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ABSTR ACT

The desizn criterin of @ soil-cement mirture requires
attainment of a mimimum wieonfined compressive
sirength vali e of 14 MPa. In this study e silty soil of
known physicel properties is mixed with different per-
centages of portiand cement and the engineering proper-
tics of the mixturc are closely investigated in the labora-
tory. Hlock specimens are prepared, cured for various
days and tested to fallure to determine the unconfined
compressive slrengih, split tensile strengih, water absorp-
tion capacity. A few bock specimens were also subjected
{0 u repeaied cycles of wekling and drying in order to
simulate the seasongl variation of moisture and tempera-
ture ir the field. With the increase in cement content,
the compressive and split tensile sirengths are observed
to increase, Finally, the economically feasible optimum
cemeri conieni for use in sod-cemeni block is ree-
ommended in gecordance with the design criteria siated
ahove.

INTRODLCTION

Over 83% of the Pniopian pepaiation ive in rural
areas,  The wmversal houvsing i rural Etluopia ar tukuls,
Usually . these mkuls are roumd and ther conspruetion
appears sunple when executed by local skilled crslismes,
The waisz ol these tekuls ane built of fom or tree branches.
fixed Into the ground and with & face work of twigs as a
cover.  The walls can either be I+ K In this condition or
they masy have & coating ol one or more faver of carly
catied “enicha™.  The root i made of limited kinds of
straws, Al preseni, one of the major problem: o the
urad areas is the continuons eutling of {rees ann barosn
ol bushice and thick grass arcas, There i a great tear that
there will be scaritr of suen buildiar materish it the

{feiur:,

Although available in limited areas, these materials
have to be transporled over a long distance incurring
heavy costs. In these cases, one will be compelled toTook
{or othersubstitutes at lower cost.

A more realistic look at the situation in the light of
the statements above would indicate thal soil stablized
with cement and lime deserve much attention than they
so far have had, Soil is the most widely wsed building
material in Fthiopia, yet it is almost invanably ignored.
The use of cemend and lime 1o stablize soif, the use of
improved but simple machines for compacting soil hlochs
have become common elsewhere.  Abtention may be
drawn to these stablizers and othems, small quantities of
which provide suitable slubility aguinst the penetration
of water. The use of these could also be encouraged not
only for stabilizing soil bul also for protecting wood and
grasses [rom destruction.

Stabilization of soils is defined as a hardened
materia! fomned v curing a mechanically compacted
intimale mixture of pulverized soil, portland cement ard

watev.

TEST PROCRANME

The experimental provedures adopted in this study

is divided into two, namely;

(a}) testz for surtabilify of sofls! — i, determination
of physical properies of the ratural coit, and

(b} investimetion ol the soilvement mixture,

Alf the Lests were made at the Soil Mechanies _aboratory

of the Faculty of Teehnology, Addix Ababa Univers
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The natural soils are obtained in the vicinity of Lake
Zeway area. These soils were dned in the sun and
pulverized manually and sieved through sieve No. 1.
The stabitizer used as binding agent was portland cement
manufactured by the Ethiopian Cement Corporation.

TESTS FOR SUITABILITY OF SOILS

Determination of Physical Properties of Soil

In the it stage of the study, physical properties of
the natural soil were determined. Pertainent character-
istics of this soil are summarized in Table 1.

Table 1: Charactenstics of the Soil

Plivsical Properties of the Soil Result

Atterbeg linite and indices:

Liquid linnt 32%
Plastic Hinit 29%
shrinkage limit 109%
Plasticity index 3

Grain size distibution:

Sand particles 520
Sitt partickes 44%
Clav DParticles A%

Group classification for the soil:

Unified soil classificalion ML

Moisture-Density relationship:

Optimum moisture content 30.5%
\aximum dry density 1.25 kg/em®
Specific gravity 2,59

Preparation and Testing of Stabilized Soil-Cement Hocks

The next stage of the invesiigation is concemed with
the stabilizing effect of the soil with the addition of
cement.

‘The study wm made with the addition of2.5%, 7.5%,
10% and 12.5% ol cement by dry weight ofsoil. For the
uneon ined compressive  and  durability tests, three
specimens for each percentage of cement content were
made forcuring at. 28 and 60 days.

Mixing and Molding

in this test programme 18 kg of the screened dry

soil was taken for different percentages o f cement content,

The required quantity of cement w as then rixed with the

drv soil for about ten minutes.  Alter thorough dr
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mixing of the dry soil and the cement, oplmuin per-
centage of water by dry weight of the mixture was added.
The optimum amount of water is detennined from the
water content versus density relationship curve. Both the
dry and wet mixing were carried out manually.

After mixing with water, test specimens were pre-
pared by the use of the molding apparatus called £llson-
Hock Master Machine, immediately after each batch of
the materid was mixed,

CURING AND TESTING OF BLOCKS SPECIMENS

Proper cunng is an essenlial step in obtaning
tadened e feets of the blocks, The specimens were left
at room tempergtures for uir dning for 21 hours, but
vovered with grass. The Dlocks were then cured by
sprinkling daily for 7, 28 and 60 davs in order to simul ate
the held condition.

After each curing penod, specimens went unwraped
and immemsed in water for 24 hours. Then they wene
tested for uncon fined compressive strengtly at the loading
rate of 2.3mm per minute. The test resulbs are given in
Table 2, and shown s Hg. 1.

Table 2, Effect of Cement and Curing on Unconfined
Compressive Strength of Stabilized Specimens

Amount of 7 ays 2% Davs 00 Days
Cement % Vil'a MPa MPa
2.5 i.3 1.6 1.5
7.5 2.8 3.1 4.2
10.0 29 £2 1.6
12.5 249 3.0 6.3

N.B. The values shown in the above table resresents an avesage of
tiree blocks.

Durability Test

In sectual practice, stahilized soils used for ¢xtemal
purpose will be subjected to drying and wetting during
the dey and rainy seasons, respectively. The cause of
wetting and drying have eflects o[ disintegration some of
the compacted soil particles causing loss in weight. The
total loss in weight is then calculated as a percentage of
the orginal dry weight of the stabilized soil blocks.

The soil specimens were subjected to 28 days curing
and then 12 eveles of drying the specimen in oven at 71°C
for 42 hours and then immersed in water for 5 hours to
e followed by one hour of drainage and of removal of
iossened materid from the specimen surface. The resulis
are mven in Table 3, and shown in Fg. 2.
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Table 3. FEffect of Cement Content on Durability
of Stabilized Specimens

Amount of Cement % Apediin Days  Weight Tossf

25 28

75 28 7
10.0 24 3
12.5 28 3

Water Absorption

In order to investigate the ¢ Hect of water absorption
of the stabilized soil bloeks during the rainy season,
similar test has to be condncted in the laboratony. There-
fore, the specimens wer immemsed in a bucket of water

for 24 hours. Then the gain in weight as a proportion of

the dry weight was expressed. The test resulls are given
in Table 4, and shown in Hg. 3.

Table 4. Effect of Cement Content on Water Absorption:

of Stabilized Specimens

Amount of Cement % Water Gain in % Alter 28 Davs

2.5 16
7.0 )
10.0 13
125 12

Split-Tensile Strength Test

This type of test is an indireet method of applsing
tengion in the form of spliing.  Snce the theoretical
analysis of the split test is based on the theon of vlax-
ticity it is logical Uthat the test would provide a gund
indicadon of the tensile steength of the matena which
behave elastically to failure.

The split test is conducted by placing a reetangular
specimen homzontally between two loading surfaces and
loading the specimens along twe opposite generalnees.
In order to accommodate a possible non-parallelism o f the
generatrices of the rectangular Block, two simple round
bars wer interposed between the two loading surfaces
and rectanyular specimens.  The result is given in Talle 5.
and shown in Fe. 4.
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Table 3. Effeet of Cement of S]ilitting Tensile Steeneth
of the Stabilized Speeimens

Amount of Cement % Split Tensile Streasth in VP

Alter 28 Dy«

2.5

T3 .2
10.0 0.3
12.5 it

DISCUSSION OF THE TEST RESULTS

When the cement is added to the soll, meactions Lake
place between the soill minerals and e cement canstitn
ents which are responsible Tor the stabifization of (he ~oil.

Jo the cement is inepeased, the comprissive «tpnoth
mereases due to the adbierence e dfect bebween the sail
minerals and the eement constituenis Lahes place with a
water [l surrounding them thos formiing a =cmirizul
structure Laving high strengthe The curing ol the <pecr-
mens for o longer pedod helps the initial add T et
of the eement causing inereaes i ateoocthe The ap-orp-
tion charactenstics s abso affeeted by the formine ~emi-
Avid streetural e ffeet of the stabilized spevimions. v the
cement  content dneremed. e absorption capaerts
deervised. The weioht los after 12 eveles ol dnvines wnd
wetting al~o deereased as the cementmereaed,

Selection of Optinum Cement Content

I oorder to e able to select the eomenl content
ceonomicddly  for a soil of sunilar vubie i e Teld,
ferenee ol the fest results 1o the zpecificatinon =
HeCessArn

It i~ speciflicd thal a minimdm avera e com ressise
strength of 1M at 28 doss ~honld he ait@ned.

Therefore the cemenat content =hould by s lectod at o
wittimunt unil =trengrih of 1.2 Mo Thus, 5% coment
vontent should Le wsed, I durabalits st soen that
the weisht loss i 10% which i~ equal 1 the recan ndod
limil.

From this experimental investigativm. it i . ferredd
that 5% can pereferably be used v the <tabilized <oil
biocks, Lower than 3% will be taed as the stabilized soil
blocks: bul will be aflfeeted by the sexond vanation ot
tmuisture and temperature which are the prevalent con-

dition of soils in Zeway area.
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