
DOCUMENT RESUME

ED 242 877 CE 038 621

AUTHOR Wolfskill, Lyle A.; And Others
TITLE Handbook for Building Homes of Earth. Appropriate

Technologies for Development. Reprint R-34.
INSTITUTION Department of Housing and Urban Development,

Washington, DC; Office of International Affairs.;
Peace Corps, Washington, DC. Information Collection
and Exchange Div. _

SPONS AGENCY Agency for International Development (IDCA),
Washington, 'DC.

PUB DATE Sep 81
NOTE 164p.; Photographs will-not reproduce well.

PUB TYPE Guides Non-Classroom Use (055)

EDRS PRICE MF01/PC07 Plus Postage.
DESCRIPTORS *Building Design; *Construction (Process);

Construction Management; *Construction Materials;
Developing Nations; Guidelines; *Housing;
Postsecondary Education; Roofing; Site Development;
*Soil Science; *Structural Elements (Construction);
Voluntary Agencies; Volunteers; Volunteer Training

IDENTIFIERS Agency for International Development; *Earth HomeS

ABSTRACT
This manual, developed by the Agency for

International Development and used by the Peace Corps, explains how
to build homes made of earth. Information came from reports, books,
and articles from_many countries, coupled with research by soil
engineers at Texas A & M University. It_is presented in the most
nontechnical format possible. The manual describes broadly 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, alone or in combination with others, to make them good
enough to use or make them better With the use of stabilizers. Then
it explains which of the three general kinds of earth construction is
best for use with the kinds of soil available. It also describes
simple tests anyone can perform that tell the builder how well he or
she is succeeding in the construction. After chapters on picking'but
places to build, how to make a good foundation for any kind of house,
and how to build a roof, the manual has separate chapters on adobe,
rammed earth, and pressed block construction. The manual _is
illustrated With line drawings and photographs. _A list of references,
mathematical formulas, soil test procedures, and a glossary complete
the manual. (KC)

***********************************************************************
Reproductions supplied by EDRS are the best that can be made

from the original document.
***********************************************************************



INFORMATION CONI-rTION & EXCHANGE

Peace Corps' Information Collection & Exchange (ICE) was
estahlished so that the strategies and technologies devel7
oiled by Peace Corps Volunteers, their co-workers, and their
counterparts could be made available to_the wide range of
development organizations and individual workers Who might
find them useful; Training guides, curricula, lesson plans,
project reports i manuals and other Peace_Corps-generated
meteiials developed_in the field are collected and reviewed.
Sure are reprinted_"as is"; others provide a source of field
based inforthation_for the production of manuals or for re-

search in particular program areas. Materials that you sub -

mit to the Information Collection & Exchange thus become

part bt the Peate Corps' larger contribution to development.

Information about ICE publications and services is available

through:

Peace Corps
Infaul4tion Collection & Exchange
Office of Programming & Training COOrdination
806 COnnecticut Avenues N.W.
Washington, D.C. 20525

( 202) 2547386

Add Vout 05<porience to the ICE Resource Center. Send Ma-

terials that you've prepared so that we -can _share them

with others working in the development field. Your tech-

nical insights serve as the baSis for the generation of

ICE manuals; reprints and resource packets, and also

ensure that ICE is providing the most updated; innovative
problem-solving techniques arid_ information available to

you and your fellow development workers.

Peace orps
3



Handbook For Building
Homes of Earth

This report was prepared for the
Agency for International Development

DEPARTMENT OF HOUSING AND UR3AN DEVELOPMENT
OFFICE OF INTERNATIONAL AFFAIRS

WASHINGTON, D. C. 20410

Peace Corps
.

Information Collection and Exchange
Reprint R-34

September 1981



FOREWORD

This report was prepared for the Agency for.
International Development by Lyle A. Wolfs--
kill, Wayne A. Dunlop and Bob M, Callaway
of the Texas Transportation Institute; Texas
A & M university; College Station, Texas.
Technical supervision was provided by this
office.

This reprint is being made to provide copies
to meet many demands. This handbook has
proved to be one of the most helpful and most
popular publications in the field of aided self-
help housing.

Deputy for Technology and Information
Office of International Affairs
Department of Housing & Urban Development
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Chciptai. 1

INTRODUCTION

Probably one of the first homes than lived in after he carne
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.

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

Today, there are plenty of earth dwellings in many parts
of the world that are centuries old. Man discovered that the
earth homes that have lasted best were in areas where ni:it much
rain falls. A wet climate is the worst enemy of an earth house..

TOday, with the advances made in the science of soil
mechanics, what soils Vsill do under many different conditions
can be predicted arid 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 coriditiOnS. 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 most important discoveries, this new knowledge, much-
of it learned since World War II; was found by work done in
labd'ratories by highly trained technical men: It now remains
to make these new techniques available to the people who need
them most and can use them ,0 their advantage: the _many
people in the World who neet'_ good, lasting homes and who
cannot afford to spend a 16i of money 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 International
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 that-1y technical services.

This small bobk tries to take the newest techniques de=

veloped in modern soil itiethatii-cS and put them into simple
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it7ins so that almost anyone; anywhere; can have the benefit
the great amount of work that has been done by the scientists.

The AID authorized and paid fora _research project by the
.J.exas Ag Al Research Foundation, at College Station, Texas, to:

I. gather- and study. all available inforrnation on building
homes %dill earth;

2: do new research in areas where not enough was known
about what can be done with earth, and

3. bring this information _together and present it in a
Corm most useful for most people.

Information came from many countries and from all kinds
of sources: These included books; articles.: technical reports _and
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 had
and added the knowledge they developed themselves.

This manual tries to present its information in the sufipkst
way possible. Because many 'things vary greatly even in one
country: it is impossible to say, all things to one person and
have all that information apply 'to the place he lives.

\s,

The many kinds of climate that exist all over the world;
plus the much_ greater number of kinds soils that are found;
make the problem of explaining just how to build a house
difficult. For example, in the State of Texas, alone, what would
be best to do in the eastern part would not be at all the same
in the western part of the state. What would be fine in parts
of the Rio_ Grande Valley and the Texas Gulf Coast in the
south part Would not be best in the Panhandle in the north;

So; this manual describes broadly 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; alone or in combination with others; to make them
good enough to use Or make them better with, the use of
stabilizers: And then it explains which of the three general
kinds of earth construction is best for use with the kinds of
soil avabahle: It also describes simple tests anyone can perform
that tell rhe builder how well he is succeeding in what he is
trying to do:

rz

After chapters on picking out places to build, how to make
a good foundation for any kind of honk and how to build ai
roof; the manual has separate chapters on adobe, rammed earth
and pressed block construction.

Because conditions and available materials change so much
in different paces, the builder often will want to use his own
good judgment. It is therefore important, in order to get the
Lest value out of this manual, that he read at least the early
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chapters carefulk before deciding how beSt to Solve his own
problem,

,As_ in itiV Craft. the good workman has "the of his
job before lie tries co gO too far with it

This manual. it is hopi!il, will give hits: that 'feel:-

Types of Earth Houses
I -here are /Ince Man) IVipeti of earth houses that !he 1,1,y;:lder

can select:
1. Adobe.
°. Ranuned earth.

Pressed (or machine-made) blocks.
Two other nietlio-ck that can he used are "cob' ;Aid "wattle
and elaiili,' licit tiSaltlbj these do not make the bes. llonse'

:4 DORE BLOCKSWalk iitade front adobe blocks z.re
ably th most popular 'and iitie_Of the oldest fonis of i-al-th
housing Adobe blockS arc Made by placing a wet tom: in
box-es called -forms.- The fins are runored :I short time
after the blocks are made and tlie ailObe blocks arc allowed to
diA (or curt') for about a Minith before they are used to build
a wall. The blocks are_ h together itPthe wall with a
mortar" which can be the .S..ne Mud used for -making the

I tic inani advantage adobe has over _the Otl 2r f.s

that it is the simplest method; and a sati:;fai-tory dwelling can
be built with the least amount of construction skill. Do it
tight, and voti can have Strong wails.that _are rehttivelv free
fi-oiii cracks. You can also make all of:0e blocks in %mil spar;
tittle and store them until you'are really to Ike them..

Figure L This livable 'home, built by Leon Watson and
Associates, in Albuquerque, _NeW Mexico, demonstrates > the
quality and natural beauty, of adobe architecture of the South-
vbestek n United States.



Adobe has stc:Al disadvantages._ Adobe blocks ".:7- likely
to hc. "totitTh looking" and chip easily. Adobe is usually -;:t
suited to climates that have more than 25-30 inches of raizlial
a year.

Walls made from adobe blocks- a1:& usually as atttTac:iv: or
more so than rammed earth btit iikc rammed earth. :1-Je

often requires surfacing for a good appearance., Adohe
probably require less work than do rammed_ earth wails. "1 sic

attractive house shown in Figure 1 is an adobe house co-;eled
with *stucco.

111.0 E.1R THIn this method, continuous walls arc
built b ramming moist soil into position Letween heakv wooden
forms. -When a short section of wall is cornokled thc rcrnis
are moved upwards or sideways and the process is repe%ted
until the walls arc completed. The ramming may be done With
either hand or pNeumatic tampers, but either way tne soil' has
to he ramm.zd until it becomes dense and extremely firm.
Pneumatic tampers require mor^ skill for successful use than
do hand tampers.

well made rammed earth wall is one of the most durable
earth walls that can he made. Some have lasted for cenr_uries.
Unskilled IPbor can do the ramming.

Rammed earth has the following disadvantages:

1. lt is not easy to do well:

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

1111kff-,,

,

;,46..14
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Figure 2.
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Rammed earth construction requires the most u: fn: selec-
tion of the soil tvpr, or the walls will shrink and c7.: after
they dry:

The ainoUnt of water used in the soil' during tl7t- ramming
mast be carefully controlled CO get proper ramming of ire soil :'

If rcfuliy done, the finished wall may look wer; wit:not:7.

any coating. But, it is common practice to stucco :)r -:_raint the

finished wall to produce a pleasing finish. BontiF.:!--, RICCO

or paint to the wall may present a problem if IL I siirface
preparation is not carried out.

A rammed earth house is shown in Figuie 2.

hi. G-Pf/NE:-Af.,-IDE OR PRE,SSED EARTH BLOC:7.SRe-
cently se;cral simple and_ineiperisive machines have been made
.for pressing soil into bricks blocks. These earth blocKter have

_

many _advantages. They have approximately the strength and
durability of rammed earth, _Some blocks which have had
stabilizPrs (or chemicals) added to them are nearly as satisfac-
tory as burnt brick, lumber,_ or '_r tam other buildir7, rn.a;_erials.
At the same dine, walls can be built as easily as block

walls. The Dressed -block:: dry and shrink in the :tn before
they are !aid so that walls essentially crack free; -4-.)e built
even with soils that shrink a little.

Walls made of pressed blocks have a very pleasing appear-
ance and it is not necessary to use surface coatings
as long as the right soils are used. It nevertheless most be
remembered that much hard work is required for hzpd;.iing and
mixing the soil and transporting the finished blocks;

Net
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Figure 3. Machine-made blocks forio the walls of this house.



The next two methods are not reconirnenued for a !)0',..se.
)ou want to last a long nine.

DAUBIn this method, a vertical
work of rots and poles is first constructed. "Flieti
branches, etc., are woven among the poles to form a l)a:; ur
a mud p:iist:-r" Wluch is,applied to both _sideS of tl(
work. ,Another is to make a double wall of poles _a;:(1
and _fill the space bf!ween with mud also. Figure sho'.vs
wattle and daub house.

Shrinkage crak:ks often occur in walls Of this _typy .

constant niatntenatce is_likely_ to he- necessary. ll-or sick pc,.,:)1e,
and some elderly people, this method of construction Li

practical b..cause a wattle and daub house might need_
when they can k.ast afford to do it. In many cases thi.
disadvantage of the other methods already mentioned.

Ifheinethod is 'not very practical in areas where
species of w9od arc not available.

COBIn- the cob method of construction. stiff
1110IdCd iii to balls somer.vhat larger than a person's head. ;:;
balls are then piled up in thick layers to form the v,all
without the use of any kmd of forms. The mud must be .stiff
enough so that it will not have a tendency to slump._ If some
slumping or s_preading does occur, the -mud is put _hack in place
with a trowel or else the excess mud is sliced off and
oil too. The wall must be constructed slowly so that each layer
has a chance to harden before more mud is stackeei on too
of it. Vor;ers usually stand or sit astride the walls Sr t!:at..
scaffolding is not needed..

The only advantages that cob houses have are that
are easy to build and need very little construction equipment,
Howes.er, shiankage crik.s- can usually be expected and they
ma\ be serious:

"

Figure '4: The right half of this residence in Greece shows the
wattle in place: Daub will follow;

8



Chapter 2

SOUS -=-.= AND WHAT CAN BE DONE WITH THEM

''lot ail soilS can be used successfully for earth_houses: A
few of theiri Will be good in nearly any type of Climate. Some

of thcm VI ill be good only in dry climates. Many soils can bo

made lei re suitable with "stabilizers," substanCeS that hold cheat

together make them water resistant. The VariouF. kinds of
soils, h*,;; tO Cell them apart, and how to find dot Y:.1-tat the

will do, Will be discussed in this chapter.

Kinds of Soils-
Broadly speaking, there are five kinds of soil S: gravels,

sancls;.silts; clays, and organic soils.

Gav-el consists of coarse pieces of rock valling in size from
1/4" across to 3".. (Anything larger than 3 inches is called a

boulder.) Gravel can be any shape=riatind , flat' or arighlar
.,

arid it can be any type of rockgranite, limestone. marble; etc.
If it fails apart or even gets soft after being under xvater for

24 hours, it is not gravel.
Gravel is found in the beds of fast-flOing streams, in

areas once covered by glaciers and around mountains.

Sand consists -of fine grains of various rockS, mostly quartz.
It varies in size from IA inch to about the smalleSt grain you
can see with the naked eye. Separate grains too SMall Co sec
are either silt or clay.

is found in- the _beds Of most streams: except slowly
flog ones; on beaches; desertS,: and in areas once covered b'
glacier's.

Sit/ is rock ground up so fine you -cannot sec indivicluat
grains with the naked eye: Silt will tend to hold together when

wet-and -comeressed. Too much water inas make it spongy;
biit it &des not get very sticky.

Silt__ may be found nearly any place: in the deposits of
slowly floiYing streams, in the "milky" colored Streams coming

from glaCierS. or mountains or where dust bidivo liv windk.has
settled.

C/ ay is a natural, earthy material that is sticki when wet
but hard when dry. separate grains are too fine CO be seen
with the unaided _eye. There are many different kinds of clay;

some of them Will shrink and swell greatly with (Irving and
wetting; while Others will not:

Clays can be found in the valleys where slow-mming streams
and rivers flow, hi coastal plains, in the fan-shaped deposits at
the bottoms of mountains.

Organic so/is have a__spongy, or _strtngy appearance. The
organic matter way be fibrous, rotted dr partially rotted vege-

S



ration: such as peat._ Organic soils are very spongy when moist
and have an odor -61 wet, decaying wood: In nature. they will
nearly alwayS Cbdtain a lot of water. They are dark-colored,
ranging from light brown to black.

Organic soils are usually found where water has been
standing for king 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 most)/ sand and
a little silt would be called a "silty sand." If it 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 Type 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 not very good for earth houset
because 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. Clayey gravels often work out Well.

Sands are about the same as gravels._ Since they will not
hold together by themselves, something else such as clay must
be added: In fact; some sandy -clays_ and clayey sands make the
hest earth houses. In the _absence of good clay to mix with the
sand. portland cement makes an excellent stabilizer;

Silts by themselves are not 0:kid for walls of earth houses.
Although they Will hi:Ad together, they are not very strong soils.

They are tliffiCtilt to compact and should not be used for
rammed earth or pres-4 block walls: Silts also lose strength
and become soft wh-,:n they get wet; In wet, freezing weather
tiles swell and lore their strength.

Silty soils taii be stabilized to make-a fairly good bililding
material. Portia id -cement is good for sandy silts and lime
works on clayey .;ilts. Asphalt emulsion_ or any chemicals that
waterproof such soils will do just as well.

Chip will pack down well if they_ have t right_ amount
of si'Ater in them: In dry weather, thOUgh, t_ ey will shrink
and crack and in wet weather they will absorb water causing
swelling and loss of length. They would work well in extremely
dry climates be-catiSe they are very strong when kept dry; but
usually, clayS are not found in very dry climates.

10
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A few kinds of clays like the red iron- and aluminum -

bearing clays fatind in the tropics (sometimes called laterites)
are very stable clays. It is common practice in theSe areas to
cut blocks of clay right out of the ground and stack them up
to make earth 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;
One of the best stabilizers for clay is lime. There are some
clays that should 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.

ReMerriber that the best natural soil yoti_ caii use for making
earth walls is a sandy clay or a clayey sand. If you happen to
have such a soil, you have as good a natural building material
as can be found. Without the addition of anything more than
water, some_ kinds of sandy clays or clayey sands can be made
into walls that will- last a lifetimeor even longer.

If you do not have this kind of soil, you might be able to
make it. If 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 (hOt mountains) or
ridges you are more likely to find clays, and sands will be most
common at the bottom Probably just what you need, a mixture
of bdth, 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 house of pressed
blocks which will last as long as any of the other wall types
and may be eaSier to do. 'However, with a good supply of

sandy clay available, both rammed earth and adobe can also
be built very satisfactorily.

If the only material you can find is very clayey; probably
you should build an adobe houSe. The clay causes the soil 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.



If your material has too tutith 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 amount of stabilizer by making pressed blocks.
Next would be rammed earth.

Probably the most difficult type of house to select a soil for
is rammed earth: If the soil has a little too much clay in it
this will cause shrit-.1:ing and cracking of the rammed earth
walls when they dry, It it has a little too much sand in it;
the walls might not hold up even during construction because
the shocks from ramming might 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,_ ytiti can choose
the type of construction you want based on _which methld seems
to be easiest for you and gives the best looking house.

No matter what kind Of SOH you have, it is well to bear
in mind that the drier the climate year around; the more
satisfactory the building will be; and the easier it will be to
built! well.

Iii areas where weather is subject to big_ changes in the
course of a year; such as hot weather followed by freezes; which
occur in much of the Temperate &ties, or areas that have
definite wet and dry seasons stick as are common in the Tropic
Zone. only the veo best soils can be used without stabilizers.

All this does not mean; however, that good 'earth houses
cannot he built in wet climates or where great changes in
temperature occur; it just_ means that under these conditions;
more care must be used in choosing the "raw materials" and
greater attention must be given to the use of stabilizers and
surfau coatitigS.

FINDING OUT ABOUT YOUR SOIL=Thi§ is one of the
most important jobs you have to dci. If you make a mistake
now: it will cause you trouble later. For example; if you decide
you hale a good supply. of sandy clay and it later turns out -to
be mostly _sand, vtitt will have to spend extra money for
stabiliiers that you had not planned on.

You will probably want your soil to come horn a place
as close as possible to your hottSe.

THE FIRST THING TO DO IS TO GET SOME SAMPLES
OF- THE SOILS IN YOUR AREAHere is the equipment that
will help you do this. (See Figure 5.)

1. A dirt auger to drill holes in the grottnd is ideal. Post

hole diggers are also good; especially if you do not plan to go
very deep:

12
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Figure 5. Tools for soil selection and sampling.

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.

4, Shovels. If you don't have a dirt auger you can use
an ordinary shovel.

5: Pick-axes or mattocks.

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

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

soil samples.
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 by hand; you probably
will not want to dig more than 3 to 5 feet deep, If your soil
will be dug by machine, you will want to examine the soil as
deep as the machine will dig, perhaps 8; 10 or more feet deep;

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

13
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Figure 6.

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

Usually, but not alwayS, a change in color of the soil will
mean a change in soil type. The best way to tell whether
you are changing soil typeS is to use the simple 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 ancl_put it in
a single pile; Then you come to a layer of day. 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,

M you dig, write down the thickness of each layer, the
ccilOr and type of soil, and an accurate de5cription 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 boles in an area that is big enough
Tosupply all of the you want. If 111- of the holes produce
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the san-ic, ;;. the same types into separate
piles; siul. !mples together, and all the day
sample5 ; ,,:;king some quick tests; you may
decidc tn1,.:tf:rc of you have should work out well.
Since you al! of the soil from the holes; you might
find you ha-k,v t hf. rIght _uxture simply ay mixing the sand
and clav uilc _But at the beginning, separate all the
different until ,:,11 arc sure of what you have.

completcl-,
bag with tr
These
the type of

that you have e camined an area
Nnl; type in separate bags. Label each

(or hol,_%,:) ::nd the depth that it -carn-e
be used for the tests -that Will decide

on have and the type of house you ShOUld build.

Hew to Identify Soi's
ocrt s c situpe tests that will tell you what kind cf

soil von ha e: !)() (:// of them on all your samples, Be sure
that the Y:1711Hz,, von test accurately represent the Solis

you will 1.1,,e i)i;11(1

If VOu are ttsting sands or gravels; first dry the soil by
heating di :I sample in the sun. Make it into a cone-
Shaped and carefully divide it into four equal samples as
shoWn in 7. Combine two opposite portions into one..
sample and set aside the other two; You should end up with
about of soil, If there is too much soil after one

Separa-ien, repeat the process_ of dividing and discarding
until a Snit-able size soil sample remains.

re-

Figure 7.

15

19



VISUAL TESTSThe appearance of a soil can tell you
some important things about it. First spread the dried soil
out in a thin layer on a flat surface. Then roughly separate
the sand and gravel sizes by hand.

Do this by putting all of the particles from the largest
down to the smallest that roil can see with the unaided eye
in one pile. This will be the sands anti gravels. What is left
(normally., this will be very fine powder-like materials) will he
the silts in d clays. If the silt and clay pile is largek than the
sand-grave. pile, call the -soif_silt-clay for now and remember
this. Other tests, described later; will tell you which it is.

If the sand and gravel piles together_are bigger, you have
a sand or a gravel. Decide which it is by putting all, of the
particles larger than W' (gravels) in one pile and all of the
smaller particles (sands) in another pile. The soil is gravelly
if the gravel pile is biggest and saw'y if the sand pile is biggest.
Remember which it is.

Here is what you do if vou 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 it 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
described below should be made with this fine material.
WET SHAKING TESTSTake enough of the soil to form

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

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

I, RapidWhen it takes only five to ten taps to bring
water to the surface, this is called a rapid, reaction. Squeezing_
the sample should cause the water to disappear immediately
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so the surface looks dull. Opening the hand quickly should
accomplish the same_result. Continued pressure causes the
sample to crack_and finally crumble. This type of reaction is
ix pica! of very fine sands and coarse silts. Even a little bit of
clay will keep the reaction from being rapid.

2: Sluggich (or Sfow) ReactionWhen it takes 20 to 30 taps
to bring the water to the surface, you have a sluggish reaction.

47fl.kAtt:

-.,741#14.10.3W110.

_

7 .1477711.
.

Figure 8a. Rapid reaction to the shaking test.
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Figure 8b: Sluggish reaction to the shaking test.

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

3: rely .Sloi or No ReactionSome soils will not show
any reaction to the shaking test, no matter how long you shake
them: The longer it takes to show a reaction, the. more clay
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the soil contains. The Silk will require the other i_eots

de,;Ctibed below before vot' can tell much abbot them.

T RE4D T E.S1 To -2.t lonip of soil about the s:ie of an

-olive, mix just enough w-iter so the lump can be easily molded

in lour hands; but is not sticky.- Next; on a flat clean surface

roll owl. the soil into a thread: Use the palm of your hard or
al:d exert just enough pressure to make the soil .thread

41111111116W4111

.:1.

Aftwatestmosmawavossosesso

Figure 8e. A soil that did not react to the shaking test.
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Figure 9. The thread test.

get contirually 3mPlIer. (See Figure 9) If it breaks before you
roll it our to a vg" cl:arneter thread; it is to dry and you need
to add st.;me more water to it. li+hen the soil is at the right
moisture content; the thread will begin to crumble into several
small pieces jusf'when you get it to a diameter of 1/2". If the
thread does not crumble and brea% at IA", lump it together
again; knead it into one lump, and repeat the rolling process
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until the thread crumbles at y" diameter. (The thread will
eventually crumble b-ecause it dries as you keep rolling it out.)

As soon as the thread crumbles, re-mold the saimpie into
a ball and see how much pressure it takes 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 type 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 does not have any clay in it. Here are
some of the other reactions you can expect:'

lv Tough Thread:If the remolded ball can be deforined
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 stabilizer.

2. Medium Strength ThreadThiS kind Of soil can be
remolded into a ball, but when the ball is'squeezed between the
fingers, it will crack and easily crumble. This soil may be.good
but may require some stabilization for certain areas. Check
Table 1 to be sure.

3. Weak ThreadWhen 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 ThreadSometimes 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 organic and its not suitable for building earth houses.

RIBBON TEST-This test gives about the same kind of
information that the.thread test gives. It helps to do both tests.
One checks out the other.

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 1/4" 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 1/4" and 1/4" thick.
(See Figure 10.) Handle the soil very carefully to form the
maximum length of Tibbon that the soil will support. See how
long the ribbon will hold together without breaking. The
reactions you can expect are described below.

I. Long RibbonsWith some soils the ribbon will hold
together for a length of 8 to 10 inches 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.

2. Short RibbonsIf you canwith some difficultyribbon
the soil into short lengths of about 2 to 4 inches, the soil has
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Figure 10. The ribbon test.
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a mediurz to small amount of,clay in it. It will he about the
same as the soils that give a medium or weak thread in the
thread test., ThiS<Soil will make gclOd walls in many cases but
to be sure check Table 1.

3. Will .1i/in _RibbanSome soils cannot he formed into
ribbons at all This means that they contain either very
small amount Of clay or none at all. --Such soils with a little
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clay may make good_ rammed earth walls. If 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 1/2" thick and
1" to 2" 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 allow the pats to dry in the still or in an oven
until they are dry all the way through. Break the _soil pat and
then try to powder it between your thumb and forefinger.
Here is what you are looking for:

is High Dry StrengthIf the sample has high dry strength
it will be very difficult to break. When it does break it will
snap shin-ply, like a crisp cookie. You_ will -_not; be__able to
powder the soil tt.ween_ 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 reaction have a
lot of day in them, and they will be satisfactory only if
stabiliied.

2. Medium Dry StrengthWhen_a soil has a__medium dry
strength, it will not be too_hard to break the soil pat. With
a little effort you will be able to powder the soil down to its
separate grain sizes between your thumb and forefinger. This
soil is good but may require a stabilizer to reduce shrinkage;
check Table I. .

3. LOW Dry trengthA pat with very little clay will break
without any trouble. It will powder easily. Pats of very sandy
soils _will_ crumblein your hand before you have a chance to
powder them. Before a final decision on the use of this soil;
check Table I.

The four tests described above are the most important ones
and it will pay you to use them all in finding_out about your
soil. There are some other simple tests that will also aid you.
Use them if you need to. They are given below.

ODOR TESTOrganic soils have a musty Odor, especially
when freshly dug. You 7 :he same Odor for dry organic soils
by wetting and then heating them. Don't use these soils in
earth walls.

BITFIASTSThis is a quick and useful way of identifying
sand; sili1or clay. Take a small pinch of the soil and grind it
lightly between your teetn. Identify the soils as follows:

Sandy Soils The sharp; hard particles of sand will grate
between the teeth and will create an objectionable feeling. Even

.

'very fine sands will do this:

2. Silty grains are much smaller than sand
particles and although they will still grate between the teeth;
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Names of
Soil

Very fine
sands; silty
fine sands,
clayey fine
sands, clayey
silts

_Reaction_ to_
Wet Shaking

'rest

May be rapid
t) plug_ gish,
but never
very slow

TABLE
SILT-CLAY SOILS

If the silt-clay pile was larger than Ole gravel piles_ together;
then use the Table below to determine what kind of soil it

Dry Strength
Test

Low to none;
usually none

Thread
Test

Ribbon
Teat

Additional
Testa

Suitability
for Earth

HOW;

Stabilizers Comments

Weak thread
to no
strength in
thread

Short ribbons ;
may nut
ribbon at
all

Washes off Usually _

hands easily. suitable for
Will not _ all types,_
stain hands particularly

aside_ if
stabilized

May be any-
thing-from
Sluggish
to none

MaY Iöi
to ñiidiüiii

Weil( to
medium
strength
thread

Short ribbons

Gravelly
elaY;
sandy e!,,;
silty day

May be very
Mow to none

May be
medium to
high

--;----
Medium
strength
thread

Short to
long ribbons

Clam
fat clay

None High to
very high

Tough
thread

Long iihNitts Very sticky
when wet;
difficult-to_
wash off of
hands

Portland_ ___

cement most
suitable.
Asphalt
emulsions
also work as
do most
waterproof ers

Maybe_
affected f)y
frost

Should not be Portland
used if pos- cement,
sible. Stabilize asphalt
heavily if emulsions
necessary to if soil is
use not too

sticky

Will isuãlly Lime
require stabi- Sand
Iiiera iii6at Gravel
suitable for
rammed earth
and -pressed

. blocks

Will timidly
require aur-
face coatings
in addition
tOitabilitera

Can-be very
good it _

amount ot
sand or gravel
is high

Should never
be used for
earth houses



Organic silts,
organic silty

Sliiggigh Low to
medium

Weak thread
and feels

Short ribbons
(it may not_

clays
spongy ribbon atall.

Spongy feel

Organic silts,
organic clays

Maybe very_
slow to none

Medium to
high

Weak to
_

Short ribbons,
spongy feel

Threads feel
spongy

Apat of
moist soil-
has a mushy
odor when
heated

Shdtild_never
be used for__
earth houses

A Pit Of- Should never

moist sOil be_used for

has a mushy earth houses

odor When
heated

GRAVEL SOILS

If the gravel pile was larger than he sand pile, then_ use the

Table below to decide what kind of gravel it is.

Silty gravels, Rapid

sand-_silt.
grav_el_

mixtures

.

Low to none; No strength Will not

usually none of thread Hhbo

Clayey Sluggish to Medium

gravels, very slow

gravel.sarid-
clay
mixtures

Medium
h

thread

Fine material
washes off
easily, Will
not stain
hands

Usually suit-
'able if it is
first stabi-
lized: If
almost a

gravel 1t may
he neceswY
tolirst add
more fines

Portland
cement most
suitable.
Asphalt
emulsions
may also
work.

Maybe
affectod
by frost

Short ribbons, Finer .

may be long material .

not easily
wiii4bed off
of hands

........
May he very
suitable for
all types of
earth houSes.
If almost
clean, it may
be necesary
to add some
(I ties

Lime Most

Portland. __.

cement may
work if.__
Soil mixes
msily



TABLE 1 (Coed)
.-_ -

Nimes of --Reartibn to Dry Strength Thread Ribbon Additional Suitability Stabilizers Comments

Soil Wt_SlisMng Test Tat Test Tests for Earth
Test Homes

Clean
gravel Not neessary to run these tests on clean gravels

Not suitable If ,Tveli

for earth graded, will-
houses. Can be very gbid
be mixed for og?egat
with fine i-n concrete

for
tiiinake suit- foundations

for
earth houses

SAND SOILS
If the sand pile was larger than the zravel_ pile, then use the

Titbit below to decide what kind of sand it is

Silty- Rapid Low to none, No strength Will not Fine material Usually _suit- Portland May he_ 4,

sands iiti-tiallY oone of thread ribbon .: washes off able if stabi- cement affected
easily: Will hull. If almost is hest. by frost
not stain a_ "'clean" sand Asphalt.
hands il may be _emulsions ..

necessary to may work
add more fines clayey fines

Clayey Sluggish to Medium Medium Short ribbons Fine material Usually very Lime is best.

san(is v ery slow but may be not easily suitable for Portland
long washed off all types of cement will

of hands eaxth houses work If
If almost soil rnixes
clean, may easily
add some
clayey fines

Clean
*In& Not necessary to run these tests on clean sands

Not suitable Clayey fine If well-graded
for earth will be good_
hoii-SeS for aggregate
unless mixed in.conerett _

with fines for foundation



they are not particularly objectionable. They feel a lot Smoother
than sands.

3. Clayey_ Soih-=-The clay grains are not gritty at all.
Instead,_ they feel smooth and powdery like flour between the
teeth. 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 TESTTake a pat of either dry or moist soil and
rub it with your fingernail Or the flat side of a knife blade-.
If the soil contains silt or Sandeven with the remainder being
claythe surface will remain dull. soil that has a lot of clay
in it will become quite shiny.

TRY WASHING YOUR HANDSJ-You can tell a lot about
a soil in the way it washes off of your hands. Wet clayey soils
feel soapy or slick, and they are hard to wash Off. Silty soils
feel powdery like flour,_bilt they are not too difficult to wash
off. Sandy. soils rinse off easily.

Color is important in classifying soils. OliveTireenish and
light brown to black colors may mean organic soils. Red and
dark brown colors may cone 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 above and have
decided what the reactions to them are; you ai- use

Table I. It will tell you exactly what kind of m3il you have
and what kind of house you can build with your

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
in Table Ithis 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 sails
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 tests yourself, or have someone do them
for you, tablessimilar to Table lcan be used to determine
more accurately the type of soil you have and what can be crone

with it. The tests are described in detail in Appendix A.
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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 sper:al equipment,

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

3. Atterberg limits give you much the same information
that the lineal shrinkage test does, but more accurately;

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

than you krieW 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
recommended for your soil in Table 1. It 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 one soil with several
stabilizers, this may require a large quantity of soil, Then,
you can make smaller test samples_ roughly this size: 6x3x2

inches. You will need 7 test blocks of each soiL This will
take about 4 shovelfuls of soil for these blocks.

If Table 1 shows that your scil might work with more than
.

one type of earth construction, then the best thing to do is to
make 7 test samples of each type recoinmerided; 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 evaltiation tests) and test them just to make sure
they act like the smaller blocks.

Here is what you do for the different types of earth con-
struction.

ADOBEFirst, 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.

For one test block mixture, add one part of lime to 50
parts of soil; for another, add one part lime in 25 parts soil,
and for another, one part lime in 17 parts soil: Make enough
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Figure 11.

of each of these mixtures to make 7 bltscks. MIX the soil and
stabilizers together until you get a uniforni color. Mixing is
very important; so; do it well;

ThenWhether your soil has stabilizer Ir_ it cir notgradu-
ally add water until you have a thick mud. Ykiti can tell wizen
it is right by running a pointed stick through it If the bottom
of the grboVe barely closes due to its own weight, it is right;

Place yotir wet soil mix in a form box. Figure 11 shows
a form box for small samples that has enough Space for eight
blocks, 6x3x2 inches.

You can be sure the forms are properly filled by working
the mud around a bit with your hands until there are no more
air pockets. Scrape the excess mixture from the top of the form

With a board or the edge of your shovel.
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Let the form set about fifteen minutes so that it can be
lifted off the blocks without the blocks losing their shape very
much. If the blocks slump or settle, you have added too much
water and you should begin again.

After a few days; turn the blocks on edge and let them cure.
Let unstabilir-ri blocks cure in the sun for ;'our weeks.

If the test blocks contain a stabilizer, they should he
sprinkled for at least the first week; or else kept fully covered
to keep them moist. Blocks shotild be_protected from rains
with anything that will keep the water off them. At all times,
however; air should he able to get to them.

While the blocks are curing; if large open cracks appear,
you can tell without waiting for four weeks that they contain
too much clay: Full size adobe blocks should not have more
than 2 or 3 narrow cracks and theSe should not _go completely
through the block. The small _6x3x2-inch _blocks should not
have any cracks at all. If the blocks Lan be crumbled easily
after a Week or so, che soil is too sandy.

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

PRESSED BLOCKS AND RAMMED EARTHOne of the
differences between making adobe block and pressed block or
rammed earth ties in the amount of water used in preparing the
Soil. Adobe, we will call "wet"; the others should only be
"moist." It is important to get the right amount Of moisture
in the soil. Proper and complete mixing is also essential.

To check the moisture content take a handful of moist
soil and make a ball with your hands about the size of a small
orange. Press it together as firmly as you can: Then drop it
onto a hard surface from shoulder height If it shatters into
pieces .so that it is about the way it-was before you molded it,
the moisture: 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 togetheri 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.

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

Of course, if you have a machine for making full size blocks,
use it. If you do not, you will need a mold such as shown in
Figure l2. and some means of applying pressure to compact the
soils. You should apply about MX/ 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 mold and allow it to cure the
same way as the adobe, for four weeks. Look for cracks in the
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Figure 12. Mold for premed plocksd

blocks during the curing period. If full
more than one narrow crack in them, they

Rammed Earth
Make a form as shown in Figure ;

one foot by eight inches deep inside. It
seasoned lumber that will not shrink, nd
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With oil befure using- it. Then make a tamper for ramming
the e.trth. .-N simple tamper can be macle by threading a.heavy,
flat-faced piece of metal on to a piece of pipe; (See Figure 79a.)

Fill the form (not including the collar) about 3/4 full of
loose dI nixed soil and ram it 50 times; Then put the same
ainount in the form again; and ram it 50 times; You should
end up with a blockmade up of 2 layersslightly more than
6 inches thick, Use a knife or flat piece of steel to sin -Oath the
top of the block: Be sure that you ram each of the trial blO7ckt
the same way as all the other's.
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ReinOi! t lie form from all blocks except the last one inade
and cure the blocks the same as adobe. The last block sh-)ttld
be cnred in the fora': If the soil shrinks away `rain
the fiiriii as it dries; it will not be suitable for rammed earth;

TE.ST.`> IILOGKS After all test blocks have cured for
at least font Weeks, the test described below Can begin.

.113-SC)1?-1'1.10:NI TESTThis test wits you hmv fast emir

blocks will soak up water and whether the water will cause
them to swell. It shouldhe done on every soilyou intend to
use in earth walls; regardless of the type of construction _used.

If von have several soils available and are trying to decide
which oil( to tike, this test can help you decide:

I. 'I WO of your seven blocks of each soil mixture.

2: A shallow pan that will hold water at least I" deep,
and large ....nough to hold several blocks at once. Use heavy
wire prating or mesh to_ fit in the pan for the sample,1 to rest
on: The grating should be placed to the pan so the samples
will be in 1/2" of water._ Support the wire grating in several

places so it will_ not _collapse when several samples are placed
on it: Make a hole_ in the side of the pan at the correct level
so that the water will not get higher than 1/2" on the samples.
Then; by lettin g 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 1/2" deep in water: Figure 14-strOws.hOW-one of these

pans lookS.

Ar'

Figure 14. Laboratory facilities proVide close control of speCial

soil tests such as the absorption test above. This test may be
performed in the field with minor modifications:
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CR-USHING DISTANCE

DISTANCE
"e"

ROPE, CHAIN,
R CIABLE

0

130 Lb. MAN

LIZ/1.1--2" WOOD BLOC

:47.---TEST: BLOCK_

Figure 15. Simple lever test for determining strength of blocks

(see Table 2).

3. Fhie wire screen (like fly screen) to be placed _between

--the -block- litid the -wire -grating To-keep weak--:sampIeifrorn

falling thrbligh the wire grating.

4: A 1-ft. ruler divided to 1/1-6thS inch with at least 1 inch

divided into I/32nds inch:

!I. Wax paper or plastic sacks; if available:
I Get the right

slic to fit loosely_ over the samples. TheSe sacks are not abso-

lutelv necessary but they will make your test more accurate

berause they keep water from evaporating_ from the samples.

1 bev arc inhst useful when the test is performed in hot. dry

c. at her.
A supply of clean water;

7. A clock or watch.

8. A form such as shown on page 37;

The test starts as soon as the Mock touches the water.
Blocks are stood in exactly 14-;" of water. As they soak up the
water; you will see a wet line extending around them: After

minutes, with your ruler measure the height of the water
aliiiVe the bottom of the blOCk. Often this line will not

straigist and level: Nfeastire die best average height you can

gct to the rietrest 1 16". Measure again at the following times:

I. 2. 4, R. 24 hours; and once each day thereafter or until the
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warn] ,0 of the block. The heights that you
down on your form: Also, write

down 01,2 ri.nc the water rises to the top of the block
and all of (ti c

If 1i h.!. weighing the blbekS each time you

measure ;%,," a better idediif When the block stops

absorhinsi Is a space for the weights on the form.

the Murk swells, measure the longest

side of th:: nearest 1/32" befOre the test starts;

At OTC ';,1 :P.C:itilit'e the block again at exactly the

same iiN6 :I place for these theaSurements on

the fo..ni

A ',our blocks for strength is nt the end

of the ,:.;:ause they are in their weakest condi-

tion soon as the water line reaches the
top of the hit.(! this the wet" strength of the block.

iTRF.vr:'17-' 17:- 7 --The strength of soils is determined

by strength) rather than by pulling

apart tte11,.;le .
Ihis.test is very important for earth

houses dOoe with a great deal of care.

supplies needed:
1. Two of !,otir di-ied, cured blocks plus the two absorption

test blocks: 'I he Siie and shape of the blocks is very important

4

Figure 16. In the laboratory a universal teseng machine can

b used to determine the unconfined compressive strength of

a sample. The sample being tested is a CINVA-Rarn block.
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Figure 17;

when testing a soil to determine its compressive strength. They
should be roughly twice as long as they are wide. Your 6k3X2-
inch blocks are ideal; but the rammed earth blocks should be
trimmed to size first; Do this carefully so the blocks are not
damaged.

2. A way to apply and measure the load to crush the
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 a 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
simple, lever type machine such as the one shown in Figure 15.

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

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

The blocks should be tested by _loading them in the
direction of their longest ditnenSion. 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
Soil Information

Location of Soil
Depth_
Type of Test Block (Circle One) Adohe Pressed Block Rwnmec
Amount and Type of Stabilizer

Absorption Teat
Height of Weight of Heig_ht of Weight of

Water-Line Bloc.c Water Line Block

Time No. 1 No. 2 No.-1-No.-2 Time No. 1 No. 2 No. 1 .'do. 2

0 2 days
5 mine. 3 days
1 hr. 4 days

_2 hr. -5 -days_
4 hr. 6 days

'7 deka

24 hr.Time for water- to reach top of black
Length of block before start of test y-
Length of block at end of test

Strength Te.. /
Dry BloeU . Wet Hick, :i

Block 1 Block 2
, Bloc : 1 Black 2

Area of block,
square itiChts

A ren_of lgock
s_nuare inches
Citialting

distAince; ft. disitance, ft.
crushing Ortmhing
strength strength

"Simple" Strength Tat
Block 1 (circle one_)

Very soft, soft, ntedium, stiff, very stiff, hard
Block 2 (circle one)

Very iloft, soft medium, stiff, very stiff, hard

Spray Teat
Depth of Pitt Block 1 Bloek 2

Remarks
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Using the lever arrangement shown in Figure 15, place the
block under the lever and apply the load. Figure 15 shows
a 131,'-cjitond man sitting on the lever, but you _could__algo hang
a .of stones or water (or anything weighing 1_30 pounds)
front he tc er. Start with the Man or weight_ close to the
block and !lime slowly outward to the end of the lever until
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 crushing strength of the block:
For in-between dimensions not -shown in the Table, you can
estimIte with good accuracy.

en :f you cannot make the lever machine :,howri in
'5; you can still estimate the wet<.strength of blotkS

follo,,,,ing the absorption test. (All dry blocks will be hard,
and It would be difficult to even estimate the difference in
strength between several blocks without some _sort of equip=
mem) For thisi use the "simple" strength below:

"Simple" STRENGTH TESTThe reactions that you can
expect to this test are as follows:

Very SoftThe block can be easily pinched apart with only
the thumb and forefinger or it may even slump under its own
weight.

SoftIf the block can be easily penetrated several inches
With the thumb-,- call it "Soft."

MedinrizIf the thumb will penetrate a block about 1 inch
With moderate effort, it is of medium strength:

StiffSoils which are stiff can be indented with the thumb;
but only with great effort:

Very StiffThe soil cannot be 'penetrated at al' with the
thumb, but it can be penetrated with the thumbnail.

HardVery difficult to dent with the thumbnail.

TABLE 2
CRUSHING STRENGTH OF BLOCKS FROM SIMPLE LEVER TEST

Area of
Blocti_i_rt "CRUSHING DISTANCE"
Sou are Dist. (Length From End of Lever To Weight
Inches "B" For Blocks of Strength Shown)

100 psi
4 12" 3f-0"

.41,6 12" 3._5"
5 12" 3f:10"
5% 12" 4.-2"
6 12" 4'4"
6% 12" 5' -O"
7 12" 5'-5"
7% 12" 5f-9" ,

8 12" 6'-2"--
18 6" 6!-II"
19 6" 7' -4"
20 6" 7f-8"

125 psi 150 psi 250 psi a'10_0si
3f-10" 4'-7" 3f-10" 4' -7"
4f=4" 4-2" 4f4"_ 5f-2ff
4f40" 5'-9" 4._10" 5.-9"
5f-4" 6'-4" 5,_4" 6f-4"
5.-9" 6'-11" 5' -9" 6'-I!._"
6' -3" V-6" 6,-3" 7,_6,,h
6,-9,, 8!-Iff_ --_ 6f--9ff 8f-1"
V-2" 8.-8" if-2" sf_su
7f-8" 9.4" 7-8" 9,-3"
8f-8" 10!-5" 8f-8" 10f-5
9'-2" 11'-0" 9f-2" 11'-Ofe
9;-7" 11.-6" 9f-7" 11f-6

Where appears,_usz 2 men tor 260# weight) on lever. Measure
distance from point "A" of lever to center of the weight.
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The only blotks which will be normally suitable for earta
houses are those which are called "hard." "Very stiff" ones
may be suitable for dry areas.

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

SPRAY TESTThis test tells you how your block will hold
up in a hard, .driving rain. Most accurate results require
laboratbry equipment, but there is also another way that is

sa isfactory.

Equipment and supplies needed:
1. 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 usually used.

3. Some wire mesh covered with fly screen; such as used
in the absorption test, to place your blocks on:

4. A water supply that will deliver a fairly eonsuit
pressure for two or more hours. - The water pressure usually
used is 20 pounds per square inch.

5. Ari accurate gage for measuring water pressure; Mount
the gage in the pipe supplying water to the spray nozzles at
a point near the nozzles.

6. A copy of the form shown on page 37.

A set-up for the spray test is shown in Figure IS;

Place 'he wire mesh on bricks or wood blocks so it is

suspended a few inches off the ground. Then put the test
blocks on the Mesh with:their largest face square to the spray
noizleS 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 of 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 will Inte
a permanent record of all of the tests.

Now that you have done these tests, you must look at the
results 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 teststo tell exactly how your soil will
act. But if you use the tests wisely, and benefit from your
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4

Figure 18.

neighbor's experience with earth houses, you should be able to
build a safe house.

Start by looking at the results of the spray test; If you
live in an arid (dry) areaone where the rainfall is less than
20 inches per year =then your bricks are satisfactory if. they
have some pitting, say 1/4" to IA" deep.

If you live in an area where the annual rainfall is between
20 and 50 inches per year; then the blocks should have only
minor pits, less than IA" deep.

If you live in an alea 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 requirements above, it is asAimed that adequate
protectiOn froM splash exists This means that either the
foundation wall is high thougt, so the lowest soil layer or
blocks do not get splashed, or that the blocks in the splash
region at the bottom are protected.

If your blocks do not meet the requirements above, then
you must do something to them if you want z long lasting
house. Here are some things that you can try:

L Change the amount of sand in your soil mix. &rime-
times more sand will help. It's worth a try.

2.1 Try a surface coating. (See Chapter 14.) One of the
main reasons for. the use of surface coatings is to reduce the
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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 the way the soil acts as far as strength
and absorption. For example, small amounts of lime and
cement may decrease the strength of the soil slightly. So when
you try a stabilizer, you must also start all over again with the
other tests such as the strength and absorption.

The results of the absorption test are much harder to
analyze than those from the spray test. All soil blotto 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.) ror earth houses, you would
like to have a soil that will absorb little water, and which
will not swell or lose strength 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
connection with the strength and length changes of the blocks,
you will at least be able to tell much more than from the
absorption test alone.

Blocks made of clayey soils will take longer to absorb
moisture than sandy blocks, but walls made from clay blocks
will absorb more moisture over a long period and the moisture
will creep higher in the wall: In dry areasless than 20 inches
of rainfall per yearthe 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 comfortable.'

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

Length changes daring 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 foot long. If this amount is exceeded, it can be
reduced by adding stabilizers but again this means that other
properties such as strength and absorption must be checked
for the new mixture. Adding sand to clayey blocks will help,
and lime and cement also do a good job of reducing the swell-
ing. Unlike blocks which show too much spray loss, 'those
which swell too much cannot be protected by surface coatings.
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The water will eventually get through the coating and coating
will crack when the blocks start to swell.

Strength_ -cif your earth blocks is an important factor. Adobe
and rammed earth should have arninimurn dry strength of
250 pounds per square inch. Pressed earth blocks should have
a minimum_ dry_ strength of 300 psi because they are used in
thinner walls. Most soils will be this strong when dry unless
they are very sandy or have a lot of organic matter in them.
Mit the wet strength of the blocks after absorption is even
more important than the dry strength; Tests have shown that
the wet strengths should be at least one-half of the dry strengths.

his means that adobe and rammed earth should have a
inimUm strength of 125 pounds per square inch and

pressed blocks should have a minimum. strength of 150 pounds
per square inch.

In dry climates less than 20 inchts.of rain per yearyou
can get_ by With 100 pounds per square inch for adobe and
rammed earth if you use a good surface coating and if the
thy strength of your test blocks was high enough;

In wet climatesmore than _50 inches of rain per year
you should try to get wet strengths which are close to the ones
given above for dry strengths. This means 250 pounds per
square inch for adObe and rammed earth and 300 pounds per
square inch for pressed blocks.

When the tests are finished, you will have one blotk left
from the original seven. It is a spare in case one of the other
blocks, breaks. But you can also use it for some special tests.

TABLE 3
SUMMARY OF TESTS ON BLOCKS

Less than
20 inches
rainfall
per year

Between 20
and 50 inches

_rainfall
per year

Greater than
50 inches
rainfall
Per year

spray
Test

Pits less than
%1 -inch deep.

Pita less the.n
14-inch deep.

NO pitting of Bur=
face, slight rough;
ening allowable.

Dry Minimum of 260 psi
Compressive for adobe and
Strength rammed earth.

Minimum of 300 pet
for pressed blocks.

Minimum of 250 psi
for adobe and
rammed earth.-
Minimum of 300 psi
for pressed bloom

Minimum of 260 Pei
for adobe and
rammed earth;
Minimum of 30_0 psi
for pressed Works.

Wet Minimum of 100 psi
Compressive for adobe and
Strength rammed earth with

good inirfaft emb-
inks, 175 psi
without surface
coatings. Mini-
mum of 15Q psi_
for pressed blocks.

Minimum of 125 pzi
for adobe and
rammed_earth.
Minimum of_ L50 psi
for pressed blocks.

Best sofla _will
requirements for
d_m_c.Impressive
strvructli. Can be
somewhat less.

Length
Changes

Maximum of 1/32" Maximum of 1/32" MakinitiM of 1/32"
for 1 foot block. for 1 foot block. for 1 fobt

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

Place your bid& on the absorption pan_ for 24 hours. Then
remove it and freeze it for 24 hours. Let it thaw on the
absorption pan for 24 hours and repeat the process as many
times as possible.

iIf you live in an area where it rains almost daily, try this:

Immerse the block in water halfway up its side for 5 hotirS.
Then let it dry in the sun or in a warm oven. Continue the
soaking and drying steps as many times as possible.

Neither of these tests will tell you exactly how long your
earth block will last; but they will help you 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.
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Chaptei 3

.
STABILIZATION OF SOILS

Many kinds of soils can be used for earth walls by adding
substances known as stabilizers. Areaily any soil can be made
into a better building material with the- addition of the COR-
RECT stabilizer.

This is what stabilizetS tIO:

I.__ They- cement the particles of soil together so the block
or wall Will be stronger:

2. They can "waterproof" the soil so that it won't absorb
watr'r:

3. They can keep the soil from shrinking and swelling.

Adding stabilizers even cheap onesto your soil means that
your house will cost more: But the natural _"enenly" of earth
walls is water in one form. or another. .Stabilizers fight that
enemy. There is less need for' stabilizers_ in very dry climates:
Builders in arid areas protect against the slow weathering caused
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_experience of other .builders before
deciding on this method of

Because 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 seems to work best: It is

'up to the builder to make: trial bleiCks with various kinds and

ainounts_ef _stabilizers and' then, test them as described in

Chapter 2.

Kinds of Stabiliiers
Here are the more Cernmonl- used stabilizers:

I. Sand and clayUsually We think of soil stabilizers as
something unusual and different,_ but ordinary 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-7and sand and clay are no differentthat
they must be mixed thoroughly into the soil before they can
do the job. If you haite one soil that is very sandy, and another
that is very clayey, they probably won't mix very well betause
the clay lumps cannot be easily pulverized. The only lvay to
find out whether two soils will mix well is to try it. It's easier
io mix a small amount than a large amount, so try to do the
mixing just as you would when building a house.

-r
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2. Port/and CementThe Lime kind of portland cement
used i concrete is alio one of the best soil stabilizers: The
rnixtu is often called soil-cement. Cement worki beit with
the s tidier soils: Table I shows you which soils are stabilized

best With cement. (If your soil has been checked by the labora-
tory/tests descritied 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 not true
of/ portland cement. It must be very thoroughly mixed and
the soil cladi ihotild be broken down so the cement comes in
contact with all of the soil. (This is one reason why cement
is not recommended for clayey soils.)

Cement starts to react as soon as it touches water, so_ do
not mix it into wet toils. Mix it completely into dry soili 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.

Cettent 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; if you cannot do this cover them
with wet burlap_ sacks and sprinkle the sacks often; After 7
days of this moist curing _you can take the covering off but
it is still a good idea to keep the blocks in the ihade for, another
7 days before you let them dry in the sun. The longer you
keep your soil - cement blocks or walls moist; the stronger they
will be.

Using cement has two disadvantages: it is expensive and
it may be hard to get. So try to find out first how little you
have to use.

You can Make portland cement yourself. To do it,
though, takes a lot of heat, some crushing facilities, a source
of clay; and a source of limey material such as shells, limestone,
caliche. etc.

3. LimeLime; either slaked or unslaked, makes one of
the best stabilizers for days, Lithe reacts with the day in the
soil to forth a binder. Unslaked lime is harmful to a person's
Airs and vital parts and must be used with _peat clue- It is
much safer to first slake the unilaked lime before using it Table
1 shoivs the soils which work best with lime. If you use the
more exact laboratory tests described in Appendix A; you can
try lime with neariy any soil having a plasticity index greater
than about 12.

Lime makes most clays less 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 Chaptei 2.
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SOUS containing a lot of clay are usually fairly lumpy:
But lime breaks the lumps down and makes the soil easier to
mix. In fact; lime even makes the soil look and feel different:
If your soil has ,a lot of clay in it, here's what you should do:

Add the lime to dry soil and mix with sufficient water to
dampen entire mixture, then cover it for a day or two but keep
it wet. After you 'do this mix the soil again to break down
any remaining lumps and use it right away:

Lime al86 needs 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
possible. Then keep them in the shade at least 7 more days
before exposing them to the sun.. When making trial blocks
with lime-stabilized soils; try to make them early enough that
they will have plenty of time to cure before testing. At least
one month of curing is necessary; two months are better.

Lime is not as expensive as cement and you can get it
nearly any place. in the world: You can make lime. yourself
but it's not an easy job: You'll need heat and a 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. Combinations of Lime and CementSometimes you'll
run into a situation like this:

The soil has a little too much clay in it for cement to do
a good job of stabilizing.

Lime will_ make the soil easy_ to work, but it won't react
enough with the soil to waterproof it or make it strong:

When this happens, you can use both lime and cement.
It will cost more and take more time to add the two stabilizers,
but it may be the only way to build your house.

Usually, -equal parts Of lime and cement are used. The
lime is always added firSt. Then, add enough _water to make
the Cover the mix and let it stand for 1 to 2 days;
After this mix the soil well to break up any lumps and im-
mediately add the cement plus any water necessary to bring
the soil to its correct water content. After thorough mixing,
use the stabilized soil immediately; before the cement hardens.
Cure it as you would cement. -

5. AsphaltAnother stabilizer that has worked out well
for earth houses is asphalt. Asphalts 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 restricted 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 einutsions. These are the
best to use in earth walls because there is no danger in handling
them and they mix easily into the Soil. After asphalt emulsions
have been added to the soil they Will separate back into pure
asphalt and waterleaving the asphalt a -film on the soil
grains. One that goes backe_to asphalt and water quickly is
called a "fast-breaking" or "fast:Setting" emulsion: These are
not good for earth houses becati§e they may separate before they
are completely mixed into the soil. "Slow-setting" or "slow-
breaking" types are ideal for-earth houses. (If you cannot find
an emulsion made especially for earth houses; then get a regular

emulsion; but make sure it's the "slow-setting" or "slow-
breaking" type.)

Other types of asphalt that have been used are called "cut-
back" asphalts: These are asphalts that have been mixed with
gasoline: kerosene; etc.; to make thent thinner so they can be
mixed without heating them. They can be used with soil but
they are not as good as emulSioriS. Alter 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
an open flame.

Since asphalt is really a very thick oil, it will "grease"
the soil grains and cause the soil to rose some of its dry strength;
at least until the stabilized Soil becomes a few years old and
the asphalt hardens. AsphaltS dci a good job of waterproofing
the grains; and they keep 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. StrawA material that has often been used in adobe
blbck§ is straw. In the same manner, materials such as tre:.'.

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 strawalthough some people have had fair success with
wood shavings.

Straw doesn't react with the soil in any manner. If any
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 SO the water can get out
easier during the curing peri6d, In 'clayey soils especially; this
causes less cracking during curing. Straw or other fibers also
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give added strength to wet adobe blocks during the curing
period.

Although most old adobe houses contain straw in the .hletk8,
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 CombinationsFly-ash is the fine
dust that is given off during_ the burning of coal;.coke; lignite,
and some other solid fuels. If you live near a plant that burns
these fuels and saves the fly-ash, you have a very good cheap
stabilizer if you have lime to mix with it. The lime and fly-
ash. together will make a cement -.Artrost-as good as portland
cement. It can be used on both sandy and clayey soils.

When using lime and fly -ash together, use about 2 to 4
times as much ,fly -ash as lime. For example, for every bucket
of lime used add between 2 to 4 buckets of fly -ash. The only
way to find out whether you shOuld use 2 buckets or 4 buckets,
or something in between; is to make some trial blocks and test
them. You'll probably find that lime is more expensive than
f!y:aSh so try to use as much fly-ash as possible and still make
a satisfactory earth wall.

8. Sodium .ilicateThis is sometimes called "water-glatt."
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 silicate is to coat the outside
of 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 blikkSsuch as rammed earthsee Chapter 14.)
To use it mix one part of commercial sodium silicate with
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 sorution left on the `blocks. Use a stiff brush to _brush
this into the hlb-ck. Repeat this treatment a second time Before

the blikka ay. Then, let the blocks air-dry in a protected place
at least 7 days belote using them;

The thick solution of water and sodium silicate can be
made to penetrate deeper into the blocks if you add a very
small amount of a' group of chemicals known as surfactants
(surface activ agent) . These chemicals numbering over IRK)

are sometimes clASSed into four groups called amphoterics,
anionics, cationie§ and non-ionics. These groups include such
chemicals as palyoxyethylenealkylarylether and dodecylbenzene;
sulfonic, amines, ete.; however, many common detergents will
work as well as these Chemicals.

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
tielow. But, don't b-e 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 othOr
people are throwing away may bO a good stabilizer.

9. Sulfite LiquorThis is a waste product from certain
paperAills. It is primarily a waterproofing agent and you
shouldn't expect it to increase the dry strength of the soil.
Some types of sulfite liquors react very favorably with soils,
others have a very harmful effect on them. You won't know
until you try it out on your soil. The amount -of sulfite liquor
you should use depends on the particular paper mill you get
it from, so you will have to try different amounts and select
the best one yourself.

10. Aliquot H226A special chemical, (quaternary amine),
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 hefore it can be added to soils. The
manufacturer will give you instructions on how to use it.
Although 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 ashesIn some countries, wood ashes have made
very successful 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 hardwoo-d seem to workb-est.

12: ResinsThese 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 apply to the soil because they will not dissolve in water; It
is best to ask the manufacturers of the various resins how they
should be applied.

13; Coconut OilThis has also been used as a water-
proofing agent. There is no cementing action but it will
probably increase the wet strength of the soil.

14. Tannic Acid;
15. Rotted Plantain Leaves.
16. Cattle Urine.
17. Cow Dung.
18; Molasses.
19. ' Gum Arabic.
20. Juice from Various Plants.
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How do you know whethir a stabilizer will work?
Because there are so many different kinds of soils, it

onimpossible to say whether any one stabilizer will work well on
any particular soil. In Table I 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
find out what is best is to try them out on your soil. Make
trial blocks and test them just as you were told to do in
Chapter 2. Don't use expensive stabilizers if cheap ones are
available and your tests show that they will do the job.

What can you expect stabilizers to do?
You want stabilizers to increase both the dry and wet

strengths of your soil; to reduce the amount of water absorption;
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 cement or lime may not decrease
the water absorption, but it wouldn't make much difference
if the wet strength of the block was high.

Some waterproofing, type stabilizers may actually decrease
the dry strength of the soil; but will greatly increase the
wet strength and decrease the amount of water absorption.
Naturally, then, these might be b-est in wet climates.

Certain stabilizerslime is a goo-cl example-_-may actually
cause a pressed or rammed earth block to weigh a little Lees.
Don't let this bother you though because it won't hurt the
strength of the soil.

Some stabilizerslime again is a good example will change
the best moisture content for coin_paction. Lime stabilized soils
usually need more water than the same soil unstabilized: You
probably wouldn't notice this unless you accurately measured
the amount of water needed. You can still use the simple test
desCribed elsewhere to determine whether stabilized soils for
rammed earth and pressed blocks have the right amount of
water in them to make the best blocks.

Do stabilized soils require special handling?
Some types of stabilizers require special handling or they

won't work at all. Remember it was mentioned earlier in this
chapter that portland cement and lime needed to be moist-
cured for at least 7 days or they wouldn't gain strength. Th:s
is true of nearly all cementing stabilizers.

Most waterproofing stabilizers only work after the soils
have been dried out once. This won't require special 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
blocks have been molded. But with asphalt emulsions. at least
sorlie or the curing has to be done while the soil is still loose
4niess you are making adobe blocks. For rammed earth and
pressed blocks, spread the stabilized soil out in the sun 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.
If you can ram or press the soil and it doesn't act spongy or
heave around the sides of your rammed earth tamper, it should
be ready to use.

Cutback asphalts those containing kerosene, gasoline, etc.,
are slow in curing. It might 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.

How much stabilizer shour,1 you use?
Again, it is impossible to say with any accuracy just how

much should be used It depends on the type of soil you have
and what you want the stabilizer to do:

Sometimes you will need a lot of stabilizerparticularly
with very sandy or very clayey soils.

You might find soil that is suitable in all ways ,:xcept
that it doesn't meet -one requirement, for example, it absorbs
too, much water. Then; probably a very small amount of a
stabilizer will be needed. A soil that is not good enough to
meet any requirements or maybe only one of them will require
more stabilizer.

So, you can see that the only way to find out how much
stabilizer is necessary is to make some trial blocks and test them.
You should make up three trial sets of seven blocks each. If
you use portland cement, trial amounts should range from
4 to 12 percent and for lime 2 to 6 percent.

EACH TRIAL SET SHOULD CONTAIN A DIFFERENT
AMOUNT OF STABILIZER, RANGING FROM ABOUT THE
LOWEST THAT MIGHT WORK TO THE LARGEST
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 finally selected the exact' amount of
stabilizer that you need, there is one more thing to consider.
With trial blocks, you use a small amount of soil and it is
easy to do a good mixing job. During the actual construction
of your earth house, the workers will handle much larger
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quantities of soil and the mixing will not be as 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 iris 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.
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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
yard and a garden. Plenty of suitable soil must be available
either on the property or nearby. Other factors are important,
too:

The lot has to have good drainage. Standing water or
muddy ground can be very destructive to earth houses. If
water stands on the area after heavy rains, the lot will not
be satisfactory unless trenches or ditches can be dug to carry
the water away rapidly. Figure 19a shows a good site and
Figure 19b a bad one.

Thy location of the home should also be convenient to
roads, markets, or the owner's job.

Figure 19.
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Usually, old home sites work out well because the soil has
stabilized itself or settled under the weight of the old house:

LEVELING THE LOTgear the site of unwanted brush
aml vegetation before _beginning_ construction. All vegetation
and the organic top soil should be removed from the area the
house will occupy: Alt spongy or soft material should be
removed down to good, _firm soil. Leave enough extra space
outside the limits of the ilGJSC for a working_area. Save plants
Whit li will have ornamental value after the home is built:

After the location of the house is marked on the ground;
mark the outlines of the house with stringlines nailed on stakes.
Then level_the_ ground inside the stringlines. This is shown
in Figure 20. Low areas may he filled in from adjacent high
areas, provided good soil. which will not wash away; is used,
Any fill material placed inside of the string lines should_ be
well pounded with a hand tamper to make a solid foundation.
Otherwise. settlement of the fill material could cause cracks in
the house. Extra dirt from the leveling job is kept for later
use if it is the kind suitable for building.

FINDING THE GROUND_LEVELBefore laying_ out the
actual outlines of the house. the general area it will occupy
should he fairly well graded or leveled and an accurate floor
level should be marked out carefully.

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, if
possible. a surveyor's level should be used and the tops of all
the stakes can be accurately sighted; (For convenience; if the
surveyor's level is used, make 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
translucent 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 thoie stakes with the water level at the other end
Of the hose. The water hose method is shown in Figure 2L

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
example, have this added stake exactly one foot higher than
the guide stake. Then drive the other stakes to match it The
desired level can be determined by measuring one foot dC,N4ri
from the tops of these :stakes or to such level as to have the
lowest corner abo-he grade.

The water hose also can he useful at other times during
construction. It can be used as an accurate means of finding
ether levels or elevations: It is useful in finding the correct
height of footings and foundation walls, checking to see that
blocks are being laid level or even checking the top layer of
blotkt before the roof is placed.

It is a good idea to have corks or plugs to stop up the ends
of the hi:46 to keep the water from running out when the hose
is not being used.

LAYOUT OF THE CONSTRUCTIONThe next step is
to mark the exact location of the exterior walls on the ground:
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Figure 22.

The proper dimensions and shape are included in the house
plans. Keep in mind which way you want your home to flee.
An architect can be very helpful. 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 beardt. These hoardt. Figure 22, should be at
least 5 feet long so that adjustments can be made after they
are placed in the ground. A set of batter boards should be
placed at each corner of the exterior walls of the house. The
batter boards at the corner where the ground is the highest
should be set about _18 inches above the ground. Those at the
other corners should be set at the same level (in other wordi
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.

Square corners can be made and checked simply.
To make a square. take three boards. exactly 3, 4 and

5 units long and nail the ends together as shown in Figure 23a.
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Figure 23.

The angle between the 3-unit and the 4-unit hoards will he
90 degrees or a "square angle. By aligning the strings along
these two Ward.% as in Figure 23b, two sides of the house ran
be properly positioned.

To begin the layout of the house, a sta'ze should b
about three feet inside one set of batter &minis 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 mike Would be placed just heloW Where the strings
cross in Figure 23b.
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Figure 24.

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

If the house outline is in the shape of a square or a
rectangle; the alignment can be checked by measuring the
diagonalsthe length betweezi opposite corners. If the outline
hat be^n properly laid out, and the corner angles are 'square;
the length of the two diagonals will be exactly the tame. If
these lengths are not equal, adjustments should be Made Until
they are by moving the positions of the strings on the batter
boards. These diagonals are shown as heavy lines in Figure 24.

Even when a square is not available, an accurate layout can
be made. To do this; mark off two corners of the house at
the proper distance apart to establish a side of the hoibe in
the desired direction. Then, as closely as you can estimate their
positions, lay Out with strings the twci 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.

k 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 the building;
However, the limits of the excavation for the footings (which
are discussed in > the next chapter) and foundation Wall Will
usually be outside of the location of the walls. In this case ;,
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additional string lines are placed on the outside of the first
set to mark the limits 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. Thii

in be done by driving guide stakes directly beneath the string
his 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 excavation so they will not be
broken by the workmen. Be sure to mark the location of the
siring lines on the batter boards so they can be put back in
exactly the same place after the excavation is complete;

DRAINAGE=lf the house is to be built on nearly flat
ground, drainage of the lot away from the house should now
be considered. Any lines of wash; or gullies that cross the
construction site should be turned away by digging new ditches
away from the house and fillin& in the ditches with tamped
soil. It is also important that We ground level next to the
building be higher than the rest of the lot r.,0 that water will
drain away from the building. A (axial or ditch several feet
away from the foundation may be necessary to carry away excess
water during heavy rainfall.
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Chapter 5
FOUNDATIONS

The foundation is that part of the house that is built
below the ground surface and supports_ the house. A properly
built foundation will keep the house from being damaged or
twisted out of shape due to settlement 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 FOUNDATIONSHouse fourulations may Con=
sist of separate piers or footings, which receive :he load of the
house through heavy beams that rest on them; or they may
be continuous footings that r--In under all outside walls and
load-hearing 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 house it supports on thp earth so that the load
Will not be too great at any point for the soil to support;

--?

Figure 25;
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(3) to resist the "lifting" forms 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 support;
the load the soil will support; and, to some extent; the weather
conditions of the area.

DEPTH OF FOOTINGSIn 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 during or after freezes. The frost line is shown
in Figures 26a and 26b as a heavy dash line; Figure 26b shows
what can happen if the footing is too shallow. If no other
means of knowing this depth is available, it can be roughly
estimated on the 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,
Ott.) and deep enough to prevent washing out or shifting due
to rain and flooding; Usually; this depth averages from 12 to
18 inches. An exception to this is where the soil shows con-
siderable shrinking and swelling as it dries and becomes wet
during the yeas; If this is the case; the footing should extend
to a depth, where seasonal changes in moisture are minor.
Sometimes this can be estimated by the appearance of the soil.
The soil is usually very crumbly in the area where the moisture
changes seasonally and it takes on a more solid appearance
below this depth.

The best and easiest way to find out the proper depth of
footing is to see what depth 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 deeper.

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 ree, most shallow clays and shallow silty soili should
not be loaded abOVe 2,000 poundS per _square foot of footing
area. Finn sandy and gravelly soils may carry from 4;000 pounds
to 6,000 pounds per square feot.

If there is Any question abdin the value of the soil; a loading
test should be performed; A simple loading test is described
in Appendix A. Use it if you can. If you can't, then the
strength of the soil can be very generally estimated using the
"simple strength test" given in Appendix A;

Once the bearing value or strength of the soil is known,
and the wtignt of the honte hat been determined, the width
and thiekneit of the footing can be easily determined from
Table 4; The dimensions - given in Table 4 can be varied
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Figure 26.

somewhat depending 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 FOOTINGSSince the footings
are buried in the soil, they 'should consist of materials that
cannot be damaged by decay or insect attacks. Use concrete,
stone, _brick, concrete block and similar materials; Recently,
some footings have been made with stabilized soil. However,
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Figure 27. A soil bearing failure has caused structural cracks
in the foundation footing wall and the adobe wall in this large
community building.

they have not been in place long enough to determine hOW
Suitable they might be On the basis of what is now known,
it is better to avoid the use Of stabilized soil for fcCotings ex-
cept in arid er semi -arid regions.

CONCRETE FOOTINGSFootings made from poured con-
crete are the most popular type beanie they are easy to make
and work very Well; htiwever, they will probably he the most
expensive type. Usually forms are not needed; as a trench can
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TABLE 4_

FOOTING WIDTHS AND THICKNESSES FOR CLAY FOUNDATION SOU

IF SOIL STRENGTH IS.

USE W AND T

Kind_ of Honio

One Story 6 inch thick WilliLight Root 18" 7" 1Z"

On Stor* 6 [nth thick wallsFArth &Of 27" 8" 150

One Stbil 9 inch thick wallsLight roof

One Story 9 Lich thitk. walltEarth Roof 361° 8" 18"

One StoryI2 inch thick wails--Light Rf

8" 12"

9" 12"

9". 12"

W

'8" 72r 8" IP 8" 12" 8"

10" 12" 10" 12," 10" 12" 10"

11" 12" 11" 12" 11" we 11"

One Story-12 filth thick wallsEarth Roof $6" 8" 18"

One Story-15 inch thick *CIALight Roof 360 8%" no

One StoryI6 inch thick walle--Eirth Roof 86" 9" 24"

Two Story 9 inch & 6 inch wallsLight &id 36" r 24"

Two Story 9 Inch & 6 inch wallsEarth Roof No'

Two Story-12 inch & 9 inch wallsLight Rood No

Two Story-12 inch & 9 inch walls--&rth 1Wof No

Two Story-16 inch & 12 inch wallsLight Roof No

27"

880

86"

10" 12"

Jo" 15ff

ID" 18"

10" 18"

9"
9,'
9',

10"

21"

21"

24#

27"

Two Story-15 inch & 12 inch wallsEarth Roof

Two Story-18 inch * 16 inch wallaLight Boot

Two StorY---18 inch & IS inch wallsEarth'Itoof

No
No

No

No'
No

NO

80"

86"

3C0

12" 12" 12" 12" 12" 12" 12"

not IP 12P 16" 12" 15" 12"

11" 15" I:" 15" 12" 16" 12"

16" 12" 150 12N 150 12"

Um 18" 12" 160 12" 13"

100 18" 12" 150 130 15" 13#

11" 21" II" ;8" 12" IP
IV 24" 12" 18" 1$" 18" 18"

10" 27" 11" 21" 13" 18" 14"

11" 30" 12" 24" 11" 21" 14"

11" 33" 12" 27" 13" 24" 13"

*Do Not Build on Foundation Soil Soft.
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be dug to the correct depth and width of the footing and the
concrete can be poured direetly into the trench to form the
required ft:k5tihg thickness. (See Figure 28.) If the soil is
sandy or tends to slide or cave in; then simple forma are re-
quired to insure that the footings are wide enough and that
the soil doet not fall in the freshly Poured concrete. These
forMS may consist of boards with width equal to the thickness
of the footing and held in place by enough woOden itakeS to
keep the boards from moving or bowing. The forms should
always be removed, but not 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.

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 deep it can be filled with extra concrete,
sand or earth, but the Sand and earth- must be tamped in and
not just loosely placed:

Concrete footings do not always require reinforcing steel
but it is better to have theth lightly reinforced to resist crack-
irig 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
is also needed if the footing projects beyond the Foundation
wall more than 2_0 of its thic. ,Iess. In these rases; it is
desirable to seek the services of ai engineer or architect for
advice concerning the kind; size and location of reinforcement.
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The concrete for the footing should have enough water to
5e 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 uses:

I part nortland cement
3 parts clean washed sand
4 parts clean gravel
about 5 to 7 gallons of water for every 94 pound bag of

cement
A good way to estimate whether or not you have the cor7

rect moisture is to place some of the mix in a bucket and rod
it about 25 timers with a smooth steel or wood rod, Then JI
a height (4 6 iticheq z.bove the surface; drop a smooth round
rock about 4 inches in diameter into the mix. If it dents the
mix about 11/2 inches, the wzter content of the concrete is

about right.
If reinforcing rods are used, they are placed in the exca.Va;

tiori and securely supported at. 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
usually a good idea to leave a small channel or groove in the
center of the footingAS 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 earthquake
areas, short lengths of steelreinforcing rod _should be placed
in the footing so they will project into the foundation wall
and tie it securely tO the footing, This usually requires careful
spacing of these rods.

Sometimes the amount GI concreie for the foundation can
be greatly decreased by placing large stones in the trench and
pouring the concrete around them to form the footing If the
St-566 are large it is a good idea to make the footings_ some-
what thicker than for regular concrete footings. Roughly, the
thickness_ should be about times the size of the larr.t
stones. For example, it 6" stones are used; the thickness should
be 9".

MASONRY FOOTINGSBricks, concrete blocks; or rabble
Stone laid in mortar also make good footings. When using
bricks; concrete block% or any regularly shaped materials, it
is necessary that the bottom of the trench be leveled accurately;
Otherwiie, the foundation wall maybe unlevel, Either tam
sand can be used to level the bottom of the trench -or a thin
bed of concrete can be ponied. 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 surface7-
after being revered with a thin_ layer of mortarwill be
Figure 31 shows a rubble stone, footing. -------matoupi footings may often be much cheaper to construct
than concrete footings; since less ccrnent is required. HoweVer,
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they are harder to lay and require more time to complete;
Also; it is difficult to properly reinforce them._ For this reason;
they- are not usually recommended for areas of hiirricanes, high
winds, and where the soil tends to swell.

Mortar used in the masonry or rubble footings shouldbe
of a high grade that will not fall apart with time. The fol-
lowing mix works well:

4 parts Portland cement
1 part lime
12 parts clean sand
sufficient clean water to form workable mix
If masonry cement is available, use one part masonry ce-

ment; three parts sand and sufficient clean water to form a
workable mix.

FOUNDATION WALLSThe foundation walls, which rest
on the footings and support the walls of the house, must be
strong, have a flat surface to start the earth wall on; be straight
and they must be Icirel;

Poured Concrete. concrete blocks, burned brick; structural
cla- tile: or stones laid in mortar all make good foundation wall
materials.

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 considerably; it is
advisable to reinforce- 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.

Well - stabilized earth, either in the form of blocks or
rammed=iii=plate earth; may also be used; Since experience
with these materials is _limited; however, it is recommended
that they be used only in areas of light rainfall and on sites
that are well sloped. to drain water away from the footings.

SIZE OF _FOUNDATION WALLS In constructing the
foniidation wall, two things must be consideredthe 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 only when -they will be used to support other loads;
such as the interior floors.

The height of the iciiiiidatibii *all should be sufficient
so that rain splash will not reach the earth blocks and cause
them to erode or wash - out. This height depends_ on the
amount_of rainfall and width Of roof overhang-. For dry areas
(rainfall lett than 15 inches per year) and wide roof overhangs;
the foundation walls should extend 8 incJies above the ground
surface. For high rainfall areas and small roof overhang; 18
inChet above the ground is required and under normal rainfall
conditions; 12 inches is required. Even when a stucco or Silt;

87



face finish is used over the earth walls, the foundation all
should exi end to the heights given abbye..

CONCRETE FOUNDA77ON LtSWhen using pr_ihreit
concrete for the foundation walls; use forms (shuttering) to
hold the conc=rete until it hardens. These forms are set di;
reedy on top of the footing and must be solidly braced agahzt
the Walls of the trench or at the ground surfaCe to .prevent
movement when the concrete is poured. They should also
be thick enough and braced well enough to prevent bulking;

Wood iheithing 11/2 to 2 inches thick and braced aboht
every 6 feet Wiikki well, or 1" tongue-and-groove brards bid
every 2y2 f&t. If plywood is used; _a thickness of ya" to 3/4"'

is Satisfactory. A typical wood form is shown in Figure 29.
ConstiriCting i-voticl forms is a misleading job. They alway.:
seem too stro ig, and fore wasteful, while they are being

Once tLiz concrete is poured, it is too late to _cornett
the mistake of not making them strong enough. A bulging
forth is difficult or inapessible cr repair. D9 no try to save
oi-orky by making tie forms ti, weak.

The concrete &saw' should be carefully placed in the cor-
rect :aoiition and thee., ell braced to _prevent movement as
shown in Figure 49. Onme the forms have been bracedi the
top of the fothidation wall should be located by driving nails
and lines on the inside of the forms. This cati be

accurately using the water hose meth6d given in Chapter
3. This height should be marked on the forms all the way
around the house as shown in Figure 30.

If reinforcing steel is to be placml in the foundation wail,
it is easier to let only one side of the forms first !usually the
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Figure 30.

imide form) , mark the correct ,eight of the wall o :. tilt: if 0=-4

.d then place and tie all of the reinfordng steel before erecting
the remaining forms: This hel7s to lihe up the steel and get
r ro the correct height.

After the forms 'have_ been placer: and. checked for correct
r,.71.111 ent and strength, the footing ir." of the for should
swept clean, then light: sprinkled; it is a good. plan to

Te.ave 2 zew small openings in the bottom .of the forms so trash
an b.! swept out; Be sure to close these openings_ before the
coner.te is poured._ To keep the concrete from sticking to the
c.orms, they should be wetted with water just befo:.e. the concrete
is poured, or better _still, mopped with light oil before tip
forms arc erected, not after.

Once the concrete pouring begins; t must be con:inucd
until the entire foundation wall is completed._ Otherwise, un-
desirable joints in...the concrete will be formed. The concrete
should be "rodd.ed" or tamped into the forms with, a smooth
.~,teel or w_ ocid rod to pack it down .solicEy. Otherwise; you
might get air pockets which weaken the wall sericusly. Proper
rodding is important over the entire foundation TA .:71I. but it

especially important on the iuusitit. face because not enough
rodding can result in holes that, look bad. The concrete znit.



can be the same as that used for the footing_with perhaps a
little more water to make it easier to work. Placing east may
be estimated by the method outlined earlier under "concrete
footings." If you use the methcid outlined earlier under "con-
crete footings," the rock should dent the mix about 2-21/2 inches.

The gravel in the concrete should not be too large or it
will get wedged between the form and the reinforcing steel:
The largest sire stone in the concrete should be about 1/2 of
the distance from reinforcing bars to the edge of the form or
'octween adjacent reinforcing bars, whichever is smaller. Re;
move the corm;;_ two days after the wall is poured. Keep the
concrete moist by sprinkling or covering wet sacks for
a feW more days. If there-are any voids in the concrete, patch
them as soon as the forms are removed. Use a grbiit..Or mortar
mixture and smooth it out with a trowel or straight stick;

MASONRY FOUNDATION WALLSRequirernen6 for
masonry foundation walls are the same as for poured concrete
Walls; thatis; wails should be straight, level and strong.

For laying th.. walls, a goOd, strong mortar should be used.
The following mix has been found to be good:

4 parts cement
1 Dart lime
12 parts clean sand

- 'sufficient water to make a workable mix.
The way to Jay the blocks or bricks is the same as de-

scribed in Chapter 10 (pa6e 100) for laying earth blocks. Use the
string line§ on the batter boards to guide you in obtaining
Straight Walls. The water hose method should he" used to make
sure that each course of blocks or bricks in the wall remains lea el
during construction. If it is absolutely necessary to use masonry
foundation walls in earthquake or hurricane areas; they can he
reinforced by using mesh especially made for this purpose; heavy
woven fence wire, or even small (s/8" or less) rejnforcing bars.'
The reititoreihg is placed between horizontal joints and SUffi
tiently _protected with mortar to prevent rusting. Again, a
competent architect or engineer should design the orrect
amount; type; and placement of the reinforcing. Also; if hollow

or blocks are used it is a good idea to fill many (some-
times all) of the holes with mortar to obtain extra strength.

RUBBLE FOUNDATIONSOften, a large supply of stones;
broken brick; or other suitable materials is available for build-
ing a rubble foundation. This type of foundation works well
and is economical, although it is harder to reinforce. ' Instead
Of building a footing and foundation wall, the rubble founda-
tion can be constructed as one solid piece which tapers up so
:.hat it is the width of the earth wall at the top; (See igure

31.) The width at the bottom is determined in the same way
as for fobtings wing Table 4.

Only hard; durable materials should be used in a rubble
foundation. Mortar of the same type described for masonry
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foundation wa1li Si suitable kit bolding the rocks together.
Often, during the clearing of tbe site and cliWrig ft* the lath=
dation, suitable rocks and otli;.r. materials can IVes4ved for con-
struction of the rubble foundation.

ConstrattiOn rewires patience and it is more dif&ult to
obtain the cwrect levti and Straightness wing rabble; The
larva'. stones air-Matte he placed at the bolo= of the
founditiciii and the top should be covered with a thin layer
of mortar to provide a smooth; surfate for the first layer
of the wall.

BACKE/Lt./NG THE FOOTING EXCAVATION,-Since
the exciv ati,:,n for the foundation wall and fo-otirg is wider
than the foundatiOn Wall, it must be ba,;dilled. Pzeferably,

badtfill roAterial should be the native earth removed from
the excavation; It should be b:ick into ..thz excavation as
close as possible to the same inoistilre co writ and compactness
of the surrounding; undisturbed soil. Thi always means tam-
ing the soil back in place. Tamp it in thin, egaz? layers on both
sides of the foinidation wall WO that there is no possibility of
diiiiagirig or forcing the wall to lean. You can use th same
kind of tamper described elsewhere for rammed earth.
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Chapter 6

LIGHTWEIGHT ROOFS
Unless the roof of the house is to be made of heavy ma-

terial, such as earth, you can build the roof right after the
foundation has been completed.

If the roof is built before the walls, it needs to be sup-
ported by temporiry or permanent studding of heavy upright.
timbers or, if available, any one of several kinds of metal
uprights.

There are several practical lightweight rcofing materials.
Among them are corrugated asbestos sheeting, corrui.;ated metal
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 completed.

Here is why a roof in place can be of great advantage to
the buildei before the walls are built:

I. The shelter makes a good curing space for building
blocks or bricks.

2. It provides desiri:ble shade for curing earth walls
3. It makes a good work area and provides shade for the

builders,' especially in warmer climates.
'4. Tools and materials can be kept under the roof u pro-

tect them from weather damage.

-.111116.-

Figure 32.
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5. It can even provide temporary living space:
This method has the following disadvantages:
L It is harder t6 dc, than building the roof zfter the walls

arc completed.
2. Extra material is needed for the roof supports.
In many cases, these supports can be left permanently

in place. If 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 the roof of a Korean house in place tiefcire
the walls were constructed.

Full details on how to build roofs are covered in Chap-
ter 12.
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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 besti the next
Step is CO work out a careful and orderly plan, step by step,

what you are going to do with it.
To build a house of earth blocks or rammed earth means

that you will haVe to:
I. Move several tons of wit.
2, Have a source of water handy.
3. Prepay:: yOur soil mix (adding stabilizers if necessary).

4. Set up a block-makii.g or ramming operation.
To do these things einciently; you must have Whit you need

where you need. it. For example, if you plan to 'guild' 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 s.,iggested in
Chapter 6, the block making operation should be set up under
it. The roof 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 hi Figure 83.

DIGGING THE SOIL It does not matter how the soil is
dug and incitred to the place where it will be used. There are,
however; yhme points to remember whether the so:: is dug by
machinery or by men with picks and shovels.

Machine dug sot! usually is lumpy:" It is important that
all clods or limps art completely broken up before mixing in
the water and stabilizer;

If the mail is lumpy; you should provide a space to break
it up so that it will not be mixed with the fleetly dug earth:
If thcs,)il is dug with picks and shovels in the first place, you
Will find that very little 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 Wilt to
your building site and keep the different kinds into different

When you blend them later; you can make the mixture
you found to be the best from your etalier testing.

Often, the builder will find a situation like this: a layer Of
top soil about a foot or more thick; then a couple of feet of nand
wilier that and beneath the sand, a layer of ctay sandy clay.
If the builder will first get rid of the too coil. sic yin make
building mixture as he goes along by iii.gging down the sides
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Figure 33.

of the hale through the layers. If hr... is .r.ble w do this, then,
he cioes_ not_have to spend a lot of time later fin making his
oroper blend. He can do all thia as he by paying atten-
tion ta, the amounts of the different kin of soil he .2igs. Do
it this 'way if you can; of course; instead of removin the soil
by digging out each layer and .stockpilir: it sepantely.

MOISTURE CONTENT--The rntisture content of the soil
as you dig might be very close to the right amour,. Heeded for
best cirnpaction. (See pg. 30 to determine whether you have
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the right amount of warr-. If it is; you can put your mix
directly into the block. .,Q.chine or in the forrrs for
raminc:- earth, unless, rn. , yo..2 are going to mix stab-
ilize,. it. the ooil-

:11 the soil ipc. is j...st right, as it sometimes is but the
mixtucz- is tc., thy, the pit can be sprinkled with water before
the earz,h is dug out A little experience will quickly tell the
builder just how moist the soil should be and how deep the
water will penetrate into the sides of the pit.

For adobe construction, it is better to add water while the
digging 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 eiffi-
cult to mix them evenly into wet or muddy soil;

PREPARING THE your soil mix is made up of
two or more separate soils; here are some rules to follow in
order to get best results:

I. Get rid of undesirable material. Be sure to remove all
roots, leaves, trash and any other organic material.

2. Break the soil down to proper size before blending.
3. Stones larger than 11/2" should be gotten out;
4. After all dirt clods have been broken up and c---Ushet..,

put the soil through a screen with openings between _1/4 aril

Figure 34.
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Figure 35;

1/2 inch. See Figure 34 for screens that have worked out well.
Anything that does not go through should be discarded or
crashed mom

if c-urse, if rocks up to I 1/2" are being used in rammed earth
or blocks, then, the size of the screen openings should be big
enough to allow the size you want to use to go through. In
this rwe, extra care must be taken to see to it that clods of

completely,. broken up. If large clods are in_ the mix,
water may not penetrate them. Later, when the wall becomes
soaked by rain; the clods may swell and ruin the wall, or they
could wash out and leave a hole that weakens the whole
structure.

IVIten two or more soils are to be blended, for example,
when they come from different pits, it is best to sieve them
separately and keep them in separate Riles. Then, when it is
time to mix them together, the correct blend can be measured
out, such as "on7 pail of this soil to two pails of that soil;" etc.
This .,peatiot, is shown in Figure 35. Weighing the separate
soils does a more accurate 'W), but it also takes much longer.
A little practsce will teach the builder to make his blends
accurately enough vo that wething is not necessary,
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Figure 6.

During the blending operation, b-e sure the right mixture
is kept the Same. If it it A 2-1 mix; be sure it is always two
to one.

MIXING THE SOiLThis is one of the most important
steps in the whole operation. Mixing with the right amount
of wa..er is absolutely eSs-ential. The quality of a finished wall
depends on good mixing and the right moisture context at the
time the soil is being pressed into block:, or into a wall.

There are three nieth6ds for mixing the soil you can use:

1. A motor-powered mixer.
2. h manual or animal-powered mixer.
3. Or a mixing board and shovels:
If available, a motor-powered mixer can save you a lot of

time on a large project but you must have the :..ight kind of
mixer. Mixers which have paddies attached to the drum so
that drum and paddlei rotate as one piece (such as in an
ordinary concrete mixer) will not be satisfactory for mixing
soil _Tor pressed blocks or rammed earth unless the soil is very
sandy. The best type to tiSt is one that has paddles or teeth
that rotate in a stationary drum or container. If you are making
adobe; a concrete mixer will work fine because an adobe mix
is much wetter.

.
SeVeral commercial mixers are available but a homemade

mechanically powered mixer can be built if some. type of motor
is available. For small mixers, a gasoline engine of apprpxi-,
mately 5 horsepOiVer works well Tractors or automobiles -may
be modified so that a belt or chain drive take-off can be used.
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Figure 37.

A 55-gallon oil drum makes a good container for mixing.
Figure 36 shows a successfUl mixer that you can make yourself.

A 25= or 30-gallon oil drum can be used to make a winner

hand or animal powered mixer.

- Be sure you have mixer large enough for the job.

For a$5i24,1-iouse project. the cheapest and easiest method

for raixin- tis it by hand. All you need is a flat suriace and

a shovel of a hoe; The flPor of the house, if concrete; mak

:-.,:cf...11ent surface if you have built it beforehand.
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To make sure that all batches of mix are the Sadie, soil,
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 ineheS or a FOOL 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.
If you are using etabilizen, sprinkle the right amount on top
Of the row. Pour a little water at a time and use the shcAel
to turn the material over and work it toward the center of
the row. An ordinary garden sprinkling can is ideal for adding
the Water. But be sure to add the same amount of water and
stabilizer (when used) to each batch. If you make each row the
same way every time and use the sanit, amount of water for
each row, each batch of mix will be th;

Do not mix more soil than you can oce at one time. There
is one 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 an 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 Cliida or lumps that clay has After the mix has
seasoned, work it again carefully i,.;th shovels, add the rest of
the lime; mix and add a little r water, if needed: Then;
it is ready to be made into bloc, r _ lied into a s all.



Chapter e
MAKING ADOBE BLOCKS

The art of making adobe earth blocks is ancientand the
old hand-mixed methods or% as well today as they ever did.
But, if you have some machinery to help mix cite: soil and
move it; you can make good blocks a lot faster;

MANUAL (OR OLD) AL:7710D OF MAKING ADO I=
BLOCKSWhen a lot of cheap labor is available; lice it; Al
you need are forms for molding the blocks and simple tools or
mixing and moving, the earth-

The forms may be made for single blocks, but two- Jr
four-block corms are better; Strong; long-lasting fo7rns car. be
made from 2-inch thick planks; When the Corms do not hare
to last a long time; 1-inch thick p!tInks or aA-inch plywood
can be used. The forms will receive a lot of wear, so make
strong ones. Use plenty of nails or bolts or, better yet, reinfo7:::..
them with strips of metal at the corners. Since they wf.li be
wet much of the titn., it helps to soak the forms in oil for
a while before you ntart to use them: Some people line the
insides with metal so the forms wilt last long -r' and the blocks
can come out easier.

Adobe blocks car be made almost any ie; but they shouid
e kept small enough so that one man I lift them all day

long without tirig toe much. an average_ workman can do
this if the block.; .:eigh about 50 pounds or less.

-Adobe blocks are commonly made 4 to 6 inches thick. The
width of _the block matches the desi,e,i thicknss of the
between _9 and_ 13_ inches. the length, then_, is controllei_i
the weight of thy! '''ock. Two typical saes of blocks that nave
been user'. are :5.Klux20 inches (weight about 55 pounds) and
4x12x1S inches (I,;'ight about 50 pounds)

Figure 38. Preparing tie soil mix.
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ririre 39; etAmT;ing the forms.

The / leap id is most efficient whe, our workers
are used orepare and mix the soil while the other
two motc. re-tuley,-.. the blockS,_ there,ciean tr. pm-ms. The
dry soil is prepareds explained in Charter 7. 'Chen it i5

mixed with wat.:r as show;. in Figurt `.3 ill-WI the s barely
flows When lightly kneae...n. A goo= :y zoestimate whether
enough 'vat' - has ;Jeer: rdded is to ust h stick to make a 3 -inch
deep ; V shaped groove in th soil mix. The_ ix is wet enough
if the sides of the gm:we bulge and just Sin to flow together.

_Biturni (11.1t; c-tnulsions or 'ither liquid stabilizers are added
to the soil raix at the sam° time as the wate-. Dry or powdered
stabilizers a.e mixed in be.;aze ti :fate. is added.

Fig-mr! 40 Kneading and leveK4 ete

82



Figure 4:
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Alter thorough _mixing. the adobe mix is placed in the
Uriiii§ as Shown in Figur' 39. It helps to di-op or throw the
inix in the forms so it packs tightly. The_mix is then kneaded
by hand as shown in Figure- to fill all of the corners and
remove all air bubbles. If the kneading job is done well the
adobe blocks will be solid and bare strong corners and edges.
After kneading. a small board of ilowel is ised to cut off the
-.xtra soil lid Smooth the too edge of the molded block: A
li:tle Water sprinkled on .or, of the block wilt help in,smoott,itg

As soon as possible the fortes are lifted from the freshly
made blocks as shorn in Figure 4L The only w_ay_of knowing
when to remove rile form; is to try it. If the blocks Slump or
bulge too robed ith:r the forms are being removed toe soon
or the mix is too '.-et. if ti.' mix sticks to 0-- forms whoa
the. ...ire removed; :on or the forms have i3Ot been
oiled ceouoh. NVi;i1 some soils the forms may h..- rr...aoved"
inunedtatelV. otl,e: soils you may have to

Iv.:1110 'lie forms they are washed as Shown in
Figure -P..' .itul -et ., nett to the casting bed fo: the next batch:

F1411re 42. Washing forms tor next cide.
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Figure 43. Frolic end :(-.ajter is used to /rag soli with water

large sum P.

FCHANIC.4.:. METHOD OF M.1.K.WG ADO3E 231.011f$

nit t1, of making_aclobe blocks is not much

di',ic-r,.nt from the ',Ind method. :Iv us.mg machinery to mix

anci (:unin the sod car. 11);;:ie fasTer. but you need

fo7lis and moi- them. A. larger casting bed is also

reutti
The size of the adnh blocs is the Same as those mad,:

the nittnual method, jitt. the forms shouts %.1z big- enough

to make 12 to 16 blocKs at once. For these bigger forms, u-.1

ch thick lunibez. XI enotiglwater and cat-tit are availa.51e

tc keep the mixing, tic.css continuous, as many as 49 to 50

ii 1,;(d.

vie Mechanical Method, two or three workers may

)ii ,. man oper;ttsa tract t : with a front-end loader

Figtire 44: MachinMachini iiisporu prepar, soil Mix to

n4
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such as_ shown in Figure 4S. He digs the soil if necessary, mixes

the soil and water I:: a raw pit and then scoops the soil mix

up and drops it in the 'forms. This operaticn is _shown in
Figure 44, The other men knead the mix into the forms and
lift the large_ foling from the molded blocks at the proper time
This .method will wiry depending on the type of mechanical
equiprrient that is available. The frJlit=erid loader was used
only as an example

CURING ADOPF BLOCKS=Adobt blocks must be cured.
or sun-dried before they can be tied. The usual way of curing

the bit is as tolloWS:

I. After the mold is removed from the newly made blocks,
leave them iii plate two to four days without being
G;ing molds May be tmed with a pallet to speed this operazin:
The mold call be .:1W.Wed atter the soil mass has set .sufficiently
to hoid its shaft ana c:le pallet with bitiekS can be s,!t aside out
of the way while curing takes place.

2. As soon as the blocks are strong enough to he picked

) without chipping or br..-aking, place them on edg :n finish

.uring: At t'As time any loose sand or other materi. 1 clinging
to th- block is scraped of with a small stick (See :'igur2 45).

Curinp, take '''but a month; but it depert-1S a :ot oil the
weather find the type of stabilizer in the bloat.

3. If stabilizerS such as lirai. or cement are as ', covet
the blocks t ith wet cloth or straw as soon as the molds are
reir,o%0,1. Keee them moist for seven days and "then turn them
on c Age to complete the curing. (See Figure 58, Chapter 9.)

At the end of the curing period, the b' ar- tacked
°I i,:dge as Shown in -e'igure 46 so they will take up less room.

Because of the lontt period for 7.dobe blocks, a lariT

, iring area must bt. a--..a;:able. During dry, hot seasons tilt)

an cure without a -,:iotective roof. But if it is apt ,,to rain

Figure 43. Unstabiliz.,-ci block is turned on edge to dry after
to four days.
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Figure- 46: Adobe' blcrck is stacked after a month of curirg;

during the curing period; a protective covering will be needed

The blocks shown in Figure 47 Were ruined by rain before t:.-y

had a chance to cure.
Ai; example_ of an inexpensive shed used for curing blocks

is shOWil 57 in Chapter 9 But all -types Of covering

ri ,St alli-,v the air to circulate around the blocks or they will

take too long to ;:!iie.

Some builder.; liaVe laid adobe blocks_ liefel-e they have

Cured completel_y. This can be done if the.itilbekS do not shrink
_after being iaid and if they are strong enough to be handled

without bvaking. The savings in tune ma not justify_ ihiS

procedure, rit,'.vevcr. It is really better not to l&Iy uncured blocks.

CHECK!NG QUALITY OF BLOCKSControlling the

citk of adobe blocks dining construction is not as difficult

a; it i:4 for pressed earth blocks bec2,1-- moisture :Content is not

So irrrpertlnt. It still should be done; though. You .:au rua,:>

quick tests such AS 'lte teacion to shaking, dry s! .'t etc.;

explained in Chapter 2 to determine whether your soil mixture

has changed You should also make tests on the cured, blocks to

determine whether the correct soil is being used and _whether

the -correct amount -of stabilb..ti- is being added. The f011owing

tests are recommended.
I. Strength tests of the cured blocks should be made often

using the procedures g'../ert in Chapter 2. FrOrri the first 100

blocks made, two or threeb!.-c.ks should be selected for strength

tests. Later it is sufficino :o chcck one block out of every 150

to 200 blocks.
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Figure 47. P.riaeieguate protection of blocks during curing
s..heii,..ile may result is a loss such as occurred here after a
To tvt^:-; /.

2. Spray testing is an easy way of checking the quality of
adobe bloeks and assuring t--,iformity. TheSe tests should be
performed on cured blocks Ls;ng the procedure described in
Chapter 2. The number of tests to be performed is the same
as for the strength tests.

J. Absorption test as described in Chapte,. 2 is one of the
tits ways of checking unifoimity of the biockS. Check.. the

of blocks as f . the strength test.

of the control tests . be done on blocks which
h-se culefl for the same ariac.;Lint of time. If tests are performer
on bloclo which have cured for one week and then -Other tests
are perfori.-ned_ on blocks that have cured three Weeks, ;ou could

not expec t of the tests to be the same.
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Figure 49. The vartiiis P.;-,-;;p4-:3 of blocks prOduced. 17,:y thA Lane

trete block-making Inachinc allow rigid corstruct.ion of Come/3

and tees.

_

*.;

4

v_
Sat12

Figure 50. Thir Winget rotary block-making ...rachine is beIki:

us'd b thii BriI Cameroons.

t
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Figure 49. The various shapes of blocks proiduccd hy the Land-
.me Aock-making machine allow rigid construction of COMM'S
and tees.

rift A& = 4:2, .
,

.

7

%.;

Figure 50; frills Winget rotr bintk-matithig
used in the British Carierecns.
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Figure 5l. The ;compret.iori ejection stroke_ with this

Ellson block-making machine .onsumed 1.4 seconds by stop

watch.

contains a rotating table With three operating_ positionsone
position each for Filing the mold; preSSir.it thoblock;_ and
ejecting the block. The table-, itself, must be rotated by hand

SO that the rate of production is still controlled by the operators.

Lae to the high _pressure which cz.,.n br. obtained with the press;

the quality_ of the block is good The machine is not easiiv
transportable due to its weight. . -

ELLSON BLOCKMASTERThe Blockrnaster is a
niiiiiially-operated block (or brick) making machine manu-
factured by .Ellson Equipments (Pty) Ltd.; 283_ FOX Street.
Johannesburg, South Africa, (Figure 51.1 The machine operates
cn a leiter system with a constant of stroke so that the
biOek thickness is always the_Saitie. high lever ratio (500:1)

makes a very dense, solid blekk. nt molds can produce

blocks 9x12x4 inches or 6x12x4 Other molds and.attach-
menti are available to form intes,.,,-'! I; 41/2X9m4.

bricks: or 18x9x4 inch hollow blckks. "i rrt Enufacturcl claims

a p suction rate of 900 to 1100 Ho y , sour with

an increased rate up to 1400 to 150f with a
loder attached, If tht4//';- i inch in-mks are

made; the rate is approici:.:-.#ily doubled since two, brickS are
made in one operation. Two men would be requited to operate
the machifie and two or three- more to prepare the soil.

CINVA=RAM=-The CIT.`1,11A-dam _(Figure 52)_ was developed

by the Ifiter-American Housing a:Ad Plait trope Cerarr (CINVA)

at Bogota; Colombir,-, in 1952. It is operP.,...ed by .1 ..ni;ally

ing pressure on produces blocks which

are 111hi.51/2,:-...31/2 inches (either lord) and will also
produce ;11:,x51/2x11/2 inch_ tiles for r iOfs _Or _fl:wors; 1 he long

kver arrangement derwe; high-qualy blocks. Th6
cll': VA-Ram is presently distributes by Metalibec Ltda,Apartadi.-.

23")=NAL 157; Bucaramanga; Columbia, South America;
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Figure 52.

_

ender license from 1:B.E..C._Housing Company, New York; U.S.A.

The machine weighs_ only 140 gonads and is the lightest of the
four machines mentioned here; Three men;" doing all of the
wor'4,_ including processing; mixing. molding, etc., should make

?,D0 blocks a tla?; Five workers can make 600 per day by divid-

ing the jabs:
SUMMARY OF _ELOCKMAKING MACHINESAll of the

rnz)chines discussed above mak._ earth_blocks. Each
machine certainly has its advantages and disadvantages and

certain machines will be available iii .sOine areas of the world
whiire others will noi. There are probably other good machirieS
that will make good earth blocks; but it is not dractital iii
this manual to discuss all of them. We Will use the CINvA-

-..: Ram machine to discuss the procedure for. making/ blocks:

::LOCK - MARRING OPERATIONSA team of or _sir

men working with one tiria.thine achfrves the besc;productiCiii.
Three men handle the digging and proessing, while two men
operate_ the machine and mold the blacks. Atiother man may
be used to stack the blocks for curing.

13,,ACING SOIL MIX IN MACHINEWith most of the
block-making niachiiieS (particularly with CINVA-Ram) it is

necessary to get the correct amount of soil mix in the Machine
each time. Fast; simple weighing equipment can be used; but



rigure 33.

a wood or metal scoop will do almoSt as well. A scoop for the
CINVA7Rarn is shown in Figure 53. A worker can scoop into

a loose pile of prepared soil mix, scrape off the excess Material
with a piece of straight wood or sheet metal, and then dump

this measured amount directly into the machine: The size of

the scoop is determined' by the correct amount t f mix to :hake

a dense block. Another way is to use only one size scoop but

.ise an adjustable Sc. aper as shown in Figure 53.
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Before Ca Ch SCOtip ,,r 01:iced in the CINVA-Ram; a
light coat of oil should be ])r:1%hec! on the sides _and bottom of
the molding box. A mi\it;o of : part engine oil and one part
of kerosene is ime. Fhe ii11 coutiog keeps the blocks from
sticking to the sides of tin r wok! and makes them easier to
force out:

The scoop of soil mix is then placed in the oiled mold
box: (Figure 51) l'or ;();k: a scIopful of loose material
will not completely the ci.o:o I>os and the cover can be
easily closed. Sbinii soilS, r, h:3.,e- a tendency to "fluff"
when moist (usually. the s.in.ly materials do this) and they
must be lightly pressed down h. hand before the mold_ cover
can he closed. It has also bee', l'ouncl that many blocks are
not compressed tiglItIV at the turners and these corners will
later chip or break off durhig liantliing; This does not affect

la

Figure 54. Charging mold box with soil mix.
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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 litzie excess soil mix
can be placed in each Of the corners:

PRESSING THE BLOCKSThe worker who hilt the mold
box slides the cover on. {is 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-Raui
was developed so that as little as 70, pounds of force applied
to the end of the lever prod ces a block dense enough to be
satisfactory. Ho WeVer, it has been proved that denser blocki
are much Stronger-and more weather- resistant. So, it is recom-
mended that at least 130 pounds of force be applied to the
lever n-m; that is a man weighing about 130 pounds should'
be agile to apply all his weight to bring the lever down to a
level position.

A good block depends Oh the correct amount of soil in
the mold 13oic. 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
much 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 forte when the end of the lever lacks about one foot
from being level.

If weighing equipment is availaole; you should determine
the denSity of your blocks by measuring their weight and
volume. The best blocks are the heaviest or most dense ones.
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EJECT1NC: BLOCKS In the CINVA-Ram, bli5ckS 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
blO-ckS Will be weak and should not be used Newly-made soil
blocks containing clay 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
Some fresh' blocks must 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 requited is to .make

k

Figure 56. Extrusion of finished blocks and rtmoval to curing
area
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blocks and see how they hold together when they come out of

the machine.
CURING BLOCKSWhile curing, blocks should be stored

in a plate where they will not he diiturbed and close to where

they will be used.
Curing is completed When the water used for molding is

dried out They Will dry out faster in the sun. If the area
received a lot of rain; dry them out under a covering or cheap

shed as Shown in Figure 57. If 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-curing period; blocks should
be stood on end and covered With wet sacking, leaves, or other

material as shown in Figure 58 so they can be kept moist. After
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airing. the covering is removed and the blocks are stacked while
they dry.

Some builders do not wait until the blocks are completely
Cry before laying them in the wall. This does no harm as
Fong as the bloCks do not crack when being laid and do not
Shrink later. But; let them cure for at least a week before
using; the longer the better.

CHECKING QUALITY OF BLOCKSWhen a large numbet
of hlocl's is being made, a few bad ones are bound to_ turn up.
Sometimes, even a whole batch of blocks will be of poor quality
because Jornebody 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 sire of the job and type of con-
struction. For pressed earth blocks the following tests are
recommended:

1; The moisture content of each separate mix should be
checked before blockS are Molded. If the mixes are small, you
can check moisture b? 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 rcSiStance 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) bricki 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 13-e Checked often
to make sure that the blOck will be as,strong as expected. These
tests Should 15e gerfOrrned on cured blocks using the procedures
given in Chapter 2 or Appendix A. The number -of tests that
should be performed is the same as given above for the spray
tests.

4. 441norption tests can be easily 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 blOcki are
being pressed enough should be done if weighing equipment
is available. Renieixiber that the heaviest blocks are the best
ones.

If the blOckS dci not pass these control tests; block-making
ithoUld be stopped immediately until the trouble is located.
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Chapter 10

MAKING WALLS WITH EARTH BLOCKS
Earth blocks, whether adobe or pressed; are laid in level

Lovers (or courses) just like_ ordinw_y: burnt bricks. Each course
is offset one -half of the width of the block as suown in Figure
59 so that the vertical joints are not continuous. The blocks
ar joined together with a mortar to give a uniformly strong
wall: Some block-making machines produce blocks with utter -
locking grooves and ridge so the blocks bond together without
using mortar. This type of bond is not very satisfactory;
particularly for areas subject to earthquakes or high winds.

The selection of a correct mortar is an important step, and
the information given below should be closely studied before
a mortar is selected.

MORTARS FOR PRESSED EARTH BLOCKSThe mortar
used for pressed earth blocks may be one of high -quality like
that used for burnt bricks. or it may be made from the same
soil mix used for the earth blocks. Here is one high quality
mortar that has been successfully used with many different
types of earth blirickS:

I part portion(' cement.
I part lime.
6 parts clean sand (particle size less than 1/4")..
Sufficient clean water to maivn a workable mix.

If masonry cement is available, use one part masonry
cement, three parts sand and enough water to form a workable
mix.

If soil mix is used for the mortar it should be one low in
clay content to avoid shrinkage cracks. Since the mortar is not

Figure 59.
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pressed like the blocks, it will require some sort of stabilizer
usually portland cement or limeso it will have approximately
the same strength as the blocks. Research has shown that
mortar for stabilized pressed blocks should contain about 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 makinga stabilized soil mortar.

The soil mix or sand to be used in the mortar should be
sieved through a small screen.

SELECTING THE BEST MORTAR FOR PRESSED
EARTH BLOCKSThere are some simple tests that can be
used in selecting a good mortar. Before making these tests,
it is first necessary to know something aboUt laying blocks;
Since pressed earth blocks are usually dried "before they are
laid, they are likely to absorb some of the water from the wet
mortar. If they absorb too much water from ;it, the mortar
will dry out too fast. Then it will be weak and .will not form
a good bond with the blOck.

A simple way to determine if this w.:11 happen is to draw
a l-inch diameter circle on the surface of a block with a wax
pencil or crayon. Using some sort of dropper, rapidly place
20 drops of water inside the circle. If the block completely
absorbs the water in less than 11/2 minutes, the blocks need to
be wetted. This can be done by completely immersing stabilized
blocks in water for a minute or two; Unstabilized blocks can
be thoroughly sprinkled with water. Allow the surface water
to be absorbed into the blocks before the mortar is applied.

After the blocks have been properly wetted, two or more
of them are joined together with each of the proposed mortar
mixes using the same thickness of mortar joint that will lie
used in the wall. It is important that the consistency ( "wetness ")
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 appearance of cracks in the mortar; A mortar
is unsuitable if it contains open cracks that will allow surface
water to enter the joint. Fine hairline cracks in the surface
are usually not damaging. Mixes that have damagi?g 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 foi zt least 7 days. If portlind
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
peri6d, drop the joined blocks on a hard surface from shoulder
height so as to land on the corner of one of the blocks. The
fragments are inspected to determine if the crackS follow the
joints or cross the joints through the blocks. Alir mortar that
is strong enough to hold the blocks together so that some of
the cracks are through the blocks is a strong, durable mortar.
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If the cracks are all in the mortar joints._the mortar may be
suspected as being too weak for successful use. Some blocks
are extremely strong and may not crack through the block.
In such _cases, the only thing to do is to estimate by some other
means the force required to pull the blocks apart:

MORTARS FOR ADOBE BLOCKSTests have shown that
the mortar far adobe blocks should have about the same strength
as the blocks themselVes. If the mortar is much_ stronger than
the blocks; it could cause the blocks to crack when it shrinks.
For this reason, it is usually best to use the same soil mix
(including stabilizer) as was used for the blocks: This mix
should be put through a fine screen to remove large particles
which are never desirable in the mortar.

If the mortar does not satisfactorily bond the blocks._ it
may help to wet the blocks first by sprinkling them. Adding
a small amount of stabilizer might also help; However, as is
general rule, very little trouble is experienced with mortars
for adobe blocks.

SETTING DOOR FRAMESBefore the block-laying begins;
all door openings should be accurately located and marked on
top of the foundation wall. Sometimes the door frames are set
in place before laying the blocks.

Another satisfactory method, often used with adobe con-
struction, is to leave an accurately measured opening for the
door frame to be placed after the block laying is completed;
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 This by measuring across the diagonals)
and then braced diagonally also.

TERMITE PROTECTION-1n certain areas of the world,
especially in tropical climates, termites or white ants arc so,
b2c1 that they will even burrow in earth blocks. If the house
is being built in such an area, special precautions must be
taken. The common methcid 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 he
advisable to trek the soil and lumber with suitable insecticides
to minimize attack by termites.

LAYING THE BLOCKSAfter 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 Flf_Yure 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.
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Figure 60a.

-

Figure. SOb.

Figure 60c.

Then several courses of blocks are carefully laid at the
corners and at the door frames as shown in Figure 60c. These
provide a guide for laying the remaining 1-..io-tr.s, so they Should
be layed level and correctly spaced. String lines are then
stretched between corners of the building as shown in Figure 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 it is level. If an
adjustment is needed, it should be made: It is best spaced a

_small distance out 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 a
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 Lompkted. In this manner the courses are brought up
to the level cf the window sills: Then the block laying is
stopped white the window frames are set in place.

Adobe blocks have rougher surfaces and it will be a little
harder to lay them to a straight line but it can be done.

A house with crooked walls will not look as good, so check
often to be sure that your w2Ils are going up plumb (vertical)
-Use a level or plumb bob to check them.
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Figure 61.

t he block laNers (or maraliiS) him: helpers to keep
enough mortar in.xed, to soak ths4_ilocks (if needed) and to

keep a supply of Mocks avaiiable to the mason at all
times. The mason needs the correci-_tlitils for his job; a Iarge
and small (rowel; a jointing t661, lialitruer, and level:

The mortar is placed oii of the blocks with the trowel
as shown in Figure 62; Sufficient _mortar is used to give a
joint somewhat thicker than _desire I. lite mason then puts
mortar on cacti end of the bltiek and sets in place. Using

the trowel _handle, he lightly taps the Sioeks into the -eXati,
position and then ,strikes off the excess mortar which has been

"*.

qr -_ -w- w "7",

118 I 114 I

r. . r iii

40-

Figure 62.
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squeezed out of the joints. After the Mortar has become slightly
hardened (iii 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 ;Oititi and also
makes the joint more waterproof. The mason's helper should
occasionally_ sprinkle the fresh joints with water to keep them
from drying too fast. When the mason needs half blocks at

k.

.
Figure 68. The mechanical bond of plaster to theadobe wall
was enhanced by the early builders of Ft. Davis, Texas, by
inserting rock chips in the fresh mortar.

t

f.
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SCALE I"=

A builder in Albuquerque, N. M., uses
section for adobe walli.

this wall

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; either 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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Fig=ure 65. This typical wall section few _adobe is used by a
well known AIM:gangue, No MI., adobt building contractor.

this space is later filled with the surface coating it provides
a very strong bond bttween the surface coating and the wall.
Rock chips set in the wet mortar, also provide a good_ bond
for surface coatings. This method is shown in Figure 63 for
an adobe house.

WINDOWS=When the block wall has been brought up to
the correct height, the window sill should bt placed. This
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Figure 66. An overhanging window sill channelizes the rain
into two rivulets, easily eroding the unprotected, nonstabilizedwall 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 2"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 ai excellent, rigid hanger

.for the window or door frame.
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f

.! ..4.

block is shown in place (under the
under construction in Albii:

sill as shots in Figures 6.1 Mid 65. When a wood frame Window

is tdbetis,ed; the 0, sill should not at ails place extend

above the bottom of the wooden sill or leaks Will occur. The

masonry sill should not stick out beyond its finished outside

wall. An Overhanging_ sill Will collect water running down the

face of the wall and cause damaging_ erosion as shown in

Fin,nr,? 6G. If an oerhinging sill is used. it should have a C1:rip

groove_ underneath to prevent Water from running down the

face of the wall;
After the masonry sill is iii place the window fraine can

be set and braced in the Sallie manner as che (16:its. Then; the

blocklaying can continua: Of course, you can also leave an

accurately measured opening for the window and place_it after

the blocks have been lavedA trick often used by atitibe btlilders

107

111



Figure 68. This shows how timber lintels are used above doors
and windows. Above the lintels (in the cut-out section) is

shown a concrete bond beam.

when the walls will be covered with a surface coating is shown
in Figure 67. Wooden nailer blocksexactly the size of an
adobe blockare 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.

LINTELSThe 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 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 also project out
on either side of the door or window for a distance at least
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Figure 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 1/4" deep and 1/4" across) on the
underside of the lintel about one inch from the outside edge.
It will keep water from seeping back into the wall, itself.
Figure 65 shows the location of the drip barrier;

A lintel made from a cedar post is shown in Figure 69.
This method was commonly used over a hundred years ago
when this building was constructed; and it's still a good one;
Railroad ties also make good lintels because they are strong
and usually are treated to resist termites.

BOND BEAMSBond 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 I Tam
distributes the roof load and ties the top of the walls toget. er.
If a lowceiling house is being built; the bond beam can also
serve as the lintel as shown in Figure 70. Bond beams should
be the same thickness as the wall and preferably be tied to
the wall with bolts or some other type of projection The
beams may either be wood or reinforced concrete; Wooden
bond beams should be placed over a thin layer of mortar on
top of the last course of blocks. Concrete bond beams (and
lintels also) can be poured in place on top of the completed
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 conc-retefor -holding the roof down.

109

11



Figure 70. This shows a combination bond beam and lintel,
made from reinforced concrete, that can be used, on low-ceiling
houses.

REINFORCEMENT The best made homes use extra re-
inforcing. In earthquake or high wind areas. reinforcing should
always be used. The most common type of reinforcing 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. Usually this reinforcing is placed in at least one out
of every six horizontal joints.

Additional reinforcipg is normally required in the horiaonml
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. Reinforcing is not required above
the window if a sturdy linCel is us-ed. Reinforcing rods are
sometimes placed in the mortar joints 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 corner of the wall junction.

Additional strength,_particulaqy for a two-story building;
is- obtained -with -vertical- reinforcing- rods. For most-block walls
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Figure 7L Forms like_ this can be used
beams and linteli in place in the wall.

to pour concrete bond

this means drilling a hole through the blocks and grouting the

rod into the block. Vertical reinforcing is normally used only

in areas subjected to severe earthquake shocks.

EARTHQUAKE DESIGNSIn areas subjected to frequent

earthquake shocks, the following piles should be followed:

1: The plan Of the building should be compact and rec-

tangular in order to minimize the effects of shaking.

2. A continuous reinforced concrete foundation laid on

compattet. or solid groUnd is necessary:

Q. One-story walls should not be less than 12 inches thick

for exterior walls and 8 inches thick for interior walls. A two

story house StiOtild have 18- and 12:iiieh thickness exterior and

interior walls for the first story and wood franting for the

second story; The lighter construction for the second floor
minimizes the haiirdS resulting from earthquakes.

4: Reinforce mortared joints. Reinforcing 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

Ill

115



this metk.od can be improved by using A four- to six-foot width
of one -inch wire mesh in every sixth joint. The extra width
is turned down against the face of wag and fastened to it. This
provides a good bond for plaster.

INSIDE WALLSThe homebuilder has several choices of
materials from which to construct the interior walls of the
building. They may be made from the same soil that was
used in the exterior walls; Normally they do not have to be
Its 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 earth wall, YOU might say, is a large pressed

earth block. Because it is ranch 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.
lot of effort. You don't haVe t <i iiiove a hit of small blocks
around and lay theM iii the wall: A rammed earth wall will
make as good a wall as pressed blocks will make.

Don't try to build a rammed earth house without knowing
exactly what you should do. It will be Wort h your Wink to
spend a lot of time studying this chapter before ::Oti start:

After finding the right kind of soil rcir rammed earth, the
most important thing to do is to build a form or mold to ram
the earth in.

The next most important thing is to ram the earth correctly.

HOW TO BUILD FORMS-=-The forms for rammed earth
are a lot_ like those used for poured concrete. They are simply
rectangular boxes without tops or bottoms into which earth
is pounded: The forms must be strong because_ they will have
to stand a lot of abuse beftire your Walls; are finished; Since
they will have to be moved often; they must not be too heaiy-
for a couple of men to lift;

The forMS can be Liatte from metal. but since most
biiilderS 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 2" thick lumber (2"x6"; 2"x8" or 2"x10")
nailed to 2"x"4 braces oi studs spaced 2' to f" apait. You:11

need two panels and several long (about 28".-30") 3/4" round bolts
to hold them together. The_ bolts should be long 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 thc holeS filled with
tightly rammed soil mix.

The form in Figure 72 are_ used for making straight wall
sections. To make corner sections, make some special forms

c from the seine type of wood, but patterned to look like those
u in Figure 74.

In building 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 the right thickness or width; the
bottoms of the forms will be right, also To space the top of
the_ forms,_ use 2 "x2" wood "spacers" cut to exactly the same
Width as the walL

To keep the earth from coming out of the forins at the
ends, use a piece called an ''end gate." End gates should alWayt
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Figure 72. Form for ramming.

be as thick as the rest of the forms-2" in this case. End gates
also serve 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 the 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. Try to space end gates so they'll
be at least 8" from the nearest bolt; If you don'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: heavy for two
men to handle. If a smaller form is made; it will be lighter;
Of course; but you will have to move it too often.

Plywood, I" thick, will do as well as 2" 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 De at leaSt i,4" in diameter. Plywood forms are ShoWn
n Figures 73 and 74.

Plywood is easiest to use in_ making forms, but it is more
costly than ordinary luniber and sometimes is hard to get It

will make smooth waits, but it gouges easily if accidentally
struck with the corner of the rammer.

job 4.41

Figure 73. Straight form for rammed earth walls.

Figure 74. Plywood, corner form fo: rammed earth walls,
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Figure 75: metal strips such as these can he used insteadof liolts to de rammed earth forms together.

Other tf ickn-^ses of lumber can be ustsd, of course. Beltand stud spacing can be based on those shown in rigtati73 and 74;

Instead of boltS, which might be hard to get; you ctn usechin metal strips to tYold the forms together. Small_sicts arecit in the forms for the metal strips to go through. Metal pegsor large nailS hold the strips to tie forins and wedges can bydriven to pull the strips tight as shown in Figure 75; InsteadOf pulling the metal strips out of the wall asiftiti do with bolts;just leave them in plate. If you are going co use a plastersurface coating leave them sticking out a short distance to liondthe surface coating to the wail; If not, eta them off flush withthe surface of the wall.
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FORMING ADJACENT SECTION

FORMING FIRST SECTION

Figure 76. This is a special form that was designed to use
the metal tie strips shown in Figure 75.

Of course, if you Use strips; you will need many; but they

are not costly. They can; be cut horn thin pieces of sheet metal

or even from ,heavy metal cans. A form that has been especially
designed to use these Metal strips is shown in Figure 76.

_ Another type of form that has been used is shown in Figure,

77. The top bracing and rods are strong enough to hold the
bottom of the'form together. You'll need only a kW, bolts and

you don't haVe the bother of removing the tiolts from the wall.
But the forms are harder to make and they also must be

sturdier. Don't try therri unless you,are an experienced
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Figure 77. Form for ramming.

fiete arc sonic hints that might help you when you make

forms: 1 -

I: Don't make your forms_ deep6. than 4 or 21/2 feet. If

they are deeper, itwill be difficult to ram the earth. correctly

at the bottom of forms. .

2. Use seasondd lumber for your forMS. 'Green lurobii

Will warp. -

3. Keep your fin-Ms oiled wit)) a light-iveight oil: This

ill stop warping, and keep:the soil froth sticking to the. lumber:

4. When yottr:forms are not bell-4; itstd: stack them flat

in a Rintected and welfdraiiied tea so they won't warp.
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Figure 78.

5. Make your bolti With crank-type handlet 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 thin sheet metal. They will last twice as long.

8. Drive a couple ornaili partially in your spacer block

and bend them over to fit on the bolts as shown in Figure 78.

When you set the forms up, stick the bolts through the nails

to hold the spacer blocki 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 flOsh With the wall.

10. Every place where you have an unprotected corner,

nail a small strip of wood, cut on a 45° angle, to the inside

corner of the forms. This is called a chamfer strip, and it will

help to "round off" the sharp corners.
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Rammed Earth Tampers
yostrainrued earth tampers are the_hand type, biit if you

want to tamp soil faster, an air tamperwhich requires expensive
equipmentwill be better.

;LAND TAMPERSTtie weight of hand tampers is very
important. The heavier -the tamper; the faster the earth can

rammed. So use the heaviest tamper_your laborers 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 may 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 tamper _with 'a 3"x3" square face (this is the most popular
size) Shotild weigh_ 18 pounds: a 4"x4" square face che
taiiipei should weigh 32 pounds.

.4 square tamper with a flat striking face is the best to use
Round- shaped and other curved faces may not gouge the forms
as badly as square ones. but they don't compact as well; either:
If iii -care to you can make a few tampers with special_ shaped
faCes fiir compacting in small areas; such as around the end
gates of the forms:

Figiti.e79 shows a sturdy metal_ tamper that is easy to inake.
"Tampers can also be inade_of_ wood but they are a Little harder
to use because they are bulky. The striking faCe of wood
tampers should be covered with a piece of metal. to prevent
rapid 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
much as a oneman tamper.

AIR-TAMPERSWith an air-tamper one man,can tamp soil
in Otie:half to one-third the time that he could using a hand
tamper Many types of air-tainpers_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
WOW'S. A six -inch square tamping face can he used with this
qpe of machine.

A constant air pressure of approximately 70_ pounds- per
square inch is necessary, An air compressor witl, a free air
delivery of 24 to 30 cubic feet per minute will operate one
tamper.

THICKNESS OF TAMPED LAYERSA good rammed earth
wall should be well tamped from top to bottom. Layers which
are placed too thick will be loose at the bottbm and will wash
out during rams. The thickness of each loose layer of earth
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before tamping should not be more than I" more the
Width of the tamping face. For example; don't try to tamp
more than 2." of loose soil with a 3 "x3" square-faced tamper.
After tamping; a 4" loose layer should be approxiMately 21/4"
thick.

CONSTRUCTION PROCEDUREThe construction _pro-
cedure for rammed earth walls is very similar to that used for

Figure 79a. Lift-drop Figure 79b; Assembled
sliding weight tamper.tamper:

121 125



Figure 79c. DisasTembled aiding weight tamper.

earth blocks; The first step is to install the termite shields,
if required. Bend them down so they are flat against the side
of the foundation wall. Then; place the forms over the founda-
tion wall and draw them up tight against it with the_bottom
row of bolts; wires, or whatever you may be using. The end
gates and spacer blocks are then inserted and the top row of
belts is tightened. You are now ready to start ramming. Figure
80 shows a rammed earth wall under construction.

When a section is completed; the forms are moved; fastened
tightly at their new location; and ramming continues. Ram a
complete section around the house before starting the next
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Figure 80

layer. Joints between layers 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 81.

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 rammed Should 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
important and should be checked often. A RAMMED EARTH
WALL THAT IS BUILT' LEANING CAN NEVER BE
STRAIGHTENED.

Use string _lines stretched between the corners to line up
wall forms and assure straight walls. The method shown in
Figure 61 works well but place the string line slightly above
the tops of the forms so it will not touch the formS.
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Figure 81.

Protect newly- constructed wall sections until they gainstrength. -At night and when rain threatens. all wallS exposedto rain should be protected with mats, heavy cloth; or water--
proof paper. It is very important that this protection coverthe top of the Will, since erosion starts there first. Wallsstabilized with cement, lime, or other cementing-type Stabilizersshould be protected and kept moist during the entire curingperiod. SackS or mats, moistened several tithes daily are goodfor this:

Sorrie soilsparticularly the sandier onesmay have a tend=ency to crumble when the next seetion is rammed on top ofan earlier lift. If this happens, wait until the lower sectiongains enough strength to prevent this For Sbils having cement-ing-type stabiliiers in them; wait 3 Or 4 dayi if possible. In
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genera, you can ram on top of any wall section as long as it
doesn't crumble or crack,

Before ramming a new section, scratch the top of the lower
completed section about W' deep with a pointed wood or steel
stake. If the completed section is dry, moisten the top Of it
slightly. This will improve the bond between sections.

NUMBER OF WORKERS NEEDEDOnce the soil mix is
prepared, 2 to 4 workers can be used to construct the wall. Two
men can do the ramming but, if the forms are short, the work
will be more efficient if only one man stands in the xorms. 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 workmen 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 scaffolding.
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 all 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 thit
reason, the moisture content 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. Gethent.
stabilized mixes which have dried out should not be used.

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 a 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 d;rectly against the forms, in corners, and around beveled
strips on end gates.

If the soil tamper_ will not ring regardless 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 OPENINGSOpenings for doors
and windows can be done two ways in rammed earth con-
struction. One way is to set the door and window frames first
and ram the 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 produced 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 tics 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 meth6d 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 rammed around the
block to hold it securely in position. The result is shown in
Figure 83. Another method 'also shown in Figure 83 us-es 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 complete& 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
as explained on page 119.
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Figur- 83.

SornetinieS you may run into a situation like this:
You Will be ramming against a short section of w 11 (Say

3' long) which is adjacent to a window opening. The pressure
from ramming against this StiOrt section may cause it to slide
toward the open Spate. 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.

If 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 rdleS as for pressed blocks; (See page 105.)

LINTELS AND TIE BEAMSLintels and tie_ beams are
constructed in the same way as for pressed blocks. There is one
pretaution 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 no earth
wall over the door and window openings. This method is often
preferred.

REINFORCEIVIENT=-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 eat.thquakes or high winds and
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Figure 84;

is made of stabilized earth. Reinforcing is not as effective' in
unstabiliied earth Wang 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 i 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 roof used on ordinary houses can alSO b-e used

on earth houses. Thatch or sheet metal roofs are commonly

used. But often it will be cheaper to use an earth roof on
your house.

Three types of earthen roofs are used:

1. Bunker fill roofs
2. Arch or vault roofs
3. Frame roofs supporting earthen tiles;
These are things an earth roof must do:

I. It must be strong enough to remain in place;

2. It must not leak;
3; It must provide protection so that water running Of

the roof will not run down the sides of the earth wall.

BUNKER FILL ROOF A bunker fill roof is a flat roof
in Whin large timbers; (sometimes called "vigaS" in parts of
the U.S.) support a tamped or compacted earthen blanket; See

Figure 85. These supports can be sawed timbers or the trunks
of small trees, six to eight inches in diameter, spaced_approxi
rnately 30 inches apart: _For large buildings, such as the school
Shown in Figure 86; large trunks, ten to twelve inches in
diameter; can be used: A ,nice appearance is produced by
alternating the large and small_ 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
-compcihents are gravel and asphalt, building paper; earth fill,

building paper, wood sheathing and supporting beams (vigas).
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Figure 86. The largi and small ends of the ceiling timbers
(Vigasy are alternated to provide a balanced appearance.

of the roof to be weak. A tilt or pitch is given to the vigas
so that the finished roof will slope about 1/2 inch per foot
of length.

On top of the vigas, place some type of covering to support
the earth fill. This can be 1" !timber, 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 bdilding paper or a thin layer of straw
to keep the soil above from seeping through. .

,

A compacted earth fill is Jaced on top of all this. The
thickness, when tamped, should be at least four inches: Deeper
fills up to eight inches are bettv and will increase the life of
the roof; reduce the amount of heat going through the roof
and lessen 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 fen- bunker fill reefs 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, tertient, or any
waterproof-et§ Will do. Another way is to add oil or asphalt
tti the last' layer of earth to be compacted. After allowing a
few minutes for the oil to penetrate, tamp it into.a dense Water=
tight layer.

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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Figure 87. To compensate for the unevenness of the tops of
the vigas, saplings can be placed diagonally for sheathing.
Note the straw used in this case to prevent the earth fill from
sifting through the ceiling.

erosion caused by rain. 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
from the wall will solve the problem. A half section of split
bamboo would do nicely; or, a trough made of wood or sheet
metal would do as well. The spout should emend far enough
away from the wails to prevent erosionat least two feet.

ARCH OF VAULT ROOFS(See Figure 88.) These types
of roofs are used in areas where timber is scarce. They require
some skill to build 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 usually 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 dome. In most
cases walls are made very thick-2 to 3 feetdepending on the
distance between walls. In.many cases rooms are placed side
by side to help absorb the forces but the outside walls will still
have to be very thick. A reinforced concrete bond 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 qualified structural engineer should design any such
walls and beams.
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Figure 88. This style .o( earth dome and vault 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 a quick-setting type.
In many middle Eastern countries a mortar made with gypsum
is common. 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
construction.

If you should use this type of roof; get methods and design
from someone who has done it before.

Et! r:TI-I TILE ROOFSElrth tile have also been used for
roofs. They can be pressed; in a, block making machine by

Figure 89. A thatched-earth 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 11/2"
to 2" thick and about l' 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 house.

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 roof 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.

133

137



Chapter 13

FLOORS
The most desirable type of floors for an earth house is, of

course, a concrete slab, a wood floor or a floor surfaced -,vith
cement tile or ceramic tile. However, in some areas where good
sand and gravel are not available for concrete, and where wood
is scarce and commercially made tile cannot be obtained, an
earth floor can be substituted. Properly compacted earth or
high strength stabilized earth tile will make a reasonably durable
floor. Extra stabilizer is required if floors are to last a long
time, because floors get the hardest wear of any part of the
house. Even the most primitive dwellings have some type of
oil or fat worked into the soil as a stabilizer.

TYPE OF SOIL FOR EARTH FLOORSFor earth floors;
use the same soil you use to build your house but add extra
stabilizer.

The floor must be able to withstand scrubbing and must
be tough and durable.

Lime and portland cement make the best stabilizers.
Emulsified asphalt will make good floors but the dark color
may be objectionable. WOod ashes and even animal blood have
been used.

TAMPED OR RAMMED EARTH FLOORSBefore making
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 (3~-4") of existing soil
with a tamper before the floor material is placed.

In areas where swelling soils are damaging to buildings
this ramming should be avoided. Untamped soil will swell less
than 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 swelling type, use about 6 inches of sandy material.

The floor is laid above the sandy course. Place it in two
layers each about 11/2 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 finish tamping, level up the area by
scraping or tamping high spots.

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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your mix by making some small rammed earth test 'blocks just
as you would for a rammed earth wall: After the test blocks
have cured check them for hardness and water resistance;

After tamping the top laver, smooth out any tamper marks
and then cure the floor for several days.

Portland cement and lime-stabilized floors may be cured by
sprinkling the floor or ntting wet sacks on top of it. At the
end of the curing period, a thin_portland cement slurry 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.

Don t walk on the floor until it is hard.
TILE: FLOORSPressed earth tiles may do just as well as

rammed earth floors. They can even look nicer; particularly
if you make tiles from several_ different colored soils. The
CINVA-Ram or any other block-making machine that makes
11/2" to 2" thick tiles can be used: Use enough stabilizer in
the soil so the cured blocks are difficult to scratch with a nail.
Make test tiles to check the stabilizer content.

Stabilized tiles should be moist-cured for 7 days and then
dried in the sun before 'placing them: Prepare the floor area
the same way 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.

I.. 4
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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 joints
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 FLOORYou
can heat your house by heating the floor.

This idea is used 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 unless
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 mak.,! some earth walls look better.
(b) They can help earth walls shed rain water:
(c) They can make earth walls last longer.
Decide whether you want to use surface coatings when you

are planning your housenot after it is constructed.
APPEARANCEHouses built of carefully made pressed

blocks 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 pleasing 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 coatings on their
houses.

One way to decide on a. surface coating is to
homes in your area. See if surface coatings
appearance.

Remember this
A cheap or poorly applied surface coating

peels off looks worse than none at all.

look at other
helped their

that quickly

The owner must decide how often he is willing to repair
the surface -coating to keep it looking_gobd. Most cheap surface
coatings 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 damage.
Then a more expensive coating will be necessary.

DAMAGE FROM RAIN WATERIf you follow the in-
structions in Chapter 2 for selecting soils for earth houses, you
won't have to worry about rain damage unless you have to
use very clayey soils. If your test blocks; even when stabilized;
do not pass the spray test, try a surface coating.

Even the most expensive surface coatings are likely to
develop cracks and let some water through them and into the
wall. If your wall contains a lot of clay, the water will cause
it to swell and crack surface coatings that are stiff. Check to
see whether this will happen to your surface coating. Completely
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coat a few test blocks of your mix and subject them to both
the spray test and absorption test; If the surface coating cracks
or peels. the same thing will happen to your house when coated.

INCREASING THE LIFE OF THE WALLOther things
beside rain may wear down an earth wall; Strong winds tarry-
ing dust, children throwing rocks or sticks, and even animals;
can scar or damage earth WallS=especially unstabilized ones.
If these things Occur in your neighborhood or area, then un-
stabilized walls should be coated. Most stabilized walls can
resist them.

COST OF SURFACE COATINGSSince 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 willS. But it also takes additional time
and money to apply surface coatings ard keep them repaired.
Unless you can get by with a thin, cheap surface coating, the
total cost will be nearly the same whether you use a surface
coating or stabilize thr entire wall.

TYPES OF SURFACE COATINGSThere are four main
types of surface coatings:

(a) Plasters
(b) Slurries
(c) Paints
(d) Special chemicals

Plasters are placed on the Want in fairly thick layersabout
Below is a high-quality plaster mix that hat Worked well

on earth houses:
1 part Portland cement
4 to fi parts clean sand
Sufficient water to make a thick mixture
Add a small amount of lime if the plaster is hard to spread;

twoApply this _plaster in two coats; each about IA" thick.
MOistenthe wall and then throw_ or -splatter" the first coat
against the wall with a large brush. Thii, 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 reinforcement
of plasters). Cure this coat at least 12 hours (more in wet areas)
before applying the second coat. The second: coat may be
brushed on also but if a smooth surface is deSired, put it on
with a metal trowel. Rough surfaces have less teutlelity to
crack and they look better on most4 homes.

Don't apply _cement plasters on a sunny wall: wait until
it is shaded. When a section of Wall _is completed; cover it
and keep it moist for a day or tii'o, until it gains strength.
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Cement plasters should be used only on stable walls;
Remember that walls containing a lot of clay will swell and
crack the coating.

Low7cost mud plasters can be made by combining a soil
mix with water. These are called Dagga plasters: Dana
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 to much clay, the wrong
kind of clay; or when they are too soft: The red and brown
laterite clays found in the tropic zones make excellent Dagga
plasters.

Dagga plasters can be improved 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 make it zoo dark to loOk good on a house. Many
of the other stabilizers mentioned in Chapter 3 can be used:
Experiment by trying them out on small sections of your wall
or on test blocks of your soil mix. Watch for damaging cracks
as the plaster dries.

Dagga plasters are usually applied to a previously mcistened
wall with a trowel to a thickness of about 1/2 ". Roughening
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 yea-es.

Some of the best slurries are made from equal parts of
cement and lime mixed with enough water to make a thick
liquid. Adding a small amount of clean, fine sand will give
the slurry a gritty texture.

Moisten the earth wall before the slurry is applied: Then
brush on two coats at intervals of 24 hours. Keep the slurry
mixed while applying it or some of the materials may settle
to the bortom of the container.

Slurries make economical surface coatings; but they must
be applied to the right kind of wall. 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 earth walls. However,
new ones may be developed that work as well as cement-based
paints:

It is not practical to include a list of manufactured paints
that have worked on earth walls because they may not be
available in your area: If you want to try them; see the nearest
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paint salemnan: Ask him for a demonstration and samples of
his paints. _Then see how they work on test blocks of your
soil _mix. Perform the spray test on completely painted test
blocks and if you have enough time, allow the blocks to weather
outside. The performance of these test blocks should tell you
how well the paint wilt work;

You can make a cement-based paint but it takes several
chemicals. Here is one that has been used:

1 part calcium steara!'- 'powdered) .

2 parts calcium):11 oride (powdered).
50 parts portlann cen uL
25 parts clean. fine sand.

Mix these ingredients together to obtain_a uniform mixture:
Then add 50 parts water and mix with a hoe, until a creamy
mixture is obtained.

Pour the mixture through a fly screen to remove lumps
and large particles.

Use white portland cement in the mixture if a white coating
is desired. For other colors, add 3-4 parts of a powdered, oxide
pigment.

Apply the paint in two coats with a large brush. Moisten
the earth wall before applying the first coat. Paint only on
shady walls and keep the painted surface slightly moistened
so the cement does not cure too 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
thrown on the surface with a large brush or broom to. obtain
a pleasing surface texture.

White-wash paintsor water mixed with lime -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 ,large brush.

.
A hitewash which offers some protection against water

can be. #Wade with the following materials:
11/2 gallons unslaked lime.
31/2 gallons of water.

1/2 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 mixture and stir
again;

Apply the mixture with a large brush. Add a little water
if it is difficult to spread;

This white-wash wilt last about a year in most climates.
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Certain cliernica, applied similar to paints, will make good
surface coatings. One mentioned in Chapter _3 is a mixture of
1 part sodium silicate (40° Baurne) and 3 parts water. The
solution is brushed into the wall with a fairly stiff brush to
get good penetration. Apply two coats a few minutes apart.
A suitable wetting agent or surfactant (see Chapter 3) added to
the SO ltitibn will increase the penetration of the treatment in
some walls.

The only way to find nut whether chemicals will won is
to try them. Spray tests and weathering tests should beper-
formed on treated test blocks of your soil.
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Figure 92.

PREPARING THE SURFACE-=-Sutface coatings applied to
poorly prepared *alb Will soon peel oft. Before applying any
surface coating, the entire thickness of wall must be completely
dry. For properly cured blocks, thiS May take only a few weeks
until the mortar !Ries. Rai:dined 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 ,that-
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 diled, the wall must be brushed,tor swept
to remove dust and other loose particles. Just befare Slurries
or plasters are applied to a wall, moisten it Slightly., 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.

_REINFORCEMENTTo strengthen plasters and improve
their bond to the earth wall, wire reinforcement should be

Woven wire fencing; shown in figure 91; works Well.
Fasten the wire securely to the top of the earth wall by placing
it in the last mortar joint or bbtween the bond beam and the
top 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 shown in Figure 65.

The reinforcement should extend into window and door
openings so the plaster will be reinforced at all points. (Figure
92.) Nail it to the wall every 6-8 inches; Special nails with
roughened surfaCes work best.

When two coats of plaster ate used, the first coat should
be thrown or spattered through the wire reinforcement. Thii
improves the bbnd between wall and plaster and also leaves the
reinforcement approximately midway in the plaster coat;

When wire reinforcing is not available; the bond to the
earth wall can be iinproved by leaving a deep opening in the
vertical mortar joints. Chips of broken rock or concrete,
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 inches apart 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 simple 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 plastRity
index. (The bar shrinkage test can also be used to get the
plasticity index.)

These tests require some special equipment and a little
bit of experience. You can do them yourself if you are careful,
tut 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 Equipment Needed
1. DishA smooth-bottomed round dish about 41/2 inches

in diameter and 11/2'inches high. It is best if the inside is

smooth or glazed. The type which chemists call evaporating
dishes can be used:

2. SpatulaA spatula (or pill knife) has a flexible blade
about 4 inches long and sA inches wide.

3. BalanceA 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 beitef.;)

4. OvenA drying oven that will keep a temperature of
110°C or 230°F. This temperature is a little higher than the
temperature at which water boils. The oven should have vents
in it so the heated air will circulate.

1-L BoxesA 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
21/2 inches across:

6. SieveA No: 40 mesh U. S. Bureau of Standards sieve
or a No. 36 mesh British Standards sieve. You can do without
a sieve, but it is better to have one.

7. FormsWrite the information you get from the test on
a form of your On design.

San ple
You will need a sample weighing about 100 grams (asmall

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
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square. If you do not have one,_ you can pick_ 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 know that you are going-to add a stabilizer
to your soil, then add the same proportion of stabilizer to
your sample as you intend to use in your house.

A. Liquid Limit Test
Special Equipment
For this test you will need a special tool to cut a groove

in the soil. The grooving tool is carefully made so it cuts a
groove exactly 2 millimeters wide with the sides of the groove
sloping at an angle of 60° to the horizontal. If you cannot get
one of these grooving tools, it is possible to use a spatula or
even a knife.

Procedure
1. Place about three-quarters of your soil sample in the

dish. Add small amounts of water to it and thoroughly mix
the water and soil. The water that you use should be of good
quality, such as water you might drink., Add water until the
mixture is A thick paste. Be Sure that it is mixed well so it
has, no dry or wet spots.

2. Shape the soil mixture in the dish into a smooth layer
1 centimeter (approximately 3/fi inches) in thickness at the
center of the dish. Divide the mixture into 2 equal portions
by drawing 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 right angles (perpendicular) to the dish, leaving a
V-shaped groove with a flat bottom that is 2 mm Wide. Very
sandy soils may be torn by this method; If so, cut the groove
in several passes, making each pass go deeper until the clean
surface of the dish shows at the bottom of the groove. If you
do not have one of the grooving to-015, 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 firmly in one hand with the groove in
the soil pointing directly in front of you; Then tap the dish
lightly with a horizontal motion against the heel or the other
hand 10 times: disk shoUld be moved a diltarite of about
I to 11/2 inches to strike it against the other hand which eV:Add
remain still. If the amount of water is just right; the groove
Will flow _together at the bottom for .st distance of exactly
IA inch. When it takes more than 10 taps to make the groove
flow together; the soil -is WO dry. Add a little Water. If it
flows together with less than 10 tap; it is too wet. The *Oil
can be dricd by mixing it a while; or by adding some dry soil;
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4. When the moisture in the soil has b-een adjusted so
that the groove closes for 1/2 inch after 10 taps, the soil is at
the liquid limit. With your spatula scrape a sample of the
soil out of the 'dish at the point where the groove closed. Use
a large sample if your balance is accurate only to 0.1 grams:
Put this sample in one of your containers and quickly _weigh
the container and soil before the water evaporates. If your
containers have lids, put them on to keep the water from
evaporating during weighing.

5. Write the weight Of he container and soil __opposite
Wi on your form. Then put -the soil container in the 110°C
oven until all thesoll is dry. This should take 8-10_ hours,
but may be less. You can check by weighing it several times.
When the weight 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 dry container. Wi must be known also.

Calculations.
The liquid limit is calculated as follows:

weight of water
Liquid limit = X 100

weight of oven-dried soil

Or,

W;;
x 100

W

Precautions
I. Be' sure to use only material passing tht No. 40 mesh

sieve (or smaller than 1/64 inch) for the liquid limit test
2: To, get the best test results; thoroughly mix the soil and

water. Tap the dish against the hand the same way with all
types of soils.

S. Do not vibrate or jar the dish after the soil is zrooved
and before it is tapped.

4. After the groove has been closed. take the soil sample
and weigh it quickly to prevent further loss of moisture;

B. Plastic Limit Test
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
L 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 easily 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 your hands until it is about 2 inches long and tA 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 he dried some more.

Apply just enough pressure with your hands to cause the
thread to get gradually smaller until it reaches 1,4, inch in
diameter. You are looking for the thread to break or crumble
just when it readies y;-i inch in diameter. If the thread breaks
before it reaches 1/4 inch diameter, it is too dry. Thoroughly
mix in some water and try again. If it can he rolled smaller
than 14 iiich thairrieter, just roll it up into a large thread and
start over again. It will dry gradually by rolling it out. When
it is just right; the 1/4 inch threads under your hands will crack
or crumble into pieces about I/2 inch long.

3._ Collect the broken or crumbled soil threads and place
them in one of your containers. Weigh the soil and container.
Call this weight W1 and record it. Then dry the soil in the
Il0°C oven until all the water_ is driven oft_ Weigh the dry
soil and container and record this weight as W. The weight
of the clean dry container, Wi., must also be known:

Ca fru ti ions
The r,lastic limit is calculated as follows:

weight of water
Plastic limit = >-< 100

weight of oven-dried soil

W W
1 2

X 100
w2 W

C. Plasticity index
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 limit Plastic limit

D. Bar Shrinkage Test
The bar shrinkage test is an easy way to find the plasticity

index of a soil. It will also _give you some other very good
information about your soil. It has one advantage: you won't
need a balance to do weighing: But; you will need a special
piece of equipment:

Special Equipment
For this test you will need a special metal mold_ shaped

like a box but withoutia top. The best size is 5 inches long
and 3/4 inches by 3/4 inches square.
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Procedure
1. The sample you use for this 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 example, cut a V-shaped groove in the
soil as explained in Step 2 of the liquid limit procedure. If
the groove closed with about 5 taps of the dish against the
heel of the hand, 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 sill 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 the mold with a
straight stick or piece of metal.

3: Dry the soil bar: To keep it from cracking; first let it
dry at room temperature for one day, Then put it in the
I10°C oven until it dries completely. Very accurately measure
the length of dried soil bar. Also measure the exact length of
the mold in case it is not exactly 5 inches long;

Calculations
The bar shrinkage is calculated as folk ws:

Bar shrinkage
(Length of wet bar) (length of dried bar)

x. ICO
Length of wet bar

Test for Strength of Foundation Soil (Clays)
How strong is the foundation soil? How wide and how

thicK should the footing of ,portland cement concrete be?
To get the answers to these questions we must first get

some measure of the strength of\tht! 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, cu Na small block of soil
and trim it with a knife so that it will tic just the same size
as shown. Take the small 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 Fe 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 finger at B you know that the strength of the soil
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is greater than the one that failed from pressure at A so you
will Icicik in Table 4 in the column marked A and opposite
the type of house you plan to build to read the width and
thickness of the continuous concrete wall footing: you cannot
crush it by pushing_ at B, then try _at C. If the soil crushes at
C. then use the width and depth of footing opposite B in the
table and so 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 E. You

should b-e able to push with one finger as shown in the picture,
18 to 20 wounds (8 to 9 Kg.) . See how much you can push by
pushing on a set of scales or balances. If you push only 10
to 12 pounds then use the footing size next larger than you
would otherWie.

(;BOTTOM OF FOUNDATION

CUT FOUNDATION SOIL

TEST SAMPLE LIKE THIS AND

TRIM BOTTOM AND TOP SQUARE

Figure 93.
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PUSH WFTH

ONE FINGER

--2"X 4'1)(6' LONG-

_TEST

-'-SAMP

"X 8"X 4' LONG

73,

SIZE OF TEST
SAMPLE

Figure N. Simple lever tester for soils..
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APPENDIX B

Useful Formulas

Area of circle (* = 3.14; r = radius) (*)(r2):

Area of triangle = height, b = base) 1/2 (b) (h).

Area of rectangle (Lb = length of sides) (a) (b).

Volume of block (a,b,c = lengths of sides) (a) (b) (c).

Unit weight of block (W) (1728)
(a,b,c = length of sides in inches)
(W = weight in pounds) (a) (b) (c)

Volume of cylinder (h = height) (*) (re) -(h).

weight of cylinder (r = radius in inches) (W) (1728)
(h = height in inches)
(W = weight in pounds) (*) (r2) (h)

Compressive strength
(P = failure load)
(A = cross sectional area of specimens) A

Moisture content, w Wi Wi
(W, = wet weight of soil)
(W2 = dry weight of soil) Wi

Plasticity index, P.I.
(L:L: = liquid limit) L.L.
(P.L. = plastic limit)

Examples of Long Multiplication

19 x 328 b.) 19 x 32.8

328 32.8
19 19

2952 2952
328 328

6232 623.2

1.9 x 32.8 d) 32.7 x 41.8

32S 4L8
1.9 23.7

2952 2926
328 1254

62.32 836

990.66
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ExamphTS of Long Division

328 b.) 32.8

19 19
17;26 1:73

19/ 328.00 19 / 32.80
19 19

138 138
133 133

50 50.
38 38

Fth
114

6

32:8

1:9
17.26

1.9/ 32:800
19

138
133

50
38

120

114

6

d-.) 41:8

23;7
1.76

23;7/ 41:800
23 7__

18 10
16 59

1 510
1 482

28

Conversion of Weights and Measures
LENGTH

Metric
1 meter
1 meter
1 meter
0.914 meter
0.305 meter
I centimeter
2.540 centimeters

1 square centimeter
6.452 square centimeters
1 square meter
0.093 square meter

English
1.094 yard
3.281 feet
39.37 inches
1 yard
1 foot
0.394 inch
1 inch

AREA

0.155 square inch
1 ;uare 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
3.785 liters
1 liter
I liter
09"6 liter

1 kilogram
0.454 kilogram

tOni
28.349 grams

VOLUME
0.061 cubic inch
1 cubic inch
35314 cubic feet
1 cubic foot
1 gallon (Bridal%)
0.264 gallon
1.057 quarts
1 quart

WEIGHT
2.205 pounds
1 pound
0:0353 ounce (av)
1 ounce (av)

English
1 foot 12 inches
0.0833 foot 1 inch
1 yard 36 inches; 3 feet
1 square foot 144 square inches
1 square yard 9 square feet
1 cubic foot 1728 cubic inches
I cubic yard 27 cubic feet
i cubic foot 7.481 gallons
1 gallon 0.1337 cubic foot
1 pound 16 ounces
1 ton (Short) 2000.pounds

Metric
1 meter 100 centimeters; 1000 millimeters
1 square meter 10,000,_square centimeters
I cubic meter 1(10,(00 cubic centimeters
1 kiliigrani 1000 grams

Glossary
1. AbsorptionThe taking in of water or other liquid into

a soil mass.
2; AdobeAny kind of clay soil which; when mixed with

water to a plastic consistency (sometimes with a mechanical
binder) , can be made into a part of a structure. A structure;
usually, a building block; made of such clay.

'3. AngleThe figure formed by the intersection at _a point
of two lines. A right angle is such a figure.in which the lines
intersect at an, angle of 90°.

4. Azaras Split palm trunks used as earth miic reinforce-
ment in the construction of floors and flat or domed roofs in
the arid zones of west Africa. Azaras are approximately 8 feet
long.
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5. BaugeA mixture consisting of clay soil and straw, used
for building earth walls b-etween forms (French) .

6. Batter BoardsLight planks of wood nailed in a hori-
zontal position to ground stakes. They are used to fix string
lines which locate the boundaries of excavation or building:

BondA connection made by overlapping adjacent parts
of a structure such as bricks. Also to hold together or solidify
as a binder.

8. Bond beamA hoezontal beam, usually of concrete or
weckl; placed at the top of a wall to reinforce the wall. The
bond beam helped to distribute the load of the rafters of the
roof to the walls.

9. CajonA type of earth wall construction in which a
clay soil mix of appropriate consistency is used in the form of
wall panels supported by a structural wall frame; (Spaa::111.)

10. Capillary riseThe vertical rise of water in a fine grain
soil due to natural fortes within the small pore spaces.

11. ClayThe smallest grain size division of soils composed
principally of flat particles smaller than 0.102 millimeters.

12. CobWalls built cif a fairly stiff mixture of clay soil,
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 faces Are pared down as the work
proceeds. Cob walls have also been built of a mixture of
crushed chalk and water;

13. CohesionThe ability of two particles to stick together.
14. CompactionThe closer packing of soil particles by

mechanical means to obtain a denser mass.
15. CuringA time period in which the a,.tion of water

in a stabilized soil mass causes the rras; to be cemented together
by the stabilizer.

16. Dagga plasterA 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. Emulsified asphaltA mixture of finely divided asphalt
suspended in water and used in liquid form as a stabilizing
agent in earth blocks.

19. Fly ashThe small-ett size particle 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. HydrometerA scientific device which, floating in a
liquid, is calibrated to determine the specific gravity zf the
liquid.
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22. impermeableThe ability of a soil material to restrict
the flow or seepage of water to a negligible amount. ,-

23. Laterite; lateriticClay_ soils formed under_ tropical
climate conditions by the weathering of igneous rock. They
consist chiefly of stable clays and hydroxides of iron and alumi-
num:

24. LintelA small beam that is used to span across a
window opening to support the wall above the opening.

'INTEL

USE 3 PIECES 2"X 6" X 41-41 OVER
3-FOOT OPENINGS IN 6" AND 9°' WALLS.

USE 4 PIECES OF THIS SIZE OVER 3

FOOT OPENINGS IN 12" AND 15" WALLS.

DOOR OR WINDOW E

Figure 95. NVEN:d lintel.
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25. Liquid limitsr-That moisture content in percent of dry
soil weight at which the soil changes from a plastic to a liquid
state.

26. Mechanical analysisThe determination of- the grain
size distribution of a soil material. Also known as a sieve
analysis.

27. Moisture contentThe amount of water contained in
a soil material expressed as the weight of the water divided by
the weight of the dry soil material in percent.

28. MortarA plastic mix of sand, cement and possible
clay which is oQed to bond together building ',locks.

29. NoggingRough earth; brick; or concrete masonry used
to fill in the open spaces of a structural frame.

30. Optimum moisture contentThe moisture content for
a soil mix in which, for a given compactive effort; the densest
specimen is obtained:

31; OsiersA 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. PalletA small flat board that is used to carry a freshly
made building block.

33. ParallelThe idea of two lines or `planes
remain an equal distance apart. As a result, they

that always
never cross.

34: PermeableThe passage of water or other liquid
through a soil mass.

35. PerpendicularThe intersection of two lines. so that a
right angle or %° angle is formed between the lines.

36. Pise - de - terreThe French term for rammed earth.
37. PitchThe angle or slope of a roof, usually expressed

as a ratio of the vertica: rise to the horil,ontal 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 limitThat moisture content in percent of dry
soil weight at which the soil changes from a solid to a plastic
state.

_ 39. PlasticityThe ability of a moist soil to be deformed
and hold its shape. This indicates that the soil his cohesion
and contains clay particles.

40. Plasticity index The numerical difference .between the
liquid limit and the plastic limit.

41. PlatingA technique combining stabilized earth with
common rammed earth by/placing a thincement stabilized soil
mix against the outward side of the form .work (forming the
exterior wall face), the remain:Ier being compacted with an
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ordinary unstabilized soil mix: Plating techniquses may also he
used in the manufacture of earth blocks.

42. Poured adobeA mixture of clay. soil; and 1,Vater, of
a fairly moist consistency enabling it to be cast lietween form-
work and then left to dry. The process of casting may either
be carried out in one operation to full wall height; or in
successive operations by means of "climbing" form work. Rocks
are often embedded in the earth.

43. PozzolanA_ mixture of fine particles which, though
fan 3 cement in itself, will combine with lime to form a cement.

44. Paddled mixA mixture of soil with enough wat.- so
that a plastic mix which easily flows is formed, This is dis-
tinguished between a moist mix which has just enough water
to lubricate the particles.

45. _Rammed earth_ A mixture of sandy clay soil and
water of a slightly moist consistency enabling it to be com-
pacted between shuttering form monolithic walls or in molds
for making individual blocks. Ramming may be carried out
by either hand or machine tamping.

46. _RectangleA four sided figure whose opposite sides
are parallel. All four corners are. right a ig a. Opposite sides
are equal but adjacent side are not necessarLy equal:

47: ReinforcementA very strong material; usually steel
rod or wire; placed in compacted soil to increase the strength
of the structure.

4S. SamplingThe obtaining by digging or boring of ,a
representative amount of a natural soil in place. Also the
separation of a small quantity of representative material from
a larger quantity of loose soil material.

49. SandThe smallest sized portion of the coarse soil
materials. It is that portion of ,a soil material which passes the
U. S. Standard Sieve No. 10 but is retained on the U. S. Sieve
No: 200:

50: Shrinkage The /decrease in volume of a soil material
caused by evaporation of water.

51. Shrinkage L/titThat moisture content expressed in
percent of dry soil vkight below which a change in moisture
..ontent causes no c ange in volume of the soil mass.

52, SiftThe arger sized portion of the fine grain soil
particle usually d ined as the material passing a U, S. Standard
No. 200 Sieve do n to the minimum size of .005 millimeters.

53. Slur?). -ZA mixture with soil with enough water to make
a very soupy liquid that will easily pour.

54. Sod MouseHouses with walls and perhaps roofs con-
structed of Close matted sod cut into blocks. Usually laid in
the wall with grassy side down. Used extensively in early. days
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of me aevelopment of tne t7,reat reams area cu the unueu mates
of America.

55. Specific Gravity The ratio of the unit weight of a
given material to the unit weight of water.

56. StabilizationThe improvement of soil properties by
the addition of proven materials which will either cement the
soils; water proof the soil, or reduce volume changes.

57. Stabilizer A material such as portland cement, lime,
asphalt and many chemicals which will-stabilize a soil material.

58. StrengthThe ability of a material to resist applied
knees. The strength of soil mixes is normally considered the
strength in- shear stress and is expressed in pounds per square
or kilograms per square centimeter.

59. StuddingStructural members such as wooden planks
or poles which are set vertically in a wall to support the weight
of the roof.

60. TapiaA form of adobe used in parts of Africa and
Trinidad using a strong fibrous grass, often sporobotus indicus;
cut into short lengths as a mechanical binder.

61. eroniA form of construction similar to adobe brick
and "soddys" in its application in which a sod block is cut in
its natural bed in marsh lands and, after sun curing; is laid
up on a wall.

62. TorchisA mixture consisting of clay soil and cow
hair, used for building daub wails. (French.)

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 rats. Ttibalis are laid with
their wide base downward in a bed of mortar, three, four or
more abreast, Consecutive courses arc placed with their bases
interlocking between the pointed top of the lower course.
Tuba li wills are built with a taper.

64. VigaaPoles used as rafters for earth roof construction.
65. Wattle and daubA woven frame of small branches

which is smeared or daubed with plastic earthi the operation
being continued until all construction cracks are filled.

a
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Since_1961 when the Peace Oorps was creattd; more than 80,000 U.S. citizens have served,
as Volunteers in developing countries, living and working among the people of the_Third
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