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.. Chapter 1 | _ .
" "INTRODUCTION :

LA

Probablv one of, Lh@ first lmm(\ man hverd (0 after he came

[

out of a cave, was nmd( of carth. To bessure, the carliest known
kinds ol carth construction were sery crude by owr standards
today.  Primitive man “id ditde more than stick muad on ‘poles
woven closely together, Buo even with this he found sheleer
that was better than ansthing clse he had except his cave, “He
also had the advanrage of bemg able to move around,  He could
five whergver he wanted 1o,
-

Gradually, he Jearned that some kinds of mud made betren
houses than others,  And some of the best ones lasted his whole
- hifetime,

Todav, there are plenty ol carth dwellings momany parts
of the world that arc-venturies old. Man discovered that the
earth homes that have lasted best were in"arcus where not much
rain falls. A wet chimate s the worst enemyg of an carth house.

o bodave wuth the adhances made in the science of soil

mechanies, what soils will do under many dilferent conditions
can he pn'(li(‘tc?l and controlled. Tt as possible, even with hetke
skill, today to build beautful, inexpensive and durable homes
using the oldest construction material known, the carth around
s, V o —

Strangelyv enough, 1t s the saentific road huilders who
have learned most about the wav many Kinds of sotl will behave
under a wide variety of conditions. These scientists know, for
example, how to take sotls that for centuries were considered
u's;"lcss for anvthing and. by combining them with materials
~called stabilizers, make them into mixtures that arve excellent,
ton carth construction. '

As In maost \illlp()l‘[;ll"ll‘ discoveries, this new knowledge, much
sol. it dearned stnce World War 11 was found by work done in
lahoratories by highly tramed technical men. It now remains
t‘3 make these new techniques axanlablg to the people who need
them most and can use them to.their advantage:  the many
people in the world who nee(l good, lasting homes and who
cannot afford to spend a lot of money to buy them, or who
do not have access to modcrn manufactured materials.. “"Earth

is everywhere. . . b
va - -4

. One of the great aims of the Agency for International
Development is to help fulfill this need. Under its Self-Help
Pr()gmm which the AID feels gives the most help while allow-

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

This small book tries to take the newest techniques de-
veloped in modern sail mechanics and put them into simple
8
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terms so that almost anvone, anywhere. can have the bénefit

of the great amount of work that has I)c-cn done by the scicmists".‘-‘

The AID authorized and paid for a research project by thc

Texas A&M Rescarch Foundation, at College Station, Texas, tcr

I, gather and”soudy all d\.lllll)lt mformation on l)ml(img'

homes with (unlh

)

2 do new rescarch i oareas where not enough was known
about what can be done with ecarth. and

3. bring this mformation together and  present it in a-

form most useful for most people.

:

Information came from many countrics and from all kinds
of sources. . "These included books, articles, technical reports and
cven newspapers. More than 300 such sources were studied.
In addition, soil engincers at Texas ALM University worked in
their own laboratorics and made tests of the materials they had
and added the "knowicdgc thev developed themselves,

This manual (ries to present its information in the silnl,{lcst
Wiy %»ssilylc. Because many things vary greatly even i one
count
have all that infornition apply to the place he hives,

The many Kinds of climate that exist all over the world,
plm the much greater number of kinds of sols that ave found,
make the problem of expliimimg juse how 1o build o house
difficult. For example, i the State of Texas, alone, what would
be best to do e the eastern part would not be ac all the same
in the western part of the state. What would be fine i parts
of the Rio Grande Vialley and the Texas Gulf Codst in the
south part would not be best i the Panhindle in the north.

S@. this manual describes broadly the Kinds of soil thar are

found 1 various parts of the world cand tells what can he

expected of them. WIe then tells what s best to do with each
ol them, alone or i combmation with others. to make them
good enough 1o use or make them better with the use of
stabilizers.  And then it explaing which of the three general
kinds of earth construction is best for use with the kinds of
soil available. It also describes simple tests anvone can perform
that tell the builder how well he is succeeding in what he is

trying to do. o

After Chdptem on pl(kmg out places to build. how to: make
a good foundation for any kind of house. and how ‘to build a
roof, the manual has separate chapters on adobe, rammed earth
and pressed block construction. '

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

1to1s mmpossible toosay all things o one person and

. 4?@@"63 .



(:Hubt(:% carcfully before deciding how best to sobve his own
problem. ‘

5

As dn any crafts the good workman has “the feel™ of his
job belore he tries to ge too far with it -

This manual, it is hoped, will gisve him that “feel ™

Ty;;es of Earth Houses

There are three matn tvpes of carth houses that the builder

can select: . -2
. Adobe. ‘ . . ° -
9 Rammed carth, - ' .o
’ 3.0 Pressed o mii’z‘!‘rm‘:«rig;?k ley Dlocks, .

Two other methods that can be ased are Seob™ and wattle

and dauD) but usually these do not make the best houses.

ADOBE BTOCKN— Vills mude from addobie Blocks are prob-
ablv the most popular and one of the oldest torms of carth
housing.  Adobe blocks are made by Flacing a0 wer mud
boxes called “forms”  The' forms are removed a short time
after the blocks e made and the adobe blocks are allowed o

div (or cure) for about w month before they are used to build

a owall, The blocks are held wogether in the wall with
o mortar” whtch can be the same nuad used

Biocks. .

o
tor making  the
¥ « o ('-Ciq}g \ & * . ‘
Fhie muainy adVantige adabe has over theothier methods s

that it is the siplest method s amd o satstactory dwelling can
. . e, . P . .

he buthe with the least amount ol constructon skt " Do

vight, and vou can have strong walls that are relatvels free
from cracks. You can also make all of theshlock® o vomr spare

tnre and store them anal vou are’ ready o use them,

, _ : L ,
Figure [. This  lLivable I‘mm,c-,‘i: built by Leon Wason and
Associates, in .‘\;Lhuqucrql.xe.‘ qu Mexico, demonstrates the
quality and natural beaury of adobe architecture of the South.
western United States. ‘ ) ’

.

i
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v Adobe has several disadvantages. - Adobe-blecks are likely
to be “rough looking™ and Chip casilv.  Adebe 1s usually not
sutted to chimates that bave more than 25-30 inches of ramnfall
d4oyear. '

Walls made frome adobe blocks are usually as attractive or
more sor than ramned  ecacth” but like rammed earth. adobe

otten requives surfacing for a good appearvance.  Adobe walls- -
o oprobably requird tess work than do orammed earth walls. “The
Cattractive house shown o Figure < is.an adobe house covered
. . .
i.\ﬂ-r"h SLUGe
/ L e
A

o, WAMMED FARTH {hii’anlﬁuhmi, continuous walls are
I)uil! by rammming motst sotl ito position between heavy wooden
lm'ms.‘, When a short section ol wall s completed. the forms .

Care moved upwards or sidewins and  the process 1s r(j)ifllt&(l .
until-the walls are complered.  The mamming may be done with
cither hand ov prnewmatic tampers, but cither wav-the soil has
to be rammed unttl 10 becomes dense Tand  extremely firm.
Pncumatic l;nnp(‘r.{ require more skitl tor soaccessful use than

do hand tompers. - : I

T %

A well made rammed cartho wall is one of the most durable
ccarth walls that can be wade, Some have fasted™ fov centunies.
Coskilled fabor can do the tamming i

W

Ramaned carth has the following disadyantages:

oo s o casy 1o doowell '

2o The heavs wooden forms take time. money and some
skill to buld.

b
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Ranmined carth construction rcql.lirc's the most careful selec-
tion of the soil type. or the walls will shrink and crack after

they dry. ' g

; The amount of water used in” the sotl during the rantming

must be carefully controlled to get proper vamming of the soil.

It (*u:rcl'ul!)' done, the finishedywall mav look well without
any coating.  But. it is common practice té stucco or paint, the
finished wall o produce a pleasing finish.  Bonding of 'stircco
or“paint to the wall may present a problem if special surlace

: ; : ' S
I.)]'(;’l,)kl!:}lll()ll Is not carried out,

A rammed ecarth house is shown in Figure 2 ‘

MACHINE-MADE OR PRESSEIT EARTH B1LOCKS—Re-
cently, several simple and mexpensive machines have been made.
for pressing soil nity bricks or blocks.  "These earth blocks have
many advantages.  They have approximately the strergth and
durabitity “of  rammed: carth.  Some blocks which have had
stabilizers (ov chemicals) added to them are nearly ag satistac-
tory as burnt brick, lumber, or certain other building materials.
‘At the same time, walls tan he bhuilt as ~casily as adobe block
walls)  The pressed blocks dry and shrink in the sun before

they are laid so that walls essentially crack free, can be built

even with soils that shrink a littde, .

Walls made of ;:)rvssul blocks have a very plensi‘_;ng appeatr-
ange  (Figure 3) and it s not necessary to use surlace cba(ings
Cas long as the right sotls are used., It nevertheless must be
remembered that much hard work is required for handling "and
mixing the sotl and transporting the finished blocks.

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

i
/
/




b o The next o two methods are not recommended for a house

Lo ae - “p-l‘;ts‘(c‘r" whichi is :1}’)})“01 to- both sides of the frame-
i \\()N\ Another wav is to make a double wall ofgpoles and reeds

. ;\\.Hl[(‘\.lll(l daub hull\L ‘ _
s , . - . g &
1 Shrinkage ‘('r;u'kw often occur in wuw ol this tyvpe, and
o constant maintenance. is lkelv to be nucssg}r' For sick pecople,
"""""""" and- some elderly people, this amethod u[% construction is not

T —— i . .

‘ ])!d{[i{d[ hunm ﬁ*~4vriLLm£‘i daub houscel might weed repairs
—when they Can feast afford o (l"i‘f ‘H\Ll manv cases this 1s ' a

. .

disadvantage, ot lhc uter mcllm(ls already mmm"omiLL\

species of wood are not available. :
: COB—In the cob method  of Lﬁ()ns(ruct\icm. stiff  mud iy
molded im‘(‘f halls somewhat Luocx than a pe'\.

bulls arve Lhcn lului up in. thick lavers to tmnb the wall directh
without the use of any kind of forms.  The mml must be stiff
“enough so that it will not Have a [cn(lcn(“ 1) slump.. It some.
slumping or spreading does occur, the mud s ﬁ)ut back 'in I)]d(L
with a ‘tf“()w'él or else the excess mud s sluc\ ()ff and placed
on top. The wall must he ¢onstructed slowly 5(3 that cach, laver
has 4 chance 1o h;mlcn befme mo]e,mud is stacked . on top
of 1. Workers usu‘xlf\ smml or sit astride [T]F walls so that
suth)ldmg is not needed, 0 I

The (,)nly advantages that cob houses h;'n'cib are that they
: v to build and - need very little construction equipment,
However. shunkagc cracks can llblld“\ be expccted and they
mave bc serious. : o

‘Figﬁre 4. . The right half of ;h_is residence in Greece shows
wattle in place. Daub will follow.

. L . w
\ ‘ \()u want to o last @ fong time
\ o WATTLE AND DAUB=1InT this ‘method, a vertical frame:
z\, Cowork of Cposts and poles s st constructed. CThen reeds,
I - branches, cteare woven among. the poles 1o forma base for

C o and QM (he spacel between with mud also.  Figure | shows a

The method is nol \U\ pm([lml 11 d\td\ nhcxc (]llldl‘)l('\

son'’s head.  These

T

—
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e ;,,/f”’of thcm will ‘be good on]y in dry climates. Man)ﬂmSOllS ‘can be |

. ‘made more suitable with ° ‘stabilizers,” subsl‘:ances that hold" ‘them
.Mtoget'her or make them' water resnstaut " The \drl()ub kinds of . |
~soils, how totell them apart, and how to find out what they ™

-and it can be any type of rock—granite, limestone, marble, etc. __
 If,it fals apart or even gets soft after being under water for
~ "4 hours it is not gravel

\Gt “all @011% can be USLd successfully fOt earth houses A‘ :
few*"‘of them will be good in nearly any type of {hmate Some -

wﬂ] (lo will be dlscussed in thts chapter.

Kmdsf of Sonls

Broadly- speakmg, there/are five l\mds
sands, silts, clays, and prganic. soils.

" : e

f soxls gravelﬁ‘s._‘ |

Gravel consists of coarse pieces of rock mrymg in size from
across to 3”. (Anythu/tg larger - than $ inches® is called a
boulder) Gravel can be any shape—round , flat or angjlar—

Gravel is found in the beds of fast- flowmg streams, in t
axeas once covered by gldmers and around mountatﬁs o A

éand consists of fme grams of various rocks mostl) quartz, o
It varies in size from 14 inch to’ about the smallest grain you
can’see with the naked e)e Separate grains too small to see

“are either silt or clay. ;

" Sand is fot”nd in theé beds of most streams. except slowly

flowmg ones, on beaches deserts and in areas once covered by
glaciers. o :

 Silt is rock ground up so fine you cannot see individual
grains with the naked eye. Silt will tend to hold together when

wet and compressed. Too much water 1nay make it spoug-v‘ e

but hard when dry. Separate grains are too fine to

v;ettmg while others will not.

‘but it does not get very stxckt

Silt, ma’yhb‘e found nearly any place: in the deposits' of

slowly flowing streams, in the “milky” colored streams coming -
from glac1ers Or ‘mountains or where dust ‘blown: b) winds has
'settred :

Clay is a natural, earthy materta] that is S[lCl\) when wet

with the unaided eye. There are many dtfferent kinds of - clziy,
some of them will shrmk and swell greatl) wnth dr\mg and

(Ia\s can be found in the valleys where slow monng streams.

and rivers flow, in coastal plams in the fan- shaped deposlts at
zthe bottoms of mountains.

()rgnm( soils have a spongv or stringy appearance. The

' orgamc matter may. be fibrous, rotted or partially rotted vege-
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‘gation, such as peat: Organic soils are wrv spongy. when mogsr'

and. have an -odor of ‘wet, decavmg WQ()(I In nd(ur( they wajl

nearly always contain a lot. of water. Th@v ar€ (*larl\ cuﬁoled' '
- I

mngmg from light brown to bkack - e

()rgamc sm]s are usually~ found wher water has beén
standing for long periods, for ex‘amplea in Wamp argas. Ihé -~
(larl\ colored upsml found in many areas"*o\ws "m color 'to

organic matter. . . c e A

; i e | L .

2 ¢ The five types of smls are scldo‘;@)ugd sepa_;'ﬁ"tel% Inggead, -
you will find mixtures of them, such as a mixtire of,sand and
silt. or silt and clay, and, so forth. By 'C()t‘lﬂ}:ifling the names = ¢
of. different sqil l\pes vou_ can describe Mmost of the pmputxeb
of a soil nu re. gkor ex‘unple, a. soil wnﬁl m&tlv sandgand
a little silt wolke called a “silty Sand.’ - Tbst is mostly silt
with a smdﬁ amount of sand. it woklfd be a “sandy silt,” Some

~common examples are: sandy clay, cla\e\ gla\el silty clay,,
san(lv gra\el elc -j . \ .-

= - e 2 - I

at Types of: Soil Is (sf for Earth Houses . »

e

=}

~
—

- The"type of earth house you build, or “whefher you bunld
an earth house at alf, will be affected bv lhe type g()f sull d\all

dblt’ and by the clmmte SRR L L b ~ : ' &

] i

-1
\

&.mvela by themsel\esmxe n()g very good for €arth - houses
* bécatise the particles will not pack down and- hold logethex
s Gravelly seils can be wsed ., if the rocks are not too laxge and
if there is some[hmg to hold the roéks together such as a ligtle

clay. (ld)e) gra\e]s often work’ out weli.
o

& Sands aTc about the same -as gra\els Since they will not
hold together by themselves, something else such as clay must

_ be, added. In furt some sandy clays and clayey sanda nﬁ?ke the
besl earth houses. In the absence of good clay to mix with the °
sand. portlard cement makes an excellent stabilizer. '

Silts by 'themsel\r‘es.‘)a»re not good for walls of earth houses.
Although thev will holdatogether, they are not very strong soils. -
They are difficult to compact and should not be used for
ramimed earth, or pressed block walls. Silts also lose strength
and become soft when they get wet. In wet, fréezing weather
they Swell and lose their strength.

/

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

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

v

10
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A f,gw k,ul ds -of aclays )qu th(: red iron- an(l alummum- -
bé&rmg ‘clay® found ‘in the tm;pxcs ’(sumetlmes 1&11(3(1 lalelucs)

Care yery stablel clays.” It is common })Td(ll((’:‘ in these, areas, 10

cut blocks 7o ’a (3‘“ rxght oilt t,%g the gground and staek them up -
"4 .make earth malh ‘rExpeneﬁce of one’s nexghb@rs with (hlS “
metho(l will ﬂtell uhuht’r it is smLable 1n \our area.

~
..‘ R
) Man} othe\ dw c;m he made q%)umb]c \\uh stabilizers.
One of Lhe best stabilizers for Lclay ds hime: ‘Iherc are some 2
wlavs that %hou.d neveg be used in earth hauses. They just ~".

®

will not”last, g ‘/ -

PR g oy ° ’ 2-
@rgam(f gm?s cannor, be. used to mike a goo(l eax[h wall”
For one. thmg “thed- are oo sp(mgy Soil that eontains decomy
pusmg plant. Jife (L)mlpucs to (lecomrmgumxéd thus will never
“set” right or lpld togctﬁ?hu gver a ](mg peviod of fime. A good
rale to folLou ,»'Si this=~if the %ail’ 8 good for grm\mg thm
it will not- be: good T(ﬁ’ bulldmgf D :

Remcmbex that the. best nagmal sc’)ll you can use f?)r makm
“earth walls is a mndy ‘#Hay or a cuwy sands® If You happen o,
“have such”a soil, you h;i\e as good a natural bmld?ng iaterial
as can be found. Without the addition of an»@ung mofre than °°°
water, some km(is of sandy d‘lv% or clavcv sdmﬂls can Qe made

into walls that will last a lsfetime—or even luﬁgcx &-%, S

\ﬁb

= 4

If you do not have- this “kind ofgsoil, \'ou might be*ahle to
make it. If vou happcn o have maostly sand, maybes V&G can
“find Some clay 6 mix withait, or if you have clay, . vou might

find sand o mix with it ¥ e

WHERE TO 1OOK—Often you will find a situation like——
this:  beneath the organic topsoil, you will find a layer of sand,
Below this s ()tten found a layer of clay. By mixing the sand
and .clay mgethe you might make a good sandy clav. Also,
remember that on .the top of rolling hills (not mountains) or
ridges you are . more lxl\c?\ .to find clays, and sands will be most
mn\.mon at [he l)otmm l’ml)al)ly just what vou need, a mixture
of both, ‘can be discovered somewhere 'l)et\'veen.

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

If the only material vou can find is 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.

a

11 . : ‘
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Lf your material has too much clay in it, and not enough
sand is available, the only thmg to do is add stabilizers.

A “ !

Ii‘,yuur soil 15 very sandy, with only 4 lu;le clay in it, you
will not be able to build any type of earth house withput
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 carth.e

Probably the most difficult &ype of house to select a soil for
is ‘rammed earth. “If the 501[ has a little too much clay in it
this will (“fmse shlmk’mg and cracking of the - ran&lqd “earth
walls when thcy dry. If it has-a little too much sand in it,
the walls nugh( not hold up even during constriction beca,usc

the shocks from amxmng might cause ft to crumble. If you

~do find "a soil that will be good for rammed earth, it will also,

be good: dor ptesscd blo¢ks or adobe. “Then,” you can choose

the type of consiruction you- wa#t based‘?on whlch ‘method seems

|

Q-
“to be éasiest for you angl, gnfes fhe best Jookx,xlg house. " +

~
&

T m‘

\o matter what kind of sml y0u~ have, it is well to: bear

satisfactory the building will be, and the easier it will be to
build well, ‘ v
< ‘ ’ )

In arcas where weather is subject to big changes in the
course of a year, such as hot weather followed by freezes, which
occur in much of the Temperate Zones, or areas that have
definite wet and dry seasohs such as are common in the Tropic

Zone, only the very best soils can be used without stabilizers.

[

) All this does not mean, however, that good earth -houses
cannot be built in wet climates or where great changes in
temperature occur; it just means that under these conditions,
more care must be used in choosing the “raw materials” and
greater attention must be given to the use ofstabilizérs and
surface coatmgs :

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

You: will probably want your séil to come from a place
as close as apossmle to your house.

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

1. A dirt auger to drill holes in the ground is ideal. Post
hgle diggers are also good, especially if you do not plan to go
very deep.
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“in. mind that the drier the elimate year around, the more




) ‘Figurc 5. Tools for soil selection and sa

]

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. ' v '

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

4. . Shovels. 1f 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. -

L

7. A ball of twine.

8. A 6-ft. ruler.

9. Paper and pencils. C 5
10. Omne or more large pieces of canvas about (6'x6") for

soil samples.

The .depth to which you are going to examine your soil
will' depend a lot on how you are going to dig the soil for
your house later. If you are going to dig by hand, you probably
will not warft to dig more than 3 to 5 feet deep. If your soil
will be dug by machine, you will want to examine the soil as
deep as the machine will dig, perhaps 8, 10 or more feet deep.

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

13
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Figure 6. e

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 changmg soil types is to use the simple tests described
in -the next section. These tests requ1re no equipment and can
be done as you dig the soil."

v

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

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

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

copiles, such as all the saud samples logether and all® the clay
samples: [(w‘(;j!ﬁ('i: Alter making some quick tests, vou  may
decidé that a mixture of what vou have should work out well,
Sinee vou have saved abl of the soil from the holes, vou might
Cfind vou have thé vight mixwure simply by mixing - the - sand
and clay .into, _one pi}c:." Butr at the beuumng s¢ parate all the
different kinds {irst until You are sure of what vol hive.

\\ hen vour are swisticd thae von have examined an Carea

mmplcwl\ put cach’ ®il ype in separate, bags.  Label each
bd}j with the hote (D holesy and-the depth that {t cawe from.

Jh\.m‘ hdL{‘s of soil will be used for Yhe tests thit will decide
thc l\pg of soil vou h n(*“ami the ty{pc of P‘mrnsc vou should build.

/ i How fo Idenhfy Soils

soil you hd\C r Do all of them on all vour samples. Be sure
that the amplc that }(l\l.LLb(,dtLlll‘l[Ql} represent  the soils
you will use, in building. ‘ '

If you are testing sands (H"‘VE,I”J\GIS, first dry the soil by

: hccumg or splm(hng a sample in the sun.  Make it into a cones
shaped pile, and mctull\ divide it into fowr equal sampl(s as

shown in }\igur‘c 7. . Combine’ two opposite portions® into one_
sample and set .m(lc the' other two. You-should end up- with

~about a 5hoxclful of soil. If there is too much soil after one

such, separation, repeat the process of dnldmg and dlscdldmg
until a suitable snc soil sample remains. ‘

L : N . - - R ' S o
combine the same LYpgs o separate

Here are some sxmplc tests that will tedl vou what kind of -

o



some xmportdnt thmgs about it. First spread the dried soil
out in a thin layer on a flat surface. Then roughly separate
/the sand and gravel sizes by hand.

’

Do this by putting all of the particles from the largest
down to the smallest that you can see with the unaided eye
in one pile. This will be the sands and gravels. What is left
(normally this will be very fihe powder-like materials) will be
the silts and clays. If the silt and clay pile is larger than the
sand-gravel pile, call the soil silt-clay for now and remember
this. 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 14” (gravels) in-one pile apd all of the =

smaller particles (sands) in another pile. “The soil is gravelly
‘if the gravel pile is biggest and sandy if the sand pile is biggest.
_ Remember which it is.

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

Take a small handful of the entire sample (not. just the
sand and gravel), get it moist but not soupy, squeeze it
“into-a ball, and let it dry in sun. If it falls apirt as it
dries, call it “clean.” Clean sands and gravels are not

suitable for earth houses unless they are leCd@Wl[h other

matﬂrlals

Here is what you do if you have a silt-clay soil or-a sand or
grdvel 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
descrlbed below should be made with thxs fine material.

" WET SHAKING TESTS—Take enough of the: soil to form
a ball the size of a small hen’s egg and moisten it with water,
The ball should have just enough water in it so that it will

e .

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 followmg are terms used in describing the speed. of
the above reaction (See Figure 8):

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

16
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so the surface looks dull.  Opening the hand quicklv should
accomplish the same result. (3()1‘i'ii')hn’gdy pressure  causes the
sample o crack and finally crgmble.  This type of rdaction is
tyvpical of very fine sands and coarse silts. Even a little bit of
“olay will keep (1 veaction frome being rapid. / \

Q2. .\v/uggi‘s’h (or Slow ) Reaction—When it takes 20 to 30 taps
t bring the water to the surface, you have a sluggish veaction.

Figu;e 8a. Rapid reaction to the shaking test/'

17 /
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Figure 8b. Sluggish reaction to the shaking test.

. ) ,;\""'.v Y
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. Very Slow or No Reaction—Some soils will not show
anv reaction to the shaking test,\no matter how long you shake
them. The longer it takes to show a reaction, the more clay

Ao
I S
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o Figure 9. The thread test: )

get continually smaller. (Séf; Figure 9.) If'it breaks before you
roll it out to a 14” diameter thread, it is too dry and you need
to add some more 'water to it. When the soil is at the right
moisture content, the thread will begin to crumble into several
small pieces just when you get it to a diameter of 14”7. If the
thread does not crumble and break at 14”, lump iy together
again, knead it into one lump, and repeat the rolling process
, I
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the soil conthing. ¢ These soils will regmire the other  tests

~described . below before vou can tell much about thom.

TI*IR‘FA,I) TEST-=Yo w lump of soil abour the size of an

o

olive, mix just cnough water so the Tump can be casilv molded

in vour hands, hut is not sticky, Next, onoa flat clean surface

roll out the soil into a thread, Usc the pabm of vour hand or

fingoers ;nu;d exert just enough pressute to make the soil thread
|
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Figure 8c. A soil that did not react to the shaking tes
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‘ 4'unul the thread crumblq& :u %" dmmmm {The thread. wil
L 'evcntually ‘crumble b(:cau@\h drws a;s you keep rolifng it mﬂ)

s

. As soon as the thréad cmmblcs ﬂt*hﬂﬂd the ump%c intp
- a ball and see how much pressurc it ta&m to squcfcm' !hc h:l“ '
between. )our thumb and fomfmgcr ,

e ‘This test gives an idea of how much clay is in a mﬂ an«d
~ 74 also-what ‘type of clay*it is. If the soil crumbles casily and
o ? qu cannot roll the soil into a thread at any Mmoisture content,
T ‘,\ﬂ means that the il does not have any clay in it. Here ate
: ‘some of the other, uacuons you =an expect: : °

“1. 'Iough T hread——lf the remolded ball can b-c deformed
2 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 bc good for earth walls unless you use a stabthtcr - ,

e U Medium Strength Tiiread—This kind of ‘soil" an’ be
. j;remolded into a ball, but when the ball is squeczed between the
- fingers, it will crack and easily crumble. This soil may be good -
- but may reqmre some stabnlxzauon for certain arcas. Check
L Table 1-to0 be sure. o

L8 Weak Thaead—-thn the sml has a Jot of silt or sand .

- and very little cl&y, you’ ‘will find that the threads ‘cannot be

 “lumped together ‘i a7 ‘ball ‘without completely breaking up or

.. crumbling. . Thls sml may be good for earth waus chcck Table

N ,il to be sure. s

T A, Soft; Spongy*Thread-—Sometunes you will. fmd that,. thg

:,‘threads an(f the ballithat .you make with them will be spongy
“and soft.”” You. can squeeze the ball between your fingers, but =

it acts- lxke a sponge al“{d bounces back. ‘When this happens, the
~..so‘xl is organic and it'sinot suitable for' butldmg earth ‘houses.

 RIBBON. TEST—This test. gu’ﬁes about the same kind of - |
o mformatlon that the thread test nges It helps to do both tests.
: ?'One checks olit the other. =

" Take enough s0il to form a roll“abou“ ' the_gﬁe of a c1gar
The roll should not be sucky, but’ wet enough to} permtt being '
“rolled into @ %" djametér thread ‘without Erumbhng. as’ in the
- thread. test. Put the roll in the palm of your hand, and, starting
* . at one end, flatten the roll. by squéezing -it bctwéen the thumb”
;:"fand forefmger to form-a- l‘lbel’l between- 14* : hnd 14" thick, -
" (See Figure W) Handle- the soil very carefully to form the -
* " maximum' length- of fibbon that the soil will support. - See how
,f:long the ribbon- w1ll ‘hold . together w1thout breakmg The
77_1‘reactlons you, can expect are descrtbed below

S 1. Long szbons—Wxth 'some “soils the rlbbon w1ll hold
togetheff* r a length of 8 to 10 inches W1thout breakmg ‘This. W
. means thatsthe soil has a lot of clay in it. Soils of this type S
L 111 vmake flong-lastmg earth ‘walls only 1f they are: stabilized.

2, Short Ribbons—If you can—with some difficult ’—rlbbon R
,the soﬂ into" short lengths of about 2 Lo 4 mches the*soxl has

.......
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i ; ~ Figure 10. The ribbon test. . '?‘
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a medium to small amount of clay in it, It will be about the

same as the soils that give a medium or weak thread in thef“’
This soil will make good walls m many cases but

thread test.

to be sure check Table 1.

3. Will Not Ribbhon—Some soils cannot
ribbons at all.

small -amount of clay or none at all.

, 22

This means that they’ contain either

be formed

into
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Such soils thh a. lmle




clay may make good rammed earth \\d”S If the soil is all sand
. it is not suitable unless stabilized hG:L\llV with portland cement;
®0 be sure, check Table 1.

"DRY STRENGTIH TEST—This is another simple test that
“will help vou determine how much clay vou have in the soil.
Prepare (wo or three wet pats of the soil about lu thick and
I” 1027 wide.  Use 'enough water to make the soil quite soft
- but still strong enough (o h()l(l its shapc when vour form it into
Imls Then allow the pits » dry. in the sun or in an oxven
Suntil the yoare (ln d” the ‘way [hmugh Break the soil pat and
then vy to powder it between your thumb and forefinger.

Here is what you are l(mkmg for:

Lo dligh Dry Strength—If the snnplc has hlqh dry strength ™77 7
it-will” be very difficult to break. "When it does break ‘it will,
; shap. sharply, like a crisp cookie.  You will net be able to
E— powder-—the soibbetweern your—thrumb-zmd- forefinger—You may
be able to crumble it a bit with your fingers, but don't confuse
this with powdering the SOM.. Soils with this reaction have a
ot of clay in them, and they will be satisfactory only if
stabilized, b .

o . -
L 2. Medium Dry Strength—When a soil has a mediom dry
strength, it will mot 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 s good bhut may- require a stabilizer’ to reduce shrinkage;”
(huk Table |, N

e S CLoW Dy Stiength=A pat with’ \cn Heele clay will: break
without any trouble. It will powder casily. Pats of very sandy
soils will crumble in your hand before you have a chance to
’pmwlc“thun Before a tinal decision .on the use of this <011
thc(k .lh'it ' ' .

~ The lmn tests (lecnbcd ‘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 4150 ald you.
Use them if you need to.” T'hey are given below,

ODOR TEST—Organic soils have a musty odor, especially
when freshly dug. You get the same odor for dry organic soils
by wetting and then hcaung xhcm Don’t use these soils in,
earth walls. o oo e o

BITE TESTS—This is a quick and useful way of idenﬁfying
sand, silt, or clay. Take a small pmch of the soil and grind it
" lightly betwéen your teeth. Identify the soils as follows:

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

2. Silty Soils—Silt grains are much smaller than sand
particles and although they will ‘still grate -between the teeth,
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they are not particularly objectionable. Tht’\;ful a lot smoolhu
than sands. . o

3. Clavey Soils—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
7in it will tend to stick when hghtl\' t()mhed to your t()nguc

SHL\I‘ TEST—Take a pat of either (h\ or moist soil and
rub it with your fingernail or the flat side of a 'knife blade.
1f the spil contains silt or sand—even with the remainder being
vlay—the surtace will remain dull. A soil that has a lot of clav
in it will become quite shiny.

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

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

After you have done all of the tests given above and have
" alecided what the reactions to them are, you are ready to use
Table 1~ It will tell you exactly what l\md of soil you have
,dnd what kind of house you can build with" vour soil,

Here is the way to use Table 1; buppose you found that
your soil was a gravelly soil. This means . that' the sand - -and

_.,,A_‘:.A_g_la\e]_vp*]est{_eg;(&h@g“g;% Jlarger than the silt-clay nl]P and the

gravel pile was larger than the sand ‘pile. Use the gravel chart
--in Table I—this is for the gravels. Suppose the tests you did
on the part that passed the fly screen showed your soil reacted
rapidly to the shaking test, had weak soil threads and very low
dry strength., Then yvour 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-
“ilig to the standards of a soils engmeex But once you have
performed them a few times and “get the feel” of your soil
they will give vou the information you need.

However, in order that you might know what a soils
engineer 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 vourself or have someone do them

for vou, tables—similar to Table I—can be used to determine

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

with it. The tests are described in detail in Appendix A.
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. \ ’
1. Gradation tests will tell you inore exactly about-the size
of soil particles. There are two techniques of doing this, a el
simple method which uses little equipsient, and a more com-,-

plicated method involving special equipment.

Y

2. Lineal slmnkage 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. Attexberg limits give you inuch -the same 1nformat10ni
that the lineal shrinkage test does, but more accurately.

a

Tests on Blocks »

The simple f'geld tests you have done tell you much more ?
=  than you knew about ybur soil before. "But these tests alone
" can’t tell you everything you need to' know about your soil.
For this you must do some more, tests. These tests will require
)ou to make some actual blocks of the ‘type of construction
1ecommende(1 for your soil in Table 1. It takes about a month
3 10 make, cure and test the samp]es but it is worthwhlfe Your
e house. well made, wi]l last a lifetime.

It is best to use actiial 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 sail for these blocks.

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

, 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 evaluzmbn tests) and test them ]ust to make sure

they act like the smaller blocks. v
Here is what }cfcr do for the different types- of earth con-
struction. ; .

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

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

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

PR
If vou 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 blocks. Mix the soil and
stabilizers together until you get a uniform color. Mixing is
very important; so, do it well,

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

. i N

Place your wet soil mix in a form box. Figure 11-sshows
a form box for small samples that has enough space for eight
blocks, 6x8x2 inches.

You can be sure the forms are properiv filled by working
the mud around a bit with vour hands until there are no more

air pockets. Scrape the excess mixture from the top of the form
#ith a board or the edge of vour shovel.
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Let the form set about fifteen minures so that it can be
lifted off the blocks without the blocks losing their shape very
much.  If the blocks stump P . vou have added too much
water and vouTshould hegin again.

After a few duvs. i the blocks on edge and ler them cure.
Lot wnsrabilized hlogks cure i the sun forv four weeks.

I the test blocks contain a stabilizer. the “Zh()l;’l](] he
sprinkled for at least the first week. or else kept fully u)\mul
to Keep them mowst. Blocks slmul(l he pmluud from  rains
with anvthing that will keep the water off them, At all times.
héwever. (111 should be able 1o get to them.,

\\!nlc the blocks are cuving. if “large. open cracks appear,
vou cantell without waiting for four weeks that they contain
“too much clayv. - Full size adobe blocks should ngt have morve
than 2 or 3 narrow cracks and these should not go completely
through the block.  The small 6x3x2-inch blocks should not
have anv cracks at all. I the blocks can be crinmbled @;i‘s?il_\;
after a week or so. the soil is too sandy. ;

When the adobe blocks ave fullv curved they are veady to
he tested. ‘ ’

PRESSED . BILOCKS AND RAMMED FARTH—One ol the
difterences hetween making adobe block and  pressed block” o1
rammed éarth lies in the amount of water usad in prcpzn'ing the
soil. - Adobe. we will-call “wet™: the others should only bes
“moist.” U s dmportant to get the right amount of moisture
in the soil. Proper and complete mixing is also essentials

[ To check the moisture content take a handful of moist

Eguil ‘and make a hall with vour hands about the size of a small ;
(i’range. Press it*together as firmly as vou can. Then drop it !
onto a hard surface from shoulder height. If %t shatters into

_ pieces so that it is about the way it was before you molded it,

" the “moisture content is’ right. If it breaks into a few large .~
pieces or flattens out. it is too wet. If it is difficult to press
into-a ball that holds together, or if you can crumble it easily
between vour fingers. it is too dry. This test will apply whether

the §oll 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 necd a mold such as shown in
Pwme 12 and some means of- appl)mg pressure to compact the

~ soils. You should apply about 300 pounds for every square inch

9 of block surface so the molds will have to be able to withstand
a lot of pressure. Make ecach of té;\;e 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

i
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Figlire 12, Mold for pressed blocks.

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

Rammed Earth

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

with oil before using it.  Then make:za tamper for ramming
the carth. A simple tamper can be made by threading a heavy,
flat-faced piece of metal on to a picce of pipe. (See Figure 79a.) -

Fill the form (not including the collar) about 3; full of -
loose well mixed soil and ram it 50°times. Then put the same,
amount in the form again, and ragp it 30 times. You should
end up with a block—made up of 2 lavers—slightly more than
6 inches thick. Use a knife or flat piece of steel to smooth the
top of the block. Be sure that you ram each of the trial blocks
{he same way as all the others. : ?

3
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Remove the form trom all blocks except the last one made
and cure the blocks the same as adobe. The last block should (
be carctully cured in the form. If the soil shpinks away from R
the form as 1 dres, o will not be suttable for rammed carth. ‘

Q
S PESTS ONBLOCRKS—Alter all test blocks have cured for
at least four weeks, the test deseribed below can begin,m
. . o .
S ABSORPTION TENT=This test tells yon how fase vour
shlocks will soak up water and whether the water will, cause
them to swelbl, Ty should be done on every soil vou intend 1o

use i el walbls, vegavdless of the vpe of construction used.
Hovon hane several sdils available and are orvine 1o decide
which one to use, this test can help vor decide - r

A -

- 5]

Eqguipment wud supplies needed: o - -
L SR .

oo bwo of wesr seven blocks of cach sotl mixoure.

20 A shallow pan that wigl hold water at least 17 deep,
anid farge ewough o hold several blodks at once. Evl'sﬁ' heavy
wire grating or mesh to fic in the pan for the samples to rest
on, The grating should be placed in the pan so the samples
will be in Ly ot water, erpyql'l the wire grating in several

- places so it will not collapse when several samples are placed
ono it Muke a hole inothe side of the pan at the correlt level
so that the water will not get higher than L5 on the samples.
Then, by lewing a simall amount of water drip in the pan and
rin out of the hole veu can be suge that the smnplc; wil alwayvs
be exucthy 17 deep i waters Figure 14 shows how one of these

. pans looks.

Figure 14. Laboratory facilities provide close control of special
soil tests such as the absorption test abdve. This test may be
performed irf the field with minor modifications.

|

o
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CRUSHING DISTANCE I

DISTANCE
: u.,B Hj .

a

130 Lb. MAN .

z # \
A ROPE oCHAtN
A OR GABLE -

,,-Lz" WOOD BLOCK\ ~ 7
B '_f;*zﬁrr-:sr BLOCK - |

Figure 15. Simple lever test for determining strength of bfocks k
(see Table 2). c

A

Q

‘3. Finie wire screen (hke fly screen) ‘to be placed \,between

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

fallmg through the wire grating.
4 Al fr. ruler drvrded to 1/16ths mch— wrth at least 1 inch -

e dlnded into 1/32nds 1nch i

,5. Wax paper or -plastic sacks, 1f avarlable  Get the rnght

L 67A supplv of clean water 7
' 7'.' A clock or watch SR U “’ s
' A form such as shown on page u?y/

A 3
The test starts asgsoon :as the block ‘touches ‘the ‘water.

Blocks. are stood in exactly 14” of water. As they soak up the

water, you will- see a wet line - extendmg around ‘them. - After
5 minutes, with your ruler measure the height of the water ’

: line above the bottom -of _the. block. Often thls line: w1ll not B
‘be straight and level. Measure the best average height. you can :

get fo the nearest 1/16”. ° Measure ) ain at the: followmg times:

’ fl 2, 4, 8, 24 hours and once each day thereafter or untrl the

size to fltmloosely over the samples. These sacks are not abso- :
lutely necessary but.. the} will. make your test. anore " accurate
because they keep water from evaporatmg from the samples.
- They are most mseful when /the test is pexformed in ‘hot, dry -

weather. . - , SR e A -



“houses and should be done with a=grear deal of cuve,

L _ Figure 16.

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

measure should he written down on vour form.  Also, write
down.the time ghen' the water rises to the top of the block
and all ot the block 15 wet ‘

Hovou have w oscale, weighing the blocks each time you
measure heights will give a beter idea of when the block stops
absorbing water, There is a-space for the weights on the form,

To check whether the block swells, measure the lTongest,
side of the block 1o "the 'nearest 1/327 before the test starts)
At the end of the test measure the block again gt exactly the

“same place. There s oalso o yplace for these aneasurements on
the form., 2 - N

A good time to test vour blocks for suength is at the end
of - the absorj eir weakest condi-
tion' then. Test thdw as soon as the water line reaches the o/
top,_ ot the Block and call this the “wer” strength ol the block,

ion test, because they are m

. 5 !’
STRENGTH. TENT—"The strength o soils iy determined

by ‘crushing  (compressive strengthy  rather than by pulling
apart {(tenstle strength)y . Phis test iy very impovtant for cargh

;

Lqmpmuxt and suppll(s nLulul } ;

. 1. Two of voursdried, unul l)l()(l\x plus the two Lll)x(}t ption
test hloceks. - lhc s!/c dml shipe ot the blocks is \L‘l\ lmpmldnt

Y

In the laboratory . ﬁ um\crsa] testmg machine can {
" be used to determine the unionfined compressive 'strength of  /
a sample. The sample being tested is a (I \VA-Ram blocl\

£
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Figure 17,

.when testmg a soil to determine its comp ressive strength Thcy
should be roughly twice as long as they are wide, Your 6x3x2-
inch blocks are ideal, but the rammed earth blocks should be
trimmed to size first. Do this careful,ly 0 thc block.s are not
damaged. ,

as shown in Flgure 16. Anothcr way is to use a hydrauhc ]ack

; 2. A way to apply and ‘measure thc load to crugh the
blocks In commercial laboratories they use a machine such °




“with a gage on- it that “witl accuratcly 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 I-ft. ruler divided to 1/16th inch,
4. A copy of the form shown on page 37.

s

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 w1ll be about the
same. The results will be more accurate, of cBurse.

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

TEST FORM
Soil Information

Location @f Seil -

Depth ... j
“Type of Test ‘Block (ercle One) .Adobe. Pressed Block Rammed Earth
“-Amount and Type of Stabilizer i -

: Abso«rption Test
" Height of Weight of : Height of Weight of

Water Line Bloek ' Water Line Block:,

Time No.1 No.2" No.1 No.?2 Time © No.1 No.2 No.1 No. 2
o : - ‘ - 2 days
5 mins. o "3 days
1 hr. --“§'days
. "2 hr. , " 5days
4 hr. g . 6 days
‘8 hr. . 7:days

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

S ~ ‘Strength Test k
- Dry: Blocks : o Wet Blocks
Block 1... Block 2 ' Block'1 “Block 2
. Area of block, ' Area of block,
square inches -~ ‘square inches
’ o Crushing
distance, ft.

Crushing
S strenzth

“Simple” Stmgﬁ Tut

Block 1 (cmrcle one)e—" )
: Very soft, ~ soft,
Bi@ek 2 (eirele one)— : - .
: g Very soft,  soft,  medium, stiff,  veryatiff, - hard

medium, . stiff, ive/ryfut./iff, hard

v Spray Test




Ising the lever arrangement shown in Figure 15, place the
block under the lever and apply the load.  Figure 15 shows
a 130-pound man sitting on the lever. but you could also hang
a bucket of stones or waler (or anything \xuglnng 130 p(mndS)
from the lever. Start with the man or weight close to the
block and move stowly 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, vou can find the crushing strength of the block.
Far in-between dimensions not shown in the Table, vou can
cestimate with good accuracy.

I
)

Even -if vou cannot make the lever machine shown in
Figure 15, you can still estimate the wet strength of blocks
following the absorption test. (Al dry blocks will be hard,
and 1 would be difficult 1o even estimate the difference in
strength- between several blocks without some sort of equip-
ment.)  For this, use the “simple” strength below:

“Stmple” STRENGTH TEST—The reactions that vou can
expect to this test are as follows:

I’ery Soft—The block can be easily pinched apart with only
the thumb:and forefmger or it may. even slump under its own
weight. :

Soft—1f the block can be easily penetrated suual inches
with- the thumb, call:it “soft.” »

Mediwm—1f the thumb will penetrate a block about 1 inch
~with moderate effort, it -is of medium strength, ‘

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

Fery Stiff—The soil cannot be penetrated at all \\ltlnthe
thumb. but 1t can be penetrated with the thumbnail.

- Hard—Very difficult to (lem with the thumbnail.

TABLE 2
o CRUSHING STRENGTH OE BLOCKS FROM SIMPLE LEVER TEST
Area of
Block in, “CRUSHING DISTANCE”
Square ‘Dist. (Length From End of Lever To Weight .
Inches “B" . For Blocks of Strength Shown)
100 psi- 125.psi - 150 psi ~ . 250.psi. . 370 psi
4 19 3107 372107 4170 7. 102* agrTR
41,:’ 1210 3»_5)1 41_4» 41_2n . 4:_411‘ 51_2I1¥
5 120 3710 47-107 5e-Grr 47-10¢0% 5e.Qrre
5]‘/‘.. ~12H 41_211 5)_4»1 61_41’ 57 lMi 6’-4".
6 127 4 50.97 6'-117  Br.grx 61110
6‘,‘53 1,21: 5;‘_()" 6/_3!» a6 B I e ‘71_&§Ik
7 127 5257 67-97 8l 6rgre 8r-17re
7]/, 122 5’=9 . Tr.20 8. R 7;_2}1# 81_8’1‘
8 127 g2 Tr-67 9+-37 TeoBer 9s.377¢
18 677 Brllr 88w 1005 gr-Brw o frbe
1§ 4 T4 g9 P 11/-07¢ Q-2 112=072%
2‘@ : 6’11 TraB22 Qr. 7n 11e-6* 9:_7,,‘ 111_6”!1

Where * appears, ‘use 2 men (or 260#% weight) on. lever. . Measure
distance from point *'A" of lever to center of ‘the weight. :
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The only blocks which will be normally suitable for earth
‘houses are those which are called “hard.” “Very stiff” ones
~may be suntable for dry areas.

Remember to do the strength test on both the drled’ curcd
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.

_ SPRA) TEST—This test tells you how your block will hold -
up. in a hard, driving rain. Most accurate results require
laboratory equrpmen[ but there is also another way that is- -

ewmr\ &

Equipment and supplies needed:

FLA

1. Two of your seven blocks of each mixture.
a]

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

3. Some wire mesh covered with fIy screen, such as used
in: the absorptlon test, to place your blocks omn.

‘4, A water supply that will deliver a falrly constant .
pressure for two or more hours. ‘,The water pressure usually™
used is 20 pounds per square mch o p .

s

' 5. An accurate gage for measuring water pressure. Mount °

fthe gage in the pipe supplymg 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 st&own in Figure 18.

‘" Place the wire mesh on brrcks or wood blocks so it is
suspended a few mches off the ground. * Then put the test
~ blocks on the mesh with their largest face square to the spray
‘nozzles 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 have
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 tests—to tell exactly how your soil will
~act. But if you use the tests wisely, and benefit from your




neighbor’s expericnee with earth houses. vou shoulkd be able to
build a safe houwse.

Y

Start. by looking at the results of the sprav test. If vou
Jlive inoan arid (dn) arca—one whiere the rainfall is less than
20 inches per vear—then vour bricks are satisfuctory if they
have some pitting. sav 14" to 14" deep.

If vou live in an area where the annual rainfall is between
20 and 30 inches per vear, then the blocks should have only
minor pits, less than 14”7 deep. :

o & B
If vou five in an area wh'er_e”the annuall rainfall is greater
than 50 .inches per vear. then vour blocks should have no pitting
at alll but slight roughening of the surface is to be expected.

For the reqiirements above, it-is- assumed that ‘adequate =
protection from splash exists,  This means that either the
foundation wall is high enough so the lowest soil layer or
blocks do not get splashed, or that the blocks' in the splash
region at the bottbm are protected. '

If vour blocks do not meet the requirements above. then
you must do something to them if you want a long lasting
house.  Here are some things that vou can rry:

: l. Change the amount of sand in your soil anix.  Some-
times more sand will help. It's worth a try.

2. Try a surface camting, (S-cé Chaptcr’ 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'coa{ing
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 ofthe stabilgizel‘s 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,

“Fou might wry anything that you have in the way of -waste
pmducts, But vyou should remember. that the addition of
~stabilizers will also change the way the soil acts as far as str h
and - absorption. For example, small amounts of hmf and
cement may decrease the strength of the soil slightly, Sg when
you try a stabilizer, you must also start all over again with the
other tests such as the sncngth and absorption..

The results of the absorption test are much harder to
analyze than those from the spray test. All soil blocks and even
burnt clay bricks will absorb some water. (In fact, durmg

recent tests high quality burnt clay bricks absorbed as] much —

water as pressed earth blocks) For ‘earth ‘houses, you would’
like to have a soil that will absorb little water, and \which
will not swell or lose strength during absorption. Usffortu-
nately. this will occur with only 2 few unstabilized soj

ever, by looking .at the absorptiom—tést—om earth blocks m
cionnecmon with the strength and length changes of the blocks,
vou will at least be able to tell much more than from the
absorpuon test alone, o B !

7

Blocks made of clayey ! soils ‘will take longer to absorb
mmstuxe 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 areas—less than 20 inches- -

of rainfall per year—the absorption of blocks can be high and
 they will still be satisfactory if they are strong enough when

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

‘will not be suuable ‘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~ rechrce the absorpuon Asphalt emulsions
do well on sandy blocks. Lime works on clayey blocks and
will also increase the wet strength and reduce the swelling: ™

length changés during absorption on small test blocks
(those less than 6 inches long) should be less than 1/32 inch.
- On large or full size blocks, allow no more than 1/32 inch for
‘a block one 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 protccted bv surface coatmgs
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“"The watér w1]l eventually get through the “coating and coatmg
: w111 crack when ‘the blocks start to swell S

Strength of your earth blocks is an’ 1mportant factor. Adobe
~ and rammed ‘earth should have a minimum dry strength of-
250 pounds per square inch. Pressed earth blocks should have
‘a_ minimum. dry strength of 800 psi because they are used in
thmner walls, Most soils will be this strong when dxy unless .
they are very sandy or have a lot of organic matter in them..
But the ‘wet strength of the blocks after- Absorption. is even
more impartant than the dry- strength Tests have shown that
‘the wet strengths should be at least ofe-half of the dry strengths.
~This means that adobe and -rammed earth “should ‘have a
‘minimum _dry ‘strength of 125 pounds per square inch and’
~pressed. blocks. should have.a_ m1n1mum strength of-150 pounds..
g per square inch.

a

~In” dry chmates—less than 20 mches of rain per year—)ou S s
“can get by with 100 pounds per 'square inch for .adobe and
rammed earth if you use a good| surface coating - and 1f the

“dry strength of your test Ulocks whs 1gh enough..

~In. wet c]nnates—more than 50 mches of rain per year—
; vou should "try to get wet strength# which are close to the ones
given above for - -dry strengths. ”I‘/hls means 250 pounds per
square. inch for adobe and. rammttl cearth .and 300 pounds per.
square inch for. pressed blocks. / -

When the tests are flmshed,/ you will have one block left
from the orlgmal seven. It is a/spare ‘in case one of the other
blocks: breaks: - But you can also use it for some specnal tests,

T TABLEa - RET. ¢

SUMMARY OF’ 'DESTS ON BLOCKS . A
- .
; , Less than / Between 20 . . ‘Greater than '
= :20inches.-~" ./ ‘and 50 inches = - 50 inches !
~——rainfall ——rainfall- ] Crainfall e ‘
& - peryear s /" ..per year - . -per year - " o
Pits-less-that— "“*[Pﬁs desgthan " No plttlng@‘f BUrs"
Y4-inch deep -:5; Y4~inch deep, . " face, slight rough-. - :
""" R N o S ening-alowable. - .
EDry R T Minimum® of 250° psix Minimun of 250 psl Minimum of 260 psi
- Compressxve for-adobe and i for ‘adobe and for adobe and
~:Strength - - rammed earth. ~-rdmmed earth; . rammed earth; .
Gh e Minimum of 300, ps‘x Minimum of 800 psi- Minithum of 300 psl '
. for pressed b]ocks “for-pressed blocks for pressed blocks,
Wet - : Mlmmum of 100 ps: Minimum’of 125 psi Best soils will meet
Compressive for adobe and’ for adobe and = . Tequirements for
Strength “‘rammed earth w1th rammed earth, dry compressive
. good surface: coat~' Minimum of 150 psi strength. Can be
' mgs 175 pel for pressed b]oclqs . somewhat less.

: wn.uuut m.u‘xnu: B T S ORI RS FP S
coatings. Mini- 7 .S e e

“mum of 150 pei- 7 - R L e
for pressed blocks. RN M E L ' '

Length = - AMaxamum—of 1/32'ﬁM“'iﬁﬁrﬁrof 1/32" 'Maximum of 1/82"
anges . TG 1 foot block: ™ “rfor 1 foot block 501: 1 foovtkbvlock ;

. Absorption R A ;

G
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remove - it- and freeze it for 24 hours Let it thaw on the

~tlmes as p0551ble —— S . ‘ -

If you live in an- area where it rains almost dally, try this:

n Immerse: the b]ock in water halfway up its side for 5 hours,
‘ _‘Then let it dry in the ‘sun or in-a warm oven Continue the
'soakmg an(l da)mg steps as many tlmes as possxble

iearth ‘block " will last, but they will help you in deciding between
'severa] soils ‘that you are thinking of using.

?

: l'lnarlzed in Table 3.

If you hve m an area where it freezes a ]ot try thls test

"absorpnon ‘pan’ for ‘24 hours and repeat the process as many

Neither of these- tests wxll tell you exactly how ]ong your.

) Lo .
The test‘“results ﬁnat have been discussed are briefly sum-

* Place your block on the absorpuon pan for 24 hours. ‘Then




; CHﬁipfe’r\'i 3
STABH.lZATlON OE SOILS

Many kinds of soils can be used‘ for ‘earth walls by addmg"
substances known as stabzltvels Nemly any soil can be made
.. into.a better buzldzng ma.tenal wth the addition of the COR-
'RECT stabilizer. " : |

- This is what stablhzers do N \

1. They Cement the paltlcles of 50\11 together so the block

S or wall wx]l be strongel N \

. 9 They can waterproof” the soil 0 that it won "ty abrsorb

e .

water. L . ; SR

; ~v~-«~«3—~—~Tlxey can keep the soxl from- shrmkmg .and swellmg .

Addmg stabilizers—even-cheap’ ones—to your soil meansstheat”
yom house will cost more. But the natural “enemy” of ‘earth
~walls. s water in one form or another. Stabilizers fight that
~enémy. There is less need for stabilizers in very dry climates.
Bulllders in arid area§ protect against the slow weathering caused
" by winds and blowing sands by making the Wi\ills a little ' bit

““thicker. Some walls like this have lasted well pver 100 years.
o e 1s‘1mportant to know the experience of other builders Defore
o rt\x‘demdmg on this method of buﬂdmg L \ : :

§

Because of the many dlffelent kmds of soils and the many

Casesy-—

Al this manual can do is tell- you what stablhzers can be °

- used, \which ones worL best on dlff,erent kinds of smls, and
. ‘appro dimately. low nmuchstabilizer “seerrsto work best: It is
to-the- ~builder -to-make ,tnaifbled(s—wﬂh—vanuua kinds and -
T 'of stablhzers aid them, Ctest them —as™ descnbcd in

. /’/ it

. L . A . [ X
R S .

U S

- st&bllﬁerSﬁnd sand and clay are no deferent—that
/ ust be mixed thoroughly into the soil” before they E -

4

‘the job. I you have one soil that is very sandy, and another’
1s very clayey, they probably won t mix very well beca se

;,"d out whether two soils will mix well is to try ;t It’s easwr
0 Thix a- smallzamount than a large amount, so,try to do the:
mxxmg\Just as you would when bmldmg a house




2. Portland-Cement=The _same kind_ of portland cement

mixture is often called soil-cement. Cement works best with

the sandier soils. Table I shows you which soils are stabilized -

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

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

Some stablhzers mix easily with soil but this is" not true
of portland cement. ' It must be very thoroughly mixed aid
the soil clods should ‘be broken down so the cement comes ¥in

‘contact with all of the soil. (This is one reason why cement :

is niot recommended for clayey soxls)

Cement starts to react as SOOII as._it. tOUChCS water ‘SO dO

_.not.mix it-into wet $6ils. Mix it completely into dry soﬂs 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. ' ° *

Cement - needs water to get hard. Since it gains most of
its hardness or strength in 7 days, you need to keep it moist
this long. One way to do this is to put 2 watertight cover
over the blocks or walls. If you ‘cannot do this, cover them
with - wet burlap-sacks -and- sprgnkle the sacks often. After 7
days of this moist curing you ‘can take the “govering | off but
it is still a good idea to Keep the blocLs in the shade for another

-“7-days before you let them dry in the surt. The longer you

~used in concrete is also one of the best soil stabilizers:—The-____

---heep -your -soil-cement blnrk} OF.. nuyllv nmut .the. .stronger fhpy

will be.

Usmg cement has two dlsadvantages it is expensive and

oot

it-may—be tard to get Su u_y to- uuu out- Lllbl. uuw uttle you

have to use. .

—— You -can—make- a~’~p0rtland """""" cement yourself ~To~do it,
though, takes a lot of heat, some crushing facilities, a source

~of clay, and a source of limey materlal such as shells, hmestone
cahche etc.

: 3. Lzme—-lee either slaked or unslaked, makes one of
the best stabilizers for clays. Lime reacts with the clay in the
soil to form /a binder. Unslaked hme is harmful to ‘a person’s
skin and vmﬁl parts and must be used with ‘great care. It is

much safer to fxrst slake the unslaked lime before using it. <Table

al shows the soils which work best with lime. If you use the
more exact laboratory tests described in Appendix A, you can

try lime with’ nearly any soil havmg a plast1c1ty mdex greater

‘}.}fthan about 12.

Lime makes most clays less. sncky, but it doesn’t make all

~of them stronger. It will usually strengthen volcanic clays, but
with any other clayey soils, the only thing to do is try the

lime out and see how it works, Use the tests in Chapter 2.
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Soils contammg 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 clav in it, heres ‘what you should do:-

Add the lime to dry. 3011 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 also needs to be l\ept moist_ to. gain-its-strengthi but”
it takes..much - longe“f‘ ‘thgn 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 thag"
“‘they will have plenty -of time to cure- before testing. At least
one month of curing is necessary, two months are better. '

Lime is mot as expensive as-cement and you can get it
nearly ‘any place in the world. You can make lime yourself
but it's not am easyjob. You'll need heat and a materidal such
as llmf&stone 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 wheén
you are trying to compare lime and cement stabilized soils.

4. Combinationis of Lime and Cement—Someumes you ll
Tun . into a suuzfnon like this: s . _‘

“The soil ‘has a little too much clay in"it for cement to'do T
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.

(s s When—this—happens; you can—use-both lime and’ cémeént. —
. It will cost ‘more.and take more time to add the two stabxhzers
but it may be the only way to bu1ld your house

Usually, equal parts of lime and cément are used. The
lime is always added first. Then, add enough water to make
the mix moist. Cover the mix and let it stand for 1 to 2 day
_After this mix the '56ﬂ well to break up any lumps-and im-
fmedlately add ‘the cement plus any Tv’a/t?r’/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. f

5. 45phalt—Another stabilizer that has "~ worked out well
fcy -earth houses is asphalt. Asphalts made espegially for use
rth houses are made in plants. in the United States, but
don't have to be a special kind. Natural asphalts were
th usands of year$ ago to stabilize earth blocks in Babylon
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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 heaung so they are often mixed with other materials.

to make them!thinner and easier to mix. If they are mixed
‘with water they are called asphalt emulsions. These are the
- best t6 use in earth walls because there is no danger in handlmg

them .and (DC) mix easuy into the soil. After Bbpﬂal[ elTlUlSlOHSf

have been added to the soil they will separate back into pure
asphalt and water—leaving the asphalt as a film on the soil
grains. One that goes back to asphalt and water quickly is
“called -a ‘*fast-breaking™ or “fast-setting” emulsion. These are
‘not good for earth ‘houses because they’ may separate before the)
‘are completely mixed into the soil. “Slow-setting” or "slow-
breaking” types are ideal for earth houses. (If you cannot find
an emulsion made especially for earth houses, then get a regular
emulsion, but ‘make sure it's the ‘slow-setting” or ‘slow-
breaking” type.) T

back” asphalts. These are asphalts that have been mixed with
gasoline, kerosene, etc., to make. them thinner so they can be

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

blocks. Cutback asphalts can catch flre if -you get them  near
Mame
b

Since asphalt is really a very [th]\ oil, it will “grease”

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

.............................................................................................................................................

the d‘Sphd]t hardens. Asp}mlls do a good job of waterproofing
the grains, and they-keep the soil from' losing strength. when

wel.
{

soil has a lot of clay init. It worl\s out best with soils suitable
for adobe blocks. ‘ '

e

-

6. Straw—A material that has often been used,in adobe
blocks is straw. - In -the same manner, materials 5uc1 as ‘tree

used. The only one of these that has appeared to be of much
use is straw—although some people, have had fair success with
wood shavings. ,

Straw doesn’t react with the w}ﬁl in any manner. If any-
thing, it will make the dry block a little weaker and it will let
#, it absorb water a ligtle easier. Straw does provide “pipes”
exits from the inside of the block so the water can get o'ut
_easier during the curing period. In clayey soils especxally, this

Other types of asphalt that have been used are called “cut-
mixed" without heating them. TFhey can be used with soil but .

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

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

Remember a%phal[ w111 be.very dlfhcult Lo -use \\hen the

bark, wood ‘'shavings, hemp and other tough flbers have “been

~causes less cracking during curmg Straw or other flbers also

a7 .
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give added strength to wet adobe blocks during t\hc :curing
period. ' , ‘

Although most old adobe houses contain straw in th\ blocks,
modern builders do not tise it. It may have some vall\c when

yourssoil isma little too clayey and you have 16 other \way of
S[abxhzmg it. |

7. Fly-Ash and' Lime Combznattons—Fly -ash is the fine
dust that is given off during 'the burning of coal, coke, hgmte
and some other solid fuels. 1If you live near a plant that burns
these fuels and saves the fly-ash, you have a very good cheap
stabilizer if you have lime to mix with it. The lime and fly-
ash together will make a cement almost as good as portland
cement. It can be used on both sandy and 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
fly-ash so try to use as much fly ash as possxble and still make
a satisfactory earth ‘wall.

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

when bought in large quantities. * It works best on sandy soils ' .
- such as clayey sands and sﬂty sands. Clays domglo,t stabilize well |’
with it. ' ' o '

e

I'he best way to use socliumv‘éyilicate is to. coat the outside
of earth blocks with it so it makes a thin “skin” of hard,
stabilized soil afound the blocks (For use on walls that are
~not--made--of -blocks—such 4§t el earth=see Chapter 14)
* To. use it,,rmx one part of commercial sodium silicate w

It is available in many parts of the world and not expensive!

three parts of clean water. Dip the earth blocks in the solution®
_for about one migute. When you remove them there will be
a little solunon left on the blocks. Use a stiff brush to brush

the blocks dry. Then, let the blocks air-dry in a protected place
at Jeast / days before usmg 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 active agent) . These chemlcals numbemng over -1500
‘are sometimes classed 3‘.1nto four groups called amphoterics,
“anionics, cationics and r;on ionics. These groups include such
chemicals as polyoxyethylenealkylarylether %ﬂnd dodecylbenzene-
sulfonic, amines, etc.; howeyer, many common detergents will -
work as well as these chemlca}s.“' ey

~ There aré many other stab1hzers that have been used suc-
cessfully with some soils. Because theTg ‘has been little written’

i A g A =

[

9

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




about thelr use in earth houses they are discussed only briefly
below. But, don't be afraid to try them out if they are available.
- In fact, if you have something else that you think will be a ,
good smablhzer try it. Sometimes a waste product that other ’
people are throwing away may be a ‘good stabilizer: o

9. Sulfite quuor—Thpls is a waste product from certain

“paper mills. 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
~unul you try it out on your soil. The amount of ulfite 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.  Aliquat H226—A spe‘cialr chemical, (qﬁa‘téfnary 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 before it can be added to soils. The

manufactures will ‘give you instructions on how - to use it.
Although it is expensive, it is a good waterproofer for silts and_

- ‘*Ch{vs*bﬁmhé—r‘reat ed $oil has been allowed to air- dry - It would

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

11. Wood ashes—In some countries, wood ashes have made
very successful soil stabilizers. Probably it is the lime or calcmm
in them that actually does the stabilizing. Like sulfite hquor
certain wood ashes can actually be harmful instead of stabilizing
the soil, so you will want to try it out on your soil. The correct

amount to use will vary depending on the type of wood and
how well it has been burned. The fine, white ashes from fully.
‘burned hardwood seem to work best.

can make very good waterproofmg agents, but they probably

12. Reszns—These are made from the sap of trees. They °

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 o the various resms how they
should be applied.

18. Coconut 0il—This has also been used ‘as ‘a water-

!

proofmg agent. There is no cementing  action ‘but it will

probably increase the wet strength ofthe soil.
M.  Tannic Acid.
15. . Rotted Plantain Leaves. '
16. Cattle Urine. / - R

17. Cow Dunmg. )
18, Molasses. ’

19, Gum Arabic. ,
20. . Juice from Various Plants.
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How do you know whether a stabilizer will work?

: Because there are so many different kinds of soils, ig,.is
impossible to say whether any one stabilizer’ will work well. on
any parucular soil. In Table 1 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™ (ry them ‘out on your soil.. Make .
~ trial blocks and test them just asi you were told ‘to do in

~ Chapter 2. Don’t use expensive stabilizers if cheap ones are .
avzu]able 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 yous soil; to reduce the amount of water absorption,
and to keep your sou; from being “melted” by a water spray
or rain. Some~stabilizers will do only one or two of these
thmgs a fewifndv do all of them. e

“

\For example, portland cement or lime may not decrease
the |water absorption, but it wouldn’t make much (hfferencc L
b the wet strength of the DIock was hxgn T LT

o

Some waterproofmg type. stabilizers may actually decrease
the |dry" strength of the soil, but will greatly increase the -
wet istrength and decrease the amount of water absorptlon
'I\aturally then, these might be best in wet climates.

Certam stablhzers-—lxme 15/ a ‘good example——may actually
cause a pressed or rammed earth block to welgh a little less.
,Dont let this bother you though because it won'’t hurt the
strength of the sml |

l ~ Some stablhzers—lfme agam is' a good example—wﬂl change
the best moisture cchtent for compaction. Lime-stabilized soils
f\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 determme whether stabilized soils f0r‘
_rammed earth and ‘pressed blocks have the rlght amount of |

water in. them to m#]\e the best b]ocks
m

* !

k Do Sl’dblllled soils reqUIre specml hundlmg'-‘

| :

7 \Some types of stablhzers -require; special®handling &r they

;woq t work at all. Remember it was mentioned earlier in this"
chdpter that portland cement and lime needed torbe moist-

cur% for at least 7 days or they wouldn’t gain strength Thls T

cist ! e of nearly all cementing stabilizers. : ,

‘\'Iost waterproofmg stablllzers only work ’ after the soﬂs
have| been dried out once. This won't require special attention

becayse you dry the soils. out when ‘you cure them in the sun,
anyw y :




[

~ With many stabilizers, - the curinjg‘_ takes place - after the-
- blocks have been molded. But with- asphalt .emulsions, at least
some of the curing has to be done while the soil is still loose
unlessw,;ou are making adobe blocks: For rammed earth and
. pressed blocks, spread the stabilized soil out in the sun ‘to cure.
‘There is no gooﬁ rule to tell you when you can start usmg g
- 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
“h¢aye around the sides of your 1ammed earth tamper, it should
i l readv to use. - o Ty B

2

J Cuﬂ)dck asphalts—those containing kerosene,‘qa\éﬂme etc.,
ére slow in cuxmg It might take several days béfore they are
l‘@%d} to l)c mdde into blogks or an earth wall.

NO:STABILIZER IS 6OOD UNLESS IT CONTACTS
"+ EACH PARTICLE OF SOIL. MIX THEM INTO THE SOIL
' ‘WELL. . . SR

"How much'y:“'”sfubilizer should you use?

e f\qa'm it is impossible to- say with -any accuracy just how
much’”should be used. Tt depends on the type of soil you have
and what you want Lhc stabilizer to dp.

“Sometimes you Wl“ ‘need a lot df stdhlluer—-p(nucularly
thh very san(ly or very clayey soils.

You mxght find a soil that is suitable in all ways except
e lhat it doesn’t meu one 1Lqmrcment for example, it absorbs
‘too much watér.” Then, plObIll)l) a very small amount of: a
“stabilizer will be needed. A soil that is not good enough to
‘mecet any 1equnemcnts or maybe only one of them-will require -
more: stabilizer. .

So, you can see that the only Wa} to find out how much
_ stabilizer is necessary is tomake some trial blocks and test them.
Y(m should make up three tndl sé€ts -of seven blocks each. If
you use p()rtland cement, trial - amounts should range from
o 12 pucont 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. SATISFYTHE REQUIRE- =
MENTS IN TABLE 3~

’thn )ou lmvc fmally selected” the exact ‘amount of
stabilizer that you need, there is one more thing to consider. '
~ With trial blocks, you use a sm 'amount of soil and it is
easy to do a good mixing job. Diring the actual ¢onstruction © -
“of youx;e‘lrth house, the workers wxlI handle ‘much Iarger
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quanutles of soil and the. mlxmg -will not be as good The
- easiest walyk to take care of this is to add a httle more stablllzer.

0 All of this sound& we realize, like a great deal of preparatlon
;and testing that needs to ‘be.done. ‘That'’s the way it is intended
to sound. It will be well- worth. your time and effort to find
~ out for yourself what the best answtrs\wﬂl be for you: 1f it
takes you a couple months of preparation, remember, it'’s worth
it. If you do your job right, your grandchx]dren\wﬂl also have 3

a good house to lwe m/ : T

/ ; .

g
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" WHERE 0 BUﬂi,D‘

; The home builder needs a. good placé™to . bUlld “The- lot

should be big énough’ not - only for the ‘house "but also for a :

yard and ‘a garden. Plenty of suxtable soil must be available e - 5

~ either on the property or nearby Other factors -are 1mportant L
: too' ’ : : ;

> i

: The lot has to. have good dramage Standmg ‘water or"
/’ﬁddy ground can be very destructive to earth houses. If.
watér stands on the area after heavy rains, the. lot 'will not -
" be satlsfactory unless trenches or’ditches can be dug to carry -
.+ the “water away rapldly Flgur_e, '1,,39;1_ shows . a good site and
Flgure 19b a bad one, - e '

The locauon of . the home should also be convement to
roads markets, or the owner’s ]ob




i g : i

i - g : ] i
Usually, (ﬂd home sm:s work out wc,l] because the- soil has.
-,stablhzed nsclf or settled: un(lex the welght of the ot(l house '

LFI’ IIN(‘ FHI: LOT-——Cleax the site of uuwante(l brush
Coand, vegelauon before begmmng constructlon All vegetation

and the organic top soil should be removed from the area the

;house will “occupy. All spoxigv‘ or soft mdterlal should be a
. ;remo»ed down to good, firm soil. ' Leave enough extra space o
"g'outsx(le the limits of the house for a&wo;kmg area. - Save plants

wluch wnll have ogrmamental mlue after the home 1s l)uxlt

e

After the ] lo/catlon of the house xs’"m'lrked on the ground,
ln.nks thc/)utlmes of the house with snmglmes naxled on stakes.
Then level the ground 1m1de the stringlines. - This is shown
i hgme 20 ~Low '11(.d5 may be filled in from adjacent high
areas; pxowde(l g’ood soil, whlch will not wash .away, is used.
*’Any fill’ material plae‘ed‘T ‘inside of the ‘string lines slzould be
el pounded with a hand tamper to make a solid foundalzon
: ,,Othmwxse seltlemem of the flll material could cause cracks in
the house: Extra dirt fmm Lhc leveling ]ol) is kept for- later
use’ 1‘1’571[ is lhe kind sultable for buxldmg ‘

Hz\'DlN(y THE GROUAD LL{ I:L—Bcfme lawng out lhe
Qacu i outlmes of: th(, ‘house, thc ”general area it will occupyv
shm Id. be Qanl) well, grad&d' or leveled culd an_ accurate f]oor_
level ’ou (- -be marked “out carefull) A

"]'hls ig' )done easmst by du\'mg s(akes mtmthe gxound First,
. drive a Sl'lLE to-the desued flooy level. Protect, it by sunound- ,
L "mg it wnh other stakes'ﬂ'Whenl dtive in’ other stakes ar011nd’.-.-~-~ S
‘k‘m -the app1 ommate outlines of the ‘house [o e\acpl) L,hc Sauﬁ 00T
’\& eve] Thxs cau be done in two’ ways, .-

ik

\\. To fuhd the correct hexgh[ of the; addmonal stakes if
possible '«.smvevors Tevel should be - used and the tops- of a]l.
© the 'stakes fcan be accurately sighted. (For convenience. if the
- surve or’s. level is used make the tops of Lhe stakes somewhal




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 ordmary clear or
translucent plastic watér hose’ will work just as well® Fill all

e

- buL about a foot of the hose with water.

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

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

By driving the first stake into the ground at what you ]udge
to be thehighest 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 another stake next to the guide stake leaving
enough length above the’ ground for later measurements. For
example, have this added stake exactly. one foot higher than
the guide stake. Then drive the other stakes to match it: The
desired level can be determined by measuring one foot down
. from . the tops of these stakes or to such level as to ;have the

i lowest corner above grade.— N :

- The wate e~ also can be useful at other-times during
sconstruction. It can be used=as an accurate means of finding -
other levels or elevations. It is useful in- finding thc correct -
height of footmgs and foundation walls, checking to seé-that-— .

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

blocks before the roof is placed.

| Itisa good idea to have corks or plugs to stop up the ends -
of the hose to keep the water from running out when the hose
is not being used. \ 'S
., LAYOUT OF THE, CONSTRUCTIOI,,V—The next step is ~
to mark- the exact locatiori-of the! _exterior walls on the grgund




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

After the location has been selected, the next step is to
erect batter boards. These boards, Figure 22, should be at
least 5 feet long so that adjustments can be made after they
are placed in the ground. A set of batter boards should be
placed at each corner of the exterior walls of the house. The
batter boards at the corner where the ground is the highest
should be set about 18 inches above the ground. Those at the
other corners should be set at the same level (in other words
- they will be higher above the ground). They must be sturdy
enough to hold the tight string lines which will be stretched
from them to define the walls of the housc

Square corners can be made and thecked simply.

To make a square, take three boards, exactly 8, 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=umit-boards will " be
90 degrees or a “square” angle. By aligning the strings along
these two boards as in Figure 23b, two sides of the house can

be properly. positioned,

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

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

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

Even when a square is not available, an accurate layout can
be made. To do this, mark off two corners of the house at
the proper distance apart to establish a'side of the house in
the desired direction. Then, as closely as you can estimate their
positions, lay out with strings the two sides that lead from the
first side you have established. These sides should be of proper
length. When™ this~ has beemr—done, check the diagomals. If
they are not exactly equal, the last two corners should be moved
until the diagonals match each other. This will assure &n
accurate square or rectangle. ‘

It is best to use more than one set of string lines to mark
the dimensions of the building. The first set ¢f 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 locauon of Lhe wal]s In this case,




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 hines for the excavation have been placed,
he limits of the excavation should be properly marked on the
ground so the workmen will dig along the proper lines. This
can be done by driving guide stakes directly beneath the string
lines rking 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
string lines on the batter boards so they can be put back in
exactly the same place after the excavation is complete.

DRAINAGE—1f the house is to be built on nearly flat
ground, drainage of the lot away from the house should rew-—
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 filling in the ditches with tamped
soil. It is also important that the ground level next to the .
building be higher than the rest of the lot so that water will -
drain away from the building. A canal or ditch several feet
away from the foundation may be necessary to carry away excess
water during heavy rainfall.

. -4
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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 pr\ogerly
built foundation will keep the house from being damaged or
twisted out of shape due to settlement of the earth, high winds,
or frost action. A good house must have a good foundation;
it is the most important part of the house.

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

- be continuous footings that run under all outside walls and
load-bearing partitions. For earth walls, continuous. footings -

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 the earth so that the load
will not be too great at any point for the soil to support;




T,

(8) to resist the “lifting” forces of hurricape or high winds
which can tip a house over or move it off of its foundation.

The size and depth of footings depen(fi on: the type of
material used to make them; the weight (Pev must support;
the load the soil will support, and, to some t}\tent the weather
conditions of the area. /

——1=-DEPTH OF FOOTINGS~In ,,..areas,.“&,\f_hexlrc 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 footmg is too shallow. If no other

means of knowing this depth is available, it can. be roughly
estimated on the bags of the resistance to digging during
particularly long and Wgere winters. Ice particles can be seen
in the soil. The footmg should be placed below where ice is .
found.

E:

In warmer climates, the footing depth needs to extend deep
enough to reach good, solid earth free from vegetation (roots,
etc.) and deep enough to prevent washing out or shifting due
to rain and flooding. Usually, this depth averages from 12 to
18 inches. An exception to this is where the soil shows con-
siderable shrinking and swelling as it dries and becomes wet
during the year. If this is the case, the footing should extend
to a depth where seasonal changes in 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 hguse. "As -
a general rule, most shallow clays and shallow silty soils should
not be loaded above 2,000 pounds per square foot of footing
area. Firm sandy and gravelly soils may carry from 4,000 pounds
to 6,000 pounds per square foot.

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

Once the bearing value or strength of the soil is known,
and the weight of the house has beén determined, the width
and thickness of the footing can be easily determined from
Table 4. The dimensions given in Table 4 can be varied
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N Figur-e 26.

Bomg;vhat depending on local experien’(:e'%‘but do not reduce any -
satisfactory values-you fitid. The building in Figure 27 shows

the effect on-an earth wall of an undqr-(iesigned foundation,
'MATERIALS FOR THE FOOTINGS—Since 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 [ailure has caused structural cracks

in the foundation footing wail and the adobe wall in this large |
B community building. . - -

A o

long enough to determine how :
wsis of what is now known,
abilized soil for, footings ex-

“they have not b :
suitable they might he.  On the
it better to avoid the use of st

cept in arid or semarid regions, : 5

CONURETE FOOTINGS=—Footings made @rom poured con-
érete dre the most populay type because they are easy to make
and wark verp wells howeveg, thev will probably be- the most

pensive type. Usually forms are not needed: as a trench can

|
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be dug to the correct depth and width of the footing and the
‘concrete can be poured directly into the trench to form the
required footing thickness.  (See Figure 28) If the soil is
sandy or tends to §lide or'cave in, then simple’ forms are re-
~quired to insure that the footings are wide enough and that
the soil does not fall in the freshly poured concrete. These
forms may consist of boards with width equal to the thickness
of the footing and held in place by enough wooden stakes 10
keep the boards from moving or bowing. The forms shou/d
always be removed, but not earlier than 48 hours after thi¢ 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 Afootings it is always better to dig on
the “safe” side; ~that-is, too (leep; 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 _]Ub[ loosely placed. ©

Concrete footings do not; always require reinforcing steel
but it is better to have them- hghtly reinforced to resist cracks
ing that occurs with changes in temper rature. Conditions where
reinforcing is considered absolutely necessaty 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 2/3 of its thickness. In these cases, it is
. desirable. to..seek the services of an engineer or atchitect for
advice concerning the kind, size and locapon of reinforcenient,
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"The concrete for the footing should have enough water (o
be-workable but at the same time it should not be so wet that

77 the mortar tends 1o (low saway ardd leave only the larger rocks.
A good concrete mix for the footing  uses: ' o

P opart pm'tlm{;i Cere "

3 parts clean washed sard

4 I"'h“”v""’ clean gr;ur*i"

about 5 to 7 gallons of water for every 94 pound bag of

CETNTIe -

A good way to eshimate whether or not you have the cor
veof motsture s to place same of thie mix i a bucket and rod
it about 28 times with g smooth steel or woad v, $hen Trom
a hvigmhl af 6 inches above the surface, drop a s,u.mmth rovet il
rock about 4 inches in dumeter into the mix. I i dents the
mix about [, inches, the water content of the congrete is
about, night.

U vetnforcing rods are wsed, they are placed o the excava-
tton and secnrely yupported at the proper height hetore the con-
crete 5 poured. The wp fimash of the footing s left very
rough o provide a good hond for the foundation wall, Lt is
usually a good wlea to leave a small channel or groove i the
center of the footing as showr in Figure 28 ta pn:;xwfic agkedi-
tionat bond between the footing and the foumdation wall i the
footing s made of concrere. I at all Limnsailﬁxl} in earthquake
aveas, shovt lengths ol steel fetnforcing red should be placed
in the fooling so they will projgect  thie the focrndacion wall

aand tie it securely to the footing. This usually requires caretut
spacing of these rods ' o

Sometim®s e it of concrete for the foundation can
be greatly dec 'fv;\t"ﬁxﬁéﬁi“fmg large stones in the trench and
pouring the rete around them to form the Tooting. 1 che

-~ $tones ar i 1 o make the footings some- -
ete footings,  Roughly, the
be about g times K& size of (he largest
stones,  For example, itf 67 stones are used, the thickness should
Iye G .

A AL ASONRY FOOTENGS _I%ri""cizs, concrete “blocks, or-rubble

stone Waid in mortar also make goo! footings.  When using
bricks, concrete blocks, or any regularly shaped materials, it
“is necessary that the bottom of the trench be leveled accurately:
otherwise, the foundation wall may be unlevel. - Either tumped
sand can be used (o level the bottom of the trench or a thin
hed of concrete can be poured.  For ribble stone footings, the
trench does not have to be as level, but care must be taken
o bring the height of the stones up so that the final surface—
after being covered with a thin laver of mortar—will be level.
Figure 31 shows a rubble stone fooping, “ ‘

Masonry footings may often be much cheaper to construct
than concrete footings, dince less cement is required.” However,

a




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

, ‘Mortar used in the IHJSOIII) or rubble footmgs should be
of a hlgb/gmdc that will not fall apaxt with time. The-fol-
lowmg mix works well:

1 parts povx;llan(l cement C )

1 part lime ' g

12 parts clean sand -

sufficient clean ‘water to form workable mx\

4 Y

If masonry cement is available, use one part masonry ce-
ment, three parts sand and sufficient clean water to, form, a
- workable inix. :

- FOUNDATION WALLS—The 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 Lhcv must be level. ' -

Pmnul coucrete, concrete, blocks, burned brlck structural

clay tile. or stones laid in mortar all-make good foundatlon wall
materials,

‘Again the most su"itable, but probably the most e\(pensive
foun(lalion wall is made from poured concrete. In earthquake

—hurricaneareas-or--where..the soil swells considerably, it is
advnsdl)lc to reinforce the foundation walls in the same way as
footings are reinforced. The amount, size and spacing of the
steel reinforcing should be determined by a competent engi-
neér or architect.
A Well-stabilized earth, either in the form of blocks or
i-‘«;-;mnmu:(l~in-p'lace 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 FOUWDATION WALLS—In constructing the
foundation wall, two things must be considered—the thickness
of the wall, and the height of the wall above the ground level.

Foundation walls should be made at least as thick as the

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

this is true only when théy will be used to support other loads,
sich as the interior floors.

‘The- helght of the foundation wall 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 less than 15 inches per year) and wide roof overhangs,
the foundation walls should extend 8 inches above the ground
surface. For high rainfall areas and small roof overhang; 18
inches above the ground is required and under normal rainfall
conditions, 12 inches is required. Even when a stucco or sur-
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, ' Figure 29.

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

CONCRETE FOUNDATION WALLS—When using poured
concrete for the foundation walls, use forms (shuttering) to
hold the concrete until it hardens. These forms are set di-
rectly on top of the footing and must be solidly braced against °
the walls of the trench or at the ground surface to prevent -

‘. movement when the conerete is poured. They should also
be _thick enough and braced well enough to prevent bulging.

Wood sheathing 114 to 2 inches thick and braced about
every 6 feet works well, or 1” tongue-and-groove boards braced
_every 214 feet. If plywood is used, a thickness of 54” to 34"
is-=satisfactory. A typical wood form is shown in Figure 29.
“Constructing wood forms is a misleading job ‘They always

built. -Once the concrete is poured, 1t is too ‘late to correct
the mistake of not making them strong enough. A bulging
form is difficult or impossible to repair. Do not try to save
money by making the forms too weak. i

The concrete forms should ‘be carefully placed in the cor- |
rect p051t10n and then well braced to prevent movement as
shown in Figure 29. Once the forms have been braced, the

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

L

If remforcmg steel is to be placed in the foundation wall,
it is easier to set only one side of the forms first (usually. the
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Figure 30.

in\si(lc form), mark the correct height of the wall on (he form
uudl then place and tie all of the reinforcing steel betore erecting
the Lﬂ‘.l}ﬁﬂl}.‘ forms.  This helps o fine up the steel and get

ite to the correer height.
After the forms have been placed and checked for corvect
‘.gll;,,nmcn( and strength, the footing tnside of [t‘w feren stvoualel
. then M{ME ;
leave a few small” openings

be' swept cle

—

lumwm [( -

can be swept out. Be suré to ¢Jose t.h T3 cipttuug{& %wfmc he
concrete is pouréd.  To Lc’*cp the concrete frem stoking o the -

forms, they should be wetted with water just hefore the concrete
is poured, or better still, muppu{ with *light oil "&efare the
forms are erected, not afrer, v V

gins, tf must be continmued
‘,uult/ t/m uz@m fmme"icmmz wall o a n;ﬂmni Otherwise, “un-
""" The sconcrete
shoul(l t)e‘ u,)\(.ldul (,)r'z.uupml into ttw fu,rms with a smoath
Ssteel or wood rod oto pack it down solidly.  Otherwise, vou
might get air pockets- which weaken the wall seriously. Proper
rmldmg is important over the entire foundation wﬁll’ bur it
is (‘\pccmll\ mlpmmn( on the oulsule face because not cucr:ugh

;
Once the toncrele g;e‘mzu&tg bre
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can be the same as that used for the footing with perhaps a

“little more water to make it easier to work. Placing ease may

FY

be estimated: by the method outlined earlier under “concrete
footings”" If you use the method outlined earlier under “con-
crete footings,"vxhe rock should dent the mix about 2-214 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 size stone in the concrete should be about 1 of
the distance from reinforcing bars to the edge’ of the form or

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

move the forms two days after the wall is poured. Keep the
concrete moist by sprmklmg or covering with wet sacks for
a few more days. If there are any voids in the concrete, patch
them as soon as the forms are removed. Use a grout or mortar
mixture and smooth it out with a trowel or straight stick.

MASONRY FOUNDATION WALLS—Requirements for

masonry feuﬂdatlen -walls are the same as for poured concrete

walls; that is, the walls should be straight, level and snong

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

I

The way to lay the blocks or bricks is the same as de-
scribed in Chapter 10 (page 100) for laying earth blocks. Use the
string lines on the batter boards to guide you in ,obtaining
straight walls. The water Rose method should be used to fnake

sure that each course of blocks or bricks in the wall remamszlevel

during construction. If it is absolutely necessary to use masonry
foundation walls in earthquake or hurricane areas, they can be
reinforced by usmg mesh especially made for this purpose, heavy
woven fence wire, or even small. (84” or less) reinforcing bars.
The remforcmg is placed between horizontal joints and suffi-

ciently protected with mortar to prevent rusting. Again, a

competent architect or engineer "should design the correct
amount, type, and placement of the reinforcing. Also, if hollow
tile or blocks are used, it is a good idea to fill manv (some-
times all) of the holes with mortar to oBbtain extra strength.

RUBBLE FOUNDATIONS—Often, 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 eeconomical, although it is harder ‘to reinforce. . Instead
of building a footing and foundation wall, the rubl)le founda-
tion can be constructed as one solid piece which tapers up so
that it is the width of the earth wall at the top. (See Figure
31.) The width at the bottom i$ determined in the same way
as for footings using Table 4.

———

\M
Only hard, durable materials should be used in a rubble’

foundation. Mortar of the same type described for masonry
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foundation walls is suitable for holding the rocks together.
Often, during the clearing of the site and digging for the foun-
dation, suitable rocks and. other-materials can be saved for con-

struﬁmu—e%—the—mbb‘ré—‘foundauon

Construction requires patience and it is more dxffxcult to
obtain the correct level and straightness using rubble. ' The
largest stones available should be.placed at the bottom of the
foundation and the top should be covered with a thin layer

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

of the wall.

BACKFILLING THE FOOTING  EXCAVATION—Since
the excavation for the foundation wall and footing is wider
than the foundation wall, it must be backfilled. Preferably,
the backfill material should be the native earth removed from
the excavation. It should be placed back into the excavation as
clese as possible to the same moisture content and compactness

~of the surrounding, undisturbed soil. This always means tamp-

ing the soil back in place. Tamp it in thin, equal layers on both
sides of the foundation wall so that there is no pqséibility of

damaglrlg’qr,,f_oamg—the wall 1o Jean. You can use the same
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n even provide temporary living space.
Thes method has the following disadvantages:

arder to do than building the roof after the walls
ted. :

Extra material is needed for the roef SUPPOTLS.

In many cases. these supports can he left permanently
place, 1L they are not left standing after the walls are
ished, of course, these timbers can be used again for so

P B
re 32 shows the roof of a Korean house in place before
the walls”"were constructed.

Full details on how to build roofs are covered in Chap-
ter 12,




Chapter 7
| PREPARING THE soiL

"Once you ha\e 'your source of soil and have expenmented
1wuh It enough so that you know how to use it best, the next
step is to work out a careful and orde:ly plan, step by step,

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

that you will have to: ¢
I. Move several tons of eoi;l.
2. Have a source of wateg: handy.
‘,53;’ .Prepare your soil mix (adding stabilizers if necessary).
" 4. Set up-a block-making or ramming, operauon E

' To do these things effxcxently you must have what you need

where you need it. For example, if you plan to build a house .~

of blocks, they should be completed and’ stacked for curing
as close as possible to where they will be used in the walls of
the house P ‘

If the roof has been bullt beforehand -as suggested in
Chapter 6, the block making operauon should™ ‘be set up under
“it. . The roof ,w1]l provide shade in sunny weather and w1ll
permit fork to go on if the weather is bad.

v

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

DIGGING THE SOIL—It does not matter how the soil is
dug and moved to the place where it will be used. There are,
however, some points to remember whether the soil is dug by
mach}g}ery\’or by men with picks and shovels.

‘Machi e dug soil usually is lumpy. It is important that
, }‘all clods’ ori luinps are completely broken- up before mixing in
f,-"' the water a,nd stabilizer. e

If the 5011 is lumpy, you should provide a space to break

it up so that it will not be mixed with the freshly dug-earth.

If the soil is "dug with picks and shovels in the first place, you
will find that very little breakmg up will be needed.

Often, you will be mlxmg two or more soils toge{her to

“make your*best possible mix. If you do, bring your soils to
your building site and keep the different kinds into different
piles. When you blend them later, you can make the mixture
“you found |to be the best from your earlier testing.

" Often, 'the builder will find a situation like this: a layer of
top soil about a foot or more thick; then a couple of feet of sand
under that;and beneath the sand, a layer of clay or sandy clay.
* If the builder will first get rid of the top~soil, he can make his
building~mixture as he goes along by digging down- the sides

74




i jy)? ¥ : ’ _n‘ . v
s ¢ ¥ ‘s a;,“ ) *
’?{; '« - . ‘(?:' L o®
Lo - ¢ '. . . ) _ ,, .
7 i DIGGING o ,
a’ - SO'L T . :
/ %,
l.\
5
=] ' ®
M a
.. e \\k |
I N
[, .
* ADDING STABILIZER . ‘
. | - | .
ADOBE & PRESSED BLOCKS s
- o "{é ~
FORMING
BLOCKS
CURING | - , .»
BLOCKS a P L
o CURING
WALLS
@ 0 . '

L@ "*7:‘7' ﬂgute 33

L of the- ho1e through the Layer/s If ‘he js, able to do this, then,
- "/ he does not have to spend a lot of time later:on makmg his
; _proper blend. ' He cap do /dll this as he digs by Jpaying atten-
- tion to the amounts of the dlfferent kinds, of soil he digs. Do
it this way: if you fan, of cqurse, ‘instead of removing the soil
/. zs=._ by digging out\each_la_yéx and stockpxlmg it separately. . .
‘ " MOISTUR CONTENT—The mmsture content of ‘the _»soil[

- as you dig might be v/ery close to the right amount needed for -

~ best compact ign." (Sée pg. 30 to determme whether you have‘f
B / ’; ‘( o . 4 .
" J - “ _.‘v:‘ —d w
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‘Fig!ire B e

"V inch.  See’ Fxgure 34 for screens that have worked out well.

Any[hmg that does not B through should be dlscarded or
crushed nlore '

o

N Of'comse, af rocks up to 114" are being used in r mmed ‘earth .
"o blocks, then\ ‘the size of the screen openmgs should be big
: enough tgo allow the size you want to use to go th‘ough In
- this case, extra care must be taken to see-to it that clods of
dirt are’ completcly broken up,  If l.uge clods -are in\ the mix,
’: water may not penetrate them. Latel, when the wall becomes
~ soaked by 1ain, the clods may swell and ruin the wall} or they
.kcould wash out and Ieﬁve a hole that weakens th .~ whole
structure ; { > ’

, hen two or more soﬂs are to be blended sfor example, -
_when they come from dxfferent pits, it is bestﬁ_. to sieve them
‘sep: rately and keep them* in- separate piles. Then, “when it is -
tlrne to mix them together, the correct blend can be measured.
out, such as ‘“‘one pail of this soil-to two~palls of-that- soil,{ -etc.
This operation is shown 1n Figure 85. 'Welghmg the sepayate
._,fsmls does a more accurate ]ob but it also' takes much longer
A little practice will - teach ;th'e builder ,to.,ma‘k’e his blends -~
~accurately enough so that weighing is not necessary. ‘

L




,Figure 36.

Durmg ‘the blendmg operation, be sure the rlght mixture
s kept the same:. If it is a 2-1 mix, be sure it is always two
" to “ore. L - v '

\

M THE S()IL Thls is. one of the most 1mportant

‘steps in the whole operation, Mlxmg with the right amount
of water is absolutely essentwyl The quality of a finished wall
depends on good mixing and the right moisture: content at the
mne the soil is, bemg pressed into blocks or .into a wall.

~There are three methods for mixing. the soil you..can use:

1. A motor-powered mixer.

2. A manual or animal-powered mixer.

3. Ora mixing board and shovels

It available, a motor powered mixer can save you a lot -of
time on-a large pI‘OJCCL but you must have the rlght kind of
mixer. . Mixers which’ have paddles attached to? the drum so
“that drum" and “paddles - rotate as one piece (such as in an
“,oxdmary concrete ml\:el) will not be satisfactory for mlxmg
~soil for pressed blocks or rammed earth unless the soil is very -
“sandy. The best type to use is one that has paddles or teeth"
that rotate In a stationary drum or container.  If you are makmg
“adobe, a concrete mixer will work fme because an adobe mix
is much weteer.

. P
~ Several commexcml mlxers are avallable but a homemade
. mechanically powered fiixer can be built"if some -type of motor
s available. For small mixers, a. gasolme engine of approxi-
mately. 5 horsepower works well. “Tractors or automobiles may

be <m0d1f1ed so that a belt or cham dnve tad\e oEf ‘can be used
0




A 55- gal]on oil -drum  makes a good container for mixing.
: Flgure 36 shows a successful mixer that you can make vo

A’25- or 30-gallon oil drum can be used to make a k0
hand or animal powered mixer.

Be sure you have mixer l,arge enough for the job.

For a single, house pro]ect the chea
for mixing soils is by hand. All you
-a shovel or a hoe. The floor of the hot
excellent su’rface,xf_vou have built it befo




To make sure that all batches of mix are the same, soil,
water andl stabilizers (if vou are using them) must be measured
aceurately,  The best way to do this is to lay out a long row
of soil, about 18 inches wide. Then use a template as.shown
in Figure 37 to level off the row to the right height, maybe
six inches or a foot. Fill in the low spots and level again with
the beard. For every batch of mix, be sure that the rows are
thie same length and all are of the same width and thickness.
I vou are using stabilizers, sprinkle the right amount on top
-of the row. Pour a little water at a time and use the shovel
te 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
satpe way every time and use the same amount of water fo‘r
ecach row, each batch of mix will be the same.

Do not mix more soil than you can use at one time. Therxe
15 one exception, however. In cases where you are using lime
with soil containing a lot of clay, thoroughly mix about half
of the hme required and then add the water and allow it to
“season” for a dav or two. While it is seasoning, cover the
with wet sacks or leaves so the soil will not dry out. Burmg
this seasoning time, the lime will react with the soil to break

down any clods or lumps that clay has. After the mix has :
seasoned, work it again carefully with shovels, add the rest of

the lime, mix and add a little more water, if needed. Then,
it is ready e be made into blocks or rammed into a wall.

.

[
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Chapter 8
MAKING ADOBE BLOCKS

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

MANUAL_(OR OLD) METHOD OF MAKING ADOBE
BLOCKS— \/Vhﬁn a lot of cheap labor is available, use it. All
you need are forms for molding the blocks and simple tools for
mixing and movmg the carth.

The forms may bc made for singlc blacks, but two- ‘or
four-block formis are better. Strong, long-lasting forms can be
made from 2-inch thick planks. When the “forms do not have

. to last 4 long time, 1-inch thick planks or 34-inch thick plywood
¢an be used The forms will receive a ‘lot of wear, so make
strong ones. Use plenty of nails or bolts or, better yet, reinforce
them with strips of metal at the corners.  Since they will be
wet much of the time, it helps to soak the forms in oil for

a while before you start to use them. Some people line the
insides with metal so the forms will last longer and the blocks
can’ comé out casier ) D.

. Adobe blocks can l)g made almost any size, but {h(,‘} should
be kept small enough so “that one man can lift them all day
long without tiring too much.  An avérage Wbrkman can do
this if the blocks weigh dbout 50 pounds or less. ’

Adobe blocks are commonly made 4 to 6 inches thick. The
width of the block matches the destred thickness of .the wall,
between' 9 and 18 inches. - The length, then, is controlled by
-the weight of the block. Two typical sizes of blocks that have
been used are Hx10x20 inches (\\mght about 55 pounds) and,
4x12x18 inches (weight about 50 pounds) . ' °

8.1 -




Figure 39. (Iharging the forms. "'

Hu. m.mull method is most efficient when four workers. ©

are used. Two men prepare -and mix the soil while thc other
l\\u mold and remove the blocks, then, clean the fmms The

~

dry soil s prepared as (\plnnul in (lmptc 7. II|<n" is._

mixed with water as shown in l‘lglllt 38 until the sonl barely
flows when lightly kneaded, A good way to estimate whether
cunough water has been .ul(lul is to use a stick to make a' 3-inch
deep,-Vashaped groove in the soil mix. The mix is wet anough
il the sides of the groove I)llI;,L and just begin to flow [ogethex

Bituminous emulsions or dther liquid stabilizers are added
.u) the soil mix at the same time as the water. Dry or powdexed
stabilizers are mixed in before the \m[cr is added.

? %//////W. /
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Figure 41. Lifting the forms from freshly mudé blocks.

After thorough mixing, the adobe mix is placed in the

~forms as shown in Figure 39, It helps to drop or throw the '

miv in the forms so it packs tightlv, The mix is then kneaded
by hand as shown in Figure 40 1o fill all of the corers and
remove all air bubbles. If the kneading job is done well, the
adobe blocks will be solid and fiave strong corners and edges.
Af[c'r_lgng;idingl aosmall board or trowel s used to-cur-off the-

extra soil” and smooth the wop edge of the molded block. A

little water sprinkfed on 'mp of the block will help in smoothing

it off.

«As soon as possihle the formms are lifted from the freshly
made blocks ag shown in Figure 41. The only way of knowing
when to remove the form$ is to trv it. If the blocks slump or
bulge too much, cither the forms are being removed too soon
or the mix is: too wet. If the mix sticks to the forms when
‘ 'ihéf\ ;are remeved, it is too «drv or the forms have hot been
oiled enough.  With some soils the forms may  be removed
Cimmediately.  With other soils vou may have o wait longer.

After removing the forms thev are washed as shown in
Figure 42 and returned to the casting bed for the next batch!




Figure 43. Front end loader is used to mix soil with water in
large sump.

MECHANICAL METHOD OF MAKING ADOBE BILOCKS
The mechanical method of making adobe blocks is not much
different from the hand method. By using machinery to mix

and dump theé soil ¥ou can® make blocks faster, but you heed ="

bigger forms and more of them. A larger casting bed is also
required.

The size of the adobe blocks is the same as those made
by the manual method, but the forms should be big enough
to make 12 1o 16 blocks at once. For these bigger forms, use
2-inch thick lumber. If enough water and earth are available

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

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

Figure 44. Machine transports pxc‘pared soil mix to mult-




such as shown in Figure 43. He digs the soil if necessary, mixes
the soil and water in a large pit and then scoops the soil mix
up and drops it in the forms. This operation is shown in
Figure 44. The other men knead the mix into the forms and
lift the large forms from the molded blocks at the proper time,.
This method will vary depending on the type of mechanical
equipment that is available. -The front-end loader was used
only as an example.

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

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

e Qe As_soon..as.the. blocks.are strong. enough. to.he .pickedo

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

3. 1If stabilizers such as lime or cement are used cover,
the blocks with wet cloth or straw as soon as the ‘molds are
reinoved. Keep them moist for seven days.and then turn them
on edge to complete the curing. '(See Figure 58, Chapter 9.)

4. At the end of the curing period, the blocks are stacked
on edge as shown in Figure 46 so they will take up less room.

Because of the long curmg period for adobe blocks, a .l-arge‘,ﬂ' .
curing area must be available. During dry, hot seasons they

can cure without a protective roof. But if it is apt to rain =~

Figure 45. Unstabilized block is turned on edge to dry after
two to four .gdays. .

hand




Figure 46. Adobe block is stacked afterf\\a month of curing,.

during the curing period, a protective covering will be needed.
. The blocks shown in llgmc 47 were ruined.by rain l)efom ’Mmy
ad a chance to cure.

An e\dmplc of an inexpensive shedy used for curing b]ocks
is shown in Figure 57 in Chapter Y. Bm, d“ types of covering
must allow the air to ciréhlate around the” "blocks or the) will
. take too. long to cure. R ’

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

CHECKING - QUALITY OF,: BLOCKS—Controlling " the
quality of adobe blocks during construction is not as difficult
as it is for pressed earth blocks because moisture content is not

- so important. It still should be done, though. You can make
quick tests such as the reaction to shaking, dry strength, 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 stabilizer is bemg added The following
tests are recommended.

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

using the procedures given in Chapter 2. From the first 100

‘blocks made, two or three blocks should be selected for strength

tests. lLater it is sufficient to check-‘one block out of every 150

to 200 blocks.
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Figire 47. Inadequate protection of blocks durmg curing
schedule may result in a loss such as occurred here after a
* rainstorm.

2. .Sp)gty testing is an easy.way of checkmg ‘the quality of
adobe blocks and assuring umformlty These tests should be
ptrfofmed on curedblocks using the procedure descrlbed

* Chapter-2. The number of tests to be performed fis the same
as for the strength’ tests.

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

All of the control tests should be done on blocks which
have curedgfor the same amount of time. If tests are performed
on blocks which have cured for one week and then other tests -
are performed on blocks that have cured three weeks, you could .

oy not expé'ct the results of the tests to be the same.
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Chapter 9 1

MAKING' PRESSED EARTH BLOCKS

As mentioned carlier, machine-made ;()r pressed carth hlocks
combine the advantages of Both rammed carth and adobe, but
require less technical skl than ranmed carth.  For this redson,
several hand- and power-driven machinds have been devetoped
in recent vears to make pressed blocks, | Four machines known
to Texas ALM are Luncrete, Winget, F,lflmm and CINVA-Ram.
The mention of these machines does linL mply endorsement
either by Texas ALY o by the Ageney for International De-

- velopmen s B

[ANDCRETE=The Landerete press is manufactured by
Messrs, Landsborough and Findlav (South Africa) Lud., Johannes-
burg: South- Mrrea. T iFigure 4850 e is a hand-operated press
cwhich- was «developéd especially for making blocks and bricks
from stabilized soil.” Teis aowell-designed machine, very sturdily
built, and casy to use. The manafacturer clanms that the hand-

operated machine will make 100 to 130 blocks per hour. A
power-driven model 1s also available which will make 500 bricks
per hour.  The muchine weighs too much to be casily moved.

Viarious shapes of blocks which mayv be molded with the machine
are ilustrated in Figure 490 Thae many available shapes allow
blocks for making comers. interior partetions and. many other
special uses. Ldnderete blocks have an interlocking  feature
which aids i laving them, ’

i
L T ;

WINGET—The Winget machine” (Figure 503 is o hvdrau-

licallv-operated block press powered by a small gasoline engine.
It is manufactured by Winget, Lud. Rochester, England, 1t

s

V‘ﬁ’
v i

Figure 48. ' -
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49, The various shapes of blocks produced by the Land-

e Block-making machine allow _pietd construction of corners
ard bees

C
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51, The compression and ejection stroke with this
lock-making achipge . consumed, 1.4 secgnds by’ stop -

bleck-m 1ng,‘ machipe . consumed, eCon ds by p
watch ( ’

‘

containgfa rotating, table ‘with three opua[um’posmom one,_
position, eachfor Afilling the mold,” pressing the block, and’
cjecting the hlock.  The table, itself, must be. rotated by harid
so that the rate of pxoductum 1s still controlled b‘y the operatots'
Due to the high pressure which can bewobtamed with the press, .

the quality of the block is good. The'machine 1s not easxly.

Q

ble .due 10 its weight.. - "

LLSON BLOCKMASTER— The Ellson Blockmaster is a
a!h -operated block (or brick) mal\mg machine manu-
fuurui by Ellson. Eguipments (Pty) Ltd., 283 “Fox Street,
Johannesburg, South Africa. (Figure 51.)=The machine operates
on a lever system with a constant length of stroke so that the
block thi kness is always the same. The hlgh lever ratio (500-1)
‘makes a very dense, solid block. Different molds can produce
 blocks 9x12x4 inches or 6x12x4 inches. Orher molds and attach-
~gments are available to form interlocking blocks, 414x9x4 inch
“bricks or 18x9x4 inch hollow blocks. The manufacturer claims
a production rate of 900 to 1100 blocks per 8 hour day with g
an increased rate up to 1400, to 1500 blocks per day with a 7 = .
semi-automatic loader attached. If the 41/2x9\4 inch bricks are -

made. the rate is approximately doubled "since two bricks -are
made in one operation. Two men would be required to operate
the machine and two or three more to prepare the soil. - ‘

" CINVA-RAM—The CINVA- Ram (Fxgure 52) was developed
by the Inter-American Housing and Planning Center (CINVA)
at Bogota, Colombia;"in 1952. Tt is operated by manually apply: -
ing pressure on a long lever arm. It produces blocks which
are 1114x514x314 inches (either hollow or solid) and will also

produce 11156x515x114 inch tiles for roofs or floors The long —
lever arm arrangement proctuces dense hlgh ug bm’

e

CINVA- Ram is presently dxstn, etallbec Ltda Apartado»




a Figure 52,
L

Jnder license from 1.B/E.C. Housing Company, New York, US.A.
The machine weighs/only 140 pounds and is the lightest of the
four machines ,menfioned here. Three men, doing all of the
work, mcludmg P’ océssing, mixing, nrolding, etc., should make
800 blocks a day/ Five workers can make 600 per day by divid-
ing the jobs. / o

SUMMARY ‘6F BLOCK-MAKING MACHINES—AI of the
machines dis¢ussed above make high-quality earth blocks. Each
machine ceftainly has its advantages and disadvantages and
certain mathines' will be available in some areas of the -world
where oth”éxs will not. There are probably other good machines

that will make good earth blocks, but it is not practical in
Mnual ;oJ discuss all of them. We will ‘use the CINVA- .

am n%ach%a)é,to'(Ii5cuss the procedure for making blocks.

BLOCK-MAKING OPERATIONS—A tdam of five or six
men working thh one machine achieves the best productxon
Three men handle the* digging and processmg while two men
operate the machine and meld the blocks.Another man may
be used to stack the blocks for curing.

PLACING SOIL MIX IN MACHINE—With most of the
block-making machines (particuldrly with CINVA-Ram) it is
necessary to get the correct amount of soil mix in the machine
each time. Fast, simple weighing equipm"ent can be used, but
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Figure 53.

a wood. or metal scoop w111 do almost as well A scoop for the
CINVA-Ram is shown in Fxgure 53 "A worker can scoop into
a loose plle of prepared soil mix, scrape off the excess material

this measured amount dlrectly into the machine. The size of
.the scoop is determined by the correct amount of mix to make
a dense block. Another way is to use orily one size scoop but
- use an adjustable scraper as shown in Figure 53.
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with a piece of straight wood or sheet metal; and then dumpi
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Beforq/cafﬁ/gcoop of m&x is placed in the CINVA-Ram, a
light coat of oil should be brushed on the sides and bottom of

_theé molding box. A mixture of 1 part engine oil and one part

of kerosene is fine. 'The oil coating "keeps the blocks from
sticking' to the sides of the mold and makes them easier to
force out.

The scoop of soil mix"is then placed in the oiled mold
box. (Figure 54.)" For many soils, a scoopful of loose material

“will not completely fill tht mold box and the cover can be

easily closed. “Some_ soils; hiowever, have a tendency to “fluff”
when moist--(usually, the sandy materials do this) and they
must be lightly pressed down- by hand before the mold cover
can be closed. It has also been found that many=zblocks are
not compressed tightly at the corners and these corners will
later chip or break off during handling. . This does not affect

Figure 54, Charging mold box with soil mix. -
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Figure 55. Pressure stroke.

the overall strength of the bDlock but can spoil the looks of the-.
\\'alli later on. To avoid this problem, loose mix in the corners
can be pressed down tightly by hand of “a little excess soil mix
can be pldced in ecach of the corners. e

. PRESSING THE BLOCKS—The worker who fills the mold
box.slides the cover on.« His partner applies the“pressure on
the~lever. (Figure 53.) This is a most important part of the
operation and requires practice to do well. The CINVA-Ram
was developed so. that as littde as 70 pounds of force applied
to the end of the lever produces a block dense enough to be
ssatisfactorv. However, it has been proved that denser blocks
are much stronger and more weather-resistant. So. it is recont-
mended- that at least 130 pounds of force be applied to the
lever arm; that is. a ma® weighing about 130 pounds should
he able to apply all ﬁis weight to ‘bring the lever down to a
level position. "

8

, A good block depends on the correct amount of soil in

» the-mold box:~ I the tever arm tan be pushed to the level
position without pressing hard, then not enough soil has heen
placed in the mold and the block will not be dense. If too
“much soil has been placedin the m#ld, then the lever arm
cannot be brought down to the level position, even with con-
siderable force. The block produced in an ovetf'lﬂ mold
still will not be dense enough. The builder car™judge when
he has the correct amount of mix in the héx. He will feel the
. greatest force when the ‘end of the leverf lacks about one foot |
from being level. - . *

If weighing equipment is available, \N‘\x should determine
the density of vour blocks by measuring their weight and
- volume. The best blocks are the heaviest or most dense anes.
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#JEC 11\(- BLOC I\S—In the CINVA-Ram. blocks are
pressed out of the mold by lifting the lever arm and swinging
it to the other side of the mold box. (Figure 56.) After ex-
truding. the®block shnnl(l he transferred to a suitable place for
curing. If the wp of the block bows or cracks during this

extruding pgocess. the sotl mix was probabl® too wet. These

blocks will he weak and should not be used. Newlhvaade soil

blocks containing clay can be handled with litde feay of break-
ing.  New sandy blocks mayv crumble when handled, so - they
should be moved on a, wood or metal piece called a pallet.
Some fresh blocks must I‘CIIlLlili;Q()ll patlets until they are strong
enough 1o be moved. Tt may he necessary to have enough
pallets on hand to handle an entire day's production of blocks.
The only wi

Figure 56. Extrusion of finished block and removal to curing
area. ' ‘ ‘

95

to_know whether pallets are required is to make



o Figure 57.

‘blocks and see how they hold together when they gome out of

the machine. . ) S ke

; CURING BLOCKS—While curing, blocks 5:&’1(}&(!@! bve  storredd
in‘a place where they awill not be disturbed and close w whers
they will he used, . :

Curing is completed when the water used [(or maolding
dried out. They will dry out faster in ehe sun.  If the ar
received a lot of rain, dry them out under, s covering or ¢

ap
shed as shown in Figure 57, If the roof of the héfise wag built
fivst, dvy them under the roeof. o

A wet cure period is necessary for®stabilized blocks w gain
strength, particularly if they contain cementing Lvpe stabilizers.
(See Chapter 2.) During the wet-curing: period, blocks should
-be stood on end and coveréd with wet sacking, leaves, or other
material as shown in Figure 58 so they can be kept moist. After

b

°

9% . ,




A

: ' 3’ e ks '
curmg; tjae covermg is removed and the blocks are stacked whllc

T they drys 0 e,
° Sq)me builders do@ not wait until the b]ocks are oomplete]y‘
~dry ‘before layingithem in the.wall. This does no harm as

o dong. 115‘ the I)lucks'(lo not crack when being laid and do not

o shrmk tater. But,let them cure for at least a week before

usmg, Lh«. longcr lhe beue S . -

e cm,cz\wa QUALITY OF m.ocns—wmma largc number °
o of l)locks is being made, a few bad ones are bound to turn up.
Fn .bmnclunes even a whole batch of blocks will be of poor quality
because mmLDme did something” ﬁm)ng Mistakes happen, and
the builder can guard against them by performing occasional

7 Tperformed - depend on the size of the job and type of con-
> ., struction. For pressed earth blocks the following tests dre ,
- ?!:commcnded

‘ 1. The monture content of each scparatc mix should be
1 checked before blocks: are molded. . If the mixes are small;. You
o can check moisture by making -a ball of the moist mix as
: described in . Chapter 2 and dropping it ®n & hard surface,
e For large mixes try to use the ‘more exact tests' for moisture .
& e dc:scnb‘c;?t in Appcmhx B. Use aml samplta wcughmg 1.to 2

pounds.

S 2. Spray tests should be performed occasmnally to see if
e themxcsmance 10 weathering is as good as cxpcctcds These tests
— should b€ performed on cured blocks using the procedure
- déscribed in Chapter, 2. If the job is just startmg then 2 or 3
(or. even more) b,ncks out, of the first 100 bricks should be .
~checked. Later it s sufﬁcxcnt to check one brick out of cvery
. 150 -200 bncks madc,

FEE ¥ 'I‘he strength of Lhc block should ‘also be checked often’
“to make sure that the.block will be as strong’as expected.  These
“tests should be performed on cured blocks using the prodedures
~given in Chapter 2 or Appendix A. The number of-tests that

» should be- performed is thc same as given above for the spray‘f
tests. :

4 auau:puun tests—cam be cauly pcﬂ“ormed o cured
blocks using the  procedure given in Chapter 2. ' Make an
absorpuon test each time you do a spray test.

RN N Densxty #ests to determine whether your blockx arc‘
bemg pressed enough should be. done if weighing cqulpmcnt
_ones..

oA If the blocks do not pass these control test,a, block makxng -
should be stopped unmednately ~until thc trouble is locatcd '

control tests,. The type and number of tests_that_should be

is avallable Remcmber that the hcavnest blocks are thc bcstf .



Chapter 10
MAKING WALLS WITH EARTH BLOCKS

Earth blocks, whether adobe or pressed, are laid in level
~layers- (or-courses) just like ordinary burnt bricks. Each course
is offset one-half of the width of the block as shown in Figure
59 so that the vertical joints are not continuous. - The blocks
are joined together with a mortar to give a uniformly strong
wall. Some block-making machines produce.blocks with inter-
+ locking grooves and ridges so the blocks bond’ together without
“zusmg hortar. This type of bond is not ver satisfactory,

~particularly. for- areas- subject -to-earthquakes. or -high winds, .o

The selection of a. coqrect mortar is an important st¢p, and
the information given below should be closely studied before
a mortar is selected.

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

types of earth blocks: -

1 pal t pOr[lan d cement. - L OSSP —

1 pP-H\hme TR —e ,

6 parts_clean sand (partlcle size less than 14").
Sufficient clean water to make a workable le s
'If masonry cement is available, usé one part masonry

~ cement, three parts sand and enough water to form a workable
C._mix.

fve

If sol mix is used for the mortar it should be one low in®
%nt to avoid shrinkage cracks. Since the mortar is not

clay cont
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l,)rm;ﬂi like the blocks, it will require some sort of stabilizer—
wsually portland cement or lime—so it will have approximately
the same sirength as the blocks.  Research has shown that
mortar for stabilized pressed blocks should contain about twice
as much stabilizer gs the blocks to be as strong as the blocks.
In other words. double the amount of stabilizer you used for
your blocks when making a. stabilized soil mortars

- , ( » :
The soil mix or sand to be used S the mortar should be
sicved through a small screen.

SELECTING THE BEST MORTAR FOR PRESSED

EARTH BILOCKS~There are some simple tests that can be

used- in setecting a good gortar. Before making these tests,
it is first necessary to knowssomething about laying blocks.
Since pressedd earth blocks are usually ‘dried before they are
laid, thev are likelv. to absorb-some of the water from the wet
mortar. 1f they absorb too much water from it, the mortar
will dry out o fast. Then it will be weak and will not form
a good bond with the block.

A simple way to determine if this will 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 1145 minutes, the blocks need to
be wetted. This can be done by completelv iminersing stabilized
blocks in water for a minute or twoe. Unstabilized blocks can
be thoroughly sprmHed with water. Allow the surface water
to be absorbed into the blocks before the mortar is applied.

After the blocks have been propcrly wetted, two or more
of them are joined together with each of the proposed mortar
mixes using the same thickness of mortar joint that will be
used in the wall. 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 ome day. The mixes are
]udﬂed from the appearance of cracks in the mortar. A mortar
is unsuitable if it contains open cracks that will allow surface
wateér to enter the joint. Fine hairline cracks in the surface

. are usually not damaging. Mixes that have damaging cracks
" need either more sand or more stabilizer.

If the test joint you made shows no cracks, set the test

“blocks aside in a protected area for at least 7 days. If portland

cement or lime is used as a stabilizing agent they should receive
a wet cure for the first day. At the end of the 7-day drying
period, drop the joined blocks on a hard surface from shoulder
height so as to land on the corner of one of the blogks. The
fragments are inspected to determine -if the cracks follow the
joints or cross the joints through the blocks. Any mortar that

" is strong enough to hold the blocks together so that some of

the cracks are through the blocks is a strong, durable mortar.

9%
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If the cracks are all in the mortar joints, the mortar may be
suspected as being too weak for successful use. Some blocks
are extremely strong and may not crack through the block.
In such cases, the only thing to do is to estimate by some other
means the force required to pull the blocks apart.

MORTARS FOR ADOBE BLOCKS—Tests-have-shown that .
the mortar for adobe blocks should have about the same strength
as the blocks themselves. If the mortar is much stronger than
the blocks, it could cause the blocks to crack when it shrinks.
For this reason, it s leUdlIy Best to use the same soil mix

_(including _stabilizer)..as . was. used.for--the - blecks: - This-mix -~

arroon Yavoya ar

e |
should be l‘““' L}uuusu a fine sreen Lo 1emove iar ITge€ pariicies

which are never desirable in the mortar.

If the mortar does not satlsfactorlly ‘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 a
general. rule, very little trouble js experienccd with mortars
for adobe blocks. B

_SETTING DOOR FRAMES—Before the block-laying begins,
all-door openings should be accurately located and marked on
top of the foundation wall. - Sometimes the door frames are set
in place before laying the blocks.

Another satisfactory method, often used with adobe con-
struction, is to leave an.accurately measured 'opening for the
door frame to be placed after the block laying is completed.
If the door frames are placed first, great care shquld be taken
to make sure that they are in the correct position. They should
be perfectly plumb and then solidly braced: The frames should
be perfectly square (do this by measuring across the dlagona]s)
and then braced diagonally also. K

TERMITE PROTECTION—In certain aréas of the world,
especially in tropical climates, termites or white ants are so
bad that they will even burrow in earth blocks. If the hppse
is being built in such an area, special precautions must be
taken. The common method is to use a thin metal shield which

- is placed on top of the foundation wall and have it project out

and down from the wall at least three inches. It may also be

advisable to treat the-soil-and-lumber-with suitable insecticides

to minimize attack by termites.

LAYING THE BLOCKS—After the correct mortar mix has
been selected and the termite shields and door frames are in
place, the blocks are ready to be laid. The usual procedure
is to place the first layer of blocks around at least most of the
house as shown in Figure 60b. Leave space for the mortar
in the joints, but do not put it in. This step provides the
~correct block spacing for the remaining courses. When proper
spacing has been obtained by trial the blocks are theq laid
with mortar.
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“stretched between corners of the bujlding as’ shown in Figure 61 ,

"Use a lcvel or plumb bob to checL them.

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 laving the remaining blocks, so they should
be layed level and correctly spaced. Sumg lines are Lheh

or between a corner and a door friéme. 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 devel. If an
adjustment is needed, it should be made. 1t 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

1o give @ sh.nght wall. (It may be handy for him to have a

small block of wood of just the correct thickness so that he can
measure the distance from the string line to the . face of the
block.) ~"The strmg line is. moved up to the next course after a

‘course is ¥ompleted. . In this manner, the courses are brought up

to the level of the window sills. Then the block laying is
stopped while the window frames are set in place.

Adobe blacks have rougher surfaces and it will be a little
harder to Iay them to a straight line but it ¢an be done.

A house with crooked walls will not look as good, so check
often to be sure that your walls are going up plumb (vcrtxca])
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Figure 61.

The block lavers (or masons) should have helpers to keep
cnough mortar mixed, to soak the blocks (if needed) ‘and to
keep a supply of bldcks casily available to the mason at all
. . P ’ ’ . . . .
times. The mason needs the correct tools for his job, a large

Cand small trowel, a jointing tool, hammer, and level.

&
The mortar is placed on top of the blocks with the trowel
“as shown in Figure 62. Sufficient mortar is used to give a
joint somewhat thicker than desived. The mason then puts
mortar on each end of the block and sets it in place. Using
the .trowel handle, fe lightly taps the blocks into' the exact
position and then strikes off the excess mortar which has been

~
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squeezed out of the jomts.  Atter the mortar has become slightly
i J ‘ )
hardened (in about 30 minutes) the mason finishes the mortar
joints, This iy done with o rounded ool called a joimnting

twol, wihich slightlv indents the joints and removes rough cdges.

Th ves to pack the mortar tightly in the joints and also

¢ joint more waterproof. The mason’s helper should
wally sprinkle the fresh joints with water to keep them
from ¢ too fast. When the mason necds half blocks at

makes th
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door frames and windows he can cut blocks by glvmg !Fhem

a sharp tap with the edge of his metal trowel. ,

If the block wall is going to be covered with a thick sqgrface ‘
coating, (as explamed in Chapter 13) it is not nécessaty to
finish the mortar joints with the jointing tool. Instead the

- mortar is left in a rough condition, either protruding out 1from
! the blocks or deeply indented. Some builders even omiit 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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mffig"ure 65. This tyﬁical wall section for adobe is used by a
well known Albuquerque, N. M., 'adobe building contractor.

- this space is later filled with the surface coating it' provides

~-a very:strong:=zbond between the surface coating and the wall.
Rock chips set®in the wet mortar, also provide a good bond
for surface coatings. This method is shown in Figure 63 for
an adobe house. - '

WINDOWS—When the block wall has- been brought up to
. the correct height, the window sill should be placed. This

a
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Figure no.  An overhanging window »sill channelizes the rain
into two rivulers, castly eroding the unprotected, nonstabilized”
wall surtaed,

oot ol th mos Conon pliaces Tov annoving deaks to occur
and ereat core shoutd bhe taken at this stage of the construction,
Phe st shonld bectade of oo stivdy naterial that will not rat,
\owood quahity mortan s can be used o prefevabby hightly re-

mloreed porthand coment conariele should be formed  into a
. N -

Figure 67a. {This 27 x . 47 wood n‘nlcr blocl\ of the same dlmen-
S10NS a8 an .‘(l()hc bln(l\ is inserted n pld((‘ of the adobe blocl\
around \\ln(l()\\s and doogs to offer an excellent, rigid hanger
for the window or door frame.

\:
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Figure 67b. The nailer block!is shown in place (under the
building paper) in this residence under constructiop in Albu-
querque, N. M. (Koeber).
| R 2

}iaurcs 54 and 65. When a wood frame window
is to hc used. the masonry sill should not at any place extend
above the hottom 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
Figurz 66. If an overhanging sill is used. it should have a drip
groove underneath to. prevent water from nmmng down the
face of the wall. -

After the masonry sill is in place the wmdo“ frame, can-
’he Sset and braced in the same mdnncl as the doors. Then, the
bloq,k laying can continue: Of course, vou can also leave an
accurately measured opening for the window and place it after
the blocks have been laved. A trick often used by adobe builders’
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Figﬁre 68. This shows how timber lintels are used above doors
and windows. Above the lmtels (in- the cut-out sectlon) is
shown . a concrete bond beam.

)

when theé walls will be covered with a surface coating is shown'
~in_Figure 67. Wooden nailer blocks—exactly the size of an
adobe block—are placed at several points adjacent to door and
window openings. The nailer blocks are mortared in place
and their center is filled with mortar, also. Window and door
frames can be nailed directly to these without fear of cracking.
adobe blocks. This method can also be used with pressed
block walls that will receive thick surface coatings. Another and
perhaps better method-is to attach sheet metal strips to the
frame which will extend 1nto the mortar joints.

LINTELS—The weakest spot in any’ house is' over the
doors and windows. A beam or other reinforcing cross piece
“called a lintel should always be used above thiese openings as
~shown in Figure 68. The lintel must be strong enough jto-
support construction loads.as well as the weight of the blocks
above. A large timber or a reinforced concrete beam makes a
good lintel. (Fig. 95 in Appendlx A gives some thicknesses of

- lintels that can be used for various conditions.) yThe 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 wmdow 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.

o

equal -to the thlcl\ness of the wall 50 they will have plenty of
4surface to rest on, “e

A drip barrier should be .cut in all lintels. This barrier

is a small groove (about 14” deep and 14” dcross) on the
. underside of the lintel about one inch from the outside edge.
It will keep water from seeping back into the .wall, itself,
_Figufe 65 shows the location of the drip _barrier. B

v A lintel made from a cedar post 1s -shown u?’lﬁgure 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 lmtels because " they are strong
and usually are Ereated ito resist? termltes

& . BOND BEAMS— Bolllcf«beams (sometimes called tie beams
' or perimeter beams): are used to reinforcé;the top of the earth
~ wall against=loads from the roof. (See Flgure 68.) The beam
distributes the roof load and ties the top of the walls together.
If a low-ceiling house is bemg built, the bond beami can also
e 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 -
€arth wall as shown in Figare 71. Make the forms strong so
théy will not. bulge.. If you are usmg a timber frame roof, set
bolts in the fresh concrete . for holdmg the roof down.

: 5'1-’0'9; g
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Figure 70: This shows a combination ‘bond beam and lintel,
made from reinforced concrete, nthat can be used, on low-ceiling
houses. i 8

o

REI\’FORCEMENF The best. made homes_use extra, re-
inforcing. In earthquake or high wind areas, remforcmg should
always be used. The most common type of remforcmg used in
a block wall consists of ‘reinforcing rods or wire mesh laid in
occasional horizontal Jomts These rods or mesh are embeddcd
in the mortar between blocks and also serve to reduce shrinkage
cracking.  Usually this xemfolcmg is placed in at least ohe qut
of every six horizontal joints,

Additional reinforcing is normally required in the horizontal
joints immediately under window sills. Since a window repre-

. sents a weak ‘place in thie wall, most structural “cracks | occur

at the corner of the window. Remforcmg is not requxred above
the. window if a sturdy lintel is used. Reinforcing rods are
sometimes placed in the nfortar 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,

B :
1

Additional strength particularly for a two-story" bmldmg,
is obtamed with vertical reinforcing rods. For most block walls
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"~ second story. The’ ilighter construction for the second floor~

)

“ . e A ﬁy
Figure 71. Forms lnl\gP this sSan be used to pour concrcte bond
beams and lmtels g‘ ace m_ the wall. :

;

. . ]

o

\

. : - :
“ this means (lnllmg a hole through .the blocks and gloutmg the

‘rod into the block? "Vertical reinforcing is normally u:ed only
in areas sub;ected to severe earthquake shocks.

. I'AI\'IHQUAI\I' DILSIGNS——ln areas’ Slll)JC(Lt‘(l to frequent l ’
earthquakc -shocks, lhalf“followmg rules should be followed: |

. 1. .The plan of- the buxldmg should be compact and rec-
t;mgular in ‘order’ to. minimize the effects of shaking.

-

. 2. A continuous I'mnfoxced concretc foundation laid on.
‘ compacted or solid ground:is necessary.

K

\ 3. .One- -story walls should not.be less than 12 mches thick
for” exté‘flor walls"and § mches thick for interior walls A two-
story house should have .18- and 12-inch thickness éxterior and
interior walls for the first story and wood framing for the

 minimizes the” hazards resnltmg from earthqual\es

4. "Reinforce mortared joints. Reinforcing rods or wire
meslf should l\)e placed in every fourth or flfth horgzontal mortar




X thls method c‘n_"be 1mproved by using a four- to ,sm-\(oot mdth s
“\of one-inch wire mesh in every sixth joint. The ‘extra width, -
N8 turned down' against the face of wall and fastened to it, Thls»

R INSI/DE WALLS—The homebmlder has several choxces of
ma erials from wh1ch do. construct the interior walls of the,
' be made from the same -soil that was

Normally they do not have to bﬁ
as *'tbl kv nor as sn'ong Also, they do net need to be weather -
'Aprcmf, They @ ,-however, be resistant to abrasion, and a




Chopter H
MAKING RAMMED EARTH WALLS

"A ramuied eatih wall you might say, is a large pressed
-earth block ‘Because it is much bigger than a pressed earth
Ablock and 1t1 is made right on top of the' foundation wall, it
is harder toido well. But_if you do it right, you will save a
‘ lot of effert: ~You don’t have to move ,a lot of small blocks -
©»  around and llay ‘them in the wall. A rammed earth wall will
e make as good a wall as pre&sed blocks ‘will make.

) Dont try to bmld a rammed earth . house thhout knowmg
exactly what; you should ‘do. It will be worth your while to
spend a lot of time studymg this chapter before you start.

- After fmdmg the right kind’ of soil for rammed earth, the
“most- 1mportant thing to do is to build a form or mold to ram
- the earth in. : a

- The next most important thing is. toi ram the earth correctly,

HOW TO 'BUILD FORMS— Th'e forms for rammed earth-

o are:a lof llke those -used for poured concrete. . They are sxmp]y

rectangular boxes  without tops or bottoms into which edrth

"3 pounde(l " The forfas must be strong because they will have

‘to stand a 1ot of abuse before your walls are finished. Since

_they will have to-be moved often, they must not be too heavy
for aTuple of—Trren*t(r hft‘ﬁw» L

The forms can be ‘made from’ metal but since most
buxlders will want to use wooden forms, we will talk about
~“them. enly. A sxmple form can be made like the one shown in
- Figure 72, It uses -2” thick lumber (27x6”, 27x8” or 27x10"y-
~.nailed to~ 2”x”4 braces or studs:spaced 2 to 3’ apart. You'll
,«need two panels and seyeral- long (about 28”-30”) 54” round bolts
" to hold ‘them together. The bolts should be long enough to
~extend . through the forms and _studs with the. threaded poruon :

: sttckmg out. a couple of inches. After the forms are' removed,
=7 . the bolts are driven out-of the wall and the holes  filled” with !
o txghtly rammed sonl mix. . i . o G

" The forx‘n in Flgurev72 are used for makmg straight wall - =~

. —~sections. To make corner sections, make some special forms ;
_from. the’ same type of wood, but patterned to look like those /o
in Flgure 74 o . Ce - oo

In buildmg 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.
--bottems. oLthe.formsmwul be right,also. . To-space the top of
~ the. forms,. use 2”x2” ‘wood “spacers" cut to: exactly the same’
f.Wldth as’ the wall f.; ' : . ,

To keep the earth from commg out- of the forms at the _:{;}"‘ :
ends, use a Plece called an e.nd gate ” End gates should always oo
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' Fig}xre 72. Form Yor r%mming. ,
‘ ;o @

be as thick as the rest of the forms—\—?"— in ‘thls ‘case. End gates

. ;also_ serve ‘as ' spacer blocks at the é\nds of the form§ so they

““shouldebe | ;as wide as the walls. In' ‘\most ‘cases “end ‘gates will -

ht: at the endI of the forms,\but' they should be mades

, ANt . -any. place inside the: forms in case you have

. to'ram shbkepwall ssections, Try to space- end .gates so they’ll

© be*at leas; g from the nearest bolt. If you don't leave enough
room, it wxll be difficult to ram the soxl correctly

| Always’ nail a beveled pxece of wood on the end _gate. S0
that it faces the inside wall. . When the earth is rammed in *
the [forms, the” beveled piece will forri a groove in the end 6f
the wall When the next section of wall is ra{nmed the groove -
‘will be filled With- earth to form ﬁ sohd _joint that bonds the
secuons together ' :

f ‘The form shown in Flgure 72 will be’ fairly “heavy “for two -
men tq handle. If a smaller form is made, it will be hghter, gg
of cour;e but you wilt have to move- it top. often.

i l Plywood 1”7 thick, will do -as well as :2” planks, and w1ll /',v
: make lighter forms.- It must be braced better, though. - U
2"x4" studs spaced 18” apart in both directions. The bol
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o
should be at least vy v diameter Plyvwoad forms are shown
in Figures 73 and 74 @

Plvwood s easiest to use in makdig=forms, but it is more
costiv than ovditary bumber and sometimes s havd to get. It
will make nice, 5111‘(,)(),{?1'5&\’;ills, but it gouges casily it acadentally
struck with the corner ot the \r";u'mncr. '

Figure 73, "Straight {orm for rammed carth walls,

o
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Figure 75, Thin metal strips such as these can be used instead:®
v of bolts to tie rammed earth forms, (ogc(hcr;

Other thicknesses of lumbet can be used, of course. Bolt
and stud spacing can be based on those shown in . Figures 72,
73 and 74.

Instead of bolts, which might be hard to get, you can use
thin ‘metal strips to hold the forms together. Small slots are
- cut in the forms for the metal strips to go through. “Metal pegs
" _or large nails hold the strips to the forms and wedges can be’
driven to pull the strips tight as shown in Figure 75. Instead
of pullmg the metal strips out of the wall as you do with bolts,
just leave: them in place. If you.are going to use a plaster
surface coating leave them sticking out a shoxt distance to bond
the surface coating to the wall. I not, cut thém off flush with
the surface of“the wall. ‘ '
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FORMING FIRST SECTION

FORMING ADJACENT,SECTIVQN T

Figure 76. This is a specml form that was dcslgncd 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 from 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 it 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 thc
‘bottom of the form together.® You'll need only a‘few bojts:
‘you don't have the bother of removing the bolts from the wall.:
But thé forms are harder ro make and they also, must: be

_sturdier. Don't try them uniess you are.an expcncnced builder.
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: ~* - Figure 77. Form for ramming.
Here are some hints that might help you when you makc N -
forms: v ‘
-1. -Don’t make your forms deeper than 2 or 214 feet. 1f
they are deeper, it will be- difficult to ram the earth correctly 1
at the bottom of forms. , o I
V 2. Use seasoned lumber for your forms. Green lumber
~will warp. . ‘
- 3. }\eep your forms oiled with a hght weight oil. - This
¢ will stop warping, and keep the soil from sticking to the lumber.

4. When your forms are not being used, stack them flat
in a protected and well-drained area S0 ‘they won't warp.




\f‘lgurc 78. ‘ '
o SR N Make your bolts w1th crank type handles ‘as shown in
Flgure 78.. : - ‘ -

6. You can crank the bolts off and on faster than Xou can
tlghten ‘the nits with a: wrench

T If scveral houses are bemg built, lmc %h& inside of
your forms with ‘thin sheet metal They will last ’tw},oc -as long, .

8. Dnve a ,couple o§ naxls partially in your spacqr block

- and bend them over to fit on the bolts as shown in" Figure 78, )

When,ymLse%me—fomlrhp;*sﬁEk ‘the bolts through the nails

'to hold. the spacer blocks in b“!ace while you are ughtcmng up
r,he bolts . ‘ ‘

Lo b

B

-9 §7 you can 't find's _1table Bolts, use heavy wire to hold
,ad the wn'e “around’ the stpds ‘and
"~ When the forms -are

. all strip of wood, ;cut on a 45° ahglc. to the inside
AN corno;;.\of the forms. This i§. called ‘a chamfer stnp, and it will
| oy und off" the ;harﬁ comers ' : -




Rammed Earth Tampers

_Most_rammed carth tdmpcrs are th hn\d tvpe, but if vou
want to tamp soil faster, an air tamper —W hJCh requires C\PLHSI\C
cquipment—will he berter. ‘

HAND '1".4.\I[’IiRSm’I"hy weight “6f hand t;unpc-rs 15 very
important.  ‘The heavier the tamper, the faster the carth can
be rammed.  So use the heaviest tamper vour laborers can handle

all day long without overtiving.  Small labarers cannot Tift hand
C“tampers weighing/ more than 16-18 pounds for long without
tiring. - Larger men may he able to work clficiently with tampers

ot weighing 20 1o 30 pounds, . ' '

-

a

The size of the striking face is regulated depending on the
weight of the tamper. A good rule to follow, is thist the timper
should weigh two pounds for every square inch of tamper face.
A tamper with a fi”\“%" squeare face (this is the most popular
slle) should weigh 18 pounds.- Fer -a 4=xt* square face the
dll]})(‘l should wc:gh ‘2 poux_u,ls.. ‘

A square tamper witha flat striking face is the best to use.
Round-shaped and othei’ curved faces mayv not gouge the forms
=as badly as squave ones, but they don’t comipact as well, cither,

L you care to..vou can nake a few tampers with special shaped ™

. faces for compacting in small aveas, such as arpund the end

gates ol the Tornms. ;
) v

< Figu1”::"“7‘.‘)“51)(»\,\@ a sturdy metal tamper that is, easy o make,
Pampers cah also be made of wood but they are a litle, harder
(o uses because they ave bulky.,  The striking face of  wood
tampers should be covered  with a piece of metal =to prevent
rapid wear ;md splitting.

A spuml two-man ‘m\pe‘r“ 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 one-man Lamper, |
)

AIR-TAMPERN—With :u‘,/n air-tamper one man can Lmp soil
L din_one-hall to-one-thivd thes time that he could using a hand
Guaper.  Many ypes of aivrtampers ave available.  Get a light

one that doesn’t weigh more than 25- 30 polunds. 1t should be

a l()ng«stmkc machine, of modérate feed, that (‘lc’:]i\'c-rmI:M;chr[ul
blows. A six-inch squaretamping face can be used with this
type of machine. 3 Lo S

A constant air pressure of'appmki‘malel\‘ 70 pounds per
square inch is'necessary.  An air' compressor with a. free air
delivery of 24 to JO cubic feet. per minute will operate one

tamper. u : .
Y

THICKNESS OF T'lMPl“D LAYERS—A good rammed earth
~wall should be well tamped from fop to.bottom. Layers which
are ‘placed too thick will be loose at the bottom and will wash,
out during rains, The ‘thickness of each’ loose layer of earlh

ey
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before tampirrg should not be more than 17 more\\than the
width of the tumping face.  For example, don't try o tamp
m(f)rc than 47 of loose soil with a 3”x3"” square-faced \'\gamper..
After tamping, a 47 loose layer should be approximately 214"
thick. ' ' \‘

: \ '
CONSTRUCTION PROCEDURE-The construction ‘pro-
cedure for rammed carth walls is very similar to that

used \for

co

Figure 79a. Lift-drop ' Figuré 79b. Assembled
tamper. o sliding weight qumper.

-
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80 shows a rammed carth wall under construction, =

5 Figure 7%. Disassembled sliding. weight tamper.
: e * K
N -

carth 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 ’Wl)\;l[C\'Clﬂ vou mayv be using. The end
gates and spacer blocks™are then inserted and the top row of
bolts is tightened.  You are now ready g start ramming, ' Figure

When a section is_completed, the forms are moved, fastened
tghtly ac therr new Jocation, and ramming continues. Ram a
complete. section arggind  the house before starting the next

<41
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Figure 80 ‘{ .
) layer.  Joints between layers should be staggered like thosé in

pressed blocks so they do not form a single, weak line in the
wall. »This method is shown in Figure 81.

Figure Bl also shows how the beveled piece of- wood on
the end gate forms a good wvertical joint between sections.
v : ] :

The_first sections to be rammed should be the corners of
the house. Particular care should bé taken to make sure that
corner. forms are perfectly plumb or wvertical. This is most
important and should be checked often. A RAMMED EARTH
WALL  THAT IS BUILT LEANING CAN NEVER BE
STRAIGHTENED. ~ T

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 for&ns.
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Figure 81. "
Protect newly-constructed wall sections until they gam
. strength. ‘At night and when rain threatens, all walls exposed

to rain should be protected -with mats, heavy cloth, or water-

' ; tproof paper:

It is very important that this protection cover

the top of the wall,

since erosion starts

there first.

Walls

-stabilized with cement, lime, or other cementing-type stabilizers
should be protected and kept moist during the entire curing

* period. 'Sacks or mats, moistened several times dally are good

for this.

* Some soils—particularly the sandier ones—may have a tend-
ency to crumble when the next section is ramfmed. on top of -
an._earlier lift. If this happens, wait until the lower section
gains enough strength to prevcnt this. For sonl; having cement-
ingitype stabilizers in Lhem wait 3 or 4° days if possible. In

< 14 e L




: "genera] you ‘can ram on top of any wall secuon as. long as it ;
o doesn t crumble or crack : . -

Before- rammmg a new -section, scratch the top of the lower
completed section about 157 deep with a pointed wood- or” “steel
- stake. If the completed secugrLAs—dry moisten the top of it
- ~shghtly Thns will xmprove the bond between sections.

. NUMB.ER ‘OF WORKERS NEEDED—Once. the soil ‘mix is Ja
: f?"‘prepared ‘2 to 4 workers can be used to construct the wall. Two .
men can do the.ramming but, if the forms are short, the work
will be more efficient'if only one man stands in the forms. One o
~ worker is required to shovel the- p‘pared soil mix _into the
forms. One worker, supplied wnth can ram- aboutv 3 cu. ft,

of soil m an hour. )

7

Smce the workmen operatmg tampers stand inside .or on
lop of the forms, scaffélding or supports are not required for
s them, “But as the wall increases in height, scaffolding may be
[T - -necessary for the avorker shoveling sml mix inside the forms, A
. worker o’n the ground -shovels the mix onto the scaffoldmg
~ This requnres a_total-of three or four workers. An alternative----—
. 7is for thie man tamping the soil to pull up additional soil as
e Fnceded 7:1 a bucket and pour it into the forms. .

: Scaﬁoldmg or other supports will also' be necessary when
C e the walfl is high"and the forms must be moved around.« '

TAMPING THE .SOILWREGARDLESS OF HOW GOOD . ...

' THE OIL MIX IS, A RAMMED EARTH HOUSE WILL :
il NOT LAST LONG UNLESS IT IS TAMPED ENOUGH AND
1 UNLESS THE MOISTURE CONTENT OF THE MIX IS
S RIGHT The two go together, because - unless the moisture
content] is right, the earth cannot be tamped right. For this
~.._reason, the monsture content should be checked-often, not only
~ when 14( is mixed, but also when it is being tamped. Mixes
- which @are too_wet or too dry should be remixed. Cement-

stabnhzed mixca which have dned oul should not be used

" }i_ MMING gSHOULD BE COVTLNUED ON EACH
o LAYER UNTIL THE NQISE FROM THE RAMMING TOOL
- CHAN ES FROM A DULL THUD TO A CLEAR RINGIN

»

, W&)rkers operatmg the tampers have a hard but xmponam- :
]ob Their work -should -be checked often. An casy way to
- check for soft spots is to shove d sturdy kitife blade into various
spots in the _rammed "layér. -Soft spots found in this manner
. +._should be rammed some more. The important pldtes-to check 4
. r are dxrectly against the forms, in cemcrs,_and arqund beveled , -
. "# strips on.end gates. - : E

4 oo It the soil tamper ‘will not nng regardlm of the numbcr :
‘ 'of tamps, then something.is wrong with lhc mix. Probably it
is too wet,- so check it. closely
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DOOR AN
: and windows
-4 struction,

OPENINGS—0penings for doors
can two ways-in rammed earth con-
One way is to set the door and window frames first
and ram the ecarth around them. It this is done the frames
should be solidly braced ‘as shown in Figure 82 otherwise. they
will be touul out of place by the high pressures produced by
ammmg ‘Brace door and wmd()\g bfmmes across the diagonals
also so the opunngs will remain square.  Frames should be as
wide as the walls and should hmh ties sticking into the wall
lo hold them firmly in place. :

be done

The other way. is to ram the earth first leaving an opening
in the wall for the frames.  When this method is used, the
beveled sprip is removed from tite end gate. *The end gate is

occur.  Wooden nailer blocks must be placed in the wall so that
door and window frames can bc securely attached to them. The
blocks are placed on top of a tamped layer and adjacent to
the end gate.
block to hold it securely in position. The result is shown in
Figure 88. Another method also shown in Figure 83 uses,a
single pxue of timber the full height of the opening. Lightly
nail this piece to the end gate so the end gate can be casily
removed from it after cach layer is completed., When using this
~method, the door frame does not have to l)e as wide as the
wall, but the unplotcuul edges of the wall shoulcb be chamfered
as (:\plamul on pagc 119,

G
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The next 1‘1\01 is nghtlv rammed. around the

~then accurately positioned at the spot where the opcnmg is to .

we




Sometimes you may run into a situation llkc tlna o

_ Figure-83. ‘

(W)

N

You will be ramming against a short section of wall (say

-3" long) which is adjacent to a window opening. The pressure

« .G
If a section does slide,

in place”

from rammlng against this short section may cause it to slide
towasd-the open space.

Tokeep this from happening, snongly
- brace the short section agamst the wall on the ‘opposite side
of the opcning or_against stakes driven in the ground.

tear it down and ram a new section

WINDOW SILLS—For window sills in rammed earth follow

the same rules as for pressed blocks.

(See page 10"))

[IN'I‘FLS AND TIE, BLAMS Lintels and tie beams are
constructed 'in the same way as for pressed blocks There is one
precaution to be noted, However.
the earth on tep of a lmtel may be great enough to cause it

to break or ‘permanently ‘shg,

The pressures from ramming

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 @nd window openings. This method s often

preferred.

.

REINFORCEMENT—~Barbed
metal xcmfmcmg rods may be used to reinforce a rammed earth

wire, woven wire -or smadl

“wall. This~ is particularly necessary if the bLuL(lmg As being

constructed in an arca that has Caxthquakes or hxgﬁ’ wmds 'md

-
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ngurc 84.

is made of stabilized ecarth, Rcmforcmg is*not as cffccuve in
~ unstabilized earth walls as it is in stabilized material. - Reinforce-
ment around door and window openings. alwaya strengthens a
wall It el1mmates damaging cracks ‘at these pomts.

. Remforcement should be placed no- closer than two inches
from the outside of the wall. Place it in- lengths a litvle longer
than the forms. Turn-up the extra length against the end gate
so that it can be bent down. into"the new section after the end

e gate is. removed. = Securely fasten the reinforcement in the new

section to that extending from the previously compacted section.
, S o7 . N . ;
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ROOFS FOR EARTH HOUSES R
#Any type of roof used on ordinary houses can also be used
on ‘earth houses. Thatch or sheet metal .roofs are commonly
P . used. But’often it will be cheaper to use an earth roof on :
‘your house. o .
.i . Three types of earthen roofs are used: T
0 1. Bunker fill roafs R . &
| 2. "Arch or vault roofs o E
/ 8. Frame roofs supporting earthen tiles.
/ - : I o )
o ‘These are things an earth roof must do: -~ -
7 ;5 1. It must be strong enough to.remain in place; .
! % 1t must not feak; : A , ]
3. It must provide protection so that iwidter running off =

o . . - L . 5
the roof will not run down the sides of thyeﬁﬁrtb wall. =
. e N \

BURKER FILL ROOF—X bunkee-Till roof is a flat roof = *
in_which large timbers, (sometime$ called “vigas” in ‘parts of
Ce e ‘111(:'()’,‘5“)‘ support a tamped—of compacted earthen’ blanket.. See\”\_ .
b ""aml*igul'(.-ﬂ'ﬁ. "I‘!fcanﬁ(&czux bé sawed timbers of the: tritnks )
T of small treesesix o cight inches in diameter, spaced approxi- "+

Smately-3T inghes apart. For large buildings, such as the school b
//'i,x/sm\'vn “in Figur¢ 86, harge trunks, ten to twelve inches “in -

j.

ddiameter,Tcan bes used, A nice appearance is produced hy

~§':|ltcx'|r‘;111|)g the l:ll'g(.f and small en‘(ls ;0_[ tl‘lcﬁ;«\*lgns.w Also, putting. oy

“ithe small-ends all in the same direction would cause thupt end :

wl ‘ ’ o ‘
i

o i

Figure 85. The cuﬁ@"‘/’ay section of this ‘bunker fill .Toofjshows '
the layered structure of’ the roof. From -the top down, the .

components are graveland asphalt, 'build{t{g@ﬁhpe‘x, ‘arth: fill,
- building paper, wood sheathing and supporing i (vigas)

g w




Figure B6. Thc large and small ends of the cc:lmg timbers’
(nv"s) are al(clndtcd t0 plO\ldL a balanced dppedrdnw.j

. ' e % R
o O L!
of the rool o be weak. A (|l( pl((ln is ;,I\Ln J0 llu ,\Wus
so that the finished roof \\1[] slnp( about 4 m(h p:l lm)l
o '

of length. : wﬂé«

On top of the vigas, pl.u( some type of covering to support
the earth fill. - This can be 1" lumber, gome type of reed such
as bambo() or gverrssmall saplings as sltown sngFigure 87 Run
the sheathingi"diagonally from ceptgr to denter of the vigas.
This will compensate for the unévenness of the ,vigis.  Qver
the sheathmg, use heavy building ‘paperjor a thin l.ucr of straw

A compacted earth fill i# placed on top of all this. The”’

thickness, when tamped, should be at least four #iches. Dccper
fills up to eight inches are better and will increase the life of%
the roof, reduce the amount of heat going through the roof
: and lessen the chanccs ot secphge. '

1 he roof should bc bmlt yp in lifts ahd packed like rammed
earth. The thickness of the loose lift placed at one time depends
‘on the size and weight of ranmmer used. Sece page 120.

The soil type for by nker Hill. roofs should be similar to
that used for rammed earth. Clayey soils will shrink and crack
and allow water to seep through. Often, it will pay you to-
use a stabilizér in-your roof material. Lime, cement, or any
waterpxooters will do., Another way is to add oil or asphalt
"to 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 surfacmg may. be needed in climates that get.

a lot of rainfal} -"Gravel sprﬁe%;on the top of the- surface lessens

2
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Figure 87. To compensate fg)r the unevenness of the tops of
the vigas, saplings can 'be Pplaced diagonally for sheathing.
Note the straw used in this case to prevent the earth fill from’
sifting through the ceiling.

i

crosion caused Dy rain. A coal of asphstt il help hold the .

loose gravel in place.

Water from the rool must not be allowed to run down

Cthe walls of the house. A spout or caiial projecting out :lw%\'

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 extend - far enough
away from the walls to prevent e 10sn(m~.ﬁ, leaspuwo feer

|
ARCH OF VAULT ROO¥S—(Sce Figure 88) These' types
of roofs are used in 111;‘;‘;\51 ghere

timber is scarce. | They require

used for centuries and local masons khow how o build ther

some skiH to huild dlthnugh m some areas xmh ridofs have b‘(_f:l?l

Arched, .lllllul r domred roofs are usually built of buriit

“brick although theve is guml reason to believe that well stabilized

earth- blocks can be used. : . .

g ' L N :

[he 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 feet—depending on the

distance between, wall:, 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 concre[e bond’ Peam around
the top -of the outside walls “will. add grcatlv to tite strength
and mjny make it possible to reduce the wall thickness. “How-
ever, a qualified structural engineer should deslgn any such

“walls and be.xms -

131 N
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Figure 88. This style of earth dome and vault construction
was used in a reconstruction program at New Gourna, Egypt.

N - The mortar used in laying brick or stabilizing earth block
in_an-arch;, vault or dome s usually of a quick-setting type.
In many middle Easterny countries a mortar made with gypsum
T s eommon, o cement_or lime mortar is used, it s necessary

to have a form to support the brick until the mortar sets. ‘This

L@ s disyally oo expensive and is rarelys used in small house
construction., Lo -
If you should use this type of roof, get .methods and design

' from someone who has done it before.

“‘ - ~ g - W ArG = : . .

# EARTH TILE- ROOFS—Earth tile have also been used for
roofs. They can be pressed in a block making machine bys

) ; S « )
7A

Figure 89: A thatched-carth tile roof of this design prm;cd
suc‘cess{ulfi\n esearch studies in India.




usmg fillers. They can also.be of sun drled dobe tin ‘either
case it is best “to stabilize “the earth r“The tildy argy placed on ay
"+ ‘wooden frame just as shingles are. " “The™tiles Should be 14"
to 2” thch and about 1’ long, . Good sun- dried tiles~are made-
S with a thatch or grass) “tail.” " See Figure 89.« The thatch tail *
' helps prevent rain from croding the block, and prondes insula-
‘ tion for the inside of the house. =

"The best- carth. tgslu_arc made w1th stabllxzed _soil. Lxmek
~cement -and asphalt work well, Since thcy 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 wc:lght “Also, wooden strips (called stringers) must be
placed - in the roof at-close enough intervals so that each ;ulc

" rests on two stringers, ‘either directly. or indirectly. Tiles are
often made with a lip or groove near the upper edge so that )
they will lie securely on the stringers. :

el - -
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r | Chapfer ‘I3 o
* - FLOORS -

Thc most dcsxrablc type of floors for an earth. housc i3, of R
“‘course, a’ concrgte slab, a- wood ﬂqor or a floor surfaced wwh '
‘cement tile or ceramic tile.  However, in some areas where good
. §dn(l and gravel are not available for concrete, and where wood\
_is.scarce and commercially made tile cannot be obtained, an \
le.earth floor ¢an be. substituted:’ Properl> wmpaucd carth or i\:,
high. qtrength stabilized earth tite"will make a reasonalsly durable Yo
“floor. "Extra_stabilizer is required if flooss are to fast a long -~ %

time, l)u.msc floors get the hardest wear of any part of the
house. Even'the most primitive, .dwellings have some type o! SN
oil>or. fat. worked mw the soil as a stabilizer. : '

YPE“Ot SOIL I-‘OR EARTH FLOORS—For earth floors,

~,use the same “soil ;you ‘use to build your housc but add ‘extra’
"  stdb;hzer. o . . ‘

- be to ngh—and—dnmbté

Limé and portland gcmem maké ;hc bcst stabiﬁzerﬁ n
Lmuismul asphalt will 1®ake good ﬂbor; but the dark color/

may be objeuxonable. Wood ashcs an(l e\'en ammal blcxxl havc
, been ugeq g ‘

I‘AMPM) OR RA‘MMI‘D I:ARTH I-L()OR.S-Beforc makmg ;
\lhc earth floor, it is® nc;cssary to remove -al orgamc mpsml
0 ‘dt lc.nt down to-6-lo. 7 mches below lhc level of (hc fmxs ed

e

vhere 'swe"mg Soils are damagm& to buildings
_mmmg should be avmded Umamped sonl will swell lcss

. ; I )
Ire fxrst'laver abov}b the cx:sung soil is filled wnh abuut L
r inches of* clean ‘sandy or gravelly material. The purpose. '
of mhns mal erial is to stop moisture that may rise up from the -~
~existing. soil,” The sandy ‘material should. be avell 1amped to &,
-stre gtheﬁ it and to keep it from settling. . If the existing soil
| swellmg type use about 6 mches oﬁ sandy matenal ‘

i less sta ‘llllel‘ thau the t0p because it” does m\x get. a:ry wear,
e carefully ramnied into fplace Be sure the‘
Check 1L usu‘ng the mi ’thod descnbed
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.lilllb“i as much stabilizer as might be wsed inocarth walls. Test "_
y()u‘x“; mix by making sone small’ rammed carth test blocks just

as, vou would for o vammed carth wall After the test blocks
h;l\(‘\“(‘m'ml check them for hardness and water resistance.

ATter Tamping the top Liser. smooth out any tamper marks

and then curethe floor foe several davs, @ .

Porttand coment and Hime-stabilized floors way be cuved by
S})lilll'\‘%\‘lillg the floor or putiing wet sicks ontop of 1. At the
end of the curing peviod, a thin portland cement sturry madc
from Cement, water and tine sand may be applied o the floor
o seal lany ericks and waterproof. i Certain oily will do the
S;ll;\l‘ j(;‘ll)y i .

Dontt walk onthie floor vl e s T,

FIER FLOORS -Pressed carth tiles mav dp just as well as
rammed }K;l”h floors.  They can even look nicer, particularly
if vou ny
(IIN\”;\—Ru\l\n or anv other block-making machine that makes
lys™ 1o 2 x\hicl\' tiles can be used.  Use enough stabitifer n

(

ke tiles from several different coloved soilss The

the sotl so

¢ cured blocks are difficult to scratch with a nail,
Make test lil(\\\‘ to check the stabilizer content.

Hllll)i“/(‘t]:\l\ih&s‘.v,\\ll(,)tl1}[ he motst-cured fov 7 davs and then
dricd in the .\‘l}\{l befove placing them. Prepare the Hoor arca
the same way ‘\i‘m would for vamnmed carth floors. o s very
Smpoettant  that the sandy baver be level and w:,‘H(‘um});u»l:-T\‘
before placing thevtiler W asnt the Hoor will be rough and |

unsightly.

. Figi_h‘e 9.
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it is better to mortar tiles in placc with a: mortar of*sand

portland .eement and water: Carefully simooth the mortar joints

" to keep from having grooves in the finished ‘floor. - @Tl]cs can

‘be laid without any ‘mortar if they are placed closely together,

They may rock a htllc or cotme loose, but it won't hurt if they
are, put back' right away.

. Singe cured. tiles are uscd,‘ the fldor 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 1f app]xed hot beeswax may also be quite ¢
Ryitable. :

CATING, TIIL HOUSE . THROUGH THE FLOOR Yo,u
syour house by healmg the floor.

can hea

This idea is used in the Umtcd States and other places in
- the wm)d (Korea, for example) with tunnels under the floor.
Thesc tunnels carry heat from a fire which is built at one of
the openings. . \ . : e

This method of heating should not be attempted unless
you have somgone experienced to show yoy how to do it.

&

PR A : <




Chapter 14 : R
U SURFACE COATI‘NGS o

A sm[arc (outmg is a ld\LI‘ or filih ob materkil pl.lcecl
an carth wall.

This is what surfiace coatifigs do: ‘
(a) lhcy can make some earth walls look better. o

(b) lecy‘un help carth walls shed rain water. 5

) “The can make edrth walls last longer s
Y ReTR ,

Decide whether you want to use surface coatings when you
-are planihing your house—not after-it is constructed.

APPEARANCE—Houses built. of “carefully made pressed
blocks look better without surface coa&i‘ngs. -

/ Rammed earth, walls will have a pleasing appearance if
the inside of the forms is smooth and in good conditién during
construction. In fact, some rammed garth house owners feel
that a ‘few form marks are pleasing to an earth wall and thcy
do nat care-to use surface coatings. Byt if the insides: bf the'
forms. were Tough and in poor condttion; ‘a surface coating
will prob; lhly ‘improve, the wall's appea rance. '

Most adobe home owners prcfcrkm"[:u:c coatings o1 their
houses. ,

“One way o decide on a surface coating is to look gt ether
homes in your area. See if surface coatings helped: their
appearance, - e -

.

Remember this:

A cheap or poorly apphed surface coating that quickly
peels off looks worse ‘than none at” all.

The owner must decide how often he is willing to repai
thc surface coating to keep it looking good Most cheap uufac!
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" e*epensne coating wx»ll be _necessary. &

DAMAGE _FROM RAIN WATER If you follow the in-
stryictions in Chapter 2 for selectmg soils for earth houses, you-

won't—have to worry about ‘rain damage unless ‘you have to-.

use very clayey soils. 1f your test blocks, even when stablllzed
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-
se¢ whether this w1l} Jhappen to your surface coating. Completely

137
: @. _ .

4




-

| \

¢ . ceh

btxa *few test blocks of your soil mix.and sub]ect them to both
“the spray. fest and-absorption test. If the surface coating cracks
or peels, lch same thing will happcn to your house when coated.

l/'\/(,Rl.;A.SIz\/(} THE 1-11'1: OF THE WALL~-Other things

.

beside rain may wear down an earth wall.  Strong winds carry- /

ing dust, children throwing rocks or sticks, and even animals, |
~can scar or damage éarth waIls—Cspccmlly unstabilized ones.

If these things otcur in your neighborhood or arca, then un-

stabilized walls should be t()dly(‘_g.l.. ‘Most stabilized wally’ can

resist them,. 7 ’ et

COST OF S‘Ultf#(l" COATINGS=Since most surface coat-
mgs require some’ type of stabilizery you must decide whether
it is best 1o use the stabilizer -in the Surface coating or in the

wall itself. burfdu coatings normally take less stabilizer than
for stabilizing the entire walls. But it also takes additional time
and money to apply surface voatings’and keep them repaired.
Unless you can get by with a thin,. cheap surface coating,
total cost will be nearly the same whether you use ‘a surface
coating or stabilize the entire wull, -7

TYPES 'OF SURFACE COATINGS—=There are four main
types ob.surface coatings: o '

- e

(a) TPlasters . - o

: : "~ o
(b)Y Shirries . ‘ : ' \ .
(¢y  Paints > ‘

. (d)‘ Special chcmualb 5

th\lcn are placul on the walls in Lurh lhuk ld\(_‘lb——dboll[

14”. Below.is a high- quah[v pld\lCr mix that has worked well
on earth houses:

1 part p(.)l‘ll;ln(l cement
® .

i

i

4 to b parts clean sand ’

Suffidient water to make a thick mixture  ° '

Add a sthall-amount of Hme if the pluswr is hard to spread.

- Apply this ‘plast'cr' in two coats, cach about 14" thick.
~Moisten the wall and then throw or spl.lmrr the first coat
’ aguinst the wall with a large brush. This will" not only bond
the p aster to the wall, it wilkteave it rough so the second
con( “will bond to it.  (Sec page 143 concerning reinforcement -
of pl.mcrs) Cure this ceat at least 12 hours (more in wet areas)
llpefore applymg the second -coat. The second coat may be
brushed on ‘also, but if 4 smooth surface is desired; put it on
with a metal trowel. ough surfaces hav less tendency to
crack and they look bet ‘c‘r-uu most_homes.

Don't apply cement plastexs on a suuny’xsall wait until

. S
it is shaded. When a section of wall is completed, cover it = ®
. and keep it moist for a day or two, until it gains strength.




Cement -plasters should be used only on stable walis.

Remember that walls: comammg a lot of c]ay will swell and™ "
crack the coatmg

_E%h},ow -cost. \mud. plasters can . be made by combining a soil
Sywith  wa £l These are. called Dagga plasters: . Dagga
P Sters made W‘xlﬁ. thg ‘right kind-of cliy and having suffxcnent\
‘sand in them \may be “as good as-any other plasters. Most good”
ones. contain 'ghout’ 2 patts sand to ‘one part clay. Dagga -

-kind' of clay, or ‘when they are too soft, "The red and brown
< Jaterite clays found\m 0thc tropic_zones make’ éxcellem Dagga
~".ﬁ’plasters _ S e ,

Dagga plasters can be improved bya addmg a stabxhzer to

¢ to 9 pzlirts of soil. Asph\alts can also be used in Dagga plasters -
_to. waterproof them but “they:will not harden the plaster and

, they rgay make it too dark to look good on a, house. Many

’ of@the@?;e;he stabilizers menuoncd in Chapter 3 can“bt used .=
Expenmcm{by trying them’ ‘out on small settions of your wall

“as. the plaster dries.’

Bagga plasters are usually apphed to a previously moistened

will with a trowel .to a thickness of about 14" Roughening

l e dagga surface will help to keep ¢racks from formmg when
“the plaster dries. . ‘

Slurries are mx\(mrcs of cemem or lime and water. They

. are*brushed- on the wall m Lhm ;pats like pamt Good ones
may last 5 to 10 years. —- &

‘xe of . the best slurneg are made fron -partrﬂf :
cemem and lime mixed with—enough water to make 2 thlck
hqund Addmg a” small- amount of clcan. fine sand swill gwc
lhc slurry a gritty texture. '\ ~ :

PR

Moisten the earth wall before the slurry is applned Thcn
brush on two coats at “intervals of 24 hourd, Keep the slurry
mxxed ‘while applying it or some, of the matefals may settle
“to the ‘bottom of -the- eemameu ' s

i

Slurries make economical surfaee coatin but Lhey' mtist'

";‘; and swell will cause them to crack and yeel off

¢

Pamts make good surface coatings for * some walls. Cement-
based masonr) paints work? Hest.. They are tougher and last
longer than plain cement slurries. Present oxl’based house paints -
“and. alummum paints .do not work on earth walls. However,
new ones may . be developed that work as well as cement- based
péints.s . : : : :

- Itis not pracncal to mclude a hst of mauufacmred pamts
.‘that have worked “on ‘earth 'walls because t.hey ‘may not be "
‘ “xégble in your area. If you want to. try thcm, sée the nearest- .

"/ or-én test blocks of your sm] mix, Watch for damagmg.cr,acks

plasters will-sot-last if théy contain-too mugh-clay,—the wrong—

sthem. Lime or cement work well. "Try one part lime or cgment .~

40

" be applied to" the” right -Kindl of wall: ‘Earth’ walls that shrink.




@

‘mixture is obtained. - : w0

pamt salesman. Ask him' for a demonstratlon and samples of

hlS pamts Then see how “they Wotk on test blocks ,of your
sml mix. Perform the spray. test on completelv paujted test

‘blocks and if you have enough time, aflow the blocks to/ weather

outside. The performance of these test blocks should] tell you
how ‘well the paint will work. **.-\ o J

s

chemicals. Huc is one th.u lms been used C

I part calcium stearate (powdmed) L /
2 parts calcium chloride (powilered) . f

B v : " . f
+ 50 parts portland cement. .
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

Y

Pour the mixwmre through a fly screen tp remove lumps

“and large particles.

Use white pmthnul cement in Lhuml\ln e if 9 whtte coating
is desired.  For other colors, add 3-4 parts ol*a ppwdmul oxide
plglll(,lll

Apply the paint 1ﬂ two coats with a large brush.  Moisten
the carth wall before applying the first coat.  Paint only on

shady walls and keep the p.untul surface slightly moistened '
'so the cement does not cure too quickly.  The second coat

should not be .1pphml sooner than 12 houxs after the first.

Only the/ second coat needs to be colmed It can,. also be
thrown on the surface with % large blllSh or broom to obtain
a plmsmg stirface texture,

White- \msh paints—or water mx\ed°wuh lime—can improve
the appmmm,g of earth walls.  But they offer little, if any,
protection, against water or wear, and they only last for.a short
time: ll()wwc , lhqp.n‘c not coslly and thcv are c:mly apphcd
with a ldrgc brush. .

A whitewastr which offers some protection against water .

can be ‘made with the following materials:
114 gallons ‘anslaked lime,
314 gallons of water.

« Y 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. e :

Apply the mixture with a tatge brush.- Add = little water

if it is difficult to spread.

This white-wash will last about a year in.smést climates.




’ . [ .
Certain chiemicals, applied similar to paints, will make_gogd
. . N S A
\osurtace

solution 1s brushed into the wall with a fairly stitf brush to

j‘('[{fg()(ul pencetration.  Applyv two coats a few minutes apart,
A suitable werting agent o surfactant see Chaprer 3y added 1o
e, solution will nwrease the penetration ob the treatment in
sdime walls, ‘

i

The ondy way wtind out whether chemicals will work -5
to Yy them. Spray tests and weathering tests should bc:Hcr-
. + . L . . . -
formged on treated test blocks of vour sotl. i s

coatings. . One meitioned in Chapter 3 ds a mixturesof. -
Loy part Sodivme stlicate s (09 Baume) cand. 3 pantd water: © The

i
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cuntil the mortar dries.
cob: walls will . take much longer.

e

Figure 92.

PI\LP»!PI\’G THE SURFACE~—Surface coatings applied to

'pourl) pxepaxcd wals will soon peel off. Before applying any
" sutface coating, the entire thickness of wall must be complctely

dry. For properly cured blocks, this may take only a few weeks
’ Rammed earth, wattle and daub, and

In rainy areas, walls may
be damaged before they get dry enough to apply-surface coat-

‘ings If this is liable to happen to your wall, use the stabilizer

in the wall so it will be protected from the time of construction.

Whm completely dried, the wall must be brushed or swept
to remove dust and other loose particles. Just before- slurries
or plasters are appiied to a wall, moisten it slightly. Painting
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- the’ wafl wnh a thin mnx&urc of ponland céntent and water
'm.xprovcs the bond between the wall and surface coating..

RL’INI-OR(‘LML\ T—To %treng(hcn plasters and nupro\e
_their _bond to the earth -wall, wire reinforcement should be
used Woven wire fencing, shown in Figure 91, works well,
Fastcn the wite securely to the top of the earth wall by placing

in the last-mortar joint or bemecn the bond bheam and the "

wiw should: " be attached near the roof fill, brought over the”
top row of blocks, and bent down atong the wall.  This method
is eohown in. Figure 63. . ’ '

— “lhc reinforcement’ shou](l extend into window and door

: T "*r)peninqs so the plaster will be reinforced at all points. (Figure
2 92)  Nail it to the-wall’ every 6-8 mches Special nails with
"\ roughened surfaces work best. : o

‘When two-coats of plaster are used, the first coat should

be thrown or spattered through the wire reinforcement. This

‘ .. improves the bond between wall and plaster and also leaves the
reinforcement appruxin‘mecly midway in the plaster coat.

‘When  wire reinforcing is not available, the bond to . the
earth wall can be 1mplovcd 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

2 to-the wall,  (Sec page 102 for discussion of these methods.)  For
rammed earth walls, cut shallow holes 6 to 8 inches apart and
- drive nails "in thcsc holes until their heads are even with the
outside wall surface. Another way is to cut long, narrow grooves
6 to 8 inches apart in the wall.

- Remember that the strongest plastcrs are remforced wuh
“wire. Use it if you can, :

lop ut the earth wall. For houses with bunkei [ill roofs, the o
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APPENDIXA S o
’ Aﬂerberg Limits of Sonls | | e

“The Atterberg limit tests on soils are slmple tests that will
tell you very generally whether the soils contain much clay and
" whether this clay willsbe harmful in \()llfmﬂr ~ThereaTe 1Wo
tests that you-must. perform: the liquid limit and the plastic
limit, l’rpr;n Lh(:?;’th—ge{ a . value -called th_c plasticity
index.  (The bar shrinkage test can also be used to gew the
plasticity index.) '
. These tests require some special equipment and a little
bit of experience. You'can do them yourself if you are careful,
but it is better to have someone who knews 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 .

lh,u test pmccdurc

General Equipment Needed !

I.. Dish—A smooth-bottomed round di®h about 414 inches
in diameter and 114 inches high. It is best il the inside is
smooth or glazed. lm _type which (h(n{is(s call ey .1pumlmg

v

dishes can be aised, ‘ K i

0. Spatula—A spatula (or Bill kuife) has a fexible bl.u(c

about 4 inches long and 34 inches wide

3. Balance—A balance or scale that will weigh at least "IOO
grams aned is accurate to o at least 0.1 grams. (An accuracy
0.01 grams is better)) '

4. Oven—A drying oven that will  keep a temperature of
110°C or 230°F. This temperature is a little higher than the

' temperature at which ‘water boils. The oven should have vents
in n so the heated air will circulate.

5. Boxes—A :few lightweight metal containerd with tight
fitting covers,  SmaM aluminum or tin pill hoxes work well.
Curved pieces of thin glass like that used on large pocket
witches or clocks can be used. They shsuld be about 2 or

- ’l/o inches across. O

6. Sieve—A No. 40 mésh U. S. Bureau of Standards sieve

Mndards sieve. You can do without

a sieve,"but it is better to have one. -
h ’
7. 1~orms—Wr1te the .information you get from the test on

e [01m of your own design.

Satmple 3
. You will need a. sample welghmg about, 100 grams (a small -
handful) taken ’from“the soil that 'you want to test.- All*of
this sample should pass a No. 40 mesh (or a No. 36 British

Standard) sieve. This sieve has openings about 1/64 inch
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Sq'uare I you. ‘do not havc one, you can pxck a gra“n?:farga—*‘é
. thang /64 inch out of-the sample by hand. It will be easiest
L to do this if the sample is first dried in the sun and crushed up.

?

If you already know that;you are gomg [ aifmr:rbﬂrzeﬁ ————

—toyour soil, their add the same propottion of stabilizer . to s
your sample as you“intend (o use, in your house -

A. Liquid: Itmxt Te;t : ' : o S
Sp?tml Fqu:pmenl T e - ' o
_For this test you will need a spccnal tool to cut a groove™

. in the soil. The greoving tool is carefully made so it cuts a

s groove exuctly 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 taols, it is p0551ble to use a. spatula or

even a kmfe ’

Prlocedurc o e L -

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 s6 it :;

“has 1o dry or wet spots..

A
2, Shape the s0il mixture in the ‘dish into a smooth layer . o
1 centimeter (approxmmtcly %4 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 s 2 mm wide. Very
sandy soils may be torn by this method. If so, cut the groove
in several passes, makmg each pass go deeper untnl the clean
»,surface of the dish shows at Lhe bottom of the groove. "If:yolh
" do_not -have one of the grooving ‘tools; ‘carefully cut a-groove -
_in the soil using aknife or_spatula, Maké the bottom of tfie."
.- groove 2 mm wide and make sure that the sides slope up at
- an angle ‘of 60° with the ftronzon’ta%—«~m :

| AR 8 Hn}d the dmh flrmrv in_one - hand with the groove in
+~ the soil pointing dxreetly in. front’ of you. Then ‘tap the dish -
lightly with, a honzontal motion agamst the heel of the -other-
‘hand. 10 times. The djsh shoulcf be-moved a distance of about
1 to 11/2 inches to strike it against the other hand which should
remdin still. If the amount of water is just right, the groove
will flow. together at the bottom for a distance of exactly
14 inch. When it takes more than'10 taps to make the groove:
~ flow together, the soil is too dry. "Add a little water, If it
. flows together with less than 10 ta s, it is too wet. The soil
- _can be dned by mixing it a while/ or by addmg some dry soll




>~ 4. ‘When “fhe: md‘isture in the sotl has been ad]ustcdso
lhat the groove closes for 14 inch after 10 taps, the soil is at

" “the liquid limit. With your spatula.scrape a sample of the
7. soil out of the dish at the . point where the groove closed. User.
’-,;__A—‘—a—lax:ge_samplLLﬁ your balance is accurate only | to 0.1 grams,

~'Put this sample in one of your containers and ‘quickly weigh 7T
the container and soil before the water ‘evaporates, . If your -

, - containers have= lids, put them on to - keep thc water from )

- evaporatmg during weighing. : ;"

5. Write the weight of the container and soil opposltc

:W on your form.- Then put the soil container in the 110°C

oven untl” all the soil is dry. This should take §- lD hours,
but may be les§. You can check by weighing it several times. _
When the weight no longer changes, it is dry. ~Now write the o

~ weight of the container and dry sojl opposite W, on the form.
The welght of the clean dry c0ntamer W, must be known also.

Calculattons ~ N
The\ltqund limit lS calculated as follows . © s

= e ., o Welght Of Waler o
‘I;iqui,g,,lfmn = — = 100

wetght of oven-dried soxl
S R W, 5 ' R
= s ;l:‘: N e e
Lo e TI’OO“\f‘ e
Wy, — W, - e - .
Precautions - . ‘
1. - Be sure to use only matertal passmg the No. 40 mesh
- sieve (or smaller than 1/64 inch) for the lxquxd limit test. - -
2. To get the best test results, thoroughly mix the soil and ,
£ ’water Tap the dish agamst the hand the’same way with all - *
P types of soils.” . ; « :
'3, Do not vtbrate or_jar, the dlsh after the. sonl is grooved
and before it is tapped ) .
" 4. After the groove has been closed, take the soil, samplc :
g andzwelgh it qulckly to_prevent further loss of. m01§ture o e
B Plastzc Limit Test ~ T e
Speczal Equzpment o o -
"_The only special item you will need for this test is a surface
i “to Toll a.‘soil sample or, 7 gT‘Wpl*ate—oe—a—paeceM@Lh,\
shmy paper w1ll ‘work well.
Procedure e ' "’ ‘ \‘\‘:»\""5\;‘
1. Take some of your dry soil sample and add water to ° \\

"‘Mix it thoroughly by squeezing and kneading it w1th the [ -
fmgers and: palms-of the hands. The moisture content is about "~ - °

- right. when the soil cari’"be easlly shapecl mto a ball w:thoutj e
3 stlckmg to the fmgers L

-l
=5
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. 0N «/‘é}hage [he soil mixture into a roll*between the palms
“of your hands’ ‘until it is about 2 inches long, and 14 inch

dtmue ‘Then put this roll on a glass plate or piece of papet -
g the palm or fingers of one hand roll it into a thread -

Lahuwn in Figure 9. 1f the sample su(ks ‘ta the plale or
paper it 4 too wet and must -be dried some more:

Apply just cnough pressure with ‘yOUr hands- to cause the

{

thread fo get gradually smaller until it reaches’ AT inch in-

diameter.  You are lookmg for the thread to break or &umble
ust whcn it reaches 14 inch in diameter. - H. the thread breaks
sefore it reaches 14 inch diameter, it is too dry. Thoroughly’
<jmix in some water and try again.- If it can be rolled smaller
than 14 inch diameter. just voll jt up-into a large thread and

start over dgdm It will dry gmdual]\ by r()llmg it out. *When

4 it'is just righti the 14 inch threads under vour hands will crack
or crumble into pleces about 14 inch long1 S

8. Collect thebroken or crumbled soil threads and place
them in one of you coprtainers.  Weigh the soil and container.
Call thiy weight W sand record it. Then dry the soil in the

—rll—()“(' %)M‘n until .1|l the water -is driven off. Weigh the (lry
“soil .md“unlnnm and record this weight as W, T
of lhc cléan (llv container, W . must. also be knuwn.

(,ulmzlazmns
“'The plastic limit is calculated as follows: " -

' : weight of water :
- Plastic limit = : <100
weight of oven-dried soil

B (R
= _ X 100
W, — W
< C
C. Plasticity Index

~Get _the p]dSllClty “index of the soil by sulyracting the
plastic lm‘ut value from the 11qu1d limit. It is calculated as
follows: ’ )

Plagticity index = Liquid limit — Plastic limit
D. Ba'r sz-rz?z‘kqge 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
mformauo’h about )our s01l It has one advantage you won 't

piece of equxpment.

Special bquzpment o

For this test you will need a spemal metal mold shaped
like a box but without a top. The best size is 5 inches long -
and 3 mches by 34 inches square..

. 48 .
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Procedur €

1. The sample you use for this test should be prepared
‘exactly ‘like the one for: the lxqmd limit -test.. It should be-
mixed with enough water to make it slightly more fluid than
the liguid 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, the 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 enopgh wet soil
to fill. the mold one-third full. Gently jar the /mold or tap
it on a stack of papers to cause the soil to flow jnto a smooth
layer This will also remove unwanted air bubbjes-in “the soil. v
Put in more soiljand jar the layers until the molﬂ is completely
- filled.  Scrape tlle excess soil from the top of tlle mold with a’

” stralght stick or §)1ece of metal

, Dry ‘the ml ‘bar. To Leep 1tl ‘from cra/ckmg ftlst let 1t,

»ﬁry at réom ter] perature for one (lay Thep put it in the

110°C oven untilj it dries completely., Very accurately measure
- the, length of dried soil bar. Also rrleasure the exact length of
‘/ . the mold in case lt is not exactly 5 inches long

e /

,/‘/ ! ,
Ca tydtzons "‘\ : S

.|

/ he bar shrmkage is’ calculated’ as follows

/ Bar shrmkage —\ L / - -

(f,ength of wet bar) (length of dried'tl)ar)

/,/‘

- % 100
ey Length of wet bar

e o 4
e . L i

.. / ' e i e ‘
/Tesf for Sl‘/pengfh of FOUn.duﬂon Sml{ (Cluys)//

v

/ How strongjls the' ﬁoundatmu soxl? qu wide a d how -
- thick shoul;l/ the footmg of portlan(l cement qbrjcrete be?

”T get” the answers 'to¥ these questions wel m\ust first get ©
) 899'16 g}e/asure of ‘the str: ngth of the foundation; soil #t\the site
,,/ _ Whpre the house is to/be bUIlt : o l . 1

l ~
You should di several small pltS like the onl: in the plcture
(see Figure 93) sand from each one, cut a»small block _of' soil
-~ and trim. 1t with a knife so that it will be ]ust the same size -
. .. ... as. shown, "Take the ‘small blocks and test them in the lever
tester sl)o/wn 1?1 anure 94 which you can make for this purpose. -
’Push/at Poing§ A first with your first finger.  If the s0il block.—..
cruszlies the foundatron soxl .is very soft ‘_fand a large house -
8| " be bUIlt on 1td “If the soil ddes not crush ‘'when
" You push at” A, it has some- strength and. ‘he test should be Y
/Wcontmued Now push at'B. If yoi can ctiush. it by. pushing” ="

/

e wrth one fmger at B you know that the strength of the soil

¥

K _ o PR / B,
s - g ) : o e " 1'49 Lo T S / L




is greater thdn the one tha[ falled from pressure at A so you
will look in Table 4 in_ the column marked A and opposite
the type of house you plan to build to read the width and
thickness of the continuous concrete wall footing. 'If you cannot

crush it by pushing at B, then try at C. If;the soil crushes at.

C, then use the: w1(l[h ‘and depth of footing opposite B in the
table and so on, You may find some clays that will npt crush
when you “push jon the end of the lever. These are very serong
soils and you may use the sizes shown “in the table at E& You

should -be able {o push }wuh oné finger as shown in the picture, ¥
18 trﬁ pounds (8 to 9 Kg.) .. See how much ‘you can push by -

pusifing on. a set of scales or, balances. 1f you push only Y0
to I2 pounds hen_ use thc foo!.mg‘ 51ze next larger than you
: wou]d mhermﬁl

]' 3

aeesyT

~ GUT FOUNDATION SOIL

TEST SAMPLE LIKE THIS AND .

| = S

_TRIM BOTTOM AND TOP SQUARE
A |

: k\"’ Fig'Lre 93

B T - - .\\ ;50 =
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:  pusH witHl - ‘ |
. ONE FINGER

; ”*2”X34“X6‘LONG o

0
i
\

SIZE or_Tgs\r? BRI

, j’SAMPLE?V\&i

Figure 4. Simple lever tester for soils. 3\ =




o | APPENDIX B = ‘
_,_.-’i _v - Useful Formulas
Acéa of circle (3 =.3¢14, r = radius) () (r’).‘
FA'vrena‘of triangle (h = height, b = base) ......7...14 (b) (h).
+ Arcd of recianglc (a.b = length of sides) ............. (a) ('.b).
) Volume of block, (a,b,¢ = lengths of sides) ............. v () (D) (0.
~ Unit weight of block ’ V (W) (1728)  »
*  (ab,c = length of sides in inches) ...~
(Wi = weight in pounds) : (a) (b) (<)
Volume of cylindgr (h = height) oo (r) (r1) (h).
L,Ytlit’weight of cylinder (r = radius in inéhes) . (W) (1728)
. (h = height in ihchesy........ —_——,
(W = weight in pﬂo%uis) (w) (r?) (h)
Compressive strength R o |
(P = failure 1oad) ..o, [T — °
(A = cross sectional area of specimens) , ' A -
Moisture content, w g W, — W,
(W, = wet weight of soil) ... -
(W, = dry weight of soil) ~ : W,
Plasticity index, P.L o : k
(L.L. = liquid lmit) ... B LL —-PL. .
(P.L. = plastic limiry~ - . B o
- _ . Examples of Lon§ Multiplication °
Ay 19 x 328 : . b)Y 19 x 328 o
e : — 3
328 : , 328 :
19 o 19
328 328
3 ’ 2 o, "_’
6232 _ ‘ 623.2
' “ | . . . . h ¢
e ¢.) 1.9 x 328 - d) . 327 x 41.8 ,
' 19 \ - 287
2952 e 2926
R 328 2y 1254
62.32 | i 836 '
‘ 990.66

152 -




Exumplu of l.ong Divmon /"'/'/
. ' i' /'
. ' a) - 328 . . b.) 328
' ‘ 19 : 19
1726 | ‘ © 178
- 19/328.00 - 193280
» 19 19 A
T ) 138 138 o
: 188 ‘ 133
50 ‘ : : 50
38 - 38
120 O 19
114
_ k)
= 6 %
c) 328 d)y 418 )
1.9 L 287
' 17.26 , 1,76
1.9/32.800 23.7/41.800°
19 . 287
\{Mw ‘ T
138 - : 18 10
183 . ' ‘ 16 59
. T4 - .
50 ‘ 1510
38 - - 1 482
o » 120 28 ' o
. - ' 114.
- —~ 6 '

Converslon of Welghfs und Meusures
e o " LENGTH

Metric ’ English
_ -1 meter - / . 1094 yard
T __1 meter 3.281 feet
l\mem\\\ 39.37 inches
0.914 meter> 1 yard
'0.305 meter B 1 foot
I centimeter ~ 0.394 inch
Q 2.540 centimeters - Yinch
' . ~ AREA
1 square centimeter - 0. 155 square mch
6452 square centinieters I squarg inch
/1 square meter .4 ~ 10.764 square feet
0,093 square ‘meter - ] squa}e foot

ug




. VOLUME ~
1 cubu; centimeter ‘ ,0.061 cublc mch
16.387 ‘cubic centimeters I cubic mcb '
I cubic meter .+ 35.314 cubic feet
0.0283 cubic meter o 771 cubit foot
8.785 liters ‘ : I gallon ( 'ri’tish)
1 liter 0.264 gallon |
1 liter - . . 1.057 quart
‘ 0.946 liter ‘ "~ lquart '
14 : S i
WEIGHT ~ /.
.1 kilogrant ‘ T 2,205 pounds
o 0.454 l\x]ogrdm ' 1 poupd
B 1 gram “o -wo. . - 0.0353-ounce (av).
.28.349 grams o .. - 1 ounce {(avy, "
o o English "
. 1 foot ‘ 12 inches
Y 0.0833 foot I inch
1 yard e .86 ingcHes, 3 feet ™
2.1 square foot 144 square inches
1 square yard 9 square feér .
"1 cubic foot . 1728 cubic 1nches ’
I cubic yard i 27 cubic feet
1 cubic foot - {7481 gallons Plel
~.1 gallon 0:1837 cubic foot
1 pound 16 ounces ¢
1 ton (shorty . . “2000 pounds
| ) - Metuc ]
1 meter "~ 100 centimeters, 1000 mxlhmelers .
) 1 square meter 10,000 square centimeters - .
I cubic meter . J(X)OOO cubig, centimgters
1 kilogfam I . 1000 grams Vs .
. . ) . ] R - ~ }
Yy e Glosscry o .' e R
I. Absor})tmn~Th€ takmg in of water or other lxquxd into
a so0il mass. o i
2, Adobe—Any kmd of .clay soil which, when mlxed with
“water to a plastic. conslstency (sometimes with a mechanical
bmder), can be made into a part of a structuré. A structure, B
usua]]y. a building bloFk made of such clay. )
3. Angle=The. fngure formed by the intersection at a pomt
of two lines. A right/angle is such a hgure in which the lmes’
mtersect at an angle 'of J90-. :
4 Auu_ai—-Spllt palm trunks used as earth mix réinforce- .
@nt in the construétlon ‘of floors and flaq’ ‘or domed- roofs- in :
the arid zones of wdst Africa. Azaras are approxxmately 8 feet o
]ong ‘ } ; y . S
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5. Bauge—A mlxture consisting of-clay soil and straw, used
for buildmg earth- walls between- forms (French)..

_zontal position to ground stakes. They are used to fix string
lmes whxch Jocate the boundarles of eXcavation or buxldmg

B Bond-—A connection made by overlapping adjacent parts
of a structure. such as brlcks _Also to hold ktogether or solxdlfy
as a binder. : . —

8. Bond beam—A horizontal beam, usual]y of concrete or

;;;;; ad . PRy <arad

l'\rvuvud l.ua\,cu at the LUP of a wall to lcuuUIU: lut: Wdll 1ne

/

/

~bond - beam helped- to distribute the load ‘of the rafters of the .....

roof to the walls. . ) .

9. Cajon—A type of earth wall construction in which a

. Capillary rise—The vertical rise of water ifi a fine grain

soil dueiso natural [orces w1thm the small pore spaces.

1. Clay —The smallest gram size division of soils composed.
principally of flat particles smaller than 0.002 millimeters.

12. Cob—Walls built of a fairly stiff mixture of clay soil,
water and small quantmes 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. Cohesion—The ability of two i)art'icles to stick together.

14. Conzpactan—The closer packing of soxl partxcles by
mechanical means to obtain a denser mass. *

15. Curing—A time period in whxch the action of water
in a stabilized soil mass causes the mass to be CEmented together

by the stabilizer: v : B o
16. Dagga plaster—A mixture of clay and sand used as a

clay soil mix of appropfiate consistency is used in the form of
wall Apanels supported by a structural wall frame. (Spanish.)

) : - plaster to protect the walls and also as a mortar in laying up
' -earth blocks. Often sLablhzmg admxxtures are added.

Sive g

“down.

agerit: ahl earth blocks. , % »

. 19. Fly ash—-The smallest size particle of slag or clmker,{,\
a product of the burnmg of coal or lignite.

. 20. Foundatzon-—The lowest struetural part of a buxldmg
that connects the walls to the ground, - B o \,‘

ek,

o

héugi is cahbrated to determine the specific ‘gravity. of the
lquId , ¢ : /

o

18. £mulszfzed asphalt—A mn{’cure of fmely divided asphalt ;
suspended in_water and used .in liquid form as a stablhzmg%

21, Hydrometer—A scientific device which, floating ‘in ai™

i ' 6. Baiter Boards—Light planks of wood nailed in a hori-

17.. DurabzlLty—The re51stance of 2 matena] to wearmg

v
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22, Impermeable~—The ability of a soil| material to restrict

the_flow- or-seepage of water to a n gL&glble amount,

23. Laterite, latentzc—-e}arsoﬂs—formed*—under tropiealf R
climate conditions by the weatherinig of igneous rdsk. They ‘
consist chiefly of stable clays and hytroxides of iron and, alumi-
num. . : . ‘~

H

! ‘ . ” .
24. Lintel-A small beam that is used to span across a
window. opening to support the wall above the opening. ..

i

\
R, !

LINTEL-

' 2ux 6“

use 3 PIECES . 2" 6“X4 ﬁ" OVER _
3FO0T. OPENINGS IN 6"AND 9“ WALLS. =

USE 4 PIECES Oﬁfﬁrs SIZE OVER 3 — ——
FOOT OPENINGS IN 12" AND 15" WALLS. =

- Ir _/__4/ Lo S ATRIATDAS, Ay R '7"_272, AR ARG Y b Y b S b SV NER
7 _LINTEL
TE : i Z
4 S *i—,:,f a
"y ' - E
= 2 . ' Vié
/// . " 3 E ) e
77 ‘ — >\ '
Z|DOOR OR:WINDOW =
7 ™, =
Flgure 95. Wood lintel. ——— e J-
156 - - ’




25. Liquid limits—Thatmoisture content in percent of dry
~ soil weight at which the sorl changes from a plastlc to a hqmd
~state. e 2T

n

26. Mechanical analysis—The determination of the gram

analysis.

27. Moisture content—The amount of water contamed in

a soil materlal expressed as_the welght of the water divided by, -

the weight of the dry'soil material in percent.

. size dxstrlbuuon of a soil matenal Also known as 2a sieve .

28. Mo;tm—A plastrc mix of sand cement and p0531b1e

29. Nogqmg—Rough earth, brick, or concrete masonry used’
~to-fill in the open spaces of a structural frame. - :

30 _Optimum moisture content—The moisture content for
a soil nux in which, for a given compactive effort, the densest
specimen is obtained.

ey

i

31. Osiers—A form"of wettle made of willow branches and »

dry wood rods whicH are woven into a basket hke frame to
receive a plaster ofgplastic earth.

32. Pallet—A smhll flat board ‘that is used to carry a fxeshly
made building block: :

33. Parallel—The idea of two lines or planes that always
remain an equal distance apart. As a result, they never cross.

34. Permeable—The passage of watér or other liquid
through a soil mass.

35. Perpendzcular—The intersection of two llnes so ‘that a

- right angle or 90° angle is formed between the lines.

36. Pise - de - terre—The French term for rammed- earth

37. Pitch—The angle or slope of a roof, usually expressed

:as a ratio of the vettical rise totthe horizontal distance such as

a pitch of one to three. This would mean that for every three

' feet of horizontal distance, the roof would rise one .foot.

38, Plastic lzmzt—Tha't”molsture content ifh percent of dry

VARG LV R e VL Vb

sta te

soil " Weight "at’ Wthh the” sorl -changes from "a solid 'to "a ‘plastic

39 Plastzczty—-The ablhty ‘of a moist soil to ‘be deformed -

and contains clay particles.

40. qustzczty mdex——The numerical difference’ between the
liquid lumt and the plastlc limijt.

\ i
41. Plating—A techmque combmmg stabrhzed earth with
common rammed earth by placing a thin cement stabilized soil
mix agamst the outward side of the form work (forming the
exterior wall face), the remainder bemg compacLed JVlth an

!

t
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~_and hold its shape. This indicates that the soil has cohesion




ordinar)"' unstabilized sdil mix. Plavmg techniques may also be
used in the mahufacture of earth blocks

49 Poured adobe—A mixture of clay, soil, and water, of
a fairly moist copsistency enabling it to be cast between form
work and then left to dry. The process of casting may either
be carried out in one' operation to full wall height, or in
successive operations by means of “climbing” form work. Rocks
are often embedded in the earth.

43. Pozzolan—A mixture of fine particles which, though
not a cement in itself, will combine ‘with lime to forfi a cement.

w44 Puddled mix=A mixture of soit"with “enough - water 'so
that a plastic mix which easily flows is formed. This is dis-
tinguished betweeti a moist mix Wthh has ]ust 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 bl(ﬁcks Ramming may be carried out

by either hand or machine tamping.

46. Rectangle—A four sided figure whose opposxte sides
are parallel. All four corners are right angles. - Opposite sides -
are equal but adjacent side are not necessarily equal.

" 47. Reinforcement—A  very strong material, usually steel
rod or wire, placed in compacted soil to increase - the strength
of the structure. , - o) .

A8, Samplmq—The obtammg by dlggmg or boring of a
representative amount of a natural soil in place. Also the
separation of a smalf quantity of representative material from .
a larger quantity - of loose soil material. . = &

49. Sand—The smallest®sized portion of the coarse soil
_materlals It-is”that portion of a soil material which passes the
~—-U." 8. Standard Sxeve ’\‘ . T0 but s retamed on the U. §. Sieve

~ No. 200. _ 7 :

50. Shrinkage—The decrease in. volume of a soil material ¢
‘Wcaused *by evaoporatxon of water.

&,d

51. Shrinkage Lzmzt—That moisture content expressed in
percent of dry seil weight below which a change in moisture
‘content causes no change in volume of the soil mass.

particle usually defined as the material passing a U. S. Standard
No. 200 Sieve down. to the minimum size of .005 millimet?rs

53. Slurry—A mixture with soil with enough water to make ‘
a very soupy llquxd that will easily pour.

54. Sod house—Houses 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 Hays
. ‘ , A
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,,,,, 52 Silt=The larger. sized portion .of the' fine gram soil « %




'_‘of the development of the Great Plams are Lof the Umted States
of America. . e . ‘

-~ 55, Specific Gmmty—TJhe—-*r&tro of the unit- wmnrhr of -a o
- grven material to the unit weight of water.- :

- 56. Stabilization—The -improvement of soil propertres by g
-the addition of proven materials which will either cement the l
' sorls, water proof the—soil, or reduce volume.\changES ¥ R

' 57. Stabilizer—A material such as portland cenient, limé,
asoha}t and many chemicals whrc]:LJ«ulL stabrhzu.sml_matemal__ o

- b8, Strength—The abrhtyuof a material to' resist applred
.forces ~The strength of soil mixes is normally considered -the 1.
. strength in- shear stress and is’ expressed in ,pounds per square

: 1 o
or. .'.uosrams per square centimeter,

- B9, Studdmg——Structural members such as wooden planks
"or poles which are set vertically in a wall to’ support the werght )
“of the rodf.

~60. Tapta—A form of adobe used in- parts ‘of Afrrca and:
Trinidad using a strong fibrous gtass, often sporobolus indicus,
, cut mto short lengths -as a mechamcal binder. = . | .j~:"ﬁ

61, Terom—A form of construction srmxlar to adobe brlck‘

and “soddys” in its applrcatron in which a sod block "i§ cit “in
- its natural bed in* marsh lands. and ‘after +Sun curmg, 1s lard Lo
“up on a wall. N , , T e :

N,

¢ . .62. Torchis—A mixture co\nsmtmg of clay sorl and -cow
-* hair, used * for bulldmg daub walls. (French) i

- - B3, Tubalia‘—A West African term ° “‘for hand made pear . -

" shaped “bricks” "made from a mix consisting of clay soil, water,

. and short. pieces of fresh or dried grass. Tubalis are laid with
.~ their wide base downward in a bed of mortar, three, fout:or :
_more abreast Consecuuve courses are p]ated with their basc% R

" «Tubalr walls are’ built wrth a taper R N ;i

64, Vzgas—Poles used as rafters for -earth roof constructlon

Lo

" 65, Waitle and daub-—A woven frame of sthall branches
. ‘which is smeared or daubed-- with-- plastie_earth, the- operatronﬁ e
’ “bemg contmued unul all constructlon cracks are fllled ’




