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Chapter Three: Traditional Construction: Problems and Alternatives 

strength than other commonly used construction materials and so mud wall is built 

thicker. Mud wall heat up more slowly during the day, impeding heat flow, so that 

internal air temperatures are above those prevailing outside. The Figure 3.1 shows that 

typical example of shelter made of traditional material such as mud, thatch and bamboo. 

ttý ý: ý: -ýý? ý'ý-ýýý' 
Produced by author during mud house investigation at field trip to Sindh 

Figure 3.1 Typical Sindhi house with thatch roof and mud walls 

Mud is also used for roofing, which is usually constructed by placing wooden joists at 

suitable intervals, covered by planks or bamboo. Twigs and leaves are then 

superimposed and covered by mud, which is tamed, screened and plastered. 

Mud requires periodic maintenance but recent experiments have shown that by 

combining mud with new materials, the life span of mud structures increases. For 

example earth stabilised with cement and bitumen has shown greater strength and 

resistance to damage. Earth, or clay/mud, is usually used in the following forms: 

I. Mud bricks 

In rural areas of Sindh, mud bricks have great potential for use in domestic and public 

buildings. This type of brick is very suitable for the climate of Sindh and is easily 

manufactured. A mixture of earth and water simply moulded into brick form and 

allowed to dry in the sun. (See the Figure 3.2) Bricks are stacked on top of each other in 

various patterns and binds together using mud or mortar. As mud bricks are small and 
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can be cut and trimmed easily, they allow great flexibility during the process of 

construction. 

1I_u__ lirVII 

Moulding of brick 
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Figure 3.2 Moulding of brickwork 

Mud bricks or other mud constructions withstand only compression and cannot 

withstand tension due to mud's brittle quality. However, mud bricks are cheaper than 

cement blocks. 

II. Wattle and Daub 

This method of construction is highly suitable for the Sindh climate, especially with a 

mud covering. Crude, mature or light framework of wood is built to reinforce the basic 

material of construction. (Refer the Figure 3.3) The mud is then poured in this wooden 

reinforcement and the thickness is built up to provide a sound and water proof shelter. 

(3) 
Figure 3.3 Wattle and daub construction 
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III. Puddle form of mud 

The material is used in a liquid or semi-liquid form. Layer upon layer is built up, 

resulting in a laminated wall as shows in Figure 3.4. The strength of the wall depends on 

the density achieved with the rough mixing. This type of wall construction is mostly 

used in boundary walls and locally as ' ODKI BHITT'. Puddle mud construction can 

also be applied internally in the form of rammed earth or pies. In this method, puddle 

mud is poured into a movable frame. 

VZ 
Z 

(3) 

Figure 3.4 Puddle form of earth wall construction 

3.2.2 Mud Plaster (Lepai) 

TORI (long Boosa or straw) is mixed with mud and makes a mortar for laying and 

plastering. The water content in this case is less than that required for brick making. 

Mud plaster is applied by trowel as in normal plastering. Only one coat, approximately 

half an inch thick, is required, but it must be applied slowly and carefully. For the best 

result, gobar (cow or buffalo dung) is mixed with the mortar. The mixing with gobar 

helps to give the plaster a smooth surface and also improves it water-resistance. 

Normally, no other work is needed when applying the mud plaster, although it must be 

renewed after the rainy season. If lime plaster is used The water-resistance of the mud 

surface is further improved. 

3.2.3 Thatch 

Thatch is a common roofing material in houses of rural Sindh. Wooden planks are laid 

upon the walls and then thatch mates are laid over it. Finally, is the structure is 

completed by applying straw and mud plaster. (See in Figure 3.5 and 3.6) Many 

techniques are employed for the construction of roofs on mud walls, but thatch remains 

popular in areas where cost is a major consideration. 
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(1) 

Figure 3.5 Pattern of Thatching with support of Bamboo 

Produced by author during field trip to Sindh 

Figure 3.6 Use of Thatch as walling material in Sindhi village. 

3.2.4 Bamboo 

Bamboo is widely available in rural areas of Sindh and is used as a building material. 

The main characteristics of bamboo are low elasticity, low concrete adhesion, a limited 

range of practical culm diameter and length, and a wide variability in moisture content. 

(Refer to the Figure 3.7) 
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Produced by author during site investigation 

Figure 3.7 Bamboo supported roof with palm trunk (A typical Sindhi house 

construction) 

Most housing in developing countries is built through 'self help' and is not depend very 

little on contingent upon either building materials industries or on building firms. The 

conventional perception of self-help is that the builder, the builder's family and 

neighbours procure the materials and carry out the all construction tasks themselves. 

Indeed, there are some cases, particularly in rural housing, and temporary urban 

dwellings, where the technologies are basic enough, and social ties are strong enough, to 

enable this to happen. 

3.3 Causes of Damages to Earth Buildings -A Case Study 

It is important to study the causes of damage to earth houses before taking investigating 

ways to improve earth as a building material. For this reason, three dwellings in an 

earth-built house have been studied. (See Appendix (A) and (B). 

Earth constructions are well known for their sensitivity to moisture, with much damage 

to earth buildings being caused by migration of moisture. This under lines the necessity 

of first examining the causes of damage to earth buildings before looking at ways to 

improve construction properties. For further information on earth as raw material see 

Appendix B(I). 

Two main causes of damage have been observed in earth buildings: 
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a. Presence of water in the building 

b. Inadequate engineering properties of construction materials 

Most earth structures are vulnerable to the action of water (see Figure 3.4). When water 

penetrates a building, from nearby standing water for example, it can create an 

uncomfortable, or even unhealthy, environment inside and increases the risk of rapid 

structural deterioration. 

There are three main conduits for water to penetrate a building: 

1. Presence of water on the surface of the building 

2. Presence of physical openings 

3- Presence of forces that act on the building e. g. capillary action, gravity and other 

pressures that facilitate the passage of water through openings. 

Produced by the author during the field trip to Sindh 

Figure 3.8 Earth wall deterioration due to rainfall and wind load 

3.3.1 Mechanisms of damage due to water 

There are six main mechanisms by which water damages earth buildings: 

1. It has been observed that a rise in the level of ground water may reduce the safe 

bearing capacity of earth and that a fall in the level of the ground water may cause 

differential settlement of structures. There are several reasons for water to rise by 

capillary action at base of walls and enter foundations: seasonal changes in the 

ground water table, retention of water by roots of shrubs, defective sewers, a lack of 
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drains for the building, and standing water at the foot of walls. Persistent dampness 

can also cause weakening at the base of walls. (4)(5) 

When earth walls encounter water, they pass from a solid to a plastic state and can 

no longer bear loads. This increases the risk of the building collapsing. It also has 

been found that dampness encourages efflorescence of salts, such as NaC12. CaSO4 

and NaSO4, which causes hollows to form. Insects and rodents are attracted by 

damp conditions and cause further deterioration of the wall. Considerable seasonal 

changes in moisture content can occur, causing the clay to pass through cycles of 

shrinkage and swelling. Figure 3.5 shows the effects of erosion due to absorption of 

floodwater. 

Produced by the author during the field trip to Sindh 

Figure3.9 Erosion due to moisture migration from foundations 

2. Above ground level, the base of walls can be eroded as a result of any of the 

following (5)(6): 

" Water splashing from drainpipes 

" Water thrown up by passing vehicles 

" Washing of inside floors 

" Surface condensation (morning dew) running off at the foot of the wall when 

gutters are too close to the wall 

" Surfaces being rendered impermeable, such as waterproof walkways, which 

prevents evaporation and encourages condensation between the earth wall 
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and the waterproof rendering. This results in the growth of parasitic flora, 

such as moss, and efflorescence. 

3. Walls are the most exposed elements of a building and so are highly susceptible to 

damage by water. The water may infiltrate through structural cracks (caused by 

settlement and/or shearing), shrinkage cracks (caused by repeated day-wet cycles), 

unfilled holes left by work clamps, and hollows in the walls. 

4. Water that runs off at the junctions of reveals, earth walls, supports and lintels, may 

infiltrate surrounding masonry or wooden frames causing localised deterioration. 

5. Climatic changes, e. g. temperature or rainfall, can cause decomposition of earth by 

washing out clays and, thus, reducing cohesion. When an earth wall is protected by 

rendering to prevent the movement of water vapour, condensation on the cold 

surface of the walls (indoor walls in summer; outside walls in winter), or between 

the wall and the rendering, causes the wall to deteriorate. In addition, water 

penetrates at the point where floor or roof beams pass through earth walls, see 

Figure 3.6. & 3.7. It may also penetrate where poorly designed gargoyles pass 

through walls at unprotected entry and exit points. Accumulation of earth can block 

drainpipes, resulting in standing water, absorption and capillary action. 

Produced by the author during the field trip to Sindh 

Figure 3.10 Wall erosion due to unprotected roofing 

6. In some cases, where parapets are unprotected by a projecting cap, or where they are 

cracked or covered with defective rendering, water penetration may occur. Objects 

placed against parapets, such as plants that require watering, and poorly drained 

terraces can cause dampness. 
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Produced by the author during the field trip to Sindh 

Figure 3.11 Damage to an earth staircase due to water run off 

3.3.2 Principal causes of structural defects in earth buildings 

Earth buildings may sufier from structural defects, which occasionally result in 

irreversible damage. However, codes of practice have been developed, for use of earth 

as a construction material and the building systems, which must be followed accurately. 

It should be noted that structural defects may result from causes other than the type of 

raw material used. (6)(7) These may include problems related to the site, e. g. settlement 

and earth slippage, and natural disasters, such as earthquakes and hurricanes. They can 

result in serious structural damage, particularly where buildings are poorly designed, 

badly built and carelessly maintained. The following factors cause structural defects in 

earth buildings: (8)(9) 

1. Unsuitable stresses on the material, such as tensile and bending stresses. Earth only 

functions well in compression. Other types of stress require the use of different 

materials, e. g. wood, concrete, and steel (used as ties, lintels, etc. ) 

2. Chronic damp, which reduces the strength of the material, even in compression. 

3. Construction on a poor site, which cannot stand up to the loads transmitted to it, or 

on moving ground that is subject to slippage, uneven settlement, heave or swell. 
4. Climatic influences, e. g. wind action on damp walls and loss of material through 

wind erosion 

5. The action of living organisms, e. g,. plants parasites, rodents and insects. 
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6. Design flaws such as: 

" Under-designed or off-centre foundations 

" Inadequately braced walls, untied walls, walls which are too high, walls with 
too many openings, walls made of composite materials, etc 

" Excessive loads in the form of floors, roofs, occupancy and point loads 

" Construction systems unsuited to the use of earth as building material (e. g. 

unsuitable earth or poor quality bricks) 

" Poorly implemented construction techniques (e. g. mistakes in the bond or 

vertical cracking along joints) 

" Incorrectly mixed mortar 

" Poorly designed openings, without ties, and an absence of a protective damp 

course at top and bottom of walls. 

3.3.3 A study of typical structural defects 

Typical structural defects of the earth houses studied include cracks, faults of a physico- 

chemical nature (i. e. decomposition of the material) and defects due to external agents, 

such as the action of living organisms. The following damage was found in the surveyed 

earth houses: 

1. Structural cracking due to construction defects, subsequent modification to the 

building or accidents. The capacity of the material to resist mechanical stress had 

been exceeded. Such stress includes compression, penetrating tension forces, 

bending and shearing (see Figure 3.8). They are probably localised (e. g. bonds 

between earth and various 'hard' materials, downward load due to floors, openings, 

etc. ) or exerted in the body of the walls, e. g. ground subsidence or poor foundations. 

(10) 

2. Shrinkage cracking, which is characterised by a vertical and regularly spaced 

appearance, e. g. every 0.5-1m in the earth wall. These cracks are usually the result 

of poor quality control, either in terms of the earth used, e. g. excessively clayey 

earth, or during construction, e. g. the earth was too moist or dried too quickly. 
Shrinkage cracks may also have resulted from variations in relative humidity, 

causing repeated cycles of wetting and drying. (10) 
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3. Swelling of walls due to high mechanical stresses, which may have resulted from 

sudden forward movements of adjoining walls or excessive localised loads. 

Distortions caused by swelling are often accompanied by cracking - although not 

always because earth accommodates significant creep. (6)(10) 

4. Collapse of structures probably provoked by a build-up of stresses that weakened 

them, or by a loss of strength of the material, e. g. caused by chronic moisture. 

Occasional or accidental stresses may also have played a role, e. g subsidence, 

caving-in, or earthquakes. (5) 

5. Decomposition of the earth. There was evidence of rain water, ground water, heat 

and frost causing chemical and mineralogical structural changes to the earth. This 

resulted in the earth losing its coherence and disaggregating. 

Produced by the author during the field trip to Sindh 

Figure 3.12 Structural cracks in a main entrance wall 

3.4 Research & Innovation in Construction Technology in Pakistan 

Pakistan has an ambitious research community, which has made some contribution to 

the development of innovative building materials. Some of its research results could be 

used to reduce in the cost of construction for low-income communities. 

3.4.1 Alternative materials 

This section outlines research into `substitute' materials. The substitution of the 

following basic building materials is examined here: 

A. Alternatives for cement 

B. Alternatives coarse aggregates 

C. Alternatives for reinforcing material 
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The need to develop substitute materials is imperative for two - reason: (7) 

1. Non-availability of conventional materials in some parts of the country because of 

location, either in terms of distances from the sources of material or geography (arid or 

mountainous). 

2. Conservation of scare resources to ensure future demands can be met, or to prepare for 

the post-depletion situation. 

It is important to note that, these are the primarily technical substitutes and a 

commercial and/or practical exercise of the same is yet to be made in Pakistan. 

A) Alternative for cement 

(i) Rice husk Ash (RHA) 

Although rice is not a staple food, it is grown in large quantities in Sindh and the 

Punjab. Research at NBRI (National Building Research Institute) has shown that the 

Rice husk Ash (RHA) is a potential pozzolanic (cement replacing) material. RHA can 

replace up to 35% cement without impairing the strength of concrete. (8) 

RHA can also be used with lime to produce cementitious products. RHA-PC (Portland 

Cement) mix can be safely used in the structural concrete and the RHA-lime mix can be 

used for plaster and mortar purposes. (8) Refer the Table 3.1. 

Table 3.1 The Salient features of Rice husk Ash. (7) 

Properties Responses 
Special properties Resistant to acid and sulphate 
Comparison with conventional materials Initial strength low, long term strength comparable 
Demerits Adulteration 
Availability(Quantum) Adequate 
Regional limitations Sindh and Punjab only 
Climatic limitations None 
Special skills required None 
Special equipment required Production plant required 
Stage Experience Experimental 
Economical Aspects Low to medium 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

77 



Chapter Three: Traditional Construction: Problems and Alternatives 

(ii) Sugar Cane Bagasse Ash (SCBA) 

Bagasse is available from sugar mills following the crushing of canes, which are usually 
burnt in boilers to utilise their energy values. The ash produced by burning up cane 

creates a waste and disposal problem. However, researchers at NBRI have found that 
SCBA is a, potential pozzolana. This is particularly pertinent to housing in Sindh and 
Punjab, where most sugar mills in Pakistan are located. For rural construction, finely 

ground SCBA may be gainfully utilised to cut consumption of cement and, hence, the 

cost of construction. (10) Table 3.2 shows the properties of SCBA. 

Table 3.2 The salient features of the. SCBA. (7) 
Properties 
Special Properties 
Comparison with conventional materials 
Demerits 
Availability (Quantum) 
Regional Limitations 
Climatic limitations 
Special skills required 
Special equipment required 
Stage of experience 
Economical aspects 

Response 
Resistant to acid and sulphate attack 
Initial strength low, long term strength comparable 
Possibility of adulteration 
About 700 tonnes per day 
Sindh, Punjab and parts of NWFP 
None 
None 
Production Plants Required 
Experimental 
Low to medium 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

(iii) Surkhi (brick bat) and Lime 

Surkhi (ground brickbat) and lime are traditional building materials, but have been 

superseded by the use of Portland cement. Since cement is becoming too expensive for 

the poor rural communities to use, the readopting of Surkhi and lime may be considered. 
Significant research on the use of Surkhi and lime has been carried out by NBRI. (10) 

The Table 3.3 shows the properties of Surkhi and lime. 

Table 3.3 Salient Features for the Surhki and Lime. (7) 

Properties Response 
Special properties Resistant to acid and sulphate attack 
Comparison with conventional initial strength low, long term strength comparable 
Demerits Possibility of adulteration 
Availability (Quantum) Quantity not known 
Regional limitation All four provinces of Pakistan and Kashmir 
Climatic limitation None 
Special skill required None 
Special Equipment required Ball mills for grinding 
Stage of experience Experimental 
Economical Aspects 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 
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(B) 

(i) 

Alternatives for Coarse Aggregates 

Air-cooled Boulder Slag (ACBS) 

When molten blast -furnace slag cools in air, it is known as air-cooled boulder slag and 
has hardness comparable to that of igneous rocks. It is available in substantial 
quantities, with excess of 100 tonnes per day being produced by the iron-making plants 
of Pakistan Steel Mills. Research has been conducted at NBRI using air-cooled boulder 

slag as a coarse aggregate in concrete mix. (10) The properties of crushed aggregates 
from ACBS as shown in Table 3.4 were found to be comparable with those of limestone 

crushed aggregates. It is economically viable to utilise crushed aggregates from ACBS 
for construction work around the Pakistan Steel Mills, Pipri and for KDA (Karachi 
Development authority) schemes, such as Shah Latif Town and the Khanto scheme. (7) 
Table 3.4 Salient Feature of the Air Cooled Boulder Slag (7) 
Properties Response 
Special properties 
Comparison with conventional material 
Demerits 
Availability (Quantum) 
Regional limitations 
Climatic limitations 
Special skills requirements 
Special equipment required 
Stage of experiment 
Economical aspects 

None 
Physical and engineering properties are comparable 
Medium to high absorption 
100 tonnes per day 
Karachi, Pakistan steel Mills 
None 
None 
Crusher Plant required 
Experimental 
Low cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices 

(ii) Bagasse Clinker as Light Weight Aggregate 

Clinker, a waste product from boiler houses of sugar mills and particleboard mills, is an 
expanded light weight aggregate. Research at NBRI shows that light weight clinkers can 
be used as walling materials and to produce light weight roofing planks for low cost 
housing. (4) Table 3.5 shows the properties of BC as lightweight aggregates. 
Table 3.5 Salient features of the Bagasse Clinker. (4)(5) 
Properties 
Special properties 
Comparison with conventional materials 
Demerits 
Available (Quantum) 
Regional limitation 
Climatic limitation 
Special equipment required 
Special skills required 
Stage of experience 
Economical 

Responses 
Light weight, Insulate material 
Physical and engineering properties are comparable 
High absorption low abrasion resistance, flaky 
Quantity not known 
Sindh, Punjab and parts of NWFP 
None 
Crusher Plant Required 
None 
Experimental 
low cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 
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(iii) Bloated Clay Aggregates 

At Lahore Building Research Station, research has shown that Bloated Clay can be used 

successfully as A coarse aggregate in concrete mixes. Softballs of clay are first prepared 

and then allowed to dry in the sun. These balls are then fired, a process that bloats and 
hardens them. The hardened, bloated balls of clay can then be used as a substitute for 

coarse stone aggregates in concrete mix (7). The properties of Bloated Clay Aggregates 

are shown in Table 3.6. 

Table 3.6 Salient feature of the Bloated Clay Aggregates (4) 
Properties Responses 
Special properties Light weight, insulate material 
Comparison with conventional materials Physical and engineering properties are comparable 
Demerits High absorption, low abrasion resistance, flaky 
Availability (Quantum) Quantity not known 
Regional limitation All provinces of Pakistan 
Climatic limitation None 
Special skills required None 
Special equipment required Rotary kiln 
Stage of experiment Experimental 
Economical aspects Medium to high cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

c) Alternatives for Reinforcing 

(i) Hard - Grass Reeds 

Hard-grass reeds, popularly known as sarkanda, are commonly found in areas of 

overgrown vegetation. Research NBRI shows that Hard-Grass Reed can be use for the 

construction of low cost housing as a substitute material for reinforcing steel in small 

span roofing planks and beams. (5) Properties of Hard-Grass Reeds are shown in Table 

3.7. 

Table 3.7 Salient feature of the Hard-grass reed (5)(7) 

Properties 
Special properties 
Comparison with conventional materials 
Demerits 
Availability (Quantum) 
Regional limitation 
Climatic limitation 
Special skills required 
Special equipment required 
Stage of Experiments 
Economic Aspect 

Responses 
None 
Strong in tension but poor in fatigue and toughness 
Poor durability 
Quantity not known 
Sindh and Punjab 
Dry climate only 
None 
None 
Experimental 
Low cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction 
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3.4.2 Innovative Building Elements 

In this section, The research by various Pakistan institutes into innovative building 

elements is reviewed (7): 

A) Foundations 

No significant innovations in foundation materials have been made. However, NBRI 

has built some model houses in which earth stabilised blocks (stabilised with cement) 
have been used. The earth stabilised blocks prepared by NBRI are not suitable for use 

where the where foundation might be exposed to flooding or high ground water levels. 

(s) 

B) Floors 

Not many innovations regarding floors are reported in published or unpublished 

literature, by the Government of Pakistan. However, rammed, stabilised earth has been 

used in one or two NBRI model houses. Surkhi-lime floor tiles have also been 

developed at NBRI for possible use as flooring materials in low-cost housing. (4) 

C) Walls 

The following significant innovation included: 

(i) Soil blocks 

Soil blocks produced on a CINVA RAM machine have been used by the NBRI for 

experimental stage. (7) A number of demonstration model houses have incorporated 

these blocks as load bearing members. The blocks use locally available soil stabilised by 

cement. Normally they are produced in dimensions of 4" x 5" x 9", wxdxh, although, 

any size and shape can be produced with a little modification to the moulds of the 

CINVA RAM machine. The properties of soil blocks are shown in Table 3.8. 

It should be noted that NBRI did not carryout analysis of soil constituent of the blocks 

and so the properties of the soil were not determined. Soil for block making should 

undergo analytical testing to determine the amount of cement required to stabilise the 

block and the effects of the stabiliser on variations of soil composition. (10) It is 

important to note that Karachi soil, which has been used for experimental blocks at 
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NBRI is completely different from the interior Sindh soils (soil which is imported from 

interior Sindh for research work). Karachi is located on the seashores and interior Sindh 

is considered a hot and dry region so the properties of soil and use of soil is different. 

Table 3.8 Salient Features of Soil Blocks. (4) 

Properties Responses 
Special properties Easy to manufacture 
Comparison with conventional material Compares well in strength 
Demerits Poor durability 
Regional limitations Limited to place where soil and binders are easily available 
Climatic limitations Dry climates only 
Special skills required None 
Special equipment required CINVA-RAM 
Resistance to earthquake Poor to medium 
Resistance to wind storms Poor to medium 
Resistance to rain poor to medium 
Resistance to insects Poor to medium 
Stage of experience Experimental 
Economical Aspects Low to medium cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

(iii) Soil lime Surkhi sandwich block 

Soil lime Surkhi sandwich blocks have been developed at NBRI using CINVA RAM 

machine. The shape and sizes of the blocks are similar to those containing stabilised 

soil. However, the soil used in soil lime sandwich blocks is not stabilised but, instead, 

has protective layers, both top and bottom, of Surkhi-lime mixture. These protective 

layers prevent water or moisture from travelling into the body of the blocks. Such 

blocks are therefore more resistant to rain water attack than the ordinary soil stabilised 
blocks. (10) The properties of soil lime Surkhi sandwich blocks are shown in Table 3.9. 

Table 3.9 Salient Features of the Soil Lime Surkhi block (4) 

Properties 

Special properties 
Comparison with conventional materials 
Demerits 
Regional limitations 
Climatic limitations 
Special skills required 
Special equipment required 
Resistance to wind storm 
Resistance to rain 
Resistance to insects 
Stage of experience 
Economical Aspects 

Responses 

Good aesthetics, improved durability 
Compares well in strength 
Poor handling stress resistance 
Places where soil and binders are easily available 
Dry climates only 
None 
CINVA-RAM machines 
Poor to medium 
Poor to medium 
Poor to medium 
Experimental 
low to medium 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 
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(iii) Pre cast stone blocks 

Pre cast Stone Blocks are similar in shape and size to cement-concrete blocks, but 

contain, by volume, more than 50% ordinary-grade stone. The concrete enveloping 
these low-grade stone blocks is very and has cement to coarse sand ratio of 1: 12 or 1: 18. 

These type of blocks have been used successfully by NBRI and are a viable building 

material where is expensive and stone is cheaply and abundantly available. Where they 

are economically viable to use, this is because they reduce dependence on transported 

materials and exploit indigenous (locally available) resources. (11) The properties of 
Pre-cast stone blocks are shown in Table 3.10. 

Table 3.10 Salient features of the Pre-cast Stone Block (7) 

Properties 
Special properties 
Comparison with conventional materials 

Responses 
Lightweight, insulating material 
Compares well in all respects 
materials 
High absorption capacity 

with similar lightweight 

Demerits 
Regional limitation 
Climatic limitations 
Specials skills 
Special equipment Required 
Resistance to earth quake 
Resistance to wind storm 
Resistance to rain 
resistance to insects 
stage of experience 
Economical Aspects 

Limited to Sindh, Punjab where sugar mills are located 
None 
None 
None 
good 
good 
good 
good 
Experimental 
Low-cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

D. Roofing Elements 

(i) Pre-cast ferro-cement barrel shell planks 
At NBRI, research has been conducted on the use of thin section pre-cast ferro-cement 

barrel shell planks. These planks can be laid on walls or beams, side by side, to form 

either roofing or flooring elements. The polar height of the barrel shells varies between 

6 to 8 inches, depending upon the span and loads. 

The recommended width is 12 inches. They are lightweight and easy to manufacture 

even by villagers themselves. However, the ferro-cement may not be easily available to 
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villagers. (11) The properties of pre-cast ferro-cement bared shell planks are shown in 

Table 3.11. 

Table 3.11 Salient features of Pre cast Ferro cement barrel shell. (7) 
Properties 
Special properties 
Comparison with conventional materials 
Demerits 
Regional limitations 

Climatic limitations 
Special skills required 
Special equipment required 
Resistance to the earth quakes 
Resistance to wind storms 
Resistance to rain 
Resistance to insects 
Stage of experience 
Economical Aspects 

Responses 
Lightweight 
Compares well in strength and life expectancy 
None 
Limited to places where cement, crushed stone and sand are 
easily available 
None 
None 
None 
good 
good 
good 
good 
experimental 
low cost 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

(ii) Ferro cement Hollow slabs 

Ferro cement hollow slabs may comprise ferro-cement ribbed-slabs with bottom skin- 

plates. They have been developed at NBRI and can be used in appropriate, situations if 

further research would conducted on the its structural appraisal. The properties of ferro- 

cement Hollow-slabs are shown in Table 3.12. 

Table 2.12 Salient Feature of the Ferro-cement Hollow Slab. (4) (7) 

Properties 
Special properties 
Comparison with conventional materials 
Demerits 
Regional limitation 

Climatic limitation 
Special equipment required 
Special skills required 
Resistance to earth quakes 
Resistance to wind storm 
Resistance to rain 
Resistance to insects 
Stage of experience 
Economical Aspects 

Responses 
Good insulation 
Comparable wall in strength and life expectancy 
Cumbersome to manufacture 
Limited to the places where cement and crushed stone are 
easy available 
None 
None 
None 
Good 
Good 
Good 
Good 
Experimental 
Medium to high 

Note: The properties indicated above are not inherent and are subject to proper design and construction practices. 

84 



Chapter Three: Traditional Construction: Problems and Alternatives 

(iii) Pre-cast hollow planks 
At NBRI, small reinforced concrete hollow planks have been developed as roofing 

elements for low cost housing. They are easy to manufacture; the cavities are simple to 

incorporate. The properties and responses of pre-cast hollow planks have not been 

measured. 

(iv) Fibre-Reinforced corrugated sheets 

Organic and inorganic fibre, mixed with Surkhi has been used at NBRI to produce fibre 

reinforced corrugated sheets. Asbestos sheets manufactured commercially in Pakistan 

but are expensive. In areas where asbestos sheets are not readily available, fibre - 

reinforced corrugated sheets make a suitable alternative for use as roofing elements in 

low cost housing. 

Fibre-reinforced corrugated sheets are easy to produce and are cost effective (7). The 

properties of these sheets have not yet been analysed due to the early stage of research 

into them. 

(iv) Clay-tile reinforced panels 
Ordinary burnt-clay tiles, readily available in Sindh and Punjab (Provinces of Pakistan), 

have been used to produce Clay-reinforced tiles for use as roofing elements. They can 

be used in combination with reinforced concrete joists or timber or steel joists. Clay-tile. 

reinforced is lightweight, easy to produce moderately low-cost. They have been 

developed at NBRI and are in the early stages of development. 

(v) Pre cast reinforced brick concrete (RBC) 

Pre-cast panels have been developed by NBRI using bricks joined together by thin 

reinforced concrete ribs. They comprise a pre cast panel and can be used as roofing 

planks as an alternative to burnt clay tile reinforced panels. Experiments have used both 

mild steel and Hard-Grass Reed as reinforcing material. Also, burnt clay bricks and 

lightweight clinker blocks have been used. The properties of RBC are under 

investigation. (10) 
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3.5 Earth Stabilised Blocks as a Solution for Rural Housing 

The choice of stabilised blocks for rural housing or any other low-income shelters 

makes use of both the available technologies i. e. traditional and modern technologies. 

Construction is after agriculture, the most important economic activity in rural areas. 
Construction activities are essential to providing employment and improving the quality 

of rural life. However, despite this fact, the gap between housing stock supply and 
demand is widening in all developing countries. (10)(11) 

In some cases, the widening gap between supply and demand for housing can be 

attributed to inadequacies in development process. For example poor resources planning 

may lead to insufficient investment to develop employment opportunities in rural areas. 

Also, most of the available and acceptable building technologies are either too costly or 

consume too much energy. A combination of cost effective building techniques and 

employment generating development processes is essential if the housing shortage is to 

be alleviated. (12) 

Earth is the most widely used construction material in Pakistan, especially among the 

underprivileged. Earth offers tremendous cost advantages, but has a number of 
drawbacks. It provides adequate strength when dry, but water absorbed when raining 

causes significant depletion of both tensile and compressive strength. Thus it is common 

to see mud walls eroding due to the impact of raindrops. 

Some earths such as black cotton earth tend to crack extensively on drying and cannot 
be used in the construction of walls. Termite infestations in mud walls are also a 

common drawback in tropical regions. However, mud is the only basic construction 

material available to villagers for free. More advanced and expensive materials are 

usually untenable. 

It is apparent that bricks and stones will be beyond the reach of the poor in the 

immediate future. Hence, it is essential to explore ways and means of increasing the 

reliability of mud housing, without involving significant additional expenditure for 

villagers. The use of mud as a basic construction material in rural areas is described in 
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section 3.3. There are several ways to improve the behaviour of earth as a construction 

material: 

a) Compaction 

Compaction increases the dry density of the earth and involves either the pressing of 

earth blocks by machine (e. g. BREPAK) or the ramming of earth directly into a mould 
for wall construction. The density is significantly increased when the moisture content 

of the earth approaches as optimum value. This value varies depending on the 

composition of the earth. (13)(14) 

b) Stabilisation 

Earth can be stabilised by mixing with various materials, such as cement, lime and 
bitumen, in specific proportions. Stabilisation provides a marked increase in the strength 

and durability of earth. 
As described in Chapter 4, there are three modes of stabilisation: mechanical, physical 

and chemical. These three modes are based on the modification of earth properties by 

the following six methods: (6) 

1. Densification of earth (mechanical stabilisation) 
There are two different ways to increase the earth's density: 

a. Use mechanical apparatus to compress the earth and remove air voids. Grain size 
is not changed but the earth's structure may be modified due to redistribution of 

grain size. (15) 

b. Directly modify the grain size distribution by filling voids with other grains. For 

this method to be used, grain size distribution must be perfect, i. e. the void left 

between each group of grains should be filled by another group of grain. (16) 

2. Reinforcing earth with inert stabiliser (physical stabilisation) 
An armature can be created by wide variety of animal, vegetable, mineral and synthetic 
fibres. The fibre armature reinforces the material at the macroscopic level, i. e. at the 

level of grain aggregation rather than individual grains. The armature also helps to 
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reduce the movement of particles relative to each other, which may be caused by 

compression, tension, water action, thermal expansion and so on. (1) (16) 

3. Binding earth particles with stabiliser (physico-chemical stabilisation) 
The addition of cement to earth creates a three dimensional matrix structure. This matrix 
is strong, inert and resists the relative movement of particles in the earth. The cement 

acts through phsyical means, by filling voids with an insoluble binder that coats the 

grains and holds them in place. Portland cement is most commonly used for this method 

of stabilisation. 
Certain resins, adhesives and an electrolytic solution of sodium silicate salts can each be 

used to bind earth particles. (17) They undergo chemical reaction to form an inert 

matrix, although clay particles do not play a significant role in the reaction. (6) The 

main consolidating reaction takes place between the stabiliser and the sandy fraction of 

the earth. 

4. Creating links between earth particles (physico-chemical stabilisation) 
This method of stabilisation comprises two mechanisms: (6) 

c. The matrix is created by stabiliser physically binding the clays. 
d. The matrix is created by chemical reaction between stabiliser and clays. Chemical 

stabilisers acting in this way include certain acids, polymers, flocculates, and so 

on. (17) 

5. Reducing permeability of earth (physico-chemical stabilisation) 
This method of stabilisation reduces water permeability, swelling and shrinking when 

the material is subjected to repeated wetting and drying cycles. There are two 

mechanisms for water proofing: (16)(18) 

a. A stabiliser unaffected by water, such as bitumen, is used to fill micro cracks, 

voids and pores in the earth. This mechanism is particularly suitable for sandy 

earth because the stabiliser improves volume stability and reduces water 

permeability. In silty and clayey earth, the particles have a greater surface area 

and so more stabilisers needs to be added. 
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b. An expandable stabiliser, such as Bentonite, is mixed with earth and swells in the 

presence of water to block the pores. 

6. Water repulsion treatment (chemical stabilisation) 
The movement of water and water vapour through earth is modified either by changing 
the nature of the water or by reducing the sensitivity of the clay to water. The three 

mechanisms for modifying the movement of water and water vapour are: (18) 

a. Modification 1: Drying the earth by adding calcium chloride stabiliser to modify the 

state of the pore water. This stabiliser raises surface tension, reduces the vapour 

pressure and evaporation rate of the water and also reduces variation in moisture 

content. 
b. Modification 2: The addition of certain acids promotes ion exchange or replacement 

in the earth. Ions from these acids bond to the surface of the clay plates and so a film 

of adsorbed water does not form around the clay particles. (6)(17) 

c. Modification 3: The addition of quaternary amines and resins promotes molecular 

exchange or replacement. These additives, surrounded by compact aggregates in the 

earth, become fixed only to the edge of clay plates. The outward-facing surface of 

the additive has an ionic charge that repels water molecules. (16) 

There is a direct relationship between dry density and compressive strength for all types 

of earth; the more compact the material, the higher its dry density. In the compaction 

process, strain always takes the path of least resistance, which means that the largest 

pores usually broken down before smaller ones. Thus, it is easier to compact a well- 

graded material with small, evenly distributed pores than a poorly-graded material, 

where additional energy is required to break down large pores. 

It is rare to find a naturally compact earth that can be cut directly into blocks for 

construction purposes - some degree of compaction is normally required. Pore size and 
distribution clearly influences the behaviour of the material. (19) 
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c) Stabilisation and compaction 

A satisfactory wall construction material can be produced using a combination of 

compaction, to increase earth density, and by improving earth properties, through the 

addition of cement or lime. Although the cost of stabilised and compacted earth blocks 

is high, they require approximately 75% less inputs to produce the fired clay bricks. (1) 

d) Partial stabilisation and compaction 
Stabilised earth offers increased strength under wet conditions and resistance to rain 

erosion. Under certain circumstances, it is sufficient to reduce water absorption and 

increase the erosion resistance without substantially altering the wet strength. Such an 
improvement in the behaviour of is referred to as partial stabilisation. This type of earth 

processing involves the addition of small quantities of adhesive material such as syrup 

made from waste Jaggery (non-refined sugar commonly consumed) or boiled starch 

solution. A Research using small amount of calcium sulphate and some other materials 

improve earth stabilisation and compaction properties. (10) Improvements to the 

physical properties of earth stabilisation blocks produced by NBRI are possible. 

Investigation of the composition of earth would enable blocks with greater stability to 

be made. 

3.5.1 Earth block as a building material 
Comparison between stabilised blocks and other masonry materials should not be 

restricted solely to their compressive strengths and production costs. (19) Any 

comparison should be based on wide range of parameters, such as the shape and 
dimensions of the material, its appearance (colour, texture) and performance measures 
(wet and dry compressive strength, thermal insulation, apparent density, and durability). 

However, factors other than those linked to production and use of the material have to 

be considered. Comparison between stabilised blocks and other masonry materials must 

also take into account the nature of earth deposits supplying the raw material, the means 
by which the raw material is processed into a building material, the energy involved in 

this processing or production, the properties of the material when used as a building 

material and its condition in the finished building. (13) 
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Table 3.13 shows the results of comparative study, undertaken by CRATerre-Eag, 

masonry material. (13) 

Characteristics Unit Earth Fired bricks Adobes Concrete 
Stabilised blocks 
Blocks 

Shape and Size 29.5x14x9 22x10.5x6.5 40x2Ox10 40x2Oxl5 

Type 

IXWXH cm 

Appearance of Smooth Rough to Irregular poor Rough average 

masonry medium to smooth good 

good to excellent 

Performance of MPa % 1 to 4 0.5 to 6 0 to 5 0.7 to 5 

masonry (strength) 0.02 to .2 0 to 0.02 0.2 to 0.05 

w/m°c 0.81 to 1.04 0.7 to 1.3 0.4 to 0.8 1.0 to 1.7 

(conductivity) (low to very 1400 to 2 400 1200 to 1700 1 700 to 2 200 

Kg/m3 good) (low to (poor) (low to very 

(bulk density) excellent) good) 

Use in masonry Load bearing Load bearing load bearing In fill 

without render without with render 

rendering 

Source from CRATerre-Eag Video Film (Earth Construction course) 

3.5.2 The steps for development of earth stabilised block as building material 

Following the development of a new building material, its durability, availability of its 

raw ingredients, and its economic viability, must be investigated prior to use. (20) 

The development of any material is generally based on the following criteria: 

(i) Economics 

One should consider the effect of the new material on the local economy. Improvements 

to the housing stock, based on use of a new, an affordable building material, will result 
in a spiral of increased usage and marketing of the material. Increased use of the 

material will lead to a reduction of imported materials and the establishment of small, 
local businesses, resulting in the creation of jobs and an increased skill base. In more 
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global terms, energy consumption will be reduced and a contemporary approach to 

construction, based on traditional ways, well evolves. (21)(22) 

(ii) Specification and Marketing 

The performance standards earth stabilised blocks are usually based on specifications 
for concrete or other materials. (22) Clearly this is unsatisfactory for measuring 
functionality and durability of earth stabilised blocks. Therefore it is important to 

develop dedicated specifications for earth stabilised blocks according to its 

characteristics. The promotion of quality standards in this way will provide additional 

credibility to support the use of earth stabilised blocks. 

(iii) Ease of adoption 

One of the characteristics for producing earth-stabilised block is the degree of adoption, 
in conditions for creating production units. The possibility of investing in production 

stages, both in terms of equipment and technical capacity (training, skills) makes it very 

easy to adopt to a given context by modifying the approach selected 'in the light of 

market needs and constraints. (12) 

(iv) Partnership 

It is easier to obtain funding to establish small-scale production units than large scale 

ones, especially where national development strategies have been implemented. 

Funding agencies provide not only financial assistance for establishing production 
facilities but also with preparatory studies, marketing and technical support. (12) 

(v) Obtaining information 

It is important to study the performance of materials and their utilisation in order to 

promote more effective use. The materials must be described and cost estimate 
determined. Performance information must be endorsed by the relevant technical 

organisation, i. e. in the case of earth stabilised blocks; the demonstration building must 
be examined. (1) 
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(vi) Diversification 

New products and process utilising a given material should be considered. For example, 

the design requirements of earth stabilised blocks should be assessed. It is also 

necessary to maintain is contacting with users and partners so that information about the 

latest needs and techniques are collected. (15) 

3.6 Choice of Stabilisers for Stabilisation Process in this Study 

The following materials have been selected for use in this study. The parameters of 

selection of these materials are described in chapter six. 

3.6.1 Portland cement 
Portland cement is defined by the British Standards Institution in BS12: 1978 as 

`A product consisting mostly of calcium silicate, obtained by heating to partial 
fusion, which is a pre-determined and homogenous mixture of materials 
containing principally lime (CaO) and silica (Si02) with small proportion of 
alumina (A1203) and iron oxide (Fe203)'. (23) 

In the presence of water, the calcium silicates and aluminates in Portland cement form 

hydrated compounds that, in time, produce a strong, hard matrix. The material with 

which the cement has been mixed is embedded in this matrix. The hydration reaction is 

slow and commences at the surface of the cement grains; the centre of the grains may 

remain unhydrated. Thus, as the cement cures, the rate of hydration decreases with time, 

as does the rate of gain of strength of the cement stabilised material. (23) 

3.6.2 Lime 

Lime is the generic term for calcium oxide, calcium hydroxide and calcium carbonate. 
Calcium oxide (CaO) is more commonly termed quicklime, calcium hydroxide Ca(OH)2 

is known as hydrated or slaked lime, whilst calcium carbonate (CaCo3) is often called 

carbonate of lime and is the main constituent of chalk and limestone. (24) The relation 
between the above types of lime can be represented by the following equations: (24) 

1. CaCo3 + Heat =CaO +Co2 

2. CaO +H20 = Ca (OH)2 +Heat 

3. Ca(OH)2 + C02 = CaCo3 + H2O 
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Heating chalk or limestone to temperatures in excess of 500°C produces quicklime 
(equation 1). Hydrated lime is produced as a result of the reaction of quicklime with 

water (equation 2). Quicklime (by the reversal of equation 1) and hydrated lime 

(equation 3) can both be used as raw materials for the production of carbonate of lime. 

This form of lime serves no value to earth stabilisation for civil engineering purposes, 

although it is used as an additive to adjust soil pH for agricultural purposes. (24) 

Consequently, in the context of earth stabilisation, the term lime refers to hydrated lime 

and, very occasionally, quicklime. Hydrated lime is used for earth stabilisation purposes 
in Sindh because it is easy to handle and readily available. On the other hand, quicklime 

is difficult to use because of its caustic nature and is not widely available in Sindh. 

Under the given compaction load, lime has the effect of reducing the ratio of voids in 

the specimen (v6 max. ) and raises the optimum moisture content due to flocculation. 

(19) By adding 1-2% lime to an earth sample, a 10% linear shrinkage value can be 

reduced to approximately 1%. The lime also eliminates swelling of the earth. Lime 

affects the earth through five mechanisms: (25) 

1. The presence of water or moisture in earth mixed with quicklime causes a hydration 

reaction to occur. This reaction is strongly exothermic and releases about 300Kcal for 

every kilogram of quicklime. (24) 

2. When lime is added to moist earth, the latter becomes flooded with calcium ions. Cation 

exchange then takes places, with calcium ions replacing the exchangeable cations, such 

as magnesium, sodium, potassium, and hydrogen, of compounds in the earth. (25) 

3. As a result of the above cationic exchanges, which increase the quantity of electrolytes 
in the pore water, the earth grains flocculate and tend to accrete. These accretions form 

more readily in clay-rich earth, altering both. They alter both the grain size distribution 

and structure of the earth. (24) 

4. Lime reacts with carbon dioxide from the air to form weak carbonated cements. This 

reaction uses part of the lime available for pozzolanic reaction. (26) 

5. The strength of the stabilised material results from the dissolution of clay minerals in 

the alkaline environment produced by lime. Silica and alumina from the clay minerals 

combines with calcium from the lime, forming complex aluminium and calcium 

silicates that cement earth grains together. 
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Lime is added to earth in order to maintain the high pH necessary for the dissolution of 

clay minerals. The high pH must be maintained for a sufficient length of time to allow 

an effective stabilisation reaction. The dissolution of clay minerals at high pH is the 

most important reaction involved in lime stabilisation. (25) It has been found lime 

stabilised material gains in strength when the curing period is extended. (25) This 

phenomenon persists for months and is more pronounced warm and humid 

environments. During the curing process, lime stabilised products can be exposed to 

high temperatures of up to 60°C. High temperatures and relative humidity may be 

attained by curing in the sun under plastic sheets, or in tunnels built of corrugated iron. 

Research carried out by the University of Denmark indicates that durable products can 

be made by drying for 24 hours in an autoclave at 60-97°C, with a relative humidity of 

100%. (25) 

3.6.3 Linseed oil 

Linseed oil is a naturally occurring triglyceride vegetable oil derived from the seed of 

the flax plant 'Liniium Ustatissimum'. The oil is used in raw state as stabilising additive 

to earth. There are no critical hazards associated with the use of linseed oil and, 
importantly, it is not classed as a flammable liquid. It is a pale brown liquid with a 

viscosity of approximately 0.4poise@25°C and density of 0.99@15.5°C. Linseed oil is 

insoluble in water, a property that can be harnessed to reduce permeability of earth. 

From an ecological and health perspective, linseed oil is an appropriate stabilising 

additive because there is not any toxicity or bacteria associated with it. 

3.6.4 Calcium Chloride 

Calcium chloride exists as colourless crystals, with a specific gravity of 2.15, and is 

very soluble in water. The dissolving of the crystals results in the evolution of much 

heat and water. Calcium chloride modifies the properties of earth by means of 
Modification 1 of the water repulsion treatment, as discussed in Section 6.2. When used 

as a stabilising additive, calcium chloride provides good protection against fire hazards. 

It is better to use liquid calcium chloride for stabilisation so those gaps are not left in the 

specimens after compaction, as discussed in Section 6.3.1. Empirical data produced by 
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the American Transport Board show that Liquido Calcium Chloride provides adequate 

compressive strength for ground improvements. 

It is proposed in this study that liquid calcium chloride can be used to achieve Optimum 

Moisture Content without the need to add water to the earth. There are many advantages 

to using calcium chloride in liquid form. For example, its drying effect and reaction 

with clay particles acts to repel water after curing. (6) It should be noted that calcium 

chloride stabilised blocks require long periods of curing in order to attain an adequate 

compressive strength. 

3.7 Summary 

In this chapter the main parameters of technological improvements for mapping out a 

solution to the rural housing problem are discussed. The study of technological 

improvement concepts concludes that a combination of indigenous and modem 

technologies, such as energy saving, environmental harmony and ease of use, are 

optimised. 

The concept of blending technology is also discussed, representing an additional 

traditional construction technology option. The study shows that earth is used as a basic 

construction material for walling, roofing, flooring and foundation. It is used in three 

main forms for walling; sun-dried bricks, wattle and daub, and puddle form. It is also 

used n slurry form for the plastering of walls. Thatch and bamboo are also used in the 

construction of traditional Sindhi housing. 

One house with three residential units has been investigated in order to determine the 

causes of defects in earth buildings. The two main causes found were: (i) moisture 

migration and (ii) structural defects, e. g. construction on unstable ground, use of 

unsuitable earth that is weak under tensile/bending stresses, design of building with off- 

centre foundations, etc. Therefore, two types of improvement can be made in order to 

for the earth to act in accordance design guidelines and bear the structural stresses 

applied: (i) permeability of earth and (ii) stability of earth. 
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The literature survey into new research and innovation of construction technology in 

Pakistan has found that modern construction materials are suitable for use only when 

cost effective. However, most require high energy inputs and need to be imported. 

NBRI has carried out extensive research into the use of modem materials but failed to 

fully evaluate their cost effectiveness. The earth-stabilised block is the only modem 

construction material evaluated by NBRI that is suitable for use in low-income housing. 

However this research has focused on only one approach to earth stabilisation (using 

cement). The characteristics of earth stabilised blocks has been analysed and compared 

with other masonry materials. It was found that earth stabilised is suitable for use as 

substitute masonry material. NBRI's research into earth stabilised block has not yet been 

commercialised and six steps to marketing the product are recommended. 

The detail description has been made the nature of selected stabilisers and their physical 

and chemical properties. These properties will guide author to understand their 

suitability parameters with imported earth sample. The following chapter contains the 

details of the research methodology and design adopted to solve the above problems in 

earth buildings. 
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Chapter Four 

Research Design and Methodology 

4.1 Introduction 

This chapter contains a comprehensive description of research design and methods used 

in this study. It is important to define the basic elements of the research conducted on 

the stabilisation of earth samples imported from Sindh. A hypothesis has been 

formulated that clay-rich earth can be stabilised by mixing with certain additives to 

improve engineering properties. 

In first part of this chapter, the problem, sub-problems and their cruces are identified. 

Research theory, including the need for stabilising earth and the processes used, is 

discussed. The scope of research is then defined in a statement of delimitation. 

In the second part of the chapter, the research variables are identified and their types, 

relationships and position in the research are discussed. The formulation of null and 

target hypotheses is based on the relationship between these variables. Most data used in 

the study derives from laboratory testing of sample material from Sindh province, 

Pakistan. The laboratory testing, carried out to British Standards Institute specifications, 

took place in two stages: (i) analysis of earth and (ii) stabilisation of earth. 

4.2 The Problem Statement 
This study investigates ways to improve the engineering properties of earth originating 

from Sindh province. Houses built in rural Sindh from similar material are prone to 

severe cracking, erosion and exhibit problems of rendering lacking adhesion to walls 

and other surfaces. These building also suffer from premature disintegration. 

It has been observed that earth in Sindh province has a propensity to swell and shrink 

with changing moisture content. When dry, the earth becomes hard and is characterised 

by deep cracks. When wet, it becomes plastic because of its high clay content. These 

properties are particularly relevant in Sindh, with its adverse climate poor drainage 
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system. Sindh has a low annual rainfall, with marked wet and dry seasons, and high 

temperatures. As such, annual evaporation exceeds precipitation, leading to dehydration 

of earth and disintegration of earth buildings. 

4.3 The Sub-Problems 
The problem of unstable earth can be broken down as follows: 

" Analysis of imported earth material 

" Improving the engineering properties of earth 

" Appraisal of engineering properties and cost effectiveness of the stabilised earth. 

Figure 4.1 define the relationship of the sub problem and their position in study 

The Problem 
Unstable Earth Material 

Analysis of imported 
earth material 

Improving the engineering 
properties of earth 

Sub Problem: l 

Sub Problem: 2 

Sub Problem: 3 
Apprasial of engineering 

properties and cost effectiveness 
of treated earth 

Figure 4.1 Representation of the problem and its sub-problems 

4.3.1 Sub-problem 1: Analysis of Earth Samples 
Earth comprises, in varying proportions, four types of material: gravel, sand, silt and 

clay. Gravel and sand impart strength to the earth and clay acts as a binding agent; silts 

fulfil a less clear intermediate function. Each size fraction has inherent characteristics 

and, if present in sufficient quantities, influences the overall characteristics of the earth. 

Thus, particle size distribution plays an important role in defining the properties of the 

earth. 
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All four types of material must be present if earth is to be stabilised. Over-abundance or 
lack of one of these types of material renders the earth unsuitable for stabilisation. (1) 

(2) In such cases, compensation for anomalous proportions of a given size fraction is 

necessary. This is achieved by either adding or eliminating material. 

Laboratory and on-site tests have been conducted to analyse earth samples. A template 

chart, produced by the British Standards Institution (BSI), was used to plot the test data. 

Using a BSI standard curve, reference was made to a comparative analysis of earth to 

evaluate the results. By plotting particle size distribution in this way, the grading 

characteristics of an earth can be recognised. (1) 

Figure 4.2 summarises the analytical procedures used in this study, together with the 

processes adopted to improve particle size distribution. 

Anaylsis of Improted 
earth material 

Particle size distrubution 

Elimination or addition 
of particles 

Washing out the 
excessive particles 

Atterberg Limits 

Amount of required 
particles to be added 

Availability of 
additives 

Figure 4.2. Sub-problem 1 and its crux 
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4.3.2 The Sub-problem 2: Improving Engineering Properties of Earth 

The following three approaches are discussed in the context of improving the 

engineering properties of earth: 

" Reducing shrinkage. 

" Increasing compressive strength. 

" Reducing water permeability. 

The above can be achieved through the process of earth stabilisation. This involves 

mixing earth with stabilising additives and then compacting the mix. The choice of 

stabilising additive and compaction load used is dependent on the quality and properties 

of the earth. Many additives have been suggested for use in the stabilising process, but 

experimental data and conclusive analysis is available for relatively few of them. In 

practice, choice of stabiliser is dependent on availability, cost and the raw material being 

used. (3)(4) See Figure 4.3. 

r- 
Improving thne 

Engineering properties 
of earth 

L. 
O. 

Reduce shrinkage 

Increasing compressive 
strength 

Reduceing water 
permeability 

ý 
ý 

Figure 4.3The sub-problems 2 and its crux 
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4.3.3 Sub-problem 3: The Appraisal of Engineering Properties and 

Cost Effectiveness of Stabiliser 

Both laboratory and on-site tests can be used to appraise the engineering properties of 

stabilised earth blocks. The purpose of these tests is to determine the engineering 

properties under simulated conditions of use or in actual structural systems. 

The following parameters are considered in the evaluation of engineering properties of 

stabilised earth: 

" Compressive strength. 

" Water resistance. 

For the evaluation of cost effectiveness, the following parameters are examined: 

" Ease of use for labourer or user. 

" Local production of block. 

" Low-cost maintenance. 

Sub-problem 3 is summarised in Figure 4.4 

Appraisal of treated 
Imported earth 

1r 4, 
Engineering 
properties 

Compressive 
strength 

Water Absorption 

Cost effectiveness 

Maintenance 
Local 

availability 

Figure 4.4 sub - problem 3 and its crux 

4.4 Research Theory 

Earth is the most commonly used building material in the world; its use is particularly 

prevalent in ancient traditional communities. Earth architecture in Sindh province is 
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enriched by the diversity of expression, due to the use of various indigenous techniques. 

Earth is both the most widely used building materials in Pakistan. However, its 

importance is overlooked in terms of research into innovative new ways to use the 

material. The insulating properties of earth make it a suitable construction material for 

dealing with the temperature variations found in Sindh. Most houses built in the local 

traditional manner are 'naturally conditioned'. This means that the design of the 

buildings has evolved through repeated cycles of trial and error, embodying the 

experience of generations of builders. However, some problems arise from the use of 

earth as a building material, such as water erosion, its low tensile strength and low 

adhesion to wood. 

In some parts of the country, earth is used predominantly in the form of sun-dried bricks 

or blocks, whilst in other parts it is used mainly in the form of burnt clay bricks and 

tiles. The use of sun-dried bricks is most prevalent in rural communities where people 

have low income. Most sun-dried bricks/blocks and burnt clay bricks/tiles are produced 

in cottage industries established by farmers. The farmers make these products during 

their spare time, when not working in the paddy fields. The raw material is obtained by 

peeling away topsoil from the fields and then extracting earth from 50 cm to few meters 

deep. 

The extracted raw material is moulded into the required shape and then the green 

bricks/blocks/tiles are stacked in the paddy fields to be sun-dried. Where burnt products 

are to be made, the sun-dried bricks and tiles are then placed into wood-burning kilns 

for firing. The quality of both sun-dried and burnt product is low in terms of engineering 

properties and shape. Better quality burnt products are produced in large-scale factories, 

but are normally more expensive than those made by the farmers. However, these 

factories produced burnt bricks and tiles often lack uniformity of size. 

Literature on low-cost housing reveals that the costs of material supply, including 

material and transportation, accounts for 50-60% of the overall building cost. (2) 

Therefore, the use of locally produced material plays an important role in reducing the 

construction cost of houses for low-income groups. 
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Indigenous building technologies take account of regional needs, availability of material 

and regional labour expertise which is based upon the cumulative experience of many 

generations. However, it is possible to make significant improvements to indigenous 

building technologies by 'blending' with imported, modem technologies. For example, 

the engineering properties of earth, a traditional construction material can be improved 

by stabilising with additives, a modem innovation. 

The use of stabilised earth blocks satisfies demands for high quality living within a built 

environment that maintains harmony with the natural surroundings. The production of 

earth stabilised blocks offers the most favourable socio-economic solution to housing 

needs. Notably in countries that depend on the importation of materials, earth stabilised 

blocks gives access to high quality housing at affordable cost. (6)(7) 

Traditional Technology 
e. g. construction 

techniques and material 

Innovation for new 
conscepts 

Technology 
Blending 

Modern technology e. g. 
cement, concrete, steel, 
bitumen, gypsum, ferro 

cement etc. 

Labour experience 

sm 

Figure 4.5 Effect of various factors on the promotion of blending technology 

Currently, more than 100 additives are used to stabilise earth. These stabilisers can be 

used in the bulk of earth walls or can be applied to the surface of walls to provide 

protection. The term "earth stabilisation" is defined in this study as the alteration of the 

properties of earth to meet specified engineering requirements, such as compressive 

strength, volume stability, and water permeability. (2)(4) 
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There are three basic modes of stabilisation: (2) 

  Mechanical stabilisation (via compression): Various properties of earth, such as 
density, mechanical strength, compressibility, water permeability and porosity are 
improved through compaction using mechanical presses. 

  Physical stabilisation (via mixing): Changing texture through the controlled mixing 

of different grain fractions can modify various properties of earth. 

  Chemical stabilisation (via chemical agents): In this procedure, materials and 

chemicals are added to the earth to modify its properties. The modification occurs 

either through physico-chemical reactions, which lead to the formation of a new 

material, or through creating a matrix, which binds or coats the grains and improves 

their properties. 

For optimum results, usually two procedures are combined. Typically, mechanical 

stabilisation is undertaken together with physical or chemical stabilisation. The selection 

of procedures for stabilisation depends on the properties of the earth. (3) 

4.5 Statement of Delimitation 

In this study, earth stabilisation is investigated in the context of clay-rich earth imported 

from Sindh province, Pakistan. The following aspects of earth stabilisation are 
investigated: 

" Enhancement of durability (modification of compressive strength and reduction water 

absorption properties). 

" Reduction of shrinkage and expansion (alteration of linear shrinkage, correction of 

the particle size distribution and the addition of stabilising material). 

" Reduction of water permeability (addition of water proofing, compaction effect). 

" Cost considerations (availability, easy of use, local production of the stabiliser). 
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4.6 Research Variables 

`A variable is the concept which can differ in its essence' (8) 

It could be argued that there are three main variables which researchers usually 

encounter: (9)(10) 

" Independent variable: A variable that is manipulated to examine its impact on a 

dependent variable. 

" Dependent variable: A variable that indicates whether the treatment or manipulation 

of the independent variable had an effect. 

" Control variable: A variable that is related to the dependent variable; the influence of 

the control variable needs to be removed. It takes different forms depending on the 

experimental research design used. 

In this study, the following variables have been identified: 

4.6.1 Independent Variable (IV): Earth Stabiliser 

Earth stabiliser is taken to be the independent variable in this research. It varies in terms 

of type of stabilising material and the percentage added to the earth samples: 

" Type of stabiliser used (N I): Portland Cement, hydrated lime, linseed oil, and 

calcium chloride. 

" Percentage of stabiliser added (N 2): The percentage of stabiliser added to the earth 

samples is based on the results of analytical testing of the earth and linear shrinkage 

tests. 

There are two dependent variables: 

4.6.2 Dependent Variable (DV1): Engineering Properties of Stabilised 

Earth Blocks 
The type of stabiliser used affects the physical, chemical and mechanical characteristics 

of the earth and determines the engineering properties of earth stabilised blocks. The 

term "engineering properties" relates to two parameters: compressive strength and water 

absorption of the test specimens. Thus, in this study, compressive strength and water 
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absorption tests are used to measure the extent of change in DVt resulting from change 

in IV. The change is measured by the difference in compressive strength and water 

permeability values between earth and earth stabilised block. 

4.6.3 Dependent Variable (DV2): Production Cost of Stabilised Block 

The production cost of stabilised block is dependent upon on the costs of the additive 

and labour. This variable is measured by calculating the overall cost with the respect to 

N. 

4.6.4 Relationship between Variables 
All three of the above variables are interrelated. Additive material directly improves the 

engineering properties of earth. Production cost varies according to the type and amount 

of stabilising additive used. 

The following equation summarises the relationship between independent and 

dependent variables: 

DV =f (IV 1, IV2 ... IVk) 

Where DV = The dependent variable 

f= Function of 

IV = The independent variable 

This equation can be applied to investigate the effect of using different types and 

amounts of additive on the engineering properties and the cost of the stabilised block. 

(10)(11) See Figure 4.6. 
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Independent Variable 

IV= Lime 
IV = Cement IV = Clacium 

chloride 

Proposed Percentage of 
stabiliser(IV) 

Performance 
(DV1) 

Cost 
effectiveness 

IV = Linseed 
oil 

Figure 4.6. Relationship between Variables 

4.7 Null Hypothesis 
"The null hypothesis is always a statement of equality" (10) 

The null hypothesis is usually the starting point and benchmark against which the 

outcomes of a study are measured. The bench marks for this research are as follows: 

" Clay-rich earth cannot be stabilised by correction of particle size distribution alone. 

" Changing the type and amount of additive used cannot affect the engineering properties 

of earth. 

" There is no relationship between the production cost and engineering properties of the 

stabilised block. 
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