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I, INTRODUCTICN

The purpcse of this discussion is fo introduce
calcium carbonate, particularly in the form of caliche
deposits, 2s a practical masonry building materizal.

The distributicn and availability of caliche and other
carbcnate materizls is investigated. The Gtrozd distri-
bution and abundant supply of caliche in Texas are the
most important aspects o roorate %technology.
The report outlines ieg and attributes

of unfired masonry materials, and shows the information
and technigues necessary %o use caliche according <o

these criteria. Current technology in forming, saquipment,
oroduction schemes, znd labor reguirements 1s discussed
and illustrated with examples. TFhysiczal and engineering
data is presented for comparison to o%her unfired

masonry construction modes. A Resource Secti
listing regional resources pertaining to caliche c
ing infermation, =qulipment, materials, and contact per

Finally, published and unpublished material referre

3
o)
ot
n o o
’_4
3

the text is compilad along with additionzl publicaticn
for those interestad in more detailad investigation oI

the subject.

Caliche is used extensively throughout western and
central Texas as a road base material znd as a raw
ingredient in the production of cement and lime; however,
there are only a few references to the use of caliche
in building consiruction., Indurated or rcck-like
caliche nas been quarried and used as building stone in
South Texas~. In Wheeler County there ars several
structures duilt with stabilized caliche., OCne such




structure was 35 years old in 19435 and showed no cracks
" 2
V)
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There 1s a Texas A & M publication

m

which presents some of their stabilized caliche work in
West Texas in the 1940's”, Their research included
actual construction of a stabilized caliche building,.

These early attempts at stabilizing caliche were
extensions of the research into soil cement building
medes. Soll cement research grew out of the developing
science of road building, the housing problem in the
United States associzted with World War II, and the need
for low cost housing in less developed countries. Soil
cement refers to the stabilization of a so0il or earth
material with cement. The stabilization of soils with
other agents, such as blood and dung, has been practiced
throughout the world for centuries.

Our experience with soil cement and caliche building
modes over the last 5 years suggests that caliche has
tremendous potential as a low cost building material for
a large part of Texas., Caliche is a predominantly
carbonate soil deposit found extensively in the Panhandle,
West, Central, and South Texas, Caliche is easily access-
ible and readily available. It has been mined in many
places for roadbed material and it can be acquired from
surpliers in many areas, Caliche building technigues
are simple and based on the well established technologies
of soil cement. Our research here at the Center for
Maximum Potential Building Systems (CMPBS) demonstrates
that caliche building materials are strong, durable,
inexpensive, and possess useful thermal characteristics.

1 personal communication, State of Texas, Department of
Highways & Public Transportation, 1976, Plate 9

2 Harrington, 1945

3 vpersonal communication, Mike Garrison, 1978,

b see Plates 3 & &4 in Appendix 3B for a brief introduction
and summary of earth work at the Center.



1.3 Design Potential

Why bulld with caliche? Let's start with a concept,
known as Passive Solar Design. This concept concerns
the design of a building in such a way that the structure
reacts with the changes in the outside natural environ-
ment to produce a comfortable microclimate within the
building. There are several design features which allow
the building to let the outside environment in when it is
advantageous and shut it out when it is not. Some examples
are: orientation of the structure with respect to winter
sun and summer bdreezes; roof overhangs for shading; size
and orientation of windows to optimize direct gain of
solar heat; earth/air heat exchangers; and the place-
ment and timing of ventilization. Another effective
strategy is the use of high mass building materials in
order to store heat and duffer temperature changes in

the cutside environment,

Earth is a good choice for a nigh mass building
material for severzl reasons, Earth or soil has the
mass nesded to achieve good thermal characteristics in
a wall, Earth is almost universally available., Sultable
ezrth material may be found on the building site or may
ve available locally, Ezrth is a low cost, lator-
intensive materizl, and lends itself well to simple
technologies and construction techniques. Cecnssquently,
important economies are achieved in the coperating costs
usually assoclated with maintenance of thermal comfort.

Development of a building material constituted
largely of caliche and sand should be of interest through-
out large areas of Texas as these are common resources in
a region where the solls have generally been considered
unsuitable for use in ftraditional, low-technolcgy earth
building modes such 2s adobe., These building modes offer
many advantages due to the variety of functions provided




by a single material: structurzl support, division of

svace, fire and weather protection, rot-rroofing, and
- . . . .1

thermal and acoustical insulation™,

1 Taylor, 1976




II., CALICHE

2.1 General Discussion - Caliche

There are three major forms of caliche occurring in
nature: Bedrock - including limestone, dolomite, chalk,
calcarous clay and sand, and carbonate sediment; Soil -
consisting of calcrete and caliche; Biological Sources -
including shells of molluscs, such as oysters and clams.
So0il calcium carbonate is generally the most desirable
form, in terms of its particles size, sand content, and
accessability. Because of the confusion about the
terminology of soil calcium carbonate, the popular term
"caliche" will be used to refer to soil with any amcunt
of calcium carbonate present. The percentage of calcium
carbonate 1s roughly described as slightly calcarious,
calcarious, highly calcarious, or as calcrete. The
categeory 1s determined by the amount of induration or
hardness of the material, and the materizl‘'s ability to
fizz in a 10% solution of hydrochloric acidl. Calcrete
as used here and as suggested by several workers in the
field2 refers to a completely indurated calcium carbonate
accumulation generally formed in the lower soil horizons

3

and containing a high percentage of calcium carbonate-”.

Caliche can be described a2s a predominantly carbonate
soil deposit of exceedingly variable chemical and textural
composition. Caliche is most often associated with the
lower soil levels, i.,e.,, the lower 3 and the C horizons,
but often builds to the surface or is exposed by erosion.
Caliche thicknesses range from a few feet to forty feet
with fifty foot thicknesses found in some High Plains
depressions. Even greater thicknesses are found in some
arid basins of the western United Statesu.

1 The Carbonate Residue Test listed in the Manual of Testing
Procedures by the Dept. of Highways & Public Transportation -
State of Texas,

2 Goudie, 1973

2 ibid
ibid; Reeves, 1970



242 Caliche Formation

There are several models of caliche-calcrete forma-
tion. The three basic models are:l

1. In Situ weathering of carbonate bedrock

2. Secondary Precipitation in the middle and
lower soil zone,

3 Primary precipitation from surface and sub-
surface waters saturated with calcium carbonate.

In Situ weathering and Secondary Precipitation are
the predominant processes, but no one process operates
to the exclusion of the others. In Situ weathering
occurs with the chemical and mechanical breakdown of the
carbonate bedrock into finer and finer soil particles
with time. Secondary Precipitation operates through *wo
different processes, doth occurring in arid to semi-arid
climates. One model involves water from intermittent
rainfail leaching down through +the soil, dissolving calcium
carbonate at or near the surface and redepositing it in
the lower soll horizons. This model allows for caliches
to bulld toward the surface as the lower soil zones become
plugged with calcium carbonate filling the pore spaces.
The other model requires upward movement of water through
the soll by capillary rise due to evaporation at the surface.
Calcium carbonate present in ground waiter or dissolved at
the lower soil zones moves upward through the soil and
precipitates out in the middle and upper soil horizons,
The leaching model is more widely accepted, as it can
account for the large accumulations of caliche found in
many arid basins; and also for some of the micro features
exhibted in the lower soil horizens of well developed
caliches., See Figure 1.

1 The discussion of the formation of caliche is condensed
from a more detailed description of the models of
caliche formation in Goudie, 1973.
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Extensive calcretes produced by secondary precipitation
seldom occur in climates wetter than 20-24 inches (500-

600 millimeters) mean annual rainfalll, However, Reeves,
1970, shows that other climatic and physical factors are
important, and may cause calcrete formatlion in wetter
climates., Additionally, the In Situ weathering process will
form caliche in areas where rainfall may exceed 30-35 inches
per year. A regional example of this occurrence 1s the
Edwards Plateau of Central Texas.

2.3 Caliche Chemistry

The chemistry of calcium carbonate soils varies
consideratly., Calcium carbonate accumulation 1s often
associated with silica, magnesium carbonates, iron and
aluminum compounds, and traces of other compounds includ-
ing those of sulphur, Following in Table 1, Aris‘tarain2
cites several regional caliche chemistries, which give
some idea of the general constituents and variations in
caliche deposits from the Southwest. These chemistries
can be compared with those listed in Tables 8-12 in
Appendix A., Tables 8 & 9 show calcrete chemistries from
several areas of the world, while Tables 10 & 11 compare
caliche chemistries in the High Plains of eastern New
Mexico. Table 12 contains two chemical analyses of a
carbonate deposit located near the town of Mountain Home
in Central Texas.

In terms of the textural makeup of carbonate deposits,
very little information is available. Here at the CMPZ2S
in Austin, Texas, we have performed some textural analyses
on two caliches and the carbonate deposit from Mountain
Home. The results of these analyses are listed in Table 14,

1 Goudie, 1973.
2 Aristarain, 1970,




TABLE 4

CHEMICAL ANALYSES OF SAMPLES OF CALICHE FROM THE LITERATUKE

AnaLysis No.
CONSTITUENTS
1 2 3 ] s 6 ? ] 9 16 . 1] 12 13 14
SiOgueeo vt 347 0052230 v.72] V4.8 788124.54 127.28]31.02]32.16135.621]42.24 ] 42.30
ALOy. ..o ]l 0.991...... o2l {0.43 1.68 2.62 1.00 1.94 0.95 2.03 1.21
l"c,(). ............. 1.8 ) 0.97] o0.85f)] T ... ] 036] 1.22] 1.36] .14} t.14| 107} 1.29] 1.65
el Nil |......b..... bbb e e e e )
MaO............ | ...... Tr o3 |............} .. ... None | None | Tr Tr It None | Tt Tr
CaO............. ] eeeen S1.15 | 4019 ). .. .. }....... 49.31 | 39.02 | 36.81 | 35.57 | 34.31 | 20.41 | 27.22 1 29 .41
MgO............ .. .... 0.24) 087} 014 ...} ...... 1.8 1.12| 0.8 ! 1.00] 1.16 13,40 2.18| 0.88
! a0, ; o18f......L. ... ..o
LO—- . L 1200 050 . aelooop i et N RN SV P AU R IV
WO o.77f OV o | vas sl va | e i
| 10 S P 026 o2 ... .....]...... Noue | None | Tr Ir ‘Tt Te Tr None
COpovve o el 12,151 31.58 . ..... 3000 3094 | 28 74 9840 26 51 ) 2720 ] 22,62 23,24
SO ..o Tr 021 00144 ... .. Noune | Nune | None | Noue | None | None | None | None
fga doss. ... .0 ... oo 587)....... RUUTRUES PR IR PRNRMDRY I SIS PPN PRI B
Others. .......... .. .....}--.oct (VY. 2 AR IR PRSI AU R B PR
CaCO,... ..., ... g8 6700 0 . 7916 | 22.03
MO ... ... 23200000 8021 0.8
CabiOy SS7Ty...... ... ] . L
ARSIOy. ... L 137 ... v b . I
Total........ ... 96.43 1 99.86 | 99.92 [100.64 | 96.90 [ 96.88 | 99.87 | Y9.90 | Y9.¢Y | Y9.50 | 99.99 160,19 1 99.48 H00.09

Soorirs.—(1) From Southeinw Arizona, U.S -1 S Meann, nralyst {Blake 1902); (2} trom
Acurin, elght mites west of Broben Hill, Avstesiza - Misgaye, utan sl favzun 1912); (3) 1iom
Bulibu-ba, Mexico—F. Rodl, suadyat, fustututo Geolgico Movico, 1913, transaibed by D. Graf

Sources

Aristarain, 1970

(19060, b, 44 ); (1) 1com Lubbodk, Tevas, U S0 - TOE, Stedlten, analy =t 6 ho:
calicbed’; and (0) “Sandy vapian £ fran Miann, Toevas, ULS
1934, (7-10) Lot Teras County, Oklatiotna, Us S

RN dsha
S, Go Luglizh, anclyst
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Textural analysis here refers to granulometric analysis
or particle size breakdown, in combination with certain
standard scill tests including the Atterberg Limits and
shrinkage tests. Particle size is important in determin-
ing the building potential of an earth material,

Goudiel has developed a graph indicating that the silt and
clay content of a soll increases with increasing amounts
of calcium carbonate., This could be a very significant
relationship, because of the importance of particle size
in the stabilization process, which is explained in the
next section,

2.4 Regional Distribution of Caliche

Regional distribution of caliche in Texas is shown
on the map in Plate 1, Soils in Texas vary widely in
percentage amounts of calcium carbonate and in the physi-
cal occurrence of caliche deposits. Calcrete in the Southern
High Plains of the Panhandle (0gallala Formation) and in
South Texas (Reynosa Formation) are thick, starting at
a few feet in thickness and in depressions up to fifty
feet. They are either partially or completely indurated and
contain a high percentage of calcium carbonate, ther
areas of gignificant caliche accumulations are West Texas
soils and the soils and some lime or chalk-like dervocits
in the Edwards Plateau. Generally, caliche can be found,
at least in patches, everywhere west of the Balcones

Escarpment running through Central Texas. "

The following map was put together from information

2, from geologic

provided in the references cited below
maps, land resource atlases, and mineralogic atlases

published by the Bureau of Economic Geology in Austin, Texas;

1 Goudie, 1973,
2  Goudie, 1973; Reeves, 1970; Price, 19403 and Arbinghast, 1973.




and from soil survey mars of the state of Texas published
vy the United States Department of Agriculture in coopera-
tion with Texas 4 & M University. In Appendix 3 there is
an older map showing caliche distribution on a county by
county basis on Plate 5. This map includes other forms oZ
calcium carbonate and counties where production occurre

in 19413,

11
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III. SOIL STA3ILIZATICON

3.1 Shrink/Swell Resaction

The major construction provlem with earth materials
is their shrink/swell capacity. The shrink/swell phenc-
menon is specifically related to the clay size fraction
(200 microns or less in diameter) of the material zand is
referred to as colleocidal particles. The shrinking and
swelling of the mafterial is accomplished by the easily
reversible absorption and releasas of water by the colloidal
particles. This action is related to the electrostatic
forces and surface/volume ratio pecullar to those very
tiny particles. This causes plastic behavior under siress
znd results in low strength. In order to procduce gocd
building properties in earth materials it is necessary to:
stabilize the colloidal particles, i.e., inhibit the
absorption/release of water; bind the material fogether;
increase the internal friction of the so cl
i.2., the sirength; and increase *the resistance of the

material o erosion.

These actions may e accomplished by stabilization
and cementation., Stabilization is the iInhioifi
shrink/swell reaction, Cementation is the property oI
vinding, resulting from interlocking zrzins or Iibers, or
some Torm of molecular attraciion. Clay, cement, 1

and lime/pozzolan mixtures are a few materials thal

binding properties,

ot
(U]
‘_J'
o
|_J
ct

gy wpeeengy = Veugeegy  msveegy
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342 Model of Stabilization

A good construction material is the result of the
stabilization of a proper mixture of clay size and sand
size soil materials. A good soil mix for soil cement
should contain roughly 60% sand and 40% clay.l A mixture
may be stabilized through chemical or mechaniczl means or
a combination of both. Cement is an example of chemical
means while rammed earth is an example of mechanical means.,
The mixture and stabilization can be wvisualized in this
way: the sand portion serves as a framework giving
structural support; the clay acts as the major binding
material, filling the wvoid spaces between the sand grains;
it is also responsible for most of the internal friction
or strength of the material due to 1ts very small particle
size; the cement coats the fine clay particles, inhibit-
ing the shrink/swell reaction. The cement further fills
the void spaces and forms its own binding network of
hairlike fibersz. Compaction reduces volid space and
increases the internal friction of the material.

3.3 Stabilization of CaCO3

Calcium carbonate stabilizes in a slightly more
complex but ultimately more useful way. Calcium carbonate,
when mixed in specific proportions with one of several
chemical stabilizers undergoes a reaction in which carbon
dioxide is given off, The colloidal particles during this
chemical reaction are stabilized and not simply bound
together, but fused. This is roughly analagous to fire
hardened clay brick. If the mix is subjected to compaction
the reaction is more thorough, and the resulting block is

3

more fused and much stronger.

Wolfskill et al
Double & Helawall, 1677 )
personal communication with Howard Scoggins, 1976.

(VI o
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IV, CALICHE DESIGN MIX

b1 General Information

Good puilding gqualities in earth and caliche blocks
are: 1) strength, 2) low moisture absorption, 3) limited
shrink/swell reaction, %) resistance %o erosion and
chemical attack, The s*tzbilizing agent i1s the mos=
important factor in controlling the atove proverties of
the mix., Proportioning the mix components and the use of
additives are important in increasing the resistance of
the block to chemical attack. 3ecause of the variations
in the compositions of earth materials from one site %o
the next, it is important +to carefully analyze the chemical
components and the textural makeup of
Then one experiments with the different stabilizing agents
that zre sugzested oy the analysis, by general knowledge
of the earth material under examination, and local reso
availability to determine the opZtimum design mix, An
acceptable mix is based on a2 talance of good building
qualities, practical workability, and the availability
of materials, equipment, and labor,

-~

h tep then after acquiril a source o3I
n

s
calichne™ 1is to determine its cnemical and tTextural

<

e
characteristics, The analyses can be made by the builder
nimself using information and tools develoved by

A

Howard Scoggins in the Soil-Tast ﬂlni-Lab2, or he may

have the material znalyzed by a soll festing laboratory,
There are two laboratories in Austin which offer a range
of services, including design z2nd testing, to the owner-
builder and small contractor focusing on earth bulilding

materizls, One 1s our lab here at CVMP2S and the other 1

0]

1 Locating a2 source is discussed in the Resource
Section and in Section 4.3,
2 Scoggins, 1976,

— - —— — —— —

——— ey e

—— ey ey,
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Howard Scoggins' Earzth Lab.l

An optimal caliche should contain 40-60% calcium
carbonate with a wide range of particle sizes, but with
at least 30% in the silt and clay size fraction. 40%-50%
of the material should be non-carbonate, silica sand
with most of the sand falling in the size range coarse sand
to pebble size gravel (.5 mm to 10 mm; 1/50in to 3/8in).
The caliche should contain little or no carbonate clay,
A significant amount of non-carbonate clay would place
the material in the category of scil cement, requiring
slightly different techniques. The caliche should contain
little or no organic matter. Decay of the organic material
yvields a gas reaction, which is detrimental to the strength
of the caliche mix., Caliches, however, ares seldom ideal
in the pit. Analysis of the material will tell whether
more sand of a particular size, or another more carbonate
caliche is needed, In some cases, using 2 scll cement
mode is more practical;

b2 Stabilizers

(D

The next step i1s the determination of which stabpili-
zer is best suited for the material and i1ts design uses,
and the amount needed for a satisfactory mix. Our experi-
ments to date have focused on three materials: lime,
cement, and pozzolan (a fine grain, reactive silica
material). Da%ta on design mixes and variations are
presented in Table 2 and Table 3., Specific stabilizers
that we have used are: unslaked lime (calcium oxide),
Portland Type I cement, and a combination of cement and
pozzolan (volcanic ash). Pozzolan and hydrated lime
(calcium hydroxide) is a combination we are presently

studying.

1 See Resource Section.
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Determining the amount c¢f stabilizer 1o

S

2
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o

more difficult problems The alcock Shrink Test™,
is used in the design of soil cement mixes gives only a
gemeral, bvallpark figure when working with caliche. The
figure is often low, especilally when lime 1s the stabilizer
of choice., We have found that the best method is trizl

and error experimentation in certain percentage ranges for

each of the stabilizers. The range for lime is 5-15% ,

for cement 5-10%, and for pozzolan/cement 7-12%., The method

consists of making up test cylinders of tThe material with
varying amounts of each stabilizer, and testing them for
compression strength, moisture absorption, and surface
hardnessz. A few batches should determine the best mix
halanced against the cost of the stabilizer,

h of

'Y
O

There are advantages and disadvantagss for e
the stabilizers., Lime is inexpensive, but presents some
nealth hazards to workers breathing its dust. There is
zlso some question atout the long term strength of lime
stabllized mixes, but there is nc conclusive evidence
either way., Cement 1s an expensive materlal and its
production requires a large input of energy. However it
produces the strongest block. Fozzolan 1s a plentiful
resource in Texas, but no market exists for it 2%t this time
and so it is therefore unavailzable in most zrszas, In *e
of materials' cost and good construction gqualities, we
feel the pozzolan/cement combination is the best stabilizer.

1 Scoggins, 1976
2 See section on %esting,

—



TAZILE 2

NIXTURE EXPERIVENT
DESIGHN

Lime Stavilizer
Samples A-C Varying the proportion of sand and caliche,

in an attempt to reduce the amount of sulphates
in the final mixture.

D-F Sodium hydroxide and sodium bicarbonaie
additives to improve stabilization and
strength.

G-I Varying the amount of quicklime stabilizer

to determine the effects on strength and
setting time in relation to costs of
materials,

J=-0 Sodium bicarbonate, sodium chloride, and
cornstarch additives to test for improvement
in strength and absorption.

P-Q Varying the water content and material
consistency to determine optimum setting
times and ease of form removal,

LPl—LP2 Reduction of the amount of quicklime and
an increase in the amount of caliches <o
check strength and lower costs.

FPortland Cement Stabilizer

PCl—PC3 Varying the amount of portland cement and
the size of the sand aggregate to determine
the optimum s<rength and absorpticn,

PCy, Lowering the caliche/sand ratio to increase
strength.
rC Substitution of crushed limestone for
5 course sand in the aggregate porticn of
the mix.

Pozzolan Stabilizer

PZl Addition of pozzolan as a partial replace-
ment for portland cement to reduce sulphates,
increase resistance to sulphate attack,
decrease absorption, and reduce the cost of
materials,
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TA3LE 3

MIXTURE EXPERIMENTS
RESULTS

Lime Stavilizer

Sample A-C

D-F

J=0

There is only a narrow range over which the sand/caliche
ratio can be varied. A large percentage of caliche
weakens the block, e.g. greater than 45%., This suggests
that we can lower sulphates and keep good strength by
maintaining a 55% sand to 35% caliche ratio,

Additives of sodium bicarbonate and sodium hydroxide
produce generally unsatisfactory samples in terms of
poor surface hardening and high cost,.

These samples had the best strength and texture of this
set of lime stabilized mixtures., Observations and tests
indicate that more than 6-7% quicklime causes 2 loss in
strength and a greater susceptibility to erosion.

Additions of salt and cornstarch produced totally
unsatisfactory samples. Cornstarch is particularly
difficult to work with and the samples show little or
no cohesiveness,

This set of samples indicated that the amount of water
is in the mix is ecritical in terms of workability,
initial setting time, and development of strength.
Moreover, the critical range of moisture content is
narrow being 14-19%. In practice the less water the
better.

This sample is similar to sample H. This mixture
however has a greater percentage of caliche. The LP
series has the greatest strength of the lime
stabilized samples. It has acceptable absorption,

a moderately hard surface, and fine texture.

Portland Ceﬁent Stabilizer

PCl-P02

PCy

PCS

There is a definite relationship between higher
compression strength and a greater percentage of
cement., There is also a complex relationship between
the absorption and the particle size of the mix
components. There is a reduction in the absorption
with finer size caliche and coarser sizZe sand.

Increasing the sand/caliche ratio improves strength and
allows a reduction in the amount of cement,

Substitution of crushed limestone for chat produces an
acceptable mix, but the absorption is increased and
the strength reduced.

Pozzolan Stabilizer :

PZl

These samples had a very fine texture, good strength,
and excellent absorption, about 9.6%. However, the
curing time is longer, i.e. about 3-% weeks.




4,3 Moisture Content

The amount of water to be added to the mix 1s a
critical question, more water eguals a decrease in sirength
and erosion resistance., A gcod rule of thumb is: <
less water the better, However, this rule must be balanced
against the workability of the mix in the mold. Another
factor which must be considered is the moisture content of
the other mix components. Wet sand will have a signifi-
cant affect on the moisture content of the final mix.

Our experience in mix design suggests that the optimal
moisture content for pressed blocks and rammed caliche

is 8-10% with an acceptable range of 6-12%., A good field
check is the 32ll Testl. For poured caliche blocks the
optimal moisture range is 15-20%. The mix should be as
dry as can be easily managed in the molds. Table
contains several caliche mix formulas that we have found
to be successful,

boh Special Problems -- Sulrthate Chemistry

There are some specific problems that arise when
carbonate mixes are used as building materials. These
problems relate to the chemistry of carbonates, their
reactions and resistance to chemical attack. Various
sulphates are the most important in their detrimental
effects., Sulphates attack caliche mixes from inside as
well as from the outside. The compounds which are most
damaging are calcium sulphate (gypsum), magnesium sulphate
(epsom salts), and sodium sulphate (glaubers salts).

The entire chemistry is somewhat complicated, but the
basic reaction occurs between the sulphates and free
limez. Free lime is calcium oxide which has not resacted

1 See Figure

2 For z more detailed discussion see Akroyd, 1962,
Gauri, 1978, and Lea,



with other compounds during the curing or setiting period.
Free lime 1s present in Portland cement, guicklime,
nydratad lime, anc in carbonate deposiis. Sulphates are
found in all of the above in scme amount and often in
waters to which the caliche block 1s expesed., Another
reaction occurs involving aluminum compounds in Portland
cement.l There are two primary effects produced by these
reactions. One is volume expansion, which causes disrup-
tion of the material., The other 1s conversion of <hes
material to other compounds which are less strong or are

soluble and removed by water.,

Some approaches used to control the sulphate
problem are: 1) reduction of the amount of free lime,

S
through the use of other additives in partial replacement
of the cement of lime, for example pozzolan, Another

alternative is the use of special Portland cements which
contain lesser amounts of the detrimental compounds;

2) dilution of the free lime and sulphate percentage

in the caliche material by increasing the sand/caliche
ratio; 3) oprotection of the building from sulphate
vearing waters; and %) reduction of the porosity of
absorption of the block through the use of finer size

material,

4.5 Soil Sampling

Depending on your area, there may be several sources
of caliche available., First check the duilding site.

Using information and tools found in the Soil-Test Mini-
2

Lab“ and The Handbook for 3uilding Homes of Earthj, the

building site may ve field checked for soil suitable for

earth construction. The basic procedure consists of

1 ipid
2 Scoggins, 1976. Also see Plates 3 & 10
3 Wolfskill, et.al.

ulphates, and aluminum compounds present in the stabillzers

Ny a— qeeva—— egu——

——
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setting up a2 grid system for the site, so that the zarez
may be covered completely, sample locations identified,
and the extent of usable materials determined. 3ecause
of the amount of materials to be handled, a carefully
executed soil survey will save time and effort later onl.
The next step is to collect samples of sufficient size
for testing purpvosed, e.gs, 1/2 pound for preliminary
tests and 2-3 pounds for further testing of the mosz
promising samples., Samples should be bagged and <agged.
A dirt auger is the best sampling tool, reguiring less
labor than a shovel. It is very important to collect the
samples from the subsoil below the layer where plant
matter and other organic material are present. Organic
material is detrimental to soll cement and adobe. The
decaying process produces a gas reaction which weakens the
soil beyond limits for use in building., hen collection
of the samples is complete, then the first phase of test-

(o]

n

ing can begin. Even if there is no caliche available

or

)

site, it may be acquired locally. Check in your arez
caliche suppliers or for caliche pits, Often caliche

}=
n

used by ranchers and road bullders for base material, 3Be
sure and test caliche samples from these sources before
purchasing large gquantities.

4.5 Testing Procedures

Three phases of testing are desirable for bYest
results in earth material construction techniques. The
£irst is the chemical analysis and the basic soil
characteristics of the earth material to determine its
suitability for stabilization. There are several basic

1 See Section 5.3 on Materials Handling.
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guides for the owner-builder and smzll ¢
<

0
. 3 o 3 + + k
includes theory, 2 list of sguirment, a2ndé ster by ster

1 . - . . .
procedures”, Sources for ftesting Information can ve found

in the AST™M 3o0o0k of Standards and the Texas

Department's Manual of Testing Procedures,

The second phase involves testing the wvarious
experimental mix proportions for compression strength,
absorption, and surface durabilityz. These %ests will
determine the final mix proportions. The %hird phase of
testing involves quality control checks during block
production. These tests are the same as those in the
second phase, and serve to maintain block quality and
pinpoint problems in the mixing operation. Tables 14
through 17 contain data from these varlious tests that
have been conducted on some of the ma%erials and blocks
that we've worksd with.

See Table & Resources Section




Ve FORMING - PRODUCTION TECHNIQUES

5.1 Molding Technigues

There are two modes of earth material construction:
monolithic walls and molded blocks or bricksl. Additionally,
two methods are apprlicable to each mode. The caliche mix
in a moist state may be pressed or rammed mechanically,

’J-

.2+, pressed block and rammed earth, The material

in a wet state can be poured into molds adobe-style,
Rammed earth construction consists of a2 slip form, similar
to that used in pouring concrete, in which a layer of
caliche mix is placed and tamped. (See Figure 3 ).
Fressed blocks are produced by pressing the mix into 2
mold. A mold press can easily be constructed or one of
several machines can be usedz. Pour such machines that
are mentioned in the Handbook for Building Homes of Earth

are the CINVA-Ram, Landcrete, Winget, zand Ellson., Our
experience is with the CINVA-Ram, a hand operated device
which produces one pressed block at 2 time., (See Figure 2 ).
The production rate is 200-300 block per day with a
compressed strength of 900-1300 psi.

Adobe~-style, wet caliche mix can De poured into forms
of any shape and size. It can be used in a monolithic
wall slip form, a2 block mold, a "sag" form, or cast in
place as pipe or conduit (see Figure 2 ). The puddled
caliche mix has several advantages over pressed block.

1 A new process has recently been developed, whereby an
earth material may be foamed. This process has great
potential for simplifying block and wall production,
decreasing the weight of blocks, and increasing their
insulating value. Another exciting possibility being
investigated now, 1s the application of concrete
spraying technique,developed over the last 20 yrs., to
caliche.

2 Wolfskill, et.al.
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Flgure 3
Rammed Zarth Construction

Figure 2
Caliche Molding Technigues
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Extraction of the caliche with bull dozer
and/or front end loader,

Transport to production site in large trucks.
Dry the caliche material and control the
compositional variation by spreading the
material in a £-12 inch blanket over 2

large area on the ground., The first layer
should be 2llowed to dry in the sun for
several hours before the nex®t layer 1s lald
over the first,

The material is then removed from the laysred
pile from one end so that material from each
layer is thorcughly mixed.

This material is then sifted *hrough % cr 3/8
nardware cloth or wire mesh, It may *%th
desirable to crusn the waste and sifit the
material again,

o~

Store the sifted materizl in

)
R
g\)
()

ry ol

>
A

®

vent

ct
O

lumping

03

away from molsture, sc as

to
of +the material and reaction with any chemicals

in water.

¥ix the components in a mortar mixer or concret

mixer according to the prover formula, kKeering
a constant check on the moisture content.

Lay 2 shee:t of % mil plastic under the mold.
Lubricate the mold with a little water avery

4 or 5 batches, or coat with an aprplication

of wax.

With shovel or wheelbarrow, dump mix into the
meld.,

Spread the mix 2venly in the form. Shake the

form to helr the mix to settle into the corners.

Py




o -

TS

12. ATter the form is filled, remove it by 1i
it up - move on and repeat the procedure,

After 1-2 days the block may ove rotated o

}.-)
(W3)
.

their long edge for curing.

14, 3locks should ideally damp cure %-5 days
before stacking or moving. Blocks should
cure (air dry) 10-1% days before transport-
ing or lzying in the wall.

15, The blocks need to be protected from direct
sunlight for the first 5 days, and protected

from rain during the entire curing process.

5.3 Materials Handling

One of the major aspects of sarth construction 1s
the handling of materials, especially in terms of labor,

(9]

gqulpment, and stace. The amount of materizl can be very
large. A minimum of 15 tons of sand and earth for 2 small
structure 1is not unreasonatvle., This amcunt of materizal

igs handled several times from the time ¢f removal to the

laying of block in the wall. The processing of this materizl

will require a2 significant input of labor, <time, and
equipment. The first step 1s siripping the topsocll from
the excavaticn arez tefore the caliche can be removed,
There should be little or no organic material in the
caliche used to make blocks or walls. The excavated
caliche is then transported, sifted, perhaps crushed, and
stored in an arez protected from moisture., The sand,
caliche, and stabilizer are mixed and poured into forms.
Blocks must have an area for curing, and then stored or
transported to the bullding site,

Obviously the right equipment, coordinated labor,
and sufficient area are needed for a reasonably efficient
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zvailabls would exceed the scope of this discussion,

gure 4 outlines several producticn technigues. In
order to give the interested reader some idea oI the
squipment involved, Table b oresents two simplified
equipments schemes, distilled from the Center's experience
and particularly applicable to caliche mixes. Consider-
ing the methods of block fabrication, the best overall

results ar
is simple,
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& ceniracter, commercizl venture or a
Real 1iZe sizuatlicons ge2nerally incerro
c

omponents oI octnh modzls,
TA3LE &
Activity Small Scale Intermediate Scalse
Sifting wood framed, mechanized sifter -

nardware cloth

Crushing water-filled tank
with handle

Mixing 9-12 cu. ft. mortar
mixer or concrete
mixer

Hauling shovels and
wheelbarrows

liolding gang mcld, hand
released

Bleck Handling o2y hznd, wheelbarrow,
doll;

g
Transporsaticn  pickup and/or

vibrating screen,
rotating drum, etc.
crushing machine -
pug mill, etc.

1 cu.yd. sel
loading conc
mixer

Y

ete
shovel <tractor or
front end loader

mebile block
machine with
horper, mold,
relsase lever

= o Y
Torklifs

pallets
flatbed truck

trailor
Labor minimum 2 people minimum 4 peopls
Rate of arprox. 500 adobe 1000-150C =2dobe size
Production size block per day block per day
Feferences:

Shoenmaker, et 21, 1973
Musick, 1978, unpublished
CMPBS, 1978, unpublished
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Equipment Schemes for 21lock Fabrication

Simple 2-form puddle mold
Hand pressed block - CINVA-Ram Landcrete, Zllison
Gang ¥old, hand relsase, slow set

Gang Mold hand release guickset

2) hand %ools - mixer creration

b) motorized wheelbarrow - mixer overation

¢) tractor shovel - mixer operation

Mixer over Gang Mold, slow set, hand release

Ready mix, motile mold with hovpper and lever release,
quick set

Mixer over zang mold, quick set, hand release

separate mixer, hopper, wheelad mold with lever

ct

release, gqulck se
Automatic pressed block - Hi Sidley
Avtomatic pressad block - Winget

Source: CMP3S, 1978
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For those interested in caliche tullding systems,
this section lists some of the available resources, The
resources are divided into four groups. Table 5 lists
certain institutions and groups which serve as general
sources of information in any particular county or region.

=

Table 6 lists publications, which refsr specifically to
some aspect of caliche bullding systems., Table 7 is a
vartial list of »lock making machines, including price and
address if available, Finally, Plate 2 contains a Point
Resource Map for the stzte of Texas, This map points

out groups that provide services related to some aspect

of caliche bullding systems, information sources, mining
operations (active 2s of 1974), caliche suppliers, and
sites of caliche-built structures, The roints are numbered
and clted in the map explanation following Plate 2 with
additional information and addresses where available., Cne
last reminder, interested persons should make inquiries

in their area, as other resources may be found that are

not mentioned here,

TABLE 5

General Sources of Information

District Highway Engineer Pipeline Contractors
Ccunty Road Commissioner Earth Moving Contractors
County Agricultural Agents Field Workers for Utilities

County Soil Maps




SELECTED 3I3LIOGRAPHEY

Agency for International Development
Deparitment of Housing and Urban Development

Handbook for 3uilding Homes of Earth

by L.A. Wolfskill, W.A. Dunlop, and
R.M. Callaway., 159 p. FB 179327,
Aveailable from the National Technical
Information Service, 5285 Port Royza
Rd., Springfield, Virginia 22151

United Nations - Department of Economic and Social Affairs

Soil Cement: Its Use in Building, 1964,
114 p., Available from the United Nations
Publications, Sales # E.64,IV, 6 ST/504/54 N.Y,

Center for Maximum Potential Building Systems

The Soil-Test Mini-Lab, 1975, by Howard
Scoggins, 21 p. CMPRS, 5604 debberville
Rd., Austin, Texas 78724,

An Avpropriate Technolozy Uorking Atlas

for Texas, 1977 edited by 3ruce Phillips.

CMPBS

Bureau of Economic Geology, University of Texas at Austin

University Station 3ox X
Austin, Texas 78712

Land Resources of Texas by R.S. Kier, L.E.

Garner & L.F, Brown, Land Resource Lab

Series #2, 42 pe., 1977,

Minerzl Industry of Texas, 197%: by
MeE. Hawkins and R.M. Girard, Mineral Resource
Circular #59; 37 pp, 1977.

Kern, Ken., The Qwner Bullt Home

Charles Scribner's Scns, N.Y., 1875,



TA3LE 7

3LOCK MACHINES

PRESSED 3LOCK

Cinva-Ram 3lock Pres
All Steel - 128 1b,
hlock sizes L"xb"xl2
hand operatad
300/day

Kent Machine
concrete block
3 x 8 x 16

Lancrete “rcssz
interlocking block
various shapes
hand operated

Minge*‘2

nydraulic rotary mach

. 2
Ellson 3lockmaster

nand operated
various ©vlock slzes

PUDDLE 3LOCK MACHINES

S

ine

Hi Sidley

concrete block machine

800 block/day

Moldmaster

mobile = hand operazed

many oloc< sizes

1000-1500 adobe size block/day

$2495
a machine comparable

Moldmaster, but with
ments for commercizl

2 Wolfskill et.al.

available

to the
refine-
vard use.
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SOURCE

Me+talibic Ltda.
Apartado Aero 11798
2ogoto - Colombia
South America

~see 2lso Last Uhole
Earth Catalogz 1973,

Kent Co.
Icuyaroga Falls
Ohio

Messrs., Landsborough
& Flndlay Ltd.
Johannesturg, S. Africa

dinget, Ltd.
Rochester, England

Ellson Eguirments Ltd,
283 Fox Street
Johannesburg, S. A:

b

I A
PRS-

"

t

1
i.

uupr uar+ N
uay/u une 1977

Methods Manufacturing
12363 Watervark Rd.
Austin, Texas 78739

Farth Lab
1706 Karen Avenue
Austin, Texas 78757
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FQINT RESQURCES =Y

ER

AND COUNTY

Potter County

1 J. Lee Milligan
Kretzer Pit

Randall County

2 Diel Jake
Severzl plts

3 Gilvin Terrill

L Js Lee Milligan

Bailey County

5 Diel Jake

Lubbock Countyv

6 Kerr Consiruction Co,

7 Luobock Asphault Products,
Inc.

3 c ercial Pzvers

9 trong Paving Co.

Midland Counsy

10 South Texas Construct;on
Cosy dright Caliche F1%

3razos Countv

11 Texas A& University
Engineering Zxperiment
Station

Agricultural Experiment

Station

Extension Service
Published information,
Research, and Laboratory

Wheeler County

12 Several caliche structures
locations unknown - check

with County Agricultural

Agent

Travis County

13

14

15

|..A
~J

f.—l
@

Karr

Texas Crushed Store Co,
RFD 3 Georgstown,TX.

Center for Maximun
Potential Ruilding
Systems, S6C4% Yebper-
ville Rd., Austin,
Texas 78724

Design Z Testing,

Z Information

y

avillion - a caliche
Truc u“e Dy the

P3S, 6438 2ee Caves
Austln, TXa

Qo

.
~

(=Rl
N Eey
O
ON
S
i

onstruction
nd Testing,
Machines available,
including puddls
block machine and
pug mill crush

University of Texas
Zureau of Econonic
Geology - Austin,
Texas 73712 -
information and mars,
land resource and
mineralogic atlases.,

University of Texas

Department of Architecture

Wolf Hilbverzz

CaCoO., precipitation
in s&awater for
underwater structures,
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1 Country Yocuth Ranch
67, Ingram, Tx 780235
;:he block-making
cal che structure
rogress.,
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Calhoun Countv

21 Lone Star Cement Corp.
Cement Div. - 402 Concrete
Ave,, PO Box 3148, Houston,
Tx. 77001

22 Parker Bros. & Co., Inc,
5303 Navigation 31vd,
PO 3ox 107, Houston,Tx.
77001

San Patricio County

23 Lake Corpus Christi
State Park
Mr. A.G. Hoskins
PO Box 1167 Mathis Tx.
78368
A quarried caliche block
structure,

24 South Texeas Cdnstruction Cc.

25 Heldonfels Bros,
5200 Up River Rd.
PO Rox 1917
Corpus Christi,

Tx. 78403

Jim Wells County

26  Cran-Joe Deal

27 3111 Wright Caliche

28 Ochoa Construction Co,
29 C.E. Boyd & Sons

Childress County

30 Gelvin Terrill

Dallasgs County

31 Air Craft Tooling Inc.
1623 Avenue X
Dallas, Tx. 75229
foamed earth technology
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7.1 Material Cost

The cost of materials will vary considerably from one
local to another., Caliche and crushed limestone will
cost between 31 and $2 per ton FOB. Prices for sand will
depend on its availablility and its zgrade. Cement zand
guicklime vary a little in price depending on trans
tion costs. Pozzolan is not readily available, axcep:
in the Vallzy near lission, Texas., I available it
cost no more than half the price of cement., Following is
a outline of materials costs per block based on current

Austin Prices, using a generzl puddle block formula,

Vaterials Caliche 3locks
Cement: $4,20/100 1%, Dimensions: 4" x 10" x 14w
Quicklime: $3,00/100 1o, Nelght: approx. 39 lb.

Pozzolan: 32,40/100 1b,

Eif?éhf?.gg/BZ?nton General Formula  Amount of
Zﬂrasheé 7i%egtone) by weight dry Materials for
- - 1000 blocks

Sand 57% 11,1z tons
Caliche 35% 3,54 tons *
tabilizer 8% 3120 1z,
Cement Stabilized Quicklime Stabilized Pozzolan/Cement
SAND 40 340 %)
CALICHE 312 312 312
CEMENT 31350 94 3106
3202 PLA4E 3158
3 +20/block $ J146/0lock 3 +158/9lock

* assuming 20% waste from screenin
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7e2 Labor Cost Analysis

The following analysis ls based on generalized daza,
obtained during the course of a recent caliche construction
project 1’2. Different equipment schemes and scales of
production will greatly affect the amount and therefore the
cost of the labor3. A cost analysis of equipment 1is not
included in this paper, because of the many possible combina-
tions of a variety of machines., The following presentation
itemizes the block production process by individual *asks
showing the approximate rate of production and the number
of man hours needed to process 300 cubic yards of caliche in
the production of 50,000 adobe size caliche blocks. The
actual dollar and cents cost of labor can be figured by
using local pay scale rates in each specific area., A4
comprehensive analysis of the costs of materials, laber
and equipment for a large scale earth construction prcject
undertaken in Egypt may be found in Architscture for the

Poor by Hassan Fathy.

Musick, 1978 (unpublished)

2 See Plate 7 in Appendix B for a discussion of this
caliche construction project.

D

Refer to Section 5.2 and Table & for additional information.



LABOR EVALUATION FOR THE PRODUCTION OF 80,000 2LOCK

1

b1

LAZORERS TASK MACHINE RATE TIME MANHCURS
5 excavation bulldozer
and trans- frontend loader
port 3 trucks 60 cu.yd./day 5 days
for 300 80
Cu.yd,
1 handling shovel 5
materials  tractor 20 cu.yd./dzy 80 hr.“ 20
2 sifting screen 15 cu.yd./day 20 days 300
2 crushing water filled
nand roller 20 cu.yd./day 3 days La
2 mixing mixer = ==0000emee- 200 hr. 4co
2 block block machine
forming wheelbarrows 250 blk/nr 200 hr. Lee
3 nandling forklifst 1000 ©vlk/hr 80 hr. 150
and storing
TOTAL 1,658 manhou
33.16 manhours/
1000 block
SOURCES: Shoemaker, 19733 Musick, 1978, (unpublished)
1 Actual production will require less labor, because tasks and workers
overlap and do not perform in an itemized way.
2 Half time support for the materials processing
3 Based on 20% waste after screening.
4 Includes moving the mix to the block machine in wheelbarrows.
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SOURCE
Horldwide Calcrete .
Chemistries Goudie, 1973
Worldwide Calcrete
Chemistries Goudie, 1973
New Mexico Caliche
Chemistries Aristarain, 1970C
Comparison of Caliche
and Limestone Chemistries Aristarain, 1970

Chemistry of a Carbonzate
Deposit - Mountzin Home, TX.

Visual Inspectlion -
Some Texas Carvonate Samples

Granulometric Anglyses -
Four Texas Caliches

Selectesd Soil Tests
Mix Data - Caliche 3leck

Test Results = Caliche Block



Ca003

Si0»2

A1203

Fep03
AlgO}/Fe203
Cal

Mg0

TA3LE 8
REGICNAL CALCRZTZ CHEINIIZTRY
Sa?gée Mean 7% Range

L1 74,31 27.64-95.59
Lo 11.33 1.38-69.138
c 0.70 0.20- 1.93
8 0.9%5 0.4C- 2.78
16 83.62 75.00-G1.07
16 L, 55 0.38- 7.14
16 1.92 25- 2.06
16 L6.68 42.50-51.40
38 87.97 58.3£-59.40
39 6.28 1.00-45,21
13 6.49 0.56-17.86
10 1.58 0.26- 3.81
35 2.26 .06~ 7.10
12 61.02 27.07-21.C0
25 17.92 3.10-43.09
12 3.13 0.0k= 5.97
12 3.62 15.57- 1.5%5
e 2.70 -

24 Lo.19 15.16-51.36
25 1.66 0.00-10.390

3

Ratio of Ratio »of
Cal Si0p
- 16.19
- 11.93

2&-31 -
- 4-11
- 2-87
2k -
12.85 5.73
11.10 4.385
14,89 -
24-20 hnd




Ly

Ratio of ERatio of

size Mean 7% Range Ca0 Si0»
Eagst Africa
A1203 19 2.L48 - 16.85 5.75
FegOB 13 1.82 - 23.01 7.84
Cao 29 41.79 - - -
Mg 12 2.50 - 16.69 -
South Africa
CaC03 82 79.13 - - -
A1203/Fe203 79 1.89 - 22.87 -
£al 88 43.19 52.16-25.36 - -
Mgo 70 3l66 Oclo- 8-30 11-79 -
MgC02 35 8.72 - - -
Wworld Calcrete Chemlis<=ry: mean tercentage
CaCls - 79.28 - - -
Sios - 12.30 - 3.47 -
A1203 - 2.12 - 20.07 5.30
Fezo3 - 2.03 - 21.02 6.06
Mgl - 3.05 - 13.96 -
Cal - 42,62 - - -

Source: Goudie, 1973.



TABLE 10

CHEMICAL ANALYSES OF THE MAIN CONSTITUENTS OF CALICHE
PRCFILES FROM HIGH PLALNS, NEW MEXICO (IN WT. 7%)

i Prormiz | Proriz 2 1| Prormiz 3
CONSTITUENTS| T . ’ 1 i : ‘ ; J i
ST S R TR Y U R I B ! IR ! 320 3
— ' i : ! i
S0y 4592 1430126092 572603522 152,26 113,20, 17 06 1 194 | .92 0 3868
O DI S R | 0281 010 0.03 [ ..... . Lo 47093
o 130 00 908 127 ) LT 130 045|009 025 ] v 12
S 60T L4 D0 4360 6510 565 Lty L3l oo j 0.331 1385
e 154 +3.30 1 37.08 11870 0 2,00 1 1992 | 43.40 1 B 76 V333 31300 2T 90
ey VI 0.34 1 0.9 ‘ 0.27 “ 314 0.30 + 0.33 ‘I 0.23 t 0.:20 ‘j 0.31 ] 0.%7
VG YA S M B e [ [ [ | |
o b2 02 0.0z eost oS l 003 ] 0.03| 0021 0.05| 0.02] 003
o, S50 0060 0L 0141 010 ] 0,350, 009 | 0. | 9.061 005] 0.13
Nioo 00420 03] 01, 0390 0271 0251 04L) 011] 009 0 0 03
L i ylAl.? | 0.53 : OA_:S | O.:z J 0.79 OYT_ 1 O.}Z ! 0.23 O}:y ( i),liéi 1.03
sUs ) 9.1 071 | 0081 0,05 0.4 0.05 bo0.20 ! 0.11 l 0.13 0.:91 0.24
N 12790 33.73 i 2906 | 14.90 ! 137 715.20 ! 36.01 34.37 1 41.91 [ 10.87 | 22.26
ERVES [ 2,30 0.26 ! 0.39 ’ 0.34 ! 0.28 0.61 1 0.40 ! 027 0.7l ot 0.4
Wo— 380 Lot LML LS L] L] L3ty Lot) 90 08| 138
: : i | | I ‘ ; i
Total. .0 96.63 1 49.97 1 99.30 1 99.73 {100.19 ' 99.30 | 99 .29 | 99.67 | 99.43 !100.06 f 99 .04
‘ 5 r | | | ’ ’ | |

= Some 0Tgedlc mattern

TABLE 11

CC3PARISCN OF A COMPOSITE ANALYSIS OF LIMESTONES
WITH ANALYSIS OF CALICHE SAMPLES (IN WT. €%

| |
; CaLicae
JUNSTITCENTS : LidESTONKS J i
: | Sample 1-2 | Sampie 2-3 | Sampie -1
! 0 ! n E » | o
SiOa. .. 5.19 | 14.30 13.20 | 104
VO 034 | 0.08 0.08
Ty S 0.40 045 0.23
V0, , 0.8l | 104 | 144 Do+t
a0 42.61 45 36 | 4340 | 5034
MOl TS0 054 1 035 | 0.0
M i 0103 T B co U
10 i 0% 092 0.03 0.03
TI0w | 006 | 0.06 .09 | 0.06
Ny ! 005 i 013 D1 0.09
KO ‘ D33 0.1 | 0.22 | 013
305 0.05 | 071 0.20 | 0.1
COw 4138 5573 1 3601 1 4101
Ho—..0 ] 0.21 0.26 0.40 | 0.17
HaO+ .o 0.36* 1.01 1.31 0.70
Cthers. .. 1 J.1t [ I
Total.....| 100.00 | 9997 | 99.29 | 99 63
H 1

.— 1Y Comnosite anaiysis of 315 limestenes—¥H. N. 3tokes, anaivst, Clarxe
4+ {rom table 2.

des organic matter.




TA3LE 12

Chemical Analyses

Czrbonate Deposit - Mountain Home, TX.

Sample 4
Analysis 1 Analvysis 2
A
o4, 7% CaC04 98,0% CaCo,
2% S0, .05%  Sodium Sal<s
none Sulphates
p.: - 850
TAERLE 173
Visual Inspection
SAMPLE DESCRIPTION
1 CaCO3 consolidated in weights of 30 grams to
several hundred pounds. Chaulkish white %o
sand color. Yellow-brown stains from iren in
solution. Clay overburden in distinct 1if+ts
with little intermix of the +wo.
2 CaCOB, clay and sand in well mixed lox.
Caliche is grey-white to red-brown, Color ang
mix of other materials -- clay, sand --
indicate extensive leaching action of waier.
3

CaCOB, chaulkish white powder with sand and

I_J.

gravel size clumps of fine grain CaCOB, easily
crushed. No sand or cleay cresent. Very little

organic material present.
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Sample

|-

&
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Liguld Limit Rezcticn

Medium Liquid -- Slow Liguid Reaction
High Liguid -- Fast Liquid Reaction

Medium Ligquid -- Slow Reazction

}..J

™

= - nT
Alcock 3ox Mezsurement
c

Average Contrz
tabilizer Rati
16 parts soil

Average Contraction of 3 sample
tablilizer Ratio - 1 part ¢ n
14 parts soil

One Sample Contraction 3/4"
tabilizer Ratio - 1:

Cne Sample Contractic

Vol c
Stabilizer Ratio -= 1:154

Note:

30 minute Brownian Movement sevaration
of silt from colloids by weight --
.05 grams

Separation of silt from colloids by
weight -~ 1,2 grans,

Sample 1 has high carbtonate content (83%) and low
colloid content.

Sample 2 has high clay and sand content and =
greater collolid content.



TAZLE 15

Mix Data
(oy ver cent welizht wst mix)

Pressed 3lock -- Cinva - Ram
Sample Caliche Sand Cement dater
20R 65 20 3 7
B1R 38 38 15 10
310R 26 52 9 13
311R 4o %0 12 2
312R 35 bs 10 10
Note: Sample 1 caliche used for Pressed 3lcck Formulas
Poured 2lock - sample % caliche
LP 30 50 Lime 5 15
G 17 55 Lime 13 15
p2t 31 16 P2/Cem 8 13
PC2 36 40 Cem 9 15
PC3 26 Lo Cem 7 15
Pt 31 4o Sem 7 13
pC352 21 47 Cem 7 15

1 mixes with best results

2 chat substituted for silica sand

(crushed limestone)




DPresged Zlock -

Lew/High - Compression Strength in osi

310,Bl1R

and other samples
of which mix data
is not awvailable

Progrem IT

B0R ssssesnsessssnses£00/670
B1R sevsosessenssesesd?8/975
310R sevesesensseesae?lf/950
B11R veveseesosenanes?03/1127
BI2R ssvesncenessanss?55/980

Total number of blocks tested

Poured Block

1150/1360 Average Value

in this series - 41

1
Program IIT
Average
Compression Strengsh Average Abscrption
Sample in »eil Strength % drv welgnt
1P 366,241,518, 345 343 ———
G 146,288,200,230,251 227 ————
TZ1 206,281,277 288 ————
Progrzm IV 1
LP ————— -— 1345
PZ1 518,487,493,446,510,
k85,472,522,490,488 493 2.8

n
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Table 17 continued

Averaczs
Compression Strength Averagse ATsorztion

Sample in psi Streng*h 7 Syr waizn=s
PCl 215,223 219 15.93
PC2 851,804 828 15.26
PC3 578,557,565 567 17.26
Program VI L,2
PCh 335,840,980,930,1157 9ks 15,86
PC5 840,553,403 g€s 17,7

1 Compression tests performed on samples at 8% molsture consen

2 Samples were part of gquallty control zrogram in the Fisl3d
and do not meet lab standards for mixing procedure.
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Plate 8

Plate 9

Plate 10
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Adobe Comes to Austin
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production 1943

~Burezu of Econonic

Geoclogy
Commercial Caliche Extraction
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The Ingram Experience
Caliche Construction Project

The Pavillion Experience
A Caliche Design Experiment

Photographs of Rammed Caliche
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Earth Building
Materials Research
At Max’s Pot

by
Howard Sccggins
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dlimaticeegians 3f Taxas. Samoles wiil de
Jrocessed ‘Nrough g Mim-vaxs Lao of low cosr ana
S1gn arecisian. Ingineering cara wiil be corregred
with ziimate zqQta Ina sesign ocermeters tor
structures suited ‘o e igecitic region deveicoed.
Ail zata wiil 2@ cuoiisnea n ‘cose-.eatf ‘orm under
‘re nte Sarmn dunging Martariais Atics for Texas.”

Max 3 a1 s ntaresied n soaqucnling studies of
ang solicinng funas from ‘ne antire Southwaestem
Unireq Stares. nrerested darties 3Jre nvited ‘o
w~rite us for VMax s ‘nrraductory 3rochure.

2: Maximum Potential 3uiging Systems
5438 3ee Caves ocaa
Austin. Texas "37i¢
N,
by
Beiow: Earth heat exchanger tubes
—Buriap '‘cement-starcn’
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How to Make
Caliche Bricks

A\DO

COMES

AUSTIN

by Michae! Eaiin

Standing amidst the scruffy cedars and
raffisn widflowers az Max's Pot w Qak
Hill. inventor-izex-of-atl-trades Howard
Seogging (s pereoiating happdy along ia
1is woek, sifiing the saaay ioam. tesung
caiiche, souiing w0 himsed. For Scoggins
i il 2ome ‘R 1i5 eiement rcaiiche sod.
And way 20t? For Howard is
sei{-described “dirt {resx.” a “soil
Techante.” an inventoe-adaplor bent on
teaching Texans o duild with the
:neavest materai around. Dirt.

Dirt? That's right. Terra firma. At
Max's Pot. Ausuns raguag codectioa of
soar iicionados and utoplan sagineers,
Scoggins 19 sLaung Ay case:

“Around these parts when most Deooie
thizk of 2 house, they thuiax of 2
iumberyard. [a Centrai Texas that's
backwards thinking —iotaily —because
wers in an 2res iow on [imber.
Coasequently iumber :s 2ot dirt
cheas —pardon lNe pun. A Mucd Jors
sensiDie ipproach is to use whai you
have.” .

"Myseid, Tm a dirt Treax. There it is
»zAt in your baek vard, tons of it, just
degging Lo oe used, We Amencans ars so
over-techaoiogized we ve [orgoitea ihe
most popuiar buuding materas koown
+hroygn the miileasa. Dirt's cheap.
N‘EDFOI)(»; .3 ‘he Desi .msuialor around.
4ng (s 1acredibly easy to work wuh. i
short, son-cement buding techniques are
ie Desi answer L0 our housing sporage.
Foks get the sausfactton of buldiny thewr
swn nomes ane best of ail. they won't
ywe the bank for Lirty vears.”

As 3 “sou meenanuc” o screntist of the
sl SenggIng sgenas a good part of his
ame deveioping data which proves that
30U-DULJING teeNmQues are cleaoest. (he
oest insulators, ¢¢ oL And finaily. aiter
two years of concentraied applied
sesearch at Austn s Center for Maximum
Potenti Buliding Svsiems Max's Potl.
Scogzins nas Juned inernalionai recog-
aition as one of the hanafui of rue
innovators ia tne fieid. In Octooer.
Scoggins nartated a one-aour now-to flm
ior use by the Umted Natons. a fiim now
in use :n four anguages. Then, .n
Decemper. 1976, the University of
Caiifornia at Berkeiey asked Scoggins w0
conduct : workshoo semunar there »Ho
adooe construction: the Wortd Churen
Service will be using Scoggins tech.
mques in the consuuction of a 300-unic
viliage 1n laire: and Addode News, the
pogular magaznns 1a the fiesd. prnntea tne
first of a series of articies by 3Scoggins
detziiing us resewrch methons. As the
puplic siowly rediscovers soii s a
buiidiag materal, Scoggins’ work (3
claumiag the atlenuon i qeserves.

Why Use Soil Cement?

As Seoggins wil be the firs: to teil you.
the 1nlerest 13 aroused pnmaniy tecause
pecoie are ;Lst now {inqing ouc Tow
:neredioly caeap buiiding with soti realiy
is. He :okes ibout “sweal equily
~epiacing samaal.” 3v using a Ciova Ram
brick ompressort, Scoggins nas Jeer
turmng oul soU-cement briexs at the rate
Of about two 0 three cents a bricx
Jepencing on (e tvoe ot soud avalabie
Jn-site. agope-ciay. taiicne-orick, ana
sou-cement dtocks mav be oroduced 0¥
Mere ~oMDressi0n (No FIAZIAE IF NeaLing
Jrocess,. U'siOg YOur own {apor ana some
siementary oonding Malsmals cerent 13
tie most ~oMMON!, SCOYYINS estLTates
that sne owner-Dulcer an creawe the

B
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Séx conts (s WAGE & cont 20 make this sou-cement roof tie.

materiais for a 1.000-square-foot house
for less than 3$300. e oasic dulding
Tawenal caliche. 8 avuianie just about
everywhere in Ceatra Texas. But there
are other. equaily gnod reasoas o bhuld
with sou-cement.

¢ inswlation. As Scoggins and other
researeners at Max's Poc are documeat
ing, sol-cemeat soructures, stabilized
corTectly with cement or umae. Deat every
other buiding matanal .2 the creatiog of

come a3 little surprise that he finisned
caliche biocks resembpie notluny so much
as . limestone! Depanaicg oa tne
amouat of caliche in the bdrick muxture,
roloratioa ranges from &n sarth-uke Lght
brown to a stone-like whitish-pink.

* Sirengra and duraoility. Lass fail
Scoggins tested ihe strength of h:s
caiicne bloeks at UT's Civd Enqineenag
Laborsiory. The results were enough 1o
stwn Cniversity engineers in attendance:

Scoggins estimates that cne cwner-buiicer
can create the materials for 2 1,00C-square-
foot house for less than $3C0.

1 'passive’ evnironmea:. That means
that cooi ar ‘eads 0 stay in the house
during summer. 1ad warm ar 1 nater,
And that means very low gas biils.

* Fire renutance. (n one of Scoggns
newest techniques, 2x4 lumber studs are
uynnecessary for vertical suoport. Ob-
viouslv, pv cutting the use of wood L0 &
mimmum. Fou mumTuze e danger of
fire. {3 a soid-cement “ouse, there 13
aotming :a the wails. floor or rooi
structure to bura.

s Attractrveness. Because caiicne is an
intermediate iorm of limestone, it snouid

all the tmeks tested out with at east
twice the sireng’n 2f conveationai,
slore-Dougnt masonry otocxs. Scuggins
best catiche-muxture brneks testad sut i
excess of 1.300 pounds per square nch o
pressure, rmore toan thrwe Limes stronget
than commercial ander Slock.

* Resource omservatwm. By buiiding
their nomes mustly with wood {a scarce
resource; and commeraaily made briek
fan energy-consuming process!, Ameri-
CAAS Are UNAE up resources that are ever
more costly and scarce. By building
wisety you use whal you have and

-
2

<

seru-artd Texas t5at's onmarily caliche.
* Simoplicity of tecAmque. U riike mast
of today's ouilding ‘ecanoiog:ies. suul-

cemen{ zonsUuclion can be esrned v
JuSt apouf anynne .aving the Ox4xs”

biocks 1S very siumuiar o ayung Tasoary
biock). Thus eibow gresse :ounts more
vian sk, Seukgas esumaces Rau onree
people could produce ecougn brex
about 15 davs for & 1.000-sauare-ioot
structure, The ‘abor s intansive, of
course, but the {nished product s yours,
wshout 20 years of interest paymeats at
Austin Nauoaal,

Help 1s on the Way

So just how does ooe go about learaing
the fine points of buniding 2 sou-cement
hYome? Up until sow. the owoer-buider
pretty mauct had W experunect around,
learning what e could from Ken Kern's
excedent The Owner Buil Jome, amoog
other -eisted books. 3y :al. however,
Scoggins pians o publisn an Zarch

i Manwai covsricg 1a detal che
fne points of pulding with soi~cement

:xtures. aad {ocusiag especiaily oo

_ caliche.

Already. Seoggins nas deveioped a
portabie tool kit cailed the “Soil-Test
Mins-Lab™ with which anvoce “with basic
reading skills and a modicum of patience
230 extract, ana.vze. and ciassuy soui
sampies L0 delermine the most swtable
buiidiag process.” Also, he concepiualizes
a jow-enst, por:able Maxi-Lab “whien
would enabie the ownec-puiider to
determine on-site such sopaisticated
measuremests a3 Afalysis of weatannag
chamctensacd, suctursi and hecmal

.
vanabies. atc.” With the pubdiicauoa of !

the Zarta Dwiding Monuai and <restioa
of the Maxy 1od Mini abs. svea the
rankest amateurs wii oe abie to duild
QUALKLY ool into thetr owa sLructures.

Among the folks ac Max's Pot, chough.
the coneept of quaiity coatrsl goes
sevond the unlizacon of any one diaing
tachuque. At the Pot. the empnasis s on
both cost and crestive design techugues.
Give 3eoqggins a nudge in the g
“irection and ne’il lak adout the goa of
“passive suructures.”

“ldeaily, wnat we re aiter s to design 2
living structure a4s an  aitmosopnere
eagine.’ [ the past we've aiwayvs seen
dichowmy becween reasocab.e cost 1nd
aesthstics—rvou had %0 choose ove or the
sther We've found that by comoitang the
gwrer-pult conceot with an itedigent
design coficept wWe can cut the esergy
needs of a structure 2y 50 percent or
thereapouts. What we're after is dyuamuc
15 opposed L0 stalc structures—ouldings
that respond to different seasons. aght.
neat. and wind patterns. This enabies us
"0 create various 20t spots, cod I0OLS.

cont. on page 20

If vou're interestad in owiding with sosi,
there are severai excaitent J0OOKS and
WUCHaE ON e JyDnect, . addition 1O CA
ACCHES 10 the renned techiquéa of SOu-
mechanic Howare 3cogginy. First,
Aowever, the dudding owner-ouriger
A98ds !0 remearch the wonaers If e
Clrve ram, an amanng (0ot whnicn shoutd
namie you 10 rOQUCE Dafter SIONGer
JIOCKS than anything on 'he maret,

A few words on the Cinva ram- s
iittte DOX-ang-iever 100 was ‘rventsd N
‘ne mid-1950s by a Chusan sngineer
samed Payi Aamirez. THe patsnt was
subseguentty acquired by the Rocrelesier
Nareals, and i3 avanadie toaay for apout
$275 from 3elinws (nternatiana Com-
canv, 200 W. Excnange St.. Axron. e
44508 The ram t3ei? :$ an iNJeNiousiy
3IMEie Metalid ux-MCiS ~0 37 an be
‘lisd with Zamo. soo-tement Tixtire,
‘han comaressed Dy 2 100G (@ver-':ike
2ston waich axents 4G.00C oounas ot
i Jressure on (Ne Mixture. The BNicK ICMed
T2y the COMDIISAIVe aClION 13 hen hected
0 O® S8 1N @ COO! DHICA aNaG "1 10 Cure for
UD 10 Nree wenwes.

The actual DRCX-MANG DOCASS .tSetf
S (A0OC=NTENYve— ! COMNS AUMOS Noth-

Aids for the Soii-Cement Builder

ing, Sut requires Nours of vour own effort,
Canstruction using the Cinva rvm invoives
AOUT Tive Steos: 1) analysis Ot He 0,
\Q sitng o the earth, 3) DrecaranIon Of
he mix, 4) manufacture of the olocks,
ang (5) cunng of Ne oncxs. For mors
Cetal, you'll want 10 conswt the fOIIowing
200k3 Of articies:

* The May, 1978 issue of Mother Exth
Maganne. wnich CONMams an exceien
nrroquctory aticie oy C.0. Fotsom

+ The “andgbook for Buiding Hormes ot
Esrth. Ov L. Noifskili. 4. Dumoo. ang 3.
Zailsway. avarlapie ‘or 38.2% ‘'rom 1t
Natona: Tecnmical nformation Service.
4325 ®art Qovai Roag. Springnetd,
Virgimia 2161

» Chaoier '8 ot Ken <Xerms The
Cwnec-Buiit Aome. avalable at oca
a00xstores ‘or $7 50 A a4 quaintty
2208rDACK.

« Cinva ﬂnm Boox, /1T, Codaqge Pank.
Manuai v rowarg
5ccqgins. 54.C0. Ina ed. ava:tadie 'n
March 977

Howerd Scoggqms. Lrt reax. iTamunes
cadicre hriexs macs 3t Mar s Pt m Uex
Hdl
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FRED W. HELDENFELS JR.
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H C. HELDENFELS

Sence M09
ENGINELRING CONSTRUCTION _‘Y ‘: TN C - D T T YT‘?A ITMSTILCTION WATER ALS
HELDENFELS BROTHERS
UTILITIES A g o SANC ANT GALVEL
AIRPORTS SN AL D HCT Mt ASPMALT
BRIBDGES P. O BOX 4357 ZALISHE
CORPUS CHRISTI TEXAS 784038
December 1, 1975

Steven P, Music
— PN
5700 Cameron Rd. ‘/20
Austin, Texcs 7375
Dear Sir:

Caliche lies as a rule, near cor on *ne surface in Sourh Taxas, We usually lozzie it

irst from an ourcrog or rom informaricn suooliec by 2
. e ¢ . i o . '
or some other oerson who mignt come across caliche in the ieia, in orher words oy ine

scienfific metnad of waord of mouth.

At this pcint we rove a fair ides of rhe eguicm=ant nesdsd ‘o oroducs ©
as well as what tnhe matericl is suitcble for i i

Most caliche is orccduced with @ mchile oilant for two raasors, First, deposits ars
usuclly not lerge enougn fer a dermanent ﬂlonf, Second, desosiss are numerous encugh fo

. . , |

move arcund and locare as near as possioiz *o the lccarion ne zaliche is nz2ecad, therefors,

cutting tne haul cost which has climbed along wirn e zrice of fuel, ,
The processing oceration starts with clearing any zrush and swizoing anv tocsail off

the deoosit, This variss, but seldom amounts to much mcre fren iignt crusa ond uo to 2 fesr

of stripcing, f

The actual precessing involves loading and hauling 2 the
and screening coeration and the stockpiling oceration,
Leading and chlx’ng is in most cases done with a large rubber fired Hili

é to 7 cubic yard class and nauling is usuaily done wira 277 rcad -2ar dump rrucks in the

20 to 30 ton class. |t sheuld zlso se said thar most dencsiss arz drilizs and :nov with

explosives to faciiitare loading, but not aiways,

ol « . ¢
anG three ncui Lntis woula
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HELDENFELS BRODTHERS

Pcge 2 Decemper 1, 1976
Mr, Steven P. Musick

normally be enough to supoly between 2000 cubic yards and 5000 cubic yards to the crusher in
10 hour day depending on the deposit and the hcu
with the drilling in most deposits.

. One rotary drill would probably keep up

Crushing and screening overations vary considerably. Most operations incluce ¢ large
Feeder which feeds zither o combination crusner or @ primary crusher with @ screening unit
to byoass the finer material. if a combination crusher such as ¢ double rorary impacr is usea,
the materiacl then goes fo ¢ screening unit wnicn returns any materiel not smcil enougn Dack
to the same crusher cnd sends fthe rest along with thar material alrecdy oypassing the crusher
from the first screening unir to @ hooser as finished product. |f a primary crusher is
then the process includes another crusher cailed a secondary crusher. T hese might ce a
and c roll cor riple roll crusher. In this case the Feeder feeds the Jaw. The mmtzarial
crushed by the Jaw goes to the screening unit where the oversize goes to the secondary

=l
ST

crusner for further sizing end back to the screen. The finished maoterial again goes rom tre
screen fo @ hopper. 1here are numerous orher combinctions, tyeces and sizes of crushers, bur
most incluce the comoonents mentioned and most oroduce berwcor 2000 to 5000 cupic yares in

a 10 hour day. Power is usually a comcination of diesel and diesel eiectric.

The meaterial is droooad from the hooper into 20 to S0 cubic vard -ubber tirez scrapvers
fe T
i

and stockziied in 1 to 2 foot lifts. The oile mignt end up berween 13 to 25 fesr hign
having as much as 130,000 cubic yards of caliche.

Stockpiling is done in this way because of the inconsistency of caliche even within ‘rs
same deccsir, 1t is stockoiled in layers ro blend the different tyoes of caliche within tne szme
area. The stockpile is loaded out by @ Hilift reaching up the face and tnus getfing o well
blended materici. !f interim tess are keot on the lavers, the cuclity of the Siendea mareric!
ccn be confroilea by loading the crusher from difrerent parts of the oit.

lar
a loose yard in the stockoile. The cost of loading and hauling would have to be cdded ‘o
the cost in the stockpile ‘o gef a gelivered price.

Costs vary as much as eguioment and deposits but a general rule would be one co

This is ¢ very general outline of now calicne is found and oroducea in Soutn Texas
by Highwcy contractors and large commercici oroducers. There are other methods and derciis
the operation not exolained in this lefter. | would be glad to answer any aquestions you
have and even show you some oits and operations if you are around Corpus Christi some-

fime soon.

Sincerely,

John O. Heldenfels

JCH, vt

O
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Students work the slip form up for the next layer of
rammed caliche at the Pavillion in Austin.
-see CMPBS, 1978-

Recreation building built of quarried caliche at
Lake Corpus Christi State Park
-See Point Resources Section-
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