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* The ue and improvement of traditignal low-cost building materidls has
éedupled an -important place in the esearch programme~ of CINVA. As’a part of
“these actrvitles, considerable research has beenkdgne with stabilized 'soil to|
1mprove the use of a materlal whlchieas_been exténsively usged 51nce coleonial
days in rammed-garth or 51m1lar bui dlngs. |

. : ’ L ' : .
One result of  these reseerchee:%es the development of the CINVAiRAM machlke,
which combines the features of being: simple to operate, efficient, and easy to
_ transport to placks lacking motor rpgds. "This machine is designed .primarily _\
? to stabilize earth with céhqyt, bﬁﬂ{ % has JDbeen used in many countlies to pm@d%ce
building materials utilizing other stiabilizing agents. However, the machine is
.'stllL most commonly and Wldely used tp stabilize. soil with cement in order to
‘obtaih strong and duyable building maﬁerlals It is employed in many rural and.
urban aresds, eepecldily fqr self-help end mutual aid housing programmes. '

___—_——-r-.——""\""':}'"__—ﬂ

_d

-

- Although the echnlqpe of staebili 1ng 5011 with cement is a 81mple dne,

.it nevertheless pequires some degree of competence if “the building material R _
Tobtalned is to hAve the qualities needed for opkimum use. In. eonnexlon with the *
"CINVA-RAM machif¢, CINVA prepared an elbmentary publication o' Soil-cement,
which is not iptended to solve. the many prbblems that might arise but/gives basic
instructions for making 5011—gement block: The. United Netions later puoblished
- a Manudl on Stabilized Soil Construction for Housing, ¥ baee& ‘on experience
_in various parts ef the world and intendad for the use of engineers and builders.
__Praotlcal efperience has shown that. there\ls a need for instructionzl mzterial
__at a level 1ntermedlary between these two,publlcatlonu - the elementa;y and the -

'advanced. / to meet.the requirements of qualified contrattors and similar personnel
" 'who are pot normally faced with dlffleult technical problems but who carry out

. oa good’ ‘@bal of stabilized soil constructlon This publleatlon,'801l Cement ;

'Its Use/in Building, has been prepared to meet this need.’ The order of

presentation, the terminology used, and the 1arge number of illustrations, are

"_-deSﬁg ed to mwake the ingtructions more readily understandable with 8 view to the
W ﬁ;zgrea.est pOSSlble circulation and impact. A further obgectlve is to promote the

" widelr use: of soil-cement, which cah ledd to a reduction in construction costs,
-whe ever favourable condltlons ex1et because’ of the 1nexpen51veness of the _ IR
-matérial itself and also. because it can be made by the families themselves to’
build “their. own homes. Tts.use may also provide an adequate, solution in rural

areas where the production or transportetlon of other bulldlng materiaels is’
dlfficult and costly :

.“?

£ENVR takes this opportUnlty to thank ail those who hawe given encouragement

: to or shown interest in the use of soil-cement, in conjunction with the, CINVA-RAM.

- machine, npt only in Latin Amerlca but in other contlnents Sincere gretltude is
;;also expressed faor the: collaboratlon received from many professional men,

_ scientiflc instltutlons and housing organlzetlons in“the task of reseerch. ) o

Rafael Mora -Rubip - . 4.'- R ﬂf.i B
Field Director of the S I
) : o Inter-Amerlcan.Hou51ng and Plannlrg Centre _ _

. i’ (=3
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TN INTRODUCTION

The usé of simple compacted soil (natural earth) as a-building material -
dates from time immemorial, and it can be said that ever since, and down to the
. present day, the method of building houses with earth has been used, because of
its constructive qualities. Yet, despite itg good insulating and resistant °
properties, there are limitations to the use of earth owing to its .lack of
strength and its vulnerabllltv to molsture and the erosive effects of external

1fagents o . &

d a

-however, it can be subjected to the, process known ag "stabilization". The effect

of adding a stabilizing agent liké Portland cement, for instance, is not only to.

enhance 1ts best qualities but to 1mpart to it. other propertles which soil alone
"does not possess

E A The st&blllzatlon prooess con51sts of taking 5011 from the earth, pu1ver121ng
: 1t adding té-it a certain small amount of cement, - ;adding water until the optimum -
.. ~moisture content of the mixture is readﬂed and subJectlng it to moderate pressure,
. ¢ thus producing & mass whieh, when set, possesses great strength. The result is

» s materigl able to bear a much higher work-load than could be carried by soil
wmthout cement, ‘and- dnrable enough to w1thstand the contlnuous effects of

:”7: atmospheric agents.

: - The compdhnd of soil, cement and water, mixed in the proper proportions and
compacted to the proper degree, constrtutes "soil-cement'.

!
a

_ 8011 cement has aeqnlred“a good name ag & bullding materlal and it can
.compete in technical quality with materials commonly used in .low-cost. constructlon
Its use. is steadily and. gradually increasing in all countrles, partlcularly in
':-rural and suburban areas. The simplicity of the ‘technique involved means that

- ‘peasants and workers, without special training; can build their own homes .
"1nexpen51vely and W1thout the use of . cdhpllcated and time-consuming skills.

L ,5 ThlS paper shows how soil- cemenﬁfnay be used at:varlous stages in the

. ‘construction of a house, together with a number of examples which may’ be helpful -
'.to anyone wlshlng to use this materlal for bulldlng purposes, ) : -
5011 cement 1te use in bulldlng is div1ded into chapters, deallng w1th
'basic facts and practical appllcation, on: knowihg soils; soil as .sffonstruction
*materlal the preparatlon of soil-cement; the use of soil- cement for housihg;
-and accompllshments 1n soil cement - - !

[ N

The author ‘takes pleasure in thanklng the staffwof the Inter—Amerlcan Housing

/ =

o The author_also thanks Mr Alegandro Sandlno P.y Dlrectoxiof the Materlals .
1t‘Test1ng Laboratory of“the School of Englneerlng of the National University ¢
“of Golombia, and_ Mr. Gustavo Maldonado I.., Engineer in Charge of the Soils Sectign
_@ﬁatHE'MatéfiSlS Testlng haboratory'of the School -of Engineering of the Natlonal
Un1Versity of €olombla, for- th61r excellent collaboratlon . o
. T, . b ~ "
. ] Begets, August 19@3
-3 - C - : e

Prov1ded that natural soil possesses a combination of certqfh-enaracterlstles,‘

_?and Plannlng Centre for their co—qper&tlon, and in partloular Mr. Alberto Gonzalez .
S~Gandolf1 and M. Rdul Ramirez R. the former CINVA expert for their valuable help.
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—~ | 1. SOILS
ORIGIN o
The eafth's crust is the outer env®ppe of the solid part of the globe.

. The upper or surface part consists of a layer of loogse fragmentary material of

varying depth. The top 'part of this layer, which varies: in“ooarseneea, is

called soil. Tt comes from the decomposibion of .rock and of the remains of -
. living oreatures whlch are’found in it (fig. l) l/ o . ;
- The liv1ng rock is turned to soil material aftergnnderg01ng changes resulting

from mechanicdl processes {disintegration), chemical prooesaea (decomposition),
. -and mechanlcal-blologlcal processes - ’

i’ . . . -
. LIf a vertical cut is made in the soil, it will be seen that the latter is
. composed of layers which are spmetimes quite distinect in colour and depth. This

cut is called a eross-section, and each ldyer is called a level (fig. 2).

-~ Boil may be considered as a compound of eolld matter, liquid matter {water)
~ and gaseous matter (alr) The solid matter in the soil is formed of mineral.
.fragments in various stages of d151ntegratlonnand decomposition. The solid
oomponents with the greatest degree of disintegration include eands, silts and °
clays. Mixed with. Egese is a varying amount of organic matter.

o N .

The top layer of eoil*—whlch is called the "topsoil", usually contatns a
3eqnaiderabl g proportion of organic matter as a result of the accumuzlation.of .
mineral and 'vegeteble remains. This:layer oontalning organic matter is subject -

- in turn. to the gffects.of moisture and dryness, and to the soaking of water
through it. -~ Beneath’ the topso1l lies the subsoll eontalnlng little or no
h Lorganro matter : . . . e

it

- . *
I '

S - ELBMENTARY PROPERTIES AND BASIC COMPONENTS .

;;LElementary propertles . : T

. If 50115 are_to be used as'd building material, it is most 1mportent to
" know.in advance how they may bellave under the various ‘conditions to which they -
T will be eubaected in prectlce Wt is possible to predict the behav1our ofi the' : |
: materlal by studying someof rﬁ% propertles, ag follows: A S L : |

ey
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s .;Internal friction

]

Thie ia the foroe whleh re51sts the eliding of one partlole over another
: Internal frlctlone are produced in & clayey mesa or a mass of send é?
" according: to.the moisture content; in claye, because of their eonalatenoy,-« .o

”the force "of friction is much leee than in sands. [ e,
1/ _The reader is referred to the end sectiom of this pdbllcatlon for - T

_-}' eriguree Nos. l 9% in illustration of the text. _ - o

2/ - Bee "Statee of ooneistency in th1e che,pter, S . &
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/ Cohesion E ) S

-I?,f- | Apparent eohes1on, or moisture cohe51on, i§ the cohesion of 501le when °. .

: they are.molgtenei with a. certain amount1of water; this property is of fundamental.
" importance in the stabilization of soils; since their cohe51on can be changed
and 1mproved.by apprsprlate processes l . B ;

Clsy is cohe31ve,only up to a certa in' moisture céntent because if the small
partieles of water .dovering the gralns the materiél become too large through
ihe addltlon of pore wvatet, the gralns SGParate and lose their cobe51on o e

- 7
Compressibllity g : oo l
S .
o _ Compressiblllsxﬁ;s the name glVen to the pro ertxi_ﬂhlch some solils possess,
'lw of Qtﬁlnlshlng gp»vblume when a given pressure is exetted upcn them. Such pressure
h&s the effect”ef.reducing the p0r031ty of the soil by diminxshlng the munber of

/ VOidB b of A _ Tl . . -

e

Elastlcity "?;[ o - g _ J -
- - ’ ' ) - 5
" A Boil” whleh ﬁiminishes Ao volnme when prtssure is applied and returns to
. its Tormer volume, or almgst so, when the pressure is’ qpmoved is said to be
f elaetlc. _ - _5 K o _ . .

,'gCapillarity * ﬁi.ﬁ' U o BRI e o - o - RO

-~ i —

S This is the property, wh;ch soils possess, of absorbing moisture from &Ii “
-sides._ : ..__Jf o, . . R I &

!

" The amqgap of caplllary watersx Petained by each qategory of soil hill
X -on. the humber and size of, the voids it contains. The finer the séil, the
gre'ﬂef is-its capillary capecity. This is beeeuse it has more smhll ducts
in g 14 rticles of water. ey e T S :

L. N A

g arehcamposea of particles which vary in size and shspe. Texture
ifera.to :Ez sizes and proportiens or the partleles contained in the eoil

- T, ®

&f by the narrow tuhes or_gucts between the pa
'icel phenomenOn known a9 agillarit .
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. Among other colouring agents found in soils, the following effects, produéed
by certain components of ‘irén and by organic matter, may be mentioned:

Components of iron give the;soil a red, yellow or grey colour.
Large amounts of organic matter in soils make them dark or coffee-
coloured; dark blue, dark grey, or dark green; broadly speaking, it can

7;i- be said that, the darker a soil is, the greater is the proportion of
: o orgenic matter it contains.

"Basic compenents

- AJ80il is composed of the following basic elements; in varying proportions:
very coarse sand, coarse, medium and fine sand, silt and ‘elay. The usual method
of Getermining the proportions is to clsssify the particles of s01l by size,
through granulometric analysis. . : ;

i’
!

In the present paper, soils have been: -claggified conventionslly, on the _’,ﬁ
- basis of their granulometric analysis and. according to the nampe of the predominant
basic component; as sandy, silty or olayey s01ls _ / .

In order to facilitate classification, however, ‘the bssic s0il components
have ‘been grouped according to psrticle size, A&s follows

.r

ffi;'f‘ . (a) Coerse psrtiéles, or sands from Y, 76 m ) to 0. O?h em in size;

(b} Fine particles {silt and clsy) 1ess than O. OTh wm in size (ASTNE/
_ No. 2C0 sieve). A :
,&\ ' ¥ Vi |
Description-si;i;_ vasic components /f_r_“_ . R

iR _ i e S

L Cosrse psrticles oo L _’/

Eand This can be. regerded sé/the structural snd inert element in soil.

It is stsble when moist, but unstable when dry.
L/ .
- Sand has & high'internel friction It has no cohesich and no plesticrty
- Tt -does. not contract when: dried It is pervious, and is compressed ‘almost
1nstantsneously when pressure is applied to its.surface S _ .
Fine particles NS R ' ' j : ' .
W - X7 : :

Sllt. ‘The. size of the particles csnnot be seen with the naked eye, but they

feel Eritty between the teeth. Silt has little cohesion or internal frlction

7-'It m&y chsnge 1n volume when worked. It-is difficult to compact . LT

-

Clay. This is the gctive fraction of the soil, to which it imparts important
‘properties; both physically and chemically{ -Because of its high plesticity, clay

f_ readily takes the de51red shape it is afmaterisl smooth to the touch and sticky
_3when wet : ;

_/ American-Society for Pesting Msterlals
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: Dry ele.y absorba & “considerable proport:,on of water with g nota.ble increase
'-in .yolume; when it dries, it returnd to its briginel volume, but the shrinkage of' -

“the mass produces- cracking. It is virtually imperv1ous, end is compressed very’

. qslowly whem‘preesure is applied to its surface. .

| IDENTIFIGATION AND CIASSIFICATION = . =

- Before soil is used as a bulldlng material, a survey of the site from which
. it.is to be' taken must first be made, after which semples of the soil mist be- ¢
obtained for'physical and mechanical tests to prov1de s detailed knowledge of its | ™
propertles._l'-‘ A ) . 1 |

1

A The purpose of a survey is. £0 descrlbe and e1a551fy the propertles of 50115 1'.
*f?"“et theiruplace of' orisin Cow _ : . B |

{1

o .In order to make a SUIVey, & cross-section is cut through the soil to a : 11~
'ﬁﬁdepth of approximately two metres'below the topsoil. The  depth of the topsoil and -
futhe eom9051t1dp of the layers of sub501l =-'i.e., the: depth of those layers and
_ﬁthe materials if whleh they are eowposed - Wlll then be noted.

JR

S

_ iic mtter. Such topsoil, where it exists, ’ 15 identified ?by
;-colour and 1ts cheracteristic odour of decomposed organlc

d of ﬁesting will depend‘on the fﬁbilitles aVailable in the'
however, to make. use of &, ma.terj.ala—test}.@ la'box:atory
:the work 80 requires "_;;, - -

b

¢ ”f*the'v:eoratory teste ie given in very summary form and purely
-us*brat:.on, sin'e thls pe.per is: mtended t‘e’ pe of pra.ctical use 6 °

' z
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(e.) gre.nulometrlc analysis (b) ste.tes of cons:.stency, (c)' poros:Lty, unit ' Lo
weight and specific gra.vn.ty, (d) compa.ct:l.oh.

‘s

Gre.nulometric e.ne.lys is

The basic soil components are deterpined by granulometric analyels » Which
measures the size of the particles within a g:wen range. This is expressed as a
percentage oi‘ theé total weight of the matter bemg tested

_ The soil ccmponenté are separated according to size with the use cf sieves,
- The’ sieves usually bear 4 range of mmfoers, which relate to estebllshed
: -conventional scales. -

It is difficult to me.ke a grenulometrlc ane.lys:.e of the f:me Soll partlcles i,
by using sieves. TFor this ‘reason, the fine material is usually tested in the *-
hboratory by siphonlng“ , and in the field by “sedimentatlon :

Testing procedure ' T e : . .

S — ' ¥,

- The portion of soil to be tested, which has passed the h 76 mm sieve snd may S

onbadin 5ilt - -snd/or clay,’ is. placed in the No. 200 sieve and washed, Two groups of

.mhterial au:'e thus obbained. : portion retained in' the No. 2C0 sieve is-again

sleéeved through a set of m %elibreted from 4,76 mm to 0. OTil- mm, snd the size ) -
ned (figs. 5 .and 5 {a)).”

:':‘The porbion wh:l.ch Has d _di_he Np, 200" sieve consists of 8ilt and/ or cla.y, o
and it is subjected to a tést known as the "siphoning method", 5/ which consists -

f"_dg‘tt-i‘n;:i.ning the proport:.ons ‘of silt. and/or cla.y rebpectively (figs. 6

of_the part:l.cles is thus dete

_atee f- 'consistencv S o o CR A

R —

=

deal: ne; With & soil, 1t 1s very 1mportant to ¥now ot only its granular A
R so- certain pyysicel propertiés’ 6f the material;made up of fine .

sts. he.ve thereilere—beea—deﬁ:sedvhich ‘make :|.1: poeéible to determine .
ies 2 m an: apprommate wa.y, by study:mg the sta.tes of consistency of *

Ls. my assm__x_ze varmous etates, between the ea;tremes of' solidity and e

to changee in their moisture ﬁcontent which can be" effected a.t
J.a.’boretcry- o . . . :

i:destroy theg structure.- Coneistency de_gends-;_on the,_ moj.stj;re _conten_t of the ... .

.

i of coneistcncy) As the wa.ter :|.n the soil eve.pora.tes 5 it

"_ | . . . LI P

:..._._ — ) ’ ‘\




~becomes & goft solidy until e point is reached where very little force is needed e
to mould it into any form; it is now a plastic .solid (second state). If the water .
ctntinues to evaporate, the soil next becomgs a true .solid, but it is still soft
' {third state). . It can no longer be moulded, because it breasks before changing
shape; but two or more pieces will unite if pressed together. Finally, if the
“ process” of evaporation continues, the soil acquires greaber solidity end dlsplays

the general characteristics of a hard solid (fourth state) * -
AR . The Swedish sc1entist Atterberg established “1imits" beﬁween these four states

-

He gave the name “1iquid limit" to that separating the liquid
istic limit" to that between fﬁ&uﬁgastie and soft solid; anad.
_-eeparating the softf solid state from the hard stete

of soil conelstenCY_j
<~ and plastic stateasi
" §hrinkege 11mi1:"

_ Testing nrecedure | K . ) ST L
- quuid limlt. This is the molsture content at whlch a 5011 begins to flow

Sl wheno shaken 1ightly in.& suitable apparatus’ It is. expreased as & percentage of -

W the dry weight of the 5011. . _ ) -

L

It ‘has been established that this ie the melsture content at which & mass ]
of soil divided 4nbto two portions cem be reunited in a suitable apparatus by v
- shaking & given nmn‘be‘r of times (figs 7 and T (a.)) L _ T

Pleetfc 1imit. This is the meisture content at whlch a so0il passes from the o

plastic to the’ soft eolld state., - e, P i

- B ’ -{. ' .'.
D IE ~has J,oeen eetecblished cenventionelly Tfha.t thlB“..LS the moisture content at
which & soil ean be'relled with the hand into EHreadS‘epproxlmetely three - _\
m:.llimetres in diameter , whereupon the thread breaks (fig 8). L . ';*‘\T\:

N Shrinkage lim1t Th:.s is: represented by a molsture content such that even B
'T.?if the evaporation of water continues, the volume of the 5011 mass remaing .. "
t:cmai;ant.t OF. 111 no&_lzn,eim,a;eé‘emT 14;__ c_eases fooshrdnles ot

_ It hag been ee'bablished that s for testing purposes s 8 856 must ‘be prepareﬂ P
'”eonsiating ‘ofa small amcount of soil with a. proportion of water corresponding :
f'approximately to the 11quid limit, as defined,above . 'This paste is erammed into -
a. iuould of knoxm wlume, uhlch is placed in an oven until the. eo:,l is. completely
oy RS ke . The weéight and ve*rmg of the dry dpke is then determined.
a.re used’ﬁ t.o ca.lculete .the-s]:fnnkage—]:imrb—by a;-certaitt--—ﬁ_—“__

3 .

-
%

' ; Joids and the
_ tetaI‘VGinﬁEr emﬂ thie ﬁame is given fo the pereentage of the vdlume ‘of the soil _
oecupied by' th,e pores. o E _ ) e

A Lo Lo
.
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. Specific gravity is the weight of dry, s0lid 5011 ’ontained in a-given woll.ime,;-m
i without reference to the voids. . : o

_ Speclfic gravity is always greater than unit welghﬁ When a-soil is
compacted its unit weight increases owing to the redu bn of the space occupied
. by the pores. If a, soil geuld e compacted unfil it became a completely solid
maés, its unit welght'would equal its speclflc gravity.l

&

'\e'l:compaction‘
.y S IT we compress a mass of goil mechanlcally, we 1ncrease its unlt weight; this
' process 1s called compactlonb . *,

When a relatively dry soil is compacted, the partlcles cannot move within the
mass because of friction between them, which is caused by the-lack of a lubrlcatlng

Tunit welght When a soil is lubricated with more water and then compacted, the
partlcles move easily the percentage of v01ds is reduced, aRd the wiit. weight
increases until a certaln limit is reached. This linmit to the 1ncrease in the unit
weight is achieved whgn sufficient water has been added to produce the "optimum

© moisture content” of that soil; there,is then: sufficient lubrieation to give, on
- compactlon, the vest p0551ble unit weight, i.e., the "maxlmum unit welght"

*
K]

. When a SOll w1th a certain percentage of molsture is: compacted a given unlt

o we1ght is cbtained., If: the percelitages cf w-isture are varied before compaction,

B o[ resa;tang—unlt welghts w1ll also var, . 1f these percentages of moisture are
related to the correspondlng unit weights, certain values are obtalned whiéh can-

If we take the point of maximun wmit weight in thls curve we . shall find the.

_ correspondlng 0pt1mum moﬁsture content (flg 9) - _

L - } L .

e : Co L N
A soll compacted to optlmum m01sture content and max1mum it welght possesses

__-considerable stablllty,_even 1f it is later saturated with water.

5

FlEld:ﬁEStS_; : :; PR AR ST .
.11 tests: in the ield §/ consist. of practlcel methods giving results. whacg,
. although approxlmatb are ratcepktable enoqgh as a ba51s _for dec1d1ng how the s01l
: _"_ié*bEFnsea‘as a bullding meter1a1 S I

These field tests 1nd1cate the’ percentages of the bas1c components in the soil
sample taken at. the slte, and consequently the type ‘ot 5011 tegted., -

»

F;eld.tests may be:dlvlded;anto.

; T(i)'fgenerai'soil'tests;-t*.. I S | B¢
: R U B y " ' ; E i . '
(it) Tests of the fine fraction.  °

“ et

{g_ . agent - in_this case, water, This results in a high percentage. of voids and & lov f”“";mr

%315 be. represented graphically in-the form of a durve, known as aMeompaction, curve".. - Cel

&t Lo e - . . R



F ] o .
The general tests comprise the following:

SR _ | () Visual éxaminationy
(b) Testing Lty tcuch}f
(c Sedimentation.

L}

’ o Tests of the fine fractlon comprlse the follow1ng- r

(a} Shaklng test,z _ ‘
() Dr¥fstrengthftest; ; : - B e

(c)__Brightness-Fest. . <
S " General tests
ol . . m;"d‘"ﬂ'm' R .lr a

poi? i o ) . . . S

1-J_N“ gt Granular ccmp051tlon

Viswal exemlnetlon This gives an idea of the proporticn and gize of the‘
T _ coarse granalar conponents (very goarse, coarse, medium and flne sands) and,” by
e T 1nference, of the flne partlclee—fszit -and cley), sincé the smallest partleles
T : visivle.to the naked eye are those of 0.074 mm, i.e., flne sands.

. - .Testing by tduch. The feel of a soil to the touch indicates its basic
o ;““““~ component w1th eufflclent accuracy,ln the field. !

-
J

' The-follow1ng procedure 1e ueed for this purpose" .

C L (a) A representative sample of the “soil is taken the very coaree partlclES,
larger than L.76 ! - (gravel), be:.ng removed, ..

B _ (b The eemple is rubbed between the fingers, er betweeh the fingers and- the
L palm Of the hand tq estimate the size of its eomponente ' .

v . * et

S Send fGenerally epeaklng, coarse partlcles, or. sands, when dry, have a

A '_ characterlstlc rough feeling to the touch and lack. coheslon The size of the
s . grains. ranges. approximately. between h 76 - end the smallest partlele visible
- to tne naked eye (0 OTh mmj, ' . _ %

— B P
™ L n

. Silt and clav.. Both 51lt»end cley should be tested by toueh in both the dry
and molst stetes, as follows : 2! - - S Lot

5 ._), Sllt " Dry eilt has 2 rough feel elmllar to that of flne sand, but less
v pronounced' m01st 511t is5 of medium plastlclty. ' i *
R . L A ey
Clav.; Dry clay is usually in the form of coarse clods or gralns, and,r651sts
: pulverlzatlon° moist clay is vehy adhesive and plastic (figs. lO and\TD (a))
Sedlmentation test, This ‘test eupplementsﬁthe préceding ones and indicates

the proportlons of the basie soil comgpnents‘w1th greater accuracy
I

We teke a transparent glaes bottle with a,. moutn suiflclently wide to be
< covered w1th tﬁé Qend, cyllndrlcal or prismetlc lnHShape w1th e_flat bottom, and.__..

T e e e

4o . -\.,r—- - _. e e ————\ _8- -~ - - .. . . -

| &
(e
4
I . .
, .
.
S :




th = ,ca.pa.clty of nbt less & /a.n one half-litre, Soil is placed in the bottle up -
ane qua.l;‘ber of itg depth. / Clear water is added up to three quarters of its
3 and thQ 'bc-ttle is left undisturbed until the soil is saturated with water.

_ E[!he mouth of the bott is-then covered with the hand, and the bottle is
shaken. vigorously and left/to Settle on a horizontal, surface After one hour, the

. same. process of shaking a allo‘wing to settle is repeated.  After forty-five
-"'minutes it will 'bf-: noted, 'w:.'bhotlt moving ‘the bottle from its place, tha.t a layer

fbovE this second la.yer there will be water containing :
Mz,n]_'l_ graduaé;ldt settle at the rgte of ]%rmu per hour ¥

’ ql‘&y in suspension, whi
: '(flgs »11 and ll (a))

wr

.5 ) Lot e . e B L

sibal propert éa wihgﬁ W:he:tr moTsture comﬁent is changed Many ine soils shrink '
¢ This is an unfavoura.ble factor when they a.re )

ot

ent qa.l in appearance, bt | they can be easily identlfied by their
ce of water. AT _ : _

" When

_ rma.tlon in 'bhe moist sta.te s bu héy dry ' Coe ]
g.t ahrinkage or expansmn with ch g in R
- of clays. . They are: d:n.fﬁrmlt to cbmpact when R

T -~ |

t_'.est, whicl:vl:l.s alse called the Msurface wa.ter test", is used o <
sk fine sa:qd from silt or cla.y. '. o o . e . : :

s . e
. . K




* This test begins in the manner “indicated for the sedlmentat:.on test" The
5011 sample is then shaken vigerously in the E%le ang left to setﬂi_le for thirty .
seconds Mith the -use of a-siphon consfetingof rubber tubing, the w,ater y
together wi‘ch the.material in suspension contained in it, is then 1med1ate1y
-@rawn. off :mto a sballow. recepta.cle This type of receptacle is used to allow
th‘is material alsg to settle, after which the watef ;- DOW without any material in

i suspensictr can be poured off, while the portion of sgil wanted for testing

‘Femains at the bottom.  Any éxcess water it'may combain is eliminated by
evaporation. A por‘]::.on of %his materidl is then taken and rolled ;in the palm of

~the hang -until., it /i‘orms a ball a.pprox:ma.tely 2.0 cm in diameter, whlch mist be

"-brﬁ’ught to a soff, but on no account vistous, consistency by adding the necessary

Tokrater; Ehe ba)l is placed if the palm of one hand and struck v:Lgorously against .
Tthe other’ “several t:Lmes s SO tha't the ball is shaken. horlzontally (flgs 12
.Bnd 12 (a)).

Af'ber thg 'ball bas been shaken, either of the. following react.ions may be
ob srved: ' - - _ o :

.‘“-l v
a

(a.) A £ilm. of vater a.ppea.rs on its surface, giving it.e smooth, gl_gssy and
-‘f'_l:gvery" appearance' or . R .

.,.a

x

(b} There is no change in t‘le a,ppearance of the water on its surface v
Next . the ‘ball is squeezedrﬁnh ‘the f:.ngers of ’che o’oher hand - (fig 15) S and
.". .ei‘bhér of the foliowing reactions ma.y decur: _ o o . a

-a".‘.;:(f’-) The ‘vater ﬂlsappea.rs from the surtace, th? snall mess ha.rc'lening and ¢
: \evem:ua.lly cr&ﬁking or. crumbling I _ .
(b) The appearance "oF the. water may not change “the ball being simply
ed into 2 drlpping pla.stic mass. R “ "-.r “

——

A Tt

. .
order to observe. ‘the reactkons that occur at both si_:_ges of the test -
ng 'and queezing the be.ll =1 is des:.rable -to répea.t these actions several

.-._'_... ) S . o e S _ : -'g,‘
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o v Surface water reaotlons in flne s0ils
7 ]
Type of reaction : Effect on the ball. . Bignificance
R&pid\reaetion ) ' Water appears and Denctes a laek of
T disappears rapidly. . plasticity and 1ndieates
. ’ a very fine sand or an
- inorganic silt.’
.| Slow reaction- . Water appears and Tndicates a slightly
sl | gt o oen - b e digappears slowly. plastic 511t or a silty
M . . N ) - . . c]-a.3r
w1 reaction AN The condition of the Pressure of the fingers
_ e water does not appear produces a dripping S
. to change. c plastic mass, but no film ——
. o ' " of water appears and _—
PN there is no hardening of | | o
the ball. Indicates a - C
) . clay or an organic
) v material of considerable
e plastlelty
. l
2 Recommende.tion
In order To faollitate 51phon1ng, the following reeemmendatlons are made
N (a) The rubber tubing. to be used as a siphon should "be oompletely fllled L
‘*5_with water and one énd ‘closed with the fingers. Con ; , o B .
L (b) The open end should be inserted in the bottle to a. depth sllghtly above )
B 'ﬂthe sedlment o . R | - : .' o
. : . _ _ e
SR (o) The closed enﬁ of the siphon should be at a lower level than the' bottom
-1of'the bottle ' : . : | . .
"'----.--inrv strength test o I . o__h-———a———*—p—
\ i . . _-—-______'_____ ._—-——2‘—-..-:»——""‘-\_('\_'____ . . ! .ﬁ 4 o
L "Thisetest*is Tged to measure the plastlcity of the soil,. For this purpose,
the. soil“ié seperated in the same way as for the preeedlng test and*formed into a
o iball mbistened to the con51stency'of dough, with 8 dlameter of approxlmately
S200 cm. ~The ball musp be dried eompletely in a dry atmosphere, in the sun, "or ’
© with dlrect lieat, 1Ifs resistance to erumbllng or pulverization is tested between e :
v_';the fingers (fig. th, and may vary in degree eccordlng to the fine. eomponents e
-”;j.predom;nant in the soii, as shown in table 2. e T . _ T
N _ - _ "\_\;\\.\ ._ . \}K . ToE . : : - .
S ok ffi;j?




’ TABLE 2 °

{7 Dry strength test gf the elasticity of fine soils

ﬁfy strength .  Effect on the dry ball Significance
. & - - -
Low strength The ball can be edsily Denotes g lack of
C ! pulverized. cohesion and indicates

e . : . inorganic silts, wvery

' - ' fine sands, or a.scil
combination containing
R a small amount of clay.

1 : -
. [ .

Medium strengﬁh . Considerable pressure of Indicates an organic -
R i the Tingers needed to <lay, silty clay, or a
| pulverize the ball. _ rather sandy clay. »
‘. High strength’ | The ball cannot be R . Indicates inorganic and
Coe pulverized ' - highly plastic clay.

e - _ .t

1
. s . . 1)

o

- Brlghtness test

Thls is a qulek test for detectlng the presence of clay

: +The best vay of ‘making the test is to cut a mass of rather moist soil with a
. knife. If the cut surface is sesn to be bright, this indicates highly plastic
clay, while an opaqueﬂsurfsee indicates silt or sandy clay (fig. 15).

-,
LS

o a L o
_Supplementsry field method for identiTication of soil texbure

. stle 3.9 _/ is 1ncluded as a supplementary gulde to 1dent1f1cat10n, in addltlon

7 to the field tests. ..

-

’ﬁ,zf_ ;Taken from.Manual on Stablllzed 5011 Constructlon for Housing, United Nations
;;-;publlcatlon, Sales No.: 58 II.H. h

'““feaim_" Co=l2-




TABLE 5

Field Method for Identiﬁcntion of Soil Texture W

n

5

Vigual Detection of Particle
Size and Geperat Appearance

Squeezed 1n Hand and

.6
Pregsure Released

af the 5012

When Ar Dy

When Moist

5011 Ribboned -
* Between’ Thumb and
FingeT when Moist

. S5o0il hes & granuler appearance
in vhich the inddvidual grein
sizes cen be detected, It 1s
Tree-flowing vhen in & afry
condition. .

Will not form e
cast and will fall
apart wvhen preassure
is released.

Forms a chst’ which
will erumble vhen -
lightly touched. °

LY

Y-

Cannct be ribboned.

Esséntiaﬂy a graauvlar with

| sufficlent eilt and clay, to
.fiske it somevhat coherent. o

Sand cheracteristics ' N

predominate. )

Forms a cast which
readily falle spart
vwhen lightly ’
touched,

Forms a caét vhich
will bear careful

_hahdling without

bresking

Cannot be ribboned.

A uniform mixture of send, silt
| and clay. Greding of sand

| fraction quite uniform from
coarse to fine. It ig mellow,
| bes somevhat gritty feel, yet -
-48. feirly smooth and alightly
plastie, N

" Forms a cast which

w11l bear careful
handling without ..
bregking. ‘

Forma .k cast. vhich
tan be handled
‘freely without
breaking.

Cannot be ribbooed,

1

.o

Contains a moderate amount of
the finer grades of gand and

onlyasmallamountorclay-_
. over half of the parbicles are
"g1)t. VWhen dry 1t may sppesr

| broken and pulverized to &
povder. o

. 1t 'hes & soft flour-

quite cloddy; can resdily be -« .

Forma a ceat which
can be freely -
Tulverized

like feel.

Forms & cast which
can be freely
handled. -Whea wet,
8011 runs together
and, puddles.

4

#111 not ribbod but

has a Hroken appear-

a.nce, feels .Bmooth,
and gmay hr.- slightly
plastic. !

Contains over 80 per cent of _
fine sand and clay. Whem d:ry, §
1t. maAy be cloddy; reedily "« - -
./pu.‘l.veriz_es 4o powder with B
eoft flouwr-like feel.

" can be handled -

Forms a cast which

\rithout hreak:lng .

Forma & cast which
can be handlefl.

| “When wet, it readily

puddles.

It has a :tendenc}.

' to ribbon with.a
.broken appesrance,
“feels smooth, .,

.Fine téxtured soil breaks into
hard lumps vhen dry. Contains
more clay thanm Eilt loam. :

Identification is made on .
Iphara__ica_.'l. _bghmriour of moist-sotl.

Forme a éaat vhich

Resembles -clay in & dry condition. .

can be handled -~

1

without bresking.

Forms e cast which
‘can be handled freely
without breaking.

It can be worked
iato a dense mass.

Porms 8 thin which
readily breeks,
barely sustaining
1te ovfl weight.

.| Fine textured soll breaks imto

| very herd lumps when dry.

Difficult to.pulverize into- a’

.| soft flour-like powder vhen dry.
.Identification bassd on cohesive

" freely without

'-properties of the moiet eoil.

Forms a cast uhich
¢anfhe handled *

‘brea.ld.ng.

Forme a cast which
can be handled -
freely without

“breaking "

Forms long thin.

flexible rihbbons.

Can be worked into.
a dense compact -
maas, Considerable
plasticity.

i

-Identii’ication ‘based on: the high orgunic cont.ent.
materiel with considereble emount of minersl gotl finely;dlvided with some fibrous remains.
) considereble fibms mterial is present, It nay be cla.asiﬁed ag pee.t
| :somatimes the woody structure ‘can easily be recognized,
] hey occur in lovla.ndu in suamps or nwale.

Mack copsists of thoroughly decomposed organic

When

., The plant remalpns or
So0il colenr ranges from brown o black
‘Ihey have high ahrin.\:age upon’ drying.

. '.._.... -

.




WORKA-B'ILIT‘SE oF- sms ‘USED A CONSTRUCTION I«EATEMALS

"The purpose of table is to give an approxlmate 1dea of the pOSslblllty of
‘e ing aifferent-soils as comstruction materials by 1ndlcat1ng the degree of . 4.
workability, which Wlll be qon51dered when we deal with the. stabillzatlon of
501ls= . . \

"

Ly e _ - / b
s . L TABLE L= -
~ °  Table of "Workability of Soils" used as construction haterials
e | - © PROPERTIES OF SOIL awm
N 3M_LNAMEAQF;SOIL o _ Pefmeability- ‘ WOTRabll%ﬁyh/ asTg
[ K : . ’ . : . .~ when compacted. cgnstructlon material
I Sands?; - ¥ o 'Pervious . - _Exqeilehffto fair
igJ' .Sifty sands =, . o o t Semipervious S " Fair
’{ 5 s ' : ' . . 5o impervious R
'{'Clé§ey.sands- ;. _ T © Impervious 1 - :_,Good_
:-Organlc silt and very'flne sands"_-:-._k . Semipervious _q:_, ,3fi~Fh¢f'
Silty or clayey fine ‘sands with = "» - to impervious - |- £
" slight: plast1c1ty o N B . o .
s . 2y N B - =" 7
%InorganiCRCIaySJQf low to medium * . vy IWpervious, . Good . to fair o
L plasticity} Sendy clays. Silty clays. C S T :
O ,Organic 51lts Orgenic clays of low ﬁ-:Semipeﬁvious ."-  o0 Fair .
o .-..'..-.plastl-::lty o T N Y. to impervibdus e ' o R
o T e e N T o I
fm_LzIporganic-silts.__Elastic silts. - . :-\Semipgrviggs . 1.;mu¥‘ gPogr :
:mf:: in6fgaﬁicfc1éys offhigh plastiqity. e Iﬁpervi@ﬁé’_ o ' " Poor
'gf"'Orgaq%; clays of medlum to hlgh 1 1mpervious I ¢ Peor
. -.91ast1c1ty o ) , ’ '3' 1 o
RN 2/-'“Extracted from the table given by, the Bureau of Reclamatlon, in Uhlfied 8011
o ... . Clasgification System. - . ) S _ _ E
if:xf'E/ * Workability of a soil is the ease with which = glven'materlal can - be handled :
.. or.worked in.a normal mixture, dry or m01st and ease of dompactlon i
co . o .. . . i . . '.' i e - S !
e ) ~e s . " i
. _ ! L i
s e .:-. ..‘i s !" + .
: ' } . .
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Qe II. SOIL AS A CONSIRUCTION MATERIAL

T T BACKGROUND

'ietorlcally, the first reference to the use of soil as d construction
—jal dates from the time of Happabal, duriflg the-Second Puni¢ War, when it was
66" build watch-towers for look-outs., These towers were seen intact by Pliny,
;goman officer sent to Spain_in the year 67, 00 years after fhey had been
wecbed. Observers in recent years have vouched for the existénce of these soil
_wtructures, twenty centurlee old. . .

. - . .
" In the Amerieae, eoll in its natural form has been widely used in bulldlngs
oteworthy examples are: the pre-Spahish structures raised by the ancient Indiens.
“in Peru,,using bricks and blecks of crude clay simply dried in the sun, the rulns
;of Whieh ¢an be observed to “this day. The bricks were of small dimensions,
measuring: up to O. 40 m in length by 0.20-0.25 m in width and 0.10 w in depth; the
Tblocks were of enormous dimensions, being up to 1.50 m in length and 1.00 m in -
deptg_ These ean ‘be seen at the fortress of Paremonge and the ruins of Chanchdn.

;The famcus Church of Senta Cruz- in South Carolina, in the United States,
zetood the_v1olent Charleston earthquake with only slight cracking.

2 The Convent of ‘Ban Francisco in the Argentine eity of Santa Pé, whose soil
walle were completed in 1695, is further evidence of the durability of this
onstruetlon materlel _ . <

TForms 1n\wh1eh 5011 is used

- -~

. Soil is used in construction in the“followhng forms: -

T (a} In the form of rubble cut- from the surface of the eant;, in pieces or

“f;lbloeks of- soil.. o Y ' : - j»“ f [ T
: - o . - . <0 . o

_ fb) As brlcks, made in wooden forms or moul&s with soil: molstened to the

"requlred degree. )

S ( ) Moistened SOll compaoted in situ in sultable rlgld frames to form
*:Lgmonollthle wa!ilng {rammed’ earth)

T

S -:' (d) As stablllzeq eoil by combinrng it with an egent in order to improve 1ts’
'construetive propertles . .

; STABILIZED 'S0IL

_ 4‘ Despite its good 1nsulating and re51stant qualitles, the tye ‘of simple
.cOmpacted goil (natural 5011) is vulnerable to moieture and o the er031ve EffECtS“
;of external agents? . Ly : : :

- Soil etebilizatrgn is the name given to certaln proeesses to which- natural .
OllS anehsubjeeted in’ order to make them more suiteble for use as a conetructlon
~neterial L ) : * _ . . . .

fo o B ' - "-; 715, o . . o o




The -8 ition of stab11121ng agents not only enhances the best qualities of '
salls, "but/imparts to them other properties whiéh they #lone do not possess.: For
nstance, /stabilized soil is of much better. technlcal quality and more durable than
ts”prede_essors, adobe and sim@le rammed 5011, which have definitely proved their,
,utrllty ? constnuction work through the years. _

L

S Th[ &sual ﬁtab11121ng pr0cedure con51§ts of taking 5011 from the earth
pulveryzing-it, adding some stabilizing agent, moistening it to achieve the
"optimbm moisture content” and therefore the « Twbximum unit weight”, and finally
subje'ting it, ‘manually or mechanically, to heavy pressure (compaction) in ordet
to :'1tore 1ts orlginal cohe31on. ' L - .

Met ods of stabillzation . -

o - - B . . i

Methods D?J stabilizatlon mst meeﬁ the :E'ollow:mg criteria-' o -

(a) The ba51c materlal used must be 5011

. (b) The resultlng material must Be able to withﬂtand the effeets#ﬂf“ellmatlc
:agents, in orﬂer to,retain its pro“erties o :

{c) The proeess muat be such as to give the.material sufficient 1nternal

;ifrictlen and coheslon to meet in a satlsfactory manney the demands placed upon it.

" . -

5

'";;s of the [first three. stabilizatlon pethods are dealt
' eing thelsubgect of this paper, ia discusaed in. greater

closer ‘together and ;-
CAs xhey becoma\more compact, the T
ts the penetratlon\of water, which might
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. 7c_ Waterproofing

Waterproofing consists of eddlng to the soll bitumlnous paterials {asphalt or
pltch), which ccmpbine with the soil to form mixtures that are stable and highly -

- .resistant to the,penetratlon of water, Thus, the moisture content of the mixture
remains more or less constant, and the result is a material possesslng invariable
propertles _ \x : :

1
The low cohesion of some natural soils is greatly 1mproved by the addition of
blt inous materials which aré themselves sticky and cchesive, and this is another
e. pecullar edventages of this methed.

} ‘One of the most important requlrements of this stabilization method is that
the soil and the bituminous material must be uniformly mixed, In order to obtain
an acceptable mlxture, therefore, the soil must be pulverlzed, s0 that. the
bltumlnous meterlal can be dlstrlbuted unlformly.

: Thie stabilizatlon method gives very effective results in the case of cohesgive
soils made up of fine partikcles (clayey soils)} which do not pulverize or mlx '
e381ly) provided that a suitable mechanical mixer is used

l
The drawback to this stabilizatlon method in some cases is that the bituminous
materials are vulnerable to +4he effects of soil bacteria, with the resulf that the
absorptlon of water is 1noressed and the meterlel becomes unstablé.

‘i

'Ls{ _ Chemical treatment . ‘ _ . -

Chemical. stabllization involves the use of procedures designed to improve. the
~ physical properties of soils through the addition of such chemlcal substances as

lime_on_eodlum_51lieate and- oalc1Um.ohlorlde : ‘-——*j' _
.“. Chemical treatmenu not only 1mprov the physlcal properties of soils but

also, in some. casés, changes “their cemical” composltion for the better. In order
- to treat soilg with chemicals, therefore, it is necessary to lknow their chemlcal
comnosltion._ '

is . - - . "‘ h)

Stabilizatlon w1th llme not-only produces chemicel changes in 50113, thus

thelr strength

ﬁ Addition of a bindlngﬂegenfﬁﬁ 2% g
| “This method ¢onsists of mixiﬂg a soil. with some agent so +thet it partlcles
bind together and remain flrmly wnited and unaffected by moisturs varfations, thus
' produclng a strong and very durable meterlel The b1ndingjegent ge;_rally used is
,PortIand cement . o ol

For thls type of stablllzatien,.leverlzed'soll is thorough - mixed with the
‘proper - apount of the binding ‘agent, and "sufficient wate d to_hydrate the
. _1cement, eventually causing the soil to consolidate, eThe cement combines with the
o water, sets,‘and fdrms a meterlal of greet strength. .




TTT. PREPARATION OF SOIL-CEMEM
IN'IBODUCTION

eneral T R A . _
—— e . ) . Y ’ . e
The use of na.ture.l so:.] in the traditional form of adobe or’ re.mmed earth! .
is limited because of jts low-strength, which means that it can only. be used in

o walle of great thickness, and 1ts vulnerability to e.tmospherlc agents, and

£ : "

eepecie:lly ‘to the effects ‘of erosion. _ R . /r co

If,’ ’th:.e ne.ture.l soil posseeses certain tectmical eharacterietics, it is

 pogsitie, by adding to it'a smwall given proportiod of cemént, mixing.if with w ter

. untif the. optlmum moigture content is actideved, and eompactlng it to a certain |
"degree, to produce ‘a. mass pOSSeQ‘a:’eng great strength when‘set. When this is dome .
the material can bear 'amch gree.ter vork-loads  than could "be ea,rried by the soil

- without cement, and_it also Jossesses maximum durability in the pirésence of the

c .. to change the behavidur of ifs per

contmuous ection of e.tmoeph rig a%ente The effect of the cement opn the soil is
- icles and to improve its stability, converting
+he resulting mass into a st cture unlikely to deteriorate and of‘gteeter :

7~_-etﬁkae§h-. R A L S
Thie compound of eoil, cement and water s ma.xed in the proper proportions and
= properly ccmpa.cted constltutee eoil-cement _

9 soq.f eompon _‘Ee“—r

_Tﬁe idea.l eciL I

s ! "raelarfer—et&%ir}ie&tlen—v&th eement 1e ene whiehrgivee—high—etg/engtb
- and:does . not. shrinik- .appreciebly vhen dried. ‘An ideal soll mist be very  COmDE te.ble
and ‘mist’ cohsist of -a mixture of sand, silt and c¢lay, the 18tter two :Lﬁ such/d
on: as - t-o-._give the mixture. eufi;’ Jent coheeion a.nd a good gra,nular fﬂ
: thout harmful_ehrinkage Lfig. 16) Sip g 41

layLmPa__ 38 elasticlty and strength-.' to séiis. However N eoLls ‘%(_hich contein -
ntage:of. ¢lay higher than a certain limik (25%) haye & strong tendency to: -
'r:.e.tione of mo:n.sture > when they ne ome.. dry. v L { :




LI . - -
. s
R N
L. : '
Oﬁe ﬁ&y‘*of—offsettﬁig;“thes‘e' disadiantages .is to add a carefully measured o,
ount of sand to the-over-clayey soil. When this is done, the soil meets the '

eria. for an jdeal soil. o : o

. L. C . . - & : - ~

Advantages of soil-cement . . S Tt
- . A / . -

. L v
(a) There is'littie change- of voiume_,-":ﬁhroug‘,h xab's'or'btio:nl “or loﬁslsf of moisture
('b) It does not deteriorate when submerged in we.ter °' v
R (c) It has a compressive strength snnilar to, or even greater than, an -
: orainary brick of fired clay. . . ) X
T}f}f 1€ .tI|_f. Sk : o PREP&RATION
| l]Z‘he preparatlon of soil-cement shou.'l.d be restrlcted to the follomng stages |
(a) Components, o ’_ N ‘ )
(b) Mixing o£ the compdnenibs:; : - : ' T _ I
(c) C@action of the m:.xture,_ I — F | )
{d’ “Tylng e “““?ﬁe:;m;w_:mM“wru;%“”Mwwﬂmm - -
S L

rder. to prepare soil-cement and 'bear:lng in mind +that notr -all soils are _ _
' '.-'a. urvey is ma.de of the area adjacent to the Work-site .

y or in other words , 4 determ:me s ;groperties an&“ '

t6 it conteins, Both tests are?EESer.i'bed
-cation-and classiffeation™. =

¥ )
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T Dauuy_gﬁlls R chosen, wheén éﬁEIIEEIE:‘because they produce the best,
: results wﬁin stablllzed. The optimum proportion is 75 per cent sand and
_?25 per cent silt and clay; the content of clay’ inciuded in the latter percentags
- should be not less than 10 per cent, The sand in a soil constitutes its skeleton,

ut a certain amount of clay is needed to blnd the mass together, & -

L‘:} “Brohdly epeaking, the soils coneldered euitable for, soil- cement construetion
work-are those econtaining a minimum of 45 per cent sand with 55 per cent silt and

%-.e clay, end a maximum of 80 per cent sand sith 20 per cent silt\itd clay.

801ls contelnlng organic m&tter, whlch is found malnly in the topsoil,
. produce'unsatisfactory results -when stabilized. '

']!he recommended percentages are only e.pproxima.te » since sculs may be found -
- containing diffetent proportions of", the basic components from those indicated and -
producing favourable results., In the case. of fine soids, this is due fundamentally
. - to the.chemical composilfion of the eo;le, wh;ch 1t is diffieult o determine by
11_,fie1d teete.. .

_ Recommendation' The.final choice of the proper soil should be made on the _
baSlS of a preli 7 selection according to the proportions indiceted above, and
.in the light of’ the behavicur of the soll when subjected to field tests (as
.indicated under Mhe- cemert™;wWhich allow the reaction of the scil under
conelderemlon in, the pr sence of caw?ﬂ:and weter to be obeerved.

;': Once the sail- semp has bee ’ﬂcund to be of eeceptable quality and the site
. from which the material wlll be te.ken bhas thus been decided, the prepa.retion of
RS - the scil beglne in earﬁ : i .

- b4

_“Ereparation ‘.,' "_'- ff o ' .
_In its nai:ural state 2y eoil ‘meay 'possess a certa.in degree 6f moisture ’ which
mu_ s e reduced by exposure to the air; for thim purpose, the soil-is spread in_
he.llcﬁr Ale.yers on. & smooth surface and protected against re.in.

s “soil hag _,the proper moieture centent- hen a. pandful ‘can- be -taken a.ncl
ed -and’ né watér appears.on the surface, and when the ball thus formed » upon
redeased, dislntegrates without the appearance of lumps. . .

'ureI meisture content of the eoil has been ::-etill:uce;,l/l any clode N
tain are 'broken"fup and’ pulverized 'by etrik:mg then with a shovel ™
dh the Boll™ls eieved through a screéh held horlzentelly at. a
she ground. Tha.s screen shoild consist of
den £ et Phg tﬂmrenﬁ-te'eiieWhthe'———*g
"Shelken ‘while the soil is being ved, andgmth the other end T
, flexivie f:.tting from wlq;ch gt s q,e# suspended. (fig. 18)

a




e 3 - :
801l-cement when prepared ist a compound of soil, cement and water " The
hlgh quallty of the resulting. congtructlon material - depends on the use of-the
.1correct proportlons of’ both the solld mater/alS'- spil and. cement - and the -

:,llquld component water.. - . - i

3;_“mThe cement U o - _Qﬂ_‘ :

_ The %lment generally used is Portland cement the technical gqualities of
“}_‘AwﬁlCh arexyidely known.and are guaranteed by the manufacturers However, cement .
" must be stored indeors in a.plage with waterproof walls and ceiling, and .the.
floor, which must also be waterproof should he raised above ground level.

n’

It ehould be noted that prolonged storage of cement causes a gradual
'“3reductlon of its’ strength. Lumpsaalso form and this is & sign that the cement
s old or is belng affected by m01sture

~In the fleld the percentage of cement to be used in’ 501l-cement mlxtures
- 15 determined experlmentally, varying the proportiomof cement by volume between |
475 per cent amd 12.5 per cent and uslng the same type of soil. _ ' o
_ The percentages mentioned must be adjusted accordlng to the type of 801l -
'Iuaed in accordance with the follow1ng table ) - LT

'gsanafﬁf S . S h75-9.10
i L | . . ) . . . . - . ) f‘B ) . -12. . . ) ) I
Cleyey. . . - . °:12.5-15.4 (not recommended for use)

'L%See “Ba31c components" ‘and "Igentification and cla531f1cat10n e

S In some casea, the use of aandy soml reguires an increase in the percentage."

.. of cement, Four Aifferent percentages should be tried with the soll to be
- . used = two equivalert to the extremes indicated in the table for the type
of” 5011 in questlon,_andatao 1ntermedlary ones. .

29 cm in 1ength lh o, in breadth ~and 9 cm in depth

f The mlxture 1e prepared as. 1ndicated above unde{ "M1x1ng the components

éhd the same molsture content and compactlon must be“ensured 1n each case.

 7YPE 0P SOIL —/ " NORMAL PERCENTAGE OF CEMENT <l

:'For each percentage, three blocks are made in, say, the follow1ng dlmensgons'.j

S —



Y ) oo .

~ {a) - Pensile strength (fig 20) The tensile strength is tested 1n;\t'he
_ foliowing menner : The soll- 1: block is Rlaced on two . supports measuring
2.5 x2.5x 15 Qm, which ar 90 cirapart. In the centre, and on top of the
. block, is. placed & third s pc\mt of the same measurements as the others, and !
Jrom- it is suspended, by eans ﬁ a :E‘lexible fitti‘ng » 8 receptacle into wh].ch o
‘weiphts are placed. VOON . '

The strength df the block cén'be measured by the weight that is added to
" the recepta.cle before the block brea?ks - The highest breaking point will indicate’
the best-quallty block. - L A L, e o . _

- ;‘ “-r’,* = " -

- (b} Unit weight. Th:h#r is. tested by weigh.ing in a balance each of the ¢
'blockq that have béen made. The‘"me,xlmum unit weight" will indicate the best

bil‘ock Lstreug'th and durablllty a:i'e clirec‘c,lbr proportlonal to the "anit welgh "o
of ‘the ma‘l:erial) : _ . - o

- - . D B
R

R (c) Sounfl test.’ Upon 'bemg stmck l).ghtl*y W1th a hammer, the. block should
. produce B metallic sound (fig. ¢21) ’ 5

r

(d) Hardness test. :If .& 10,cm nail, for ’instance, is taken in " the hand
a.:hd the block is struck obl:.q_uely no cav:.t:.es deeper than 5 mm shc-uld be
prdduced (fig. 22),_ , L o s

R

H(e) 'I‘he block should have sharp, firm edgea (fig 23)

(t) E[Z‘he block should not” show eny marked changes in its origlnal

dimer;sic:ns.--_ e .._r____. L "'F'

2 - L %,

(g-) When submerged in & conta.iner of wa.ter for eighthoui's , ‘the ,fbloc]L B

& should nd’c show signs of d.is:.ntegration (figs eh and 24 (a)).

~

LA . o
e ¥
RN

N i e . PR
- . -

L S o : 3 o e
‘I‘he water T ST S AT .
m N

. 3 A . .
1 L o . R s

_The amount of @ter to be uaed 13*& ﬁmda.menta,l f&ctor because y if the

mixture is either too dry or excessively woist, this will affect the workabili{.y _
-of the, mate ia.l and its subsequent strength and dura.bilit.y -

o The amount of water ¥ig - tha.t. needed to hydrate the cement to, give the
xture the Spttmum mojsture’ conten¥” “{this stédte is explained Below) and to.
ilitate. the maxinmm 6mction of the soil

C ——




tMixing the ‘components

S Preparation aree

- Economy is a baslc factor in the preparatlon of s01l cement mlxtdres
Rstlonal planning of the "preparatlon area" is therefore essentlal (flg 25) -

L * o

It is desirable that the cowponents’ of the soil—cement should be convenlently
‘at hand, and a "mixing base™ should therefore be prepared, consisting of a level,

" hard and non-absorbent fivor, so that the components will not be gsubjected to
“variations of moisture through contact with the floor, and matter other than
the components of the mixture will not, be plcked up in the mixing.

L
A .

mymmng L N _ . o R ] :
_ Before the components are mlxed, they, must be measured ‘out in the Spec1fled fg
pxoportlons. .For the purpose of measuring, it is de51rable to usé a receptacle

ﬁ'f' of knowt vokume and easy to ‘handle.

,_; “

LR

out it 15 de%hsltEd {ala} the "mlxlng ‘bese"
____________ _ e cement is.added by sprlnkling
1t unlformly over the layer of soil j . s oA

o0 LTIt is essential for the tement’ to be dlstrlbuted as’ uniformly a8 possible
fthrough the soil. .The. mixture 1s.oons1dered to be ready when all the msterlal
‘has taken on a uniform colour (figs. 26 and. 26 (a)) ‘THig operation can be done
by hand or with a mechanical mixer (fig. 26-{b)). Hand mixing means: that the‘\
- components must be’ turned over with a shovel: on.the ”mixlng base )

Wﬁ%n'the soll has been measure-

Adding the water, and wet m1x1ng

B =

When the dry s01l and cement are thoroughly mixed, the mmxture is spread
in-.a shalilow layer. on the - "mixivg base®, and water isisprinkled on it from a
waterlng -can untll the1nolsturels distrlbuted uniforml§>throughout the mlxture

: The amount of water added must be that needed to give the maxlmum un1t
W313ht Do T L2 - R

4] The optlmum molsture content of the mlxture can be determlned by a slmple:
ﬂ-f161d test whlch 1s explained below o o RN _’ S

’ Lo . RS ‘y: : . ' ) - f

f"Amount of Water needed t__ . '; . - i B ﬁjh '@ R

The test consists of tag;ng_s_handful of molstened mixture and squee51ng
1t in the hand when the hand is opened any of the follow1ng results may be

N

. (a) The mlxture retalns the shape of the hand.(figJ.EB)_uithout-soiling'it;_
‘cen be pulled. spart without disintegrating (fig. 29); in addition, if it is-
;dropped from & heéight of 1.10m to'a hard ,surface, it will disintegrate }nto-a
loose material similar to the original mixture (figs. 29 (a) and 29 (B "This
'means that the mlxture has the right amount of water - .' '




.8/ AleofealieéTﬁfogps" or "mouldd".

. but will flatten (flg 50) This _means that ‘the mikture has tho much water.

‘of wood or iron, sultably relnforced) (flgs 70 and 70, (e))

- . 1 . .
i PR . ~ 2
. ..‘ I . i . P - . ; . . . \l

(b)‘lThe mlxture retains the ehape of "the hend,_but etloke to it and spils
it; when it is dropped in the same way-as before, it will not disintegrate

I

oo (o) ‘The mixture crumblee and does not reteln the shape o?*the hand (fig 31).
This mlxture has pot enough water. v "

‘;&‘“ .

1 Compectlng the mlxture - ) . o L _ oo

CIf we have a mlxture of soil- cement,.moistened with a proper amount of uater,
cand we want it to asgume a spec1f1c shape when the drying process is completed
“the mlxture 1& place '1nto g mould or ‘form and is compacted. This moulding is
cellé" "compactlon“, and it must be carried out w1th1n two hours. after the water
is added to the mjxture. . .

In this operetlon, the loose mixture is compreeeed up to a eertain limit

and 1te total volume is thus*reduced. When the process is completed, we shall - :
have obtained a "maximum unit welght" end shall have a harder, more  compact mess
with & minimum of voids. : : _-

'
¥ = B

L3

_ ‘Two methods may be employed for compacting soil-eement used 1n qonetruetlon,
a8 followe .

- {a) _ One method uses ehutteringgz vhich may be of large size, méking it
possible to construct one section after another of welling rammed in place,
known ae “monclithic walllng |

-

’ (%) The other system uses moulds to prefebrlcate small sized pefts, whlch
are joined together durlng the” o0netruetion work .

]
P

_ = *,‘ The suitability of one. syetem or tho other will be determined, in 1ndiv1dual
T oasee, according to local conditlone and the building methode employed

Ly - a . -

,Shuttering method

v - S ' ¥

be thie.method, the shutteripg must meet the following requirements:
- (a) It must be rigid, in order to avoid dietortlon (it is generelly made

-

(b) The length and depth’ of ‘the shuttering will depend prlmerlly on the
dimenelone of the walllng end the faollities for handling it. _ e

: (c) -The clampe of the shutterlng should "be such as to allow rapid essembly z
and dlsmantllng , _ e \ ) ;
N - . . e - - _: '
Under this method the mlgture, with its correot m01sture content is o
traneported to the place where the walling is being erected ‘and is placed in- ]
the shutterlng untrl 1t—formqu loose, unlform 1eyer not morée ‘than 15 cm in depth

+ b - .
Tl R ' : L . : [ T —
B . . . L :

e
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0. . . , - L X - - ., ) s L : . B
Compaction is effected with a metal or wooden rammer, the lower end of whigh

- “is shaped like an arch (or wedge), or which terminates in a sguare base -

. approximately 7.5 cm. square.’lThe'lowéf edges or corners should‘be slightly

' younded to prevent demage to the shuttering during rampming. The shaft of.either °
itype of rammer should be ‘round_and should'be 1.5 m long (fig. 32). The rammer -
is used by driving it*against the mixture with both hands. -

o Maxioin- compaction has beem=thieved when the strokes of the rammer-produce
" & clesr and metallic sound, in gdntrast to the dull, muffled sound of the mixture
. yhen it is being rammed. =, - aw' : : '
.. A'new section $en be cerstructed, en the third day, on top of one already”

. finished. S . s . :

B Immediately the last layer of ﬁhéi%gétion or piece.Sf walling under
< ¢ construetion is completed, the shuttering is removed and the material is covered

i with'mdist. sacking, which should be kept moist for three-days.

T&hﬁnwthod allows -very rapid work. The resulting construction is very solid

.and_has a smooth finished surface.: Being monolithic, it possesses great stability.
'TheTtechniqpe'is'simple'and easy for anyone to learn: :

f.-LFMulding method - . . . -

} - - s L . - ) . - " "3"..' : . ’
Tt _ v SRR S, S _ w7 L _

S 270 The method of compatting in mdhlaﬁ“bopsists of makinZ blocks by the following.
i procedures:t’ F . _ . o

. TR ' T _ 3

. . R . ? . .

7 {a) In simple moulds .

'i;_f{: _:(b)-_Byimeéhahidél roulder. S

  '_Simpié:mdulds or forms ) _

__ ' The making,of. blocks by this method requires the use of a rigid mould, -
;ﬁ;e%Whiph’méY,?e\nmde‘Of detachable pieces, hinged, or in one piece, and is usually
< --of weod,- tog#they: with a rammer QfQ}he same material (figs. 33, 33 (a) and -

f;A-f?3 (b))Ji' _ E-‘ o | - - o .

.. "  The Block is.made in the following mamner: The mould is placed on-a flat,
""" non-absofberit| surface, and the: lodse, moist miXture is placed in it in successive .
¢ ghallow layers, which are individually remmed until the maximum compaction is
. achieved. AS|sooh as the block is finished and its. ppper ‘'surface hes been -
- _smopthed—off, {the mould is removed (fig. 3k). ' o

s . °f

! w

_.:_fiThérévié‘ope tYpejoﬂ,moﬁld:ﬁhiqh requ{reé the use Qf'H’Special implement
.: . for removing the mould from the block; This-instrument, which is known-as a-
¢ "pustrer™, allows  the surrounding mould to be slid ipwards, leaving the block

T -In TeETpRace .

rigs. 35(axd 35 (a))y .

S g L . . ) ' - 5 ) _‘ . - et - o
Mechanical moulders - . o ' et
—— — - .. v e :

AT : R e o . R . S
_ ﬂfzﬂiﬁher hand-operated. or motor-driven moulders may be used lor making blocks
7 by this method. - S o ' S ot S

N Lot - ’ ® o
o
. : R -+
25~ .
o : \ &




: \“‘“:!\mong the mechanlcel moulderszln use, the following may ‘be- mentioned the
y ;Landcrete, the Winget _the Ellson and the CINVA-RAM. - :
"The CINVAJRAM moulder

”{j»_ - This moulder (figs 36 ehd %6 (e)) is opereted as followe.

]

: (a) The CINVA-RAM moulder should be set up in & level place ipside the’
i j'%ﬂock preperation area". and near the "mixing base“i ;

" Co- LI : 2 .

S (v) - The be of the moulder (a metal mould) should be ooated on the ihaide -

. w1th ‘& protective -film (oil or grease} to prevént the 3011-oement mixture from

L stioking to its walls. [Figurer37 shows the moulder in 1ts "rest position' and
-t ready for the box to.be-fziied L LT Lo -

(c) The block-meking process begins with the 1nsertlon into the moulder box
of some loose, moist mixture, the ‘total volume of whith depends on the . '
,'\peculiarities .of. the 801l used. . The volume reqylred is determined in each case
L By trial and,error, ‘after ) number of test blocks have been made. ¥
C ff The ‘cover is then closed (fig 37 (a]), “tHe lever is mﬂugglnto its vertical. .
im.{nsition,'ggd the catch iz raised to enable compeotion to Pegin, (fig 37 {b)).

_ (d) As the level of the moulder is lowered, the?_ﬂﬁton slldes\part of the '
_ way-up, :roducing its meximum.pressure when the lever“ﬂé in a- horizontel position

(fls 3T (c))

-

: fe) When thé block has been mede, it is removed from the~mould by turn:ng
. the lever in _tlie opposite diregtion until it is. again horizoptal, but on the '
':other gide, In this posltlon, the . pleton has reached its. maximum. height Cos

: j%he block upwards end relea51ng 1t on top of the" moulder bdx (flg 37 (d))

3 '(f)'zihe block is carefully removed from the moulder and teken to ﬁke drylng
eree;(f x e)) el \__ CoS . . K :

. .
_*’-..

Y

Theddrying time of the cement is very importaut 4n o;l-cement for this'
""" the mixing ‘&nd- compactl g operatlons must Be performed and completed

i f;ngfand thegsubseqnent setting of the cemenq produce a declsive :
frect, formlng a-new skeleton in the soil. }g _;J,"M;B . '
ng and curing methods to be ueed for monolithic walling and for
-'“lly different- and they are therefore treated separately

."tl'. N

’ F 1"- e S

t»process sets in, or in other words, w1thin g per1od'ﬂf “two hours o

R
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z]Monollthlc walling '

'tﬂBlocks

!.lsprinkler (waterlng can) in a fine spray under low pressure (fig hO)

f"end spraylng is continued until “the end of eight days {fig. 39 (a)). St

LAt the end of that time, they have attained very nearly their maximu:., strength
'and the maJor phy51tal ehanges (e.g., shrlnkage) have also taken placwe.

——

3zfdbta1n1ng the proper proportions and quallty of the components of soil-cement -
'in order: to have a good end-product. A better material will be obtained if these

fﬁelaboratory tests

-a;; These tests will not provide wgrth-whlle results unless ‘they can be compared
. with other tests carried out with- gimilar components and in accordance with

Qttwith bpecialized experience of construction material standardlzatlon 9/
{3 Information on, theé subgect shgyld be obtained from them:

. "for the first three days after il is made; thereafter, 1t is. sprlnkled with a fine
. -spray of water until the end of 8 perlod of eight days.

_ zpossible to detérmin® the best qualities to which the material being tested must
i-”conform as closely as POSSlble . e =

For drylng and.curlng, rongikrhic walling needs a moist covering (wet sacklng)

a . : . b
3

To ensure proper drylng, the blocks must be stored with adeguate proteetlon
agalnst sun and raln

The blocksxare kept away from the earth on a dry level suniace (fig: 39).

a

o The blbeke st be allowed to dry’ slowly and, without v1olent changes of
temperatﬁre ' Loss of moisture must therefore be strictly controlled -during the
first fwenty-four hours after they are made, in order to prevent them from drying
out completely all at conce, 31nce this- may affect the quallty of the- material.

After the first twenty-four hours, the blocks are watered regularly with a
On the third day after they are made, the blocks are stacked or plled,

The_blocks may be used for constructlon twentyrone days after they are made

'  SOME COMMENTS ON- CERTAIN SOIL CEMENT LABORATORY TESTS

7

Refereuce has been made in the preceding ehapters to field tests for

.propdrtlons and qualltles can be’ adJusted on the b351s of the results of

. . ’ . . \\.‘ B

.“—-'

fixed criteria. (1nternat10nal teeﬁﬁl%al standards). Comparison will make it

The teehn;cal standards mentloned above are establlshed by ingtitutions

- A

; L

T

o/ . l}_fﬁmebicanTSociety for-Testing Materials (ASTM). . 2. British Standards'
- Institution. ' 3. -/Other national construction-material standards
. institutions. k. Association Frangaise de Normalisation.

. R SR




1ere follow some brief comments on some of the tests used tao determine ’
chnicsl standards are met: ) “ SR S '

r' ?-

Compresbive strength test oL ® L T ;Q . - o

_‘\I t L} i+
 Thils test is ‘used to determine the- strength of the materlel (frgs b1 sAi
hl (a}). If«lt ﬂpes not meet the reqnired standard; it should be borne in mind’
thst° S G : : : SR

- . . )
= - . . * - o
.-

o (a There 1§«e clear relationshlp between the compre551on'test the
f-_'n type cfpsoll the. proportlon of cement, snd the optﬁmum molsture content

r : (b) Compres51ve strength 1ncréases with age. If it does not, the sori
- definitely contalns some substanae wbich attacks tﬁexcement !

! o - . .
- : r"l .-' ':r .‘ R T

(3] Compre331ve strength tends to become greater as unit weﬁght ‘increases ..
.as “Above the degree ofroptrmum mo;sture content, strength w111 tend to decrease as
the. moisture content 1ncreeses S0/ :

A

=

* - -

(d) E&ch 80il- cement mix reqnires a certain cement content to give good
results, sbove this amount, 1ncreeses 1n cement d@ not give a corresponding

increase l? strength ll/ Lo :

a - Lo}

. *};This test is'hsed to,determﬁne the-relstlonship between the moisture content, .
of i sozlqcement mixture and-ifg dry unit we1ght It is performed by varying
the moisture ‘content of' a soil- cement compected in the lsboretory, before the .
' cement hydrstion and.under certain spec1sl conditions ... _
5 : o h
. The moisture content and ‘the cOrresponding comtacted dry unlt we1ght are +
- plotted in'a "MolsturexUnit Welght" graph of the soil= cemfnt This graph ™ -~ - ..
includes - e_point indicating the Vgptimum moisture content to which®he ™~ " ..

‘mmm unlt weight" correspcnds e e

. . . . . . ) U

RO These tests consist of lsboratory procedures, and ar kncwn as the “wett1ng--~
Tend drying ‘and” "freezlng and: thaw1ng" tests. Thelr results indicate the most

Thi “ides is taken from Empled de Bloques de Suelo-cemento en 1e
construccion de’ habitaciones ‘econdmicas, by Cesar hrriagada, Chile, 1955

fManualéon_Stabilized 8011 Construction.for Hbusing, Uhited Nations,
-puBlicstion,QSales o’ 58 fi H s B- 30 l;;_ i . ,; )




ettlng and drying test . ' R

: This test is intended for determlnlng the soil-cement losses, moisture

kes ;. and 'volume changes (swell and- shrlnksge) preduced byirepeated wetting

nd drying of compacted soil-cement &pecimens. lh/ The material is subjected to.

welve successive cycles of wetting and drying;. Tafter each cyele it 1s hrushed

‘and- the loss in weight of the dry material; the moisture. content (absorption) in

'lation 1o the moisture content at the time of moulding, and the difference- in

olume in relation to- the yolume at the time of moulding, are determined o '
igs. he and-hE {s)) : o . e :

N
"

Fréezing-end them_‘ﬁ te%'@*#‘ Tl ST . : _ O
- : . . ‘
In this tesm,gtﬁeﬁsoii-cggent is subjected to the effects of intense . J

srnal- tensuona, g, and this discleses the soil-cement losses; moisture cnanges,

R/ ume chenges {swell . and.shrlnke e) producad in compacted specimens of soil--
cement—mixtures by.succegsgive freezing and thawing. The material is subjected
twelve succe551ve cycles of freezing and thawing; after each: cycle“%t is g
ed, pd the 1o3s 1n\w5ight of the dry daterial, the moisture content in

- tzon +6"the moisture cofitent at the time of moulding, end the difference in
ume. in. reletaon to.the volume at the time of moulding, are determined (figs hﬁ
snd 43 (a)) Pl o -

2

absorptlon test

fis'test 1nd1cates whether ‘an 1ncrease in therroportlo&-of cement in a
cement mlxture produées a standard reductlon in the absorption of water.
sk
/]
There 1s another tept whlch eoncerns tﬁ% absorptlon ‘of weter in relstlon
3 ompe tion of the m;xture, low absorptlon 1nd1cates hlgh oompectlon '

Wbere'th 2 ults of the test deviate from. the-standards, changes can be
o thE prep etion of*thé material, by varying the compactIOn andﬁpr the.
tion of cement in order to obtsin better results

; hnankage which takes place when 2 Sqilpcement
ch shrinks the least isitpe best- ‘in this resPect

Mths“=. +est, ,aevised by Mr. A E s. Alcock ‘of the. Uniteg; Nstions, -
A “determlne the. proportlon of cement. on the. pagis of
'=-hrinkage of the 5011 go be used ThlS method 1s explained




5/

Unit we1ght tegt==

The unit weight of 5011 cement varies accordlng to the type of so0il' and

- “the degree of compaction. It ranges from 3 500 to 2,000 kg%@q§ .
i R ‘ ) \“‘\ .
L A unit we1ght much below 1,500 kg/m 5 indicates that the quality of the

5011 and/or the degree of compaction must be improved.

= o
e

Er051on test
.._—.—nn—-‘--l—_..—-

o B This tést 1ndicates the resistance of the soil _cement to the direct .effects
of a firde spray of water uader a certain pressure (figs. 45 and 45 (a}). It can ..
be used to determlne the behaviour of the meterial, espe01ally against the
conbined effects of rain aund wind. .

Since there are no refined standards for this tést samples containing
different proporticns must be tested in order +to determlne the most suitable

product

-

'”*’§§j~rSee-fheleXPlanation of this notion under "Unit weight". a RN




! IV. USE OF SOIL-CEMENT IN HOUSING CONSTRUCTION

INTRODUCTION

/ The precedlng chapters have dealt with the fundamentals of 50il science and

hse of soil as\a constructron material with the addition of cement
“ & i

2

; " The- methods described are those normally used for g simple building, in their
?U”Nfundamental aspects, aud employihg the most ccmmonly known craft techniques. In evéry
operation where It is possible and economlcal t0 ‘use soil-cement, this has been
ipcluded; in other cases, some technigues and materials which may serve as

' satlsfactory adjuncts are recommended. ¢

B ; | ) ‘l’ ; . "
FOUNDATIONS . - . | : -
General

[ . ~ s )

. The. s1te selected for the foundations must be capable of bearing the loads

: transmitted by the buildlng

o Foundations .consist Of two fundamental. parts the lower foundations, .in contact
- ¢ wifh the bottom of the Jéxcavation, which are the foundations proper, and the. upper
- fbundatlons which rise from the lower and are generally less thick._-'

- . +

"f-deciding upon the klnd of ‘foundations to be used for a partlcular house to carry

" out a so0il survey from the . standpoint. of safety ard economy factors. If there 1s

" any doubt abdut the quality of the foundation site, expert advice should be
R obtained . .

. The lowermthe strength of the foundation.soil, the broader the foundation or

seating basz needed for the hoase B v e : "

- The foundations of a house should preferably be continuous, consequently, no

_3Tlgaps should. be left in pldces where there will be door and window openlngs, unless - -
”'proper precautions are taken (Plg. h6)a . _ . . R _ —

Foundations should always rest on’ flrm soil. ‘On a firm but sloping site"

L flt is usual, for reasons of economy and. safety, to follow 'the gradient; the/

fs“vfoundations are then laid in sllps of varying length according to the: gradlent A
*-(Flg 47). e, _ , . _ A T

]

. -

5 Lt . v l . - -
|

_ Soilk firm enough for foundatlons Aare- those compnsed of stopnes;” gravel,

?consolidated dry sand, ahd consolidated wet sand and compacted clays not subject to

appreciable moisture changes ' a

'hf.,;ﬁl— o i o

L T




S0ils unsuitable for foundations are those_gomposed'of vegetable matter, duee
54 de, dumped earth or fllls, and weak clays.

' ¢ When the site for the.house has been staked out, the excavations within whlch
‘tHe foundations will be lald are dug The depth of excevatlon will depend on the”

inihe foundatlons w1thout settling_or s1nk1ng of ‘the soil

——

. thevsite for the foundatlone is of lnferlor qgality, it is s el -
deeiggble to cxcavate decper and to improve the hor1zentel based by laying 7
dewn materlals which can stand heavy compaction jlth s remmer {small stones)

-

.
" At muddy or filled sites, it is recommended fhat etrong hardvwood piles, of
suitablé diameter and lepgth should be driven into the bottom of fhe excavation at
*  intervals depending on the estimated lead :(fig. 48). . - _ \
e . _“‘ k - N . .
Even where the foundatlon 5011 is of good quallty, it is rec ended that the
‘minimum depth of wall foundations should be 0.40'm in the case. of|walls bearlng
- ﬂhe welght of the roof ' o : .
e ~ . : E N
""" ‘In order that the welght of the house may be distributed- over . a greater area;.
the lower fcundatlone should be at least lO cm wider than the upper foundations

ll.~‘¥~{fﬂ§hggl==~

S In laying the foundatlons of 2 House with walle of’ soil-cement, an 1mportant
:s. - . Tactor to consider is that-the foundations must be able to withstand_destructlve
' agents, ‘and partleularly m01sture Moisture must nct be allowed te Fise to fhe“‘“=4T¢=

base of the walls . : - oo

' ; . The. strength Qf the foundetions must be et least eqpal to that of the soil—
' cement_nalls, whether the latter are of prefabrlcated b10cks or monollthic .

e T

..... The.metheds for foundations reeommendedlhelow are economieal simple and
teehnlcally sounds The choice of methed will' degend on the materials avallable.

e ] . .
P - . t;{.

$ L I

“Lower foundations * ' a T - : o .
6/ _ * S Cwa _ N

CYelepeah’ebncrete-— . : - , .

]

e PG thle-type -of- feuﬁdatleny~the ‘pottom of the- excevetion is- covered -with-a-
. bed of* concrete (approximate depth: 10 cm) containing 175 kg *of* ‘cement per edblc J
- metre of concrete (1:3.75.6 by volume, " approx1mete1y) -on.which is placed a layer

of washed: stones of 7. to LO em, so arranged\that spacessare left between ‘
- them end_jhgt_they“ere.thoroughly embedded in.the econcrete. HA- second layer of the
“Same type sTPconcrete is then added; so that the first—Izyer ef'etone is-completely -
immersed and covered to a depth of at least 3 cm. This process is repeated untilr

the reqqlred depth of foundation is achieved (fig h9)

r).

!
+

- Zmléf 'Conerete to which are addedﬁiarge*e+0nes or boulders, in proportlons varying
S from 25 to hO per cent As this method . for foundatlons does not use soil—.f
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N Bammed 5011 cement

‘ !

; For this type of foundatlon’a mlxture of ‘cement, and"soil is flrst prepsred in
- proportions of spprox1mately 1z lé by volume, with an appropriate amount of
vater. 17/ : ‘

M s 1,
_ " A shallow layer of smell stones, thoroughly compacted and saitably watered
. should be placed at the bottom of the exoavatlon, phe soil-cement mixture is added
:'in sucéessive locse layers’ 1Ot deepand- -tompacted by ramming until the maxifum - - —
. unit weight is achieved. 18/ The material wust be rammed uniformly throughout
.~ the foundations until the requlred depth is attained. The top of the foundation
L should be level and distinctly rough (fig. 50) ' r

- Lonsideraticn’ may be given to the possibillty of 1ntrodue1ng into this type of
" foundation . certsin percentage of small washed stone, which should rnot be larger
) tha.n 5 CItta ' i

Rammed soil cement foundations must be laid at a well-drained site, since the

__compresslve strength of soil- cement is appreoiably reduced when it is saturated
wrth vater.

: Sbil-— ééﬁéﬁ t.'. %Iﬁ'ékén e

L This type of foundation is constructed with prefabricdted blocks made from
.- cemént and soil mixed in proportions of approximately 1:10 by volume. 19/ The
bottom of the excavation is levelled off and a layer of concrete, mixed in

“proportions of 1:3.75:6 by volume, is spread over it to a depth of 10 cm and
finished with & rough surface. The First course of blocks is ieid on top of this,
it da bed-of. mortar oontalning cement in the proportion of 1: 6 by volume. The

© foundation is bullt up tO the- TEQUlTEd height With successive oourses cf blocks

- (sie 51)- \
'o:Uppér foundations' 2 5 -
.___.__,_.._'.——-——'-'_-1-..‘:'.' ) -
,General ' o -n“”wh; A . i

. The: top of the upper foundstion must Ee sppromimetely 15 em- absve'ground
;—-levei%—in other womdsuhthenpetal height-qi\the upper"foundatlon “will be .
B approximstely 15 cm. : _ / ;

"!
‘ﬂ-_' N

é _ when the Lower foundstion réaches ground“level the-work of constructing: ’ther SO ——
upper foundatlon goes on with the use of shuttering, whioh 1s made of wooden '

o “boards adequately supported

- L

i The foundatlon shutterlng, must oe 50 made ‘that the bounds are perfectly -
e allgned propped up, braohed and seoured against movement -of any kind (fig. 52)

I

..:ﬂ_IT/ See, “Preparatlon a : ? B : :RTKH_
18/ See "Porosity, unit welght and spec1f1o grav1ty '




An upper foundation-is genera.lly used f'or walls made of prefabricafed blocks,

mince anQJ.ii:l:LI_Or rammed ‘soil-cement vn]lingig_u;l_duecﬂy on_the_lower e

foundations.

¥

- getrods for iipper foundations

e _cement concrete
[

This type of upper foundation is made of concrete containing 175 kg of cement
per cubiec metre of concerete, with stone not larger t.ha.n T cm. n

Bammed soil-cement ' S o : R

e For 'Eh:l.s type of upper founda.tion a mixture of cement and (sandy) goil is first
N prepared in proportions of approximately 1: :8 by volume,pw:l.th an appropriate -afrount
. of water. When the shuttering has been properly erected, the soll- cement mixture .
- i placed in the mould in two equal and _successive layers.- Esch layer id eeparately
B pacted by ramming until the maximum unit weight ie obte.ineda 20/ e

_ mwm__,__;t ;[,s essential t.hat the top of the lpper foundation should ‘be absolutely level
‘and have a grooved surface- to-ﬁaeili%a%e—adhesxenr-ofuthe«mortar for the first—-- e
: course of blocks forming the wall (fig 53). :

— —El%ae upper—ﬁeuaée%en ehuttering ia removed after five days.
. - The upper foundation surrounding the- houee must be adeqmtely waterproofed on
! 'bhe ou“bs:.de (with ple.etering or cement-based: paint). - . -

Soil—cement blocks S

Th-is type of upper fgundatd.on is’ mede from prefabriceted solid ‘blocks o? ement ‘
: : Mrepeﬁieus—oﬁ—epproximately 1:8 by volume . 21/ _Wh S

spe i’ﬁed proportions are;
rtar: eontaining waterpr‘oor cemhMropoﬂ;moLL&er-k&%y—w&me
~ “The vertical and horizontgl. .j’oints in the three courses should be not wider than- ,e
' 3:-..1 cm, ,and; the morta,r ‘should be pressed firmly inwards, wi-t.h a suitable 1mplement, S
into-a. -ehape (ﬁg 51.) Y _ _ _ L

-------------------------

any cbmponent stmcture stend:j_.ng vertice].'ly a.nd'“‘%:onsisting ‘of parte a
ogether with &- moist nixture called mbr'l:ar. . Welling.can elso be LA




- ) ks

_ . The structural function Of a wall 1s to transmit the loads 1mposed on it to
. the foundations, without effect to the wall itself. _Another. function of a wall is
. to serve as a propection against the weather. = _ =

The thickness of a wall is determined by the functlon which 1t is o
:perform 1n the house andnghe materials of whiclr 1t-13;to be constructed.

Horizontal waterproofing ) R e

[ '_". .

_ when the foundatlons have been built up to the required level, the dlvision
. between foundations and wall is marked by a damp course of horizontal insulating or g
s waterprooflng materlal ' : ' '
The pnrpose of the damp course is to protect the wall from molsture which may
riee from the earth by capillary action. - . o

S The horizontal waterprooflng of & 3011 cement wall may be effected in various
™~ "ways, includlng the follow1ng' -

ln_aa.waterproof eement mortar_ -------- e

) o This type of damp course is made with a mixture of Portland eemeg; and -sand in
" proportiocns of 1:2 or 1:3 by wvolume; it 1§>adv1sable to add to this mikture a ~

~7*Tutther: waterproofing agent, preferably a chemical éne, in the amounts recommended
. by the manufaoturer

-3

- . The damp course should be given an absolutely horlzpntal finish and should
be not more than about. 15 mm in depth (flg 51).

9 . r

_ The mortar 1s sPread over. the surface of the foundation, formlng a horlzontal
““1ayer which wiIl be smoothed off with a trowel (fig 54)

. s
e ' LI o

- ;Bitumen o
. . This type of damp oourse 'is formed by applylng two coats of hot bitumen to the .
..surface. of ..... the foundetion vith a brush. - -+ o ) : B

-.t S

The foundatlon surfaee must he- clean and dry to ensure perfect adhe310n of
the _bitumeq* : : o _ . L

+

._ Bitu.minone TElt N ) ' - ';__,- ' ;

o This type of damp course 1s- 1did in the foll g ‘manner: hot bltumen is _ _

——applte&—?ith e~brush—to the surfave of the foumdsgion; whiTh must be ‘glean and 7 T REFE
“dry,‘ and s’ strip of bituminous felt is bonded to it (flg '55). Where two strips :
. of felt are: reqnired the strips’ must overlap and be bonded together with the; .sape
hot- asphalt in order to obtain an absolutely unbroken waterprobf Jdayer. . - v




. Well-building

lGEnerel
- Before work on building a soll-cement wall begins, all 1ts horizental and
"veltlcal:lines must be marked out.

When a wall is being built, each course must be’ strictly horizontal and the
- wall.must be absolutely vertical; to achieve this, a carpenter's level, plumb-line
~and a8 strlng are used. These tools must bechandled correctly (fig. 56)

The geuge 1s a very'useful 1nstrument in bullding ‘a wall of soil-cement blocks,
since, properly used, it enables perfectly® wform courses ta be laid. Tt consists
of g piece of wood marked in lengths correspondlng to the depth of the block plus
the mortar.

. ,r ) ': -
" .

When workﬁbeginé“on a lehgth of walling, ‘a pluﬂb ‘and level gauge is placed
[:at each end (fig.’ GT) with the help Qf the “string", attached to each gauge and -
tzghtly dramng the courses of blocks can be~kept perfectly horlzontal and vertlcal

v ._\

-'501l-cement blocks

a -

Building a wall of soil cement blocks calls for the correct use,of tools

== = e = J N e = =

. To facilitate and 31mp11fy the placing of blocks Jin the wall, the use of a.
""block fltter".offers B, simple, sure and speedy solution (flg 58)

{

-t

jﬁn essential requirement of correet bonding 13 that all thedﬁoints should be
'carefully arrangedAto.epsure-the proPer transmiaalon of - vertical lcads In -other-- 'eu

; Bonding, or the proper diatribution of Joints, requiri.pthat the seams of a

T blbcka should coincide with the centre points of e block-faces in the_:l’ J

h -‘-"

ﬁeert between.them an artificial JOlning device, using metal
mesh, as 1llus,_ated 1n figure 60 (b .




........ A C—

z T e . . - . "
_ Figure 61 shows how cavity blocks are used in joining two walls. 22/

-

Mortar . - SR | e R ;
| * I - ’ h L]

General.’ Mortar is a cowpound of tertain solid materials and water which, when
mixed in the proper proportions, form a mass that sets after a certaip time and
~ binds the blocks firmly together. :

— .

. TheISPecific setfing tiﬁe of mortar varies according to the binding agent
used {cement, lime, ete.). e -

-
o

_ The strength of a wall depends on the -combined strength of the blocks and
7 the wmortar. : , -

~ If blocks and mortar are of equal strength in a wall subjected to vertical

- loads, both will bear the pressure equally; but if there is any weakness in the

" mortar, the blocks will be subjected to shearing stress resulting inevitably in
eracks and fissures. , - '

_ It is a mistake to use high-strength soil-cement blocks with weak mortars or
. low-strength blocks with good-quality mortars, since in the latter case,
- conversely ‘to what occurs in the former, the failure will be in the blocks.

.. Absorption bf water by the blocks from the fresh mortar is g factor to be

" Yeckoned with in- soil-cement wall construction. In order to ensure a sufficient

" amount ef water for proper setting of the mortar, it is advisable to moister the
surface of the blocks in contact with the mortar. T - :

L ES

mfﬁf'_The mortar used between courses and in the'verficél‘joinfs should not . R

.hé;ﬁore than 1 em in depth; -it should also co ta;nuthemaﬁount_of-Wﬁper'TEqnifederi
correet setting. S TTTTTTTTITT T T e T 2

-

o JEL B P

T ———— Je— . A

... .A very “degirable festure of well finishing is the "marked sean", vhich is,
" “cbtained by trimming the seams of fresh mortar between the blocks with a suitable
~; tool, so that the faces of the hlock5“protrude (fig. 621, B} o S

" fypes of mortar. The following mortars can be used with soil-cement blocks: .
o {a) cement mortars; (b) cement and lime ‘morters; (c) soil-cement mortars; - " -
“~_}_d).mortar5'of soil-cement mixed with lime,” . B S

. The addition’ of a given pérﬁpﬁﬁaéé of hydrated lime t6 a soil-cemerit mortar R

.can yield very-favéurable results. This depends on the type of soil used.
.7 ““The most highly recommended mortars are those made of: (a) cement and e

“(eandy) soil in the proportions of 1:7 to 1:10 by volume; 23/ (b) cement with

~lime’and soil in the propprtions of 1/2 to 1 of cement, 1 %o 1/4 of lime and . .
¥84t@;lavafwsbil~by~vdiume» L OO PSS PU R SN S S M
22/ . For cavity blocks, see “vertiﬁal,reinforcement“. . SR -

€23[ " See "The cemert™s - ;J;HH”T‘__fﬁﬂﬂm;H:. - ' - . T
Doy Lo b e . ) R . _-_'"?‘“-—-——__.___‘______ s e e
B "_'“:37_‘ ’ B ' R , i} . v
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When lime mortar is used, it solld1f1es as wate7 is lost- through\evaporation

L or absorption by the blOeks, and setting takes place slowly.

L.

i '-'Reinforcwing o R . _ .
_'General. Sojil-cement is,-in general s capable of withstandlng dertain shoeke, or =
. -stresses caused by seismic disturbances. 21&/ . _ : ;_*- .

In regions subject to very intense seismic disturbances, tensile stresses
which cannot be absorbed by the soil-cement material may oceur; it is therefore
desirable to install. pillars and wall plates, properly reinforced, to absorb- -
) styesses of this kind." Adequately reinforced pillars are placed at wall junctlons,
=and reinforced wall - plates at the top of the walls. :

* 4

. . e
5 *.!‘-

o In regions where stat:.stics show the.t earthw tremors are not t00 :mtense s .the
.p:lllars ¢an be dispensed with, provided that there is an sdequate distribution
. ot inter:r.or -anchor ws.lls in relabion to thg externsal walls. Neverthele‘ss,
¢ .it 1 Ls.l‘n.lrs.:,rs advisable to add a wall plate s Or beem which serves to: anchor _
hole structure and the roof. . __ [

: { ,rl . R K . [ —
!l A . , - _h\- . - Ak .*"

: 'P1lle.r Relnforcing pillars. “for soil-cement we.lls are placed inside the we.lls s
i themseives or at wall junctions; consegiently, their dimensions: will depend -
. or'the. thickness of the walls. The smallest dimension.of pillars will be 15 -cm
e through the thiekness of the wall; and the. p:.llars arée reinforeed with ,,four - ,,;;..
° ‘iron.rods 10 mm in diemeter, with iron braces 6 wh in,diameter every 2576, _The -
L p:llla.rs ‘should be’ properly anchored tof‘a'te*founﬁation. The concret used An'the ~
_p1llars—ghould; céntain 240 ke of dément per cubic metre of concrete (k2 1/2:4- 1/2
pproximate;l.y by volume)¢ -‘I‘he xparse. aggnegete used snouId‘bTe not largex than
Siem’ Csmall stone) | - T - S AT

: “Te P type of cavity blOCk ‘Ta‘tchﬂaakes it pOSSIblé tql instﬁII _
erti' T ::einforeeme','_’s instde the wall, im order to meke soil-cement ﬂ]_)(;s"melae_._,_q_‘__'_
n' regions, subl ect. to'enrthquakes is shown in Figure 63.  Thesg vertical . 7. -

nts _sgs.ceé\ at- suiteble intervals, increa.se the stability of the

$ oo Voo
] L. @ B - '.*

’ LF

p _vblhmei_--:EB[r Lo i

X t_.l'z__%a ‘—-‘_. H s . . B - 1 o A . o ‘_‘-1 .. . o
q _eini‘or_t:ement ‘consists ‘of ‘iron rods 6 or 7.5 mm in diameter, . [ -

Four 'd_ation.& The concrete f¥1L. for this type of reinfo,rcement )
kg of ‘cement. per cubic metre’ of concrete (1:2.35:5 s.pproximately

The coarse: aggregate used should be not ls.rger than 2 ¢em (very’\

-------- S AP

o
L

Na.tional Bures.u of -Standa.rds Sml-eement 1s also ca.pa;bl]e of
shocks or ‘stresses caueed 'by high w:.nds._ _ i

.
- R ]




]
e Amther ise of cavity blocks is in artificial T-joints, as illustrated in
figure g1, . . T .

PR . - i, :
i _¢[' . N “ -. |_."‘-
4 ; .

}%L' Wall plates. In seismlc regions? it is of the greatest importance to install’
-at the {op Of the wall .a continuous. beam which prov1des rigidity and contrjbutes
to the stability of‘ the house. 26/ :

:f:f"'“ Experi%nce in areas exposed to earthquakes has shown that a wall beaw at the
. top of wallis ds very necéssary, beécause it serves to’ anchor the walls and to take
._ﬂthe iron-ties holding the roof. The best material for ‘beams is undoubtedly

,;reinforcedrconcrete, however, tlmber has been widely used for this purpose with

aceeptable results.

' . N
_ recommended that reinforced concrete beams should have a,  depth of
© 10 cm =ndf a wldth equal to the thickness of the’ wall and should be reinforced
~ with four longltudlnal iron rods’ 10 mm in dlemeter, with iron braces 6 mn in
__diameter placed every 25 cm. The concrete” to be used in beams should contain
Qhﬂ-kg of cement per “oubic hetrecof tonerete (1:2 1/2:k 1/2 approximately by
The coarse aggregate dsed@should be ot larger than 4 cm (swall stone).
_ *_“,Fi‘ re 65 ShOWS =1 spec1el type of U—shaped 501l-cement block ‘which can
" . be used to make crown-beams without need. of- shuttering. This method has the
L adwsnt ges of simpllclty and economy . q .

P --blocks of: cement end (sandyﬁ soil—are—made in the proportions of e
;a;pro'imEtely 1:8: by volume. 27/ ‘The preparation. ‘and use of such blocks is -
slmi ”r to thet of ordinary hlocks forfwelllng. i

e 3

: .~5 U-shaped 3011—cement bloeks are reinforced with t iron rods 6- lﬂ‘mm in -’

- dle ter, with braces of No. 10 wire (3.429 wm in 8iameter) 28/ every 30 cum. -

37F1g re 657 (a) shows. how U-bloéﬁs are placed for veinforcement. The concrete
( “Pe used should cofitain 240 kg of cement per cubic metre of concrete ¥

.-1

,,no larger then 2 cm fvery smefl stone) _.ﬂerm.__?‘

-

_-s- IR ) . : i

A...-...L_...__... ’ ¥ ,_-;t

ntal reinforcements. Ih active selsmic regions, it is des;r&ble, in

3
i

"'ntels. . The doors, vindows and other openings ,in any building made of |
ﬂil—cement blocks st have a: structurel component placed above *the opéning.

26/ & ﬁ%am is to be recommende&‘in every case ‘and 1o every bullding, 1nclud1ng
: those erected 4n. non—seismic regions.

27/ See “Preparatlon (The cement)“ L T 'ff' -

28/ American Steel and Wire Company (ASWC) ' _:T : - '_ :._ -

L/2:4 1/9 approximately by volume). The ccarse aggregate 70 be used should be




‘reinforced eoncrete (fig 67)

app]_ylng the same techniques and criteria as\were specified for wall beam, as -
: regards re1nforcement and type of concrete,

fo when the time néeded for the drying and euring of the concrete Till- is completed
.t s transférred to its sppointed place {fig. 68). - _ .

. than three 'bimes the depth of the lintel: (fig. 69).

S L - - E

L L . ) . . ) . o . . . .
T

' The main func‘bion of a llntel is. to upport the loeds besring down on it.

Lintels can *b made of various matex‘ials, Q.8+, wood iron bars, and

* . - N - L
A rs.tiona]_ ws.y of* utilizing soil-cement to make lintels is to us€ U~blocks, = .

After being prefabricated in U-blocks ,: the lintel ig turned out on the Fldor;

The overle.p of ‘the lintel ends embedded in the wall should be: not less _

'-:'_'."Monolithic Walling of scnl-cement s - - S e

) 'Construct:hon wark 'begihs at. the damp coyrse. For this purpose shuttering, which .

oo must. be-perfeetly -plunb and’ level and in contact with the foundation of the
“house ‘under construction, is set up. - Lodse soil-cement is placed in the -

~ -shutter hzng ‘in uniform successive layers, which are compacted with a rammer.: 29/
-When t

. ‘length -or section to be built, so that it abuts ypop the ‘end. of ,the finished, L oe
_secj_:ion_ and !-bhe fggndaMssme p:pocess is repeated for the second section. R

Soil—cemen‘b 'wa.lllng of grea.t. ‘stability can be built monolithically.

shuttering has been filled it is 1mmec'l:|.ately removed to the next * \

'I'he ?eajms between sec;tions s.re bonded ‘and ane tongued and gro,oved \
'g-. 69 a)) o IR ‘._\.:

'F__or the: f‘orm or: shuttering, the recommended dimensions ares height 0. 80 o
and; _-ength 2 00 m. ‘*‘*,‘The shut‘tering may be mede of-wood 'or meta:.l.. T,

'I'ypes of shnttering are very va.ried. . Figures '?p and 7” (a) show some of ' 0
used :|.n construction of monolithic soi].-cement walls. 59[ . R
’ S 't’ il EL T ‘.\_i' _
. -__-The cqmatruc‘bion of forms requires grest care, for on their perfection L
epends 'b"he perfection of the wall. Therse has t0 be¢ gaggan 1b their désign '
il x:énder a, maxinm.m of rigidity with a. minimur:a"l&air weight. ' _

ey foo
“'Ihefmaximlm depth o:E' the forms should be propor‘bionste to. the

: Tt ‘= hot desirable to)produce a given rumbex, of ° D

(horizontak/ sections) and ithen to find that the b R

e set up, d’gain in order o/ ram & final section of a. . :

BT o ! .. .,L. . ) ] -) . . ° ) . . “
. .- A R . . - L

junction 'anﬂ. angles of monollthic SOil—cement wa.lls may be _
Wi in figure TL.:. 50/ Lo .

: __,._4;

.z;n{-,hony?-F. Merrills

-

1err& a.pisonada y suelo-cemento.




It is possible in monollthlc wall cohstructlon to fix bolts in-the top of
rh_:‘the Wal1l for the purpose of. securing weodepn wall plates (flg 72). Alternetlvely,
*'concrete wall beams can be constructed diractly ontu the wall (flg. 73). -

In thls method of construction, it is e51reble to wmake the llntels in
~-the. menner 1nd1cated under the headlng "Aperjures” : .

- a

'r‘jiAperture53

b

? Apertures are the openlngs which- are left in wells, primarily for doors end
' WlndUWS. .

L3

_The. magor constructlonel problem with respect to these cpenlngs relatee' ' . ﬁ
S to the supporting piece which is placed 1mmed1ately over the door and]dr T
3f.window, i. e., the lintel. 31/ - o | - o -

- T |

. _ It is custbmary and traditional to coﬂtlnue using the same type cf.mateflel'
ﬁor ‘that part of the wall lying above the door and window limtels Ttig. ).

- Very notlceable conetructlonal defects in 5011 cement walls generally occur
"‘above the door -and window 1intels. To remedy' this fault, successful” experiments

have been made in the use of light materials (flg 75) 52/ v .
it . :

N When the roof timbers rest dlrectly on the llntel the ddfflculty$noted AL
habove does ‘not arise (flg. Iﬁ) .

e

.:'Fixlng of framee S _ . c ‘ s Ce - : .

s

quden door: and w1ndow frames are fiked to the: walle by means of- pIECES SRR

f wood called dowels embedded in the walls.. . .

a
[

lOne cf the most eseentiel properties of dowels is that they should heve

‘Tmexlmum edheslon to the Welle end enable the frames to be prqperly secured.
. ER 1

i SE Dowele must be- protected against damp, the usual practlce is to waterProof _
“V:f”mhem with & bltumlnous paint.- . Lo : . e

s ﬁigure T7 shcws a special type of caylty block de51gned to. faclllt%te the
- 1nsert10n of dowels in walls mede of sofl—cement blocks, 35} N -

. Figure 78 shows- some of the types of dowel most commonly used,in bu 1ding: . :
(e) -notched dowels; (b) dowels: sheathed in metal mesh; (<) dowels studded whth,
L mnails; - (d) dowels forced 1nto poeltlpn._ The first three types are held Ty lace

_w1th mcrtar

R ' . B P . . - -

T_See “Llntels". : S P R :
o/ Thls solutlon is the most desireble in the case of monolithle walllngL

s

- This cav1ty can aleo be: used to houee the lugs whlch are usually fcund ot
’_-oﬂ metel frames. - .. - : S AT : Lo .

o e “_,h;.t.f - e oa - e
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A roof .consists essentially of‘ (aj the roof‘:mg, and (b) the roof supports.

. - : _ L . ] v ; ] i . .

7 - i - 2 : " - L
Booflhg L Co _,f- : - Coeml ‘ S . »
Do e : o \ .

Lo The purpose of. 'bhe roofing is to. protect the house against the effects “of
- the weather. ' A < _ ) R

e
-

o Roof:.ng materials should be ;L:Lght and . amenable to’ use with the least p:.tch R
S compati‘ble with "local Weather cond:.‘hlons. A
Soil-cement roof:.ng L L : . L :
. If it is des:.;red 40 us‘e‘.so:.l-cement as roofing fo;g a- house, the following
imethods may:be used: (a) laths or reeds are laid on the roof truss or joists and
nailed down, a plastic mertat of cement and; (sandy) s0il in 'the proportions of
’T ‘byrvolmn@, with vegetable fibres 3 cm in' length added as a reinforcement in-
the pro;_aor ion of ome part to four- parts of mortar, is, spread. over the: laths
. or reeds.. | Thé’ ‘layer, of mortar should be 3"cm deep, duly compacted,, and its
Aéurfaoe Should be. smoot.hed with & trowel (fig: 79): After the miterial has had -

the surface in order to make the roofing wa‘berproof 3&/ N

_ A’ uniform sprinkling of 5ma.ll gravel (maximum dlameter 5 mj minimum - -
: d.:.ame'ber I mm) over the 1ast coat of bltum:.nous ma.terial 15 rEoommenﬂed

o
1 Y

;"' . Anothero.method simila.r to

(sandy) soil in the proportiops of 1: T, Eg volume is spread over; the laths -
 lveeds to a élepth of approx:.mat 1y 1l ema compacted. : mst-free b\r'bedq-wire
_ sthwise -and ‘crossvise, . over the fresh mortar.
_'mesh is covered ‘Ji‘bh a (further layer iop mo of the seme kind-to
eeaing 2. cm.. Thi is cohpacted Sits EPIface is smoothed v;,’c;le

\"_,ﬁ- I

gs had tdme o di-y and:‘ harégn, i'l'Js surface is*finished.

B

' e Ja_bove ,,Jis the following: (b) laths or reeds
3 are 1a:lﬂ on the. rﬁof,"‘ﬁ‘mss*' or joists and nailed down; a plastic mortar of - ceme_nt»

_ (fig- 79 (a)).,, e o |

P

time. to. dry and harden, two or three coats of. bituiifious ma‘terial are brushed over. ¥

' ; I

-
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sl The roof suppprt may be, of Wwood. (known as the"roof ti‘mbere"), of metal or
“. of reinforced’ conefete.l _

Figure 81 shows a wooden roof truss made of boards, which is very suitable

- Ifor a ncged TOg w:.thcut centre support.
o oy

_ This tmss is recommended for 1ts lightness, ease of COnStruCtlon_, hlgh
R 'strength and low cost. o ) : .

i .

€ :
. Soll-cement walls have tittle low;\r resistance to tensile for?e- consequently,
" the roof, should transmi't to the walls only vert:r.cal thrusts, eli 1nat1ng all -

* lateral thrus€s:

RN Imene roof timbers. are concerned one -of the most important problems is how
-~ they are to “f-est oI th‘e walls, and a correct method of securing or anchoring them to
: ,"_-bhe soil-cement wall mist be found (figs. 82, 82 {a), 82(b) and 82 (c)). The timber

S plate ’; which rests upon the wall beam and is attached to it with metal bolts or
g _Ij'hooke through the- pole beem or with me'bal clamps around it (f:r.g. 8. - 7

In certain rega.ons not subject to ea.rthquakes, it is fea.s:.ble to place the
fpo]_g pla'l,’e directly on the "soil-cement wall, sO that it serves as a wall plate.
When, this is-done,. it. is essential to’include. below the beam, and directly on.

. top of "thes wall, & t&:.nﬂayer of mortar {a mixture of cement and (sandy) soil

- in the proportions o‘f"i 8 vy vclume) 35/ to correct any unevenness in the .
-.seating of the beam on the wall. In edd::.t:r.on», in order to ensure better

- -adhesion between the soil-cement mortar and-the beam, the portion-of the

' .l“atter wh:_ch 'will be irr contact 'm.t.h the mortar should be cm{ered w:.th a metal

-

mesh. SRR W . N .
T . - . Y re t

Lo Whene a house is built. with soil-cement walls, “the roog truss can be
" ‘made Of metal parts, and can be ancheored’ to the walls along the general linee

'._:1nd16§|.ted above. . . . _ L N L
Ftl.ooring must’ a,ct as an..:l.x.gulator and mast be ha.rd—wearing and attractive

LR

- 1n"a.ppearance. o . _ )
s Lo . : . - '

. I:E' soil—cement 13 to be used in theicons‘truction of house floors s it is
ﬂrecommended that one of the following methods be adopted . s I

1]
y

So:.l—cement mﬂe in situ ' . . | S | .f: |

The ground on vhich the flooring is to be 1a1c1 must. first be 1evellea‘*tc1

. t{ne required héight or "trace level”, which is usually marked on the wall;

: .;ne:%l: it is smoothed off and compacted. Compaction consists of ramming the soil,
:_adequately moistened. a.nél with emall stone or gravel added. . )

. .-.5

on- also be secured o the wolls by means of a special wocden post called the ' 'pola— -




I3

w .“ ....“. o ) ; : ‘.H‘/

-

- When the floor base 36/ is finlshed, specific points - generally on one
1eve1,_are noted for ﬁfferencé purposes. R

. 801l-cement mortar for the flooring shquld be made up in the proportlons of
Gl ang part -of -cement td -gixs or- eight parts of sqndy -5011 5 with the requlsite
. amount of'w“tér E;Ig ‘

Fabui - - . - R '\'\

- The_svii"c nt shouidrbe lalérto a“éepth—efué cm—inathe follow1ng manner; .
Th - e layer of soil-ckment, as specified, is 1aid between the reference points o
" to form "guide striﬁs ‘or ”master strlps approxlmately 7.5 cm wide which must
be well compacted. , L o e -
_ S oo . N
: .'_\ All the septzons of floor remaining between “guide st ps" is filled with
*‘the soil-ceément mixture, which must be" rammed flmly and u formly untll
maximum compactlon 13 obtalned.

- Each section bf floor under constructlon is flnally levelled by sliding
a scraper" 58/ ‘between the. "master strips", thus removing all excess material.
' ijiThe surfaee is then fin1shed off with 8 plasterlng trowela39; (rig. h and-

. { _.--_81# (EI.)).‘.‘ T . _ o : AR '."" ‘ . e .

When the sbil)- cement mqrtar has et sufficiegtly, ~the flooring surface is
smoofhed cver with a finishing trcwel.

LR .
S : it~ : *.‘» -
-EW ' Another methoﬂ of finishiﬂg is to sprinkle water from a watering-can over,
"¢ “the floor (when the soil-cement mortar has set s ‘&ifflciently), to dust it with
dry cement,, ang finally :I;o ssmoo‘che it with a trowgl.. .

»

T Tb,obtain‘a coloured flnlsh, the: dry cement%uust be mlxed with the pigment\
'_in a&vance anﬂ the. compound: dustegd - G#br the layer of soil-cement mortar _ o
“wh : f set. ,'.'Ehe surraée is .,then smoothed with the trowel. . ~ 1

y

-‘-‘H‘H‘\— B -
. ﬁ«»,__ .

-.These_thin soil-&'ement pieees y which are’ also Imcmn as floor tlles s h#’ can
wit.h_thé‘ CMA-RAM moulder. .,-_L_L__ .

To lay thes .tlles, the earth must be levelled and compacted a§ 1ndicated '..
To SOil-cement-made in sﬂ:u._ -] i

' 'Ihis -3 'a stra:lght piece of wood ﬁith Mﬂl&i&eeﬁﬁéﬁ%ﬁm 2.5 X
: ) ] 15Omt01+00m._f : :




o
\'\ T

:“ead easi -in'a layer 2 ‘om thick is I d on tcpfof it. Tbe mortar is composed
of ‘o’ne part of cement to six parts ‘of sanay*-.\o:Ll (f‘ig. 85%.

-

. When laying flooring 'b:l.les, it is essential" 5t bo appoint some of them - -
”s referehce pcints to serve as guides for laying the remainder (fig. 86)

' "Wherever possible, soil—cement tlle is laid with- cverlapping seams, and
it :is gently tapped :Lnto the’ mortar to' ensure perfect s.dhes:.on The remainder
of.the tiles are: laid in a similar mapner. * _ R o !

4

Geps between tlles should be reduced tc a minimum, B0 thst their edges todch., .7

"I‘hre.e ds.ys s.fter 'l:he flccr tiles are 1a,1c1 the Jomts should be f‘rcn‘bcd
Wlth a3 cement slurry hl/ made with pure.cement or cement and pigment, according _
to the type- oi:, ‘tile used in the flooring. The slurry is poured on the floor and
spread evenly with a bropm 50 +that the Jcints are completely filled (flg. 87)

After a few hours3 the flocr surface shculd be cleaned 50 as 1o rétove —
the surplus cement left on the i'rlles w T . . . N

P L

':The finished floor should be closed to traffie for seven days.

d&l.—cemen‘b ‘nlocks

4
i
4

Y -

B ) -'.”‘be used for flooring must. ‘be made with_ a _wearing surface pos‘sessing B
thesame functional qualities as that of: soil-cement tiles. 42/ The bodyr o
-.-'should e made from & mixture cafg one part of cement and six or. T

.lc/
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. '»"- Paint’ is e; homogeneous mixture of one or more pigments 1n a'medlt;m, which
. *is used.to cover and/or protect ob.jects w:l.th a film of colour" EA

- "ggtisfactory resul'bs with palnts can be obtamec‘l only when the followu.ng
factors are present: {(a) the produck is of good quality; {(b) the surface has been
_satisfactorlly prepared and {c) 'bhe pa:.nt is coérrectly applled' ML/

" Before palntlng“at is. necessary to cleanse the walls of mixture and airt,

_removing all loose material and filling any cavities. . T

- - - N : o

3 Cemen‘t—based paint e _',A. o . .///"7 i S
REETS L e e g . /, -, .
Cemqnt-ba.sed pa.lnts possess excellent pr%perties s especia’lly as waterproofers,

_-and they are very economical. Their essential ingredlents are cement and— -
 water, and piguent mey be added. el

st

-

> e .

. ——— - /

S Before the pa:.ntlng of ‘a wall of soil—cement or sj,milar material begins s
S SRS & A sheuld hawmmmmmmm%wﬁa
7 from” ‘the Pa.int and thus hindering its curing (Pfg g8). T _

L

_ ? . . The pa.:.nt should be a.pplied nit.h a brush in two eoa:t& ancl_cux:edsfor_th:r:ee
S days b.v spraying- : N . _ . _

_ _'-"' L This is one ‘of the oldest- and most economical palnts used as & wa]_'l. ﬁniah _
.'-.’,'-.-'It is essentially a lime wa.sh (lime ‘and wa.ter), to which pigment may ‘be added. .

-

E Lime-based paint

Lime wash is a.ppl:.ed to 'I:he wall :Ln two\oa: tﬁree:hcd&ts with -1 'brush :
(fig. 89). - It can also be used in a thicker form and spread with e trowel;
"-_in the 'il.a:l:.ter case, it 1s .applied in one or two coa.ts of\g:re@r thickmsa. '
DI . W e

To énsure greater a,dhesipn of the paint +0.the_wall L a. quan‘bitur o“t_ 31@
O other ‘b:.nder 1s- -added to. 't.he wash (1:|.me and wa.ter) _ _ 2

_.'.Before __applying plaster, it is deaira.ble to prepa.re va].is By remorving from o
ALY excess mor'bar protrudina £rom Join'bs or other extraneous matter -




Plaster of soﬂ-cemen‘t mortar A o o o .

: 'I.‘he best mixtures ;'or this type of. pla.ster are: (a) orie part of cement to
- Pive ro eight parts of sandy soil by volume; 11-5/ (b} the same mixture, plus 2
T proport:.on of 1ime not exceeellng 50 per cent o?‘the amount of" cement used..

Co Before plaster:.ng, reference points are noted on the surface of the wall L
--at intervals of 1.5 m;-thus, B thlekness gf ‘the coating and, consequent]:y,
= its "rightness“-cm.&ae._determined (fig. 90)..: .

.. YGuide strip&" ox Mgk _wer‘___ Fips" 4.5,cm wide are applied be‘bWeen the -
. polnts of reférence and’ iﬁ ff'to dry for two days. Mortar is then applied betwee;r
Two adjoining vertical strips and. smoothed off, the surplus being removed with &
‘' scraper. Th;.s is done by’ restlng the seraper ol the" "master strips” and sliding
it over them (fig.-91). This procedure is continued, until *the whale surface of
—-the-well -has beeméeredr—&—tool kncrwn as a plaetenng trorwel is used. o fnush

_ 'of'f the pla.ster su‘frface. - o -

Soa.h.-cement pla.ster should be cured for three days by continuous spraying.

&

‘Plaster of cement mortar

e e T e . N ¥

2 The correct. propdrtions for the morta.r are one part. of -~ cemen.t ‘co between o ’
six a.ud nine pa.rts of sa.nd"by volume o & _ -

. w *

Te apply this type of plaster, the instmetlons given aborve for’ plas:ters o
of so;.l;:ement mortar should be stricbly fOllOWed. -

L ", . -
Lo- e _) . . . s v *

o

: la.ster of ].me mortar g = o o : - S ' p

In }‘eglOns where ’gooa.-fq_uality Yimes: are a.vaila’ble, it may be. economlcal to
: __in proport:.bn of 1ime in thé' mixture. _ ¢ ‘
3 g
In ArgentinaJ for: e!cample it 1is usual to follow this procedure (a) a

‘of” ‘thick plaster, consisting of one=fourth part of cement, one
aste: .lj.me , ‘three parts: of coarse or medium sand and oné pant of
ick dust Aor en equal. quantity ky velume of fine sand), is applied to the
1, prépared as indicated above undér "Plaster of soil-cement moxtar';
. )¢ plaster is gd.ven a fine finish Yy~ ccw:ering it with a mixture
-two parts of paste l:lme to five parts of :E‘:lne sand by volume.




V. ACCOMPHESHMENTS IN SOIL-CEMENT-

THE PﬁBPDSE OF THIS CHAPTER
- Soil-cement has acguired a reputatlon as an, excellent construction material.
It is being used rore and more in ell eountrles, especially in rural and suburban

" areas.

. This chapter presents a number of examples Whlch may be helpful to anyone
w1sh1ng to try using this material for construction purposes. The examples also
attest to the good quallties of so0il- cement when it is properly employed.

The instraetlens given in. thle paper are suff1c1ently complete to enable
aﬁyone who follcwe then to. obtalh results as good a&s, or better than, those '
1llustrated.here. : :

HOUSES

Bural dwelling of 5011 cement (l) 6/ . | ’ ':' .

—y

FEC An experlmental dwe;l;ggi ba51cally of soil- cement, in the v1llage of -
: Chamblmbal, Munlelpallty of Buga, Department of Valle del Cauca, Colombia. This .

./ bullding was the outcome of a detailed study, in which several teachers and fellows . 'y
from the 2957 CINVA regular course took part., It wad designed to suit the
‘characteristics and level of 1iv1ng of the inhabitants of. the region, and a more
Ly ‘rational and advanced.method of u51ng locdl materlals and technigues was applied,

1n its constructlon. )

-
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‘Semple House-of soil-cement (2) ) ) " :
Under an sgreement between the Iand Credit.Tnstitute (Inétitﬁ‘to de Crédito
.Territorial)} of Colombia and CINVA, 1t was decided to constriict a soil-cement e
——————, : . . . . o
. Cottage. The object was to demonstrate the correct way of using soll-cement
 blocks produced with the CINVA-RAM moulder. The project showed what economies
. could be effected through the use of this machine in self-help and mtual aid’
" prograumes of rural housing. S A " ' :
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Rural dwelllng, San Jeronlrro (5) ' : ' I .
In 1956 -C}'NVA agreed with the Director of Rural Educatlon of thé Colomblan
' Mlnis‘bry of Education %o carry out a projectef some magnitude in a ral. .
envlronment. Thus began the San Jerdnimo (Antiogaia) Pilot Project, -whlch offered
a means of conddcting a prac%:.cal experiment, adapting warking metheds: _tralnlng
. technical personnel with a pfactical cutlook, and framing a possible so]rutlo'n to
the rural housmg problem with the use of educatlonal resgurces.

RN

'House ot_sml—gemen‘t blocks (1&) ST T Ty T -
. i ' ) ’ .

_ ‘The dwelling showm 1n 't.he photog:raphs was built in Argentina, in ‘the San José -
area .of the Slerras de Cordoba. _ R : '

| i . @
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._l-éemen:t house {5) - R o e i
: _;"t_-lefP"‘&Férr"Aﬂ‘t‘_ﬁd’i‘i’t}{fof' the Province of Buenos Aives decided to provide . .~ = S
-adequate housing for its overseers along the cansls which traverse much of the .

- ~territorys It elected to try using soil-cement for _b}iildings in the NQ._'JJS_ canal B

. zone, in ‘the Saledillo district.” * -~ - - . | L - .
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- In th:.s des:.gn 'bhe door and window openings run from the floor to the. ‘roof,
o that it was unnecessary to work with the soil-cement on small. sectlons"or ta -

make ‘che l:.ntels exceﬁs:.vely trong. A, wooa filllng was used below the w:_ndows.
S
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Sml cement house in- the Un:.t.ed States of America (6 . S ’
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- mfFSOil-cgmgnt-houses in .Colombia — o B ' ]

- vgyses built at Ceicedonia (Valle) with soil-cement blocks wmade with the .
CINVA-1'AM moulfler. ” They are outstandipg for the excellence of the masohwork. . -

k] . .
5 .

' Soilicement housge in Venezuela
- Sdil—cemgnt'awéllings built:under contract in the eity of  .acas. .ﬁmgy! .
'show the exeellent masorwork possible with prefabricated soll-cement compotients.. S
; : . . : : : neee .

”_;ﬂhe roof is of asbestos cement
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So:.l cement house in Venezuela ("{ S e : ;’_ L : o

e !
[ S . ;

So:.l cement dwellmé bullt for demcmstratlon and practlce m the grounds of
the Practlcalb School of Agncu‘lture (M.A.C.) at Providencisl, Reeemmended for warm

... climates by the Malarioldgy Division of the Eublic Health Depa'.rtment of the
'Venezuelan M:Lnlstry of Health and- Welfare.
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( Soil- cement house in Bre.zzl.l (8} . S

T e . / .
“Villa construcitagi a.t Valle Florlda, Munlelpallty of Petropolls State of '
R:Lo de’ Janelro,_ "‘-.- L . ‘

ar '

i J . In‘ Brazil a num*ber o:f‘ pro,]ects u51ng soil- cement walllng have been carrie
: t, prlmanly through the eff‘orte of the Braml:l.an Portlanli Cement Assoc;atloﬂ
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8011 cement house in Boliv.la (9)
) So:u.I cement dwell:.ng constructed by Bolivian State O:Llf:l.elds for the DlI‘ECtOI‘
: of Opcratrons at his Sanandlta hcadquarters. - i




501l-cement house in Chile (10

. -

_ Experlmental s0il- cement structures erected by the Scientific Housrng Centre,
Unlver31ty of Chlle. '




Y

Soil-cement house in Chile (11) ’ﬁi- } . - ' ) * o
N = ) N -8 . : '
~M~M*Th gtional listitute for Tbchnologlcal Reseafﬁ1anﬂ Standardization -
(Indltecnor with the collaboration of the-Jepartment of Scientific and

: _Technological Research of the Catholic Unl%er51ty ‘of Chile, constructed thes . .
- °. experimental soil-cement housge. . { ; -

. 5 -
r_.. — _'""'"__""‘*-H :

. o l - . “ L
: ' B ’ LA ‘ . o _ RN
Tahlo experlmeﬁ%éi‘country 5chool (12) - o

Eullt experlmentally ‘at El Salltre Vllla e,”MHHIClPality of Tablo, Department 4

: bf°Cund1namarca, Colombla.t ' _ _ _ : . N //_if
o This experlment had ite origin in ‘the programme and Study dev1sed by CINVA o
-to Mdemonstrate s mefhodology for the constriction of rural sahoof , employing .
‘;the efforts of . the rural communlty concerngﬂf local materials and,ifor making S




Sﬁucfo rurallschdol (15)- : E g

This project, carried eut at Sauclo Village, Municipallty of Choconta,

' Colombla, also hed its origin in the programme and-siudy méqtloneé in the preceding
paragraph. o

"

*

_The erecfionlof this school providéd a practical‘éxerciée as part of &
_process of "community Bevelopment ;. which may be defined as "the development-.of
the potentialities of a commnity or social group towards a common end ar ,

=

collectlve beneflt“

!: ) N r - - . r Y
Rural school of 5011 ciement in Colombla

Ia




CATENARIAN ARCH.
With a view to finding ngw applications for soil-cement blocks, the
Technological Section of CINVA proceeded in_l958 to deeign and build at its

. Meyperimental building statiof”, an arch of Soll-cement blocks mede with the

- CINVA-RAM moulder. * ' o

. ' The fgrm selected~was th fcafenary, as being most suitable from the standpointﬁ
of thickness and constant weight throughout the arch. p ,
__Thé:arch's dimensions are: : o '
Clear SDAL » o« ‘n‘ O L 6-5 metres
Clear height . . « « . « + ... . 3.0 metres

]

o ' Thicknéss\ e e e e 9 centimetres
o The basic material used was blocks of cement and (sendy) soil, in the
~ - ~——proportion of 1:10 by volume. ~The mortar used- between the blocks was 1:3 (cement-
sand) by volume. . Lo ; ' o

[ . »

The structural behaviour of ﬁpe‘arch has been satisfactory. At the time of
writing (1963 ) no crackihg whatever has occurred; and although not subjected to .
load-bearing tests it hasffortuitqﬁﬁly suppqrted.the weight of” deveral persons.

_ This kind of structure may obvigusly. have important uses in rural areas,
- particularly as a cover for areas intended for storing goods and machinexy. -
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S0IL- CEMENT CISTERN:; AND SILCS

Domestic water supply in rural dwell}lngs presents a problem whlch is
resolved by complex and costly methods. - _ v

r

usually
o : .

I

The c1stern constructed of prefabrlcated ’5011 cement componen‘l,s isa SOlutlon.

. now being applied with‘good results. - _ e R AN
The 1llustrat10hs below shcw some exRerlmental designs: '
____C;._stern for the experlmental c‘twelllng 1n Chambimbal Vlllage , Colombia {14}
. - ——L- - ___j — el - .‘,' J,' .
ii )
* 1 * ; -
Y
- : s
7 B .
i o A S e _

Clstern for_ the soil cement house built at t-he CINVA "experimental buxlding
Statlon (I-Sv) [ R ey -\ - .‘.- -, - . . -
e i P . ) " - oo T r ] R
' T Y
. _ ) ,
-, * 3
P o . i v
CINVA . o | -
. RURAL DWELLING OF SOIL CEMENT .
g ITEM: CISTERN s i
S - = P & - EY o
. . SCALE: , I ! ’
<o o] SHEET NO. - ] v
i 1 DATE:
| PROJECT BY: ENRIQUE CERDA ANTUNEZ N
REVISED BY: RENE EYHERALDE FRIAS '
PLAN PLAN - ' E
1st COURSE 2nd COURSE . .
o _ o ¢ SECTION N .
PLANS AND SECTIONS OF CISTERN A A :
.. k N - :
. " -
P
. _'\.
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| }} 5011 cement silos (16 AR _ - I D e

éoil cement has been used in the conetruCulon of silos with very satisfactory

. "
' .

results.

, /
.oe ] ’ . .
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KITCHEN RANGES e Ty
The 1nstallatlon of a kltehen in miral GWelllngs fequlres the construction
1 of a range, together with -a stove-pipe to prevent flfbfhazarde, which will o
o generate sufficient heat and can be produced cheaply by’the use of simple and £ ¥
effectlve creft technlqueo. : _ [ . N
e o . b . :
. . .l o ..
f Bange’for the experlment &welllng‘at Chembimbal Vlllege Colombla (lT) r"}' S
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Househ51d range for the San J

drénimo Rurel Project, Colombia (13)
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- 7. . The oven is-
- communitiess
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OVEN

® - % .

an indispensable adjunct t

a t

gpid experimental  country School,.Coloﬁbia {20}

5

o the rural dwelling in many country

*

Ve

j._}soil-éementfoven
~ ‘station™ (21)

¥

for the“qbttage;bﬁiltﬁtf

fl - ¥

the CINVA "experimental building
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_ _Soii.-cement oven for the: experlme)ntal dwell:mg at Chambimbal Vlllage s CoLqmb;.a (22) _
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'Ihermal 1nsalat10n w1th soil- cement (23 o . ;
\
X p . . - g
L In seventy four buildmga greeted for the w?ater author;ty (ANDA at ILa Rioja - .
L and Catamarea%ﬁrg‘eﬁma') , the roofs were made of precast conerete beams and slabs.
T #‘Ihermal 1nsulat10n was provlded by a pac]ung of soil- cement. :
vl .
' °Lﬁ hi v J“"’
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Spetlal soll-cement blocks for venttlatlon
_ Specially de51gned g%ll cement b%ocks may be used to prov1de openings for ! .
ventllatlon in the walls of a dwelling,-as was done in the CINVA "bu11d1ng shops™ | ¥
~ ‘shown here. o oy _ - . e
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--ANNEX I,

Tés?:t' foi:- 1088 of lenﬂ:th by shrlnkage of 3011—/ B

A ]
: K |'Make a bex W1thout a 1id exactlyﬁ cm 10ng inside by % cm wide ahd Y4em deep
bide. Oil or grease the ingide surfa@ks of the box .thoroughly. t ih we} soil .
inkide. ement. The soil shpuld have the optimum wetness. b/ *Ram the soil into
wlthou’c .:_rs of thé box with a small stick, and finally use the stick to shooth off
N :ﬁi ‘s’iﬂfac e. Place the box in the sun for at least three days or in the shade for
. oat }Least seven dé;ys._ To.not let rain fall on it, ¢

nat <the end of, thlS time measure.-by how" mizch the so:.l has become shorter in
length by shrnﬂung. You miay have.to add up the loss i length by shrinkage at
each.end of the box, or you may be ‘able to push the soil, which should be dry and
'hé,rd,, td one end, and measure%ll the shrmkage at other end of the box.

“I;f' t.he 5011 has - shru.nk not more than 12 mm use one art of cement to eighteen =

arts of ‘goila If it has shrunk more than 12! mm but less ‘than 25 mm, yse one part of
P + to s;.x‘oéen parts- of soil., If 1t lost more than 25 mm, but less than . o
ent use one pa.rt of cement to fourteer;_p its of -spil, while\if ‘it has lost more T
-n:'%a but less than 50 mm, use one part ‘of cement to twelve'p ts of soil. .

:.:"If the so:.l has cracked very badl-y at several places, not juse.one fr two
: or if it has arched up out - of t.he box, or hes shrunk more 1:._ 50 im, do

e - - :
L o \ i . L.
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-~ " ANNEX II '
LR : . o : o o -
o 8oil- c_e_inentj floor tiles { . : S R i -
_ﬁ.f ' Soil-éemént tiles for flboﬁlng can be made with the CINVA—RAM moulder along the '
' saJEne general llnes as are indicated for block-maklng. _/ . ]

_T.
1

e The soil—cement tile consists of two parts. the upper part or wearlng surfaﬁ
from 1 to 4 mm thlck and’ the ower part, or "body" of the tile, from 3.1 ’to 3.4 cm
thlck (flg. 85). E _ ;

!

N The ny.xture for thﬁ,“bodﬁﬁ of the tile should contain one part of' cement to .
_between six and, e;l.ght parts of sandy so0il by volume, with the requisite amount of
; wa.t.er.‘g/ _ The ingtructions given fdr block-maklng apply to the choice and
-prepara.t:.on of *the so:Ll, and to the migin alhd compacting. e/ |
. J .

3 \

: The wea.rlng surface of the t:p.le may cor slst of pure cement,. a mortar of very
'fme sand 4in the proportion ¢f two er three parts to one part of cement, or a w

.-.;ﬂnixture of cement; pigment and fide sand in proportlons determined i"exper11:11er:11:e»lly....
,'-',according to the pigment used. SR O

\

“wr

" : T :e CINVA-RAM moulder is used to make 3011-cement t11e in the followmg manner. o

- ( ) The special meta.l—t;:}v'exe wooden plate or platform (f:.g. 92)-/ suppl;l.ed
th the machine 13 pla.ced at the bot‘:.,om of ?he metal hox.
: (b) The materla.l t)t‘or the beazj,mgl \rfq‘\e of the tile ig placed in the mould N
S fi_rst. ‘and the material for the body is then added. The_ whole is moulded so - 7
: ._8.3 tQ Qh_tammum_ compactlo*]. e e — b,,._. b s —- FE ___,_.

L ow o A ] ) ; T i . B
' -(c) The t:l.le :|.s removed as she{wn in ‘f:l.gure 93, T . o

'

N ik - S |

. ) .t
-(.d The ‘tile 15 dr:l.ed aJ;d curéd ;Ln the m&nner 1ndica,ted for blocks E’/ =y

..........




ANNEX IIT - : D e

R . / | . o K . - A

' e The 51phon1ng method—

Like the standard method, this new method 15 based on the pr1nc1ple of . AU
sedlmentatlon The latter is expressed by Stoke s 1aw, wWirich gives the rﬁ#e of CLo
fall of a small sphere in'a viscous fluid as: : :

7oe— L 2) R _
, . ‘.f_ . lan rl" e . AR ws e
where: e - A ’7
Vo= veloc1ty in centlmetres per second, - .t . b
W “ : SRR T e P -
a- g_ﬁ acceleratlon 1n centlmetres per second per second : S
P . S R - R
Lds dlameter of the spHere in centlmetres, ’ Lo i -_j;< SR ;_ e
= e _ﬁ = v1sc051ty in: dyne seconds per square cenblmetre phip01ses (changes w1th

: temperature), o _ e

'-.' o
= R a

TIn epplylng Steﬁ%'s law.to thé*aetefmlnetlon of the sizes Cof artlcles ig a

-

thi ?fbllow1ng lmmetatlons sheuld be taken 1nf6feensli_;atlon

il

a)w.Soil,partlc es are not. sPherlcal. Some are angular, round
se forth. Thus, -according to.Li and W. Squires’ of the MasSac
1tute40f‘Technology, the relatlonshlp between fhe d;gmeters o
-shaped partlcles is: ;

¥ been rev1sed. It was orlglnally submltfed by its” antho to
o bty for T etlng Materials’ (ASTM) *im 1945 and published  in-
N A . The method was tested by
tes Public Roads Administration (see
[7.. The slight- changes which have béen
ﬁ@Sler o' use. Reprinted from Métedo del Slfoneado
fSuelos s y Réul Valle Rodas. Caracas, 1955,

Tilet in, »No 11!10-' o
1H€~é§§ced‘ﬁ Jug T




'fﬁhere°f

A \- u-D —‘dlameter of sphere,

IR ;Idlameter of disk, B RESANE
1 - a i=D/H, - ‘ _ . -l \"\.-
| Ehelght of disk. ' : N

o
=}
II

. & .
A;(b) Stoke s—law relates to the motlon of one sphere only and does not
'thérefore take’ into account the re01procal influence or interference among -
”par Iclés wﬁich certalnly oceurs in a mass of soi in-a fluid medium. _.1*.

e dbove-mentioned limitations,_Qnmuﬁgﬂjthers show us that the granulometrlc
analyégs of a- 5011 based on ‘nc1ple of sedlmentatlon or on Stoke's law is
approxigmxe. - s .

LI :

— ' . /
. ;‘””ffﬁ%§ﬂg_;ispdsed rma"l:hod’p the mean settling perlod of silt particles was taken
.+ a8l cenﬁ}metre'per minute. This value, as can be seen from table 1, provi
"-ﬁi-, a safety actor, becsuse at the end of one mimite-all-the 611t particles will
'.:,L have settl! d to a distance of one centimetre. Settling ve1001t1es were determlned
S -for fluid ;ﬁmperatures Bf 10° to 30°C and for so6il specific grayltles of 2.85°
”"*ﬁjto 2 g95. ese are the cond1t10ns normally found _ :

'..3{ Similari¥ the mean velocity of fall for clay partlcles was taken as
: 0 020 centime rés. per minute. Table II gives the velocity of fayil for ..lay
axmzcleS‘aﬁ d*iferent temggratures 3nd speciflc grav1tles

Scopeﬂ £ ;.
-_ . . N . . . o

It S - 1, . . l" . i ’ P
D Thls method\;pdlcafes thg_procedure for detgrmlnlng the percentages of stone,-
gravel, sa,pd, *5111; and clay contaiuedqn & so:u_ :

irring dev cg An electric Btlrrlng apparatus V1th removabla

.h: 'An electrlcal or keroseﬁe oven which can maintain a

N . U
LR . 1 . . ! . .
Pas ,
i [

raduated vesselg | 6] Glass contamer with an ms:{de dlameter of not
centng;t.res -and a height of not[less than £5 centmetsres - The .
,O" -millimebfp capacity commonly used in laboratorles are suitable.

on-borroawe m&t’al _& attached to a. rod Lﬁe& frsu‘i‘e A),
eri@l from that remgsﬁlng %a"ﬂuspaﬁblon =

"t




\
: ! / ' 'Velocity,. 'Vechity ¢
Temperature corresponding | correspondin Mean velgr,-lty
S : “to a diamete? | to a diamet - for silt partlcle.s,
4 = 0.05 mm, ' cm/mln* )
© em/min’ A A
Cm/ _‘;_ v U\ :P! ‘_ ;,; .
: 1218 1.22',/ «
© 10630 ¢ - 1.9% -
T8 0.78
o 15.85 - 1458
Co13.n ' 1.34
110.16 °, / 1.02
19. 89 /o 1.97
1 16.82. . ;. 1.68
. 12,75 -_/' . 0.127 /* .27
3 ,ﬂé‘e meanjel <city was taken as the sg\fére root of the _pr uct of the
/ velocitifs corresponding to the largést and the smallesy size of silt = -
' _particl s_.‘- The %ean velocity for/cyiay ;part}.cles was g mputed in the ~same way.
g e TABLE i .
| ) ' elbc:."éy . elocity
. ) izreaponding orresponding |
a dismeter |/to a diameter ——fe
d'-0005'mm, d = 0.001 mm, |/
j_ cm/mln / ., omfmin ‘

- _0 128/ . a.eky L
oi% B RS

0078 .| o/oo3L: -
Asg - e.0063 "
/ 23l [ - 00054 7
0.102 - | 0.00M1
J 9@?”'?”fommk
0.168 ;| * 0.006T

¥ o.iar .| . 0. 0051




(- h) Sieves A serieb of sieves of square-mesh wcben ere cloth. . The sieves
requlred for the ;pe test arg as'follows: ! . - U e

. = . . . - _. - * . \
. Sieve D951gnat10n ' ' Bieve Opening

.rj/ll.“.. ‘.II." v v .‘- ' " lb-lOO.ﬁm
“No..1l0 * . g - .2.000 mm-
-Ne. 60 S o '

#: oL 200

If nore plottlng p01nts q;e wanted for the granulometr1c curve, a greater
nuﬁber of sieves ma; be used. P . :

b . .
: ) , _ ‘
Beagents_‘ . . R “

o
L) : c o . * :

(a) Dlsper51ng agehts. Any of the following agents may. be used: hydrogen _i_:
peroxide, sod1um‘hydrox1de, sodium carbonate, aodlum oxalate, ox. ammenla. T

L] : »

(b) IEflocculating agents‘*_bou1um 51L1cate or. gum arablc solutien

o P * e : . !

S R oo

b
s .

-

.

che LA representhtiue sample of abbut flve kllogrammes is taken . The. materlal 1s
thoroughly mi‘ﬁd 50 &g o, break up,th% lumps, but care must be taken not to-
T fracture the_p&ftléles T - - . _ E o

v

LS
AR
t:nde to flocculate (coagulate), add,

iexggirrlng device, aboup 20 ml of .

o I
a-solution of gum grabic Qhﬁ .2 grammes o

__een dispersed, transfbr it into a graduated'
with water. toia height of it least twenty |

thoroughly, t ning th% cy ] der upside down




[ T R . - - . - T T s,

pp——

: x!w_ﬂ —l .
back severel times with the palm of oqe hand plec

over the mouth of the -
4 theee%her hené—holdlng the base (see f

). S

-g} After -the shaklng operation is completed, place the vessel 0on a table . -
nd. lmb'the 9?11 in- suspeF51on settle for twenty. mmnutes ’ )
wa the coatents of the vessel occupy a helght of over 20 Centlmetres, add )
one uinute for each centlmetre to the aforesald settllng period of twenty :

! . ]

L]

(h) After twenty m;nutea carefully 1ntroduce the metal disk u til it “touches
-eimaterlal ﬁettled at the bottom. The purpese pf this is to segﬁﬁate the :
dettled materlal from that still in suspension i L S ’

suepen81on " L , . : :
- I TP "__' ' L | '{ C + B
'QJ} Transfer the material settled at the bot¢om.of the vessel into & . B
beaker. Tt.ig,. recommended that a wdsh bottle should be used;in removing the _

ample "~ Try not. to use tooamuch water, so that the contalner with the sample o -

e;put into the oven at once _*5 - gﬁ

:(k) Piace the cOntalner with the soil sample ;n the oven until the sample o
' etely drled, ‘and weight thd dry materlal_ e _ o R

I s

A K
..gepgegégof{ﬁ@pefiglﬁrégéinég;dn the No. 60 sieve is;repoited as

- . - . - |

~ : A

“H ' s
.

: evér, if it is thought deslrﬁ le’ £ repoﬁm
‘parﬁ ul@e;:mller B 0. pso ‘mm as silt, the No. 270 5 (dve- {0,050 mm])
% the'percentage corresyonding to 0 05'mm on /the granulSme




Fas

:I N .
Granulometric curve

|'

thre the aperivure size in 1i11metres of the different sleves used is

knowt,

(All the material passés‘the No.

Exemple NoN\1l.-
Velght of oven-dried material . . « « v » . .

'feight of sett}sd_material remaining after siphoning

--leference (clay) « v v v v v v oo SRR

. Weight of meterial retalned on the
'-Results of sift-
. ing the material
'n_remaihlng fter
, 5_51ph0h1ng
We:l.ght of materlal passmg the
.. No. 206.sieve (51lt

H ’ -

5

(.
(.
(
(
(
(-
(
e

a0

__— Thus we hav%
Gravel (materlsl retalned on the No. 10 51eve)
Coarse sand’ (materlal retalned on the Nb. 60 sieve) -

Flne sand (materral retalned on the Wo 200 sieve)

s -ﬂ'—-h__..,_ —t )

* Voo
PR

Example Yo- 2, (Only & part

‘=firetalned on the 5/&" sie

. oo qe
" ateridl

e Materlal passing the No. 10. sieve, c 4 e e

_No. 60 sieve {coarse sangd) . . .~

Weight of material retalned on the
' No."EOO sieve (fine sand) . . . .

; ”" Sllt (materlal passlng the No. 200 sieve) . o 0

Clay (mater:l.al siphoned off) R N

Tf the materlal pasges
M:.'..lo

Materlal retalned .on. the o.gxo b&cvu Fr———— b+ 40

it 1s a simple matter to plot a granulometric curve, as shown in figure B. The
use of semllogarlthmlc paper is recommended in plotting this curve.
Examples :

10 sieve.)
« oo 100 grammes
. . 5%

[H

20 ghralumes
g
‘s 16 qwl‘

114

19

55 sfsmmes

. .+ 0.0 gramres

.. 20,0 "

6.0 "
- 19.0 a
. .: hS:O "

L5 grammes

u
6.0 " i
19 . 0 ""

iso A

0.0 per cent

20.0°

100.0 per cént -

PT; céﬁt (StsnéJ .

(grasei) !

‘the No. 10 sieve.)

(sand, silt
_and clay)

*
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5, i . . .
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54N
! 3 . !
START OF TEST - AFTER 20 MINUTES N
e i d
L} ] .
! MATERIAL IN
MATERIAL (N SUSFENSION . -
SUSPENSION - =3 ICLAY + COLLOIDS
AT START - ;
OF TEST \ DISK INTROOUCED ,
N : AFTER 20 MINUTES .
MATERIAL TO SEPARATE THE f
SETTLED| - ‘SETTLED MATERIAL
B * AFTER FROM THE MATERIAL -
e 20 MINUTES STILL IN' SUSFENSLON
o i .
: . - — = “_Il ]
- g - 1 , I '
. .
A
. . i
ROD ATTACHED TO ll, <
. THE METAL DISK = \
[ * RUBBER TUBE iSIPHON} _ METAL ROD
INSERTED TO DRAW OFF \ : —_
THE MATERIAL REMAIMING ' B ,
- . IN SUSPENSION = :
ICLAY + COLLOIOS) Cd
# AFTER 20 MINUTES i WELDED JOINT )
PN ‘ \ METAL DISK .
METAL ROD J .
: AFTER SIPHOMING .
r .
. Fig. A N p
. -
L . ~
L K MECHANICAL ANALYSIS
. e GRANULOMETRIC CURVE .
100 i —— e+ - . - T - - R g
s
'
. .
‘a0 e e e e
so ) N
. 1
10l . .
L \
S | N \
L =T T
el - !
- . ' S
5 el _
o i . :
K 30 — - —
. . 1
" ;
N L M.
S S T i - e - .1 Lt
LB - < - ||
- iy ' 3
e, R P
¥ ' : 1
N
no ) i
L e STONE a GRAVEL £ [COAREE SAND 2 | .FINE SAND i SILT CLAY
. PARTICLE . d 1 AR : S - . ——
RA = - Y ¢ i boam . £.25 MM 0,074 MM 0.05 MM 0,008 MM ¢ , f
. SIZE - : Lot Al T . PR o ~ . :
SIEVE, 3T . ) - NO. 19, NO. 68 NO. 200 ' HO, znl\—szummw\ﬂo‘n ————
Fig.‘ B g .. ot . . 2t . . ;': L4
.o . . ~,
B . ' . . . : S
- -
7o
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.« « 100 grammes : _ .
' (Retained on No. 60 + « o .+ 12 gramues _
‘ E’Retairied on No. 200 . . . 20 grammes _

ﬁ(Péssing No. 200 . « «.’ « 36 grammes . ;f A

, 68 grammes

Ca B {.'
.“ o - - 3 I ) o - » £
% oL : T v 68 grammes y

- : o e - _ . , L
e a6 eve e § s w e weae o« 10.0 per cent y : o
- . a a - .. . a & A - » .._-: 15:0“‘ .".t_' & . ‘ r Lo e - . ,' ' .

.t -12ng75 - - o__l;o__9.!jv “. ’ .' T ’ ; . -

. . . , . . T . ) p :‘ . . .
'-'."Eng075 e+« s 15.0 WL s
--.", ;'--. 1 e ] .'r.. H ) - - ' "‘. ) . . 'I;i . 1 o,
t . . ",_ 56 § X075 4 . o270 " i S
_;.U . .....,'__h SR . \‘ ‘E,) x. ..; L i . . ‘ . . . _ . .
SRR N 52 gx0.75 . « i+ 2280 L , L
T "'.'f‘_ “... . -._':'_ 100.0 per cent. L _ _ L
- h o ,- : y AL . .._.‘—":m_._ — , - . : L L 7
T e o oy o . - o = T
o {' T . - Collo:.da’ff materlal o \ - : ‘w .
R . e, ; ,.,_ . . R .
"sﬁ.fication given ahove iss the one. norm&lly used in practice. Y :

"it is desired to ascelga.m the pe;rcentage of colloldal matter., - L /.}
By mclude in the claqr fractlon“ , tile o v
ﬂna.terial -_:siphoned accordzmg to sect:t.on 5 above to\another

§- e S s F

: the

_ ssel'.containing the su.phoned matfrial w:r.th water to a hé:.ght
--'~m:|.x__thor0118hly:_and stend on a t#ble for Seventeen hours. ’

.l’ff‘da) e s

n‘Eroﬂuce ghe, metal/ dlék ond’ s:.phon of:f.‘ the ' '.-! 1f‘ _

Thwmateri 1 m auspens:l.on is ,classif:.ed




Example* Suppose ths.t “the ’+5 pér cent of cD.sy (clay + colloids) obtsmed in
xample HNo. 1 15 transferred to a graduated vess 1 and subjected to a sgcond
s1phor¢1ng after seventeen pours 5 o ; .
Weight.of the- material sipho ed

off in the fg,rst operatlor}? .. "+« b5 grammes
_.Weight o:ﬁﬂthe mater:.al 1"re-l;xv.a:mneg;l _ o N
- a.fter the second sipﬁonlng N e 3t 34 per centy.é____
) ¢ f'.. - b - -
'-_Difference (c01101da.l ‘waterial) b o . e v v fll gremmes -~ 11 per cemt .

. '
o . 5

b . . l.._ .

Thus we find that the 1|-5 per cent “clay fract:l.on :k.s composed 0T
Clay . e e e s 31|- ver cent o oot

- - 2 L - ‘ . -‘( : B
Colloide.l materlal i ll per cent '

s L3
. . »

I l

j : COBE’ARISON BEWEEN TH.E STANDARD IVE}'IHOD ﬁND
: 'I'I-IE SIP ONING METHOB L, R

! - R .‘1'

. '.'Ehe results obtaineﬂ by thls metho j—'/ are practically 1dent:|.cal with those
ohtained by the Standard Method, but th test is quicker and s:.mpler to perform,

’Iher compa&ative)—ta.‘ble be‘low shows some of the sdvantages of us:.ng the slphoning
ethod. . : SV L .

oa '_- . ot

'1. : )
A FLE o H .
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UPPER PART OF THE EARTH'S CRUST

“Fig. 1 Location of the soil

in the earthl‘s crust.
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Fig. 38 (a) Removing the block, together\
: wnth the plate. S

Figs. 39 and .39;":(a)"'#£}"rying and curing the blocks.
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Comgpression test for block_:s.
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Fig. 41 (a) Compression test for blocks.
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Fig. 54 Trowel.

v : ~ Fig. 57
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Y Bonding of walls of soif.cement blocks
- - - laid as stretchers. -
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Fig..79 (a) Soil-cement roofing with covering of
: bituminous paint and small gravel.
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Fig; 82:(b)

Fig. 82 Method of securing the roof truss tg
: a soil-cement wall,

Methed of _seél:ring the roof truss to--

a soil-cement wall,
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. Fig. 82 (a) Method of securmg the roof truss to
a soil-cement wall

Flg 82 (), Method of securing the roof truss to
a soil-cement wall.
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# “THE. ORGANIZATION OF AMERTCAN SPATES 0 / A
THE ORGFLNIZATION OF AMEIRICAN STA'I‘ES (0AS) unltes the twenty-one republics . T _
mLihtainmg the peace, - : .

of: the Western Hemisphere for the common purpose of
_}-ensuxing freefiom and sécurity, and promoting the welfpre of all Amerieans. ,
‘The member: states arer Argentina, ‘Bolivia, Brazil, Chile, Colombis, Costa Rica,
“Cuba, the Pominican. Republic;—Ecuador; El Salvador, Guatemala, Haiti, Jgaﬂ@glras s v
_'Mex:l.co, N:l.caragua., Panama, E 2guay Peru, “the United Sta.tes, Umgua;y, and o

i

. “The QAS _ f the International Un:l.on of AI&erican Bepublica,
¢regted in 1890 during the Fir "’ International Conference of Amezican States; o &
held'in Washington, D. C. . it operates through g large humber of different’, =
; jes. and . institutions through__' t the Hémisphere, all ‘contributing to the S
iye of preserving the peace 14 security of the menber states and _ R
ing, by eo—opera.tion actio _their économic, social, and cultural , - v
opment..‘f‘ :The. Pan ‘American Union, the central and permanent organ and c G T
I ‘Secretariat of the OAg, has its péadquarters in Wa:shmgton, D.C.
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