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INTRODUCTION,

The title of this thesis intimates that it represents
a technical problem. Like most engineering prodlems, the real
value to be gained from it lies in the method or procedure of
its solution rather than any specific answers obtained. I
mention this merely to show the objectives more elearly.

The title also indicates that the subject to be delt
with concerns soil-cement, a product which is best defined in
a "Portland Cement”™ publication as, "A simple mixture of =oil
with measured amounts of Portland Cement and water, compacted
to high density."

'The use of soil-cement in the comstruction of low
cost pavements, airfield runways, parking areas and similar
projects, is constantly increasing. 4s of 1944 there were
40,000,000 sq. yds. of this type surface im use, at that
date there were 44 highway departments equipped to investi-
gate soil-cement problaga.

It should be pointed out that the advantages of
this type of wearing surface are not being fully exploited
in this area. The reason for this is not due to the erron-
eous idea that soil-cement is not suitable in areas such as
Miochigan where a large differential in weather conditions
occurs, The reason is due to its lack of promotion by cement
produocers.

This can be explained in this manner: In this area
the supplies of gravel are large and convenient and therefore

cheap. In areas where course aggregate must be shipped in
206031



the cost of producing eonorete becomes much greater. Since
the objootifo is to sell cement and soil-cement is a cement
economizing measure, from the cement producers stand point
the accent in this area is on concrete rather than soil-cement.

The suitability of using soil-cement in Michigan is
limited only by, the type of soil present and the requirements
of the projeot. As given in the previously mentioned "Port-
land Cement®™ publication, "a six-inch compacted depth of soil=-
cement will be adequate generally for roadways carrying up
to 1,000 vehiocles a day, providing not more tham about 50 are
trucks having a gross weight of more than two tons."

In order to illustrate tpo methods of procedure em-
ployed in soil-cement design and construotion an original
project will be presented. The details of design such as
laboratory tests, analysis of their results, will be largely
those acoepted and set forth by such authorities as, "The
Portland Cement assooiation,® "The american Society of Test-
ing Materials,” "The American Association of State Highway
Officials™, etc. The more general method of procedure is en=-
%irely a personal one, confirmed by frequent consultations
with Mr. G.C. Blomquist of the department.

The consideration of a suitable illustrative project
was given a great deal of thought. After much delideration
on such points as, location, size, practicability, it was de-
clded to use the campus area bounﬁod on the south by the new
Macklin Bowl and the tennis courts and on the north by the
road running ad jacent to the Red Cedar River. A more acocurate
picture of its actual location and boundaries may be obt#in.d
by referring to print no. 1 which show details of a transit

tape survey made on the area.



This particular piece of ground has been designated
by the college as a parking area, Its actual use as a park-
ing area has been at best, intermittent, depending on weather
conditions. although the slope of the area is adequate for
proper drainage, the soil has a comparitively high clay and
s8ilt content which makes it extremely unstable during the
spring thaw and periods of wet weather. In short it is quite
obvious from actual observations in the past that there is a
definite need for stabilization of the soil in this area if
it 18 expected to corve as a satisfactory year-round, all
weather parking area.

The scope of the work presented here includes all the
preliminary investigation necessary before actual construction
could be started. A step by step procedure 1is outlined as
follows: 1l. Transit tape survey of the area.

Ao Determine actual size and boundaries of the area.
B. Plot and determine location of soil samples.
2. Show by means of comparative soil tests that
the soils to be stabilized can be considered homogeneous and
therefore Lave simi’ar physical and mechanical characteristics,
Se Selection of a soll-cement ratio that will givo
the most economical, durable surface.
4, Determination from soil-cement tests actual

amounts of materials necessary in construction.



TRANSIT TAPE SURVEY OF THE aREA.

A transit tape survey of the area under considera-
tion was made for several reasons, First of all, to establish
a definite area from whioch design data may be computed.
Secondly, to determine the size of the area to be designed
for. Finally, to aid in the location of the representative
soll samples.

The distances were taped to the nearest foot and the
angles measured to the nearest minute. In explanation of the
degree of accuracy used in running the survey it may be said
that it is not necessary to find the exaot size of the area
merely an approximatiom.

The method of computing the area can best be followed
by referring to print no. l. From the survey notes the traverse
was plotted to a scale of 1% equals 40*, The resulting poly-
gon was divided into three triangles. Using conventional geo=-
metric methods, altitudes of these triangles were constructed
and scaled. It was then possible to find the total area in-
closed by the traverse by taking the sum of the areas of the
triangles.

It should be stressed againm that this figure can not
represent the exact area due to the approximate methods used
in computing it. However it serves to provide a piscture for
illustrating the methods used in the design as well as pro-
viding a basis for preparing subseguent estimates.

considerablo thought wasa given to the location
of the soil}aamploa. The objeot of course, being to locate
them so as ﬁo obtain a true representation of the soil ocon-

ditions ocourring in the area. It was decided to base the
!



study of these conditions on an analysis of five samples,
Therefore the polygon was divided into five #riangles and
the position of each of the samples was looa£e¢ at the geo-
metric center of each triangle. For a better picture of the

sample location method refer to print no. &,

Computation of the Traverse area.

Scale 1" equals 40¢

Side 1 = 2 ccvesccccesceces 310
" 2 « 3 sesccccsccscvese 464°

cecescsccscscses 450

S -4
. 4 -5 S9C0OROOGOOBSESOIEESS 248.
S 6

[ A X R N N XX XN XENZSE N J ] 662.

Triangle 1-7-5: altitude , « » 160' Base , . » 66&!
Area . o 160 X 66Z = B0 x 662 = 5¢,960 sq. ft.

Triangle S5-&-4: altitude « « » 122* Base . « o 634
Area . « 122 x 634 =~ 168 x 61 = 38,674 Bgq., ft.

Triangle 8-3-4:‘ Altitude ¢ ¢ ¢« 336" Base ¢« « o 634!
ATre8 o ¢ 336 % 634 = 168 x 634 ¢ 106,512 8q. ft.

106,51 sq. ft.

38,674 v ™

52,960 - =
Total: 197,146 8q. ft. =- Total area of Polygon

*Note: Sides and aAltitudes scaled.



THE SO0IL ANALYSIS

The first consideration 1s: Is the soil suitable
for stabilization? This depends on gradation and nosition
in the soil profile. The latter oconsideration does not
affect the suitability of the soil to a depth of about 9%
will be used. That is all the soil to be stabilized will
corme from the same horizon. another factor contributing to
the favorability of the problem is that the area has recent-
ly been filled and graded. The backfill material originating
from the excavation on the oconstruction of the women's dorm-
itories.

On the subject of gradation, there are three general
classifications of soil with respect to its suiltability for
stabilization:

1., Sandy and Gravelly Soils,

These 80ils are most ideal and present no
unusual construction problems.

2, Sandy Soils without fines,

These types have equally good characteristics
except for packing and finishing. Because of poor gradation
and absence of fines, heavy rubber-tired equipment, may have
trouble pulling through the mixtures during construction,

The extreme cases of this type may require improvement of
gradation., However usually addition of cement eorrects this,
Also, without a final bituminous wearing coat, the surface
may not have as high wearing characteristics as unsurfaced

soll-cement made from group 1l.



Se Silty and Clayey Soils.

These soils make satisfactory soil-cement but
sometimes require the added A4difficulty of pulverigzing. Soils
that are 4ifficult to pulverize at dry moisture content, many
times can be broken down, that is disced and harrowed, more
easlly if water is added and permitted to soak in, aAlso if
the soil of this type is too wet pulverizing may be accomplish-
ed more easily if it is allowed to dry out a little. This
means that stabilization of this type of soil requires close
attention to the prevalling weather conditions, 4also if it
is desireable to ignore weather conditions and the available
equipment is not satisfactory for pulverizing, it may be
necessary to change the gradation by borrowing and backfilling.

Soils whioh have been tested and used successfully
on a major portion of the soil-cement construction in the U, S.,
have the following limits for gradation and physical test
constants:

3ieve 3ize » by wt, passing Liquia Plastic
Limit Index

3" v o o e 0006 060006091006 0 0¢coe oo 0000
NOuk o ¢ ¢ o o o ¢ o 0o e o ¢ 50h=100% s ¢ ¢ ¢ o ¢ ¢« 2 ¢« o ¢ o
NOe#O0 o o o ¢ ¢ ¢ ¢ ¢ s ¢ ¢ 154=1008 « « » DOt OVEr 40 ¢ ¢ «
NOe20O ¢ ¢ » 2= » « s s e s o OB=15% o o« ¢ ¢« « o DOt OVer 18
In applying the above considerations to the problem
at hand, the suitability of the soil was determined by a
foot reoconnaissance, VWhen obtaining soil samples it became
apparent that the general tentitive s0il classification of the

area would be, sandy clay.



The samples were tuken at the locations determined
previously in the "survey®". The manner of obtaining them
was as follows: 4About 451lba of soll was taken from a sec-

tion approximately a foot square by 9" in depth.

e Sand

- Ranging from Sandy
Clay to Clay

General Soil Profile of Area.

It was suspected that due t0 the previously mention-
ed origin of the soil, it would have fairly consistent charaoc-
teristics. In order to prove this, certain laboratory tests
were run on each sample to discover and compare these charac-
teristics.

The ultimate purpose of these tests was to establish
the treatment requirements of the soil such as trial soil-
cement ratiocs. The range of treatment requirements of course
depends on the number of soil types encountered. For instance,
if tests prove only one type to be present, a single range of
treatment requirements may be set up and & single set of dur-
ability tests run, However this will be considered in greater
detail later.

The physical constants or soil charactoeristics which
can best be used to establish a soil type are tne following:

l. Test for Specific Gravitye. 4. Test for Liquid Limit.
2. Mechanical analysis. 5« Test for Plastic Limit,

3« Test for Hydrogen-ion Concentration.



Test No. 1: Test for Specific Gruvity of Soils

apparatus:  Volumetrlic Flask, Glass Graduate, Balance,

Pipette, Kerosene.

Procedure: The obJject of this test is to determine the
apparent specific gravity of a soil.

weigh out approximately 30 gramsvor soil and
place in a 100 ml volumetric flask noting the exact weight
of the flask when enpty. Add 50 mls of Kerosene. attach
flask to vacuum pump and draw out all trapped air in soil.
Continue to fill the flash with Kerosene up to the 100 ml
marKe. Kote just how much Kerosene was added., The volume
of the soil sample will be equal to the amount of Kerosene

added.




Test For Specific Gravity
Saiiple "A" == First Trial

Wte Of FlasKkee—m—e—mecnenmcnacac—wus 44,45 grams

"o of Soil Sample and Flagsk—===- 7445 "
Vl"t. Of 8011 - 36.65 "
Total volume of Flask- 100 ml

Volune of Kerosene addedewewee-w- gl %
Volume of Soilee~cec-cecccccccnaes 11 *
Specifio Gravityeececceeeoa- e 30.05 = 11 = 2,732

Sample "A" =~ Second Trial

Wt. of Flask - ———— 41.845 grams
¥t. Oof Soll Sample and FlasKee===- 71,997 "
Wte Of SOlleccecccmccccncanacacana 30178 "
Total volume oOf Flugk=====ee<eee- 100 ml

Volume of Kernsene addede-=—=w-=ee 88,5 ml
Volumne of Soil-=- - ——eea= II.5 ™
Specific Gravityeeeeccmcccraccccaa 30e17& & 11,5 = 2,644

Final Specific Gravity of Sample "A" -= £,732 = 2,624 = 2,678
4

Sarnple "B" «= First Trial

Vite Of FlasKkeeoeccce-canccaanx -== 39.883 grams
Wte Of Sample and Flagkwwe—veeees 69,91 »
Wte Of S0lleececcccccacnaacaaa --"S0.0E7 *



Sample "B" «= First Trial cont*t.

Total Volume of Flask -= 100 ml

Volume of Kerosene added - - 88475 ml

Volume of Soil : II.28 ¢

Specific Gravitye—eccccce-- S bt -~ 30,027 = 11,25 = 2,669

Sample "B" -~ Second Trial

Wte. Of Flask - 43,047 granms

wt. of Sample and Flask - == 7023 o

wte of Soil - 27,188 "

Total Volume of Flask -= 100 ml

Yolume of Kerosene added - 89.5 ml

Volume Of SOlle-ecccececcceccccccacaana- - 10,5 "

Specific Gravity - cemmee 27,183 =-10.5 = 2,579

Final Specifioc Gravity of Sample "B" 2,669 = 2,579 = 2.624
*

Sample "C" -~ First Trial

Wt. of Plask cccrncencccccncnee cmcene- 46,17 grams
Wt. of Soil and Flask - - 74.11 "
Wt. of Sample=- ET.94 "
Total volume of Flask 100 ml1
Volume of Kerosene added 89.5 ml
Volume of Soil ~I0.5 *

Specific Gravity - ——m= 27,94 210.5 w 2,662




Sample "C*" -- Second Trial

Wt. of Flask 45.59 grams

Wte Of Soil and Flask - 75,565 "™

Wt. of Soil S — I ¢

Total Volume of Flask -- 100 ml

Volume of Kerosene addede=e—-ww—ce-- --- 89 %

Voluume of Soil I

Specifio Gravity 29975 = 11 = 2,720
Pinal Specific Gravity of Sample "C" 2,662 s 2,720 = 2,691

Sample "D" -- First Trial

Wt. of Flask 46.17 grams

Wt. of Sample and Flask - 75.808 .

Wt. of Sample TUESEST ¢

Total volume of Flask - 100 m1

Volume of Kerosens added 88,25 ml

Volume of Soil —emeccee o709 "

Specifiec Gravity - £9.,635 = 11.75 = B.582

Sample "D" -- Second Trial

Wte Of Flask 47.202 grams
Wt. of Sample and Plask 78.915 "
Wt. of Sample - - SL.7IS -
Total Volume of Flask 100 ml

Volume of Kerosene addede~vevccecccccnces 87 ¥
Volume of Soil cervcccccccccceae — TI%




Test No. 2: Mechanical Analysis of Soils

Apparatus: Balance, 3tirring apparatus, Glass Graduate,
Glass Beaker, Wash bottle and Distilled Water, Thermometer,
Sieves No.*'s 10-20-40-60-100-200, Clook, Soil Hydrometer.

Procedures The object of the test is to determine the
gradation or percentages of various partical sizes contained
in a soil sample.

Weigh out a sample of soll, approximately S50
grams, Mix distilled water and sodium hydroxide, &5 grams,
and let stand for 24 hours. Mix thoroughly for 6 minutes
and pour into a glass graduate, filling it full. Place the
hydramoter.in solution along with the thermometer and record
both: hydrometer and thermometer readings for intervals noted
in the tables., VWash the sample through a No. 200 sieve. Dry
and weigh the soil failing to pass the No. 200 lfeve. Run
a sievd analysis using the Ko.'s 10-20-40-60-100-200. Deter-
mine the percentages retained and passed the individual sieves.




Data Record:
Mechanical Analysis of Sample "a"
Hydrometer No. 381030

Sp. Gr.2.6c4

RRNEeR [l coREETON | [cone

TIME [ TEMP |ORG AR = JOORAS K Ke Ku | D& | O&
1 |79 [20.0|0.2 |z0.2|40.5].478|1.02| .92 | .078] .035
2 |79 |19.2{0.2 [16.2|3a g} .524]1.02] .92 | -055| -027
5 179 li7.0l0.,2 |17-¢|%4,5]| .528]3 .02 .52 | .035] -017
10 179 16 gl 0.2 |16.0] 32 4] -831]1 02| -92 ] .025] .01z
15 |79 |1s.5/0.2 [15.7[31-4].831]1.02] ,c2 | -920] 010
30 |79 |14.500.2 |14 7] 2g.4] .533]1.02] -S2 | .014] -007
60 |79 |13.5{ 0.2 [13.7] 27.4] .535]1.04 -92 | .010] .005
120 [80 [13.0]0.2 [13.2[26 o] .537[1-09 .92 | .oy -00%

Steve Analysis of material passing a No. 10 sisve.

;‘: mm I%P.SS CUMMRLATINE %
RETANED | PASSED
10 J0.5] 0.9199.1] 0.9 °9.
20 10.5] 0.9 ¢c.q| 1.8 ¢8.2
40 | 4.7| 9.2090.8 11.0|8¢.0
60 | 5.2] 10.0] 90.0| 21.0| 79.0
100 [11.3 ]| 22.2] 77.8 43.4[ 56,8
200 | 4.6 g.o| 81.0] c2.¢] 47.8

Sumnary:
Sand--- 52.2p
S511t--- 20.4%
Clay--- £7.4%

Therefor sample "A" is a "sandy clay loam".




Data Record:

Mechanical Analysis of Sample "B"

Hydrometer No. 38103¢
Sp; Gr. 2.579
oo == [»ems|  ESERESERN w0
MME EMP [ORS | AR | R |oRetls] VL | Ka | e |[O® | Ow.
1 | 79 [20-0] 0.2|z0.2] 40.%.478] 1.0% .oz|.073].035
4Fg 79 [15.0] 0.2|15.2]38.5|.524(1.02]| .92|.055].027
5 | 79 |17.5] 0.2]|17.7|35.4].526|1.02] .92]|.035]|.017
10 79 |16.5| 0.2[16.7]|33.4|.528|1.02]| .9z|.025].017
15 79 [16.0] 0.2|16.2(32.4|.531]1.02] .92|.020],010
30 79 |15.5| 0.2|15.7|31.4|.531|1.02| .92|.014| 007
60 79 [14.0] 0.2|14.2]28.4|.555]|1.02| .92]|.010] 005
120 | 77 13.5] 0.2]13.7|26,4].535]1.02] .9z[.007].004
Si9ve Analysis of material passing a No. 10 siave.

Summary:

Silte--

e
10 |0.5 | 0.9| 99.1 0.9]99.1
0 |1,5 | 2.9|97.1] 3.8|9%6.2
40 4.9 | 9.6]c0.4]13-8|86.6
60 |6.6 [13.0]|87.0]26.9|73.6

100 [11.9]23-0)76 6]49.8]50.2

200 |7.9 |15.0 85.0|64,.8(35.2

Sand--- 64.8%
Clay--- 28.4%
_6_.

8%

Therefore sample "B" i1s a "sandy ¢lay loam".



Data Record:
Mechanical Analysis of 3ample "C"
Hydrometer No. 344270

Sp. Gr. <.7<0

'ERSSE peoss| SREREENT, ikt
TME [TEME |ORG. | AR | = jofrsl] We | We | WK [ OIR. | Ow
, |80 [18.d 0.2|18.9 34,9 .510] .98 | 92| .o74 -037
2 |[vo fis.0fo0.2[15.d 29.9 .14 g .c2]| 054 026
e [ 7¢ P5.0] 0.2 15.9 29.q .516 ,08 | -92| -039 .016
10|79 [5.0]0.2]15.4 z9.4 .51 .g8 | .92 .029 .012
15[ 79 [13.5] 0.2 15.4 26.5 o1 .98 gz .ozd .00
30| 79 [13:0] 0.2 13.9 25.4 -5%Y .98 | .92| .014 .00
60| go [12.5] 0.2 12-7 z4.q .521 .98 .92] .01d 009
120 | 79 [12.0] O0.2]12.9 23 d 5c4 .98] -92[ .o0f .003

Steve hnalysis of material passing a No. 10 sieve.

CUMULRTIVE. 9,
o o e [
10 |95 ] 0.9] 99.1 0:9 99.1
0 |0.8 1.6 c8.4| 2.5[97.5
40 | 3.4 6.7/93.3| S.¢[c0.8
50 8.0 [15.7]%%-3] z4.g[75.1
100 | 18.3 36.0[64.0]60.9[39.1
200 | 7.5 | 14.7|85:3| 75.6| 4 .4

Summary:
Sand--- 75.6%
31lt--- 0.4%
Clay--- 24.0%

Therefore sample "C" 1s a "sandy clay loam".



Data Report:

n-n

"Mechanical Analysis of Sample 'O
Hydrometer No. 378173
Sp. Gr. <.481
i I%F"“B Ryl ploal CoRRE
TIME | TEMR |OR\G | AR R [oantk| Ke | e |Kw | DAL DWW,
1| 79 | 21.¢ 0.2] 21.3%3-T] 520[1.05[-9% [.o78].039
2 | 79 [17.5| 0.2|17.7(36.4|.527|1.05]|.92 |-055]|.028
5 | 79 [16.5] 0.2]16.7(33,6| 529[1.05|-92 |.035].018
10 | 79 |16.0| 0.2|16.2|33.4|.531(1.05|.92 |.025|.013
15 | 79 [15.0| 0.2|15.2(31.3].535(1.05(.92 |.020].010
30 | 79 [1%4.0] 0.214.2]20.3(.536[1.05[-92 [.014].007
60 | 79 |13.0| 0-2]13.2(27.2]| c2g[1.05(.92 [.010].005
120 79 |12.5| 0.2 [12.7[26.2 .538 [1.05].92 |.007],004

Steve Analysis of material passing a No. 10 siave.

\EVE CUMU\AT\WVE Y
Z\u m’&“‘“”‘"‘s [Reen] Prss
10 | 0.5] 0.9 99.1 0.9|g9.1
20 | I.1[ 3.1[57.9]| 3.0[97.0
B0 |z o] 5.7]c4.3] g.7(01.3
60 | 4.1| 8.0]s2.0[15.7(83.3
100 1 g,2|16.1[83.9(32.8[71.2
200 [11.2]|22.0|78.0|54.8 |uc.2

Summary:
C1lt--- 18.0%

Clay--= 27.2%

therefore sample "D" 1s a "sandy clay loam"






Data Record:

Mechanical &nalysis of Sample "E"

Hydrometer No. 05707

S5p. Gr. c.569

HPERIEIER  [%enss | SSRAECTION CORRED

TWME [TEMP|OR\G | AR R pooRAtWs] WK\ | Ko <~ | O\R- | DR,
1 |80 | 26.4 0.2}26.2|51.4|.510[1.03] .92{.078[.038

2 | 8o |z2.0] 0.2]|z2.2]43.5].518]1.03| -92] 055|-0%7

5 | 80 |20.0) 0.2|20.2]39.6].522]|1.03] .92].035[.017
10 | 80 [18.5]| 0.2]18.7]36.8|, 524 [1.03| -92|.025] 012
15 | 80 [17.5] 0.2]17.7[34.7].526|1.03] -9<].020].010
30 | 80 [16.5] 0.2]16.7]32.8].528]1.03] .9z|.014].007
60 | 80 [14.5] 0.2]|14.7{29.7].531[1-03] .92].010].005
120 | 80 |14.0] 0.2|14.2[28.7].535|1.03] -92].007[.00%4

Sieve Analysis of material passing a No. 1l0.siave.

Lummary s

COMULATIVE
S0 | Armay e s
10 | g.5] 994 99.10.9 [99.1
20 | 1.2 ‘2.6 (97.5| 3.3]96.1
4o | 3+4|<6.2]93.3(10.0|90.0
60 | 4.3 8.5[0o1.5[18.5[82.5
100 | - 841|16.0 |84.0]34.5]65.5
1200 [.8.1[16.0 [84.0]50.5]49.5

Sand--- 50.5%

Silt--- 19.8%

Clay-‘- 290770
Therefore Sample "E" is a"sandy clay loam".



Triaxial Chart For Textural Classification Of Soils

Sample A Sample

n n Sample ncn aa.mple nDu ﬁSa.mple NEH



Test No. 3: Test for Hydrogen-ion Concentration of Solls
Apparatus: Indicator Solutlon, Color Chart, Waxed Paper.

Procedure: Place a few grams of the soll sample to be
tested on a plece of waxed paper and add to it six or seven
drops of indicator solution. Wateh the sample, compare its
color with that of the color chart. Thii will indicate the
relative acidity or alkalinity of the soil according to the
following scale: 6.5 Very Slightly Acid
| 7.0 Neutral

7.5 Medium Alkaline

8.0 Strongly alkaline

9.0 Very Strongly alkaline

Test Results:

Sample “"A" 8.0
. *B* 8.0
" "c* 8,0
. DY == - 7.5

L ﬂEl - a.o




Test No. 4: Test for the Liquid Limit of Soils

Apparatuss Mechanical Liquid Limit Device, Grooving Tool,
Spatual, Balance, 60cc Weighing Bottles with Ground Glass
TopSe.

Proocedure: The Liquid Limit of a soil is defined as the
moisture content, expressed as a peroentage of oven dried
weight, at which the soil will just begim to flow when light-
ly Jjarred ten times.

Take a 30 gram sample, oven dried to a constant
velght, place in brass d4ish of Liquid Limit machine., Mix
with distilled water until it becomes a thick past. Level
off with spatula until thickness at center is about 3/8",

The layer of solil so formed shall be geparated into two parts
by means of the grooving tool and the machine crank turned

80 that the dish will be jarred lightly at the rate of ten
tines in 5 sesonds, Vhen the edges of the two ssctions meet
and flow together Jjust at the 10th turn, the soil is said

to have reached its liquid limit,

Take a small portion of the sample adjacent to
the groove and place im the welighing jar. Use two samples,
Weigh the samplas on the balnnéo and place in oven at 110
degrees C. until dried to a constant weight. Weigh again
to obtain loss of moisture during drying.



Test for Liquid Limit
Sample "A" Prial No, 1 Trial No. 2

Wte Of wet soll and
weighing bottleececneccaa-=50,85 granfececece-47,714 grans

Wte Of welghing bottlee=e=43,327 " eeece=w=37,09 "
Wte Of Wet 80illecccccccaca 7,582 " acocecece= 4,684 "

Wte Of dry soil and
weighing bottle- 49875 " eccce-==ql,l) "

Wt. of dry soil 6548 " weeweewe 4,02 "

Wte Of water in 80llec=cee (975 " ewcacceee ,604 "
Liquid Limi¢ 14.92 B ecwcaneal5,05 "
Final Liquid Limit of Sample "A® ==« 14,985

Sample ®B" Trial No. 1 Trial No. 2
Wte Of wet soil and

weighing bottle -45,045 grams «e----49.,85 grans
Wte Of welghing bottle--=-85,.08 ? eacees=q0,953 "

Wt. of wet soil 9.965 . ccanes 8,897 *

Wt. of dry soil and

weighing bottle 5 43,589 " wneceedB,63 "

wt. of dry soil B.49Y ¥ weoees 7,677 %

Wte Of water in soil-

1'*66 " -hasse 1.82 "
Liquid Limit 1745 n cmaaeeld92 "
Pinal Liquid Limit of Sample "B" === 16,585

Semple ®C*" Trial No. 1 Trial No. 2
Wt. of wet soil and :
weighing bottle 57.93 gramns =eee==-52,025 grans

Wte Of Wot 80ilevcccceccas]lL 795 ¥ cccwe== 8,59 "



Sample "C" con't. Prial No. 1 Trial No. &

Wt. of dry soil and
weighing bottle 564205 gramg «=====50,777 grams

Wte Oof dry soll 11.07 P eeceee 7,432 %

Wte Oof water in soll- “ 1e7285 "  ceeme= 1,248 "
Liquid Limit 13.5 " eecec-el6.99 "
Final Liquid Limit of Sample "C" === 15.245

Sample "D" Trial No. 1 Trial lio. &
Wte of wet soil and
welghing tottle «46,07 gGrams eee-e=-47,375 grams

Wte Of weighing bottle=w—==-36,68 " —mecwea? 35 "

Vte Of wet SOllewececceccecees- 9,39 " ~=eewe=10,015 "
Wte of dry soil and '

weighing bottle -44.,81 " cnmma=ed 945 "
Wt, of dry soil 8413 " 8.585 "

Wte Of wator in solleeccccews 1,£0 w ceccces 1,43 bt

Liquid Limit 15.49 " mmmmane]l 65 "
FPinal Liquida Limit Sample "D" -= 16.02

Sanple "E" Trial No. 1 Trial No. 2
Vte Of woet soil and

weighing bottle- ~==47.62 grams ee—e==-=44,615 grams

Wte Of weighing bottleeeee=e35,98 * cmmemmaid 63 "
Wt. of wet soil 1l.84 " —emmeee 9,985 ®

Wte Of dry soil and
weighing bottlewemeccccaeaaad5 945 * cmmmeeald I35 "

Wt. of dry soil 9.965 " wemm—e—e 8,605 "
Wte Of water in 80llecweeeceas 1,670 " ——mmnee 1,38 "
Liquid Limit 168 " weneee=16,02 "

Final Liquid Limit of Sample "K" =w= 16,41



Test No. 53¢ Test for Plastic Limit of 3o0ils

Apparatus: Spatula, Glass Plate about 12" x 6%, Weighing
Bottles, Balance,

Procedure: The plastic Limit of a soll may be defined as
the lowest moisture content, expressed as a precentaze of
weight of oven dried soil, at which the soil can be rolled
into 1/8" threads without breaking.

Take about <5 grams of soll mixed with enough
water to become easily worked. Form the sample into a ball
and place on the glass plate. Roll to form thread which if
the rlastic Limit has been reached, will begin to break at
about 1/8* in diameter.

Place a few grams of the sample in the weighing
bottle, weigh, dry and weigh to determine moisture content.
From the above data compute the Plastic Limit of the soile.




 Test for Plastic Limit

Sample "A® Trial No. 1 Trial No., &
Wt. of wet soil and
weighing bottle 49.64 grang----- 40,498 grams

Wte Of welghing Dottle=cecccee 43,35 * weeee 37,085 ™

Wt. of wet soil 6e29 " weew= J,413 ¢
Wte Of dry soil and

weighing bottle 48,895 " cacee 40,105 "
Wte of dry solil 5545 ¥ wewe- 3,02 "
Wt. of water in soil o745 " cacwe 393 "
Plastioc Limit 13.45 weme= 13,0

Pinal Plastic Limit of Sample "A® === 13,228

Sample *"B* Trial No. 1 Trial No, 2

Wt. Of wet soll and

woeighing bottle- - 43,36 gramgeeee== 47,17 grams
Wt. Oof weighing bottle=ececcus 35,07 ® ecoceee 40,945 *
Wt. of Wet soil- Be3Z " acecene $.,285 v
Wt. of 4ry soil and

weighing bottle 42,839 " cccnae 46.41 "
Wte. of dry soll 732 ¥ accees 5,465 *
Wte Oof water in soil e 97 " eccees 76 "
Plastic Limit - 15.32 occnes 13,9

Final Plastic Limit of Sample "B®™ «== 13,575

Sample *"C*® Trial No. 1 Trial No. 2
Wt. Oof wet soll and
weighing bottle 50,274 gramge=~-== 46,322 grams

Wt. of weighing bottle=—eeceee 37,35 ¥ ewees 43,429 e
Wt. Of wet soil- 1:,9:4 P eeeee £,897 "




Sample ®C"™ con't. Trial No. 1 Trial No. 2

Wt. of dry soll and

weighing bottle ee 49,225 gramge—--- 45,935
wt. of dry soll 11.875 " eecee 2,51
Wt. of water in soil - 1149 " ceeee 387
Plastic Limit -- 9,68 ewnee 15.4
Final Plastiec Limit of Sample "C" «-- 1%,540

Sample “D*" Trial No. 1 Trial No.
Wt. of wet soll and

weighing bottle 442,87 grangeeeeee 51,657
Wte of weighing bottleeecccnccs 36,68 " ecewea 45,13
Wt. of wet soll 6el9 ¥ com—e= 6,527
¥Wt. of dry soil and

woeighing bottle 42,88 " ececee= 50,996
Wt. of 4ry soil 5.54 ¥ wceees 5,866
Wt. of water in soil- 85 ¥ eceewe- L6061
Plastic Limit - - 11,75 wecee= 11,268
Pinal Plastic Limit of Sample "D" e== 11,509

Sample "E" Trial No. 1 Trial No.
Wt. of wet soil and

weighing bottle 41.4:5 grams =—--= 42,097
Wte Oof wet soil Sedd ¥ meees 7,482
Wte Of weighing bottle ——= 35,985 7 eeeee 34,615
Wte Of dry soil and

weighing bottle - 40,835 " wewee 41,302
Wte. Oof 4ry soil 5.54 ? ewees §,887
Wt. of water in soil 59 " eeeee  L795
Plastic Limit wee 12,15 ~ww-- 11,888

Final Plastic Limit of Sample "E" ee- 12,019

grams

grams



ANALYSIS OF SOIL TEST RESULTS,.

One of the primary objectives in running the soil
tests was to show by means of the comparative duta that the
five soil samples tuken from the area were of a similar type.

Beginning with the very silmple Hydrogen-ion Concen-
tration test, results show that all samples are on the alka~
line side. Next, the Speciflc Gravity test showed a varia-
tion of from £.481 to k.69l. 4 difference of only 2 tenths
with an averagze sp. gre. of £,608,

The differences in specific gravities is Jjust enough
to support the small differences in the physical constants of
each soil sample., For instance the maximum liquid limit of
any sample was 16.584 while the minimum was 14.980. The
hizhest plastic limit was 13,575 as compared with the lowest
of 11,509.

The most conelusive proof however is found in a
study of the results from the mechanical analysis. 7This test
shows 8 textural comparison and classification cr each sample.
Although, again there ure variations in the different percen~
tages of sand, éilt and clay of each sumple, when lccated on
the triaxial chart eack representative soil sample and there-
fore the entire area may be classified as sandy clay loam.

another important application of the soil test data
makes possible a classification of the soil acecording to the
Ue Se Pulllic Roads Administration as type ..~2. This becomes

important when estimating cement requirements,



SCIL~CLMENT 'LL3TING

There are three basic control factors which must be
investigated before successtul soil-cement construction may
be exvected, They are:

l. adequate Cement Content,
Ze Proper Moisture Jontent.
3« Proper Dersity.

The quantities of cement and water to add and the
density to which the mixture should be compacted were deter=
mined by four fundemental soil-cement tests,

l. Optimum Moisture-Maximum Density Test,
2+ Freeze~Thaw Test,

d¢ VWet=Dry Test

4, Compressive Strength Test.

Before any of the above tests can be run a range of
soil-cement ratios must be selected. The range, that is the
maximum and minimum percentages by volume of soil and cement,
to be investigated depends on the type of s0il under consid-
eration, With reference to a Portland Cement publication,
"Soil-Cement Laboratory Handbook", a range of from 8 to 10
ver cent was selected. Previous investigation has shown this
range to be adequate for an Apz soil,

All soil-cement testing procedures were those as
outlined by the A.S.T.M. The first test, “Standard Method of
Test for Molsture-Density Relations of Soil-Cement iiixtures”,

Ae8.T.M. designation D-588-44 may be outlined as follows:



Title: Test for Optimum-Moisture kKaximum Density
A.S.T .M. Do.is. D-588‘.44

Object: This method of test is intended for determining the
relationship between the moisture content of the soil-cement
mixtures and the resulting donbities, oven dry weights per

cubic foot, wvhen the soil-cemert mixture 1s compacted in the

laboratory, before hydration taies place,

npparaius: Kold-A cylindrical metaul mold having a capacity
of 1/30 cu. ft. V*ith an internal diameter of 4" and a
Leizht of approximately 4.6" which has a volume of 1/30 cu.
ft, The mold and collar shall be fastened to a detachable
base,

Rammer-A metal rammer having'a £" dlameter circular face and
weighing 5.5 lbs. The ramuner shall be equipped with a suit-
able arrangemént to control the specified drope.

Balances=aA balance or scale of &5 lb, capacity sensitive to
.01 1lb; and a 100 gram capacity balance sensitive to .l gram.
Drying Oven-A thermostaticually controlled drying oven capable
of maintaining temperatures of about 110 degrees C. for d4ry=

inz molsture samples.

frocedure: The alr dry soil first shall bo pulverized to pass
a Noe 4 sleve 80 as to separate the soll particles without red-
ucing the particle size. The reduired cement shall be added
to the soil, |

A quantity of water sufficient to produce slight co-
hesion shall then be thoroughly mixed with the soil-cemtn

sample to permit ready compaction. The thoroushly mixed soil-



cement sample shall be lmmediately compacted in the mold imn
three egual layers to give a total oompacted depth of about
57; each layer being compacted by &3> blows of the rammer
dropping from a height of 1l&® above the slevation of the soil
when a sleeve type rammer 1s ﬁsod. During ocompaction, the
mold shall rest on a uvciform, rigid foundation weighing 200 1lb.
or its equivalentes The blows shall be uniformly distributed
over the surface of the layer belng compgcted. after compact-
ing, the collar shall be removed u«nd the top carefully trimmed
to the exact height of the mnld with a steel straight edge to
produce a speciment approximately 4.6%® in height ard having

a volume of 1/30 cu. ft.

The weight of the compacted soil-cement mixture shall
be determined, the material removed from the cylinder, sliced
vertically in the center and a 100 gram sample tasken from the
center, weilghed immediately, cdried in amn oven at 110 degrees
Ce fOor at leust 1l hrs, or to a constant weight. 'his proce-
dureestablishes the moisture-density relation of the ipitial
gsoil-cement mixture.

The soil-cement mixturc shall be again finely pul=-
verized, s0 as to éeparate the soil particles without reduce
ing the particle slze, to pass a No. 4 sieve and a small
increment of moilsture curefully added and thoroughly mixed
to 1i..sure uniform distribution. The mixture is then compact=~
ed as previously mentioned and a moisture density determining
is made. This prooedure 1s repeated until the moisture content

appraaches the Liguid Limét. This procedure will establish



the moisture density relutions of & soil-cement mixture for
the moisture contents practicable to handle in the field.

The calculations are nade to deternine the mois-
ture contert arnd corresponding couipucted oven dry weicht of
the compacted soll-cement for each test made on the mixture.
The oven dry weights per cubic foot shall he plotted as ore
dinates and the corresponding moisture contents as abscissas.

¥hen the molsture-density relations have been de-
termined for a soil cement mixture and the results plotted,
the connected plotted points will produce a curve which is
parabolic in form. The moisture content producing the peak
of the curve is termed the Yoptimum moisture content™ of the
soil-cement mixture under the above compactione.

| The oven dried weight per cubic foot of the moist

soil-cement mixture at "optimum moisture content" shall be

termed "maximum dernsity" under the above compaction.



Determination of Cptimum-iolisture Maxirum-Dsasity

for =Zstimation of soil-=Cement Ratilo

Data for 6. ty volume of Portland Cemant:

WET . | owmy ws. WET Wt ORY

o oF VAPLE
eS| amwas | SONTENT | araws |Q0AN. [Feuew

Q.
1l | 35.7 | 2<.8 8.9 €119 1931 127
2
3

25.7 3.0 11.7 2189 163¢ 128
33.8 | 37T.7 | 13.2 2184 1898 125

Sample Calculations:
Wt. of welghing Jar and wet 8oil . . . . , . 80.2 grams
"t " " " " dry " e o @ o o o 77 ' 3 "
Y»‘-"t . " " " e ® @ 9o e o e o o o o o o 44 L) 5 "
"fv’ta. Of' "':et 5011 e e © o e ® e e e e e o o o o 35‘7 "

n

-"Jt. " Dry L L4 [ . [ ] L4 L] L] L] . L L] L d L] Ld 32.8

.'\'I.'tn " ‘:Oistur. e L L L * L4 o * . . L4 L] . . . 209 "

Therafora JZioisture Content 2,9%x1°0 = 8.9%
Jz.

et w2izsht of sumpla ¢ v ¢ ¢ ¢ o o o o o €11G granws
Computad dry weignht of sample. . 2119 = (.08S% x2119) =1931
Lry d:nsity 1931%30 = 127 1lbs. per cubic foot

5 .
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Determination of Cptimum-Molsture iiaximum-Density

For Zstimation of 3u1l-Caeuiant Xatlio

Data for 84 by volume of rfortland Cement:

M&ﬂ\m’t lonvurr I%m"‘"‘“" cowpuTED DAY | DRY
OF SPecow OF SANPLE |WY OF Dere
N, | AvME | qoans | CONTENT| cracms sﬁ;:rPug*Vbug;

1| 43.9| 41.3 6.3| 2041 1912.5 | 126.0

47.0| 43.4 8.3 2100 | 1926.0 | 127.0

(3]

€9.7| 6.7 11.3 c2l3 | 1963.0 129.5
31.5| <7.8 12.7 2234 | 1951.0 | 129.0

W& W

10.2 9.5 13.6| 2149 | 1836.0 | 123.0

Yample Calculitions:

Wte of welgning Jar and wet soil . . . . . 84.1 grams
Wte " " * " 4y " ..... 8.5 "
Wte " " - A S
Wte Of WOt 8011 v 4 ¢ o o o o & ¢ « o . o o 47.0 "
Whe M APy M e e e e e e e e e e e e e . o 438 "
Whe M M01BLUP®. ¢ ¢ ¢ 4 e 4 4 4 4 e 2 o . o 3.6
Theralore % moisture content 3.6x100=6.3%
wot wel ht of 8amples o o « o + « . .. . zoh1 ™
Computeld dry welght of sawple 041 - (2041 % .063)=1G12.5

Dry density 1912.5» 30 =126 1lbs. per cublc foot
355
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vetermination of Optimum-Folsture Maximum-Density

For Sstimation of Soil=Cement Ratio

Data for 10k by volume of Portland Cenent:

::‘ e | o stucsmms] PYOBIRE L 00 o | oRy wr. ox| OerastTy
* | ARewms | g | SONTBRT | qeame [SOMEEE /. v

1 |[38.2 ||35.8 | 6.3 | 1974 | 1850 | 123.0
| 6.7 | 42.5 | 8.9 | 2058 | 1903 | 129.0

n

3
4 140.8 | 36.0 | 13.3 | 2179 | 1890 | 125.0

Sample Calculations:

Wt. of welghing Jar and wet soll . . . . 83.3 grams

wte " " " " 4ry "..... 8.9 *
Wt " " " ® o & e o e s & o s o 4501 "

Wt. of wat 801l « + & & . & . . . . . . . 38,2 "
Wee " APy M e i i e et e e e e e . . . 358 "
Wte " WOLBLUPG ¢ o ¢ ¢ o o e o o o . . . <4 0"
iherefore % moisture content. . . . 6.3%
Vot welgnt of 8ample + « o o o o &« « « « . 1974 "

Computed dry welgnt of sample 1974 - (LS74 %.063)= 1850 grms
Dry density 1850;¢§O =123 lbuy. per cubic foot
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SOIL~CEMsNT TEST fOR DURABILITY

In order to determine an adequate cement content,
thatis the most economical cement content that will produce
strong, durable soil-cement, samples representing the de-
sired testing range were mixed and compacted tc maximum den-
sity at optimum moisture. These samples were then subject-
ed to the "Freeze-Thaw", "Wet-Dry" and "Compressive Strength"”
test. The procedures and apparatus used in these tests were
for the most part those as given by the american Society for
Testing Materials. The durability and ocompressive tests are
outlined in the following section.

Title: Standard Method of wetting and Drying Test of Compact-
ed Soll-Cement Mixtures.

Object: This method of test 1is intehded for determining the
soil-cement losses produced by repeated wetting and drying of
compaocted mixtures of known composition and of known uniforﬁ
density and moisture content.

Apparatus: Same equipment used for comstruction of samples
for A.S.T.M. desig. D=-558-44.

Drying Oven-A thermostatically controlled drying oven capable
of maintaining temperatures of about 110 degrees C. for ary-
ing moisture samples and compacted soil-cement specimens.
Moist Room-A moist room capable of maintaining a temperature
of £1 plus of minus l.7 degrees C. and a relative humidity of
not less than 90% for seven day storage of specimens,

Water Bath-Suitable tank for submerging compacted specimens
in water at about Z1 degrees C.

sh = A brush made of 2% by 1/16" flat No. 26
A Wire Scratch Bruoc



gaze wire dbristles assembled in 50 gﬁbupa of 10 bristles
each and mounted to form five longitudinal rows and ten
truansverse rows of bristles om a 7.5" by 2.5" hardwood block.
Procedure: At the end of storage in the moist room, the speci-
mens shall be submerged in tap water at room temperature for
a period of five hours, and removed. The specimen shall be
’ plaoéd in an oven at about 71 degrees C. for 4:- hours and re-
moved. The specimen shall then be weighed, given two firm
strokes on all areas with the wire brush to remove all mater-
ial loosened during wetting and drying. The specimen shall
then be weighed again after brushing.

This completes one oycle, 48 hours, of wetting and
drying. The procedure whall be continued for 1Z cycles or
discontinued prior to 1l oycles should the measurements be-
comolinacourate due to distortion or soil-gement loss of the
specimen,

The soil-gement loss of the speeimen shall be ocalcue
lated as a percentage of the original oven-dry weight of the

' specimen,

Title: Standard Method of Test for Freezing-and-Thawing of
Compacted Soil-Cement Mixtures.
Object: This method of test is intended for determining the
soil-cement losses produced by repeated freesing and thawing
of comnpacted specimens of soil-cement mixtures of known com-
position and known density.

Apparatus: Same as used in a.S.T.M, desig. D-558-44 with the
| addition of a freezing cabinet capable of maintaining tempera-

tures of minus 3 degrees C, or lower.



Proocedure: At the end of the storage period in the moist
room, water saturated felt pads, blotters or similar ab-
sorptive material shall be placed between the specimens
and the holders, and the assembly placed in a refrigerator
having a constant termperature not warmer than 23 degrees
Ce for £Z hours and removed.

Free water should be made available to the absor-
bent pads urder the specimens {0 permit absorbtion of water
by the speoimens by capillarity.

after £Z hours in the moist room, the specimen shall
be weighed, brushed and reweighed. The oven-dry weight of the
material brushed from the specimen shall then be calculated.
This constitutes a cycle of freezing and thawing.

The specimen shall then be placed in the refriger-
ator and the procedure continued for li cycles or discontin-
ued prior to 12 cycles should the measurements become inace
curate due to distortion or soil-cement losses. The soll-
cement loss of the specimen shall dbe calculated as a percen-
tage of the original oven-dried weight of the sample.

The compressive strength test econsists of breaking
specimens which have been allowed to cure for periods of 7,
17 and 28 days. Data from a 17 4ay ocuring period compressive
strength test is as follows:

6% Cement Contente « ¢« « « 500 lbs per sq. in.
8% . ® s e s ee 850 " ® ®w n
10% " ® eeeoes700 * " ®n w



ANALYSIS OF SOIL=CEMENT TESTS.

It is regretted that there was not sufficient time
to conpletely investigate the durability and strength char-
acteristics of the soil under study.

Three cycles on the "Wet-Dry" and "Freeze-Thaw"
tests were completed. During these tests no appreciabls soil
loss occurred. The Portland Cement association specifies,
in their Soil-Cement Mixtures Laboratory Handbook,‘a limit
of 14% soil loss during the 12 cycles for A-2 solils. Al-
though no proof is available, there is every reason to be-
lieve the compacted samples would meet this specification.

The compressive strength specification from the
same source reads as follows: "Compressive strengths shall
fincrease with age and with inoreases in cement content", The
extent of the compressive strength tests showed favorable
results both with respect to necessary minimum strengths and
inoreased strength with inocreased cement content. Further
tests at different stages during the ocuring period would have
been helpful in analizing the stabilized soil.

One extremely good reason for anticipating favorable
performance from this soil is the extremely high density of
the mixture. The data from the moisture-density test is com-

plete for the treatment range chosen.



CONCLUSIONS, RECOMMENDATIONS AND CRITICIS!S

The soil-cement tests, although incomplete, answer
the rundemontal question: Is the soil suitable for stabili-
gation? The answer is quite definitely yes. The laock of
comparative data makes it difficult to select a rinal soil=-
cement ratio, however in order to insure satisfactory results
a minimum percentage of 105/ cement content is advised. In
support of this, the Portland Cement association recommends
that for practical reasons, no cement contents less than 7%
by volume for field use in the construction of soil-cement.

A summation of the results from the soil-cement
tests leads to the following recommendations concerning actual
soll-cement construction:

Optimum Moisture « « « 11% by volume
Maximum Density . « « 129.,5 lbs, per. cu. ft.
Cement Content .+ « « 10% by volume

with a soil-cement ratio of 10%, and a final com~
pacted depth of 6%, a simple caloulation shows the number of
bags of cement necessary to stabilize the entire parking area
to be 1£,068,

129.5 x 1/8 x 197,146 = 12,765,203 lbs. of stabilized soil
11% x 12,765,203 = 1,404,172 lbs. of water

12,765,203 = 1,404,172 = 11,361,031 lbs., of dry soil
11,361,031 x 10% = 1,136,103 lbs., of cement

1,136,103.1 « 94 = 12,068 bags of cement



also, in regard to actual construction, due to the
high elay content, special equipment will be necessary to
pulverize the soll where it has been compacted by traffice.
Due to the existing slope of the area, run-off during wet
weather would cause detrimental wearing action on the soile
cement surface. Therefore it is recommended that the final
surface be treated with a dbituminous and crushed rock sur-
face coating.

A oriticism of this paper should re-emphasize the
lack of soil-oement date. Less time should have been spent
on the soll tests, Probably the mechanical analysis alone
would have been conclusive enough to show the single soil
type existing. This would have allowed more time for the
durability tecsts.

If more time had been available the information
obtained could have been used with a bit more on construc-
tion costs to establish the materials and costs covering the
project.

As a final constructive oritiociasm, I would say that
this "problem study™ has been both interesting and educational.
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S« "Applied Soil Mechaniocs - Laboratory Manual of Soll
Testing™ by wm. Housel.

4. "Applied Soil Mechanics - Part 1 Soil aAs An Engineering
Material™ by Wm. Housel.
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