 
sun. The kitchen is generally located outside. 
Many houses are two storeys high with the 
stairs located mainly inside but sometimes 
outside. The following sections present typi
cal details on dwelling construction. 

2.3 CONSTRUCTION MATERIALS 
Fzgure 2 

The most commonly used construction material is mud or sun-dried mud bricks, otherwise 

known as adobe. Mud is used as the walling material along with mortar and/ or plaster (Figure 
3a and b). In these houses, stone is used for the lower part of the house up to plinth level 
(Figure 3b) Straw is mixed with mud to act as micro-reinforcement to prevent the spread of 
cracks. Wood is used for the roof, floor, braces, lintels and door/window frames. 
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SEISMIC HAZARD AND RISK OF AFGHANISTAN 

a) A mud house with a heavy roof b) A mud house with stone plinth wall and a 
heavy roof 

Figure 3: Major Building Types in Afghanistan 

Walls 
Different types of wall construction can be seen in Afghanistan. These include mud walls or 
stone walls. Mud walls are used as foundation up to the top and are usually 70 to 80 em thick. 
Two layers of burnt brick are placed on top of the wall to prevent the mud or mud brick from 
washing off during rain. Sometimes, grass or wooden planks are also used on the top of wall 
for protection against rain. 
Stone walls are used in mud mortar from the foundation up to the plinth level and a mud wall 
is used above the plinth level up to roof level. Stone walls are also used in mud mortar from 
the foundation to the plinth level with sun dried bricks in mud mortar above plinth level and 
up to the roof. Stone walls can also be used in mud mortar from the foundation up to the 
plinth level and then burnt bricks in a cement mortar above the plinth level. This is often used 
in urban areas or where affordability is high or on new buildings. 

Roof 
For the roof construction, sawn or un-sawn 
logs of the Chinar tree are placed close 
together between the side walls (Figure 4), a 
straw mat is then placed on top. Earth is 
then spread over it for insulation and for 
rain protection and is then finished with 
mud plaster mixed with straw. A flat roof is 
the most common where rain is scarce. 
However, in some areas where rainfall is 
high, mild sloping roofs can be seen. 
Corrugated iron sheets (CG I, commonly 

known as tin sheeting) is also a common Figure 4: Bottom view of a roof structure 
roofing material. In winter, the roof must 
be clear from snow to prevent any 
damage .. . 
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SEISMIC HAZARD AND RISK OF AFGHANISTAN 

2.4 EARTHQUAKE DAMAGE TO EARTHEN BUILDINGS 
Past earthquakes have shown that earthen buildings are extremely vulnerable during earth~ 
quakes. They have been shown to crack at an MSK intensity VI and may suffe.r fro~ partlal 
collapse at intensity VII. Other buildings have demonstrated total collapse at mtens1ty VIII or 
less. It should be noted that more damage will occur to a two storey than a one storey house. 
Single story houses with a properly constructed flat roof went undamaged while the two storey 

houses were completely destroyed. 
Earthen buildings were shown to suffer the most damage during earthquakes. Typical deficien-

cies that lead to catastrophic damage of these buildings are outlined below and are shown in 

Figure 6. 

In-plane and out-of-plane failure of walls 

During an earthquake vibration, walls along 
the earthquake direction are more stable than 
the walls which go across. This can be demon
strated by holding a thin sheet of plywood, 
plastic or paper at the edges and shaking it 
backwards and forwards, the sheet will wobble 
(Figure Sa) and topple. The weight and tensile 
strength would not provide much resistance. 
If the same wall was shaken in its own plane 
as in Figure Sb, it would not topple and pro
vide much more resistance by virtue of its 
depth in the direction of shaking. The wall 
acts as a shear wall. A wall with a small depth 
to height ratio would develop bending cracks 
at its base, where as if the ratio is moderate, it 
would suffer from a sliding crack at the base or 
diagonal cracks (Figure Sc and Sd). With large 
ratios it would suffer from diagonal cracks. 

ll 
a. Perpendicular force 

causing overturning 

I 

(c) Wall B with Moderate 
Length-towidth ratio 

A- WallA 
B- Wall B 
F- Framed 

~1 

D.· 
b. Unreinforced wall B with 

small length-to-width ratio 

~1 

. 

(c) Wall B with Larger 
Length-towidth ratio 

1- Earthquks force 
2- (),·ertuming 
3- Sliding 
4- Diagonal craking 
5- Horizontal cracking 

I 

Figure 5: (Source: IAEE, 1986) 

I 

Figure 6 presents typical deficiencies and causes of failure of earthen houses in earthquakes. 

Because of a lack of connection between walls, they will separate from each other and form 
continuous vertical cracks (Figure 7). When this occurs, then the isolated walls collapse. If in
plane walls are far apart, toppling of the central part of the out-of-plane walls takes place 
(Figure 7). The in-plane walls and piers may suffer shear failure (Figure 7). The shear cracks in 
the piers usually initiate from the corners of the openings. Collapse of the gable walls is com
mon as they behave as free cantilevers. The floor and roof joists, without enough bearing, may 
slide off the support (Figure 7) lead to a collapse of the floor and roof. The floor/ roof may 
fall down due to the lack of integrity and anchorage with the walls, (Figure 7). 
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SEISMIC HAZARD AND RISK OF AFGHANISTAN 

that arc 10o 

Opening too dose to ___ ..,. 

Walls 10o high and too long 

LK-k of foundation and 
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More 11-.an one slorey buikfor.gs 

- ---..-/''- - -- ' 

I I -·] • '~ 
'---e:2 C::· · 

~€1-1!- ----

Lack of horizontal 
reinforcement 

Poor adobe quality 
without straw and 
poorly mixed mud 

continuos vertical joints 

Figure 6: Deficiencies and causes of failure in earthen houses (Adapted from IAEE, 1986) 
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Figure 7: Typical damage in a mud house (Source: E ERI/ IAEE , 2003) 
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SEISMIC HAZARD AND RISK OF AFGHANISTAN 

2.5 EARTHQUAKE RISK 
Earthen houses constructed in environments with moderate to high levels of seismic hazards 
are at risk of total destruction even under the MSK intensity VIII or lower. Total destruction 
has been witnessed in Bam, Iran as well as in earthquake areas in Afghanistan. 
However, the prevailing earthquake risk can be reduced significantly if construction quality is 
improved and earthquake-resistant features are incorporated in house design and construction. 
It is obvious that mud is inherently a weak material, and mud-based buildings can not survive a 
large earthquake. However, incorporation of earthquake-resistant elements, even in adobe con
struction, could help a house withstand a medium level earthquake and prevent the building 
from collapsing. This would allow the occupants enough time to escape during a large earth
quake. 

Figure 8: Earthquake vulnerable constructions (UN -HABITAT) 
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3. EARTHQUAKE RESISTANT CONSTRUCTION 

3.1 BASIC FACTORS LEADING TO ENHANCED SEISMIC SAFETY 
Factors that influence the damage of a building during an earthquake include a) topographic 
and geological conditions at the site.(figure 8), b) building configuration, c) size and number of 
openings in the walls, d) rigidity distribution in the building structure, e) availability of 
deformability, f) adequacy of foundation, g) quality of materials, h) quality observance during 
construction (workmanship) and i) regular repair and maintenance. The effect of these factors 
and the recommended practices of earthquake-resistant construction are presented in the fol
lowing sections. 

The lighter the building, the better it is 
The lighter the building, the fewer damages the earthquake will cause. It is a good idea to 
replace an earthen roof with a roof of corrugated galvanized iron (CG I) sheeting and/ or to 
reduce the wall thickness where possible. 
The height of the building 
It should be noted that damage to two-storey houses is always much higher than a one storey 
house. During past earthquakes, single-story houses with properly constructed flat roofs 
remained undamaged, while two-storey houses were completely ruined. 

The box effect: One of the essential principals of earthquake-resistant earthen construction is 
to use a compact, box-type layout. Furthermore, the walls, floor and roof structure, should be 
well connected with one another. (figure 9) 

Box Effect 
A masonry house with a timber floor/ rorif (flexible diaphragm} Figure 9a) and reinforced concrete slab 
(stiff diaphragm} Figure 9b) is ideal during an earthquake. 
For survival during an earthquake} a masonry building should behave like a box. Its different parts should 
not disintegrate during intense vibrations. That is wry all rif the walls and floor/ rorif structure should be 
well connected with each other so no components disintegrate during the vibrations 

1-Earthquake Force 
2-Bending or wall A 
3-Wall separation cracks at ends of wall A 

a) A house with flexible roof 

Figure 9: flexible and stiff diaphragms 
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EARTHQUAKE RESISTANT CONSTRUCTION 

3.2 SITE SELECTION 
The site for building construction should be selected very carefully. It should be stable and safe 
enough to withstand the total building load. When selecting a site, the following points should 

be kept in mind: 

Steep slopes: Buildings should not be constructed near or on steep slopes. More damage has 
been observed to buildings located near or on steep slopes due to intense shaking during earth-

quakes. 

Areas susceptible to landslides: Landslides or 
falling rock areas should also be avoided when 
selecting a construction site for buildings. During 
normal day to day existence, the slopes may look 
stable, but slope failure could be easily triggered 
by an earthquake. Landslides have the ability to 

completely destroy a building. Rock fall 
(Figure 1 0) can damage buildings partially or 
completely. However, buildings in these areas can 
be constructed after providing proper precau
tions by using retaining walls and green barriers. 
These green barriers can be identified by the exis- Figure 10: A rock fall area (UN-HABITAT) 

tence of upright standing trees. Trees that are abnormally inclined on a slope indicate instability 

of that hill slope. 

Water logged areas: In water logged areas, buildings can face a variety of problems such as 
flooding, foundation settlement and liquefaction (see Figure 12 next page). Construction of 
buildings on loose sand or soft clay should also be avoided. If the building is to be constructed 
in a water logged area, sufficient drainage should be provided by constructing drainage-ditches, 
or the ground level of the building should be raised by making a plinth of compacted earth, or 
the house should be built on stilts. 

Filled areas: Buildings should not be constructed on 

un-compacted, filled ground. In a filled area, the bearing 
capacity of the foundation sub-soil would be low and 
settlement of the foundation could occur. If a building 
has to be constructed on filled ground, its foundation 
should be deep enough to rest on a firm ground surface 
below the filled level. 

River banks: River banks are susceptible to frequent 

flooding (Figure 11) and liquefaction. Buildings should 
be built far enough away from the flooding zone of the 

Figure 11: Flood hazards of houses close proximity to a ri1•er 

river. Construction in such areas should be undertaken only after carrying out the necessary 
river protection works. 
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EARTHQUAKE RESISTANT CONSTRUCTION 

What is Liquefaction? 
Liquefaction is when the strength and stiffness of soil 
is reduced by an earthquake or other rapid loading. 
Liquefaction has been responsible for tremendous 
amounts of damages around the world. Earthquakes 
can increase the level of liquefaction occurring and 
cause major damages (see figure 12). 
Liquefaction occurs in saturated soils, soil in which the 
space between the individual particles is completely 
filled with water. This water puts pressure on the soil 
particles and influences how tightly the particles are 

pressed together. Prior to an earthquake, water pressure 
is relatively low. However, the shaking involved in an . . 

h k h h
. h F1gure 12: Topphng of houses due to liquefaction. 

eart qua e can cause t e water pressure to 1g 1c EERI d rJ 
1J ource: , annotate Jttaes) 

enough to make the soil particles move, causing the 
foundation to become weakened. 

Trees 
Buildings should not be constructed too close to 
large trees. Roots of the trees can inter the founda
tion and damage the whole building (Figure 13). 
Also, if a building is located near a large tree, storms 
or strong winds could cause the tree to fall on top of 
the building. 

Geological fault rupture areas 

Buildings should not be constructed within 500 m of Figure 13: A building built too close to trees. 
the surface trace of an active fault in order to avoid 
fault-rupture hazards. The area on either side of the fault trace could be developed as a recreational 

park, farm or orchard. 

Foundation base 
The quality of the base on which the foundation rests is equally important for the safety of a building. 
General site investigation shall be carried out as outlined above. The base of the foundation should 
rest on firm ground. 

Site Investigations 
It is good to examine the existing local knowledge and the performance of existing buildings. This will 
assist in identifying any potential danger of sliding, erosion, land subsidence or liquefaction during an 
earthquake. The local practice of managing any such hazards should be evaluated 

3.3 SHAPE, SIZE AND LAYOUT OF THE BUILDING 
During earthquakes, buildings vibrate in all the directions. If the building is symmetric, the vibrations 
that would occur would be the same all over. However, if the shape is non-symmetrical, the building 
would vibrate differently in different directions. This type of vibration causes more damage to build
ings. Therefore, the shape, size and proportion of a building are important for the building's seismic 
safety. When selecting a plan or elevation shapes, the following factors should be kept in mind: 

10 



EARTHQUAKE RESISTANT CONSTRUCTION 

Regular versus irregular shape: A regular shaped building like a square, rectangular or circle, 
vibrates uniformly in all parts of the building. If the shape of the building is irregular such as 
an L, T, + , or C-shape, the building is subjected to torsion (Figure 14a), resulting in some parts 
of the building moving more than other parts during an earthquake. Due to this type of non
uniform movement, the corners of the building receive more stress and damage. Therefore, 
regular shaped buildings are recommended. Such shapes can be simplified as shown in Figure 
15. Small projection, however, can be allowed if the projection is less than one-sixth of the 

width of the building. 

~ . . 
____ .. 

. ........ -----# .. .. .. -,, 

2 - -~- -- -- · 
- ... ... _ ... • « • -, 
C:::l ---- -~-~----

llhaped building 1- Earth'l';;k;·{~e 

\ 4 

2- Centre of stiffness or resisting force 
3-centre of gravity or the applied inertia 

'CIIrotlrMI motion force 

a) L-shaped building plan 4-Twisted building 
b) A rectangular, but unsymentrical buld
ing due to the location of openings 

Figure 14: Torsion of unsymmetrical plan 

Unbalanced stiffness: The openings in opposite walls should be equal in order to balance 
the stiffness in the direction of the two walls. Otherwise, one wall may become stiffer than the 
other, and the building could twist during an earthquake as shown in Figure 14b in which the 
building shown is rectangular but is unsymmetrical due to the location of the openings. 

Long versus short buildings: The length of a building should be less than three times its 
width, even when it is rectangular in form. Long and narrow buildings suffer more damage 
during an earthquake because of the difference in vibrations in its different parts. If a building 
is longer than three times its width, it should be divided into shorter blocks (as shown in Figure 
15) so that the individual length of the separate blocks does not exceed three times its width. 
The foundation of these blocks may be connected to each other and separation can be made 
only in the superstructure. 
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EARTHQUAKE RESISTANT CONSTRUCTION 

Square Rectangle 

Narrow Rectangle r "L" Shape 
a) Complex Shapes 

b) Improved Shape using seperation 

"U" Shape 

Figure 15: Complex VS Improved Shapes (Source: IAE E) 1986) 

Figure 16 presents both acceptable and unacceptable configurations of typical buildings. Figure 
16a presents an unacceptable house configuration because it has large wings and large openings 
close to the room corners. The house in Figure 16b has small openings which are located away 
from the room corners and has a shorter wing. 

a) Unacceptable configuration b) Acceptable configuration 

Figure 16: Recommended improvements in building configuration 

3.4 SUITABILITY OF CONSTRUCTION MATERIALS 
The type of soil used in the building's construction has the greatest influence on the strength 
of the earthen walls and on its seismic performance. Therefore, special attention must be given 
to ensure its suitability when selecting the soil (earth or mud). 
The following section provides details on what to consider when selecting building materials 
and also some simple tests to help you decide what type of materials to use. 
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3.4.1 Appropriate Construction Materials 
The following should be used as a general guideline when selecting the construction materials 

for building construction: 

Brick: Over-burnt, under-burnt and deformed bricks should be avoided. 

Boulder stone: Round boulders, unlike angular ones, do not provide uniform binding when 
used in wall construction. During an earthquake, movement of the individual boulders occurs 
which leads to the ultimate failure of the wall. Therefore, angular boulder stone should be 

used. 

Quarry stones: Soft stones should be avoided. Only solid, strong quarry stones with no obvi

ous fractures should be used. 

Earth: The earth used needs to have a well balanced proportion of clay and coarse sand. 
Addition of fibres, such as straw, helps to control micro-cracking due to dry shrinkage and 
improve the overall strength of the wall. Simple tests, shown below, can be done to help you 

select the earth used. 

Mud mortar: Mud mortar should be free of organic materials such as pebbles and other hard 
materials. Organic materials can disturb the mortar thickness. The dry mud should be thor

oughly kneaded with water into a dense paste. 

Adobe: Solid blocks of adobe should be of regular shape, preferably free from broken edges 

and any type of deformation and cracks. 

Stabilised soil blocks: Stabilised soil blocks for the masonry should be free of major defor
mations and visible cracks. 

Wood: Wood should be used in the roof and in the doors and windows for corner strength
ening. Wood from the Chinar, Sokata and Sawn trees are widely used in Afghanistan. Treated 

wood should be used as opposed to untreated ones. 

3.4.2 Testing the Soil 

Dry Strength Test 
The following steps should be done during soil tests: 
Make five or six small balls of soil of approximately 2 em in diameter. 
Dry the balls for 24 hours. 
Then, crush each ball between the forefinger and the thumb, as shown in the figure (Figure 
17a). If the balls are strong enough and none of them break, the soil has enough clay to be 
used for construction. If some of the balls break, it means that the soil does not have en~ugh 
clay. This soil should not be used for construction. However, more clay can be added to the 
soil and then tested again. 

13 
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a) Dry strength test b) Roll test 

Figure 17: Testing the soil. (Source: CAR-ESl, 2005) 

Roll Test 
The following steps should be done: 
Roll the mud in your hand or a table (approximately 2.5 em in diameter) 
Push one end over the edge of the table (Figure 17b) 
Measure the length of the piece that falls off of the main piece. 
If length (L) is less than 4 em, add more clay. If the length is more than 15 em, add more 
sand. If the length is between 4 and 15 em, the soil is acceptable for use. 

3.4.3 Testing the Mud Bricks (Adobe) 
The following steps should be done: 
Mud brick should be sun-dried for at least 4 weeks. 
Place the brick as shown in figure 18. 
Have a person that weighs 60 to 70 kg stand on the brick as shown. 
If the mud brick breaks, it is too weak for use and does not have sufficient amounts of clay. 
More clay and fibrous materials should be added during the brick making process. 

250mm 

Poor 

X 
I• 250mm =l 

Good 

~ 
Figure 18 :Field test of adobe .(Source:IAEE~986), 
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3.5 CONSTRUCTING A HOUSE 

3.5.1 Foundation 
The foundation is the lowest part of a building because it is located below ground level. The 
foundation helps transfer the load of the building onto the soil below. 
• Width of foundation: The foundation should be wide enough to make the loading 

intensity less than the strength of the bearing soil. The wider the foundation, the larger 
the area to bear the building load, which means less load intensity will be transmitted to 
the soil below. Therefore, the soil will be able to bear the weight of the building without 

excessive settlement. 
• Foundation width versus soil type: The width of the foundation will be different for 

each type of foundation soil used. If the foundation soil is soft, then the width of foun
dation structure should be larger. Also, the more a building weighs, the wider the foun
dation should be. Refer to Table 1 below for suggested widths of foundations. Also 
refer to Figure 16 for the dimensions. 

Table 1: Width of Foundation Strip 

70 em 

Depth of foundation: The depth of the foundation should be at least 50 em below ground 
level. (figure 19) 

Figure 19: Dimension of foundation 

• . Materials of foundation: Mud or mud bricks are not suitable for a foundation because 

of its lack of strength and the ability to absorb moisture. It is recommended that the 
footing foundation be built with stones, burnt bricks, or concrete blocks and using lime 
or cement as mortar. The foundation could also be made of lean cement concrete or 

lime concrete. The proportion of the materials used in the foundation is listed below in 
Table 2. 
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Table 2: Proportion of Constituents 

Lean cement concrete with stones 1 10 

Lean cement concrete 1 

Lean lime concrete 

Source: UNCRD 

• Footing thickness: The thickness of the footing should be at least 15cm and made 
with well compacted concrete. 

3.5.2 Plinth masonry 
• Construction materials: The plinth masonry should be constructed of stone or burnt 

brick and then laid in cement mortar or lime mortar. Cement or lime mortar is relatively 
strong and it can help with unequal settlement of a house. It also prevents the upward 
migration of moisture or dampness. Constructing plinth in earth or adobe or in mud 
mortar should be avoided. 

• Height of plinth: The height of the plinth should be above the flood water level. 
Even in dry situations, the plinth should be at least 30 em above the ground level (Figure 19). 

3.5.3 Waterproofing and Drainage 
Precautions should be taken to protect the building against rain, floods and water. In dry con
ditions, clay blocks are hard and strong, but once water penetrates, they will become soft and 
weak. In order to prevent the rise of moisture, it is recommended to use a waterproof layer at 

the plinth level. It is also recommended to create an apron and a drain around the house to 
divert water runoff away from the house. See Figure 20 for this type of construction. 

DPC Bittuminous Felt DPC 

- Compact soil 

a) Method of laying DPC layer b) Drainage around the house 

Figure 20: How to avoid moisture penetration in the foundation and the walls 
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• Damp proofing course (DPC): DPC should be provided at the plinth level 
(Figure 20a). It should be plain cement concrete with water-proofing admixture if available, 
or a waterproof mud or heavy polyethylene sheet before starting the super-structure wall. 

• Outer face of plinth: If mud bricks are used for plinth construction, the outer face 
of the plinth should be protected with suitable cement, lime mortar or burnt bricks. 

• Apron and water drain: A 90 to 120 em wide apron and a water drain should be 
constructed around the house (Figure 20b) to keep runoff water away from walls and 
foundation. 

• Walls: The walls can be protected by rain by using a roof projection and waterproof 
plastering on the walls. 

3.5.4 Wall Construction 
Control on Openings 

Openings in the wall are necessary for doors and windows. However, large, numerous 
openings can make the walls weak. Therefore, the number of openings and their size 
should be limited (Figure 21). When creating openings, the following points should be 
considered: 

• Width of openings should be less than 1.2 m 
• The distance between an outside corner and opening should be more than 1.2 m 
~ Distance between two openings should be more than 1.2 m 
• The total width of openings in a wall should be less than 1/3 of the wall length 

in high seismic areas. 
• The sum of the width of the openings should not exceed 2/5 of the wall length 

in low seismic areas. 
• The width of the openings in opposite walls should be similar. 

Outside pilasters should be provided at all corners and junctions of the walls. Pilasters increase 
the seismic stability of a building (Figure 21 b). 

a) Openings in the walls 
(Source: lAEE, 1986) 

D s 1.2m - till•E§•0•§~· 
w· s 1, 2m 

X~ 1,2m ...J 

v :s;: 1,2111 

L :s;: lOt 

Figure 21: Layout of a house 
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Thickness of walls 

The thickness of the adobe (un-burnt brick or mud blocks) walls should be at a 
minimum, 38 em. However, the thickness of the mud walls (stacked earth) should 
be 50 em. 
Mud walls constructed by hand moulding could preferably be made tapering 
upwards. 
The minimum thickness of the walls at the top may be kept at 30 em. 
(Figure 22b). 

Length of walls 
The unsupported length of a wall 
between cross walls should not 
exceed 10 times the wall thickness or 
64t2/h, where (t) is width of wall 
and (h) is height of wall (Figure 22a). 
If wall is longer than this, either it 
should be broken by adding cross 
walls or by providing intermediate 
vertical buttresses (Figure 22b). 

Figure 22 : Length and thicness of walls 
a) Reducing the wall length by introducing 
buttresses 
t .wall 
2. Pilaster 
3.Buttress 
b )The minirn.tm thichness of walls 

Unsatisfactory, long, unsupported walls Satisfactory, long walls, 
supported by buttress 

Satisfactory, cellular enclosure 

b) Satisfactory and unsatisfactory wall length 

Figure 22: Length of Walls (adapted from IAEE, 1986) 
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Height of walls 
• The wall height should not exceed eight times the wall thickness at its base and 

should not be greater than 3.5m. 
• The building should be restricted to one storey in high seismic areas and two 

storeys in low seismic areas. 
• Public buildings such as community halls, schools and hospitals, should not be 

constructed with mud walls in high seismic areas, and the height of such buildings 
in low seismic areas should be limited to one storey in height. 

3.6 CONSTRUCTION TECHNIQUES 
Mud is traditionally used for walls in Afghanistan. Mud walls should be constructed in the fol
lowing three ways. 

1. Built by hand and in layers, using mud-lumps to form walls, 
2. Built by using sun-dried mud bricks and mud mortar, and 
3. Built by using rammed earth in which moist soil is filled between temporary wall 

forms and then compacted. 

3.6.1 Mud wall (hand-moulded layered construction) 

• Mud walls, built by hand, are the 
weakest of all mud walls if the 
mud prepared improperly. Vertical 
and horizontal cracks can develop 
on the walls when the wall dries. 

• Mixing straw with clay reduces the 
formation of cracks and provides 
additional strength to the wall. 

• It takes time for the moisture to 
evenly disperse throughout the 
clay. The mixture of day-water
straw should be kneaded daily for Figure 23: Mud wall 

at least 3 days before using the mixture for the wall construction. 
• If the mixture is kneaded daily for 7 days, the moisture in clay will be evenly 

dispersed and the decomposition of the stra~ will take place. This allows the 
strength of the wall to be greater. 

• The lower layers should be well moistened before adding any new layers. This will 
create a better bond between the old layers and new layers and reduce the number 
of horizontal cracks at the joints. (Figure 23) 
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3.6.2 Mud brick construction 
When laying mud bricks or blocks, a strong 

bond between the bricks or blocks should be made. 
The quality of the bond within the walling units is 
the main contributor to the integrity and strength of 
the walls. The masonry units will be stronger if the 
bricks are laid properly. (Figure 24) The following 
should be considered when constructing the walls: 

• The mud bricks should be made of 

Figure 24: Mud brick (Emergenry Architect.r & 
UN-HABITAT) 

suitable soil by using a uniform size of mould. 

• The soil-water mix should be allowed to stand for 24 hours before moulding it 
into bricks. 

• After moulding, the bricks should be removed from the mould and allowed to 
dry. This will allow the bricks to shrink without developing cracks. 

• The following sizes of bricks or blocks are used in Afghanistan: 

20 em x 1 0 em x 6 em brick 
38 em x 38 em x 8 em square block 
25 em x 12 em x 6 em rectangular 

• The square blocks are better for making 38 em thick walls. This size of mud wall 
is considered adequate for strength, stability and thermal comfort. 

• The square blocks are also better for stronger construction, as there will be fewer 
vertical joints and there will be less breaking of the vertical joints. 

111 Mud mortar is used for joining the bricks or blocks together. The mud mortar 
should be made of the same soil as used for making the bricks. 

• To keep the mortar from shrinking, straw should be mixed into the mortar. The 
volume of straw should be equal to the volume of soil in the mortar. 

• The mix of mud, soil and straw should be kneaded well and allowed to rest for 7 
days (and a minimum of 3 days) before use. 

• The adobe must be in contact with the mortar and should be kept wet upon 
contact. This can be done by spraying water onto the adobe. 

• If the mortar is seen to crack during drying, sand can be added to the mortar mix. 
111 In constructing the walls with mud bricks, the following principles should be 

followed to ensure good bonding with the bricks (Figure 25) 
• All mud bricks should be laid level. 
!1!1 Vertical joints should be broken between the consecutive courses by overlapping 

the mud bricks. The joints should be fully filled with mortar. 
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• The joints between perpendicular walls should be made so that vertical 
joints are avoided. Layouts of alternate courses of bricks are shown in 
figure 25 to avoid vertical joints. 

~ ~ 

~~ I I I£;'. I 19§11 I \l'"o 
~-.. :.J .. - 210 iili. jjjjjjiJ ~~-

a) Mud block masonry (one biock thick wall) b) Flemish Bond 

Figure 25: Bonding between cross walls (UNCRD) 

3.6.3 Rammed earth construction 
Rammed earth construction is not common in Afghanistan. However, this type of construc
tion produces stronger mud walls than the hand moulded mud walls. In this type of wall con
struction, moist soil is poured in wooded forms of the wall and compacted to achieve the 
desired density. 

Formwork: A long wooden formwork for the wall is made and then moist soil is poured 
inside the formwork and compacted to achieve the desired density (Figure 26). 
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Figure 26: Formwork for rammed earth wall construction 

Soil type: The soil suitable for rammed earth construction will generally have less clay than the 
soil used for making mud bricks. To control cracks created during shrinkage, sand may be 
added to the clay. 

Testing of soil: Prior soil testing is recommended for determining the quantity of sand to be 
added to the soil, the test will also guide in determining the layering thickness and the amount 
of compaction to be used in construction. 

Construction method: The soil should be placed in layers of 10 em thick and then compact
ed. Water should then be sprinkled onto the compacted layer before placing on the next layer 
of soil. The total height of this block should be 50 to 80 em. Each layer should have sufficient 

water poured onto it to ensure its connection with the new layer. 

Compaction: A tighter compaction gives more strength, but only up to a certain limit. The 
following procedure for compaction is recommended. 

• Use a wooden mallet of about 8 to 10 kg in weight. 
• Stir for at least 50 strokes using the wooden mallet in an area of 1,000 sq. em of 

the wall area. 
• For controlling cracks in the wall, small amounts of straw, of about 1

/4 of the 
volume of the soil-water mixture, may be added. 

3.7 SEISMIC STRENGTHENING FEATURES FOR WALLS 
To improve integrity and strength of the earthen house, its walls have to be reinforced both 
horizontally and vertically. Vertical reinforcements help to attach the walls to the foundation 
and the horizontal reinforcements help prevent out-of-plane bending and improve the in-plane 

shear. 
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Horizontal reinforcements help to transmit bending and inertia forces of the transverse walls 
(out-of-plane) to the supporting shear walls (in-plane). This also helps with strain in the shear 
stresses between the adjoining walls and helps minimize vertical cracks. The horizontal and ver
tical reinforcements should be tied together and to the other structural elements (foundations, 
ring beam, roof) . Placement of the reinforcements must be carefully planned. Any ductile 
material such as bamboo, reeds, cane, vines, rope, timber, chicken wire, welded steel mesh, or 
steel bars can be used as reinforcements. These strengthening measures are discussed below. 

3.7.1 Lintels 
• A wooden lintel should be used in the mud or mud brick wall at the top of a 

window or door opening. This will help take the load off the walls above the 
lintel and transfer the load on to the walls on both sides of the opening. 

• The bearing area of the lintel should not be less than SOcm in order to transfer 
the load to the wall without stress. 

• Placement of the floor/ roof beams directly above the lintel should be avoided. If 
this is not possible, the lintel should be strengthened by providing an additional 
reinforcing lintel (Figure 27). 

2 

3 

·~--J__J--~.~~--~----~~---------~~~~~~~--~· 

1- Good position of beam. 2- Avoid position of beam if there is no Lintel 4. 3- Reinforcing 
Lintel. 4- Lintel band 
Figure 27: Strengthening of lintels. (Adapted from IAEE, 1986) 

3. 7.2 Horizontal seismic bands 
A seismic band is a continuous beam that binds and reinforces orthogonal walls together. The 
seismic bands should be at level with the lintel, floor and eaves. If possible, one seismic band 
should be provided at the plinth level also (Figure 28). The bands are discussed in Figure 26: 
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Rough cut lumber with corner diagonal 

Rough cut lumber in parallel 

a) Seismic Bands at different levels b) Corner detail of band (source: IAEE, 1986) 

Figure 28: Bands 

Plinth band: A plinth band should be provided at the plinth level. If the plinth wall is con
structed in stone or burnt-brick, it is necessary to construct the plinth band with reinforced 
concrete. A plinth band is necessary if the foundation soil is soft. If the foundation is on hard 
soil, a plinth band can be avoided. Separate damp proof course is not required if a plinth band 
is constructed. 

Lintel band: A lintel band should be provided at the top level of the doors and windows. It 
should be made of wood or reinforced concrete. The lintel band can be avoided if the height 
of the wall is less than 2.5 m. However, the lintels should be connected to the ceiling band at 
the levels of the floor, eaves, or roof, as shown in Figure 28. 

1 - Pillasters at joints of walls 
2 -Two parallel lumbers 
3 -Wood blocking at about 500 mm 
4 - Diagonal braces 
5 -Integrating lintel with roof band 

Figure 29: Roof band on a wall with pilasters. (IAEE, 1986) 
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Ceiling band: A ceiling band or roof seismic band should be 
provided just below the floor or roof. This band will also serve 
as a wall plate for supporting the wooden logs or joists of the 
floor or roof. (Figure 29) These joists or rafters should be 
nailed, spiked or tied, as shown in Figure 30, to this band to 
ensure their stability during earthquake. 

3.7.3 Details of horizontal seismic bands 

~ 
Figure 30: Tying the rafters (Source: 
NSET, 2003) 

When constructing bands, special attention should be given to the connections and L and T 
junctions (Figure 25b). Diagonal struts will help stiffen the band at corners. 
The horizontal bands in earthen walls should be done in the following forms : 

• Unfinished, rough cut or sawn (5 em x 12.5 em in section) wood in single pieces 
provided with diagonal members for bracing at the corners. 

• Unfinished, circular sawn into halves (from 9 to 10 em diameter log), or fully 
sawn wood (7.5 em x 4 em) in two pieces placed parallel with the halved joints at 
the corners and the junctions of the walls. The horizontal pieces will be braced by 
cross pieces (5 em x 3 em), or circular halves (6 em diameter) with nailed joints 
(Figure 31). 

Alternatively, wooden ladder forms can be used as seismic bands. 

In either case, the individual wood pieces should be joined properly to form the band. The 
joints should overlap with enough nails, or should be connected with iron-straps and have suf
ficient nails or screws to ensure the strength of the original wood at the joint. For enhancing 
durability, you should use seasoned wood. Chemical treatment against termites will further 
enhance the durability of the wood. 

Figure 31 a) Band with unfinished wood. Figure 31 b) Ladder type band with sawn wood. 
(Source: IAEE 1986) 

Figure 31 : Seismic band of different materials. 
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3. 7.4 Bands on pilasters and buttresses 
Where pilasters or buttresses are used at corners and T-junctions (Figure 32a), the seismic band 
should cover the buttresses as well. 

3. 7.5 Sill band 
In high seismic zones, a sill band should be used. A sill band should placed at the window sill 
level and go through every wall, except at location of the doors If sill bands are too expensive, 
stitches should be used at intermediate heights with a spacing of 500 to 700 mm at the L and 
T-junctions (Figure 32a). This will help prevent separation between the orthogonal walls. These 
can be constructed with timber, poly-propylene bags or steel mesh. (Figure 32b) 

?. 1.2m 

E 
N 

/\I 

?. 1.2m 

a) Wood stitches. (adapted from IAEE, 
1986) 

b) Polypropylene bag stitches. (Source: 
CAR-ESI, 2005) 

Figure 32: Stitches at window sill level 

3.7.6 Vertical wall reinforcements 
Vertical reinforcements should be provided in the walls, especially in high seismic zones. The 
vertical reinforcements should be integrated with the horizontal reinforcements. 

• In mud or adobe walls, the vertical reinforcements should be made of mesh 
(grid), bamboo, cane or other type of wooden strips. The mesh should be 
embedded within the walls. The walls will then be stronger because of the mesh 

as shown in Figure 33. 
• The most effective vertical reinforcement would be in the form of bamboo, wood 

posts or cane and located at the corners, wall junctions and the door/ window 

jambs. 
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• The vertical reinforcements should start at the foundation level and continue 
through the wall's height and then tied to the lintel and roof bands by using wire, 
rope or fishing lines. 

a) Pattern of mesh in mud wall construction b) Pattern of mesh in adobe wall 

1-Wood Stick-vertical 

2-Bamboo or wood stick horizontal 

a,b Spacing of canes, 400mm maximJm 

d- Diameter of cane or bamboo about 20 mm 

c) Pattern of mesh in adobe wall (note notches 
in adobe) 

Figure 33: Reinforcement in walls. (Adapted from IAEE, 1986) 

3. 7. 7 Diagonal wooden bracing 

1 

Diagonal wooden bracing provides additional 
strength and stability to mud-building. The bracing 
helps resist seismic forces and should be used in 
high seismic zones. This is made from a frame con
sisting of vertical posts, horizontal runners and 
diagonal bracing that is embedded into the earthen 
walls. Thus, the building consists of two structural 
systems, that of wooden frames and of earthen 
walls. In this system, it is desirable to provide diag
onal bracing in the plane of a wall as well as horizon
tal diagonal bracing at the floor and roof (Figure 34). 
The construction process is given below. 

Figure 34: Diagonal wood braced structure. (Adapted 
from JAEE, 1986) 
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• Heavy wood logs should be placed vertically and lighter wood logs should be used 
horizontally and diagonally. 

• · The wood logs should be nailed together at the ends as well as at the intermediate 
points of intersection before constructing the hand-formed mud walls or laying 
the mud bricks within the panels. 

• A minimum of two long nails (minimum 15 em long) should be used for the 
connections. 

From a construction point of view, the following three systems should be used for the braced 
frame method (Figure 35) 

System A: In this system, the whole building plan 
may be framed as a single frame. 
The external walls will be built keeping the wooden 
frame at the inner face. 

• The internal walls will be built, keeping 
the wooden frame on one of its faces 
(preferably on the bedroom side). 

• Such a frame will use fewer columns. 
• In this system, the frame may 

experience torsion (twisting) during an 
earthquake. 

System B: In this system, each room may be 
framed individually. 
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Holdfast steel 
• Therefore, the external walls will have 

the frame only at their inner face. 
Figure 35: Braced wood frame (UNCRD) 

• The internal walls will have the frames 
on both faces, as each room is framed individually. 

• This will prevent the fall of the inner wall either way. 
• This system will have the advantage of preventing torsion of the frames and 

provide more safety for the cross walls. 
• It will, however, consume more wood. 
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System C: In this system, the frames of system B may be joined across the walls, making it a 
strong, whole building frame. 

• Such a system will have the advantages of both A and B systems. 
• This system can be adopted for the more important buildings such as those built 

as public buildings such as schools, or hospitals. 

3.7.8 General guidance 
• System A should be used for near symmetrical plans. 
• System B should be used for general unsymmetrical plans. 
• The earthen walls should be no more than 40 em thick. 
• To improve their performance, steel holdfasts in a Z-shape may be screwed into 

the wooden posts at least one for each triangle and be built into the earthen wall. 

• The internal bracing system would also be suitable for the seismic safety of 
random rubble or brick work in mud mortar constructions. 

• The internal bracing system would also be suitable for the seismic safety of 
random rubble or brick work in mud mortar constructions. 

3.8 FLOOR AND ROOF CONSTRUCTION 
The floor/ roof structure helps to tie the walls together. The following recommendations 
are given for enhancing the seismic performance of the buildings: 

• The roof/ floor structure should be light. 
• The floor joist, roof beams or rafters should rest on a wall plate, preferably on 

the seismic bands at the floor or eaves level. The joists and rafters should be 
attached well to the bands by using nails or galvanized wire. 

• Care should be taken to avoid placement of the floor joist, roof beams or rafters 
above the door or window openings. Otherwise, the lintel band should be 
additionally reinforced as shown in. (Figure 27) 

• The floor/ roof structure should be braced to improve integrity and stiffness. 

• In high rainfall areas, a large roof overhang should be provided to protect the 
walls from getting wet. 

3.9 PLASTERING AND PAINTING 
Plastering and painting is done not only for aesthetic purposes, but to enhance the 
durability of the walls and roof by protecting them from rain and other methods of 
erosion. The following points should be considered: 

1. In dry areas, plaster based on natural additives should be formed in two layers: 

• The first layer of about 12 to 15 mm thickness should be a mixture of mud and 
straw (1:1 in volume), plus a natural additive like cow dung that increases the 
moisture-resistance and moisture-retention capacity of the mud. This will help in 
preventing the occurrence of fissures during the drying process. 
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• The second and last layer should be made with fine mud. When dry, it should be 
rubbed with small, hard, round pebbles. In wet areas, the walls should be covered 
with a water-proof mud plaster. 

2. To prepare a waterproof mud plaster that will not erode, the following 
procedure may be followed: 

• Cut-back should be prepared by mixing bitumen 80/100 grade and kerosene oil in 
the ratio of 5:1. 

• For 1.8 kg cut-back, 1.5 kg bitumen is melted and is poured in a container with 
300 millilitres of kerosene oil, while constantly stirring until the mixture is mixed. 

Ill This mixture can now be mixed with 30 litres of mud mortar to make it water
repellent and fire-resistant. 

3. For improving water resistance of the roof, a water-proof plaster should be 
applied on the top surfaces of the roof, 20 to 25 mm thick, and allowed to dry 
completely. It may then be coated twice with a wet mixture of cow dung and 
waterproof plaster in the ratio of 1:1 and allowed to dry again. 

4. After plastering, the exterior of the walls may be painted using a waterproof paint 
or washed with a water solution of lime, cement or gypsum. 

4. Assessment of earthquake vulnerability of buildings 
It is important that local builders have the capacity to assess earthquake vulnerability of existing 

buildings in their communities. It would help the builder to evaluate the local housing conditions 
and recommend communities of safer building construction. It is also important that the com
munities assess the earthquake vulnerability of their houses for retrofitting purposes. Annex 2 
and 3 present formats for a seismic vulnerability assessment of earthen houses for builders and 
homeowners. 

Any house that is non-compliant with the requirements of the third column in the tables of 
Appendix 2 and 3, should be deemed non-earthquake resistant. 
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5. Retrofitting 
Buildings not compliant with the requirements of earthquake-resistant construction, or 

without earthquake-resistant features, are potential hazards for the homeowners and their prop
erty. Buildings can be retrofitted to make them safer during earthquakes. The cost of retrofitting 
depends on the condition of the existing building, the method of retrofitting and the type of 
construction needed. Older buildings, with cracks and deterioration, may not be economical to 

retrofit and should be subject to demolition and reconstruction .. 

There are a variety of techniques available for retrofitting earthen buildings. These meth
ods may not prevent total destruction of a house during major earthquakes, but they may help 
prevent excessive damage and delay collapse and thereby help save human lives. 

One of the simplest techniques for retrofitting earthen houses is to provide external reinforce
ments on the walls with micro-concrete. The reinforcements consist of welded mesh (1 mm 
wires spaced at 20 mm) and nailed with metallic bottle caps against the earthen walls. The mesh 
is placed in horizontal and vertical strips, reinforcing the beams and columns. It is then covered 
with cement, sand mortar or micro-concrete. 
Figure 36 shows an adobe building in Peru, in an 
area affected by the Arequipa Earthquake of 2001. 
It was found that the existing adobe houses that 
had been externally reinforced with welded mesh 
and covered by a cement-sand mortar, withstood 
the earthquake without any damage. Houses with 
no reinforcements collapsed or were severely dam
aged. Figure 37 presents details for retrofitting 
earthen houses with the same scheme. . 

... __ 

Figure 36: A house with externally welded mesh 
reinforcements. (EERl/IAEE, 2003) 

a) General scheme Figure: 3 7 b) Details (Source: NSET) 

1. Cold bent galvanised steel wire mesh SOxSOmm with diameter min 2mm 
2. Steel cross ties - 400mm apart with diameter 2-4mm 
3. Steel mesh splice 
4. Roof bond beam 
5. Layer of mortar to provide base for the reinforcement 
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Appendix 1 Modified Mercalli Intensity (MMI) Scale 

Intensity Description of Effect 

Very Weak Intensity 

I • Can only be noticed or felt by people who are in specific situation and circumstance. 

• Furniture or things which are not correctly positioned may move or be slightly displaced." 

Slight shaking or vibrations will form on water or liquid surfaces in containers. 

Slightly Weak Intensity 

II • Can be noticed or felt by people who are resting inside homes. 

• Things that are hung on walls will slightly sway, shake or vibrate. 

• The shaking or vibrations on water or liquid surfaces in containers would be highly noticeable. 

Weak Intensity 
• Can be noticed and felt by more people inside homes or buildings especially those situated at 

high levels. Some may even feel dizzy. An earthquake at this stage can be described as 
III though a small truck had passed nearby. 

• Things that are hung on walls will sway, shake or vibrate a little more. 
• The shaking or vibrations on water or liquid surfaces in containers would be 

more vigorous and strong. 

Slightly Strong Intensity 
• Can be noticed and felt by most people inside homes and even those outside. Those who are 

lightly asleep may be awakened. The quake at this stage can be described as though a heavy 

truck had passed nearby. 

IV • Things that are hung on walls will sway, shake or vibrate strongly. Plates and glasses 

would also vibrate and shake, as well as doors and windows. Floors and walls of wooden 

houses or structures would slightly squeak. Stationary vehicles would slightly shake. 

• The shaking or vibrations on water or liquid surfaces in containers would be 

very strong. It is possible to hear a slight reverberating sound from the environment. 

Strong Intensity 

• Can be felt and noticed by almost all people whether they are inside or outside structures. 

Many will be awakened from sleep and be surprised. Some may even rush out of their 

homes or buildings in fear. The vibrations and shaking that can be felt inside or outside 

V structures will be very strong. 

VI 

• Things that are hung on walls would sway, shake or vibrate much more strongly and intensely. 

Plates and glasses would also vibrate and shake much strongly and some may even break. 

Small or lightly weighted objects and furniture would rock and fall off. Stationary vehicles 

would shake more vigorously. 

• The shaking or vibrations on water or liquid surfaces in containers would be very strong 

which will cause the liquid to spill over. Plants, tree branches and leaves would shake or 

vibrate slightly. 

Very Strong Intensity 

• 

• 

Many will be afraid of the very strong shaking and vibrations that they will feel, causing 

them to lose their sense of balance, and most people to run out of homes or building struc 

tures. Those who are in moving vehicles will feel as though they are having a flat tire . 

Heavy objects or furniture would be displaced from original positions. Small hanging bells 

would shake and ring. Outer surfaces of concrete walls may crack. Old or fragile houses, 

buildings or structures would be slightly damaged. 
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VII 

VIII 

IX 

X 

XI 

XII 

• Weak to strong landslides may occur. The shaking and vibrations of plant or tree stem, branches 
and leaves would be strong and highly noticeable. 
Damaging Intensity 

• Almost all people will be afraid of the very strong shaking and vibrations that they will feel. Those 

who are situated at high levels of buildings will find it very hard to keep standing. 

• Heavy objects or furniture would fall and topple over. Large hanging bells will sound vigorous!)' 

Old or fragile houses, buildings or structures would most definitely be destroyed, while strong or new 

structures would be damaged. Dikes, dams, fishponds, concrete roads and walls may crack and be damaged. 

• liquefaction (formation of quicksand), lateral spreading (spreading of soil surface creating deep cracks 

on land) and landslides will occur. Trees and plants will vigorously shake and vibrate. 

Highly Damaging Intensity · 

• Will cause confusion and chaos among the people. It makes standing upright difficult even 
outside homes/ structures. 

• Many big buildings will be extremely damaged. Landslides or lateral spreading will cause many bridges 

to fall and dikes to be highly damaged. It will also cause train rail tracks to bend or be displaced. 

Tombs will be damaged or be out of place. Posts, towers and monuments may bend or completely 

be destroyed. Water and canal/ drainage pipes may be damaged, bend, or break. 

·• · liquefaction and lateral spreading causes structures to sink, bend or be completely destroyed, especial-

ly those situated on hills and mountains. For places near or situat ed at the earthquake epicentre, large stone 

boulders may be thrown out of position. Cracking, splitting, fault rupture of land may be seen. Tsunami-like 

waves will be formed from water surfaces whether from rivers, ponds or dams/ dikes. Trees and plant life will 
very vigorously move and sway in all directions. 

Destructive Intensity 

• People would be forcibly thrown/ fall down. Chaos, fear and confusion will be extreme. 

• Most building structures would be destroyed and intensely damaged. Bridges and high structures 

would fall and be destroyed. Posts, towers and monuments may bend or completely be destroyed. Water 

and canal/ drainage pipes may be damaged, bend, or break. 

• Landslides, liquefaction, lateral spreading with sand boil (rise of underground mix ture of sand 

and mud) will occur in many places, causing the land deformity. Plant and trees would be damaged or 

uprooted due to the vigorous shaking and swaying. Large stone boulders may be thrown out of position 

and be forcibly darted to all directions. Very-very strong tsunami-like waves will be formed from water 

.surfaces whether from rivers, ponds or dams/ dikes. 

Extremely Destructive Intensity 
• Overall extreme destruction and damage of all man-made structures. 

• Widespread landslides, liquefaction, intense lateral spreading and breaking of land surfaces will occur. 

Very strong and intense tsunami-like waves formed will be destructive. There will be tremendous change in the 

flow of water on rivers, springs, and other water-forms. All plant life will be destroyed and uprooted. 

Devastative Intensity 
• Severe damage even to well built buildings, bridges, water dams and railway lines; highways 

become useless; underground pipes destroyed. 

Extremely Destructive Intensity (Landscape Changes) 
• Practically all structures above and below ground are greatly damaged or destroyed. 
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Appendix 2 Earth quake Vulnerability format for Evoluation by local Builders 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Items/Questions St ...... for·JWtllquake 
Answers ~tesistattt··~ 

Type of the house Single story __ _ 
Two story __ _ 
Three story __ _ 

Type of base soil Stony __ _ 
Sandy-Gravel __ 

Muddy __ 

Type of foundation Stone foundation __ _ 

Single story for local sit
uation 

1.Stony 
Sandy 2.Sandy-Gravel 

Stone foundation 
stone-mud foundation __ _ 
mud foundation~--

Width of the excavation 60cm 

of foundation 70cm 

Width of the foundation SOcm 

wall 60cm 

Depth of the foundation 40cm 

wall SOcm __ 
85cm 
85cm 

Material used for plinth Stone 
Concrete block 

Width of the room wall 35cm __ 

40cm 
SOcm 
20cm 

Height of the room wall 2.30m __ 
2.50m --
3m 
3.30m 

Whether pilasters used Yes 

in wall construction? NO 

Diameter of Lintel 10cm 

wood 14cm 
16cm 

Dimensions of window (1.5x1.5)m 
(1.80x2)m 
(1.80x2)m 

90cm. __ _ 

80cm __ _ 

Mud. __ _ 

(70-80)cm 

(60-80)cm 

(40-85)cm 

Stone, concrete block 

(35-50)cm 

(2.30-3.20)m 

Yes 

(14-15)cm 

(1.20 X 1.20)m, (1.50 X 

1.50)m 

13 Dimensions of Door (90x190)cm (90 x 190)cm 
(1 00x200)cm 
(110x210)cm 
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Gap between the opening and :;::.1.2m ~1.2m 

14 external corner of house 1.2m 
<1.2m 

Gap between the Doors and ;?1.2m ~1.2m 

15 Windows 1.2 m 
<1.2m 

Whether the seismic bands used Yes Yes 
16 . ' 

~ rooms corners No 

Type of roof structure Dome D ome type in South-West and 

17 Flat Southern provinces and Flat type 
in rest of the provinces 

Type of roofs in term of Light Light 
18 weight 'Heavy 

Very Heavy 

Roofing material used Timber/ steel with plank and Timber with planks 

19 mud 
RCC 
Other, (specify) 

Average diameter of Timbers 12-14cm (12-14)cm 

20 > lOcm 
< lScm 

Distance between each Timber < SOcm (25-35)cm 
21 25-3Scm 

20cm 

Whether the edge of the Timbers Yes Yes 
No 21 ,seasoned? 

Amount of reliance of lintel 3Scm 3Scm 
22 wood on the wall ~ 30cm 

23 Amount of reliance of timber on 30cm 30cm 
the wall ~ 20cm 

Whether there are enough slopes Yes Yes 

24 for rain water protracted on the No 
roof? 

Whether the bearing lintel under Yes Yes 

25 Timbers used? No 

Type of mud used for construe- Sandy mud Clay mud 

26 tion Clay mud 
Gravel mud 

Is there seismic joints observed in Yes Yes 
27 'house construction No 
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Appendix 3 Earthquake Vulnerability Evaluation Format for Ordinary Homeowners in Rural Areas 

No Items I Questions 

Is your house built on the moun-

1 
tain/hill slope or flat land? 

Is there any big tree(s) close to 

2 your house? 

The type of the soil in the area 

3 where your house built 

Material used for your house 

4 foundation 

Material used for the plinth of 

5 your house 

Material used for the wall of your 

6 house 

No of bricks used in a row of 

7 your walls 

Whether there are enough slopes 

8 for rain water protracted on your 
roof? 

How much is the width of the 
9 mud on your roof? 

Whether the bearing lintel under 

10 the timbers used? 

From EQ point of view, the use 

11 
of doors and windows with big 
sizes is good or bad? 

The edges of the Timbers in 
12 your rooms disinfected? 

Answers 

Slope_ 
Flat Land -

Yes --
No --

Stone --
Mud-stone --
Muddy __ 

Stone --
Mud-stone --
Mud --

Stone --
Mud-stone --
Sun-dried brick __ 

Stone __ 
Mud __ 
Sun-dried brick __ 

Half brick __ 
One brick __ 

Two bricks --

Yes --
No --

Yes -
No --

Good __ 
Bad __ 

Yes --
No --
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Standard for EQ Resistant 
Buildings 
Flat Land 

Yes 

Stone 

Stone 

Stone 

Stone 

Two bricks 

Yes 

Not more than 1/Sm 

Yes 

Bad 

Yes 
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