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- Yale Unfversity‘provides advisory -and technical administrative services »
for the Centre's policies and programmes, in accordance with an agreement signed.
. between Yale and the General Secretariat of the Organization of Ameridan States
o ~on 10 March 1961. - C : ' 3
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FOREWORD X L : \
The ude; and 1mprovement of tradltlgmal low _cost building materlals has
écéupled an 'important place in the esearch programme" of CINVA As @ part of
these actlmitles, considerable reseprch has been d@ne with stabilized ‘soil to
improve the use of a materlal whlchihas_been extgns1vely uged 51nce colonial \
_ days in rammed-earth or 51m1lar bul\dlngs. ;
’ One result of these reseérches‘%as the development of the CINVA#RAM machike,
which combines the features of being: simple to operate, efficient, and easy to
“transport to places lacking motor re4ds. This machine is designed primarily |
Yto stabilize earth with cehent buﬁs't has been used in many countties to -preduce
building materials utilizing other stgbilizing agents. However, the machine is
. 53111 most commonly, and widely used. %p stabilige. soil with cement in order to
obtaih strong ard duyable building ma%erials. It is employed in many rural and:
urban areds, especiglly for self- help‘and mutual aid housing programmes.

/

o

-

Although the technlque of stabili 1ng s01l with cement is a simple’ éne,

it nevertheless requires some degree © competence if “the building material i _
n«obtalned is to hAve the qualities needed for opbkimum use. In,connexion with the S
"CINVA RAM mach1 e/ CINVA prepared an el mentary publlcatlon on 5011 cement

5. The, Unlted Nettions later puollshed

ac Manual on $%ablllzed Soil Constructlon for Housing,¥ based ‘on experience
 1n various rts of the world and intended for the use of engineers and builders.
jPractlcal ekperience has shown that. there\ls a need for. instructional material

at a level 1ntermed1ary between these two\publications - the elementary and the
“advanced 4 to meet. the requlrements of qua@lfled contractors and simjilar personnel.
" 'who are pot normally faced with dlfflcult technlcal problems but who carry out

- a good deal of stabilized soil constructlon This publlcatlon,'§9E£_QEQEEE_

~f;' Its Use/in Building, has been prepared to meet this need. \ The order of
"”n,vpresen atlon, the termlnoiogy used, and the large number of 1llustratlons, are

‘whe,ever favourable condltlons ex1st because of the 1nexpen51veness of the _ T
“matérial itself and also. because it can be made by the families themselves to.
build. their. cwn homes. Its. use ‘may also providet an adequate, solution in rural

eéareas where the production or transportatlon of other bulldlng materials is’
g'dlfflcult and costly

' SJNVA takes this opportunlty to thank all those who hawe given encouragement
 to or shown interest in the use of soil- cement, in conJunctlon with the, CINVA-RAM.
kmachlne, npt only in Latin Amerlca but in other contlnents Sincere gratltude is- C
;falso expressed for the: collaboratlon received from many professional men, ) : §
‘Vsc1ent1f1c 1nst1tut10ns and housing orgenizations in"the task of, research ) .

, , i) Rafael. Mora-Rublp N T ﬂf.' Ceoh
. SR Field Director of the R
. ) Inter—Amerlcan Hou51ng and Plannlrg Centre

) [ =
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= A INTRODUCTION

_ The us\ 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 qualltles Yet, despite itg good insulating and resistant °
- properties, there are limitations to the use of earth owing to its -lack of P
strength and its vulnerablllty to m01sture and the erosive effects of external
agents o . o ;

}.
Y. . H

Prov1ded that natural soil possesses a comb1nat1on of certqfh chazacterlstlcs,‘
-however, it can be subjected to t e}process known asg stab1llzat10n Tre effect
of adding a stabllizing: agent like“Portland cement, for instance, is not only to.

erhance its best qualities but to 1mpart to it. other propertles which soil alone
fdoes not possess #

l, The stablllzatlon process cons1sts of taking 5011 from the éarth, pulverlzlng
: it ,addlng t6 it a certain small amount of cement, adding water until the optimum -
tﬂ;. moisture content of the mixture is reac®ed, and subgectlng it to moderate pressure,
- thus producing a mass whieh, when set, possesses great strength. The result is
" - "a materisl able to bear a much higher work-load than could be carried by soil
: w1thout cement, and durable enough to w1thstand the contlnuous effects of
atmospherlc agents. : . _ £ S0

~'The compohnd of 5011, cement and water, mixed in the proper proportions and

compacted to the proper degree, constltutes "soil-cement".

]
S ;i a

8011 cement has acqulred%a good name as a building material, and it can
+. compete 1n‘technlcal gquality with materials commonly used in low-cost constructlon
Its-use. is steadlly and gradually increasing in all countries, 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 -
1nexpens1vely and w1thout the use of . c&mpllcated and time-consuming skills.
g Thls paper shows how soil- cemenﬁfmay be used atlvarlous stages 1n the '
constructlon of a house, together wlth a number of examples which may: be ‘helpful
f to anyone Wlsh1ng to use thls materlal for bulldlng purposes ' w -
8011 cement' e use in bulldlng is d1v1ded into chapters, deallng w1th '
Dbasic facts and practieal ‘application; on: knowihg.soils; soil as: a“éonstructlon Vo

fmaterlal the preparatlon of soil- cement the use of soil- cement for housing;
iaand accompllshments 1n s01l cement

R L - -

D

The author takes pleasure in thanklng the staff«of the Inter-Amerlcan Hous1ng
and Plannlng Centre. for thelr ‘co-gperation, and in particular Mr. Alberto Gonzalez_
fGandolfl and Mr ‘Raul Ramlrez R., ’the former CINVA expert for their valuahle help.

. The author also thanks Mr. Alegandro Sandlno P.y Dlrecto\vof the Msterlals .
Testlng Laboratory of “the School of Englneerlng of the National Usiiversity - ¢
~of Colombia, and Mr Gustavo Maldonado: L., Engineer in Charge of the Soils Sectign
;oi—the—Materlals Testlng Bkaboratory of the School of Englneerlng of- the Natlonal
- Unlvers1ty of Colombla, for thelr excellent collaboratlon

— . ¥ N ) ~

Begetd, August 1983 .
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— ‘I. SOILS
ORIGIN ' R

The earth's crust is the outer envBfppe of the solid part of the globe.

. The upper or surface part consists of a layer of looge fragmentary material of
varying depth. The top ‘part of this layer, which varies- in coarseness, is
called soil. It comes from the decomposibion of rock and of the remains of

© living creatures Wthh are found in it (flg l,!’l/ e

"The living rock is turned to soil material aftertunderg01ng changes resultlng
from mechanical processes {disintegration), chemical processes (decomposition),
. and mechanical-biological processes. .

ol : " : - T

. ;If a vertical cut 1s made in the soil, it will be seen that the latter is
'composed of layers which are sometlmes quite distinct in colour and depth. This
‘cut is called a eross-section, and each layer is called a level (fig. 2):

~ Soil may be considered as a compound of qo'l:Ld matter, liquid matter (water)
.~ and gaseous* rmatter (air). The solid matter in the soil is formed of mineral.
: _fragments in various stages of dls1ntegratlonuand decomposition. The solid
e components with the greatest degree of disintegration include sands, silts and °
' clays. Mlxed Wlth,th is a varying amount of organlc matter.

T

- The top layer of soll, whlch is called the "tops01l”, usually contains a
’Jm»cqn31derablE“proportlon of organic matter as a result of the accumulation.of .
mineral and vegetable remains. This*layer’ contalnlng organic matter is subject
“in turn. to the gffects.of m01sture and dryness, and to the soaking of water
through it. Beneath the top501l lies the subsoil, contalning little or no
: Lorganrc matter ) : . e -

< ) s
e . e

SR , ELEMENTARY PROPERTIES AND BASIC COMPONENTS o

:,Elementary propertles o : : i”;

i If soils are to be used agi@ bulldlng materlal, it is most important to

~know.in advance how they may beﬁave under the varlous ‘conditions to which they
will be’ subJected in practlce Wit 1is possible to ‘predict the behav1our of the'
materlal_by studying some - of %ﬁﬁ propertles, as follows . s

ey

et &
oL .
% Y

v'Internal frlctlon . - ! . e -

b
&

ThlS 1s the force whlch resists the.slidingrofTOne particle over another. .

- L

2 ; B = .
fv Internal frlctlons are produced in a clayey mass or a mass of sand, £7‘«4
caceording to.the moisture content; in clays, because of their con31étency,—J‘ oo

the force Tof friction 1s much lesswthan in sandq [

/ The reader is referred to the end section of this publlcatlon for
flgures Nos. l 93 in 1llustratlon of the “text.

~See "States of consistency in thls chapter




IR True coﬁe51on, or adhesion, is. caused by the forces of molecular attraction,
S whlch bind together ‘the contact surfaces f the partieles of clay. ‘v!w

o c- ”’ « -

'7'5 ‘ Apparent cohe31on, or moisture cohe51on, i$ the cohesion of s01ls when -.

' _they are.molstened with a certain amount, of water; thrs property is of fundamental.

;1mportance in the stabilization of soils since their cohe31on can be changed

and 1mproved,by apprsprlate processes. \ o _*’ ;o :
. . » ‘ // - .- , N

Clay is cohe81ve,only up to a certa n' moisture content because if the ‘small -
partioles of water .Covering the grains off the materiél become too large throughiA -

- .the. addltlon of more water, the gralns Separate and lose thelr cone31on ) -

i * . , /
Compressibllity " : s \ 7 '
. - )
i , Compre551b111ty is the name glven to theﬂpropertxJ,_hlch some scils possess,
s of diﬁlnlshlng ;p/volume wheh a given pressure is exerted upon them. Such pressure
' b&s the effec%‘of‘reduc1ng the por051ty of the soil by diminishing the number of
//v01ds.~’”'ef s : , NN ;

- f.r‘ - o . P . - . . T "

K

Elast1c1ty ',:;
'ﬂ.”””““‘—‘ i

z A soil whlch dlmlnlshes ine volume when pftssure is applied and returns to
4ts "FTormer volume, or -almost 80, when the pressure is’ ngmoved is said to be
'elastlo. : S : R T

Caplllarity SDEE N o - S »
e s . .- - . . — TRy _/7 . - v

‘@ Lo Ap R L
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Thls is, the property, whlch 50115 possess, of absorbing m01sture from &1
] des. . - E < ' c . . o ,/ &
. N E B : . :

h .”'f- - R PR -f

. ! ) .
unt of caplllary wateré/ fetained by each qategory of 3011 w1ll : .
.the’ number and size of, the voids it contains:.: The finer the sbil, the
' iEﬁ caplllary capa01ty. Thls is because 1t has more small ducts
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Among other colourlng agents found in soils, the following effects, produced ,
by certain components of irdén and by organlc matter, may be mentioned: e

N

Components of iron give thelsoil a red, yellowvor 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
be said that, the darker a soil is, the greater is the proportlon of

- organlc matter it contains.

"Basic components

A .soil is composed of the follow1ng basic elements; in varying proportions:
very coarse sand, coarse, medium and fine sand, silt and elay. The usual method
of determining the proportlons is to classify the partlcles of soil by size,
through granulometrlc analysis. : '

il
4

In the present paper, soils have been; classified conventlonally, on the ,'//
- basis of ‘their granulometric analysis and . accordlng to the name of the predomlnanp
basic component; as sandy, silty or clayey s01ls //

In order to facilitate class1floation, however, “the b351c soill components -
have been grouped according to partlcle size, &s follows:

/ L.

. (a) Coarse pertlcles, or sands, from L. 76 m to 0. O7h rm in size;

(v) Fine particles (silt and clay) less “than O. O7h zm 1n size (AS /
No; 2C0 s1eve) , /

i ) /
L _ - y
Descriptioneefrthe basic components / ;

“Coarse partlcles e //

Sand This can be. regarded aé/the structural and inert element in soil.
It is stable when m01st but unstable when dry
/

Sand has a hlgh'lnternal frlctlon It has no cohesion and no plast1c1ty
. Tt-does not contract when drled It is pervious, and is compressed ‘almost
..1nstantaneously when pressure is applled to its -surface. Vs

p e e ,;,' . . . ) . -'/ ®
Fine partlcles N F » ' S

\/v
,\

Sllt The.slze of the partlcles cannot be Seen with the naked eye, but they

: f' feel grltty between the teeth. Silt has llttle cohesion or internal frlctlon .
' ’It may change 1n volume when worked. It 1s dlfflcult to compact ST

SR —

Clay ThlS is the- actlve fractlon of the s01l, to whlch 1t imparts important
propertles, ‘both physically and chemlcally/ ‘Because of its high plastieity, clay

x; readily takes the desired shape It is a/materlal smooth to the touch and stlcky
g_when wet . /

-
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. Dry clay absorbs a "considerable. proportlon of water with a notable increase ©
'volume when it dries, it returns to 1ts‘or1g1nai volume, but the shrinkage oflf
.the mass produces cracking. It is virtually impervious, and 1s compressed very
~’~slowly Whenlpressure is applied to its surface. ;

' IDENTIFICATION AND CLASSIFICATION - ' -

’ o '5,’ - ) i

Before soil is used as a bulldlng material, a survey of the site from which -
it.is to be taken must flrst be made, after Whlch samples of the soll must be- _
‘obtained for physical and mechanical tests to prov1de a detailed knowledge of its | ™{
pmmatfs,_‘~ K ) ' ! :

% . . ) ,
“ N . - i

Survev

: The PUrpose of a survey is to descrlbe and cla531fy the propertles of 501ls '
: “at the1r~place of orlgln. ' o o i ‘ . y

<
Il

e In order to make & survey, & cross-sectlon is; fout through the scil toa \\
ié‘depth of appreoximately two metres‘below the top5011. The  depth of the topsoil and .
"-ﬁhe,'omp051t10? of- the layers of sub301l = 'i.,e., the depth of those 1ayers and

- the materials ‘f whlch they are composed - w1ll then be noted.v

Wh’ch contain 5org_m.c: matter. Such top501l, where it exists, 15 1dentified by
_ts<pronoun d dark “eolour and. 1ts characteristic .odour of decomposed organlci
h1c ‘becom sﬂmore pronounced if 1t is heated (figs 5 and 3 (a))

200 51eve) is. removed. The
ests, detalls of Whlch are glven
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‘ (a) granulometric analys1sk {b) states of .consistency; (ej;poroslty, unit
kwelght and speclflc grav1ty, (d) compactloh ‘ : . '

‘¥

Granulometric aaalysis

S

The basic soil components are deterpined by granulometrlc ana1y81s, which
measures the size of the particles within a glven range. This is expressed as a
fpercentagewof theé ﬁotal welght of the matter belng tested.

The goil components are separated accordlng to size with the use of sieves.
The" sieves usually bear 4 range of numbers, which relate to establlshed
‘conventlonal scales ’

. It is dlfflcult to make a granulometrlc analys1s of %he flne 5011 partlcles
by using sieves. For this reason, the fine méterlal is usually tested in the .
laboratory by "s1phon1ng", and in the field Dby ' 'sedimentation" . ‘

.

4 ) N . * . ’ /
BN 0 "y
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Testing procedure

" The portion of soil to be ‘tested, which has passed the 4,76 mm sieve and may

ontadn -silt and/or clay, is. placed in the No. 200 sieve and washed. Two groups of

mhterial are thus obtained. The portion retailned 1n‘the No. 2C0 sieve is- agaln
jieved through a set of mesgeiggglibratedfrom 4,76 mm ﬁo 0. OYH mm, and the size

~of the- partlcles is thus dgtermined (flgs. 5 .and 5 {a)).” :

-tThe portion Whlehlhas f d.&pe No. EOO sieve consists of silt and/or clay,‘
it is subjected to a test known as’ *he ' 'siphoning method", 5/ which consists -
etermlnlng the prOportlons of silt and/or clay rebpectively (figs. 6

- \
: r)(»' - . o . . ‘ ‘

- Wher dea ng'W1th a- soil, it is’ very 1mportant to know not only 1ts granular
' »certaln p§w51cal propertles 6T/fhe material made up of flne

ructure.- Con51stency depenas on. the m01stqre_eontent of the _. ..

a ’__‘a

f ol

”of con51stency) . As the water 1n the soll evaporates, it

DL 2 - L &
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-becomes a goft solidj until a point is reached where very little force is needed L
to mould it into any form; it is now a plastic solid (second state). If the water .
continues to evaporate, the soil next becomgs a true. solid, but it is 'still soft
(thlrd state). . It can no longer be moulded, because it breaks before changing

shape; .but two or more pieces will unite if pressed together. Finally, if the

“ process of evaporation continues, the soil acquires greater solidity and dlsplays

the general characteristics of a hard solid (fourth state) C g

:-

The Swedish sc1entlst Atterberg established "llmlts" between these four states

of soil con51stencyj; He gave the name "liguid 1imit" to that separating the liquid

and plastic stateagiiiiostic 1imit" to that between tﬁgﬁﬁiastic and soft solid; and.
"shrinkage Timit" 4 f~separat1ng the soft, solid state from the hard state o

Loy

Testing;proeedﬁre - | , : o e T
- 'Lleu1dm11m1t ThlS is the molsture content at Whlch a 5011 begins to flow
S when ~shaken iightly in & 'suitable apparatus. It is. expressed as a percentage of -

" " the dry weight of the soil.

. . O

It ‘has been established that this is the moisture content at which a mass

of soil &ivided into two, portions can be reunited, in a sultable apparatus by CT

-shaklng a glven number of times (flgs. 7 and 7 (a)) T, . , e
Plastic 11m1t ThlS is the m01sture content at which a soil paeses from the h
plastlc to the soft SOlld state.. . o B A Py 4 oy °

- - ;
e t f(A
It—has—been established cenventionally‘fhat thlséls the moisture content at \

which a soil can be’ ‘rolled with the hand into EHreade‘approx1mately three ,

mllllmetres in dlameter, whereupon the thread breaks (flg 8). o S Yi

%

*0‘;‘ / t .

) ' Shrinkage llmlﬁ Thls iss represented by a molsture content such that, éven
o v "i¥ the evaporation of water continues, the volume of the soil mass remains .. o
co atant_ Min.other,wgrd eases. to shrink.: R S . o .

7O - i oo SERIRAR

o

o e ®

- it has been establlshed that, for -testing purposes, a mass must ‘be prepered, ,;J

”con31st1ng of ‘a’ small amount of. 5011 with a proportion of water correspondlng L

roximately to the 11qu1d limit, as defined above. . ‘This paste is érammed into -
ich placed 1n an oven until: the 5011 1s completely

T

;prositv, unit welght and sneclfic gravitv

:'The,porOSJty tﬁLarseel is the relatlon between the volume of WPldS and the g
;PODaL voiume, and this Tiame. s glven to'the percentage of the vdlume of the s01l :
occupled by the pores.' ,.’5 _ 4 I R

kR

o,

L Uhlt welght is.'the welght of dry 5011 contalned in a glven volume (the welght rf
“per lltre~1n kxiogrammes) ~

L .'-r:-

z o -

The unxt welght ofia SOll 1s 1n 1nverse relataon to 1ts por031ty and 1ncreases f




!
fﬂst ; Specific gravity, is the weight of" dry, solid soil contalned in a- glven volume -
e w1thout reference to-the v01ds '

IR

, Spec1f1c gravity is alwvays greater than unit welght When a-soil is
compacted, its unit weight increases owing to the reduc bn of the space occupied
by’ the pores. If a, soil geuld be compacted unpil it became a completely solid
mass, its unit welght would equal 1ts spec1f1c grav1ty [

4

"\' . Compactlon )
‘K 3. AN lT we compress a mass of soil mechanlcally, we increase its unlt weight; this
- process is called compactlon. .

When a relatlvely dry soil is compacted, the paﬁtlcles cannot move ¥ithin the
mass because of friction between them, which is caused by the ‘lack of a lubrlcatlng . _

.. agent - in this case, water. This results in a high percentage, of voids and a low e

= ‘unit weight. When a soil is lubricated with more water and then compacted, the )
partlcles move ea51ly; the percentage of v01ds is reduced, aBd the uhit. ‘weight
incréases until a cettain limit is reached. This limit to the 1ncrease in the unit
weight is achleved when sufficient water has been added to produce the "optimum
moisture ccdhten "‘of ‘that soil; theresis then- suff1c1ent lubrieation to give, on

: compactlon, the best p0551ble unit velght, i.e., the max1mum.un1t welght"

When a. 5011 vlth a certaln percentage of m01sture is: compacted a glven un1t

is obtained, If:the perceﬁtates cf m-istuve are varied before compaction,

sulting unit- welghts *will also var, . 1ii these percentagts of moisture are

related to the corresponding unlt weights, certain values are obtalned which can-

- be represented graphically in:the form of a déurve, known as a "compaction, curve"

If we take the point of maximum unit weight in this curve - We . shall find the .
correspondlng optimm movsture content (flg 9) :

, Vo - :
A soil compacted to optlmum.m01sture content and- max1mum.tn1t welght possesses
vcon51derable stablllty, even 1f it is later saturated with water.

il tests in the’ . deld 6/ conslst of practlcal methods. giving. results Wthh,
alt ough approx1mate are -atceptable enoggh as a._ bas1s _for de01d1ng how the 5011

B S

“as o bulld:ms materlal SR R ‘ -

: These field tests 1nd1cate the percentages of the ba51c components in the s01l
: sample ‘taken at the slte and"- consequently the type ‘of 5011 tested -

A

'Field tests may befdlvlded>1nto:r
u(i)‘fgeneral'soil tests;~‘“A R - { Lo
) . Cw A [ ; . : e

uﬁ(ii) Tests of the*fine fractiqp,'
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S The general: tests comprise the following: con]
s (=) visual examinationy
;(D) Testlng ty tcuchy
" () Sedlmentatlon ,
“ . Tests of the fine fractlon comprlse the follow1ng: r
(a) Shaklng test,/ .
(b) Dry strength/test T N - -
(c) Brlghtness test o
A\ ‘ " General tests ‘ v V )
i : " I ‘- / " . . .
iwjfmﬂ«““ Granular ccmposition
AT T : ol s | o
‘Visual examindtion. This gives an idea of the proportion and size of the

e coarse granular components (very gcarse, coarse, medium and Flne sands) and,’ by
- inferénce, of the fine partlcles‘fSIlt and clay), since the ‘smallest partlcles
E visible.to the naked eye ‘are those of Q. 074 m, i.e., flne sands.

~Testing by tduch The feel of a 5011 to the touch 1nd1cates 1ts basic
. component w1th suff1c1ent accuracy,ln the field. ;

- . C‘r

The\follow1ng prOcedure 1s used for this purpose:

(a) A representative sample of the soil is taken, the very ‘coarse particles,
" larger than 4. 76 mm_(gravel) belng removed. .

5 (o) The sample is rubbed between the fingers, er between the fingers and the
v palm of the hand to est1mate the size of its components

- . ¥ . ,‘ ¥ 1,

e Sand /Generally speaking, coarse partlcles, or sands, when dry, have a

A characterlstlc rough feeling to thetouch and laek cohe51on The size of the

i i ‘Brains: ranges approxlmately'between 4 76 gl and “the- smallest partlcle visible, -
e to the naked eye (O 074 mmﬁ, : - . o -

.\‘ o W
5

Smlt and clav Both s1lt,and clay should be tested by touch in both the ary

and m01st states, as follows 3 , X o)
2, g f‘ Sllt Dry silt has a rough feel slmllar to that of flne sand, but less
, pronounced' m01st 81lt is of medlum plastlclty.4 ‘ i :
y;k X Clav.~ Dry clay is usually in the form of coarse clods or gralns, andvre51sts

pulverlzatlon moist clay is very adheslve and plastic (figs. lO and\lO (a)).
Sedihentation test. This test supplementsgthe préceding ones and indicates

the proportlons of ﬁhe basic soil comppnents ‘with greater accuracy. *
: N ‘ &

i

Ve take a transparent glass bottle, with a,. moutn sufficiently wide“to be
5 covered Wlth thé Qand, cyllndrlcal or prlsmatlc in shape, ,wlth alflat bottom, and. .

T S SR SR N DO e ) .. Lo s '

U . U U UGS R e
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h,a papac1ty of not less t an orne half-litre. Soil is placed in the Bottle ug
'quanter of its depth. / Clear water is added up to three quartérs of its
and the bottle is lef undlsturbed untll the soil 1s saturated with water.

. The mouth of the bott is. then covered with the hand and the bottle is -
haken-v1gorously and left/to settle on a horlzontalxsurface After one hpur, the

e process of shaking a allow1ng to settle is repeated.  After forty-five

minutes it will be noted, -WlthOUt mov1ng “the bottle’ from its place, thet a layer

, and has settled at the bottom, and above it, in most cases, a second layer of
”glt‘w1ll.have formed. —&bovE& this second layer there will be water containing

3oy in suspension, whi \ylll gradu%b;y settle at the rate of 12 -rwm pex hour e
1gs 11 and 11 (a)) R . %§“ i ‘

% oo o e

After elght hours, the dlfferent ba51c components are measured .

edlment Each layer must be measured separately . and related
nd the result of thls calculatlon will glve the percentages,

"

hy51tal propert es When‘thelr molsture confent is changed Many fine soils. shrlnk
and;when.molstEned Thls is an unfavourable factor, when, they are -

fferent from.clays in many 1mportant respects, but becausé of )
'1m11ar1ty they are often confused.° Silt and clay, pulverrzed or

1y stable in the presence of water. - When

nea811y upder the pressure -of the flngers. ' '
: - S A : :
*de ;rmatlon in the moist state, but they dry. e
' t shrlnkage or expension with. changes in = R
They are’ dlfficult to cb mpact when - : o

~1. 2t v i #
- ) . IR

29‘.:', -




; ThlS test begins in the manner 1nd1cated for the ' sedlmentatlon test" The
5011 sample is then shaken vigorously in theé&x“%le and left to setﬁle for tharty
' 'sedonds. With the wuse of a siphon consfstingeof rubber tubing, the water,
T together w1th the.material Ain suspension contained in it, is then 1mmed1ately
' a;dramn off 1nto a shallow. receptacle. This type of receptacle is used to allow
< obhils materlal alsg t® settle, after which the watet, now without any material in
1-fpsuspenslonf can be poured off while the portion of sgil wanted for testing
" .4 Temains at the bottom. Any éxcess water it may comtain is eliminated by
-, evaporation. A portion of-ithis materidl is then taken and rolled in the palm of
" the hand'untfl,lt orms a ball approx1mate1y 2.0 cm in diameter, Whlch must be
-4 to a soft, ‘but on no account wviscous, consistency by adding the necessary
The ball is placed in the palm of one hand and struck v1gorously against .
“"%he other hand ‘several tlmes, go that, the ball is shaken.horlzontally (flgs. 12
and 12 (a)). -

L]

‘”ob rved:- . * ; _ e

L (a) A fllm of water appears on its surface; giving it a smooth, glossy and
: ~:"1rvery” appearance° or ‘ - . ' , : oo

After the ball has been shaken, either ‘of the,following»reactione may be

®
-

w e B . ,

(b) There is no change 1n the appearance of the water on its surface.

- o

< ¥

Next, the ball is squeeze&mth the flngers of the other hand- (ﬁg 15), and
f,either of the following reactions-may dceur: o ' o ‘ 7 . a n

- . —

: (a) The water dlsappears from the surface, the small _mass hardening and
B eventually cracklng or crumbling,‘ g . s

Ll -

'

_...»‘...«»»"‘P

S (b) The appearance oF . the- water may not change “the ball being siﬁply
def rmed 1nto a drlpplng plastlc mass. A R L w

v
it

ALN

[n order to observe the. reactkons that ocecur at both stages of the test -»fju
and squeezing the ball.- it is de51rable -to. répeat these actlons several

as

.

41,

‘cmponents af thev501l, as 1ndlcated in table 1.

’_*_’A......»»'““ g
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. . i -3 gt
o » Surface water reactlons in fine soils
Type of reaction : Effect on the ball g Significance
Rapid reaction - ;' Water appears and Denotes a lack of

disappears rapidly. _ plasticity and 1ndleates
. . B a very fine sand or an
inorganic silt.’

s

a Slow reaction-» ) Water appears and Indicates a slightly
B e wo - bees o disappears slowly. plastic 51lt or a silty
‘ a S : < clay.
"Nfi reaction L The condition of the Pressure of the fingers
_ e water does not appear produces a dripping )
~ to change. o | plastic mass, but no film e
: of water appears and -
there is no hardening of | | o
the ball. Indicates a ° :
. clay or an organic
S I L T material of eon51derable
. - oo , S ‘ plast1c1ty
o) . : . . N . :
“‘f;Récommendatlon - :
In order to fac111tate s1phon1ng, the follow1ng recemmendatlons are made
( .
: (a) The rubber tubing to be used as a 51phon should be completely fllled -
o w1th water and one éngd . closed with the flngers o y . ) U
o (b) The open end should be 1nserted in the bottle £ ‘a. depth sllghtly above :
‘jthe sedlment o i ) . o ‘ —_— | L RS
- N ﬁ - S »’
dﬂjq (c) The cLosed end of the slphon should be at a lower level than the‘bottom S
?‘ﬂ;of ‘the bottle R e . N , . k
”ffDry strength test ' - R J— g fiéé_\ #47—-e%~‘—”‘T“”*?’T’vffﬁgfﬁ;‘f
\ - - - Ty : H . h -
‘Thls~test‘15 used o measure the plastlclty of the, s01l For this purpose
- the- soll is separated in the same way as for the precedlng test and\formed into a
ball: mblstened “to the consistency- rof dough, with a diafeter of approxlmately
2,0 cm.\\The ball must be dried completely in a dry atmosphere, in the sun, or
~with direct leat, Its resistance to crumbllng or pulverization is tested betwesn . . 5
_ the fingers (flg lh), and may vary in degree according td the fine. components “\;kki
'predomlnant in the s0111\as shown "in ‘table 20 e o T
v’r ‘(‘ "‘v ) ‘ ‘ ] \\.\\\:\A : . \\':\ 1 : ' . ;? - o . r . . i
R L e S :
S : ﬁ . . ‘T7¥i1>
T P




: TABLE 2 '

;* Dry strength test gf the.elesticity‘of fine scils

ﬁfy strength -

- ]
Effect on the dry ball |
: i

Significance

Low strength

1

® i
i
I

- ,’ bl l,
T\ﬁigh strength

R

" Medium streng@h

The ball can be easily
pulverized.

-

CensidErable pressure of
the fingers needed to
pulverize the ball.

The ball cannot be‘
pulverized

Denotes & lack of
cohesion and indicates
inorganic silts, very
fine sands, or a.soil
combination containing
a small amount of clay.

Indicates an organic -
clay, silty clay, or a
rather sandy clay.

Indicates inorganic and
highly plastic clay.

'
)

Brlghtness test

Thls is a qulck test for detectlng the presence of clay

~ knife.

s

-

,The best way of making the ‘test is to cut a mass of rather moist soil with a
If-the cut surface is seen to be bright, this indicates highly plastic

clay, Whlle an opaque surface 1nd1cates silt or sandy clay (f}g 15).

-8

_Sﬁbblementery field method for identification’oilseil texture

AN

Table, 3 7 _/ylS 1ncluded as

- to the fleld tests.

3.

-

a eupplementary gulde to identification, in addition

’52]‘ Taken from Manual on Stablllzed 8011 Constructlon for Hou51ng, United Nations ‘

- “ﬂ'r:“““‘j\j\\,,_ - =12- .

e ;gubllcatlon, Sales No.: 58 II.H. u




| v . TABLE 3 , L

Field Method for Identification of Soil Texture

T

P

Soil Ribboned -
* Between’ Thumb and
Finger when Moigt

Pressure Released

Visua.l Detection of, Particle «
Size and Genersal Appearance
of the Soil

Squeezed in Hand and

When Aii- Dy When Moist

Forms a cast which | Cannot be ribvoned. =~ - - =
will crumble when

lightly touched.
\

Will not form «
cast and will fall
apart when pressure
is released.

Soil hes & gramular appearance
in which the individual grain
sizes cen be detected. It is
free-floving vhen in & ciry
condition. .

Forms s cast which
readily falls apart
when lightly ~
touched. -

Forms & cast which Cannot be ribboned.
will bear careful - '
“handling without

breaking

Esgsentislly a granular with
sufficlent silt and clay. to
.make it somewhat coherent. -
Sand characteristics !
predominate.

Forms .& ‘cast which
tan be handled

freely without .
breaking. . . : h ) o

* Forms a cast which
will bear careful
hand1fng without ..
bregking. :

A uniform mixture of sand, silt

and clay. . Grading of sand

. fraction quite uniform from

coarse to fine. It is mellow,

.| bas somewhat gritty feel, yet = _

is. feirly smooth and slightly
plastic. ®

Cannot be ribboned,

4

P

%11l not ribbod but
i has a Yroken appear-

Forms & east which
can be freely

Forms & cast whi-’ch
can be freely -

Contains a moderate Smount 61’
the finer grades of gand and

only & small amount of clay - ‘handled. Pulverized| handled. .When wet, ance, feels .smooth,

| ‘over half of the particles aré . 1t hes a soft flour-| soll runs together and may be slightly

s1lt. VWhen dry it may appear - like feel. and, puddles. plastic |

quite cloddy; can readily be - . ’ i : g o

broken and pulverized to a - I

powder. o .

_Contains ‘over 80 per ‘sent-of. Forms a cast which Forms a cast which It has a tendency ’ N

“to ribbon with.a- .
[ broken appearance, = B
‘feels smooth. =, C

811t particles with very‘little 1
fine gand' and clay. “When: dry, i
‘1t may be ‘cloddy; readily *+ - =+
‘pulverizes to powder with a ’
soft flour-like feel. : N

‘cen_be handled.
" When wet, it readily
puddles.

cen-be handled -
without bresking.

Forms = thin which

readily Jbreaks, s
barely sustaining

its owfl weight.

Forms & cast which
can be handled freely
without breaking.
Tt can be worked
into a dense mass.

Forms a cast which ‘
can be handled | *~

v

without breakin_g\.

‘Fine textured soll breaks into
"hard ‘lumps when dry. . Contalns
more ‘¢lay than silt-loam..
Resembles clay in a dry condition
Tdentification is made on
physical behn.viour of moist-soil.

‘Forms a cast which

| Fine textured soil breaks into

very hard. lumpé when dry.

Difficult to.pulverize into 8’
goft ‘flour-like powder when dry.
Identification:based on cohesive
properties of the moist soil

Forms = tast which
¢anfbe handled .
freely without
breaking. o

LA

can be handled -
freely without
breaking R

Forms long thin.
flexible ribbons.
Can be worked - into.
a dense compact -
mass, Considerable
plasticity.

Identification ‘based on the high orga.n:[c content.
material with considersble emount of mineral soil finely; -divided with some fibrous remasins.
considerable fibrous mterial is present, ft.may be: cla.ssiﬁed as pes.t
sometimes the woody structure cen easily be recognized
'mey oecur in lawlands in swamps or swa.le

"Muck consists of thoroughly decomposed organic

When

_The plent remeins or

Soil cdolour ranges from brown to black

’lhey hsve high shrinka.ge upon’ drying.

O . -15.'




WORKAB1LIT¥ OF-S0ILS USED AT EONSTRUCTION MATERIALS
j}gf o .7 The purpose off table L is to give an approx1mate 1dea of the pOSSlblllty of

ysing different-soils as construction materials by 1nd1cat1ng the degree of . :fk
workability, which will be gon31dered when we deal with the. stablllzatlon of
501151 . v ’

S L o / .
- ° . ... _ . TABLE b= .
~ - Table of '"Workability of Soils™ ﬁsed as construction materials
Lt I T | : : - PROPERTIES OF SOIL  awa,
/1; - NAME OF SOIL . | Permeability | WorkabilityY ad a
'/ o " ‘ . * vhen compacted canstruction material
Sands® . ' R ‘Pervious . Excellent. to fair -
.SiIty sands =, . ' o - o Semipervious : ‘ " Fair
o T B . -] . %o impervious o
‘;Claﬁey sandSr i' ' oo  TImpervious 1o 7‘,Good
3Orgap10 silt and very flne sands"'ﬁ‘l 1 . Semipervious 1} ; 1ube};Fairl
Sllty or clayey fine sands: with T : to impervious - [ S
" slight" plast1c1ty ' - -t .
‘*Inorganickclaysdof low to medium * |, Impervious.. . | ~Good.to fair | .
~plasticity. Sandy clays. Bilty clays. ' sl T o
37 ;Orgagic silté. Organic clays of low =, LSemipeﬁvious o R Fair s
- plasticity. o [\, to impervidus LA ‘ Y
P ISE 3 - 3 ! B 5 L. . . \ R ‘o '\ q
T , g ‘ o Y L TNy P
Inorganic silts. Elastic silts. - - .\ Semipervious - ﬁ,;mhx. - Poor ’
0 o . to impervious | RS
Inorganithlays ofvhigh'plastiqity. . iﬁperviéﬁef ‘A ' ' . Poer
*Organip clays of medlum.to hlgh o g‘l%v Impervious T Poor = .
plast1c1ty AT o .“~ : - -
o Ty :a - - R ", E - BTN . " l’
1',52/ ’Extracted from the table given by, the Bureau of Reclamatlon, in Unlfied 8011
e ,Cla351f1cat10n System. - : . . \ 8 \
‘~E/ "Wbrkablllty of 'a soil is the ease with Wthh a glven*materlal canAbe handled
! ‘or:worked in. & normal mlxture, dry or m01st, and ease of éompactlon {
Vo : g ) [ ! o
. P L ' S RIS e A L
o | S : ;
\ R % : p.n ‘s, . . . :




‘-1al dates from the time of Hagn&bal duridg the-Second Punlc War, when it was
v‘fté bulld watch-towers for look-outs These towers were seen intact by Pliny,
Roman officer sent to Spain_in the year 67, 300 years after they had been

scted. Observers in recent years have vouched for the existeénce of these soil
structures, twenty centurles old ) )

" In the Amerlcas, 5011 in its natural form has been widely used in bulldlngs
oteworthy examples are: the pre-Spanish structures raised by the ancient Indians.
n Peru,Au51ng bricks and blocks of ‘crude clay simply dried in the sun, the rulns
;of whlch can be observed to this day. The bricks were of small dimensions,
Qmeasurlng up to 0.40 m in length by 0.20-0.25 m in width and 0.10 m in depth; the
‘blocks Were of enormous dimensions, belng up ta 1. 50 m in length and 1.00 m in

The“famous Church of,Santa Cruz- in South‘Carollna, in the United States,
thstood’the,violent Charleston earthquake with only slight cracking.

2 - The Convent of “San Francisco in the Argentlne city of Santa Fé, whose soil
walls were completed in 1695, is further evidence of the durablllty of this

= constructlon material. N
T ; - - wda N B J

(\_Y

tForms 1n.whlch 5011 is used

Py -

Soil is'uSed in construction in the'followhng forms: ; ' fg

; (a) Tn the form of rubble, cut.from the surface of the eantz in pieces or
”blocks of-soil.. i , \. = ! / I o

e , . . ‘ «f .
(b) As brlcks, made in wooden forms or ‘moulds with soil: molstened to the
requlred degree. 3 !

(c) M01stened 5011 compaoted in: 31tu in sultable r1g1d frames to form
‘monollthlc wa!ilng (rammed earth) n

(d) As stablllzed 3011 by combinrng it w1th an agent 1n order to improve its
constructlve propertles o . . 3 :

SR L - STABILIZED 'SOIL )

. s ) C

Q_,: Despite its good 1nsulat1ng and re31stant qualltles, the ﬁse'of simple
compacted goil (natural s0il) is Yulnerable %o m01sture and to the er051ve effects
of external agentsf ﬂﬂ~,‘ oyt :

8011 stablllzat;gn is the name’ glven to certaln processes to which’ natural

@

155 ‘_ ,’"--‘ v




E ‘
Th usual $tab111z1ng procedure con51sts of taklng soil’ from the earth

‘pul'er~21ng it, adding some stabilizing agent molstenlng it to achleve the
."éptj  i m01sture content” and therefore the o maX1mum unit weight", and finally
ubge:tlng it, ‘manvally or mechanlcally, to heavy _pressure (compactlon) in ordeé®
o r [tore 1ts orlglnal cohe51on. : T .

Met ods of stablllzatlon, o

' i 2
o - s

V‘Methods oﬂ stablllzatlon must meeﬁ the follow1ng -eriteria:

o - -

(a) The ba31c materlal used must be 5011

w . -

':ff(b) “The resultlng materlal muet Be able to withdtand the effectssf e¢limatic
agents, dny onder tp,retain 1ts propert;es. L . R .

:frlctlon and cohesléh to meet “4n & satlsfactory manner the demands placed upon it.

The baslc methods of stablllzlng Soll are as follows.

Of ﬁhe first threewstabilizatlon methods are dealt
ng thefsubgect of thla paper, is dlscussed in greater

eir partlcles are dr&k@ closer together and;
As xhey become\more compact the !




" Waterprooflng

Waterproofing consists of addlng to the 5011 bltumlnous materials (asphalt or
pitch), which ccmbine with the soil to form mixtures that are stable and highly -
-.registant to therpenetratlon of water. Thus, thetmoisture content of the mixture
remains more or less, constant and the result is a material p0558531ng invariable
~ properties. AN
o The low cchesion of some natural soils is greatly improved by the addition of
blt%mlnous materials which axé themselves sticky and cohesive, and this is another
of the pecullar advantages of this method.

" ' One of the most important requlrements of thls stabilization method is that
the soil and . the bituminous material must be wniformly mixed. In order to obtain .
an acceptable mixture, therefore, the soil must be pulverlzed, so that. the
pituminous materlal can be dlstrlbuted unlformly

This stabilization method gives very effective results in the case of cohesive
soils mede up of fine particles (clayey soils) which do not pulverize or mix '
-easlly, prov1ded that a suitable mechanical mixer is used o '
ES
The drawback to this stablllzatlon methed in some cases is that the bituminous
materials are vulnerable to the effects of soil bacteria, with the result that the
absorption of water is increased and the material becomes unstablé, '

Chemical trEatment L R

Chemical stablllzatlon 1nvolves the use of procedures designed to improve. the
physical properties of soils through the addition of such chemlcal substances as

lime or sﬂﬁ1nmgs11mna+e and- calc1um thloride. _ T
. L4 K = i

Chemlcal treatmenu not only 1mproves the phy51cal properties of 501ls but
'ualso, in some. cases,Vchanges “their -cHemical comp031t10n for the better. In order
~to treat soils with chemicals, therefore, it is necessary to know their chemlcal
comp051tlon y

d - - s . ) N

Stablllzatlon w1th lime not only produces chemical changes in soils, thus
modlfylng'thelr elementary. propertles,gbut also has a binding effect and increases.
fthelr strength ‘

“ Addltlon of a blndmg agent"’ﬁ 5“1 : .

rf AR ~ \

& ?&,

‘ Thls method consists; of mix1ﬁg a soil w1th some agent so that 1tv ‘particles
bind together and remain flrmly united and unaffected by moisture vargations, thus
produclng a. strong: and very durable: materlal The blndlng‘agent gez rally used is |
mPortland cement . A SRR

For thls type of stablllzatlon, %ﬂﬂNETlZEd’SOll is thorough - mixed with the
‘proper - amount of the binding agent, and “sufficient water T8 d to, hydrate the
L cement, eventually causing the soil to consolidate. ~The cement combines with the
thv water, sets,)and fdrms a material of great strength. ¥




III. PREPARATION OF SOIL-CEMENT

Fee © INTRODUCTION

A; ueneral T e ' - c,, .
: The use of natural 501] in the traditional form of adobe or "rammed earth! -
is: limited because of its Yow-strength, whlch means that it can only. be used in
; walle of great thickness, and its vulnerability to atmospherlc agents, ‘and -

/ T

espec1ally to the effects of er051on. : v . /

8

A

IR If'thls natural 5011 possesses certain technlcal eharacterlstlcs, it is
poss1b1e, by adding to it "a small given proporticn of cement, mixing.if with water
.untlf the. optlmum moisture, content is achieved, and c0mpact1ng it to a certaln/
degree, to;produce a mass posseﬁ%xng great strength when set When this is done,
' the material cen bear much greater wvork-loads than could *be carrled by the soil
without cement, and it also ossesses raximum durability in the‘presence of the
continuous &ctlon of atmosph ric agents. The effect of the cement op the soil is
-to change the behaviour of its partlcles and to 1mprove its’ stablllty, converting.f
the resultlng mass into a st cture unllkely to deterlorate and ‘of gteater

ThlB compound of 3011 cement and water, mlxed in the proper proportlons and
-?-properly compacted constltutes 501l-cement ’ :

: L . - . . ; S
S e . . 3
p g : ..

. “Fnfluence. o tﬁe,.\tsaﬂl Eempeﬁéﬁt‘s et

AT ‘elast101ty;and strength to s01ls. However, S0 15\wy1ch contain”"‘
f'cla, Higher than & certaln limrt (25%) a strong tendency to -

.!'




one way—of‘offsettiﬁg‘these dlsadvantages is to add a carefully measured
ount, of sand to the-over-clayey s01l When this is done, the soil meets the
' a. for an ideal s0ll. ,

Advantages of 501l-cement :b o . o R ; L
- e . -
The addltlon of cement to soil produces a material whlch ,possesses all the

o

&
(b) It does not deterlorate when submerged in water

.

5 (c) It has a compre351ve ‘strength similar to, or even greater than, an
ordlnary brlck of -fired clay. L

+
©

i . —_

o s ) ~ PREPARATION
",Ehebpreparatidh‘of soileQEmentvshoﬁld be restricted to.the"foilowing steges:
e, . '.V ; -

(a) Components,‘ S
(b) M1x1ng o£ the components, B - ’ - T

(c) o pactlon of the*mlxture- RO e

’

There is little change-of volumej%hrougghgbéorbtion'or loss of moisture




“‘m 1:;»_-:1.. h
: . 5
G banay’§01ls aré chosen, when avallaBIgjlbecause they produce the best,
results WH@H stabilized. The optimum proportion is 75 per cent sand and
08 per cent silt and clay; the content of clay’ included in the latter percentage _
- should be not less than 10 per cent, The sand in a soil constitutes 1ts skeleton,
}ut a certain amount of clay is needed to blnd the mass together. .

'w-'v “Brohdly speaklng, the soils con51dered Sultable for, 301l-cement constructlon
“Work-are those tcontaining a minimum of L5 per cent sand with 55 per cent silt and
E clay, and a maximum of 80 per cent sand with 20 per cent 31lt\ind clay.

r

80115 containing organic matter, which is found malnly in “the top501l,
produce‘unsatlsfactory results ‘when stabilized.
The recommended percentages are only approximate, since 50115 may be found -

i contalnang diffetrent prpportions of" the basic components from those indicated and °
producing favourable results. In the case of fine goils, this is due fundamentally
to the.chemical compesifion of the solls, wh;cbflt is difficult to determine by

field tests..

Recommendation- The final choice of the prOper soil should e made on the

ba51s of a pre11 T selectlon accordlng to the proportlons indicated above, and
" .in the light of, the behavicur of the soil when subjected to field tests (as
indicated under "The cement™; which allow the reaction of the soil under
con51derat10n in, the pr%sence of ce t and water to be observed.

: Fi :

, Once the soil samp has been?found to be of acceptable quality and the site.

frem which the material will be tAkén has thus been decided, the preparatlon of
he 5011 beglns in eafﬁ%§¥_4"_—_ 3

[

W

3 s

‘ Preparation

In its natural state, soil ‘may possess a certain degree of moisture, which’
ust be reduced by exposure "%o the air; for thls'purpose the so;ln;s spread 1n
,Alayers on a smooth surface and protected against raln.

The reason for redu01ng the molstness of the 5011 1s to make 1t easier to _____________ .
d later to mix dryg w1th the cement TR e,
ehe'proper molsture centent~when a handful can be taken and

ter appears. on: the surface, and when the ball thus formed upon

d uraIfmolsture content of the 5011 has been reduced% any'clods

ThlS screen should - consist of
: shefts—at-one end to-allow th o
] »he 5011 is being 31eved, andAW1th the other end g
' suspended (fig. 18)
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- 5011 cement when preﬁared ista compound of soil, cement and water. ~The
1gh quallty of the resulting, conFtructlon materlal depends on the ‘use of ' the
‘correct proportlons of” both the SOlLd mater{alsd— soil and, cement - and the
:~11qu1d component water.— , e e 5

e -

;The cement T o s /

e

S .
The . gement generally aused is Portland cement the technical qualities of
1ch arexwidely knomn,and are guaranteed by- the manufacturers However, cement,
_must be. stored indeors 1n a. plage with waterproof walls and ceilfing, and the.
_floor which must also be waterproof, should be raised above ground level.
k It should be noted that prolonged storage of cement causes a gradual -

- reduction of its’ strength.: Lumps=also form.and this is & 81gn that the cement
fls old or is belng affected by m01sture

“In. the fleld the percentage of cement to be used in soil- cement mlxtures
is determlned experlmentally, varying the proportion of cement by volume between
L. 75 per cent and 12.5 per cent and u51ng the same type of soil. : ‘

»

‘ The percentages mentioned must be adjusted accordlng to the type of 3011
‘used in accordance with the -following table , D : Ll

o=
s

- i = .

VG 3

|

-t

oyemor som ¥ - ... TORMAL PERCENTAGE OF CEMENT <\

Ws-g0

,.9.55;12..5 N o | ‘7 |

l”;l2.5-l5;& (not reCommended for use) v: L

"See "Ba31c components" and ”Identlflcatlon and cla551f1catlon S

In some cases, the use'of Sandy SDll requires an increase in the percentage : N
of cement Four dlfferent percentages should be tried with the soil to be o kS
‘jused - two equlvalent to the extremes 1nd1cated in the table for the type i
. of 3011 in qnestlon, andltwo 1ntermed1ary ones. :

lfeForveach percentage, three blocks are made in, say, the following dlmens;ons' ;
length lh om, in breadth and 9 cm in depth. ; . E

'The mlxture i's prepared as 1nd1cated above unde£ "M1X1ng ‘the components N
~sdme; m01sture content and " compactlon must be ensured in each case. .

Th drylng and curlng of the block5'must be done 1n the manner 1nd1cated

"Drylng and curlng Loy R ' e -

e, bhe blocks -are snbjectedbtgithewfolloWing:‘u




(a) Tehsile strength (flg 20) The tens1le strength is teste@ 1n¢the
foIlowing manner : The soil- cement block is Qlaced on two supports measurlng
2.5 x 2.5 x 15 ¢m, which :Fgfeo cmxapart In the centre, and on top of the

block, is.placed a third spppogt of the same measurements as the others, and
from.lt is suspended, by eans\et a flexible flttlng, a receptacle into whlch
we1ghts are placed. VN . .
“The strength df the block céﬁlbe measured by the weight that is added to
- the receptacle‘before the block breaks 'AThe highest breaking point will indicate’
the best- quallty block o o e N :

1 "“: ! ﬁi . L;l“"’“ -

=

. i

(b) Unit weight. This'ls tested by Welghlng in a balance each of the
blocks thaT have been made. The‘"maxlmum unit weight" will indicate the best
- block (strength and durablllty are dlrectly proportlonal to the "unit weight'
)' of the materlal) : N . e
(c) Sound test.'. Upon belng struck llghtly w1th a hammer, the block should
”produce a metalllc sound (flg 21) v _ -

(d) Hardness test If & 10,cm nail, for nnstance;'ls ‘taken in the hand
and the block is struck obllquelv, no cav1t1es deeper than 5 mm should be
prdduced (fig 22). . : -

\(e) The block should have sharp, firm edges (fig. 2%7Y.
(f) The block should not* show any marked changes in its original
dimensiOnS; . Lieow - S T S ' :

~‘r-" o - .« ,F . - L

(g) -When submerged in'e container of- Water for elght\houfs, the_blocke

" shculd ndt show 51gns of d151ntegrat10n (flgs 2h and 24 (a T, .

re

3 :
A, <

'fTh waterﬂ i G .v.‘ R T

The amount of water to be used is'a fundamental factor because, if the
re- isieither too dry or excessively moist, ‘thls w1ll affect the workabillty

quadly speaking, the total amount of water should vary
't and 16 per cent (1n volume?)

ld be clean, and should not contain: any matter 1n E
ffect the quallty of the 5011 cement




Mixing the ‘components

Preparation area o S ; l "

: Economy is a basic factor in the preparation of 50il- cement'mlxtures: V :
e Ratlonal planning of the ”preparatlon area" is therefore essentlal (fig. 85) .

’ o
< i !

It is de51rable that the components 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 floor, so that the components will not be subjected to
*varlatlons of moisture through contact with the floor, and matter other than
fthe componento of the mixture will not be plcked up in the mixing.

.
5 . IR ] o

,Emy mixing I _" o B R A S
“ PR . . : . ’ ’ " -
Before the components are mlxed they, must be measured out- in the spec1f1ed ¥
, pxoportlons. For the purpose of measuring, it is des1rable to us€ a receptacle o .
¢ of known vokume and easy to. handle. - L Do B T

WE§n<the soll has been measured out, 1t is deg951ted oy the "mixing bese"

and spread out.in a layer not deeper than;lo cm @he cement 1Sxadded by sprlnkllng

oAt unlformly over the layer of soil ’ A

It is essentlal for the tement’ to be dlstrlbuted as’ unlformly as pdss1b1e

;hthrough the soil. - The mixtufe 1sacon51dered to be ready when all the materlal

' has taken on a uniform colour (figs. 26 and 26 (a)). -Thig operation can be dpne
by hand or with a mechanical mixer (fig. 264Db)) .~ Hand mixing means that the‘\
-'components must be turned over with a shovel on the m1x1ng base '

- . RSP — P NS B

Addlng the water, and wet mixing

When the dry s01l and cement are thoroughly mixed, ‘the mlxture is spread ‘ ' J  %
in a shallow. layer on the"mixing base", and water isisprinkled on it from a ‘
waterlng can until thenmnsturens dlstrlbuted unaforml§>throughout the mlxture

fig 27) . T ‘

The amount of water added must be that needed to glve the max1mum unlt

' . Y
- “ . E . 0.

the optlmum m01sture content of the- mlxture can be determlned by a. gimple-

Amount of Water needed

The test con51sts of taklngﬂa ‘handful of molstened mlxture and squee21ng

it in the hand VWien the hand is opened, any of the follow1ng results may be
seen. ? . ‘

(a) The mlxture retalns the shape of the‘hand (flg 28) w1thout 50111ng 1t;
can. be pulled apart w1thout d1s1ntegrat1ng (fig-, 29); in addition, if it is-
ropped from & height of 1.10'm to a hard»gurface, 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 rlght amount of water




ould . | S o ' L

; , ' 1 R . . EE 8y
. o . . N .
(b) The mlxture retains the shape of the hand, ' but stlcks to it and sgils
it; when it is dropped in the same way-as before, it will not disintegrate \
but will flatten (flg 50) , Thls means that ‘the mixture has too much water.
( ) The mixture’ crumbles ‘and does not retain the shape of?the hand (flg 31).

This mlxture has not enough water s n

) Compactlng the mlxture

)

If we have a mlxture of soil- cement,.m01stened with a proper amount of water,
~ and we want it” to assgume a spec1f1c shape when the drying process is completed
‘the mlxture 1s.placeg into & mould or ‘form and is compacted. This moulding is
calle" "compactlon”, and it must be carried out within two hours. after the water:
. 1is. added to the mixture.

B

In this operatlon, the loose mixture is compressed up to a eertain limit
and 1ts total volume is thus®reduced. When the process, is completed, we shall - '
have obtained a "meximum unit WElght" and shall have a harder, more compact mass
w1th ‘a minimum of voids. ° | : -
‘Tyo methods may be employed for compacting soil-cement used 1n qonstructlon,
as follows - :

- (a One methdd uses shutterlngé/ which may be of large size, mhking it

possible to construct one section after another of walllng rammed in place,

" known as ”monollthlc Walllng ' .

. () The other sSystem uses moulds, to prefabrlcate small s1zed pa%ts, whlch
are joined together durlng the constructlon work.

..'“u'~' The sultability of one, system or thc other Wlll be determlned in ind1v1dual
) cases, accordlng to local condltlons and the bulldlng methods employed

3 B a = . e

LShuttering method

For this«method, the shutteripg must meet the following requirements:

(a) It must be rigid, in order to avoid disbortion (it is generally'made
of wood or iron, sultably relnforced) (flgs 70 and 70,(a)).

(b) The .length and depth of the shutterlng will depend primarily omn the
;d1mens1ons of the walllng and the facilities for handllng it. _ ° e
(c) -The clamps of the shutterlng should “be such as to allow rapid assembly ;7
and dlsmantllng T
" - - - [Pty - .", I

Under this method the mlxture, w1th its correct m01sture content is L
,transported to the place where the walling-is-being erected ‘and- is placed B R Lt
the shutterlng untll‘/t Fforms -4 loose, unlform layer not more than 15 cm in” depth

En e

- e : . S .
e -

8/ ﬁ Also,calledfﬁforms" or "mould§".
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Compactibn is effected with a meﬁaL or wooden rammer, the lowdr end of whigh
‘“ig shaped like an arch (or wedge), or which terminates in a sguare’ base - '

approximately 7.5 cm. square.” The lower edges or corners should be slightly

rounded to prevent damage to the shuttering during ramming. The shaft of:either °

igype of rammer should be round and should “be 1.5 m long (fig. 32). The rammer -
“ig used by driving it*against the mixture with both hands. :

e Maximdm-cbmpactioﬁ has been =thieved when the strokes of the rammersproduce

o a clear and metallic sound, in gdnﬁ;asﬁ to the dull, muffled sound of the mixture
. when it is being rammed. ~, : ®w  , :

‘ "ffA"neW seéﬁion.jﬁﬁ.be ccnstructed,bfithe third day, on top of one already”

;finished. ’ N o T .

0

Immediately the last layer of ﬁhé?%gétion or piece 6f walling under

construetion is completed, the,shuttéfihg is removed and the material is covered

igt.sacging; which should be kept moist for three -days.

;o With
; fﬂﬁxﬁnwthod allows.verj rapid work. Thé“resulting construction is Very'solid

and has a smooth finished surface.: Being monolithic, it possesses great stability.
The' technique is simple and easy for anyone to learn. .
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‘?Moulding method
"}f"The’method of compatting in moulds consists of makiné'blocks by'the following.
procedures: ) ! L L ‘ o

— ¢

L ’)) /J’i« o z )
~/ (a) In simple mouldsy .
iulfilf,(b) ,Byimechahidél moulder. o I

-;,‘Simplé.mdulds or forms = " I : ' Lo *'
S BN e : B ) _‘3 . : oo s

. The m@kﬁng;ofiblggks bxythis,method'reqﬁires the use of a rigid mould, -

; ;which”méy'?e'nmdeiof detachable pieces, hinged, or in one piece, and is usually .~
_ -of wood,-tog#ther with a rammer'ofﬁghe same material (figs. 33, 33 (a) and * :
Comey e e o E e

is made in‘'the following mammer: The mould is placed on-a flat,
surface, and the loose, moist mixture is placed in it in successive .
, which are individually rammed until the maximum compaction is
sooh as the block is finished and its ppper ‘surface has bBeen =~ 1 .
theimouldiis.removed (fig. 3h)£f - ' -

& : ‘o

. The bloc
.. mon-absorbert
" : shal¥ow layer
 achieved. As
 smoethed-off,

@, -

b Y

' There is lone type of mould which requires the use of a special implement
;lforiremqving'ﬁ e mould fYom the block: This-instrument, which is known as a-
‘f”pushgffjfﬁIlo,s#the's‘rrounding mould to be slid upwards, leaving the block
) b slid upverd 3

35 jand 35 (a)). .

t .

ol n n . ¥\ x i - N -
Mechanical ‘moulders B . LT - S
—— = — i s i

v;ff iﬁithEr hand-operated or motor-driven moulders may be used for making blocks
by this method. - ' “ C P o !

- T . . L]
‘ -25- «
e .
e N n; \ &
; ; \




a

;‘Land "rete, the Wlnget the Ellson and the CINVA- BAM. -»f

[ T . . o . RN
: R ; B .

‘D‘The CINVA-RAM moulder * .

Y . .

e 7 , .
(e Thls moulder (flgs. 56 ahd 36 (a)) is operated as follows-

(a) The CINVAFRAM moulder should be set up in a level place inside the’

'"block preparation area" and near the "mixing base" .

~ b aste o 4

: (b) : The bbx of the moulder (a metal mould) ‘should be coated on the ingide.

~ with a protective film (0il or grease) to prevenmt the soil- cement mixture from

; sticking to its walls. Figurer 37 shows the moulder in 1ts "rest position" and

Sy ready for the box to be filleds - - Lo S -

A g
Vo

‘“, (c) The block—maklng process; beglns with the 1nsert10n into the moulder box\
- of some loose, moist mixture, the total volume of which ‘depends on the S ‘ -
; kpeculian1t1es of.the soil used. . The volume required is determined in each case >
by trlggland error, ‘after a number of test blocks have been made. E '

".,b : - - R v ) s
‘.,”“f" The| cover is then closed (f1g 37 (a)), the lever is swungylnto its vertical .
‘vna9051t10n, and the catch is raised to enable compact1on *to" begin, (flg.,37 (b)) »_ﬁi%

.;/,,n";' et

'ston slldes\part of the == =+
in a Horizontal position . .

< R
3 .

» (d) As. the level of the moulder is lowered the]
way/up, oroduc1ng 1ts max1mum.pressure when the levers;

Cmesmien. T

v

& ”.ife) WhEn the block has been made, it is removad from the~mﬂgld by turnlng
;the'lever in the opp051te dlrectlon untll it is.again horlzontal, ‘but on the
_-other’side,, In this pos1t10n, the plston ‘has reached its max1mum helght

g the block upwards and relea51ng 1t on top of the: moulder box (fig.. 37 (d))

‘x\

”The bloek is’ carefully removed from the moulder and taken to ﬁhe drylng

mpactlgg operatlons must be perFormed and completed :
s 1n or ‘in other words, w1th1n & perlod of two hours.,ﬁ." '




f\fMonollthlc walllng

o For drylng and,curlng, monigﬁ?hlc Walllné needs a moist covering (wet(sacklng)
- ﬁfor the first three days after 1t is made; thereafter, it is. sprlnkled with a flnet
‘spray - .of water until the end of a perlod of eight days.

'"Blocks
To ensure proper drylng, the blocks must be stored with adequate protectlon
agairst sun and raln

. " The blocks are kept away from the earth on a dry level surface (fig. 39)
o The blocks mist e allowed to dry slowly and Srithout v1olent changes of
temperature Loss of moisture must therefore be strictly controlled -during the
flrst twenty-four hours after they are made, in order to prevent them frcm drying
—outy completely all at once, s1nce this- may affect the quallty of the-material.

After the first twenty-four hours, the blocks are watered regularly with a
sprlnkler (waterlng can) in a fine spray under low pressure (fig. Lo).

S On the third day after they are made, the blocks are stacked or plled
and spraylng is continued until “the end of eight days (fig. 39 (a)). St

: ' - The blocks may be used for constructlon twenty-one days after they are made
£ At the -erid of that time, they have attained very nearly their maximu., strength
- and the major phy51éal changes (e 8.y shrlnkage) have also taken placc.

i . SOME COMMENTS ON - CERTAIN' SOTL CEMENT LABORATORY ,TESTS

‘; Uk{ Referegce has been made in the preceding chapters to field tests for

‘ dbtalnlng the proper proportlons and quallty of the cogponetits of soil-cement -

a‘ in order, to have a good - énd-product. A better material will be obtained if these

1 proportlons and, qualltles can be adgusted on the basis of the results of
laboratory tests ' L ‘e

el These tests will not. provide Worthywhlle results unless they can be compared
~with other tests carried out with-similar components and in acdcordance with
fixed criteria. (1nternatlonal technrhal standards). Comparison will make it
possible to determlne the best qpalltles to which the material being tested must
conform as closely as p0531ble : ‘ . .

;ft], The technlcal standards mentioned above are establlshed by 1nst1tut10ns
;’ w1th specialized experience of construction material standardlzatlon 9/
f] Informatlon on. the subJeCt sho?ld be obtalned from them.

D

-
9/ ; Amerlcan Soc1ety for Testlng Materlals (ASTM) . . . 2. Brltlsh Standards
’ - Institution. d5. ‘Other national - constructlon-materlal standards

u,. ‘institutions. 4. Association Frangaise de Normalisation.
i F AP Lo




ere follow some brief comments on some of the tests used to determineg f
chnlcal standards are met: . . T e

oo | . T T s
14

o : , . -

Compresslve strength test - B - .,' ’ ,v” ; o o 0

AR * . N . (-

Thl% test is used to determlne the- strength of the materlal (frgs 41 an‘i1 ,
: ) (a)) If«lt dpes not meet the reqn;ged standard, it should be borne in mind,
oy tha.t- -/ oA : : A -

P

I { . B N L3 L . : PR
EYRE .

o ~ (a) \There ig.a clear relationship between the compre551on test the
s type ofrsoll, the @roportlon of cement, and the opt%mum.molsture content

~ 4 a/ Lva
J A
v (b) ComPre551ve strength 1ncréases with -age. If it does not, the sorl
deflnltely contalns some substanee whlch attacks the\cement ) A
; A e "\ NLA‘ 7 -4" " . '.'n
: (¢) Compre551ve strength tends ‘to become greater as unlt Weﬁéht 1ncreases-
: s <Above the degree ofvoptlmum molsture content, strength Wlll tend to decrease as
' the m01Sture content 1ncreases lO/ - :
. o - . \ : é“ P : .
(d) Each soil-cement mix requlres a certain cement content to glve good
results, above thls amount, 1n0reases 1n cement dp not glve a correspondlng

increase in strength u/ 0 ,°,' k V ,

S

: N IEESCEPEE S '.".7‘u,
o el . . =

' M01sture-déh51ty relatlons test of soll-cement mlxturesig/, /V'fv o ,D.

a®

ey I w

: ' This test 1s‘hsed to determine the relatlonshlp between the ﬁ01sture content .
of a 501lqcement qixture and-ifg dry unit Welght It is performed by varying
the molsture -content of a .soil- cement compacted in the laboratory, before the -

' cement hydratlon and under certaln speclal condltlons o

- ' . »

: e, The m01sture content and the cérrespondlng compacted dry unit Welght are -.
-plotted in.a "MolstureTUnlt Welght" graph of the soil= ~cément. This graph - -
includes ‘a ‘point’ 1nd1cat1ng the gpt1mum.m01sture content"‘ ko whlch che ™7

Tm'“‘mum;unlt welght" corresponds .

UL ".y tests glve the best 1ndlcat10n of the behav1our of s01l- cement ,.‘f§
assa construction mater1a1 N S . S : - S

LA J . T

.. ‘These- tests consist of laboratory prOCedures, "and are kriown as ‘the “wett1ng-~ ,
and drylng ‘and’ "freezlng and- thaw1ng" tests. Thelr results 1nd1cate the most '7;§
sultable cement content s . : : x _ o

S

JMannal on Stablllzed 8011 Constructlon for HOus1ng, Unlted Natlons,
publlcatlon, Sales No 58 II H u, p 30 ' g r : :

an Soclety:for Testlng Materlals De51gnat10ns D559 hh and D56O hh
> : ' 5 '-28" : e - \ R




Ihls test 1is 1ntended for determlnlng the soil-cement losees, moisture
figes ;. and 'volume changes (sWEll and - shrinkage). produced by lrepeated wetting
_[irylng of compacted soil-cement specimens. 14/ The material is subjected to.
lve succe551ve cycles of :wetting. and drying; after each cyele 1t is brushed
¥a! ~the loss in weight 'of the dry material, the moisture content \aosorptlon) in
e a$agn to the moidture content at the time of moulding, and the difference in
volume in- relation to-the yolume at the time of moulding, are determined

o "S.MEandie(a)) ' : . . e

”

FTé 21ng and thay1, tegﬁfﬁf B »,f, g ‘ o . ’ o
___47'— - - N - . :

In thls test,nthe 50 ement is subJected to the effects of 1ntense .
internal tensiong, 5, and, this dlscloses the soil-cement losses, moisture changes;
volume changes (swell ‘and shrlnka ) produced in compacted specimens of soil--
o] kent—mlxtures by.successive: freezlng and thawing. The material is SubJeCted
to. twelve succe591ve cycles of freezing and thawing; after each: cyclexit is =
Ak ed,’ gdgth Ss 1nxwe1ght of the dry material, the moisture content in
‘atlon t6"the m01sture content at the time of moulding, and the difference ‘in

LT PR ¢

s‘test 1nﬂ;cates whether an 1ncrease in the,proportlon-of cement in a
ent mlxture produées a standard reductlon in the absorption of water.

o~ etermlne the proportlon of cement. on the-ba51s of -
Thls method IS explalned

volume. in relatlon to the volume at the tlme of mouldlng, are. determlned (flgs. hj

2

v




Unit weight testké/
- The unit weight of -soil-cement varies aqcording.to tﬁe}t&be of s0il' and
- ithe degree of compaction. It-ranges from 1,500 to 2,000 kg%ﬁbé- . o
A v?,AAV ) ’ ) , T~ - v ’ . ‘ T -
RN . A unit weight much below 1,500 kg/m 3 indicates that ‘the quality of the
soil and/or the degree of compaction must be improved. '

Erosion test

This test indicates the resistance of the soil-cement to the direct .effects
of a fire spray of water under a certain pressure (figs. 45 and 45 (a)). It can
be used to determine, the behaviour of the material, especially against the
combined effects of rain and wind.

Since there are no refined standards for this tégt, samples containing
different proporticns must be tested in order to detefmine the most suitable

product. . | , |
o -~ ¢ - ‘ - .
B . N / . .
o X ~ ,
;o F . L
" 2w ~v 4 . . |
e ,; . . .
e by L .
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15/---See the explanation of this notion under "Unit weight'. L )
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" IV. USE OF SOIL-CEMENT IN HOUSING CONSTRUCTION

» INTRODUCTION
f/ A
/ The precedlng chapters have dealt with the fundamentals of 501l science and

hse of soil as~a-constructlon material with the addltlon of cement

- r's e ‘(

‘The purpose of this” chapter is to show the p0551b111t1es offered by soil-

/ cement as applled to- the various stages. of construction of a house.

' . . ‘f’;x"‘%"‘pﬁ

4 " The- methods described are thbse normally used for a. simple building, in their

”'kﬂfundamental aspects, aud employing the most ccnmonly known craft techniques. In every
operation where it is possible and aconomleal to 'use soil-cement, this has been

included; in other cases, some techniques and materlals which may serve as

‘ssatlsfactory adjuncts are recommended .

- g [ ’ ‘/ * RO Sl

8

FOUNDATLONS

“General .
" The site selected for the

foundations must be capable of bearing the locads
transmitted by the buildlng ;

¢ with the- bottom of the . excavation, which are the foundatlons proper, and the upper

R 'foundatlons, which rlse from the lower and are generally'less thlck., .
The sthﬁgth«requlred of the foundatlons varies greatly, accordlng to the type

- of- house and the nature of-the building site. It is desirable, therefore, before

"fdec1ding upon the kind of 'foundations to be used for a particular house to carry
" out a soll survey from the standpoint of safety and economy factors.\ If there is
" any doubt abdut the quallty ‘of- the foundatlon site; expert‘advice should be
- Obtained. . :

, The lower the. strength of. the foundatlonts01l, the broader the foundatlon or.
seating base~ needed for £he house o . S U : ‘

2 -
»

: The foundations of a house should preferably be contlnuous, consequently, no
; _gaps should. be left in pldces where there will be door and window openings, unless .
-f,proper precautions are taken (tig. h6) I .
o RN . T A

Foundatlons should always rest on flrm soil. ‘On a firm but sloping site. -
it is usual, for reasons of economy and safety; to follow the gradient; ther

. (Fig. 47). ;EL:' . i L . | L

[ ‘ |
|

vvvvvvv Soilé\firm enough for foundatlons are those compbsed of stopes;” gravel
-*”Tconsolidated dry sand, ahd consolidated . wet sand and compacted clays not subject to

‘,appreciable m01sture changes ‘ @

R 3

"foundatlons are then laid. in SllpS of varylng length accordlng to the: gradlent “ JL,»’KF

.S




. . \

J ‘ l//¥ : - N
/ Soils unsultahle for foundatfons are those composed'of vegetable matter, dune
sa ds, dumped earth or f‘lllsJ and weak clays.

‘ When the srte for the .house has been staked out, the excavations within Wthh
“tHe foundatlons will be laid are dug The depth Of excavatlon will depend on the

onct_e foundatlons w1thout settllng or 51nk1ng of the soil

i ~ o

_ *If the site for the foundatlons is of 1nferror qpallty, 1t is B e S
des1nable £o cxcavate decper and to improve the horlzontal based by laying
down materlals whch can stand heavy compaction wlth a rammer (small stones) =
J ‘

T T

T At muddy or filled sites, it is recommended that strong hardwood plles, of
suitablé diameter and length shonld be driven into the bottom of fhe excavation at
+ intervals depending on the estlmated lcad™ (flg h8). . - ‘ s

&

T Even where the foundatlon 5011 is of good quallty, it is recommended that the
‘minimum depth of wall foundatlons should he 0.40"m in the case of|walls bearlng
- the welght of the roof. : .
o In order that the welght of the house may be distributed- over.a.-greater area,..
“the lower fcundatlons should be at least lO cm wider than the upper foundations

‘{fﬁgxggL‘\\

In laying. the foundatlons of a House with walls of s01l cement, an lmportant
factor to consider is ‘that-the foundations must be able 1o Wlthstandcdestructlve

. agents, ‘and partlcularly m01sture Moisture must not be allowed to Fise to the ‘\~§ﬁ-
"~ - base of the walls . h : A : i i Co

’ -
¥

N 'v  The strength Qf the foundatlons must be at least equal to that of “the 5011—
' cement_malls, whether the latter are of prefabrlcated blocks or monollthlc rfA

S The methods Tor foundations recommended Dbelow dre economical 51mple and
'technlcally sound-. The cholce of method will‘depend on the materials avallable

Ty g b e

[ v A 2

o~

“Iower foundations ° C ' T . : ;
- Gyclopean concrete——/ : o : . I : Lt v i

b

For this- type of- feundatlon, -the--bottom-of- the: excavatlon 1swcovered with-a-
bed of* concrete (approximate depth: * 10 em) containing 175 kg of'cement per cubic |
j ‘metre of concrete (l 3.75.6 by volume, approx1mately) -on.which is placed a layer
of washed stones “of 7.to 4O cm, so arranged that spacessare left between -
~them and that th,y_are,thoroughly embedded in.the concrete. AA~seeond layer of the
“same type “ff-concrete 1s then added; SO‘that'the'fIrst"layer'of stone is completely
immersed and covered to a depth of at least 3 cm. This process is repeated untll'
the reqqlred depth of foundation is achieved (flg h9) : ,

- A
< L

‘The lower foundatlons are topped off with a rough level layer of concrete

‘.
)

yﬁpwgéy Concrete to which are addedﬁiarge"s+ones or boulders, in PTOPOTtlonS varylng
y “from 25 to ﬂO per cent As this method for foundatlons does not use 5011— :




- - ¢ .
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' Rammed 5011 cement T .

v

%

For this type of foundatlon & mlxture of cement and-soil is first prepared in

~proportions -of approx1mately 1: lé by Volume, with-an approprlate amount of"

water. 17/ .

A ‘shallow layer of small stones, thoroughly compacted and suitably watered

should be placed at the bottom of the excavation, the soil-cement mixture 1s added

“Cin successive loose layers” “TOom deep and tompacted by ramming until the maxifum - -

"~ unit weight is achieved. 18/ The material must be rammed uniformly throughout

3 the foundations until the requlred depth is attained. The top of the foundation

' should be level and dlstlnctly rough (fig 50) ’

. .Consideration may be given to the possibility of introducing into this type of

’”ﬁrfoundation a. certain percentage of small washed stone, which should not be larger

than 5Uem. ' |

Rammed 5011 cement foundations must be laid at a well-drained 51te, since the
?ff compressive strength of soil- cement is appreciably reduced when it is saturated
wrth water.

. 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 a rough surface. The first course of blocks is leid on top of this,
" in 4 bed-of- mortar containing cement in the proportion of 1:6 by volume.  The
. foundatign 1s built up t6 the required he1ght w1th successave courses of blocks
~A{fig. 5k

N

" Uppér foundations

—— =T

,,General L e - o i

The top of the upper foundation must Bé approxlmately 15 em,above‘ground :

"'levei*—tn other words—sthe-tetal heightfoi the,upper“foundation "will be
Aapproximately 15 cm. ‘ i

1

upper foundation goes on with the use of shutterlng, which is made of wooden
”\boards adequately supported X .

‘ The foundation shuttering, must be o] made that the bounds are perfectly"
- :allgned propped up; | brached and secured against movement-of any kind (fig. 52)

kl?/ See Preparation ' ‘} . i\f\\“ ’
,18/ See "Por051ty, unit welght and specrflc grav1ty : B ' TN

"Wher the lower fOundation reaches ground 1evel, “the-work-of-constructing- thef“¥www—w~r




An upper foundation-is generally used for walls made of prefabricated blocks,
‘gince monolithlc or rammed soil~cement walling is built directly on the lower .

foundatlons.

! P

- fethods for upper foundations .

Cement concrete
1

This type of upper foundation is made of concrete containing 175 kg of cement
per cubic metre of concrete, with stone not larger than T cm. o

4

Rammed soil cement

e For this type of upper foundation a mixture of cement and (sandy) soil is flrst '
prepared in proportions of approximately 1: 8 vy volume,ww1th an appropriate- -amount
- . of water. When the shuttering has been properly erected, the soil- cement mixture
e : implaced in the mould in two equal and‘success1ve layers. Each layer id separately
pacted by ramming until the maximum unlt welght is obtained. 20/ I

e e b

-and have a grooved surface-to-facilitate- adhesienroﬁ—themmoatar for the firstffw
_course of blocks forming the wall (fig 53).

It is essentlalﬂthat the top of the upper—foundation should ‘be absolutely level

»

A—Ebe-upper—£euné&t%en<shutter1ng,is removed after flve days.

E.

- The upper foundation surrounding the- house must be adequately waterproofed on
he outsxde (with plasterlng or- cement—based paint ). . - LT

e R I T S B ST
ement blocks _;vj4 S bl P

S

L_Tb{s type of upper foundation is’ made from prefabricated solid blocks of ement
: dyizzsggl:ép:preper%ieﬂseeﬁeapproximately 1:8 by volume. 21/ _Wh LS

~~~~~~~~~~~~~~~~~~~~~~~

11 any compo: nt structure standing verticaliy and consisting of parts
eld: together with a. moist mixture called mbrtar.a Walling.can also be




.

T .

.~ The structural function of a wall is to transmit the loads 1mposed on it to

”_the foundations, without effect to.the wall itself. _Anpther functlon,of a. wall is
to serve as & propection against the weather. K \ o

The thickness of a wall is determined by the functlon which 1t is to

perform in the house and %he materials of which 1t*3§;to be constructed
o f

-

Horlzontal waterprooflng ” .- ,{”

¢

When the foundations have been bullt up to the required level the lelslon
e ‘between foundations and wall is marked by a damp course of horizontal insulating or
S waterprooflng materlal :

The purpose of the damp course is to protect the wall from m01sture which may
rise from the earth by capillary action. o ' o

The. horizontal waterprooflng of a soil- cement wall may be effected in various
ways, 1nclud1ng the follow1ng- -

waterproof cement mOrtarcm EUNREEEEE

This type of damp course is made with a mixture of Portland cemest and sand in
proportlons of 1: 2 or 1: 3 by ,volume; it 1s\adv1sable to add to this mlxture a. ~

by the manufacturer
- . ‘ .
B The' damp course should be given an absolutely horlzontal finish and should. o
~“be ‘not more than about. 15 mm in depth (flg 51). : L :
Sl . i |
The ‘mortar 1s spread over: the surface of the foundation, forming.a horlzontal
layer which will be smoothed, off with a trowel (flg 5#)

. This type of damp course is formed by applylng two coats of hot bltumen to the o
_surface of the foundation with a- brush. < o T

S T e

- & . . &
5

The foundatlon surface must be- clean and dry to ensure perfect adhesion of
the bltumen‘ : - : ‘ - . : o _ ' o R

: Bitumlnous Telt e - Ahi e 1 . 3

—--,' \

o This type of damp course is 1did in the follayrﬁg manner: hot bltumen is ) . ‘
,~~applreé—w1th a-brush—tothe surface of the foundagion; which must be—clean and | T T
“rodry,y - and a- strip of bituminous felt is bonded to it (frg 55). Where two strips ‘
' of felt are: required, the strips mst overlap and be bonded. togeﬁher with the csame
co hot asphalt in order to obtaln an abso]utely unbroken waterproof Jdayer: - R
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".Wall-Burlding“. : e

—wl

" General . o , e ) !
- Before work on building a s0il- cement wall beglns, all 1ts horizontal and
e v*ztlcal'llnes must be marked out. )
L When a wall is being built, ‘each course must be strictly horizontal and the
o wall. must be absolutely vertical; to achieve this, a carpenter's level, plumb-<line
.~ and a string are used. These tools must berhandled correctly (flg 56)
e o : .
The gauge 1s a very useful 1nstrument in building a wall of s01l cement blocks,
.. since, properly used, it enables perfectly uniform courses ta be laid. Tt consists
. of a piece of wood marked in lengths correspondlng to the depth of the bdock plus

the mortar. B . 3' . S )

s PSS PP
When work;begl
N at each end (fig.” q7) with the help Qf the "strlng", attached to each gauge and
tzghtly drawn, the courses of blocks can be«kept perfectly horlzontal and vertical.

+ B . s

501l-cement blocks o

L} - . -

Bulldlng a wall of soil cement blocks calls for the correct use: of tools

S o i i B e

o To facllitate and 51mp11fy the placing of blocks Jgn the wall the use of a
;"block fitter" offers assimple, sure and speedy solutlon (flg 58)

k;l

Lo

ihe way 1n which Elocks are arranged in a wall is® called bondlng L ';’

s

;'An essentlal requlrement of correct bonding is that all the Joints should be T

.ncarefully arranged-to*ensure -the -proper-transmission-of- vertical “1cads.. In-other-——=
words, . alternate courses are. so laid that the vertical Joints -‘or’ seams 1n~one """""" T i
course do not coincide with those 1n fhe course below 1t

-‘.J

o f,Bondlng, or the proper distribptiou of 301nts, requires s that the seams of a L
eourse-of blocks should coinclde with the centre p01nts of § e;block-faces in the,‘“

ourSe above : ‘;Wd L ;Hrpmﬁ,;_zv,m B

w0y
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Figure 61 shows how cavity blocks are used in joining two walls. 22/

L~

v

# - ' ’ . ¢

e Mortar
N T ‘
" General. Mortar is a compound of tertain solid materials and water which, when
mixed in the proper proportions, form a mass that sets after a certain time and
binds the blocks firmly together. : :

—— ¢

.. The gpecific setting time of mortar varies according to the binding agent
used (cement, lime, etc.). - .

]

, The strength of a'wall depends on the ~combined strength of the blocks and
7 the mortar. _ . F :

e If blocks ard mortar are of equal strength in a wall subjected to vertical

~i--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. .. - A

; 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,
'~74popversely,to what occurs in the former, the failure will;be in- the blocks.

r— - PR

- Absorption bf water by the blocks from the fresh mortar is a factor to be

reckoned with in- soil-cement wall construction. In order to ensure a sufficient
" amount of water for proper setting of the mortar, it is advisable to moisten the
‘Surfac%;of the blocks in contact with the mortar. o " -

]

kS

;%W‘,Thé‘mortar_ﬁséd bétwgen'courSés}apd”in the vergicélzjoinfs should not L
be wore than 1 cm in depth; it should also containmthewamount;of'wﬁﬁer Teguired for
_correet setting. . e T T e ‘ Cw T a

' o

i A very degirable feature of Wallkfinishiﬁg is the "marked seam", which is
f’cbtained by trimming the seams of fresh mortar between the blocks with a suitable
tool, so that the faces of the blocks protrude (fig.,62l, o

' - ‘ ﬁl e
4 ypes of mortar. The following mortars can be used with soil-cement blocks: -
e Ea)*cementmortars;‘(b) cement and lime‘mortars; {c) soil-cement mortars; ) ,
A4 ST ; .

) mortars of soil-cement mixed with lime.’

o ;The;addition of»?‘given pércgﬁﬁagé of.h&drated‘lime to a sbil-cemeﬂt mortar o ,
ield very favéurable results. This depends on the type of soil used.

.;3:T;‘The'most’highly recommended moftars are those made of: (a) cement and ®
(sandy) soil in the proportioms 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 .
8% _12 of soil 'by-vg:]_u_}_neo T ST SO S O M — I

N
ot

'f7§g/f For ¢aVit§ blocks, see "verfiﬁal(reinforcement".

a

*géz 'SéEfVThé cemen£“£
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S When lime mortar is used, it SOlldlfles as waten is lost- throughRevaporation
- or absorption by the blocks, and setting takes place slowly.

Y

*Reinforcing v o . . »

.. &

-

General. Soil-cement is,.in general capable of withstandlng dertain shocks or
stresses caused by seismic disturbances. Eh/ o

Lo,

In regions subJect to very intense seismic d1sturbances, tensile stresses .
which cannot be absorbed by the soil-cement material may occur; it is therefore !
desirable to install. pillars and wall plates, properly reinforced, to absorb-

' stresses of this kind.’ Adequately reinforced pillars are placed at wall Junctions,
-and reinforced wall plates at the top of the walls.
]
‘ . In regions where statistics show that earthatremors are not £00 1ntense, the
,plllars can be dispensed with, provided that there is an adeqnate distribution
. of . 1nter10r -anchor walls in relabion to the external walls. Nevertheless,
N it i Ialways advisable to 2dd a wall plate, or beam which, serves to:anchor

the hole structure and the roof. _ P ‘ . EOEN
oo . - : ',teiﬁ?f

n . R
E '“5'“

, g,r‘Pillé\s Reinforc1ng pillars. for 501l—c§ment walls are placed inside the walls
- "themsklves or at wall junctions; consequently, their dimensions: will depend S
. ort'the. thickness of the walls. The smallest dimension..of pillars will be 15 cm
e through the thickness of the wall; and the: -pillars are reinforeed with four - ,,,;l
~ .iron.rods 10 mm in diameter, with iron braces 6 mn in diameter every 25*cm. “The P
”'ipillars should be properly anchored to,therfoundation. The concret used 4in'the " mg
billars—-should; contain 240 kgiof éément per cubic metre of conmcrete (1:2 1/2:h-1/2
approximately by volume) Thenbparse aggref”lb uséaf“ﬁoula‘ﬁé not larg than .

‘small stone)

inforcemen(s inside the wall, 1n order “to meke s01l-cement WaliS‘mepe“‘:f;#
ject- to'earthquakes is shown in figure 63. Theseg vertical ;.7
a.c dfat suitable 1ntervals, increase the stability of the :

. : $o s R
b e Lok &

’ of cement and (sandy) soIl fn‘the proportions “of

1S Ly, orcement consists of ‘iron rods 6 or T. 5 ™ 1nud1ame¢er, jff~
ored to h ;:The concrete f£ill. for this- type of reinforcement :
1ld ‘contain 210 kg of ement per cubic metre Lof - concrete (1 2 15 5 approximetely

eﬂ ational Bureau of~Standards.- 801l—cement,is also capable of
shocks or stresses caused by high w1nds. ; :




v

vug‘i Another

se of cavity'b;ochs'is in artifiedsl Tagoints, as illustrated iﬂ',
flgure 61. ' .

B : * T - = . ——
s . ‘ < :
! ' ; . =
- # ) = .
. \. ve

i

-~ Wall plates. In seismic regions, 1t is of the greatest importance to 1nstall
-at the {op Of the wall .a continuous. beam which prOV1des rigidity and contributes
to the stability of the house. 26/

T Experl%nce in areas exposed to earthquakes has shown that a Wall beam at the
~top of wallis is very necessary, bédause it serves to anchor the walls and to take
_'*_the iron ties holding the roof. The best material for ‘beams is undoubtedly
~¢,;re1nfoxced | concretbe; however, tlmber has been widely used for this purpose with
acceptable'results

© 10 cm andf a wldth equal £0 the thickness of the” wall and should be reinforced
with four longltudlnal iron’ ‘rods ‘10 mm° in diameter, Wlth iron braces 6 mm in
v dlameter placed every 25 cm. The concrete to be used in beams should contain
cement per “cubic metrerof concrete (1:2 1/2 L 1/2 approx1mately by
The coarse aggregate dsed shouid be not larger than 4 cm (small stone) .

-L

iffadwant ges of slmpllclty and economy A % 3 , ’ ;
e '—blocks of- eement and (sandy) 301l-a¥e—made in the proportlons of .,_‘Mﬁ;ru~www5”f”h
o ga;protlmately 1:8 by volume. 27/

‘The preparatlon ‘and use of such blocks is -

i . .
& : U~shaped 501l—cement blocks are’Peinforced with tyg iron rods 6- lﬁ mm in oo o w!
- diameter, with braces of Wo. 10 wire (3.429 mn in giam?!er) 28/ every %0 cm. -
Figyre 65 (a) shows how U-blocks are placed for reimforcement. The concrete
“tope - used should cofitain EhO kg of cement per cubic. metre of concrete 3 .
(Lep 1/2:4 1/a approximately by volume). The coarse aggregate be used should be
ot larger ‘than 2 en’ (very smafl stone) S 70

S

'~ ‘gtc o : - . / 3o

B o » .
. . R P ; P

’ntels., The doors, w1ndows and othef"openingelln any building made of
soil-cement’ blocks must have a structural component placed above the opéning.
Thls component is known as a- "llntel" ‘

26/ A E%am 1s to be recommende&‘in eVery case and in every bulldlng, 1nclud1ng
: those erected dn. non—selsmlc regions.
1.27/ See "Preparatlon (The cement)". -

!

128/ Amerlcan Steel and Wire Company (ASWC)
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The mein function oﬁ a'lintel iswto upport the loads beering down on it.
Llntels can b made of various materlals, e.g., wood, iron bars, and
- reinforced concrete (flg 67) , i , .
A ratlonal Way of utilizing soil-ecement to make lintels is to usé‘U-blockslx o
’applylng the same techniques and  criteria as Were spec1f1ed for wall beam, as
regards relnforcement and type. of concrete :

"

!

: After being prefabricated in U- blocks, the llntel is turned out on the floor,
-when the time neéeded for the drying and euring of thQ concrete fill ‘is completed
Lit is transf?rred to its app01nted place Qflg 68).. - _ ; , N

The overlap of the lintel ends embedded in the wall. should be - not less
' than three tlmes the depth of the lintel: (flg. 69). o

' ”Monolithic ﬁalling‘of soil-cement = L S : A
801l-cement'walllng of great stability can be built monollthlcally
Constructmon wark beglns at the damp coyrse. For this purpose shuttering, which
L-must- be-perfeetly piunb and’ level and in contact with the foundation of the
- house-under construction, is set up. - Loose soil-cement is placed in the e
shutter ng. in uniform successive layers, which are compacted with a rammer.- 29/
When thé shuttering has ‘been filled it is 1mmed1ately removed to the next -
length or section to be bullt so that 1t abuts gpon the ‘end of ,the finished, \
sectlon andfthe foundatlonl__The;same process is repeated for the second sectlon

® ey

sy

The seams between sections are bonded ‘and aze tongued and grooved

’ o

he: form or shuttering, the recommended dlmen51ons ares height 0 80 m't\y
h.2 00 m. The shutterlng may be made . ofuwood.br metal, s, -

o
L

A VTypeslof shutterlng are. very varled.» Flgures 70 and TO (a) show some of HIQ
s¢ Used 1n constructlon of monollthlc s01l-cement walls. 30/ C e

ks

S

height o the.wall It”is noz de51rable to)produce a given numberiof“L
ses (horlzontal*sections) and ithen to . find that the l :

S set up déaln in order to/ram & final section of a. - Ai',;
[ , ) . X’L' B R s :




" It is possible in monollthlc wall construction to fix bolts in-the top of
‘5w'jthe wall for the purpose of. securing wooden ‘wall plates (fig. 72). Alternatlvely,
~ concrete wall beams can be constructed dirgctly onto the wall (Tig. 73). :

t

- In thls method of eonstruction, it is e51rable to mike the llntels in
“nthe manner 1nd1cated under the heading "Aper ures

joooe

'V3a7Apertures

Apertures are the openlngs which-are left in walls, prlmarlly for doors and
w1ndOWS.

i

_The maJor constructlonal problem with respect to these openlngs relates' ' g
© ot the supportlng piece Wthh‘lS placed 1mmed1ately over the door and/dr e ;
'“‘w1ndow, 1. e., the lintel. Bl/ ‘ v : o .

A i v is customary and tladltlonal to contlnue u51ng the same type'ofﬁmaterlal‘
for that part of the wall lying above the door and window limtels (fig. Th).

, Very notlceable constructlonal defects in 501l-cement walls generally occur
ffabove the door and window 1lintels. To remedy this fault, successful” experiments
have been made in the use of light materials (flg. 75) 52/ 1V ' R

’

‘ When the roof tlmbers rest dlrectly on the l1ntel the dlfflculty:noted Ay
habove does ‘not arise (flg Zﬁ)

.

“F1x1ng of frames o , . : : g . .
. R

»

e Wooden door: and w1ndow frames are fixed to the walls by means of\pleces T
s\of wood called dowels embedded in the walls.. + . . " )
: ‘ !One of the most essentlal properties of dowels is that they should have
,maX1mum adhe51on to the walls and enable the frames to be properly secured. -

®

,,: -sz Dowels must be protected agalnst damp, the usual practlce is-to waterproof _ - }
o _.them with a bltumlnous palnt . S : c SN T

i

s ﬁlgure 77 shows a special" type of cav1ty block de51gned to.facilitate the
- 1nsert10n of dowels in. walls made of sofl—cement blocks 35/ » Py —

s

L Flgure 78 shows some of the types of dowel most commonly used 1n bu'ldlng P
',(a) -notched" doﬁels, (b) dowels: sheathed in metal mesh;. ( ) dowels studded whth,
‘nails; - § ) ‘dowels forced into pos1t10n The flrst three types are held 1¥&place

< with mortar. T : - v .

See "Llntels".f ,;"‘ , ‘ o ‘ , T é,, ! e

: Ihls solutlon is the most des1rable in the case of monollthlc walllng

- This cav1ty can also be used to house the lugs whlch are usually Lound
o oﬁ metal frames. - .

B e PR _—lLl,. ,,,,,, I o S o 1;
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e T tfi " » "RoOFS. -~

\ A : s
A roof.consistszessentially;gf[(a5 the roofiné;fahd (b) the roof suppotrts.

a ] . V‘\ . \f' . ) - ‘ . 'J
Rooflng : L o /i - S ( i

\

The purpose of .the rooflng is to. protect the house sgalnst the effects of
the weather. ' E e A . o

/. .
e » “

. Rooflng materlals should be llght and . amenable to use with the least pltch

compatlble with 'local Weather condltlons. v S e
'J‘ - - . 7 R } ’ . . s .
801l-cement rooflng ;,“' o ‘~é . ’ RN T “f

\\ o ft . 0T - ~ Ty " : . . P v
: . If it is de51red,to use‘501l-cement as rooflng for a house, the follow;ng
’ Qmethods may -be used: (a) laths or reeds are laid on the roof truss or joists and
nalled,down, a plastic mortar of cement andl(sandy) s0il in 'the proportions of
‘ L 7‘by volume, with vegetable fibres 3 em in' length added as a reinforcement -in-
r;g the proportion of one part to four- parts of mortar, is, spread over the: laths
T o reede.. ! The: layer of mortar should be 3 cm deep, duly compacted, and its
e Aéurface shduld be. smoothed with a’trowel (flg. 79) . After the méterial has had

the surface in order to make’ the rooflng waterproof 3&/ o I
- p - . T S

A unlform sprlnkllng of small gravel (max1mum dlameter 5 mm minimum
‘dlameter 1 mm) over the last coat of bltumlnous material 1s recommended

y &
i ? . -
R

Anotherlmethod similar to tAL §boverls the follow1ng (b) laths or reeds

;xq(sandy) s01l in the proportlo s of 1: 7\by volume 1s spread over; the laths
or reeds to a depth of approx1mat 1y 1 cm -and, compacted.. Rust-free barbed4W1re
thwise and crossw@se, ovef the fresh mortar.

, ‘ with a further layerﬁgf mortar of’ the same kind- to
'ceedlng 2 cm.: Th1 is cohpacted and 1ts surface s smoothed Vlth

: H "\ . ). % ) ) o2 . 7
fter the rtar hﬁs had t'me "to dry an&‘har&en, itE surface is‘finished
as explained under (a) bove s | . Yo . S

.

I

time to dry” and harden, two or three coats of’bitumlnous material are brushed over. s

(flg- 19 (a))-, 77‘ R e -‘ _ , ""ivffi

ol
3

&
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timbers”), of metal or .

~oh The roof support may be of wood (known as the‘"roof
of reinforced conerete..

o Flgure 81 ShOWS a wooden: roof truss made of boards, which is very sultable §3
for a rloged rogf W1thout centre support. :

aév;y

, This truss is recommended for 1ts llghtness, ease of construction, high
‘strength and low cost. )
; < 1 . L T :
R Soll-cement wails have‘irttle low-resistance to tensile forq@s ‘consequently, Q; IIIIIII
. the roof, should transmlt to the walls only vertlcal thrusts, elirn 1nat1ng all T

lateral thrusts .

N L : -

e T Where roof timbers. are concerned, one -of the most 1mportant problems is how

. they are to Test on‘the walls, and a correct method of securing or anchoring them to

- the soil-cement wall mist be found (figs. 82, 82 (a), 82° (b) and 82 (c)). The tlmber
‘son also be secured to the walls by means of a special wooden post called the "nvola-

f{x'plate'g which rests upon the wall beam and is attached to it with metal bolts or -

‘,@hooks through thE—pole beam or with metal clamps around it (fig. 83). T '

+

- In certain reglons not subject to earthquakes, it is fea51ble to place the
plate directly on the 'soil-cement wall, so that it serves as a wall plate.
N When,thls is-done, it is essential to- 1nclude below the beam, and directly on.
.. top of “thex wall, a3th;néiayer of mortar (a mixture of cement and (sandy) soil
- in the proportions of 1:8 vy, volume) 35/ to correct any unevenness in the .
'3xseat1ng of the beam on the wall In addltlon, in order to ensure better R
5 adhesion between the soil-cement: mortar and-the beam, . the portlon of the -
,latter whlch Wlll be 1n contact w1th the mortar-should be co%ered w1th a metal

~
2

mesh. N ;
"‘/,"“ : ’ ’ " .o e "

s Where a house is built. with soil-cement walls, “the roog,truss can be ' \\;ﬁ
“made of metal parts, and can;be anchered’ to the walls along the general llnes ‘ ’

- N »

),1nd155ted above. © . L R o ,

[

, ~§7f"*.1:opmc, . o
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Floorlng must’ act as anplngulator and st be hard-wearlng and attractlve

' e ’ .

ppearance. BT ¢ : Lo .
- I - . : : . 1

o If 501l—cement is to be used in the&constructlon of house floors, 1t is 0
‘rec mmended that one of the follow1ng methods be adopted o . ; e
S : -

S ,l-cement made in.situ - ’ B . 'm‘ ) : | h

o The ground on. which the floorlng is to be 1a1d must flrst be 1evelled\to
requlred height or "trace level", which is usually marked on the, wall;

it is smoothed off and compacted. Compaction consists of ramming the 5011,

‘adequat 1y moistened and With emall stone or gravel added.

v . ~

Ty
T




e ;f_w"f”f“”;f;jl¥;’ <
- When the floor base 36/ is f1n1shed ~ specific points,. generally on one
ilevel are noted for réferencé purposes. \\ o . : :
. "‘f . . { “ o
: 801l-cement mortar for the floorlng shauld be made up ‘in the proportions of
e QOE part of -cement “to -six. or- elght parts of - sénéy S0l 5 Wlth the requlslte
w . amount of‘W‘t‘r.}37"

- e : - - \i

The*soii—cegent Should be lald to- a—éepth~e£~5 cme;nrthe follow1ng manner: .

~ia layer of 501l-cement as specified, is laia between the reference points T
- to form Yguide strxﬁs ‘or’ ”master strlps approx1mately 7. 5 cm ‘wide which must T
be well compacted.A L : . - e . A A

S { 4

. All the sectlons of floor remaining between “guiﬁe strlps "is filled with

" “the 5011—cement mixture, whlch must be* rammed flrmly and un}forml& untll e
max1mum compactlon 1s obtalned.

1 Each section of floor-under constructlon is flnally levelled by sliding

a scraper" 38/’between the "master strips",. thus removing all excess maderial.

:ixyilThe surfaee is then finished “off with a plasterlng ‘trowel 39/ (rig. 8h and-
84 (a)) . : .

Lt e . . s ®
‘\ .

sl \\»When ﬁhe 501l—cement mortar has set suff1c1ently, the floorlng surface is )
smoofhed over with a finishing trcwel. . q,y .
o SR S R >
. Another method of flnlshlng is to sprlnkle water from a waterlng-can over
“'the floor (when the soil-cement mortar has set s ff1c1ently), to dust it with
f;dry cement, and flnally to smoothe 1t with a trow L. - .

To obtain a coloured flnlSh thg/dry cementjbust ber mlxed with the plgment\
,_in advance and. the, compoundvduste&/O#Er the layer of Soil-cement mortar . LN
'when it is hélf set. /The surﬂace isathenasmoothed with the trowel e A

R . ey -

Ted ssures4in the floorlng, it 1s recommended that .
',ouid Be left‘gf\iﬁterva» of 1.5 m. These JOlnts should be _

\

A o . T ~.z »
P R . - i

2 géement pleees, whlch are also known as floor Files, hoggcan
“writh thé CIEWA-RAM moulder., ho/

B » g -

'a straight piece of wood W1thA;gg;gggularﬁiaceé;“ﬁé%é&ring 2.5 x
e g 150mtou00m.,, : L
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pread easlly in a layer 2 ‘e thlck is lafd on top: of 1t. The mortar is composed

;df'one part(of cement to six parts ‘of sandyn oil (flg. 85Y-

When laylng floorlng tlles, it is essentlal‘” rst to app01nt some of them-
'Qas reference p01nts to serve as guldes for laying the remainder (flg. 86)

.
'

Uherever possible,’s01l—cement tlle is laid with overlapping’ seams, and

1t is gently tapped 1nto the mortar.to’ ensure perfect adhesion. The remarnder
of the tiles are la1d in a gimilar manner.. e

“

1

”Gaps between tiles should be reduced to a’minimum,sso that their edges totch.

: Three days after the floor tiles are lald the 301nts should be fronted . -
'Wlth a cement slurry hl/ made with pure. cement or cement and pigmerit, according

to the type- of ‘tile used in the flooring. The slurry is poured on the floor and
~spread evenly W1th a broom 5O that thé JOlnts are completely fllled (flg 87)

fter a. feW hours; the floor surface should be cleaned so. as to remove
the surplus cement left on the tlles.g‘*“" . o -

e e -

o The fdnlshed floor should be closed to trafflc for seven days.

.

; e ’ . ' ) o '—-1«;, R ' X . . -\3“ N .
Sdil:cement blocks ' _; _' ."~' S - _ 3 e 8

Blocks to be used for flooring must be ‘made W1th a wearlng surface possessing

thelsame'functlonal qualltles as that of" 501l-cement tlles 4&2/ The bodm
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A‘f. Paint’ is a homogeneous mixture of one or more pigments in a’medlqm, which
*is used.to cover and/or protect obJects w1th a-film of colour" s

‘"“atlsfactory results vlth palnts can be obtalned only when the following
factors are present: (a) the product is of good gquality; (b) the surface has been
satlsfactorlly prepared and {c) the palnt is correctly applied”. hh/

L Before palntlngkfat is.recessary to cleanse the walls of mixture and d1rt
”,;remov1ng all loose material and filling any cavities. , T

- i : -

: Cement—based palnt R : 3.>";H L 7
: ey CoE e 2 :
Cement- based palnts possess excellent_pfﬁpertles, especlally as waterproofers,
-and they are very economical. Their essential ingredlents/ére cement-and— —
water, and plgment may be added. Jﬂwmmm/{j”

g po e e =
" Before the palntlng of a wall of 801l-cement or'simllar material beglns,_
§t._sHemld be cmv-nveﬁ with wat ) ll_immj.hsonblng—water

*-from the palnt and thus hlnderlng its curing ( g. 88)

2

1

M ~

: The palnt sshould be applled w1th a brush in two ona+ﬂ ‘and curedc?or +hree.
3 ,days by spray1ng.~ - . +

j;leme-based palnt )

ciovsw s oy o This 1s one ‘of- the- oldest and most economical palnts used as a wall finish.
*,jf‘It is essentially a lime wash (lime ‘and water), to which pigment mey be added.n

o . Lime Wash is applled to the wall in two or. tﬁrecﬁpdats with a brudh
53‘(flg- 89). - It can also be used in a thicker form spread with a trowel;
"fln'the datter case, it 1s applied in one or two coats of” tér%thieknesa.

¥ ,ﬂo,,_ﬁ_ ‘\\\
Mo, énsure greater adhesion of the paint to- the wall, 8. quantity ot.g;ne
r“other blnder is added to’ the Wash (l1me and water) T IR
\\$\“ o s

S e . IS

\\ . - o

-

“,7Before applying plaster, 1t 1s desirable to prepare walisfby removing from i
,‘surfaceé any excess mortar protruding from Joints or other extraneous matter S
: “,\em dnring construction. SR W
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'Plaster of somi»cement mortar 2 < . .

The best'mlxtures ;or thls type of. plaster are (a) one part of cement to
. five ro eight parts of sandy soil by volume; 45/ (b) the same mixture, plus a
: proportlon of llme not exceedlng 50 per cent OT*the amount of cement used.,

o Before plasterlng, reference pointg are noted on the surface of the wall
- -at intervals of 1.5 m;-thus /jhe/%hlckness ef‘the coating and consequently,
”1ts "rightness"-tanebe_determined (flg 90)¢' 3
- "Guide strlps OR 4} ster E%Yiﬁs" Yiﬁ,cm w1de are applied betWeen the
points of reference and ft‘to dry for two days. Mortar is then applied betweepr

,,uwu" dU.dUJ.ll.L.U5 vertical strips and smoothed n+‘+" +hp surplus being removed with sa.

scraper. Th;s is done by restlng the scraper on the master strrps and sliding
it over them (flg ~91). This procedure is contlnued until *the whoie surface of
;the‘wall has\beeﬁ~reﬁéereé7—fA~tool known as a plasterlng trowel 1s used to flnlsh
;off the plaster sdrface. . ,

Y

501&rcement plaster\should be cured for three days by contlnuous spraylng.
ﬁPlaster 'of cement mortar .

N S P -y R SR —
'

et
2l

.~ The correét“ﬁroportions for the mortar are one part of - cement to between g*
VSlx and nlne parts of sand’by,volume. _ o , : v

i To apply thls type of plaster, the 1nstructlons glven above for’ plasters
tof 501l-cement mortar should be strictly followed

s
]

laster of llme mortar S . v ’ - sy

RS R : ; A

:sIn|;eg10ns where gooaﬂquality llmes are avallable, it may be. economlcel to
- cértaln proportlon of lime in thé mlxture. o PR

- \ ‘

A gentina, for ekample, it 15 ususl to follow this procedure “(a) =

-ing of thick plaster, consisting of- one-fourth part of cement, one
ejlime, three parts.of coarse or ‘medium sand and oné parb of

br ck‘dust;(or an equal: quantity by volume of fine sand), is applied to the
pared as indicated above under "plaster of soil-cement mortar";

coa 'e plaster is glven a fine flnlsh Wy coveringeit with a mixture

Thé- cement”.,
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¥. ACCOMPHMISHMENTS IN SOIL-CEMENT® -

THE PURPQSE OF THIS CHAPTER

Soil-cement has acquired a reputatlon as an, excellent constructlon material.

It is belng used more and more in all countrles, espec1ally in rural and suburban
' ‘areas.

ThlS chapter presents a number of examples which may be helpful to anyone
WlShlng to try using this material for construction purposes. The examples also
attest to the good qualltles of s0il- cement when it is properly employed.

* The 1nstruetlens glven 4n thls paper are Sufflclently complete to enable

. apyone who follows them to obtaln results as good as, or better than, those
1llustratedchere.~ .

SO Vi

Rural dwelling of 5011 cement (l 46/ - ; ' : ; , T

e

s “rational and advances, method of u51ng ‘locédl materlals and technigues was applled

o An experlmental dwelllngl basically of soil- cement . in the village of A

- -Chambitpal , Munlclpallty ‘of Buga, Department of Valle del Cauca, Colombia. This - =
/ bulldlng ‘was the cutcome of a detailed study, in which several teachers and fellows: )
from the 1957 CINVA regular course “took part., It was designed to suit the ‘
characteristics and level of 11v1ng ‘of the inhabitants of the region, and a more

in its constructlon. :

!
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'Sample;hbhse:of soil-cement

(2

£
a

N

X

%

4

I

%
/

Under an agreement between the lLand Credit.Institute (Inﬁtitﬁto de Crédito
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' blocks produced with the CINVA-RAM
" could be effected through the use O
' programmes of rural housing.

moul@er.

of Colombia and CINVA, it was decided to constrlict a soil-cement
The object was to demonstrate,the correct way of using soil-cement

The prcject showed what economies

f this machine in self-help and mutual aid’
& - s ’ .

o




Rural dwelllng, San Jeronlwo (3) - - T :

In 1956 T CINVA agreed with the Director of Rural Educatlon of thé Colomblan-»~

Mlnlstry of Education to carry out a project-of some magnitude in a rural.-
enV1ronment1 Thus began the San Jerdnimo (Antloqula) Pilot Project, %hlch offered
a means of conducting a practical experiment, adapting worklng methods,‘tralnlng
technical personnel with a pfactlcal outlook, and framing a possible so}utloh to
the rural hou51ng problem with the use of educatlonal resources.

S

House of;so;lecement blocks. (h) “*vf e T T T

© ) . P -

Ihe dwelling shown. 1n the photographs
area of the Sierras de Cordoba.

1 v
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~The Water Authorlty of the Prov1nce of Buenos Arres decided to prov1de v
adequate hou51ng for its overseers along the canals which traverse much of the -

terrltory - It elected to. try‘u31ng 501l-cement for bplldlngs in the No. 16 canal
-Zone, 1n the Saladlllo dlstrlct.‘ ; _ _ ‘ )
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Soll cement house in: the Unl‘bed States of America (6) e o
. . o 1 " 3, .
In 'thlS de81gn the door and w1ndow openings. run from the floor to the roof )
o that it was unnecessary to work'with the, soil-cement on small. sectlons or tao -

make the llntels excess:.vely strong A.wood fllllng was used below the WlndOWS.
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=i uses hullt at. Caicedonia (Valle) with soil-cement, blocks made with the
CINVA lAM woulaer. ’hey are outstandlng for the excellence of ‘the masonwork. .

Soil-cement house in Venezuela

re
P

) 8041~ cement dwelllngs bulltaunder contract in the o¢ity of .acas. \They - ’ A
show the excellent masonwork g ssible w1th prefabrlcated 5011 cement components. ST E

“The roof 1s of asbestos cement‘ ‘

m o




i v

S61il- cement dwelllné bullt for demonstratlon and practlce in, the grounds of
the PractlcaL‘School of Agrlcdlture (M.A.C.) at Providencial. “Retommended for warm
‘Vncllmates by the Malarlolqu'D1V151on of the Public Health<DePdrtment of the

f

Venezuelan Mlnlstry of Health and Uelfare. - Do :
S {
A - L )T
‘ %
!;‘
— -), :
i ; +
| - o .
v | \ ; VVA s oy
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8011 cement house in Braz1l (8) L :?‘ o o

Villa construcL?d at Valle Florlda, Mun1c1pa11ty of Petropolls, State of
RlO de Janelro., A S . 7 Cw .

e
4 . A‘ lfJ- . : . i

‘fgf InfBra21l & number of progects u51ng soil-cement walllng have been carrle
outb, prlmarlly through the efforts of the Bra2111an Portland Cement Assoc1at101.
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8011 cement house i Venezuela (7) - E o
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8011 cement house in Bolivia (9)
N : / . .
S 8011 cement dwelllng constructed by Bolivian State Ollflelds for the Director
o of Operat::ons at his Sanandlta h{aadquarters. S i

’
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) ' Soil-cement house in Chile (10) ‘ o ‘ .
T Experimentai soil-cement structures éiﬂected"ﬁy the Scientific Housimg Centre,
- "University of Chile. ) ’ :




- 33{

“5011-cement house in_ Chite (11) ”ﬁiu , o ’ . X

y o . ]

gtional’ Instltute for Technolog;cal Reseaﬂ%h and Standardlzatlonv
(Indltecnor))§ylth the collaboration of thHe- Department of Scientifie and
Technological Research of the Catholic Uaner51ty jof Chile, constructed this S .
experlmental soil- cement house. : f - ’

- k)

T - - -

"Tablo experlmental country school (12)

; " — .

Bullt experlmentally ‘at El Salltre Vllla ,
of»Cundlnamarca, Colombla. . . //*'
Thls experlment had its orlgln in the programme and- study dev1sed by CINVA o
-too"demonstrate 8 methodology for the constriction of rural schooIsf employing .

-the: efforts of the rural community concerned) local materlals and, i %or making N
oil- cement blocks, the’ 'CINVA-RAM moulder: ; - -




Saucio rural school (13) - : o a

" This project, carried out at Saucio Village, Mun1c1pa11ty of Chocontd,
" Colombia, also had its origin in the programme-and- study méntloneé in the preceding
paragraph. , s "

2

- _The erecfionvof this school providéd a practical'exerciée as part of a
process of "community development", which may be defined as "the development-.of
the potentialities of a community or social group towards a common end or ,

&

collective beneflt" , q ; .
o

- 0 o

.Rural school of 5011 dement in Colombla ' .

I # |

The Cundinamarca . Board of Education bullt at La Calera, néar‘Bogota, a rural
~school Wlth a metal frame and walls of prelabrlcated soil- cememt blocks.




CATENARTAN ARCH

Wlth a view to flndlng naw appllcatlons for ‘soil-<cement blocks, the
Technological Section of CINV. proceeded ;n 1958 to design and build at its
Mexperimental building statlo" ~an arch. of Soil-cement blocks made wigth the -
CINVA-RAM moulder. -

. The fgrm selected was th catenary, as being most suitable from the standp01nt
of thlckness and constant wel ht throughout the arch.

¢

vThe arch's dimensions arel: - Co :
Clear span . . .‘ﬂ c e+« o s« 6.5 metres
, Clear herght s e e e e s v e.. .+ 3.0 metres
R ' Thlckness\r, NI centimetres
. The basic materlal used st blocks of cement and (sandy) soll, in the
“‘“*‘Inoportlon of '1:10 by volume. The mortar usedrbetween the blocks vas 1:3 (cement-
sand) by volume. . [ Lol :
The structural behaviour of %he ‘arch has been satisfactory. At the time of
writing (1963) no crackihg whatever has occurred; and although not subjected to-
- load-bearing tests it has. fortultoﬁsly supported the welght of deveral persons.
' This kind of structutre may obvigusly, have important uses in rural areas,
' particularly as a cover for areas intended for storing goods and machinery.




‘ " SOIL-CEMENT CISTRRNA AND SILOS
. ) ) 7
Domestic water supply in rural dwellings presents a problem which 1s usually
resolved by complex and costly methods. “ oy ) ]
. : -
. L ’
‘ The c1stern constructed of prefabrlcated s01l cement components 1S a SOlutlon-
‘,-j“ now being applied with- ‘good results. : v I s
) The illustratio'ns below show some exp\erimentai designs: '
: @ - : a : v’ | ' . {‘ ; - V
Ci Stern for the experimental dwelling in Chambimbal Village, Colombia (1)
) : I — . R <7 i 5 .
- b -
: be i -

<L
z \
7
y
. o o L 7 - B
: p
) . I N ‘
. ’ _ . \
_cistern for the 5011 cement. house blrll’t at the CI‘NVA "experlmental bul_'l_dlng _ -
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—_— . o o ) T - e & 2 FA— "
. = o -
¢ Lo ; b
4 @
- - LT . IS { 5 -
CINVA - , "
: , RURAL DWELLING OF SOiL. CEMENT .- '
. ’_f'. i 1 iTEM: ) CISTERN o
N B} - - — ! o
S ' SCALE: g E ’ A
R ..l SHEET NO. " . | - .
V. DATE: LR
. : ‘ . £ . -
'PROJECT BY: ENRIQUE CERDA ANTUNEZ | | [k - ’
SR REVISED BY: RENE EYHERALDE FRIAS B £ AR -
& ¢ .
-——— t-
PLAN PLAN - :
; st COURSE 2nd COURSE - . ,
. ] ' . 4 SECTION .
PLANS AND SECTIONS OF CISTERN A~—A R ‘
.-k - :
‘ - .
S ) ’
BRI ” '
; N B - TR — .




 §/2 Soil—cement silos (lé) A B i I , T
§011 cement has been used 1n the constructlon of silos with very satlsfactory
results. '

/ ‘
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KITCHEN RANGES [ T
. ; ; L / ' & : -
i The 1nstallatlon ‘of a kltchen in rural dwelllngs fequlres the constluctlonty -
: .of a range, together with a stove-pipe to prevent flfb/hazards which will | v .
~§ generate sufficient heat and can be produced cheaply by‘the use of srmple and rog
effectlve craft technlqueo. . [ : .
L . v» ‘ . ' ) / . >
Range‘for the experlment dwelllng at Chembimbal VllLage, Colombla (17) T
A, A s -
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Househéld range for the San Jérdnimo Rural Project, Colombia (18) .
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. OVENS i
L ) N * . ® . - : . .
T The oven is an indispensable adjunct to the rural dwelling in many country
-~ communitiess R 5 . ’ ' ,
T g T 3 ) . ‘ . » ! .

. S " « - ‘ - . .q " ; . ’ . ' ‘l‘
.Soil-cement oven for the cottage,built at the CINVA "experimental building .

station™ (21)° ‘ ! e o
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experimeptal dwelling at Chambimbal Viliag‘e , Colombia (22)
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- " Thermal insillé,’ti;i_on j\wi*c:h soil-cement (23 )\\\ . _ I
‘buildings ‘erected Tor the water authority (ANDA) at Ia Rioja .
, the roofs were made of precast concrete beams and slabs-

vided by a packing of soil-cement.

.~ In seventy-four bul
. and Catamerca-(Argentina)
%‘VYJVJ{I”‘Th ermal insulation was Ppro

a
El v
!
: I
P -
a‘k‘n kT N -
& 17
. H
- .
'
-
»
4 -
B
1 v
t /
» .
»




w

Speclal soll cement blocks for ventllatlon

o Spec1ally de31gned 5011 cement b%ocks may be used to provide openings for * _
Ventllatlon in the walls of a dwelling, as was done in the CINVA "bulldlng shops" ., ¥

shown here L ] .

&
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asa campesina de suelo cemento /— o1l-;eement cottage/ R bulldlng pl&ns,
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‘ S ~ANNEX I, i
f'oi*; 1088 of length by shrlnkage of soLLJ ' ) R . f ) L B

"iake a box without @ Lid exactly g0 cm long inside by 4 cm wide ahd 4'cm deep
| 0il or grease the ingide surfaWks of the box .thoroughly. ot ih wet soil
without cement. The soil should have the optimum wetness. b/ *Ram the soil into
~all corners of the box. with a small stlck and finally use the stick to shooth off
the surface.ﬂ xP]_ace the: box in the sun for at least three days or in the shade for

-at ;Least seven days«< ]55 not- let rain ‘fall  on it, r B

'n81de.

»

At the end of, this- time measure.-by how" mich the scnl has become shorter in
length by shrlnklng You may have to add up ‘the loss -ip length by shrinkage at
,each end- of the box," or you may be able to push the soil, which should be dry and
hard, to one end, and measure. %ll the shrlnkage at the other end of the box.

"If he. 5011 has shruak not more than 12 im use oné\part of cement to eighteen =

o0il. If it has shrunk more than 12/mm put less than 25 mm, use one part of .

gopent to SIXteen parts of goil, It 1t Qas ost more than 25\mm, but less than o
mm, use ons pert-of cement to fourteer;l) ‘s of -spil, whileif 'it has lost more . . )

‘ghan'238 but less- ‘then 50 mn, use one part :of cement to twelve'paxts of soil.

parts of 8

"If the SOll has’ cracked very badly at several places , not juse.one or- two
oks, or if it has arched up out of the bok, or has shrunk more ‘ph& 50 im, do

riot ‘use’ at for bu11dlng
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v'fSoil—cement;TIOOEftiles o , - S B § -
" . . o . |
T ! o s o ‘

. 801l—cement tlles for floo ing can be made wifh the CINVA-RAM moulder along the

7~w¥i' The soll—cement tile con ists of two parts: the upper part or wearing surfa
. from 1 to 4 mm thlck and’ the’ {lower part, or "body" of the tile, from 3.1 %o 3.4 CQE&
thlck.(flg. 85). ) v ' |
w~.The mlxture for tha. "bo&@“ of the tile should contain one part of cement to -
between - Slx and. e;ght parts of sandy soil by Volume with the requisite amount of
; 'Water. d/ The 1n§truct10ns given for blockTmaklng apply to the choice and

» preparatlon of'the 3011 and to the mj xing amd compacting. e _/ .

The wearlng surface of the tlle may CO?SISt of pure cement, a mortar of very

flne “sand “in the proportion of two er three parts to one part of 'cement, or a v
,xﬁlxture of cement; pigment and fide sand in proportlons determ1ned1exper1mentallmu
'57according to the plgment used. i T

1

e
. . !

T'e CINVA-RAM moulder is used to make 8011-cement tlle in the follow1ng manner:

( ) The speclal metal—e\Vere§ wooden plate or platform (fig. 92)—/ supplled
W th the machine is placed aty he botuom of the metal box.

(b The material or the beaflngf fq\e of the tile 1a‘placed in the mould
first, ‘and’ the material for the body is then added. The whole is moulded 50
J as tQ_thalnlmax1mum.compactlop+f - = :

) A ":,"'x‘ =

”,(‘) The tlle 1S removed as shown 1n‘f1gure 93.

v

. ] ;

- ! - v L4 ) . [
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The S1phon1ng method— . N -

Like the standard method, this new method is based on the prlnc1ple of . S -
-sedimentation. The’ latter is expressed by Stoke s law, which gives the rave of A
" fall of a small sphere in ‘2 viscous- fluid as: ’

! g2 (Y, - Y v . T TEET
)i 4 : . : Y . 18n S o i} -
© = ) - ’..:V\\?h ) R » N o =
’ Where - e e — _{_W . - - J | N
- . .’ . . 3 . s ; . - . ‘ v."‘; R
'V = velocity in centimetres per second, - ‘ < 5 | o
. IR L x 5 ,, L | B :
; - ) o b ! " - . . ' ; “ . ES R . . ¥
s ¢ g = acceleration in centimetres per second per second; ‘ :o-
N ‘ . ' G L L
pd = dlameter Of the spHere in centlmetres, ) S ; o s L T e e
w n= vlsc031ty in: dyne seconds per square centlmetre pr p01ses (changes W1th %j,

: temperature),

wt—m a v K
In.qpplylng Stoke's laW'to thé*aetermlngtlon of the sizes of el
fbllow1ng Immitatlons sheuld be taken i\f“cen51d‘ratlon.

o

ticles in a

a).w8011 partlcles ‘are not spherlcal. Some are angular, round 1§Ky;haj/§?
.d{se forth. Thus accordlgg to .Iii. and W. Squires’ of the Massach setts g
1tuteaof.Technology, the relatlonshlp between the dr@meters of spherlcal .

T_'been rev1sed. It was. orlelnally submltted by its author to
' 4 Sating Materials (ASTM)«im 1945 and publlshedkln
1n‘August 1945. The method was tested by

fes Public Roads Administration (see
7.. The slight changes which have been

Reprlnted from Método del Sifoneado
f‘by Raul Valle Rodas. Caracas, 1955.




L = diameter of -sphere,
SN T D' = [diameter of disk,
Y - a Y= D/ H ’ ' . : v
'helght of disk. ' ‘

=}
ll

e
e
)

{b) Stoke's law relates to the motlon of one sphere only and does not
théyefore take into account the rec1procal 1nflueTce or interference-among -
par 1clés/wh1ch certalnly ocecurs in a mass of soil in-a fluld medium. o

3

e above—menbloned limitations, _gmgngwnthérs, show us that the granulometrlc
analyé;s of a- 5011 based.on the<¥finc1ple of sedlmentatlon or on Stoke's laW/lS

appro mate., = . O
1/ : - ) /'

A3
. 'L‘”’Tf'ﬁfﬁeéggepdsed methoé{ the mean settling perlod of silt partlcles was taken
;‘,} a8 l cenﬁ}metre’per minute. This value, as can be seen from table 1, provi
S —jﬁ, a safety factor, because at the end of one minute all the silt particles will
s have settfbd to a- dl&tance of one centimetre. Settllng veloc1t1es were determlned
' i forPfluld temperatures 6f 10° to 30°C and for soil specific grav1t1es of 2.25°

’ﬂ to 2.95. Tﬁese are the condltlons normally found.
\ -

L

‘?@ ‘ Slmllarfy, the mean veloc1ty of fall for clay partlcles was xaken as
O 020 centlmetresﬁper minute. Table II gives the velocity of fqll for clay
”;tlcles &t dkiferent temperatures and spec1f1c grav1t1es

)

seope .\ * S SR E

. E : . h ; . P

S N . . . : \,“ . ; ) /

Thls method indlcates the,procedure for determlnlng the percentages of stone,-
gravel, sapd ~51ltkand clay contalned in a soil.

) e

i Ap‘]éaré:%us. o\ A
DR AR ‘ :
£

ﬂ..BalanEeh ‘AVBaiance seﬁéitive'to 01l g.

e
- .

A : o

‘jirrlng dev e; An electrlc stlrrlng apparatus W1th removable

L 1
; ¥ .
o~ >

,fAn electrlcal or keroseﬂe oven Whlch can malntaln a

A
N : ' . X . ! .
N a . .- i . P . .

f{’raduated vesselg., Glass contalner? with an 1nside dlameter of not
(] centlmetres ahd a height of notl!less than 25 centlmetres" The &
’,:lllmetfe capacity commonly used lnflaboratorles are sultable.




ﬂée mean Ael city was taken as the 8
7'velocitipes correspondlng t? the largest and the smalles¥

,' particl 5. The mean veloc1ty for 91ay particles was ¢ mputed in thewsame way..

7
/ .
are root of the prgéﬁct of the

-»—

size of silt

/-/’ —
\ AN - _//~‘ ST
—_ - —— : ; - 5 2 F om b :.‘ m—— e I
P ' ‘ // "Velocity . “Velocity =« /
gTempera$ure s corresponding correspondin Mean velgc1ty
SUE Spe01flc grav1ty to a diameter | to a diamet for silt partlclas,
O R d = 0.05 mn, ©em/min%
0 0 g/cm S s <- .
°r| “c - g em/min \ - L
' S ,7 Ep— a5 A
12018 1. 2_2' /
. 'lO 30 1 Q
7.8 0.78
L, 15.85 1/58
So13n /1 3k
: 10.16 7, 1.02
- o 19.89 , 1.97
g 16.82: . f / 1.68
, 1 12.75. -./ , 0.127 //\ 1.27
P 4 | s K= | = .
/ N / !

. /,/ L .
S . TABLE II _
’ . . RN Al e
: / - o
. - \_ . ‘y,‘
- / elOC1ty elocity g‘,L -
rrespondlng orresponding | - ;
© td, a dismeter |/to a Jigmeter
, 0,005 mm, { @ = 0.001 mm, |/
§,cm/m1n /// . cmfmin ‘

Q. ooug B
. 0.0041 0.020. |
. 0.0031 - . 0.016
9.0063 - 0.052- |
~ 0.0054 -~ 0.027
o o.00kL 0.020
.10.0080 039" |
0.0067 ).033 |
'i.0.0051 0.026 %
- i
o [
P v!‘(f'
- b
“ 1;
/ i =
N ’
' :
;.'q




h) ‘Sieves. A serieBs of sieves of sqpare-mesh onen Wire cloth. .The sieves
requlred for spe test are as follows: - : : L T

Sleve De51gnat1on i ’ : i o SieveﬂOpening

'B/LL"‘ S oL . 19.100 mm

" No..1l0 ! - , .+ 4.2.000 mw
. 60 C e 0,250 mn
’ : o.o7h wh

3
o

If more plottlng points. a;e wanted for the granulometrlc curve, a greater

1 ‘ \

number of sieves ma& be used. e

Reagents R
(a) Dlsper51ng agents. Any of the following agents may. be used: hydrogen
~perox1de, sod1um.hydrox1de, sodlum carbonate, sodlum oxalate, or ammonia,

.~(b)Jﬂ;bflocculap ng agents—‘”Sod §TIiEEfE?EﬁTE£HH1EEEEIE_goint1on.

i ; k . ".

;,’: .

;h; Saggllng

’
Y -

Lo
Lo

, add,
e\gzlrrlng device, abouF 20 ml of{
olution of gum\arablc QhS 2 grammes

)
. S
X
1\_* :

into a graduated
vess th water.to helghtrof tfleast twenty
ntents t oroughlygrt ning the: cy ?der up51de down

N e ;L: : ,]‘L :“:V _/;! '




) After the shaklng operatlon is completed, place the vessel on a table . -
(a3 let‘the soll in- suspeF31on settle for twenty. mrnutes. ' '

v

the contents of the vessel occupy a helght of over 20 centlmetres, add
mlnute for each centlmetre to the aforesald settling period of twenty :

- . -
) o o
! '1 - It - .

, ;(h) After twenty mlnutes,carefully 1ntroduce the metal disk until it touches
th materlal settled at the bottom. The purpose of this is to sep kate the
dett’ed_materlal from that still 1n suspen51on. H \ ’

(1) Uslng a rubber tq@e, carefully 51phon off ‘the materlal still in oo
suspen51on. . L ‘ ' . .

- i e T ,‘ ' . R L . - 4

(J) Transfer the materlal settled at the bohﬁom of the vessel into & - RO
It.is,. recommended that a wdsh bottle should be used:in removing the :
"“Try not: to use tooamuch ‘water, so that the container with the sample

b “put 1nto the oven at once. ‘ ' éﬂ

g "G(-r* . Lo e

'(k) Pléce the contalner with the soil sample in, ‘the oven until the sample _
tely drled, and welght the dry materlal ‘ ‘ T L

\.;,un "

4

Sleve the dry materlal bn the Nos: 60 ;

: OO.sieveé, and record the
h‘ ‘of the materlal that passes eaéh sieve. AR

*
s

&

‘.\_~ N TR L. .'1‘

passes the Nb 200 51e&e (o. O7u ?m}
vér, if it is thought de51r%ﬁle 40 report
evew( ‘050 Binii}

oéiltfperticles.wae calculated at/one centimetre Aer

|
!
i




UF

- I -
! A

O o
Granulometric curve

,/’
7

Whére the aperture size in iflimetres of the different sieveé used- is known,
it is a simple matter to plot a granulometrlc curve, as shown in figure B. The
use of Semllogarlthmlc paper is recommended in plotting this curve.

ey o . o ¥

Examples

S ‘ 3/
‘ Example No\ 1. (A1l the material passés, the No. 10 sieve.)
Weight'Of,bﬁeﬁ—driedjﬁaterial o e e e e e ere e+ e w-. 100 grammes
R Yeight of sett;édlmaterial remaining after siphoning . .. 55 "
-Difference (clay) . e e e e« v ae v . o . b5 grammes
: ( Weight of material retalned on the
S * (. No. 60 sieve (coarse sand) . . . . . . 20 gralme s
Results of. sift- (. ' : o
+ing the material ( Weight of materlal retalned on the ®
., rempaining gfter ( TNo. ‘200 sieve (fine Send) . . . , . . 16 &y
B, R . . L .
. - siphohing (- ¥ '
( weight of material pass1ng the  « i £
5 e ( _No. 200 sieve (silt) . . . . coe s 19 n g
N © 55 grammes
K Thué‘ﬁékhavkz o oo ‘ R

B ¥

[y

fcravei?(maﬁérial.retained‘oﬁbthe No. 10 sieve) . . . . . 0.0 grammes 0.0 per cent
',?COéfse'Saﬁaé(matérial‘;éfaiﬁed on the N&. 60 sieve) ~ . . 20.0 " 20;0{

yixTFlne sand (materlal rétalned on the No. 200 51eve) P 16.01‘ o 6.0 "

Sllt (materlal pa551ng the No. 200\81eve) e e e e 19.0 o ‘19.0' "

Tl e o ’ . ; #-

s Clay (materlal 51phoned off) P ... .. U500 " k.o " S

lOO;O per cént -

i

Example yp 2 (Only a part qf the material pasges the Wo. 10 sieve. )

' reta1ned on the 5/&" sleée'L’;’*,f/f*T’T)? .. 10 pjr cent (stone) &
e E : : ’ Soa |
_ Materldl retalned on the NO.RLU DLCVp . . .15 " (gravel)
- Materlal pas51ng the No. lQ,sieve, c e e e e e e o o T5. T (sand, silt
‘ . ‘and clay) ,
" - o
: & ! . ? ! "Lﬁ:# “'L :
76 : 3 ’ - .
;o N ! PP R
A | : oo T >
Loy ,N\.T . Coy o - |
o RN S N L Lo e
\ | ! i o4l T -}«. C




S e ’
, 1) * ¢ S
'y .
y. . ,
g a .
START OF TEST ) AFTER 20 MINUTES )
L._z_%'_* t d
| \ * . ‘
: ‘ MATERIAL IN . 7 . - %
MATERIAL IN SUSPENSION . % -
SUSPENSION - . (CLAY + COLLO!IDS) :
AT START i .
OF TEST \ DISK INTRODUCED
. . . AFTER 20 MINUTES .
5 MATERIAL TO SEPARATE THE
SETTLED| ‘SETTLED MATERIAL .
- AFTER FROM THE MATERIAL S .
. 20 Mmuﬂfs STILL IN' SUSPENSION .
y a v -
L4 i T T " L -
R Ui [ \ . ) '
é
. v &
: N
. b 3
‘ . : ) B - L .
ROD ATTACHED TO \ - 7 y . . 5@, i
. THE METAL DISK . : . / L
— - - " T T T o s o I E R :
[ ’ RUBBER TUBE (SIPHON) . METAL ROD C g
INSERTED TO DRAW OFF \ . - I . . . ;
THE MATERIAL REMAINING , \ , .
. IN SUSPENSION - . ;
(CLAY + COLLOIDS) S . )
# AFTER 20 MINUTES . \ WELDED JOINT . E
. : -
PO ‘ \ METAL DISK . . L oo
1y METAL ROD \ . . .
3 o “ "
. . : : i o & . . ! e
’ . N AFTER SIPHONING : ‘ i\ - : :
. \ . . .
- . Fig.A , \ S
R PR : . . ~
T c o ’ 7 - . - @
O L MECHANICAL ANALYSIS
. - i S GRANULOMETRIC CURVE ) 5
‘(00 “ . - [ e e e , - e e e 3 T
g . . ” i - /\
: ) . . i —~
80 . Fa. - - B T S e - - -
: Ty \ - i i
70 .. - % Lr ¢
- . I3 5
N B B
60 — AN ¢ .

Y . e p 7 v T ] T -
g - H N o ! \ - . .
CE. ! . L
G R ] = ) < ]

; 3 I H - ‘ <

- 40— | Ll

"R 1 “ | . ¢

z. N '

w30 p— - - S - -

o . o ! , ! _

o '

. . 1 bl ~ o -

2; ] 4 _\ ' .‘ N . . ;
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L2z

iy ) . i 4 , \ i
it : ! : i .
g‘ 10 — L ; . g \ -

) By : 4 ' \ ’ :

s ’ Wk . Pt . s
' N . s
B . o 1 . .
B . | N ¢ . f \ )
L ) - “ { o V. . ‘ ‘S‘S ot ‘ R
. - STONE wifiommi GRAVEL I | _COARSE SAND ____! | .FINE SAND 1 SILT CLAY -
% ¢ Lo ; MM 4 .. 025 MM 0,074 MM 0.05 MM 0.005 MM ¢ . {
B o LN e J) N -~ e
NO. 10 NO. 60 NO. 200 ‘NO. 270 s SEDIMENTATION ="
rt 4 AN o ; Eé‘
\ . PR
i J i X ~ . “ ;
i i B
. AN, \\ ,‘Az ; . “\
i
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Results of the test conducted w1th the materlal pas51ng the No. 10 s:.eve-‘

eigh ofrthe oven—dried o '
«.s « + o + 100 grammes ‘ . B
ght of the"settled M o (Retained ‘on No. 60_.'; . 12 grammes

-,v .

68 grammes

ngetained on No. 200 . . . 20 grammes

jever, i ' a,l,,n the pe;r'centage of c01101da1 matter
: smaller than 04 Ol m:klllmefﬂ‘es . includé im the '

¢

R IO E S SRR
sn?.i)h‘oned ‘according to section 5 _above’ to \1 another’

, Sap !'

stand on a

dlék and 51phon off the

“After sev enteep hou‘ 8,

mat) T 1 :t‘ema5 i

1ntroﬂuce ét.he meta
n\.ng( n..8u 'p s:Loné

lﬁ materl

3

N B

X ~.2 T e ‘~(P'as.si'ng No. 200 .. « » \"'. . 36 grammes
A - ‘ . 68 grammes
5y . : & !
Finalj zesults: | L ' .
O .. 10.0 per cent 3 ; ‘
e e e e e . 1500 M. e
V- g x 0. 75+ « o «/s 9.0 " R .
’ / s . . . [4 : o " o ’
.20 g ‘&« 0.5 -« S0 T
--;ww_-'; 36 & % 0. 75 .0 i270 0 " R
f B . \‘ ;&,') a:‘ ./:1 i , ’ . . v_i.-
P 32 gx0.75+ - i« 8h0 o
" AR ~,100.0 per cent. B .
. o N T EE C - oot
- E b N o - ‘ -
i e ; Collcndefffx maten;‘lal . . o : ‘;
oy 7 ;' v .. N 4 ‘.R;;C‘?

clay fractlon , the

1ph0ned matfrial w1th water to a helght
t&ble for seventeen houns. ’

l m suspenswn is p1a531f1ed

«

+




s
K

xample:- SuPPOSe that the h5 per cent of clay (clay + c01101ds) obtained
exa p;e'No. 1 1s transferred to a graduated vessel and subJected to a sgcond
31pho%1ng after seventeen Pours-' }

r

§

off 1n the first operatlo

s
. , , :
Welght of the materlal 51pho ed Ta g

3? . o0 45 grammes

v
i R 1

] . v -

élght oiLthe materlal.Eetalned » o ; : o
after the second siponing « « w . « o .+ - 4§3H R R 114 Perfcent%£4
. B & ' : ; . ) '-,

: leference (001101dal material) oy : .Yll grammes - 11 per cent,

e N .
) ,°' . \:.4 : / . » ) : R

Thu5'we flnd that the M5 per cent olay fractlon is composed*of

‘Clay . . .~.‘a:. . e 3h per cent
RIS X
" Colloidel material .. .;. ll per cent ‘
YA COME’ARISQN BETERN THE ' STANDARD METHOD AND

THE STP HONING METHOD ,

. H

,,K«-,,— y .

.

e The results obtalned by thlS methoil/ are practically 1dent1cal w1th those
obtalned by the Standard Method, but the ‘test is. quicker and 51mpler to perform,

The compa atlvertable belcw shows some bt the adyantagescﬁ‘uslng the siphoning -
ethod- a' F . ; L s wo T R 1

o
S :
i ! .

/:Standard Method - Slphonlng{&ethod

— — : L
Neceseary K R 3~necessary
' Necessary . | N  nécessary
Néceéﬁary~. - . Not necessary -
NeceSnary' ~?<v{:;’_;nec§é$aryi

Neceésary ‘ﬂAc&  'v   fecessary -

our - e
’ ) y [
imites’

: [si‘mx;l;e; s
either charts

‘needed [ ?eﬁédf e

2y ;

.19 hours ¢ | . 113 _3 '

byislide rule ' ‘ v’ or Slide rulé‘”'f
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Figs. 39 and '39"'(5) D}ying and curing the blocks.
NeWwly-made blocks are kept under cover.
Stacked b]ocks\

Fig. 40 Wate ing the blocks.

Fig. 38 (a)

Removing the block, togetheﬁ
w;th the plate.




Compression test for blocks.
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Wetting-and-drying test: blocks beihg dried.

. Lo " Fig. 42 (a)
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. Fig. 45 Equi'pmenlt\ for the erosign test. - 7

Fig.:45 (a)
Effect of the
erosion test
- on blocks.
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Damp course of bituminous felt. ™ ‘
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_ Fig 56 Building a walf:qf soil-cement blocks. 0
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R A Fig. 57 -
"~ Wall constructidn using soil-cement - s
blocks with the aid-of a gauge. - '




., Fig. 58" Laying soil-cément,blocks with a __

“block fitter’". -

of walls of soil-cement blocks laid in.

courses of headers an

Bonding

Fig. 59 (@)

IR IR P L 9
g. 59- .Bonding of walls of Soiﬂcemué"t“bl?(:ks‘ .

d double stretchers.-
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_laid as ;Stretchers.. -
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" Fig.60 T-junction: blocks laid as stretchers. Fig. 60 (@) Junction of two walls of different -
' \ A " thicknesses. ' ' B -
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b \\ ) . N ’ 2‘: ’ ’ "
‘ Fl{g 60(b) » B s __ N" f\_,, @ o Lo
~“Antificial joining (With metal nresh) of tho- -~ °© e’ s
. Wallsof different thicknesses: ~  -% ' c C
. Fig. 61 <L

cavity. blocks,

e ‘Special T-joint :Usix?g
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“trimming the seams.
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. Vertical reinforcement

ped. soil-ce

I?lg. 62 thishi“n"g,an outer wall surface-and

xv) L e o R Fig‘64

A Tl ,V‘,ﬁ'si'ng_cayity blocks.’;—

ment'block.
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Extra-metal reinforcements for walls of il-cement. « - : L e, A .
“hincks, are highly desirable in active seismic regions. Fig. 68 Lintel prefabricated in U-blecks. ° S r

Seams of moqolithic walling are bonded
and are tongued and.grooved.!
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_Fig. 70_ Three types of shutteririg for monolithic walling. = Fig. 70 (a) ~ Shuttering for monolithic
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Fig. 71  Wall jungtion, using special blocks. w Fig.;-72 Bolts fixed in monolithic walling.
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Fig. 73, Wall beam constructed directly o
onto the wall.
Fig. 75

Light material = - S e i
(bamboo cane). - ‘ o
- filling above a lintel. o T TR
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Fig.77  Ca

© . Fig.78

Various types of ‘dowels.”




Fig..79 (@) Soil-cement roofing with covering of
: bituminous paint and small gravel.

o R " /
Fig. 80 o o e T e ]
Soil-cement roofing reinforced with ‘ o
barbed wire.” v )
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Fig. 82 Method of securing the roof truss tg
- a soil-cement wall. « a soil-cement waII

"-**Fig‘;. 82:¢b) Method of seéﬁrin'g the rocf truss to - F ig. 82 (c)
BEE a soil-cement wall, " a soil-cement wall.
) - é —— N
v .

Fig. 82 (a) Method of securing the roof truss to

Method of securing the roof truss to
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Fig. 83 " Platé bolted to the wall beam

F|g 84 Usmg the- “scraper” to make\a
: -50il- cement floor
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. Fig. 84 (a) Smoothing the surface of a soil- cement
" floor with a trowe|
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SOIL~CEMENT TILE 1
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Fig. 85 - Cross-section of a floor made with

: soil-cement tiles.
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Fig. 87 Applying cement slurry to th

tile floor. o J
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Fig. 88 Sp'raying\:\a wall with water before painting.
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Fig. 89 Painting a wall. ., ‘
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Point of reference and “‘guide strip”
for plastering a wall. : .
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Fig. 92 el ' ; /
Wooden plate used !
in the CINVA-RAM -
‘moulder for tile-mabking.
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- o «/Fig. 93 : -
Removing the tile; )
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i _; o ' .THE ORGANIZATION OF AMERICAN STATES / A
,  THE ORGANTZATION OF AMERICAN STATES (OAS) unites| the twenty-one republics - oo
of: the Western Hemisphere for the common purpose of mla.lhtalnlng the peace, - .

e suring- freedom and securlty, 'and promoting the welfare of all Amerieans,.

The member: ‘states are- Argentina, Bolivia, Brazil, Chl e, Colombia, Costa Rica,
Cuba,, the Pominican. Republic, Ecuador;- El Salvador, Guatemala, Haiti,. geﬁ'@,uras e
: 'MéXlCO, Nlcaragua, Panama, . P aguay, Peru, the Unrbed Sta’ces, Uruguay, and .

- i

-

e International. Unlon of Amerlca:n Republics Y
. International Conference of Ame®ican States; ,
:he in Wash:.ngton, D.C:. Today, it opera.tes through g large fumbér of dlfferent \

agenc es and.. institutions through_’t ‘the Hémisphere, all contributing to the -~ *~ =~ .
of preserving. the peace apd securlty of the meniber states and ‘ -
by eo-opera.tlon ac’clo AthElI' economic, social, and cultural , - \
The. Pan ‘American Un:l.on, ‘the xentral and permanent organ and -
e OAS s has its /hgadquarters in Washlngton, D: c.

_ TheOAS:.sanoutgrovb‘of
er ated in 1890 during the Fir
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