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Chapter 1

INTRODUCTION
~ Probably one of the first homes man lived in after he carae
out of a cave, was made of earth. To be sure, the earliest known
kinds of earth construction were very crude by our standards
today. Primitive man did little more than stick mud on poles
woven closely together. But even with this, he found shelter
that was better than anything else he had except his cave. He

also had the advantage of being able to move around. He could
live wherever he wanted to.

~ Gradually, he learned that some kinds of mud made better
houses than others. And some of the best ones lasted his whole
lifetime. : ‘

7 ”'It'o"giay; there are plenty of earth dwellings in many parts
of the world that are centuries old. Man discoverad : that the

earth homes that have lasted best were in areas where not much

rain falls. A wet climate is the worst enemy of an earth house..

Today, with thie advances made in the science of soil
mechanics, what soils will do under many different conditions
can be predicted anid controlled. It is possible, even with little
skill, today to build beautiful, inexpensive and durable homes
using the oldest construction material known; the earth around
us.

Strangely enough, it is the scientific road builders who
have learned most about the way many kinds of soil will behave
under a wide variety of conditions. These scientists know, for
example, how to take soils that for centuries were considered
useless for anything and, by combining them with materials
called stabilizers; make them into mixtures that are excellent
for earth construction.

’

As in inost important discoveries; this new kiiowledge, much-

of it learned since World War II, was found by work done in
laboratories by highly trained technical men. It now remains
to make these new techniques available to the pecople who need
them most and can use them 'ov their advantage: the many
people in the world who neec good, lasting homes and who
caiinot afford to spend a lot ¢f incney to buy them, or who
do not have access to modern manufactured materials. Earth
is everywhere.

One of the great aims of the Agency for Internationa
Development is to help fulfill this need. Under its Self-Help
Program, which the AID feels gives the most help while allow-
ing those aided to keep their dignity and pride, comes this
manual as one of AID’s many technical services.

This small bcok tries to take the newest techniques de-

veloped in modern soii mechanics and put them into simple

A
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ieriiis so that alinost anyone, anywhere, can have the benefit

ot the great anount of work that has been done by the scientists.

'i‘iié &ii)’ ;iiith’t;iiiéd ;ih"d p'ai'd f’o’ir a ir'eé’ea'rch p’r'ow'e'ct b’y the'

i ga(hc ;‘m(. s[udy all available information on buxldmg
homes with earth;

5. do new research in areas where not cnough was kiiowi

about what can be done with earth; and

8. b’rin”g this_information t'o'g'e[h"c'r and present it in a

of sources; These included books, articles;: technical reports 7and

even newspapers.  More than 300 such sources were studied.

In addition; soil engineers at Texas A&M University worked _in

their own laboratories and made tests of the materials they hail
and added the knowledge they developed themselves.

This wanual tries to present its information ifi the siffiplest

wiry possxhle Because many 1hmgs vary greatly even in one
country. it is unpossxble to sa)k all thmgs to one person and

dxihcult For cxample, iii the State of Texas, alone;, what would

be best to do in the easterni part would not be at all the same
in the westernn part of the state. What would be fine in parts
of the x{xo (.mndc Valley and thc rf'XdS Gulf Coast_in the

So, [hlS manual describes breadly the kinds of soil that are
found in various parts of the world and tells what can be

expected of them: It then tells what is best to do with each

of them, leﬂE‘ or m combxnatlon with others; to make them

good enough to use or make them better with the use of

stabilizers.  And then it explamc. which of the three general’

kinds of earth construction is best for use with the kinds of

soil amnablc It also describes slmple tests anyonc can perform

that teli the builder how well he is succeeding in what he is
trving to do:

n



chapters carefully before deciding how best to solve His own
problen. - T

As inoaiy cnift, thie good \~(nkm1n has “the fecl” of his

job before hic tries to go too fur with it

This manual, it is hoped, will give hir that “feel™

v Types of Earth Houses :
CTiiere are three main (\pcx of cxrl.l h()uw that rhe lieilder
cian select:
1. Adobe.
o

9. Ramaved eiarth.
3. pressed (or machine-made) blocks.
Two other niethods that can be used ave “cob™ and “watlle

and daub,” buit uqlﬁll\ these do not mJLc the bese Lousces.

ks :'rr

-ADOLBE BI.OCKS— \\ dlls made fmm ulul)c Block

ably the most populartand one of the 0](1( st fu“m' of
housing  Adobe blocks are m de b_\ pl.l(mg d0wei UG in
boxes catled “forms.”  ‘The forms are reinsved u short time
after the blocks ave made and the adobe blocks are atlowed to
(h\ tor curey for abott a month bcf()rc thc dve used to build
a wall. ‘The blogks are h 1d together ite the wall with 2

“mortn” which can be the s.he mud used for anaking the
Islocks:

I'he waii .ul\.mtrgc adobe has over thc ot 4 piethodis s
(hn it is the siniplest method: and a 5.nhf.umr\ (hu.l. Higocan
be built with the feast amount of Construumn skill. Do ié
nght and vou Lan have strong wails that are relatively frc
froi cmcks You can also mdkc all of the biocks in YO sv):n\

tiiie aiwd store them until you are T"d(l) to use thcnl

Figure 1. Thxs hvable ‘home, built by Leon Watsen and

Associates, in Albuquerque, New Mexico, demonstrates - the

quality and natural beauty: of adobe architecture of the South-

western United States.
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Adobe has scveral disadvantages.  Adobe blocks are likely
to be. “rtough jooking” and chip ecasily. Adobe is usually uot
suited to climates that hdave more than 25730 inches of rainfail
a year:

CWalls made from adobé blocks ape’ ustially as dttrictive or
more so than rammed carth but iike rammed earth. 2dcbe
often requires surfacing for a good appeardnce. . Adobe wals
probably require less work than do-rammed edrth walis. “he

attractive house shown in Figure 1 is an adobe house covered

.with srucco.

RAMMED EARTH—In this methed, continuous walls
built by ramming moist soil into position Letween heavy woudien
forms. Svhen a short section of wall is complaeted the 1§
are moved upwaras or sideways and the process is rep
diitil the walls are completed. The ramming may be doue wii

*

cithér hand or puewniatic tampers, but cither way tne soil’ has

to be ramv:d until it’ becores dense and exireinely [irm.
Pricumatic tampers require morz skill for successful use than

Raminicd earth Has the following disadvantages:
1. It is not easy to do well: .

2. The heavy wooden forms take time, money and some

=



for pressing sc

.

tion of (hp soil tvpe; or lhe walls will shrmk zngd
they dry: '

ihc 'rvnour't of water iii'ed in the soll dur rw t

if - \uft-l'\ uom_ the flmshed wall niay Jook well withou?

any coaiing. the

finished ;,.11 o nmduce a pleasmg finish. Bon’*'”“ o

[4

SINCCO
suiface

or paint to the m.]l may present a problt.m if spo

preparation is not carried out.

A& rawmmed earth house is hown in Figuze 2:

—

AMAGTE 1‘\”-1\1»11)15 OR PRFSSED EARTH B{'
ccntls several shimple and. inexpensive machines have

il into bricks or blocks. These earth bios

many advantages. They have approxmiawly the stre c'vh and
durubility of rammed earth. Some blocks whicn h: iiéd

stabilizers (or chemicals) added t> them aré neariy

tory as burnt briek, lzmber, or ~.rtain other buxk g
At the same time, walls can be built as easxly as zioh
walls: ‘The oressed blocks dry and shrink in :r"
they are 1aid so that walls essentially crack free,
even with soils that shrink a lltlle

Walts made of pres‘wd blqcks have a very pleasing ap
ance (Figure 3) and it is not necessary to use surfzce coa
as long 2s the right soils are used. It nevertheiess

remeribered that much hard work is required for ha
mixing the souil and trnnsporung the finished blocks:

Figure 3. Marhmc-made blocks form thc walls of this house.

5
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The next two niethods are not recommended for 2 ‘w}i:'.fc,;':
you want to Jiast a l(mg time. . :

WAaTTLE .~1.‘§’D I).‘er’]i;lii this method a vcr[u.xl fromans
work of posts and poles 1§ first constricted.  "Then  oed
braiichies, ete., are woven ainoing the poles to form a b
i mid Upkister” which is applied to both sides of the fre:
work. Asiother wav is to make a double wall of poles and .
aid fill the spice bevween with mud also,  Figuie 4 shows a
wattle and daub house. : .

Shrinkage cracks: often occur in walls of this type, ang
constant maintenance is likely to be necessary. For stck peunie,
and suine clderly people, this method of constriction
priactical bocause a wittle and dagb house might need  ro
when they can teast afford to do it. In many cases P

(madm tage of the other ‘nicthods already mcnt'onui

Fl e hethod 5 not very pl"lc[lfdl il arcas where
Sp"eucs of wood are not available.
COB=1mn Lhi‘: cob iji'cthfo’d 'o'ffc'(i truction, stiff moed 5
niolded 1nto balls sgimewhat larger than a person's head. 17 jean
balls are theny piled up in thick layers to form the wall Gireetly

without the use of any kind of forms.  The mud must be stilf

cnough 50 .mt l[ wxh n()t havc a [cndcncy lo xlump F( iiimi~

\\xth a tr(mcl or ¢1s<_ [hc excess mud 15 shccd ()I[ .md

on top. T'he wall must be constructed slowly so that cari !amr

has a chaihce to harden before more mitd s sl,ukcu Onotop

of it. Workers usuzlly stand or sit astride the wa.l sevothat
scaffolding is not needed. .

) ‘>'ul

The-only advantages that cob houses have are that they
are casy to build and nced very little construction (0111pnu--1[

However, slnmkdgc cragks can usually be expcctcd and they
may be serious?

Figure 4. The right half of this residence in Greece shows the
wattle in place: Dwub will follow: - '
8 .
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Ehdpié’r 2

SOULS = AND WHAT CAN BE DONE WITH THEM

ot ail soils czn be used successfully for earth houses. A
inem will be good in nearly any type of climate. Some
of thea will be good only in dry climates. Many scils can be

W,
a
B
o3
L]

made niuia suitable with “stabilizers,” substances that told them
together or make them waxater resistant. The various Kinds of

soils. how to well them apart, and how to find ot what they

will do, will be discussed in this chapter.
Kinds of Soils
_Broadlv speaking, there are five kinds of soils: gravels,
sands, silts;, clays, and organic soils. ;
©  Gravel consists of coarse pieces of rock sarying I size from
i4" across to 37 (Anything larger than 3 inches is called a2
botilder) Cravel can be any shape—round . flai or angular—

and it can be any type of iétk:gréﬁite,rliiii'est'oné'; marble; etc.

If it {alls apart or even gets soft after being under water for
24 hours, it is not gravel.

Gravel is found in the beds of fast-flowing streains, in
areas once covered by glaciers and around mountains.
 Sand congists of fine grains of various rocks, mostly quarts.
It varies in size from 14 inch to about the smallest grain vou
S /4 . Bl h
can see with the naked eye. Separate grains too suiall to set
are either silt or clay.

N ;\;:;mzi is_found in: the beds of niost streams. except slowly
flowing ones; on beaches, deserts, aiid in areas once covered by
glaciers. ' '

'Silt is rock ground up so fine you canuot sce individual
grains with the naked eye: Silt will tend to hold togethier when
wet _and compressed. Too miich water miay niake it spongy,
but it does not get very sticky. '

Silt_may be found nearly any place: in the depusits of
slowly flowing streams, in the “milky” colored sireains coming
from glaciers or mountains or where dust blown by windsg has
settled. » .

* Clay is a natural, earthy material that is sticky when wet
but hard¢ when diy. Separate grains are too fine to be seen
with the unaided eye. There are many different kinds of clay;

come of thom will shrink and swell greatly with dryving and

wetting; whilc others will not.

_Clays can be found in_the valleys where slow-moving streamns
and rivers flow; in coastal plains, in the fan-shaped deposits at
the bottoins of mountains.

Organic soils have a spongy, or stringy appearuuice: T le
organic matter may be fibrous, rotted or partially rotred vege-

' . g
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tation; such as peat. Orgaiiic soils are very spongy when moist
and have an odor of wet, decaying wood: In nature. they will
nearly always contain a lot of water. They are dark-colored,
ranging from light brown to black.

Organic soils are usually found where water has been

staiiding for long periods, for example; in swamp areas.. The
dark-colored topsoil found in many areas owes its color to
organic matter.

The five types of soils are seldom found separately. Instead,
you will find mixtures of them, such as a mixture of sand and
silt, or silt and clay; and so forth. By combining the names

of different soil types you can describe most of the properties

of a soil mixture. For example, a soil with ‘mostly sand and
a little silt would be called a “silty sand.” If ic-is mostly silt
with a small amount of sand, it would be a “sandy silt.” Some

common examples are: sandy clay, clayey gravel, silty clay,

‘sandy gravel, etc.

What Typé of Soil Is Best for Earth Houses
The type of earth house you build, or whether you build
an earth house at all; will be affected by the type of soil avail-

able and by the climate:

Gravels by themselves are mot very good for earth Houses -

becauise the particles will not pack down and hold_together.
Gravelly soils can be used if the rocks are not too large and
if there is something to hold the rocks together such as a little

clay: Clavey gravels often work out well.

hold together by themselves, something else such as clay must
be added. In fact, some sandy clays and clayey sands make the
best earth liouses. In the absence of good clay to mix with the
sand. portland cement makes an excellent stabilizer:

Silts by themselves are not good for walls of earth houses:
Although they will hold together, they are not very strong soils.
Thev are difticiilt to compact and should not be used for

rammed earth ‘or presied block walls. Silts also lose strength
and become soft whon they get wet: In wet; freezing wedther
thes swell and lore their strength.

Silty soils caii be stabilized to make-a fairly good building
iiaterial. Portlad -cement is gocd for sandy silts and lime
works on clayey ilts:  Asphalt emulsion or -any chemicals that
waterproof such soils will do just as well. '

 Clays will pack down well if they have t?right”amo;@g
of water in them: In dry weather, though, they will sbrink

and crack and in wet weather they will absorb water causing
swelling and loss of length. They would work well in extremely
dry climates because they are very strong when kept dry; but;
usually, clays are not found in very dry climates.

N\ B o100 e
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- a few kinds of clays like the red iron- and aluminum-
bearing clays found in_the tropics (sometimes called laterites)
are very stable clays. It is common practice in these areas tc
cut blocks of clay right out of the ground and stack them up
to make carth walls. Experience of one’s neighbors with this
method will tell whether it is suitable in your area. :

Many other clays can be made suitable with stabilizers:

Otie of the best stabilizers for clay is lime. There are some
clays that shiould never be used in earth houses. They just
will not last.
 Organic soils cannot be used to make a good earth wall.
For one thing, they are too spongy. Soil that contains decom-
posing plant life continues to decompose and thus will never
“set” right or hold together over a long period of time. A good
rule to follow is this: _if the soil is good for growing things,
it will not be good for building.

Remember that the best natural soil you cai use for making
earth walls is a sandy clay or a clayey sand. 1f you happen to
have stich 4 soil, you have as good a natural building material

5 can be found. Without the addition of anything more than
water, sorie kinds of sandy clays or clayey sands can be made
into walls that will- last a lifetime—or even longer.

If you do not have this kind of soil, you might be able to
make it. 1f you happen to have mostly sand, maybe you-can
find some clay to mix with it, or if you have clay, you might
find sand to mix with it '

WHERE TO LOOK—Often you will find a situation like
this: beneath the organic topsoil; you will find a layer of sand:
Below this is often found a layer of clay. By mixing the sand

and clay together you might make a good sandy clay. Also,
remember that on the top of rolling hills (not mourntains) or

ridges you are more likely to find clays, and sands will be most
comimon at the bottom. Probably just what you need, a mixture
of both, can be discovered somewhere between.

If you are fortunate and have (or can make) a good sandy
clay mix; a wise choice may be to build your housc of pressed
blccks 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.

1f the only material you can find is very clayey, probably

you should build an adobe house. The clay causes the scil to
shrink when it dries but since you let adobe blocks dry 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

blocks, 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.

11
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if your material has too much clay in it, and not enough

sand is available, the only thing to do is add stabilizers.

If your soil is very sandy; with only a little clay in it, you

will not be able to build any type of earth house without

adding some sort of stabilizer to it. You can _probably get by

with the least amotuiit of stabilizer by making pressed blocks.

 Probably the most difficult type of house to select a soil for
is rammied earth: If the soil has a little too much clay in it.

this will cause shrinking and cracking of the rammed earth

walls when they dry. If it has a little too much sand in it
the walls might not hold up even during construction because
the shocks from ramming niight cause it to crumble. If you

do find a soil that will be good for rammed earth, it will also
be good for pressed blocks or adobe. Then, you can choose
thie type of construction you want based on which methl seeins
to be easiest for you and gives the best looking house.

No matter what_ kiiid of soil you have, it is well to bear

i mind that the drier the climate year around, the more
satisfactory the building will be, and the easier it will be to

Iin areas where weather is subject to big changes in the
course of a year, such as hot weather followed by freczes, which
occur in much. of the Teinperate Zoiies, or areas that have
definite wet and drv seasoiis stich 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
caiiniot be built in wet climates or where great changes in
temiperature occur: it just means that under these conditions,

more care must be used in choosing the 'raw materials” and

greater attention must be given to the use of stabilizers and
surface coatings.

FINDING OUT ABOUT YOUR SOIL=This is one of the
filost important jobs vou have to do. If you niake a miistake
now: it will cause vou 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 extra money for
stabilizers that you had not planned on.

You will probably want your soil to conie fyoii a place
as close as possiblé to your house.
R O 'Z‘;,, . L - -

THE FIRST THING TO DO IS TO GET SOME SAMPLES
OF THE SOILS IN YOUR AREA—Here is the equipment that
will help you do this. (See Figure 3)
1. A dirt auger to drill holes in the ground is ideal. Post
hole diggers are also good, especially if you do not plan to go
very deep. '

12
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2. Pipe extensions for the dirt auger. These are necessary
only if you want to look at the soil at a depth greater than
4 or 5 feet:

3. Two pipe wrenches. Use these for adding the extensions
© to the dirt auger. e
4, Shovels. If you don’t have a dirt auger you can use

7. A ball of twine.
8. A 6-ft. ruler.
9. Paper and pencils.
 10. One or more large pieces of canvas about (6'x6") for
soil Sém"pl’es’.

The depth to which yoii ‘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 hy hand, you probably

will not want to dig more than 3 to 5 feet deep. If your soil

will be dug by machiiie, 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

B gy



Figure 6.

through the topsoil, start collecting the soil: The soit may

change scveral 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 type. The best way to tell ‘whether
you are changing soil types is to use the sitiple tests described

in the next section. These tests require no equipment and can
be done as you dig the soil. :

Here is a typical situation. Below the topsoil you might

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,

‘yov may have several piles of different soils. Figure 6 shows

how this is done:

_ As you 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 Loles in an area that is big enough

~“to supply all of theé soil you want. If all of the holes produce
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the safic 4. ¢ o« i, comibine the same types into sepé?a'.'
; ~i e amir saniples together; and all the clay

Siiniing  some tjuxck tests, you may

izt you have should work out well.

nLeEre uF

Smce vou h:;;z(- saved all of the soil f.om the hoi

you might
g the sand
pile Hvr at the beginning, separate all the

‘¥ag iintil tou are sure of what you have:

find you have the right tiixture simply by mixi
and clav
differen:

Wian
completel ot
bag with the huh_.\, “and the depth tha; it carie f{iom,
These bugr o s i bz used for the tests -that will decide
the tvpe of 50t von have and the type of house you should build.

;f.:Fi'r";? i}i;ii Vbij have emmmcd an #rea
Labe! each

Hew to identify Soils

7 plere e seme simple tests that wxll tell you wh t kind of
soil you haver Do all of them on all your sa’nplch Be sure
that he camples inag you test accuratelv represent the soils
you will use in oaitding.

~Jf Vo ire testing sands or gravels, first dry the coxl b'

heating oy stirebitiig i <'wm’p’!P in the sun: M

shaped pile. ainid carefully divide it into four equal samples as
shown in F
sample and set aside the other two. You should end up with

about a shovelfis! of soil.  If therc is too much soil after oné

suLh S(_’pli" icn, ‘c'cpc it t‘\e process of dnixdmg and discarding

sure 7. (mr‘bmc two opposite portions into one -




IISUAL. TESTS—The appeavance of a svil can teLl you

sonie important things about it. First spread the drled soil

out in a thin layer on a flat surface. Then roughly separate
the sand and gravel sizes by hand:

Do thls by putting all of the parucles from the largest
down to zhc q’n’i;illes( that *ou can see with the unaided eve
in one pile. This will be the sands and grdvels What is left
(norimally, this wiil be very fine powder-like materials) will be
the silts a1 d clays. If the silt and clay pile is largeg than the
sand grave. plle call the soil silt- clay for now and remember
this. Other tests, described later, will tell you which it is

If the saiid aiid gravel piles together are bigger, you have
a sand or a gravel. Decide which it is by puttiiig all of the
particles larger than 147 (gravels) in one pile and all of the
smaller particles (sands) in another pile. The suil is gravelly
if the gravel pile is biggest and sand'y if the sand pile is biggest.
Rt"m'("n'lb'cf}‘ which it 1s.

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

Take a small handful of the entire sample (not just the

sand and gravel), get it moist but not soupy, squeeze it

into a ball; and let I[ dry in sun. If it falls apart as it

dries: call it “clean.” Clean sands and gravels are not
suitable for earth houses unless they are mixed with other
materials.

Here is what you do if you have a silt-clay soil or a sand or
gravel that is not clean:
Take the entire sample and collect all of the soil that is

smaller than medium sand (1/64”) by sifting through a

very fine screen or a piece of coarse cloth. The tests

descnbed below should-be made with this fine material;

WET SHAKING TESTS—Take enough of the sonl to form
a ball the size of a small hen’s egg and moisten it with water.

The ball should have just enough water in it so that it will

hold together but not stick to yoor fmgers Flatten the ball

slightly in your palm and shake the ball vigorously. This is

done by jarring the hand agamst some firm object or against

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 to the surface and gives the
]iveri ﬁppeﬁfﬁiite) Theﬁ Sq"ue’eie the Sﬁiﬁple betWeeﬁ ?6Ui‘

appears.

The followmg are terms- used in descnbmg the Speed of

K

iEN

1. Rapid~When it takes only five to ten taps to bring
water (o the rurface, this is called a rapid. reaction. Squeezing.
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so the surface looks dull. Opening the band quickly. should

accomplish the samc_result. Continued pressure causes the
sample to crack and finally crumble. This type of reaction is
tvpical of very fine sands and coarse silts. Even a little bit oi
clay will keep the reaction from being rapid.

5. Slugzish (or Slow) Reaction—When it takes 20 to 30 taps

:0 bring the water to the surface, you have a sluggish reaction.

T \\\ ) ,{ .

Figure 8a. Rapid reaction to the shaking test.
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Figure 8b. - Slaggish reaction to the shaking test.
Squcczing the sample after it has been shaken will not cause®
it to crack and crumblé. Instead, it will flatten out like a ball
of putty. This shows that the soil has some clay in it.

8. T'ery Slow or No Reaction—Some soils will not show

any reaction to the skaking test, no matter how long you shake

thiem: The longer it takes to show a reaction, the mare clay




ihc soil contains. These soils will require the other iens
deseribed below before vou can tell mucli about ii‘.c-;n'.

"THREAD TEST—To-a liih’i'p’ of sml about the size of 'a*x

olive, mix Just cn()ugh witer so the lump can be casxlv moided
in vour hands; but is not suclu Next; on a flat clean surface

mll o1t the soil into a thread. Use the pdlm of vour hz :nd or
fiiigers and exert just enotugh pressure to make the soil .thread

ti

- -

Figure 8c. A soil that did not react to the shaking test.

19 _ )




Figure 9. The thread test.

get contiraally szller:  (See Figure 9) If it breaks before you

roll it ou: to a 14" diameter thread, it is too dry and you need
v - PR © S P g z@-— - P PRI
te add scme more wates to it. When the soil is at the right
moisture content, the thread will begin to crumble into several

smail pieces jus¢“when_ you get it to a diameter of 14", 1f the
thread does not crumlle and break at 14”7, lump it together

again, knead it info oue lump, and repeat the rolling process
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until the thread crumbles at 7% dlameter {(Yhe thread will ;
cventually crumble because it drles as you keep rollmg it out)

a i)all and see how miiich pressure it takcs to squeeze the ball
between your thumb and forefinger. .

This test gives an idea of how much clay is in a soil and
also what tvpe of clay it is. If the soil crumbles easily and
you cannot roll the soil into a thread at any moisture content,
‘it means that the soil dog:s not have any clay in it. Here are
sorme of the other reactions you can expect:

1 Tough Thread—1f the remolded ball can be deformed

only with a lot of effort and it does'not crack or crumble when
you do it; your soil has a lot of clay in it. It probably will
not be good for earth walls unless you use a stabnlnzer

2 Medzum Strength Thread—Thns kmd of sonl can be

fmgers, it will crack and easnly crumble. This soil. may befgoog
but _may require some stabilization for certain areas. Check

3. Weak Thread—Whea the soil has a lot of silt or sand
and very little clay, you will find "that the threads cannot be
lumped together in a ball without completely breaking up or

crumbling: This soil may be good for earth walls; check Table

1 to be sure:

4. Soft, Spongy Thread—Sometimes you will find that the
threads and the ball that you make with them will be spongy
and soft. You can squeeze the ball between your_ fingers, but
it acts like a sponge and bounces back. When this happens, the
soil is orgamc and it’s not suitable for bunldmg earth houses.

_ RIBBON TEST—This test gives aboiit the same kind of
information that the-thread test gives. It helps to do both tests.

Take enough soil to form a roll about the size of a cigar:
The roll should not be sticky, but wet enough to permit being

rolled into a 14” diameter thread without crumbling; as in the

thread test. Put the roll in the palm of your hand and, starting

at one end, flatten the roll by squeezing it between the thumb :

and forefinger to form a ribbon between 14” and 14" thick.
(See Figure 10.) Handle the soil very carefully to form the

maximum length of ribbon that the soil will support. Sec how
~ long _the ribbon will hold together without breaking. The
reactions you can expect-are described below. —~ s

lﬁ. Long szbons——W:th some soils the rlbbon w111 hold
together for a length of 8 to 10 mches without breaking: This

means that the soil has a lot of clay in it. Soils of this type

will make long-lasting earth walls only if they; are stabilized:
9. Shori Ribbons—If you can—with some difficulty—ribbon

the soil into short lengths of about 2 to 4 inches; the soil has
21
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3. WII Not_ Rabbon—Some soxls cannot be formed mto

ribbons at all. _This means that they contain either a very
""""" ~-Such soils with a little

22 26
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clay may inake good ranined earth walls. 1f the soil is all sand
it is not suitable unless stabilized heavily with portland cement;
to be sure, check Table 1.

 DRY STRENGTH TEST—This is another simple test that
‘will help you determine how much clay you have in the soil:
Prepare two or three wet pats of the soil about 14” thick and
17 to 27 wide. Use enough water to make the soil quite soft
but still strong enough to hold its shape when you form it into
pats: ‘Then aliow the pats to dry in the sui or in an oven

1. High Dry Strength—If the sample has high drv strength
it will be very difficult 1o break. When it does break it will
snap sharply. like a crisp cookie. = You will not. be_able to
powder the soil between your thumb and forefinger. You may
be able to crumble it a bit with_your fingers, but don't confuse
this with powdering the soil. Soils with this feaction have a
lot of clay in them, and they will be satisfactory only if
stabilized.

2. Medium Dry Strength—When a soil has a_medium dry
strength, it will not be too hard to break the soil pat. With
a little effort vou will be able to powder the soil down to its

soil i5 good but may require a stabilizer to reduce shrinkage;

check Tible 1. )

3. Low Dry Strength—A pat with very little clay will break
without any trouble. It will powder easily. Pats of very sandy
soils _will crumble in your hand before vou have a chance to
check Table 1.

The four tests described above are the most important ones
and it_will pav you to use them all in finding-out about your

- s0il. There are some other siifiple tests that will also aid you:
Use them if you need to. They are given below.

ODOR TEST—Urganic soils have a musty odor, especially
earth walls. - ,

781;?251/ TESTS—This is a quick and useful way of identifying
sand; silt

lightly between your teetn. Identiiy the soils as follows:

r.

. __—=—t 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:

3. Sitty“Soils—Silt_grains are much smaller_than sand
particles and although they wiil still grate between the tecth,
23 P

or clay.. Take a small pinch of the soil and grind it -
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.. TABLE |-- -
. SILT-CLAY SOILS o
If the silt-clay pile was larger than the sand and gravel piles together,
then use the Table below to delermine what kind of soil it i,

—— emm e 4 ————— ———

Names of
Soil Wet Shaking

Test

HReaction o Dry Strength

Test

Thread
Test

Ribbon
Teat

Additional

Tests

Suitability
for Earth
Hories

éiii’)iiiiers Comments

Very fine
sands, silty
fine sands,
clayey fine

gands, clayey

Bi_lts

Siltsvery

May be rapid
to sluggish,
but never
very slow

Low tonone:  Weak ihréad  Short ribbons : Wishis off

usually none

tono - -
strength in
thread

may not.
1ibbon at
all

hands exsily.

Will not

stain hinds

" Ysually . .

suitable for
all types,
particularly
adobe if
stabilized

Portland ___ " Maybe -
cement. most  affected by
suitable. frost
Asphalt

emulsions

also work as

domost
waterproofers

May be any-
thing-frum
sluggish

to none

May be low
to medium

Weaxk to
meditm
sfrength
thread

Short ribbons

Should not be

used if pos-
sible, Stabilize

heavily if
necessary to
use

Will usually
require sur-
face coatings
in addition
to stabilizers

Portland
cement,
asphalt
emulsions -
if soil is

Gravelly
clay,
sandy ola,,
8ilty clay

May be very
slow to none

MZW be
mediutm to
high

Medium
strength
thread

long ribhons

Will usually
require stabi-
lizers moat

suitable for -

rammed edrth

and pressed

. blocks

Can be very
good it
amount of __
sand or gravel
in high

Lime
Sand -
Gravel

Clays:
fat clayn

None

High to _
very high

Tough
thread

Long ribhons

Very sticky
when wet,
difficult fo.
wash off of
hands

Shoald riever
lie used for
sarth hooses
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Organic s, Sliggish ~ Lowto
medium

ciays

Short ribbons
pr may not
tikbon at all.
Sponigy feel

Weak thread
and feels
SpOngy

A pat of
muist s0il -
has & mushy
odor when

_ heated

Skiiild riever
be iised for
earth houses

Organic silts, Mayhe very_
organic clays  slow to none

Medium to
high

Weak to - Short ribbons,
fiediii.  spongy feel
Thieads feel -

SPONRY

e

A pat of -
moist soil .
has a mushy
odor when
heated

Should never

sarth houses

e s e T e i e e T

If the gravel pile was |
Table below to d

GRAVEL SOIL8

arger than {he sand pile, then use the
ecide what kind of gravel it is.

Silty gravels, Rapid
sand-silt-
gravel
mixtures

usually none

Low to nol_le.

No strength will fiot
of thread rilibon

Fine material Usiidlly siit-

washes off
engily, Will
not stain

ableif it is

first stabi-
lized; 1f
almosta
“gleun'_ __ .
grave) it may
he necessary
to first add
more fines

cement most
suitable.
Asphalt
emulgions

may also
work.

May be_
affected
by frost

Clayey
gravels,
gravel-sand-
clay
mixtures

very slow

Mediuri Ghort ribbons,
gtrength may be long
thread

Finer
muterial
fiot easily -
wishad off
of hands

May be very
suitable for
all types of
earth houses,
If almost
clean, it may
he necassaty

Lime most
suitiibie,.
Portlind. _ ..
coment may
work if __
&it] mixes
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TABLE | (Cont'd)

Names of
il

Additional
Tests

iiibi)on
Test

Thread
Test

Dty Strength
Teil |

Reactivn to
Wet Shikifiz
Tei

Suitability  Stabilizers
for Earth
Homes

Clean.

gravel Not necessary to run these iusts on clean gravels

Not suitable
for earth
houses, Can
be mixed
with fines
(silt or clayi
{o make suit-
able-sails for
carth houses

i well

 Comments

et i

graded, will-
b very good
for aggregate
in concrete
for
foiandations

SAND SOILS

It the sand pile was litger than the gravel pile; then use the
Table below to decide what kind of sand it is.

Sil Fine material
.. washes off
easily: Will
rot stain
hands

Will not

Lowto none, No strength
ribbon

ty- LOW -0
usually none  of thread

sands

Usually sait-  Portland
ible if stabi-  ccment
lized. If alrost is best.

a “clean” sand Asphalt .
it maybe _ .emulsions
necessary to - may work
add more fines

clayey fines

Sligrish o
very slow

Fine material
not easily
washed off
of hands

Short ribbons
hut may be
long

Clagey Mediam Medium

gands

Lime is best.
Portland
cement will
work if
“soil- mixes
easily

Usually very
suitable for
all types of
earth houscs
If almost
clean, may
add some
clayey finies

L,

I

Cledi

sands Not necessary to run these tests on clean sands

Not suitable  Clayey fines
for earth

houses

ailoss rixed

with finecs

If well-graded
will be good.
for agpregate
in.concrete ___
for foundations

—
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they are not particularly objectionable. “They feel a lot sinpother
than sands. .

3. Clayey_ Soils=The clay grains are not gritty at all.
Instead, they feel smooth and powdery like flour between the
tecth. You will find that a dry pat of soil with a lot of clay
in it will tend to stick when lightly touched to your tongue.

SHINE TEST—Take a pat of either dry or moist soil and
rob it with your fingernail or the flat side of a knife blade:
if the soil contains silt or sand—even with the remainder being

clay—the surfice will remain dull. 7 soil that has a lot of clay

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 ro wash off. Silty soils
feel powdery like flour, but they are not too difficult to wash
off. Sandy. soils rinse off easily. :

' Color is important_in classifying soils. Olive-greenish and
light brown to black colors may mean organic soils. _Red and
dark brown colors may come from iron in _the soil. Soils with
a lot of coral; limerock; gypsum; and caliche may be white or
some s-ade of gray.

~ After you have done all of the tests given zbove and have
cecided what the reactions to them are; you a1~ re..y to use
Table 1. It will tell you exactly what kind of »oil you have
anid what kind of house you can build with your soil.

Here is the way to use Table 1: Suppose you found that
your soil was a gravelly soil. This means that the sand and
gravel piles together were larger than the silt-clay pile; and the
gravel pile was larger than the sand pile. Use the gravel chart
ifi Table 1—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 strength: Then your soil would be a silty. gravel. It would
not be suitable for earth houses without stabilization.

Getting More Exact
Of course, the tests just described are pretty crude accord-

ing to the standards of a soils engineer. But once you have
performed them a few times and “get the feel” of your soil

they will give you the information you need.

~ However, in_order that you might know what a soils
engineer would 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 tésts yourself, or have someone do them

for you, tables—similar to Table l1—can be used to determine
more accurately the type of soil you have and what can be done

with it. The tests are described in detail in Appendix A.

27
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1. Gradation tests will tell you more exactly about the size

of soil particles. There are two techniques of doing this; a

simple method which_ uses little equipment; and a more com-
plicated method involving sperial equipment;

‘9. Lineal shrinkage tests are a fairly accurare 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.

Tests on Blocks
The simple field tests ‘you have done tell you much more

than you knew about your 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

you to make some actual blocks of the type of construction
recommmended for your soil in Table 1. Tt takes about a month
to make, cure and test the samples; but it is worthwhile. Your
house, well made; will last a lifetime.

It is best to use actual size blocks as test samples, but if
you are testing many different soils, or onc soil with several
stabilizers, this may require a large quantity of soil, ‘Them,
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.

1f Table 1 shows that your scil might work with more than

one type of earth construction, thea the best thing to do is to
inake 7 test samples of each type recommended, test the samples,

and then decide on the type of construction to use.
When you have done all 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.

 Here is what you do for thie different types of earth con-
struction:

.~ ADOBE—First; see how water mixes with your soil: If it
doesn’t mix easily into a smooth mud, but instead sticks to
everything including your mixing tools, it won't make a satis-

factory adobe house. (It contains too much clay:)

_If you still would like to use adobe construction anyway,
you 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 lime. o

paris 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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very important; so, do it well:

Then—whetker your soil has stabilizer in it or not—gradu-

ally add water until you have a ‘thick mud. You can tell witen
it is right by running a pointed stick through it. If the bottom

of the groove barely closes due to its own weight, it is right

Place your wet soil mix in a form box. Figure 11 shows

a form box for small samples that has enough space for cight
blocks, 6x3x2 inches: '
You can be sure the forms are properly filled by working

the mud around 2 bit with your hands_unti] there are no more
air pockets. Scrape the excess mixturé from the top of the form

with a board or the edge of your shovel.

29



Let the form sct about fifteen minutes so that it can be
lifted off the blocks withoiit the blocks losing their shape very
much. If the blocks slump or settle, you have added too much
water and you shotild begii agam

%f:er a fcw days turn thc blocLs on edge and let them cure.

If the test blocks contain a stabilizer, they should be

sprmklc(l for at least the first week; or else kept fully covered

to keep them moist: Blocks should be_protected from rains

with amthmg that will keep the water off them. At all times,
however; air should be able to get to them.

While the blocks are curmg if large: open cracks appear,

you carn tell without waiting for four weeks that they contain

too much clay. Full size adobe blocks shouhl not have more

than 2 or 3 narrow cracks and these should not go coimpletely
rlnougn the block. The small 6x3x2-inch blocks shoiild not

have any i:izitks at all. If the blocks van be criifiibled easily

When the adobe blocks are fully cured they are ready to
be tested:

PRPSSTD BL. O('I\S AND RAMMFD EARTH—One of the
differerices between making adobe block and prcssed block or

rainnied earth lies i the amount of water used in preparing the

soil. Adobe, we wnll call “wet’’; the others should only be

“mivist.” It is important to get the right amount of moisture

ii the soil. Proper and complete mixing is also essential.

To chcck thc monsture cont“nt take a handful of monst

orange. Press it togelhex as flrmly as you can: Then drop it

otito a hard surface fromi shoulder height. If it shatters into

picces so that it is zl)vut the way it-was before you molded it,

thc’mmsturc 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 ball that holds toge'her, or if you can crumble it easily
between your fingers, it is too dry. This test will apply whether
the soil is stabilized or not.

trial prcssed blocks or rainmed 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 should apply about 300 pounds for every square inch
of block surface so the molds will have to be able to withstand
a lot of pressure. Make each of the trial blocks exactly the

same way.

Remove each block from the wmold and allow it to cure the
same way as the adobe, for four weeks. Look for cracks in the
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blocks during the curmg penod If full si

more than one narrow crack in them, they wiﬁ not be suitable.:

it should be coatcd_
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with il hcfmc tising it. Then make a tampcr for ramming

Ctlic ¢irih. X siinple tamper can be made by threading a heavy,

Hit-Eiced! picce of nictal on to a piece of pipe: (See Figure 79%.)

Fill the form (ot mcludmg the collar) about 34 fuil of

loose well iixed soil and ram it 50 times. Then put the same

Aot i the forin again, and ram it 50 times. You should
ciid up with a I)lock—made up of 2 layers—shghtly 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
the same way as all the others. : S
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Remove the forin from all blocks except the last one inade
and cure the blovks the same as adobe. ‘The last block shvuld
be caretutly cured inn the forn® If the soil shriiiks away from

the forin as it dries; it will not be suitable for rammmed earth:

FESTS ON RLOCKS—After all test blocks have cured for
at least four weeks, the test described below can begin.

blocks will soak up water aind whether the water will cause

ther 1o swell, 1t should be doiie on every soil you inten:d o
use in earth walls, regardless of the type of construction _used.
If vou have several soils available and are trying to decide
which one to use, this test can help you decide:

Fquiptient and_supplies needed:

I. ‘I'wo of vour seven blocks of each soil mixturc.

5. A shallow pan that will hold water at least 17 dcep,

and large onough to hold several blocks at once. Use hcavy
wire grating or mesh to_fit in the pan for the samples to rest
on: ‘I'he grating should be placed in the pan so the samples
will be in ig” of water. Support the wire grating in scveral
places so it will not collapse when several samples are placed
on it. Make a Hole iii the side of the pan at the correct tevel
so that the water-will not get higher than i4” on the samples.

Then, by letting a small amount of water drip in the pan and
run out of the hole you can be sure that the samples will always
be exactly 14" deep in water. Figure 14 'show§ how one of these
pans looks. e :

Figure 14. Laboratory facilities provide close control of special

soil tests such as the absorption test above. This test may be

performed in the ficld with minor modifications.
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CRUSHING DISTANCE ;_!

-
BISTA NCE

ZL-2" WO0D BLOCK
Sl A _TesT BLOCK 3

J

Figure 15. Sl'riiiiié lever test for determining strength of blocks
(see Table 2).

3. Fine wire screen (like ﬂy screen) to be placed between

_the -blocks and- thc—mre"gralmg “to~Keep~ ‘weak samples from

failing lnrough the wire grating.

4. A LI ,[gler divided to 1/‘6lhs inch wnth at least 1 inch
Adivided into 1732nds incl:

5. Wax paper or p]astnc sucks, if available. Get the right
size to fit loosely over the samplcs These sacks are 1ot abso-
jutely nocessary but they will make your test morc accurate
beczuse they keep witer from uapuratmg from the samples.

Ihev arc most useful wlien the test is perfnrmcd in hot: dry
~ather.

6. A supply of cleaii water:
7. A clock or watch.
8. A forin such as shown on page 37:

The test starts as soon as the block toucnes the water.

Biocks are.stood in exactly 14" of water. As they soak up the
\sater, you will see a_wet line extending around them. After

5 minntes, with your ruler measurc the height of the water .

line ahove the bottom of the block. Often this lme ‘will not

he straight arid ]ucl Afeasurc the best average helght you can
wct_to the nearest i 6. Measure again at the following times:

1. ©. 4, 8, 24 hours; and once each day thereafter or until the
34
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© 1 of the block, The heights that you
medsitre sl be sritten down on your forﬂi Also, write
D obee, thie water rises to the top of the block

water reniies i

down the

and all of the b wet,
If vt o o comen weighing the blocks each time you

measuie §uiohs il wive a Hhetrer idea of when the block stops
absorbing watei.  Dovie ds a space for the weights on the form.

o chedk ol the block swells, measure the longest

side of tho awel 0 s nearest 1732”7 before the test starts.

A[ [’V‘ 1;1 i .|
sarne p B
lht‘ fori. N

A oot 1R e esl your hlocLs for stlenglh is nt the end

Gf the whsorption 4o, hotadse they are in their weakest condi-

tion thems Hhen oboan A48 sooult ds ‘he wate line reaches the
lop or’ thie bicen A will this the “wet” strength of thie block:

PppNaTH TEST < The stren"lh of soils 1s Llctermmed

cessIVE 9(xcngth) rather than by pulling

3 ‘T'his test is very lmportant for earth
dove with a great deal of care.

o easure the block again at exactly the
Y ivo a place for these measuremmeriis on

by criishing 4_{’7“"

apart preqisite s e
Hotses it shicanid

kquvm-n::r il ~upphes ncedel
1. Two ol y.')m dried, cured blocks plus the two absorpuon

test blocks: "The size and shape of the blocks is very important

Flgure 16. In tiié laboratory a universal test-ng machme can

be used to determine the iiriconfined compressive strength of

a s’ﬁmple. The sample buing tested is a CINVA Ram block:

35



| AP
’ Figure 17

when testing a soil to determine its compressive strengtli. "They

_ should be roughly twice as long as they are wide. Your 6x3x2-

inch blocks are ideal, but the rammed earth blocks should be
trimmed to size first. Do this carefully so the blocks are not
damaged.

9. A way to apply and measure the load to crush the

4!

blocks. In commercial laboratories they use a machine such .

as shown in Figure 16. Another way is to use a hydraulic jack
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with 2 gage on it that will accurately measure the crushing

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

sinple; lever type machine such as the one shown in Figure 15.

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

" The methods discussed here will be easy ones whith require
little or no equipment. If you have any of the Detter equip-

ment mertioned above, the test procedure- will be about the

same. The results will be more accurate, of course

The biocks 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 loading.
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
Location of Soil _
DePtH_ . oo cieeeens seceeeefiesiee e i .
Type of Test Block (Circle One) Adobe Pressed Block Rammed Barth
Amount and Type of Stabilizer . O S
S ___Absorption Test S

_Heightof  Weight of _Height of ~ Weight of

Water Line —— - B‘lt’x};f _ B Water Line Block
Time No.1No.2 No.1No 2 Time No:1No.2 No.1 Mo.2
0 < 2 days D —
5 mins. —3 days - .
1 hr, — 4 days . e —
_2 hr: : - S days -
4 hr. —_ . 6 days
S hr. . 7days .
24hr. - S '
Time for water to reach top of block e eeeaernn e e memens s
Length of block before start of test .. ' -
Length of block at end of tee!. - -
Strength Tes. I/'

H
H

. Diy Blocks / WetBloc.a
. Block1l Block2 — Bloch: 1 Block 2
Area of block, Arex of block;
square inches — squaire inches —
Crushing __ Crishing _.
distance, ft. distance, ft.
Crushing Crushing
strength — - strength

“Bimple” Strenzth Test

Block 1 (circle one)— o G Lring verv stitf, bard
Dlock P I "Very sott,  soft, medium; stiff, verystiff, hard
Block 2 (elreleone)— . o . e )
ock 2 (clrele on’re)n? soft, soft, ,h medium, stiff, very stitf, hard
B Spray Teat L

Depth of Pits " Block 1 Block 2
Remariks e e e e e
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block under ‘the iever and apply the load. Flgure 15 shows

a 156 gonnd man snttmg on the lever, but you could also hang

a b o[ stones or water (or any[hmg weighing 130 pounds)

fromy e IL er: Start with the man or weight close to the

block and move slowly outward to the end of the lever unul
the block breaks. Then measure the distance from the end
(or chain) to the weight. Call this the Breaking Distance:
From Table 2, you can find the crushmg strength of the block.
For in-between dimensions not -shown in the Table, you can

estinuite with good accuracy.

hmx.. ‘5; vou can still estimate the wet.- st,rengt,h” Qf blocRS‘

f()Uo': ing iﬁe absorption test. (All dry blocks will be “hard,

strgngth between several blocks without some sort oOf equip-
ment) For this; use the sxmple" strength below:

“Simple” STRENGTH TEST—The feactions that you can
expect to this test are as follows:

Very Soft— I‘he block can be easxly pmchcd apart thh only

With the lhumb" call it “soft.”

Mediuin—If the thumb will penetrate a block about 1 inch
with moderate effort, it is of medium strength:

szf—Soxls whlch are stiff can be indented with the thumb;

but only with great effort:
¢ Very Stiff—The soil cannot be penetrated at al' with the

thumb, but it can be penetrated with the thumbnail.
Hard—Very difficult to dent with the thumbnail.

TABLE 2
- CRUSHING STRENGTH OF BLOCKS FROM SIMPL LEVER TEST
Area of
Block in ~_ “CRUSHING DISTANCE"—- -
Square Dist. (Length From End of Lever-To Weight
Inches “B” For Blocks of Strength Shown)
- B 100 psi 125 psi 150 psi 250 iiii 3"(Lpsl
4 12;; 3;_0;; . 340107 47 Zro10rre g7
41/6 12;; 3r.prr 4r-4r 4720 Jrogrre 51.211%
5 127 3r-107 410" br-gn 4’-107* 51-9rr¢
5% 127 4127 57-47 B4 br.4r1e 67-47% _
6 127 4= 57-97 6’-117 5r-91% Gr-127*
614 127 5’07 2?-3!{ q:-67 6r-37* Tr-Goet
7 127 57-5* (5104 8712 . -1 629118 gr-17%
% 127 b9 | .27 128 144 7200 gr-grr*
8 127 67-27 T7-87 .§2-37 7:-R7* 9r-377%
18 67 67-11" 8.8 107-57 8r-gne 107-57*
19 67 Tr-47 9.2 11°-0” gr-27* 117-07e*
20 - B 7187 Qe 7 117-6* gr.7re®  117-677%

Where *_ appears, use 2 _men (or 260# weight) on lever. Measure

distance from .point “A" of lever to center of the weight.
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The only blocks which will be normally suitable for eart:
housss. are ‘those which are called “hard.” *“Very stiff” ones

blocks (call thxs the dry strength) and on wet bioc}cs after the
absorption test (call this the wet strength): Always use at

iezst two of your blocks to determine their strength: Use the
average strength of the two blocks.

SPRAY TEST—This test tells you how your block will hold

up in a hard, .driving rain. Most accurate resuits require

laboratory equipment, but there is also another way that is
satisfactory. =

Equnpment and supplies needed:

!. Two of your seven blocks of each mixture:

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

3. bome wxre mesh covered with fly screen, such as used

4. A water supply that will deliver a faxrly coiiste ot

pressure for two or more hours...The water pressure usually
used is 20 pounds per square inch.

5. An accurate gage for measurmg water pressm-e Mount

the gage in the pipe supplying water to the spray nozzles at
a point necar the nozzles.

6. A copy of the form shown on page 37.
A set-up for the spray test is shown in Figure 18:

Place ‘He wire mesh on bricks or wood blocks so it is

suspended a few inches off the ground. Then put the test -

locks on the mesh with . thieir largest face square to the spray

fnozzles and exactly 7 inches from the nozzles. Start the water
spray, keeping the water pressure as close as possible to 20
pounds per square inch.

After two hours ot spraying remove the blocks and examine

them closely.. Measure the depth of pitting or surface erosion.

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 the spray test on
your form with the results of the other tests so you wrll have

4 permanent record of all of the tests.

Now that you have doiie these tests, you must look at the
resuits and decide whether your blocks are suitable for making

earth houses. Remember that soils vary a lot. It will be hard

—even with these fine tests—to tell exactly how your soil will
act: But if you use the tests wisely, and benefit from your
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neighbor’s experience with earth houses, you should be able to
buiild a safe house:

Start bv looking at the results of the spray test. If you
live in an arul (dry) area—one where the rainfall is less than

20 inches per year—then your bricks are sausfactory if . they

have some pitting, say 14" to 14” deep.
If you live in an area where the annual rainfall is ‘between

20 and 50 inches per_ year,rthen the blocks should have only

If you live in an aiea where the annual rainfall is greater

than 50 inches per year, then your blocks should have no pitting

at all, but slight roughening of the surface is to be expected.

For the requnrements above, it is assumed that adequate

prbtéttldh from splash exxsts Thls means that elther the

blocks do iiot. get splashed or that the blocks in the splash
region at the bottom are prott:cted )

1f your blocks do not meet the reqmrements above; then

you iﬁust do something to them if you want a long lasting

house. Here are some things that you can try:

,,fj; Change the amount of sand in your soil mix. %mé;
times more sand will help. It’s worth a try. '

2./ Try a surface coating. - (See Chapter 14) One of the
main reasons for. the use of surface coatings is to reduce the
3
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amount of erosion due to the weathering simulated by the

spray test. When you test a block with the surface coating

of your choice; the entire block must be coated even though

you will coat only the outside face in the actual building.
3. Try adding one of the stabilizers discussed in the next

chapter: Even small amounts of lime, cement or asphalt will

often increase the resistance of blocks to spray tests. In fact,

you might try anything that you have in the way of waste

products. But you should remember that the addition of
stabilizers will also change thc way the soil acis as far as. strength

and absorption. For example, small amounts of lime and
cement may decrease the strength of the soil shghtly So when
you try a stabilizer, you must also start all over again with the
other tests such as the strength and absorptlon

zinalyze than those from the spray test. All soil blocks and even
burnt clay bricks will absorb some water. (In fact, during
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 absorb little water, and which
will not swell or lose §trength during absorption. Unfortu-
nately, this will occur with only a few unstabilized soils. How-
ever; by looking at the absorption test on earth blocks in
connecuon thh the strength and length changes of the blocks

absorpnon test alotie.

Blocks made of clayey soils will take longer to absorb

moisture than s:mdy blocks, but walls made from clay blocks

will .ibsorb more moisture over a long period and the moisture

will creep higher in the wall. In dry areas—less 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

wet. On the other hand, blocks which absorb a lot of water

will not be suitable in very wet areas even if they are strong.
The inside of the house will be much too damp and wet to

be com fortable

Stabilizers can rediice the absorptlon Asphalt emulsions
do well on sandy blocks. Lime works on clayey blocks and
will also iricrease the wet strength and reduce the swelling.

Length changes during absorption on small test blocks

(those less than 6 inches long) should be less than 1/32 inch.

On large or full size blocks, allow no more than 1/32 inch for

a block one fobt long: If thxs amount is excceded it can be

properties sgch 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 swell-

ing: Unlike blocks which show too much spray loss; "those

whnch swell too much cannot be protected by surface coatmgs
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The water will eventually get through the coating and coating
will crack when the blocks start to swell.

Strength of your earth blocks is an important factor. Adobe
and rammed earth should have a minimum dry strength of
250 pounds per square inch. Pressed earth blocks should have

4 minimum dry streiigth of 300 psi because they are used in

thinner walls. Most soils will be this strong when dry unless

they are very sandy or have a lot of organic matter in them.
But the wet strength of the blocks after absorption is even
more importaiit -than the dry strength: Tests have shown that
the wet strengtlis should be at least one-half of the dry strengths.
~Lhis ineans that adobe and rammed earth should have a
inimun_erp strength of 125 pounds per square inch and
pressed blocks should have a minimum; strength of 150 pounds
per square iich. /

In dry climates—less than 20 inchcs:of rain per year—you
can get by with 100 pounds per square inch for adebe and
rammed earth if you use a good surface coating and if the

dry strength of your test blocks was high enough:

given above for dry strengths. This means 250 pounds per
square inch for adobe and rammed earth and 300 pounds per

from the origmnal seven. It is a spare in case one of the other
blocks breaks. But you can also use it for some special tests.

SUMMARY OF TESTS ON BLOCKS )
Leéss than _Between 20 Greater than
20 inches and 50 inches
rainfall rainfall

per year per year

Spray Pits less than Pits less than No pitting of sur-

Test * Y-inch deep. 14-inch deep. face, slight rough-
. ening &llowable.

Dry  Minimum of 260 psi Minimum of 250 psi Minimum of 250 psi
Compressive f for adobe and for adobe and

Strength- rammed earth,  rammed earth,- . rammed earth.. .
Minimum of 300 pss Minimum of 300 psi Minimum of 300 paf

for pressed blocks. for pressed blocks. for pressed bloka.

Wet _ Minimum of 100 psi Minimum of 125 p3i Beat soils will et

Compressive for adobe and .. for adobe and requirements for

Strength rammed earth with rammed earth, dry compressive_
good surface coat- Minimum of 150 psi strength. Can be
ings, 175 psi for pressed blocks. somewhat less.
without surface
coatings: Mini-__
muom of 150 psi_
for pressed blocks.

Length Maximum of 1/327 Maximum of 1/327 Maximum_ of 17327
Changes for 1 foot block._ for 1 foot block. for 1 foot block.

Absorption

"
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If you live in an area where it freezes a lot; try this test:

Place your block on the absorption pan._ for 24 hHours. Then

remove it and freeze it for 24 hours. Let it thaw on thg

absorpnon pan_for 24 hours and repeat the process as many
times as possnble

1f vou live in an area where it rains almost daxly, try thls

Immerse the block in water halfway up its side for 5 hours.
Then let it dry in the sun or in @ #wirm oven: Continue the

soaking and drying steps as many times as possible.

Neither of these tests will teil you exactly how long your

earth block will last; but they will help vou in deciding between

several soils that you are thinking of using.
The test results that have been discussed are briefly sum-
marized in Table 3. '




Chapter 3
STABILIZATION OF SOILS
* Many kinds of soils can be used for earth walls by adding
substaiices known as stabilizers. Nearly any soil can be made
into a better building material with the addition of the COR-
RECT stabilizer. : : '
This is what stabilizers do:
I. Tley ceinent the particles of soil :ogether so the block
or wall will be stronger. ' :
2. They can “waterproof” the soil so that it won't absotb
wiater
3. They can keep the soil froin shrinking and swelling.
Adding stabilizers—even cheap ones—to your soil means that

your house will cost more. But the natural “‘enemy’ of earth

walls is water in one form. or another. -Stabilizers fight that
enemy. There is less need for stabilizers in very dry climates.

by winds and blowing sands by making the walls a little bit
thicker. Some walls like this have lasted well over 100 years.
It is important to know the éxperience of other builders before

deciding on this method of building.

Builders in arid areas protect against the slow weathering caused

Becauise of the many different kinds of soils and the many
types of stabilizers, there is no one answer that is best in all
cases. '

All this manual can do is tell you what stabilizers can be

used, which ones work best on different kinds of soils, and

" approximately how much stabilizer scems to work best. It is

‘up to the builder_to make: trial blocks with various kinds and
ainounts of stabilizers and then, test them as described in

Chapter 2.

| Kinds of Stabilizers
Here are the more commonl used stabilizers:

|. Sand and clay—Usually we think of soil stabilizers as
something unusual and different, but ordiriary sand and clay

can also be used as stabilizers. If your soil is too sandy, then
add a little clay to it; or add sand to a clayey soil. It's true
with all stabilizers—and sand snd clay are no_ different—that

they must be mixed thoroughly into the soil hefore they can
do the job:. If you have one soil that is very sandy; and another
that is very clayey, they probably won't mix very well because
the clay lumps cannot be easily pulverized. The only way to
find out whether two soils will mix well is to try it. It's easier

_to mix a small amount than a large_amount, so try (o do the
mixing just as you would when building a house.
-
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JPortland Cement—The sume kind of portland cement

concretc is also one of the best soil stabilizers: The

2.
ufe is often called soil-cement. Cement works best with

ndier soils. Table 1 shows you which soils _are stahilized

best with cement. _(If your soil has been checked by the labora-
tory/tests described in Appendix A, you can use portland cement

with any soil that has a plasticity index from 0 to about 12.)

| Some stabilizers mix easily with soil but this is mot true
of/ portland_cement. It must be very thosoughly mixed and
tHe soil clods should be broken down so the cement comes in
contact with all of the soil. (This is one reason why cement

/ié; not recommended for clayey soils.)

! Cement starts to react as soon as it touches water; so_do
not mix it into wet soils. Mix it completely into dry soils before
adding water. Then; the moist soil-cement mixture should be
| formed into 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 intend
/  to use: : »
Ceimienit needs water to get hard. Since it gains most of

{ its hardness or strength in 7 days..you need to keep it moist

! this long. One way to do this is to put a watertight cover
' / over the blocks or wails. 1f you cannot do this, cover them

with wet burlap. sacks and sprinkle the sacks often. After 7

i " days of this moist curing you can_take the covering off bt
/ it is still a good idea to keep the blocks in the shade for 2nother

7 days before_you let them dry in the sun. The longer you
/ keep your soil-cemient blocks or walls moist; the stronger they
will be. - -
Using cement has two disadvantages: it is expensive aod
it may be hard to get. So try to find out first how little you

have to use. 7 o
/ " You can make . portland cement yourself.  To do_it,
/ thoiigh, tikes a lot of heat, some crushing facilities, a source
/ of clay, and a source of limey material such as shells; limestone;

] caliche, etc. -

' 3. Lime—Lime, cither slaked or 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 person’s

/ skin and vital parts and must_be used with great care.- It is
/’ much safer to first slake the unslaked lime before using it. Table
1 shows the soils which work best with lime. If you use the

more exact laboratory tests described in Appendix A, you can

o try lime with neary any seil baving a plasticity index greater
/ than about 12. ] B
/ Lime makes most clays 1ess sticky, but it doesn’t 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.

i
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Soxls contalmng a lot of clay are usually faxrly iumpy

mig. In fact; lxme even makes the soil look and feel dlffcrent

If your soil has .a lot of clay in it; here’s what you should do:

Add the linie to dry soil 2-1d mix with snfflcmnt water to
u.unpcn efitire mixture, then cover it for a day or two but keep

it wet. . After vou ‘do this mix the soil again to break down

any remaining lumps and use it right away:

Lime also nends to be kept moist to gain its strength but

it takes much longer than cement to harden: Keep lime-

stabilized blocks covered and moist at least 7 days, 14 days if

pmexble Thz:n keep them in [he shade at least 7 more days

before exposing them to the sun. When making trial blocks

nﬁxgh lime-stabilized soils; try to make them early enough that

they will have pienty of time to cure before testmg 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 material such

as limestone; seashells or caliche; and finally a way to grind up

the burnt limestone.

It takes lime-stabilized soils about 6 times as "long “to get

their full strength as it does soil-cement. Remember this when

you are trying to compare lime and cement stabilized soils.

4. C'o"m’bm'dlions of Lime and Cement—Sometimes you'll

run into a situation like this:

The 5011 has a little too much clay in it for cement to do
2 good jOb of stabxlmng

cnough with the soil to. “aterproof it or make it strong

When this happens, you can use both llme and cement

the niix moist. Cover the mix and let it stand for 1 to 2 dzys
fter this mix the soil well to break up any lumps and im-

mediately add the cement plus any water necessary to brmg

zhe soil to us correct water content. After thorough ‘mixing;

' Gure it as you v&oufd cement.

-

5. Asphait——Anorher stabilizer that has worked out well

for earth houses is asphalt. Asphaits made especially 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 usually reqtrncted to those soils that are mixed by
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“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:

~ Asphalt 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 to use in earth walls because there is no danger in handling
theri and they mix easily into the soil. 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

ifot good for earth houses because they may separate before they

are completely mixed into the soil. “Slow-setting” or “slow-

breaking” types are ideal for earth houses. (1f you cannot find
an emulsion made especially for earth houses, then get 2 regular

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

thev are not as good as emulsions. After a soil is treated with
a cutback asphalt; it must be spread out to allow most of the

gasoline or kerosene to. evaporate before it can be made into

blocks: Cutback asphalts can catch fire if you get them near

‘2n open flame.

Since asphalt is really a very. thick oil, it will “grease”

the soil grains and cause the soil to lose some of its dry strength,

at least until the stabilized soil becomes a few years old and

the asphalt hardens. Asphalts do a good job of waterproofing

the grains; and they kecp the soil from losing strength when
wet. . -
" Remember, asphalt will be very difficult to use when the

soil has a lot of clay in it. It works out best with soils suitable
for adobe blocks: :

6. Straw—A material that has often been used in adobe

blocks is straw. In the same manner, materials such as trez

bark, wood ‘shavings, hemp and other tough fibers have _been
used. The only on of these that has appeared to be of much

use is straw--although some people have had fair success with
wood shavings:

thing, it will make the dry block a little weaker and it will let
it absorb water a little easier. Straw does provide “pipes” or
exits from the inside of the block s6 the water can get out

Straw doesn't react with the soil in any manner. If any-

easier during the curing period. In clayey soils especially, this

causes less cracking during curing. Straw or other fibers also

w



give added strength to wet adobe blocks during the curing
period.

Although most old atdobe houses contain straw in the blocks,
modern builders do not use it: It may have some value when
your soil is a little too clayey and you have no other way of
stabilizing it.

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

dust that is given off during the burning of coal, -coke, lignite,
and somie 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 -imrost”as gond as portland
cement. It can be used on both sandy and clayey soiis:

When using lime and fly-ash together, use about 2 to 4
tifies as mmuch 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 something in between;, is to maka some trial blocks and test

them. You'll probably find that lime is more expensive than
f'v-ash so try to use as much fly-ash as possible and still make

a satisfactory earth watl. , _

8. Sodium silicate—This is sometimes called “water-glass.”
it is available in many parts of the world and not expensive
when bought in large quantities: It works hest on sandy soils

such as clayey sands and silty sands. Clays do not stabilize well
with it.

The best way to use sodium silizate is to coat the outside

ot earth blocks with it so it _makes a thin “skin” of hard,
stabilized soil around the blocks. (For use on walls that are
not made..of blocks—such as rammed earth—see Chapter 14.)
To use it; mix one part of commercial sodium silicate witk -

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

for about one minute. When you remove them there will be

a little solution left on the'blocks. Use a stiff brush to brush
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 sodium silicate can be
made to penetrate deeper into the blocks _if you add a ‘'very

smail amount of a group of chemicals known as surfactants
(surface activé agent). These chemicals ‘numbering over }1500
are sometimes classed into four groups called amphoterics,

anionics, cationics and_non-fonics. These groups include such
chemicals as_polyoxyethylenealkylarylether and dodecylbenzene-

sulfonic; amines, etc.; however, many common detergents will
work as well as these chiemicals. :
‘There are many other stabilizers that have been used suc-

cessfully with some soils. Because there has been little written
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about their 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 else that you think will be a

good stabilizer; try it: Sometimes a waste product that other
people are throwing away may be a good stabilizer.

9. _Sulfite quuor——Thu is a waste product from certain’ |

paper)Enlls It is pnmanly a waterproofing - agent and you
shouldn’t expect it to increase the dry strength of the soil.

Some types of sulfite thuom 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 shotild iise depends on the particular paper mill you get

it from, so ‘you will have to try different amounts and select
the best one yourself .

10. Ahquaz H226—A sgecml ;:hexmcal (quaternax:y amme)

made in the United States but 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 car be added to soils. The
manufactirer will gnve you instructions on how to use it
Alchbngh it is expensive; it is a good waterproofer for silts and
clays once the treated 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 it these blocks didn't pass the require-

ments of the absorption test,

/
11. Wood ashes—In some countries, wood ashes have made
very siuccessful soil stabilizers. Probably it is the lime or calcium

in them that actually does the stabilizing. Like sulfite liquor,
certain wood ashes 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 seem (o work:-best.

12. Resins—These are made from the sap of trees. They
can make very good waterproofing agents, but they probably
will not add much dry strength to the soil. Some are difficult

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

is best to ask the' manufacturers of the various resins how t.hcy
should be applied.
13, Coconut Oxri-;Thm has alsc been used as a water-
proofing agent. There is no cementing action but it will
probably increase the wet sucngth of the soil.

14. Tannic Acid. ‘

15. Rotted Plliiilﬁiﬁ Leaves.

16. Cattle Urine.

17. Cow Dung.

18, Molasses:

19 'Gum Arabtc

%

49



How do you know whether a stabilizer will work?
Because there are so many different kinds of soils; it is

impossible to say, ‘whether any one stabilizer will work well on
any particular soil. In Table | and in the early part of this

chapter: you have been given some idea of what type of
stabilizer to use with what type of soil. But the only way to
fmd out what is best is to: try them out on your soil. M'ak'e

\

What ¢an you exped sfablllzers to do?
You warnt stabxhzcrsrto increase both the dry and wet

strengths of your soil; to reduce the amount of water absorpnon

and to keep your soil’ from being “melted” by a water spray
or rain. Some stabilizers_ will do only one or two of these
things, a few may do all of them:

For example, portland ument or . lime may rot decrease

the water absorption; but it wouldn!t. make much difference
if the wet strength of the block was high.

Some waterproofmg type. s:abllxzers _may actually decrease
the dry strength of the soil, but will greatly increase the

wet strength and decrease the amount of water absorption:

I\atural]y, then, these might bc best in wet climates.

Certain stablllzers-—llme is a good example~may actually
cause a pressed or rammed earth block to weigh a little less.

Don't let this bother you though because it won't hurt the
qtrength of the soil. .

. ‘Some stabllxzers—-lxme agam is a good example-~will change
the best moisture content for coinpaction. Lime:stabilized soils

tisixally need morc water than the same soil unstabilized. You

Some types of stabilizers reqmre specnal handhng or thcy

won’t work at all. Remember it was mentionied earlier in this

chapter that portland cement and lime needed to be moist-
citred for at least 7 days or they wouldn't gain strength. This

is true of nearly all cemeuting stabilizers.

Most waterproofmg stabxl;fzefijrswoply workraftcr the sonls
have becn dried out once. This won't require spcctal attention
because you dry the soils out when you cure them in the sun;

anyway.
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With many stabilizers; the curing takes place after the

bloc!fe. "ave been molded But w:th asphalt emulslons at leant

anless you are makmg adobe blocks. For rammed earth and

pressed blocks; spread the stabilized soil out in the san to cure:
There is no good rule to tell you when you can start using
these soils and you will have to find out yourself by experience.

1f you can ram or press the soil and it doesn’t act __spongy or
heave around the sides of your rammed earth tamper; it shouid
be ready to use,

are slow in curing; It mlght take several days before they are

ready to be made into blocks or an earth wall:

NO STABILIZER IS GOOD UNLESS IT CONTACTS
EACH PARTICLE OF SOIL. MIX THEM INTO THE SOIL
WELL.

ﬁaw i'i'iiieli stakiiiié’r iliiiijli‘l yaii 0365

mi{ch ;hguld”bewu;;sed’ It dependﬁ on. the type of soil you have
and what you want the stabilizer to do. -

Sometlmes you w11l need a lot of <tablhzer—part1cularly
with very sandy or very clayey soils.

You might find & soil that is suitable in all wa‘ys xcept
that it doesn’t meet_one requirement, for example, it absorbs

too, much water. Then, probably a very small amount of a

stablhzer w1l1 be needed. A soil that is not gocd enough _to

more stablllzer

stablllger is necessary is to make some trial blocks and test them.
You should make up three trial sets of seven blocks each. I

So, you can see that the only way to find out how much

you use portland cement tnal amounts should range from

""" : i

EACH TRIAL SET SHOULD CONTAIN A DIFFERENT
AMOUNT OF STABII:IZER MNGING FROM ﬁBOUT THE

AMOUNT YOU COULD POSSIBLY AFFORD TO BUY.
TEST THESE TRIAL BLOCKS AND SELECT THE LOWEST
AMOUNT OF STABILIZER THAT WILL MAKE YOUR
BLOCKS GOOD ENOUGH TO SATISFY THE REQUIRE-
MENTS IN TABLE 3.

When you have fmally selected the exact” amount of

stablhzer that you need _there is one more thmg to consnder

easy to do a good mlxmg job Durmg the actual constrqcuon

of your earth house, the workers will handle much larger

51



quantities of soil and the mixing will not be ar good. The
easiest way to take care of this is to add a little more stabilizer:
___ All of this sounds, we realize, like a great deal of preparation
and testing that needs to be done. That's the way it-is intended
to sound. It will be well worth your time and effort to find

out for yourself what the best answers will be for you: If it
takes you a couple months of preparation, remember, it'’s worth
it. If you do your job right, your grandchildren will also have
a good house to live in.



Chapter 4
WHERE TO BUILD
The home builder needs a good place to build: The lot

should be big enough not only for the house: but also for a

cither on the property or nearby. Othier factors are important,
:tOO: .

The}othzs to have good drainage. Standing water or
muddy ground can be very destructive to earth houses. If
water stunds on the area after heavy rains, the lot will ot

be satisfactory unless trenches or ditches can be dug to carry

the witer away rapidly. Figure 19a shows a good site and
Figure 19b a bad one.

Ths location of the home should also be convenient to
roads, imarkets, or the owner's job:




stabilized itself or sélllcd uxldér the weighl of the old house:

~ LEUELING THE 1.0 T—€lear the site of unwanted brash
and vcgclalion before bcgmmng conslrucuon All \egeiauon

! All spongy or soft material should be
removed down _to good firm soil. Leave enough extra space

autside the limits of the house for a working area. Save plants
which will have orianiental value after the home is buile:

After the location of the housv is marked on lhe ground

mark the outlines of the house with stringlines nailed on stakes.
Then level the. grouad inside the stringlines. This is shown
in Figure 20. Low arcas may be fxl]cd in from adlacenl high

dreas, pron(lcd good soil; which will not wash away: is nsed:
Arn' fu’( III(ltt‘)ul] pln(ed mszde of the strmg Imes slzould be

Othcr\use sc.llemcnl of thie fill niaterial rould calise cracks in

the hoiise: Extra dirt from the leveling job is kept for later

use if it is the kind suitable for building.

FINDING THE. GROUND _LEVEL—Before laying out the
actual outlines of the house, th2 general area it will vccupy
shoiild be fairly well graded or leveled amd an accuratz floor
lev=] should be marked out carefulily.
~ This is done easiest by driving stakes into the ground. First,
drive a stake to the desired floor level. Protect it by surround-
ing it with other stakes. . Then, drive in other stakes around

the approximate outlines of the house to exactly the same floor
level. This can be done in two ways. :

To find the correct. height of the additional stakes, xf
possible, a surveyor's level should be used a,"}l,,l,he tops of all

the stakes can be accurmcly s:ghted (For convenience; if the
surveyor's level is used: maLc the tops of the stakes somewhat

Figure 20.
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Figure 21.

higher than floor level and later measure down from each stake
to the desired floor level:)
If a surveyor's level is not available, an ordinary clear or

transiucent plastic water hose will work just as well. Fill all
but 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 hose. The water hose method is shown in Figure 21.
_ By driving the first stake into the ground at what you judge

to be the highest point of your lot, all of the other stakes, then;,
will stick out of the ground a little higher. If it turns out
that the guide stake is lower than the ground level at other

stake points; drive auother stake next to the guide stake leaving
enough length above the ground for later measurements. For
exainple, have this added stake exactly one foot higher than
the guide stake. Then drive the other stakes to match it. _The

desized level can be determined by measuring one foot dcwn

from the tops of these stakes or to such level as to have the

lowest corner abo-e grade. o
The water hose also can be useful at other times during

construction. 1t can be use¢ as an accurate_means of finding
other levels or clevations: It is useful in finding the correct

heighit of footings and foundation wails, checking to sec that

blocks are being laid level or even checking the top layer of

blocks before the roof is placed.

 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 ' 7
LAYOUT OF THE CONSTRUCTION—The next step is

tc mark the exact location of the exterior walls on the ground.
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l’ignre;"* 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 hLelpful. Consider such things as

prevailing breezes, direction of sun, appearance, distance from

street and property lines, etc.

After the location has been selected;, the next step is to
erect batter boards. These boards, Figure 22, should be ax
least 5 feet Iong so that zdju!tmems can be made after they

are placed in the ground. A set. of batter boards should be

batter buards at the corner where the gmund is the hxghat

should be set about 18 inches above the ground. Those at the
_ other comers 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 to define the walls of the house.

. To _make a square; take three boards; exactly 3, 4 and
5 units long and nail the ends together as shown in Figure 23a.
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The angle between the 3-unit and the 4-unit boards will be

90 degrees or a ‘‘square” angle: By zligning the strings along
these two boards as in Figure 23b, two sides of the housc can
be properly positioned. .

_ To begin the Jayout of the house; a sta’e should be driven
about three feet inside one set of batter boards to form the
first exterior corner. The right angle of the square is then

located properly at this stake and all measurements begin from
here. The steke would be placed just below where the strings
cross in Figure 3b.
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 String lines are then stretched between batter boards wo
mark the direction and length of sides of the walls. TLis
procedure of measuring and laying out square corners i3 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 be~n_properly laid out, and the corner angles are square,
the length of the two diagonals will be exacily 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, ap 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, lay 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 been done, check the diagonals. If

they are not exactly equal, the last two corners should be moved

until the diagonals- match each other. This will assure an

accurate square or rectangle.

It is best to use more than one set of string lines to mark
the dimensions of the building. The first set of lines marks
the location of the outside edge of the walls of tlie building:
However, the limits of the excavation for the footings (which
arc discussed in:the next chapter) and foundation wall will.

se
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additional string lines are placed on the outside of the first

set ta mark the hmits of the hole to be dug.

Once the string lines for the excavation have been placed;

the limits of the excavation should be properly marked on the

ground so the workmen will dig along the proper lines. This
can be done 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 either case, the string lines
should be removed during the cxcavation so they will not be
broken by the workmen Be sure to mark the locauon of the

cxactlv the same place after the excavation is complete:

DRAINAGE=If the hous: is to be built on nearly flat

ground, drainage_ of the lot away from the house should now

be considered. Any lines of wast, or gullies that cross the

construction site skould be turned away by digging new ditches

away from the house and filling in the ditches with tamped

soil. It is also important that #he ground level next to the

building be higher “than the rest of the lot o that water will

drain away from the building. A caral or diich several feet

away from the foundation may- be necessary tc carry away excess
water during heavy rainfail.



Chapter 5
FOUNDATIONS
 The foundation is that part of the house that is built
below the ground surface and supports_the house. A properly
built foundation will keep the house from being damaged or

twisted out of shape due to scttlement of the earth, high winds,
or frost ac‘ion. A good house must have a good foundation;

~it is the most important part of the house.

TYPES OF FOUNDATIONS—House founcations 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 continuotis footings that rin 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 purposes: (1) to provide
a solid, level base for the foundation walls; (2) to hold the
weight of the hotise it supports on the earth so that the load
will not be too great at any point for the soil to support;

L, a - ) i 7 ’
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{3) to resist the “lifting” forces of hurricane or high winds

which can tip a house over or move it off of its foundation.
The size and depth of footings depend on: the type of
material used to make them; the weight they must sapport;

the Joad the soil will support; and; to some extent, the weather
conditions of the area. ‘
_DEPTH OF FOOTINGS—In areas where 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 diuiring 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
ineans of knowing this depth is available, it can be roughly

estimated on the basis of the resistance to digging during

particularly long and severe winters. Ice particles can be seen
in the soil. The footing should be placed below where ice is
found. )
in ‘warmer climates; the footing depth needs to extend deep---—-~ -
enough to reach good, solid earth free from vegetation (roots,
etc) and deep enoiigh to prevent washing out or shifting due
to rain and flooding. Usually, this depth averages from 12 to
18 inches. An eaception to_this is where the soil shows con-
siderable shrinking and swelling 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 molsture aze minor.
Sometiines this can be estimated by the appedrainice 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
below this depth. | i

~ The best and easiest way to find out the proper depth of
footing is to sec what dept was used for similar houses in

your 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 decper.

SIZE OF FOOTING—The size of the footing will depend
upon the strength of the soil and the weight of the house. As

a general rufe;, most shallow clays and shallow silty soils should
not be loaded above 2,000 poiinds per square foot of footing

area. Firm sandy and gravelly soils may carry from 4,000 pounds

to 6,000 pounds per square feot.
_ If there is any quiestion about the value of the soil, a lozding

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 so0il can be very generally estimated using the
“simple sirength test” given in Appendix A:

Once the bearing value or strength of the soil is known,
and the weignt 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
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somewhat depeniding on local experience but do not reduce any
satisfactory values you find. The building in Figure 27 shows

the effect on an earth wall of an under-designed foundation.

MATERIALS FOR THE FOOTINGS—Since the footings
are buried in the soil, they 'shoild consist of materials that
cannot be damaged by decay or insect attacks. Use concrete;
stone, brick, concrete block and similar materials. Recently,
somme footings have been made with stabilized soil. However,
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Figare 27. A soil bearing failure has caused structural cracks
in the foundation footing wall and the adobe wall in this laxge

community building.

hey have not been in place long enough to determine how
suitable they might be. On t

e they might >e. On the basis of what is now known,
it is better to avoid the use of stabilized soil for footings ex-
cept in arid ¢r scmi-arid regions, o g

 CONCRETE FOOTINGS—Footings made from po.red con-
crete are the most _popular type because they are easy to make

and work very well; however, they will probably be the most
expensive type. Usaatly forms are not needed; as a trench can

T
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Two Storynl? mch & 15 inch wnll&——Eu'th "Roof

No

TABLE d I
L FOOTING WIDTHS AND THICKNESSES FOR CEKY FOUNDATION BOILS _
¥ SOIL STRENGTH I8 s A - B C- I 1
USE W AND T T w 1t W T w T W T w T
Kind of House L o S
Ofie Story— 6 inch thick walls—Light Boof e o we g 1 W oo g 1 o 1w W
One Story— § ifich thick walls—Farth Rool YT LA | LA LA T2 VLA LA ¥ UL L
One Story— 8 inch thick walls—Light Roof ) i : S T
One Story— 9 inch thick walls—Earth Roof LA L | LA L TCIRE VL2 § LA L L ¥ 12r 11v
One Story—12 inch thiek wullo-— lzht Root . e
One Stor—12 inch thlek walls—Earth Roof T O R IR U g0 1 120 1 137
One Story—15 inch thick walls—Light Rool 36~ gigr 21r 10" 18 o 15w 12w 16 127 16 127
One Story—16 inch thick walls—Earth Rool ggr  9r v 107 LD LA LI TN LR L L U
Two Story— 9. inch & & inch wali—Light Roof g7 g» o 10 18 117 TR T N LA T L L L
Two Story— 9 ipcb & 6 inch walls—Earth Rdof No® 2 2" otr 117 18” 12" 1 1gr 17 1
Twis Stoty—12 inch & 9 inch walls—Light Roof No T A A R A L 167 17
Two Story—1? inch & 9 inch walls—Earth Roof No . L L VLI L (LA 127 13 1W
Two Story—16 inch & 12 inch waflh——-leht Roof No YL T LI A LA YCINRT LD LA t 187 18
' Two Story—15 inch & 12 frch walli—Barth Roof No No* TR R VLI VNS U L
" Two Story—18 ifich & 16 incn walls—Light Roof No No - g 117 807 VLI T LA LA 2 ur
' No gcr 11 8 12¥ g 130 U 1W

*Do Not B’mu o Eaaﬁda'ﬁ'oa Soil- This Sott.
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‘ot just loosely placed:

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 Figure 28:) If the soil is
sandy or tends to slide or cave in,.then simple forms are re-

quired to insure that the footings are wide enough and that

the soil does not fall in the freshly poured concrete. These
fornis may consist of boards with width equal to the thickness
of the footing and held in place by enough wooden stakes to
keep the boards from moving or bowing. The forms should
always be remoued, but niot earlier than 48 hours after the con-
crete has been poured. It is best to cure the concrete for several

days by covering it with wet sacks, leaves, etc. 7
 When digging for footings it is always better to dig on
the “safe” side; that is, too deep, rather than_ too shallow. If

the excavation is too decp it can be filled with extra concrete,

sand _or earth, but_the sand:and earth- must be tamped in and

Concrete footings do_not alwavs require reinforcing steel

but it is better to have them lightiy reinforced to resist -rack-
ing that occurs with changes in temperature. Conditions where

reinforcing is considered absolutely necessary include occasional

“soft” spots in the bottom of the trench, and areas subject

to earthquakes, hurricanes, or swelling of the soil. Reinforcing
i§ also needed if the footing projects beyond the foundation
wall more than 2/8 of its thic..iess. 'In_these cases, it i3
desirable to seek the services of ani engineer or architect for

advice concerning the kind, size and location of reinforcement.




The concrete for the footing should have enough water to.

Ye workable but at the same time it should not be so wet that
the mortar tends to flow away and leave only the larger rocks.
A good concrete mix for the footing tses:

1 part portiand cement

8 parts clean washed sand

4 paris clean gravel ,

about 5 to 7 galions of water for cvery 94 pound bag of

ceraent .

" A good way to estimate whether or not you have the cor-
rect moisture is to place some of the mix in_a biicket and rod
it about 25 times with a sinooth Steel or wood rod. Then fromn

a height of 6 inches zbove the sarface, drop a smooth round

rock about 4 inches in diameter into the mix. If it dents the
mix about 114 inches, the wzter content of the concrete is
-about right.

If reinforcing rods are used; they are placed in the excava-

tion and securely supported ar the proper height before the con-
crete is poured. The top finish of the footing is left very

rough to provide a good bond for the foundation wall. It is
asually a good idea to leave a small chanuel or groove in the

center of the footing as shown in Figure 28 to provide addi-
tional bond between the footing and the foundation wall if the
footing is made of concrete. If at all possible in carthquake
areas; short lengths of stezl reinforcing rod should be placed

in the footing so they will project into the foundation wall
and tie it securely toi tie footing. This usually requires careful
spacing o: these rods.

‘Sometimes the amount ct concreir for the foundation can

Le zreatly decreased by placing large stones in the trench and
2t gready Yp g the tre

pouring the concretc around them to form the footing: If the
stoties are laige it is '3 good idea to make. the footings_some-

what thicker than for regular concrete footings. Roughly, the
thickness should be about 114 tifies the size of the larrast
stones. For example, if 67 stones are used; the thickness should
Ise 9. '

MASONRY FOOTINGS-Bricks, concrete blocks, or rabble
stone laid in mortar also make good footings. When using
bricks: coricrete biocks; or any regularly shaped materials, it
is neccssary that the bottor of the trench be leveled accurately;

otherwise, the foundatioii wall may be unlevel. Either tamped

sand can be used to level the bottom of the trench-or a thin
bed of concrete can be poured. For rubble stone footings, the
trench does not have to be :as level, but care must be taken

to bring the height of the stones up so that the final surface—
after being covered with a thin_layer of mortar—will be level.
Figure 31 siiows a rubble stone footing.

Masonry footings may often be much cheaper to construct

thau concrete footings; since less ccment is required. However,



they are harder to lay and require more time to complete:

Also, it is difficult to properly reinforce them. For cthis 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 footings should be -

lowing mix works well:

4 parts portland cement
1 part lime -
12 parts clean sand

sufficient clean water to form workable mix

’p’f a high grade that will not fall apart with :ime. The fol-

If masonry cement is available, use one part masonry ce-

ment, three parts sand and sufficient clean water to form a
workable mix.
~ FOUNDATION WALLS—The foundation walls, which rest
on the footings and support the walls of the house, miust be
strong, have a flat surface to start the earth wall on, be straight
and they must be lzvel o

Poured concrete concrete blocks, burned brick, structural

cla~ tile: or stones laid in mortar all make good fourdation wall

materiais.
 Again the most suita. le; but probably the most expensive
foundation wall is made .rom poured concrete. In earthquake
or hurricane areas or where the soil swells ccnsiderably, it ix
advisable to reinforcs the foundation walls in the same way as
footings are reinfor<ed.. The amount, size and spacing of the
steel reinforcing should be determined by a competent engi-
neer or architect. i o ] ]

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

rammed-in-place earth, may also be used. Since experience
with these miaterials is limited, howecver; it is recommended
that they be used cnly in areas of light rainfall and on sites
that are well sloped to drain water away from the footings.

~ 3IZE OF FOUNDATION WALLS-Ifi constricting tite
foundation wall, two things must be considered—the 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
earth walls that they support. _Sometimes they are thicker, but
this is true cnly when they will be used to support other loads,
such as chie interior flooss.
The. height of the foundation wall should be sufficient

8o that rain splash will not reach the earth blocks and cause
them to erode or wash out. _This height depends on_the
amovnt_of rainfall and width of roof overhang. For dry areas

(rainfall less 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 above the pround is required and under normal rainfall

conditions; 12 inches is required. Even when a stucco or sur-
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face finish is vsed over the earth walls, the foundation wall

stould exiend to the heights given above.

CONCRETE FOUNDATION W#LLS—When using pouret.

concrete for thie foundation walls, usc forms (shuttering) ¢o

hold the concrete until it hardens: These forms are set di-
recily on top of the footing and must be solidly braced againat
the walls of the trench or at the ground suriace to preveat
movement when the concrete is poured. They should also

be thick enough and braced well enough to prevent buiging.
~ Wood sheathing 11 to 2 inches thick and braced about
every 6 feet works well, or 17 tongue-and-groove brards braced

every 214 fect. If plywood is used, a thickness of %" to %'

is satisfactory. A typical wood form is shown in Figure 29.
Constructing vood forms is a misleading job. “They alway:
seem 100 stroug, and -hex fore wasteful, while they are being
built. Once tLs concrete is poured, it is too late to correct
ihe mistake of not riaking them strong eanough. A bulging

form is difficult or impessible ¢~ repair. Do noi try to.save

monzy by making tl.e forms t7~ weak.
" The concrete foiins should be carefully placed in the cor-
rect “osition and thoe well braced to prevent movement as

shown in Figure 9. Once the forms have been braced, the

top of ‘the foundation wall should be located by driving nails

and ,tuwing lices on the inside of the forms. This can be
d~t: 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 Figure 30. B
If reinforcing steel is to be placed in the foundation wall;

it is easicr to +et only one side of the forms first ‘usually the
. 63



iniide forin) , mark the correct -eight of the wall or. the form
35 4 then place and tie 21l of the reinforcing stecl betore erecting

“he vemaining forms: This helms to line up the steel znd get
_rem ing 10 : P by

tro the correct height.

K4

After the formz have been placed and checked for correct
Hipnment and strength, the footing in°° of the forx should

gwept clean, then lightis sprinkled: It is a good plam to

leave » zew small openings in the bottorn .of tne forps 5o trash

can b: swept out. Be sure to close these openings before the

concrte s poured. To keep the concrete from sticking to the
‘orms, théy should be wetted with water just befo:= the concrute
is poured, or better still, mopped with light oil before the

forma arc erected, not after. :

Dnce the concrete pouring begins; it must _be continucd.

antil the entire foundation wall is_completed.. Otherwise, un-
desirable joints in_the concrewe will be formed. The concrete
seould be “roddad” or tamped into the forme with a smooth

sicel or wood rod to pack it down -solidly. Otherwise, you
might get air pockets which weaken the wa ?

~weaken the wal 1 seriousiy. Proper

-»dding is important over the entire foundation wzll; but it
#5 especially important on the “utsid. face becausz nst enough

rodding can result in holes that look bad, The concrete mix

(3¢



cen be the same as that used for the footing with perhaps 2
little more water tc make it easier to work. Placing ease imay
be estimated by the method outlined earlier under “concreie
cootings.” if you use the method outlined earlier under “con-
crete footings,” the rock should dent the mix =bout 2214 inches.

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

will g=t wedged between the form and the reinforcing stecl.
The largest size stone in the concrete should be about 1 of

the distance fiom reinforcing bars to the edge of the form or
Sotween adjacent reinforcing bars, whichever is smaller. Re-
move the iloriis two days after the wall is poured. Keep the
concrete moist by sprinkling or covering wiil. wet sacks lor
a few more cays. If there-are any voids in the concrete, patch

them as soon as the forms are removed. Use a grout.or mortas

-mixture and smooth it out with a trowel or straight stickc
MASONRY FOUNDATION WALLS—Requirements for

magonry foundation walls are the same as for poured coricrete

walls; that,js, the walis should be straight, level and strong.
i For laying the walls, 4 good, strong mortar should be used.
The following mix has been found to be good:
4 parts cement :
1 part lime , -
12 parts clean sand

“sufficien: water to make a workable mix.

_The way to lay the blocks or bricks i 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 hose method should b used o maxe
sure that each course of blocks or bricks in the wall remains level

curing construction. 1If it is absolutely necessary to use mzsorry
foundation walls in €arthquake or hurricane areas, they can be
reinforced by using mesh especially made for this purpose; heavy.
woven fence wite, or even small (34" or less) {-éii'rifb'ri:iiig bars.’

The reinforcing is placed between horizontal joints and SUffi-
ciently protected with mortar to pievent rusting. Again, 2

competent architect or engineer should ‘design the -orrect
amount,; type; and placement of the reinforcing. Also, if hollow
+ile or hlocks are used it is a good idea to fill manv (some-
times all) " of the holes with mortar to obtain extra strength.
 RUBELE FOUNDATIONS—Often, a large supply of stones,
broken brick, of other suitable materials is available for build-

ing a rubble foundation. This type of foundation works weil
and is economical, although it is harder to reinforce. * Instead

of building a fooring and foundation wall, the rubble founda-
tion can be constructed as one solid piece which tapers up 50

:hat it is the width of the earth wall at the top. (Sce -igure
81) The width at the bottom is determined in the same way
as for footings using Table4. _ ‘

_Only hard; durable materials should be used in a rubble

foiundation. Mortar of the same type described for masonry
70
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Figure 31.

foundation wails is suitable for holding the rocks together.
Often, during the clearing of tue site ar digging for the foun-
dation, suitable rocks and otb:r matrrials cin be mved for con-

. siruction of the rubble for:ndation.

_ Constriiction requires patience and it iz more difficuit to
obtain the correct levzl and straightness s:sing rubble. The

larger* stones availatle should be placed at the bo'tom of the

foundition and tic top should be covered with a thin layer
of mortar to provide a nmooth; lcvel surface for the first layer

of. the wall. : o
BACKFILLING THE FOOTING_ EXCAVATION-Since

the excavaticn for the foundaticn wall and footirg is wider
than the foundation wall, it must be ba<xfillec. Preferably,

the backfili mterial should be the naiive earth removed from

the excavation. It should be pla~1 buck irto the =x

the exavatu cavation as
closc as possible to the same moistere coxtoat and compactness

of the surrounding, undisturbed soil. Thjs always means tamn-
ing the soil back ir: place. Tamp it in thin, equz! layers on both
sides of the foundation wall so that tliere is no possibwty of
damaging or forcing the wall to lean. You can use th. same

kind of tamper described clsewhere for rammed earth.
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' Chapter 6
HGHTWEIGHT RUUFS

tcrnal such as earth, you can build the roof right after the

foandation has been completcd

timbers or, if available; any oné of several kinds of metal
uprights:

There are several practical lightweight rcofing materials.
Among them arc corrugated asbestos sheeting, corrugated rrncrtal

sheets, lightweight tile or thatch. If any of these are to be used,

there are a number of advantages to building the roof right after
‘the foundation has been complcted

_ Here is why a roof in_place can be of great advantage to
the builder before the walls are buxlt

77”}: Thcﬁrsbelu:r niakes a good curing space for buxldmg
blocks or bricks.
2. It provides desircbhle shade for curmg earth walls

_.3. It makes a good work area aiid provxdes shaac for the
_bullders.* especially in warmer climates.

'*4. Tools and materials can be kept under the roof t¢ pro-

tect them from weather damage.




5. It can even provide temporary living space:

This method has the following disadvantages:

1. It is harder w0 do than building the roof zfter the walls
are completed. )

2. Extra material is needed for the roof supports.

In many cases, these supports can be left perimanently
in place. 1If they are not left standing after the walls are

finished; of course; these timbers can be used again for some-
thing else.

_ Figure 32 shows ihe roof of a Korean house in place before
the walls were constructed. ’
~ Full details on how to build roofs are covered in Chap-
ter 12:



 Chapter 7
PREPARING THE SOIL

Once you have your source of soil and have experimented

with it enough so that you know how to use it best; the next
step is to work out a careful and crderly plan, step by itep,

.f what you are going to do with it. 7
~ To build a house of carth blocks or rammed earth means
that you will have to:

Move several tons of soill

Yt

Have a sourcg of water handy.

!0 |

Prepar: your soil mix (adding stabilizers if necessayy).

P

Set up a block-makin.g or ramming operation.
' To do these things eiliciently; you must have what you need

where you need_it. For example, if you plan to 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:

if the roof has been built beforehand, as suggested in
Chapter 6, the block making operation should be set up under
it. The rouf will provide shade in sunny weather and will
permit work to 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 _miiter how the soil is
dug and moved to the place where it will be used. There are,
however, sine points to remember whether the so.l is dug by
machinery or by men with picks and shovels. :
 Machine dug soi! vsually is lumpy.’
all clods or lumps aie completely broken up before mixing in
the water and stabilizer:

It is important that

If the soil is lumpy, you should provide a space to break
it up so that it will not be mixed with the freshly dug earth.
J1E_thc 'sail is dug with picks and shovels in the first place; you
7 will find that very lictle breaking up will be needed.

Often, you will be mixing 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 found to be the best from your earlier testing.

_ Often, the builder will find a situation like this: a layer of
top soil about a foot or more thick; then a coupie of feet of and
unger that, and beneath the sand, a layer of ciay or sandy clay.
If the builder will first get rid of the top #il. ric ran make his

building mixture as he goes along by digging down tne sides
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SCREXNING

i solt

ADDING WATER

RAMMED EARTH

CURING
watts

Flg'urE 33. L

of the hole throﬁgb the layers If nr- is zble t do thxs Lhen.

he does_not_have 1o spend a lot of timie }ater on makmg his

tion to thc amounts of the different l’um‘s of sonl he uxgs Do

it this’ way if you can, of course; instead of _removing the 30il

by dlgglnﬂ out each layer and stockpilir > it separacely.

MOISTURE CONTENT--The i isture content. of the soil
as you dig might be.very close to the right amour: iieeded for

best wnpatuon (See pg: 30 to determine whether you have
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Lhe rlght amount of warr*S If it is; you <an puc your mix

directly into the block- .+ achine or in the forms for

rammc<: earth; unlest .7 : " S, yoo are going to mix stab-
ilizers i, e voil- ’

_ Yt the szil rypr. 15 just nght as it someumes 713 Vbut the
mixtuz is tev diy, the pit can be sprmkled with water before

the eariht is dug out. A little experience will quickiy tell the
builder just how moist the soil should be and how deep the
water will 'p"eii'et'rét'e into the s‘i'des of the pit.

For adobe construcuon it is. better to add water while the

diggmg is going on. In this case; the mixing is also done in

the pit: But if dry or powdered stabilizers are being added,
they must be added to fairly dry soil first because it is Ciffi-
cult to mix them evenly into wet or muddy soil:

PREPARING THE MiX—If your soil mix is made ap of

two or miore separate soils, here are some rules to follow in

order to get best results: |

i; Get nd of undesuablé iiizitéiié: Be sure to remove all

3. Stoncs larger than 114~ should be gotten oui:
4. After all dirt C!ods have been broken up and crushec,

put the soil through a screéri with opemngs betwecn 4 #nd




Fxgurc 35.

Y, inch. See Figure 34 for screens that have worked out vu:ll

Anything that does not go through shculd be dlscar(’ed or
i ashcd more

or blocks. then, the size of the screei openmgs should be big

eiiough to allow rhe size you want to use to go through. In

this ~fise, extra care must be taken to sce to it that clods of

dizt cre completely. broken up. If large clods are in the mi»,

water may not penetrate them. Later, when the wall becomes

soaked by rain; the clods nray swell and ruin the wall, or th‘y
could uash ot and leave a hole that weakens the whole:
structure,

when they come from different pits, it _is best to sieve theiii

separately and keep them in separate piles. Then, when it is
time to mix them together, the rorrect blend can be measured

out; such as “on-: pail of this soil to two pails of that soil,” etc.-

This cperaiion: i8 shown in anure 35. Wﬂghmg the separate

soils does a imore accurate jci, but it also takes murh longer.

A little practice will teacti the builder to make his blenss

accurately enough o that weirhing is not necessary,
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C Figure 36.

“

is kept the same. If it is a.2-1 mix, be sure it is always two
to one. : . . ' .
MIXING THE S5O1L—This is one of the most important

During the Biéh;iijig]apéjrﬁgibﬁ, be siire the right mixture

steps in the whole operation. Mixing with the right amount
of wa.lr is absolutely essential. The quality of a finished wall
deperids on good mixing and the right imcisturé conteat at the

time the soil is being pressed into blocks or into a wall.
There are three niethods for mixing the soil you can use:
1. A motor-powered mixer. ‘

2. A manual of 2nimal-powered mixer.

3. Or a mixing board and shovels:

If available, a motor-powered mixer can save you a lot of

timie on a large project but you must have the right kind of

mixer. Mixers which have paddies attached to the drum so

that druin and paddles rotate-as one piece (such as in an

ordiniary concrete mixer) will not be satisfactory for mixing

soil for pressed blocks or rammed earth vnless the soil is vg(ﬁ'
sandy. The best type to us¢ is one that has paddles or teet
that rotite in a stationary drum or container. If you are making

is much wetter. . .

. Several commiercial mixers are available but a homemade
mechanically powered mixer can be built if some- type of motor

is available. For small mixers, a gasoline ecngine of approxi-
mately 5 horsepower works well. Tractots or automobiles-may

be modified so that a belt or Eﬁiiii drive take-off can be used.

:
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" A 55-gallon oil drum makes a good container for mixing.

Figure 36 shows a successful mixer that you.can make yoursell.

A 25- ot 30-gallon oil drum can be iised to make a smaller

kand or animal powered mixer.
. Be sure you have mixer large enough for the job:

_ Tor a singlgliouse project, the cheapest and easiest method
for ﬁiiiﬁ&@%@fiﬂ by hand. All you need is a flat suriace and

A shovel of 2 hoe: The floor of the ‘house, if concrete, makes an

~xcellent Surface if you have built it beforehand.
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To make sure that all batches of mix are thie same, oil,

water and stabilizers (if you are using them) must be measured

accurately. 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 a foot. Fill in the low spots and level again with
the board. For every batch of mix; be sure that the rows are
the same length and all are of the same width and thickness.

1f you are using ¢tabilizers, sprinkle the right amount on top

. of the row. Pour a little water at a time and use the shovel
to torn the material over and work it toward the center of
the row. An ordinary garden sprinkling can is ideal for adding
the water. Bt be sure to add the same amount of water and
stabilizer (when used) to each batch. If you make cach row the

same way every time and use the sam: amount of water for
each row, each batch of mix will be th.. ~ime:
Do not mix more soil than you can w<e at one time. There

is oiie exception, however: In cases where you are using lime

with soil containing a lot of clay, thoroughly mix about half

of the lime required and then add the water and allow it to
“season” for a day or two. While it is seasoning; cover the mix
with wet sacks or leaves so the soil will not dry out. During

this seasoning time, the lime will react with the soil to break
down any clods or lumps that clay has. After_the mix has

seasoned, work it again carefully v<ith shovels, add the rest “of
the lime; mix and add a little r water, if needed. Then,

it is ready to be made intc bloc: r ;  med into a vall.
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MAKING ADOBE BLOCKS
 The art of making adobe earth blocks is ancient—and the
old hand-mixed methods wor't as weill todav as they eover did.
But, if you hive some miachinery to hc]p mix sie soil and
move it, you can ke good hiocks = lot faster:

MANUAL (OR OLD) MZETHOD OF MZAKING ADOSE
BLOCXS—When 2 lot of cheap labor is available, use it 11“

you nPed are forms for molding the blocks and simple tools 1or

mixing and moving. the earth:

The forms may bc made for single blocks, Du'}wo- o1
four-block forms are better. Strong, long- 335‘, ng forms con be

made from 2-inch thick planks. - When the lorms do not have
to last a long time, 1-inch thick plnrks or 34-inch ti.lck plywood
can be used. The forms will rci:c ve a lot of wear;, so make
strong ones. Dsc plenty of nails or boits ur, better vet, reinforz:
thermi with strips of metal at the corners. ~Sinice they wiil e
wet niuch of the tim-, it hclps 5 soak the forms {n oil lor
a while before you 'tart to use them: Some peopie fine the

insides with metal so rite forms will last IOHD""" and the biocks

can come out easier. .

Adobe blocks car be riade almost any s.e, but they shouic

te kept small C.IOUgI so that cne man < : lift them all dav

x}r{g wnhour. dri- g toc niuch _An averddc ‘workman can do

Adobe blocks are commonly madc 4 tc 6 inches thick. The
width of the block matches the desi.el thickasss of the . wal!
between 9 and 13 _inches.  Che length, then, is controlled .5¥
the Wéigh? of thir *ock. Two typical s.ces of blocks that Have
Lieen useq. are "chx?O inches (weight about 55 pou ds)  and
4x12x18 inches (i 51’1( about 50 pounds) :

Figure 88. Preparing the soil min. %
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) our workers
are osed -+ v Drepare and mix the soil while the other
two meic. »=d racicye the blocks, then, ciean tre ifvrms. The
dry soil is prepared .4 explained in Chanter 7. ‘[hen it i
mixed with wat.r as shown in Figurs 8 umll the si barely
{lows wheii lightly knear:d. A goo” - ¥ o estimate whether
enough ‘vat - has ueen ndded is o use n stick to make a 3-inch
deep; W shaped groove in ui= soil mix. The mix is wet enough

if the sides of the greove buige ap2 just begin to flow together.

Bitumi ‘ous caiulsions or ~ther liquid stabilizers are added
to the soil raix at ihe sarz= tifie as the water. Dry or powderad

stabilizers are mixsd in beiore tl - ware is added.
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o Figure 4.  .g the fur.nls {roni fre si iy mad\ blocks: _

Alter thorough mixing. the adobe: mix is placed in the
forms as shown in anurﬂjﬂg It lielps to dxop or throw the
mix in thc forms so it packs tlbntlv The mix is then kneaded
by hand as shown in Figure 40U to - fill all of the corners and

remove all air bubbles.  If the knmdmgijgbﬁni dotie well; the
adobe blocks will be solid and b

will ve strong corners and edges.
Afrer Prucsdmg a small board o1 uowel is ised to cut off the
~xtra soil iind smooth the tob edge of the rjlglgled block: A

li:tle water sprinkled on wp of the block wi'l help in:smoott." 13
i o

As soon as possxblf- the foriis are litted from the freshly
made blocks as shovn in Hgmc 41. The only way of knowing
when to remove the forms is to fry it. If the blocks slump or
bulge too much. vither the fovms are bunf" renioved toc sobq

of the mix is too wet. If e mix sticks to th= forms when
thev are removed; 1 i oo diy or the forms have ..ot been
oiled crough. With sonic ,mls the forms may h.- roidoved
iminediately. Wi otle: soils you may have o w't nu;\zer

After remodiner wue forms they are izashed s shown in
Figive 10 ind vet oned to the casting bed for the next batch:

Figure 42. Washing forms for next c#rle



large sump.

FCHANICAL METHOD OF MAKING ADOSE BLOTHS

“t1y,. mechanical mivrhed of making adobe blocks is not much
ditierent from the hand method. By using machinery to 10ix

and dunip the soit v car mike blocks fasier. but you need
Siger forps and mows of chermt. A larger castiig bed s also
reqjui ed.

The size of the adebe blocks 15 the samie as those madc
o the mpnual method, it the formis shoma be big enougd
tc make 19 to 16 blocks at once. For the: gger forms, Cse
9linch thick umber. It citough water and cartii are available
¢ keep the mixing foocess coniinuious, as maiy as 40 to 590
fors s besed.

i e mcchanical methed, iwo ot three workers may
Ceocaotgn. Orieoanan operites @ tracte s with a front-end loader

Figure 44. Machin® (ransports prepars | soil niix to mait-

feriis.

.
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siict as shown in Figure 43. He digs the soil if necessary, mixes

the soil and water i a large pit and ttien scoops the soil mix

up and drops it in the forms. This operaticn s shown in
Figure 44. The other men kaead the mix into the forras and
lift the large. forms trom the molded blocks at the proper tirae.
‘~nis mmecthod will vary depending on the type of mechanical

equipmeit that is available. The € ont-end loader was used
oniiy as an example _ )
CURING AD('BE BLOCKS—Adobe blocks must be cured

or sun-dried before tney can be tised. The usual way of curing
the bl c<s is as rollows:

;. sfter the mold is removed from the newly made blncks,
jeave them in place two to four days without being dir”. = .
Gang molds may be used with a pallet to speed this operzuca:
~"he iold cati be : moved after the soil mass has set sufficiently

(6 hoid its shiape ana e pallet with blocks can be st aside out
S thie way while curing takes place.

©. As soon as the blocks are stronig ciough to be picked
i without chipping or br:aking, place them on edg: o finisa
uring. At this time any loose sand or other materi. ] clinging
to th block is scraped off with a small stick (see ?igur: 45).

Curing il _take 7"out a_month; but it deperds a .ot o the

weather ind the type of stabilizer in the block.
4. if stabilizers such as limx or <ement are us !, tovel
the Dblocks with wet cloth cr straw as soon- as the molds are

remaoved, Keep them mioist for seven days and then turn them
on cige to complete the curing. (See Figure 58, Chapter a2

At the end of the curing period, the b’ are -acked

o1 vdge as shown in vigure 46 so they will take up iess room.
Fecause of the lone citjng period for zdobe blocks, 2 targe

.iring area must be available. During dry, hot scasons they
C i cure without z L.otective roof. But if it is ap* :to rain

Figure 45. Unstabilized block is turned on edge to lry after

t=.- to four days.



S
i b

Figurc 46. Adobe’ block is stacked after a month of curirg:
' |
during the curing period; a protective cavering will be needed
The blocks shown in Figure 47 were ruined by rain before t.~y
had a chance to cure. :
“Ai: exaniple of an inexpensive shied used for curing blocks
is shown i Fige-c 57 in Chapter 9. But all- typcs of covering
m st atlew the air to circulate around the blocks or they will
tike leo ifong to sthe.
Some builders_have laid adobe hlocks hefere they have

cuired compleicly. This can be donc if the,blocks do not shrink
af1er being iuid and if they are strong enough to be handled
without breaking. The savings in fime may not justify this
procedure. iizever: It is really better not to gy uncured blocks.

CHECK:NG QUALITY OF BLOCKS—Controlling  the
qu- ity of adobe blocks during construction is not as difficult
3% ii is for presscd earth blocks beczii~ moisture contert is not
so important. It still should bé done, though. You van niass
quick tests such as ‘he reac.ion to shaking, dry stvength; etc,
explained in Uiiapter 2 to deterinine swhether your soil mixture
has changed. You should also make tests on the cured blocks to
deteriiiie whether the correct soil is being used and whether
ihe correct amount of stabilizer is being added. The fullowing
tests are recommended. '

1. Strength tests of the cured blocks should be made often
using the procedures gi7en in Chapter 2. From the first 100
blocks made, two of tkree bl-cks should be selected for strength
tests. Later it is sufficizut to chack oné block out of every 150
to 200 blocks. ‘ ‘
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Figure 27. 'naticquate protection of blocks during curing
‘s-hedule may result i a loss such as occarred here after a
ra et :

9. Spray testing is an easy way of checking the quality of

adobe blocks and assuring v-iformity. These tests should be

performed on cured blocks using the procedure described in

Chapter 2. The number of tests to be performed is the same
as for the strength tests. %

5. Absorption test as described in Chaptes 2 is one of the
. jies” +vays of checking uniformity of the biocks. Checs the
i suioer of blocks as f . the strengtn test.

.. of the control tests ..-uld be done on blocks which

h-.ve cused for the same amount of time: If tests are performe<
on blocks which have cured for one week and then other tests

are perforimed on blocks that have cured three weeks, you could

sict expect 1= resul's of the tests to be the same; .
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Figure 49. The varioiis siiapes of blocks produred by the Laud
crete block-making inachine 2llow rigid corstructior: of corners

and tees.

-

Figare 50. This Winget rotary Olockmaking machine is belc
wsed i the Britll Cameroons.

V\,

AT

\ 5



LA

B

L

J

. N

N

\

Figure 50. \'his Winge: rotgry blockmaking
uwserl in the Briush Tarserciug.

¥igure 49. The various shapes of blocks produced by the La
ar-te_lock-making machire allow rigid construction of corners -

and teces.
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Figure 51: The compression wnd ejection stroke with  this

Ellson block-making machine consumed 1.4 seconds by stop
watch. : '

contains a rofating table with three operating _ positions—one
position each for filling the mold, pressitgz the biock, znd
ejecting the block. The table, its&lf, must e i'ijt}gtéd by hand

so that the rate of production is siill controlled by the operators.

Diie to the high pressure Which tun be obtained with the prese,

the quality of the block is good. The iachine is not easiiy

transportable due to its weight: e
ELLSON BLOCKMASTER—The Elison Blockmaster is a

manually-operated block _ (or brick) making machine manu-
factured by Elison Equipments (Pty) ILtd, 283 Fox Streer.

y (Figure 51.) ‘The machine operates
un a lever system with a constant i¢.iyi. of stroke sc that the
biock thickness is always the same. ™ hie high lever ratio (500-1)
makes a very dense; solid block. Diflz:: nt molds can produce

Johannesburg, South Africa. |

biocks 0x12x4 inches or 6x12x4 inchca.  Dther molds and attach-
ments are aviilable to form inte it uE nlocks, 414x8v4 inch
bricks or 18x%x4 iuch hollow blocks. ™. ™ inufacture; claims

a p Auction rate of 900 to 1100 hlo s 1 & hows Ay with
an increased rate up to 1400 to 1500 .oy el ©70 with a
semi-automsic loader attached. If the 434" <! inch pricks are
made, the rate is approxi~tely doubled since two, bricks are
made in one operation. Two men would be required to operatc

the machine and two or three more to prepare the soil.

CINVA-RAM~The CINVA-Dam (Figure 52) was developed

by the Inter-American Housing and Fian ling Cerier (CINVA)
at Bogota, Colombir, in 1952. It is voerzied by “..aually apply-

ing pressure on 2 lomg lever zrm. Nt produces blocks which

gl Mt

are . 1114x5142314 inches (either hollw or solid) and wiil aiso
produice i11;x514x114 inch._tiles for roofs or fivors. ‘i'he long
lever 214 arrangement producc: dense, high-quality blocks. The
Cl*:VA-Ram is presently distributed by Metalibec L.tda, Apartadc

Aero 23%-NAL 157, Bucaramanga, Columbia, Scuth America;

Y




Figure 52.
siider license from 1:B.E.C. Housing Coinipany, New York; US.A.
The machine weighs only 140 pou.ids and is the lightest of the

" four machines mentioned here. Three men; doing all of the

worx, including ptocessing, mixing; molding, etc, should make
%7 blocks a day. Five workers min make 600 per day by divid-

" ing the jobs:

SUMMARY OF ELOCK-MAKING MACHINES--All of the

* mochines discussed above ‘mak. high-qbzlity earth blocks. Eack
machine certainly has its advantages: and disadvintages and

| certain muachines will be availzble ini soine areas of the world

. where others will no.. There are probably other good machines

| that will make good earth blocks, but it is not oractical in

this maiual to discuss all of them. We will use the CIMVA-

' Rami machine to discuss the procedure for making| blocks.

SLOCK-MAKING OPERATIQNS—A team of ! five or six

men working witl: one machine achicves the best. production.

Thrée men handle the digging and processing, while two men
operate the machine and mold the blocks. Another man may
be used to stack the blocks for curing. :

‘

block-making machinies (particularly with CINVA-Ram) it i
necessa:y to get the correct amount of soil mix in the machine
each time. Fast, simple weighing equipment can be used, but

K | ,;j :51 & -
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Figure 53.

2 wood of metal scoop will do almost as well: A scoop for the
_ CINVA;Ram is shown in Figure 53. A worker can scoop. tiito
a loose pile of prepared soil mix, scrape off the excess material

with a piecc of straight wood or shrct metal, and then dump

this measured amount directly into the ‘machine; The -ize of

'\he scoop is determined’ by the correct amount « £ mix to :iake
a dense block.. Another way is to use only one size scoop but’
_1se an adjustable sc-aper as shown in Figure 53. L
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o j;’cﬁig‘(: {:;!C}} scoap Cforaie s ;vi;i(‘C(i in the ClNVﬁx-Ram, a
light coat of oil should be hrashed on the sides and bottom of

of kerosene is fiiie.  THe il couatibg keeps tlie blocks fromm

sticking to the sides of the mond and makes them easier to
force out

The scoop of soil mix is tiien placed in the oiled mold
For muny soilss a scropful of loose material

box: (Figure 5

easily closed. Some Sois, howeior, huve a teridency to “fluff”
when moist (usually, the cinly matevials do this) and they
muast be lightly pressed down by hand before the mold cover
can be closed. It has also been found that many blocks are
not compressed tigiitlv at the corners and these corners will
later chip or break off duriug hundiing.  This does not affect




Figure 55. Pressure stroke.

the overall strength of the block but can spoil the looks of the

wall later on. To avoid this problem, loose mix in the corners

can be pressed down tightly by hand or a litie excess soil mix
can be placed in each of the corners.

. PRESSING THE BLOCKS—The wotker who fills the “mold
box slides the cover on. His partner applies the pressure on
the lever. (Figure 55.) This is a most important part of the
operation and requires practice to do well.  The CINVA-Raw

wis developed so that as little as 70, pounds of force applied
to the end of the lever prodices a block dense enough to be
satisfactory. However, it has been proved that denser blocks

are much stronger and more weather-resistant. So, it is recom-
mended that at least 130 pounds of force be applied to the
lever 1rm; that is, a man weighing about 130 pounds should’

be aule to apply all his weight to bring the lever down to a

level position.
A good block depends on the correct amount of soil in

the mold box. If the lever arm can 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 too
mouch soil has been placed in the mold, then the lever arm

cannot be brought down to the level position, even with con-
siderable force. The block produced in an overfilled mold

still will not be dense enough. The builder can judge when
he has the correct amount of mix in the box: He will feel the
greatest force when the end of the lever lacks about one foot

94
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EJECTINC BLOCKS—In the CINVA-Ram, blocks are
pressed out of the mold by lifting the lever arm and swinging
it to the other side of the mold box. (Figure 56.) After ex-
truding, the block should be transferred to a suitable place for

curing. If the top of the block bows or cracks during this

_extruding process, the soil mix was probably too wet. These

blocks will be weak and should not be used: Newly-made soil
blocks containing clav can be handled with little fear of break-
ing. New sandy blocks may crumble when handled; so they
should be moved on a wood or metal piece called a pallet.

Somie fresh’ blocks miist remain on pallets until they are strong
enough to be moved. It may be necessary to have enough
pallets on hand to handle an entire day's production of blocks.

The only way to know whether pallets are required is to make

Figure 56. Extrusion of finished block and rsmoval to curing
area.



blocks and see how they hold together when they come out of
the machine.

CURING BLOCKS—While curing, blocks should be stored
in a place where they will not be disturbed and close to where

they will be used.

Curing is completed when the water used for ‘molding i

dried out. They will dry out faster in_the sun. 1f the area

ceceived a lot of rain, dry them out under a covering or cheap
shed as shown in Figure 57. 1f the roof of the house was built
first, dry them under the roof.

A wet cure period is necessary for stabilized blocks to gain
strength; particularly if they contain cementing type stabilizers,
(See Chapter 2) During the wet-curinig period, blocks should
be stood on end and covered with wet sacking; leaves, or other
smaterial as shown in Figure 58 so they can be kept moist. After

P .
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cuirinig. the covering is removed and the blocks are stacked while
they dry:

_ Some builders do not wait until the blocks are completeiy
’ry before laying them in the wall. This does no harm as

long as the blocks do not crack when being laid and do not
shiriik later. But; let them cure for at least a2 week before

using; the longer the better.
| CHECKING QUALITY OF BLOCKS—When a large number
of hiocks is being made, a few bad ones are bound to turn up.

Sofmietirmes, eveni a whole batch of blocks will be of poor quality
because iomebody did something wrong. Mistakes happen, and

the builder can guard against them by performing occasional
control tests, The type and number of tests that should be

performed depend on the size of the job and iype of con-
struction. For pressed earth blocks the following tests are
recornmended: ,

1. The moisture content of each separate mix should be
checked beiore blocks are molded. If the mixes are small, you

can check moisture by making a ball of the moist mix as
described in Chapter 2 and dropping it on a hard surface.

For large mixes try to use the more exact tests for moisture
- described in Appendix B. Use soil samples weighing 1 to 2
pounds. :

2. Spray tests should be performed occasionally to. see if

the resistanice to weathering is as good as expected. These tests
should be performed on cured blocks using the procedure
described in Chapter 2. If the job is just starting then 2 or 3
{or even more) bricks out of the first 100 bricks should be

“checked. Later it is sufficient to check one brick out of every

150-200 bricks made: ‘
3. The strength of the block should also be checked often
to make sure that the block will be as strong as expected. These

tests should be perforied on cured blocks using the procedurcs
given in Chapter 2 or Appendix A: The number of tests that

should be performed is the same as given above for the spray

4. Absorption tests cani be casily performed on cured

blocks using the procedure given in Chapter 2. Make an

absorption test each time you do a spray test.
5. Density tests to determine whether your blocks are .

being pressed enough should be done if weighing equipment
is available. Remember that the heaviest blocks are the best
ones. - o

_If the blocks do not pass these comtrol tests, block-making
ahould be stopped immediately until the trouble is located.
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Chapter 10
MAKING WALLS WITH EARTH BLOZKS
hanh blockc. whelhcr Zl(lobt or prcsscd are laid in level
';'zri,i; rs (or courses) just like ordina y burnt Each course
is offset onc- half of the wxdth ot the block as siiown in Figure
59 so that the vertcal joitits are not continuaous: The blorks
are joined togethir with a mortar to give a uniformly strong
wall. Some block- making macaines produce blocks with inter-
locklng grooves and ridges so the blocks bond together without

using mortar. This type of bond is not very satisractory;

parucularlv for areas sub;cct to earthquakes or high winds.
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l”he sclcctxon of a correct morlar xs an xmporlam slcp and

a mortar is selected.

MOI\TAA§ I~0R PRFSSID FARTF BL()( KS The ii‘ortar

soil mix used for the mr[h blocks }{qre xs,onc hxghiquiarlrxgy
mortar that has been successfully used with many different
tvpes of earth blocks:

1 f)éii:i ﬁéiiiéiiii cement.

if masonrv cement is avavlablc use one part masonry

cement, three parts sand and enough water to form a workable

) If soxl mix is iised for the mortar it should be one low in
clay content to avoid shriukage cracks. Since the mortar is not

,,,,,,,
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presscd like thc blocks. it wxll require some sort of stabilizer—

usually pb’nland cement or lime—so it will have approximately
the same strength a3 the blocks. Reseirch has shown that

mortar for stabilized pressed blocks should contain abaiit twice

as much stabilizer as the blocks to be as strong as the blocks:

In other words, double the amount of stabilizer you used for
your blocks when making-a stabilized soxl mortar.

The soil mlx or Sziiid to be uscd in the mortar should bc

sieved through a small screen.

SELECTING THE BEST MORTAR FOR PRESSED
EARTH BLOCKS—There are some simple tests that can be

used in selecting a good mortar. . Before making these tests,

it is first necessary %o know something about :laying blocks:
Since pressed earth blocks are usually dried "beforc they are

laid; they are likely to absorb somme of the watéer from the wet

mortar. If they ahsorb too much water from ;it; the mortar

Will dry out too fast. Then it will be weak and wnll not form
good bond with the block.

A sxmplc way to dctermmc if thxs will happen is_to draw
a l-inch diameter circle on the suiface of a block with a wax

pencil or crayon: Using some sort of dr@yer, rapidly place

20 drops_of water_inside the circle. . If the block completely

absorbs the water in less than 114 minutes; the blocks need to
be wetted. _This can 7be done by completely immersing stabilized
blocks in water for a minute or two. Unstabilized blocks can

be thoroughly sprinkled with water. Allow the sixrfacc _water

. Aftcr the blocks have been properly wetted; two or more
of them are joined together with each of the proposed mortar

mixes nsmg the same thickness of mortar joirit that will be.

used in the wall. It js lmportant that the consistency ("wetncss )

of the mortar mix be the same as if it were being used in a
wall: The excess mortar is removed or “struck off’ and the

mortar joint allowed to dry at least one day. The mixes are

judged from the appcarance of cracks in the mortar: A mortar
is unsuitable it it contains open cracks that will allow surface

water to enter the joint. Fine hLairline cracks in' the surface

are usually not damagmg Mixes that have damag'"tg 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 zt least 7 days. If portfand
cement or lime is used as a stabilizing agent they should receive

a wet ‘cure for the first day. At the end of the 7-diy 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 mipected to determine if the cracks follow the

joints or cross the joints through the blocks. Any mortar that

is strong cnough to hold thc blocks together so that some of
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If the cracks are all in the mortar joints. the mortar may be
suspected as being too weak for successfiil 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 o pull the blocks apart

. MORTARS FOR ADOBE BLOCKS—Tests have shown that
the niortar far adobe blocks should have about the same strergth
as_the blocks themselves. If the wiortar is inuch stronger than
the blocks, it could cause the bLlocks to ciack when it shrinks.
For this reason, it is usually hest to use thie same soil mix
(including stabilizery as was used for the blocks: This mix
should be put through a fine screeii (o remove large particles

which are never desirable in the mortar.

If the mortar does not satisfactorily bond the blocks, it

mav help to wet the blocks first by sprinkling ther. Adding
a small amount of stabilizer might also help: ~ However, as &
general rule, very little trouble is ¢xperienced with mortars
for adobe blocks:
_ SETTING DOOR FRAMES—Before the block-laying begins,
all door openings should be Acciirately 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 comrpleted,

If the door frames are placed’ first, great care should 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 Tthis by measuring across the diagonals)

and then braced diagonallyalso.

___TERMITE PROTECTION=In certain areas of the world;
especially in tropical climates, termites or white ants arc so
bzd that they will even burrow in earth blocks. If the house

is being built in such an area; special precautions must be
taken. The conimon 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 tregt the soil and lumber with suitable insecticides

to minimize attack by termites.

 LAYING THE BLOCKS—Afier 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 Ficure 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 then laid
with mortar. 7
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Tlien several courses of blocks are carefu}ly qud at the .

corners and at the door frames as shown in Figure 60c. These

provide a guide for laying the remaining %10-%s, 30 they should
be layed level .and correctly spaced. String lines are then
stretched betwcen corners of the building as shown in Flgure 61

or between a corner and a door frame. 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 ir is level. If an

adjustment is needed, it should be made It is best spaced a

_small distance cut from the outside edge of the wall (usually

about 1 inch).. In this manner, the person laying the blocks
knows exactly how far the block should be from the string line
to give a straight wall. (It may be handy for him to have 2

small block of wood of just the co-rect thickness so that he can

measure the. distance from the string line to the face of the
block.)  The string line is moved up ‘o the next course after a

course is womplceted. In this manner the courses are brought up

to the level cf the window sills: Then the block laying is

re set in place.

stopped while the window frames

Adobe blocks have rougher surfaces and it will_be a little -
harder to lay them to a straxght line but it can be done.

_ A house with crooked walls will nict ook as good so chcck
often to be sure that your wzlls are going up plumb (vertical).

.Use a level or plumb bob to check them:
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S Thie block layers (or masons) shouid hase helpers to kee
enough mortar m'xed, to soik  tha blocks (if ncededy and to
keep a supply of blocks <asily available to the mason at all
times. The mason needs the correct-tools for his job; a large

il small frowel, a jointing tool, hiltiger, and level.

- M - -

, 5 of the blocks with the trowel

45 showii in Figure 62. Sufficient mortar_is used to give a
iat thicker than desirc 1. T@m’ason then puts
aind setiNdt; in” place.  Using

The mortar is placed on |

mortal on cach end_of the block. and: sets\
the lrg,wéi handle, he lightly taps the flocks into the exded

position and then strikes off the excess mortar which has becn




squeezed out of the joints. After the inortar has beiome slightly
hardened (in about 30 minutes) the mason finishes the mortar

joints. This is done with a rounded tool called a jointing

tool, which slightly indents the joints and removes rough edges:

This serves to pack the mortar tightly in_the :oints and also

makes the joint more waterproof. The mason’s helper should

occasionally sprinkie the fresh joints with water to keep them

from drying too fast. When the mason needs half blocks at

Figure 63. The mechanical bond of plaster to the adobe wall

was enhanced by the early builders of Ft. Davis, Texas, by

inserting rock chips in the fresh mortar.
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Figure 64. A builder in Albuquerque, N. M., uses this wall
section for adobe walls. '

door frames and windows he can cut blocks by giving them

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 13) it is not necessary to

finish the mortar joints with the jointing tool. Instead the

mortar is left in a rough condition, cither protruding out from

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 typical wall section for adobe is used by a

well known Albuquerque; N. M.; adobe building contractor.

this space is later filled with the mrfﬁ&: coating it provides

a very strong bond between the surface coating and the wall.
Rock chips set in the wet rortar, also provide a good_bond

for surface coatings. This method is shown in Figure 63 for

_ an adobe house. — | :
 WINDOWS—When the block wall has been brought up_to
the correct height, thie window sill should bij dﬂaced. This

105

Ll



Figure 66. An overhanging window sill channelizes the rain

into two rivulets; easily eroding the unprotected, nonstabilized
wall surface.

is one of the most common places for annoying leaks to occur

and great care should be taken at this stage of the construction.

The sill should be made of a sturdy material that will not rot.
A good quality. mortar can be used _or preferably lightly re-

inforced portland cement concrete should be formed into a

Figure 67a. This 27 x 4” wood nailer block, of the same dimen-

sions as an adobe block; is inserted in place of the adobe block
around windows and doors to offer an excellent, rigid hanger

for the window or door frame, o _— T
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e 67b: in place (under the

lding paper) in this residence under construction in Albu-

querque; N. M. (Koehes).

Figure 67b. The najler block is shown

sill as shown in Figures 64 and 65. When a wood frame window
’ is to be osed; the raasonty sill shounld not at anv place extend

. above the botiom of the wooden sill or ledks will occur. The
masonry sill should hot_stick out bevond its finished outside
wall. An overhanging sill will collect_water running down the
face of the wall and cause damaging. erosion _as shown in
Fizure 66. If an overhanging sill is used. it shiould have a drip
groove_ underieath to prevent water from running down  the
face of the wall '
After the masonry sill is in place the window frame can

be set and braced in the same pianner as the doors. Then, the

block-laying can continue:  Of course, you can. also leave _an
accurately 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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Figure 68. This shows hiow timber lintels are used above doors

and windows. Above the lintels (in the cutout section) is
shown a concrete borid beam.

when the walls will be covered with a surface coating is shown

in Figure 67. Wooden nailer blocks—exactly the size of an
adobe block—are placed at several points adjacent 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 strips to the

frame which will extend into the mortar joints.

LINTELS—The weakest spot -in any house is over the

doors and windows.. A beam or other reinforcing cross piece
called a_lintel should always be used above these 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 Appendix 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 ilso project out

on either side of the door of window for a distance at least
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Flgure 69. A cedar post was used as a lintel in this early
construction at Ysleta; Texas.

equal to the thickness of the wall so they will have plenty of
surface to rest on.

A drip barrier should be’ cut in all lintels. This barrier
is a Small ~groove  (about 14" deep and 14" across) _on the

,,,,,

It will keep water from _seeping back into the wall, xtself

Flgurc 65 shows the locauon of the drlp barrier.

;ifhls method was commonly used over a hundred years ago

when this bunldmg was constructed; and it’s still a good one:
Raxlroad ues also male good lmtels because they are strong

BOND BEAMS—Bond beams (sometimes called tie beams
or perimeter beams) are used to reinforce the top of the earth
wall against loads from the roof. (See Figure 68) The L-=am
distributes the roof load and ties the top of the walls toget. er.

If a low-ceiling house is being built; the bond beam can aiso

be the same thxaness as the wall and preferably be ued to
the wall with bolts or some other type of projection. The

beams may either be wood or reinforced concrete. Wooden
bond beams should b2 placed over a thin layer of mortar on
top of the last course of blccks. Concrete bond beams (and
lintels also) can be poured in pl:ice on top of the completed

earth wall as shown in Figure 71. Make the forms strong so
they will not_bulge. If you are using a timber frame roof, set

‘bolts in the fresh- cona'eteior -holding the roof down. o
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Figure 70. This shows a combmauon bond bcéiii iiid hntcl "
made from reinforced concrete, thit can be used, on low-ceiling
houses. '

REINFORCEMENT—Thé best made homes use extra re-

inforcing: In earthquake or high wind areas; reinforcing should
always be used. The most common type of remforcmg used in
a block wall consists of reinforcing rods or wire mesh laid in

occasional horizontal joints: These rods or mesh are embedded

in the mortar between blocks and also serve to reduce shrinkage
cracking. ,Ugualrly this reinforcing is placed in at least one out
of every six horizontal ]oxnts

Addmonal rcmt‘orcmg is normally rcqum:d in the horizontal

joints immediately under window sills. Since a window repre-

"sents a weak place in the wall, most structural cracks occur

at the corner of the window. Remforcmg is not required above

the window if a sturdy lintel is used. Reinfcrcing rods are

sometimes plzced in the mortar ]oma at wall corners and where
an inside wall joins into an_outside wall. This reinforcing can
be made from steel bars that are bent to form the shape of
the cornier of the.wall junction:

Addmonal strenL pamcularly for a two-story building,

is obrained-with-vertical reinforcing rods: ~For most block wallyq——— - —— -~
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anure 71. Forms like thrs can be used to pour concrete bond

beams and lintels in place in the wall.

this means drlllmg a hole through the blocks and groutmg the

rod into the block. Vertical reinforcing is normally used only

in areas sub)ected to severe earthguake shocks.

EARTHQUAKE. DESIGNS—In_areas SubJCC[Cd to frequent
earthquake shocks, the following riles should be followed:

1. The plan of the burldxng should be compact and rec-
tangular in order to minimize the effects of shaking.

2. A continuous remforced concrete foundation laid on
co*npactec or solid ground is necessary.

2. One -story walls_ should niot be less than 12 mches thrck

for exterior walls and 8 inches thick for interior walls. A two-

story house should have 18- and 12-inch_thickness exterior and
interior walls for the first story and wood framing for the

second story. The lighter construction for the second floor

minimizes the hazards resulting from earthquakes

4. Reinforce mortared Jomts Remforcrng rods or wire

mesh should be placed in every fourth or fifth horizontal mortar

joint and lapped over at corners. When surface coatings are used
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of one-inch wire mesh in every sixth joint. The extra width
Is turned down against the face of wa'l and fastened to it. This

provides a good bond for plaster:
INSIDE WALLS—The homebuilder has several choices of

materials from which to construct the interior walls of the

used in the exterior walls. Normally they do not have to be
us thick nor as strong. Also; they do not need to be weather
proof. ‘They should, however, be resistant to abrasion; and a -
hard plaster coating may be desirable.
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, Chapter 11
MAKING RAMMED EARTH WALLS

A rammed carth wall, vou miglit say, is a large pressed
earth block. Because it is miuich bigger than a pressed earth
block and it is made right on top of the foundation wall, it

is harder to do well. But if you do it right, you will -save a.

jot of effort. You don't have to niove a lot of small blocks
around and lay them in the wall: X rammed ecarth wall will
inake as good a wall as pressed blocks will make.

Doii't try to build a rammed earth house without knowing

exactly what you should do. It will be worth your while to

spend a lot of time studying this chapter before jou start.
 After finding the right kind of soil for rammed earth, the
most important thing to do is to build a form or mold to ram
the earth in,
‘The neéxt imost iinportaiit thing is to ram the earth correctly.
HOW TO BUILD FORMS=The forms for rammed earth
are a lot like those tised for poured concrete. They are simply

rectangular boxes without tops or bottoms into. which_earth
is pounded: The forms 1nust e strong because they will have

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 a couple of men to lift

builders will want to use wooden forms, we will talk- about
them only: A simple form can be made like the one shown in
Figure 72._ It uses 27 thick lumber (27x6", 27x8” or 2"x107)
nailed to 27x"4 braces oi studs spaced 2’ to °' apart. You'll

fieed two paniels and several long (about 287-30") %4 round bolts
to hold them togethér. The bolts should be loiig enough to
extend through the forms and studs with the threaded portion

sticking out a couple of inches: After® the forms are removed,
the bolts are driven out of the wall and the holes filled with

tightly rammmed soil mix.

" The form in Figure 72 are used for making straight wall

sections. To make corner sections, make some special forms

; from the same type of wood, but patterned to look like those

in Figure 74,

1ii buildiiig a rammed ‘earth wall; the bottoms of the panels
are clamped tightly over the foundation wall or a section of
finished wall: If they are thé right thickness -or width, the
bottoms of the forms will be right, also. To space the top of
the forms. use 27x2” wood “'spacers” cut to exactly the same
width as the wall. :

" To keep the earth from coming out of the forms at the
einds, use a piecé called an “end gate.” End gates should always
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be as thick as the rest of the forms—2~ in this case. End gates
also servé as spacer blocks at the ends of the forms so they

should be as wide as the walls: In most cases end gates will

be used right at :he end of the forms; but they should be made
so they will fit any place inside the forms in case you have
to ram sHort wall sections. Triy to space end gates so they'il -
be at least 8~ from the nearest bolt. If you con't leave enough
room, it will be difficult to ram the soil correctly.
~ Always nail a beveled piece of wood on the end gate so
that it faces the inside wall. When the earth is rammed in
the forms; the beveled piece will form_a groove in the end of
the wall. When the next section of wall is rammed, the groove
will be filled with earth to form a solid joint-that bonds the
sections together: . ' .
The_form shown. in Figure 72 will be. fairly heavy for_two
men to handle. If a smaller form is made, it will be lighter;

of course, but you will kave to move it too often.

_Plywood, 17 thick, will do_as well as 27 planks, and will

- make lighter forms: - It must be braced better, though. Use

27x4” studs_spaced 18~ apart in both directions. The bolts
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should oe at least 15” in diameter. Plywood forms are shown
in Figiires 73 and 74 '

Plywood is easiest to_ use in making forms, but it is more
costly than ordinary lumber and sometimes is hard to get. ii

will make nice; smooth walls, but it gouges easily if accidentally
struck with the corner of the rammer.

Figure 74. ﬁywaﬁﬁ&?ﬁ_éf form fo: rammied earth wails:
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Figure 75. Thin inetal strips such as these can Se used instead

of bolts to lie rammed earth forms together.

_ Other thickn-wses of Jumber can ba uvd, of cotirse. Boit

and stid spaciug can b based on those shown in Tigures 72,
73 and 74:
. Instead of bolts, which might be hard to get; you cin use

thin metal_strips to bold the forms together. Small sicis zre

cIt iii the forms for the 1netal strips to go through. Metal pegs

or large nails hold. the strips to tke forms and wedges can be
driven to pull the strips tizht as shown in Figure 75. Ingtead
of pulling the metal Strips out of the wall a3 you do with boits,
just leave them in Place. If you are going to.1se a plaster

surfice coating leave them sticking out a short distance to bond

the surface coating to_the wail. If not, cut them off flush with

the surface of the wall. :
7= .
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FORMING ADJACENT SECTION

s pereo®

Figure 76. This is 3 special forin that was designed to use

the mietal tie strips shown in Figure 75.

_Of course, if you use strips; you will nieed many, but they

are not costly, They can,be cut from thin pieces of sheet metal

or even from heavy metal cans. A form that has been eapecially

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 strong enough to ‘hold the

bottom of the form together. You'll need only a few bolts and

you don't.have the bother of removing the bolts from the wall.
Biit the forms are harder to make and they aleo _must be

sturdier. Don't try them unless you are an experienced builder.
. S
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Figure 77 Form for iﬁiii_iﬁing;

~ Here arc somc hints that might help you when you make
forms: I i :
i. Don't make your forms deeper than 2 or 21, feet. 1t

they are deeper, it “will be difficult to ram the carth correctly
at the botiom of forms. , ) L
2. Use seasondd lumber for your forms. “Green lumber’

will warp. <t

3. Keep your fofms oiled with a light-weight ol THis
will stop warping, and keep: the soil from sticking to the lumber.

4 When vour forms aré not being used; stack ther flat
in a protected and well-drained $tea so they won't warp:

e L
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5. Make your bolts with crank-type handles as shown in
Figure 78.

6.  You can crank the bolts off and -on faster than you can

tighten the nuts with a wrench.

‘7. If several houses are being built, line the inside of

your forms with tbin sheet metal. They will last twice as long.

8. Drive a couple of” nails partially in your spacer block

and bend them over to {it on the bolts as shown in Figure 78.

'When you set the forms up, stick the bolts through the nails

“to hold the spacer blocks in place while you are tightening up

the bolts. -

9. If you can't find suitable bolts, use heavy wire to hold
the forms together. - Thread the wire around the studs and
twist it _tight with a rod or heavy nail. When the forms are

removed, cut the wire off flush with the walk
10. Every place where you have an unprotected corner;

nail a smal! strip of wood, cut on a 45° angle, to the inside

corner of the forms. This is called 2 chamfer strip; and it will
help to “round off” the sharp corners. :

i19
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Rammed Earth Tampers
Most rammied earth tampers are the hand type, but if you
walit to tamp soil faster, an air tamper—which feqiiires expensive
equipment—will be better.
{JAND TAMPERS—The weight of hand tampers is very

important. The heavier the ramper, the faster the earth can
be rammed. So use the heaviest tamper your lahorers can _handle

all day long without overtiring. _Small laborers cannot lift hand

tampers _ weighing more_than_16-18 pounds for long without

tiring. Larger men niay be able to work efficiently with tampers
weighing 20 to 30 pounds:

_ The size of the striking face is regulated depending on the
weight of the tamper. A good rule to follow is this: the tamper

should weigh two pounds for every square inch of tamper face.
A tainper with'a 37x3” squarc face (this is the most popular
sizéy should weigh 18 pourds. For a 4”x4” square face the
taimpei should weigh 32 pounds.

A squire tamper with a flat striking face is the best to usc.
Roiiiid-shaped and other curved faces may not gouge the forins
as badly as square ones, but they don’t compact as well; either:
If vou care to, you can make a few tampers with special shaped
faces for compactinig in small areas. such as around the end
gites of the forms:

_ Figiire 79 shows a stardy metal tamper that is casy to inake.
Tampers can also be made of wood but they are a little harder
to use becausc they are bulky. The striking face of wood
tampers should be covered with a piece of metal to prevent
rdpiil wear and splitting: .

A special two-man tamper with a_ sliding weight that has

worked well is also shown in Figure 79. This hammer can be

guided easier and therefore it does not damage the forms as

AIR-TAMPERS—With aii air-tamper onie man,can tamp soil
in one-half to one-third the time that he could using a hand
taimper. Many types of air-tampers_are available. Get a light
one that doesn’t weigh more than 25:30 pounds: It should be
a.long-stroke machine, of moderate feed, that delivers powerful
blows. A six-inch square tamping face can be used with this
type of machine:

‘A constant air_pressure of approximately 70 pounds per .
square inch is necessary. An air compressor witb a free air

deiivery of 23 to 30 cubic feet per minute will operate one
tamper. )

| THICKNESS OF TAMPED LAYERS—A good rammed earth
wall should be well tamped from top to bottom. Layers which
are placed too thick will be loose at the ‘bottotii and will wash

out during rains. The thickness of each loose layer of earth
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__than 1”7 more than_the
width of the tamping face. For example, don’t try to tamp
more than 4" of loose soil with a 3”x3” square-faced tamper.
After tamping; a 4” loose layer should be approximately 215"
thick. ) 7
CONSTRUCTION PROCEDURE-The construction pro-
cedure for rammed earth walls is very similar to that used for

sliding weight tamper.-
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Figure 79c. 'Disassembled sliding weight tamper.

earth blocks. The first step is to install the termite shields,
if required: Bend them down 50 they are flat against the side
of the foundation wall. Then; place the forms over the founda-

tion wall and draw them up tight against it with the bottom
row cf bolts, wires, or whatever you may be using. The end

gates and spacer blocks are then inserted and the top row of-

bolts is tightened. You are now ready to start ramming. Figure

80 shows a rammed earth wall under construction.

complete section around the house before starting the next
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Figure 80

layer. Joints between Iayers should be staggered like those in
pressed_blocks so they do not form a single, weak-line in the
wall.  This method is shown in Figure 8I.
___ Figure 81 also shows how the beveled piece of wood on
the end gate forms a good vertical joint between sections.

The first sections to be rammied shoiild be the corners of

the house. Particular care should be taken to make sure that
corner forms are perfectly plumb or vertical: This is most

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

the tops of the forms so it will riot touch the foriiis.
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Figure 81.

Protect newly-constructed wall sections until _they gain
strength: At night and when rain threatens: all walls exposed

to rain should be protected with mats, heavy cloth, or water-

proot 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; moistened several timies daily are good
for this;
Some soils—particularly the sandier ones—may have a tend-

€ncy to crumble when the next section is rammed on top of

an earlier lift. If this happens, wait until the lower section

gains enough strergth to prevent this. For soils having cement-

Ing-type stabilizers in them; wait 3 or 4 days if possible: In
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gerieral, you can ram on top of any wall section as long as it

doesn‘t cramble or crack:

Before ramming a new section, scratch the top of the lower

completed section about 14~ deep with a pointed wood or steel
stake. 1f the completed section is dry, moisten the top of it

slightly. Thais will improve the bond between sections,

NUMBER OF WORKERS NEEDED~Once the soil mix is
prepared, 2 to 4 workers can e used to construct the wall. Two
men czn do the ramming but, if the forms are short, the work
will be more efficient if only one man stands in the iorms. One

worker is required to shovel the prepared soil mix into the
forms. One worker, supplied with soil; can ram about 3 cu. ft,

of soil in an hour:

Since the workmer operating tampers stand inside or on

top of the forms, scaffolding or supports are not required for
~ them. But as the wall increases in height, scaffolding may be
- necessary for the worker shoveling soil mix inside the forms. A

worker on the ground shovels the mix onto the scéffglgliiig;

This requires a total of three or four workers. An alternative

is for the man tamping the soil to pull up additional soil as

needed in a bucket and pour it into the forms;
Scaffolding or other supports will also be necessary when

the wall is high and the forms must be moved around.

___ TAMPING THE SOIL—REGARDLESS OF HOW GOOD
THE SOIL MIX IS, A RAMMED EARTH HOUSE WILL
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 right, the earth cannot be tamped right. For this
reason, the moisture conitent should be checked often; not only

when it is mixed; but also when it is being tamped. Mixes

which are too wet or too dry should be remixed. Cement:

stabilized mixes which have dried out should not be wused.
___RAMMING SHOULD BE CONTINUED ON EACH
LAYER UNTIL THE NOISE FROM THE RAMMING TOOL
CHANGES FROM A DULL THUD TO A CLEAR,; RINGING
SOUND. - - .
Workers operating the tampers have a hard but important

job.. Their work should be checked often. An easy way to
check for soft spots is to shove 2 sturdy knife blade into various
spots in the rammed layer. Soft spots found in this manner

should be rammed some more. The important places to check
are directly against the forms, in corners, and around beveled
strips on end gates.

_ If the soil tamper will not ring regardiess of the number
of tamps, then something is wrong with the mix:. Probably it
is too wet, so check it closely.
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Figure 82.

DOOR AND WINDOW OPENINGS—Openings for doors
and windows can be done two ways in_rainmed earth con-
struction. One way is io set the door and window frames first
and ram the earth around them. If this is done the frames

should be solidly braced as shown in Figure 82 otherwise they
will be forced out of place by the high pressures produged by

ramming. Brace door and window frames across the diagonals
also so the openings will remain square. Frames should be as
wide as the walls and should have ties sticking into the wall
to hold them firmly in place. ’

_ The other way is to ram the earth first leaving an opening
in the wall for the frames. When this method is used, the
beveled strip is removed from the end gate. The end gate is

then accurately positioned at the spot where the opening is to
occur. Wooden nailer blocks must be placed in the wall so that
door and window frames can be securely attached to them. The

blocks are placed on top of a tamped layer and adjacent to
the end gate. The next layer is tightly xammed around the
block to hold it securely in position. The result is shown in
Figure 83. Another method “also shown in Figure 83 uses a
single_piece of timber the full height of the opening. Lightly
nail this piece to the end gate so the end gate can be easily

removed from it after each layer is completed. When using this
method; the door frame does not have to be as wide as the

wall, but the unprotected edges of the wall should be chamfered
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Sometities you may run into a situation like this:

' You will be ramming against a short section of w 1l (say

3" long) which is adjacent to a window opening. The pressure
from ramming against this short section may cause it to slide
toward the open space. To keep this from happening, strongly
brace the short section against the wall on the opposite side

of the opening or against stakes driven in the ground.
_1If a section does slide; tear it down and ram a new section

in place:
WINDOW SILLS—For window sills in rammed earth follow

the same rules as for pressed blocks: (See page 105.)
LINTELS AND TIE BEAMS—Lintels and tie_beams are

constructed in the same way as for pressed blocks. There i§ onie

precaution to be noted; however, The pressures from ramming
the earth on top of a lintel may be great enough to cause it

to break or permanently sag. To keep this from happening,
put sturdy braces beneath the lintel during ramming as’ shown
in Figure 84, or design the building so that there is 1io earth
wall over the door and window openings. This method is often
preferred. )

REINFORCEMENT—Barbed wire, woven wire or small
metal reinforcing rods may be used to reinforce a rammed earth
wall. This is particularly necessary if the building is being

constructed in an area that has sarthquakes or high winds and
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is made of stabilized earth. Reinforcing is not as effective’ in
unstabilized earth wills as it is in stabilized material. Reinforce-

‘ment around door and window openings always 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 down into the new_section after the end
gate is removed. Securely fasten ‘the reinforcement in the new

section to that extending from the previously compacted section.
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Chapter 12
ROOFS FOR EARTH HOUSES
Any type of raof used on ordinary houses can also be used

on .carth houses. Thatch or sheet metal roofs are commonly

used. But often it will be cheaper to use an earth roof on
your lousc. :
Three types of carthen roofs are used:
t. Bunker fill roofs
Arch or vault roofs
Frame roofs supporting earthen tiles:

(- e I

These are things an earth roof must do:

1. It must be strong enough to remain in place;

2. It must rot leak;
3 It must provide protection so that water running off
the roof will not run down the sides of the earth wall.

BUNKER FILL ROOF—A bunker fill roof is a flat roof
in which large timbers; (sometimes called “‘vigas” in parts of

the U.S) support a tamped or compacted carthen blanket: Sce
Figure 83 These supports can be sawed timbers or the trunks
of small trees, six to eight inches in diameter, spaced approxi:
mately 30 inches apart. For large buildings, such as the school
shown in Figure 86, large trunks, ten to twelve inches in
liameter. can be used: A nice appearance is produced by

alternating the large and siall ends of the vigas. Also, putting

the small ends all in the same direction would cause that end

Figure 85. The cutaway section of this bunker fill roof shows

the layered structure of the roof. From the top down;, the
components are gravel and _asphalt, building paper, earth fill,

building paper; wood sheathing and supporting' beams (vigas).



Figurc 86. The largk and small ends of the ¢

iall g timbers
(vigas) are alternated to provide a balanced appearance.

so that the finished roof will slope about 14 inch per foot
of length. )
_ On top of the vigas, place some type of covering to support

of the roof to be weak. A tilt or pitch is given to the vigas

the earth fill. THhis can be 17 liiniber, some: type of reed such
as bamboo, or even small saplings as shown in Figure 87. Run,
the sheathing diagonally from center to center of the vigas.
This will compensate for the unevenness of the vigas. Over
the sheathing, use heavy biilding paper or a thin layer of straw

to keep the soil above from seeping through. . .
A compacted earth fill iéd‘;étéd on top of all this, The

thi

kness, when tammped, shiould be at least four inches. Deeper

fills up to eight inches are bettgr and will increase the life of

the roof, reduce the amount of heat going through the roof
and Esseri the chances of seepage.

“The roof should be built up in lifts and packed like rammed
earth. The thickness of the loose lift placed at one time depends

on the size and weight of rammer used. See page 120.
 The soil type for bunker fill roofs should be similar to
that used for rammed earth. Clayey soils will shrink and crack

and allow water to seep through. Often, it will pay you to
use a stabilizer 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 allowing a
few minates for the cil to peuetrate, tamp it into.a densc water-.

tight layer. A ,
A protective surfacing may be needed in climates that get

a lot of rainfall. Gravel spread on the top of the surface lessens
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Flgure 87. To compensate for the unevenness of the toBs of

the vigas, saplings can be- placed drmgonally for sheathing:

Note the straw used in this case to prevent the earth fill from
sifting through the celhng

erggorlﬂcaused by rait. A coat of asphalt will help hold the
loose gravel in place. '

Water from the roof must not be allowed to run down
the walls of the house. A spout or canal projecting out away
fromm the wall will solve the problem. A Hhalf section of split

bamboo would do nicely; or, a trough made of wood or sheet
metal would do as well. The spout should extend far enough
away from the walls to prevent erosion—at least two feet.
ARCH OF VAULT ROOFS—(See Figurc 88) These types
of roofs are used in areas where timber is scarce. They require
soiile skill to biiild although in some areas <uch roofs have been

used for centuries and local masons know how to build them.

Arched, vaulted or domed roofs are usua]ly built of burnt

brick although there is good reason to believe that well stabilized
earth blocks can be used.

The outside walls of the house must _be strong enough to
resist the outward force caused by a vault or dorie. In most
cases walls are made very thick—2 to 3 feet—depending on the

distance between walls. In: many cdses rooms are p]aced side

by side to help absorb the forces but the outside walls will still

have to be very thick. A reinforced concrete bond beam around
the top of the outside walls will add greatly to the strength

and may make it possible to reduce the wall thickness: How-

ever, a qua]med structural engmeer should design any such

walls and heams: _
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Figure 88. This style of earth dome and vaiilt construction

was used in a reconstruction program at New Gourna, Egypt.

The mortar used in laying brick or stabilizing earth block
in an arch: vault or dome is usually of & guick-setting type.
In many middie Eastern countries a mortar made with gypsum
is cominon. If cement or lime mortar is used; it is necessary
to have a form to support the brick until the mortar sets. This

is usually too expensive and is rarely used in small house

constriiction. s

I you should use this type of roofiget methods and design

froin soiiieciie who has done it before. T, .
E47TH TILF ROOFS—Egrth tile have also been used for

y
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Figure 89. A thatched<arth tile roof of this design proved
successful in research studies in India: -
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using fillers. They can also be of sun-dried adobe but in either
case it is best to stabilize the earth. The tiles are placed on a
wooden frame just as shingles are. The tiles should be 1i4”
to 2” thick and about 1’ long. Good sun-dried tiles are made
with a thatch (or grass) “tail.” See Figure 89. The thatch tail
helps prevent rain from eroding the block; and provides insula-
tion tor the inside of the hoiise.

The best earth tiles are made with stabilized soil. Lime,

cement and asphalt work well: Since they are so thin, tiles
should have a very high resistance to the spray test..

_ The roof frame must be built strong enough to support
the weight. Also, wooden strips. (called stringers) must be
placed in the 1oof at close enough intervals so that each tile

rests on two stringers; either directly or indirectly. Tiles are

often made with a lip or groove near the upper edge so that

they will lie securely on the stringers.
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Chaptor 13
FLOORS

The most desirable typc of floors for an carth house is; of

course, a concrete slab, a wood floor or a floor surfaced with
cement tile or ceramic tile. However, in some areas where good

sand and gravel are not available for concrcte, and where wood

is scarce and commerctally made tile cannot be obtained; an

earth floor can be. substituted. Properly compacted earth or
high strength stabilized earth tile will make a reasonably durablc

floor. Extra stabilizer is required i{ floors are to last a long

time, because floors get the _hardest wear of any part of the

oil or fat worked into the so:l as a stablhzcr

TYPE OF SOIL FOR EZRTH FLOORS——For earlh ‘loors,

be tough and durable:

Lime and portland cement make the best stabilizers.

Emulsxfxed asphalt will make good floors ‘but the dark color

been used

the earth floor, it is necessary to remove all organic topsoil,
or at least down to 6 to 7 inches below the level of the finished

floor. Then compact the top layer (37-4”) of existing soil
with a taiirip’e'r before the floor material is placed:

TAMPED OR RAMMED EARTH FLOORS—Bcfore makmg 7

In areas whcre swellmg so:ls are damagmg to buxldmgs

(han tamped soil.
The first layer above the existing soil is filled with about

four inches of clean sandy or. gravelly material. The_ purpose

of this material is to stop moisture that may rise up from the

existing soil. The sandy material should be well tamped to’

strengthen it and to keep it from settling. If the existing soil

is the swcllmg type; use about 6 inches of sandy matcna!

The floor is laid above the sandy course. Place u in two

layers each about 114 inches thick. The lower layer can contain
less stabilizer than the top because it. does not get any wear.

The soil should be carefully rammed into' place. Be sure the

moisture content is correct. _Check it using the method described
in Chapter 2. When you flmsh tampmg, level up the area by

The final finished floor | layer is placed next. This layer

should contain enough stabilizer to make the cured surface

difficult to scratch with a nail: This might require 2 to 3
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aa )ou would for é rammed earth wzll: After the test blocks

lmve (nrcd chcck (hem for hardness an(l water resistance;

and then cure the floor for sc»cral (lays.

Portand centent and lime-stabilized floors may be cured by
sprinkling the floor or pntting wet sacks on top of it. At the
end of the curing pbii&l a thin portdand cement §liiﬁy made
from cement; water and fine sand may be applied to the floor

to seal any cracks and waterproof it: Certain oils will do the
same Job

TI11.E FI.OORS—Pressed earlhmtir!icls miay (jq just as weli as

iéiiiiii@il earth floors. They can even look nicer; particularly

you maLe tllcs from se\eral dlfferent coiored 501]5 Fhe

n/z" (0 2 thick tiles cah be used. Use enough stabilizer in

(he 90|l so thc cured blocks arc dlfflcuit to scratch with a nall

drle(l in (he sun before ‘placing (hem Prepare the floor area

the same wayv vou would for rammed earth floors: It is very .
important that the sandy layer be level and well-compacted
before placing the tile. If it isn't, the floor will be rough and

unsightly:

Figure 90.
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It is better to mortar tiles in place with a mortar of sand,

portland cement and water. Carefully smooth the mortar ]omts.
to keep from having grooves in the finished floor. Tiles can
be laid without any mortar if they are placed closely together.
They may rock a little or come loose, but it won't hurt if they

are put back right away:
Since cured tiles are used; the floor can be walked on as

soon 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
has been used, and if applied hot, beeswax may also be quite
suitable:

HEATING THE HOUSE THROUGH THE FLOOR—You
- can heat your house by heating the floor.
_ This idea is us:d in the United States and other places in
the world (Korea, for example) with tunnels under the floor.
These tunnels carry heat from a fire which is built at one of

the openings:

This method of heating should not be attempted umnijess
you have someone experienced to show you how to do it.
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Chapter 14
SURFACE COATINGS
A surface coating is a layer .or film of material placed over
an earth wall.
This is what surface coatings do:.
{a They can make some earth walls look better.
(b) They can help earth walls shed ram water:
{¢y They can make ‘earth walls last longer.

Decide whether you warit to use suirface coatmgs when you

are planning your house—not after it is constructed.

.. APPEARANCE—Houses built of carefully made pressed
blacks look better without surface coatings.

. Rammed earth walls will have _a pleasing appearance if
. the inside of the forms is smooth and in good condition during

construction: In fact; some rammed earth house owners feel

that a few form marks are pleasmg to an earth wall and they

do not care to use surface coatings. But if the insides of the
forms were rough and in poor condition, a surface coating
will probably improve the wall's appearance.

Most adobe home owners prefer surface coatmgs on their
houses.

One way to decide on a. surface coating is to look at other

hioiies in your area. See if surface coatings helped their
appearance.

Remember this:

A cheap or poorly applied surface coating that quickly
peels off looks worse than none at all.

The owner must decnde how often he is willing to repair
the surface coating torkeep it looking good. Most cheap surface

co,atmgs need repairing every 2 or 3 years. If the owner is

young and healthy and does not mind the time and small
expense of repairing the coating, a cheap surface coating may

be suitable. But if the owner cannot perform frequent repair

work; his walls will look bad, and they may suffer severe daimage.

Then a more expensive coatmg will be necessary:
DZMZCE FROM RAIN WATER If you follow the in-

won't have to worry about rain damage unless you have to

use very clayey soils: 1f )iour test blocks, even when stabilized,

do not pass the spray test, try a surface coating;

Even the most_expensive surface coatings are _likely to

clevelop 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 will happen to your surface coating. Completely
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coat a few test blocks of your soil mix and siibject them to both

the spray test and absorption test. If the surface coating cracks
or peels, the same thing will happen to your house wheii coated.
INCREASING THE LIFE OF THE WALL-Other things

beside rain may wear down an earth wall. Strong winds carry-
ing dust, children throwing rocks or sticks; and even animals;
can scar or damage earthi walls—especially unstabilized ones.
If these things occur in your neighborhood or area, then un-
stabilized walls should be coated: Most stabilized walls caii
resist them.

~__ COST OF SURFACE COATINGS—Since most surface coat-
ings require some type of stabilizer, you must decide whether
it is best to use the stabilizer in the surface coating or in the

wall itself. Surface coatings normally take less stabilizer than

for stabilizing the entire walls. But it also takes additionai time
and money to apply surface coatings ard keep them repaired.
Unless you can get by with a thin; crieap surface coating, the

total cost will be nearly the same whether you use a surface
codting or stabilize the entire wall.
~ TYPES OF SURFACE COATINGS—There are four main
types of suirface coatings:

(@) Plasters

(b) Slurries

(¢) Paints

(d) Special chemicals

on carih houses:
| part portland cement
110 5 parts clean sand
Suifficient water to make a thick mixture

__ _Apply this plaster in two coats; each about 14" thick.
Moisten the wall and then throw or “splatter” the first coat
against the wall with a large brush. This will not only bond

the plaster to the wall, it will leave it rough so the second
coat will bond to it.  (See page 143 concerning reinforceiient
of plasters.) Cure this coat at least 12 hours (more in wet areas)
before applying the second .coat. The sccond coat may be

brushed on also, but if a smooth siirface is desired, put it on
with a2 metal trowel. Rough surfacos have less tenilency to
crack and they look better on most_homes.

sters on a sunny wall; wait until

- Don’t. apply _cement p
it_is shaded. When a section of wall is_ completed, cover- it

and keep it moist for a day or two, uitil it gaing strength.
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mlx wnh water. Thesc are called Dagga plasters. Dagga

plasters made with the righ- kind of clay and having sufficient

sand in them may be as good as any other plasters.. Most_good

ones contain about 2 parts sand to one ‘part clay. Dagga
plasters will not last if they contain too miuch clay, the wrong

kind of clay, or whcn rhey are too soft: The red and brown

faterite clays found in the tropic zones make excellent Dagga
plasters.

 Dagga plasters can be imiproved by adding a stabilizer to
them. Lime or cement work well. Try one part lime or cement

to 9 parts of soil. Asphalts can also be used in Dagga plasters’

to waterproof them but they will not harden the plaster and
they may maRe l[ loo dark lo look good on 2 house Many

Experiment by- trying them ou: on small sections of y;oixr wall

or on test blocks of your soil mix. Watch for damaging cracks
as lhe plaster dries.

wall with a trowel to a lhlckn?sc of about 1/2" Roughenmg

the dagga surface will help to keep cracks from forming when
the plaster dries.

Slurries are mixtures of cement or lime and water.  They
are brushed on the wall in thin coats like paint. Good ones
may last 5 to 10 yeais.

Some of the best slurries are made from equal parts of

cement ar'd lrme mlxed with enouc‘l waler lo make a thlck

the slurry a grllly texture,
Moisten the earth wall before the slurry is appllcd Therj

brush on two coats at mter\alq of 24 ‘hours. Keep lhe slurry

to the bostom of the contairier.
Slurries make economical surface coatings; but they must

be applied to the right kind of wa'l. Earth walls that shrink
and swell will cause them to crack and peel off.
Paints make good surface coatings for some walls. Cement-

based masonry paints work best. They are tougher and last

longer than plain cement slurries. Present oil-based house paints

and aluminum paints do not work on carth walls, However,

riew ones may be developed that work as well as cement-based
pamts

that have worked on earth walls because lhev may not be

available in your area: If yon want to try them, sce the nearest
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paint salesman: Ask him for a demonstrauon a: |d samples of

his. pamts _Then see how they work on test blocks of your

Soil mix. Perform the spray test on completely pamted test

blocks and if you have enough tinte, allow the blocks to weather

outside; The perforinaiice of these test blocks should tell you

how well the paint will work:

~ You can make a cenent- based paint biit it takes several
chemicals. Here is one that has been used:

| part calciuin stearare 7i§6Wileied)
2 parts calcxum):n onde (powdered)

)0 parts portlan(l cemenut,  _
parts cleai, fiiie said.

a_

Ty,

Mix these mgre(hents together to ol)taxn .a uriform mixture:

Then add 56 parts water and mix with a hoe until a creamy
mixture is obtained.

Four the mixture through a fly screen w reiiiove lumps
and large parttcles

Use white portland cement in the mixture if a whlte coating
is desired. For other colors, add 3-4 parts of a powdered, oxide

pigment:
Apply the piint in two coats with a large brush. Monsten

tne earth_wall before applying the first coat: Paint only on

shady walls and: keep the painted surface slightly moistened
so the cement does 1wt cure toc quickly. The second coat

should not be applied sooner than 12 hours after the first.

Only the second coat needs to be colored’ It can_ also be

a pleasmg surface textiire.
White-wash palnts—or water m‘xed wnth hme—can improve

the appearance of earth walls. But they offer little, if any,

protection against_water or wear; and they only last for a short

time. However, they are not costly and they are easily applied
with a, lzrge brush. .

A+ hiteWZSh which' offers some protectlon agamst water

can be.made with the followmg materials:
114 gallons unslaked lime:
31 gallons of water.
V% pound of melted tallow.

Boil the water in a large can; add the lime; and stir well;

Then add the melted tallow to the boiling mxxture and stir
again.
Apply the mixture with a large brush. Add a little water

if it is difficult to spread:
This white-wash will last about a year in most climates.
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_Certain c/zcmxcats app! tied snmllar to pamts, wlll make good

surface coatings. One mentioned in Chapter 3 is a mixtore of

1 part sodium silicate (40° Baume) and 3 parts water. The

solution is brushed into the wall with a fairlv stiff brush to

‘get good penetration. Apply two coats a few minutes apart.

A suitable wetling agent or surfactant (see Chapter 3) added to

the solution will increase the penetration of the treatment in
soinie " walls: '

The only way to find out whether chemicals will woik i

to try them. Spray tests and weathering tests should be per-

fdmicd on treated test blocks of your soil.
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PREPARING THE SURFACE—Sutface coatings applied to

poorly prepared walls will soon peel off.. Before applying any.
surface coating, the entire thickness of wall must be completely
dry. For properly cured blocks, this may take orily a few weeks
until the mortar dries. Rammed earth, wattle and daub; and
cob 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 liable to happen to your wall, use the stabilizer

in the wall so it will be protected from the time of construction.
When completely dried, the wall must be brushed or swept
to remove dust and other loose particles. Just _before_slurrics

or plasters are applied to a wall; moisten it slighitly,/ Painting
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the wall with a thin mixture of portland cement and water

improves the bond between the wall and surface coating.

REINFORCEMENT—-TO strengthen plasters and, improve
their bond to the earth wall, wire reinforcemeiit should be
used. Woven wire fencing, shown in ﬂxgure '91; works well:

Fasten the wire securely to the top of the earth wall by placing
it in the last mortar joint or between the bond beam and the
tep of the earth wall. For houses with bunker fill roofs, the
wire should be attached near the roof fill, brought over the

top row of blocks; and bent down along. the wall. "This method

is iﬁown in ?;giﬁ-é 65,

6pemngs so the plaster wxll be remforced at all pomts (Flgure
92.) -Nail it to the wall every 6-8 inches. Special nails with

roughened surfaces work best:

When two coats of plaster are used; the first coat should
be thrown or spattered through the wire reinforcement. This
. improves the bond between wall and plaster and also leaves the
reiriforcement approximately midway in the plaster coat:

When wire reinforcing is mot available, the bond to the

earth wall can be lmproved by leavmg a deep openmg m the ;

inserted into wet mortar. will also bond thick surface coatings

to the wall. (See page 102 for discussion of these methods.) For.

rammed earth walls, cut shallow holes 6 to 8 inches apart and "

drive nails in these holes until their heads are even with the
outside wall surface. Another way is to cut long narrow grooves
6 to 8 iriches apare in the wall:

Remember that the strongest plasters are reinforced with
wire. Use it if you can;

-
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APPENDIX A
Atterberg Limits of Soils
The Atterberg limit tests on soils are Slmple tests that will

tell you very generally whether the soils contain much clay and

whether this clay will be harmful in your soils. There are two

tests that you must perform: the liquid limit and the_ plastic
limit. From these you can get a value called the plasuéuy
index. (The bar shrmkage test can also be used to get the

plasticity index.) . .

These tests require sotme sgegal eqmpment and a little

bit of experience:  You can do them yourself if you are careful;
but it is better to have someone who knows how to do them.

The general equipment you will need to do these tests is
listed below. Special items needed for each test are listed with
that test procedure.

General Equzpment Needed

1. Dish—A smooth bottomed rour-d dlsh about 41/2 inches
in diameter and 115 ifiches high. Tt is best if the inside is

smooth_or glazed The type which chemists call evaporating

dishes can be used:
2. Spamia-—A spatula (or pill knife) has a flexible blade

about 4 inches long and 34 inches wide.

3. Balance—A balance or scale_that will weigh at least 100
grams and is accurate to at least 0.1 grams. (An zccuracy of
0.01 grams is bcuex::)

4. Oven—A (lrymg oven that will Reep a temperatiire 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 it so the heated air wili circuiate.

5. Boxes—A few lightweight metal containers with tight
fitting covers. Small aluminum or tin pill boxes work well.
Curved pieces of thin glass like that used on large pocket
:watches or clocks can be used. They should be about 2 or

1/2 inches across. - ‘

or a No 36 mesh Brmsh Slan(lards sieve. You can do without
a sieve, but it is better to have one.

7. Forms—Write the information you get from the test. on
a form of your own design.

Sampic _ ;

~ You will need a sample welghmg abot 100 grams (a small
handful) 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. This sieve has openings about 1/64 inch

N
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square. If you do not havc oie, you can plck all grains larger
than 1/64 inch out of the sample by hand. It will be easiest

to do this if the sample is first dried in the sun and crushed up.

. If you already Rnow that you are gomg -to add a_stabilizer
to your soil, then add the same proportion of &tabilizer to

your sample as you intend to use in your house.

A. quuxd Lumt Test
Specuzl Equipment

For this test you will need a specnal tool to cut a groove

in the soil. The grooving tooi is carefully made so it cuts a

groove exactly 2 millimeters wide with the sides of the gmove
sloping at an angle of 60° to the horizontal. If you cannot gct
oune of thes{: grooving tools, it is possible to use a spatula or
even a kmfe

Proced ure

1. Place about three -quarters of your soil sample in the
dish:. Add small amourits of water to it, and thoroughly mix

the water and soil. The water that you use should be of good

quality; such as water you mxght drink; Add water until the

mixture is a thick paste. Be sure that it is mixed well 3o it
has no dry or wet spots.

) 2, Shape the soil mixture in the dish into a . smooth layer
1 centimeter {approximately 34 inches) in thickness at the

center -of -the dish. Divide the mixture into 2 equal portions

by drawmg the grooving tool down the center of the mixture,

The point of the grooving tool should be placed against the

bottom of the dish. Pull it through the soil so_that it always
stays at rlght angles (perpendicular) to_the dish, leavmg a
Vshaped groove with a flat bottom that is 2 mim wide. Very

sandy soils may be torn by this method. If s0, cut the groove

in several passes, making each pass go deeper until the clean
surface of the dish shows at the bottom of the groove. If you
dc not_have one of the grooving tools, carefully cut a groove

in the soil using a knife or spatula. Make the bottom of the

groove 2 mm wide and make sure that the sides slope up at °
an angle of 60° with the horizontal.

3. Hold the dish fmuly in one hand with the groove in

the 3oil pointing directly in front of you. Then tap the dish
lightly with a horizontal motion against the heel of the other
hand 10 times. The dish should be moved a distance of about

1to 1!/, inches to strike it dgainst the other ‘hand which should

remain still. If the amount of water i3 just, right, the groove

will flow together at the bottom for .a distance of exactly
Y, 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 tapy, it is too wet. The soil

can be dried by mxxmg it a while; or by adding some dry soil.
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the llqmd limit. With your spatula scrape a sample of the

sml out of the dish at the point ‘where the groove closed. Use

a laxge samplc xf your balancc ls accurate only (o Ol grams. b

evaporating durmg wcnghmg

5. Write the weight of .he container and soil opposuﬁ
W, on vour form. Then put the soil container in_ the 110°C
oven until all the soil is dry. This should take 8-10 hours,

but may be less You can check by welghmg it several times.

When ‘the Welght no longer changes; it is dry: ‘Now. write the

weight of the container and dry soil opposite W;; on the form.

The weight of the clean drv container, W, must bc known also.
Calculations »
The liquid limit is calculated as: follows:

welght of water

Liqiiid limit = S x 100
weight of oven-dried soil
Wi — W'E )
or - _~ % 100
W, — W.
- [
Pretautwns

1. Be' Sure to use only ma(erlal passmg thc No 40 mesh
sieve (or smaller than 1/64 inch) for the hqmd lirait test.

2. To. get the best test results; thoroughly ‘mix the soil :nd

water. Tap the dish against the hand Lhc same way with all
types of soils.

3. Do not vibrate or jar the dish after the soil is groovcd
and before it is tapped.

4, At’ter the _groove hdsrbeen closed take the sonl samplc
and wmgh it quxckly to prevent further loss of moistare:
B. Plastic Ljiiiiftr’ré.it,

Special Equipment

The only special item you will need for this test is a surface

to roll a soil sample on. A glass plate or a piece of smooth,
shiny paper will work well. '

Procedure
1. Take some of your dry soil sample and add water to

it. Mix it thoroughly by squeezing and kneading it with the
fingers and palms of the hands. _The moisture content is about
right when the soil can be easnly shaped into a ball without
sticking to the fingers:
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2 Shape the soil: mixture into a roll between the palms

of yonr hands until it is about 2 inches long and 14 inch in
diametcr. Then put this roll on a glass plate or piece of paper.

Using the palm or fingers of one hand roll it into a thread

as shown in Figure 9. If the sample sticks to the plate or
paper it is too wet and must be dned some more.

thread to gct gmduall\ smaller until it *eachc ‘/a inch in
diameter. You are looking for the thread to break or crumble
just when it reaches y4 inch in diameter. If the thread breaks
before it reaches ‘/a inch diameter, it is too dry. Thoroughly
mix in some water and try again. If it can be rolled smaller

than ig inch diameter, just roll it up into a large thread and

start over again. It will dry gradcally by rolling it out. When

it is just rlght, the '/a inch threads under vour hands will crack
or crumble into plecm about 14 inch long.

3. Collcct the bmkcn or (rumhlcd <onl threads dnd placc

them in one of your tontainers: ngh tne soil and contairer.
Call this welght W’ and record it. ‘Then dry the soil in the
116°€ oven until all the water_is driven off.  Weigh the dry
soil and_container and record this weight as W,, The weigiit
of the clean dry container, W, must aiso be known:

C(H’Z‘ﬂ Ihmn

weight of water
Pldsuc Hmit == _ N _ _ x 100
weight of oven-dried soil

VVl — W, -
= - - X 100
W, — ‘V—c

C ﬁihiii(ii\“ hiﬁ’e'x 7
Get the plasticity index of the soil by subtracting the

plastic limit value from the liquid limit. It is calculated as
follows:

Plasticity index = Liquid Hmit — Plasnc limit

D. Bar bhrmkuqe Test

o The bar shrinkage test is an_easy way to fmd ihe plasncny
index of a soil. It will also give you some ol\her very good

information aboit vour soil. It has one advantage: you won't
“ieed a balance to do weighing: But; vou will need a special

piece of equipment:
i‘}jé&iii’ Ek;iiipiiiéiil

like a box but without a top. Tlic best size is 5 inches long
and 34 inches by 34 ifiches square.
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Proted ure

1. Thé Séiiiplc you use for thls test should be prepared
exactly like the one for the liquid limit test. It should be
mixed with enough water to make it slightly more fluid than
the liquid limit. For eyxample;, cut _a V-shaped groove in the
soil as explamed in Step 2 of the liquid limit procedure. If

the groove closed with aboiut 5 taps of the dish agaiist the
heel of the hand,; *he mixture is just right

2. Place a very thin coating of grease or vaseline on the
inside walls of the shrinkage mold. This will keep the soil
from sticking to the mold as it dries. Place enough wet soil
to l” the mold one-third full. Gently jar the mold or tap
it on a stack of papers to cause the soil to flow into a smooth
layer. This will also remove unwanted air bubbles in the soil.
Put in more soil and jar the layers until the mold is completely
filled. Scrape the excess soil from the top of tie mold with a

straight stick or piece of metal:

3. Dry the soil bar. To l\eep it from crackmg first lec it
dry at room temperature for one day.. Then put it in the
110°C oven until it dries completely. Very accurately measure
the lerigth of dried soil bar. Also measure the exact lenigth of

the mold in case it is not exac:ly 5 inches long:

Calculations
The bar shrmkage is calculated as follc ws:

Bar shrmkagc = .
(Length of wet bar) — (length of dried bar)
% 100

Length of wet bar

. Test for Strength of Foundation Soil (Clays)
. How strong ‘is the \fiiiiiid'iiib'ii _soil? How wide and how
thick should the footing of \portiand cement concrete be?

To get lhe answers to tl\ese quesuons we must flrst get
some measure of the strength of the foundation soil at the site

where the house is to be built.
, You should dig several small pits like the one in the picture
(see Figure 93) and from each one, cut\a small block of soil

and trim it with a knife so_that it will bc .just the same size
as shown. Take the smal) blocks and test them in the lever

tester shown in Figure 94 which you can make for this purpose.
Push at Point A first with your first finger. If the soil block
crushes, the foundation soil is very soft and a large " house
should not be built on it. If the soil does not crush when

you push at A, it has some strength and the test should be
continued. Now push at B. If you can crush it by pushing
with one flngcr at B you know that the strength of tlie soil
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i greater than the oiie that failed from pressure at A so you
will look in Table 4 in the column_ marked A _and oppositc
the type of house you plan to build to read the width and

thickness of the continuous concrete wall footing. If you cannot
crush it by pushing at B, tlien try at C. If the soil crushes at
C. then use the width and depth of footing opposite B in the
table and so on. You may find some clays that will not crush
when you push on the end of the lever. These are very strong
soils and you may use the sizes shown in the table at I... You
should be able to push with one finger as shown in the picture,
18 to 20 pounds (8 to 9 Kg). See how much you can push by

pushing on a set of zcales or balances. If you push only 10

to 12 pounds then use the footing size next larger than you
would otherwise.

CUT FOUNDATION SOIL

TEST SAMPLE LIKE THIS AND

TRIM BOTTOM AND TOP SQUARE

Figure 93.



_busk witn/ )\ S

ONE FINGER |17 -

SIZE OF TEST
SAMPLE

Figurc 94. Simple lever tester for soils:
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APPENDIX B

Useful Formules

Unit weight of block

(a:bic = length of sides in inches) s s

(W = weight in pounds)

Volurie of cylinder (h = height) ..o,

Unit weight of cylinder (r = radius in inches)

{h = height in inches)........

{W = weight in pounds)

Compressive strength

(P = Failure 108d) oo

(A = cross scctional area of specimens)

Moisture content, w

(V\"; = wet w;eight of 0il) it

(W; = dry weight of soil)

Plasticity index, P.I.

(B = ]iquid ln?ni) IInnininniinnnii

(P.L. = plastic limit)

E' i” [ i !! 'i“ li ti

a) 19 x 328 b) 19 x 328

$28 328
19 _ 19
2952 29592
398 328.
6232 62%.2

Vo (B (hy.
___________ (a) (b):
(@) () (©).

(W) {1728)

@) (b (©

) 0
(W) (1728)

;ZZE;E; - ?;L;

c) 19 x 328 dy 327 x 418

328 | 318
19 237

2952 2926

328 - 1254

62.32 836
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Examples

of Long Division

a) 328
19
1726
19/7328.00
19
138
133
50
38
120
14

19
1726
1.9/ 32:800

1 meter

1 meter
0:914 meter
0.305 meter

1 centimeter
2.540 centimeters

1 square ceftifiieter
6.452 square centimeters

1 square meter
0.093 square meter

b) 328
1:73
19/ 3280
19
138
133

LENGTH

English
1.094 yard
3.281 feet
$9.37 inches
1 yard

1 foot
0.394 irch-
1 inch

0.155 square inch
1 jwoare inch
10.764 square feet
1 square foot
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1 cubic centimeter
16.387 cubic centimeters
1 cubic meter

0:028 cubic meter

$.785 liters

1 liter

0.946 liter

1 kilogram
0.45% kilogram
1 gram

28.349 grzms

1 foot
0.0833. foot

1 yard

1 square foot
1 square yard
1 cubic foot
1 cubic yard
i cubic foot
1 gzablon

1 pound .
1 ton (short)

meter
square meter

cubic meter
kilogram

Bt it | s |

VOLUME

0.061 cubnc inch
1 cubic inch
85314 cubic feet
1 cubic foot =
1 jijlb’i’i”(Bi‘itiih)
0.264 gallon

1:057 quarts

1 quart

WE!GHT

2.205 pounds

I pound

0.0353 ounce (av)
1 ounce (av)

Englisk

12 inches

1 _inch

36 inches, 3 feet
144 square inches
9 square feet _
1728 cubic inches
27 cubic feet
7:481 gallons
0.1837 cubic foot
16 ourices _
2000:pounds

Metric

100 centimeters; 1000 millimeteis
10,000 square centimeters
100,000 cubic centimeters

1000 grams

Glossary

1. Absorption—The taking in of water or other hqmd into

a soil mass;

2. Adobe—-ﬁmy kind of clay soil which; when mxxcd w:th

water to a plastic consistency (somctimes with a mechanical.
binder) , can be made into a part of a structure. A structure,

usually, a building block, mzde of such clay
8. Angle—The figure ‘formed by the intersection at a pomt

of two lines. A right angle is such a figure.in which the lines
intersect at an anglc of 90°. \

4. Azaras—3plit palm trunks uscd as carth mix rcmfora‘.-

ment in the construction of floors and- flat or domed roofs in

the arid zones of ‘west Africa. Azaras are appmxnmatcly 8 feet
long.



_ 5. _Bauge—A mixture conssting of clay soil and straw; used
for bunldmg earth walls between forms (Frcnch)

6. Batter Boards—Lxght planks of wood nanlcd in a hori-
zontal _position to ground stakes. They dre used to fix string

lines which locate the boundaries of excavation or building:

7. Bond—A connection made by overlappmg ad]acent parts
of a structure such as bricks. Also to hold together or sohdxfy
aia bmder

wcod placed at the top of a wall to reinforce the wall. The

bond beam helped to distribute tlie load of the rafters of the
roof to the walls.

) 9, Cajon—A type of earth wall construction in which a
clay gpnlr mix of appropriate consistenicy is used in the form of
wall panels suppcried by a structaral wall frame: (Spaiii-h.)

. 10. Capillary rise—The vertical rise of water in a fine grain
80il due to natura! forces within the small pore spaces.
11. Clay—The smallest grain size division of soils composed *

principally of flat particles smaller than 0.02 millimeters.

12. Cob—Walls built of a faxrly suf; mixture of clay soxl
water and small quantities of straw or other suitable mechanical

binders: This mix is applied in consecutive layers without the
use of shuttering. The walls races «rz pared down as the work
proceeds. Cob walls have also been built of a mixtiure of
crushed chaltk and water.

13. Cohesion—The abnhty of two partxclés to stick togcther

14. Combachon—-'l‘he closer packing of soil particles by
mechanical means to obtain a denser mass.

. 15. Curing—A time period in which the action of water
ina stabnhzcd soil mass causes the mas; to be cemented togethcr
by the stabilizer.

16: . Dagga plaster—A mixture of clay and sand used as a
plaster to protect the walls and also as a mortar in laying up
earth blocks. Often stabilizing admixtures are added.

17. Durability—The resistance of a material to wearing
down,

18. Emuls:[:ed asphall—-A mxxturc of finely dnvnded asphalt

suspendcd in water and used in liquid form as a stabilizing
agent in earth blocks.

B 19 Fly ash-—The smallcst size parncle of slag or clinker;
a product of the burning of coal or lignite.

20. Foundation—The lowest structural part of a building
that connects the walls to the ground

21 Hydrometer—~A scientific device which, ﬂoalmg in a

liquid; is calibrated to determine the SPClelC gravity <f the

liquid.
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22, DIinpermeable—T he ability of a soil material to restrict
the flow or seepage of water to a negligible amount. -

23, Laterite; lateritic—Clay soils formed under tropical
climate conditions by the weathering of igneous rock, They
consist chiefly of stable clays and hydroxides of iron and alomi-
nun; _
| 24, Lintel-A smali beam that is used to span across a
window opening to support the wall above the opening.

USE 3 PIECES - 2"X 6"X 4'—4" OVER
3FO0T OPENINGS IN 6" AND 9" WALLS.

USE 4 PIECES OF THIS siiizieﬁév’éﬁ 32
FOOT OPENINGS IN i2" AND 15" WALLS.
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25, Liquid limits—That moisture content in percent of dry
soil weight at which the soil changes from a plastic to a liquid
state. '

size dxstnbuuon of a soil material: Also known as a sieve

analysis.

 27. Moisture content~The aiiiiiiijiii of water tbﬁiéiﬁéd in

.the weight of the drv soil inaterial in percent.

28. Morlar—A Plasnc mix of sand, cement and possxblc

clay which is vsed to bond together building “locks:
29 ~ Nogging—Rough earth; brick; or concrete masonry used

30. Optmzum imoistire content—The moisture content for
4 soil mix in which, for a given comipactive effort, the densest
specimen is obtained.

81. Osiers—A form of wattle made of willow branches and

dry wood rods which are woven into a basket like frame to
receive a plaster of plastic earth.

32. Pallet—A small flat board that is used to carry a freshly
made buxldmg block

remain an eqnal distance apart. As a result, they never cross.

34: Permezzbie-—’rhe passage of water or other liquid

through a soil mass: )
_ 35. Perpendicular—The intersection of two-lines so that a

right angle or 90° angle is formed between the lines.

36. Pise - de - terre—~The French term for rammed ecarth.

37. Pitch—The angle or slope of a roof, usually expressed
as a ratio of the vertica! 7ise to the 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 in percent of dry

soil weight at which the soil changes from a solid to a plastic
state. .

36, Plasticity—The ability of a moist soil to be deformed
and hold its shape. This indicates that the soil hss cohesion
and contains clay parucles.

30 Plnstxaty mdez -The nvmerical difference .between the

,,,,,,

41, Plntn.g—A techmque combmmg stabilized earth thh
common rammed earth by#*placing a thin cement stabilized soil

mix against the outward side of the form .work- (forming the

cxtérior wall face); the remain:ler being compacted with an
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ordlnary unslabxhzed soil mix: ﬂ&ﬁﬁé technigues may also be
used in the manufacture of earth blocks.

42. Poured adobe—A mixture of clay. soil, and water, of
a tairly moist consistency enabling it to be cast between form-

work and then left to dry. The process of casting may eqlher

be :arned out in one operauon to full wall height; or in

successive operations by means of “climbing” form work. Rocks
are often embedded in the earth.

13. Pozzplan—A_ mixture of Ffine particles which, though
1ot & cement in itself, will combine with lime to form a cemeiit.

4. Puddled mzx-——A mixture of soil with enough Wit SO

that a plastic mix which easily flows is fornied: This is " dis-

tinguished between a moist mix which has just enough water
to lubricate the parucieq

45. . Rammed earth—A mnlure of san(ly clay scil and
water, of a shghtly moist consistency enabling it to" be con-

pacted between shuttering form monolithic walls or in molds

for making individual blocks. Ramming may be carried out
by either hand or machine ldmpmg

are paralrlcrl All four coriiers are rlghl 2ig WQppmne sides

ire equal but adjacent s:de are not necessari:y equal:

4"/" Remforremem-—k very strong material; usually steel
rod or wirc; placed in compacted soil to increase the strength
of the structure.

18. Shiiiﬁli'rjg-The obtammg by dlogmg or bormg of a
representative aniouiit of a natural soil in place:  Also lhe

senaration of a small quanllly of represcplauve material from

a larger quantity of lcose soil material.

49. Sand—The smallest sized portion of the coarse soil
materials. It is rthat portion of a soil material which passes the
U. S. Standard Sieve No. 10 but is retamed ou the U. S. Sieve

No: 200: : :

"50: ﬁhrznkage— I‘he%iecrease in volume of a soil malenal
caused Ly evaporation of water.

51. Shrinkage Limit—That monsturc‘ ‘content exprcssed in
percent of dry soil v/elghl below which a change in moisture
Loiiterit causes no 7ange in volume of the soil muass.

592. Silt—The

arger sized pornon of the fine gram soil

partlcle uspally defined as the material passing a U. S. Standard
No. 200 Sieve down to the minimum size of .005 millimeters.

a very soupy hqund that will easily pour.
54. Sod /house—Houses with walls and pcrhaps roofs_con-

structed of close matted Sod cut into blocks. Usually laid in

53. Sluny A iﬁiit'u"r'e withi soil wuh enough water to make

the wall witli grassy side down: Used extensively in early days
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OI tne uevelopment 0[ mne Great riains arca oI (ne vnmieu slales

* . 56, Stabilization—The ifmprovememrof soil properties by

the addition of proven materials which will either cement the

wila. véater proof the soil. or reduce volume changcs

lspha]t and many chemicals which wxll,uablhze a soil material.

_ 58. Strengch—"rhe abihty of a matenal to rcmt apphed
forces. The strength of soil mixes is normally considered the

strength in- shear stress and iy expressed in pounds per square

or kilograms per square centimeter.

59. Studding—Structural members such as wooden planks
or poles which are set vertically in a wall to support the weight
of the roof. :

60. Tapna-A form of adobe used in parts of Africa and

Trinidad using a strong fibrous grass, often sporobolus indicus,

cut into short lengths as a mechanical binder.

_61. Teroni—A form of construction similar to adobe brick
and "ibddys" in its application in which a sod biock is cut in
its natural bed in marsh lands and, after sun curing, is laid
up on a wall

. 62, Torchis—A mixture consisting of clay soil and cow
hair; used for building daub walls. (French)

68, Tubali-A West African term for hand made, pear
- shaped “bricks” made from a mix consisting of clay soil, water,

and short pieces of fresh or dried grass. Tubalis are laid with

their wide base downward in a bed of mortar; three; four or
mon: abxeastL Consecutive courses arc placed with their bascs

Tubali walls are built with a taper.
64. Vigas—Poles used as rafters for earth roof construction:
65. Wattle and daub—~A woven frame of small branches

whicn is smeared or daubed with plastic earth; the operation
being continued until all construction cracks are filled. -
] ;

/
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Since 1961 when the Peace Corps was created, more than 80;000 U.S. c;giﬁgencfhaygfuned
as Volurteers in devaloping countries, 1iving and vorking asmonpg the people of the Third .

World as colleagues and co-workars. Today 6000.PtVs are fuvolvad in programs designed.

to help strengthen local capacity to address such fundamental concerns as food

production, water 'uppIy. snargy development , nutrition and health education and

reforuta:ion.

Loret Miller Ruppe. Director_ i
Everett Alvarez, Jr. Deputy DI.acrot .
Richard B. Abell, Director, Office of Progrnmmlng and Tritﬁiﬁg Goqrd:tnn:ion

Peace Corps overseas offices:
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BELIZE 2 A MALAYSIA SEYCNFLLES
P.0. Box 487 P.0. Box 1094 177 Jalan Rajs Huda Box 364
Belftze Ciry Sava Knala Lumpur Victoria
BENIN GABOR MALT SIERRA LEONE _
BP 971 BP 2098 - P 85 Private Mail Eag
Cotofiou Idbreville Banako Freetown
BOTSWANA GAMBIA; The MAURITANIA SOLOMON ISLAKDS
P.0. Box 93 P.0. Box 582 BP 222 __ P.0. Box 547
Gabotrone - Banjul " Nouakchott Honiara
CAMERQON GHANA JICRONESIA SWAZILAND
- BP B17 P.0. Box 5796 P-0. Box 336 __ P.0. Box 362
- Yaounde Accra (North) Saipan, Mariana Mbabane
’ Islands
CENTRAL AFRICAN GUATEMALA MDROCCO , TANZANIA
REPUBLIC Erqﬁgvcniaa 1-46 1. Rue Benzerte Box 9123 _
BP 1080 2ona 2 Radat Dar as Salaan
Bangul Guucmnla
hsilla 27-D Apartado Postal ?:9-7;9: 613 42 Soi Somprado
Satntiago _C-51_ _ Xathmandu Petehburi no.d
Tegucigalpa ; Bangkok 4
COSTA RICA ARkECR HIGER 1960
—_— JAMAICA SIS ===
Apartado Postal S Husgrove Avenue BP 10537 BP 3194
1266 Kingaton 10 Nizmey Lome
San Jose
,,,,, KENYA o o
DOMINICAN REPUBLIC $.0. Box 20518 OMAN Jonea
Apartado Postal Nairobi P.0. Box 966 BP 147 -
1414 Muscat Riku'Alofa
sinto Domingo izsomo FAPUA FEW GUINEA TUNISIA
et FABBTYBOT AN ’P*.g:*?x 534 c/o American Ymbasas 8, Ave. 'IT)\TII
EASTERN CARRIBBEAN Maseru Fort Horasby v dosille
Including: ﬁi:tgui . ﬁii
Barbados, Grenada, LIBERIA
Fonesesrat, Fox 707 RACUAY UPPER VOLTA
St Kitta-Nevis; Monrovie ;z:;jag.n Babassy  BP 537-Semsadis
L) » - - N =7
Vincant, Dominica ## unc fon 7 Oungudo;gou
"Erin Court" Iozf!jﬂi . *
Eishops Cohurt._ Hill lilongwe PAILIPPINES WESTERN_SAMOA
P.0. Box 696-C ) F.0. Box 7013 P.0. Rox 880
Nridgetown, Barbados Menila - Apts .
,,,,,,,,, REANDA YEMER
_Eégﬁf?k 6354 c/o Auerican FPmbassy  P.0. Box 1151
illa Kigall ﬁﬁi'i
Quito .
NEGAL ZAIRE
BP.224 BP 697
Dakar Kinshasa



