MICROFICHE
REFERENCE
LIBRARY *

A project of Volunteers in Asia

4

Handbdok for Building Homes of Larthn
Texas Transportation Institute BEulletin No. &

by. Lyle A. Wolfskill, Wayne A. Durlap and B
Gallaway

Published bDy.
United States Agency for international
Developnent
State Department
Washington, DC

Paper copies are 511 1n the
Ask for accession number PB-

Avallable from:
National Technical Irnformation Service
‘Springfield, VA 22161 USA

Reproducticn of thig microfiche document 1n
form is subject to the same restrictions as
of the original document.




Handbook For Building
Homes of=Farth

By
LYLE A. WOLFSKILL
WAYNE A. DUNLAP

and

BOB M. GALLAWAY

TEXAS TRANSPORTATION INSTITUTE
Bulletin No. 21
E 14-63

This report was prepared for the
Agency for International Development
under the technical supervision

of the

Office of International Housing
Housing and Home Finance Agency

TEXAS TRANSPORTATION INSTITUTE
A Part of Texas A&M University
College Station, Texas



Reprinted with the permission of the Texas
Transportation lastitute, a Part of Texas A &
M Uniwversity and the Office of International .
Affairs, Department of Housing and Urban
Development by

Rammed Earth Institute, International, a
non profii Colorado Corporation, 2319 21st
Ave.. Greeley, Colorado 80631




Handbook For Building

Homes of Earth

44

By
l‘\'.[.l'i A WOLFSKILI.
WAYNE A, DUNLAP
and

BOB M. GALLAWAY

TEXAS TRANSPORTATION INSTITUTE
Bullctil__l No. 21
E 1463

T his report was prepared for the
Agency for International I)t’z*t.’lopment
under the technical superzfision

of the

Office of International Housing
Housing and Home Finance-Agency

TEXAS TRANSPORTATION INSTITUTE
A Part of Texas A&M University

College Station, Texas



(ﬁ]l.‘t‘p[rr

-

Zh;lplt'l

('.h;:pl:‘r

—

Avaprer

o S

,'h.-ip_u'l'
Chaptey

('fh'.lpu'l'

~~

»

(Lh;lptm'

—

II'I.‘lp(t‘:l'

~Chapter

Chapter

Chapter

Zh.lplci '

'.h;lpl(‘r

TABLE OF CONTENTS

I - Tniroduction - Dypes of Farth Houses
2o Sorls and Whae Can Be Done Wath 1T hem
3o Sont Stalatizers |
toSie Prepanation

o I'mnul.-t!mn»

6 Lighideghe Runl’s

S Gettind the Soil Prepared

R Makmg Adobe Blocks

Y - Making Pressed F:.l}'th Blocks

1O — Making Walls of Pressed Blocks
- Aakimg Walls of Rammed Favth
12— Roots for Earth Houses

13 — Floors foy Farch Houses

I — Surtace Coatings

13
129

134

137




. Chapter 1 .
; "INTRODUCTION :

I’lnh.lhl\ one n[#lus f1rst Nomes man l1\t~11 1 afrer Iu cante
out of @ cave, way made of carth. To besure. the carliost known
Kinds ol carth constraction were sen crude by our standards
todan . Primitive man <hd Jicde more than stick muad on paoles
woven closely dogerther. Buc even with dhas, he lound shelter
that was berter than ansthing cbse he Taed exeept bis cane He
also hind the advanage of berng able to move aroand. He could
live \\'ll(.'t'ﬁ:’k.‘l' he wanted

Gradually, he Jearoed that some Kinds of mud made Ixctren
houses thao athers. Awd sonie of the best ones Tasted] his whole
Iifetome.

!

Fodav, there are plenty of carth dwellings ne o many parts
of the world that are-venturies old. Man discovered that the
carth homes tha have lasted hest were ill‘;tl‘l':l.‘i where not much
rain falls. A wet dimate s the worst enemy, of an carth hoase.

Cbodav with the adbanees made i the saience of soil

mechanics, what soils wil do woder many different conditions
can be ])l'('i“l"tl.‘” and contioled. Tt s possible, even with lictle
skill, today o bkl beauriful, inexpensive and dusable homes
using the oldest construction nuterial known, the cirth around
us, “w

Strangely enough. it s the scentilic road builders who
have learned most about the way many kinds of soil will behuave
under a wide sariety of conditions. These scientists know, for .
example, how to take soils that for centuries were considered
usetess for anvthing and. by combining them with materials
~catted stabitizers, make them Ao mistures that are exceltent
fom carth construction. '

As in omost il‘llp(nl'[;ll'ill discoveries, this new knowledge, much _
b tdeamed since Waorkd War T1 was found by work done in '
ldhoratories by highly trained techuical men. 1t now rennains
8 make these new techniques d\dlld])]{,‘ to the people who need
them most and van use them to . their advantage:  the many
people in the world who |'leed gootl. lasting homes and who
cannot afford to spend a lot of money to buy them, or who
do not have access to modcrn manufactured materials, “Earth

IS every where. . W B

- One of_the great aims of the Agency for International
l)evelopmenf' i$ o help fulfill this need. Under its Self- -Help
ngmm which the AID feels gives the most help while allow-

ing those aided to keep their dignity and pride, comes this
manual as oné of AID's many technical services.

A

This small book tries to take the newest technigues de-
veloped in modern seil mechanics and put them into simple
.o T -
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terms so that almost ansone, anywhere, can have the bénefy

of the great amount ol work that has heen done by the scientistss:

. . - v .
The AID auwthortred and paid for a reseavch project by the

Fexas AEM Rescarch Foundation, at ColHege Station, Texas, to:

Lo gather and”sondy all asailable mformaton on bulding

homes with earth;
2 do new reseach i oareas where not enough was hnown
abgut what can be dooe with earth. andd

3. bung this bdormation together wnd present it in
torm most usetud for most people.

il

Information came from many countries and from abl Kinds
of sources. "1 hese included books, artcles, techmeal repores and
cven newspapers. More than 300 such sources were siudhel,
In additon, soil engineers at Texas ARM Universits worked in
their own laboratories il made tests of the marerials thes had
and added the knowledge they developed themselves.

Thix manual tries to present its information in the simplest
Wi ]%lh‘ﬁih[('. Because many things vary greatly even inoone
caunt
have all that infomition apply o the place he lives,

The many kinds of chmate that exise all over the workd,
plm the much greater number of kinds ot sotls thatr are fownd,
make the problem of expluining juse how 1o buodd o house
chfticule. For exauaple, e che State of Lexas, ddone, whagt would
bhe best te do o the castern part would nor be at all the same
in the western part of the state. What would he fine e parts
of the Rio Grande Vales and the Texas Gull Coast i the
south part would not he best i the Panhdandle in the north.

Sg this manoal deseribes broadhy the kinds of sl thac ane
found I varions parts of the world cand tells what can be
expected of them. W1e then tells what s best to do with each
ot them, alone or in combination with others. 1o make them
goud cnough to use or make them better with the use ol
stabilizers,  And then 0 explaing which of the three general
kinds of earth consiruction is best for use with the kinds of
soil avatlable. 1t also describes simple tests anvone can perform
that tell the builder how well he is muccdmg what he is

trying to do. o

After Chaptt‘rq on pu‘kmg out places to build. how to - make
~a good foundation for any Kind of house, and how ‘to build a
roof, the manual has separate chapters on adobe, rammed earth
angt pressed block construction.

Because. conditions and available materiais change so much
in’ different’ places, the builder often will want 1o use his own
good judgment. Ir is therefore important, in order to get the
best value out of this manual, that he read at least the early

B “ 4
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10 s hnpossible too say o all things o one person . and



(:l'ia[_)t.(.'ll carcfully hefore deciding how hest to sebve his own
problem. ' '

As dn oany cralts ithe good workman has Uthe fecl” of b
job belore he teies 1o go oo Ge with it -
This manual, it i hopad, witbgive B thae " fecl ¥-

Types of Earth Houses

There are three main tvpes of carth houses that the builder

can select: . : ©oR
. Adobe. . . * _ =
D Roommed carth, . - "
A0 Pressed or lli.;if'r-ttll:!‘-['I.!ﬁ;?'fi_l'_J bloacks. ot

Two other methonds thar can be usedare Zooh anel “warnde

LS

and dauB bug asualhy diese dopor nudhe the hest Bouses.

ADOBFE 'H'{_()(,‘h’_\'--—\x;iils made frone adobe Blocks are proh-
ablv the most popubar amd one’ ol the oltlest tovms of carth
housing. Adobe blodks are made by $olacing oo wer mud i
Boxes called “forms e’ lorms are vemored o shore time
alter the blocks e e and the adobe blocks e allowed oo
(]l'}.. to curer For o abatie s oonth beteye thes _.ZI.[i"L' tsecd to Dl
dowadlh The blocks e held rogether he wall with
“moctar o whtche can he the sime e nsed tor naking, the

biiocks,

g

The e advanrage wdobe bas over the’ othier micthoids s

that 1t s che stmplost oiethod s wed sietistuitory dwelling can

. . L . A -
he bt with the least amonnt of constructon, skl Dot

right, and von can have Strang walls that are rebutivels free
from eracks, You cun also miake all of the Blocd@ o VORL SpUtY
tinve and sy thens ueet] von seced ready e use then

Figure 1. This livable home, i built by Leon Wawon and

Associates, - in Albuquerque,. N¢w  Mexico, demonstrates the

quality and natural heauty of adobe architecture of the South-
) . 0 A !

: 13

western United States. | !,
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) Adobe has several disadvantages. - Adobe-Blecks are likely
to be “rough looking™ and chip casily. Adobe s usually not

sutted to climates that luive more than 2530 inchies of caanfall
g 4 yvar, '

Walls wade [rom adobe blocks are usually as altractive or
more sof i ramnied  eacth” but ke vammed earth. adobe
_ often requires savfucing for a good appearance.  Adobe walls - -
ﬁl'_t:h;ti,)l_} requre” tess work than do rammed carth walls. “The
Cattraciive house shown o Figure b isan adobe house covered

hd

o oy .

: 'i‘.‘ﬁ_”h SO,
F o .l
\'l.;..-' - R

oo WAMMED FARTH-In Ihigalll_.t'lhml. continuaus wals are
Built by yamming maoist soil into position between heany wooden
torms When o shiorn section ob o wall s rumplt'h't_i the {foyvms -

Care moved upwards or sidowsins and  the process 15 !_‘L‘P-L‘J;l[.t."v(l
untilahe walls are completed.  The mamming mas he done with

, cither bt oy prcwrnatee tampers, bt either wav-the spil has

1o be rammed ol ic becomes dense Tand exovemely finm,

Pheumitic cnunpers egquire more skitl for suecessful use than

Ll

do hand tinpers, -
TN

A well meede sannned canth wall is one of the most dyrnble

searth swatls that can be miede Sotne Fas e dasoed™ Tor ceninies.

Enshilled Tabor v dothe ramming. —
R;nlm:'__u'nl carth has llu‘? following disadyanmges
] [__l N T vasy fo el weeld, ) !
2o Phe heany wooden forms take tintes money and some

skl to build. i

e
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Ranuned carth construction requires the most careful sclee-

“tion of the soil type. ov the wals will shrink and crack after

they dry. '
The amount of water used in’ the soil during the ravtming
must be caselully controlled 1o get proper vamming of the soil.

i -;'uarcl'ul!_‘_}' done, the Tinishedy wall may look well without
any coating. Bul. it is common praciice td stucco. or paint the
linished wall te produce a pleasing {inish. - Bonding of 7 suig
or-paint to the wall may present a problem if special surlace
preparation s not carvied out, * ' -

A rammed carth house s shown e Figure 2

. . \

MACHINE MADE OR PRESSETS EARTH 81.0CKS—Re-
centlv, several simple and nexpensive muchines have been made
{or pressing soil it bricks or blocks.  These earth blocks have
many advantages.  Thev have approximately the streigth and
durability “of - rammed carth.  Some  blocks which have had

~stabilicers (or chemicals)y added 1o them are nearly ag satistac-
dory as burnt boek, lumber, or certain other building materials.
‘At the swme time, walls -tan bee buile as ~easilv as adobe block

walls.  The pressed Dlocks dry and shrink in the sun before

they are dadd so that watls essentially crack free, can be buile

evert with soils that shrink a biode, .

. -
Walls made of pressed plocks have a very pleasing appeat-
ange  (Figure 3) wul it s not necessary 1o use surlace coarings

_as long as the right sotls are used., e nevertheless must be

remembered that muach hard work is required for handling and
mixing the soil and transporting the finished blocks.

Figure 3. Machine-made blocks fokm the walls Qf. this house.

i
[




e _"'F'HL: nexttwo oetheds are not recotivnended for a house
VO want fo dast a bong timne. R ' o
ety I\!) e !'r—*]ll. thiis - i'l'l(_'”'l(.)t.i'.'.l -\-t'rli(;;{.} fragne-
",-\\\"t'?!‘k' of posts and poles s is first wonstructed. " Then  reeds,
branches, cte, are woven smong. the poles to formoa base for
Cras nnaed "[,ri“a_t-sti'l"'. \.\'hil.‘h. is applicd. 1o both sides of the frame:
\mf‘k Another-wav is to make a doubie wall t)[apulu and reeds

“unel ‘{ill the space’ between with e also,  Figure § shows a

\\.li[[t‘\.]li(i daub hnuw S o &

Shuinkige - (14(!\\ eften oceur o walls pf - this type,
Sconstant maintenance. s Jikely to b necessjry. Tor sick p(‘oplc
“ands sames clderly people,  this - amethod u{‘mnsnuuum is not
pmuital m???ﬁ“ “Tﬂﬁ;LLlc'dmi daub huusc_? might l]Lt"(l u;-pdu\

“wowhen they un least dftmd to 11~—‘_L\ thany cases this is

Sdisaddvantage uf the mht mclhm],s already 111:;':1‘(101—1-@.LL

1he muhud s not \t.i\ pl.u[u.tl in cl\t(l\ u]wm dllldhll‘

species of wood .nc ot available, _
COR—In [hL‘ ml) méthod of t't}ll‘illlll’."llll.llll stiff . mud s
molded mm h:hs ‘-Umt“hdl i.uﬂ’c: than a pc Lnns hccul 'l'l'l{-qt:

\uthuul the use of dl'l\ L.mti of fmms lhc l'nl.u[ must be snft

- enough so that it will not lave a, tendency m} slump. Bl some

xliunpmg orspreading does oceur, the mud s Dl I)dLL in placce

with a tfowel or clse the éxcess mud is sliced ()ff and placed

ot top. The wall must e ¢onstructed slowly sl that each_taver
Chas i chanee 1o h.mlcu hefbre: more mlu_l is Bracked . ou top
ot it.  Workers usually staud o sit astride ITIF. walls “so that
«.mllu]thng is. not needed, 7 S

The m:!_\‘ advantages that cob l'l(.}lISl;‘S_l'lil\'C\iili'C that they

K

Careeasy to build and - need very little construction equipment.
However, ~.111111Lagc cracks carn llblid”\ be expected and they
mavsbe serious, T - b

- 'Figure 4. The nght half of th:q restdence in Greece sho“s the
wattle in place. Daub will follm\

~
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‘),eft/ all so:lq ‘can be usui successfully fm earth houses A'
nf them will be good in nearly any type of cllmate Some
f them will be good only in dry climates. Man);\ “soils "éan be |
mdde more suitable with * ‘stabilizers,” substances that hold ‘them
IOgeﬂ)er or make them water resnslant ~The - \dnoua kinds. of -
~soils, how 1o "tell them apart, and how to flmi out what they -
m]l (Io will be ducussed in thls chapter

LoV T a
(5 :

o Kmds of So:ls
Broadity - 3peakll|g, thereiare five Lmda of. soils: grla'vefs,. |
5ands silts, cla}s and” prgamc sonls o oo

- : N

Gravel consists of coarse pieces of rock \rdrymg in size from

AN IA""across to 3”. (An}t,hu/lg larger ‘than 3 inches  is called a

boulder.) Gravel can be any shape—round , Elat or .mgplar—_
and it can be any type of rock—granite, limestone, marble, etc.
If, it falls apart or even gets soft after being umler water for
24 hours, it is not gravel

Gravel. is found in Lhe ‘beds of fast- flowmg stredms. in
aleas 011ce covered bv g!.imers and around mountalﬁs '

band consists of fine grams of various rocl\s, mostly quarez.
It varies in size from 14 ‘inch to"about the smallest grain you .-
¢an’ see with the naked eye. ‘Separate grains too small to see
are either silt or clav ;" . :

~ Sand is fcn’n(l in thé beds of most streamb except slowly
f]owmg ones, on beaches deaerts and in areas once covered by
glaciers.

Silt s rock ground up so fme you cannot see individual
* grains with the naked eye. Silt will tend to hold. together when
swet and compressed., Tco much water may make it spon
“but it does not get very 'sticky.

~ Silt, may be found nearly any place: in the cieposus of
slowly flowing streams, in the “milky" colored streams coming -
from glaciers-of mountains or where dust_blown by winds has
settted ' : :

Clay'is a natural, carthy matena] that is ‘sticky when wet
but hard when dry. Separate grains are (oo fine to :be seen
with the unaided eye. - ‘There are many. different Kinds of- clay;
some of them will shrmk and swell grea[l} wnth dr\mg and
we[[mg while others will not. : '

a

_ ~Clays'can be found in the valleys where slow moung streams__
an(l rivers flow, in coastal plains, in the fan-shaped deposits at.
> :he bottoms of mountains. '

S .
()rgmur sotls ha\e a spongs' or strmg) appea;rance The
organic matter mav. be fibrous, rotted or partially. rotted vege-

£

.-
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gation, such -as peat: ()rgdmt. soils are u:r\' Spongy, when lm){st"-

and. have an-odor of ‘wet, decavmg wcmtl In nature, they st

- nearly dlwa\s contain a lot. of walter. "[h@\ Jl'e dark - cofored,
_ mnﬁgmg from tight brown to hiack A o

{)rgamc smls are usual’!v»fuund thele water has I)e€1' -
standing for lung periods, for’ emmpleﬂnm S“amp areas. :[he Sl
(IarL colored lt)pb()ll found m mafy areas'“o“ch 1{9 Lolur 'to

. organic matter. . - " SRS S
o0 ¢ The five tvpes of soils are sdtlon@)u’ml sep;;_gfr'tel% Ihns‘i;‘;:ad,a
you will find mixtures of them, such as a mixuire Of, sunc aml_
stlt, or sttt and clay, and so forth. By comiumng lhc natnes = ¢
. of. different gqil types you_ can describe most of the pmpmnes
? . of a sotl migghre. gor example. a. soil wlﬁ1 m&-,thf sanclﬁaml
@ g little silt WO, called a “silty . §and.? I["‘gl s mmtly silt
with a un.{ﬁ amount of sand. it wou d be a “sandy silt.” Some
~ =commgn exdmp]es are:  sandy clay, clavey gxa\el silty clay,,

sa-iﬂuly‘ gravel, eic)

e

'& N - 4 b ? {- Bt ,ﬁ . ay . . .-
. %mf Type: ofb Soil Is Best for Earth Houses -
m . . THe” type of earth h()use you bmld or “whefher you hmld
an earth house at aif will be affected bv the 1ype J)f am} d\dll
udb]t’ and by the Llll'ﬂdle - S T - e
Py @:mre!a by tht‘msehesmle no'F very good for £arth -houses
e becdtise the particles will not pack down and- hold lugether"

o e (,ra\ellx soils: can be ‘ased, if ‘the rocks are not too large .md
' if there is omethmg to hold the rotks together such as a ligtle
clay. (la}e} gra\e]s often wonk out weli.

. Sands arg about the same. as gra\els Since they will not
hold together by themselves, something else such as clay must
. be, added. In ]m‘t some sandy clays and cluyey srma‘s nrike the
b&t earth houses.’ In the absence of good clay to mix with the -
sand, portlanid cement makes an excellent stabilizer. '

Silts by [hemseh-'es‘sa--re not good for walis of earth houses. *
Although they will holdatogether, they are not very strong soils.
They are difticult to compact and should not be used for
rammed éarth; or pressed block walls. Silts also lose strength
and become soft when they get wet. In wet, fréezing weather
they Swell and lose their strength.

Silty soils can be stabilized to make a fairly good building"
material.  Portland cément is good for sandy silts and lime
~works-on clayey silts.  Asphalt emulsion or any chemicals that
waterproof such soils will do just as well.

Clays will pack down well if they have the right amount
of water in them. In dry weather, though, they will shrink
and crack and in wet weather they wiil absorb water causing
swelling and loss of length. They would work well in extrtmely
dry climates because they are very strong when kept dry but,
usually,-clays are not found in very dry climates,

10
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f,gw I\A'ds o M]dva }qu thc red iron- aml a]mmnum- e

" béarmg ‘clay® found m the' tyopics mmrclnnes ta]le(l ldterucs)
“are yery stable] clays. It is cgmon-pPactice in these areas o

cut blocks »f (*d\ rlght o1t (?{5 the g:;ound and staek them up -
"G make earth .J\xalisf‘ Expenehae of one’s ne1ghb0rs with this.,
méthod w"ﬂl,,te[l uhcr.lhw:r it is’ smt,able in \our area.

e ETERA-
' ’\Lm} Olht'l davs carr he ma(!e quuqble \\uh stalnlizers.
Ohe of lhc hest stabilizers for | Jclay s “lime. “There dre some ©g
~ glavs that 4110&‘(1 nevex he usetl n. c:nlh hOUSC’b They just 7.,
L0 will noUlast, g & I T

. o o ° " - g-
rgmm— _xgg&’& cannot be. use(l to mike a goml eallh wall?
For one thmgﬂ;ihei are 0o spmlgy Soil that eontains decomy;
pnblng plant. Jife mmlpuc to decomposeind thus will never
“set” right or, hﬂbkl {og&mu gver a Ir.ulg peviod of {ime., A g()()(l )
Cne rule 1o folLow 4y thisy "if the %oil 18§ gm)‘tl for gnmmg 1hm
it will not” be good To’r bmldmgf - My b -

f'-"ﬂ Remember that the best na;mal 5611 you can use for mal\m
“earth walls is a irmdv er or a CFII);’)’ fande” If vou happen Ao,
“have such’a soil. you ha\e as good a natural bumi?ng material N
as can be found.. Withowt the abdition of angghing mére-than  °°

\hil(l sO0Mme Kinds of sandy tl:l\"" or cla\'cv sdn@ls can Ige made

ol

- into walls that will last a lfetime—or cven Iuﬁgc e LY
. aw ~ =
If you do not have. this “kind ofgsoil, vou might be*ahle to

make it. If you lmppen o ha\e mosm[\ sand, maybes v66 can
~ fllé([ SOMe (Ia\ B nix mth~1[ or if you fave C]d\. you might

find sand to mix with it, e

WHERE TO 1LOOK-—-Often you will find a situation like——
this:  beneath the organic topsoil. vou will find a laver of sand.
Below this’is often found a layer of clav. By mixing the sand
and ,clay” mgethér'vou might make a good sandy clav.  Also,
remember that pn _the top of rolling hills (not mountains) or
ridges you are/more I‘il\_cf‘\ to find clavs, and satrds will be most
mn‘mum at the bottomn, Probably just what vou need, a mixture
of hoth, can be discovered somgwhere ,l)etween.

s

Il you are fortunate amd have (or can make) a good sandv
clay min, a wisg choice may be to build vour house of pressed
blocks which will last as long as any of the other wall types
and may be easier to do. However. with a good supply of
sandy clay available, both rammed earth and adobe can also
be built very satisfactorily.

If the only material vou can find is verv clayey, probably
you should baild an adobe house. The. clav causes the soil to
shrink when it dries but since you let adobe blocks drv in the
sun before you lay them in the walls, the shrinkage will not
bother you too much. The next best thing to use is pressed
biocks, since they also are dried before they are used. Rammed
earth dries after it has been compacted in- the wall and the
shrinkage caused by too much clay will make the walls crack.

s v
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f your marterial has too much clay in it, and not- enough
sanl is available, the only thmg to do is a(ld stabilizers.

. <

Ifﬁyour soil is very sandy, with only a Ii-t;le clay in it, you
will not be able to -build any type of earth house without
adding some sort ol stabilizer to it.  You can probably get, by
with the least amount of stabilizer by making pressed blocks.
Next would be ramimned carth#

Probably the most difficult eype of house to select a soil for
Is ‘rammed L‘dt[h “If the goil has a little too much clay in- it,
this will huse shrinKing and cra¢king of the ranﬁu:d ‘earth
walls when tlu:) dry. If it has-a little too much sand in” i,
the walls nughl not hold up even during constriiction becaluse
the shocks From amnﬁng might cause ft to crumble. [If you
_do find’a soil that will be good for rammed earth, it will also,
be good dor plesscd blocks or adobe. “Then,” you can choose

" the type of construction you. wast basedﬁ’on whlch method seems

{‘
m he éasiest for you angl; gn‘es ‘the I)cst 400ng house. ~

~

L

No matter what kind  of soll you have it is well tg bear

An mind that the drier the e¢limate year around, the more

satisfactory the building will be, an{l the easier it will be to
build Wt.“ _ -
-

In arcas where weather is subject to big changes in the
course of a year, such as hot weather followed by freezes, which
occur in much of the Temperate Zones, or areas that have
definite wet and dry seaschs such as are common in the Tropic
Zone, only the very best soils can be used without stabilizers,

'™

All this does not mean, however, that good earth "houses
cannot be built in wet climates or where great changes in
temperature occur; it just means that under these conditions,
more care must be used in choosing the “raw materidls and
greater attention must he given to the use of“stabilizérs and
surface (.o.itmgs

FINDING OUT ABOUT YOUR SOIL—This is one of the
most important jobs you have to do. If you make a mistake
now, it will cause you trouble later. For example, if you decide
you have a good supply of sandy clay and it later turns out to
be mostly sand, you will have to spend cxtra money for
stabilizers that you had not planned on.

You: will probably want your séil to come from a place
as close as ep«:)SSlblf: to your house,

THE FIRST THING TO DO IS TO GET SOME bAMPLEb
"OF THE SOILS IN YOUR AREA~Here is the equipment that
will help you do this. (See Figure 5.)

1. A dirt auger to drill holes in the ground is ideal. Post
“hgle diggers are also good, especially if you do not plan to go -
very deep.

12 _ )




_ Figure 5. Tools for soil selection and san¥gt.

-

2. Pipe extensions for the dirt auger. These are necessary

" ounly if you want to look at the soil at a depth greater than
: A

4 or 5 feet,

3. Two pipe wrenches. Use:sthese for adding the extensions
to the dirt.auger.

. Shovels. 1f you don't have a dirt auger you can use
an 01dmdr)« shovel.

5. Pick-axes or marctocks.

6. A supply of small bags (cloth, if possible) that will
hold 10-30 pounds of soil. -

-

7. A ball of twine,

8 A 6-ft. ruler. _
9. Paper and pencils. . i

10. Ome or more large pieces of canvas about (6'x6") for
soil samples.

The .depth to which you are going to examine your soil
will' depend ‘a lot on how you are going to dig the soil for
your house later. If you are going to dig by hand, you probably
will not warft to dig more than 3 to 5 feet deep. If your soil
will be dug by machine, you will want to examine the soil as

deep as the machine will dig, perhaps 8. 10 or more feet deep.

First. dig out and toss aside the organic topsoil. In desert
areas, there will be little or no topsoil as such. In wet, tropical
areas, the top soil may be several feet thick. Once you are

13
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Figure 6.

through the topsoil, start collecting the soil. The soil may
change several different times, even at shallow depths. For
this reason, you should separate each type of soil by putting
it in a different pile.

Usually, but not always, a change in color of the soil will
mean a change in soil Lype. The best way to tell whether
~ you are changing soil types is to use the simple tests described
in the next section. These tests reqmre no equipment and can
be done as you dig the soil."

Pl

Here is a typical situation. Below the topsoil you 111ighf
run into a layer of sand. Save all of this sand and put it in
a single pile. Then you come to a layer of clay. Put all of
the clay into another pile, and so ‘'on. When you are finished,
you may have several piles of different soils. Figure 6 shows
how this is done,

As vou dig, write down ‘the thickness of each layer, the
color and type of soil, and an accurate description of the
location of the hole. &

Soils can vary widely even within a small area. For this
reason, -do not be satisfied with what you find in a single hole,
Instead, dig several holes in an area that is big enough
to supply ali of the soil you want. If all of the holes produce

14 -




"‘{Hlt: ktl(ll as all the saod mllll[)ft\- mgrmh-:t mu[ #17the cfay
samples lnouh(i Alter naking SonmE qurk (ests. you may
decidd that a mixuare of what you have should work out well,

find you have the IIL{‘hE IHNLUTC *ﬂmpl\ Lby mi\'inq the - sand

different ]\lllti\ lnx[ until You are surce Of what voll Fipve.

~’\\Iwn \l)lt are saishiod 1!:‘1[ Vsl Chave exiinine! an ared

JIIL.;.@ hags of soil witl . be ased for Yhe tests thie will decide
thc l\p{, ol sml vou h Ve, .u;-id he [\spv of hmm, VOl showldd bahd,

T How fo 1dentrfy Sorls

sm! vou have. g Do ali of them on all )ulll ._tuuplu,. Be sure
that the samples that vou test accuratehh represent the soils
you wil] lHCI in building. '

_ Ii vou are testing am[s or as;m\els, fusf drv the soil by
'_hedung or spreading a sample in the sun. Make it into a (J,Jllﬂr
shaped pile, and carefutly divide it into -forr cqual ‘ul"ll)]('} as

until a smmble suc aml admple remaimns.

tife same ks Gt m:}*{,umbmc lh{ SATNE - Ly pes ;,;mx ¢ par‘m".

- Sinee vou b ® saved all of the soit from the holes, vou nvighe

and clav .into,_one pth' B at !Ew hmzmmn YT plrlfv dalt the _'

u::ml)lvlclx puf tuh" &1 type in separate s hags. bLabel cach
"@E)dg !55 ith the hote or im[cu anc the depth that 16 cate fvam.

i’iuv are some stmp]c Lests lh.ll will tedl vou “hu kuul n{‘

shown in Figure 7. . Combine’ two opposite portions? into one
s‘mlple anl set d\ll[(.' the' other two, You should end up- witly
cabout 5howlﬁul of soil. 1 there is too much soil after one
'such,] separation, repeat the process of dlndmg and (Il'i(‘dldlng

T
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some lmpnrlanl thmgs about it. First 'spread the dried soil
out in a thin layer on a flat surface. Then roughly separate
/the sand and gravel sizes by hand.

+

Do this by putting all of the particles- from the largest .

down to the smallest that you can see with the unaided eye
in one pile. This will be the sands and gravels. What is left
(normally this will be very fihe powder-like materials) will he
the silts and clays. If the silt and clay pile is larger than the
sand-gravel pile, call the soil silt-clay for now and remember
this. Olher tests, described later, will t¢ll you which it is.

If the sand and gravel piles togelher are bigger,.you have
a sand or a gravel. Decide which it is by putting all of the

particles larger than 14” (gravels) in.one pile and all of the

smaller particles (sands’) in another pile. "The soil is gravelly
:if the gravel pile is !)1ggesl and sandy if the sand pile is biggest.
_ Remember which it is.

H_ere is what you do if you have a sandy or gravelly soil:

» Take a small handful of the entire sample (not just the
i, sand and gravel). get it moist but not soupy, squeeze ir
 into-a ball, and let it dry in sun. If it falls aphre as it

dries, call it “clean.” Clean sands and gravels are not
suitable for earth houses unless they are m:xe(l@wnh other
: matena!s

Here is what you do if you have a silt-clay soil or a sand or
grave[ that is not clean:

Take the entire sample and collect all of the soil that s

smaller than medium sard (1/64") by sifting through a |

. very fine screen or a piece of - -coarse’ cloth. The tests
descnbed below should be made with lhls fine material.

“WET SHAKING TESTS—Take enough of the: soil to form
a ball the size of a small hen’s egg and moisten it with water.
The ball should have just enocugh water in it so that it will
holi together but not stick to your fingers. Flatten the ball
slightly in your palm and shake the hall vigorously. This is
~done by jarring the hand against some firm object or against
the other hand until the shaking brings water to the surface
of the sample. The soil may have a smooth, shiny or “livery”
appearance when this happens. (What you are looking for is
to see how fast the water comes (b the surface and gives the
livery appearance.) Then, squeeze the sample between your
thumb: and forefinger to see whether or not the water dis-
appears

The following are terms used in describing the speed,= of
' (hc above reaction (See Figure 8):

1. Rapid—Whem it -takes only five to ten taps to bring
water to the'surface, this is called a rapid reaction. Squeezing
the sample should cause the water to disappear immediately

18
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so the surface looks dull. Opening the hand quicklv should
accomplish the same vresulbt. (Ioi‘l"ii'hd’_;:cl,- pressiuve  dauses the
sample (o crack and finallv evgmble. This type of ywadion is
typical ol very fine sands and goarse silts. Even a little bit of
Tolay will heep (R veaction front heing rapid. 7 \

2. Suggish oy Slowy Reaction=\When it takes 20 to 3 taps
to bring the water 1o the surface, vou hase a sluggish veaction.

A
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Figure 8b. Sluggish reaction to thie shaking test.

-

. - .-r’-_‘.
Squeezing the sample after it has been shaken willi not cause
it to crack and crumble. Instead, it will flatten out like a ball
of putty. This shows that the soil has some clay in it

3. Pery Slow or No Reaction—Some soils will not show
any reaction to the shaking test,.no matter how long you shake
thern. The longer it takes 1o show a reaction, the more clay

o
Pt
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Figure 9. The thread test: !
get continually smaHer. (See Figure 9.) Ifit breaks before you
roll it out 10 a 14” diameter thread, it is too dry and you need
to add some more ‘water to it. When the soil is at the right
moisture content, the thread will begin to crumble into several .
small pieces just when you get it to a diameter of 147. If the -
thread does not .crumble and break at 14”, lump iy together
again, knead it into one lump, and repeat the rollirg process
: N
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the  swl ummma 2 These soils will regq®ire the other  ests
Cheseribed . helow he [ore vou G telt muach abonge thawn.

............. CTHREAD TEST=Yo_« honp ol soil aboul ahe size of an
' fll]\l X just mmugh water so the Tup can be casily molded
i ovour hamds, bt s not sticks. Next, ona flat clean surlace
roll out the soil into Q thread.  Use he palm of vour hand or
[ingers wnd ‘exert just enough pressuie to wahke the soil thread

3

Figure Bc. A soil that did not react to the shaking test. "\
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o ‘This.test_gives an: idea of how much clm, is in A mtl nnd

s’,l ‘also-what wype of clay it is. H the soil crumbles casily and
. ygu. cannot roll the soil 'into a thread at any moisture content,
3_ ‘ﬂ means that the @1! does not have any clay in it. Here ate
' orne of the other, Jreactmm you scan expect: : .

Tough Thread—1f tire vemolded ball can bc deformed

~you do it, your soil has 2 ot of clay in it, It probably will
: _not be good for c.mh walls unlcss you use a ;tabnlm:r

’_.'_-:remolded into 2 ball but when the ball is squcctcd between the
7. fingers, it mll crack and easily crumble. This soil may be good -
- but ‘may requife some stabilization for certain arcas. Check

Table 1-to be sn;rc Cos
L8, Weak Thread—When the soil has a Jot of silt or sand .

- and very little cl‘ly, yow “will find that the threads ‘cannot be
.o lumped together ‘in. A ‘ball without completely breaking up or

. . crumbling. . Thls sml may be good for eanh walls check Table
SR to be sure e -.‘

o Soft; Spong'y ;.Thread—Some‘um L, you will. ﬁnd that thc

; _...threadf and’ the ball~that you make with them will be spongy

il ! : ',L .
unu] the thread crumblqa :u %” dumm {The t!m:ad wilt -','
eventually ‘crumble’ bct:au&h drm n you kwp radifng it out)

“As soon “as the thmd ctumhlcs Te.mokd the nmph: intp
“a ball-and see how much pressure it taku to squccm l!w: ball
betwcen }our thumb ami fnrcfmgtr :

’ ouly wuh a lot of effort .md it does not crack or crumble when

" Tand soft.” You. can squeeze the ball between your fingers, but =

- it'acts Jike a sponge aid bounces back. When this happens, the
“soil is ‘'organic and it'sinot suitable for bmldmg earth ‘houses.

: mformatlon that the thread test gwes It helps to' do both tests.
. One’ checks out the other. =~

'_I‘hc roll should not- be sucky, but’ wet cuough to‘perrmt being
“rolled into ‘g _14” djametér thread: ‘without trumblmg, as’ in the
- -thread: test.: Put the roll in the palm of your hand, and, stamng
at orie end, flatten- the roll.by squeezing -it bctwéen the thumb
-and forefingei’ to ‘form-:a- ribben -between- 147 ‘and 14" thick. -
“{See Figure W0). Handle-the soil very carefully to form the -
*’- maximuti' length-of- fibbon ‘that, the soil will support. - See how

‘_'ri:actlons you can expect are descrlbed below

L l Long R:bbons—Wnth some ‘soils the rlbbon wnll hold
“together for a length of 8 to 10' inches wnthout breakmg ‘This.

: ".'=.-jj-_'ll1eans thatsthe soil has a lot of clay in; ‘it, . Soils. of this type

| '--"'Wlll make long-lastmg earth walls only if they are- st bilized.
" 2. "Short Ribbons—It" you can—with some difficult '—ribbon

' fTake enough s0il to form a rbli*abou“ the_g{e of a CIgar

RIBBON.. TEST—Thls test- gv&:s about the. same kind of

long -the ribbon: will*hold . together wtthout breakmg The i

ol

. .-rgile 3011 into short lengths of about 2@to 4 mches, th 3011 has




o _ Figure 10. The ribbon test. o o d

a medium to small amount of clay in it, It will be about the

1

same as the soils that give a medium or weak thread in the;.

thread test. This soil will make good walls m many cases bul
to be sure check Table 1.

a

‘o .

3. Will Not Ribbon—Some soils cannot be formed into
ribbons at all. - This means that they contain .either a very

: 3 . . O
small amount of clay or none at all. Such soils with a litgle

"
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~ clay may make good rammed earth walls. If the 5011 is all sand
it is not suitable unless stabilized hE.L\lI\ with ponland cement;
*0 be sure, check Table 1.

DRY STRENGTH TEST—This is another simple test that
will help you determine how much clay vou have in the soil.
Prepare two or three wet pats of the soil about 147 thick and
I" 10 27 wide,  Use'enough water 10 make the soil quite soft
but still strong encugh io hobd i qllapc when vour form it iinto
L Then atiow the pats to dry in the suim or in an oven

2until the y-are tln AII the ‘way through.  Break the soil pat and
then vy 1o powder i1 between }{11!1 thumb and forcfinger.
Here s what you are looking o

. b dligh Dy Strength—If the sample has luqh dry strength ™ 777
it will” e very difficult. to break. “When it does break -it will,
o snap, sharply, like o crisp cookie. You will not he able o

;;--wf"‘—-fafmkq——tlw seil-hetween— your—trombarere fmefmgtr——‘r‘nn Ty
be able 1o crumble it a hit with vour “fingers, but don't confuse
this with powdering the Soft,. Soils with this reaction have a
ot ol clay i them, and they will De  satisfactory only if

stabvilized. H .
- ! .. IS N
i 20 Medium Dy Strength—When a soil has a1 mediom dry

strengthy it will not be oo hard o break the soil pat. With
a hitle clfore vou will he able-to powder the soil down _to its
separate grain sizes bevween your thumh aml forefinger.  This
soil is good hue mays vequire a stabilizer’ to reduce shrinkage;”
(huk Table L. . '

ToEELU rhedy e

"5 RO DY SErngtir= A par withe \c:\ lietle elay will break o
“llh{mt any trouble, {t will powder casily. Pats of very sandy.
soils will crumble in your hand before vou have a chance to
'pnwtlc“ihcm Belore a Final decision on the use of this soil.
(huk I.nl)le l. ' ; '

o r he qut tests described abu\r are the most important ones
sud it will pay you to use them all in finding out about your
soil. There are some other simple tests that will dlbu ald you.
U'se them i you need o)’ th) are given below,

when fl“t“-hl\' (]ug You get the same odm for dl‘) org‘mtc soils
by wetting and then hc.mng them, Don't use these soils in,
© eurth w*n[la T

BITE TESTS—This is a quick and useful way of 1demlfymg
-sand, silt, or.clay. Take a small pinch of the soil and grind it
“lightly berween your teeth. Identify the soils as follows:

I. Sandy Soils—The sharp, hard particles of sand will grate
between the teeth and will create an objectionable feeling. Even
very fine sands will do this.

2. Silty Soils—Silt grains are much smaller than sand
particles and although they will ‘still grate -between the teeth,
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they are not particularly objectionable, The\ifu:l a lot smnolhu
than sands. . .- _

3. Clayey Soils—The clay grains are dot griny ar all
Instead, they feel smooth and powdery like fHour beirween the
teeth. You will find that a dry pat of soil with a lot of clay
“in it will tend to seick when lightly muchetl 0 \'Uur'mnguc

SHINE TEST—Take a pat of either (11\ or moist soil and
rub it with your fingernail or the flat side of a knife blade.
If the gil contains silt or sand—even with the remainder being
clav—the surface will remain dull. A soil that has a lot of clay
in it will become quite shinv.

TRY WASHING YOUR HANDS—You can tell a lot about
a soil in the way it washes off of your hands, Wet clayey soils
feel soapy or slick, and they are hard to wash off. Silty soils
feel powdery like flour, but they are not too (Ilfflcult to wash
©off.  Sandy soils rinse’ off easity.

Color is imporant in cldssifying soils. Olive-greenish and
light brown te black colors may mean organic soils, Red and
dark brown colors may come from iron in the soil. Soils with
a lov of coral. limerock, gypsum, and caliche may be white or
some shade of gray. '

After you have done all of the tests gwen above and have
decided what the reactions to them are, you are ready to use
Table 1~ It will tell yvou exactly what Lnul of soil you have
cmd what kind of house you can build with "your soil.

Here is the way to use Table I: Suppose you found that
U'wur sml was a gra\ell\ soiI This means - that the sand -and

_ gla\el pl]e was larger lhan the saml plle lse Lhe gravel chan
- in Table I—this is for the gravels. Suppose the tests you did
on the part that passed the fly screen showed your soil reacted
rapidly to the shaking test. had weak soil threads and very low
dry sirength. Then vour soil would be a silty-gravel. It would
not be suitable for earth houses without_stabilization.

Getting More Exact

Of course. the tests ]ust;descrlbed are pretty crude accord-
ing to the standards of a soils engmeel But once you have
performed them a few times and “get the feel” of your soil
they will give vou the information you need.

However, in order that you might know what a soils
engineer woukl do, following is a list of tests that he would
perform (or you could do yourself if you had the equipment).

If you can do these .tests vourself or have someone do them =~

for you. tables—similar to Table l~can be used to determine

more accurately the tvpe of soil you have and what can be done .

with it. The tests are described in detail in Appendix A,
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1. Gradation tesls will tell you fnore exactly about: the size -
of soil particles. There are two techniques of doing this, a o

-~

- simple method which uses little: equlprﬁent, and a more co//
plicated method involving special equipment.. -

L

9. Lineal shrinkage tests are.a fairly accurate and simple.
~way of telling how much clay your soil contains and how the
clay will act as far as shrinking and swelling is concerned.

* . .

3. Atterberg limits give you uch -the same information -
that the lineal shrinkage test cloes,___bm more accurately.

¥

Tests on =B|ocks N

The 51mp1e Eﬁ'ld tests you have done tell you much more .?
.~ than. you knew about vbur soil before. 'But these tests alone
© can’t tell you everything you need to! know about your soil.
For this you must do some more tests. These tests will require
}ou to make some actual blocks of the ‘type of construction
1econ1mende(l for your soil in Table 1. It takes about a month
L to make, cure and test the samples, but it is worthwhile.” Your .
< house. well made, will last a lifetime, )
L It is best to use actinal size blocks as test samples, but if
you are testing many different soils, or one soil with several
stabilizers. this may require a large quantity of soil. Then,
you can make smaller test samples roughly this size: 6x3x2
inches. You will need 7 test blocks of each soil. This will
take about 4 shovelfuls of soil for these blocks.

If Tabie 1 shows that your soil might work with more than
>~ one type of earth construction, then the best thing to do is to
make 7 test samples of each type recommended, test the samples,

i dl“l([ then decide on the type of construction to use.

When you have done ail the tests and finally decided on
your soil and type of construction’ you will use, it is a good .
idea to make a few actual size blocks (if you used 6x3x2-inch
blocks in your evaluation tests) and test them just to make sure

they act like the smaller blocks v
Here is what }oﬁf glo for the different types. of earth con-
SI.ILlCthI] * .

ADOBE—Finst, see how water mixes with your soil. If it

- doesn’t mix easily inte a smooth mud, but instead sticks to

everything incldding your mixing tools, it won’t make a satis-
factory adobe house. (It contams too much clay)

If vou still would like to use adobe construction anyway,
vou will have to add a stabilizer. There are several, as you .

“will see from Chapter 3, but let’s suppose you've decided to
- use Inme

For one test block mixture, add one part of lime to 50
parts of soil; for another, "add one part lime in 25 parts soil,
and for another, one part lime in 17 parts soil. Make enough
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Figure 1L

of each of these mixtures to make 7 blocks.  Mix the soil and
stabilizers together until vou get a uniform color.  Mixing is
very important: so, de it well.

Then—whether vour seil has stabilizer in it or not—gradu-
ally add water until vou have a thick mud. You can tell when
it is right by running a peinted stick through it, If the bottom
of the groove barely closes due to its own weight, it is right.

Place yvour wet soil mix in a form box. Figure 11sshows
a torm box for small samples that has enough space for eight

© blocks, 6x3xY inches.

You can be sure the forms are properly filled by working
the muwd around a bit with your hands until there are no more
air pockets. Scrape the excess mixture from the top of the form
with a board or the edge of vour shovel.
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Let the form set about fifteen mimices so that it can he
lifted off the blacks withioue the blocks losing “their shape very
mech. ) the Docks lump o3 7 vou have added wo much

Cwater ard vouTshould begin again.

After a few davs. turn the blocks on edge and let them cure.
Lot mastalitized ogks cure o the sun oy four weeks, -

HEothie rese blocks contain a stabitizer. the ,‘i|l(ll)ll|}| he
sprinkled fov ar Jeasr the st week. o else kepe fully covered”
to keep them moist, Blocks -.lmui(l he pmluud front il
with winthing that will keep the watey off them, A alt thioes,
hirwever, air shotdd be able o gel 1o then,

WHile the Mocks e vuving, il 'I;quv open cracks appear.
vou can el widivut waiting for four weeks that they contain
o muoch cday - Foll size adobe Dlocks should mgpt have e
than 2 or 3 narrow cracks and these should ot go completely
through the block, The smaltl 6x3x2-inch blocks should nat
have any cvacks at wl IF the blocks can be cxianbled easily.
alter a week or soo 1he soil is too sandy. .

When the adobe blocks e fully (‘ln'cd they are ready 1w
he tested. '

PRESSED. BLOCKS AND RAMMED FARTH—0O0e of (he
difterences hetween making adobe block and pressed block or
rammed earth lies in the amount of water nsed in preparing the
sail. Adobe. we wilt-call “wet™; the othevs should only be -
“moist.” U s important to get the right amount of moisture

the soil. Pmpcr ard complete mixing is ulsn esseutiuks

To check the moisture content take a handful of moist
\ml and make # hall with vour hands ahout the size of a smalil
drange.  Press it mgcth.c as firmly as vou can.  Then drop it
oito & hard surface: from shoulder height. If §t shatters into
. pleces so that it is aboue the wav it was before you molded it,
'._Ihe moisture content is right.  If it breaks into a few large
pieces or flattens out. it is too wet. IF it is difficult to press
into-a bali that holds togethier, or if you can crumble it easily
between vour fmgen it is too (I . This test will apply whether
the 5_01] is. stabilized or not. 3 ,

Once the moisture content ‘is correct. you are ready to make
trial pressed blocks or rammed earth,

Of course. if you have a.machine for. making full size blocks,
use it. If you do not, you will need a mold such as shown in
Figure 12 and some means of -applying pressure to compact the
Soils. You shoukt apply about 300 pounds for every square inch
ol block surface so the molds will have to be able to withstand
a lot of pressure. Make cach of jv__e trial blocks exactly the
same way. : '

- Remove each block from the mo[dﬁ-___ and allow it to cure the
same way as the adobe, for four weeks: Look for cracks in the




Figu.re 12, Mold for pressed blocks.

blocks during the curing period. If full size blocks contain
more than one narrow crack in them, they will not be suirable.

Rammed Earth

x

Make a form as shown in Figure 13, about one foot by
une foot by eight inches deep inside. It should be made of
seasoned lumber that will not shrink. and it should be coated -

31




Figure 13.
with oil before using it. Then makesa tamper for ramming
the carth. A simple tamper can be made by threading a heavy,
flat-faced picce ol metat on o a picce of pipe.  (See Figure 79a)

Fill the form (not including the collar) about 34 full of B .
loose well nixed soil and ram i 30°times. Then put the same,
amount i the form again, and rag it 50 times. You should
end up with a block—made up of 2 lavers—slightly more than
6 inches thick. Use a Knife or flat piece of steel to smooth the
top of the block. Be sure that you ram each of the trial blocks
dhe same way as all the others. : !

y . .
-
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Remove the form from all Dlocks except the Last one made
and cuve the blocks e sime as adobe, The Tast hlock should :
e carctully cared dn the form, I the soil shyinks away from K
the dorm as ieodvies, e will not e suitable for rammed carch.

FESTN ON BLOURS -Atter all wse blocks hao\o cured for

at Jeast four weeks, the test desaibed below can begin,”

- o L]

~ L ARSGEPTION T =This test tefls vou how fast vour
sublochs will soak up owater amd whether the water will canse
{hi_‘m_ﬂ_m swell, by should be done on every soill vou indend 1o
wse fwartht walls, vegavitless of the pvpe of conseruaetion used.
Hovou e soversd sdibs wvailable anmd are l'I'\"II};i_]‘:'I(') decide

Swhtich ore to uses thas test o can help sonc deciide - '
. - '__ -
Fgunpment aud supplics nveded: - - - - ) =
o R S .
oo Twe of war sevienr blocks of cach soil mixnare.

2000 shadiow pan har widl hold water ac Tuist 17 deep,
" ]

amd darge ewongh o hold several Blodks at onee,  Use heavy
wire grating or mesh to feoo the pan for the sumples 1o rest
o The grating should be placed in_the pan so the samples
will he b b ol water .‘5['!])_{{1!-_1]'[ the wive grating in several
places so it will not collapse when several samples “afe placed
a1t Make @ bole e the side of e panoa dhe correly level
s that the water will nor get higher than 1™ on the samples.
Chhen by detting a sl amoung ol water drip i the pan and

= . * R

v ont ob the hide vor can e suge that the samples will alwass
be exuctlv U deep e water, Figure 14 shows how one ol (hese
puns fouks,

Figure i4. Lahoratory [acilities provide close control of special ‘
soil tests such as the absorption test abdve. This test may be
performed irf the field. with minor modiiications.
| ‘

&
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=+ lutely necésfary but . they “will: ‘make your “test . move’ accurate

“eather S ,

CRYSHING DISTANCE | - *

 DISTANCE ' -
S - T

a

130 Lb. MAN

R ROP&: aCHAiN o -
.n.jﬁ': . _/ )
\__ quR GABLE -
o/

22 A2 wooo gtocx\ :
[ TT-TEST -BLOCK

Figure 15. Simple lever test [or deterinining strength o[ bfocks ’
(see Table 2). -

L3

8. Fine wire screen (hke fly screen) to be placed .between

the blocks and the wire grating to keep- weak samples from - .

falllng through the wire grating.
4. A 1-ft, ruder dnftclecl Lo 1/16ths 1nch- Wl[h at 1east 1 inch -

: dtwded into 1/32nds 1nch

' _5. Wax  paper, or plastic. sacks, 1f avatlable Get’ the rlght
size o fit looqely over the samples. These sacks are not. abso:

because they keep water, from evaporatlng from the samples

Y supplv of clean water

- 7. A-clock or watch . -" _ o

R

' ___'8 A fori m such as; shown on page 37,

Y T
The test starts as SeON a8 the block touches the ‘water.

Blocks. are stood - in exactly 14" of water. - As they soak up the’ |

water, you. will see a_wet Jing extendmg alound them After o
5 rinutes, with your ruler measure “the “height of ‘the water * - -
line above the’ bottom of the. block, Often -this line: w1ll nog -/""?-'

‘be stralght and level. - Measure the best average height }rou can

get fo the nearest 17167, ° Measure again at the followmg times:

' 1 2, 4, 8, 21 hours and ounice each day thereafter or lll'l.tll the

o.




water reaches the top of the block.  The heighis that  you

_mcawu Ssholdd be written down on vour form. Also, write

dm\_n. !h{"{iIIlL" ahen the warer rises o the top of the block

arel atl ol the biock s wer, '

[0 vore have w oscales weighing the blocks cuch timie you
measure beiglits will ive o berter idea ol when the block stops
absorbing water, There is aspace Tor thie weights on the form

o vheck whether the biock swells, measure the fongest,
side of the block to the ‘nearest 1:32” before the test starts)

A the end of the test medasure the hlock o g exactly the
sanve plave. Phere iy alse g splave Lor rhese MCIRUTCMeRLs on
the torm, 4 “ v

N

A good e to test soure blocks IUI stpength s ot the el

ol the ;Ilhtlll)l’[llll test. because they are in ﬁrcn weakest condi-

L

a sample. The sample bemg/tuted is a CIN

tign then. Test thdm s soon as the water line reaches The
top, of the block amd call this the “wet™ strength of 1w Biock,

i

. .

STRENGTH. TENT—The strength of soils s detenmine! S

by crushing {compressive sirengthy  vather than by putling
apart (tenste strehgthy o This test s very important for cargh

) .huusch and shoudd’ ht: done with wogreat deal ol care

]:qm]munt and supplies needed:

. Two ol vour dried, {mul l;lmL\ plus the twa, d|)sl}4[)ll()l!
test })I:;(Ls e \I.-’(.‘ dlltl slape of the blocks is very lmpmlant

S . . &

e . - ) . .,.I"

Flgure 16. " In the laboratory . fi nnncrsal [estmg machine can
" be used.to determine the untonfined comipressive ‘strength of

VA-Ram I)lock

_ / 3%
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WA
Figure 17,

when testing 2 soil to determine its comprestive stremgth. They - -

should be roughly twice as long a$ they are wide, Your 6x3x2-
“inch blocks are ideal, but the rammed earth blocks should ‘be

trimmed (o am: first. Do thu carcfully so the h}ocks are n_ot

| b&ocks In - commercial laboratories they use 2 machine such -
. shew_n_ in Figure 16, Another way is to use z hydraulic jack

B

2. A way to apply and measure the load ‘to criish the




with' 3 gage on it that ‘will -accurately  measure- the-—-erushing
load. . You can also make an attachment for the CINVA-Ram
block-making machine®as shown in Figure 17 that will break
the blocks. Note, that in this figure the block is not in the
correct position for a compression test. You can also make a
simple, lever type machine such as the one shown in Figure 15.

3. A 1-ft. ruler divided to 1/16th inch.
4 A copy of the form shown on page 37.

‘The methods discussed here will be easy ones which require
little or no equipment. If you have any of the better equip-
ment mentioned above, the test procedure will be about the
same. The results will be more accurate, of cBurse.

The' blocks should be tested by loading them in the
direction of their longest dimension. Make sure that the top
and bottom are square so the-block does not tilt during leading.
The exact area of the block is important. To get it, measure
the exact dimensions of the crushing face, and multiply them
together. Write this down on your form,

TEST FORM
Soil Information

!

.]'...o-:a,ti{;.m (3{. Seail -
Depth

- Type of T‘éat ‘Block (Circle One) -Adobe Pressed Rlock Ra.mmed Earth
- Amopunt and Type of Stabilizer

Absorption Test

N Hem'ht, of Weight of . Height of Weight of
[ . Water Line Block Water Line Block:
Time No.1No.2 No.1No.2 Time ' No.1 No.2 No.1 No.?2
) . o : - 2 days
5 mins. T "3 days
1 hr. - 4'days
P T T S— : “Edays
4 hr. . ) o o 6 days
g hr. - . : T days

" 24 hbr.

Time for water to reach top of block
... Length of block before start of test.
.. Length of block at end of test

: Strenlth Teat i '
' Dry 'Blo-ch : ' : ’ Wet Blocks

. Block 1. Block 2 . Bloek1 -Block 2
.- Aren-of bloek, - Area of block,
squate inches square inches
thing ) o : Crushing .
disfance ft. = S " distance, ft.
Crughing - . Crushing
streagth. £ .. atrength

_ "Slmple" Stmﬂk Teat
th'k 1. (elrcl:e one)— : : . _ .
’ Very noft, noft, medlum, st:.tf, very stiff, hard
Blvaek 2 (c:rr:le one)— - . ’ . .
. : Very soft, soft, medium, s_tiﬂ. | .yery atiff, hard-
. Spray Test ©
Mha{ Pits: ~Block 1. - - .~ . Bloek-2
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Jsing the lever arrangement shown in Figure 15, place the
block under the lever and apply the load.  Figure 15 shows
2 130-pound man sitting on the levep. but you could also hang
a bucket of stones or waler (or anyihing weighing 130 poumls)
from the lever. Start with the man or weight close to the
block amd move stowly ontward to the end of the lever unti
ke -block breaks.  Then measure the distance from the end
(or ¢hain) to the weight.  Call this the Breaking Distunce.
From Table 2, vou can find the crushing strength of the block,
‘Fer in-between dimensions not shown an the Table, you can
estimate with good accuracy. i

Even if you cannot make the lever machine shown in
Figure 5. vou can stifl esdimate the wet sirength of blocks
- following the absorption test. (A dry blocks will be hard,
~amd it woukl be difficult 10 even estimate the difference in

strengthe between several blocks without some sort ol equip-
‘ment.) For this, use the “simple” strength below:

Simple” STRENGTH TENT—The reactions that vou can
expect to this test are as follows:

Fery Soft—The block can be easilv pinched apart with only.
the thumb and forefinger or it mayv even slump under its own
weight. : .

Soft—I1f the block can be eaml\ penetrated se\mal inches
with the thumb, call-it “solt.” :

Medivm—If the thumb will penetrate a block about ! inch
with moderate effort, it is of mediim strength,

Stiff—S8oils which are stiff can-be indented with the thumb,
but only with great cflore.

Fery 5Stiff-The soil cannot be penetrated at alt with.the
lhumb lJul Il €an be peuetraled “llh lhe lhumbnzul ’

Hum‘—\-'er}' dlfflcult to (Iem_ with lh-e thumbnail.

. " TABLE 2

'______CRUSHIN?G STRENGTH OE BLOCKS FROM SIMPLE LEVER TEST
Area of
Block in, S “CRUSHING DISTANCE”
"' Square © Dist. © ° (Length From End of Lever To Weight .
Inches “B” .. For Blocks of Strength Shown!
"1 psi. 125 psi 150 pai 250 psi’ 370 pai
4 '12_" 3!.0:[ 3!-10" 4!-7" 3!.10"* 'l‘t_‘l'l'lﬁ
41/;: 12» Brbr A7 g FEAS L drafrr® Hi-Znw
5 127 3107 4107 . 59 4r10ee Brgne
. 5I4_: 12+ 4.2 5r.dr C Gred Bradree Gr-41*
6 nzr e 5.9 67-117  Br-gex Gr-11%¢
E'I& 1w L4 I g3 N TOgr3eE T-,&sr ]
T 1-2_" 5r.ge §2-0r Ry 5’_9!!0 Hr_irs
ki I..‘J;' 12 5.9 i BraR 7:_2”' 8!_3"' .
. 8 . B 12:; &{_zn . 7:_5:’ 9;_3» '7:_8."1 ) '9:_3».
18 (1 G117 g8 1075 B e k8 1}r5ren
]9 6" Tr_4n ga_g.ﬂ 1 li'_GH gf_grr- ll’-O"‘-
29 g Trgw .. Cogee T 1he-gn gime o 11gee

_Where * appesars, Use 2 men lor 260% weight) on lever. Measure
d'sstsn:e from .point “A” of lever to center of the weight.




The onh blocks which will -be norrnally 5u1tablc for carth
‘houses are’ those which are called "hartl “Very stiff” - ones

may be suitable for dry areas.
‘*1\

Remember to do the strength lesl on both the dried; cured
blocks (call this the dry strength) and on wet blocks after the
. absorption test (call this the wet strength). Always use at
least two of your blocks to determine their strength. Use the

- average strength of the two blocks.

SPRAlr TEST~This test tells you how your block will hold -
‘up in a .hard, driving rain. Most accurate results require

_ “\@sfacton S

Eqmpmem and sug)plles needed
1. Two of your se»en I)lecks of each mixture.

- 2. A spray nozzle that can produce a hard spray all over
" a block. A four-inch diameter shower head is usually used.

_ 3. Some wire mesh covered wnth fl) screen, such as used
in- the absorpuon test, to plaee your blocks on.

-4, -A water- supply that wly dclwer a. fa:rly cunstaut .
. pressure for two or more hours. . The water pressure usually
“used is 20 pounds per square inch. L, :

P

B 5. An aecyrate gage for measurmg water pressure Mount ’
-tKe gage in the pipe supplymg watér to the spray nozzles at
"4 point near the nozzles.

' 6. A copy of the form shoWn on page 37.

A set-up for the spray test is s&own in Flgure 18. :

‘Place the wire mesh ol brw;ks or wood blocks so it is
suspended a few iriches off the ground. *Then put the test
blocks on the mesh with their largest face square to the spray
nozzles and: exaczly 7 inches. from the nozzfes Start the water
" spray, keeping the water pressure as close as possible (o 20

After two hours of spraying remove the blocks and exammcm"
Also write down the time required for any blocks to completely |
~ fall apart or get washed away by the spray.

Be sure and write down the results of 1the spray test om
your form with the results of the other tests so you will have
A permanent ‘record . of all of the tests.

‘Now that you have done these tests, you must look at the

earth houses. Remember that soils vary a Ilot. It will be hard
~ —even with these fine tests—to tell gxactly how your “soil will

laboratory equlpmen[ but there is also another way that is -

~pounds per square inch. S

'res_ults and decide whether your blocks are suitable for making

-. them closely. - Measure the depth of pitting or surface”erosion.”. "~

" act. Bu[ if you use the tests wlsely and benefit from your |
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neighbor’s expericiree with carth houses, vou should he able (o
build a safe house. . 3

Start by looking ar the vesulis of the spriay. test. If vou

Clive in an arid (dry) arca—one where the rainfall is less than
20 inches per vear—then vour bricks are satisfFactory il they
have some pitting. siv 147 10 14" deep.

If vou live in an arca where the annual rainfall is between

20 and 30 inches per vear, then the blocks should have onty
minor pits, less than 1/," deep.

_ I vou live in an me.a where” the annuali-rainfall is greater
- than 50.inches per vear. then vour blocks should have no pitting

at all. but shght roughening of the surface is 1o he e\pected

l-or the requirements:ahove, it-is asswmed that ‘adequate

protection - from splash  exists,  This means that either the
foundation wall is high enough so the Irmes[ soil laver or
- blocks do. not get splashed, or that the }Jloc‘m in the splash
"regum at the boubm are protected. '

bli vour blocks do not meet the requirements above. then
you must do something to them if vou wani a Jong lasiing
house. Here are some things that vou' can iry: '

1. Change the wmomt of sand in vour soil mix. Some-
times more sand will help, [It's worth a1y,

2
main reasons for the ugse of surface coatings is to. reduce the

407

2. Trv a surface cating. (Sce Chapter 14) One of the




. .‘ . _. ". "t f
amount of erosion due to the weathering simmulated by the

./‘

spray test. When you test a block . with the surface coating
of vour choice, the entire block must be coated even though
vou will coat only the outside face in the actual building.

3. Try adding one of -.the stablleuels discussed in the next
chapter Even_small amounts of lime, cement or asphalt will
often increasé the resistance of blocks to spray tests. In fact,

=You might try_ anything that you have in the way of 'waste

prmiucls ~ But vou should remember that the addition: of

- - stabilizers will a[so change the way the soil acts as far as str h

and absaorption. For cxample, small amounts of lim€ and
cement may decrease the strength of the soil slightlyy, Sq when
you try a stabilizer, you must aiso start all over again with the
other tests such as the strength and absorption..

"The results of the absorption test are fruch 'harc-her to
analyze than those from the spray test. All soil blocks and even
burnt clay bricks will absorb some water. (In fact, durmg

recent tests high quality burnt clay bricks absorbed as; much "
‘water as pressed ‘earth blocks) For ‘earth ‘houses, you \would

like to have a soil that will ahsorb httle water, and ‘which

will not swell or lose strength during absorption. Ugfortu-

natelv. this will occur with only a few unstabilized soils How;
ever, by looking at the absorptiomr—tést—omr earth blocks in—

Ponnection with the strength and length changes of the blocks,

vou will at least be able to tell much more than' from the
absorption iest alone, C. . 4

Blocks made of clayey 50115 ‘will take longer to absorb

'lnolslme than sandy blocks." but walls made from clay blocks

will absorb more mwisture over a long period and the moisture

will creep higher in rthe wall. In dry areas—iess than 20 inches - -

of rainfall per year—the absorption of blocks can be high ‘and

they will still be satisfactory if they are strong enough when

L will not be suitable in very .wet areas evén if they are strong.

‘The inside of the house \ull be much too damp and wet to
be comifortable.

-——Stabilizers—can reduce: the absOTpuon——gsphalt emulsmns

do well on sand\ blocks. Lime works on clayey blocks and

‘will ‘also increase the wet strength and reduce the swelling:™

- dength changes during absorption on small test blocks
(those less than 6 inches long) should be less than 1/32 inch,

On large or fu!i size blocks, allow no more than /32 inch for
‘a block one foot long. I this amount is exceeded, it can he

reduced by adding stabilizers but again this means that other
properties such as strength and absorption must be checked
for the new mixture. Adding sand to clayey blocks: will help,
and lime and cement also do a good job of reducing the sweli-

ing.  Unlike biocks which show.too much spray loss, those -

which swell too much cannot be protccted bv surfacc coatzng's

T Wet, ~On the other hand blocks which absorb 'a lot of water ... -

L4



The waté wlll evenmally get through the - coating and coaung
wﬂl crack when ‘the blocks start to swell. :

and rammed ‘earth should “have a minimum’ dry strength of
--250° pounds per square inch. Pressed earth blocks should ‘have

‘a minimum dry strength of 300 psi because they are used in

lhmner walls, Most soils will be this strong when dry unless .
they are very- sandy or have a lot of organic matter in thern :

But‘ the wet strength of the ‘blocks after. #absorption is even
‘more impartant than the dry: strength. Tests have shown that
“thé wet- strengths should be at least ofte-half of the dry strengths.
“This means that adobe and’ rammed earcth “should “have a
:minimum  dry strenglh ‘of 125 pounds per square inch and’
_.pressed. blocks. should.have.a_ muumum strength of. 150. pounds

' l* per square inch.

H T '_ Srrength of your earth blocks is an’ lmportant factor. Adobe

. In dry chmates—less than- 20 mches ‘of rain per yeax-—you
can get by with 100 pounds per squafe inch for adobe and
‘rammed earth il you use a’ goocll surface coating- and if- the
drv strength of your test Lﬂocks W, hs ﬁlgh enough. .

'u

'_ U_'S"h'Uﬂl“d"t—)

glven above for ‘dry’ strengths:'.; his means 350 ‘pounds “per
~square inch for adobe and. rammtd earth and 300 pounds per.
squarc irich 'for. pressed blocks. ':j

~ from the ongmal seven. It is afsf:»arc in-case one of the other
- blocks: breaks; ~-But . you can also ‘use it for some speaal tests,

“In. wet clunates more than 5,'0 mches of rain per year—

When the tests' are finished,/ you w:ll ‘have oné block left

CTest . J,Q-inch_deep.

anuﬁum of 250 psl Minimum B 250 psl Minimum of 260 psi
Compresswe for adobe and for adobéiand . for adobe and
-:Strength rammed earth, - | " rammed earth, rammed earth,
----- - Minimum of, 300, pai Minimum of 300 psi Minithum o 300 pnl
. for pressed. b ocks for pressed blocks. - for pressed blocks,

cogtings. Mﬁﬂ. : . C
© . mum of 150 phi ' : :
for presaed blocks.

Wet. Mmimum of 100 ps: ‘Minimum’ ’of 126 psi Best soils will meet

Compfeeswe for mdobe and for adobe and ° requirements for .. .

Streng't © rammed earth w;th -rammed-earth, . dry compré@sive

: .. &ood surface: ¢oat~’ Minimum of 150 psi strength. Can be
"'infs. 175 pai for pressed bl oclus - somewhat Jess.

2y ‘A mch deep. . face, slixht_roua-h-._ .

. B TABLE 2 _
o smmum* OR’ msm OoN- BLOCKS - A
: : iz
Less than / ‘Between 20 .- Greater than i
7 - . 208inches.--" Jrf and 50 inches . 50 inches i
— rainfal i rainfall Traindall " i
& peryemr. ,-". -Peryear . ... . _.per yoar o5
“ﬁp‘my'— Pits.'-iesif?éha;ﬁ -‘"-"-fPﬂa"iess i N plt,tlnz Baurs

L —without-sur face~ T e e




lf you lwe in.an area where it freezes a lot try thls test:

Place )our block on the. absorpuon pan for 24 hours. Then'_

" remove it and freeze it for 24 hours: Let it thaw on the
: absmptwn ‘pan. for ‘24 hours and repeat the process as many o
' '_'-tlmes as posmble L e : R o

If “you live in an area- where it rams almost dally, y thls.

Irnmerse the block in water halfway up its snde for 5 hours. o
.'_.Then let it dry ‘in ‘the sun or in a ‘warm oven. Continue the = -
'..soakmg an(I (l\,r}mg steps as many umes as possxb]e '

s

L ‘\lelther of these. tests w1ll tell you exaetly how long your
___earth ‘block will last, but they will help you in dec1d|ng belwcen
'several son]s ‘that you are thinking. of using.

R The tesz results &nat have been dlscussed ‘are bnefly sum-
manzed in Table 3. : . ¢ ¢ B

1




Chapler 3
STABH.IZATION OE ILS -

Many Lm(ls of soils: can be used for earth walls b)r addmg""“ T

_ 'substances known as stab:lners Near!y any soil can be made
. into.a better buu'dmg mrtl‘eual wzrh the addition of the COR-
"RECT stabilizer. e .

" This is what stablltzers do L

1. They tement the partlcles of 5011 together so the blocL

or wall will be stronge1 ' !

BT T T S S
9. The) can waterproof” the soil so that B3 wpnt abscrrb

- water. - PR -

-G They can Leep the soﬂ from shrmkmgqand swellmg __

------—‘\tl{lmg stabilizers—even-cheap’ ones—to your soil means:t;haf'"
your house ‘will cost more, But the natural “enemy” of earth

"walls, 4s water in one form or another. Stabilizers fight that
.enémy. There is less need for stabilizers in very dry climates.
- Builders in arid area$ protect against the slow. weathering caused
.by lwinds and ‘blowing sands by making the walls a little: bit
L thtcker Some walls like this have lasted well pver 100 years. R

cascs — ; - ; -
S %thls manual can do- is tell - you what stablhzers can be
" appro: imately”

hich ones work best “on cllffetent kinds of smls, and

~Hpw TTuch—stabilizer seems—to" work-best; It is”

o_the=builder to—make_ ;n‘él—bloeks—wulrvmous-kmds andT
of stablhzers and then, "test them as~ CIEScnbecl in. 7

L. "’-J‘?“. . t : E ',,‘//” - e
. e
~ e

. ,4,,«%-*“1(' nds o’?ﬂubthzers

'""cl out whether two smls will mix well is to try ;t “It's easier
L m1x a small/amount than a large amount, so;try to do the-
rmxmg'_ ust_as you would when bulldmg a house




4o 2 Portiand.Cement=The .same.kind_ of portland cement.
"+ - ‘used in ‘concrete is also one of the best soil stabilizéts:—~The..._
 thixture is often called soil-cement. Cement works best with
the sandier soils. Table 1 shows }'ou which soils are stdbilized
best with cement. (If your soil has been checked'\by the labora-.
-tory tests described in Appendix A, you can se portland cement
with any soil that has a plasticity index from 0 to:about 12)

-

Some stablllzers mix easily with soil but thls is’ not true =/
- of portland cement, " It must be very thoroughly .mixed arid
the soil clods should be broken down so the cement comes ¥n
‘contact with all of the soil, (This is one reason why cement -
is miot recommended for clayey sorls)

_ Cement starts to react as soon as. it .touches- water, 50 do
Y _...not.mix it-into wet $6ils.” Mix it completely into dry soils before
- adding water. Then, the moist soil-cement mixture should be
formed int6 blocks or rammed in the wall quickly. If you wait
too long before doing this, the soil-cement will harden and
it must be thrown away. Don’t mix more, than you iintend
' to use. : : o

_ Cement . needs water to get hard Since it gains most of
its hardness or strength in 7 days you need to keep it moist
this Jong. One way to do this is to put a watertight cover
" over the blocks or walls.  If you icannot do this, cover them

with - wet burlap-sacks and- sprtnkle the sacks often. After 7

days of this moist curing. you can take the “fovering off but
it is still a good idea to keep the blocks in the shade for another
7 days before you let them dry in the sum The. longer you

will be. .

smg cement has two drsadvantages it ig expenswe and
- _:lle_Dﬂ'l_‘fTI‘S‘t_hGW_httle you

. have l'D use, .

- —  .——You -can-make- a—portland—“cement yourse]f “To do ity
:.v - ‘though, takes a lot of heat, some crushing facilities, a source
“of-clay, and a source of limey materlal such as shells, limestone,
- caliche; etc. - -

PR B Lnne——'-Lime either -slaked br unslaked, makes one of
.'.._"'the best stabilizers for clays Lime! reacts with the clay in the -
soil to form/a binder. Unslaked. lime is harmful to a Jperson’s
'skin ‘and vithl parts and. mus¢ be used “with great care. It is
"'mueh safer to first slake the unslaked lime before using it. ‘Table
S § shows the soils which work best with lime. If you use the :
.- - more exact laboratory tests describeéd in Appendix A, you can
 try lime with’ nearly any sorl havmg a pIaSllf.‘.lty index greater
e .______'_Z,_._.-than about 12 ............. N

) o lee makes most clay& less sucky, but it doesnt make all

. of them stronger. It will usually strengthen volcanic clays, but . ...
with any other clayey soils, the only "thing to do is try the -
lime out. and see how it works Use the tests in Chapter 2. .

85
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Saoils comammg a lot of clay are us.uall)I falrly lumpy
- . But lime breaks the lumps down and ‘makes the soil easier to
‘mix. In fact, lime even makes the sofl look and feel different,

If your soil has a lot of’ Cld.}' in it, heres what you should do: -

Add the lime to dry. soit.and ‘mix Wl[h sufficient water to
s dampen entire mixuure, then cover it for a day or two but keep
it wet. After you do this mix the soil agdin to break down
any remaining lumps and use it right away.

it takes..much- longer thgi cement 1o harden Keep lime-
-stabilized blocks covered and moist at least 7 days 14 days if
possible,  Then keep them in the shade at least 7 more days
" before. exposing them to the sun. When making trial blocks
with lime-stabilized soils, try to make them early enough thas  ~
- they will have plenty-of time to cure. before testing. At least
one month of curing is necessary., two- months are better. '

- ~ Lime is not as expensive as-cement and you can get it
.. nearly any place in the world, You can make lime yourself
but it’s not an easy’job. You’ll need heat and a materidl such
as. liméstonc. seashells or calrche, and finally a way to grmd up
the burnt limestone. :

> . o

It 'takes lime-stabilized soils about 6 times as long to get
thelr full strength as 1t does sorl cement. Remember this when

4, Co:rnbmanorn of Lime and Cemem‘-—-Someumes you
Tun into a suuzt:on like thls. ' * CR e gt

ST T The Tsoil has a little too miuch ¢lay in it for cement to do
a good job of slabrlmng :

enough with the soil to waterproof it or make it stmng

e ———3hen- th‘lS‘—haPpcnS ‘you can— use - both lime and cement. “'“"_"_"
It will cost more and take more time to add the two stabtlrzers
hut it may be the onh way te build your house

Usually, equal parts .of lime and cément are used. The
lime is always added fifrr Then, add enough water to make
the mix moist, Cover the mix and let it stand for 1 to 2 da}s
‘After thsr_.mrae*the ”s’o'r'l well to hreak up any. lumps—and—-im-..
“mediately add “the cement plus an)f‘Wﬁ?rnecessar}' td bring
the soil to its correct water content. After thorough anmg.
“usé the stabilized soil - -immediately, before the cement hardens,

* Cure it as you hould cement.

S5 Asphalt—ﬁmother slabrlrzer that has worked out well
ity:' -earth houses is asphal[. Asphalts made espegially for use
in earth houses are made in plants in the United States, but
they don’t have to be a special kind. . Natural asphalts were
used thousands of years ago to stabilize earth blocks in Babylon.
.. Asphalt. is usualiy restrlcted to those soils that are. mlxed by .




“puddling,” such as adobe. It is harder to mix into moist soils
used for pressed blocks or rammed earth. It won't work on
clayey soils because it won't mix with them.

As-phzilt in its natural form is too thick to be added to soils

‘without heating, so they are often “mixed with other materials.

to make them!thinner and easier to mix. If they are mixed

‘with water they are called. asphalt. emulsions. These are the
‘best t6 use in earth walls because there is no danger in handlmg
them and they mix easily into the soii. After asphalt emulsions -
"have been added to the soil they will separate back into pure

asphalt and water—leaving the asphalt as a film on the soil
grains. One that goes back to asphalt and water quickly is

_called a “fast-breaking™ or "fast-setting” emulsion. These are

- not good for earth houses because they’ may separate before the)

are completely mixed into the soil. “Slow-setting” or “slow-
breaking” types are ideal for earth houses. (If you cannot find
an emulsion made especially for earth houses, then get a regular

emulsion, but make sure it's the “slow-setting” or “slow-

breaking” type.)

_ Other types of asphalt that have been used are called “cut- .
back” asphalts. These are asphalts that have been mixed with
gasoline, kerosene, etc.. to make them thinner so they can be -

mixed" without heating them, They can be used with soil but .
_they are not as good as emuisions, After a soil is treated with

a cutback asphalt, it must be spread out to allow most of the

_ gasolme or kerosene to evaporate before it can be made into "
blocks. Cutback asPhalls can catch flre if you get them near

wood shavings.

an Qpen flame

¥

Since asphall is really a very thick oil, it will glease

lhe soil grains and cause. the soil to lose some of its dry strength,
_at Jeast until the stabilized soil becomes a few years old and
the asphalt hardens,  Asphalts do a’ good job of waterprooting
the grains, and I}mx keep the soil from losing sm.ngth when

WEeL.

4

Remember, aﬂphall will be very (lifficu-ll to -use when the
~s0il has a Jout of clay in it. It works out best with soils suitable

for a(fohe blm.ks . #

LT

6. . Straw—A material that has” often been med R adobe

‘blocks is straw. In . the same manner, materials mch as ‘tree
bark. wood 'shavings, hemp and other tough flhe-r.s,_ have been
used. The only one of these that has appeared to be of much

use is straw—although some peuple. have had fair success with
© Straw doesn’t react ‘with the s&l in any manner. I any-
thing, it will make the dry block a little weaker and it will let
it absorb water a ligtle easier. Straw does provide “pipes” or
exits from the inside of the block so the water can get out

easier during the curing period. In clayey soils especially, this
‘causes less cracking during curing. Straw or other fibers also

k]
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- give added strength 1o wet adobe “blocks durmg the curmg
period.

- Although most old adobe houses contain straw in th\e blocks,
rno-dern builders do not 1‘|'=*;e it IL ma} h.l\e some VJ]I.C when
Taway of

st_ablhzmg it . .

7. Fly-Ash and Lime Combinations—Fly-ash is the fine

~dust that is given off during the burning of coal, coke, lié{\nile,
amd some other solid fuels. If you live near a plant that burns

these fuels and saves the fly-ash, you have a very good cheap
stabilizer if you have lime to mix with it. The lime and fly-
ash together will make a cement almost as good as portland
cement. It can be used on both sandy and elayey soils.

When using lime zm(l fly-ash together use 1b0ut 2 to 4

times as much fly-ash as lime. For example, for every bucket

- of lime used, add between 2 to 4 buckets of fly-ash. The only

way to find out whether you should use 2 buckets or 4 buckets,
or 5omethmg in between, is to make some trial blocks and test

- them. You’ll probably find that lime is more expensive than

fly-ash so try to use as much fly-ash as p0351ble and still make
a sansfactorv earth wall. .

8. Sodium silicate~This is sometimes. called “water-glass.”

It is available in many parts of the world and not expensivei .
- when bought in large quantities. ' It works best on sandy soils)
. .such as clayey sands and 51It} sands. Clays dqﬁ%ot stablhze well
“with it - :

he hest way to use soclium 5111cale is to coat [he outmde
of ea;rlh blocks with it so it makes 2 thin skin” of hard,

.stablllzed soil z{round the blocks. (For use ong walls that are -
O made-- o bloeks—such ag Faninisd g3 ¥ §ee Chapter 14)
*To. use. it,.mix- one part of comunercial sodium silicate. with

. for. about ‘one migute. When you remove them there will be .

three parts of clean water. Dip the earth blocks in the solution™

a litele solunon left on the blocks. Use a stiff brush to brusy

..this into ‘the block. Repeat this treatment a second-time before

the blocks dry. Then, let the blocks air-dry in a protected place _

~.at least. 7 days before using them.

The thick solution of water and SOdlLlITl smcate can be

“inade to penetrate deeper into the blocks if you add a very.

small amount of a group of chemicals’ known as surfactants

~ (surface active agent), These chemlcals ‘numbering over 1500
~ ‘are sometimes classed Ento four groups called amphoterics,
" anionics, cationics and noh-ionics. These groups include such

cthemicals as pol)oxyethylenealkylarylether %nd dodecylbenzene- _

‘sulfonic, amines, etc.; howeyer, many common detergents will "

work as -well as lhese ehemlea}s.‘l f : o

: Y

There aré many other srablllzers that have been used suc-

-cessfully with some soils. Because there has been little written’




should be’ applied.

about thelr use in earth houses they are discussed only briefly

below. But, don't be afraid to try them out if they are available. =~

- In fact, if you have something eise that you think will be a -
good smab:]uer try it. Sometimes a waste product that other )
~people are throwing away may be a good stabilizer. o

9. . Sulfite l:quor—Thls is a waste product from certain
paper mills. It is prlmarlly a waterproofing agent and you
shouldn’t expect it to.increase” the dry strength of the soil.

~ Some: types of sulfite liquors react very favorably with soils,

others have a very harmful effect on-them. You won't know
until you try it out on your soil. ‘The amount of sulfite liquor
you should use depends on ‘the particular paper mill you get

Lit from, so you will have to try different  amounts and select

the best one yourself.

10, Aliguat H226—A special chemical, (quatérnary amine),
made "in the United States buc available in other parts of the

- world. It is.shipped as a very thick liquid and it must be
. mixed with warm water before it can be added to soils. The

manufactures will give you instructions on how to use it,
Alrhough it is expensive, it is a good waterproofer for silts and

- ‘*d?fWTﬂTce_the_t—reat"d soil has been allowed to air-dry. - It would

“be very good for use in the first few layers of earth blocks
closest to the ground if these ‘blocks didn't pass the require-

. ments of the dbsorpuon test..

11. Wood ashes—In some countries, wood ashes have made
very successful soil stabilizers. Probably it is the lime or calcnum
in them that actually does the stal:ullzmg Like sulfite llquor,
certain wood ashe.s can actually be harmful instead of stabilizing
the soil, so you will want to try it out on your soil. The correct
amount to use will vary ‘depending on the type of wood and

how well it has been burned. The fine, white ashes from fully.

‘burned hardwood seein to work best

- 12.. Resins—These are made from Lhe sap of trees They
- can make very good waterproofmg agents, but they probably

will not add much dry strength to the soil. Some are difficuls -

to apply to the soil because they will not dissolve in water. It

is best to ask the manufacturers d¥ the various resms how they

?

18. Coconut Oil—This has - ‘also been used  as a water-

proofmg agent. There is no cementing . action ‘but it will
__probably increase the wet smrength of ' the soil.

14. Tannic Acid.
‘15. . Rotted Plantain Leaves.

16. Cattle Urine. / o - S i

17. Cow Dung.
18. . Molasses.

19. Gum Arabic. |
20.", Juice from Various Plants.

- 49..: :
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. How do you know whether a stabilizer will work?

Because there are so many different kinds of smls, iy is
llllp()SSlblE to say whether any .one stabilizer will work well on
any particular soil. In Table 1 and in the early part of this
chapter,~ you have heen given some idea of ‘what type of
stabilizer to use with what type of soil. But the only way to
find out what is best is towtry them out on your soil.. Make
trial blocks and test them JllSt ast you were told ‘to do in
Chapter 2. ‘Don’t use expensive stabilizers if cheap ones are: .

' a»allable and. )our tests show that they will do the jOl)

Wh’ut can you' expect stabilizers to do‘-"

\uu want stabilizers to increase both the dry and wet
strengths of youg soil; to reduce the amount of water absorptlull,
and_ to keep your soilj from being “melied” by a water spray
or rain. - Some~stabilizers will do only one or two of these
thmgs a few«f.'ndv do alI of them. L LA

-

For example portland cement or 11me may 1ot decrease

_the iwater absorption, but it wouldn’t rnake much thfference

anyw y

If the wet strength of the Block wis htgh o T

Some waterproofmg type- stabilizers may actually d'etre.;se

'the 'dr) strength of the soil, but will greatly increase the
D wet Lstrength and decrease - the amount of water absorption.

I\atu;rally then, these might be best in wet climates.

Certam stabﬂlzers—llme 15/ a good ‘example—may actually
cause a pressed or rammed earth bldck to welgh a little less.
.Don’t let this bother you though because it won’t hurt the

strength of the sml )
LR
I Some stablllzers—ltme again is a good example—wﬂl change

. the best moisture cchtent for compaction. -Lime-stabilized soils
ttsually need more water than the same soil unstabilized. You

the amoum 0E water needed You can strll use the sunple test

. described elsewhere to determine whether . stabtltzed soils for_-f_'.- '

_rammed earth and ;pressed blocks have the right’ amount of

‘water.in them to mafake the best b]ocks

*
I

= \ Do stublllzed sculs reqmre specnal hundlmg"

\Some types of S[ablllZEI’S require spec;al’*‘handlmg Br they

wod t work at all. Remeémber it .was mentioned earlier in this' - -
~ chapter that portiand cement and lime needed t0f be 1n01st-.__._._

for at least 7 days or they wouldn't. gain strength Thts e
"_e of nearly all cementmg stablhzers :

becayse - -you clry the soils.out when you cure thém in the sun

. Most waterproofmg stablllzers only work " after the sot[s
---have been- dried-out ‘once.- This won't require special ‘attention’




;- blocks have been molded. But with, asphalt emulsions, at lf:ast
" - some of the curing has to be done whlle the soil is still loose

« pressed blocks, spread the stabilized soil out in the sun to cure.

- these soils aned’ you will have to find out yourself by experience,
- If you can ram or press the soil and it doesn’t act spongy -or
“h¢ave around the sides of your 1ammed earth tamper, it should

i 1 ready to use. : - S n

b

/ére slow iii curing. It might take several days before they are
@'ﬁd to hL thade into blogks or an earth wall,

\*O STA BILIZER 15 €OOD U\ILFSS IT CO\’TACTS
- EACH PARTICLE OF QOIL MD\ THEM INTO THE SOIL
WELL : : R

How _m_uc_h'x:;:ubilize:r should you use?

much’ should be used. It depends on the type of soil }ou have
and what you want the Nldi)llllt‘l to dg. :

Somcumcs you will nced Iot of qlaInluer—pdru-:ularly
wrth very santly or very c[avey soils. '

“stabilizer will be needed. " A soil that is not good enough to

more: stablhzer

_ ‘So, you can see . that the ‘only wa} to find out how much
_ stabilizer is necessary is to-make some trial blocks and test them.

“you use portland cement, trial “amounts should range from
Ao 12 pnccnl and for lime 2 to 6 peveent.. ' :

"AMOUNT OF STABILIZER, RANGING FROM ABOUT THE

"AMOUNT OF STABILIZER ‘THAT WILL MAKE YOUR

- MENTS IN TABI E,ﬁr———“""

stabilizer that you need, there is one more thing to consider.
- With - trial blocks, you use a. smalI amount -of soil and it is

.
N

s

unle:s"_;ou are making adobe blocks:. For rammed earth and

There is no gooft rule to tell you when you can start usmg o

o Cut”]mck aqphalts—-those contammg Lerosene g:klme etc.,

el o Again, it is impossible to-say with any. accuracy just how .

You mlght find a soil that is suitable in all ways e\ccept
- “that it doesn’t meu one ltqlllrement for example, it ahsorbs
‘too much watér,  Then, probably a very small amount of: a -

‘You should . make up three :trial s€ts of seven blocks each. I

EACH TRIAL SET moum CONTAI\I A DIFFERENT. o
* LOWEST THAT MIGHT WORK TO THE LARGEST.
© " AMOUNT YOU ;COULD POSSIBLY AFFORD' TO BUY."

“TEST THESE TRIAL BLOCKS AND SELECT THE LOWEST

 BLOCKS GOOD ENOUGH ' TO. mrsm REQUIRE-

 With many stabilizers, the- curing’ takes place- after the-

" meet any lequncments or maybe only one of them *’Wl” requlre

,_'..-_f'”’When you have. finally selected’ ‘the exact amount. of & ..

easy te do a_good mixing job. Bundg the actual é¢gnstruction = -
of }rour earth house, the workers wlll handle amuch larger-




--.quanutles of sonl and the. rmxmg -will not ‘be- as good The
easlest way» Lo take care of ‘this’ ls to add a lnttle more stabiluer.

Al of thls sound& we reahze, like'a: great deal of. preparat10n-«;;_.._;
_.and testmg that needs to be_done ‘That’s the way it is intended .

" to sound. It will be well- worth. our’ time and effort to find

- out for yourself what the best answersxwﬂl be for you: If it

h takes you a couple months of preparation, remember, it's. woith

- -1f you'do your job rlght your grandchnldremwﬂl also ha\re 5 _
' _".a good house to hve m.,f _ N
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S WHERETQB' D
. The hume builder needs a. good place tp bLIlld “The lo_t
_"should be ‘hig énough not -oniy for the house “but - also for a
~yard and'a garden. Plenty of suitable soil must be avaﬂable‘q.j.___'.f

- either on the 'property or nearby O:her factors are 1mportant o
- 00! P _ :

,’

,__.,The lot has to have good dramage Standmg water or:
—muddy " ground can be very destructive to -earth houses. If.
" watér stands on the area after heavy rains, the lot: will not -
" be sausfactory unless trenches or'ditches can be dug to carry: -
< the water. away rapldly Flgure iga shows a good site and
anure 19b a bad one, - - :

The locatlon of . thc home should also ‘be convement. to -
roads, markets or thc owner's ]ob :




R g
o Usua]ly, did home sntcs work oul wc]l because the soil has R
._stablllzed itself | or settled un(ler the wrﬂgh! of lhe ol(l house o

.- LI:VPI !N(‘ THE lOT-—CIe.n ‘the site pf unwantetl brush

) 'aml vege(atmn befotE™ beginning construction, “All végetation

" aid. the organic-top soil should be removed from the area the

“house,, will _occupy. Al sporgys or soft material should be -
remove(l down 1o good, firm soil. ~Leave enough extra space ;
" "“outside the limits of the hopse for akwo;kmg area.” - Save plants

-4 which wlll have: grnamental \«alue after the home is I}mlt

e A

1\ftmr Lhe lo/cauon of the house ls"nnrl\qd on lhe grotmd
. 'marl\l’ the/('mllmeq -of the house with slrmglmes nalled on stakes.
" Then level ‘the ground inside the stringlines. " This is shown
m }rgule 20.5, 10w areds may bhe filled in from at.ljacent high
i areas: provulc(l Food " soil, which will not ‘wash . away, is uvsed.

*"Any filt: meteual p!m’“d" inside of the string lines should be
well - poundeéd with o hand tamper to make a solid furm(irmon
"Othermse, seltlemem of the fill material couldl cause cracks in
__l_'hé" h()use. Exu.l dirt from Lhct leveling _]ob is kept for - later
use it it is the Lm(l smtdb]e for l)ulldmg -

o Ph\D!NG THE GROUND LE {’bL—Bcfore laung oul the
- actpal outh’hes of- the house, thc ‘general area it will occupy -o*
- shoulil. be [fan'l} well graded: or leveled and an accurate floor
--level gj‘lon ~-be. marketl Lout carefull) '

o Ih'ls'li klone easnest by driving stakes mtq,uthe glound First,
£ drive a slaLﬂ o the desired. tloot level. Protect. it by surround- -~
'. ing. it wuh ‘other stakes ~% hen dtive in” Other alal-.e» aroupd; .

' N
‘the applommate outlines of the house 10 e\acpl} Llfe S:Lu&f‘[/our

.'&, level. Thls Lan be done in two mws R

\'\3 Two fn,h(l ‘the . correct helght of lhq adtlmonal slakes if

-pom\blc. ?‘suwevors level should be used and the tops of all . -
~the -stakes ican be accurately sighted. (For convenience. if the
Surveyors\level 15 used maLe the tops of Lhe stakes somewhdt




Fil

Figure 21.

higher than floor level and later measure dowp from each stake -
to the desired floor level.)

- If a surveyor’s level is not available, an ordmary clear or
translucent plastic watér hose’ will work just as wel® Fill all
buL about a foot of the hose with water, ”

£

By adjusting the water level at one end of the hose to the
exact floor level indicated by the first. guide stake, then all, of
the other stakes may be driven to the proper level by matching

.. the tops of those stakes with the water level at the other end
of the hosé. The water hose method is shown in Figure 21.

By driving the first stake into the ground at what ygu judge
to be the highest point of your lot, all of the other stakes, then,

that the guide stake is lower than the ground level at other
stake points, drive another stake next to the guide stake leaving
enough length above the’ ground for later measurements. For
example, have this added stake exactly. one foot higher than
the guide.stake. Then drive the other stakes to match it: The
desired level can be determined by measuring one_foot. down
. from the tops of these stakes or to_such. level as to .have the
.. lowest corner above grade,-—-

- The wate e also can be useful at other times. during
sconstruction. It can be- useﬂ“as an accurate means of finding .

height of footings and foundatjon walls, checking (6 seé-that:-...
*  blocks are being laid level or even checking the top layer of
" blocks before the roof is placcd

Itisa good idea to have corks or plugs to stop up the ends
of the hose to keep the water from running out when the hose
_ is not being used. g

: % .
-, LAYOUT OF THE. CON:STRUCTION—The next step is
. ¢ to mark-the exact, location of the exterior walls on the grgund

- — " will stick out of the ground a litle higher. If it turns out-—.

other levels or elevations. It is useful “in- fmdmg lhe correct -

1




Figure 22,

The proper dimensions and shape are included in the house
plans. Keep in mind which way you want your home to face.
An architect can be very helpful. Consider such things as
prevailing breezes, direction of sun, appearance, dlstance from

"Schet and propert. lines, etc.

After the location has been selected, the next step is to
erect batter boards. These boards, Figure 22, should be at
least 5 feet long so that adjustments can be made after they
are placed in the ground. A set of batter boards should be
placed at each corner of the exterior walls of the house. The
batter boards at the corner where the ground is the highest
should be set about 18 inches above the ground, Those at the
other corners should be set at the same level (in other words

-_-they will be higher above the ground). They must be sturdy

enough to hold the tight string lines which will be stretched
from them 1o define the walls of the house.

Square corners can be made a‘rlld.—tﬁ'é;':ked simply.

To make a square, take three boards, exactly 3, 4 and
5 units long and nail the ends together as shown in Figure 23a.

i
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Figure 23.

The angle between the 3-unit and-the4~umit-boards will " be—
90 degrees or a “square” angle. By aligning the strings along
these two boards as in Figure 23b, two sides of the house can

be properly. positioned.

To begin the layout of the house, a stake should be driven
about three feet inside one set ‘of batter boards to form the
first exterior corner. Thg right angle of the square is then
located properly at this stake and 2ll measurements begin from
here. The stake would be placed just below where the strings
cross in Figure 23b,
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Figure 24.

String lines are then stretched between hatter boards to
mark the direction and length of sides of the walls. This
procedure of measuring- and laying out square corners is con-
tinued around the outline of the house until the task has
progressed back to the starting point. ’

If the house outline is in the shape of a square or a
rectangle, the alignment can be checked by measuring the
diagonals—the length between opposite corners. If the outline
has been properly laid out, and the corner angles are square,
the length of the two diagonals will be exactly the same, If
~these lengths are not equal, adjustments should be made until
they are by moving the positions of the strings on the batter
boards. These diagonals are shown as heavy lines in Figure 24,

Even when a square is not available, an accurate layout can
be made. To do this, mark off two corners of the house at
the proper distance apart to establish a’'side of the house in
the desired direction. Then, as closely as you can estimate their
positions. Jay out with strings the two sides that lead from the
first side you have established. These sides should be of proper
length. When this” has beewr-done, cheek the diagonals. 1f
they are not exactly equal, the last two corners should be moved
until the diagonals match cach other. This will assure &an
accurate square or rectangle. '

It is best to usc more than one set of string lines to mark
the dimensions of the huilding. The first set &f lines marks
the location of the outside edge of the walls of the building.
However. the limiis of. the excavation for the footings (which
are discussed in the next ch;apte_r) and foundation wall will
usuaily be outside of the logat-ion“ of the walls. In this case,
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additional string lines are placed on the outside of the first
set 1o mark the limits of the hole to be dug.

Oace the string lines for the excavation have been placed,

ghe limits of the excavation should be properly marked on the
ground so the workmen will dig along the proper lines. This
can L)ﬁ_d-one by driving guide stakes directly beneath the string
lines marking the excavation, or by spreading a thin line of
lime beneath the string lines. In cither case, the string lines
_should be removed during’ the excavation so they will not be
broken by the workmen. #Be sure to mark the location of the
string lines on the batter boards so they can be put back in
exactly the same place after the excavation is complcle.

DRAINAGE-1f the house is to be built on nearly flat
ground, drainage of the lot away [roin the house should rRew—
be considered, Any lines of wash., or gullies that cross the
construction site should be wurned away by digging new ditches
away from the house and filling in the ditches with tamped
soil. It is also important that the ground level next to the .
building be higher than the rest of the lot so that ‘water will
drain away from the building. A canal or ditch several feet
away from the foundation may be necessary to carry away excess
water during heavy rainfall.

. -
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Chapter 5
FOUNDATIONS

The foundation is that part of the house that is built
below the ground surface and supports the house. A p@peﬂy
built foundation will keep the house from being damaged or
wwisted out of shape due to settlement of the earth, high winds,
or frost action. A good house must have a good foundation:
it is the most important part of the house.

TYPES OF FOUNDATIONS—House foundations may con-
sist of separate piers or footings, which receive the load of the
house through heavy beams that rest on them, or they may

- be continuous footings that run under all outside walls and

load-bearing partitions. For earth walls, continuous. footings - -~

- are most commonly Used. A foundation wall rests on the footing

and extends upward and supports the walls. A typical con-
tinuous footing and foundation wall is shown in Figure 25,
Not all such construction requires reinforcing steel,

FOOTINGS~Footings have three purposés:. (1) to provide

" a solid, level base for the foundation walls; (2) to hold the

weight of the house it supports on the earth so that the load
will not be too great at any point for the soil to support;




(3) to resist the “lifting” {forces of hurricaﬁc or high winds

which can tip a house gver or move it off its foundation.

The size and depth of footings depend on: the type of
material used to make them: the weight they must support;
the load the soil will support, and, to some quem the weather
conditions of the area,

—-1-DBEPTH OF FOOTINGS~In ...an:a.s.__.w.hc-rc freezing weather
occurs, footings must be placed in the ground at least as deep
as frost is ever found.' Otherwise, the footing will shift and
crack the house during or after freezes. The frost line is shown
in Figures 26a and 26b as a heavy dash line, . Figure-26b shows
what can- happen "if the footing is too shallow. If no other_
means of knowing this depth is available, it can be roughly
estimated on the bagk of the resistance to digging during
parucutarh long and re winters. Ice particles can be seen

in the soil. The footmg should be placed below where ice is
found.

4 B

In warmer climates, the footing depth needs to extend deep
enough to reach good, solid earth free from vegetation (roots,
etc.}) and deep enough to prevent washing out or shifting due
to rain and flooding. Usually, this depth averages from 12 to
18 inches. An exception to this is where the soil shows con-
siderable shrinking and s“ellmg as it dries and becomes wet
during the year. If this is the case, the footing should extend
to a depth where seasonal changes in moisture are minor.
Sometimes this can be esuimated by the appearance of the soil.
The soil is usually very crumbly in the area where the moisture
changes seasonally and it takes on a more solid appearance
betow this depth.

The best and easiest way to find out the proper depth of
footing is to sece what depth was used for similar houses in
vour area. If the houses are holding up well and have not
settled or cracked, the footing depth used for them will do
for your house. If you have any doubt, go deeper.

SIZE OF FOOTING—The size of the footing will depend
upon the strength of the soil and the weight of the hguse. As
a general rule, most shallow clays and shallow silty soils should
not be loaded above 2,000 pounds per square foot' of footing
area. Firm sandy and gravelly soils may carry from 4,000 pounds
to 6,000 pounds per square foot.

If there is any question about the value of the soil, a loading
test should be performed. A simple loading test is described
in Appendix A. Use it if you can. If you can't, then the
strength of the soil can be very generally estimated using the
“simple strength test’” given in Appendix A.

Once the bedring value or strength- of the soil is known,
and the weight of the house has been determined, the width
and thickness of the footing can be easily determined from
Table 4. The dimensions given in Table 4 can be varied

&1
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soméwhat depending on local experiente but do not reduce any
satisfactory values-you fifid. The building in Figure 27 shows

“the .effect on an earth wall of an undqr-élcsigned foundation,

MATERIALS FOR THE FOOTINGS—Siice the footings .

- are buried in the soil, they should copsist of materials that - .-
cannot be damaged by decay or insect attacks, Use concrete,”
stone; brick, concrete block and.similar materials:~ Recently,

- some footings have been made with_stabilized soil. However,

e e ,,, 62 o




 Figure 27. A mll l)mrmg failure- has uused slructural cracks

in the foundation {ooting wall and ®the adabe wall in this farge L
community building,

!nng ennigh 1o determing Iu)w
NHI.IINC lhr\ mlj::hl h( On the Dbasis of what s new known,
it 38 hetter to avind the use of stabilized soil for ftmlmp;s ox-

a

ceproin urid o seni-arid regions, : L

CONCRETE FOOTINGS—Foutings made Grom poured con-
érete are the nwost popular type beciuse they are easy w make
Cand wenk vers wells howevey, they will pml).ll)]\ Bbe- the most
exprnsive Lvpe. L':_siQ;aIl_\ furias are not necded: as a tt‘tfllch can

L
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be dug to the correct depth and width of the footing and the. .

‘concrete can be poured directly into the trench to form the

required footing thickness. (See Figire 28) If the soil is

sandy or tends to 3lide or - cave in, then simple’ forms are ve-
""""" ~—quired Lo insure that the Eootings are’ wide enocugh and thar
the soil does not fall in the freshly poured concrete. These
forms may consist of boards with width equal to the thickness
of the footing and held in place by enough wooden stakes 10

keep the boards from moving or bowing. The forms ﬁhun,d.---'--

always be removed, but not earlier than 48 hours after-tié con-
_crete has heen poured. It is best to cure the eoncrete lor several
days by covering it with wet sacks,-lcaves, ctc.

When digging for -footings it is always beuer to dig oun
the “safe” side; ‘that-is, oo deep, rather than too shallow. If
the excavation is too deep it can be filled with extra concrete,
sand_or earth, but the sand and earth must be tamped in and

¢ not just loosely placed. ©

Concrete footings do noL , always require” remfurcmg sice]
but it is better to have them: lightly reinforced to resist cracks
ing that occurs with changes in temper “umc Conditions where
relnforcmg is ‘considered absolutely necessa¥y include océasional

“soft” spots, in the bottom of the trench, and areas subject
to earthquakes, hurricanes, or swelling of the soil. Reinforcing
is also needed if the footing projects beyond the foundation
wall more than 2/3 of its thickness. In these cases, it is
- 2. desirable. to.seek the sewvices of an engineer or architect for

advice concerning the kind, size and location of reinforcenient,

£

yooo Flgure 28.
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“The, conciete for the footing should have enough water o
be-workable buf at the same time it shoukd nat e so wet that
the mortar tends o How awsy arkd leave onby the larger rucks,
A good concrete tas lur the footing nses: h e

. atd
! parl I_mrll;uu.i et a

3 oparts ctean washed siod
4 parts clean grnel
,‘i_i_}wa-lqt H 1o 7 galluns of water [ every Ty [;-rmml hag of

Cenee -
& : -

A geeni Wiy to estnriate whether or naf o Brave the cor.
rect motstiite s to place same of the nix e a0 bucket aiut rod
itoabiout 2% times with g sineoth steel or woend ikl Ther from
A h('i;.ﬁlt af 6 Dichies above the ‘strface, diaps a "s.li"lilli'}”l Eat et
rock about 1 inches i diameter fnee the mix. [f i dents the
mix about 1V, inches, the water cotent of the congrete i
abour night. '

Ioeeinforoing vy wee wsed, they sre placed o the exvoavas

Lo atid secnrcly atifrposted arthe praper height before the con-
Evete 35 prorrtedd. Lhe wops finsh of the footigg s beit very

rough o pranide w good bond for the foundation wall, 1t is
imially a goosl wlea (o ledve & stnafl channel or graave n the
center of the Tooating as shawi) bt Figure 28w }")I"t_i\i't‘i(f Aglolie
tonat botd bBetween the fuoting and the foundation will i the
footing s made of concierer IE at all lﬁi-L.lSiHJl-;‘ i carthguake
areas, shorvr lengihs of steel fermforcing Lol sloutd e plaved
in the footing s they will projpect theo the foraslation wall
sl tie it secuteby o the footing. Dhis usuilh reeitites caretul
spacing of these rods, ' '

Somtetiings :nvﬁ : etni( ol concrete for the foundation can
be greatty decreased W¥Racing large stones in the trench and
_ pouring the convrece around them t form the Taating.  1f the
o ostones are lavge i §s oa good idea to make che foonngs some-
" what thickee than for |'w§:_;lil;llf cotwrete footings.,  Roughly, the
thickness shoukd be abosut By Omes i site of the largest
stones,  For example, if o siones gre useld, the thickness should
by 4 o o .
e MASONRY FOUTEN G r;HriTr:ks,-m-»-_n-crct_c blocks, -or-rubble
stone - Yaid in mortar alsy make good footings.  When using
bricks, concrete hlocks, or auy reguladly shaped materials, it
is necessary that the bottom of the trench be teveled accurately;
otherwise, the foumlstion wall may be unlevel, - Either amped
sandk can be used to lesel the bottom of the trench or a thin
hed of concrere can be poured.  For riibble stone foolings, the
trench does ot ave o be as level, but care must be taken
o bring the height of the stones up o that the final surface—
after being covered with a fhin faver of mortar-will be level.
Figure 31 shows a rubble stone fooging, ' '

Masonry footings may often be much cheaper  construct
than concrete footings, since less cement is sequired.” However,

@
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they are harder to lay and require more time to complete.
Also, it is difficult to properly reinforce them. For this reason,
they are not usually recommended for areas of hurricanes, high
winds, and where the soil tends to swell.

Mortar used in the masonry or rubble footmgs should be
of a lug[ygmdc that will not Eall apa’™ with time. The- fol-
lowing mix works well:

1 parts pogtlamd cement }

1 part lime \ ' :

12 pares clean sand :

sufficient clean ‘water to folm workable I'I]l\

If masonry cement s available, use one part maqonr‘, ce-
ment, three parts sand and sufficient clean water to, form, a

- workable m ix.

Fou \’D4T(O N WALLS—The fou ndation walls, which rest

~on the footings and support the walls of the house, must be

strong, have a“flat surface to start ‘the earth wall on, be straight,
andd they must be level, -

Pmuul concrete, concrete, blocks, burned brick, structural

~clay tile, or stones laid in mortar all make good foundauon wall
‘materials, .

Again the most suitable, hut probably the most expensive
fomulauon wall is made from poured concrete. In earthquake
~hurricane areas-or- where the _soil . swells considerably, it is
a¢.|v1§al)lc to reinforce the foundation walls in the same way as |

footings are rveinforced. The amount, size and spacing of the
steel reinforcing should he determined by a competent engi-

ned¢r or architect.

Well-stabilized earth, either in the form of blocks or

-+ warammed-in-place earth, may also be used. Since experience

~-garth-walls-that-they-support.~Sometimes they are thicker, but~ "

with these materials is limited, however, it is recommended
that they be used only in aveas of light rainfall and on sites

" that are. well sloped to drain witter away from the footings.:

SIZE OF FOUWDATION WALLS—In constructing the
foundation wall, two . things . must be considered—thg thickness .
of the wall, and the height of the wall above the ground level.

Foundation walls should be made at least as thick as the

this is true only when they will be used to suppurt other loads,
such' as the interior floors,

The- ‘height | of the foundation wall should be sufficient
50 that rain splash will not reach the earth blocks and cause
them fo erode or wash out. This height depends on the
amount.of rainfall and width of roof overhang. For dry areas

- (rainfallless than 15 inches per year) and wide roof overhangs,

the foundation walls should extend 8 inches above the ground
surface. For high rainfall areas and small roof overhang; 18 -
inches ahove the ground is required and under normal rainfall
conditions, 12 inches is required. Even when a stucco or sur-

67" .
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*face finish is used over the earth walls;—the foundation wall
should extend to the heights given above. ._'

CONCRETE FOUNDATION WALLS—When using poured
concrete for the foundation walls, use forms  (shuttering) to
hold the concrete until it hardens. These forms are set di-
rectly on top of the footing and must bgf:" solidly braced against
the walls of the trench or at the ground surface to prevent -
‘. movement when the conerete is poured. They should also
be _thick enough and braced well enough to prevent bulging.

Wood sheathing 114 to 2 inches thick and braced about
every 6 feet works well, or ! tongue-and-groove boards braced
~every 214 feet. If plywood is used, a thickness of 54" to 34"
isssatisfactory. A typical wood féorm is shown in Figure 29.
. Constructing wood forms is a misleading job. They always
seem too strong, and therefore wastéful, while they are being -
built. Once the concrete is poured, it is too late to correct
the mistake of not making them strong enough. A bulging
form is difficult or impossible to repair. Do not try to save
money by making the forms lee weak. i

‘The concrete forms should be carefully plagced in the cor-
rect position and then. well braced to prevent movement as
shown in Figure 29, Once the forms have been braced, the

~top of the -foundation wall-should-be located-by- driving -nails . ....-.

and drawing lines on the inside of the forms., This can be
done accurately using the water hose method given in Chapter
3. This height should be marked on the forms all the way
around the house as shown in Fggrure 30.

if reinforcing steel is to ,b_e placed in the foundation wall,
_igt_is_ easier to set only one side of the forms first (usually the
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Figure 30.

iipide formy, mark the cortect height of the wall on the form
_am\l [jun piace and tie all of the ceintorcing steel beline erecting
the meqmg forms. Lhis helps 1o hie up the steel sl get
i o the correet” height. ' ' '

Afterthefons have boen placed and choched tor correct
alignment il strength, the [oating trande of thie Rem should
iu';"-m-ep[ clean, then highedy spnkled. o s a goend plan o
leave a few small openings in the bottian of the ovmy w1 LEash
can he swept out. Be suré (o (Juse these openings befire the
concrete is poured. To keep the concrete frenn sticking to the

- forms, they should be wetted with water just bhefore the toncrete

is pouved, or better still, nmppcﬁ with hg.,hl oil * hefare the
forms are erected, noc afrer,

Once the concrele powring begini, it must he continued
wntil the entire ,fur:m’iuri('m wall 5 completed, ('_)-(h-cr'wi.&c.aun‘
*desirable joints in the mmrc‘(e will be. formed, The:concrete
should be “rothded” or “tamped into the forms with 3 smoech
Ssteel or wod rodLto pack it dawn solidly.  Otherwise, you
wmight get aiv pockers- which weaken the wall seriously.  Proper
r(’u'lding is iwportant over the entire foundation wallj buc it
is especially lmpmlam on the ouide face because not enough
rodding can result in holes that ook had 'I‘hc cunmc mix

I - '
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can be the same as that used for the fo«.‘)tmg with perhaps a
“little more water to make it easier to work. Placmg case may

be estimated; by the method outlined earlier under ‘'concrete
footings’™” I you use the merthod outlined earlier under “con-
crete footings,” the rock should dent the mix about 2-214 inches.

The grayel in the concrete should not be too large or it

will get wedged-between the form and the reinforcing steel,
‘The largest size stone in the concrete should be dbout 14 of
the distance from reinforcing bars 1o the edge of the form or

" between adjacent reinforcing bars, whicheyer is smaller. Re-

- as for footings using Table 4, S

_\_-_-_y_-_‘_\ﬁ"_‘-—»———.__
Only hard, durable materials should bLe used in a rubble”
foundation. Mortar of the same type described for masonry

move the forms two days after the wall is poured. Keep the

concrete moist by aprmldmg or covering with wet sacks for

a few more days. If there are any voids in the concrete, patch
them as soon as the forms are removed. Use a grout or mortar
mixture and smooth it out with 2 trowel or straight stick.

MASONRY FOUNDATION ‘WALLS—Requirements for

masonry foundation -walls ave the same as for poured concrete

walls; that is, the walls should be straight, level and strong.

For laying the walls, a good, strong mortar should he used.
The following mix has been found to be good:
"~ 4 parts cement
-1 part lime
12 parts clean sand
sufficient water to make a workable mix.

=

The way to lay the blocks or bricks is the same as de-
scribed in Chapter 10 (page 100) for laying earth blocks. Use the
string lines on the batter boards to guide you in obtaining
straight walls. The water lose method should be used to fnake
sure that each course of blocks or bricks in the wall remainsilevel
during construction. If it is absolutely necessary to use masonry
foundation walls in earthquake or hurricane areas, they can be
reinforced by usmg mesh especially made for this purpose, heavy
woven fence wire, or even small. (34" or less) reinforcing bars.
The remforcmg is placed between horizontal joints and suffi-
ciently protected with mortar to prevent rusting. Again, a
competent ‘architect or engineer 'should design the correct
amount, type, and placement of the reinforcing. Also, if hollow
tile or blocks are used, it is a good idea o fill manv (some-
times all) of the holes with mortar to oBtain extra strength.

RUBBLE FOUNDATIONS—Often. a large supply of stones,
broken brick, or other suitable marterials is avatlable for build-

ing a rubble foundation. This type of foundation works well- -

and is economical, although it is harder to reinforce. .: Instead
of building a footing and foundation wall, ihe ruhhle founda-
tion can be constructed as oune solid piece which tapers up so
that it is the width of the earth wall ai the top. (See Figure
31) The width at the bottom is determmed in the same way

70




foundation walls is suitable for holding the rocks together,
Often, during the clearing of the site and digging for the foun-
dat:on su1tablc rocl.s and oaher—mzrtenals can be saved for con-

Construction requires patience and it is more dlfflcult o
obitain the correct level and straightness using rubble. ' The
largest stones available should be...Elaced at the bottom of the
foundation and the top should he covered with a thin- layer

"~ of mortar to provide a smooth, level surface for the first layer

of the wall.

BACKFILLING THE FOOTING  EXCAVATION—Since
the excavation for the foundation wall and footing is wider
than the foundation wall, it must be backfilled. Preferably,
the backfill material should be the native earth removed from
the excavation. It should be placed back into the excavation as
clese as possible 1o the same moisture content and compactness
of the surrounding, undisturbed soil. This always means tamp-
ing the soil back in place Tamp it in thin, equal laycrs on both

=
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5 I can escn provide temporary living space.
This method has the following dusadvantages:

1. 1t is havder to do than building the roof aflter the walls
are completed,

2. Extra material is needed for the roob supports.

In many cases. these supports can he left permanently
in place. 1F thev are not [eft stawling after the walls are
Finished, of course, these timbers can be used again for some.
thing clse. “

Figure 32 shows the toof of a Korean house in place before.
the walls” were constructed,

Full detaibs on how to build rools are covered in Chap-
Cter I

Eil




Chapter 7 _
| PREPARING THE sbiL

~Once vou ha\e Pyour source of soil and have expenmented
 with it enough so that you know how to use it best, the next
step is o work out a careful and orde:!y plan, step by step,

of what you are gomg to do with it _
- : /
To build a house of earth blocks or rammed earth means

that vou will have to: t - -
1. Move several tons of SOIJ
2. Have a source of wateg handy..
3 Prepare your soil mi‘x (addmg stablluers if necessary)
" 4. Set up-a block-makmg or ramming ‘operation. -

Todo these things effmently, you, must ,have what you need
where you need it. For example, if you plan te build a house .
of blocks, they should be completed and: stacked for curing
as close as possible to where they will be ,used in the walls of
the house PR

If the roof has been bu:lt beforehand -as suggested in

Chapter 6, the block making operanon shouldbe set up under
it. . The roof .will provide shade in sunnj,,r weather and w;ll
permit fork 10 go on if the weather is bad.

In planning the location of each step, study the order
shown in Figure 33.

DIGGING THE SOIL—It does not matter how’ the soil is
dug and moved to the place where it will be used. There are,
machigery \‘or by men with picks.and shovels.

'Machul»\e dug soil usually is lumpy. It is important that
_ fall clods. or lumps are completely broken up before mixing in
; the water aﬁnd stabilizer. P

If the sml is lumpy, you should provide a space to break
it up so that it will not be mixed with the fréshly dug-earth.
If the soil is'dug with picks and shovels in the first place, you
~will find that very little breaklng up will be needed.

Often, you will be’ rmxmg two or more soils together to
make your-“best possible mix. If you do, bring your soils to
your building site and keep the different kinds into different
. piles. When you blend them later, you can make the mixture

“you foundTo be the best from your earlier testing.

" Often, 'the builder will find a situation like this: a layer of
top soil abqut a foot or more thick; then a couple of feet of sand
under thatsand beneath the sand, a layer of clay or sandy clay.

i If the builder will first get rid of the topsoil, he can make his
building-mixture as he goes along by digging down the sides
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bt the- holé’ through the- Layer's If he js, ahje to do th:s, then,
'/ he does not have to spend a lot of” time later: on making his -
- ../ 'proper blend.: He ca do 4ll this as he digs by paying atten:

' “tion w the amounts 6f the dlfferent kinds, of soil he digs. Do

' ',}/ it this way. if you/ém of : ‘cQuirse, instead of removing the soil

| e by digging” ou&wh_Ja:éé': and’ stockpiling it. separately.
o MOISTUR CONTENT—-The mmsture content. of- the soﬂ_ g
ht be very close to the right amount needed for - -
' Ibcst compnr;t .. (Sée pg.- 30 to determine whether you ‘have

,-';_ {} ey : ‘ y
/ : o r "o i p [é,-
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'Figur¢35... : e

1 inch.  See Figure 34 for screens that have worked out well,
An)thmg that does not 8o through should be chscarcled or
crushed- more

[

_ ""Of .COUrSse, r{f rucka up to 114" are bemg used in r mmed earth
) ¢ blocl\s, then,\ “the size of the screen openmgs should be "big
: _enough tt;b allow the size you want to use to go th‘ough In
* this ‘case, ‘extra care must be taken (o see-to it thag clods of .
© dirt’ are“completely broken up. - If I.uge clods are in\ the mix,:
_'_'ﬁwater'u'iay "ot pet1etf3te them, Later, when ihe wall becomes
“soaked - by Tain, the clods may swell and ruin the wall} or they
~could ‘wash - out and leﬁve a hole that weakens th whole'
_'structure. --[. : :

When w0 or ‘more smls are to bc blended vfor € ample

when ‘they come’ from different . -pits, itis best:to siev them _
separately and keep themr in- separate piles. Then, wh__n it is "~
time to mix them together, the correct blend can be me"sured

out, such as “one pail of this soil-to- two—paxls of-that- sml\\' eteiw

This. operation is shown ‘in- Figure 35.° 'We:ghlng the” separ\ate
. "soils does a_tnore accurate ]ob but- it also takes much longer. -

.".A little practice will teach -the builder to- rnake hlS blends

accurately enough 50 that we:ghmg is not neccssa:ry

o




Figure 86.

Durmg the b'leudmg opération, be sure the r1ght mixture
s kept the same. I it _1°._ a 2: _l lmx_, be.sure it is always two
1o ‘ode.. . -- X S

. THE $OI1L.— TI"IS is one of the wmost 1mpoxtant
Steps in the whole operation. Mixing with the right amount
of water is absolutel) essenua,rrl ‘The quality of a finished wall
depends on good mixing and the right moisture- content at the

time the soil is bemg pressed into blocks or.into a wall.

Thele are three- metho(ls for mlxmg the 5011 vou €an use"
. I. A motor- powered nrixer.

2. A manual -or annnal-powered.mixer.

3. Ora lmxmg lmartl and shovels

If a\atlable a.motor- puwcred mixer can save you a lot -of
time on-a large project.’but you must have the nght kind of

- mixer, . Mixers which’ have paddles attached 0¥ the drum so

“ that drum angdt-paddles - rotate as one piece (such as in an
“ordinary concrete mixer) will not be satistactory for m:xmg' '
~soil’ for pressed blocks or rnmmed earth unless the soil ‘is very -
sandy. The best type to use is one that has paddles or teeth
that rotate in a stauonary drunt or container.  If you are makmg

":_-_a(lobe a concrete mncer will” work fme becausc an a(lobe mix .

15 mu(,h wetler.

. .
Several commelmal ixers are avallable but a homemade-
: mechamcally powered attixer can_ be built"if some -type of motor

“_is available; ~For small mixers, a gasoline engine of approxi-

. mately '5- horsepower works well. Tractors or automobiles may
- be modlfled S0 lhal d belt or chain (lnve take- off can be used
: : L Vo
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~ A B5-gallon’’ oit ~drum ‘makes a “good ‘container for: mtxmg
Flgure 36 shows a successful mtxer lhat you can make vourxlf.

A 25- or 30- gallon oil drum can be used o makt: a smaller
hand or anjmal powered mixer.

Be sure you have mixer large cnough for the ]Olj

-~ For a single, house project, the cheapest and easiest method
". for mixing soils is by hand. All you need is a flat surface and

.a shovel or a hoe. - The floor of the house, if concrete, makes an

_..excellent sufface if you have built it beforehand.




To make sure that all batches of mix are the same, soil,
water aml stabilizers (if you are using them) must be measured
aceurately.  The best way to do this is to lay out a long row
of soil, about 18 inches wide. Then use a template as.shown
in Figure 37 to level off the row to the right height, maybe
six Inches or 2 foot. Fill in the low spots and level again with
the board. For every batch of mix, be sure that the rows are
tiié same length and all are of the same width and thickness,
If vou are using stabilizers, sprinkle the right amount on top
-of the row, Pour a little water at a time and use the shovel
o tirn the material over and work it towarcl@e center of
the row. An ordinary garden sprinkling can is ideal for adding
the water, But be sure to add the same amount of water and
stabilizer {(when used) to each batch.  If you make each row the
same wav every time and use the same amount of water fc’r '
each row. each l;a{ch of mix will be the same. :

Do not mix more soil than you can use at one time. Thexe

is ohe c‘xceptiuu huwcwr In cases where you are using lime

o{ thf: l:mc required and then add the water and allow it to _

“season” for a dav or two. While it is seasoning, cover the tgqx .

with wet sacks or leaves so the soil will not dry out. -Buring
this seasoning time, the lime will react with the soil to break
downt anv clods or lumps that clay has. After the mix "has :
seasoned, work it again carefully with shovels, add the rest of
the lime, mix and add a little more water, if needed, Then
i is ready o be made into blocks or rammed into a wall.

!
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‘Chapter 8
MAKlNG ADOBE BLOCKS

The art of making adobe carth blocks is ancwut—and the
old hand-mixed methods work as well today as they ever did.
But, if you have some machinery to help. mix the soil and
move it, you can make good blocks a Iot faster.

MANUAL _(OR 0LD) METHOD OF MAKING ADOBE
BLOCKS—WhER a lot of cheap labor is available, use it. All
you need are forms for molding the blocks and simple tools for
mixing anl movmg the carth,

The forms may be made for single blocks, but .two- ‘or
four-block formis arc better.  Strong, long-lasting forms can be
made from 2-inch thick planks. When the forms do not have
_to last a long time, 1-inch thick planks or 34-inch thick plywood
'éan be used. The forms will recvive a lot of wear, so make
strong ones, Usc plenty of nails or bolts or, beiter yet, reinforce
them with strips of mewl at the corners,  Since they will be
wet - much of the time, it helps to soak the forms in oil for
a while belore you start fo use them. Some people ling the
insides with metal so the forms will. last ‘longer and the blocks

can’ comeé out cisicr D'

. Adobe blocks cun l;L mdtlL almost any size, but they should
e kept small enough so that one man can lift them all day
long without tirtng 1o much,  An avérage Workinan can do
this if the blocks weigh :bout 30 pounds or less.

3

Adobe blocks are commonly made 4 to 6 inches thick. The
width of the bluck matches the dedhed thickness of the wall,
betweert 9 aud 18 inches.  The length, then, is controlled by
-the weight of the block. Two typical sizes of blocks that have

been used “are 5x10x20 inches (weight about 55 pounds) and,
~AXE2x1B inches (weight le(Jlll. 50 poundq) ' °

8l.
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- " Figure 39. Charging the forms. | ' b

The manual method is most efficient when four) workers ©
are used.  Two men prepare-and mix the soil while the other
twef mold and rewove the Blocks, then, clean the forms. The
drv soil is prepared as explained - in- Chapter 7. CThen tit s,
mived with witer as shown .in I‘lgl,ll(_ 38 until the *;011 I)drely
flows when lightly kneaded. A good way to estimate whether |
enough water has been added s to use a stick to make a’ 3-inch
deep.- Vashaped. groove in the soil mix, "The mix is welt mough
il the sides of thie groove lmlg,t. and just begin to flow to‘kethel

©oom

s Ihlummou«. emulsions or dther liquid stabilizers are added
ln the sml“ml\ at the sane time as the water. 1)1} or pm\de;ed
stabilizers are mixed in before the \\.ucr is added.

. ////’7///////

K _ nul“ti““““m 'I

Figure 40. Kneadingoand leveling the bl'o\cksj.
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Figure 41. Lilting the forms fromn freshly made blocks.

After thorough mixing, the adobe mix is placed in the
fors as shown in Figure 390 1t helps 1o drop or throw the
mix in the fonis so ic packs tghtly. The mix is then kneaded
By hand as shown in Figuve 40 1o §il aft of the covers and
reneve all air bubbles. 10 the kneading joh is done well, the
adobe blocks will be solid and fave stvong corners amd cdgus,
After l\nc.ulmm‘ il Al el ds osed toocuepffahe
extra soil aiud smnuth th (Up ulgc of the molded block. A
little water wprmkletl {JII top of the block will help in smoothing &
it off. '

2AS soon as possihle the forms are lifted from the freshly
madg blucks a¥ shown in Figure 41. The only wav of Lnnumg
when to remove the forms is to trv jt. [f the blocks slump or
bulge too much, either the forms are being removed too soon
or the mix is too wee. If the mix sticks to the forms when
they .are removed, it is too alry or the forms have hot bheen
oilel enough,  With some soils the forms mav _be removed
immediately. With other soils vou may have o wait ltonger.

After removing the {forms they are washed as shown in
Figure 42 and returned to. the casting bed for the next bacch,

'Fig-ure 42. Washing forms for next cycle.
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Figure 43, Front end loader is used to mix soil with water in
large sump.

MECHANICAL METHOD OF MAKING ADOBE BLOCKS
The mechanical method of making adobe blocks is not much
different from the hand method. By using machinery to mix
and dump (he soil you canmake blocks Taster, but you iesd —
bigger forms and more of them. A larger casting bed is also
required.

The size of the adobe blocks is the same as those made
by the manual method, but the forms should be big enough
to make 12 to 16 blocks at once. For these bigger forms, use
2-inch thick lumber, If enough water and earth are available

to keep the mixing process continuous, as many as 40 to 50
forms may be used.

Using the mechanical method, two or three workers may
be enough. One man operates a tractor with a front-end loader

Figure 44. Machine wransports. p;tpa:ed soil mix to muld-
forms. ’
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such as' shown in Figure 43. He digs the soil if necessary, mixes
the soil and water in a large pit and then scoops the soil mix
up and drops it in the forms. This operation is shown in
Figure 44. The other men knead the mix into the forms and
lift the large forms from the molded blocks at the proper time.
This method will vary Llependmg on the type of mechanical
equipment that is available. ~The front-end loader was used
ordy as an example.

. CURING ADOBE BLOCKS—Adohe hlocks must be cured
or sun-dried before they can be used. The usual way of curing
the blocks is as follows:

v 1. After the mold is removed from the newly made blocks,
leave them in place two to four days without being disturbed.
Gang wmolds may be used with a pallet to speed this operation,
" The mold can be removed after the soil mass has set:sufficiently
to hold its shape and the pallet with blocks can be set aside out
of the way while curing takes place.

v AS SooD.2S the. blocks.are.strong. enoughto he pickgdrue e

up without chipping or breaking, place them on edge to finish
curing. At this time any loose sand or other material clinging
to the block is scraped off with a small stick (see Figure 45).
Curing will take about a month, but it depends a lot on the
weather and the type of stabilizer in the block.

3. If stabilizers such as lime or cement are. used cover
the, blocks with wet cloth or straw as soen as the molds are
reinoved. Keep them moist for seven days and then turn them
ou edge to complete the curing. =~ (See Figure 58, Chapter 9.)

4. At the end of the curi:ng:' period; the blocks are stacked
on edge as shown in Figure 46 so they will take up less room.

Because of the long curing period for adobe blocks, a _le_r'ge_" .
curing area must be available. During dry, hot seasons they

can cure without a protective roof. But if it is apt r{b rain

Figure 45. Unstabilized block is turned .on edge to dry after
two to four ghays. .
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Figure 46. Adobe block is stacked aftcr_f_‘_.\a _month'af curing.

during the curing pertod, a protective: (Ult‘llllg will be needed.
- 'The blocks shown in llgmt 47 were rluned by rain l)efme "lhey
had a chance to cure. : :

An e\amplc of an inexpensive shedy used for curing blocks
is shown in Figure 57 in Chapter 9. "Bur., d}l types of covering
must allow the air to cirehitate d.lOllIl(l the” blocks or they will gon

. take too long to cure. R : :

Some builders have laid adobe blocks. before they have
cured compietely. This can_\be done if the blocks do not shrink
after being laid and if they are strong enough to be handled
without breaking. The 'savings in time may not justify this
- procedme however. It is really better not to lay uncured blocks.

CHECKING CQUALITY OF BL O(‘I\S-;Conuolhhg
quallly of adobe -blocks during construction is not gs dlfflcult
as it is for pressed earth blocks because moisture content is not

- so important. It still should be done, though. You can make
quick’ tests such as the reaction to shaking, dry strength, et¢;
explained in Chapter 2 to determine whether your soil mixture
has changed. You should also make tests on the cured blocks to i
determine whether the correct soil is being used and whether ..
the correct amount. of stabilizer is be,mg added. The following \ '

.

lests are recommended.

1." Strength tests of the cured blocks should be thade often

using thg procedures given in Chapter 2. From the first 100 . J'
‘blocks E}de, two or three blocks should.be selected for strength =~ |
tests.

ter it is sufficient to check-one block out of every 150 | /.
to 200 blocks. : '
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- rainstorm.

Figﬁ;e 47. Inadequate protection of blocks during curing'

schedule may result in a loss such as oecurred here after a

2. .Sprgzy testing is an easy way of checkmg ‘the quality of
adobe blocks and assuring uniformity. These tests should be
performed on cured'blocks using the procedure descpbed
Chapter-2. The number of tests to be performed is the same
as for the strength’ tests.

‘8. Absorption test. as described in Chapter 2 is one of the
easiest ways of checking uniformity of’the blocks. Check the
same number of blocl_(s as for the strength test.

All of the control, tests should be done on blocks which
have curedgfor the same amount of time. If tests are performed

on blocks which have cured for one week and then other tests =
are performed on blocks that have cured three weeks, you could .

not expect the results of the tests to be the same.
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Chapter 9 |

MAKING PP&E?S-SE-D EARTI?ii BLOCKS

As mentioned carlier. machine-made jor pressed eartly blocks
combine the advannages of Bosh r;lmmc(]i carth and adobe. b
reqiire fess technieal skhill than ranmed carth. For this reason,
several hand- and power-driven machings have been deseloped
i recentt vears o make 'I:'n's.m'(l blinks. i Foue machines kaown
to Fexas AXNM e Lancrete, Winget, Eflson and CINVA-Ram.
The mention ol these machines does |i!m, impiy endorsement '
cither by Texas ALY or By the Ageney for Luernational De-
C_elopmentT T 7T T T e

LANDCRETE-=The Landerete press is manufzcimed by
Messre Landdshorongh and Finddlay cSouth Atrvica) Lad., Johaones-
burg: sonth-veeea, 7 e I8G T is a hand - operated press
cwhich was developéd especially Tor making blocks amd hricks
from stabilizedisoil. T is o well-designed machine, very saodily
uidle, and casy tooase. The mannfacrorer cinns that the hand -
operated machime will make 100 (o 130 blocks per hour. A
power-driven model 15 also available which will inake 500 bricks
per hour. The machine weighs oo much o be L';ls.i{g-_mmml.
Various shapes of blocks which may be moldad widh the snachioe
are ilustrared in Figore 390 The oy available shapes atlow
blocks for making corners. tntericr partetions and many other
special uses Lhndaete Blocks Hase an interlocking featuve
which aids i faving them. ' '

LR P K

BWINGET=The Winger machine cFigure Wy 15 o havdan-

licallvcoperated block paess powered by aosmall gasoline engine,

It is manoluctural by Winget, Lud. Rochester, Fnabnounl, I

V“ﬂ’

¥

Figure 48,
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49 The vanious shapes of h]m ks pm{luud by the Lamd-

0 bindhemaking machine alfow geid construction of corners

7
Yi.agur'e . This Winget mtan block-making machine is bcmg
used i the Britsh Cameroons,
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containsta rotating, table with lhree upcmuno positions—one

- are T114x514x314 inches (either hollow or solid) and will also

" Jever arm arrangement produces dense, high-guality-b
" CINVA-Ram is presemly distrib ctallbec Ltda, Apartado—r'-"“
Aero, 233N/ -

) . ‘I - N . . RIS e o . " o . .

Figuye 31l The compression and ejection stroke wuh this
Elsan  block-mn 1I\|m.{ machipe . u)mumeq b4 set.qnds hy ' stop -
watch,

= .
i

position, each - for Ailling  the mold,” pressing The Dlock, and’

‘ejecting the biock. The table; itself, must be. rotated. by har]ld

so that the rate of producton is still contmlled by the operatots
Due-to (he hight pressure which can bemlnamed with the press, .
the quality of the block is good. The machine 15 not easgly.

]

--*tmmguyabie due o its weight. < 7 s

tJLS()‘\ BL OCIMHSTER“The Eltsan Blockmaster is a

mamlml!\ opem[e(l biock ({or brick) mal\n'lq machine manu-

factuyed by Ellson Equipments (Pry) Lud., 283 “Fox Street,

'johanuestmrg} South Africa. (Figure #1.): The machine operates

ott a lever svstem with a constant lerigth of,stroke so that the
block: k:knckness is always the same. The hlgh lever ratio (500- |}

‘makeés i very dense, solid block. Different molds can produce -

blocks 9% 12x4 mches or 6x12x4 inches. Other molds and attach-
aments are available to form interlocking blocks, 414x9x4 inch

' bncks or 18x9x4 inch hollow blocks. The manufacturer claims v

a production rate of 900 to 1100 blocks per 8 hour day with

'an increased rate up to 1400 to. 1500 blocks per day with a 7
_.semi-automatic loader attached. IFf the 414x9x4 inch bricks are "
made. the rate is approximately doubled since two bricks are

madle in one operation. 'Two men would be required to operate
the machine and 1wo or three more o prepare the 50114

GCINVA-RAM—The CINVA- Ram (Flgurc 52) was developed :
bs, the Inter-American. Housing ‘and Planning Center (CINVA) -
at Bogeta, Colombia; in 1952, Tt is operated-by manually apply+
ing -pressure .on a long lever arm. It produces blocks which

produce 11y4x515x115 inch tiles for roofs or floors. The lo
Ks. N

l]e O .

ucaramanga, Columbla, Scmth Ame’nca,
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Jider license from LBE.C. Housing Company, New York, USA.
The machine \s-"le}ighs only O pounds and is the lightest of the
four machines menfioned here. T'hree men, doing all of the

work. includingi pfocessing. mixing, nrolding, etc., should make

300 blocks a day,/ Five workers can make 600 per day by divid- , |

ing the jobs.

£ N
.'5[.-'4-\!,-‘.11-1?4’ ‘OF BLOCK-MAKING MACHINES—AIL of the
machines dis¢ussed above make high-quality earth blocks. Each
machine c?t_ainly has its advantages and disadvantages and
certain machines will be available in some areas of the world
where otlers will not. There are probably other good machines

that wadl makég’ good carth blocks, but it is not practical in
Mnual tol discuss all of them. We will use the CINVA-.

am tﬁachi»ne to-discuss the procedure for making blocks.

BLOCK- AMAKING OPERATIONS—A lqam of five or sur.
men warking mth one machine achieves thle best producuon
Three men handle the’ digging and processmg while two men
operate the machine and mgqld the blocks. "Another man may
hbe used to stack the blocks for curing.

PLACING SO/L MIX IN MACHINE—With most of the
block-making machines (particuldrly with CINVA-Ram) it is
necessary to get the correct amount of soil mix in the machine
each time.  Fast. simple weighing equipmeént can be used, but
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Figure 53.

e el

a wood or metal scoop wnlI do almost as well. A scoop for the
CINVA- Ram is shown in Figure 53 "A worker can scoop into
a.loose pile of prepared soil mix, scrape off the excess material

- with a piece of straight wood or sheet metal; and then dump’

this’ measured amount dlrectly into the machine. The size of
. the scoop is determined by the correct amount of mix to make
a dense block. Another way is to use orily one size scoop but’
use an adjustable scraper as shown in Figure 53.

R
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Bcforr:__,_cacﬁfsamp of mix is placed in the CINVA-Ram, a
light coat of oil showld be brushed on the sides and bottom of

_the ‘molding box. A mixture of 1 part engine oil and one part
of kerosene is fine., The oil coating keeps the blocks from

sticking™ to the sides of the mold and makes them easicr to
force out. : '

The scoop of soi! mix™is then placed in the oiled mold
box.. (Figure 31)" For many soils, a scoopful of loose material

“will not completely fitl the mold hox and the cover can he

easily closed. ~Some soils, Tiowever, have a (endency to “flufl”
when moist--(usuatly, the sandy materials do this) and they
must be lightly pressed down by hand before the mokl cover
can be closed. It has also heen found that many=blocks are
not compressed tightly at the corners and these corners will
later chip or break off during handling. . This does not affect

Figure 54. Charging mold box with soil mix.

a3
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v Figure 55, Pruessre stroke.

the overall strengtly of the block but can spoil the tooks of the:
wall later on. To aveid this proble, loose mix in the corners
caty he pressed down tightly by hand ot a Tittle excess soil mix
can be placed in cach of the corners, s

L PRESSING THE BLOCKS—The worker who fills the mold
box . slides the cover wu.. His partner applies the “pressure on
the-lever. (Figure 333 This is u most important part of the
operation and requires prackice to do well, The CINVA-Ram
was developed so that as little as 70 pounds of force applied
w the end of the lever produces & block dense enough to be

satisfactorv. However. it has been proved that denser blacks

are much stronger and more weather-resistant.” So, (t is recont-
mended thue ar teast 130 pounds of force be applicd o the
lever arm; that 15, a m‘m“ weighing about 130 pawnds should
he able to apply alt hu weight to I)rinq the tever down to a
level position. _
0 .

A good block depends on the correct amount ol soil in
the mold box. If che fever arm tan be pushed to the level
position without pressing hard, then not enough soil has been
placed in the mold and the block will not be dense. If teo

“much soif has been placed -in” the wm¥@ld, then the lever arm

cannot be brought down ta the level position, even with con-
siderable force.  The block produced in an oveifj ~mold
stilt will not be dense enough,  The builder ca judge when
he has the correct amonnt of niix in the He will feel the

. greatest force when the ‘end of the ]e\erfl.uks about one f(mt_

frum heing level.

If weighing equipment is available, yqu should determine
the density of vour blocks !)}-’ measuring  their weight and

Cvolume. The hest blocks ure “the heaviest or most dense ones,
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U EJRECTING  BLOCKS—In the CINVARum. blocks  are
pressed out ol the nolil by lifGng the lever amm and swinging
it to the uther sitde of the mold box.  (Figure My Adter ex-
truding. theblock should be translerred o a siatable place for
curing.  If the n'n]:n‘nl’ the block hows oy cvacks dwiing this

extruding pagocess. the soil i wis probabb® 100 wel. Thes¢

blocks will be weak and should not be used. Newh made soil -

Cblocks vontaining clay can be handled with litde fear ol break-

ing. - New sandy blocks may crumbie when handled, so they
should he moved on a. wood or metab piece catled a ;Jil”t‘[.
Some fresh DBlocks must remain_on patlers untit they ave strong
enough o be moved.  Ttomay be necessary to have enough
palicts o hand to handle an entire day’s production of blocks.
The only wav to know whether pallets are vequired is to make

RN

Figure 56. Extrusion of finished block and removal to curing
area. : - : ' )
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o Figure h7.

‘blocks and see how thev hokl together when thes come out of

the machine.

CURING B LQ(.TI\'S»«__\-\'!;ilc curing, biocks s:l’l‘l.'i'..l%f! he stotedt
in a place where they avill not be disturbed and close tw where
they will he used, A d

Curing 15 completed when the water used  for moldiag s
dried out. They will dry one fagter in ehe sun.  §f the srea
received a lot of rain, drv them outunder,a eovering or cheap
shed as shown in Figure 57, I the roof of the hdBae wad huile
first, dry them under the rool, o

C A wet cure period is necessary for*stabiliied Blocks to gain
strengih, particularly if they contain cementing (vpe .5={.3|hi[i1=ér:i_.
(See Chapter 2.) During the wet-curing: period, blocks shouid
be stood on end and covered with wet sacking, leaves, or other
m’aler_inl as shown_in Figure 38 so they can b kept moist. After
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curmg: t]ae 'covermg is removed and lhe b!ocks are m::k.ed wh1le
“they dry. -

r‘-—‘.

e

" _?-

® Sq)mc Dbuilders do, not wait ‘until the blocks are completely
_ dry ‘before layingithem in the wall. This does no harm as

- long. ;s* the blucks o not cragk -whén being l2id and do not
- shrink dater. But,let them cure for at least a week before
1mng, the longer the better. P

o

e CHLCJUNG QUALITY OF BLOCKS=When 2 largc number °

ol hlock? is being made, a few bad ones are bound to turn up.

--Sometimes, even a whofc hatch of blocks will be of poor quality

Dbecause somebody did something” ﬁmng ‘Mistakes happen, and
the builder can guard against them by performing occasional

“control tests,. The type and_number_of tests_shat_should bt:.-._-_m__.

pcrformcd dcpcnd on the size of the job and type of con-

=- - , Siruction. For pressed earth blocks the followmg tests dre -

Pecummcnded

. The moutuw content of each scparau: mix dhould be
: - checked before blocks are molded If the mixes are small. }'qu
Rt ¢an check moisture by making -a ball of the moist mix as
described in . Chapter 2 and dropping it.¥n a hard surface;

- descripe in Appendlx B. Usc sml mmplﬁ wcighu\g Lt 2
pounds. _

S ‘2. Spray tests should be per(o:med ocmmnally to see lf
thczrcsmance Lo weathering is as good a3 expectedy, These tests
‘ should be performed on cured blocks using the procedure
- déscribed in Chapter, 2. If the job is just starting then 2 or 3

(on even more) byicks, out, of the first 100 bricks should be .

o _ checked. Later ik'is xufﬁc:cm to check one brick out of cvery
150 -200 bricks madet oo

Lo make sure that the. block will be as strong’as expected. . These

“given in Chapter 2 or Appendix A. The number of tests that

tests i

~4— awwpuun tests cam be csmly perTormed ‘oni cured

absorpuon test each ume you do a spray test,

bemg preéssed enough should be. done if weighing eqmpmcm

For large mixestry to use the ‘more éxact tests for moisture .

8. The. strength of the block should "also be checked often .
-tests should be performed on cured blocks using the pm&dumﬁ o

s, should be performcd is the same as mvcn above for the spray'

blocks using the . procedure given in Chapter 2. Make an

f.'i"" " 5. Density wsts to “determine whether your blodu are

B - is avallable Remcmber that the hca\’lc:st blodu are’ t.he best: - o

.. ones,. S

If the blocks do not pass ‘these contml tests. blocl makmg :
ahould be stopped nmmedxately -until the trouble is kntad




Chapter 110
MAKING WALLS WITH EARTH BLOCKS

p Earth blocks, whether adobe or pressed, are laid in lével
. .. layers (or-coutrsés) just like ordinary burnt bricks. Each course
* is offset one-half of the width of the block as shown in Figure
59 so that the vertical joints are not continuous. - The blocks
are joined together with a mortar to give a uniformly strong
- wall. Some block- -making machines produce.blocks with inter-
locking . grooves and ridges so the blocks bond’ t\gether without
‘-.-_usmg lbortal This type of bond is not ve satnsfactory
- tiparticularly- for- areas. subject te -earthquakes. or -high, winds...

The selection of a. correct moriar is an importani
the information given below should be closely studied
a mortar is selected.

«MORTARS FOR PRESSED EARTH BLOCKS—The mortar
used for pressed earth blocks may be one of high-quality like
that used for burnt bricks, or it may be made from the same
soil mix used for the earth blocks. Here is one high quality

mortar that  has been successfully used with many different
. types of earth blocks: X

1 part portlancl cement. e e
1 pfﬂ\hme SR - ,

6 parts.clean sand (paruclc size less than t4”). R
Sufficient clean water to make a worka&ble mix ; o

"1f masonry cement is available, usé one part masonry
. cement, three parts sand and enough water to form a workable
.mix,

Ik soi mix is used for r.he mortar it should be one low in™
o clay.\_cont%m to avoid shrinkage cracks. Since the mortar is not

-
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pressedd fike the blocks, it will require some sort of stabilizer—
usisatlhy pordand cement or fime—so it will have approximately
the same strength oas the Bocks. Rescarch has shown that
mortar for stahifized presscd blocks should contain about twice
as much stabilizer as the blocks to he as strong as the blocks,
In other words, double the amount of stabilizer vou used for
your blocks when making a stabilifed soil mortars

The sait mix o1 sand 1o be used B the mortar should be
sicved through a small sereen.

SELECTING  THE BEST MORTAR FOR PRESSED

EARTH BILAGCAS~There are some simple tests that can be

userd in selecting a good portar. Before making these tests,
it is first necessary to kneseosomething about laying  blocks.
Since pressed carth blocks are usually ‘dried before they are
taid. they are likelv. to absorh some of the water from the wet
mortar. 1 they absorh oo much water from i, the mortar
will dry out too fast. Then it will be weak and will not form
a good hond with the block,

A simple wav to determine if this will happen is to draw
2 l-inch diameter circle on the surface of a block with a wax

pencil or crayon. Using some sort of dropper, rapidly place

20 drops of water inside the: circle. If the block completely
absorbs the water in less than 11/ minutes, the blocks need to
be wettet. This can be done by completely immersing stabifized
blocks in water for a minufe or two. Unstabilized blocks gan
be thoroughly sprinkied with water. Allow the surface Wwager
to be absorbed into the blocks before the mortar is applied.

After the bltocks have been properly wetted, two or more
of them are joined together with each of the proposed mortar
mixes using the same thickness of mortar joint that will be
used in the wall. Tt is important that the consistency (“wetness™)
of the martar mix be the same as if it were being used in a
wail. The excess mortar is removed or “struck off" and the
mortar joint allowed to dry at least ome day. The mixes are
]udged from the appearance of cracks in the mortar. A mortar
is unsuitable if it contains open cracks that will allow surface
walér to enter the joint. Fine hairline cracks in the surface

. are usually not damaging. Mixes that have damaging cracks
" need either more sand or more stabilizer.

If the test joint you made shows no cracks, set the test

"blocks aside in a protected area for at least 7 days. If portland
« cement or lime is used as a stabilizing agent they should receive

a2 wet cure for the first day. Ar the end of the 7-day drying
period, drop the joined blocks on a hard surface from shoulder
height so as to land on the corner of one of the blocks. The
fragments are inspected to determine -if the cracks follow the
joints or cross the joints through the blocks. Any mortar that

" is strong enough to hold the blocks together so thax some of

the cracks are through the blocks is a strong, durable mortar,

‘ *
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If the cracks are all in the mortar joints, the mortar may be
suspected as being too weak for successful use. Some blocks
are extremely strong and may not crack through the block,
In such cases, the only thing to do is to estimate by some other
means the force required to pull the blocks apart.

MORTARS FOR ADOBE BLOCKS—-Tests-have shown that
the mortar for adobe blocks should have about the same strength
as the blocks themselves. If the mortar is much stronger than
the blocks, it could cause the blpeks to crack when it shrinks.
For this reason, it is uaually Best to use the same soil mix

. (including . Stablll?.El) as was..used--for- the blocks: - This mix--- -~

should be put through a fine screen to remove large particles
which are never desirable in the mortar.

If the mortar does not satisfactorily bond the biocks, it
may-help to wet the blocks first by sprinkling them. Adding
a small amount of stabilizer might also help. However, as a
general.rule, very little trouble is experienced with mortars
for adobe blocks. S :

. SETTING DOOR FRAMES—Before the block-laying begins,
all-door openings should be accurately located and marked on
top of the foundation wall. - Sometimes the door frames are set
in place before laying the blocks.

Another satisfactory method, often used with adobe con-
struction, is to leave an.accurately measured opening for the
door frame to be placed after the block laying is compléted,
If the door-frames are placed first, great care shguld be taken
to make sure that they are in the correct position. They should
be perfectly plumb and then solidly braced. The frames should
be perfectly square (do this by measuring across the dlagona]s)
and then braced diagonally also. :

TERMITE PROTECTION—In certain aréas of the world,
especially in tropical climates, termites or white ants are so
bad that they wlll even burrow in earth blocks. If the house
is being built in such an area, special precautions must be
taken. The common method is to use a thin metal shield which

- is placed on top of the foundation wall and have. it project out

and down from the wall at least three inches. It may also be

advisable to treat the-soil-and-lumber-with-suitable insecticides

to minimize atrack by termites.

LAYING THE BLOCKS—After the correct mortar mix has
been selected and the termite shields and door frames are in
place, the blocks are ready to be laid. The usual procedure
is to place the first layer of blocks around at least most of the
house as shown in Figure 60b. Leave space for the mortar
in the joints, but do not put it in. This step provides the

correct block spacing for the remaining courses. When proper - -

spacing has been obtained by trial the blocks are ther} laid
with mortar.
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Figure 6lc.

Then several courses of blocks are carefully laid at the
corners anel at the door frames as shown in Figure 60c. These
provide a guide for laving the remaining blocks, so they should
be layed level and correcedy spaceil.  String lines arve theh

“streiched hctween corners of the bujlding as” shown in Figure 61

or between a‘corner and a door fréme. The string line should
be placed so that it will just be-level with the top of the next

row of blocks to be laid and checked to see if it is 3:‘:\'6]{ If an
adjustment is needed, it should be made, 1t is best spaced a

small distance ont {rom the outside edge of the wall (uspally
about 1 inch). o this manner, the person {aving the blicks
Knows exactly how far the Hock should be from the steing line

to give i sh.ught wall, (It may be handy for him to have a

small biock of wood of just the correct thickness so that he can

measure the distance from the string line to the .face of the

block.) ~'Fhe siring line is. moved up to the next course after a

‘course. is éomplctcd o In tivis manner the courses are brought up

to the level of the window sills. Then the block laying is
stoppcrl while the window frames are set in. ‘place.

Adobe blacks have rougher surfaces and it will be a little

harder to Iay them to a straight lirie but it ¢an be done.

A house with crooked walls will not look as good, so check
often to be sure that your walls are going up plumb (vcrncal)

"Use a lc\'cI or plumb bob to checL them. -
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The block lavers {or masons) should have helpers to keep
enought mortar mixed, w soak the blocks (i needed) and to
keep a supply ol blécks casily available o the mason at all
tinies.  The mason needs the correct fools for his job, a large
and small rowel. a jointing tool, hammer, and level.

A

The mortar is placed on top of the Dlocks with the trowel

~ s shown in Figure 62 Sufficient mortar is used to give a

joint somewhat thicker than desirel.  The mason then puts
mortar on cach end of the block and sets it in place. Using
the trowel handle, e lighely taps the blocks into the exact
position and then strikes off the excess mortar which has been

- A
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squeczed ont ol the jons. Alter the mortar has become stightly
hardened (in about 30 winows)  the mason Einishes the mortar
joints, Tas i dene with a geanded ool called s joindng

tuol, oslighedy indenes the joints and removes rough cdges.
This serves to pack the wortar tightly in the joints and also
makes the juint moere waterproof,  The mason’s helper should
occasionatiy sprinkle the fresh joints with water to keep them
from ddrving oo tast. When the mason necds hall blocks at
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Figure 64. A builder in Aﬁmqnerqne, l‘ﬁ M., uses thls wall
_._section for adobe walls, w

¥ . r
dogr frames and windows he can cut blocks by gwmg Fhem
a sharp tap with the edge of his metal trowel, :

If the block wall is going to be covered with a thick surface

coating, (as explained in Chapter 18) it is not nécessaty to
finish the mortar joints with the jointing tool. Instead the
- mortar is left in a rough condition, either protruding out ifrom
the blocks or deeply indented, Some builders even omit the

‘mortar from the vertical joints at the ends of the block. This,

however, may not be a good idea but if it is done and if
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Figure 65. This tyfical wall section for adobe is used by a.
well known Albuquerque, N. M., ‘adobe building contractor.

- this space is later filled with the surface coating it provides -
. . a very strong:bond between the surface coating and the wall.-
Rock chips set®in the wet mortar, also provide a good bond
for surface coatings. This method is shown in Figure 63 for
. an adobe house. - '

WINDO WS—Whetjl the block wall has- been brought up to
~ the correct height, the window sill should be placed. This

L
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Figure oo Ao overhanging windeow »sill elvanneelizes the rain

it o einvulers, caaly erading the ullpl‘n['t"{'lvt[, nonstabilized’
watll surbact.

Ivoote®al o meost corranon places o annovinge Jeaks 1o oceay
and ereat coare shontdhe taken s this stage al the constrnction.
he sith shoeld B nsnde of a0 stavdy material that will tud rot,
A zood qrabiny et can e et o preferabhy Tighidy re-

miloreed portlaind coment comaétfe should be tormed  into &
- \ T .

Figure G67a.

sions as an adobe block, 1 insertéd i ])ldtt‘ of the "Id()l‘l(’ block
around hm(lo“s amel doors to offer an excellent, rigid hanger
for the window or door [rame.

. N
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Figure 67b. The nailer block'is shown in place (under the
building paper) in this residence under constructiop in Albu-
querque, N. M. {_Kocbﬁ).

silt as shown ot I‘lglllC‘s b! and 6: When a wood Erame window
is to he used, the masonry sill should not at any place extend
above the bottom of the wooden sill or leaks will occur. The
masonry sill should not stick out bevend its finished outside
wall.  An overhanging sili will collect water mnmng down the
Face of the wall and cause damaging erosion as shown in
Figure 66, If an overhanging sill is used. it shouwld have a drip
groove wnderneath to prevent watsr from running down the
face of the wall.

After the masonry sill is in ,p!ace the wmdo“ frame, can-
“heser and’ hraced in the same m.mnu as the doors. Then, the
blotk laying can continue: Of course. vou can also leave an
acctirately measured opening for the window and place it after’
the blocks have been laved., A trick often used by adobe builders’
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F1gure 68. This shows how timber lintels are used above doors
and windows. Above the lintels (in- the cut-out sectlon) is
shown a concrete bond beam.

when- thé walls will be covered with a surface coating is shown'
“‘1& Figure 67. Wooden nailer blocks—exactly the size of an

adobe block—are placed at several points ad]acent to door and
window openings. The nailer blocks are mortared in place
and their center is filled with mortar, also. Window and. door

frames can be nailed directly to these without fear of cracking.

adobe’ blocks. This method can also be used with pressed
block walls that will receive thick surface coatings. Another and

' perhaps better method-is to attach sheet metal smps to the'

frame which will extend mto the mortar Jomts

LINTELS—The weakest ,Spot in any’ house is over the )

doots and. windows. A beam or other reinforcing cross piece

- called a lintel should always be used above thiese openings as
~shown in Figure 68. The lintel must be strong enough to-

support construction loads.as well as the weight of the blocks
above. A large timber or a reinforced concrete beam makes a

- good lintel. (Fig. 95 in Appendlx A gives some thicknesses of
- lintels that can be used for various conditions.) \The lintel
" should be at least as thick as the wall so that blocks laid on

top of it will be fully supported. They should also project out

108.

¢ on either side of the door or window for a distance at least




Figure 69. . A cedar post was used as a lintel in this early
construction at Ysleta, Texas.

—

equal -to the thlcl\ness of the Wwall 5o’ they will have plenty of

surface 1o rest on. _ s

A drip barrier should be .cut in all lintels, This bartier
is a small groove (about 147 deep and 14” dcross) on the

. underside of the lintel about one inch from the outside edge.
It will keep water from seeping back into the wall, 1tsel£._

Figure 65 shows the location of the drip barner

. A lintel made from a cedar post is: shown in F1gure 69.
This method was commonly used over a hundred years ago

~when “this building was constructed, and it's still a good one.

Railroad ttes ‘also make good lmtels because " they are strong
and usually aré rreated} ito resist” tenmues

BOND BEAMS— Bozin(b‘\beams (sometimes called tie beams .'

or perimeter beamsy: are used to reinforce.the top of the earth

~ wall against=loads from the roof: (See Figure 68) The beam

distributes the roof load and ties the top of the walls together,
If a low-ceiling house is b___emg built, the bond beami can also
serve as the lintel as shown in Figure 70. Bond beams should

- -be_the same: thickness as the wall and preferably be tied to

the wall- with bolts or some other type of projection, The
. beams may_either be. wood or reinforced concrete” Wooden

bond beams should be placed over a thin layer of mortar on

top of the last course of -blocks. Concrete bond beams (and

-lintels also) can be poured in place on top of the completed -

garth wall as shown in Figare 71. Make the forms strong so
théy will not.-bulge. If you are usmg a timber frame troof, set
bolts in the fresh concrete . for holdmg the roof down.

wf
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Figure 700 This shows a combination -bond beam and lintel,
made from reinforced concrete =that can be used, on low-cel,hng

houses, B : ‘
. . .

. REINFORCEMENT -l"he best. made ‘homes_use extra. re-

o inforcing. In earthquake or high wind areas, remercmg should

‘always 'be used. The most common type of remforcmg used in

a block wall consists of reinforcing vods or wire mesh .laid in

- occasional horizontal joints. These rods or mesh are embcddcd

in the mortar between blocks and also serve to reduce shrinkage
cracking. Usually this reinforcing is placed in at least one out °

ol every six horizontal joints,

Additional reinforcing is normally required in the horizontal

joints immediately under window- sills. Since.a window repre-

= -.senty a weak place in the wall, most structural 'cracks!:' occur
at the corner of the window. Reinforcing is not required: above

. the. window if a sturdy lintel is used. Reinforcing rods are
sometimes placed. in the nfortar joints at wall corners and where

ah inside wall joins into an outside wall. This reinforcing can

be made from steel bars that are bent to form the shape of

the corner of the wall junction,

Additional strcngth particularly for a two-story - bu:ldmg
is obtamed with vertical reinforcing rods. For most block walls :

i
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Figure 71. For%ts ljzf'/thnmcan be used to pour concrete bond

bcarm and’ lmtelq in
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" this means drilling a hole through .the blocks and groutmg the

rod into the blocky Vertical reinforcing is normally uaed only
in areas sub]ectcd to severe carthquake shocks,

_ I'AR'IHQUAA’L DESIGNS~In areas’ hlll]jt‘(,tt}(l to [uquent -
earthquakc shocks, hl?"followmg rules should be followed:

. 1. . The plan of- the buiiding should be compact and rec-
_angular in ‘order’ to. minimize ‘the effects of Shdklng -

2. A continuous 'emfmced concrett: fOlII](ld[lOll laid on.

' compacte(l or solid groundis necessary.

3. .One- -story walls should not  be less than 12 mches thick
for cxté""lor walls"and § inches thick for interior waIls A two-

'-.,story house shouid have 18- and 12-inch thickness éxterior, and -
. " interior walls for the first story and wood framing for the
~ - second story. The ‘lighter construction for the second Eloor
“-'mlmmnzes the’ hazards resfriting” from earthquikes. F L7

4.. 'Reinforce “mortared joints. Reinforcing rods of wire

: mesl’( should bc _placed in every fourth or fifth horizontal mortar

Jmnt and lap ed ov??er at comers. When surface coatings are used_




this. method c be 1mproved by usmg a four- to .sm-foot wu:lrh

qf orie-inch ‘wire riesh in every sixth joint. ‘The ‘exkra width.
s turned down' against the face-of wall and Ea.stenﬂd to it. Thm-
.ovldes g good bond for plaster.

'j'INSIDE WALLS—The homebmlder has several cb,o:ces of
from whxch Jo construa the mtenor walls of the_

-used' ‘n the extenor"walls Normally they do not have to

a8 th" _ nor as ﬂrong Also, they do not need to be weathér

Prc They @heul, however, be resistant to abrasion, and a

ng may be des:rable.
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MAKING RAMMEB EAR'I'H WALLS

-------

CA ramuied eatth wall, you might say, is a large pressed

. e

-earth 'block. ; ‘Because it is much bigger than a pressed earth
_ _block and 1tI is made right on top of ‘the foundation wall,
- .. is harder tordo well. But if you de 1t right, you will save 2
- lot of -effert: “You don't have .to move.a lot of small blocks |
i~ around and ]lay ‘them in the wall. A rammeJ earth wall will
ARERE make as good a wall as prefsed blocks will make.

. i LT
Don t try to blllld a rammed earth. house w:thout knowmg

'exactly whati you should do. It will be worth your while to
spend a lot of time stuﬁymg this chapter before you start.

- After flm;lmg the right’ kind’ of soil for rammed earth, the
U most :mportant thing to do is to build a form or mold to ram
. the earch in. : "

- The nex¢ most impoftant thing is tc'); ram the earth correctly,

 HOW TO ‘BUILD FORMS—Th% forms for ramrned earth®

o are-a 1ot like; those used for poured concrete. . They are sm:lp]y

_'reJctangular boxes” without tops or bottoms into which edrth

-8 pounded. . The forins must be strong because they will have

L ‘to stand a lot of abuse before your walls are finished. Since

__ _they will have to:be moved often, they must not be too heavy
for am_r‘_f"nwn"m—h&————_:.-a L

- The forms can bc made from™ metal, but since most
: bu:lders will want to use wooden forms, we will talk about _
““them. pnly A s;mple form can beé madp like the one shown in
F.igure 72. It uses 2 thick lumber (27x6”, 2"x8” or 27x10"y
_ . .mailed “to- 2”)(”4 braces or’ ‘stud§-spaced 2 to 8’ ‘apart. You'll-
- *needftWO panels and several-long {about: 28307 84” round bolts
“ ‘to hold ‘them togethér. The bolts ghould be long enough to.
. extend. through the: formis and :studs with-the thireaded portion -
stlckmg out |a cotiple of ‘inches. . After the forms are’ removed,
""" “the” bolts are driven out-of the wall anﬂ tl}e hotes: tuled vmh
ughtly_.rammed soﬂ mix. . .. L.

—_—'secuons To ,make corner sections, ,make some " spemal forms |, .
_‘frorn ‘the’ same type of wood but pattemed to look like those N
“in Flgure 74‘. . s T .

In buildpng a rammed earth wall, the bottoms of the pane]s -
are”clamped: tightly ‘over the foundation wall. or &*section of
_ flmshed wall. If they. are the. right thickness or width, the. -
- botiems of-the-forms-will -be- rightsalso. . To-space the top of
“the. forms,. use 2”x2” wood ‘*sPacers” 'cut o exactly the same
wldth as’ the wall f._- : =

_ To' keep the earth from commg out- of the forms at the
'. ends. use a plece called an “end gate ” End gates should always




' " Figure 72. Form Yor rémming.
. . be’ds thick as the rest of the forms=:2”.in 1his case. End gates
~ ..also_serve as spacer blocks at' the énds of the forms so they
.~ “shouldybe:as widé as the walls. ¥n'most cases-end gates will -
ght at the end,of the forms, butithey should be mades
Wit any “place inside the ‘forins in case you have
Lo to rdm_§ wll “sections.” "Try to space-end .gates so they'll
- be’at leagt 8” from: the nearest bolt. If you don't leave enough
. room, it will be difficult to ram the soil correctiy.

" . i Always nail a’beveled piece of wood on the end _gate %o

. _that'it faces the inside wall. - When the earth is rammed in

" . theé forms, the"beveled piece will forni a groove in the end 6f -
the wall. : When .the next section of wall is rajnmed, the groove

will ‘be filled With-earth to form a solid joint that bonds the -

HE™

{ The form shown in Figure 72 will e fairly heavy fortwo-. & -

men to handle. If a smaller form is made, it will be lighter, &

- d,f.cour'fe,-'-bu't' you will have to move it top.ofte'n‘.__ R Y
S o - - s
- | Plywood, 17 thick, will do -as well as 2" planks, and will /;

. makeé: lighter forms.- It must be braced better, though. + Use/
-Zﬁ’x«l”' studs spaced_ 18” apart in both directions., The bol'i’s

J S T / - !/ s




ST S —

v .
showdd be ac least 1y vdiameter. Phowoad {orms ave shown
in Figures 73 and T4 a

| Plowond s casiest fo tse 1n ||l;:}$1;_{“'l'n|'n'ls, bhut 1ty mere
vostiv than ondinary loaber and sometines ts hard o per. It
will muake niee, Sll]‘:('l(}‘l?l-f\\';i“?i. but it gonges cosily JF accudeonally
struck with the corner of the ‘r'au‘nnwr-. '

*a

Figure 73, Soradght fovm For vammed carthe walls,

£)

Figure 71, Pivwowd cortfer form for rammed earth walls.

v +
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Figure 75. ‘Thin metal strips such as these can be used instead:*
of bolts to tie rammed earth forms together.

Other thicknesses of lumber can be used, of course. - -Bolt
and stud spacing can be based on those shown in Figures 72,
73 and 74, '

Instead of bolts, which might be hard to get, you can use
thin metal strips to hold the forms together. Small slots are

[y

.+ cut in the forms for the metal strips to go through. “Metal PEg?

S s “ :

..or large mnails hold the strips to the forms and wedges can be’
driven to pull the strips tight as shown in Figure 75. Instead
of pulling the metal strips out of the wall as you do with bolts,
just leave them in place. If you.are going to use a plaster
-surface coating leave them sticking out a shott distance to bond
the surface coating to the wall: M not, cut thém off flush with
the surface of ithe wall. ' '
‘ 116
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FORMING FIRST SECTION

FORMING ADJACENT..SECTIQN

Figure 76-. ‘This is a spemal form that was dcslgncd o use
the metal tie strips shewn in Figure 75,

: O_f coursé, if you use strips, you will -need* many, but they
are not costly, They ¢an be cut from thin pieces of s_heet metal
~or even from heavy metal cans. ‘A form that has been especially

~ designed to' use these metal strips is' shown in Figure 76.

“Another type of form that has been used is shown-in Figure

77, The top bracing and rods are sgrong enough to hold the

‘bottom of the form together.: You'll need only a:few

‘you don’t have the bother of removing the bolts from the wall."
But thé~ forms are harder to make and they also. must: be
.sturdier.  Don't try them unlcss you are. an exp:mcnced builder.

e.
- B : . 1 A

s




—~==

eyt

L I
P EY L] - P ) 1,1.,,
4 Ll — T
o A4
L )
e -

—m Py
L
1050 L —

. Figurc 77. Form for ramming.

Here are some hints that nught help you when you make
forms:

‘1. Don’t rhake your forms deeper than 2 or 21/:, feet. 1t
they are deeper, it will be. difficult to ram the earth correctly
at the bottom of forms. : _ -

2. Use seasoned lumber for vour forms. Green lumber

-~ will warp. . ,

3. Keep your forms oiled with a .light- welght oil, - This
¢ will stop warping, and__kecp the soil from sticking to the lumber.

4. When your forms are not being used. stack them [Mat
“in a protected and well-drained area 50 ‘they won't warp

-

.
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\Pigurc 78.

QR N

I

B ‘Make your boits wn,h crank Lype handles -as shown in
Flgure 78, C ) .

6, You can crank thc bolts off and on faster than You can
nghten ‘the niits with a: wrench * '

LT 7. If several houses are bemg built, lmc %hez imide of
AT your forms with ‘thin sheetnmelal They will last tw;ccns tong. .

N} ‘Drive a couple. oi nails partially in your spacgr block
T --and bend’ them over to fli an the bolts as shown in: Figure 7&
' A_J_hgn_)touﬂsep%he—fomrilp:‘ stick the bolts through the nails-
___ . to hold. the spacer blocks in B}ace whlle you are tlghtcmng up
(A thé bolts o i
wd -9, If you cant und syhtable bolts. use heavy “'“'5 to- holcl
i the fornis fogether. . Thn ad_the wire ‘around’ the studs and
\twut it tight with a rod OE heavy nail, When the forms are
removed cut the wn-e off fl sh wuh the wall . )

allcd 2 chamfer strip, and it will
comers - .




' ~ Rammed Earth Tampers

Most_rammed earth idmpcrs are the h1ncf tvpe, but if you
want to tamp soil faster. an air mmpc'r*-u h:ch rcquues e\p{'nsnc !
cquipment—will he berter.,

e
HAND TAMPERS="The weight 6f hand tampers is very
importunt.  The beavier the tamper, the faster the carth ean
~be rmmined. So use the heaviest tamper your taborers can handle
L " all day long without overtiving.,  Small labarers cannot ift hand
. .IIIIIJ(.‘H weighing/ more than 16-18 pounds for long without
tiring. - Larger men may he able 1o work elficiently mrh rampers
weightng 20 to 30 pounds,

a
~

The size of the striking face is regulated depemnding on the
weight of the' timper. A good rule to follow, is this: the tunpor
shoukl weigh two poutids for every square uuh of tamper face.
A ampee with a 3"x3" square face (this is the most popular .
o sne) should weigh 18 pounds. - Fer a 4=t square face the ™
o .impc shouwld weigh 32 poul_uls..

A square tnpper with o flat seriking face is the best to use,
Round-shaped and othey” curved faces mav not gouge the forms p
s badly as square ones. but they o't coipact as well, either, !
I oyon cire Tooyvou cn nthe a Tew tanpers with special shaped %
faces for cempacting o small wreas, such as arpuml ahe endl ";‘._
gates ol the lorms. ' ’

. ) .

l"igurtt“}".]".-;l_iu\_v.-‘; a sturds metal l_amp;'w' thatd s eusy to make,
Tampers vah alsa be nude.of wood bue dvey are a linde, harder
Jtouses becanse they are. bulky. The siriking face of  woid
tampers should be govered jwith a pilece of meral “to prevest
rapid wear and ‘i].)'lillil'lﬂ.- '

¢ A special two-man .lmpe? avith a shiding weight that has

worked well is also shown in Figure 79. This hammer can be.
- guided easier and therclore it does not damage the forms as

much as a one-man l;lmpf:l‘.l '

ATR-TAMPERS—With l!l alr-tamper one man can canp soil
_deeone-hall to-one-thard thed time tha he could using a bandd
tamper,  Miny ypes of aivstampers age available,  Get a light
-one that doesn’t weigh more than 25- 30 poinuds. It shoulil be
a long-stmkc machive, of moderate feed. that delivers.powerful
‘blows. A six-inch square,tamping face can he used with this
type of machine. & . ’

A constant air pressure of  approximately 70 pounds per
square inch is’necessary. ~An air’ compressor with a. free air
delivery of 24 0 30 cubic feet . per minute will operale one
tamper. _

Oh

THICKNESS OF T{'UPFD LAYERS—A good rammed earth
 wall should be well tamped from {op 10.bottom. Layers which
are placed tov thick will be loose at the bottom and will wash,
out during rains. The thickness of each' loose layer of earth
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before tampinyg should siot be more than 17 more’than the
witth of the wmping face,

For example, don't svy "o tamp

mdre than 47 of loose soil with a 37x3” square-faced ‘tamper,.
Aflter tamping, a 47 Joose laver should be approximately 2147

thick.

Y

CONSTRUCTION PROCEDURE—The construction "\proA‘
cedure for rammed earth walls is very similar to thav used \for

_Figurc 79.21- €Li [l_—d rop
l.mupr;-_r.

Figuré 79b. Assembled
sliding weight tamper.
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&) shows a vanuned carth wall under construction.

JA.- 2.

3 Fu;unc 7%. Disassembled shqu \wu;ht tamper.

w

curth I':Im‘kq. The flnl step is to install the termite  shields,
if required.  Bend them down so they are flat against the side
of the foundation wall. Then, place ;[w forms over the founda-

tion wall and draw them up tight against it with [h¢ bottom

row of bolts! wires, or whatever vou may be using. 'The end
gates and spacer blocks™ure then inserted and the top  row of
bolts is tiglened. You are now ready g start ramming, ' Figure

[ ——

When a section is_ completed, the forms are moved, fastened
tghily ac them new qpeation, and ramming continues.  Ram a
cotplete ‘-Ltlldllt .!ll‘é‘llll] the house before &ldrllng the next

Vs

|
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Figure 80

g

- . ]
layer. Joints between layers should be staggered like thosé in
pressed blocks so they do not form a single, weak line in the
wall. “This method is shown in Figure 81,

Figure 81 also shows how the beveled piece of wood on -

the end gate forms a gbod wvertical joint between sections.
. .. ; h

The first sectionis to be rammed should be the corners of
the house. Particular care should bé taken to make sure that
corner. forms are perfectly plumd or vertical. This is most
important and should be checked often. A RAMMED EARTH
- WALL THAT IS BUILT LEANING CAN NEVER BE
STRAIGHTENED. :

Use string lines stretched between the corners to line up
wall forms and assure straight walls, The method shown in
Figure 61. works well, but place the string line slightly above
'ﬁthe tops of the forms so it will not touch the forgs.

123°




Figure 81. -

Protect newly-constructed wall sections until they gain
.streng'th ‘AL night and when rain threatens, all walls exposed
to rain shouid be protected ‘with mats, heavy cloth, or water-
. proof paper. It is very important that this protection cover
.the top of the wall, since erosion starts there first. Walls
“stabilized with cement, lime, or other cementing-type stabilizers
should be protected and kept moist during the entire curing
. period. Sacks or mats, moistenedl several times daily are good
for this.

-

" Some soils—particularly the sandier ones—may have a tend-

ency to crumble when the next section is ramimed en top of -

an earlier lift. If this happens, wait until the lower section

gaing enough strength to prevem this. For so:]; having cement- .

ingitype stablhzem in them wait 3 or ¢ da)'s if possible. In

- 124 . - SR




. the wall is high' and the forms must be moved around..

~ THE §OIL MIX ‘IS, A RAMMED EARTH HOUSE WILL

: stabllizgd mlxes wh:ch have dried out should not be uscd

._should be’ rammed some more. ' The important pldtes-to cheek g
are du-ectly ag‘amst the "forms, in cerners, and arqum:l bcvcled .

Y

¥ . - o"‘:_'_. .
genera] you can ram on top of any wall section as. long ‘a3 n o
doesn t crumble or crack, . -

‘Before. rammmg a new section, scratch the top of the lower
completed section about 147 deep with a pointed woed or steel
stakc If the cornpleted sCCllQIL—ls~dl‘Y, inoisten the top of it

NUMEER ‘or WORKER.S NEEDED—Oncc the soil ‘mix is Foe
prepared ‘2 to 4 workers can be used to construct the wall. Two .
men can do the, ramming but, if the forms are short, the work _
will be more efficient if only one man_stands in the forms. One ;- -

-

~ worker is required to shovel the. pipared soil mix into the

forms. One worker, supphed thh‘ can ram- at_)out_ 3 cu. ft,

: of s0il m an hdur.

¥

Since the workmen operanng iampers stand msxde or on
top of the forms, scaffdlding or supports: are not reqmred for

" them, "But as the wall increases in height, scaffolding may be

- -necessary for the wovker shoveling soil mix inside the forms. A
- worker qh the ground shovels the mix onto the scaffolﬁmg
Thns reqmres a_total-of three or four workers. An alternative-- ..
-is for 17e man tamping the soil to pull up additional soil as
needed fi 2 bucket and pour it into the forms.

St:aﬁoldmg or other supports will also be - nccessary when
TAMPING THE SOIL—REGARDLESS OF HOW GOOD .

NOT LAST LONG UNLESS IT IS TAMPED ENOUGH AND
UNLESS THE MOISTURE CONTENT OF THE MIX IS
RIGHT The two go together, because unless the moisture
content is nght. the earth cannot be tamped ng_ht ., For this
_ the mgisture. content should: be checked-often, not only
it 48 mlxed but also when it is bcmg tampcd Mixes

-

R._ MM!NG "‘SHOULD ﬁl-: CONTINUED ON EACH

o

Wﬁ)rkers operaung the tampers havc a hard but unportam- :
]ob Their work should -be checked often. An casy way to-
- chegk’ for soft spots is to shove 4 stundy kriife blade into various
spots in lhg rammed 'layer. -Soft spoy found in this manner

stnps onend gates. -

" If the soil tamper ‘will not nng regardless of thc numbcr
of tamps, then something. is wrong with thc mix Probably i
1s too wet o chcck it. closely - e e B




Figure 82.

DOOR AND IWWINDOMN OPENINGS—O0penings for doors
and windows can be done two ways-in rammed earth con-
struction,  One way is to set the door and window frames first
and ram the carth around them. It this is done the frames
should be solidly braced as shown in Figure 82 otherwise. they
will be forcéd out of place by the high pressuves produced by
ramiming.  Brace door and wmdmk; Jrames across the diagonais
also so the upcmngt. will remain square, Frames should be as
wide as the walls amd should l'l.r{t‘ ties sticking into the wall
to hold 1hem imnlv i p]uv :

The other way. is o ram the carth fivst leaving an opening
in the wall fng the frames.  When this method is used, the
beveled sprip is pemoved [fom the end gate. *The end gate js
then accurately positioned at the spot where the opening is to
occur,  Wooden nailer blocks must be placed in the wall so that
door «!I‘l(l window frames can be securely attached to them. The
blocks are placed on top of a ta,—mpetl layer and adjacent to
the end gate. The nexi .1}cr is nghth rammed around the
block to hold i1 sccurely in position. “The result is shown in
Figure 8%. Anather method also shown in Figure 83 uses,a
single piece of timber the full height of the opening. Lightly
“mail this picce to the el gate so the end gate can be casily
removed from it afeer cach layer is completed. | When using this
_method, the door frame does not have to be as wide as the

wall, but the llllplOlf.‘C[C(l edges of the wall shoul(b be chamfered
Coas L\pl.unc(l an p.lgc 114, . -

I
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Figure .83. -

%)

Sometimes you may run into a situation like this: . | |

You will be ramniing against a short section of wall (say -
.3 long) which is adjacent to a window opening. The pressure

from rammmgﬂdgmnst this short section may cause it to slide
towasd-the apen space. Tojkeep this from happening, suongly
brace the short section agaln';t the wall on the opposite side
of the opening or_against stakes driven in th<. ground.

IF a section does slide, tear it (lown and ram a4 new qcclu)n
in phlcef’

WINDOW SILLS—For window sills in rammed earth follow
the same rules as for pressed blocks.  (See page 10-'))
"~ LINT ELS AND TIE, BLAMS Lintels ‘and tie beams are
constructed 'in the same way as for pressect blocks There is one
precaution to be noted, However. The pressures from ramming
the earth on tep of a lintel may be great enough to cause it
to break or pérmanently skg. To keep this from happening,
puL sturdy braces beneath the lintel during ramming as shown
in Figure 84, or design the bmltlmg so that there is no earth
wall over the door @nd wintdlow openings. This method is often
preferred. : S

REINFORCEMENT~Barbed wire, woven wire -or smail
metal 1c|nf01c1ng rods may be used to reinforce a rammed earth
“wall,  This-is particul nI) necessary if the building ds being

constructedd in an arca that has c.nlhqu.tkes or hight winds and .

e
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is made of stabilized earth. Reinforcing is*not as effective in

-+ unstabilized earth walls as it is in stabilized .t__'n_'ialea_-ial:. . Reinforce-
ment around door and window openings. alwaya strengthens a
wall.- It eliminates damaging cracks 'at these points.

-~ " _.» "Reinforcement should be placed no-closer than two. inches

.~ " from the outside of the wall.. Place it in- lengths a little longer
.. than the forms. "Turn-up the extra length against the end gate -

'+ ‘so that it can be bent dqwn. into the new section after the end

U.i---gate is-removed. Securely fasten the.reinforcement in the new

_» section to that extending from the previqusly compacted section.
. - . oo . S .. R v
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o ROOFS FOR EARTH HOUSES LT
~“Any type of roof used on ordinary houses can also be used
on ‘earth houses. Thatch or sheet metal .roofs are commonly
. . used. But often it will be cheaper to use an earth roof on
your house. & o ! oy
;i . Three types of carthen roofs are used: -
T 1. Bunker fill roafs h ' & ;
: 2/ -Arch or vault roofs - S .
- j 3. Frame roofs supporting earthen tiles.
_ These are things an, earth roof must dot -
" s I It must be strong enough ‘to.remain in place; -

2 1t must not feak; . :

3. It must provide protecrion so that fwiter running off » .
the roof will not run down the sides of the earth wall. '

BURKER FIlIL ROOF—A bunker-Till roof is a flat rogf .~
in which large timbers, (sometimes calted “vigas” in parts of -
c ¢ L the US) support a tampol-of compacted earthen blanket.. See™ 7/ °
s a M Rionre BE. T hese sOeTiorts. o he sawed timbers of the- trunk
4 - Figure 83, 1eae_suppiorts- can be sawed timbers of the; tritnks
T of small treesesix to ciglt inches in diameter, spaced approxi-
Smately-R0 inglics apart.” Yor farge buitdings, such as the school
~—Shéwn - in Figur¢ B6, krge trunks, ten to twelve inches -in -

hs

!';__(li:llllctt.‘l'.'{‘illl be: used, A nice appearance s produced by
wdtermting the karge amd smafl ends of the Nvigas.- Also, putting wy,
"I,"‘-.Illn: small-eonds all in the same direction would cause thpt end
&
=T R
0 &-/ ’
, Figure 85. The cul%@yi‘ay' section of this busiker fill.rooffshows '
- the layered structure of’ the roof. From -the top down, the 7.
" components are gravel’and asphalt, buildin ~pkper, Rarth-fill, ©
.- building paper, wood sheathing aid suppoigip e (vigad). |




Figure 86. The large and small ends of the ceiling [imberS“
g s g 8
©{viga \) are 1Ilc|n.m.(l to plo\ldt. a balanced appearance. .-

,‘_'-- - e
. % [
of the rool to hL weak. A !iII “or plt(h is given Jo tllt \}1,.15
so thar the finished roof \\Lll slnp( about % inch, prl oot
LA :

of length. ’ :5’

On top of the vigas, pl.uc some type of covering L support
the carth fill. "This can bhe 1" Tumber, gowe type af reed such
as b.lml)oq or gverrsmall mplmgs as shiown wgaFigure 87 Run
the sheathing (1mg‘pn.illv from CCRLGE Lo denter of che vigas.
This will compensate for the unévenness of [Tlc vigis.  Qver
the sheathmg use ‘heavy buikling papeyjor a thin l(ucr of straw
to keep the sonl above from seeping through.

=l

A comp.lctecl earth fill # placed on top of All this. The"
thickness;, when tamped, should be at lcast four ﬁfcheq ,l)ccper )
fills up to eight inches uare better and will increase the life of*®
the roof, reduce .the amount of heat going through the roof
;md lessen the ch’mces ot seeplige.

The roof should hu. l)mlt yp in lifts and packed like rammed
earth. The thickness of the loose lift pl'l(.Cll at one time depends
‘on the size and weight of ranymer used.  Sce page 120,

The soil gype for b%!lkcr f1II roofs should be similar to
that used for rammed earth, Ciayey soils will shrink and crack .
and allow water to seep through, Often, it will pay you to-
use a stabilizér in-your roof material. Lime, cement, or any
waterproofers will do., Another way is to add oil or. asphalt
“to the last layer of earth to -be compacted. After allowlng a
few niinutes for the oil to penetratg, tamp it into a dense water-
tight la}fcr ' :

A protective surfacing may. be needed '_in climates that get.
a lot of ramfall “ﬂ“;ravd sﬁrﬁﬂ“""du the top of the surface lessens




" Figure 87. To compensate I"g)r the unevenness of the tops of

the vigas, saplings can be placed diagonally for sheathing.

Note the straw ased v this case to prevent the earth [l Trom’
sifling through the ceiling.

Cerosion caused by rain. A et i isprliek o Delp hobl the .
loose gravel in place. ’

Water from e’ roof must not be allowed  to run down
Cthe wills of the house. A spout or catial projecting oot ;nv%y\
from the wall will solve the problem. A half scction of sphit
bamboo would do nicely, or, a trough made n't";lm(__u'l or sheet
metal would do as well.  The spout should extend - fur enough
away . from the walls 1o prevent eresinn-':-'1{",lc:ls_;“.‘!#[wu feet.

CARCH OF VAULT ROGFR-(Sce Figure 88) These' types
of rools are used in aress Where tinber is séarce. | They require
some skill to build although®in some arcas such™itofs huve beeygy -
used for centuries and Jocal masons Kiow how' 1o buaild the 2 |

Arched, vaulted or domed roofs are usuatly huilt of burtit

brick although there is good reason o believe that well stabilized
earth- hlocks can be used. - o P

The Butside walls of the house must be strong enough to
resist the outward force caused by a vaule ‘or dome. = In most
dases walls are made very thick—2 to 3 feet—depending on the
distance between. walls. In "many cases vooms are,placed side ..
by side to help absorb the forces. but the outside walls will still
have to be very thick. A reinforced concrete bond peam around
the top -of the outside walls ‘will add greatly to tite strength
and mlly make it possible to reduce the wall thickness. How-
ever, a qualified structural engineer should design any such
walls and beams. ' '

ar

e .
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Figure 88. This style of earth dome and vault construction
wis used in o recobstruction program at New Gourna, Egypt.

The mortar used in taving brick or stabilizing ¢avth block
in an arch, vault or dome @5 usually of o quick setiing type.
In many middle Easterv countries a mortar made with gypsum

“isTeommon: L cenwent_or lhme_mortar s used, it is necessary
o have a form (o support the brick until the mortar sets. Ihis

L is tisually too cxpensive and s nirely used in o osmall house
construction. R g .
o If you should use this type of voof, get.methods and design
33 from someone who has done it before.
i EARTH TILE ROOFS—Earth tile have also been used for
' roofs. They can be pressed in a block making machine bys
- . ’ - .. . S d * o. i
-
L,

Figure 895. ‘A thacched-carth tile roof of this design pro"'ed
successful 'in research studies in India.

.".
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' usmg fillers. They can also. be of sun- dried dobe Cin‘either +
case it is best to stabilize’ “the earth °"'The £ildy o placed on a. .

~ ‘wooden frame just as shingles are. ' The”tiles should Be 114"
to 27 thick -and about 1’ long. Good sun- driéds tiles"are made-
wilh a thatch for grass) “il.” See Figure 89.¢ T he thatch tail
helps prcvcm rain fromr erwling the h]ock and prov ides insula-
tion for the inside of the house. =

The best" earth. lﬁlujxc_ made with_ stabll__x_zed soil. lec.

cement -and _asphalt work well.  Since they are so thin, tiles’
- should have a very high resistance to the spray test. -~

. "The roof frame inusy be built strong encugh o support
the 'wt.ight "Also, wooden strips (called stringers) must be
placed in. the roof at-close enough intervals so that each ;ulc

rests on two stringers, either directly. or indirectly. Tiles are

often made with a lip or groove near the upper edge so0 that
they will lie securely on the stringers. ‘

e -
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,.' Chapm 13 .
:-FI.OORS

Thc most dcsirablc type of floors for an’ carth. house is. of s
“course, u¥ concrgte slab, a: wood flgor or a floor ;urface(l with
‘cement tile or ceramic tile. However, in some areas where good
. §.mtl and gravel are not available for concrete, and where woc;-s.l\1
_is.scarce and commgercially made tile cannot Be obiained, an
“earth floor can he substituted.  Properly compacied earth or .
=7 high qtrength stabilized carth 1ile"will inake a reasonalily durable %
- floor. "Extra stabilizer is required if flooﬁ are © fast a long ~\ "

" time, because floors gel the hardest wear of any part of the .
~  house. Even'the most primitive, dwellings have some type u! AN
-..oilzor fat. worked mw the soil as a stabilizer.

T}’PE OF SOIL FOR EARTH FLOORS—For earth’ ﬂoors,

...\usc the. same “soil ¢y(:ru use 10 build your housc bui add extra
stab;luzer '

o

I‘hc ‘floor must be a_blc to wuhslamL scmbbmg and | muu
be tgngh—and—dﬂmbﬁ '

“Limé and portlaml ccment make; thc best stabilizers. ~ *
 Emulsified asphali will v8ake good floors but the dark color,”
may be ob]ccuonal)le Wood ashcs aml cven anu’nal blood havc

TAMPFD OR Rf!“MMFD I:ARTH rwom -Before makmg
- thé..earth floor, it is® ne,ccssary o vemove all orgamc topsoil,

“or ut least down to-6-10.7 inches below the level®of the hmsted
= ﬂoor Then -compact the toﬁ“‘ﬁjm(&”-ﬁ“L of ex:stmg so:l

S swe mg Toils_ are f.lamagmqh to bmldmgs .
-_-"lh,:s rammmg should be avmded Umamped sonl wil) swcll lcss .
han ‘tamped soil. - . Y
_'--j'-t The hrst‘la)cr ahové the cx;sung soil is flllcd wuh abnul s
" fquy inches of* clean sandy or gravelly material.  The purpose. .
of ih;s :,uatenal is to stop Moisture that may rise up from the --
“existing soil.” The sandy material should. be well tampcd o &,
< stred gtheﬁ it and to keep it from-setiling. . If the existing soil "
,,,;‘ 13 &h swellmg type, use -about. 6 inches o[\ sandy’ matenal '

‘____h

- Tihe_floor is laid above the sandy course, - Place:it-in two .

_ .'ﬁla}'ers ach-about’ 1% inches ‘thick. The lower layer can cditain -~

- less stabilizer than the top! because it does: n?t get. any: wear.

;.'.:TI_;E: soi] should be carefully rammed into place, " Be sure the . Ll

¢ ' comen; 8’ corrcct Check 1l. usmg them ithod described -
: r.he area by _

. "_'hns laycr, _
-,shou]tl ‘confain” enough stabx.lizer to make the' cured surface -
: _dnfﬁcult to scratch with a- nall Thls rmghl requxre% to-3-




W b - ) . ] s
"

-.limli_ﬂ_.'i as nch 5t'i|l_:iltf(.'1" as miight he owsed iocarth walhs, Tost “_
your, mix Iy muking some smalk vonmaed card Zest Dlacks st

as, vou would for a vammed carth wadl Afrer the test blocks
h.;n:t."!__: cured check them for hardness aned water resistanee,

AT Himping the top Liver. stnooth out any taivpet miarks

-
and then esrethe thn for several dass .
* a

Forttand coment anl fnne-stabilized floenrs mas be cured by
ﬁlniuk:'-l_ling the ooy or putiimg wet sitchs o top of 10 AL !trt'
end of ghe curing pevid, @ tan porthand cenent sturry: nle
from cvment, water amd tine sand min be applicd o the Hoor
to s(»;lll’;.;m_y vrackhs aned waterproot.ir, Certain oilsy will do the
5;111‘11- 1 - “

-

Dont walk o the Hoor il i s e

FHA FLOORS Pressed carth nles o qust s well as
ramnmed garth Hous, Thev can even look nicer, particularly
if vou mdke tiles from several Jdifferent catored sonlss The
(iIN\-",-\-Rull\n or any other Dlock-making machine that makes

to 27 whick tiles can be used, Use enough stabibider in
the sail so l\

ll'/'i}_"
o cuved Blocks are dittleolt o scrateh with o paik
Make test tilds to chedk the stbilizer content.

k)

."-I;thllin'tlI‘!_\lit‘.t.-..\lmul_ti e odst-cused Tor 7 11..1)5 aned then
thied in The .\.\f;} tefore -plzuin}:‘ them.  Prepare the oo aea
“he some way von wonld oy ovinnmed carthe tHloors, It oas rery
Simporbant that e sty Enver be hevel oend wrll-a'nlnp‘.u'l-:-?r'"_““
before pleeimg thestiter 10t asn’t the Hoor will be teugh and
unsightty. : : : _ '




.

IL is better to mortar tiles in. " place with a- ‘mortar ofsand,
portlaud .cement and water. Carefu,lly smooth the mortar jomr.s
' to keep from having grooves in the finished -floor. “aI'iles can
be laid without any mortar if they aré placed closely together,
They may rock a little or come loose, but-it won't hurt if they

are_ put hack right away.

L Singe curcd tiles are uscd the {]our can be walked on as
sooni as the joints get hard, This will take 2-3 days. Oils or
waxes may be used to seal the top surface of the floor. Tallow

!ldl)lc

bheen used, and 1f applled hol beeswax may alm be quite

BEATING, THL HQOUSE . 'I‘HROUGH THE FLOOR-Yop
can he:t-'.\om house by hmlmg the [loor.

This idea is used in the United States and other places in
the worfd (Korea, for example} with tunnels under the floor.
These ¢unnels carry heat from a fire which is built at one of
the openings.

This method of heating should not bc attemnpted unless
you have somgone experienced to show yoy how to do it.

a "-.‘ : .
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.. B S A
SURFACE COATINGS L
A ;mfm‘c roﬂnng 15 u ld\L‘I‘ or (il ()ﬁ material pl.lCt_(;l c;r@r
an earth wall. : 3

This is what sutface coatitfigs do:
{a) "I"hcy ¢an make some carth walls look better.

(b) They can Iu_]p curth walh shed rain water. -,

{c) 'Ihey can nake e:urth walls Jas¢ Iungcr‘ s

Decide whether you want (o use surface coatings when you
-are planning your house—not alter it is constructed.

H

APPEARANCE—Houses built of “carefully made  pressed
blochs ook better without surface coaeings. .

i Rammed eurth, walls will have @ pleasing appearance if

the inside of- the forms is smooth and in good conditign during

constm(‘l«mn In fact, some rammed garth house owners feel

' that a ‘few form amarks are pleasing to an carth wall angd tht:}

do noy care 1o use surfuce coatings,  Bat il the insides . b, the”

torms were, umgh and in poor condftion. @ surface cpating g
will pmh,lhly'unpm\ the wall's ap:jit‘urancc..- :

Most adolre howne owners prefer %mfn coatings ot their
houses. :

One way to decide on a surface coating is o look gt other
homes in your area,  See (f surface coatings  helped: -their
appearance. - - : o

Remember this:
A cheap or poorly appli!cd surface coating that quickly

- peels off looks worse *than none at aH,

7 The owner must decide how often he is willing to repai!
the surface coating to keep it looking good. Most cheap surfac
coatings necd repairing cvery 2 ov 3 years. 1 the owner s
young and heatthy amd does not mind the vime and small
expense of repairing the coaling, a cheap surface coating may
be suitable. But if the owner cannot perform frequent repair

“work, his walls will iook bad, and they may suffer severe damage,
Then a moré e%pcnsne coating Wbll be neceasar)

----- DAMAGE FROM RAIN WATER If you follow the in-
stryictions in Chapter 2 for selecting“soils for earth houses, you.
won't~have to worry about ‘rain damage unless‘you have to-.
use very clayey soils. I your test blocks, even whcn stabilized,

do not pass the spray test, try a surface coatmg

Even the most expensive surface coatings are likely to
_develop cracks and let some water through them and into-the
wall. If your wall contains a lot of clay, the water will cause
it to swell and crack surface coatings that are "stiff, Check to’
see whether this wnl] Jhappen to your surface coating. Completely

B
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. f

%&a *few test blocks of your soil mix.and sub]ect them to bolh

the spray. fest and-absorption test, If the surface coating cracks

ur peels, the same thing will happen to your house when coated.

INCREASING THE LIFE OF THE WALL—Other things
beside rain may wear down an carth wall.  Strong winds carry-

ing Qust, children throwing recks or sticks, and even animals, .
ccan scar or damage Sarth wa[ls—cspcaalh’ unstabilized ones.

If these things ofcur in your nelghhurhood or area, then un-
stabilized walls should be tcmlml \Iua.t stabilized \h{lﬁ can

- : ]
resist them,. &

i

(()\! OF ‘)UM' ACE ¢ OATINCS= \ma most surface coat-
ings require some type of stabilizers you must decide whether
it is best 1o use the stabilizer in the Surface coating or in the
wall itseil. y Surface coatings normally take less stabilizer than
for stabilizing the entire walls. But it also takes additional time
and money 10 apply surlace voatings ‘and keep them repaircd
Unless you can get by with a thin,. cheap surface coaung. the
total cost will be nearly the same whether you use ‘a surface
cmnim, 'm stabilize the entire wall, ' o7

f)Pl N COF \{’h! ACE (,()A TINGS—There are four main
types ol stvlce cortings: o '

(i) 1’]:1-5“.‘15‘ =

{by Slti'l'l'iés |

(¢} Painis v

. (tl)' Special chcmuals .

Phnicn are pl.u:ed on the walls in fairly thuL l.nersw.lbom

14*. Below.is a high- qua]u\ plas[cr mix thaf has worked well
on earth houses:

1 pari [Jl)l‘llilnl! lfl;:'ll‘l:;-‘ll{
4 10 h l:n‘-n'[:: cleant sand :
.*mliu ient water to make lhuk ml\llllt' v ' :

Add a shall- amount of fime 1f the pl;mlr:r is hard 0 spread.

Apply this plaster in wo coats, eachh about 14" thick,
‘Moisten the wall and then throw “or - spl.uu:r the first coat
" against the wall with a large brush. This will” not only bond
the p.mcr to the wall, it will-demve it rough so the second

cogl will bond 1o i, (See page 148 concerning reinforcement -

of pldq[crs) Cure this ceat at least 12 hours (more in wel areas)
before dppl)mg the second .coat. The second coat may be
brushed on algo, but'if A4 smooth surface is desired: put it on

= with o metal oawel. fkough surfaces have less tendenc} to
ccrack and they look bet

er-op most_homes.

~ "Don't apply cement plasters on a suwany” wall] wait until
it is shaded. When a section of wall is completed, cover it

“ .. and keep it moist for z day or_ two, until it gains strength.

!




Cement plasters shou.ld be used only on stable wa-lis. o
Remember that walls comalmng a lot. of clay will .swell and‘ T
crack the coaung ’ '

Low-cost mud. plasters can - be made by combining a soil _
ith 'wa These are. called Dagga plasters. . Dagga
prasiets made lﬁ‘. thuﬁlt kind-of cldy and having $ sufficient:
sand in them ‘ma)r be s good.as-any other plasters. Most good"
~ones. contain ‘dhout’ 2 "patts sand to ‘one part clay. Dagga .
plasters will #ot- last—if-they containtoo mugh- clay, the wrong— -
_ "__M kind' of clay, or when they are too soft, The red and brown
w - laterite “clays fouml\m Othe tropic_zones make’ ¢éxcellent Dagga
 plasters. e ’ .

vy

- r Dagga p“]aslers can be improved by« addmg a stabiliter to __.-E"'.
'them Lime or cement work well. Try one part lime or cgment .
“ v 09, parts. of soil. Asphalts can also be used in Dagga plasters -
-, . to.watgrproot them but ‘they will not harden. the plaster and
‘may make it oo gark to look good on a, house. Many
Jather stabilizers: mentzoncd in Chaptcr 3~ car—be used.»
L -Experlmentr-by trying them” ‘out on small se¢tions of ‘your wall
= .7y or-6n test blocks of your smi rmx. Watch for damagmg cracks R
S 'aa the plaster dries, o

S Bagga plasters are usually apphed to & previously moistened
w I-with a trowel -(o a thickneéds of about 14" Roughening
" the dagga surface will help 10 keep Cracks from formmg when
“the plastér dries. . :

¥ a

- Slurries. are mlilures of cemenl or lime and water. They
" are*brushed-on the wall in. Lhm ’Qacs like pamt Good ones
ma}' last 5 to 10 years T : *

_ @\e of . the best shtrnes are made fromt l-nparts—-of
. cement’and  lime mixed with igh water to make 2 lhlck
B ‘hqmd Addmg a" small- ammunt of clean. fine sand swill gwc
‘thc slurry a gritty texture. ,\ -

. Moisten. the carth wall before the slurry i$ apphcd Thcn
" brush. on’ two coats at “intervals. of 24 hourd, Keep the slurry
_ mlxcd while applymg it or some; of the mate{als may setlle
10 the "bottomr of -the - COMRAINCE, >

. Surries make ‘conomical surface coatings, but thcy' must
" . be applied to-th¢ right Kind of wall! "Earth walls that shrrnk-
- 'and swell mll cause them to crack and Peel off ' -

#

_ Pamts make good surface coatings for Some walis, Cement- :
_"'based masonry paints work?: best. ‘They .are tougher and Jast
~longer than plain cement slurries. Présent onl'-'based housc paints - ,
. ~and aluminym paints .do not work on earth’ walls. Howevel;. ;
~ new ones may. be developed that work as well as cement. based
paints, » : e

N It is hot pract:eal to mc]ude z llst of manufacmred pa;nts
L ‘that have worked “on earth walls because they ‘may not be ~

‘ﬂr ”\Ngable in: )rour area. If you want to. tr}' thcm, séc the nearcst

Y PR
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“and large particles.

___paan’tf salesman Ask h:m for a demonstrauon and san;ples of

his paints. Then see how “they WoTk on test blocks of your
soil mix. Perform the spray. test on completely panjted test

‘blocks and if you have enough time, dflow the blocks 1o weather
outside.  The performance of these tese hlockx should/ tell you -

how. well the paint will work. .y . i
" You capt make a cement-based ! ﬁﬁ;n[ bue it [nkirs several
chemicals. Here is one that has heuumed . -] '
" T part calcium stearate ([)0\\([(,’1@(1) e }
2 parts caleium chloride (powderedy . !

H parts portand cement.

25 parts clean, fine siwd. 4

Mix these ingredients tngethm 1w ol)mm a uniform mixture,
Then add 50 parts water and wix with a hos untit a creamy

“mixture is obtained. - - "

. 3
Pour the mixowre through a fly screen tp rekmove lumps

Use white poriand cement in lhcjann\lthif: if o white coating
is desired.  For othey colors, add 31 parts ot*a phwdered, oxide

pigment. _
Apply the paint i two coats with a large prush.  Moisten

. the carth wall before applying the first codat.  Paint only on
i shady walls and keep the painted surface shghty moistened
tso the cement does not cure wo quickly.  The second coat

should not be applicd sooner’ than 12 hours after the first.

Only the; second coat needs to be colored. - It can, also be
thrown on the surface with large brush or broom to obtain
a ple'l';mg siirface texture.

Whité-wash pabits—or water mnetl‘wlth lime—can improve
the dppmmnw of earth walls. But they offer lite, if any,
pmw(lmn against water or wear, and they only last for.a short
time. However, theysare 1ot mstl} and lhcy are casily applied
with a Idrgc brush. -

A" whitewastr which offers some protection against water .

can be made with the following matérials:
14 galions u.nslaked lime.
314 gallons of water.

+ Ya pound of melted tallow.

Boil—the water in a large can, add the llmc and stir well.
Then add the melted tallow to the bonlmg mixture and stir
[ X ~
again, L -

Apply the mixture with a tatge brush.- Add = little water

if it is difficult to sprcad.

This white-wash will last about a year in limates.

o




i e walls,

. . ;
Ceriain chemicals, applied similar to paints, will make gogd

CoNssyrbace coatings. | Oné maitioned in Chapler 3 ds a mixtnredof. -
cedeb pare sodinny stlicate - el Bawme) cand. 3 pavtd water: The

solution s hrashad into the wall waith a faody st brush to
et goosl penctration. Applv two coats a tew omiintes apart.
suitable worting sgent o sinfactant ssee Chaprer 35 alded o

Arc. sohoton will e rease e pL.’m.‘tr;lliuu ol the treatment in
! The onlyv wav s Huad oue whether chemiedds will work -
| - L . B .
oo iy them. Spray tesis and oweathering tests shoold be - per-
! : a
|

tormgod on treated test hiocks of your soil : a
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Figure 92,

*

' PREPARING THE SURFACE-Surface coatings applied to
poorly prepared walls will soon peel off. Before applying any
~ sutface coating, the entire thickness of wall must be completely

dry. ‘For properly cured blocks, this may take only a few weeks
_until the mortar dries. Rammed earth, wattle and daub, and
~~--gob: walls will .take much longer. In rainy areas, walls may
be damaged before they get dry enough to apply-surface coat-
ings. If this is liahle to happen to your wall, use the stabilizer
in the wall so it will be protected from the time of construction.

¥
When comipletely dried, the wall must be brushed or swept
. to remove dust and other loose particles. Just before slurries
or plasters are apptied to a wall, moisten it slightly. Painting

*
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the wafl wnh a thin mixsure of portland cemvtent and - wdter
1mpmvcs the bond between the wall and. surface coating. .

RI‘L\’FORC! MENT—To strengthen plasters and :mprove
lhmr bond 10 the earth -wall,. wire reinforcement should be
cused. Woven wire fencing, shown in Figure 91, works well.
Fastcn the wite sccurely to thie top of the earth wall by placing
- i- in the last.mortar joint or between the hond beam and the-

N wiie should “be, attached near the roof [ill, l)ruugltl over the”
e top row of blocks, and beni” down along the wall.  Thisy method
is shown in_Figure 65. ' : ’ '

e Fhe reinforcement’ should extend into window and door
e T "tvpemngs so_the plaster will be reinforced at all points. (Figure
S 92 Nail it to the wall’ ‘exery 6-8 111ches Spcual nails with
' roughened surfaces work best. _ S

‘When Lw0«coats of plaster are used, the [irst coat shou[’d
Id
. .be thrown or sp.ulered through the wire reinforcement. This
. improves the hond between wall and plaster and also leaves the
reinforcement approximately midway in the plaster coat.

When - wire reinforcing is not availahle, the bond o the
~earth wall can be 1mprovcd b}' leaving a deep aopening in the
vertical mortar joints. -Chips “of broken rock or concrete,
_ inserted into wet mortar, will also bond thick surface coalings
¥ tothe wall. (Sec page 102 for discussion of these methods) For
rammed earth walls, cut’ shallow holes 6 to 8 inches apart and
- drive nails in thesc holes until their heads are even with the
outside wall surface. Another way is to cut long, narrow grooves

6 to 8 inches apart in the wall.

. Remember that the strongest plastcrs are rcmforced wnh
" wire. Use ;t if you can. :

n

-tgp-af the earth wall. For houses with bunkel fill roofs. the -
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! APPENDIX A -_'_
Atterberg Limits of Soils

“The Aterberyg limit wesis on soils are simple tests ‘that will
tell you very generally whether the soils contain nmch clay and

“whether this clay will<be harmful in your seis—Fhorcate (WO

tests that veu.-must perform: the llquld limit and the plastic
[lﬂll__mﬂ_-ﬂl—btwr—g‘ef ~value “called the plasticity
index. ., (T'he Dar :.hrmkap,e test cun also be used to gen the
plasticity index.) : _ T

_ These tests require sormie special equipment and a litde
bit of experience, You can do them yourself if you are careful,
but it is better 1w have someone who knews how to do them

The general equipment you will need ta’do these tests is -
listed below, Special items needed I'ur each "test are listed with
llml test procedure.

(:cm:-rr:! Equipment Needed :

I, Dish—A smoothi-bottomed round: digh about 414 inches

in diameter and lg inches high. It fs best if the inside is

smooth or glazed.  The_ type which cher $ists call c\'.npr_n.irlmg"
. . '

dishes can he sed. . E

2. Spalnla—A slmluld (01 pnl] kunfu) has a flexible blade
about 4 inches long and 34 inches wides o

8. Bidance—A halance or scate thdt will weigh at least 100

grams and is accurate w o oar lease -0 grams. (An accuracy of

0.01 grams i3 better) ' _ :
: s . -

4. Oven—A drying oven  that will keep a temperature of

110°C or 230°F. This temperature is a little higher than the

temperature at which water boils. The oven should have vents

“in 1t so the heated air will circulate,

5. Boxes—A :[ew lightweight metal container€ with tight
ficting covers,  Smatl aluminum or n pill hoxes work well,
Curved picces ol thin glass like that used on large pocket

witches or clocks can be used. They shsuld be about 2 or.

214 inches across. -

6. Sieve—A No. 40 mésh U. S. Bureau of Standards sieve

*

L

| —oru-Ne—36-meshr British Standards sieve. You can do without

r

Faa,,
3z

a sieve, but it is beuter to have one.

7. f'orms—Wn[e the - mformanon you get from the test on

i fm m of your own design.

Smnp!e

“

. You will need a. sample welghmg about ]00 grams (a small-
handfuly taken *from “the soil that you want to test. . All*of
this sample should pass a No. 40 mesh (or a No. 36 British
Standard) sieve. TFhis sieve has openings about 1/64 inch

I
&
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| 'sq'uare 1 you. .do not havc one, you can: plck all grains Targer
. thanyd /64 inch out of~the sample by hand. Tt will be eamesl
_to _do this if the sample is first dried in the sun and crushed up..

—_— fr—

Jf you already know lhal;you are gomg to aifmzrbﬂrzcr— ——

—to—your soil, then add the same propottion of stabilizer.te .7

your sample as you:intend (6 use, in your hou-se

A.  Liquid f.tm;t Teqt ' -. o -
Smlal FQumen! T - o

_ For this test you will need a spccual tool o cut a groove™
in the soil. The grooving tool is carefully mader so it cuts a |
graove ex*nctly 2 millimeters wide with the sides of the groove
sloping at an angle of 60°"to the horizontal. If you gannot get
_one of these grooving taols, it 1s possible to use a. spatula or
eveu a kmfe ’ : :

»

Pr’ocedure . _ _ .

1.” Place about three -quarters of your soil samplc in the -

" dish. Add small amounts of water to it, and thoroughly mix .

" the water and soil. The water that you use should be of good

quahty, such as water you might drink, Add water, until the

mixture is a thick- paste. Be sure that it |s mixed well 8o it <;

~— has no dry ov wet 5pots..

F

2, Shape the soil m:xlure in the ‘dish into a smooth layer

<1 centimeter (approximately 3%4-inches) in thickness at the: .

cenier-of_the dish. Divide the mixture into 2 equal portions
by drawing thie grooving tool down the center of theé mixture.

. The point of the grooving tool should be placed against the
bottom of the dishi: Pull it through the soil so that it always
stays at right angles (perpendicular) to the-.dish, leaving a
-V-shaped groove with-a flat bottom that 4s 2 mm wide. Very
“sandy ‘soils may be torn by this method. If so, cut the groove -
in several passes; making each pass go deeper until the clean
surface of the dish shows at thq bottom of the groove. “If-yol

. .do.not ‘have 6ne of the grooving tools, carefully Tut a-groove
"in’ the soil using a knife or_spatula. Maké the bottom of the.

" groove 2 mm wide and make sure that the sides slope up at
an angle ‘of GU‘_wlth the torizontal——= . ;

"nld_thc_dlsh firmfy in one.- hand with the groove in

the sotl pointing dlrectly in. front of you. Then ‘tap the dish ~

lightly with, a' horizontal ‘motion _against_the heel of the other-
hand 1§ times, The dish should be mioved a distance of about
1 to 11/2 inches to strike if against the other hand which should
remdin still. If the amount of water is ]ust. right, the groove
will ﬂow together at the bottomi for a distance of exactly
14 inch. When it takes more than'10 taps to make’ the groove:
~ flow together, the soil .is too dry. -Add a little water; If it
.. flows together with less than 10 tags, it is too wet. The soil
~ can be'dried by mixing it a while/or by adding some dry soil.

o -




e 4 .When - fhc md‘isture in the soll has been ad]ustetf 0
. thal the groove_closes for \4 inch after 10 taps, the soil ‘is at,
“the liquid limit. With your spatula_scrape a sample of the
.. soil out of the dish at the point where the groove closed. User .
_-_a_lange_sa.m.plLLf. yous_halance is accurate only to 0.0 grams.

'Put’ this simple in one of your containers and quickly weigh™ 7T
: the container and soil before the water- ‘evaporates, - 1f your
. - - containers haves lids, put them on to - keep_ thu water Erorn i

e T _"evaporaung during weighing. : LT ,-' B

-

: 5. Write the weight of the container and soil opposltc
- W, on your form.- Then put the soil contajner in the 110°C
oven until”all- the soil is dry. This should tdke 8- 0 hours,
but may be lest. You can check by weighing it several times. ‘
__ When the weight no longer changes, it is dry. -Now write the . -
7 weight of ‘the container and dry sojl opposite W, on the form. '
_The welght of the clcan dry contamer W, must 'Be known also

Ca!cuiatwns N
Thé\llqlud limit :s calculated as follows o s
I o et /f*f_ o wcnght of walcr -
o "l;.i'qu_ig,li'rnit' T % 100 -
o wc:ght of oven-dried 301[
e SEE SR W — W '
oo T ______1____ - TR Ao e
c.oo.or T Tﬁ)ﬁﬂ_——*— e
. W, — W e - :
Precautions ' -

_ L Be sure to use only matena! passmg the No. 40 rnesh
sieve (or. smaller than 1/64 mch) for the llqllld hrmt test, - -

) 2, Teo get the best test résults, thoroughly mix the soil and
. water. Tap the dish agamst the hand the’same way with all - ®
. types of soils. : '

.8, Do not vibrdte or ]ar, the chsh after the 3011 is grooved
and before it ds tapped

g 4, After the groove has been closed take the ‘soil, sample _
e anddvelgh it qunckly to, prevent. further loss of. rnmptune = P

L &

| .I B Plast:c Limit Test _ _ :
szf:ml Eqmpment T S o
__The only special item you will need for tlus test is‘a surface .

to- toll a. il sample on. g‘!ﬁ‘ss:pjmc—or-&—pnﬁof._smsnL.\__

ahm;.r paper w:ll work well | .

Procedure : ' o e T

TS

1. - Take some of your dry sonl sample and add water to . L

. “Mix ‘it thoroughly by squeezmg and lmeadmg it wuth the . -
: -fmgcrs ahd’ palm_s of the hands. The monsture content is about
. right. when the soil car" be easlly shaped mto a ball wuhout"_" e
atlckmg to the fmgers B R




"2 ‘:Sha_EE-_—lhe soil mixture into a roil* bcmecn the palms

. ‘of your hands until it is about 2 inches ]ong,and 4 inch' in
(I ameter, Then put this roll on a glass plate or piece of paper..
:rig the palm: or fingers of one hand roll it into a thread
shown in Figure 9. If the sample sticks tés the plau: or

er it 4% too wet and must -be dried some mong>

Appl\« just enough pressure with \our hands- to .cause the

diametér. You are looking for the thread o bweak or &umble
Just when it reaches 14 inch in diameter. i the thread breaks

Sjmix in some water and vy again. Jf it can be rolled smaller

Jitis just rightt the 14 inch threads under your hands will crack
or crumble into plfCEh aboul Lo inch long, : e

8. Collect the ghroken or crumbled soil threads and ‘place
. them in one of \'u:;‘l'q;a coptainers.  Weigh the soil and container.
of CGall I-!\!\ weight \\l~autl record it. Then dry the soil in the
- —-IHJ“( é&‘u until all the water -is driven off.  Weigh the dry
o Tsoil .||1d.,gunl.11ncr angd record this weight as W,. The weight
of the cléan tlw container, W - muat.also be Ltmwn.

Calr'{t!uhmu‘ oo

.7 7'The plastic limit is calculated as follows: ™
. . s »

- : weight of water

- Plastic limit = __- _ . % 100

: - weight of oven-dried soil

LW, W,
- e = X 100

W2 — WC
C. P!mu'city !ndf:

‘Get the pl.lsucny “index of the soil by suuuacllng the
plastic lln‘lll vilue from the llquul limit., It is calculated as
follows: ' ’

o Ppa{mny mdex Liquid limit — Plastic limit
D Bar Shrinkage Test )

Thea'bar shrinkage test is an easy way to find- the plasticity
index of a soil. It will also give you. some: other very good
mforrnauo‘h about your 5011 It has one advantage you won 't

plecc of equlpment.

Special Eq u:pment P

For this test you will need a special. metal mold shaped
like a box but without a top. The best size is 5 inches long -
and ¥ mches by 34 inches square.,

LT R VT :

thread fo got gradually, smaller until -it reaches 14 inch in

s sefore it teaches 14 inch diameter, it is too dry. Thoroughly

than Ly inch diameter. just voll jt up into a large thread and
start over again. It will dry gl.uluali\ by rnllmg it out. *When ~




(('

Procedure

1. The samiple you use for this test should be preparecl
‘exactly like the one for the liquid limit test.. It should bes
mixed with enough water to make it slightly more fluid than
the liquid limit. For example, cut a V-shaped groove in the
soil as explained in Step 2 of the llqll].d limit procedure If
the -groove closed with about 5 taps of the (hsh agalnst the
heel of the hand, the mixture is just right.

9. Place a very.- thin coating of grease or vaseline on t_heb
.inside walls of the shrinkage mold. Thls will keep the soil

" from sticking to the mold as it dries.. Place enofigh wet soil
. g

to fill. the mold one-third Aull. Gently jar the fmold or tap
it on a stack of papers to cause the soil to flow fnto’ a smooth
layer. This will also remove urwanted air bubbjes in the soil. i
Put in more soiljand jar the layers witil thé mold is completely” .

% filled. Scrape tl‘E excess soil from the top of tl;{e mold with a’
stralght stick or jpiece of metal '

Dry ‘the le bar. To keep 15‘ from crapkmg f1 t let 1t.
/ﬂfry at réom te iperature for one day. - Thep put it in the
110°C .oven until{ it dries completely. Very accurately measure
the length of. dr1¥d soil bar. Also nleasure the exact length of
. the smold in case Fﬁ is not exactly 3 Inches Iohg ‘

o :
Cajenialions ‘::_ e rﬁ'; .
he bar shnnka%e is’ calfulated‘ as Eollows

Bar shnnl\age =" . -~
. (Lﬁngth of wet. bar) - iength of dried bar)
| %100
v P Length of wel bar
T

/'I’est for St/;ength of Foun.danon Smli {Clays)

' ,,/ How 's;_;:" 15 the ioundatmu sml? qulwlde a{‘ycl how
, 5

80 l;h‘.(asure of the st ngth of the fonndauon‘ soil %t\the site
) thrt the house is to, blll]t _ S [t \ o !
You should dj several small Plts like the onk in the pu:ture
(see Figure 93)-and from each ofe, cut a-smal] block_of soil
- and trim it with a knife so that it will be Jusr., the same size -
_#Take the small blocks.and test them in the lever
tester sy{wn if Figure 94 which you can mike for this purpose. —
_ ‘Push at Poinf A first with your first finger.  If the soil block.—...—
. crusfies, the foundation’ soil -is very soft '_and a large house -
' be built on ‘it If the soil ddes not crush ‘when

,—-continued. Now push at “B. 1f yoii can ¢
v

.-/.

: you push at A, it has some strength and the test should be -
ysh. it by pushmg
wnth one fmger at B you know that the strength of; the soil’

- . ',,' : l‘s R - ) . B / -5 -




is g‘reater than the one that Ean]ed from pressure at A so you
will look in Table 4.in the. column marked A and opposite
the type of house you plan to build 10 read the width and
thickness of the continuous concrete wail footing. If you cannot
crush it by pushing at B, then try at C. If, the soil crushes at.
C, then use the width and depth of footing. opposite B in the
table and-so onf You may find some clays that will npt crush
when you push on the end of the lever. These are very strong
soils and you miay use the sizes shown “in the table at E& You

‘should -be able (o push }mth oine tiriger as shown in the picture, ¥ - -

pusfing on a set of sqdles or', .balances. 1f you push on'ly Y0
to 2 pounds hen usé the footing size next larger than.you
. would otherwise. < 0T ' <8

18 tf pounds (8 10 9 Kg.).: See how much ‘you can push by

---cuT" FOUNDATION 'so'n_""

B'EST SAMPLE 'LIKE THIS AND




LR
> e :';“—: \

\

© | Figure 94 Simple lever tester for soils, \\ S




o APPENDIX B
o Useful Formulas

Ama of circle (;.— = 304, 1= radius) e .(x) {r¥) J
Are.lof triangle (h = height, b = base) ... SRR 14 (b) (h).
o Arc? of .rec'langlc (a.b = length .of sides) e (a) (-b).
j Vgl_“__‘?‘_"_'.‘_’_f bIncku'(a,!';,t = lengths of s'l;(ics} .................... (a) (b) (c).

~ Unit w_cight.of. block | ’ '
*  {abc = length of sides in inches) ... .

(Wi= weight in pounds)

\«’.-Qlumc.o*f cylindegr (h = height) .o

l.fllit"weight of cylinder (r =radius in inc_hes)

(h = height i inches)y........

!

(W = weight in pm{u_:ls)

E

Compressive stréngth R
(P = Failure. bfad) .o s
(A = cross sectional area of specimens)

" Moisture content, w

(W, = wet weight of soil) # ...........

(‘v: :; d|"v \\rcighl 0[ S()[l) e

Plasticity index. P.1, K
(L.L. = liquid Hmit) .o
(P.L. = plastic imiey- -

o

(W) (1728)

(3) (B) )
...... ) (57 (h).
(W) (1728)

) () ()

P -

- ., Exomples of Luna Mulﬁplicoﬁm ’
a4y 19 x 398 , . b)  19x 328
428 328
19 19
2052 2050
308 2
o 2 e
o 6282 623.2
i ¢) 1.9 x 328 327 x 41.8. ‘
SR ,h.-qqggﬁ Yy oo 4‘1 B
| - 19 . 237
¢ 328 1254
' " 62:82 836
990.66 -
152
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* o ]
) bExamplu of lbn§ _Division - -
; . . g - -~
A a) - 328 . . b) - 328
R 19 : 9
1796 | ' 178
- 19/ 32800 - 19732380
R | R ) “3
138 138 '
1353 N 138
38 .88
120 12
114 _
P )
= 6 .
c.) 32.8 d.) 418
19 _ o 287 -
‘ 17.96 _ 1,76
1.9/732.300 23.7 /41,8007
9. 25 7
ML .
138 : : 18 10
188 . ' ' 16 59
_— . - q ! -
50 ’ 1510
38 , i 1 482
0 » 120 28 )
o - : 114. . L o _
" — 6 . - ‘ Lt . .‘ . -

’

Convorsmn of Wcighis and Measures

SO o " LENGTH
Metric . English
] - 1 meter , o 1094 yard
T 1 _meter S  3.281 feet
\_T?ﬁ"érermxm 39.37 inches
0.914 meters : ] yard
10.305 meter 1 foot
I centimeéter ™ 0.3%4 inch
- “2-540 centimeters -7 linch
g T oentimen
s .~ AREA
1 squarc centimeter 0.155 square mch
6452 square cenumciers I squarg inch
1 square meter . . 10.764 square feet

-+ 0.093 square meter - o squa‘re foot

'15:3 | _ tL




1 cubig¢ centimeter
16.387 ‘cubic centimeters
1 cubic meter '
0.028 cubic meter
3.78% liters '
1 litey =

1 liter

0.946 liter

201 Kilogrami
-—-1_0454 Iulugrdm
' ___28. 349 grams ¢ .

1 foot

0.0833 foot”
yard
.square oot
square yard
cubic foot
cubic yard
cubic foot
gallon
pound

ton (short)

—

N

i . :

1 meter

I square meter
I cubic meter’
1 kilogram

ER

. 1.057 quarts

VOLUME i
0061 Cl.lblC mr.h
! cubic inch
.+ 35.314 cubic feel
"1 cubit foot ‘
1" gallon (British)
0.264 gallo% 4

-

1 quart

WEIGHT * |
© 2.205 pounds
1 poupd -
- 0.0353. ounée (av)
1 ouncel(av)_ll
English
12 inches
I inch
.36 1nches 3 feet
144 square inches

9-square feér |
. 1728 cubic mches

- 27 cubic feet -

{7481 gallons PR
0:1337 cubic foot
16 ounces °
2000 pounds

M etnc

100 centimeters, 1000 millimeters -

10,000 square centimeters.

", 100,000 cubig cennmgters _

. 1000 grams Y
. . .. o

Glossary

1. Absorptwn-—The takmg in of water or other hqmd mto_'

a s0il mass,

'a.

2. Adobe-—Any kmd of t:la)r soil which, when mixed with

“water Lo a plastic. conslstency {sometimes with a mechanical

blnder) can be made into a part of a structuré.

usually, a building blof:k made of such clay.

A structyre,

3. Anglex-The figure formed by the mtersectlon at a pomt C

of two lines.

mtersect at an angle of 90°,

A rightiangle is such a f:gure in which the l;nes

_ 4. Amm_s_——SphL palm trunks used as earth mix rclnforce-
@nt in the construftion™ of floors and flal;’ ‘or domed: roofs. in
t

e arid zones of wdst Africa.

long ' f

Azaras are approximately 8 feet -




: J

5. Bauge—A rmxture consisting of" clay soil and straw, used
- for buildlng earth- walls ‘between  forms (Frn;nch)

. zontal position to ground stakes. They are used to fix string
lines which locate the boundaries of eXcavation or buflding

- 7. Bond—A connection made by overlapping adjacent parls
of a struciure. such as brlcks . Also to hold togelhcr or solldlf'y
as a binder, : . .

B. .Bond beam—A horizontal beam, usua]ly ‘of concrete or

R . Ly

quud }Juu.cd at the lup Ul a wall wo lr.'IIIIUILt.' the. wall. I.D.E

i ' 6. Batier Boards—Light planks of wood naueﬂ in a hori-
roof to the walls. . . . _

9. Cajon—A type of earth wall construction in which a
clay soil mix of appropfiate cousisténcy is used in the form of

wall -panels supported. by a structural wall frame, (Spamsh)

10. _ Capillary rise—The vertical rise of water if a fine grain
soil due%t.o natural forces within the small pore spaces.

1L Clay-wThe smallest graihi 'size division of soils composed,
prmupali}‘ of Hat particies smaller than 0.002 millimeters.

12. Cob—Walls built of a fairly stiff-mixture of clay soil,
water and small quanlme of straw or other suitable mechanical
‘binders. This mix is applied in consecutive layers without the
use of shuttéring. The walls faces are pared down as the work
proceeds. Cob walls have- also been built - of a mixture of
crushed chalk and water.

*13. Cohesion~The ability of two i:articles to stick together,

14. Combaciign—The closer packing of 3011 partu:les by
mechanical means to obtain a denser mass. * :

15. Curing—A time period in which the action of water
‘in a stabilized soil mass causes lhe mass to be cemcnted together _
. by the stabilizer. : e N CoEd

16. Dagga plaster—A mixmrc of clay and sand used as a
piaster to protect the walls and also as a mortar in laying up
-earth blocks. Often stabilizing admixtures are added.

17.. Dumb:hty—Thc rcslslance of ammatenal to weanng .
down ppa -

%

18. £mm’s:ﬂed asphalt—A m:x“tlxre of fmely divided asphalt ;
suspendéd in_water and used .in liquid form as a stablhzmg

ageritin earth blocks. . -

. 19 Fly ash—The smallesy size particle of slag or cllnkgr
a product of the burnmg of coal or lignite.

:]‘3

20. Foundation—The- lowest structural parz of a bulldmg

that connects the walls to the ground, - g L

21, Hydrometer-—A scientific device which, floating 'in Fin

liquig, is cahbrated to determine the specific -gravity. o[ €
l:qmd _ _ o : ;
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22, Impermeable-—The ability of a soili material to restrict
the-flow. or_seepage of water fo a n gnglble amount,

23. Lalerite, {atent:c-(i‘.-l-ay—sor}s—formed“under r.ropteal— R
climate conditions by the weatheritig of 1gneous rosk. Theéy '

consist chleﬂy of stable cla}s and ‘hytlromdes M iron and alumi-
num,

24 Lintel—A smail beam. t_hat is used'to span across a
window opening to support the wall above thc opemng

ﬂ'-?
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25. Liquid limits—That>moisture content in percent of dry
soil weight at which the 501] changes frorn a plastlc to a hquld
Caate, T T e

26. Mechanical analysis—=The determination of the gram
- size distribution of a soil materlal Also known as a sieve .
analysis. -

27. Moisture conient—The amount of water contamed in

th@ welght of the dry-soil ‘material in percent.

-

28, “Mortar—A plastic mix of sand, cement and possible
clay which.is..used:.to--hond. together- bu:ldmg blocks.-

| /f 29, Nogqmg—Rough earth, brick, or concrete masonry used'

1o fill in the open spaces of a structural frame. - - 2

_ 30.‘ _Opz:mum moisture content—The moisture content for
** . a soil mix in which, for a given compactive effort, the densest
specimen is obtained.

* dry wood rods which are woven into a basket llke frarne to
receive a plaster OE‘Pl‘aSUC earth.

32. Pallet—A sm
made building block:

33. Parallel—The ldeg of two lines or planes that always
rcmam an_equal distance apart. As a result, they never cross.

34. Permeable—The passage of watér or other liquid
through a soil mass.

35. Perpend:cular—The intersection of two lmes so that a
right angle or 90° angle is formed between the lines.

36. Pise - de - terre——The French term for- rammedacarth

+as a ratio of the vegtical rise toithe horizontal distance such as
" a pitch of one to three. This would mean that for every three
feet of horizontal distance, the roof would rise one foot.

. 38. Plastic limit—That ‘moisture ‘content if percent of dry

T A L B3 L L e I PR e

sta tﬁ

s

" and _hold " its shape. This indicates that the soil has cohesmn
and contains clay parucles -

40. P!a_st:c:ty mdex—The numerical dlfference bt:tween the
liguid- limit and the plastic; limit, -

1

41, Plating—A techmque combmmg stablhzed earth with
common rammed earth by placing a_ thin cemént stabilized soil
mix against the outward side of the_ form work (forming the
exterior wall face), the.remainder being compacted with an

L

157

~. - aseil matenal expressed as. the weight of the water divided by

Lo g

s

31, Osiers—A form of wéttlc made of willow branches and '

I flat board that is used to carry a flCSle.

37. P:tch—The angle or slope of a root' usually expressed_'

soil"weightat’ Which' the: $oil changés frorn 1 solid "to "a plastic”

39 Plasticity—The ab;luy “of a meist soil to be deformed -




ordinary unstabilized soil mix. Plating techniques may also be
used in the manufacture of earth blocks.

42, Poured_adobe—A‘__:m__x_t_l__l_[p _QE clay, soil, and water, of
a fairly moist consistency enabling it to be cast between form
work and then left to dry. The process of casting may either
be carried out in one operation to Ffull wall height, or in
successive operations by means of “climbing” form work. Rocks
are often embedded in the carth.

43. Pozz olan—A rmxture of fme parncles which, though
“not a cemeént in itself, will combine ‘with lime to form a cement.

~44:. Puddled mix—=A mixture-of soit-with’ “erpugh- water so
that a plastic mix which easily flows is formed, This is dis-
tinguished betweeii a moist mix whlch has Just enough water
to lubricate the particles.

v
1

45, Rammed emth—A mixture of sandy clay seil and
water, of a slightly moist consistency enabling it to be com-
pacted between shuttering form monolithic walls or in molds *
for making individual" b]ocl\s Ramming may be carried out
by either hand or machine tamping.

46. Rectangie—% four sided figure whose opposltc -sides
‘ are parallel. Al four corners are right angles. - Opposite sides -
are equal but adjacent side. are not necessarily equal.

T 47, Remforcemem—A very strong material, usually steel
rod or wire, placed in compacled soil to increase. the strength -
of the structure. o L .

A8, SamphnghThe obtammg by tlwgmg or boring of a
representative amount of a natural soil in place. Also the
separation of a small quantity of representative material from .
a larger quantity of !_og_se soil material, .. &

~ 49, Sand—The smallest’.sized portion of the coarse soil
matenals g L LB that pomon of a 5011 matcrlal whlch passes the

No 900 : : N o
50, S.’n‘:‘nkage—The decrease in. volume of a soil material ',%_':‘3‘_'

{9

caused by evgporauon of water, . . s

51. Shrinkage Limit—That moisture content‘expressed -in
percent of dry soil weight below which a change in moisture
content causes no change in volume of the soil mass.

. 52 Silt—The lax:gcr sized portion -of . the' fine gram' soil %
. particle usually defined as the material passing a U. 8. Standard
No. 200 Sieve down to the minimum size of 005 millimeters.

S 53...Slurry—A mixture with soil with enough water ‘to make
a very soupy llqu1(l that will easily pour.

54. Sod house~Houses with walis and perhaps’ roofs con-
structed of close matted sod cut into blocks. Usuall),r laid in
the wall with grassy side down. Used extensively in early Hays

- - : : - -\ = ’

153

=1

NP g e Ve e VAL Vg Ly by e g TR UL b Y YRl AR R T ARG En b 1R 1 LR g g L P S e e e A L L "‘3—“" N




“of America.

=B, - “Specific Gfav:ty—r'Phe r&no “of the- “anit- mwelght_nt_a_.__ﬁ.__;
given material to the upit we _ght of water.- .

- 56. Stabilization~The ~imiprovement of soﬂ properties by '

‘the addition of proven materials which will either cement the r
. souls, water proof the-soil, or’ reduce volumeq:hang&s L

57, Stabd:zer——A material such as portland cefrient; 1ime;

SR D

UL Ikll.\.rsldula Pei oolladin LeRivERaL L |.

cut into short lengths -as a mechamcal binder.

. asohalt amLma.n;L_chﬂmcalsL which will stablhztn_soﬂ_matenal._ _

58, Strength——-The abilltytdf a matenal to' resist applled

T ':forces “The strength of soil ‘mixes is normally considered -the -
- strengtﬁ in- shear stress and is expressed in’ pounds per square

e Filaorarme nar caliars canti m ate

59 Studdmg—Strucmral members such as wooden planks

or poles which are set verur.:ally ina wall to support the welght
"of the Todf. .

- 60, Tapm-—-—A form of adobe used in parts ‘of Afnca and
Tnmdad tsing a strong fibrous gtass; “often’ sporobolus md:cus

Ed

61. Terom—A form of construction s:mllar to adobe brlck
and “soddys’” in its apphcanon in which a sod block is cdt-in
its natiral bed in-marsh lands and, aftermsun curmg, 1s laid . o

- up on'a wall. N, _ _ L e

62. Torchis—A mixture conmstmg of {lay sml a,ud cow ’

'halr. used for building daub walls. (French.) . T

63, Tubal@-A West Afncan term “for hand made, pear
shaped “bricks” made from a mix conslstmg of clay soil, water,

- . and short. pieces of fresh or dried grass. Tubalis are laid with

* . their. wide base downward m a bed of mortar, three, fout-or
o more abreast. Consecutlve courses are plated with their base§
._'.._.'...-emterlockmg bs;ween the pointed_ top -of the lower course
: Tuball walls aré built’ WIth a taper. - :

64-,' ngas—-Poles----used as rafters for earth roof. construcuon
65, Wattie and - daub—A wcwen frame of small branches e

_:. '_wl'uch s smeared -or- daubed- with-- plasne—eartﬁ ‘the- operauor;_. SR
o ..bemg contmued untll ‘gl[ COtlStI'l.lt.thl‘l cracks are ﬁlled
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