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3.1.1. INTRODUCTION 

It has been explained in Chapter (2.4) of this 

dissertation that development of indigenous building 

materials is an important factor to rapid production 

of low-cost houses. The objective of this part is to 

investigate enhancement of the structural properties 

of mud, a widely used indigenous material, at minimum 

cost. Mud in particular is seen as a material which 

when developed, can contribute a great deal to the 

reduction in housing cost, mainly due to the common 

availability of soil. 

3.1.2. DEVELOPMENTS IN THE USE OF SOIL AS A CONSTRUCTION 

MATERIAL. 

"Soil is not naturally waterproof, nor is it 
highly resistant to rain, running water or 
physical abrasion. It is liable to crack on 
shrinkage when used in bulk. Possessing in 
addition a low compressive strength, soil 
structures are usually considerably less durable 
than fired bricks or concrete"(7). 

Through long years of experience with mud 

construction, people have become aware of all these 

defects; correspondingly the process of enhancing the 

qualities of strength and durability in mud has been 

a continuous one. 

Since water was known to be the prime factor for 

erosion and disintegration of mud buildings it was 

realised that it should be kept at bay in the first 

place. Consequently some traditional buildings in some 

societies were raised on platforms in protection from 



146 

ground and surface waters; roofs were projected and 

plaster was applied in protection from rain water. 
(') 

Also, to achieve greater safety, it was necessary 

to ensure that soil structures remained coherent and 

strong even under conditions of complete saturation with 

water. That prompted in different parts of the world, 

addition of some available natural materials to soil 

and water in order to attain more binding in mud in its 

structural form. Some of the known materials that have 

been used are: natural asphalt, coral stones, crushed 

straw, animal dung and various types of natural resins. 
(') 

However, these rudimentary methods did not develop. 

'mud' enough to qualify it as a durable and strong building 

material comparable, for example, to traditional burnt 

bricks or stone. As a result there has been a steady 

desertion from mud to other more strong and durable 

materials, especially in modern urban constructions. 

In recent history few attempts were made by architects 

to revive the use of mud as a building material; such as 

the works of Francois Cointreaux and Hassan Fathy. 
(1) 

The main drawback in these attempts has been the 

concentration on achieving good designs while little 

attention was given to improvement of mud itself. That 

subsequently brought about relative rapid deterioration of 

the projects after they had been built. 
(1)(2)(32) 
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Other approaches to improve the properties of soil 

for construction purposes have also been in progress since 

the 1930's; they have initially started for road construction 

and more recently for construction of buildings. 
(11) 

These approaches resulted in the development of 'soil 

stabilisation' techniques, by which the structural 

properties of soil could be improved. 

3.1.2. INFLUENCE OF CLIMATE ON TRADITIONAL USE OF SOIL 

IN THE SUDAN 

The Sudan's vast stretch of land which extends from 

latitude 4°N to 22°N embraces varied climates (see figure 

3.1). These variations have influenced the vernacular 

architecture particularly with respect to house-forms 

and choice of building materials. 

In the northern parts of the country, for example, 

where the average annual rainfall ranges between 10 mm. to 

500 mm., flat roofs and use of mud as a structural 

building material is noticeably common. While in the 

southern parts (roughly below latitude 12°N), where more 

rainfall prevails, houses are commonly found with 

conical roofs and timber structural framework. Use of 

mud in the southern regions is only confined to plaster. 

Apart from rainfall, the abundant availability of 

thatch and timber in the South and their relative shortage 

in the North - which is also due to climate - is another 

ensuing factor to the difference between traditional 

building materials in the two parts of the country. 
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In northern Sudan, where use of mud in 

construction is predominant, two techniques 

Mud is either made from natural soil by the 

of water; or by mixing crushed straw, clay, 

in proportions usually determined by an expt 

builder. 
(24) 

dwellings 

are used. 

addition 

sand and water 

; rienced 

Also two methods for construction of walls are used. 

The method which is more widely used in villages and 

rural settlements is known as 'Jalous', whereby walls 

are constructed in cast-in-situ as has been explained 

in chapter (2.4). This method of 'Jalous' is equivalent 

to the known 'Cob' in other parts of the world. In urban 

areas another method known as 'Toob', involving the use 

of sun-dried bricks is commonly used. This is equivalent 

to the internationally known method d 'Adche'. 

The commonly known deletrious factors to traditional 

mud constructions in the Sudan are: 

(i) Water, which when penetrates mud structures in 

small quantity results in their swelling and 

subsequent shrinkage on drying. This movement 

results in development of cracks in buildings 

which may lead to their eventual collapse. When 

water is excessive as in heavy rainfalls and 

floods, complete disintegration of buildings 

often occurs. 

'it 
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(ii) Movement of expansive soil, which results in 

severe cracking of buildings and accelerates 

their deterioration. 

It is considered here that through the use of soil 

stabilisation and improved design of foundations; the 

problems arising from the two above mentioned factors 

can be reduced to a considerable extent. 

3.1.3. PREVIOUS EXPERIENCES WITH SOIL STABILISATION 

IN THE S UDA N 

The first attempt in use of soil stabilisation technique 

in the Sudan was in 1953, when the 'Workers Housing 

Committee' then decided to build for the government 

employees 100 low-cost houses at Buri in Khartoum. 
(23) 

The Committee specified that they should be built of a 

more durable material than traditional mud and that they 

should be cheaper than if built in burnt bricks. The 

technical office in charge of the project opted for soil- 

cement stabilisation similar to what was used then in 

South Africa. 

The stabilised blocks were made from a blended soil 

of Soil and Nile-silt mixed with 122° by volume Portland 

cement. The mixing was done by hand and blocks were 

produced by a pneumatic machine which produced 200 to 600 

blocks per seven days. The produced blocks had a 
2 

compressive strength of 20 kg/cm. 
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When houses were built, a life span of 30 years was 

anticiapted for them; today they are still in use. However, 

the use of that method came-to an abrupt stoppage after 

completion of all houses for unclarified reasons. One 

would assume that shortage in spare parts; and also the 

incompetitive cost of produced blocks as compared to burnt 

bricks or traditional mud may have been the causes of the 

stoppage. 

Interest in the use of soil stabilisation was revived 

again in 1976 when the Ministry of Public Works launched a 

project in Khartoum to produce 'Asphadobe' for low-cost 

houses. Asphadobe is an American method, whereby natural 

soil of about (50% sand, 25% silt, 25% clay) is mixed with 

3% by volume of bunker oil and an optimum quantity of water. 
(9) 

The compound is mixed in a double-aft mixer, then the mass 

is fed to a moulding machine which produces bricks of 

dimensions 23 x 11 x6 cm. Dry compressive strength of 

30 kg/cm2 was achieved on average. 

However, it became clear afterwards that asphadobe 

bricks lose their strength when their moisture content 

rises above 10%, which is relatively a low level in 

practice for stabilisation. 
(h1) 

This defect suggested 

their use to be confined to the arid regions of the 

country. 
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Stabilisation with hydrated lime has not been fully 

investigated yet, basically because the local production 

of lime is limited and imported lime is too costly for 

economic stabilisation. According to Battele's report, 
(9) 

the present small scale production of lime is largely 

attributable to lack of technology rather than shortage 

of raw material. If large scale production of lime 

materialises in the future hydrated lime could provide 

a competitive agent to cement for soil stabilisation. 

This is deductable from the work of Adam, 
(33) 

which 

indicated that enhancement of strength and durability of soil 

to acceptable levels can be achieved by stabilising some 

local soils with 4% to 6% hydrated lime under a compressive 

pressure of 10 MN/m2. 
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CHAPTER (3-2) 

SOIL STABILISATION IN THEORY 

3.2.1. TECHNIQUES OF SOIL STABILISATION. 

3.2.2. ENGINEERING PROPERTIES OF STABILISED SOIL. 

3.2.3. ECONOMY IN SOIL STABILISATION FOR LOW-COST 

HOUSING. 

3.2.4. SUITABILITY OF SOIL FOR STABILISATION. 

3.2.5. INDEX TESTS FOR PROPERTIES OF SOIL. 

3.2.6. CRITERIA FOR SUITABILITY OF SOIL IN 

STABILISATION. 

3.2.7. BASIC FACTORS IN STABILISATION. 

3.2.8. INDEX PROPERTIES OF STABILISED SOIL. 

3.2.9. CRITERIA FOR ASSESSMENT OF STABILISED SOIL. 
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3.2.1. TECHNIQUES OF SOIL STABILISATION 

Two major techniques are used in stabilisation of 

soil: the mechanical technique which involves use of 

high mechanical pressure and/or high temperature; and 

the additive technique whereby an agent is added to the 

soil. 
(h1) 

The latter is the most commonly used in 

building purposes as it is relatively of lower costs 

and requires simpler production-equipments. 

In the additive technique several agents have been 

tried which included cement, lime, bitumen and different 

types of polymers. In any particular situation the type 

of agent as well as its quantity are determined by factors 

of economy, available technology and the ambient physical 

and environmental conditions. 

3.2.2. ENGINEERING PROPERTIES OF STABILISED SOIL 

The main objective of stabilisation is to reduce 

the defects found in natural soil-structures which arise 

from: 

(a) Low compressive and tensile strengths. 

(b) Poor durability in terms of erosion and 

disintegration by water and wind. 

(c) Volumetric changes (shrinkage/swelling) in 

response to moisture content. 

In order to gain control over these defects the 

following properties in the soil are to be modified: 

,.. ý 
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(i) Cohesion, which has an impact on strengths and 

durability. 

(ii) Permeability, which has an impact on durability 

and volumetric changes. 

(iii) Moisture content, which has an impact on 

volumetric changes and durability, 

Addition of a stabilising agent has two effects. 

First, the agent binds the soil particles together 

imparting more cohesion to the structure. Second, it 

fills the voids between sDil particles. The first effect 

increases the strength and reduces the volumetric changes 

of soil. The second effect reduces the permeability of 

soil. 

3.2.3. ECONOMY IN SOIL STABILISATION FOR LOW-COST HOUSING 

Soil stabilisation is used in low-cost housing 

basically to provide an alternative to the indigenous cheap 

but defective material of mud. The alternative, therefore, 

should be of better engineering properties and at the 

same time should not significantly exceed the cost of 

traditional mud. Control over cost in stabilisation is 

related to: 

(i) Quantity of stabilising agent. 

(ii) Overhead costs in production. 

The first is controlable by initially using a 

soil of suitable engineering properties which would 

require minimum addition of agent to reach acceptable 

stabilisation; and by using an agent which is locally 

available and at relative minimum cost. 



155 

The second is controlable by employing production 

equipment of minimum initial and running costs and by 

cutting down on costs of labo-ar and transportation. 

The suitability of soil usually requires more 

investigation among all factors of cost, due to its 

large variability at different locations as explained 

in the following section. 

3.2.4. SUITABILITY OF SOIL FOR STABILISATION 

Soil is formed either by weathering of in-situ 

or rock, or by deposition of fine materials carried 

from elsewhere by wind and water. 
(4) 

The upper layer 

of soil may also contain organic matter derived from 

vegetable and animal remains. In addition water moving 

through soil may bring soluble salts of mineral origin. 

Thus soils vary enormously in chemical and physical 

compositions. 

Several systems are available for classification of 

soil, mainly according to its particle size distribution. 

One of these systems is the triangular diagram shown in 

figure (3.2), which was developed by the United States, Dept. 

of Agriculture. The British Standards Institution(13) 

classifies soils into the following groups 
(13): 

i. Fine-grained soils; which contain not less than 

90% passing 2 mm BS test sieve. 

ii. Medium-grained soils; which contain not less 

than 90% passing 20 mm BS test sieve. 

iii. Coarse-grained soils; which contain not less than 

909/o passing 37.5 mm BS test sieve. 

"'ý ý. 
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The relative particle size distribution of a soil 

is of a prime importance for structural purposes. It 

is characteristic of the soil constituents that the 

larger sizes of particles (gravel and sand) have little 

or no cohesive properties i. e. they do not stick together 

when pressed. They mainly contribute to the strength 

and permeability properties of soil. 
(") 

Cohesion of soils results from the particles of 

the smallest sizes (silt and clay) and small quantities 

of water. Cohesion due to silt fraction is generally 

regarded as insignificant, in comparison with cohesion 

due to clay. 
(11) 

Clay behaviour is perhaps the most complex and 

important to soil properties. Mechanically, clay is 

classified as that fraction of soil with a particle size 

of less than . 002 mm. 
(13) 

It may further be separated 

minerologically and chemically into several classes. 
(7) 

In addition to cohesion, clay has an effect on the 

swelling and shrinkage (volumetric changes) of soil. In 

this aspect it owes its distinctive character to its 

cation exchange capacity rather than to its particle size. 

"The affinity of clay for water is closely associated 
with its cation exchange capacity; clays with a 
higher capacity have greater affinity and swell 
more than those with a lower capacity". (7) 



157 

In view of the above discussion, suitability of 

soil can be gauged by measuring the following properties: 

(i) Particle size distribution; which can be tested 

directly. 

(ii) Affinity for water; which can be tested 

indirectly by measuring moisture content 

/density relationship. 

(iii) Cohesion; which can be tested indirectly 

by particle size distribution and plasticity 

tests. 

(iv) Permeability; which can be retested 

indirectly as (iii). 

(v) Shrinkage/swelling potential, which can be 

tested directly, and indirectly as (iii). 

Additional to these general properties other 

particular properties in soil have to be investigated 

in relation with the type of stabilising agent intended 

for use. The most commonly used agents in low-cost housing 

are: hydrated lime, Portland cement and bitumen. In 

the case of Sudan cement is seen to be most feasible 

for stabilisation as it is more available at present 

than the other two agents and there are prospects of 

increasing its local production. 
(9) Furthermore it has 

been shown that in the long term soils stabilised with 

cement q are less affected by weathering than when 

stabilised with lime or bitument. 
(11) 
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As a result of deciding on cement for stabilisation, 

the other particular properties of soil that need to be 

investigated are related to: the hardening of cement at 

stabilisation and to the durability of the final product. 
(15) 

(16)(19) These properties are indicated by: 

(a) The soil's organic matter content. 

(b) The soil's sulphate content. 

(c) The alkalinity of soil-cement emulsion. 

3.2.5. INDEX TESTS FOR PROPERTIES OF SOIL 

To measure the above discussed properties of soil 

for suitability in stabilisation the following tests 
( 

are commonly used(")25): 

(i) The particle size distribution. 

(ii) Dry density/moisture content relationship 

(optimum moisture content). 

(iii) Liquid and platic limits (Atterberg limits). 

(iv) Plasticity index. 

(v) Linear shrinkage limit. 

(vi) Organic matter content. 

(vii) (pH) value. 

(viii) Sulphate content. 

The methods of tests followed in this research are 

according to BS 1377: 1975(22) methods. 

khhý 4 
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3.2.6. CRITERIA FOR SUITABILITY OF SOIL IN STABILISATION 

There are considerable variation in the soil 

parameters suggested by various authors as indicative 

of the suitability of soils for stabilisation. For 

example while Mehra(18) suggests a range of 8 to 10 for 

Plasticity Index, Fitzmaurice(h1) and Spence(12) regard 

P. I. up to 20 as suitable. Similarly limits of other 

index properties have varied. 

These variations, however, could be attributed 

to the variations in test-procedures used by the authors 

and/or to differences in soil chemistry. 

The criteria for suitability which are shown in 

table (3.1) have been compiled from several sources. 

They give a preliminary indication of the suitability 

for stabilisation. 

3.2.7. BASIC FACTORS IN STABILISATION 

It has been shown by Spence(12) that for any 

particular soil the greatest strength is obtained when 

the soil is compacted to maximum density. Also if the 

compacting pressure or energy is kept constant the 

resulting density is greatly affected by the amount of 

water present in the soi1(7)(11). On the one hand if 

there is too little water the particles are not 

sufficiently lubricated to enable them to flow into place. 

On the other hand if there is too much water the soil 

simply becomes fluid mud with no strength at all. 

kh. - 



TABLE (3.1) 

CRITERIA FOR SUITABILITY OF SOIL FOR STABILISATION 

No TEST LOWER UPPER REMARKS 
LIMIT LIMIT 

1 PARTICLE SIZE 
DISTRIBUTION 

a Clay Content 3 5% 35% 
Sand Content b 35% - 

2 OPTIMUM 
MOISTURE 10% 15% 
CONTENT 

3 PLASTICITY 

a Liquid Limit 35% 50%, 
b) Plastic Limit 16% 25% 
c) Plasticity Index 8% 20% 

4 LINEAR 
SHRINKAGE 6% 8j% 

5 ORGANIC Depends on field 
MATTER testing. 
CONTENT 

6 (pH) VALUE 12.1 The test is carried out 
by mixing soil with 10% 
dry weight of cement at 
temp. 25 c. 

7 SULPHATE 0.2%- Field testing is 
CONTENT 0.5% necessary. 

SOURCES: Fitzmaurice(h1), Ransom(15), Sherwood(16) , 

Spence(12). 

,ý 
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From these findings it may be seen that two basic 

factors in the process of stabilisation are important 

for attaining maximum density and consequently maximum 

strength and durability, which are: 

(a) The compaction pressure. 

(b) The optimum moisture content. 

(a) Compaction pressures in the range between 

8 MN/m2 to 16 MN/m2 are found by Webb(29) 

to give best results in stabilisation. 

However, the decision on appropriate 

pressure depends on the nature of used soil 

and the proportion of cement in the mix. 

(b) Although in most cases the optimum moisture 

content (0MC) of natural soil is used in its 

stabilisation, Ransom(15) argued that (OMC) 

should be established once more for the admixture 

of soil and agent before embarking on stabilisation. 

He based his argument on the fact that usually 

there are discrepancies between the two which 

may not lead to maximum density in stabilisation. 

However, it has been shown by Mehra(18) that the 

differenr-e between (OMC) of natural soil and 

that of the same soil mixed with cement of 

small proportion is negligible. Accordingly the 

(OMC) of soil can be used in determining the 

quantity of water to be used in the process 

of stabilisation. 

A 
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3.2.8. INDEX PROPERTIES OF STABILISED SOIL 

Two index properties are usually tested for 

assessment of stabilised soil, which are: 

3.2.8.1. Strength 

3.2.8.2. Durability 

3.2.8. ý.. STRENGTH 

As stabilised soil is usually used in building- 

components bearing compressive loads such as walls, vaults 

and domes, it is important to measure its compressive 

strength. Also it is important to measure its dry 

compressive strength under normal conditions as well 

as its compressive strength after complete saturation as 

it may occur in reality. The procedures followed in 

this research in testing the dry and wet compressive 

strengths are as specified in the British Standard 
( (BS 1924: 1967), 22) 

using the Triaxial apparatus. 

3.2.8.2. DURABILITY 

In assessment of durability first, dry samples of 

the stabilised soil are weighed. Then they are subjected 

to simulated abrasive weather conditions, then left to 

dry naturally and subsequently reweighed. The average 

difference between their two weights is-indicative to 

the durability of stabilised soil. 

Several methods are used for this purpose, which 

include: 

kk- 
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(i) The complete immersion method, specified 

in (BS 1924: 1967). 
(22) 

(ii) The method of repeated cycles of high water- 

pressure spraying for long periods and 

subsequent stroking with hard wire-brush, specified 

in (ASTM D-599-57)'. 
(35) 

(iii) The freeze and thaw method, specified in 

(BS 1924: 1967)(22) and (ASTM D-599-57). 
(35) 

The first two methods were initially developed to 

simulate the extreme abrasive conditions of highways and 

roads and are considered as too severe for buildings. 
(11 27) 

The freeze and thaw method is irrelevant to the tropical 

conditions. 

According to Lunt(27), the suitable test for durability 

is the one which involves spraying and light brushing 

enough to simulate probable abrasive forces of rain and 

wind. Accordingly, it is considered that for the semi-dry 

conditions of Northern Sudan a number of cycles of 

spraying, drying then light brushing may be adequate for 

this purpose. The method used during the course of this 

research consisted of continuous spraying for seven hours 

- maximum probable duration of rainfall according to the 

local meteorological office - then the tested samples were 

sun-dried for five days and subsequently brushed with a 

hair brush. The cycle was repeated on the same samples 

for three times before reweighing them. The difference 

between samples average initial weight and their average 

A 



weight after abrasion cycles was taken as indicative to 

their durability. A simple gadget was used for testing 

in this method which is shown in figure (3.3). 

3.2.9. CRITERIA FOR ASSESSMENT OF STABILISED SOIL 

3.2.9.1. STRENGTH 

In assessment. of strength two criteria are considered: 

(i) A minimum unconfined wet compressive strength 

(28 days curing period) of 1400 KN/m2. This 

value has been suggested by Fitzmaurice, 
(11) 

Ransom(15) and Lunt. 
(27) 

(ii) A minimum (wet/dry compressive strength) ratio 

of (0.73), which has been suggested by Rosenack(21) 

based on his experimental work. 

3.2.9.2. DURABILITY 

In assessment of durability, a maximum weight loss of 

10% which is adopted as a criterion by many authors(h1)(1 
2) 

(15)(29), 
is used in this research. 
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3.3.1. SOLID GEOLOGY 

Available geological surveys of the Sudan cover 

only about 50% of the country. 
(36) 

According to Whiteman, 
(36) 

the most extensive formation in the Sudan excluding 

superficial deposits are those of the basement complex. 

These are mainly of Pre-Cambrian age and consist of 

igneous, metamorphic and sedimentary rocks that underlie 

more than 49% of the surface area of the country. 

Most of the remainder of the country is underlain 

by the Nubian Sandstone Formation of Cretaceous age, or 

by the Tertiary and Quaternery deposits of the Umm Ruwaba 

Formation, flat lying areas of poorly consolidated sands 

silts and clays. A simplified map of the solid geology 

is shown in figure (3.4). 

3.3.2. SUPERFICIAL DEPOSITS 

The superficial deposits of the Sudan may be divided 

according to age into three groups: 

(i) Tertiary sediments; which consist of sub- 

ironstone clays (lower member of Umm Ruwaba 

Formation). 

(ii) Pleistocene sediments; which include the clays 

of the plains, fixed sand dunes and the laterites 

of the South. 

(iii) Recent deposits; which include transported alluvial 

clays, sand dunes and residual soils which have 

been derived from the underlying rocks of the 

Nubian Series and Tertiary Lavas. 
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3.3.3. SOILS OF THE SUDAN 

Recent geological studies have shown that there is 

a strong climatic control in soil formation. 
07) 

This 

has resulted in three major soil types in the Sudan. 

a) The black-cotton soil, which is the largest type, 

covers 400,000 Km2. or 16% of the country's 

total land area. 

b) The red sand-ironstone soil is the second 

largest and occupies about 100,000 Km2 or 4Y 

of the land area. 

c) The laterite soils are confined to limited 

areas in the Southern regions of the country. 

3.3.4. ENGINEERING CHARACTERISTICS OF PREDOMINANT SOIL TYPE 

Of these three major types there has been considerable 

study of the black-cotton soil of the Sudan due to the 

problems associated with its characteristics on construction. 

According to the study of the UNDP, 
(34) 

Morin(38) and 

Battele's report(9) the black-cotton soil has the following 

characteristics: 

(i) It is of an alluvium origin from Basalt. 

(ii) It has a high clay content usually over 50%. 

(iii) Montmorillonite is the principal clay mineral, 

which is highly expansive. 

(iv) It has an appreciable plasticity. 

This general review on the geology of the Sudan is 

made here as it has effects on the choice of soils for 

experimental stabilisation and on the design of foundation 

which are discussed in chapters (3.4) and (3.5) of this 

dissertation. 
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CHAPTER (3.4) 

EXPERIMENTAL WORK 

3.4.1. TESTING PROGRAMME. 

3.4.2. THE KHARTOUM AREA SOILS. 

3.4.3. DESCRIPTION OF TESTED SOILS. 

3.4.4. INDEX TESTS ON SOIL-SAMPLES. 

3.4.5. ASSESSMENT OF SUITABILITY OF SOILS FOR 

STABILISATION. 

3.4.6. STABILISATION OF SOIL SAMPLES. 

3.4.7. TESTING THE STABILISED SAMPLES. 

3.4.8. ASSESSMENT OF THE STABILISED SOILS. 

3.4.9. CONCLUSIONS. 
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3.4.1. TESTING PROGRAMME 

The testing programme had the following objectives: 

(a) To obtain representative soil samples from 

existing quarries in the Khartoum area. 

(b) To test the relevant index properties of the 

soils and compare the results with previous 

criteria for suitability of soil for stabilisation. 

(c) To determine the minimum cement contents required 

for satisfactory stabilisation. 

Stages of the programme are outlined in the matrix 

shown in figure (3.7. ) 
. 

3.4.2. THE KHARTOUM AREA SOILS 

The soils of the Khartoum area, which falls in the 

central region of the Sudan (figure 3.5), are considered 

here for the following reasons: 

(i) Most of the data relevant to the other aspects 

of this study are only available for the 

Khartoum area. 

(ii) The area includes the two predominant soils 

of the country; the Black-cotton soil and the 

red sand-ironstone (see figure 3.6). 

What is commonly known as the Khartoum area in 

fact consists of three cities: Khartoum, Omdurman and 

Khartoum North as may be seen in figure (3.5). The 

three cities are separated from Each other by the Blue Nile 

,4 
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the White Nile and the river Nile. On the outskirts of 

each city there is a borrow area (0.3 to 1.0 m depth) 

from which soil for building purposes is regularly taken. 

In this research samples of three soils were obtained from 

the traditional borrows; the locations of which are shown 

in figure (3.5). 

3.4.3. DESCRIPTION OF TESTED SOILS 

The first sample was obtained from Kadaro borrow area, 

which lies 15 Km. north of Khartoum North and about 10Km. 

west of the river Nile. It is an open area with little 

vegetation. The soil is reddish in colour and is 

predominantly a loam or sandy loam, as described in 

figure (3.2). According to the geological distribution of 

soils in figure (3.6),. this soil falls in the Nubian 

sandstone formation. 

The second sample was taken from Ummharaz borrow area, 

which is about 25 Km. south from the centre of Khartoum 

and lies in the area between the two rivers. This area is 

relatively dense with Accacia trees and shrubs, whose roots 

extent to a depth greater than 1.00 m. The soil is dark 

grey in colour and composed mainly of fine silt and clay. 

Although it lies in the extended Black-cotton soil area 

shown in figure (3.4), it is usually described as Gezira 

Formation which is a recent alluvium deposit brought mainly 

by the rivers. It is not typical of clay-rich Black- 

cotton soil. 

hýl 
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The third sample was obtained from Fitehab borrow 

area which lies south of Omdurman and at about 10 Km. west 

of the White Nile. The ared is devoid of vegetation. The 

soil is red in colour, consisting mainly of surface layer 

ironstone, gravel and sand underlain by a more broadly 

graded reddish sandy clay. The borrow area is within 

the red-sandstone area shown in figure (3.4), and 

figure (3.6). 

From each soil four samples were taken; one 

weighing about 2 Kg. was immediately sealed in a polythene 

bag for testing immediate moisture content of soil. The 

other three samples, each weighing about 100 Kg, were 

contained in lided steel drums; they were for soil 

index property tests and for stabilisation tests. The 

sampling method was carried out according to the procedure 

described in (BS 1377: 1975). 
(13) 

3.4.4. INDEX TESTS ON SOIL SAMPLES 

The testing was carried out at the National Building 

and Road Research Institute in Khartoum. The index 

properties of soil which were described in section (3.2.5. ) 

were tested according to the following tests of (BS 

1377-1975): 
(13) 

I. IMMEDIATE MOISTURE CONTENT 

This is a routine test in soil engineering. The 

procedure followed in this test was as specified 

in test number (1A). 

shown in table (3.2). 

Results of the tests are 

h, 
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ii. PARTICLE SIZE DISTRIBUTION 

The procedure followed was as specified in test 

number (7). Samples' distribution profiles are 

shown in figure (3.8. a. ), (3.8. b. ), (3.8. c. ). 

Results of analysis are shown in table (3.3). 

iii. ATTERBERG LIMITS AND PLASTICITY INDEX 

The procedure followed was as specified in tests 

number (2)(3) and (4). Results of the tests are 

shown in table (3.4). 

iv. MOISTURE - DENSITY RELATIONSHIP 

Procedure of test number (12) was used in this 

test. Profiles of relationships are shown in figures 

(3.9. a") (3.9. b) (3.9. c. ) and (3.9. d. ). Maximum 

densities and optimum moisture contents are shown 

in table (3.5). 

v. LINEAR SHRINKAGE LIMIT 

Procedure of test number (5) was followed in this 

test. The results are shown in table (3.6). 

vi. ORGANIC MATTER CONTENT 

These were established according to procedure 

of test number (8). The results are shown in 

table (3.? ). 
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vii. (pH) ---VALUE 

Procedure of test number (11) was followed in 

the tests. The results are shown in table (3.7). 

viii. SULPHATE CONTENT 

Tests were carried out according to procedure 

of test number (10). Results of the tests are 

shown in table (3.7). 

The results shown in figures and tables are averages 

of index properties of each soil resulting from repetition 

of each index test three times on three typical samples 

of the same soil. 

3.4.5. ASSESSMENT OF SUITABILITY OF SOILS FOR STABILISATION 

To assess the suitability of each of the three soils 

a comparison between the average results obtained from the 

above tests and the criteria laid in table (3.1) was carried 

out as shown in table (3.8). From the comparison table (3.8) 

the following deductions were made. 

i. For Kadaro soil; it satisfied all criteria except 

for the linear shrinkage limit where it exceeded 

the maximum criteria by 5.3%. This is assumed to 

be due to the nature of the clay present in the 

soil. However, this does not render the soil as 

unsuitable as the excess in linear shrinkage is 

not very large and may be offset in stabilisation. 

, -3 
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ii. For Umharaz soil; it failed to satisfy two of 

the criteria for stabilisation. Its clay content 

is below minimum criterion which would incur 

addition of high proportion of stabilising agent. 

Also its shrinkage limit is 2.9% higher than 

maximum criterion. It is also noticed that its 

organic matter content is the highest compared 

to the other two soils, which is not conclusive 

to its unsuitability but may retard the 

hardening of cement in stabilisation. In view of 

the above this soil may prove to be uneconomic 

in stabilisation. 

For Fitehab soil, it satisfied all criteria 

except the linear shrinkage limit which was 3% 

above maximum criterion. Again for this soil, 

similar to Kadaro soil, the results after 

stabilisation tests will give conclusive 

indication to its suitability. 

3.4.6. STABILISATION OF SOIL SAMPLES 

Each bulk sample (100 Kg) of soil was air-dried 

pulverized an sieved through at5 mm. standard sieve. 

The soils which passed the sieve were used, as they 

provided the range of clay, silt and sand required in 

stabilisation. 
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From each of the three sieved soils three samples 

each weighing 5Kg. were taken, then mixed with Portland 

cement quantities in the following ratios: 2.5%, 5% 

and 7.5% by dry mass weight of air dried soil. These 

ratios were chosen on the bases of other previous tests 

on soil-cement stabilisation carried out under similar 

conditions and for similar purposes. 
(11)(18) 

Water 

was then added to raise the moisture content of the mixes 

to the optimum moisture content of natural soil. The 

mixing was thoroughly done by hand. 

A standard Proctor compaction mould (BS 1377: 1975 

Test number 12) was used, with a 2.5Kg, hammer dropped 

from 300 mm. height to compact the samples. After 

compaction three specimens were prepared by the insertion 

of three thin-walled cutting tubes (38 mm internal dirnater) 

into the compacted mixture in the mould. See photograph 

(3.1) (3.2) (3.3). The prepared specimens were dipped 

in molten wax to retain their moisture content during 

curing period. They were kept afterwards at room 

temperature of about (25°c) for curing periods of 7 days, 

14 days and 28 days. See photographs (3.4)(3.5). 

In decision on' number. of specimens, the matrix of 

figure (3.7) was followed in addition to the assumption 

that for each test of strength and durability which will 

subsequently be conducted, three typical specimens are 

needed. Accordingly the produced total nupber of specimens 

was 243; a set of six typical specimens from each soil type. 
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3.4.7. TESTING THE STABILISED SPECIMENS 

The stabilised specimens were tested for unconfined 

dry compressive strength, unconfined wet strength (after 

immersion in water for 24 hours) and durability. 

The method used for strength tests was as described 

in test number (21) of (BS 1377: 1975) using the standard 

triaxial testing equipment, Results after testing each 

set of typical specimens were averaged as shown in tables 

(3.9) and (3.10). The ratios of wet to dry compressive 

strengths are shown in table (3.11). See photographs 

(3.6)(3.7) and (3.8). 

The procedure followed in the durability tests was 

as has been described in (3.2.8.2. ). Results of the 

durability tests are shown in table 3.12). 

3.4.8. ASSESSMENT OF THE STABILISED SOILS 

The following assessment is based on the results 

obtained from the strength and durability tests, and 

on the comparison tables (3.8) and (3.12), which compare 

the results to the criteria in section (3.2.9): 

i. KADARO SOIL SAMPLE; this has satisfied all 

criteria of strength and durability with cement 

proportions of 2.6%, 5% and 7.5% by dry mass of 

soil. 

ii. UN. HARAZ SOIL SAMPLE; this hasn't satisfied the 

criteria for strength with cement proportions 
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of 2.5%, 5% and 7.5% by dry mass of soil. It 

has satisfied the durability criterion with cement 

proportions of 5% and 7.5% by mass of dry soil. 

Also the wet to dry compressive strength ratios 

are too low in all mixtures and curing periods. 

iii. FITEHAB SOIL SAMPLE; has satisfied all criteria 

of strength and durability with cement proportions 

of 2.5°x, 5% and 7.5% by dry mass of soil and at 

curing periods of 7 days, 14 days and 28 days. 

3.4.9. CONCLUSIONS 

i. These tests indicate that stabilising soils from 

Kadaro and Fitehab quarries with 2.5% or more 

Portland cement by dry mass gives a strong and 

durable building material when assessed against 

the criteria of strength and durability. 

ii. The tests showed that the soil from Umharaz quarry 

was not suitable for stabilisation with cement 

proportion of 7.5% or less. 

iii. The index tests on the natural soils gave 

indications of their suitability for stabilisation, 

which were confirmed afterwards by the tests carried 

out on the stabilised soils. 
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iv. If extensive production of stabilised soil is 

envisaged, it will be necessary to evaluate-the 

quantity of available suitable soil at the two 

quarries by further investigation. 

v. Since production of stabilised soil from the 

soil on site is economically advantageous, a 

similar testing programme should be undertaken 

at any proposed low-cost housing site. 

vi. The available geological information (figs. 3.4., 

3.6) indicates that the Kadaro and Fitehab 

quarries are located in areas of weathered Nubian 

sandstone. It is likely that similar soils occur 

throughout central and northern Sudan wherever 

this sandstone outcrops at the surface, and it is 

probable that such soils would be suitable for 

stabilisation. 

The Umharaz quarry is located in the area mapped as 

Black-cotton soil. Although the soil from the 

quarry had a low clay content and was found to be 

unsuitable for stabilisation, the alluvial and 

lacustrine soils of this formation are known to be 

variable and other areas are known to have clay 

content as high as 50%. It is possible that such 

soils would be suitable for stabilisation. 
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vii. From the results of this testing programme it 

is not possible to generalise as to the extent of 

soils suitable for stabilisation in the Sudan. A 

more extensive testing programme is needed which 

would take into account the regional variations 

of each of the major soil types. 

,. ý 
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TABLE 3.2 

IMMEDIATE MOISTURE CONTENT 

SOIL I. M. C. 

1. KADARO 0.7% 

2. UNHARAZ 0.8910 

3. FITEHAB 0.5% 

TABLE 3.3 

PARTICLE SIZE DISTRIBUTION 

SOIL CLAY SILT SAND GRAVEL 

1. KADARO 6 28 63 3 

2. UMHARAZ 4 82 13 1 

3. FITEHAB 18 19 57 6 

TABLE 3.4 

ATTERBERG LIMITS AND PLASTICITY INDEX 

SOIL LIQUID 
LIMIT 

PLASTIC 
LIMIT 

PLASTICITY 
INDEX 

1. KADARO 24 16 8 

2. UMHARAZ 41 23 18 

3. FITEHAB 28 14 14 
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TABLE 3.5 

MOISTURE/DRY DENSITY RELATIONSHIP 

SOIL MAX. DRY DENSITY 
Mg/m 

OPTIMUM MOISUTRE 
CONTENT % 

1. KADARO 1.96 120,0 

2. UMHARAZ 1.68 14% 

3. FITEHAB 1.95 11% 

TABLE 3.6 

LINEAR SHRINKAGE 

SOIL L. S. % % OF SOIL PASSING 
SIEVE 0.425 mm. 

1. KADARO 13.3 70% 

2. UI RAZ 11.4 9386 

3. FITEHAB 11.5 79% 

TABLE 3.7 

CHEMICAL TESTS 

SOIL ORGANIC MATTER (pH) SULPHATE 
CONTENT VALUE(WITH CONTENT 

CEMENT) 

1. KADARO . 26411% 12.9 0.011% 

2. UNHARAZ . 40789% 12.6 0.036% 
3. FITEHAB . 26907% 12.4 0.014% 
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TABLE (3.8) 

ASSESSMENT OF SOILS 
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TABLE (3.9) 

UNCONFINED DRY COMPRESSIVE STRENGTH 

SOIL CEMENT 7 DAYS 14 DAYS 
2 

28 DPYS 
CONTENT KN/m KN/M KN/m 

2.5% 1332 1354 1680 

KADARO 5.0% 1370 3112 3947 

7.55 3681 4719 4947 

2.5% 315 538 1109 

UNHARAZ 5.0% 417 754 1607 
7.5% 1520 1844 2357 

2.5% 1046 1683 2193 

FITEHAB 5.0% 1262 2084 3412 

7.59 2179 3644 3938 

TABLE (3.10) 

UNCONFINED WET COMPRESSIVE STRENGTH 

SOIL CEMENT 7 DAYS 
2 

14 DAYS 28 DAYS 
CONTENT KN/m KN/m KN/M2 

2.5% 830 978 1286 

KADARO 5.0% 1263 2561 3473 

7.5% 2713 3625 3737 

2.5% 43 67 93 

UN ARAZ 5.0% 74 99 137 

7.5% 157 626 707 

2.5% 114 450 2064 

FITEHAB 5.0% 855 1656 2889 

7.5% 1707 2708 3421 



TABLE 3.11 

WET COMPRESSIVE STRENGTH TO DRY COMPRESSIVE 

STRENGTH RATIO 

CEMENT 7 DAYS 14 DAYS 28 DAYS 
SOIL CONTENT RATIO RATIO RATIO 

ß6 

2.5 . 62 . 72 . 78 

KADARO 5.0 . 92 . 82 . 88 

7.5 . 74 . 77 . 76 

2.5 . 14 . 12 . 08 

UNHARAZ 5.0 . 18 . 13 . 09 

7.5 . 10 . 33 . 30 

2.5 . 11 . 26 . 94 

FITEHAB 5.0 . 68 . 79 . 85 

7.5 . 78 . 74 . 87 

... 3 



TABLE (3-12) 

DURABILITY TESTS RESULTS 

AVERAGE AVERAGE 
SOIL CEMENT % INITIAL FINAL LOSS ýö 

WEIGHT WEIGHT 

gm* gm. 

SOIL (1) 2.5 % 175.74 166.25 5.4 9% 

KADARO 5.0 %. 177.48 169.14 4.7 % 

7.5 % 181.83 178,56 1.8 go 

SOIL (2) 2.5. % 153.12 136.74 10.7 % 

UNHARAZ 5.0 % 157.47 143.93 8.6 % 

7.5 % 167.91 150.49 4.7 % 

SOIL (3) 2.5 % 173.13 164.82 4.8 % 

FITEHAB 5.0 % 176.61 170.96 3.2 % 

7.5 % 180.09 175.95 2.3 % 

NOTE: Maximum weight loss to pass a stabilised soil 
as durable is 10%. 1 



N 

M 

0 
4) 
0 

ß4 

I. . 

r4 

0 
" 

0.0 



. -. 

M 

0 
O 
a, 

ý4arý, 

rr1 

0 
0 



'O 

rr'1 

0 

0 

0 
0 



w1, fSy wOE^^h "ieý"? W 7QNn, 

ikýtl'L 2 
m. ý;,. 

i 

_ "ý 
:, ýý 

co 
r1 

0 

0 
0. 

0 

wl""-! . 
;: ),.: 

r- 
M 

0 
0 
a 



179 

CHAPTER (3.5) 

PRODUCTION AND USE OF STABILISED 

SOIL-CEMENT 

3.5.1. INTRODUCTION. 

3.5.2. PRODUCTION. 

3.5.3. USE OF STABILISED SOIL-CEMENT IN THE 

CONSTRUCTION OF LOW-COST HOUSES. 
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3.5.1. INTRODUCTION 

Similar to mud, stabilised soil may be used in 

cast-in-situ or in precast forms. The use of precast 

stabilised soil in the form of blocks or bricks, however, 

is more common mainly for the following reasons: 

- it is relatively easy to transport precast 

units than wet stabilised soil. 

- Precast units could be made prior to construction, 

which would reduce the construction time compared 

to that of cast-in-situ. 

- Precast units usually dry and shrink before 

construction, which reduces future cracking in 

the fabric considerably more than with cast-in-situ. 

In view of these reasons it is assumed that the use 

of precast stabilised blocks would be more appropriate 

in speeding up production of low-cost houses. 

The other aspect which is considered in this chapter 

is the use of stabilised soil in the various components of 

house and its performance as related to the local conditions. 

3.5.2. PRODUCTION 

The production of soil-cement blocks usually involves 

the following stages: 

a) Mixing of soil and cement. 

b) Addition of water. 

c) Compaction. 

d) Curing. 

I 
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Although all of these stages could be carried out 

by mechanical means (capital intensive production) as in 

the U. S. A. 
M; 

in the situation of the Sudan production 

should be labour intensive where possible for reasons 

of economy. The cost of labour on adopting self-help 

methods could even be further reduced. 

The first two stages (a) and (b) can be carried out 

manually if they are controlled by using measured 

containers after the proportions of ingredients have been 

determined. 

The use of a machine in the compaction stage is 

necessary as considerable pressure to produce satisfactory 

level of strength in blocks, as has been pointed out in 

(3.2.7. ), is required. Concrete block machines are 

unsuitable for making stabilised blocks because concrete 

mixes are designed to have a degree of workability for 

rapid compaction by tamping or vibration, whereas the 

correct amount of water needed for optimum compaction of 

a soil would result in an unworkable mix. This 

unsuitability of concrete block machines has led to 

development of a number of presses for making soil 

blocks. 
(7) 

One of the most widely known presses is the hand 

operated Cinva-Ram, which is relatively light in weight 

and robust. Blocks produced by this machine are with 
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dimensions of 290 x 140 x 90 mm, which are easy in 

handling and suit various design modules. The main 

drawback of this machine is its low compaction pressure 

(abour 4 MN/m2), which results in production of blocks 

of relatively low strength and poor durability when 

the stabilising agent is added in economic proportion. 
(27)(29) 

Webb at the U. K. Building Research Establishment 

showed that where a higher compaction pressure is applied 

in soil-cement stabilisation, the cement proportion can 

be drastically reduced giving rise to substantial 

financial savings. 
(29) 

On this basis the BREPAK, which 

is a manually operated hydraulic machine, was developed in 

the last five years. It achieves a compaction pressure 

of up to 10 MN/m2 and can produce blocks of equal dimensions 

to those of the Cinva-Ram but about 20% denser and at much 

lower cement content. The initial cost of the BREPAK is 

relatively higher but 
. it has the advantages of saving in 

cement, produce$ block of better qualities and a high 

rate of productivity which may amount to 2000 blocks a day. 
(29) 

Upon curing the block should be left to dry on 

a flat surface for 12 hours protected from direct sun 

and wind. 
(30) They should also remain wet for further 

10 days by spraying or covering them with wet sacking. 
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3.5.3. USE OF STABILISED SOIL IN LOW-COST HOUSES 

At present there are no international standards 

on the use of stabilised soil for construction purposes. 

However, it has been recommended by Lunt, 
(27) 

Fitzmaurice(11) and others that stabilised soil-cement 

blocks should be designed in accordance with the 

relevant Codes of Practice for concrete as they are 

closely similar in nature. 

In this section the use stabilised-soil-cement 

in the various building-components and their 

performance regarding the surrounding conditions 

are considered. Building-components are reviewed 

in the following order: 

3.5.3.1. FOUNDATIONS 

3.5.3.2. WALLS 

3.5.3.3. FLOORS 

3.5.3.4. ROOFS 

3.5.3.5. FINISHES 

3.5.3.1. FOUNDATIONS 

The ground conditions thrv ugh out the Sudan, as has 

been explained in chapter (3.4), vary widely; but with the 

exception of the area of Black-Cotton Soil they do not 

result in severe foundation problems. Accordingly the 

following discussion is mainly concerned with foundations 

of low-cost houses in Black-Cotton Soil areas of the Sudan 

4 
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The intrinsic properties of the Black-Cotton Soil 

which have been pointed out in (3.3.4. ) result in 

considerable variations in its volume and loadbearing 

capacity. It is highly solid and hard in the dry seasons, 

but swells, disintegrates and loses its bearing capacity 

in the rainy season. According to Battele report its 

volume increases by 25% on absorption of water. 
(9) 

These 

extreme negative properties usually produce upheaval and 

cracking of foundations which in turn lead to severe 

cracking in the super-structure. So, it is important to 

identify the minimum depth at which foundations can be 

laid avoiding the vertical movements of the soil, and the 

measures that should be done to counteract its horizontal 

movements. 

Results of the (UNDP)(34) on the Black-Cotton soils 

of the southern regions of the Sudan have shown that: 

- Water penetration depth reaches maximum depth of 

1.00m. in an undisturbed ground. 

- The vertical movement of the soil is approximately 

+1 cm. 

- The soil surface in the dry season cracks in 

intervals of 0.60 to 1.00 m in all directions. 

- Loadbearing capacity is variable but could reach a 

minimum of 0.5 kg/cm2, at 1.00 m depth. Loadbearing 

capacity of soils above 1.00 m depth approaches 

nil when it is saturated with water. 

7 
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Similar findings have been indicated in other 

researches in Black-Cotton soils in the North of the 

Sudan. 
(24)(9) 

See figure (3.10). 

Based on these findings the following may be 

reached: 

a) Foundations should start from minimum depth of 

1.00 m. 

b) Particular measures should be made in the design 

of foundations to meet the lateral forces arising 

from horizontal movements of the soil. 

Four types of foundations have previously been 

suggested for houses in Black-Cotton soils which are(9)(34) : 

- Isolated reinforced concrete footings. 

- Short bored piles. 

- Reinforced concrete rafts. 

- Reinforced concrete strip footings. 

They all seem to be too expensive for use in low-cost 

housing as they involve the use of considerable amounts of 

reinforcement steel or employment of drilling machines. 

The commonly used type of foundations in low-cost housing 

areas at present is burnt brick strip foundation which 

is usually constructed with little awareness of the adverse 

effects of the Black-Cotton soil which have been mentioned 

above. 
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I believe by employing soil-cement mixes of 

relatively higher cement proportion - may be up to 

7.5% as compared to 2.5% in'the super-structure - in 

the strip foundation in the manner shown in figure (3.11), 

the problems arising from the soil movement can be consid- 

erably reduced. 

3.5.3.2. WALLS 

The inherent compressive strength of stabilised 

soil-cement blocks makes them suitable for use in walls. 

It is generally recommended that soil-cement blocks should 

be used in accordance with the Standard Code of Practice 

for unreinforced masonry and brickwork. Ransom argued 

that a slenderness ratio of 12.0 should be taken as a 

minimum limit, as in the case of brickwork in lime mortar. 
(15) 

Following the suggestion of Ransom a wall thickness 

of 25 cm should be considered as a minimum for a 3.00 m 

high single storey house. When design factors other 

than strength are taken into account such as impermeability 

to water and thermal comfort, usually 30 cm thickness is 

suggested as minimum. 
(27) 

Also it has been recommended that the mortar to be 

used should not be stronger than the blocks as a 

relatively weak mortar accommodates probable movements 

in the wall and helps reduce cracking of the blocks. 
(21) 

If a proportion of 2.5% cement is envisaged in the 

production of soil-cement blocks, mortar should be with 

a cement proportion of 1.5% to 2/ by mass of dry soil. 
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3.5.3.3. FLOORS 

Stabilised soil-cement can provide an adequate flooring 

material in low-cost housing which would considerably 

improve the hygienic quality which has been discussed in 

chapter (2.4). It may be used as a cast-in-situ slab or 

in the form of tiles on a cast-in-situ soil-cement bedding. 

Floors are usually subjected to wear and tear more 

than other building components. Therefore, the soil-cement 

mix for floors requires further investigation. However, 

features such as skirting and damp proof courses to prevent 

water seepage from wet areas of the house (bathrooms and 

kitchens), which may eventually affect floors and 

foundations, should be incorporated in the design of floors. 

At present in most designs in the Sudan these features are 

ignored on the premise that the water table is generally 

too low to cause rise of damp to walls and super structure 

as a whole, but the consequences of surface water seeping 

into Black-Cotton soil should also be prevented. 

3.5.3.4. ROOFS 

If the above mentioned measure in the design of 

foundations and walls are considered, then any one of the 

conventional roofs in table (2.1) may be employed. Without 

reinforcement, however, it will not be possible to use 

stabilised soil in flat roofs as a self supporting slab 

or as short panels between raftersdue to its very low 

tensile strength. Since reinforcement of stabilised 

J 
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soil has not yet been thoroughly investigated, the use 

of stabilised soil in flat roofs may be limited only 

to the usual techniques used for concrete-hollow-block 

roofs. 

There are other traditional forms of roofs such as 

vaults and domes for which stabilised soil blocks could 

be used on their own without support or need for 

reinforcement (see figure 3.12). In these types of roofs 

the forces are mainly compressive. 

Vaults and domes have been used in the northern parts 

of the Sudan from ancient times; 
ý8) 

most of the works of 

the Egyptian architect Hassan Fathy(23) have been inspired 

by the techniques used by the Nubians in the upper northern 

region of the Sudan. They didn't employ in the construction 

of vaults and domes any formwork but merely used guidelines 

and strings to lay brick courses. This same technique 

if used today with stabilised soil-cement blocks in the 

construction of vaults and domes could make more saving 

in the construction. 

Another advantage of vaults and domes is that they 

have proportionately less area subjected to direct solar 

radiation and have more radiant convective surface to 

dissipate absorbed heat as compared to flat roofs covering 

the similar spaces. 
(8) 

These characteristics make their 

use more advantageous in climates with high intensity of 



Walls built up to the Ievef of tfie ' Vault building with couraaes lasning 
spring points of the vaults. End wall towards end wall so that no form 
built up for vault to lean on. Inverted work or shuttering is needed. 
catenary form traced on end wall'. 

Window openings built up with dry Wails built up. Arches built over dry Small vault built in same way a large 
brick - no mortar. brick in windows. ones. Loose bricks removed from 

window openings. 

SOURCE: ARCHITECTURE DESIGN, February 1975 

Fig. ( 3.12. ) 

Pendentives completed, forming Brick courses of dome incline in- 
continuous course from which dome creasingly until dome is finished. 
can be completed. 

Circular arches built over vaults to 
form a base for the dome. 

Vault completed. 



189 

solar radiation and cool nights such as the Sudan. 

Aethetically, curved röofs may provide more 

interesting profiles as compared to those of flat roofs. 

3.5.3.5. SURFACE FINISHES 

Surface finishes include all types of plastering, 

rendering and painting which are usually applied to add more 

protection to the fabric against moisture penetration, 

for hygienic reasons as in the case of washable finishes in 

kitchens,, or for aethetical reasons. By using stabilised 

soil the effect of moisture on the fabric should have 

basically been reduced, but still finishes may be applied 

for the other reasons. In such cases finishes should be 

applied at least four weeks after the construction is 

completed to allow for probable cracking to take place. 

For render and plaster, mixes of cement: lime: sand 

in ratios of 1: 2: 8-9 are recommended in soil-cement 
(11) 

Inert structures. pigments may also be added when 

needed for aethetical purposes. In the wet areas of the 

house, it may be important to apply oil paints in order 

to reduce excessive moisture penetration into the walls. 

. , _ý 
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PART FOUR 

CO-OPERATIVE HOUSING AND AIDED 

SELF-HELP METHODS 

GENERAL (4.1) 

CHAPTER (4.2) CO-OPERATIVE HOUSING 

CHAPTER (4.3) AIDED SELF-HELP 
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4.1 GENERAL 

It has been argued in the first part of this 

dissertation that overcoming the present serious deficit 

in housing and meeting the future demand in low-cost 

housing in particular necessitate the formulation of 

a comprehensive strategy. That strategy is envisaged 

to involve the authorities, the technical people concerned 

with housing design and production as well as the 

beneficiaries of low-cost housing. The expected role 

of each participant is briefly outlined in figure (4.1). 

The areas where the authorities and the technical 

people can contribute to rapid realisation of housing 

have been elaborated upon in the three previous parts. 

This part is concerned with the mobilisation and 

utilisation of low-income users resources, 1could be 

effected through co-operative housing and aided self- 

help principles. 
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CHAPTER (4.2) 

CO-OPERATIVE HOUSING 

4.2.1. INTRODUCTION 

4.2.2. A HOUSING CO-OPERATIVE UNIT 
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4.2.1. A HOUSING CO-OPERATIVE UNIT 

The importance of co-operative housing in low-cost 

housing production has been'discussed in part one of 

this dissertation. Also the heirarchy of the proposed 

co-operative housing organisation for the Sudan and its 

integration within a general housing finance system has 

been discussed and shown in figures (1.7) and (1.9). 

Consequently, the following discussion which concentrates 

on the formulation of a basic low-cost housing co-operative 

unit has been developed from the previous arguments. 

The points which are seen to be important and need 

to be defined with regard to setting up a (housing co- 

operative) unit are: 

4.2.1.1. Its objectives 

4.2.1.2. Its physical size 

4.2.1.3. Its financial resources 

4.2.1.4. Its organisation 

4.2.1.5. The problem that may be encountered. 

4.2.1.1. OBJECTIVES 

A housing co-operative is usually defined as a 

voluntary non-profit association composed of persons who 

organise for the purpose of obtaining a single mortgage 

loan on a collective responsibility. 
(6) 

It can take a 

terminating form with the only objective of meeting a 

defined housing demand of its members or a permanent 

form which considers immediate realisation of housing as 

a short-term objective and the continuous socio-economic 

development of the gained housing settlement as long- 

term objectives. 
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In the situation of the Sudan, voluntary associations 

of limited profit nature and of permanent forms may be 

most appropriate for low-income users for the following 

reasons: 
(a) As the funding of low-cost housing would rely 

heavily on long-term easy interest loans, this 

will necessitate the continuity of the association 

for repayments of loan long after the houses have 

been built. 

(b) The association could continue to mobilise the 

savings of its members and channel them into the 

general housing finance funds which is an 

essential activity for the viability of the 

finance system as could be seen from figure 

Deposition of savings no doubt would only be 

encouraged with the incentive of profit which 

could render the association as profit-making 

but only limited in its profitability to the aspect 

of savings and not with the rest of its activities. 

(c) As the present and foreseeable contribution of 

the authorities in the provision of public 

facilities and amenities is scarce, the continuity 

of the association could be of a substantial 

effect in these respects. 
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(d) The association could continue to play an 

important role in the social planning and the 

socio-economic development of its community. 

As it is naturally part of its community it could 

be more responsive to its immediate needs and 

problems than the agencies of the authority. 

4.2.1.2. THE PHYSICAL SIZE OF A CO-OPERATIVE 

There is no definite size in terms of number of members 

or households that has been recommended for establishing 

a housing co-operative association. These varied from 60 

households in the developed countries such as Denmark 
(6) 

to 300 households in the developing countries such as 

Lesotho. 
(2) Obviously the variations are related to the 

local constraints and particularly to the financial 

capacity of the members. 

However, the upper and lower limits for marketable 

mortgage loans are definable, then by determining the 

average expendable amount of money by a member in a 

certain income bracket, the minimum number of people from 

that bracket who can support the mortgage loan can be 

determined. This should be one of the responsibilities 

of the low-cost housing section in the EBS (see figure 1.7) 

and should continuously be updated as the levels of income 

are generally variable. 

4.2.1.3. FINANCIAL RESOURCES 

These can be derived from: 
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(a) The initial down payments and the periodic 

repayments made by the associations members. 

The total initialdown payment is usually 

estimated from 1.5% to 3% of the amount of the 

mortgage loan, and against which the loan is 

granted. 
(9) 

The periodic repayments include the 

interest, a sum for amortization and another 

fixed sum which is about 1% per annum of the 

total loan, diverted to administrative expenses. 
(6) 

Usually throughout the term of the mortgage and 

within the limits of contribution by members, 

the sum intended for interest gradually diminishes 

and that intended for amortization increases 

although it is possible to arrange mortgages in 

which the amortization repayments remain constant. 

So, when the reserves amount to a large sum 

relative to the outstanding loan, the periodic 

repayments may be reduced or abolished and the 

resulting surplus may be used for the 

amortization of the mortgage. 

(b) A single mortgage loan from the low-cost housing 

finance funds which would be arranged by the HCO 

(see figure 1.7). This usually amounts from 75% 

to 90% of the assessed value of the intended 

co-operative houses and guaranteed by them 

collectively. As such the houses will remain 

under the co-ownership of the co-operative rather 

,. 
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than individual ownership until the loan is paid 

off. This feature indirectly helps prevent the 

speculation and the improper division of land 

which are common ailments in low-cost housing 

areas at present. 

In sites and services schemes it may be more 

effective to the rapid realisation of houses if 

the mortgage loan covers the cost of the basic 

utility services in addition to the cost of 

construction of houses. 

(c) The general public through lotteries, entertainment 

shows, football matches and similar events, as 
in 

it has been demonstratediinýother countries these 

methods can be of substantial contribution. 
(4) 

(d) The subletting of rooms which were particularly 

designated for that purpose which has proved, in 

the Dandora project of Kenya, 
(3) 

to be of 

considerable help in boosting the financial 

capacity of low-income groups, leading to 

improvement of their ability to repay mortgage 

loans. 

4.2.1.4. ORGANIZATION OF A CO-OPERATIVE ASSOCIATION 

In running a housing co-operative association there 

will be a need for a committee to reflect the interests 

of its members on the one hand and to manage its practical 
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affairs on the other. The members of the association may 

be persons only interested in solving their housing problem 

without training or expertise on the managerial side. So, 

it will also be necessary that the Committee should include, 

in addition to the directly elected representatives of 

its members, experts appointed from the EBS and the HCO 

(see figure 1.7) to manage three specialised affairs: 

Administrative and legal. 

Financial. 

Technical. 

In addition to their essential role in managing the 

co-operative activities these experts will also be the 

link between the strategic planners at the EBS and the HCO 

and the Ministry of Housing and the co-operative. 

The administrative-cum-legal expert would help 

initially at the stage of representatives election and 

afterwards in the running of meetings and in the matters 

of housing bylaws regulations, tenure and contracts. 

The financial expert would assist with the matters of 

acquirement and repayment of mortgage loan, purchase and 

expenditures at the stages of production and the general 

book-keeping of the association. 

The technical expert would be necessary from the start 

to: 
(a) Get the agreement of the members on the prepared 

house-plans and to see what alterations may be 

needed. 
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(b) Phase and programme the construction process, 

Afterwards he will be responsible for the organisation 

of the self-help process discussed in details in the next 

chapter. 

From this it may appear that by having the low-cost 

housing section at the EBS and the HCO there would be a 

pool of experts with built-up knowledge on co-operative 

housing gained from experience as the method becomes more 

widespread. The service of the experts could terminate 

once the project was completed and the members of the 

association had gained enough knowledge to allow them to 

take over their responsibilities. 

4.2.1.5. PROBLEMS OF CO-OPERATIVE HOUS ING 

A part from the previously mentioned prerequisites 

for the viability of co-operative housing which included: 

provision of soft finance, subsidies, managerial aid and 

minimal financial affordability of membership; other 

problems may arise during application of the method. 

Documentation on problems and causes of failure in 

previous experiences 
(2)(6) 

revealed that problems have 

arisen in the following areas: 

i. Social cohesion of the membership which is needed 

to secure co-operation. Several factors contribute 

to this which may differ from one society to another 
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and it is not possible to propose a universal 

solution to the lack of social cohesion. However, 

it has been recommended that some common social 

bases between the members (income, religion ... etc) 

may be sought upon formation of a co-operative 

association which could help ease the stress 

afterwards. 
(6) 

Clearly there is a need for a 

balance between the opposites of group cohesion 

and cohesion in the wider community. 

ii. Abidance of the membership by the financial 

commitments during the amortization period. 

Excessive failure on this aspect would deplete 

the financial resources of the association and 

bring it to complete collapse. By proper assessment 

of individual members' (or heads of households) 

incomes, sources of income and affordable 

proportions of expenditure on housing a clear 

picture of the future financial problems can be 

drawn. Upon this, the size of mortgage loan, amort- 

ization period, governmental subsidies and the 

standard of prespective housing can be adjusted 

to meet the financial capacities of members. If 

the problems are clearly predicted to be too 

serious for these adjustments the whole exercise 

should be abandoned. In some instances, insurance 

policies have been drawn against mortgage loans 

for co-operative housing, but this procedure incurred 

a rise in the rate of interest on the loan. 
(6) 

,. 
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Another problem within the financial aspect is 

the loss of membership during the course of 

operation due to various causes including death; 

this should be catered for in the conditions laid 

in the individual agreements of membership. 

iii. Mismanagement and embezzlement of funds and 

building materials were cited in some cases. 
ý6ý 

I believe this could be controlled by systematic 

supervision on the activities of the co-operative 

from the EBS and HCO, by the vigil of the 

beneficiaries and by enforcing deterent acts 

against such practices. 

In the end it is worth quoting a note from a UN report; 

"However, general analysis of the causes of failure 
in the unsuccessful associations for which data were 
obtained indicates that the obstacles encountered 
were no greater - and in some case far less serious - 
than those faced by co-operatives that carried their 
projects through to completion". (6) 

A 
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4.3.1. INTRODUCTION 

Unorganised and unaided mutual self-help has always 

been a feature in house-building in the traditional communities 

of the Sudan and still continues to be so in the rural 

areas. 
(10) 

In the urban areas, as has been explained in 

part two of this dissertation, the advent of new building 

materials and relatively complex methods of construction 

coupled with the urban socio-economics brought the 

traditional mutual self-help to extinction. 

Still, the revival of self-help in urban housing 

should not be over-ruled, especially under the current 

pressure of escalating costs, if the handicaps of lack 

of know-how, lack of finance and disorganisation are 

removed. Lack of finance and disorganisation of users 

can be tackled through co-operative housing associations 

which has been explained in the previous chapter. Lack 

of know-how is the phase where 'aided' self-help 

becomes an essential tool in harnessing users' manual 

resources and desire to build their own houses. 

The salient benefit from aided self-help methods is 

the reduction in cost of labour which ranged from 35% 

in Losotho(2) to 25% in Dandora in Kenya. (3) 
Other 

underlying social benefits such as increasing community, 

mobilising initiative amongst low-income people and 

imparting new technical skills which could help to increase 
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family incomes after the completion of project, could 

also be gained. 
I 

Motivation from security of tenure, home ownership 

and participation in stages of design and production seems 

to be strong enough to arouse the willingness of many 

homeless urban dwellers and helpless site-owners of low- 

income groups to join aided self-help schemes. 

4.3.2. THE TECHNICAL AND MANAGERIAL AID v 

The aid in aided self-help method is in fact not 

limited to the technical aspect but encompasses other 

aspects of programming and management as could be detected 

from other experiences. 
(? ) 

Within this context the areas 

where the aid will be needed from the EBS and perhaps the 

Ministry of Housing are as follows: 

(i) Grouping of houses and organisation of work-teams. 

(ii) Phasing of construction stages. 

(iii) Training of members. 

(iv) Provision of necessary equipment for production. 

(v) Provision of specialised skills and/or sub- 

contracts. 

(vi) Supervision during execution. 

However, before embarking on these aspects of aid 

a criterion for minimum man-hour/week (sweat equity), that 

a household should put into self-help in order to achieve 

a target level of reduction in labour cost, should be worked 

out. 
(2) 

Also a rate for unit man-hour work should be 

estimated beforehand, related to the prevailing market 

14 
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rates or by direct assessment. Then households can have 

the choice of contributing labour capital, or a combination 

of both according to their Varied circumstances. 

The different aspects of aid can briefly be explained 

in the following: 

(i) Grouping involves two factors. The first is the 

number of houses that can be built within a 

recommended radius of half a kilometer. 
(7) 

This 

radius is recommended for reasons of easy 

handling of bulk materials and of supervision 

without incurring high costs of transportation. 

Under a gross residential density of 100 persons/ 

acre, for example, 100 houses of 200m2 area 

each can be encompassed within this radius. 

The second factor is the number of persons in a 

work-team needed to execute that number of houses. 

This will involve in addition to the quantity of 

work tobe done other factors of age and in some 

cases gender and assessment of the available skills 

among beneficiaries. 
(3) 

(ii) The phasing of construction stages usually include: 

- Setting out of houses on site. 

- Digging of trenches for foundations. 

- Construction of foundations and ground slabs. 

- Construction of walls. 

- Construction of roofs. 

- Fixing of fittings. 

- Application of finishes. 
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The time schedule of these activities should be 

prepared by the low-cost housing section in the EBS 

and dispatched to'the committee of the association. 

(iii) Training programmes on the basic skills of 

construction and on group-work should be conducted 

before commencement of the project. The training 

may include constructing a prototype house in each 

group of houses so that the members can visualise 

the process and have a clear insight of what is 

expected from them. 

A corollary advantage of mass self-help methods 

is its availability as a means to train 

construction workers who may become afterwards a 

part of the development of the national building 

industry. At present they could do much to reduce 

the current inflationary trends caused by short 

supply of building workers. 

(iv) In addition to simple hand-tools the association 

itself could provide other more costly production 

equipment such as hydraulic presses for production 

of blocks and machines for drilling bore-holes. 

To reduce the costs of such equipment, it can be 

purchased by the National Housing Co-operative 

Organisation in central areas where they can be 

maintained and each co-operative can hire its 

IEI 

'Ol 



? -I? - 

needed equipment on an hourly or daily basis. 

It would be necessary to plan for, each project, 

the time and duration of use of hired equipment. 

(v) With regard to hired-labour, experience of some 

African countries with aided self-help has shown 

that certain stages of the construction such as 

electrical works and pipe fitting cannot be 

properly done through self-help. 
(2)(3) 

In such 

situations there may be a necessity to hire skilled 

labour or subcontract these jobs, which should be 

catered for in the budget of the scheme. However, 

even in these jobs the manual work can be done 

by the members of the group while the technical 

part of the job can be left to the specialised 

hired worker. 

(vi) The supervision will require permanent foremen 

(one for each 25 houses) for daily supervision, and 

an architect and engineer for periodic supervision 

at certain strategic stages of the construction. 
(8) 

4.3.3. SOME OF THE PROBLEMS IN AIDED SELF-HELP 

Several problems may occur during the application of 

aided self-help methods, especially at their first 

introduction in the country. According to available 

information 
(2)(3)(7) these problems include: 

IE 
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(i) Difficulties in keeping the basic accounts of 

costs incurred for materials and labour, which 

is usually associated with the extent of 
illiteracy among membership. 

(ii) Members may easily gain technical skills but 

often are unaware of the whole process which 

arouses in them feelings of alienation and 
intolerance if the project continues for too long. 

(iii) Absenteeism from work due to illness or fatigue. 

(iv) Problems of relations between members of the group. 

(v) Stoppages due to extreme weather conditions. 

It should be expected that several problems similar 

to these may arise at the application of aided self-help 

methods in the Sudan. But apart from the fact that local 

experience is necessary to define and help solve these 

problems, it appears from experience in other countries 

that by observing the following factors in the process the 

problems may be reduced: 

(a) The total length of time and the load of work per 

group should be made as minimum as possible. This 

can be achieved by reducing the number of houses 

allocated for each group to produce, for example 

instead of the recommended grouping of houses 

in 25(8) it may be reduced to 10 houses. The 
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amount of work may have not been reduced per 

person but he can see his achievement sooner. 

Also, by limiting the quantity Of work to be 

done through aided self-help to the boundary walls, 

the wet-core and a habitable room so as to service 

the immediate needs of each family. Extensions and 

additions can be done at a later stage through 

aided self-help or other means according to 

individual family's discretion. 4 

(b) The working hours should be distributed over 

times when members can easily avail themselves 

without conflict with their normal jobs. In the 

situation of the Sudan most of the work load 

could be allocated for Fridays (the free day of 

the week) and at times between three o'clock in 

the afternoons to eight o'clock in the evenings in 

the other days, as in these times people would 

have had their rest after normal work and the 

weather conditions are relatively more favourable. 

(c) Gatherings and meetings on a monthly basis could 

help associate the members with the programme 

and its progress,: and open discussion during these 

meetings may help reduce the tensions between 

the member that occur during work. 

Other improvements which can reduce the amount of 

work and contribute to the reduction of costs should be 

sought at the design stage. These can start from basing 

EI 
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the design on a modular system. Consequently savings 

in time of construction and building materials would be 

gained by reducing, cutting, and shaping of construction 

elements to fit into place. Also by standardisation and 

mass production of windows, doors, cills and lintels by 

the co-operative organisatioh further savings in time 

labour and material costs can be achieved. 

4.3.4. CONCLUSIONS 

In view of the discussions in the two previous 

chapters the following conclusions may be drawn. 

4.3.4.1. Co-operative housing and aided self-help methods 

can provide feasible means for low-cost housing 

4 

production under the current economic and technical 

constraints of the Sudan. 

4.3.4.2. Local experience in these methods - which is 

lacking so far - is necessary for more practical 

definition of their shortcomings and the possible 

modifications to suit local conditions. 

4.3.4.3. These methods will make best progress under an 

overall pational system. Under such a system 

considerable savings can be made by pooling of 

equipment, mass production of standarised 

prefabricated elements, direct importation of 

building materials which are not locally available, 

and dissemination of these items to unit associations 

.. 
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on non-profit bases. Also a pool of experienced 

personnel with enough knowledge on the methods 

would be created. ' 

4.3.4.5. In addition to housing production these methods 

inherently foster a number of social development 

aspects such as vocational education of members 

which is normally limited to formal schooling, 

and organisation of the community for socio-economic 

development after housing is achieved through 

orderly planning and direct action which were gained 

during collective housing production. 

I 



217 

REFERENCES OF PART FOUR 

1. Hackney R., New Role For Architects in Self-help 

Housin , Ekistics 287, April 1981. 

2. Altman J. and, Baldeaux D., Co-operative Housing in 

Lesotho, Ekistics 286, Feb. 1981. 

3. Praful Soni, Self-help in Kenya. Ekistics 286, Feb. 1981. 

4. John Lea, Self-help and Autonomy in Housing, from 

Housing in Third World countries, Macmilan press, 1979. 

5. Thiedeke G., Manpower, Skills and Materials, from 

Housing in Third World countries, Macmilan press, 1979. 

6. United Nations, Housing Through Non-profit Organisations 

Housing Building and Planning, number 10, New York, 1956. 

ý. United Nations, Self-help Practices in Housin, Dept. 

of Economic and Social Affairs, New York, 1973. 

8. United Nations, Manual on Self-help Housing, Dept. of 

Economic and Social Affairs, New York, 1964. 

9. United Nations, Proposals for Action on Finance for 

Housing, Building and Planning, New York, 1972. 

10. Marcel Marioti, Improvement of Rural Housing, special 

issue on housing, University of Khartoum, 1981. 
FUNIVERSITY 

OF BRISTOL 
LIBRARY 

ENGINEERING 


