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ABSTRACT

This thesis describes an investigation of
the use of rice husk ash, in conmbination wth
cenent and line, as a stabilizing agent for
lateritic soils in the manufacture of bl ocks
for low cost housing. The effect of the rice
husk ash on cenent and line stabilized soils
wer e studied. In order to inprove the strength
and effect of noisture on the early strength
of lime and rice husk ash cenentitious mx
(RHA cenment), smal | anmounts of cenent were
added to the m x anu three optinmum m xes-were
used for the manufacture of bl ocks. Evaluation
of the masonry units indicated that rice husk

could constitute up to 60%of the total
stabilizer content in soil stabilization, and
the m xes are found to be potentially suitable
for the production of blocks for |ow cost

housi ng.
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CHAPTER 1: INTRODUCTION
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1.1 Background q, &4
| LNV
Eple 7
o
AT
The need for cheap local materials for 4@>4%?
£}
the construction industry of any country cannot ®7

be over-emphasized if housing and building
development programmes are tc be sustained.
Nowadays, it is no more news to hear that housing
and building development programmes are being
stallec. in developing countries because of lack

of building and construction materjials. With the
intreoduction of structural adjustment programme
(SAP) in Nigeria, there has been a drastic
increase in the cost of the conventional building
materials. Since most of these building materials
are either imported as finished products or
secondary raw materials, their costs have risen
very high under SAP, This may be attributed to the
falling exchange rate of cur currency. Under this
situation, the United Nation's geal - Shelter for
all by the year 2000 - would not be realised
because the average and low income earners cannot

afford houses of their owne.

Ideally, construction materials should be

developed from low- cost traditional building



o

materials, 89ro-industrigaj wastes or by-products

which are abundantly available, The Cevelopment

materials, Consequently, the cost of the

building materials wi); be at affordabile prices

Oh the other hand, the importation of goods into
developing Countries {g Senerally undesirabje as

it recuces foreign reserves,

Rice is Cultivated in Many parts of this cOﬁntry

- _
IPorueres, 1980), ang Fice husk ig therefore abundantly

availabie, Rice husk is a waste materijiail chtajined

from the threshing of rice and it constitutes about

.one-fifth of the weight of the havested crop

(flateI:). However, althouch some millions of tonnes
are avajlable @nnually in the rice mills, only a

small amount of this is used as animaj} teed, fuel,
glazing material, poultry and livestock bedding.,. .

The remaining tonnage is largely burnt as a means

of disposal, a process which pollutes the air

and may cause serious lung diseases, such as silicosis.
After the burning, an ash which ig approximately

a fifth of husk welght i{s formed but the disposal

of the ash itself presents a problem, An

advantageous alternative to the undesired dumping



PLATE 1:

Fice Husk Pump at Sheda, Federaj
Capital Territory, Abuja,
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or burning wculd be that of making a useful

product out of it,

Cook (1%80) has indicated that the chemical
constituents of rice husk and rice husk ash
(RHA) make these materials usefiul in building’
construction. It.is generally believed that
when rice husk is burnt, the ash formed has a
high silica content, together with a Jittle_cérbon.
If the burning conditions are suitaple, £ay
between a controlled temperature of 450 - soooc;
the structure of the silica is finely divided
and amorphous, in which conditions it can
undergo a chemical reacticn.with'iime3 te form a
stable compound-calcium silicate. This compound
has cementitious properties and the cement is
usually referred to as RHA cement. A review of.
world-~wide small scale production ¢f RHA cement
for low cost housing has been made {Smith,

1984Db).

J Recently, the government has put more
emphasis on the development of rural areas
of this country and there is therefcre a
conslderable increase in the use of cement

these areas for housing, well-linnings, sewage



systems, road drainages and so on. In particular,
there is an urgent need for the construction of

low cost housesg preferrably from indigenous material
to cater for the housing needs of the rural dwellers.
Lateritic soil blocks have long been used as a
domestic masonry unit in low cost housing and the
rural areas and considerable investigations have
already been Madets improve upon them (e.g. Ejeh,
1982; and Ezetah, 1885). This study is to |
investigate the use of RHA in the stabilization of
la'tEritic s0il blocks for low cost housing and

rural buildings.

j 1.2 The Need for Study I

Cecncrete and cement-based products are widely
used in developing countries for building and
construction works but shortage in the production
of cement exists in many of these ccuntries, In
some countries, cement has to be imported at the
cost of foreign reserves if building construction
pregrammes are to be maintained or in order to keep
pace with the ever-increasing demand. The capital
and running costs in the local preoduction of
conventional cement however are high, and the

cement is not cheap.



In Nigeria, it is reported that among others,
gypsum-a major material for the production of
cement is scarce and this has contributed to
the soaring costs in local production of cement
(Anonymous, 1989),., In addition, cement manufacture
is generally centralized and the costs of
packaging and transport add substantially to the cost
of conventional cement., Shortages prevail in many
places, especially those remote from the points
of production, and the large demand often give
rise to a black market in the commodity, which
therefore further increases cost, often to several
times more than the officially qucted price. An
alternative cement to ordinary portland cement

(OPC) is therefore worthwhile.
%

In contrast, the cost for the production
RHA cement is low. As mentionec earlier, rice
husk is largely wasted and also lime from limestone
or industrial limewastes should be cheap. Lime
may be produced on a rural industry basis in
simple kilns in regions where limestone is available
(Ellis, 1974). A comprehensive book on small
scale lime procduction has been published (Wingate,
1984), 1In a study of RHA cement in the Incian
sub-continent, Smith (1984a) showed that the cost

of RHA cement was 45% of that of an egual weight



of OPC. Although, it was reported that for

m equal strengths in the finished building work,
more RHA cement would be used, kut even so, then
the price would be only 70% of that if OPC were
used. Alsc, on the basis of pilot plant studies
undertaken in Pakistan, Incia and Malaysia, it
was estimated that the capital cost per tonne of
annual capacity was approximately US5%20 whereas for

conventional cement it is around US$100-120

(Cook, 1980).

From the foregoing, it is apparent that RHA
cement would reguire less Capifal investmenf than
that required in the manufacture of OPC and tﬁat'
RHA cement might be made on a scale and in
conditions more suitable to the rural areas of
this country where more and improved housing is
particularly needed, and low capital cost

production methods are appropriate,

1.3 Objectives of Study

_, The objectives of this study is two-fold,

namely:

! (i) to determine suitable mix proportions of
lime, RHA and OPC, consistent with
adequate strength and low cest,

and
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(11) the evaluation of lateritic soll blocks made
with the mixes determined from part ({i).

1.4 Definition of Terms

1.4.1 Cement

Cement of interest is the one for making concrete and

"mortars and which has the property of setting and hardened

under water by virtue of chemical reaction with it. It

is therefore the hydraulic cement,

Hydraullic cements consists mainly of silicates and
aluminates of lime, and can be Classified broadly as

natural cements, portland cements and high-alumina cements.

Portland cement may be described as any cement

.obtained by intimately mixing together'ca1caréous and

argillaceous, or other-SiI;ca-, 2lumina-, and iron
oxide—beariné materials, burning them at a clinkering
temperature (about 1;400°C), and grinding the resulting
clinker. This is the definitlon of BSI{(1978a) which
stipulates alseo that no materials other than gypsum and
water may be added after burning. The different Portland
cements include the ordinary Portland, rapld bhardening
Portland, extra rapid hardening Pertland, ultra high
early strength Pertland, low heat Portland, sulphate
resisting Portland, Portland Blast-furnace, while

Portland, Portland-Pozzolana and modified cements.

Qrdinary Portland cement (OPC) is by far the most
cormon cement in use and admirably suitable for use in
normal concrete construction when there is no exposure to

PR T - T3
sulphates in the scil or in ground water.
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1.4.2 Cement/RHA Content

The cement-RHA content of a scoil-cement-RHA mix
is the sum of the masses of cement and RHA in the mix
expressed as a percentage of the sum of the masses of

soil, cement and RHA, but excluding mass of water.

1.4.3 Compaction Pressure

Soil specimens are produced by "pressing"” the wet
s0il mixes into a compact mass. The amount of force- ey
applied to a soil specimen is measured in terms of compactior
pressure. Thus, compaction pressure is the amount of
pressure appliéd on the soil specimen to compact or
mould it, The commonly used unit of compaction pressure
is N/mm2 or MPa. Mechanical.;cmpaction of a soil has the
'sole a effect of increasing density of the sqii;l' H~£:f~»
thereby increasingAthe-stréhgtb. Cptimum compaction 1s
achieved at optiﬁuﬁ molsture content (OMC) which can be
determined by the COmpacfién test., Strengths of stabilized
s0ll blocks is believed to improve with increase in
stabilizer content and compaction pressure, hence _, .
Bﬁecifying blocks with the stabilizer content only

without the corresponding information on compaction L

pressure has a little meaning.

1.4.4 Compressive ‘Strength

The compressive strength of 2 scill specimen is
the maximum compressive stress the specimen 1s
capable of developing before failure. This is the
ratio of the ultimate axial lcad to the original

cross-secticon area of the specimen before failure.
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Comparison of Strenqths of Cubes and Cylinders:

It has been menticned that the restraining

effect of the platens of the testing machine
extend over the entire height of & cube but leaves
unaffected a part of altest cylinder (Neville
1981). It was therefore stated that the

strengths of cubes and cylinders made from the

"same concrete differ from one another. According

to British Standards Institution: (BSI 1970al, thé
strength of a cylinder is equal to four-fifths of
the strength of a cube, but experiments have shown
that there 1s no simple relation between the
strengths of the specimens of the two shapes.
Also, it is reported that the ratic cylinder-
strength/cute-strength depends primarily on the
ievel on strength of the concrete, and is higher
for higher strengths of concrete. The ratio also
varies with the type of soil, For example,
Aderibigbe et al (1983) observed thst the ratio

of compressive strength measured from a clay
cylinder specimens range from 0.21 - 0,40 of cube
strength which was considered low {(with arn average
of 0.33) compared to 0.54 for periwinkle concrete

and .78 for gravel ccncrete.
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Wet Compressive Strength: The wet compressive “%;4%@
e
¢ P : }
strength of a soil is the maximum stress the '”)’

specimen 1s capable of developing before failure
when the specimen is immersed in water for a
specified period prior to testing. This means the
specimen is tested in a wet condition. Ejeh (1982)
reported that 24 hours immersion period in water
p;ior to testing gives the minimum wet compressive
strength and it presents the worst conditicn
similar to a site (house) flooded for 24 hours
during the rainy seascn and in which the lowest

strength of the walling units is expected,

Dry Compressive Strength: The dry compressive

strength of a soil specimen is the maximum stress
the specimen is capable of developing before
failure when the specimen is allowed to dry cut

for a specified period in the laboratory atmosnhere
before testing. In this investigation, the

28-day compressive strength was cobtained after

21-days laboratory air-drying.

145 Durability

Durability of a soil material is its ability
to withstand the conditions for which it has
been designed without deterioration, over a period

of years.
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The major cause affecting the durability

of a scil material is weathering. Weathering

agents such as wind and raln quickly erode

the soil material thereby causing damage or
failure to the soil structure. Durability for

a soil block can be predicted from an erosion
test and, to a little extent, the wet compressive
strength of the block (Sperling, 1962).
Durability of soil material is generally known

to improved through scil stabilization,

J/ 1.4.6 Lateritic Soils

These are highly weathered scils which occur
abundantly in the tropical and sub-tropical
regions of Africa, South America, Central America,
Australia, India ancd South East Asia, They are
rich in iren and alluminium oxldes which are
responsible for the often reddish, brownish and
yellowish colour cof the soil. The oxides also

contribute to the strength properties of the soil.

Lateritic soll is good for block or brickméking
due its suitable properties and composition.
Hence, it is the most commonly stabilized soil
for blockmaking. The stabilizing effect of
soil-cement is brought about by arn immediate

flocculation of the soil particles, which is
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associated Qith a suvbstitution of exchangeable
cations by calcium ions. This reaction enakles
sail to become friable and readily processed when
wet, It is followed by a slower pozzolanijc action
in the presence of moisture, whereby cementitious
bonds are formed through a combination of the lime
with fine siliceous and alumninous material that

is present in the soil,

1.4.7 Pozrzolana

Neville (1981) defined jozzolana as a natural
or artificial material containing silica in a
reactive form, The author reported a more formal
definition of American Standards of Testing and
Materials (ASTM) specification C618-78 which
describes pozzolana as & siliceocus or silicecus
and aluminous material which is itself possesses
little or no cementitious value but will, in
finely divided form and in the presence of
moisture, chemically react with calcium hydroxide
{ slaked lime) at ordinary temperatures to form
compounds possessing cementitious properties.
As mentioned in the definition, it is essential
that pozzclana be in a finely divided state as
it is only then that silica can combine with
calcium hydroxide {liberated by the hydrating

portland cement} in the presence of water to form
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stable calcium silicates. Among such materials
are vulcanic ash and pumice, industrial

wastes such . as pulverised fuel ash from
coal-fired electricity generating power stations,
and clay after calcining to approximately 700°¢C,
Rice husks burnt at 450°C have been found by
Cook et al (1976) to produce a pozzolana
conforming to the requirements of the earlier
ASTM standard C618-72. 1In considering
pozzolanas in general it should be noted that
the silica has to be amorphous, as crystalline

silica has very low reactivity,

Malquori (1260) suggested that the pozzolanic
activity of any material ccntaining reactive
silica can be determined by adding calcium
oxide to the pozzolana with water free from
carbon cioxide and measuring the "alkalinity
and calcium oxide ccntent after a specified
reaction time. Cook et al (1977) reported that
investigation carried cut by Damer indicated
that RHA can be classed as a pozzolana on the
basis of its reactivity measured in the above
manner and that it conforms to the requirements

of an ASTM C618 Class N Ppozzolana.
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For an assessment of pozzolanic activity

with cement, Neville (1981) explained the ASTM
standard C€618-78 which prescribes the measurement
of & pozzolanic activity, This is established by
the determination of strength of mixtures with

a specified replacement of cement by pozzolana.
There i1s also a pozzolanic activity index with
lime, which determines the total activity of a
pozzolana, According to BSI (1970b), pozzolanicity
is assessed by comparing the quantity of Ca (CH),

present in liquid phase in contact with the

“hydrated pozzolanic cement with the quantily ‘of

Ca(OH), capable of saturatihg a medium of ‘the same
alkalinity. The underlying princ;pie is ﬁﬁat.the
pozzolanic activity consists of fixihg of_Ca(OH)2
by the pozzolana so that the lower the resulting

quantity of Ca(OH), the higher the pozzolanicity.

Malquori (4960) also indicated that pozzolanas
contalning a high propcrtion of silice, while
combining readily with lime, produced hardened
materials with poor mechanical strength., However,
Cook et al (1977) found that as the percentage of
an additive (sodium aluminate) in the mix was

increased, the strength at 7, 28 and 90 days

"also increased.
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The reaction between lime and pozzolanic
materials is generally slow, As with most
chemical reactions, hcwever, the pozzolanic
reaction rate may vary with temperature: in
temperate climate strength development of RHA would
be slow, but in tropics the rate would be more

favourable for use in building and construction

works.

- 1.4.8 RHA Ceontent

The RHA content is the mass of RHA mixed
with OPC expressed as a percentage of the sum of

masses of RHA and OPC.

1,4.9 RHA Cement Content

The RHA cement content of a s0il - RHA
cement mix is the mass of RHA cement in the mix
expressed as a percentage of the sum of the masses
of RHA cement and soil, but excluding mass of

water.

1.4,10 Lime/RHA Ratio

The lime/ RHA ratic is the masses of lime
and RHA in a wix expressed as a ratio. Thus,
a lime / RHA ratic of 1:2 is made up of one part

of lime and two parts of RHA (by weight).
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1.4.11 Moisture Content

The moisture content of a stabilized soil | -
mix is the mass of water in the mix expressed
as a percentage of the sum of the masses of

scil and the stabilizers,

Optimum Moisture Content (OMC): The increase in

the dry density of a given soil produced by
compaction depends mainly on the moisture content
of the soil and the amount of compaction applied,
With a given amount of compaction there exists
for each soil a moisture content termed the.
optimum moisture content at which the maximum

dry density occurs for the given amount of compacéion.
The addition of either cement or lime will
normally result in a chance in the maximum dry
density (MDD) and the OMC of a compacted material.
In blockmaking, it is preferable to keep the
moisture content of the stabllized s0il near the
optimum moisture content for the block machine in

use,

1.5 Scope of Experimental Investigation

Preliminary tests were carried out to
determine the chemical composition, fineness and

specific gravity of RHA used in the investigation.
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In addition, tre influence of RHA on the physical

properties of OFC and lime was studied,

Similarly, tests were carried out for the
selection, identification and classification of the

lateritic soil used in the investigetion.

1.5.1 Compressive Strencth Tests for

Stabilized Soils

Three mix types were usec in this part of the
investigation. The first consistS of OFC, RHA .
and lateritic soil. Sperling (12€2) found that
in the manufacture of soil - cement blocks in the
Cinva-Ram machine, acdequate stabilization of a
lateritic soil cbtained from a borrow pit at Accra
was obtained by addition of 6% cement. The resulting
block had good durability and lecad bearing capacity.
With less cement the blotks had poorer durability
and lecacd bearing capacity, the latter tending to
decrease on weathering. However, Ejeh (1982)
founc that in manufacturing soil - cement (scilcrete)
blocks in Tecmor machine, adequate stabilization
of lateritic seil obtained from Kakeyl in Zaria
was obtained at 8% cement content, Results from
the tecste show that properly manufactured soilcrete

blocks fully satisfy the strength requirements
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imposed by Nigerian Code of Practice. Test wes
therefore carried out on the socil-cement-RHA

mixes with three different cement/RHA contents

of B, 10 and 12%. It is known that up to 60%

of RHA (by weight) can be incorporated in a mortar
to produce units that will, in general, satisfy
the requirements for non-load bearing masonry
(Cock et al, 1977). RHA contents varying 0 to

80% were however used to study the influence of
RHA on the compressive strength of a soilcrete mix.
Ezetah {1985} reported that hancd-operated machines
developed for the production of scilcrete blocké
with a compaction pressure of not less than 4N/mm
may produce 8% cement blocks suitable for low

cost housing. Compacticon pressure of 4N/mm2 was
therefore applied and a total of 72 test cubes

(. nominal dimensions of 100 x 100 x 100 - mm) were
moulded at the OMC in a Universal Testing Machine
(UTM). The cubes were demoulded immediately
and covered with polythene sheet for 1 day, cured
by complete immersion in water for 6 days and were
then allowed to dry cut for 21 days in the
laboratory atmosphere, The cukes were tested ¢on

7 and 28 days for compressive strength,

The second type of mix consists of lime-
RHA mix (RHA cement) and lateritic soil. Test was

carried ocut on seil - RHA cement mixes with 8, 10
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and 12% RHA cement contents, Mixes were
selected on economic grounds and tc give adequate
strength. Smith (1984b) reported that comronly
1:2 lime/RHA ratio is used to manufacture RHA
cement, although lime/RHA ratios of 1:1.5, 1:2,25,
1:2.5 and 1:3 are being used at several locations.
For each of the above RHA cement contents, three
lime/RHA ratios of 1:1.5, 1:2 and 1:2.5 were used
and three control mixes containing lateritic soil and
8%, 10% and 12% 1lime (by weight of lime and soil)
were produced. Lunt (1980) studied two Ghanian
soils stabilizcl with hydrated lime. 'Iﬁ was observed
.that all blocks procduced at 8N/mm2 or above gave
strength which exceeded the minimum recommended
design value of 1.4N/mm2. However, the soil blocks
compacted at the higher pressures exceeded the
minimum strength of 2.8N/mm2 specified by BSI (1968).
On the durability of the stabilized soil, it was
reported that scme surface damage occurred in
Cinva-Ram blocks and those made at 4N/mm2 pressure,
after spraying them with water for 6 hours.
Masoud et al (1970) have already demonstrated the
suitability of lime-RHA bricks manufactured in an
autoclave but this is certainly expensive and hence
cannot be of general applicétion for low-cost and
rural buildings. But it is known that the effect of

immersion in water on compressive strength of clay
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soils stabilized with hydrated lime is a

constant loss of strength for any particular clay
and Is independent of age (Dubleton, 1562).

Also from a trial test, curing of 1lime or RHA
cement-stabilized s0il specimens under water wég'
found to ke unsuitable since the specimens
disintegrated in water. However, this investigation
still considered simple curing techniques for

the production of stabilized scil specimens of
adequate strength. In this test, a compaction
pressure of 8N/mm2 wes applied and a total of

72 cubes (ncminal dimensions of 100 x 100 x 100-mm)
were moulded at the OMC in a UTM. The cubes were
demoulded immediately and curing consists of
wrapping in polythene sheet for 7 days and then
allowed to dry out for 21 days in the laboratory
atmosphere. The cubes were tested on 7 and

28 days for compressive strength,

The third type of mix consists of RHA cerment,
OPC and leteritic soil, As mentioned earlier,
the reaction between lime and pozzolanic materials
is generally slow, hence stabilizing the scil
specimens with RHA cerent as in above test
resulted in slow strength development relative to
the OPC - stabkilized scoil specimens, But Cumbleton

(1962) fourd that mixture of 1lime and OPC gave
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higher strength values when used for
stabilizine clay soil. Also mentiored is that
lime or RHA cement - stabilized spil specimens.

did not withstand water curing while cement or

cement /RHA=-ctabilized specimens, except E80%

RHA ccntent specimens, used in this investigation
suitably cured in water, Accordingly, it is
decided that some amount of OPC be added to the
so0il - RHA cement mix irn an attempt to improve
strength. in the mix and te enhance adequate
strength'of the material even when saturated with
moisture, Test was carried out on three mixes
éé}ected.to ccnfprm as closgly as pcssible wit% the
soilrEHn~;ement_mi§es which gévé;dptiﬂgm stréqgths;
OPC of 10%, 20% and 20% (by weight of RHA‘cemehtT
were added to each of the cementitious mixtures
to verify its effect on the strength development
in the soil - RHA cement mixes. For each mix,
compaction pressure of 4 or gN/mm’  was
applied and a total of 54 cubes specimens (nominal
dimensions of 100 x 100 x 100-mm) were moulded at
the OMC in a UTM. The cubes were demoulded
immediately after moulding and curing consists of
spraying with water and wrapping with polythene
sheet for 7 days, and then allowed to dry out
for 21 days in the -~ laboratory atmosphere., The
cubes were tested on 7 and 28 days for compressive

strength,
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1.5.2 Evaluation of Masonry Units

Three mixes were selected from the compressive
strength tests programme on the kasis of adequate
strength and minimum amount of OPC., OPC is
relatively expensive, and unlike RHA cement which
is cheap. From the point of view of providing a
low cost unit it is considered desirakle to chocse
mixes containing the greatest amount of RHA cement
(and therefore least amcunt of OPC) compactible

with adequate strength,

The compressive strength tests so far carried

out used test cubes which are small, so as to
economize materjals, yet for a building project éf
any importance it is necessary to determine the
compressive strength of a full-sized block. Thus,
for each mix 36 full-sized blocks (230 x 110 x E5m
were manufactured at the OMC in a Torsa tleck
making machine (See Plate If). The blocks were
demoulded immediately after moulding and curing
consists of spraying with water anc wrappino in
polythene sheet of 7 cdays and then allowed to dry
out for 21 days in the laboratory atmosphere. In
conjunction with the masonry units, six - 100mm
cubes and cylinders (height/diameter (h/d) ratio

= 1.5) were cast. Ezetah (1985) found h/c ratio
of 1.5 to be more suitable for assessing strenath

properties of soilcrete cylinders.
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Evaluation of the units was carried out to assess
conformity with the existing specifications, standards
and ccde of practice on seil and sand non-1lcad bearing
blocks. Tests for the evaluation included compressive
strength, resistance to erosion and dimenslional change

due tc molsture movement.

; 1.6 Significance of Study

Lateritic scil has been, and still 1s used as one
of the commonest and cheapest materials for bleckmaking

in the rural areas of this country, but since wind and

» rain cause quick ercsion, the material would have to be

improved by soil stabilization.

The pfactice of soil stabilization is however a
complex one., For example cement stabilization is

suitable for granular soils but inefficient in

. predominantly one sized sands. Single-sized sands

require high cement COntentS to achieve the required
strength because of their high void content., Certain
clay soils are uneccnomic to stabilize due teo the
difficulty of pulverizing the scil and the high amount
of OPC reqgquired. 1In such case, lime may be used,
either aleone, cor when mlxed with OPC, However, some
solls cannot be stabilized with lime if they contain
too little clay. In fadt, clay components

are required in soils that will react with lime.
Furthermore, the presence of organic matter and

sulphates especizlly in arid and semi-arid regions
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- would retard OFC or lime reaction in scil
stabilization. This complexity is however minimiged
since a British Standaré test ({(BSI, 1975) exists
which can be used to identify scil materials

suitable for stabilization.

On the contrary, Mehta (1975) reported that
when laboratory tests were carried out on the RHA
cements containing only from 15 to 20% lime they
were found to be acid-resistant whereas concrete
floors made from OPC (contains about €5% lime) do
not show long-term durability in the fo0d angd
chemical incustries where acidic ccndifions
prevail. Cook (1980) also reported that RHA
cement has a superior resistance fo arid

environments.

As a pozzolana, RHA has been found useful as
part-replacerent for OPC in concrete and mortar
works. When mlixed with OPC, results have been
reported where 70% of the cement was replaced
wlithout a significant loss in strength {Ccok, 1980),.
It is clear that RHA is an excellent pozzolana
when produced under control conditions, As such,
.1t can give superior durability properties to

Concrete made with COPC.
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From the discussion made on soil
stabilization, it is apparent that the capability
of either OPC or lime in meeting the reguirements
of the wide range of uses to which it is put
has not been fully realised and the full benefit
of the amount of stabilizer added cobtained,

But RHA cement or OPC mixed RHA has been
successfully used in concretes and mortars as

an economic alternative, it might therefore be
possible to produce low cost lateritic soil
blocks of adequate strength and durability from
RHA. Since limited investigations exist in this
area, the study will somewhat poineer a search

for the true pcsition.
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CHAPTER 2: LITERATURE REVIEW

.2.1 Soil Stabilization

In rural areas of most developing countries
the use of the soil bleocks has gained favour
because the material is usually available locally
in abundance and only mcderate effort is involved
in collecting sufficient teo build a passalble
shelter. Few tocls are required and repairs are
easily made and with little skill., However, its
use has to be abandcned-in favour of other
building materials in some gféas.because of the

failure of soil walls to withstand the weather.

Soilfis-oné-of mankind's oldest building
materials and that traditional methods of using
s0il for constructions such as rammed earth,
wattle and duab, and adobe are still common in
many regions of the world. But, not all scils
can be adequately used for bullding construction

due to their inherent properties,

In situations where only unsuitable soils =sre

avallable for construction and generally because of the

susceptibility of soil walls to camage by heavy
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" rains and winds, there is the need to improve

the strength and durability of the soil material by
the process of soil stabilization., Soil
stabilization is commonly recognised as the
improvement of the natural materials by the
addition of a small proportion, usually less than
10%, of a stabillzing agent. The improvements
which can result from stabilization include the

following:

(1) increase in strength
{ii) increased resistance to the effects
of water
(iii) drying of wet soilg
: (iv) volumetric stability
{(v) imﬁroved workability

{(vi) improved durability

A well stabilized scil block should therefore
iresist the effect of prolonged exposure to the
weather, should have adequate mechanical strength
even when saturated with moisture, and should not

exhibit excessive dimensional changes on wetting

and drying.

Soil stabilization can be achieved by use

of conventional and unconventional stabilizers,
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Unconventional stabilizers are natural fibrous
and cementitious materials such as agro-industrial

wastes, animal wastes and various vegetable

extracts,

Conventional stabilizers are cementiticus
materials such as portland cement, hydraulic lime,
lime-pozzolana mixes, and so on. These stabilizers
cement scil particles or clusters of particles '
to form a sclid matrix when dried. Although the
conventional stabilizers are comparatively expensive
they have so far proved to be more reliable thén
other stabjlizers, Better stremngth and durabili(y.
are obtained from the stabilized so0ils Qhén
compacted before drying. Lunt (1980) repcrted
that a soil whichhad been compacted properly was
stronger and more durable than when poocrly
compacted., The OMC which gives maximum seil
density can be determined from a standard lahoratory
procedure, 1t is contended that these tests are
designed for use with stabilized scils which would
be compacted in dams, embankments and roads and so
they are not necessarily valid for building purposes.
Nonetheless, they can be used as a guide for
preliminary work. Current research efforts
geared at estihlishing criteria for the optimum

use and application of cement and liwe in soil
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stabilizaticn to achieve optimum strength and
durability would ke reviewed in the subsecuent

sections,

The third type of stabilizers are incdustrial
materials such as bitumen, asphalt and certain
resins which generally act as waterproofing
agents for soils. Bitumen has been found to be
particularly suitable for stabilizing cohensicnless
sands which would otherw;se give rise to rroblems
if stabilized with cement (Harris et al, 1583;

Marais and Freeme, 1977).

It is pertinent to wention that stabilizers
should be added in the correct amounts. Too
little or too mﬁch of such unconventiocnal
stabilizers will lead to blocks of highly
reduced strength and quality; whereas
too much of conventional stabilizers will lead
to wastage without an appreciable and significant

increase above the optimum strength attained.
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2.2 Current Researchkes

2.2.1 Cement - Stakilized Soils

In cement stabilization improvement in the
soil propertiles is a result of the characteristic

boncing of soil particles due to hydration of

cement and usually leads tc a rapid development

in tensile and compressive strength of the

stabilized material after compaction.

Materials containing organic matter cannot be

stakilized with cement because it inhibits the

- setting of the cemert paste. Herzog (1980a)
investigated the use of additives in the

';stabilization of poorly reacting scils with cement,

It was indicated that the poor response of such
'soils is due to the presence of active organic
matter. It was seen that the most active organic
matter is that ¢ontaining the hydroxyl group
capable of combining with the mix., It was also
seen that calcium chloride was effective in

sands but ineffective in heavy clays, while ferric
chloride was effective in clays., In another study,
Herzog (1960b) found that the addition of 0.75%
calcium chleride to cement-stabilized soils of 8%
and 10% cement content increased the crushing
strengths from 3.9N/mm2 and 5.2N/mm2 to 5.7N/mm2

and 7.6N/mm2 respectively, that is, an average
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increase of about 47% in strength,

Study by Dutron and Cloes {1261} shows that
maximum compressive strengths of stabilized

laterites were obtained at OMC or slightly less.

Dumbleton (1962) observed that natural scils
have strengths of between 0 and O.2N/mm2 and
} when soils are stabilized with cement it is usual

¢ at 7 days

to expect a strength of at least 1.7N/mm
to show an indication of proper hardening of the

cement, It was also observed that the scaked

strength increased with age. It was indicated that * Z
‘- hydration of cement lis indepen.der.t of the scil and f;r;p?,
the reaction is priharily the source of strength for
cement “stabilized scils. However, the researcher %
conceded that there is the . effect of soil type |
.on the strength of the stabilized so0ll. This effect
is due to the particle size distribution ¢f the sopil
and the presence of any corganic matter which
affects hydration of cement. It was believed that
i the active-organic matter in soils interferes with
.; hydration of cement by combining with the calcium
ions of the cement. To eliminate this effect,
it was suggested that more calcium ions should be

introduced into the mix.

i
f Ibrahim (1972) considered the application of

accelerated curing technigue in respect of cement-

!I.

stabilized soils and it was clear that accelerated
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curing technique can be applied tc soil-cement
mixtures, The result however shows that the
relationship between normal 7-day strength and the
accelerated strength is not unique but varlies

from s0il to soil,

Adepegba studied the structural properties of
cement-stabilized laterite (latercrete) and that
of cement-stabilized sand (sandcrete)., It was
indicated that some of the important properties
affecting the strength of cement-stabilized soils
include cement content, particle size of soll,
type of soil, uniformity of mix,  airing pericd
and curing cenditien. 1In ancther study, Adepegba
(1975) attempted to replace sand in the normal
concrete by laterite fines, which was referred to
as laterjzed concrete {latercrete). It was found
that between 0 and 22% cement content, latercrete
is superior to sandcrete structurally. And that
2% latercrete { 1 cement: 12 laterite) is better
than the present use of 1:6 for first class
sandcrete jobs. However, the elastic meodulus was

found to be abcut half that of sandcrete.

Investigating the characteristics of the
optimal water-content ratios of some local clay
soils stabilized with Ccement, Aderibigbe et al

{1983) made the following observations:
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1. For Alawusa laterite (48% clay) 80% of its
28=-day strength is developed in 14 days,
while it is 40% in 3 days.

. L

2. The Censity of laterite.cement mixes were

]
between 1288-223%kg/m”.

The researchers concluced that:

1. There exists optimum water/cement ratio

for a given mix

2., The optimunm water/cement ratio increases
linearly with increasing laterite~cement

ratio.

Ejeh (1982) investigated the compressive
strength of hollow blocks produced by Occidental
Construttion Company (0.C,C) in Zaria, Nigeria.

The company uses laterite from Kakeyi village

' near Zaria and a Brazilian klock-making machine

manufactured by Tecmor. 0.C.C. produces hollow
blocks with 8% cement content mostly for market
purposes anc the 10% and 12% cement content on
demand. The hollow blocks are 40C x 150-mm in
cross—-section with a nominal height of 150-mm.
Water content of about 7.5% was used in moulding

the blocks. Compaction pressure used, apart

from being unsteady, was not specified., The
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following observations were made from the study:'

1, The 8% and 10% cement soil-cement {sollcrete}

. blocks gave an average - dry compressive

strength of 2.5N/mm2 and 4.4 N/mm2 respectively.

The 12% cement soilcrete blocks gave an
average wet compressive strength of 3.0N/mm2
after 12 days immersion in water pricr to
test. It is seen that the latter result
satisfies the requirements of 2.76N/mm2
imposed by British Standards Institution
(1953) on non-load bearing sandcrete blocks,
Also, the Feceral Ministry of Works and
Housing (FMWH) of‘Nigeria recemmencdation is
an average minimum strength of 2.10N/mm2
while a minimum compressive strength of about

1.4N/mm2 is specified by several building

authorities worldwide.

2. The scilcrete hollow blocks have an average

wet/dry compressive strength ratic of 0.65,

3, The scoilcrete hollow Elocks have a minimum

wet/dry compressive strength ratio of 0.42,

Ejeh (1982} also investigated the curing
methods for scilcrete hollow blocks and it was
recommended that for standard tests and quality

control, the immersion in water method is more
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appropriate to laboratory work since spraying may
be uneven and also the quality of water used may
be doubtful. However, soilcrete hollow blocks frcm
the study fully develop its dry compressive
strength after curing by spraying with water and

covering with water-proof materials for 7 days.

When the blocks were tested between different
packing materials by the same researcher, the results
show that the highest ccmpressive strength was
cbhtained when the blcoccks were tested between scft
boards of 10mm thick layers. It was therefore
recommended that soft boards be adopted as the
contact layers.for the compressive strength test for
soilcrete hollow blocks. Cleszkiewicz et al (1983)
confirmed that soft board sheets are the most
suitable contact layers for all assessment of
scilcrete compressive strength, It was seen from
this study that S0% of the 28-cday strength of a
soilcrete hollow block is developed within the

first week and the 10% within the next 3 weeks,

Ezetah (1985) studied the use of soilcrete as
a construction material for low cost housing. He
conducted tests on 70.7mm cubes, 103mm cylinders
and 400 x 150 x (150 - 160) full size hollow klocks.

The followings were deduced from the study:-
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The best water content for moulding of
soilcrete is 2% lower than the OMC .

of the soll.

For 8%, 10% and 12% cement soilcrete about
90% of the 28-day strength is developed

in 14 days while for no cement (unstabilized}
s0il specimens, about 90% of its 2B day

strength is developed in 7 days.

The ratio of the wet ccmpressive strenoth to
dry compressive strendth of scilcrete
specimens is about 0.4;' This is in agreement

with the resﬁlt cbtained by Ejeh (1982).

Scilcrete cylincder cocmpressive strength are
very sensitive to variaticon in h/d ratio. The
compressive strengths of cylinders with h/¢
ratics of 1 and 2 were about 75% and 26%

of the cube's strength respectively,

Higher compaction rressures give higher
compressive strengths to the scilcrete

materizal.

For the purposes of testing scilcrete
specimens, the minimum age of 14 days should
ke adopted, € cdays complete immersion in
water a cday after moulding, and 7 days

alr-drying.
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2.242 Lime-Stabilized Soils

In lime stabilization improvement in the soil
properties is a result of the flocculation of the
clay particles in the material and gives a
consequent reduction in the plasticity index (PI)
and Iincrease in bearing capacity., It is usually
characterised by an Increase in the plastic limit
(FL) of the scil, However, as mentioned earlier
strength development is normally slower than wifh
cemept unless rapid ;eacting minerals are present
for example amorphoas silica, Like in cement
stabilization organic‘compounds including decomposed
organic material and sugar interfere with the
fofmaticn of cementitious compounds in lime

stabllization. . .

Bassey (1953) found that the wet/dry strength
ratio feor sand-lime bricks ranges from 0.5 to 0.75,"
It was also found that sand bricks are practically
saturated after scaking in water for 24 hours

which is the standard time for soaking for the wet
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npressive strength. In ancther study, Bassey

0
by

(1954) reported that strength dry sand-lime

to 50% higher

L)
o

bricks and concrete bricks is

re

than when saturated. The two types of bricks
differ in that respect from clay bricks which

do not vary much in strength between the two
extremes. In the compressive strength test, 12
bricks were usually tested after socaking in water
for 24 hours., The uniformity of such results vas
calculated as the average of the lowest seven
values (or the lowest €0% of the sample if
other than 12 bricks uerehtested), ex;rESSed'as

a percentage of the average of the whole sample.

As mentioned earlier, Lunt (1980) carriecd
out laboratory studies on two Ghanalan soils with
lime as the stabiliiing material at the Building
Research Estaklishment in England. The results
also show improvements in strengths of Kumasi and
Fumesua soil blocks which increased from Q.CSK/rw?

2

vely

[ Y

te 3.55N/wr2 and 0.70K/mm"” ¢oO ?.OEh!rr? respect
as the compaction pressure was increased. The
Kumasi soil has 9% gravel, 35% sand and 56€% silt
and clay while the Fymesua soil is 1.5% gravel,
29,5% sand and 49% silt ancd clay.It we&s apparent
that improved performance can therefore be achieved

by increasing ti>e compaction pressure although thre

degree of improvement diminishes as the pressure
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increased, The studies show the relationship
between lime content and block strength over
the range of fabrication pressures most likely
to be achieved with an inexpensive block-making
press. This work demonstrates that blocks made

from lime-=stabilized soils can have sufficient
strength and durabillity for use in low-cost

housing in tropical countries.

After increasing the curing temperature to
959C, the Kumasi soil compacted at 8N/mm? and
16N;mm2 gave strengths of 4.85N/mm2 and 5.45N/mrn2
while in the case of Fumesua soil, strengths of
4,45N/mm° and 4.60N/mm° were recorded. The effect
of temperature on the strength producing reactions
between lime and the soils virtually eliminated
the main draw back of lime stabilization which is
its retatively slow strength development. Also,
from the study it was deduced that the wet strength

of a stabllized soil wall is only one-third of

its dry strength. ‘

2.3 The Potential of RHi Cement as an

Alternative Cementiticus Material in

Soll Stabilization.

One of the earlier references tc the potential
benefits of using RHA for making a cement in United

States of America was published by Houch and
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Barr(1956). The authors referred back to the
successful making of building blocks, using RHA

mix with cement as early as 1923,

In Thailand, Lazaroc and Moh {1970) preduced
small test cylinders which were pressed from
mixtures of clay, RHA anc lime. Optimum
proportions of lime to RHA were found at about

1: 2.

Shah et al (1970) rerorted that a production

plant was set up in the Pakistan Punjak using a

husk incerator made from an oil drum. It was claimed

that more than 4% carkon in the ash resulted in a

loss of strength.

In 1271, VMehta mentioned RHA as one of the

material which could react with lime. Later,

Mehta (1975) developed a large scale plant

producing ash for mixing with OPC., He found that
amorphous ash was better than the crystalline form
for reaction with lime. It was claimed that the
cementing material cbtained from the blends of

RHA with OPC was cspable of producing mortars and

concrete with 28 day compressive strengths of over

8000 psi (55N/mm>).

In ancther American experience, Cady and
Groney (1976) burnt husk in piles to a maximum

temperature of 800°C and the strengths of mortar

cutes varied from 2 to BN/mmZ.
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There has been more RHA research in India
than elsewhere, anc¢ commercial applications have
started and also in progress. Dass and Malnotra
(1977) ané the Central Building Research Institute
(CBRI, 1979) reported that waste lime sludge from
sugar refining has been investigated in North
Incia., Rolled into balls in admixture with husks,
dried in the sun, then fired in a simple trench,
without the need for extra fuel, this material
can be ground to a fine powder for sale as a
cemntitious pozzolanic cement. Mcrtar strength of
SN/mm2 have been obtained. At the same institute
higher grade lime has keen used with RHA., Without
fine grinding only 0.4 N/mm2 mortars were obtaiﬁed,
but when intergrouncded together, 20N/mm2 was
obtained. Another research by CBRI (19277) and
Rehsi (1979) showed that equal proprtions of husk
and clay, rolled into balls, sun dried, fired,
ground and mixed with lime gave a type of
masonry cement, mortar strength of 4 to '?N/mm2
being obtained. In Nepal, Shrestha (1979)
researched into a process using husk and lime

sludge rolled into balls, and produced strengths

up to gN/mmz, Mochammed (1979) reported that a
Malaysian entrepreneur produced RHA cement in a

pilot plant, using husk burnt in piles and mixed with
lime, Mortar strengths of 9N/mm2 were obtained but

the mix ccntained scme unspecified additives, 1In
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ancther Malaysian research, Ong (1979) reported
that an experiemental work carried out at an

institute showed that open-air burning of husk did

not give a satisfactory ash.

In another Indian experience, Acgarwal (1980)

found that high compressive strength meortars

and concretes can ke developed using an additive

of high alumina content. 500°C was a suitable

husk ignition temperature, though 700°C was used
in this case. Quite high carbon contents were

tolerable. Cement Research Institute of India

(1980) also found that ash from parboiling rice
was up to 95 per cent crystalline and therefore

unsatisfactéry. They developed an openwork brick

incinerator with metal mosquito netting inside to
retain the husk. A ratic 1:2 of lime to RHA gave
mortar with 28-~day strengths of 4ijm2. Commercial

"plants use this technolegy. Masood and Mehrotra

(1981) found that intermixing of ash and lime was

not so effect as intergrinding.

An Australian research by Cook and
Suwanvitaya (1982) indicated that although maximum
strengths of about Bﬁ/mm2 were achieved with a low
propertion of lime to RHA (many workers use 1:2)

the lime may be leached out and this could seriously
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_ihpair the long-term performance, so 1:1 mixes
have been proposed instead., This Australian work
also indicates that considerable content of
carbon does not advergely affect the strength
though there may be some retardation of setting.
For this research, husks were burnt in an
electric furnace in which optimum conditioﬁs of
600°C for 25 minutes were discovered, Mortar
cubes made with the RHA and lime did not increase
in strength after 28days, unlike otter pozzoclanas,

perhaps due to the high reactivity of tris RHA,

2.4 Evaluating Soils for Blockmakinag

Most of the information ancd recemmendations
exist mainly for the evaluaticon ¢f a goil for
kFlockmaking when cement is usecd as the stabilizing
agent, Middleton (1952} simply recommerded that
the PL should lie between 10-25% preferably 12-20%.
Rosenak (1957) also recommended that the liguid
limit (LL) of a scil shculd be less than 45% for
satisfactory stabilization with 5% cement. Webb
et al (1958) after examining 40 solls produced

more detailed recommendations which can be

summarized as follows:-
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Particles smaller than

SfAm (clay) 20% maximum preferably
10% maximum

LL 50% maximum preferably
30% maximum

PI 20% maximum preferably

10% maximum

LS 6% maximum preferably
4% maximum

Modified A.S.T.M.
D556-57)

Loss after 20 cycles 10% sancy soil

7% clay soil

Fitzmaurice (1958) also gave very cetailed
reccrmendations, the most important of which

are as follows:

For permanent For Rural
Urkan Building Builcding
Sand content (SC) 33% minimum 40% minimum
Clay content (CC) 5-20% 5-20%
PI 2.5-22% 2.5-20%
LL 40 maximum 50 maximum

Adepegba found that trere are basically
two types of laterites in Nigeria - the rcck

laterite and the soft laterite. The
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mentioned that the Department of Town Flanning,
Accra examined 150 solls from many sites {n

Ghana. On the assumption that the results of the
A.S.T.M. Wet-Dry Erosion Test give a satisfactofy
indlcation of the amount of cement reguired to
achieve satisfactory stabilization, it was seen
that the particle size distribution, LL, PI and

LS results do not give reliable indications of the
‘amount of cement required to stqbilize a given
gséil. Also, unreliable indications were obtained
with a field shrinkage test proposeﬁ by Alcock
(1956). ‘ | ' |

Some tests were carried out at the West African
Bullding Research Institute (W,A.B.R.I.) to |
study the effect of soil composition on durability
and other properties of soil-cement blocks, From
the results, Sperling (1962) concluded that the
suitability of a s0ll for the production of scil
cement blocks cannot be satisfactorily predicted
either from particle size analysis or the results
of other laboratcory index tests carried cut on
a sample of the soil. It was recommended that the
satisfactory method of testing the soil is to
make soll-cement blocks from it and examine thelr
quality. 7To assess the results, it was also
recommended that the qualitles required of a soil-

-

cement block must be defined satisfactorily.
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CHAPTER 3: LXPERIMENTAL PROCEDURE

3.1: Materials

3.1.1.: Lateritic Soil

Lateritic so0il samples were obtalned from four

sites, namely, Bomo, Kudingi, Wusasa and Shika

areas in Zaria. Laboratory results of index
properties and classification of the samples are
listed in Table 3.1.1. The Kudingi lateritic
scil was selected as the most suitable s0il for
blockmaking on the hasis of its plasticity and

grading properties,

Supplies of the lateritic scil were obtained
from a‘local borrow pit at Kudingi area. The soil
index properties were determined in accordance
with the tests of BSI (1975b). The sumrmary of

the test methods used is given below:

a) The specific gravity of the soil was
determined using the specific gravity

bottle and distilled water .

b) The Atterberg Limits and indices were
obtained as follows:

1. The LL c¢f tre soil was determined using
a LL Cevice and a grooving tool.

2. The PL of the socil was determined by

rolling the soil sample on a glass
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TABLE

3,1.1 _Trndex Properties and Classificaticn of Soils
Fercent Passing 9 Casx :
Sample - : AASHO™ ~ -asagrande
3/16" No 7 No 36 No 200, o |, pL Classi- (Unified)
F L - as b v i i - 2 -
Cassd™ (2-36mm) tarsma (rsum) Y g7 % fication Classifica
BSS BSS BSS
Bomo 100 98,3 60,7 45.6 5,6 37.4 17.1  A-6 sC
Kudingi 100 94,4 88.3 76.1 10.0 29.7 16.7 A-6 cL
Wusasa 100 96,6 69.6 £7.6 2.5 43.2 17.5 A7 cL
Shika 100 94.9 5.3 61.9 2,1 48.3 24.4 A-7-5 CL
18ss - British Standards Sieve
2

AASHO - American Asscciation of State Highway Officials
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plate until a 3.275-mm diameter shows sign
of crumkling.

3. The LS was deterrined using a LS device.
The LS device is a metal mould measuring
140x10%x10-mm, The mould was filled with
soil having a muisture content equivalent
to LL and was then placed in cven at 105°C
until no further shrinkage was producecd,

4. The particle size cistributicn was carried
out using the cerbined sieve anc hydrometer

analysis.

S. The MIT and COMC were cdetermined from the

"8tancard Froctocr™ compaction test,

The results of the incdex anc classification
preperties of the Kucingi lateritic scoil are

presented in section 4.1.1 of Chapter 4.

3.4.% Cement

The cement used in the study is the Ashaka
Cem kranc¢, a local OPC manufactured by the
Ashaka Cement Company Limited, Bauchi, Nigerie,
Supplies cf the cement were obtained from a
local dealer in Zaria. The relevant properties
were ceterrined in accordance with the tests

of BSY (1¢78®) anc the specific gravity cf the
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cerent, determinecd using the specific grevity
bottle and water-free kerosene, are presentec

in section 4.1.2 of chapter 4.

3.1.3 Lime

The lime used in the study is thre Lirbux
branc, a British hydrated lime (sIzked 1lire)
with 74% Ca0 neutralizing value. Tre manufacturer
is the Imperial Cherical Industries FLC, Mono
Civision, Lime Group, Buxten, Derbyshrire-
Great Britain., Supplies of the hydrated lime
were chtained.frow ar old stock of the lire
belonging to the Jebi Dam watér Works in the
Feéc%ai ga%ftal Territory (FCTJ; Abuia. Tre
result of relevant properties obtained by

improvising the tests of BSI (1978P) and the

L

specific gravity is presented in secction 4.1,

of chapter 4.,

3.1.4 Hhice Husk Ash (RHA)

Rice husks used were collected from a local
rice mill at Sheda village.in FCT, Abuja (see

Plate I1I),



PLATE 111.

A Rice Mil)
the Federa)
Abuja, with

éwaiting to

at Sheda Village in
Capital Teritory,

Some bags of Rice Husk
be Disposed of,
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Trhe rice htusks were air-dried and the RHA

maximum

1}

was prccduced by burning the husks to
temperature cf 600°C. The husks were initially
stored in clay containers and the containers

were then arranged into a larce brick kiln
situated at the Ceraric Section in the Department
cf Industrial Design, A.B.U. Zaria (see Flate
IV). Ccmbusticn at this temperature was chtainec
by simply igniting tre husks with cdomestic
ccoking gas. while the husks were bwrning, the
temperature within the ﬁiddle sections of the
kiln was continously ronitored by a peroreter

See Plate V). The raximun terperature was
attained in about 4 rcurs. The burniné vas
é¢iscontinuegd at thig temperature and the kiln

and its contents were allowed to ccol. The
colour of RHA producec varied from dark-crey

to black giving an irncication of high carkon

content in the ash,

The ash was grounied In an electric balil mill
(See Plate VI). About 20kg of the RHA was fed
into the mill, which already contained arout 20kg
cf river pebbles, and the grincding time cf the
ash was about 4 hours. The cheriéal compesition
carriec out in the Crerical Encineering Derartment
A.B.,U, Zaria, specific gravity and finesss

(determined b, comt ned sieve and hydrometer

-



PLATE 1v-
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PLATE VI: Electric Ball-Mi]} used for the

Grincing of Rice Husk Ash
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analysis) are presented in section 4.1.4

of chapter 4.

3.2 FPreliminary Tests to Imvestigate the

Effect of RHA on Fhysical Freoperties

of the Cerment and Lime

3.2.1 Setting Time Tests

Six mix types were used tg determine
the effect of RHA on the setting time of QFC
and hydrated lime. Mixes with 0, 15, 30; 45,. 60
and 75% RHA (by weight of OFC or the lime)
were produced, Tests with CFC and hvdrated
lime pastes were carried usgirg the Vicat apparatﬁs
in gccordance with BSI (1978b), Thé resulés
of the tests are presented in sécfibn 4,2

of chapter 4,

2.2.2 Souncrese Tests

For each of the mix types used in the

setting time tests, the corresponcing soundness

test specimens were cast, The soundness test

is vused as a check on expansion by late
hydration after setting. The soundriess of OFC
and hydrated lime pastes were determined using

the Le Chatelier apparatus in accorcdance withr

the tests of BSI (1578bB), Tre results of the

tests are presented in secticn 4.2 of chapter 4,



59

PLATE VI | : OPC and OPC/ RHA Mortar Cubes
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2,2.2 Comrressive Strenath Tests

Compressive Strength Test for OPC/RHA Mortar: Six

mix types were used to deterrmine the effect of
RHA on the compressive strength of OPC mortar
cubes (See Plate VII)., Mix with 0, 15, 45, €0
and 75% RHA (by weight of OPC) and a lccal river
sand (thoroughly washed, dried, passed through
BSS No 14 (1.18mm) and retained cn BSS No 25
(ECOf;m) were cast. The water/OPC+RHA ratio

cf each of the CPC/RHA mix was determined from
the mass of water required to give a nominal
slump equal to that of the OPC control mix. The
test was carried out in accocrdance with BSI
(127€b) and the result is presented in secticn

4.2 of chapter 4.

- 1A Cere Mortar
Compressive Strength Test for RHA Cement Mortia

Five mix proportions of the 1ime and RHA, with

different lime/RHA ratio of 1:1, 1:3:5; 112
1:2.5 and 1:3 were used for making the RHA
cement mortar cubes. For each mix proportion,
a mortar of 1:3 ratio of RHA cement-sand mix

was cast. The sand is a local river sand

(thoroughly washed, dried, passec throuch BSS

"~

1.18mm and retained on BS €CC m). The
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sixth mix wkich is a ceontrol mix, consists of
hydrated lime and the sand. The water/iime

+ RHA ratio used for the RHA cement test
mortar was determined from the mass of water
required to give a nominal slump equal teo that
of the hydrated lime control mix, The test
was carried out in accordance with BSI (1978b)

~an¢ the result is presented in section 4.2.3

of chapter 4.

3.3 Preducticon of Test Specimens

3.3.1 Determination of OMC

The OMC of the cubes and cylinders were
determined in UTM while that of the blocks wecre

determined in TBM,

OMC of Cubes and Cylinders: The test cube was used

to determine the OMC of the two test specimerns,

The cube was moulfed at different moisture contents
for all the selected cement-soil and cement/RHA-
scil mixes, starting from a meisture content lower
than the OMC determined from the “standard Proctor™®
compaction test, at increasing intervals of 2%
moisture content. The cube was moulded at a

e in UTM and the cube

compaction pressure of 4N/mr
produced was weighed and carefully inspected for
any deffects or cracks. A representative sample

of the material was o¢obhtained for moisture content
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cetermination. 1t was observed, that the
weight of the cube increased ccntinuously with
increase in moisture content until the OMC of
the mix was reached, Hereafter, the weight

of the cube decreased continuously with further
increase in moisture content, and the cube
produced hacd some minor cracks on them. With
still further increases in moisture content the
cracks became larger and subsequently the
material flcwed out of the mould during moulding.
The optimum moisture contents determined for
mixes in the UTM were used in moulcding the
OFC-s0il and OPC/RHA-=0il specimens as shown

in Table 4.3.1 of chapter 4,

The same procedure was used for lime -
scil and RHA cement-soil mixes but the compaction
pressure was now increased to BN/mm?, vhich is
the suitable minimum compacticn pressure for
lime-stabilized blocks as indicated by Lunt
(1980). Results of the OMC tests were used in
moulding lime-soil]l and RHA cement-scil specimens

as shown in Table 4.3.2.

OMC of Blocks: The blocks were also moulded at

different moisture contents, for all the trree
selected mixes used for blockraking, starting
from a moisture content higher than the OMC

of 1€% cetermined from the "Stancarcd Frocter"

compaction test., This was so recause ccmract
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blocks could not be produced in the TBNM at
the OMC cof 16% o. less. Three blocks were
mouldec in the machine each with a meoisture
content increase of 2%. The blocks prcduced
were alsc weighed and inspected for any
deffects or cracks., A representative sample
of the raterial was cbtained for mcisture
content determination. It was slso cbserved that
tre weights of the blocks increasec continucusly
with increase in moisture content until tre
OMC cf the rix was reached, Afterwards, the
weights of the Plocks decreased ccntinuously
with further increases in moisture content, and
alsc the klccks had cracks on them. 1In
addition, tre extracticn cf blocks fror the
moulds kecare increasingly difficult. The
optimum mcisture contents deterrined for the
mixes in the TBM were used in mculding the

blocks and are shcwn in Table 4.5.1 of clapter 4,

2,3.2 VPloulding of Test Specimens

Alr-driecd scil of known moisture content
was sieved through BS sieve 2/8" (9.5mm). The
soil and the stabilizers with sufficient water
(to bring thke moisture content of the mix to

the optimal value) were thoroughly mixed by
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hand until the mix appeared unifcrm in cclour
and consistence. After mixing the 100-mm

test cubes were moulded in the UTM. The cube
mculd with acdaptations to fit on the machine
was used for the production of the specimens
(cee Flate VIII). The inner sides of the

mould and the bace plate were initially

cleared with water to ensure easy demoulding

of the cube specimens. For each selected
compaction pressure, the mculd was fed with
pre-cdetermined quantity (volumre) of the mix

to ensure the production of uniform-sized
specimens (See Plate IX). The rachine was also
used in demouldinag the specimens after mouldino

has been completed.

Tre same procedure was used in the production
of the cylincders but the cylindrical mould used

instead,

The blocks were mavfactured in the TBM
at the OMC of mixes., The machine is a manually
operated press, which ray be operated by one
man. The compaction pressure at which the
blocks were moulded is not known since the
blockmakingy machine has no means of measuring
the pressure. It can Ftowever be guessed that
the machine operates at a low pressure, say

below 4N/mr2. After the scil material has been
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fed into the moulds, the excess was scraped and
the blocks were moulded by pressing the tube

of the machine lever, The moulds cover was
opened and the three manufactured blocks were

extracted (See Plate X).

3.3,3 Curing of Test Specimens

The specimens made from OPC, COPC/RHA or
OFPC/RHA cement were moist cured for 7 days and
Ithen dried out in laborateory atmosphere for
. 21 days. Sperling (19€2) and Ejeh (1982)
:eporéed that 7 days moist curing is ample and
“that little improvement can be obtained by
prolonginé the curing period. On\tﬁe drying
period, Sperling (1962) also explained that
during this period most of the shrinkage takes
place, thus reducing the consequent cracking
which would take place if the damp blocks are

 built directly into a well.

The specimens made from lime or RHA cement-
soil mixes were covered with polvtehene sheet

for 7 days scon after moulding to minimize loss

of water in order to aveoid the adverse effects of

premature drying on strength development.
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PLATE X: Stabilized Soil Cylincers and Blocks
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The average ambient temperature within
the laboratory at the time of this study

was about 26°C,

3.4 Comnressive Strength Tests for

Stabilized Spils

Compression tests of cubes arnd cylinders
were conducted on the as-cast faces and the
average of three determinations was obtained,
The test cubes were not tested at right angles
to the as-cast positijons as in concrete test
cubes. These cubes were unlike concrete cubes
in which, cue to bleeding, the properties of
different layers (as-rast) are not the same,
In the blocks, the compression ‘tests were
conducted on the largest faces of the dry and
wet blocks, the latter having been scaked before-
hand for 24 hours. The blocks were rompressed
between sheets of soft boards. An average of
12 determinations was obtained for the block

compressive strength,

Loading was applied uniformly and increased
continuously at a rate of approximately‘l!'MN/m2
in accordance with BSI (1%70a) until no greater
load was sustained by the specimens. Results
of compressive strength tests are presented in
sections 4.3,1, 4.3.2, 4.3.3 and 4.5.1 of |

chapter 4.
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3.5 Erosion Tests for Blocks

Two methods were used for determining
resistance to erosion of the blocks, The
first which is W.A.B.R.I method, was carried out
on three blocks after curing and drying have been
completed. Sperling (1961) indicated that
the W,A,B.R.I, erosion test is suitablie for
predicting the durability of a soil-cement block
and it can also be used for control during
manufacture. Sperling (1962) alsoc indicated that
the test, which is a simple field test, is more
effective than the A.S.T.M. erosicn test., The
procedure for W,A,B.R.I. ercsion test.has been

described in tne Appendix,

The second which is a water spray test,
similar to the quick tests carried out by Lunt (13980)
and Bedi and Chandra (1983) var carried out
on three blocks after curing and drying have
been completed, The prccedure used in this
study is tnat a shower of water with a pressure
head of about 2.5m was sprayed on the largest
faces of the bleocks for 6 hours, A block is
said to be durable if no damage occurred on the

facoes,
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Results frem the two erosichs tests are

presented in section 4.5,2 of chapter 4.

3.6 Dimensional Chanaes in Blocks

The extent of the dimensicnal changes
produced on drying and on wetting the blocks
was measured by means of a vernier calipers
for the length, breadth and height. The
shrinkage recorded was the difference in the
measurements between those of the block 24 hours
after manufacture and those after 28 days
which include 7 days meist curing and 21 days
air drying. The expansion on weﬁting was
obtained by immersing this air-dried block
in water for 24 hours. An average of three

determinations was obtained for the two tests.



72

CHAPTER 4 FRESENTATION AND DISCUSEION OF

RESULTS

4.1: 'Properties of Materjals

4.1.1: FKudingi lateritic Soil

From careful examination, the Kudingi lateritic
soil may be described as a light-brown, =andy or
silty clay laterite . with some fine roots. The
list of some important soil index properties

determined is given bkelow:

1. Specific gravityb S 2,85

2. Atterberg Limits and indices:

a. Natural moiéture_éontent_‘ 10. 1%

b. LL _ , | 29. 7%

c. PL o 13.0%

d. PI 16, 7%

e, LS - 5.7%
3. Particle size distribution:

a. Fercent finer than BS

Sieve No 7 94.4

b. Percent finer than BS
sieve No 36 88,3

gy Percent finer than BS
sieve No 200 76.1
d. Percentage of gravel 4.0
e. Percentage of sand 56.0
f., Percentage of silt 30.0

a. Percentage of clay 10.0



73

h) Effective size (D10) 0.002mm
i) Ccefficient of uniformity (CUJ 14.8
j) Coefficient of curvature (C.) 6.2

4, "Standard Proctor"™ corpaction
test:

a. MDD 1898. 2kg/m"

b. OMC 16%

The soil may be crouped as a fine-crained
'501{ in accordance with the definition given by
BS1(1975b) - since the soil contains not less than
90% passing a 2mr BS test sieve. The Cu of the
soil is greater than €, hence the soil may'

additionally be described as broadly-graded,

The scil classification is made under the

followina systems:
1. American Association of State

Fiohway Officials (AASHO) system - A-€
The s0il class under this classification system
acrees with the results of Department cof Civil
Engirieering, A,B.U. Zaria (1982), Ejeh (12€2)
and Ezetah (1985) which indicated that most
laterites in Zaria area are in A-6 group. However,
sarples of lateritic scils from Wusasa and Shika
borrcw pits of Zaria were found to be in the

A-7 groucr.
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2. Unified Soil (Casagrande) System -CL

The soil greup under the Unified Soil
classification system makes it suitable for
cement and/cor lime stabilization as indicated

by Yoder and Witczak (13575).

4.1.2: Cement:

The relevant properties of the cement used

in the study are given in Tabkle 4,1.2 below:

Table 4,7.2: Properties of Cement used

Type | _' o : Nigerian OPC
Consistence ;. 28.,5%
Initial.sefting time : 1lbhr, 28mins,.
Final setting time : 2hr 26mins
Soundness :  2.0mm

Specific gravity : 2.14
Temperature of test s 26°C

Mortar cube strength H

Age Compressive strenoth
(days) (N/wm?) )

3 ‘ 15.5

7 ' . 23.8
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It can be seen that properties of the cement used

comply with the requirements of BSI (1978a).

4.1.3 Lime

The relevant properties of the lime a used

in the stucy are given in Table 4.1.3 below:

Table 4.1.3: Properties of Lime used

Type : British hydrated lime

Initial setting time 13hr 00mins

L

Final setting time 26hr S58mins

Soundness : 1.5mm
Specific gravity : 2.74
Temperature of test : 26°C
Mortar cube strencth:
Age Compressive Strenath
(days) N/mm2
7 0.50
28 1.00
4.1.4 Rice Husk Ash . (RHA)

The typical chemical) compositior of the RHA
with the specific gravity and fineness of the
RHA used in the investigation is shown in Table

4.1.4.
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Tahle 4,1.,4 Chemical Compesition and Physical
' ' Properties of RHA used

Constituent Percentage
5i0> 66.590
CAlS04 0.810
Fe,0, 0.630
Cal - 0.102
Na,0 : ' | 0.630
K0 ' 1.570
Carbon _ 27.1¢€0

Ignition Loss at 1000°C 0.0C6

Fineness-calculated as

. the mass proportion of
A the RHA retained on BS
test sieve No 300 (53mm) 105-°/kg

Specific gravity _ 1,53

It can be seen from the table that the
ash is composed esscntially of silica (although
lesser percentage when compared to the silica
content of the ashes used by Cock et al, 1977;
and Cock, 19BC) with small amounts of other
cexides. The specific gravity of the ash is
also lower than value of 2.35 obtained by Cock

e ——t—

t al (1977). However, the Al,04 content is
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higher, These differences in the ash composition
may be due to the method of production of the
ash, but this can generally be due to the
inherent differences in the materials from
different locations. The second recascn is
ccnfirmed by differences in ccmposition of the

ashes used in the researches mentioned above.

The carben content of the ash is quite high.
This was noticeable frcm the dark-grey to black
colour of the ash. The terperature of combination
as recorded by the parometer is generally
ccnsidered to be adequate, hence the larce
guantity of carbon trapped in the ash ccntainers
may have been cdue tc limited accecs cf oxyaen

during the burning.

The fineness of the RHA agree with the
2
requirements of retween 100-200 m“/kg (Blaine

fineness) sucgested by Cook (198C).

The ignition loss is also small and within

the acceptalble limits,
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4.2 Effect of RHA on Phvsical Prcperties

cf Cement arnc lire

4,2.1 Setting Tire Tests

The results of the setting time tests for
the OPC-FHA mrixes are presented in Table
4.2.1.1. The effect of OPC replacenient by
RHA ¢on initial-and final-setting time is
shown in Fig. 4.2.1.1. It can ke cbserved that
the effect of RHA content on the initial
setting time is consicderarle while its effect
on the final =cetting time is little. The
initial setting time of the contreol mix
decreased from 1hr 2&min tc 2%2min when the
OPC was replaced by 75% RFA while the final
setting time of the control mix and the
OPC~RHA mixes was about 2hr. Initial setting
time may be definec as the time for the concrete
tc be properly laid and finished and so that
Cisturbance of one batch when placing the
subsequent ratch does not ratter. To corply
with the minimum time of 4S5min prescribed by
BSI (198a), only about 40% OPC should

therefore be replaced by RHA,
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Table 4,2.1.1: Setting Time and Soundness of OFC/RHA Pastes

Mix Proportion Consistence menwww ~etting Filnal Setting ) .
OFC+RHA: Sand * he s min. he o min I
1+0 : 3 28.5 1 : 23 2 5 46 2.0
0.85+ 0,15 : 3 35.5 1 : 08 3 : 06 0.5
0.70 + 0,30: 3 41.0 0 : 54 .3 : 12 G.5
0.55 + 0.45: 3 54,0 0 : 43 3 12 0.5
0.40 + 0.60: 3 63.5 0 i 33 3 @ 00 0.5
0.25 + 0.75: 3 QL.O, 0 : 29 2 3 48 0.5

*Average of two determinations
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There is alsc the effect of RHA cn the
stancard consistence of the cementitious
pastes which varied from 28.5% for the
control mix te 74% for the mix 75% RHA

content.

The results of the setting time tests for
the lime-RHA mixes are presented in Table
4,2.1.2. The effect of RHA on the initial- and
final-setting time of the lime is shown in
Fig. 4.2.1.2. The initial-and final-setting
time of the lime-RHA pastes show that there
is a continous decrease from the control
mix to that containing 75% RHA. It can
however be cobserved that at chout €0% REA
cuntent (about 1:2 lime/RHA ratio) there is
a little effect of RHA on the §etting time.
Abvove this RHA ccontent, the initial setting
time is long but adequate. The final setting
time may * . pe defined as the minimum delay
befcre shuttering can be removed. To comply
with the maximum time of 1Chr prescribed by
BSI (1278a), a minimum lime/RHA ratio of 2
should therefore be used in making the RHA
cement. The result is in agreement with the
suggesticn of Cock (1960) that only 20%-30%

by weight of hydrated lime needs to be mixecd
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TARLE 4,2.1.2 Setting Time and Soundness of Liwe/RHA (RHA Cement) Pastes

Mix Proportion Consistence H:wzww mu.,m_..ﬁ.zm wwzmw.mmwnwzm Soundnesse
bime + RHA: S%nd : * hr Mn ) min jn..ru_m min i
1+0: 3 64.5 13 00 26 : 58 1.5
0.85+40.15:3 . 77.5 g. : 48 19 : 00 1.0
0.70+0,30: 3 72.0 5 30 14 : 00 0.5
0.55+0,45:3 | 67.0 3 : 48 L1124 0.5
0.AC + 0.60: 3 62.0 2 : 40 10 - 00 0.5
0.25 + 0.75:3 57.C 2 : 24 9 i 36 0.5

*Average of two determinatiocons

]
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Fig- 4-2:1.2 Initial and Final Setting Time of Lime < RHA Paste.
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with RHA to produce a suitable cement.

4,2.2 Soundness Tests

The results of the socundness of QPC/RHA
and lime/RHA pastes determined by Le Chatelier
test are shown in Tables 4.2.2.,1 and 4.2.2.2
respectively., The results show that the two
types of cementitious mixtures were entirely
satisfactory since they complied with the

. requirement of BSI(1978a).

4,2.3 Compressive S5trength Tests

Compressive Strength of OPC/RHA Mortar Cubkes: The

results of compressive strength of OPC/RHA mortar
cubes are shown in Table 4.2.2.1. It can be
obhserved that the compressive strength increased
with age for all the mixes. This is an indication
that a pezzolanic reaction coccured between OPC
and RHA over the 28-day test period. It can alsc
be observed that when the cubes were cured
continucously under water at about the normal
curing temperature of 260C, direct replacement

of OPC by RBEA will produce mortars with lower
strength. However, the limited results indicate

that upto 45% replacement of OPT can occur without

significant loss in 28-day strength.

o
i)
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Table 4.2.2.1:

Compressive Strength of COPC/RHA Mortar Cubes Continuously moist cured

Mix Proportion

Age at test

OPC: RHA: Sand Water/OPC+RHA T amvs —
. a
Denssoye  ComPrESsive  siiuiiteq  Compressive
kg/m z\aam memwwwu Strength**
S kg/m Z\::.zw

(1+0) 1 3 0.40 2048 23.80 2091 24.94
(0.85+0.15):3 0.50 1964 19,35 2022 23.60
(0.70+0,30):3 0.58 1899 16.43 1971 23.79
(0.55¢0.45):3 0.78 1371 3.51 1852 17.19
(0,404,673 0.89 1771 - 7.68 1775 11.98
(0.25+0.75):3 1.04 1724 1.84 1730 3.22

*Average of three determinations

** Average of three determinations
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Compressive Strencth cf Lime/RHA lMortar Cubes:

The results of compressive strencth of Lime/REA
mortar cubes, cured by covering the specimens
with wet sack for 7 Z2ays only arncd then stored in

-

akoratory atmosphere, are shewn in Table 4.2.2.2.

Vool

The lime-tsand mcrtar cube which is tre contrecl
specimen was only air-cdried, since it disintegratec
when wet-cured. The 28-cay conpressive strength
of the lime-sand cube is very low, prcbably due

tc the effect of curing, so it can not ke of
furfher interest, The compressive strength of
the.lime/RHA :peciméns ccmpared favourably with
goﬂe ef the pub!isﬁed strength results earlier
reviewéd. It is even expected that wren the asth
is cf high quality (amcrprcus ash with lcwer
carbon content) §s intergrcurded (nct intermixinc.
&s in this test) with good quality hydrated limc,
then higher strength results wculd be oktained.
Seccndly, addition of reactive alumina intc the
mix is expected to improve beoth the early and
later strength characteristic of the lime/REA
cementitious mi#. Finally, it is also expected

that an elevated temperature curing in forr of

m

b §

(o]
i
r

hot water curing would improve the initial str
gain in the mixes. The 28-day compressive strencth

of the lime/REA prcrtar cubes varied from 2.44
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Table 4.2,.3.2 Compressive Strength of Llime/RHA Cement Mortar Cubes moist

Cured for 7 days

Lime:RHA:Sand

Mix Proportion

Water})lLime+RHA

Age at test

7 days

Saturated Compressive 28 days

Om:mWnca mwmmnmwj.* Air-dried Compressive

kg/m CN/mme Censity*® - Strength™**

kg/m3 N/mm

1:0: 3 | 0.65 1282 * C.50++ 1302, 1.00 ++
1: 1.0 : 3 0.67 1905 3.02 1618 3.44
1: 1.5:3 0.68 1863 4,43 1641 4.86
1 2.0:3 .68 1858 3.50 1641 5.48
1:2.2:5 | 0,73 1881 4,90 1570 €.58
1: 3.0: 3 0.74 1858 4.65 1613 ~ 6.32

* Average of three determination
G

** Average ¢f three determinations

+ Alr-dried density .

++ bry Compressive Strength =
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-
to €. 58N/mm“ with the 1:2.%5 Lime/RHA ratic (i.e

about 25.0% lime content) giving the hichest

strength. This result is based on lirited

(L

investigation and therefore further detaile:

m

investigaticn is necessary. The comzressiv
strength of the specimens also Iincrezsec over
the 28-day test period indicating a oozzolanic

reaction between lime and the RHA.,

eZ Scils

13

4.3 Comrcressive Strengﬁh'of Starili

4,2,1 Ccrmpressive Strength of OFC/RHA -

Stabilized Scils

The fesu]ts of 7- and PE-daf co*;regsive
strength of the OPC/RMA - stabilizecd soil are
presented in Takles 4,3.1.1 and 4.3,1.2
respectively, The effect of RHA on thre ccrpressive

strength of the s0il-OPC mix is shown in Figs.

(18]

4.3.1.1 and 4.3.1.2. It can be observed trat the
compressive strength decreased, although at
varying degrees for the three mixes, as the RHA

-content increased. Nevertheless, there is an

advantage in using RHA as & supplement stadbllizing
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Table 4.32.1.,1: 7-dav Conpressive Strength for

OPC/RHA-Stabilized Scil Cutes

Comnacted at 4

MAmm

Mix OPC/RHA REA Foisture Saturated
No Content Content content Density®** Compressive
% % ﬂ. ) xoxam Strengthes
Required Actual 2\33m
—r—

1 8 0 4 12,4 2330 1.63

10 16 <.8 2300 1.48

20 18 15.6 2274 1.30

30 16 15,5 2246 1.16

40 16 14.9 2218 1.00

2’ | 10 0 14 13.4 2248 .99

: 15 16 15.9 2248 1.99

20 16 16.1 2237 1.62

45 16 16.2 2168 1,26

60 16 15.3 2099 0.93

3 12 0 14 13.4 2166 2.92

_ 20 16 15.7 2125 2.136

40 15 15.6 2074 1.77

60 16 15.1 2044 1.15

80 17 16.5 1934 0.43

*Average of two determinations
** Average of three determinations
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Table 4.3.1.2: 28-day Compressive Strength for OPC/RHA-Stabilized Scil Cubes
2
Compacted at 4AN/mm*

T Dokt M. . golatule
B - i mﬁnmwwﬂr..
Required Actuale® kg/m3 zxsam
1 8 0 14 13.1 1978 557
10 16 15.8 1955 5.00
30 16 15.6 1951 4.30
40 16 14.9 1883 3.50
11 10 0 14 13.4 1908 7.94
15 16 15.9 1904 6.75
30 16 16.1 1899 5.60
45 16 16.2 1840 4.40
60 16 5.3 1782 3.30
II1 12 0 14 13.4 1839 10.30
20 1¢ 15.7 1R€0 €.20
40 16 15,6 1761 6.13
60 16 15.1 1701 4,320
80 17 165 1642 1.80

*Average of two determinations

**Average cof three

leterminations
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Fig- 4:3-11 7-day Compressive Strength {for OPC/RHA - Stabilized
Soil Cubes Compacted at &4 N/mm?
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Compressive StrengthN/mm?

1200

800
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Fig. 4:31.2 28-day Compressive Strength

at 4N /mm?2

for OPC/RHA - Stabilized Soil Cubes Compacted
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agent in the OPC-lateritic soil mix. For
instance, the 10%¥ replacement in 8% CPC/RHA
centent mix and 40% replacement in 12% OPC/RHA
content mix contain equal quantity (mass) of
OPC (with different masses cf RHA) but the
28-day compressive strength cf the 12% OPC/RHA
is about 23% greater. Sfimilarly, a 40%
replacement by RHA in the 8% OPC/RHA content
mix has egual mass of OPC as Lhe €0% replacement
by RH: in the 12% OFC/RHA content mix but a
strength cifference cf abcut 2% &lso exicst
between the Eétter ancé fcrmer mixes, 1t is
apparent therefcre that imprcved strength can
be achieved Sy increasing the RHA in a mix

while the OPC content remains constant.

The rate 6f cain cf strergth over the 28-
day test perioc indicates the cccurrence of tlre
pozzolanic reaction in the mix. The strercth
cain in all the OPC/RHA mixes were abcut the
same with an average of the 2°9% cf the 28-cay
strength developing in 7 days. It is
probable that this strength ratio is prirarily
influenced by the mcisture concdition of the
soil specimren since trhe ratic revained censtant
for all the varicus mixes. The 7-day strength

test was carried out im~ecdiately after curine
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the specimens under water for 7 days has been
completed wkile the 28-day was
Cetermined after further allowing them to éry

cut for 21 days.

The 7-cay saturated dencity of the mix
ranges from 19324 toc 2220 kgjn3 while the 28-dav
air-cdried cersity is fror 1642 to 1278 kg/rg.
The trend is that the Cencsity of a mix decreaccs
&5 the RHA content increaszes. The recuction
in dersity of the stabilized soi) material,
however, wculd be acvantageous in cecnstructicns
" where self-wveight represents & very large
preportion cf the tetal load on the structure.

4.2,2: Cormrreecive Strenntt o

Cemert-Starhitinmeg Soils

Tre results of 7- ane 28-cay compreszive
sirength of the RHA cement-stabjlized =211 are

Fresented iIn Tables 4,23.2.1 anc 4,3,2.2
respectively. The results shew that although
the RHA cement mixes were corpacted at

EN/rmg, the compressive strencths of the cubes
were lcwer than that -f OPC/RMA-stabilized
cubes whiclk were comracted at 4Nﬁrr?. It is
therefore apparent trat OFC/RH2 stabilizatien
is more effective than RH2 cement (Lire/RHA)
stabilizaticn., The rate of gain of strensth

indicatezs the

‘e
S

L
m
Q0

over the 28-cay tect rerio
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TABLE 4,2.2.1: 7-day Comprescsive Strength for RHA-Cement-Stabilized Soitl

Cubes noaﬁmnﬁmasmﬁ mZ\BQM

Mix No. AN Lime/RHA ‘WWWMMMMM Mod st Compressive
OOMnman Ratio Required Aciual® mMmWMM%.- Strengfhe
% kg/m~ N/mm™
1 8 1: 0 14 12.8 1957 1.33
1:1.5 ¢ 160 15.5 19C0 1.52
1:2,0 .17 15.9 1895 1.55
1:2.5 18 18,1 1884 1.59
11 10 1:0 15 12,4 1542 1.50
1:1.5 17 15,2 1848 1.57
1:2.0 17 16. 2 1843 1.62
1:2.5 g 17.2 18832 1.63
111 12 1:0 14 - 14,2 1903 1.33
| 1:1.5 16 EE: 1811 1,72
1:2. 17 16.6 1806 1.78
1:2.5 .18 17.8 1795 1.92

*Average of two deerminations
**Average of three determinations



296

TABLE 4.3,2,2: 2B-cday Compressive Strength for RHA Cement-Stabilized Soil
2
Cubes Compacted at BN/mm®

Mix No. RHA ; Moisture A
Cenent rw;mmmz> content Alr-dried Compressive
Centent Ratio % Densitye®s Strengthes*
% Requlired Actual®* 3
q kg/m N/mm
I 8 1:0 _ 14 . 12.8 1805 3.12
1: 1.5 16 15.5 1665 3.61
1.2.0 17 16.9 1659 3.72
1: 2.5 18 18.1 _ 1652 3.77
11 10 1:0 14 . 13.4 1786 3,22
1:1.5 16 15.2 1648 3.73
1: 2.0 17 16.3 _ 1642 3.84
1:2.5 18 17.2 1635 3.89
IIT 12 . 1:0 14 14.2 1780 3.58
1:1.5 16 14,9 1642 4,15
1: 2.0 17 16.6 1636 4,27
1:2.5 18 17.8 1629 . 4,33

*Average of two determinations
**Average of three determinations

***Average of three determinations
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ccurence of the pozzolanic reaction Iin the

mix. Pozzolanas ccntaining a high precartion of
silica, wkile corbining readily with lire,

are known to prcduce hardened raterials with

r

»cor mechanical strength (Malgqueri, 15£2).

(141

The ratio of the 7-cday compressive strenctw
tc the 28-cay compressive strerngth is ebout
42% for both the RHA cerent-scil mix arZ thre
correspending control mix .(contains corly hydrated
1ime and the soil). Thris ratic is greater
than that of OPC/RNA and its control rix
(ccntains cnly OPC aﬁd the soil) whick is 22%,
This high early strengtﬁ in the RHMA ce-ent
mixes, except éﬁly when rapid reactinc rincre
such as amorphous silica was in the RE:A, may
be due to the reducing effect of the mcisture
cendition of OPC-stabilized soil] speci-en
on its compressive strength, This is tecause
it is generally believed that strengthr producing
reactions in OPC mix are faster than t*rat cf
hydrated lime. The 7-cay compressive strength
test of the RHA cement-stabilizecd soi?

epecimens was macde on reist specimens while

that of OFC/RHA was cn wet specimens., Hence
the 28-day strength (i.e. after sufficient

.

time should %ave been allowed for pozz:lanic
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activity tc be cdevelorec) is more sujtable for
éssessing the strength of blocks made from

ctabilized s0il mix.

Unlike in .the OFC/RKA- =0il mix, the resultc
show that the ccomrressive strength of RHA cement=
-s0il mix procressively increased as the

RH~ content cf the mix increased, Thug, the

ri»x with 1:2.8 lime/RHA ratioc (has tre larcest

t

RHA content) rrocduced creater strenncth values

than the 1:2 and 1:1.%5 - - ratics.

The density of the RHA cement-scil mixes
Kl
was between 1995-1%97 kg/m~ at 7 days ang between
2
1€22-1805keo/m™ at 28 days. This is however

lower than that cf the CPC/RHA soi) rmixes.
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~ 4,3.3: The Effect of QOPC on Compressive
Strength of RHA Cement-Stabilized Soils

from Tables 4.3.2.1 and 4.3.2.2, it can be
seen that there are no significant diferences
between the compressive strengths of the various
mixes used, The effect of OPC on the mixes that
gave average strength results (i.e. 10% RHA
cement content) is studied and the results are
presented in Tables 4,.,2.3.1 and 4.3.3.2. The
results in Tables 4.3.3.2 indicated that additicn
of 10%, 20% and 30% (by weight of RHA cement) into
the mixes increased the 28-day compressive |
strengths of the mixes with about 26%, 50% and
61% respectively. It can aigo be seen that
additien of 20 and 30% OPC to the RHA cement-soil
mixes and compacting the test specimens at
4N/mm2 gave ZE~day strength results comparing
favourably with the results of the equivalent
mixes (without OPC) but compacted at 8N/mm2.
It is therefore apparent that the addition of
OPC into RHA cement-soil mixes significantly
improvecd the strength., It is also apparent
that the mixes containing adequate OPC would
be suitable for klock manufacture in a simple
low-pressure block-making machine such as the

Torsa or Cinva Ram,
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o™

=

Table 4.3.3.1: Compressive Strength for 10% OPC/RHA Cement content- ©°
Stabilized Soil Cubes Compacted at 4N/mm°

1

rwﬁﬂurﬁw QPC: Moisture - Age at Test
mm>n nomwm:w Content =
Ratio . o -
Required Actual® 7 days 28 days
Wwet Compressive Dry Compressiv
densjty strength ** Densityse  Stren
kg/m N/ mm kg/m> N/mm
1:1.5 10 17 . 16.2 2048 0.68 _ 1790 2.56
20 17 16.8 2019 . 0.78 : 1721 3.69
30 R W 17.1 2092 .88 1967 4,35
1:2.0 . 10 18 17.5 1995 .73 . 1760 2.63
20 .18 17.9 1567 0,8% 1698 ~.B0O
30 18 . 17.3 2037 0.95 . 1717 4.43
1:2.5 ) 10 - 19 1807 2030 0,74 1745 2.173
20 19 - 18.9 2007 0.86 1713 2.92
30 19 19,2 2078 . 0.97 o 1776 4,58

1 By weight of RHA cement
* Average of two determinations

*+ Average of three determinations
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Table 4.3.3.2: Compressive mwuﬂ:an: for 10% OPC/RHA Cement Content Stabilized

Scil Cubes Compacted at BN/mm

2

ope .

Moisture content

Age at Test

Lime: content! .
REA % Required Actual® 7 days 28days
Rati Wet Compressive  Dry Compressive
atio Density** gt e s tyss
3% rength ensity Strength*e
Kg/m N/ mm2 kg/m?’ N/mm2
1:1.5 10 16 14.8 2020 1.00 1782 4.44
20 16 15,6 2040 1.15 1762 5.80
30 16 16.1 2067 1.20 1740 5.93
1: 2.0 190 17 16,3 15638 1.03 1758 4,80
20 17 16.3 1587 1.27 1738 5.63
30 ’ 17 16,9 2013 1.33 1760 6.1V
1:2.5 10 18 17.5 2008 1.04 1743 5.25
20 18 17.2 2027 1.30 1723 5.86
30 18 17.9 2054 1.35 1701 6.45

1 By weight of RHA cement
* Average of two determinations

** Average of three determinations
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4.4 Evaluation of Masonry Units

4.4.1 Compressive Strength of Stabilized

Scil Blocks

The results of compréssive strength evaluvation
i1s shown in Table 4.4.1. It has been cbserved
that there are as yet no specifications for
stabilized soil blocks in Nigeria, However, the
results, when compared to the recommendations of
the Feceral Ministry of Works, (FMwW, 1979)

Nigeria on sandcrete blocks, indicate that only
the 28-day dry compfessive strength can conform
to the strength requiremerts of the sandcrete
blocks. The wet compressive strength.éhich is
found to be the lowest strength expected from the
masonry unit (Ejeh, 1982) does not conform with
the minimum strength requirements of the above
body or that of BESI (1968). The cube and the
cylinder strengths are however significant because
they exceeded the generally éccepted minimum
strength of 1.4N/mm2. It was noted, during the
course of investigation,that increasing fthe cement
content of the mixes would progressively increase
strength, It is therefore apparent that higher
OPC content, above what was used in this study,
anc perhaps even a more effective blockmaking

machine 1is required for the units to conform

to the renmairements nf candecrete ar rAan~reta Black s
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Table 4.4.1: Compressive Strength of Stabilized Soil Blocks

Mi . e Moisture ||||IIWM
ZHx bLimel npe content 28-day Compressive Strength
e RHA nonwn:ﬂm used for N/mm
Ratio g+ - Moulding
blocks _
mmmcwﬂma ACtual+ — Wet . Dry
. . * - -e .
Cubé Cylinder g, . ** " Cube Cylinder Blo.

1 1:.5 20 23 22.5 1.58 1,74 1.05 5.80 6,32 3.7
2 1:2 20 24,5 23.9 1.58 1,76 1.06 5.83 6.39 3.8
3 1:2.5 20 26 25.8 1.62 1.77 1.09 5.86 6.47 3.6

1T By weight of RHA cement
* Average of two determinations
** Average 0of three determinations

*++ Average of 12 determinations
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L

as specified by the above bodies. The blocks
made from the mixes. would hence be suitable for
use in low cost housing and rural buildings

in this country,

4.4.2 Erosion

The results of ercsion tests concducted on
the stabilized blocks are shown in Table 4.4.2.
The results indicate that in the W,A.B.R.I.
erosion test, the block withstoocd the test and

the average loss obtained for each of the mixes

is well below the tentatively recommended maximum

loss of 42 gms,

A

In the case c¢f the spray test, the blocks
were not erodec on their surfaces and therefore

were considered to be durable.

4.4.3 Dimenslional Changes in Blocks

The results of the dimensional changes which
occured in the stabilized soil blocks are shown
in Table 4,4.3. The results indicate that the
drying shrinkage and wetting expansion of the
blocks are comparable to the results obtained
elsewhere (Sperling, 1962) and therefore the

mixes are dimensionally stable.
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Table 4.4.2: Erosion Tests for Stabilized Soil

Blocks

Mix Limey Moisture Content

W.A.B.R.I,

1 3 Water Spra
No. RHA nWmmmsn . used for Moulding Erosion Test pray
ratio % Bilocks Losss* Test
Required Actual®* gms
1 1:1.5 20 23 22.5 6.0 Durable
P 1:2 20 24.5 23.9 5.0 Durable
3 1:2.5 - 20 26 25.8 4.5 Durable

1 By weight of RHA cement
*Average of two determination

** Average of three determinations *
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Dimensicnal Changes in Stabilized Scil Blocks

Expansion Mocisture

3 : t Shrinkage** ¥

Mux Yine: oPC 1 ZMMMFMMW MM”HMMM ankage on wetting** Absorption

e RHA ‘cantent u g % % on Wetting**
Ratio g Blocks %

Required Actual®

1 1:1.5 20 23 22.5 0.07 0.29 16.1

2 1:2 20 24.5 23.9 0.09 0.28 14.9

3 2: 2.5 20 26 25.8 0.10 0.25 13.6

1 By weight of RHA cement

** Average of two determinations

** Average of three determinations
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CHAPTER §: CONCLUSIONS AND RECOMMENDATIONS

S.1: Conclusions

From the results of this investigation,

following concluslons can be made:

1.

3.

Up to akout 23% increase in strength can
be achieved by increasing the RHA conten
in the OPC.lateritic s0il mix while the

OPC is kept constant in the mix. |

s

compressive strength of the OPC/RHA |

s0il mix is developed at 7 days when the

I
!

mix specimens ate cured under water

for 7 days. |
The 7-day saturated densities of OPC/RHA
s0il mix used range from 1934—2330kg/m3
while the 28-day air-dried density |

is from 1642-1978kg/m>.

the

t

-An average of only about 29% of 28-cay
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11.
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It is apparent that OPC/RHA mix 18 more
effective than REA cement in soil

stabilization.

An average of only 42% of the 28-day
ccmpressive strength of the RHA cement-
lateritic soil mix is developed at 7 days
when the mix specimens are cured unde;

polythene sheet for 7 days.

Tne cptimum lime/RHA ratio for use in RHA

cement-stabilized soils is 1:2.5.

The densities of the RHA cement-scil were

3

between 1995-1597kg/m~ at 7 cdays and

between 1629-1805kg/m° at 28 days.

The addition of 30% OPC (by weight) into

the RHA cement-soil mix can increase the

strength by 61% and this strength favourably

compared with the strength of 8% OPC-

lateritic soil mix.

An average of only 22.5% of the 28&-cay
compressive strength of the OPC-RHA
cement-lateritic soil mix is déveloped at
7days when the mix specimens are subjected

to water spray curing for 7 days.

The densities of OPC-RHA cement-lateritic

soil mixes lie between 1967—2092kg/m3 at
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7 days and 1698-1967kg/m> at 28 days.

An increase in wet compressive strength

{(to a minimum of 2.25N/mm2) is required

before the mixes (containing up tc 60%

of the RHA by weight) used in this study,

can conform with the requirements of BSI
(1968) and FMWw (1969) on precast sandgrete

Or concrete blocks. It is probable that

this strength increase could most economically

be achieved by increasing the OPC content

"of the mix and perhaps using a more

effective blockmaking press.

5.2 Recommendations

From the results of this investigation, the

following recommencations can be made on this area
of study; '

1.

The results from this investigation is
based on limited number of tests anc test
period. It is necessary to obtain results
from a more detailed test programme which
is to be carried out over a lenger test

period of up to, say, 90days.

The effect of soil composition, curing methcd

and method of production of RHA in relation to
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the quality of the ash on the strength
and other rroperties of mixes used should

be investigatec.

The need to cdetermine the strength and

durability of RHA-based stabilized soil

blocks in the field. This should involve

the building of a free stancing test wall,
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APEENDIX

W.A.B.R.I. EROSION TEST

The procedure for the W.A.B.R.I. block ercsion

test is described below:

1, After curing has been ccmpleted, immerse

the block in water for further 24 hours.

2. Place the block in & clean receptacle,
large enough to allow the block lie on its
largest face. Fill the receptacle with

clean water until it just covers the block.

3. Scrub the upper face of the block longitudi-~
nally for three minutes by drawing a loaded
brush, held parallel to the length cf the
block back and fore at a rate of approximately
one stroke. If a suitable watch or timer
is not available, 180 strokes can be counted.
Care must be taken rot to press on the brush
when moving it back and fore, not to allow
it to travel so far that it projects over
the edge of the klock, and tc avoid coing
too near the edge. The brush is a flat

- household scrubbing brush of the dimension
€3.5mm by 158,75mm in cross-section and
38.1mm thick (i.e. @ windmill brand €58
"Briton" brush). The brush is loaded

’

centrdlly by a weight of 20N which is fixed
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securely to it,

After scrubbing, remove the block, allow
the water suspension in the receptacle to
stanc for ten minutes and decant the

suspension,

Wash the eroded soil material into an
evaporating dish and place in the oven

to dry.

when dry, collect and weigh the residual

soil.
Discard brush after 20 tests,
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