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An Experimental Investigition of Soil-Cement as a

Building Material

In recent yeirs much attention has been given to soil-
cement a8 an improvement to secondary roads. This increased
interest in soil-cemsnt as an all weather surfacing for
highways hae primarily been stimulated by the fact that
soil-cement is proving itself economical. ¥Yow if a low
cost, stable, all weather surfacs for highways osn satis-
faotorily be constructed from soil-cement; ,wvhy is it not
possible to use soil-cement gs a building material?

%ith priorities bearing down on a lot of the materials
used in the construction of homes, and with the increased
demand for inexpensive homes that can be constructed quiokly
has lead me to this investigation on the properties of the
various soil-ocement mixes made from locally obtained soils,
and through the following expriments and test druw some
conclusions a8 to the advisablity of using soil-cement as
a builaing material.

Three samples of 3011 where obtained from the college
properties. Samples A and B were taken from the college
field south of the Pere Marquette Railroad and west of Farm
Lane Road. 3ample A was a representative sample of eoil
from the base of the sod to a depth of 1.5 feet. Soil B
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w28 also a representitive sample taken from the sume pluce
as sample A, but since the grain size of the so0ill particals
seemed to chiange at the depth of 1.5 feet eample B was taken
from 1.5 to 3.0 feet below the surface. These two samples,
although taken from the same Bpot, were kept apaft so that
an accur.te an:lysie for grain size of the soil particals
could be mide on each of the eamples.

3+mple C wis obtained from the colleze clay pit. The
intention being to blend sample C with sumples A and R if
the gr.ding curves of samples A and B f3ll very far from the
ideal grading curves designed by Teymouths Theory. !However
it wis not intended to make a pecrfect blend or to :inpro=ach
the idesl curves too closely, becauseth:at would have been to
defeat the purpose of this test.If the ideal curves, deter=
mined by Veymouthe Theory of purtic:l interference, were to
be followed completly many more soil smples would be needed,
and the cost would be increused.

The r:v 801l s:mnles obtzined in the field were air
dried in the labratory. ™hen the samples where dry they were
screened., S.mnrles A and B being s:ndy soils passed the Yo.
10 sieve 100“ upon drying. Sample C, the oelay, w:s quite
lurpy upon drying, g0 it w28 placed into the B:1l ¥ill pulver-
izer where the lumps were broken do=n, and then unon ecreen-
ing through a HO. 10 sieve it wzs found 1097 passing.

“ith all the soil samples z=ir dry and passing the N0. 10
sieve the follwing tests were for each sample.

1. The apparent specific gravity of e.ch eample was
-



determined.

2« Ry the mecnanical analysis of the particil sizes
the grain sizes contained in each sample was determined
and with the aid of the Triaxial Chart the soils were
placed into thelir proper groupe.

with the above facts gbtained for each of the soil
samples the blend or mix of raw solls wns deterrined from
the gr:ding ourves. Blending completed the :bove two tests
were repeated upon the mix, and in addition the following
tests were performed.

3. Plastic Limit Test

L, Liquid Limit Test

5« Plasticity Index Test

b. Shrinkage Ratio Test

7. Shrinkage Limit Test

8. Optimum Yoisture Density Relation Test

"hen all the previously mentioned tests :re knorn the
next step w48 to determine the soil cemnt optimum moisture
density relations for the various cement percentages by
volume these percent:ges belng srbitririly choosen.

Knowing the soil-cements optimum moisture-density re-
lations for the various cement contenis that shall be taken
the test samples can he molded. A total of nine (9( samples
will be used for e:ch of the chosen cement contents. These

nine sampies shall be tested in & munner th:;t «ill be simi-
vlar to the aotual conditions that the material would have

to take if it were 3 part of a w=11l.
-3-



LABORAYOAL TVESTIGATION IWILUDIHG DATA, REIULTS , AYD
SALPLE CALCIULATIONS.

The purpnse of this project is to ts:ke samples of easily
obtainable local soils &nd through accurate laborzstory tests
design soil=-cerent test cylinders contsining varying percent
off cement by volume. To take these cylinders and aubject
then to tesis similar to the actual conditions thzt a exterior
wall of a2 building und similar structures would have to under-
go. From these tests s determination of the practibility of

using snil-cement 38 a building materi:1 shall be made.

Test of raw 80il to determine the apparent specific gravity.
Approximately 40 gms of oven-dried soil shall be ground
in a mortar with a pestle to a fine floury texture, being
careful not to break the acfual grain structure, only loosen-
ing e:ch partical from the next. Place about 30 gms of this
material into a volumetric flask the weight of which is known
and weigh on an analytical b:ilance. Fill a burette with ker-
osene; draining excess kerosene off st the bottom 8o that the
kerosens level i8 exactly at the 100cc mark. Introduce about
4Jcc of kerosene from burette into §1.sk twirled between the
hande until the powdery muteriszl is completly in suspension.
Subject the fl:usk and contents to - vacuum to remove all en-
trained ailr. =RHotate flusk gently while vi.cuum 18 being app-
lied tais further assuring that each partical of material
is in suspension. Then all entrained sir has been removed

=l



£i1l the flask to the 100cc wmark from the burette. The vol-
of the remaining kerosene 1s rcoorded as the volume of the

cunvalined Boil.

Soil Sample A B C
Flask No. 3 4 5 6 1 2
"t of powdered
1| 8011 & flask 78.09 |78.22(75.53|77.75 |72.79 | T4.49
Te %t of flask Lg 4o (48,35 |Ii5,.81 |47.98 [Lo.80 | 44,51

me | oo or POTaerd 29,69 29.87[29.72(29.77(29.99|29.98

Vg | Vol of soll rarticles| 11.6| 11.6| 11.4{11,38 (10.4 |10.48

Anpirent Specific
GA Gr:\'ity ?058 90582 2061 9.62" ?.85 2086

GA Nean Appo spo Gr. 9.058 pobl ?088

TARLE 1

All the items in the sbove table are self explanatory.
w3 and Ye are the v.lues obtained by weighing the respective
items, and Vg is the amount of kerosene remaining in the
burstte after the fl-.sk has bveen filled to the 100cec rark.

The mean specific grzavity G, is equzl to gg.
8

A

dech=2nical Analysis Of The =oil S-mples
"his 13 to determine the gr-aing or the per cent-ge
of the virious particle esizes contained in the 87il samples.
A reprecen-tive s8oil s8:mpie was gelected from oven-
dried material pas:ing the No. 19 sieve. The weight of the

" sample shill be 1N9g¢ms for eandy soils and 50 gms for silt
=5




4nd olay 8soils.

The 80il wis placea in a glass be:xer and covered
with about 7DNcc of distilled water to which =33 added °”Nce
of sodium silicate solution by means of a nipette. The
sodium s8ilicate is to act as 3 defloculating axent. The
8041 solu%ion was then alloweda to st:nd far 18 hours to
assure thét each pirticle i1s loosened froxr the next anad
also at the end of tuils period the cl.y will have softenea
enough to be e3:lly broken down in the dispereion spoaratus,

After tempering the s0ll w.s poured into the dispersion
cup 211 materizl w:s curefully wached from the tesker into
the cup. The disgresion cup wzg filled to within 2 inches
of the top with distilled water =ai1 pluced into gosition
on the milk sagker which w.8 used g8 3 mixer. The mixing
time =<8 % rinutes for s.ndy so5ils and 9 minutes for cl:.y
snd 811t soils. )

At tae conclusion 6f the mixing time the contents of
the dispersion cup mas poured ints a3 1330cc yliass gruduste
ayaln curefully washing 211 the soil particles frow the cup
into the gr:duate, thean the gracuate » + £illed with addi-
tional distilled water until the 10%0cc mark was re-:ched,
Covering the onen end of the grxduate witi the palm of one
hand, the graduate was then vigorously shaken for a period
of one minute, quickly setting dowa graduante into 2 positinn
where 1t vwill not ve disturbed for the remazinder of the

test.

-bm



Plzace the hydrometer and thermometer into the solution
and begin taking rezdings =t the end of 1, 2, 5, 10, 1%, 30,
60, 120 minutes. *1ll not be necessary to run the 1440
minute test. Due to the lurge particles settling on the
hydrometer hnuly the first few minutes; these readingse are
frequently low znd may ve discovered from the final gr:=ding
curves., After the first twn readinge hive be=n t:ken remove
the hydrometer from the esolution #nd rinse the bulb; vplaecing
back into the B8olution about 20 seconds previnus tn the next
reading,

Joon completion of all the rezdings through the 120 min
reading vour the content of the graduate unon a No. 200
sieve w:shing »l11 the materisl from the gr duate on to the
sieve, '7ash the material upon the sieve and then set sieve
into an oven and allow to dry. ‘*hen the miterizl is dry
pli:ce 4t upon a ¥o. 10 sieve Qf a nest of sleves that are
arranged in the following order, los. 10, 20, 49, 60, 140,
200, and the pan. rlace the nest and =:teriale into = Ro-
Tap ana shzike for 720 minutes. Record the reight of tia nat=
erial retained upon vazch sieve.

Corrections must be up.lied in the hyidroreter annlysis
for temrnerature of‘solution and the soecific gruvity of the
£011 since the hydroﬁeters hive vee:s gradusted nr calibrated
st 67 =2na 19.4 degrees fanrenheit and centigr:de respective-
ly, ana for an apparent specific gr -vity G, of the sonil 28

being 2.65.
-7-



Tsvle 11 giv:s the maximum grain diameters in susvension

under :ssumed conditi

ons,

1. Tirat toe spnarent especific gravity of the soil

is 2.65.

7. That the specific grzvity of the suspending

medium is constant and equal to 2.99&8Y4 at 67'F

or 19.4

c.

3. Thst the coefficlient of viscosity, n is equal

to thut of water 0.0102 at 67 F or 19.4 C.

4, Th.:t the dist.uce, L, through which the particles

in a given time period is constant =2nd equal

to 3.5

cn.

The above listed st:undard conditions vere not the

conditions of the tes

Yaximum Ciameters

AS

t, eo corrections

Tuble II
0f Gr:ain Size In

sumed Conditions

must be apnlied.

3uenension Under

Time Yinutes

Yaximum Cr.in

Susnension in

Sigze in

*1llimeters

15

30

60

120
1440

0.074
0.055
0.035
0.020
0.014
0.010

0.007
0.002




The temperzture correction of the hydroaeter designatea
s8 AR 1s tszken 0.2 per degree change in Fa:.renteit and as
0.36 per degree change in Centigrade. The correction is
added to the original resding when the temperszture of the
golution is sbove tne stindurd 57°F or 19.4°C and subtrscted
from'the origin:l hydrometer reading for temoerstures below
the above mentioned standard.

"nen the specific gravity of the 5-1l varies from 2.65
the epecifio grovity of the eolution will vary likewise 8o
a 801l with an -pparent Bpecific gravity of wore than 2,65
will cause the hydroneter to float higher than if under s
standarc conditions, and will register n higher percentage
which muat be reduced by a2 nroportionality factor, a, as

glver in Table III.

Apparent Sjecific | Correction | Factors
Gravity G, a L
2.45 1.05 1.07
2.50 1.04 1,05
2.55 1,02 1.03
2. 60 1.01 1.6°
2.65 1,00 1.00
2. 70 0.99 0.93
2e 715 0.93 0.97
2.80 . 0.97 0.96
2.85 0.95 0.95
2.90 0.9% 0.93%




The correction factor for the varistion in 8specific grz-
vity of the soil 1s designated <8 K; And 1t depends uvon the

net density of the suspended go0il. The values of Xpg =re

computed by the formula KG=/ 1.65  where G, is the zonarent
~ Y 1 ¢
. UA

spacific grivity ot the soil belng tested. V=luves of K,
have been t:ibulated in Table 11T,
The coarrectisn factor for the coefficient of viecosity

of water ie desi;nateu as ¥_ »nd mny be exnressed in the

n

following form.

K o=[oefficient of viscosity, n, at a piven temperzture

nTy 0.0172

‘The values of K, have been tubulated into Table IV

Temperature Temperature
K K

Legree F | Depree C n liegree ¥ Degree C n
e 8 106 1.04 77.0 5 .93
62.6 17 1.03 75.8 26 0.22
6. 4 18 1.72 30.6 27 0.%91
66.2 19 1.00 gz, 23 0.30
63.0 0 7.09 B4, o ”9 0.89
69.8 ~ D92 5.0 39 N.n3
71.6 22 N.97 27.8 11 0,722
T73.4 23 0.96 39.6 32 .37
75.2 el N.95 91.4 33 0.36

Tehle IV

~10=-



Tue correctlon to correl:te the particle size —ith the
distunce thait the particle £:1is within a4 gliven 3sedimentation
perlod 18 designated =8 Kp. L' 15 the distance from tne sur-
fice of the suspension to the bottom of the hydrometer. By
experinent the caulvaleat cistance of fell has been estadb-

liched as N.U7L', Tne correctinn Ey 18 glven Ty the formula

AL: D421
355

In testing soil s:mples A, R, and C three hydrometers

were used and table V giving the correctinn XK. for euch

L
hydrometer w18 compiled.

The product of the three corrections Kgs By and K,
times the nominal sige of the particles will give the sctual
particle sizes 4t the given perioa.

The combination of the sieve ani hyarometer analysis
8hall be plotted on & graoh having an arithmetic ordinate
of totul per cent passing ana a logarithretic =bscissa of
particle size.

Tavles VI, VII, =:ad VIII sre the mechinical =nalysis
cata Bneeis tabulated in full for soil samples A, B, 2nd C
respectively. The grading curvee =zre all plottea nn one
graph as shown 1la tible X, which also contains the gr .ding

curve for the blend or mix.



Hydro-| Hydro- | Hydro=- Hydro-| "lydro- | liydro=-
RAgZ. 335;;§ ?Kﬁgs? ?§§§§v Rdg. ;&ﬁgEB §§ﬁ§§g- ?g§g§9
£, £y K kg, KL kg

-2 0.56% | 0.553 | 0.568| 30 | 0.500| O,483| 0.500
0 0.565 | 0.543 | 0,564 | 32| 0.496| o0.478| 0.496
2 0.561 | 0.545 | 0.560| 34 | 0.492| 0.473 'o.u91
4 0.557 | 0.5%0 | 0.556| 36| 0.428| O.4e9| o.u87
6 0.55 0.536 | 0,552 | 38 | O.u84| 0.U65( 0,483
& 0.549 | 0.532| 0.543| 40 | 0.479| O0.460| O0.478
10 0.545 | 0.528 | 0.543| Lo | o U775 O0.U56| 0.473
17 0.541 | 0.523| 0.539| 44| o.471| o0.452{ 0.469
14 0.536 | 0.519| 0.535| W€ | 0.4b7| oOo.Lug| O.4ol
16 0.531 | 0.514| 0.531| Ug | 0.463] 0.443| 0,459
18 0.527| 0.510| 0.526| 50| O.UB8| 0.428| 0.455
20 0.523 | 0.505| 0.522| 52| 0454 0434 0.450
p2 0.519| 0.501| 0.518| &4 | 0O,U50| 0,430 0.L4L5
ol 0.513 | O.M36| 0.514%| 56| o.b4l45 0.b25| ©.441
26 0,509 | 0.492| 0,510 &g | o441 O0,420| 0.436
°8 0.505| 0O.U88| 0.505| 60| 0,426 0.415| 0.431

Values of K,

Table V

) D
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8 arple Calculations for the Hydrometer Anzlyeis

From Table VII giving the observed duts snd information
taken on sample A in the test the temperature of the solu-
tion when the one minute reading wae recorded wss 27° C end
the hydrometer reuding wae 16 (uesing hydrometer No. 3U4L272)
the apparent specific gravity as found previously was 2.57.

The first correction to be applied to the hydrometer
rezding will be AR and since the temperature re=dings zre
centigr:.de the correctizan shall be 0.36 per degree change in
temper:ture from the stundard (13.%). #ith the temperature
of the solution above the stand-.rd the correction is to be
addsd,

A= (0.36) (27- 1G.%) =2.7
Corrected Reading=2:=16+ 2,7 = 18,7

The per cent of m:terial passing at this point is
equal to one hundred times the corrected hydrometer reading
times tha proportionzlity factar (obtained from Table III)
divided by the weight of the sample being analyzed.

Per cent Fussing =100Ra+ ¥
=100 x 18.7 x 1.072 + 100
=19.1%

The correction factors Eo correct the paorticle diameter
at this point are obtained as follois:

K;, 18 had form Table V. \The corrected hydrometer

reading w28 found to be 18.7 then for hyirometer No.

344272 the correction X, for a hydrometer reading of
-19-



18.0 is 0.510 z2nd for a hydrometer readiny of twenty (20)
the correction is 0.505. The correot;on for a nydrometer
reading of 18.7 is found by straight‘llno interpolation and
is equal to 0.5K08.

The correction K; miy be hzd from Table ITI. The
npparent specific gravity of the soil being 2.57 and from
the compiled tible a correction of 1.03 is found for an
apparent specific gravity of 2.55 and s correction factor
of 1.02 for 2n apuarent specific gravity of 2.60. Again
the correction factor wanted can be had by straignt 1line
interpolation between the above mentioned points, and is
found to be equal to 1.03.

Oorrection K,, the viscosity correction is obtained
from Table IV. K, is equal to 0.91 when the temperature of
the suepending solution is eoual to 27° C.

The corrected particle diagmeter 18 acquired by multiply
ing the maximum in suspension at the time of the reading by
the correction factors K;, X;, and Kn'.

Corrected Diaveter = (0.078) x Kg x Kj, x Kp

= 0.078 x 0.508 x 1.03 x 0.91
= 0.0372 mm

The material retained on the Yo. 200 sieve after the
fines have been washed out through the sieve is broken up
into groupe that are retained on the nest of sieve by sieve
analysis. The weight retained on each sieve being recorded,
and the per oent retained of the total weight was computed.
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Kno=ing the weight of the miterlal retained on any of the
sieves ana aleo knowing the total weight of the sample the
per cent retuined on zny sieve is equal to the weight of
material retailned upon that sieve divided by the total weight
of the sample and multiplied by 100. 'Yhen 1.21 gms of a
total of 100 gms are retsined by s sieve the per cent retzin-
ed by that sieve iz equal to 1.721 < 100 x 100 =1.21%.

The column head 38 Cumulative is the cumulated per cent
passing or retained up to that point. It is the eddition
of all par cents of material retained up to th:t point., To
get the cumulative per cent passing at any point just take
the cumulative retained to that point aand subtract from one.

From the data and results compiled in Tables VI, VII,
and VIII can be drawn as shown in Table X. The grading
curves can used to determine the percentage of clay, silt,
and sand in the samples A, B, and C. Referring to TableX
studying the grading curve for sample A it can readily be
seen that 8% ot the saumple passed 0.005 mm mark or the
divieion point between clay and silt. Likewise it can be
seen that 20% of the sample passed the divieion point be-
tween 8ilt and sand giving 20% - &% =12% silt, also since
1004 passed the No. 10 sieve the remainder of the sample is
100% - 20% = 804 sand.

So,

Sample A 18 8% clay 127 8ilt &0% sand

Samole B 18 2% clay 2.5% e1lt 95.5% eand.
-21-



Sarnle C is 187 clay 497 silt 219 seand

Locating these earples on the Triaxial Chart given in
Table XI the clasesification of the samples can be secured.

Sample A falls on the divisinn point bet-een sznd and
a 8sandy losm. Soil samrple B is unquestionably a sand.

Soil sample C into a group kno'm a8 loam,

¥ixture or Blend of Soil A, B, =nd C

To start of with an assumption was made that in practioce
the sample A and B would not be seperated, 3o equal amounts
of solls A end B were combined. 'With the ald of the Ideal
grading curves as given in Table XI a mixture wss deeigned
to bring the greding curve closer to the Idezal curve. There
are wmany ways in which 2 theoretical grading curve can be
eatablished., In designing the rixture used ia this test
the per cent of 8and and €11t and clay contained in the
Idezl curve wns determined from the graphs, and by combining
sample A and B on the 50-50 basie the per cent of olay,
8ilt, and sand containedin this part of the mix can readily
be determined. This mixture wil contain 57 olay, 7.257 silt
and 87.75% sand, whereszs the Ideal curve contains 12% olay,
3% 8ilt, and 65% sand. Ry combtining the above mixture
with 20% of eample @ will give a2 final theoretic:l mixture
of 7.6% clay, 15.6% 8ilt, and 76.8% sand. This does not
compare very clofly with the Ideal grading, but as stated

previously by try to annroach the ldeszl curve too much would



prove tn be impractical because in pratice such minute blend-
ing could not be maintained without complete 1lsboratory
supervision,

7fter the mix had been established the previous two
tests were repeated on the blend or mixture. The appsrent
specific gruvity was found to be 2.6% determined in the
mznner previously describped. Below is gilven the dzta and
results of the specific graivity determination.

apparent 3pecific Gravity of Mixture

Flask Yo. 4 5

W3 %t of powdery soil & flask 78. 25 85.39

We |¥t of flask 4g.38 45.79

74 |t of powdery 801l P9.87 L4, 20

V4 [Vol of eoil particles 11.30 | 16.80

G, [Apnzrent Specific Gravity 2. 64 2. 64
¥ean Anv. Sp. Gr. 2. 64

Then the mechanic:l anslysis test of the mixture =28
carried out and the data and results are compiled into Table
IX. From this data the gr;diﬁg curve of the mix wss vlotted
wa8 actually found to be 9% clay, 14.5% silt, and 76.5%
sand, which comperes fevorably with the theoreticul values
7.6% elay, 15.6% si1t, and 76.3. sand. Plotting the actual
vilues on the Trlaxial Chart Table XI the soil mix 1s found
to fall into the sandy losm grouo.

Liquid Limit of the Soil Mix

This test is to determine the liquid 1inmit of the so0il
-3



nixture, which is the moisture content, expreesed gf a per-
centsge of oven~dried weight, at which the soil will juet
begin to flow when jarred lightly ten times.

A sample of about 30 gms shall be taken from a thor-
oughly mixed portion of dried soil paseing a ¥Yo. 40 eileve.
Pluce thals soil into the brass dish of the liquid 1limit
machine, and mix adding small amounts of water until it
becomes a thick paste. Level wet 80il into dish with a s
spatula, leaving a thickness ol about 3/8%in the niddle of
the disnh.

The layer thus formed shall be seperated into two purts
by means of i grooving tool, and the muacnline cranked, 8o
that tae dish wili be jarred lipghtly ten times. The rite
of cranzing 8hall be teo turns ner second.

If the t=o sections of the 801l pat fall to flow
torether oo the tenth jar, more water must be added,

Reqext process until 2 point 1is reached where on the
tentn j;r the 8911 pit just flows topether for a distance
of aooroxi™2tely v on the tentn jar,

lumediately <«fter the so1l has veen found to be at the

liquid 1imit plice 2 ouinity of the e51l1 put into a low form

and cover securely and welgh., Remove cover and nlace low
form and wet 8011 into the oven and allow to dry then re-
=eigh.

Data and Results on tae next page.

-2U



Lutz znd Reeults ifor the Liquic Limit Tecet

Low form No. T4 o4
Wy | ¥t Wet Z0il & Low Form 40.8192 | 33.8360
W,| Wt of Low Form 13,8368 | 17.13654
w | Wt of Wet Soil 21.9224 | 16,7506
ﬂ3 %t Try 501l & Low Form 33,1713 31.77°6
Wt of %ater is ¥, = W3 2.0979 2,1134
7, | ¥t of Dry Soil 19.2345 | 14,6372
Liquid Limit 14.0 13.8
Liquid Limit o _* 5 ¥a | fé??’%%s - 1k.0

Flastic Limit Test of Vix

This test i8 to cetermine the plastic limit of the soll
nixture, which is the soils lowest moieture cnntent, expresrs-
ed «8 per cent of weightof oven-dried soil, at which the 8o0il
can be rolled into a threxzd 1/8 " in diasmeter =ithout bresk-
ing up.

The B0il mixture being tested cguld not be rolled into
a 1/8" dismeter without breuking regurdless of the unount
of water used, 8o the mixture has no plastic limit. Granu-

lar material generally does not have a plastic limit.

-2h.



Flasticlty Incex

Tne plasticity index of = s0ill is the aifference betvween
the lijula 1imit snd the plastic limit., ~fFlasticity index
ie one me=zxrure of the capacity of a soil to absorb moisture
without becoming fluid and is one of the anoroxirm2te iadexes
to the potential coherion which may oe develoned uncder certain
conditiona., 2ut siace the enil had no plastic 1limit no

plesticity index for the s.re could be obtuined.

Shreinksze Rotio and Shrinkape Limit of 3011 dixture

Apvroximately 30 gne of ailr dried material passing tne
Ys. 40 sieve e8hall be mixed with enough water to form a2 seni-
fluid paste. *his paste shall be pliaced into a 8mnll dish,
which has previously been coated with a3 thin layer of vuse-
line or other gre.se, in three equ:zl layers, t:npoing the
dish on a firm surfiace . fter e:ch l-yer has been saudied.
F{11dish with paste level full.

Determine the wei.ht of dish znd m:terizl contsinea
imrediately on =:n 3n:lytic:l balance, =nd nlace dish znd
content into an oven and 2llow to dry to a constant ~eight,
Reweigh aftgr drying, and remove €01l oat from dish, and
weigh dish alone. The wvolume of tﬁe dish shill te deterwined
by filling it =ith méfeury and pressing = plass plate firmly
over 1ts top to remove the rercury meniscus, The volume of
the mercury may he computea from the weight, assuming the

specific grivity of rercury 28 13%.6.

-2



Yae volame of the s211 pat way be foand by the displace-

-

ment of merscury by tiae soil pat. fercury shrll be ynur:u

«,

iatno 1 large glass dish nested within 2 lareger dish, A
g1:98 plabe with prougs shall be pressed over tie top o the
cish coatuining the rercury to sjueeze Hut 311 the excecs
mercary. “ipe bota disnes so that no excess mercury reriins
on either or the dishes. 7Flace ot on the sercury surfuce
and gress down with the gl .s3 plute haoving the prongs forc-
ing out all execess mercury that is displacsd by the so0il

pat tais excess mercury is caugnt ia the outer disn. Teigh
the mercury that 18 forced out 5 nd using 8pecifie gravity

of mercury a8 13.6 the volume of tne 8nil pat cnn be computed.

Duata nd Results of the Thrinkage Test

Jish Ho. 16 21
W | "t of Dish & wet soil 37.5628 | 35.9420
7, | %t of dlen I1.2700 | 1> 7478
ot Tt of wet 801l W, = ™ 26.0500 | 23.6342
Ty | ¥t of disn & dry esil 34.01£0 | 3°.6683
Wo | %t of dry 8oil My - T, 22,7580 | 20.4205
w, | % water in soil piste, dry basis |1%.9 15.¢
V |Volume of dish 12.56 11.89
v, Volune of soil vat (dry) 12.25 11.901
Volume of shrinkage V = V4 0.61 N.&3
Shrinkzge in 94 welcht of dry soil| 2.068 4,20
Snrinkage Limit 12.2 11.70
3nrinxege Ratio 1.86 1.86
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Sarple Jalcul.usions

Shrinkage in % weight of dry soil=z ¥ = Vg

3nrinkage Limits w_ - Y =Y x 17

w
Sarinkage Aatio=z -9
Vo

Cfotirum VYoisture Pensity Relationg of SHil “ixture

This test i tn deterrine the relatinnshic iIn cohesive
801l wrixture between the mnisture content, dry density, =and
an% theoretical maxirum density at a eiven moisture ceontent.

e proceaure is intended to duolicste the standsro corpac—
tion metlod, which by otluer test h:s been shown to give the
test regults.

5 k00D ¢m representative sivple of tue soil mixture
w8 selected. 'This #-.mple sh.ll te gir-dried gnd yrepared
for couwpaction Ly nulverizing =211 lumps t-king cure not to
brezk do~n tne individu~l psrticles.

“ater shzll be gduea to the smmple in varying amounts
over 2 range of sufficient exnanse to incluae the optimunm
moisture content wnich wiil produce a1 maximum aensity. The
moisture content is exoressed in per —cent of oven=dry welight
of the mixture and the usu:l runge mny ke taken from § to
)% . The witer must be thoroughly mixed into the samole
by vigorous troweling or by suitable clay mixer. *“hen it
is possible the water zhould be annlied by me:uns of zn =zir

g8oray similar to & regular palnt snraying machine this method

27~



v111 (esure an even digtribution of meireture through the mix.
Enough of tae nciet eo0il shall be pliced into the tumplng
rold tc fill it 5 little more trh.t cne-third full when the
£cil is compicted. Compscticn g£hall be obtazined by Crorping
2 stanazrd t-mrer (5§ pounds) "5 tires through = dicstance of
12" ueing care in airectiing blo—s Bo thzt they will be even-
ly dis*ributed over the corplete surfsce of the szuple, Two
rore layers shzll be sdded and comnacted in the ssrTe neanner,
80 th=zt the mwold wiil he filled slipntly atove the top of the

nold ond into the coll.r =fter compaction.

-

ilenove the collsr znd strike off the too even witi the
top of the touping wold; remove the buse nlate :nd weipgh
to the nesarest gram. Ty use of = countaer weipght equal to
the acturl =eight of the ewmpty mold the —eipght of the compact-
ed 8nil in the mnld c¢un te urrivea at aquickly. Record the
net weiyat of the comoucted specimen.

The moist scil mix ehell be inrecditely rermnves from
the mold end a 8arrle toaken feor woisture determinction.
Pleoce this szmple into 3 eanule cun and cover to prevent
lcss ol moisture. The veight of tne can must he known;
weligh the can and sumnle to the ne.rest 0.1 gm ana record
this veiynht.
| The esmple and can saill then te plsced into the oven-
cad dried, reweigh :nd record the weight.

Tne 8:me procedure 8n4ll be followec for each succeeding
trial; sdding water enual to about 2% of the originisl oven-

-25~



dried coil s-mple.
Table X1T gives 7 complete tibulation of NData aond

Results for the test,

3ample Czlculatinns in Tetermination of Optimum Yoisture
lensity Relations.
Determination of *olsture Content
Wl is the weight of wet s0il1 and sarple can.

"5 18 the weight of the cun.

W3 is the weight of dry s80il and c=an.

vl is equal to "y =W, and 1s the welght of dry soil.
0 2 2 g

L -

The loss in weight is equal to the weight of the
water contained in the sumple at this pnint and
is equal to - WB

v, is the per cent »f water ian the sample based on
weight of oven-dried s0il, and is equ;l to the

following:

"o B-F3 x 1
9]

Letereination of dry deasity in vpounds ser cubic foot.
® ia the welght of wet soil 1ia rold.

Ty 18 the meight of dry soil ia mold.

1
H

199 =N x 1070
V is the volure of the moald and was deterwrined to

%o 18 agual to

be equal to 110%ce.

G, i3 the dry bulk speciiic gravity of the soil

o
and is equal to-—%e—

-23-



Coxn:.ction Ch:rqcterietics of Cohesive SHil iixture

2riginal Yoisvure Content 0,2

\voarent “p. Gr. 2.64

Tt of AlP Dry 9011 4030 gms.  Valume of old 1100 cc
Trial %o. 1 2 3 L1 5
5t “ater gm 200 | 120 | 170 | 120 | 120
%% iater
¥Lry Soil 5 3 3 3 1
%t vet Mold go W | 1486|2137 | 2272 | 7272 | 2250
%\rea 8a in el .1 1] 25 5
4
$ea ta 1430 |1350 | 1970 | 760 | 610
Can Yo 1 2 3 4 5
Ton Tt gm o | B16° |40£0 | H1k0 | koss | 4225
>, .
et 3nil o , -
Eiec;;°gm my | 1756 [1507 | 1765 | 1634 | 1665
g‘ga?;; w5 | 1212 141 | 1645 1501 [ 1503
2t 1988 gm Lou [ 7.6 [17.0[13.3 |15.7
Sry 3011 gu [y | 796 {1033 [ 1731 [ 1055 [1065
w, 4 & N .
a1l [T | 553 | 735 | 974 |1276 |1k47
ory soil gm [r, | 108 1991 | 2070 | 7024 | 1966
ory B
égf oalk | 1-78 1.8 |1.2¢ 1.8k |1.79
Ary Pen. Dy | 7287 (1129 | 1173 1148 (1117
g:gﬁ # ro | 51.5 |31.5 | 78.3 | 30.3 | 32.1
r<
Kater gnm 78 | 146 | 202 | 2us | 234
O
&« Yyter .
by Vol. 7.1 [13.3 |18.4 [ 22,5 | 25.8
% Ar Voids ba & [18.2 |10.4 | 7.8 | 7.3
TABLE XII



ity or Dry Weight per cubic foot in pounds

Lens

119
Max Lensity 117.3) =

117 Iyoist cont 9.744

115 i 7;/)// \\\\\5?
/ N

113 T

111 /// \\\\\4-

109 ‘/

107

105 //

103 ,
{ Ra¥ Soil Spe¢imen

101

99
97
95
93

91

a9
&7

&5
83

)

79 & ™ ) o~ o) - N O Ty}
N~ - ~ ~ — p
Moisture Content % of Dry Weight

TABLE XIII
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Do is the dry density in nounds ner cubio foot snd

is equnl to G0 x 62.4

Determinztion of Per Cent of Voids

Q6 is the designatinn apnlied to the total per cent
nof voids in the cnmniacted state and is eaqual to
(1= --g-f:—)xlf)f)

per cent of water ty volume is egual to the weight
of water per snecimen divided by tne volume of
of tne specimen,

Fer cent of air voids is equal to tne total per
cent of voics minue the per cent of =ater by
volume.

From the dat4s obt:ined thus far in this test = curve
can te drawn s8howing the relationship of Yolsture Content
Ly ver cent of dry weight to the Density or dry weight per
cubic foot (oounds). *avle XIII shows the Nutimun Yoisture

vensity Curve for tne soil sarple testea.

Refore deterwining thé mnhieture-censity relztions nf
soil-cement mixtures it is firet necessary tn chooee cemen?
contents by volume tn be ufed vith the €011 at maxirum
dencity to give satistfactory dursability. ¥y =zrvitrary reuans
tre cerment con‘ent tn be used —ere taken as 6%, &7, 10%,~nd
12< by volume

It is first necesszry to estimate, by comparison with
previsus work, what the densities of the soil-cement mixtures

- ,1-



will be at optimum moisture content. Basing the judgment of
these densities on the moisture-uensity relations for tine
ra¥ soil, estimate the mi:ximum density which will te obtained
with the raw soil-cement rixture containing the cewent cont-
ent to be usea =nd investizatea. Thies estimate wiil proviae
the oven-dry welgnt, in nnunds per cubic foot, for tze mixture
o1l 801l and cement compactea at ortirmum mnhisture ceontent.
The cement content by vnlure a2t mzuimrurn density znao ontimum
moisture content must te convertea to 2 welgh% b-ucis to
permit the deaiyn of the mixtures in the l2bor-:tory with
eszse and 3ccuracy. ¥noving the cement content by volume,
this is converted to nounds of cerent to bte used ner cubhic
Toot of nven-dry so0il by consilaering ihat 2 cubic frot of
cement weighs 94 counds. Hy dividing the number of =ounds
of cement per cubic foont by tie munhers of nounds of oven-
ary eo1il in a cubiec foct of compacted mixture, the per cent
ol cerent by weight of tie oven-ary soll is ovtuined.

rrom grevious exoeriments it is kno'n thait the maxizum
density of a sz2nay solil-=cement is usuzlly t+wo to Inur pounds
greater than the rsw 8and maximum density; wheress the
maximum uensity of 8ilty and clzyey soil-cement xixtures is
about equal to the raw soil aensity. The ontimum moisture
content will usually v=ry only about 1 or 2/ on either siae
of the raw 8o0il nptimum. It now vecomes necessary to
estimate by compurison with orevious work, wh.t the densities

2f the soil-cement mixtures s8hill be 5% optimum moisture

content. The agbove information s a basis hnse estimate of

-
'.l -



the moisture-density relatinns nf soil-cemant unon the
ryisture-density relstions nf the riw 39i1. The raw snil
in this test fell intn the groun known &8 1o2m &9 n»n incre-
28 in the maximur d=nsity shsll be sllowed for in the
cslculations.
Yoisture-density relatinns are uszually obtiined for
tvo cement cnhntents, 1In this test sh:ll deterwine the moist
ure-density relatinns for so~il-cerent mixes containing 6
snd 12% cement by volune.
Oesizn of a mixture of snil-cement contaluing 6%
cement by volume converted ianto teras of weight 1s shown in
the follomwing czlculstions.
! cerent by volume is equal tn J.N6 x 34 = 5.6l pounds
per cuble foot,
Aseuming thzt oven-dry snil cerent weighs 117.0 pounds
ner cubiec font. (6% cement by volume)
7eight of oven-dry £21il in a3 one cubic fnot volume
is 117.0 - 5.5% = 111.73%6 nounde par cutic foot.

Fer cent of cereqt by waisht of oven-iry soil is

___5__' ()_L"_'_ 19 = K 0] a7
111.36 X 129 =507

aAssuming trom previous test that about 4000 gmrs of
material 18 neeaed for determining moisture density reluation.
aterial needed for the test are:
33N0 gms of oven-dry soil

193 gms of cement or 5.07%



The desizn of the snil-cement rixture containing 124
cement by volure is carried nn in the above manner out
in this design the assumption w.s mude that the oven-dry
weight of the 80il cement mixture would be 113.D pounds
ner cubic fnot.
1>% cewent by volume is eoual to 11.78 oounds of cement
per cubic footv of mixzx.
Welght of the oven-dry soil ner cubic frot is 106,72
zounds.

Vi

4 of cement by oven-dry s»il is 19.57%.

The amounta needea to run the test zre:
2670 gms of aven-dry soil
330 gms of cement

Jsing the stove two mixes the ontimum moisture-density
relations shill be vetermined in the zanner previously
aegcrived. Tae results of the test hive been t:bulgted
into Tz2bles XIV ana XV, snd 21e0 ia Table XVI the moisture
density relationsulp curves have been plotted for the & and
12% cenent content soil-cements.

¥rom tane curves given in I':ble XVI the following

information was estsatlished:

1. The soil-cement that wus designed to contain &f
cement by vclume or 5.N7% by weight has s mazimum
density, Dy, equal to 117.% pounds per cubic foot
and a mwoisture content of 10.67% culculated on

oven-Gry basis.

)
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domnaction Charactaristica of » &7 Cenent 3pil-=Cement

Criginol *oiature Content 0.2%  Aon:crent Toecific Or., 2.67

¥Weight of Air Cry Scil 3800 gms  Volume of ¥old 1026 cc

Veight of Cement 193 gws.

Trial No. 1 2 3|4 |5 6 |7 | &
7t Water gm 440 160 89| 80| &2 &0 83| &9

Qs w..

o ‘iégflnry 11 o2l 2| g 2| & =2

Wt wet Lola gm|T | 2027[2007|2132]|2199| 2252|2292 (2292|2270

Sares 8gq In 0.1 2.1 2.1 0.1] 0.1| 0.1 2.5]| C.E

(/4]

by o e .

g"‘;’,‘}rsﬁ, in 1380|1210|1165 (1143 1020| 780 B12| 370
Can No. 2 4 5 6 7 3 9 10

o Can Wt gmr |Wolln, (50,742,725 1.1 (b1, 6|41, 241,542,

©l "et 8011 \ cZn ~ ‘ L) o o) =

§ & Cun gm  |F2|1737|1542|1745|1530|1752(1722 | 2114 | 2163
‘ry Soil wo| 1674|1511 (1656 |1443]1672[1526(1931 (1953
% Can gm P ‘ ) °

El Yt Loss gm 6.3| 7.1| 8.9 &.7[12.0|12.6[18.3(21.0

Lry So11 gr [W8]1266(1104 [1223]1032[1256]1123 (15151522
%ot w | = . . . -
" er % ol 5.0l e.n] 700 £.4] 9.6|10.6[17.1 17,7
Dry 301l gm [%511331 (1243|1589 |2029 [P055( 2072|2045 |1997
Dr Rulk ¢ T .

gsp‘f Gr. Co[l.76(1.77[1.81|2.8%[1.87(1.88(1.26[1.22
'ry Den. Dy |1100 |110§5 (1130 (1150 1170 {1175 (1180 |11 35

m 2
Total % ho1|3b.5(33.7]32.2(21.0(29.9 |29.

4 Voias Oc|3%.1|3%.5(33.7(32.2[31.0(29.9 [29.5 |30.3
O Water gm 36 124 | 143 170 137| 220 su7| =273
% Hater b i - |al

Tolime 2 8.7|11.3(13.0(15.5(17.9|20.0 |?2.5 |2k. 8
4 air Voids 25,4 |22.4 [12.2 (155 [12.0| 3.5( 7.8 7.0

Tuvle LIV
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Comaactinsn Shnarnueristics

¢

Original Loist., Conteat 0,27

“aipat of Air Try 3511 16

Toicht of Cerent 380 gmn.

nt A l"‘ (=

Apporent 3n,

Wolume of X

. -
unens

nil=-Cement

120

30

215

2792

3.1

&4)

620

1.85

1160

31.9

187

17.D

Trial Yo. 1 2

w |7t Yater gm 400 [ 120

Ol .

o5 Tater Dry

= Soil 10 3

Tt Wet Mold gm|W |PD0Y (2095 |

| Ar=a 89 in N.1] 0.1

/]

| AVefae 1260 (1729

é #/ 8qg in ; )
S NOoe 11 12

2l Wet 5011 — ,

§ & Can gm A1 1758|1515
Dry 5»il w_ |+

§ & Can gm | 31094 1543

Bl %t Loes g .0 0.0

Cal

QPry Soil gw B 11293 [11%8
Gater < b ool 5 a
ory Soil [To| °°| °°°
ory Soil gm|7 (1917 (1014

o Dry Bulx |, |1.7%+(1.74

Fa Spo Ggr. Yo { 7

g Gry Den. |Bo |1025 1045

| Totsl 7 P Py

g v01d8 Jc 3)'5 /./"5 .

& Tater gm 86| 111
% “ater by 2.0 1n.1

Volume
4 Alr Voids 27.5 |25.4 |

1“09

Table XV
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118

117

116

115

] -
~ -
W =

Density or Dry Weight per cubic foot in pounds
o
N

111

110

j’w\\uak Denfity 118
o D

' \ st t .
Max| Denpity |117.# // \M cpnt 11.0%
Moipt. Cpnt. 10.6%}?”‘/"«# \
T // N
SR\
"= Ny
/ \
/ / '
/ \

specimepn

Dement}

/
/:‘,,12% Cement spefimen

"

®
el 0 ~ 0 o o ~ " [

- ~ ~ -4

Moisture Content % of Dry Weight
TABLE XVI
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3. The soil-cev=nt wix that wis desi, n~d to contiin 127
cenr=nt by vohlume or 19.57° by weisht has 4 maximum
deasity, D, e#qual to 112.0 oounds per cubic foot
=nd 2 mnisture coatent of 11.N% colculoted nn oven-
dry n-s8is,

Since the sctunl fi-ures vary slightly irom the -s=uwed

values taxken for the weximur density, the cement content by

volume *ill vary = €m211 =zmount snd can he corrected in the

following manner.

.

ol

D-
iy

»ear cent of cement by volume is eounl to 157
\Js

b

vhere:
D is e~usl tn oven-dry density of the soil-
cen=nt in pownnds ner cublic foot,
C is eguzl to 179 plus the per cent or cenent by

weisht of cven-dry soil.alviaed by o 100.

is the pounds of cewent used yer cubic

~
!
Qje

foot of compacted soll-cement with 94 osounds
e~ualing the weipal per cublic font of 1oncse
cement.
In vuat w8 desirned to Le o 65 nix tne mazirmum censity
Dy w8 117.4 pounes per cubic fnot.
50
D== 117.4 & / eu. ft,
C =10+ 5,07+ 100 =-1.0507






D 117.4 4
% = TT%EE? = 111.73% #/cu. ft. =eight of nven=dry
soil in the mix,
D - — .
g = 117.% = 111.7%3 = ¢ 7 4/cu. ft. weipnt of
carent in the =mix,.
9]
v TG He b .
37 € =a “azl-'= 6.77 % cemsnt in the mixture by
volume,

In the design of the 12 mixture tne as:zumotinu tunt
tie maximam density =Huld e esual to 118.0 nounds per cubie
foot w.s cohrrect 8n» nn ch:np'as nerd he wade in the cerent
content,

“hen the cer=nd comitent =2t thie raximur dansities hus
hean c:lculated for the t=o rmices aid the reoicture=iansity
carves e3tablished the dsta thus obt:ined =111 bte used for
c.lculating the densitiss for goil-cerent rixtures contain-
ing the cemsnt contentis to e invesii:ated. Tioe maiximume-
molstacs density rocl.tions for tae & and 19 7 wixes may be
haod by straigat line internolation tetween the pointe given
by the actu:l iavestipation juet ceoncluued tor tae 6 wna 12
nper c2ny mixes,

“he moistuss=ura3ity relatioas Ionr the cexent contents
to be investigated in this report ars:

b % cement by voiume - density 117.4 ontimum mwoist. 10.b

g 1 1 " 117.6 " 110,73

‘

104 " " " 117.%1 W 19,87

R
-\ dem
P



12 % Cement by vol.- density 114.0 optimum noist,11.04

The enll-cement mixture can be moyet accurastely control-
led in the l:beratory by mixing by weight und therefore the
volumeteric cenent content will be convertad tn an eaulvalent
velgnt of cement., The conversinn nf cement by wvolure to
cement content bty veight »f nvan-=dried snil »t sntimum mois-
ture content nf the snilecerent mixtures is a2s follows,

It ir derir~i tn mnla test snHecirens cont-ining 67
cerent hy volure, Frnm the mristure-density tests tre 511~
owing dzta is zvail-ble for 4 soll-cement mixture cont-in-
ing 67 cerent Ly volune at wauxirzum density.

tuximum drnsity of comp.acted soil-cerent enusls 117.4

1v./ cu. ft. svendry rveignt,

fmtimum molsture of cormy.cted soil-cement e~uzls 192. ¢

by oven ary weight.

Cement per cubic oot of comnpacted soil-cenent contain-

ing 67 cement by volume enausls AU X N,006 nr 5,064
nounds.

51911 »Her cabic font of cormpncted syil-cerent eousls

117.4 = 5.64 or 111.76 pnouauas,
Per c~nt cement by wmeight oven dry 81711 e~unls

5. Hlk
111.70

Nven dry weight of 8nil ner snecirsn ( Vnlunme nf wold

X 100 or 5.75%

ansroximately 1/20 o5 2 cu. ft.) eduqis—l%%LZQ or
A

)

.73 pounds., Use Z,.£ nounds of sven dry r v scil far

D)

g the iditionzl mount wili be needad

(2

one =jecinen

g2

<4De
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for manipulition anu for woisture determinztion,

“eights of %u:terials Weeued for Nolcing One Test Snec,
Cement equuls 3.2 x .%5%i_ or 0.1319 pounds.

One jounu is equal to UHY graws.

J3.1919 x 454 or 27.1?7 gm.
5011 (nven dry) is e-ual to 3.8 pounde ovT 1775 g,

0.6 ', -
“ater equzls ( 3.8 D.19 ) x-%53—~ x US54 or 192 gm.

In 1like mianer to= weigshts of the mwuytarisls neesded per
gnmcinen for the other cemant contents may be calevl-tad,
Pelovis listed the materiaqls n=~ded per test spnecimren.

&7 Cement by vol. = #7.1°2 gms cement= 1775 gr Af enil

:nd 1922 gwrs of water.

87 Cemeat by vol. = 115.0 gms cemmnt -~ 149N gme of soil

wna 132,65 gnre or cc of wster,

107 Zement by vol. - 1hE&.D gms cement = 1630 g7z of soil

and 1304 gms of w.ter,
127 Cement by vol. = 173%.7 pgrms cerent = 1635 gas of 8o0il

ina 12¢.9 gms nr cc, of wster,

The nurber of specimens needed for a complete investi-
gction of tne properties oif t'ie soil=-cerent mixtures designea

in previous tests shiall be nine (3).

2 gamoles or svecimens shall be used in running of the

[4
Freszings and Thawing Test.
? sarples or specimens sh:ll be used in running of tne

"etting and Lrying Test,
I



? 8amslas or enecivens s3hi1l be us~d i1 the determination
of the compnracssive stranght nf the material,

One snacimen shall be used in running of the =s3eh or
sprinkling test which will ©be fully described later in the
report. The test was desirned to d~termine the loss of soil-

cement czus~d by continuad .ction of water.

p)

e 8peciren shz1ll be used in running of the hest test,

e

This test w~as riesigned to detz2rmine the lahavior of soil-
cerent when it is subjectea tn he-t,

e Specimcn‘shell be 5l:ced out-of-donrs %o cetermine
the weiutheriang nronerties of the snil-cement wmixture. Tinis
test 81ou3d he carried om nver a 1on length of time for
accurite results,

After the requir=c nurber specimens have been mohlded
and pronerly identifiex they shsll te vlaced into the moist
room for = 3even d:y curine ssrtind. The molding ol the
gnecimens shall he carried out .3 hns been vrevinusly

d=scribed,.



Dur4ability Tests and 1esults

Freezing .nd Thawing Test

This test is aesigned for determining the soil-cerent
loeses, moisture changes, and volume chunges (svell and
shrinkage) produced by repeated freezing and thawing of
compacted specimens of eoil-cement mixtures of knovn cCompo=-
sition and of known uniform density ind molsture content,

Two szmples of esch trial nix sehall be used in this
test, snecinens ehiall be derignzted z8 A and 7. After the
7 aay curing period the A and B speciren of ezch trial rix
shill be subjected to cycles of alternate freezing and
thawing. The sjecimens gnd cucriers shz:ll be placed into
a refrigerator having a constant tenmperature of 20° F telow
zero for a3 nerind of 22 hours and removed. The A specinen
(volume and mnisture change epecimen) shall be weighed and
re asured and both A snd B specimens pluiced intn the moist
room. Free witer shall be availgble tn the obsorbent puds
under the specimens to permit ubsorbtinn of water by the
8pecimens by cupilliarity.

After 22 hfours in the woist roouw, both specirens shall
oe weished 2nd A specinen nessured., Specinren B sazll tnen
be given twvo firm strokes on all aress with a wire scr:tca
brusn to remove 211 naterial lonsened durlng freeiing and
thswing. Tae specinens shaill ugaln be weighed nfter brush-

ing. The nolsture content of the material brushed from the

43



specimens snsll be determined or 1t m:y be sssumed equal to
the moisture content of the corresnonding 4 specimen. The
oven-ary (113' S., P30° ¥.) weight of material brushea from
tne speciren sh4ll be calculsted.

The proceaure aescribeu above constitutes one cycle
(45 hres.) oI freezing and taa-ing. The soccimens shull
then be placea bick into the refrigerator and the prncees
repe-ited.

This test varies from the standard A. 3. T. Y. mrethod
in that the standara test c:11ls for g conustint temonerature
of 23° C. or 4 ninus 10° ¥. for 1 oerioa of 22 hours, and
3 series of 12 cycles to the test. Toais test shall only
ve carried throupn = series of 7 cycles,

C:lcul.tiouns

The woisture content of spscimen A nt tne time of
molding and sudbseguent moicture contents shall te calculated
48 a percent .ge ol the original oven-dry veight of %the
specincn.

The soll-cenent losa of speciren R shyll be culiculated
a8 n pecscentye of the original oven-dry weight of the
specimen.

Jee Tables XVTlT, XVITY, XIX, znd XX for corolete datsa

and tabulstea results.

44



¥ 1IAY

LA SR T
AN IS AR

62 H10T| 2°G1 | ¢£82 CHI2 (2t/G2/G | 62 HTOT| € 4T | 992 9212 L [2t/we/6G
63°4T0T| 2°#T | 9l2 9¢Te |2h/€2/G | 63°9T0T|L €T | #G2 fITR a |2w/22/6G
68°9T0T| T°4T | €92 g212 |24/12/G || 68°3T0OT|L°2T | 9¢2 9602 5 |24/02/6G
63°H10T| T°C€1 | €42 €ote |2h/61/G | 68 HTIOT|£*TT | OT2 0l02 n |2h/81/6
62°w10T| 8°1T | 022 | o0so02 |ew/l1/G || 68-910T{H°01 | €61 | £%o02 ¢ |24/91/6
68°#10T| 8°0T | 20¢ 2902 |e#/G1/G | 68°#TOT|0°6 19T lL2oe | e |2n/H1/64
68°HT0T| 26°6 LLT Lgo2 [2H/€T/G || 63°H1T0T|9°2 091 0202 1 |e#/21/6G

*co wl q:, *00 wd q.

t 8L R 8 8uy *Gp 8Lt
SRl I8k 3 FLnICcH 39L ¥
3TLLY
®INYSTC,] 830an eINgS107! 8200
BEQL JOIIV 22324 YAy

"13

s.d Q54T sU“taL geu

w

*no / -aqy

GTEIT f3twual Lo

RAGCH

.

LU T

sud (0RY

FARSLE SN £ 1 S

4

Yoy e

z°

T A1TAC3) OTJT109Cs ANy

aTCWEL JO aUPta, A3G

REW

L I

N

AL GEACIOR SIS

Ausdas-TICEO

9

=45 A=



€ IIAX 319Vl

8¢ ST 1°892 leg #L 0°€L4T 6481 6261 2°G1| eq/42/4
96°11 H°Hee G L L°lg9T 2261 6561 24T | 2x/€2/64
92 °0T 6281 912 +€ 8°2.9T1 Ly61 1861 T°/1| 2//12/6G
0L°3 8°¢4T 28t Tl 8°Hol1 2961 ¢goe T°¢t| 24/61/G
€¢°g 1°16 11T Gy 9°¢Hit LL6T 2202 8°11| 24/L1/G
02°¢ 8¢ 64 99 92 L Ll £661 6102 8°0T| 24/41/4
G66°1 61°9¢ Oh Oh 2°G6L1 4861 1202 | 2G6°6 | 2//€1/G

*sm3 ‘gu3d °T10D ‘gu3 *su3d *gu3 sm3 |g#°TAD

% P8308IX0) | snotaelId ‘91040 ‘au3tom ¢Buiysniq | ‘Burysnaq woxy

I ¥ duf mox g Tad Axp usao I2331%® 8I039q % 3jeqg
9AT}BTNWNOOY ‘qom | pezBINOTBY | Ju3tem 2u3tep | -juoo
8807T TTO§ Jutmeyl Ie3JV |°3STON
g TTIRYS

"33 *no / -8ql 0°¢TT A378usq £aQ

sw3 66T 3UIToM 19K

13°1T £317A8IH ot370adg JIng

sw3d 09gT oTdweg jo 3udtom LxQ

ISTL XIITIEVHNG ONIMVHI NV ONIZITHA

JUaWaD-TT08 %9

-45B-



V IIIAX J78YJL

68°3T0T [ 9°#T 6le Gg1e | ew/Se/6G ||68°3T0T| G°¢t | “LG2 glte L | en/H3/6G
62°020T | #°4#1 Gle 1312 | 2#/€2/G |68 8T0T| €£°¢T ¢Ge 6912 9 | 24/22/6G
62 RT0T | U Ht 292 wL12 [ 2#/12/6 [|68°020T 7 “l°2T He LGT2 G | en/02/G
[68°3TOT | 9°¢T 65e G912 | 24/61/G [[62°2T0T| #°21 G¢e The q | ew/81/6
62°810T | 2°2t ¢he 6112 |24/LT/G ||68°020T| 6°0T1 Lo2 112 ¢ | 2w/91/6
62°3T0T | 2°11 ¢1e 6112 | 24/61/6 jmw.wﬁoﬁ 26 181 £602 g | 2n/H1/G
awrwaoa g0t 961 20T |2H/LT/G ||68°2T0T| GH°6 081 9802 T | 2w/2t/4
w3 4 09 wd qp
*00 P o0 |y p| 0| omToal ¥ P 1 qen 9| -oN °3®C
SUNTOA 8IN38TON | egoin 21N 8 TOR 880Jn | 9T04D
Suisey] 1211V ﬁT Buyzeasxg 1991V

Y

"33 ‘Mo / °8qQT 1911 4318uag 4ig

swd 1.0z 3u3ta. 319

TTdAYE

98°T 43t1ABID O13¥1oadg AIng

swd 9061 81dweg jo judtem LIQ

ISAL X1ITIAVHNG ONILVHI ONY ONIZITVS

1UaUWO-T1108 %

~46a~



g IIIAX T4Vl

48 h 2°26 90T 02 8°89.1 1loe 1602 9°wT | 24/G2/G
H©6°¢ 1°46. 98 02 2°¢8.1 802 Ho12 w'vl | 2q/€2/6
Hw0°¢ 0°86 99 (0} § 8°L6LT £602 ¢ot12 T°4T | 2xw/12/6
6G°c H° 64 94 11 6°H08T 6802 00te 9°¢T |24/61 /G
60°2 6°6% Gh ¢t L 281 8L02 1602 22t | 2w/Llt/s
04°T £9°ge {1 (0} 00481 aloe 2802 2°TT | 2w/91/4
€0°T ¢L°61 2a 22 w6121 290¢ 0802 €01 | 2x/ET/S

*su3 *gu3 ‘gu3 *su3 *gu3 * g Y ‘14D

9 |[pejoexio) | snogasid ‘91040 ‘qau3tea ‘Buiysnaq [‘Burysnaq | woxy

Laq wox g xad A1p usao I39 3% ax039g % 21®Q
9AT 3BTNUMOOY ‘994 | P93BTINOTE®YD 1u3taN 3q3tam | "3u0d
8807 1708 Buiaeyl I93J¥  ['18TOR
g TTdNVS

"33 'no / °8sqT 1°9TT 43ysuaqQ 4i1Q

su3d 1,02 3U3tem oM

98°T £37ABIn O1JT0odg NIng

sud 9061 oTdwes jo 3u3teu 41Q
ISTL KIITIEVENQ ONIMVHI ANV HNIZTTUSL

JuUaWaD~TT08 %8

al46B~



Y XIX IT18YL

63 H10T | 8° 1T Gee | €12 | 24/G2/G ||68°HTOT| 8°0T 902 | 2112 L 2h/v2/G
62°910T | -°T1 w12 | 0212 | 2w/¢€2/6G ||62°3T0T| 2°0T +61 | 0012 9 en/ee/s
68°HT0T | 9°0T1 202 | 8012 | 24/12/G ||68 w1IOT| G2°6 9l1 | 2g0c “ 2H/02/4
62°9T0T | 6G°6 28T | 8802 | etw/61/S ||68°HT0T| 86°L 241 | 8602 f 2H/21/6
68 HTOT | G£°8 66T | G902 | et/LT/G ||62°9T0T| 86°G HTT | 0202 ¢ et/91/4
63°HTOT | #°9 221 | 8202 | 24/G1/G |62 HTO0T| TH'G ¢0T | 6002 e eh/H1/6G
68°HIOT | TL°6G 60T | G102 | 2H/LT/G |68 HTOT| €6°H +6 0002 T eq/21/6G
% " B Eiks % " sy Bk
*00 19N ¥ 21®[J *00 19N ¥ *ON 2318
awnTop 3IN18TON 880JN aunyTop 8IN98TOR S80JIN 8194y
Juiaryl 1931V Fuizesxy IoqlY
Y T1INYS

"33 'no / "sqT T'OTT A3ysuag £IQ

sw3 0/02 3U3ToM 98

ISTL XJIITITAYHENA ONIAVHI ANV ONIZTTMA

02°T A31ABID OTFT08dg YIng

sw3 90T aTdweg Jo judyey AIQ

quaWlay -TTO0g 40T

~47a-



g XIX TTavYl

o¢°e G2 ¢ 8h 9 6°¢G81 2012 8012 8°1T | 2K/%2/S
202 9G°g¢ 24 t €°9431 G602 6602 2 1T | 2n/€2/6G
€8°1 T0°G¢ 3¢ q 0°643T 6,02 802 9°0T | 24/12/6G
09°1 £G°0¢ ¢¢ L 2°¢981 0902 looz |6G°6 2H/61/S
la 1 T2 °H2 92 ot T1°¢€L81 who2 fS02 |9€°8 -| 2x/L1/S
6L°0 H0° 4T 91 L 8° 4061 Geo2 2402 £°9 ehn/41/4
Gr'0 642 6 6 0°1161 Laoe gfoe |TL°G 2H/e1/4
*sw3 ‘g3 cgu3d ‘sw3 *gw3 ‘sw3 |¥ 14D
% p230axI0) | snotasxd ‘a10490 ‘au3tom ‘Butusnaq | ‘Butysnag woxy
£xq worxg zod AIp usAO Is338 | azxo03aq % areq
9AT38TNUNOOY ‘q0K pejeTnoTeD | 3u3taem 1u3tem | juoo
8807 110§ Butueyl J83JV |[°38TOR
g TTIAVS
"33 'no /tsql T1°91T 4A3¥suag £ag 981 £31ABID O1J10adg AIng
swd 0l0o2 3uBtem 36y  swd 9Q6T ordweg jo 3u3yem £iQ JUsWaD-T1108 %0T

ISAJ XLITIAVENQ ONIALVHI ANV ONIZETYA

-47B-




Y XX I18VYL

2°T10T| 821 L2 w12 | 2#/Ge/S|82°2001| +H°et 6¢2 | 9912 L 2h/ w2 /S
G°1T0T| 8°2t Lq2 wl12 | 2nw/€2/G9| G2 T110T| H°2T 6¢2 | 9912 9 2q/22/64
G110t | 8¢t 912 ¢l1e | 2w/12/4||lGe 1101 4H°21 6¢2 | 9912 q egq/02/6G
88°800T | L-et Ghe alte | en/éet/4|lse 1t01| ¢€°21 9¢e | €91e + eH/81/6
G t1tot | L-et e Tl1e | eHq/Llt/S|gg°800T| o0°21 2¢e | 6412 ¢ 2h/91/64
G101 | G°et ohe l9Te | 2#/61/G||Se T10T| 6°11 622 | 9412 2 eh/q1/G
61101 | ¢°et Lee 191e | e#/e1/G||%e t10T| 8°11 lez | #Ste T eh/e1/s

. w3 gy w3 qm
% 8wy % suwy
*00 19N ¥ 91e(d *00 129N ¥ ‘ON aj1eq
SAWNTOA 9aIN1s8TON 8801 SWNTOA aIN18STOR 880I1H 0H0>0
Butaryyl I93IV Buypzeaxg x99IV
¥ ITdAYS

"33 'no/ -8ql £°/TT 43ysusq £ig

swd 2GT2 udton 194

IS8TL XIITIE¥HNa ONI.VEL NV ONIZFEYA

22°1 A31a®IH O1IT0adg JIng

sud /26T aTdweg o jy3tyapy £i1qQ

1UaWAD-T08 %21

L4ga~



g XX 3Tdvyl

~4gB-

¢l 1 61°¢¢ 8¢ ¢ 8°.331 #9912 1912 g°el | eHx/%2/S
65°1T LG 0¢ G¢ i 6°8831 9912 olte 82T | 2nw/€2/6
™'t g0°.L¢e ¢ et 0°6881 G912 Llte g2l | ew/12/G
l8°0 19°91 61 g 6°L6%1 Hwite 6L12 L3t |eHx/61/G
#9°0 G2t #1 L 6° 2681 Glte 2212 L2321 |ex/l1/S
2¢°o #1°9 L e 0°L06T1 6.12 1812 G2t | ex/91/64
¢€2°0 6¢°H g q L 6061 Lit2 2812 g2t | en/ft/s

*gm3 ‘sw3 *su3 ‘gu3 *gu3 ‘sw3d |¥ "T4£D

% P93 09II0) | SNOTAIJ | ‘BT040D 1u3teu ‘Butysnaiq | ‘3urysnaq wIOo}
Axg Woxy Tod AIp usao I933® 8I10319q 9% 218

9AT3RTNUNOOY ‘qay | pejernoTep| quSten 3U3tom | *3uo0d

8807 17108 Butmeyyl x93V *18TOR

g ITdNYS

*3F 'no / -8qQT €°/1T 4L3t8usqg Axg 28°1T £31ARIH oTIT0o9dg JIng

sw3d 2612 3udton oM swd /26T otdueg JO 3y3tep AxQ JUBWa)-TT08 %21

IS¥L XIITIEVENT ONIMVHI QNV ONIZITHA




{vﬁm‘vv—,\a.‘«-w\, e~ Tt A e T oY T — T~

e T e O e T e T O O R R S U N T h

!

|

Sy L Q- M e - Pl s Nl - S R I AR S Saee s dn s S T N S s s e

«48C=



Tetting 2and Dryinc Test

This %tect is intended to determine the soil-cement
1osses, moisture changes, and volume chunges (swvell and
shrink ye) produced by repesated =metting and drying of the
corpacted specimens of soil-cement mixtures of known uni-
form density and moiatufe content.

Two sumples of euch trial cement coantent shall be usea
in carrying out of this test., One specimen shnll be desig-

natea :u

G

the A serieg uynd shall he used obtain dutz on
moisture =znd voluwe ch:nges during the test, The second
s»¢cimen sn3l1l be identified 28 the 3 zeries, and ehall be
ured tn obtain ¢ :t2 on scil-cenent losces daring the test,

After the seven (7) u-y curing period the specinens
8nall be suprerced in water at room tewpzeature for a veriod
of 1rive hours ana removed. The A specimens sh+1ll be weiphea
qnd w®asurea.

Both su=cinens snall then be plac=d in sn oven with o
congtant tewmnerusture of 71° C. ( 160° ¥.) for a veriod of
L2 hours 2nd removed. Then, both specirens 4 and T of esch
cerent content shz211 be weighed =2nd the A scecinens wmensured.
The B specirens sh2ll then be given two firr strokes on =211
area8 with 4 wire scrcitch brush to remove 81l waterizl
1sosen=a suring the wettiany and arylng process. The speci-
mens shall auin be wvelp hea arter brushing., Tne moisture
content of the waterisl brushea fror the specimen nay be

t.iken as equal to the moisture content »f the correspnnuing

NI



.

A Bpecimen. The oven-dry (1i0° C., ?30° F.) weignt of the
naterial brushes frow the speciqen shail be culculzted.

The proceaure described ove constitutes one cycle
(45 houxrs) of v¥etting ana arying. Tne stunu.ra 4. S, T. 7.
speciricstions call for the running of 17 cycles for s Com=
plete test, but since the reonort rust Le turned in bef&re
the total ol 12 cycles couli be completed shall bise conclu-
Bions o0n a1 7 cycle test. 1In all other regrects the test
w18 158 sgecified by A, 3, T, Y.

The voluare ind molsture chay @s snd the soil-cerent
losses ol the Specimens uwidill e caleulatea ag follows:

The woistare coatent of the | gpecivens ot tue tirza of
rolding and subiequent woilsture contents s8hill he cilculsted
u8 a poreentige of the coripginid oven-usy meight of tae aceci-
ren.

Y snil-cenrent louses of 2pecirens ¥ 82,11 be culca-
litec s percent. ge of the oripianzl aven-ary meiglit of the
soeclinen.

See Tables XXT, X4II, XALITI, and XTIV for complete uat:

ana btaibulated results.
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Compression Test

The intention of this test is to measure the compres-
sive strengtn of the soil-ceneént specirens compacted to a
specific density =and =with a controllied moisture content.

Mo later=l supvort shall be given to the epecimen.

The conoressive strenpth test may be run irreciately
.fter the specimens have been cured. The results of tinis
compression test shgll be used in comparing the relitive
compressive strengtns of specirens before ana after tney
have p48t through other aurability tests such n8 the
freezing ana tnawing test, =2na the wetting and drying test.

Nme comoression test sn+ll be made by 1oadingy the
entire be~2ring surface of the specimen, and one coruression
test shnll te maude by lo.ding only 1 squire inch of the
entire be :ring surinace. The cormpressive strength shall be
recoruey at tae point a4t rhich the b.lznce beam of the
teasting maucaine can no longer pe kept in a level gosition.
In genersl, osnly the ultimate strength of the specinens
need to te oposerved,

R The unit conpressive strength of e.ch sgecimen chuill
gehi11ll be calculated in vounds per square inch besseu on the
averag s ularneter of the svecizen. In tne secona corcressive
test, or tne plunper test the 1oad st the tirme of t . ilure
is »il that neeu bLe recoraed.

See T.ble XXV for record of com:lete d:ta ana t.bulated

results.
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The “»sh or Usrinkling Test

¥ns8t reports dealing with the properties of soil-cerent
state that the surface of snil-rce~ent exunsed to the elerments
should be wiater-proored. Tnis =waternrcoofing is to be :oolied
to prevent the penetration of moisture ints th2 soil-cenent,
Also trhese reports stzte thit the asction of rain ucon 39
8oil=-cerent surface tenus to waish sone of the m.teriyl loose
from the surrace. The amount of this loss (water sction
loseg) uasS not clearly been studied. o standard test exists
by wnich this lose dcue tn w.ter action coil: be stuuiec :na
the smount of los8 deteriined,

Tue netiou outiineu in tnis test is entirely original
and w1y o2rove or no value, but its intentinn wus to deter-
mine tne arount oI 8nil-cewent loret by svecirens aduring a
continuous period of wuter sction uoonn the snecinen. In
tiuis test tae epecirens were cucjected tH continuous water
for a periond of ten (10) duys.

The eauijpnent used ia this test wue 4 cne g=:llon cun
that mis designea t 3ct a8 a central distrivution and
pressure regal:tings point. Tonis centr:l unit nad 3 ocutlets

s . . , . . ' ~~©
in its side it cone inch from tie bottom sna 179 avart on

[»)

the circurfevcnce ot the container, ana one lirre orifice
~a5 loc:tea 4 inches ~bove the 3 previously nentioned out-
lets. Tais 1-rye outlet =ius aesipgned t2 act -2 -n overtlow

na

&

rezsure regulator of tae anit. The container w28 ouen

©

3]

t the top, so only 4 incaes of water wus the total pressare

-57-



at the iovwer gsuatlets. 7o comectinn to tue 1iae :nc t:p
wed aajusted 8o bt tie muter Coing into the c»oat iner
voula b no Yine rice above nor setitle belaw tar oveillo™.
he #trman Al TsTee £ra7 the 3 1a7er aubtlese ~as Conuudted
in%» o shallow petil comteiner %hat 7.8 8et usan the sonale
cylinuers Hi o 3il=cevent to be 1vs23tea,  Thne oo ol tlis
Grigllo ralsl dlsh actea s 3 oircular veir nd crevented
tae ruler Iron cowiug into contict with tne surt:ce oi ine
gnll=coent soccivenyg with wny osrecisble force.  “nce Lse
Tuter Mas o in conftact with whe riLa the euriice Lein, tested
for ~¢.r tus wiler i uliowed o trickie over tnz s-nple
WAENE ht wame @ it coula.

FEuvioud to tegtiag tae ovea-ary welpnte I tne &, 1),
i 172, teat grecinenas wis ueterrined. Then tae s illcE
—ere ol sced 1Inty positisa for ruaniag Lae telt.,  Die ©oeci-
measd vere llovea V3 rowasndin ia the telt continuously lor
17 age, and tae Lie epscliruns vere rogyavea s1a o arlea in
an 2vea.  guon aryiag Yo oa conutat maipat tne s-.rles rire
re~eigsued @nd NG loea ila Boli-cerent tunen =3 4 sercent ge

nL the oripinal oven-ary —eipht,

% ~vea Dry “elight 5011 Loss
Cerent | Befrre| after weight 9

& 1348 1323 20 1.03
10 1950 1539 1 n.57
12 1567 1956 7 0.36

T«ble XXVI
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Heuting and Cooling Test

This teet is intended to study the behavior of soil-
cement upon being heated to a temperature between 260° to
270’ C. and the cooled suddenly by submerging the heated
specimens into a container of water st room temperature.

The specimens were molded in the same fashion as the
otherse; only now a cylinder of material was removed from
the center of the molded specimen to illow the insertion
of a thermometer for recording of the internsl temperature
of the specimens. Yo 6% 8ample shall be used in the running
of this test. ‘Tne 8 and 10% specimens were 5" hicn, but
the 12% specimen was only 4}* high because this sample was
defective in the upper #% of the epecimen and this portion
was removed before testing.

The heating of the specimens was done with a bunsen
burner. The heat wags apulied for a period of 24 hours to
warrant that the specimen was thoroughly and uniformily
of the same heat. The weight of the sample after the 2U
hour heating period =as determined, and then the specimens
were submerged into the waterbath. The samples were allowed
to remain in the bath until sll the heat from the specimens
~as8 completely dispersed into the water bath. ™hen cooled
the specimens were removed from the water bath and placed
into an oven snd mllovwed to dry to a constant weight in
a teaperature of 120° c.

After drying the loose material was brushed off the
-59-
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specimens and the loss of soil-cement shall be t.kea as a

percentage of the original dry weight of the samvle.

HEATING AND COOLING TE:

Oven dry welights S0il Loss
% Before After %eight %
Cement hect quick gns
ems cooling
8 1895 1728 176 9.79
19 1271 1752 131 7.01
12 1726 1602 124 7.15

T \BLE XXVII

Qutdoor Durability Test

The purpose of this test was to study the cuarscterie-
tics of soil-cement exposed to the actual out-of-doors
veathering conditions.

Thie 18 a long run test and in the 17 days that the
eamples were outside no effects were to be notec. The
dry weight of the sunplcs remained the sume .

The samples of this teet will be watched from time

to tirz and a record of weathering shall be made.
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Conclusions

The intention of this inveatigation was to determine
the adviability of using soil-cement as a quiock, economical,
easy to obtiin building material. As the work progressed
on tne investigatisn many new jhasea for further examination
were encountered; due to lack of time to curry on these
new examinations conclusions will be drawn from the material

derived from test carried out thus far.

From the freeging and th:ving test it ie evident thst
the sddition of a small quantity of cement to a soil makes
the resulting product much more stable tnan it wes in the
original form. |

The vclume mensurements taken aftqr freeging and tnea
upon thawing show that the materisl does not shrink or
swell enough 80 that the difference could be registered
on a vernier c:liper. The variistion that does sppear in
the tabulated data sheets 1is mostlikely csused by varietion
in the aotual diameter of the specimen; in taking tnese
volume me=gurements it wae not nossible to take recodings
at the some points e.ch time.

The snil-cement 1088 per cycle decreased as the per
centage of cement incressed. Tae specimens upon beirg
brushed lost material down to 3 deptn of 1/8" and then thne
core seemed to resist brushin; more fullyatter each cycle.
ibis v.riation may be caused by the fuct that it is very

difticuit to fully compact next to the sides of the mold



thus leaving a less compacted shell around the specimen
which w=8 lost rapidly.

The 6% speciren lost 3 times a8 much materiil as the
g% sample, about 5 times as much as the 10%, and about 9
times as much s8 the 12% specimen.

Upon testing the freeze and thaw specimens for compes-
sion after 7 cycles it wius seen that tne load bearing power
of each epecimen was noticably reduced from the load Garry-
ing capacity of compresion specimens that were only cured

for a period of 2? days before loacing.

From the wetting and drying test it is sgain evident
AN
thst the resistance against soil-cement loss in wetiing and

drying inorczeed as the cement content incre:sed.

~
-,

Vhat was said under freezing and tha&ing about the
varittion #» wvolume 48 also true in this test,

The 8oll®cement loss in this test wus in the following
order; the 6. specimen lost 2 times ae much material as
did the &% sample, 6 times as much as the 10%, and 13 times
as much a8 did the 12% specimen.

From the comparztive compression test it can readily
be 3c¢en that the compressive strength of the specimens after
1 cycles of wetting snd drying ia much more then the strength
of the 22 day compression specimens, This variation may
be due to the fact that the wetting and drying specimens

where oven dry at the time of testing for compressive
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strength., If the fact th:t the material receives this
ndded strength upon being dry s waterproofing aspplied to

an exterior wall will help to increase the strength of that
wall., An investigation shnuld be conducted to dtermine

the effact of varying amounté of water upon the compressive

strenyth of snil-cement.

Compression Specimene

The comnressive strength increascd a8 the cement
content increased.

Yhen the plunger wae used, that is when a one Bquare
inch area of the bearing surfsce wis loaded the load on
thet 8guare inch was larger th.n when the entire bearing
area was lozded and the load per gguare inch was solved by

-%— . The variation in thais respect may have been cause
Ly the spreading out of the load to the full cross-section.
It was also noted that the specirens upon being loaded
would begin to show fracture and signs of failure, but still
upon further loading would resist that load. 1In one case
the first cracks or frictures began to show , but etill the
beam of the testing m-chine did rem2in horizontal and the
epecimen took sn :dditional 3CU2 pgunds of load. The
pessibilities are thot since the material wss rsamed into
shape the particles ray have interlocked, and also the
cohesion of the material may have effected this extra

load carrying =blity. Tnis phases should also be studied



further to determine why soil-cements act in thatl way when
in compression.

The governmenéa specification as vo comoressive streng-
th of enil-cement going intn airport construction 1s that
it must be sble to tzke 400 nounds per square inch. The
10 and 12% specimens of this investigation —ould meet that

reduirement.

%ash Test Specimens

The lose of soil-cement caused by continuous (10 day)
washing effect of the flow of water, decreused a8 the
cement content increased in the specimen. In ten d=ys the
running time of tnis test the loss in terms of original dry
welgut wa8 smell s and could further be reduced by a water-
proofing agent.

The compressive strength of the specimens proved to
be favorable when corpared with the compressive strength

of the 22 day specimens.

Heating And Cooling
The soil-cement loes caused by heating and rapid
cooling of the specimens sho¥ed that under fire conditions

soil-cement does not prove tn be very satisfactory.

Swrming up the complete investigation it seems soil-
cement could be used in making building block to be used

in the construction of moderate size fumily homes. The
- blhem




801l % .ken from the baserent eicavation could bve uzed to
in making of the soil=-cement block. This 80il can pe
an:zlyzed and the required fines can be added in the form
of 811t and clay.

The awwount of cement per cublc y:rd of concrete in a
6 sack mix ie 28.6% by volume of the sggregate;sin the soil-
cement specimens used only 6, &, 19, 2nd 127 of cement by
volume was used. In the soil-cements of 10 and 1°% cement
content by volume a saving of 3 and 2 times the amount of
vill be mcude.

Further investigation should be curried out on the
possible methodsa of forming the proposed blocks. The cost
of vanufacturing may off-set any s:vinge that could be
nzde in materia;s, and therepy defeating the originzl intent,
which was the production of an economical building material.

‘Also the different possible methocs of waterproofing
the soil-cement surfaces should be studied., It mey be
zosgible that s wall of soil-cement could be construocted,
and then after curing and setting a 8m3ll amount of hest
anpplied to the surface of the wall; then while the surface
is abit warm if liquid paraffin 18 agpplied it will penetrate
into the ssil-cement und sezl all its pores lezding into
the wsll.

Too mzny uncertain facts still remain in ths development
of eoils, snd soll-cenents, and these uncertain features

c¢an only be surmounted by consistent etudy and further




investigz-tion.
From witat h-8 been gathered it seemns more than likely
th-t with a few 8mill changes in the frsme desizn »f homes

soil-cerent will bhecome the building material of the fauture.
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