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ABSTRACT

A soil sanple which was identified as a weak
material for stabilization with coment was used in
testing the load carrying capacity of soilcrote
speci mens and the various affects on it. The stress-
strain deformation pattern of soilcrote was also
studied in addition to the effect of height-diameter
ratio on the conpressive strength of soilcrete
cylinders. The soilcrete specinmens were produced at

action pressure simlar to that for hand operated
soilcrete block moul ding machi nes.

The results present some know edge of soilcrete
as a building material, and these suggest that hand

rated machines are likely to produce soilcrete

bl ocks suitabl e for | ow cost housi ng.

A total of 197 cubes, 79 cylinders and 24 holl ow

bl ocks were tested.
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PREFACE

Soilerote is a material not yet universally accepted
for construction of low~cost houses in developing countries.
Althoungh much ic Imown about soil~coment for highway
construction, this knowledge cannot be entirely applied to
gsoilcrete for lowecost housing because of the differcnce in
their uses and applicetions, and alsoc a major differcnce
exists in their methods of compaction which is an important
factor affecting the compressive strength of scilcretc.
Therefore there is the need to study the physical properties
of soilcrete as it relates to housing requirements.
Compressive strength ic of main importance to this study
bYacause of its singular importance to walling units (of
which soilcretoe is mainly used as) and because of the easeo

in asscssing comproessive strenth by erushing.

There are no uxxisting standards in Nigeria for the
practice of soilcraete, this work is seen a2as a step towards
Nigerian standards and specifications for socilcrete,
bPoaring in mind our perculiar circumstances. The Chief
of Staff Supreme *oadguarters, Major Genoral Tunde Idiaghbon
puts it right when he said - "Planners, Policy-makereg and
Hlouging Authorities should realise that our increasingly
over~populated towns and cities can never achieve
tolerable environmental conditions if they insist on
rigid housing standards desipgned for weslthiex industrial
societies which inelude housing codes and regulations

utterly remote from our social cconomic realities" (29).

ix



CHAPTER 1

INTRCDUCTICN

Housing iz mznts most important need, next to food.
This exnlains the govorhtal slogen of "housing for all
in the yenr 2000", In torms of the gualit-tive housing
nceds, the estiriates of housing needs and demands in
' ereriar Urbhen Coutroeos are very stagrering., A study (31)
puts the Figures of needs in Nigerian urban centres at
between 3,2 to 3.7 million housing units between 1980
to 1990, These figures do ncoet include hcusing nceds
created by raplacchient of old anes estimated at 13,000
ney annum. On the whole, Nigeria is expected to add "bout
13 miilion new dwelling units to the existing housing
stock bafore the end of this deocade. 4as only about 30%
of Nigerians live in the urban areas (32), the addition
of the housing necds in the rural areas, for the attaine
ment of the geal « "Housing for all in “he year 200 Q7
will simply be staggoering. Since the cogt of building
materinls constituts about soventy mercent of the cest
of a building {(30), it is therefore implicitly nccessary
that new building materianls that are cheap and locally
available must have to be develeored for the construction

of low cost houses in the urban and rural argas,

Socilcrete is a mixture of soil, cement and water

compacted to give a sclid mass which takes the shape of
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mould. Scilcrete is used for the construction of low
cost houses in the developing countrics. 4An impadiement
to Nigerian housing nroblem (in addition te lack of
foreign exchenge to import building materials) is high
cost of building m~nterialse Ideally building matoerials
for low cost houses should be produced from lecally
available raw materi~ls which must be abuncdantly available.
llzterials such os Durnt clay bricks which are popular
conctructisn materials arae high cnergy-intensive and
axrensive. The advantage of soilerete is that it
is a low enecrgy material, Sonilcerete could be produced
at the project sitc which inclufes rurnl villagres thus
reducing transportntion costs, Ancther advantage of
soilcrete 2as = construction material iz the nddition of

value to soil,y by irncreased usage.

The use of 2y building matzrial depends much on the
local cedes an”' paecificaticns for the material in question,
The codes tnad specifications in tura depené on the continous
Imouledge of tha nmi-fterialas. This work intends therefore

ta be part of the ec

]

1tinous Xnowladze of socilcrete ns a

construction material,

A numhir of ftezitc were carriod out on soilcrete to
investigato its porformance by the ability to withstand
load. The effect of compaction pressure on the compressive
strongth of scilcrete was studied. The nim was to study
the benaviour of scilcrete hollow bhlecks (400 x 150mm

with depth betwegen 160=150mm) thit will be produced with
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the non power operated machines develoned for soilercte
Hlock=productiocn which are very suitnoile for lov cost
and rural housing schiemes, with 4 compactirn pressure of
about #NA1H=(10). The compressive strongths of three
shapes of specinmensy the cube, cylinder and full size
Dlock werc alseo studicd, Cylinders with varying heighte-
diameter ratios were crushed to investigate the effect
2f height-di~moter ratio on the compressive strength
of soilcretc specimenss The deformation of soilcrete
vhen under stress vwas studied for difforent compaction
pressures, to asscss the effect of compaction pressure
on the deformaition pattern of scilcrete.

Finally, a number of terms need be explained as

usad within th. ccatext of this texte.

Conpressive Strencsth

The comnressive strength of a soilcraete spoacimen
is the mrximum conmpressive stress the s»ocimen is capable
of daoveloping b2fore failure. This is the ratio of the

-

maximum axial lond the specimen can carry, to the

original surface arca of the specimen bHefore deformation,

deot snd Dry Comprossive Strengths

The wet compressive strength of a specimen” is the
acximum stress the specimen is capable of developing
before failure when the specimen is immersed in water for
o specified perioc prior to testing. This means the

snaegimen is tosted wet,



The A4Ary compregsive strength of n scilcrete
snccimen is thc maximum stross the specinen is capadle
of dev. lonint haefore Failure without immersion in water
rricr te testinge This means the specizen is testad drye.

T>~ter Contont

The watar content of a1 scilerete mix is the mass
of water in tae srilerctc as a percentagz of the total

nass of seil and cormont,

Cement Contont

The cement content of 1 soilcrete mix is the mnss
of cement in the¢ nirz as a percentage of the total mass
>Ff soil 2nd coment put together, but ¢xcluding water,
Tast means that a seoilcrete mix of 8% cement content is
made up of 8kg of coment and 92kg of soil per 100kg
of the dry soilcroete. S0 also for every 100kg of
12% cement content mix, there are 12kg of cement and
38%r et scil, Thase rooresent the frllowing proportions
in volume ratics:=
(~) &% cecment cuntent cquivalent to (appreox) 1:15 cement:

so0il

{(b) 10% cenent contont equivalent to (approx) 1:11%

caentisnil

~
o
~

12% conent contont equivalant to (approx) 1:9%
cementisoil
The cnleculdntionsg are based o» ccement having a specific

grovity ©f 3.1 2nl soil a specific gravity of 2.4,
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LITERATUE REVIEW

Soilerete is ~a2 ¢f the new bHuildin- materi~ls for
construction of houses and its quality depends mainly
on scil, Evarytiings cannct he said te o !mown about
seilecrete for the construction of low cost houses in
thae trooicnal zonis. Staoand-rd shecificntions and codes
Ao not, meanwhiley exisgt in Nigeria for scilcrote
practices Much iz horever knoym ahcut a simil-r material- ;
soil«cement for higchvay constructicn. Most rescarches
carried out on soil-cement proscently ar: cn 50il stabilie-
zatirn, aimed at !mowing mcere about this highway construction
motarial. These roescarches and other spoecifications on
scil=ccment sncl conent-relcoted materiils have been a

0

uite to this rosearch. These are bricfly roviewed,

b

Loterites

Laterite is tho mcst commonly stabilized soil for

ccastruction. Re? clay i= otherwise known 2s laterito.

The rcd colour {accoerding to whether it is asscciated

with little or much water) is given to the soil by iron
oxice prescnt in it. In laterite, silich teonds to he
vashed away while 2lurmins (aluminium sesquioxice) 2né

iron oxide tend t- romnin near the surface heing relatively
insclubdle in watoer unless humus is present (12)e. Thus A

851l with humus tend tc be morce lateritic.
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Lateritcs are widely distributed throushout tronicnl
~nd subtropicol regions of frica, South smerica, Centrai
iericn, sustralisg India and South-East sine The word
Interite wes Carived from latin word later which mens
brick (11)e U'z=nda (23) contends that there is much
confusion about latcerite. He rencrts that some peenle
have dafined 1l-terite from its morphology, others on the
hrgis of chamic~l commnsition, while still others thought
to recornise latoerit. with colours. For engincering
nurneses, Nixon and Skipp cited cn 13 cdefine laterite
ng those ferrugisous and alumino=ferruginous materials
heving vesicular coneretionary appcarnnce which cap a
soil profile of cither in situ develooment over a parent
reelr or similer matorinl. Their colcocur ransce from ochre
through red, brovi or vionlct, Cne noint agree? by =11
Cafinitions of Iatorite is its assoaciation with the reod

colour daorived 2z ~ result of the dron oxide »nresent in it.

Currznt Resvarchcs

Herzeg(9) ca +-: usc of additives in the stahlization
of poorly rercting scils with coment says the poor response
0i’ such materinls is due to th: prosence of active
orgsanic matter. Ha feound tha most active erzanic matter
as that containing *the hydroxyl greup able to combine wi‘h
mixe He found cnlecium chloride effective in sands ~=nd
ineffective in hoeovy clays, while forric chloride was

effactive in claye In another investigaticn (8).
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Aerzoz found txnt the addition of 0,75% calcium chlorire
to coment stabilized s~ils of 8% =nd 10% cewent content
rorre an ianercnse in tho ccusaing strengths from }g‘l/nmz
$1e
snd 538 /ma”  fo. SN /mm, reepoctively, that is an average
of avsut fourty-seven poercent increasce in strongthe.

Dumbleton () in his dnvestigations obsurved that
naturnl soeoils have strangths cf between 0O and ﬁ.?N/mm?
anc when soils 2rc stabilized with cement it is usual to

2

raquire a strength »f at least 1.7N/m»” 2t seven days to
show an indicrtion of propoer hardoening of the cement.
Ja obscrved th~t the mixture of lime ~nd cement for
stabilizing cluy g-ve the highest strength v~.lues, The
affecet of immersicn in water on the compressive strenrth
of clay soils stabilized wita hy?rated lime is o constunt
loss of strength for any particular clay and is imdepencdent
of agee He ooservzd that the soaked strength incre~sed
with age. He peoints out that hyldration of cement is
inconendont of the 30il "n~” thnat this is “he primary source
~f strength for the cerment-stabilizoed soils. Thoere is
the affect of scil tyne on the strength of stabilized
soil., This offcet is moechanical - particle size distri-
hution; ane cheudictl = cduec te crmpoundcs nrescnt like
oglalic mavter vailcw arfect tace hydration of cement.
Jut in the case of lime there is no casc of hydr-tinn te
form celientitiocus cecmpounds. It is helieved that the
active organic matter in soils interfercs with hydration

o

 cement by corbining with the calecium iecns of the
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semente To eliminsta this effeet more calcium isns =re
gaanliocd ta the nix (6)a

In his investi ztions on the c-moresnive strongth
ol hellow dlceks, Tizh (?) tested soileorete aolloy hlocks
produace by Ociilegnt-2 Tonstructicn Comvany Zaria, The
crmanny is situsdtol in Kakoeyi arss of Zaria, vhere there
iz shund-ace of l-ierite. The Company usos the block
et dinrs machine mado Hy Tecmor, 3r-zil. Biocks tosted for
crushing ctrenagth zave averase compressive sirength per
gross arza (dry) cof 5.4N/mm2 for b“locks of 10% coament
c.ntent =a2nd 2.5N/mn2 for 8% cemient content. EBEjeh renorts
that the Rollow "locks produced by the Company were of
fimsnsions A0C z 1%0mm croess socoction, with vaoryine heights
dus tc varying amount of material fe? into the bleck moul?
ani unsten'y comnrassion npressurces The company nroduces
s of %% cencnt contont for market sales. In his
teste cerrizd out wisth 8% cement content hollaw hlecks,
1 observed Thot tho bleck strongths arz: affecctoes by
the coatact Loy il testing for strongth, He macde
osrer numier oF observations which include thati-
(=) The ratic of wot strongth te <ry strensth of soilerete
20llov Hlocks wore of tro types; the first is the constant
wot strenecth ratio in which the avernpe value is 65%.
The second ratic Heing the minimum vet strength=dry stronstin
ratic with an averzya value of 42X, This minimum votedry

sir:ngth r»atic isg got after onc cday's immorsion in water

orior te testing for cemprassive strongth whilce the strensth



»atio ineroraes with the incrzose in the nunmber of days
¢ immersicn in rater prior to testing fer strength, to
“11 congtant vret-"ry stronzth ratic.

{Hh) The woeterdry streongtn ratio for 8%, 10% and 12%
cement content hollow blocks arce A2%, 38 and 45% respectively.
3izh also investic~ta? the cuaring methors for scilcrete
1wolleow bhlocks r~nd rozowment's that for stanc wrd tests and
guniily ccatrely tue imasrsion in wator method is more
conducive to laboratory atmuspherce simce spr-ying is
unsven =n:' the quality of wator used cannot be saicd,

He ernclu”zs his resgcearch findings by rocormending among
other things th t:-

(1) Scilercte hollow blcocks wiil fully develeop their
compressive straenzgth after curings by spraying with water
“nd covering with water proef materinls for a week.

(%) For purpozes of laboratory tests, the immersion
noriod of 24 hours in water prior to testing for wet
cempressive strengtih should be adonted for scilerate
“171eow blocise Since this immersion period cives the
minirmam woet comirecosive Btrmgti‘t thoerefore ~resents the
worst conditicns litenel to a (heuse) site flaoded for
2%k hours during ihe rainy seas n on! the lewest strength
of the walling units is envisarefl.

{3} Soft boards should be adeptes as the contact layer
for the compressive strongth test for scilcerate hollow
Hlocks.

(#) The 12% ccmant contont soilcrete blocks after 12 days



itnersion in water prior to testing have an average wet
ccimnressive strangth of 3.0?/ﬂﬂ2 with the lowest inivisunl
o
strength of 243/ um” which satisfy the requirements of
ﬁ.VGN/nmg impeser Nhy 7.8 2020 ca tywo 2T sen'erote blocka.
{5) The cemprescive strength in reltticn te the compacticn
nregsure should De investignted.
Finally ha reports that a minirum coemoressive strength
233 1.311*»*/1'11111"5 hns heon recommoended by scvernl bDuilding
authoritics throusri:out the worl”? fer stahilized scil blocks,
Working on thc characteristics «f the ontimal water-
celient ratics cf scme local clays, «deribigbe (3) et al
crushaed throe cylinders at a time of the arcs of 3, 7, 1/
and 28 Qays. They m=de a number of ohserv-tions as
follows.
{1) The r atic of compressive strencth aczsured from
cylinder soecinen raonze from 0.21=0.4 of cube strength
vhich was comsilored l-ow (with an average of 0.33) comonrad
t > 0,54 for ueriwinkle concrete and 0.7% for gr-ovel concreotoe
(2} For Alawus~ laterite (48% clay) over 50 eof its
28 2oy strength is develeped in 14 days, while 40% Cevelon
irn 3 days.
{3) The ceusity of isterite-coment mixes were found to
Le betweon 128C=7230kg/ 13. Tho renort wos concluded by
saying thoti-
{2) There exists ontimum water/cenent ratio for a given
mix.
(D) The optimua water/cement ratic incranses linearly with

incroeasing 1-torite-cemeont ratio.
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ilso regar”ing the water=coment ratio of o mix,
Jutron (5) et ~1 Joun’ th~t m xinmum cormorsssive strongthe
of ptabilizoed latarites were obtained =t optimum ncisturc
chxatents or glighily lcoss.

In his rcrcezcreh FTindings »rosents at the 7th Bionnial
Conferernce of lest Lfrican Science -.sscciation (1)
Ircofessor Llerasbha mae a numher of observationz nnd
findinrs as fellorsie
{1) He feun:! that thare are bhasically two types of
la%arites in Nir-2-iz « the rock laterite an” the soft
lateorite. The difforonce is in the nparticle size and
colour. The goft 1-terite contain 1littl: or no stoncs
and moroe redish than thse reock laterite. In reneral,
tihie soft lateritzs comc cut of the pit nulverized and ll
marticles can pacs through D.5. sieve number 7.

{7) The Ffactors which affect the stronsth «f » pix ~re
{n) coment content; (2) rarticle sizej (¢) tyne of soils
(<) uniformity ~f mixg (¢) ~iring period "n' curing
consitions,

(3) Betwesn © nn ' 22% cemcnt content,; latercrote is
susariecr to sonrfcraete structurally,

(4} Since soilecericots are best use ' 1s blocks, the water
c.atent must bHe risht to cnoable immediate Aemovlding.

(F) Tha2 mesrn epiimum moisture content vas 17%. For all
nixes, the optinu meisture content of the seft 1-terite

remains anproxinntely constnaty for ineraasing conent
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A

pesuse nrticles of a1hout same size

(B
B
-

cmitents This
with cement feora ©€5% of scft laterite. The optimum
oisturce content for soft laterite is about the plastic
limdt,

{&) Soft l-turit: ;ave higher strength valies than rock
latorites.

(7) 9% latcrera=e (1 cementi12 1nterite) is bLettor thun
the praescnt use o7 136 for first cl.ms sandcraete johs.

{(5) The elastic modulus of lat: erete is 2hout halfl that
of gunderetu. This means that latercrete will hove hithor
aTormation before failurc.

In a papaer presented at the coenfurence on material

testing rese-rch ~nd e ntrol, Cleszkxiewicz (15) et al
raerorted that the conmpressive strength of hollow blecks
iz t ken a2z the uliimat: frilure axial loadt Jivicdes by the
sros8 ercasegcctional aren (iancliuding hellos)e The actunl
stresses in the tozto” holleow Hlacks "ro frem 133=-200% of
the assumed minioun stresses. It was alsos redcrte” that
scft berrd shocis aroe tho most suitanle ceoatact layers for
all assessment »f scilarcte compressive streasth, and thnt
oo of the 28 ey gtrength ie Savelopzs within thae first
reok and the »ther ten rcarcamt within the next throee wveelks,.
Uzemal@® (27) n meth-ds «f testing s me physical
nroperties of soncercte, ~hscrves that eappins of the Yer

foces of soanderate bHlocks os sugrnestod Dy Nijerian Standard

Crganization “r-ft code on the practice of sandcerote gives




:
rilse

to a4 miscunzcantion of the ectusl lezd beariny aren
ol thg bLlocks Il alao

chaorves th~t capning incre—soes

thn strength of the hleek becnuse the mortar provides
sroster aren for

1ozt distribution and has a ptiffoning
effuct hy filling u-~ the interstices
is tho

‘.l"'

the Hlockse Cappes
nr uncaasped, it snlirt area of
an

taa Hlock thot
tite e .ls Thus he gives
str-acgth <f a2 ganloroto

sustains

transmits
the comareseive

aa Use =

hellow Hleck

P

BL-22h
the

ulzisinte failure

axinl loa?
the widtli ~n~”

= width ~nd

length of Ylock respuctively
loength «f thoe cavities (two).
This nprcees with Cleszxiewicz et al =ns mrkes a ristinetion
Setveen comtressive strength of nollow Hloeks and selid
Hlocks,.

Lunt (1€C) invostigated the vae
hlocks

~f sEah;
for lew cest housing. He renorts thit soil is
nankindgs eldest Huil "ianr m-oterinl
of

ane troditionnl methods
s0il cornstructi-n such ns ramae’ earth, wattle 2zns duab,
21T 2adobe ara stlll comrmonly usces! in many racicns
Jorld.

s of the
He reports that soils suitable for stzahilization
arge widely distributsd ahout the world, they ars far from
miversal. i s0il rhich has beon compacted proaerly will
bo anc. more cur-hle

stronger

than wheéen »oorly compactad,

Tho optimum meistare contont which zives maximum scil
density can be daternined by n standard lahoratory procedure.
These tests

he centends nre designed for use with stahilized
s-ils which

would He comoacted in Aams, embankments and



roac’s, ant so €hoy arce ast necussarily valid for building
surjprcses. Nonctholess, they ¢ n be usod as a gui ‘'z for
sreliminary worlz, Lunt stutlie twe Ghanaian s~ils
gtzhilized with hydrate: lime. Blocks use” in the
investigatisons wers of Jimensiong 290 x 140 x 90mm.
Thaose scils stabilized with hy?'rated lime werc compactod
- f‘ » » ? . -

t zsressurcs of Ly, & ~acd 16MN/m" . It wns o%serves that

5
o strength of $hooe scils faproveld from 14005 MM/

ok

. i - . - -
J.55 MM/m” for thz Fumesua scil. The fumnsi coil has
9 percent gravel, 35% sant! and 56% silt ~n' clay, while
the Fumesua s~il was 1.5% gravel, 3%2.5%% san? =2n< 19% silt
an’l claye He obhsoerve? that all Hlocks produzas at or

2 . i i
abhave 8 MM/m” gave strongths which exceeded the minimum
. 2 -

racemmen-doed desim value of 1.4 MN/mT. The scil blocks
cruircate! at hicher oressurcs n1lse excecded the minimum

n
strength of 2.8 10i/m” waich is spacifia? by 8S 2028,

O the duranility of the st-~bilize” snil, he raenarts thst
Lal

with CINV .-l bHlocks =n’ those mi'c ot 43N/a7 pressure,

pone surface rware veecurced: after gohyr-ying thom wita wator

ICr Six Yours. e eontinues thot ~ snil wall must rossos

sdecuato stroength to stisfy ley! beariar regeiremonts.

in mrst ¢cli=mtes the wall will bYe wat at vorious times,

“

g2 it is irmrort-nt that the wet crmpressive sirength shcould
ze determived, [He roports thot the waet stransth ~f 2
stobilizer seil wall will he only cne=third of its ‘ry
sirenysth, He centonals that althourh small tost spocimens

ccul’ he usce” to cconcmise materials, full-size? blecks

ehould he tested ia Huillins projects of importance.
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Soils for Stahilisation

any (24) scil can be stabilized if suflicicnt amount
of cemeut is a%ded, bHut the cement centent reguiroed to
achieve a givon siahility must normally he increnserd s
the silt an? clay content dincresscess. This maoans it may
not Ho oconrmicnlly possibhle to stabilize with comont certain
goils such s menvy clioys,. anterican exwerianee (24)
indicates thnt sandy and pfravelly soils with about 10-35%
5ilt an< clay hove the most favearohle charnactoeristics
for coment stahilizatisn. Exnarionce in Britain is that
soile with ligui” limit grentor than 45 and plastic index
over 20, cannot e cernomicslly stahilized with coment.
Cla {23) raoports thnt scvils with liquid limit lass thon
fourty and clny content up to sheut 20% are suitable for
stahilization. The table “elew he ronvnrts soerves as a

Juide to sclecticn of seils for stahilizntione

Tyre of Loecotion For Permancent Fer Hural YHousing
shysical Propertioas Urban Buildings § with Low Ruainfall
Clay centoent betweon 5-20% hetveen 5-30%
§-nd contont 33% minimum 40% mindimuam
Liguid limit 4O% moaximum 50% maximum
Flostie index hetwoun 2.5=

225 2. 5= 30%
Cotimum modisture
centent "etween 10-14% hetwapn 7-~16%




Adepeghn (1) re--rts that accerdin: & highaay
raosearch board a 5ood soil fer economic stabilization

with cement shoul o De within these particle sizes:

passine STV sicve No 4 (4.7€mm) 50%

ave No 40 (0<42mm) 15-102%

$e

passing ST 3

passing ASTI sieve Me 200 (0.07tam) 505%

In addition the lizui  limit should 'o less than 40, an!’
tue pastic index a.% greator th-n 18,

In the stabilimation of soils, any tyne ¢f coement
coul! be used (%4}, american recrmmendation as te amout
of cement require’ to sta"ilize snils shows that the lea:st

amout J=5% of ceri:at Yy weight is roquire?® hy 4=1-9 soils,
tie percent-ge incransing te 9-15% €.r A-6 soils and
10=16% for =7 soils which re-suire the highest amcunt of

cemient content for stnhilization.

Sh13pe Factor in Concrete Testing

i briof menticn of the influcnce «f size and share
of specimen in the testing of conercte for crmnressive
stirength is considered nacessary as snilcerote tests are
suided by concrute test specificatiens.

The test specimon for croncecrete nccording to
35 1381 must be - 150mm cube exce st if the maximum
aggregnte sizo 28 not exceed 3/4", a 4 inches oube
“ay be usacde The stondard size of ceomnression tost
specimen under [ 57! desi-naticn C197=57 is 2 cylinier

aaving a diameter of € inches n' » length of 12 inches.
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Cne of the difficultires of testing cvneraete for ulticate
strength is that the value »f the crushin -+ stioength is
Jezend nt em the shape of the specimen (19)e The fricti-n
“atveen the s:ecinica an’ the erushing surfaccs of thae
testing machine rosirains the spocimen at cither end and
causcs an anjeront increase in strengthe. .ith 2 nrism
vwiiech is tha usun’ shane of test specimens in Burope, the
ratio of the lenrth to bhrencdth is invariadbly unity, but

if cylindors arce usae” nny ratic =f length to dicsmeter -0
e adanted (19)e The effect of this ratio on the crushing:
strongth is given in graph form,. The :ffect of the leon:s-th-
Ciameter ratio is snaller for ratios of 2 and above, thnn
for ratics under 2, therefur.: this is »r-hakly the best
ratic to chanse (17). It also sesms thnt the choice ~f the
stindard ratic of 2 i3 suitale nst ~mlyv Hecruse the and
affeget is largely eliminated and o zene »f uniaxinl
corvregsion exig4is within the speeinen, 'mt n1ls~ hoeause

slight cdenarturce from this ratio 1aes noat seriocusly affact

-

tho measured veluae ~f strocnpgth (28)., This end offoet
dacreases more rapitly the more homopenecus the materinlg
it is thus loss noticable in mortars ~n’ »rohaly als:¢
light weight agrragate concrete (28). BS 1821 zives a
correcction facter to he adented for crmpressive strongth
«f cores drilles from hariene’ c~ncrete s» as te o tain

ce  equivalent str:ngth of cylin-rrical specimen vith
acighte-diametor ratio of two, This corrcectien factor

is presented in form of 2 line oquntiony CF = 0.9 4+ 0.11-
where CF is the eorrection factor, r is the height-diosmetor

ratio in oxcess ¢ one znd 0.39 is the constant for o



1sd Mtediameter rrtic {1%) 4 ro

iz little dilfToeraonice Letween thaz ecomhressive strength
f n eube ond that of 2 eylinder with heighterfiameter ratio
cf unity (28). JZth-ush 33 18721 ~n: ..ST C23-63, hoth

sive ccrrecti i1 facters for height-diameter tvatics, it

haon found thnt cerrcetion donends on the ieovel of

‘--.'\9

o dich strencth conercete is loss

affucte” irns in tho »rocscrticens of the s-ocimen

and such a caonerate is loss influcncye! by tha shoie of the
gsneceimen (231), The influonce of heirht=cdiametor ratio on

.

the convarsinn factor is «f nractical signific'nce in the

cage of low strenzth crnerete vhen crroes with hoight=Uiametar

raties less than 2 are tested, there is the tenidency tr

with
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Strnin Gauzes{23)

The stressegtrain relaticon of sailcerete as stu’icd in
tis toxt werce sith strain cnuges. Therafore strain gouges
nee’ he menticned bricfly. The relaticonship Yetween the

ate of stross in a material and the surfnce strain has
been known for many ycors although there is no precise
informaticn on the first uses of strain measuring devicos,

The resistnice strain gauge is the simplest in concet
" least expensivee The rolaticnship between the resistanc
camnge =nt' the chansoe in str=2in in a resistance strain
gauge is cnlled ta: gauge factere The ojer festurcs of
ile-l strain gauge include amonry cthoersis=
(1) small size 2nl mass, and low stiffness.

(#) suitability £-» static "nc (ynnmic mensurements,

{(3) frecziom from tommerature effocts =“n' otwer
enviramert.l concitions,

(%) low cost,

&

o numhar of faect:ors affeect the sclectivn »F strain

s es for measurcitsats, these are 'wiefly discusserd,

{2} Singlo stroin paures are used whan the loats are
calihwrated and thc stresses are in one directicn or
uninxial,

{2) The type of lc- ! Cetermines the type of cruge ceof
lincar gauges for tensile and compressive loacds and torque
sruges for torsional load.

(3) If the cirecticn of the princinnal strains is unkncwn,

3 gauges are used and the nrincinal strain located hy

resolution cf forces.



(%} Bizo of sp2cimen determines the maximum sizo of goure

(34
-
J

usoad.

(5) If exnected strains are low (1 100 x 10-6) the
largest zauge and nest wattnge is usa’,
{6) For static loncds high strhility of pruges is reoquired

while for dynnmic iceada 2 hirsh output is more immortant.

{(7) Smill struess c ncentr-ticns require the use of small

\

fgend i Kads X B9

ch tosts >re tc He carriecd out als~

|

{(2) Tewmreratur: ot wn

influence the selucti-n »f suitahle foil.

Tnstallaticon and ;gﬁlicatinns

In usia; achassive for strain gaures' honding, 2
nuaeher nf fund - tiental wrec=2uticns are nNecass "ry.
{(a) The suri-=cc of the succimen must e well nrenarcd
and made freoe from dust te ensure pood contact hetweoan
the 'wuze 't the srecimen surfnace.
()} Trz layer of olhessivoe anplied sheul! “e as thin as
poszihle,

(c) Acdhessives must he mixed corroectlye.

-~
-I‘
N

The g=uies rust be well protectes! from short

curcuiting.

Scil hlock makise srocess ond Machines(10)

Concrete Hlock osachines are nermally unsuital:le for
tatiring stahilizo” s0il Lilecks. This unsuit~l 11lity of concrc?

Nlceclk machines Mas led nver the past yenrs t a nurher



i
Ky}
hel
1

o siaple ress beinr develraes, Lunt (10) in hisz paper

“ageribes somc of Lhic known -resses which are being used
To» heusing constructiq-n in the third werld,

There are tw 2. r tynecs of prosses -« (a) constant
~resa an' (H) constant volurme, With the crnstant veolume
tyie, the r»m uvos a fixe' distance. Reucing the ancunt

of seil fe’ intc the constnt ressure ~:chine will procucc
2 s ller Dloclkz, Lut with the caenstant press type, less
coil will cruse undarecompaction an” give 3 hloegk of low
density. In beth cascs therefore the amouns of soil fod
inte the machine ig inm ortent and should e centrolles vrith
2°rce «ltaough it iz teuahtful vhcther minually operatoed
resses can procucc compucticn pressurces hi “her than

(e ]
4 /a®, they are g%ill nepular thr-achout the devaloning
crunirics becausc of their ch2n'mess, simrlicity and mobilil,
zower rivon proesscs althcuich calanhla of producia;; denser
Dlocks nt hi cher sut;uts are likely to he oere exponsive
28 it may Ho difficult to ehtain sparae narts =8 roentily
as for the simHlu» machines,

There are n.out seven machines fevelo~ud to date for
vihe nroducticn of sailercte "locks. They ara2 discussad
183 Ce

Tiaun 2am

This i3 hand clarated oririnally dasigned Ly
Intor-anerican ‘susing 'md Flanning Centre (CINUL) in 3cgotn

colombia, They arce now manufacturecd in soveral countrics



aner license Tror: thoe INEC leusing Corvoranticn in Now
York UsSene This utilizes n luver svstem to 1 nress a
niston en the sixed iy terdial, It dis canntle of nroe’ucing
AC0 bHlocks =nd e nily.

Tek Block (10)

This was dosigned by University - £ Scicnce nn?
Technelepry Funinsi Ghanae It egually utilizes n luver
gystem like in (Che CII'Ve, Ram, "‘ut the lever arm is made
o»f wrod instoas of the J-piece metal arm of the Cinva
ram, It produccs 297 x 215 x 140mm blocks and cutput is
Hoatiecn 200=400/dny écoending on the numher and skill of
the workmen.

Landicrete

This South=ifrican made lan'cretce i rassy is hand

1

aperatad an' can sraduce bleocks of voricus sizmes. It is
reported thet this mrees may noe loager he available as
~n1ll refercnces to it are feund rnly in ol? liternture,

1lson

-—

L

This is rr~Cduc»? hy Ellson Pty S-uth «frica. It is
SJunually onerated press which is claimed to preduce very
“anse Hlocks bzemuse of its hizh lever ratio of 500-1,

ne particular Ellson mecel = the Universal Press is claimed
v produce abeout 1000 bHleeks daily at eompaction prossure
<
of about 7MN/m® with twe men oserating th: leverse.
Suscrter
i range of hyraulicnlly powered soil-coment “rick

sress is heing manufoctured in 3razil., Cne version has =



AS

& lock wmeul” oroducing 2 hrick size of either 230 x 110 x 50
orr 200 x 100 x 50 with an outjput of 20,000 bricks per

H nour days It is —momored Ly a 53F oclectric moters

Lotorex

A Danish firn Srosthelm products hus Jeveloned a
nl=znt gystem for thic high speed productirn «fF lime-st-iilized
l-tcrite Yilnckzs, It is dosisnes for = wicde ron-e of sgcils,
Tt preiuses 730 x 210 x 25mm bricks at a2 eapacity of
12,000 “ricks/3 hcur day, The nress operate 2t high

pressures. The brichs can M: stemecured wnd are claimec
Ty 2 3 v LhO 2
t > have a comiaresuive strength of hetween 15 and 40MN/m- .

CE..30 (26)

i machine for tha productirn of ascilerot: hellow
“locks wasg develcred by the Civil Engineeringe Department
of «hmadu Bello Uniwvoersity, S-orice It sllows the variation
2f :ressure ~n h-olleow formers, It produces Hlocks of
Jirtensicns 400 x 150 x 150mm. The proess is nrovided hy
a frysunet m~chinc and the zunnliecd load raas frem tho

machine. One Lloec is prosfuce:! at a time.
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TZ5TS PIRFCRIT

3el Productici - Teot Specimens

The soil for the rroduction of the test spocimens for
this rascrech wos ug cul from 2 s2ite at a depth of abeut
3COmm aftor scraping away tow snile The snil was dried
i sieved to puss through British Standard Sicve Noe 7.
Sicving of the feil mnkes the cemunt-seil nixtures thorovgh

=nd uniferm, In 211 tho v-rious tests carried out, threc
tyses f specimens vare use!, The specimens are

(1) 70.7mm cubes ) 103mm cylinders (3) full size hollo
hlocks 400 x 150 x (150-160)., The water content range for

the precduction of sgoilerete was enrlicr detormined,

The first ty, ef snecimen nroduced were the cuhes,

W

Toc less wator coel) n-t allow the material to bha meulder
while too much witor causel the matorial te flow whon soreo
corinacting "sress" was applied. Mouling of soilerote
spucimen re~uire. tiac application of compacting proos,

it mepns that for the cuhas, the required 7C.7am height
coul” net be nclhidevaed in one comeoressiom hut in two stacos,
Thae cubes are lert i the mould fcor ene day hefore
lomouldine ~n' conscracnat curing, Dv imm:rsi n in water
and air dryingc.

The eyvlinlrical snecimons were roduce! using the scme

nachine (the universal testing macaine) as in the case of

l\
'R

the cubes, «inni~Lions were macts ta fit the production



oZ these srecitions by the machinc. »~ cylindrical mould

of intcrnzl diamgtor of 103mm was filled with scilcecrete

rnix ane 1 #li Bt manual "oro=comnression" was dome te crente
conce for adZitional aaterinl to he added so that compression
was achievod in tma stages EBxcent svecimens frr testing

of varintion of stroncth with hei ht/diameter ratic, vhere

A

Celilrate attarml was made te vary the hoights of the

cylindrical s;ccisvug by varyinge the zmount f matevi-l

- %

~ut intn the moul’, in 111 ~ther snecimons crnscicus affart

wag made te moald ggual amcunts of matorinl which kept

Zhe cylinder hei hite rengzings from 195 o 209mm, The

oracinens 2re demeonllad imnedictely aftor easting by pushing
out of thay mruld.
CE.LAU nackina 775 uses in the nreductiem of some

ollow hlockse The meuld is filled with aaterisal and given

soo manual "oreo-compression” ant then “ille’, Commaction

"

is “enc At ene sta 2, The Ylecks arce Yomaoulded immcdintaly

after hy tushing it cut of the @moulds

The major 2ifficulty in the raductinn of soilercte
test specimms liae on ite dewmlainr-. s was carlier

monti-noet. e"bhea woere Jdemould~? one dav aftor casting.
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The cylinders an’ full size “loe’tes waere demoulred imnelia.ely
by nushing thom out cf their moulds, This no  doulht intu:oed
sori. stroins on the fresh specimens =ne consaquent dislod ce-
nent A€ o good "foundation® for huilfenp of cemprescive
strengths 4lso in a’7ition, the immoriate domonldinge cruse”
eome "rohound" in the specimensi havins heen subhjocted tn
aish ecmacticn »nd =a:leasc. Thise twn factors account

focr the aypearasnce of eracks on the eylindors -n' Llocke.

Those crnks aroonr dimmcidintely aftor Jemenlding, inercasing

tn the maximum in = s.ace »i time of ~Hout thirty minutes,
Fer th? reascis abrve, an attempt was mace to nould

scne hlocks without Jomeulding by swusininge Tris couls

act e achizved bacaus<c it require? a soccial wenld with

211l the four si’ocs t:‘\].l:-si‘-l > which coul” nnt Yo made

availale at the tinmg ~f this rozearch. .nonther major

arotlem in the ~.rofucticn of goilerste “loeks is hizh

reinforcement recuirencnt of the steel moulss as the

com nretion pressure incraonses.

3,4 Tusts Corri.” Cut

J3e2el TIdentificati:n and Chlssific~ticn of Scil

The s0il somple was du;; frem the new Frhculty of
Ingineering HYuilin; site. Tests wora eorrisd ~ut to
identify ~n7 clasgify the soil acernring te 38 1377 -
2ethods nf tests for g~il classificaticon and coemnaction.
These tests wore specificnlly mactes-

(a) The specific gravity of th. soil was “etermined using

the specific gravity hHottles,



The siasve ap

()

l)“-')

“iysisz of the s0ild was detorndne! vy the

vwet nmethos in aldition te 2 sedimentati-n test os
m:st part o’ the seil posse?’ thrsuagh siove in. 200,
{c) The mavimua J>»y Jceasity and the cotimum moisture
content of khe scil was detoernined, usin: the stanilar?
srotor molilod,
L2 The Axterbergts limits wore Jotormired and ~11 the

SEBusis -
3 »lel Q_ﬂtﬁr‘?lin-"l‘;

ap & A 1
A Hadidvd

in chngtor b

.

1 of Jinter Conten Ivnze

4 numbar of

nd it w

conitents

150 a eomunction
as the materinl £
Slse moulcing .5
Tharefore 36 -n..

TITOT0e # cOmMDoCT

exceaded without
actiem nroassuco
cubes without com
reure of 10-15%.

3, - ¥
.k

ithoe results

it
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cubos were moulded at different water
ag observed that -t water content of abirn.

2 .
pragsure of 2N/uwn” cculd not bHe exceedod 4

louvs out of the moul! when presses.
nat pee?t at water eantent of 8% and lo: s,

16% were assumad two oxtremes ~f water

isn rressure of AN/mm” could nct he

Lamcge to the moulds, Thurcefore a com=

(‘.f~

I’
Wi/rer™ was ndepta® in moulling fiftoan

ent (0% cement) within » wator centent
The cubes were crushed aftor 14 cays

the test arce piven in table 4.3.1 nd

varing

Following a

the

of euring of

previous research Yy 23ch (7) the method

swecimens to got the Lhizpest strength wns
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stu’ied, Thirty cu.s woere mcoulded with coment content
2 104 at 2 wator comtoent of 1Y and comiaction prossure

-

of "N/mm", L1l the samnlos were “fem:ulde’ after one <Qay

i’ subdaected to different euring conditionms,

for the twenty-aight ’'2v streongth invostiys-ticons,
three samples were crushed after comhloete imuersinn for
13 “lays and air Mriad far 1% days. Three weras crushe:!
aftor iumersion I3 wat xr &= gttty T m:al oadp Wiod
for sceven 2ays, Three others were crushed aftor immoersisn
in water for tuenty-four fays and air criz for three dnysa.
Taile the last threo were crushed aftoer twentv-six days
in water and aidr Jrisd for one -lnaye In 2ll, the cubes
were curshed at an a:¢ of twenty-eight days,

For the 1& ays strenzth, threo cuhes vere crushed
after six <days ituecrszion in water and seven Cays air drying.
Tarce wera crushed after ten "ays iamersion in wator and
tirce cays nir “rrin; while three others vwore crushed
aftor twelve T2ys in water 207 one <ny air Adryinze «ll
the s~miles were crushed at the age of 14 days,

The scven dCayas strength was alse investic-oted. Six
cubes were crushint, Three were crushe’ after three Qays
immnarsirn in vwrtor AamY throe Aays air drvine, while the
otier three werce crushac aftoer five days immersion an? ona
day air dryingce.

It sheuld DHe noted that the curing methed heing

investigated alicve is for cubes stanilized with cement.
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The curing meticod for noe-cement cu'res need not He

investignte! as jintorsisn in water dissolves the cuhles.

™eroefoera the eurin~s of all specimens without cemont vas

sin:ly by niredryiac-e The results of the curing tests

I,
s o T

are Ciscussat ! oHregentod in chap

efelt Dur-hility

Six cut:s vith o cement coentont of % were moulled
N ; ’ 2 a p
at 1 comaccti-n proessurce of 4N/om” an? o water contont of
1%% ware subjectad te water spraye . shower of water with
o ressure head of 2hout 2,5m was allowed to siray water
on the cubaes wilh: the fnace of the cubes 200mm from the
shover facz, The spray was continous for six hours.

This is similar to the quick tests earried out hy Lunt (1)

and Bedi et 2l (33).

FuieS Unifnrmi{y ot Hix and Mculding Process

The unifornity »f the soilcrete mixes were npparent,

is anparant throuzh the uniformity of the celoures Initindly
thoe celou- oFf the zeil is ~ifferuent from that of the

c2ment but a rool mixing preucos a uniferm colour.  sdlso

s0il being 1 cchwessive mnterial forms nallets when water

]

iz addeds o good dix onsures thot the nallets 2re bhrokoen
into tiny vnifer gizes. Tut te test emperically the
unifermity of the mixoes ten cuhes of 2% ccmént content and
vater content of 144 were moulde? and crushed after 1% Qavs

for eompressivo strongthe The resuites wre “iscussed in

cnapter 4.

First o thorough {or complete) mixing nf the seild and ccaent



3.2.6 Wet/Dry Compressive Stroencth Ratio

Cubes of 8Y cement content and 14% water centent
vere crushe” afitor cne Fays immersion in water rior to
tasting for crushing strength while threo others wereo
crushed “ry. 8Six other cuhes were crushed nt 28 cnays;
Lirce were crusihed 'ry wvhile the other threc wvire crushoer
afier one day's di-mersion ia water prior t tostinge.

Jax cy.inorical scilerete specinens »f 8% cement
cntent were crushed, three dry ~n¢ the cthoer three
~fter one day's immersion in water pricr to testing for
cmpressive strength,

Six cylinders of 12% cement content ~n' full size
“loceks (400 x 150 x 150) of 8% and 12% cemont contents
woere also subjectzt tc wet and dry tests. The results
~f wet/dry comrrossive strength tests are presented ane

Aincussed in ch~ t.or b,

Shape Fact:ir con Compressive Strength

— - - - -

X

Cylindrical s~ilcrete saeccimens of 3% cement content
wava moulled at n water content of 14X. The cylindoers
ware sroduced in Yfferent heisht/dismoter ratics. 11

srecimens were testoe! for comaressive strength after 14

: S ocunnIiiinige Ly zrashinges The aim ~f the test being
e determine the variati-n of strengzth with heizbht/diamoter
ratic of the cylindors.

alse to study the effect of the shane of the specimen
on the compressive strength; cubes an’ full size hollow
“locks of 8% cement content comoacte® st a pressure of
» ‘-,
EW/wm® and water c-ntoent of 14% woere crushed after 14 days

L mmldine, The nim “eing to compre the comirossive
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“n

strengzths of cube=cyliader-helleow block of same mix nno

coarnctiin ressurs. Tha results of this tost ore sresonte?

ans discusset in chaptor ta

Je”e8 Stressg-5t::in Tosts

In the “.feemntion tests, the stan'nrd method for
tasting «f conerecte (35 1384) was ndaptad s . guidelineo.
The TML PL 10 =n< 2L 22 10 strain grugaes with pauge
fact'rs 2.0% rnd 2.11 res ectively were usa? te recor®
the strains in th2 soocimens whila thoe str.ossces were
aarlied hy the universal dension testing machine. For
thege tost 8 =an’ 124 cement content cylinders were used.
D2 8% cement coentant specimens wore compncetes at pressurcs

P
of 1 te AN/me®, whiioc the 12% coement cylinder were
comtrctad at o oressure of ﬁj/nmg. .11 the specimens
wora of wator cantant of 14% an” were =11 cured by counlete
imcersion in water 0 r sgix days and air dryins for scven
inyse Thue spucimoens wore suhjectad t- siresses vhile
racersing the strains,. The ~im of the tests is to study
the Teformaition of the scilerete svecimens with respect
to different cumpvictiicon 'ressures an’' ecament content.

»

Thaoo rosults nroe mHrassanted an’ discusse in chapter 4.

12«9 Comnrosszive Strength Tastis

First fiftoon ecibes of zore cemont content and 14%
water eontont wer: crushod aftor 1, 3, 7, 14 an’ 28 days

fixr ecomrecsgive strongth develoment. For a1l the
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. . b
compressive test grecienes, a watcer content o7 14% was
selected and usged,

Fourty-cigat cuhes of 8% cement ccntont were mouled
LS e har 2

nt varying com_ ncti~n pressurcs of 14 2, 3, 4N/om”. These
wore crushed im the universal -“ensicn tasting rachine
aftar 3, 7, 1% an’ 28 d2ys of moulling. The cument content
of "¢ cubes were incronsed to 10% =2nd 12% respectively,
coxncte? at vhrisvus compsction Drosaures of 1y, 2, 3 oand
' 2 : . a8
:N/mn"’s, These eulus werce alsce crushed aftar 20 dayse
The aim of =11 %he cube tests ahove being te investigate
the variation <f straagth —~f the cuhes with compaction
sressure and cement content. Alse te study the strenzth
Covelo-mant witihh time of scoilereta snocimens,.

Cylincricnl s zcimens «f 8%, 104 -~n’ 12)% cemecnt content

g ; < ) 2

were moulod At vorving crmhaction cressures of 1=5N/mm’”,
ThHe specimens vero erusiiced aftor 14 anst 28 days of mouldins.

#ollow blocks of size 100 x 190 x 150 ' corment
contunts of 8% -n 24 eormimetod 2t pressiroe of N1N/mm
were moulded using the CELAU m-chine (a machinge Adevelconed
in the Departmoent of Civil Engincering, a.%.U., Zaria,
foar the protuction of scilercete hoellow hlocks) and these
were crushe? after i4 days. These h:llow "“l.cks wers cured
Dy water spray while coverad with Yaz matoerial te prevent
loes of water hy covancerntion and ail’ even distrihution of
the watar sprayad on the blockse Thoe nim of this method

of curing is to suhjcct the Hlocks toe worst condition in



'ition f ttminin: = nfustrizl conditions, Th
cks WQre crisio r cum irossiv stranrmth; eizhteen
re coushael for vwot comrassive stronctt .
L
ocau’ of 8 th tasts regont 1 ¢ ter

Picture showing the CEARU Machinre used in Moulding
the hollow blocks.
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L et e L] C R e - - D 3 . -~ o - STy -
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Z@entilicztion and Classification o Soil

The colour of tho scil is light brown changing to
raddish Lrom oz additicen of water, Ti.ls sugege-ts some
link with latozritic ssils but very far from a tynical
laterite which Is usually ref as the case of Lckeyi
laterite deposit (7)e The siceve wnalvsis shoi's the
constitution »f the socil ns follows:-

Percentage finer than 38 No. 7 = 92.75

Percentare finer than 38 No. 207 «79.50

caercentige sand - 20
Perceatage silt - 00
FPercontnge clay - 20

The attorvergs limits of the so0il are
(a) Liguicd linmit - 349%

(b) Plagtic 1imit - 14%

{e' Plnastic indox - 0%
(d) OCptimun moisture content - 16%

(e) Marimu: dry Zensity 183633/m3

Snecilic gravity = 2.4
Group Index = 3
The AAT'IC classificrtion of *tho goil is A-6 soil. Thais

agrees wit) an earlier report {7) that most laterites

- - L4 - . 3 - . -
in Zari- nreo Le® groupe This soil snecivon will ordinsrily



.

h

L&

dageribed as &4 silty seil.

From thce table sugrestod by Profecssor 01la (22)
the minimunm sond content rogquired for 7 s0il suitoble
for stahilization with coment is 33% and also
Frofessor -«eperba (1) roncrts thot a seil for oconomic
stibilization with cement, less than 30% shoulé pass
gsieve No. o200 It would theruyfore be aporecictoad that
from thwe tive sugzzpestions abev: of seils suitoble for
econonic st~bilizaticn with cument, this soil sample
would be regarded a poor material, and may be a waste
also.

h,2 Dur=bilitiy

Lunt (10) subjected blecks stabilized with lime anc
contpretal nt zbout hf/mna, to wator sporay and found
scratches on the Llocks. Tut for the cubes tested, there
vere no signs of any vater spray or errosion on thom
anc tais did nov encourage any further reseosrch on
CurabiliZy by woter spray. One point is howaever cartain,
there is izmproved durability perforzance over mud only
which would de waishedeoff whon subjected to the same
wator sprave.

4.3 Vater Content 2ungo

The labie (lavle %.3.1) shows the variation of
compressive strensth for plain soil s . nles with
different water contaents, Pleotting a graph of strength
against water content in plain soil samples (sce graph
No. 4.3,1) gives a curve which beceomes flat at 14% whick

is just 2% awvay from the optimum water content.
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Tahle "e3a? sives the variation of streagth with
coapaction prossure for difTerent wats> contentz <7 %)
ceman: contont soilcretces The streongth of cubes was
plotted againsl co paction prassure (sue Fig. 1.3.2
for different wotay contints. The rasunlt coafirg lhe

strongth wapo Adpier for 14% srater zountont,

hoB Uniforizity of I-ix

As wag aarlier sald in this text, the uniformity
cf mix is visunlly apawrent, However the results of
the tesls -2 the ten cubers shwovw that the cubes have a
mcan stroen~th of 3.1N/mm2 andé a standéard deviation of
0+t%e This limited results of thz stromgth dispersions
of the suszeiwmens are progentsd in table 4.k, Included
in tlLe tabdle ars rosults from un carlier study (7) of
industrial soilcrate hellew hlock prodoction. Thae
results srow thzt tne soilerete cues (8% camont

o
contont oo oineiod at a prassure of N/mm” and water

aee coxfliei.u*. (Tha

(&)

conian®t o7 18%) wave the
coefficical of wivisiion is equal to standard doviation/
mean)of varistion of 6% with the heller blocks of same
cement contmmt =nd commncetion prossure.

altho gl the rosulis are limdted; o low value of
6, coutfficicni of voriction incicates 2 fuirly uniform

and coas=ant 2dixing, of the seoileretc sneciricns. It

lade

will %2 ehzzrvod from the tahio 4.4 that the incustrially

=roduced hlccks have = higher coefficiont of variation,

which suggests zrarter dispoersion of the strenzths,
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k.5 Curing Dests

Table 445 gives taz rosults of the curing tests,.
The sveciuens for thoese tesis were 104 cement cubes

, o B A

comnactoec at o pressure of WN/mm”™ and water contout
of 1%, Tz 20 day strength-curing test is —lo*ted
against the nunber of days of air drying (aft.r connlete
immergion 4w water) axnragsed 18 a percentage of 28 days
in granh (Fige %ie%)e In Fire fie5.1 the same was done
for 14 days curing test. It sheuld be noted that for
28 day strangin, the pericd (number of days) of
immersion in water of the specinen, plus the period

of air <drying plus one A~y (after which th. specimen
is curced in water) will sum up to 27 days. Sc 2iso
for 1h <deys curing, one day :lus imersicn pariod and
air drying o2riod sua up to 14 cnys.

The results show that for 28 days strength the

L ]

hirhest strength was achisved with 25% alr crying
(seven days ~ir drying) while for 1% days strength

the highoest strength was achieved for 5CK 21ir drying
(7 days air 4rying). For each e¢nsey 2 projecection of
the curve %*c 100% air ¢rvinz incdic-tes a low stroength.
This means thet the specimen in question cured by 100%

air drying was not immersed in wrter 2t a1l an< that

explains the recoerded low strength.
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Table 4.,%: Tanle showing the average compressive
strenztha, stancard deviatiocti ind froactional
atandard deviation of 1 numbar of goilcrate
ADeCcitloN e

* %
avarage Standard Coeficiant of
C/strength [deviation| variation in
. percentigzes
(5% cement)
soilcrete cubes 8.1 0.49 6%
(&% cement)
hellow blocks 1.4 0.09 6%
(12%) cerient
hollow blociig 2e1 0,16 8%
* (8% cement)
hollow blonks 2.0 0,30 15%
*(12% cment)
ol ow blocks 2.5 Q.67 2734

*DIry comnresgive sirengths and standard deviztion results
of an earlier rascarch (7).

¥** Coefficient of variation =

Table h.5: e average dry comprassive strangth of
10 mercent cement soilcrete cubes subjected
te different curing condifions

M

Compressive Strength,
IToe of days of air <drying bhefore
rcrushinﬂ
Lge 1h days 7 dnys 3 dovs 1 day :
]
n _ A o 2 24
2% adavs 7o mmt 9.6y 6.6 /ftam” & .97 /mm™
: P ' 1 E
A ] - LI Ehoy o 4 . 'Z [ Y p . :-} L
i 1% Adnys L LaBN/mm b 9,18/t S.38/ma [ 4 6N/ wum
; —
, o !
7 days - i - 5.6 /mm®™ E b BN /mm i
t
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.6 WeteDry Compressive Stroength Tests

The averag: values of the vet compressive strength
and the ry commressive strengthe of tho Jdifferent
suecimens are wrasentoed in table 4,6. The high ratic
of wet/cry coupressive strength recorded for 2% cemont
cylinders was atiributed tc low maturily of thoese
cylinfers ¢t the time of test {(Novenbor 1986 with a
minimum tesjerature of 11°° unlike other specimnens
tested vith 2 minimum temporature record of 19%%),

The resulis indicate that the vet/iry comnressive
strength ratic 2id net vory with the shape of sncciman,
This 1s to say that the get/dry strength ratio of all
the soilcratce sp:cimons tostecd; cubes, cylincers and
hellow hloz’-s saem to rotate areonnd' the average value
of 0.%10. This roesult seems to agree with an earlicr
research result (7) which nuts *the ratic at ~oout 0,42
(or 4L2%).

Nigerinn bduilding and R02d Research Institute (30)
(KIR&3T) suggested as part of design precautions for
the use of soilcrcte blockhs in lov cost housing as
nart of imwroving on its performance that-

1. Improav-oTant on the guwality of thoe blocks is

Necess Iy,

2. Large cverhanzg of roof to cut-off rains an?d protect
walls stioul® bhe provided,
3. Apply Drotective treatments tc walls up to half a

meter ajove the ground level,



Table 4.6:
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The averaze

wet and dry comorassive

strongths o

different soilcreote smecimens

Type of Specinen

Wet
Compro-
ssive
Strength

Oory
Compre-
ssive
Streqﬁth

Wet/Dry
Strength
Rat io.

1.

8% cerient socilcrete
cubes compacted at
pressurs of 2
and crushed 4N/mm
after 28 days

8% cement cubes
compectad at 4N/mm”
and crushed after
14 days

8% coment cubes 5
compacted ati3¥N/mm”
and crushed after
14 days

12% cemasnt cubes
compactal at 4N/mm
ancd crushed after
28 days

2

12% cement
compnactod

cylinders

at fiN/mm2
and crushed after

14 days (n/<d = 2)

8% cement cylinders
compa at 2
ompactad 4N /ram

and crushod after
14 cays (h/d = 2)

8% cament hollow
blocks compacted
nt 2 =

419 “mm o
cerushcd after
14 days

12% cernont hollow
bloclis cornpacted

at q"/hmz and
crushed after
14 day.

3.6N/mm2

3.5N/mm2

2
35N /mm

5 .ON/mm>

l.QN/mﬂa

0-7N/mm2

14N fmm®

o]

2.1N/mm

E
|
t '

J

o
9,0 /mm”

8 .81 /mm=

13.3N/mm

3.7N/mm"

2
1+ 3N/mm"”

3 UN /mm”

P

0.h0

0.40

0.41

0.135

0.38

0.54

0.40

0.40




Oguar- (31) suggests in additicn that founiation
up to DeFeTs lovil should be censtructed with cement
blocks. Thiz practice is alrea’y in usge in Sri Lanka (10),
The reason Ior the advancement cof the use of wel compressive

-

strengtly (7) being . case wvhera a hous2 is cverflooded
wwith waters It aoens thorcefore that pracautionary cdesigns
could take core of the effect of water ~n scilcrete,

A serilerete walling unit in a lov cost housing unit is

net likely te e subjected to much loace .3, in

Nigoeria, low cost housces <o not excewe” one storey; usually
bungalows with walls scorving as nartiticns. Tn Nigerina,

it is exnecteld that ths effoct of rain on walls is not
likely to Dbe the same for the North and South. Consideriag
also that wet strength of a scilerete valling unit is
lesser thmn 50% of the dry strength, ths use of thc wet
ccanrassive strenzgth of soilcerete chould be specific

or more meticulous.

4.7 Shapc F.ctor on Ccmpressive Strenzth of Scilercte

Shecimense
foia bt A R

Table £,7 presants the variation of compressive
strength of seilerete cylinder with hoight/diameter
ratios. This is plotted in Fig. 4.7. The curve
is similar to that for cencrete cylinders. Also table
9.1 pives the average compres ive strenpgty of differont
speccimens.

From Fi-, 4.7 the average strongth of 2 soilercete

T - . 2
cylinder of &% ccrnient centent compactad at 457/ m®



Table %#.7: The average compressive strength of 8%

soilcrete cylinders with varying

hgizht/dinmeter rotio.

Averare Dry C/Stroenaoth*

Fleight/Diamet s Ratio .
1. D05
2. 1.02
3. 139
b, 1.71
5 1.90
€. Pa13
7 2e49

7.0N/mm2*
6.,’1N/mm2
Q.SN/mma
2 . 631 /e
2 . 1N /mm”
1 4N /tam®

O.EN/mm2

*Average of three specimens,
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npessure snl sater eontont 18%, with a height/diwmeter

) ' . vy 2 s . = £
ratic of ong is 6=SH/um®. This value iz about 75% of

. s o 2 .

the average strength for cubes which is L=0N/m:" . The
exnlanntion for this wide varintiocn lies in the demculding
methad of the eyiinder specimens which causes strains
in the fresih seilcrcete cylindoer snoecimens. The ratio
of comprcessive strongth of cylinders with height/diam_ ter
ratic of 4o, to cubes'! strenizth is about 26, This
result is alsc consistent with an carlior research (3)
which puts the range o7 the ratic, at Hetween .25 and
C.lt1.

e

as thoe compressive strength of samz pix and

- i e : B = . : , 2 .
compaction areassure of Mellcey HYloeks is Jeoo/mm” nne
congicderins that the cylinder 2arn” hlock soceimens are
comoulde” in thoe same way, frem Fig, 4.7 the cylinder
with snme comnressive strenpgth (of Lhe bloeks) of

F 2 5

J8N/m" is thot with a hodght/dismetleor ratic of 1.5,
It therofore aszenrs thait the siilercetoe cylindor with
A height/dinmeter ratio of 1.5 is 2 hetior s::cincn
for the assgcessricnt of strength Hroparties of Rollaw

blocks,.

s StreasteStr=ia (Deformation) Tests

The results of the stross-stranin tests are
presented in table 4.%.1, mn? these zre plotted in
craph nunber (Fige 4.8). The results show that the

soilcrote cylincders oxhibited somc amount of elasticity



Table H.3+1:

0-52&-.

The average gtrain vajues in micro strains
cf soilcrete cylinder swecimens compacted
2t Jdifferont prossuroes.

Stross in £~T/n1:n:J'
i ;
I 0.12 1 0.24 b 0.48 | 0.7° ' 5,98 1.20
t ) f )
] k) L)
a4 ; b ;
g% Corient *C/P = AN/mm”) 1135 %35 1 k35
o i
. wt s ey 1
a
c/P = W /mun’” 65 145 308 485 650
C/P = fkl?/m1n2 40 100 225 312 410
a : .
12% Cgment .7 = Li/ma 25 53 90 10 195 | 250
Cylinders
"C/F -~ Compaction Pressure.
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FIG- 4.8 The stress- strain graph of various soilcrete
cylinder specimens
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at the lcvel of stresses tested. This is Leocause on
releagse the straoin gauge meter reading returns to
near the ianiti=zl reading, before the cdition of stress.,
The r2sulits tend tc follow 2 Datterng the modulus
of elasticity of the specimens incrense’ as the
ccmpaction _ressure increases for n given cement unix,
With a2 modulus of olasticity of about 5000N/mm~,
for the 12% ceuzent content compacted nt #H/mmg, the
results tond tc agree with an earlier result (1) which
puts the initial tanzent medulus of 12.5Y cement
content latacrote at about &,iﬁ?ﬂ/mmg.

4.9 Compressive Strength Tests

The rosults of comnroessive strength tests are
presentad in tables %.9.1, 4.9.2, %.%.3, 4.92.% and
£.9.5. The results are also plotted graphically in
graphs nunhars Fig, 4.9.1, 5.9.2, %4.9.3, 4.9.%2 and
k.9.5. Tigvres 4.9.2 ant L,9.4 show the compressive
strength variation with time of various soilcrete
cubes com~zcten at different pressurcs. The results
show that 0X cemont mix, 2bout 93Y% of the 28 day
strength is cdevelo ed in seven Jdays (sece Fig. %2.9.4).
For 8% ccient cubes compacted at pressures of 1, 2, 3 and
4ﬂ/mm2, about £5, 97, 93 and 96% of the twenty eight day
atrength iz Zevalopes in 14 days respectivelye. The
cubes were cured Hy immersion in water for six days
after demouldiag, and air dried for seven dzys. The
percentagc of the 2¢ day strength developed after

14 days cid not seem to vary considerably or in a

particular manner with the compaction nressure.
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Table #4.5.1: The average comprossive strength of various

K

mes of soilecrete specimens crushad at the

aze of 14 days,

ar

Specimen type and Mix

4,

8% cement soilcrete
cubes comnpacted at

P
4N S
8% cement soilcrete
cylinders (h/d = 2)
compatted at 4N/mm2

8% cotient soilerete

hollow blocks compacted

t 2
8% a1 /mm

12% cement soilcrote
cubas coupacted at

&N/ e

12% cemart soilcerete
cylinders (h/d = 2)
compacted at 4N/mm2

12% couent soilcrete
hollow hlocka P
compacted nt 4N/mm”

» Dry Wet
Compressive | Compressive
Strength Strength

n b )

8 .8N/mm" 35N /mm’’
2 2

2 1N/mm* 0 .8N/rmm
B.QN/mmR 1.4N/mm2
11.8N/mm2 4..8N/mm2
3.?N/mm2 1.4N/mm2
e )

5.3N/mm2 2«18/ mm™
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water and
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ES Lo -4 - Amnersion
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11 /euy o Sl g 3o O from ™ 3e7M /iy
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- - 21 . ) - ' - e Z e 2
N/rm oZI'/mm™ 7, LIi /vy ! 7 o3I/ 7 « SN /mm
.y 2 - ;] 1 '! 2 2
307/ o Ol ™ 1o i1 fraey | 921, 9 27 i/
s | LsY "
L 23 = : 2 L . B L 2 R 2
SH/mm } o Ao ] SIS LN ' ) & 32750y, 133 /m
H-ﬂq‘i - '0—_-—-!-_- ,
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The zverage dry compressive strength

of

no~cement cubes compactod atﬁN/mmg

wressure, ~t differcont aproes.

“Jater content = 14%
Aze of Cube average dry
Comnressive Strength
1 Qay 1.5N/mm2
3 days 3. ON/num2
7 days 5.1N/'mm2
14 days B.WN/mmz
28 days S.SN/mmR

Tahle 4.%.5:

The average dry Commressive Strength of

no=cement cubes at different comraciion

AreSIUrCs .
-‘“.._“—‘*——_-
Aater content = 14% Lge = 1& dnys.

Compretion Pressure Iry Compressive
Strength

)

11--r/mm2 1.2M fmm”

2 2

217 fram’ 2.8N/mm

:-)l 4

31 /ram L .ON/mm?

lj

&N/mma 5 4 2N /mm®’
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FIG. 493" Compressive strength of 8 % cement cubes
Vs compaction pressure for different ages
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FIG 4.9.2: Compressive strength development with time of 8 %
cement cubes, of various compaction pressure

I\‘\\l\\x
1 — C/P* = 1N/ mm?

2— anwzxaaw
3—C /P =3N/mmZ
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FIG. 4.9.3° 28 days compressive strength Vs compaction
pressure for different cement contents.
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FIG. 4.9.4. Strength development with time for 0% cement cubes
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FIG. 4.95. 14 days compressive strength Vs compaction pressure
for varicus cement contents
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Tabla L.6.1 presents the average compressive
strength of various types of soilercete specimens
crushed after -% days. The results show that the 8%
cement content hollow blogks of size 400 x 150 x 150
have an averzgs compressive strength (dry) of 3.&N/mm2
and an average wet conpressive strength of I.QN/mmg.
The suczeated {10) minimum compressive strength of
Toh o N/mm” is satisfied by 8% cement content hollow
blocks comuacted at a pressure of «'&N/mn:2 at a water
content of 14%,. This suggests that hand-operated
machines with & compaction pressure of QN/mmz may
produce scilerete hollew Llocels of 8% cement content
satisfyiny the required minimum comiressive strongth.
However, the lowest strength requirement of 1.7N/mm2
for sandcrete nollow blocks by Federal liinistry of
Works Lagos {7} is not satisfied. Tho 12% cement
contont hellow Dlocks cempacted at a pressure of
4N/mm2 with an averaze dry compressive strength of
5.3N/mm2 and an average wet strenpgth of 2.1N/mm2
satisfy the ederal Ministry of Jorks requirement of
2.1N/mm”, It need be nmotod that the Foderal Ministry
of Jorks dic not specify water immersion condition
prior to testing for strength.

From Fig. 4.9.3 which is the groph of strength
variation with compaction pressure for different cement

contents, it indicates that there is increase in the



- Gl -

strengzth of Lhe soilerete stecimens with increszsed
cement content Tor any given compaction pressure.
This is consistent with other research results (1).
The graph also shows that a compressive strength value
obtained with 12% cement content at a compaction pressure
of ZN/mmﬂ (for examnle) could also be chtained with 8
cement ccontant Hut compaction pressure of about 9.5N/mm?.
This implies that vhen specifying the compressive
strength »f o scilcrete spoecimen, the cement content
alonz is not encugh unless snecified with the compaction
pressure.,

also from Fige %.9.3 which is the graph of compressive
streangth variztion with compaction >ressure for different
cement concents,s The resulis sug.zst Lthat for non-cement
cubes (0% cement), the comrressive strength variation
with comjiaction pressure is linear; this means that the

comrressive gtrength of the cubes vwithin the ages tested,

.

s Cirectly Droportional to the comuaction Hressurce.

For the 5/ =nd 10§ cement contents, the variation of
strength with ceuataction pressure is curvilenear,
showing that although there was increase in strength

for increasing compaction pressure, this is not linearly
Cependent, This sugrgests that within the tested ages,

the primcry source of strength of the no-cement cubes

is the conpaction.



5¢1 Conclugsions

The teates ond analysis of results presented in
chapter % werce made to enahle some basic conclusions

to be drzvm, These conclusions are based more on

compariscns than on analysis of the limited number of

test resulis,

(1) The bYest woter content for meulding: of soilcrete
is tvo percent lower than the optimum water
cortent »nhich in the case of tested samnles is 16Y.

(2) For no cemant so0il snecimens, about ninety nercent
of its tventy-eight day strength is developed in
saven Jdnyse.

(3) For 8§/, 104 anc¢ 127 cement soilcrete about ninety
percent of the twenty-eight day strength is develconed
in 14 Jdayas.

(2) The ratio of the wet compressive strength to dry
comprescive strength of soilcerete specimens is
about fourty percent.

(5) The method of demoulding soilecrete specimen
affects its compressive strength.

(6) Soilcreic cylinder compressive strengths are
very sensitive to variation in height/cdiameter
ratio,

(7) The suitable height/diameter ratio of soilcrete
cylincders for the assessment of strength propertices

is 1.5.
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(8) Hand-onerated machines developed for ths procduction
of scilcrote blocks with a comnaction pressure of
not less tnan bx/mmz may produce 8% cement blocks
suita®ble for lovw cost housing.

(9) There is th: nead for detailed specifications for
soilcrate hollow blocks on the basis of their
increasins use as bearing walls and partitions.

(10) The hirher comraction pressurce of soilcrete the
highcer the comnressive strength.

(11) For —urhoscs of testing soilcrete siocimens, the
minimum age of 14 days should be adopted; six
days complete immersion in water 2 day after
moulcing, and scven days air drying.

(12) For the pur oses of snecifying soilcrete specimens,
the cement content 2lone is not cnoupgh unless
specified with the compaction pressure.

5?2 Sugcestions for futher research

(1) Research is necessary on the devel pment of cempatible
soil-ceent plaster material for the protcection of
soilcrete Dlocks from weather effects.

(2) Research should be carried out to determine the
releiion hetween the failure load of soilcrete
wall and the comnressive strength of the walling
units.

(3) The effect of compaction pressure on the wet/dry

comprescive strength needs some more testse.
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The effect of different cement contents and
Tiffcrent ccmoaction pressures on the variation
of conpressive strength with respeczt to the
height/diameter ratio of soilcrete cylincders

should Do studied.
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APPINOIX T

Compregsive Strength of Soilcrete Cubes

Coripzcotaed at various Pressures.

identification| Age Remarks/ Compactiong Failure{Compres=-
Number ’ Cament yPressure . Load i sivaoe
| Content ;(N/mmz) % KN t Strength
! | (N/tnm2
1-1 3 2 | 1 £.0 1.0
-2 3 8 1 a0 0.8
-3 3 1 a5 1.1
2-1 I3 8. B 8.0 1.6
-2 ; 3 Teament _ 2 7Tad 1.5
-3 3 Content | 2 7«8 1.6
3=-1 3 Cubes 3 Q9.0 1.8
-2 3 Iater 3 9.8 2.0
-3 k! Content 3 8.5 1.7
et 3 = 1%% It 1C.0 A |
-2 3 b 10.8 2.2
-3 3 4 10.5 2.1
-4 3 4 B4 1.7
-5 3 4 11.9 2. h
-6 4 10.9 T a2
Be1 7 1 11.5 2.3
2 7 1 0.6 1a

3 7 1 51 1.0
6-1 7 2 2745 5.5
2 | 7 E 2 16,8 3.3

3 7 ; 2 P5.7¢ 5.1

' .

S

-

—————
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Appendix I cont'd,

Identification| izei Rewarks/ *COmpactinni Failurc{Compress-
Numbor Cement Presnsure Load s tve
Content (N/mmg] KN Strength
o (M/mm’)

7l 7 3 16.6 3e3
2 7 3 2%.0 2.5

3 7 3 16.7 3.3
o-1 7 b b1.1 3y B.2
2 7 4 36a1 7.2

3 7 b 35.0 7.0
3-1 14 1 15,6 Je3
-2 14 1 17,8 3.5
-3 14 1 17 .1 3.4
101 1% 2 33.9 £.3
-2 14 2 3.1 6.0t
-3 1h 2 2.5 6a3
11-1 14 3 1.5 Sa2
-2 14 3 Ll 8.8
-3 1h 3 b1k 3.2
12-1 14 & 4,6 8.5
-2 14 4 3.6 B.7
-3 . - B & 45.9 9.7
13-1 lié ! 8% 1 16.1 32
-2 { 14 | Coment ; 1 17.1 E 3.6
-3 b .£COntent 1 o 15.6 1 3.1
141 14 Cudes 2 337 : 6.7
-2 14 Width a 34,1 6.8
-3 | 1% | vater 2 3k 6.9
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annendix T contiltc,

Tdentification | ya & qarkx/\ Compaction‘ Failure |Comprass-
Humber S uont | Presaure i Load ive
' 2) K17 1Strength

I T e i
) onbont E(N/mm : : g
F : \ N /mm )
= B y b T
P k | t
- ! ! H - ! § I I k P
15-1 i 1% | Content \ 3 ! 1.5, D3
¥ ! ;
. ' ! i
-2 1oy o 12% : g - %03 } 3.1
-3 1k 3 5C.3 8.1
151 15 b 30.6 7.9
-2 it Iy he e 8.6
-3 < b b Li.S f.b
oy 2 b } Iy 1.5 Q.3
R ' I i
17~1 1h a5 1 155 3.1
|
-2 1t )} Cement 1 12,0 36
-3 1h | kcumes 1 1645 1.3
18-1 1t b ogdiatn ) 28,7 5ol
-2 14 | Water 2 Ad 546
-3 10 Contont 2 23,9 5.8
19=1 1l = 10% 3 35.0 7.0
-2 th 3 3% 5 5.9
-3 2k 3 6.0 7.3
20~-1 1t s 1.3 P a3
-2 1h / 3045 5
-3 1/ Y 1.0 J.2
21-1 A R f; 3,0 13.5
pemant |
-2 28 ‘ Centents b : £6.4 13.3
i t .
3 E Iatexr/C Pk o6k, 1.9
y = 14'}{ F k ;




Annancdisx T crnbtd

. —

- ' 1
Idcutification !} fge | Remarks/ ICanactiﬂn Failurce}Somo-
Funaber ! Comont {Proessure Lead ‘reasive
¥ . LA X4 1 i a | h 2 3
i X Conton LN /) KN V(N ea
=y 3 ’ | ’
N ' ., ) 1 "
Ph-1 [ ?-8 i ; i ‘ 1915 : 3.9
! Cunont i ‘1 '
!
-2 28 Content 1 ! 20.5 o1
23=1 28 | wetar 2 1 32.5 5.5
Content
-2 7S 1= 14% F 2 ) 30,3 6.5
‘ ]
~3 P& | 2 [ 3243 6ot
241 78 3 31.2 .8
=2 a2 3 4 5.7
-3 nd 3 4, h 3.5
25w1 22 4 42,5 0.k
-3 ar 4 h6,.5 o
-3 2] 4 45,7 1.9
R | ah 10% 1 19.5 3¢9
Centont
-2 23 |Content 1 18 3.6
-3 na Cubas 1 17 : 3.4
27-1 o ‘Inter 2 10 .9 73
-l a5 Contont o 0.0 7.8
= 1!;'1':{-
-3 X! o 311 7.3
2ba1 2 3 he .6 9.1
-2 248 E 3 : b6 % E 9,3
! . I
-3 SV b3 A W
[ ' ' ; ;
291 b i h roho.0 9.8
-2 n% Y fy | Le o i
s £ ' I i -} 9 -l
-3 20 l 4 l 500 l 0.0
A et .n.‘L mr oM he
L] Y




Caboes

i | )
Tlontification ;yd Romnrles/ 1Com_ncticn inilure:ComuruvL-
1 Lo : , <erent ITressure » Lead '; ive
’ % iy . e | 2
NS '._“Cif;:?f (Y ) b V(M fmm
| ' _
5, Sl { e i 1% 1 16.5 Yud
i i I
-2 L2t Curmient 1 20,0 L,0
| |
? boos Sratont 4 17 .6 3.5
:
"

1

~
8)
2

1

-

A
-
-—
]
1 3
- . — —

) 2 375 F

-3 2% | 12% 2 3%.0 7.8
9.4 { 22 | Coment 3

) | Centent 3 5% 49 11.0
3

-7 2C ! Cuhes

T o = e — e —

— —— . ———

#

=% b\ 1% 1 173 3,6

-3 ¢ 24 ; Cemont 1 17e3 3.7
" )
l N .
5 =1 ' 1% « Centoent P 3L .0 6.8
z , 3% , Cudes; 2 3565 7ol
L} ]
-2 ) 1k : {uter 2 33.5 €.7
H [
= ¢ 2 '} Scntont 3 %5 .0 9.0
-~ i’*" o= 284% 3 ’:60” 9.3
R |
=3 !—L. \ | 3 / ":-5 '}.9
‘ H ' t
nf“: 3-'!- ; E 4'5 ’1?.1 : I')..
- Lo { [ :
- ;j’-;. . ' 4 : hy7 : 9.4
“ ' i . »
-3 bib P | 27.9 . 9.6
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Abpendix II cont'l.
- e

s e | S g—— — :‘"""'— ¥ i =
Sdenti- ¢ Huight Hoight/ 'Fni;ure; C/5trength | Remar’:s
PP P —— . i Tme : ad R 2 .
}{.‘{1:‘:1)» m 7t r1) Di ctertLO'u_ ' (/) |
Muuber . T i
— - i . B
. . i
R~22 {155 | 1e5 129.2 3.5 |

e ———

-2 156 1.5 i 30.8 By

n20 , 155 145

I
2..2h j 162 | 1.5 Ijo.ﬁ l 3.7
; 1]
RO 150 ¢ 1.5 iaa.k i 3-4
L} ]
T 183 1. 23 .0 S
0 : ! o EJ !_J i
. . ‘
227 V153 & 1.5 ' 26 .0 i 3.2
i : : !
R-258 b avk 1.5 ‘26- 2 {
!

.
—
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sooenprx IXT

i

curring concitions,
- i . : ' ——
Iconti- ! ige i Failure ' Conressivo Remar':s
fication | ' Lond i Strenzth |
_u:bi’f__ ___:__ B B : I ! l’-.’fr:t‘:?' ; o
| I |
C-1< | 23 .1 5¢5 | 3 a~ys air drying,
C=-12 ; 7 < ys '?w.o | 546 i 3 days immersed
Cc-13 __I__ e 327.8 _ 5.6 ’ in water o
C-21 d f . S i h.3 ; £ days immersion
Ca29 : 7 days :22.1 : 4.4 é and onc day
C-293 ; _._123.7 ___E_i}_._z_____ _ . air drying.
SR ol . ' 73,0 ¢t 4.6 17 days irmersion
=132 14 Qays , 21.7 h.4 in water and one
€=33 : e . 24,6 i 4.9 | day air dryinge. _ _
Tt ] [ 23.2 ' Bo7 10 days ismersica
C-b2 l 14 days ; 2.2 | 5.8 ; in water wnd 3 Cays
Sk3 __ ... 129.3 _ j_5.8 _eir crying, .
AL | . b5 4 0 5 lays fmmersior
=52 i 1% dzysi b .7 | 8.9 | i1 water and 7 days
c-53 _ |l u6.3 | 9.3 | air drying.
Cc--51 I £.8 oLl ~ No irm:rsion in
C-62 | 44 aays | 8.8 "N ‘ water of 14 days
C-63 : ' 9,0 t 1.3 1 _air drying
c-71 ' ' 24 .5 I k.0 . 26 cays imnersion
c-72 ' 20 days | 28,6 E h.o ! in water and 1 dav
(o ds Lok, o b ohlo ©oadir dryinge
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Lppendilx 1ii continued

1

———aant

i ———

Identi- hge Failure Compreasive) Remarks
fication Load Strenpgth

Fﬂb or (RKN) N/am '

c-81 32,6 6.5 l24 days immersion
C--82 26 daysl 32.6 6.5 in water & 3 days
C~83 . 33.7 6.7 air dryinge.

C-91 49,0 9,8 20 days immersion
C-92 28 days| 4847 9.7 in water and 7 days
C~93 4é.2 9.3 air drying.

C-~101 35.5 71 13 days immorsion
C-102 28 dnys| 35.0 7.0 in water and 14 days
C=~103 35.0 70 air dryinge
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ALTENDIX IV

ggmpqpssivp ﬁjren;th of No-Cement Cubes Compacted at

i

varicus pressuires and water contents, crughed at
different anzt.
L reul ANLDe

hAge y  Waterx comtent Failure C/ 1 Compressive
R S Lnad(Kﬂ'}i |_Strengih
14 days 10 17 .0 kN/mma 3.4
" ; 10 16.7 iy v 3.h
i | 10 17.1  » 3.kt
" ‘ 12 ak.6 oo 4.9
" ‘ 12 25.1 L 5.0
" 12 2h.1 f " 4,8
" ‘ 13 25 h 5.0
" ‘ 13 25.7 how 5.2
" 13 25,8 4 " 5e2
i 14 26.0 o 5.2
" 1h 2641 hon 5.2
" 1h 26.1 h v 5.2
" 15 26,2 Lot 5e2
" | 15 26.0 & 52
" 15 ol .7 h o 5.0
1 day | 14 6.9 h » 1.4
" | 1b 7.0 Low 1.M
" ' 14 8.4 o 1.7
3 days ' 14 1h .5 bt 2.9
"- 14 15.5 hoo 3ol
" 14 { 1548 i o , 3.1
7 days 14 25.5 by E 5.1
o M 14 213.3 | fh M | L .8
" 1l 25.8 \ 4 v \ 5.2




% ) ".‘Il’!i‘-.. ~ 1—'
e e —— _'_ S A e
! : T !
i ) ] ' )
. ¢ C« ' Failurq ' i Compr
H l Load (KN ) o : Stren;
L] f » . ¥
! ! v (HAmm |
S - v ]
)
'8 davys 14 ! 7 5 } i 55
" 14 2793 ly s
" 1/ 273 4 5 e
14 days 14 6,0 1 75
L
" : 14 | 6.4 ! 1 | 1.3
' 14 549 1 1.2
1" ! . o >
1% 13.7 . .
0" 14 13.4 2 fed
1) a N - y 0
1“4 I 3t 2 O
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APZTINDIX V

Compressive Strongth of 'ollow 3locks Procduced at a
??mpaction :r_jf?rﬂ of Qg/mm? and Crushed after 1% days.
Tdenti=- Jeicht Failure Height Compressive|] Remarks
fication (I'z) Load {(ram) Strength
My 240
;meer ) (KEi) (N/nm2
36-1 1950 54,0 160 1.4 8% Cement
i
28-2 10.. | 85.0 165 1.4 hollow »1
-3 10.2 0.2 162 1s3 Hlocks
-l 1C. 34 .8 160 10 crushed
-6 1043 5947 163 1.5 days
w7 %9 85«6 158 1.4 immersion
-4 1040 301 150 123 in water
-2 Do 9C.5 160 1.5 prior to
L . testing.
10 o 206,.8 158 g P 8% Cerient
hollow
11 . 204 .0 160 g PR hlocks
crushed
12 -(,‘- 201 « O 1()0 3."i t'lry'o
312=1 CaD 120.72 157 2.0 12% Cement
. blocks
-2 Coel 114,.3 160 219
crushed
- 1Ce7 138.0 1€2 =% '
3 | ° 3 t 3 | after onc
‘ o _ }
- ' 10a1 | 144 162 t 2.4 : deys
» L] L] 5
=5 E 17,2 + 120 160 5.0 ; imriersion
) } ! : in water
-0 i 1C.0 [ 132 160 2.7 ,
3 prior to
-7 10,0 120.6 160 2.0 testing.
-t 8.0 130.5 158 2.2
-9 1043 126 165 2.1
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i
Identi- qﬂeigL Failure Height Compressivel Remar'cs
fication | (Kg) Load () Strength i
: ] ' o
Humber i (1ar) ] v (N/mm™ )
t '
B ]
-10 I 2.0 326 160 ' 5.4 12%
'Cement hollow
-11 8.9 309 160 5.1 blocks
crushed drvy.
-12 L9 335 160 5.6
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V1

Compressive Streangths of different Soilcrete Specimens

o — - ——

Teontie | ' :~._i..:u::e! Compressive Remarks
ot isems | sond i S*rength H
ifumbher | in) i ,-I/'.n;nz
' —_— T
T-251 1342 3.6 % Cement cubes compacted
25 .2 1747 3.5 at 4N/om® crushed after
25.3 et Yo7 28 days.
v-123 175 3.5 8% cement cubes compacted
~122 17,6 3.5 at 4N/mm® crushed after
S lLazet 3.5 14 days,.
217 5.0 5,0 127 cement cubes compactod
-212 26.6 543 at "h“’/:nm?' crushed after
=213 2340 b6 28 days,
Lol 17 1.4 127 cement cylinders compactcd
-7 ' 11,8 1.4 at ’l.-“.’/mm'q crushed after
-3 4 31,0 1.4 14 davs,
by 6.0 Ce7 3% cement cylinders conmpacted
- ’ $+3 2.8 at LN/mm crushed after 14
-9 ’ a3 0.6 days (heicht/diamecter ratio
R B - 2)
 fosl SN | i 273 35 BY cement culies conpacted at
57 | 17 K q = El\lfmm2 crushed after 14 days,
153 | 17.2 3.4
CY-10 ! Ge9 | 0.0 A% cement cylinders compactec
WCY=-11 : Se3 0,8 v at 41‘.’/:'-1!:2 crushed after 14
ICY=-12 E 710 ) 0.9 : days (height/diameter
- ___: o i_reatio = 2)
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HLOPENDIX VIT

various ceiient contonts (heicht/diamzter ratio = 2

- arate .

Coment !Failure

Identi- |Com>action | dry Age
fication i\ Pressure Content'® Load [ Conpressive (Gays)
Munber :(N/mmg L(%) !(KN) i Sreng;h

_ L ¢ E (M)

Corm l b 12 30.3 3.7 14
-2 4 i2 30.9 3.7 14
-3 b 12 30.4 3.7 14

4 ) 10 21.6 2.6 14
5 5 10 21,3 2.6 1h
6 & 10 71,6 2.6 14
7 k 8 11,7 ! 14
8 L 8 10.0 1,2 14
9 L 8 11.2 1.4 14
10 & 8 17.E 2.1 14
11 & 8 19.1 2.3 14
17 L 8 16,7 2.0 14
13 43 Q 10.5 1.3 7
14 L o 19.7 1.3 7
15 2 0 11.56 1.% 4
16 L 0 11.7 1.4 28
17 b 0 11,7 1.4 28
18 & 0 12,5 1.5 28
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LPDPEMDIX VIII
Streias {(idero Strain) zt different stress values of different soilsrete
cylincders (hicht/diameter ratio = 2)

Inial |Stress

reac- 1

ing 0,12 J0.24 jo.48 l0.72 | c.98 1.2¢ | Releose
8% Cament lidx 1293 1270 1255 b 129C2
Sormnated =t P -

. - n-h.., - ~ , e

Prezsuse of nﬁ\ﬂgm 14737 114723 114602 114350 3 1462

£35¢C 5230 5265 57 30 E 592C
3% Toment Mix 7120 cLQ 7050 5750 L 7107
Comzznciad ot 7052 6992 6849 6572 6452 7011
Pressice of 2N/mme 7000 16920 {6650 [619¢C 6750
G Cexont lix 13630 113960 | 13920 {13320 | 13690} 13560 13020
Cempocied 2t Fressure] 28772 314765 | 14685 | 14525 | 14345 14180 14772
el i/ 15230 115120 | 15000 114730 | 14550 1435C 14220
3% Cemeni IMix 15050 {15010 | 14770 (14870 | 14770} 1L670 15012
Comnrotec at 0 16332 114790 | 14730 | 14605 | 14518 14518 14500
Fressa—e o- kil /mes 13920 13370 1 13790 113650 § 13565} 1347¢ 1327
9% Tamert Mix 12723 fi127¢C { 12680 | 12650 | 1259C| 1251C 12450 12€7C
Comzolted &% a poym arg | n y2601 1470 14650 158¢-
Precsure of wZ\BEN 15800 15575 1557 1451C | 147 705 > BELY

12370 1133%0 | 13305 | 13260 | 132201 1319C 13150| 1330




APPENDIA IX

Compressive Strength of Ten 87 cement cubes comnacted at
1o} 'S Ll

———— — - — —

a pressurae of

S )
- —— —— ..._.-_...:... '
Identification I Failure Compressive Remarks
et ot strength
L )
s (KN) (N/ma’ )
U=1 43.3 8.9 average strength
U-2 LD ,0 8.2 = 3.1N/nm2.
B=2 37 .0 746
U- ' 39.0 8.1 standard Deviation
'-]"'5 ! 3'1’-6 ?-? = 0-49
- |
‘-l"(' 39-0 8.0
J 16.0 7 -4
U-9 *I 53,4 1.9
U-%0 ‘ 1940 5.0
----- - —-—--.-—"‘—_i. B —
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AYFPENDIX X

Stren~th of

sen Cylinder of Cement

content J4%, EBTchtcd at &T/nmg and crushec after

14 days. : -
Identi- Teirht Failura Covwrossiv4 Remarks
fication of Load Strength

Humber ?§i§n er (rnv) (H/r:ﬂ}

R=-22 "SR5 29.2 3.5 Average
R=213 fER3 3C." 3.7 Strength
=2k 2L 8¢ 3C.8 3.7 = j.SJ/mmg
3=25 2L 37 28,4 3.4

R=26 2550 28 3.4

R-27 2515 26.4 3.2 Standara
R-243 2531 26 3.1 Deviation
R-29 25l 20.7 347 = 0,23
R=-30 2555 23.6 3.2

R=31 253 29.9 3.6




1.

5.

10,

11.

- 86 -~

TFERENCES

Adopegbo, Ds "The Structural properties of lLatecrete
and Sandcreta®, Presented at the ?7th
hiennial conference of West African Science
Lssociation.

Herzog; A. and Mitchell, J.K. "Renctions Accompanying
Stabilization of Clay with Cement" ighway
Research Record U.S.A. 1963 pp. 146-171.

Aderibighe, D.A., Akeju, T.A. and Orangun, €C.0,
"Characteristics of the Optimal Water-Cement
ratios of some lécal clay soils stahilized
wita cement'. Confarence onh Material
Testing Research and Control, Lagos, 1983.

Ajayi Larry A. "Proposals for snginecoring classification
of WHigeriaen soils", Conference on Materials
Testing Reasearch and Control, Lagos 1983,

Dutron, I’ 2nd Cloes, R. "The influencc of moisture
content on the strength of soil-cement!.
Boceedings 5th International Conference
of =0il mechanics 1961 Vol. 2, pp. 227=-234,

Dumbleton, lisJ. Investigations to assess the Potentialities
of 1lime for soil stabilization in the United
¥ingdom". Road Research Technical paper No. &4

19620,

Ejeh, S.P. "Compressive Strength of Soilcrete Hollow
3locks’ . Unpublished M, Eng, Dissertation,
AIB.U. Zari.‘a, October 19890

Herzog, Le "Stabilization of poerly reacting soils by
combining chemical and mechanical methods".
Constructional review, Concrete publications
Co. South Walesgs, 1960 Vol. 33(9) pp. 32-34.

Herzog, A. "The use of additives in the gtabilization
of poorly reacting soils with cement,
Constructional review. Concrete publications
Co. South Wales, 1960 Vol., 33(9) pp.35-36.

Lunt, M,Gs "Stabilised s0il ®hlocks for building'.
Overseas building notes No. 184 Feh. 1980,
EnS].Qnd -

Mindess, S., Young Francis and Cliff Englewoond,
Concrete. Prentice Hall 1981,



12.

13.

1?.

_'l"
-l n

.
)
L

20 .

21a

22a

- 87 -

Maciean, J.J. and Shervood, P.T. "Siudy of the
occurence and effects of organic matter in
relation to the stabilization of soils with
cziment"., Proceedings 5th International
Conference or soil mechanics 2€9-275, 1961,2,

Nande, R.I. "Evaluation of low grade aggrerate
laterite". Presented at the conference on
mnterials testing, research and control,
liinistry of YWorks Lagos, Feb. 1983,

Oleszliericz, S. Florek A and Ejeh, S.P. "Compressive
Strength of soilcrete hollow blocks".
raosented at the conference on materials
testing research and control. Ministry of
Works Lagos, Feb. 1983.

National 3uilding Studies, "A work study in block
laying", Technical paper No. 1, Loncdon 1940.

Motes on tha Science of building. "Structural
apcrlications of masonry'". Notes on the
science of building No. 65, 14th June 1961.

Notes on the Science of building. "“Hollow Concrete
Hlock use in domestic construction". Notes
on the science of builcding (NSB) No..85,

19€2,

Schneicder Rebert and Dickey Jalter, L. Reinforced
ngsonry design. Prentice dill Inc. New
Jargey, 1980,

Smith. R.C. Henkala, T.L. and indres; C.K. Masonry:
Vaterials and Design. Reston Publ. Co.
Reston Virginia, U.S.a.

Cla, Seke "Lahoratory Investigation of the influence
ol cemenl, lime and bitumen on soils",
Sroc2edings of the conference on material
testing research and control, Yinistry of
Jorks. Lagos, 1977.

Windov. A.L. An Introduction to Str-in Gauges:
delwyn strain mensurcments, Ltd,
Ari'stron Road Basingstoke England,
7t Bdition, 19381.

O'Flaherty, Ceh. Highway Engineering Vol. 2,
Edward ianorld, London 1974, »n. 221-268,

B.S5. 2023, 1953 Precast Concrete blocks.



9.5.

26.

27.

28.

29-

30

31.

I

- 88 -

Department of Civil Enginecering, "Research Renort on
brick/block production based on stahilized
scil", Ahmadu 3ello University, Zaria,
June 1982,

Uzoma:n, C.J. "an anpraisal of methedes of testing
sone physical properties of sandcrete
blocks". Proccedings, Institution of
Civil Engincers, Part 2, Sept. 1977.

Neville, hs's Pronerties of Concrete. Pitm Publishing
Ltd., Loncdon 1977, vp. 300-476.

Natienal Concerd, Agwu Maduka "4 New Housing Policy".
s AL
llational Concord 2% September 1984,

Nigerizon 3Suilding and Road Research Institute,
l'adedor, A.C., Singh, S.M., ancd lakoju, J.O.
"Promotion and Utilization of Local 3Buildiag
Ilaterials aimed at an effective national
shelter strategy'". Prescited at National
Seninar on the Formmlation of Shelter
Strategy, 3-5 Dec. 1954,

Onibolun Foju, "The Nigerian Housing Crisis and the
Public Responses". Presented at National
Conference of the Association of Housing
Corporations of Nigeria, 1st August 1984,
Ibadan.

Adesin=a, S.0, and Utgikar, S.S."Materials and
Construction Tecaniques for Low Cost
Housging in Nigeria", Prooceedings of the
Jrd Internationral Conference on ousing,
Faduna, August 193C. pp. 88-97.

3edi, 5,5. anc Chandra, Salek "Precast Stone 3locks
and block masonry". The Indian Concrete
Institute Journal Vel., 57, No, 11, Nov. 1933,
na. 28285,



