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General 

r:;Jir:ES':1IGATI'JN OF TEE Ui\fCf'EFINED COiVIPRESSIV"E STBE:-GTE ')F 

GOIL-CEMENT ~IXTurtES 

SYLLABUS 

1. 'Ihis memorandum i s a report on the i nvestigat i on of the unconfinei 

compressive strength of mixtures of various soils and Portland cement , and 

the effect of the water- cement ratio and of wetti n; and drying and freezing 

and thawi ng upon those strengths . ~he results of tests conducted to study 

the effect of a di spersing agent ( TDA) on the durabili ty and strengtl1 of 

the soil-cement mixtures are a l so included . The study was made for the 

Office , Chief of Engineers, pr i marily for use i n pavement design of airports 

being constructed under the Nat i onal Jefense Frogram . 

Princi~al findings 

2 . The results of this investigation indica~e that the water-cement 

ratio i s not a suitable control for soil-cement mi xtures . In the group of 

s oils used: namely, sandy loam, sandy clay l oam and clay loam , it was found 

that the phys i cal characteristics of the individual soils have more effect 

upon the compressive strength of the soil-cement mixtures than any other 

factor . Increasing the percentage of cement in a given soil produces a 

greater incr ease in strength than any other factor for thq mixture . All 

soil-cement specimens gained in compressive strength at a greater rate than 

the ra~ c of cement increase . 
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3. It, was fou.rid that cycles of wetting and drying produced an i n-

crease in the strength in all mix~urcs of the sandy loam and some increase 

in the higher percentages of cement in the sandy cl ay loam and clay loam . 

"'~,.~lcs of freezing and thawing gcr..crally produced sorr.e decrease ir.. the corr.-

prcssivc strength of all specimens . The investigati on also sho11red that no 

appreciable improvement was found in the durabi lity and strength of the 

. 
soil-ccrr.ent specimens containing TJA. 

- 2 -



I . INTRODUCTION 

Purnose of investigation 

4. I t v1as the general purpose of this investigation to determine the 

effect of certain factors on the unconfi ned compressive strength of soil-

cement mixtures . Specifically it was desired to determine : 

a . ~ho effect of tho wator-cemo~t ratio on tho compres­
si vo strength of soil-cement mixtures . 

b . :ho effects of ·wett i ng and drying, and freezing and 
thawing on tha compressive strength of so il-cement 
rnixturos . 

To accomplish ·these objectives , unconfined compression tests were performed 

using three different types of soils; sandy loam , sandy clay l oam , and clay 

l oam . By preparing specimens of soil-cement with varying contents of mois-

ture and cement and curing them similarly, it was possible by compression 

tests, to determine the effect of the water-cement ratio on the unconfined 

compressive strength of the soils . After determining the moisture content 

\•rhich v1ould produce a specimen of maximurr. strength for any given soil and 

cement admixture, specimens were prepared at this predetermined moisture 

content , cured for 28 days in an atmosphere of approximately 95 percent 

relative humidity , and then subjected to various cycles of \.,rotting and dry-

i ng, and free zing and thavring . Some specimens vrere tested in unconfir:ed 

compression to failure at the end of 4 cycles of wetting and dryi ng, and 

freezing and thawing , while other specimens were continued through 8 anQ 

12 cycl es . In this manner the effect of wetting and drying , and freezing 

and thawing upon the compressive strength of the specimens vras determined . 
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Authorization 

5. Thio study 111as authorized in the second indorscmcnt to a letter 

from the U. S. 1.1/ater\'.rays Experiment Station to the Chief of Engineers, dated 

February 6, 1941, subject : "Froposed design tests for airport construction 11 

Personnel 

6 . Chis study was conducted by tho Soil Mechanics Laboratory of the 

U. S . Waterways Experiment Station under the supervi s i on of Cleveland R. 

Horne, Jr . , Assistant Engineer, Chief of tho Labor2vtory. This report \'/as 

prepared by .James E . ;1atkir.s, Sr . Encr . Aide, under tho direction of John :J . 

Watson, Associate Engineer . The entire study was accompli shed under the 

direction of Captain K. E. Fielis, C. E., Director of the Experiment Station. 

Assistance in locating materials for this study was rendered by the person­

nel of the Vicksburg Engineer District Soils Labo r atory . 
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II. SELECTIOl~ 0§ SOILS 

Specifications 

7 
I • It \vas specifically requested that a sandy loam , sandy clay loam 

and clay loam be used in this investigation . In addition it was specified 

that these general typos of soils shoulJ have a liquid limit below 50, a 

plasticity index below 25 , a clay content below 35, and have at least 60 

percent solids at maximum density . (Sec requirements in manual prepared 

by t;he '"'ffice, Ghicf of Engineers, on titled 11Design of Airport Runviays 11 

dated January 1941 .) Because of the above-mentioned specifications, it was 

difficult to locate the soils in natural deposits in or near Vicksburg be-

cause the soil in the Vicksburg area is almosu entirely loess deposits . 

H0\'1ever, ''-'i th the cooperati on of the Vicksburg District Soils Laboratory 

personnel, it was found from a log of borings for a section of Mississippi 

River levees that tho clay l oam could be located in a natural state in the 

vicinity of Bolivar Lake near Greenville, Mississippi. The sandy clay loam 

was found in parts of the borrow area of the Meridian Airport, Meridian, 

Mississippi, then under construction by tho Vicksburg District . Tho sandy 

loam was produced by mixing a sand and a silt found in deposits along tho 

Mississippi River near Vicksburg , Mississippi. 
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I: I. I'ESTI1'TG PROGRAM Aiill TEST RESL""L':'S 

Procedures 

8 . Reference i s made to the Harvard University manual , 11 Notcs on 

Soil Testing for Engineering Purposes, 11 by A. Casagrande and R. E . Fadum 

for descripti ons of , and procedures for tests that are not described or 

otherwise referred to i n this report . 

Classification tests 

9 . Grain s i ze and specific gravi ty anal yses together wi th At terberg 

limits tests were performed on typi cal samples of the three soils and tho 

results are presented in table 1 and figure 1 . 

Com-pac ti on tests 

10. The compaction tests for this study were performed in a cylindri­

cal mo l d 2 in . in diameter by 4 in . in height . The hammer used had a strik­

ing surface 1-1/2 in. i n di ameter , and a slidi ng ·weight of 2 . 2 lb which fell 

12 in. to the top of the hammer base (see figure 2) . Tests made in this in­

vestigati on showed that using 3 layers of 20 b l ows each wi th this type ham­

mer and m-:>ld produced a density \'Ti th negli gible variati on from that obtained 

\'Ti th 25 bloi.1rs per layer usi ng the standard hammer and mold specified by 

Proctor . Compaction characteristics ( opti mum moisture and maximum density) 

using this equipment were determined for each of the three raw coils and 

for each soil i.vhen mi xed i.ori th 5 and 11 percent cement (based on the dry 

\'.roight of soi l) . (See table 2 and figures ~ . 5 and 6. ) Tho opti mum mois ­

ture and maximum density for 7 and 9 percent cement mixes were determined 

by interpolation. 
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T.A13LE 1 
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Attcrberg Limits r1ecl1ani cal Analysis 
Perce.n"t Percent 

1 . 1 . P . L . p . I. S .L. Sand Silt Cla;y 

14. 3 i~o11e 1~011e 14.9 71 .0 21 .0 8.0 

32 .8 15 .2 17 .6 19 .1 73 .0 7.6 l:) . 'T 

38 . 3 17 . 6 20 . 6 16.5 31 . :; 38 .0 j0 . 5 
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11. There were two reasons for not using the size of mold and the 

typo of hammer \lrhich wore originally specified by Proctor and which arc now· 

standard for tho American Society for Testing lViaterials . First, in maki ng 

compressive strength tests on a brittle matPrial, it is essential that the 

height of tho specimen be at least t·wice its diameter in order that sl1ear 

nlanes '.vill more nearly develop 1ri +hin the body of tl1e specimen. Since 

these shear planes ordinarily develop on an angle \nth tl1e horizontal of 

more than 60 degrees, a height diameter ratio of at least 2 is required . 

Proctor 1s equipment docs r..ot provide a specimen satisfying this require­

ment. Secondly, the Experiment Station did not have a loading machine of 

su:"ficient capacity to produce failure in specimens 1:1i th a diamete r of 4 in. 

~he dimension of the Proctor specimen. 

rreparation of compression test specimens 

12 . All specimens i.vere compacted into the 2 by 4-in. mold, ir.. 3 layers, 

using 20 hammer bloiHs per layer . Before placing the second or tl1ird la;y-er 

into the mold the top of the previous layer was thoroughly scarif ieJ to pre­

vent tho formation of a plane of weakness occurring betv1oen the la;ycrs . The 

specimens were removed from the mold by means of the screw jack shown in 

figure 2. 

13. Every specimen vras compac torl by tho same amount of energy . Dif­

ferent densities 1Here developed by varying the moisture contents . :Because 

of these different densities, it was preferable to base the cement content 

011 the dry ·weight of soil ratl1er than the volume . Hence, the cement con­

tents of 6, 8, 10, and 12 percent by volume~ as specified in tho instruc­

tions of the basic letter, were changed to 5, 7, 9, and 11 percent by dry 
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'\Jlrei 11t , respcc · ivcl~r . These va l ues by dr;y- lvoight are ap·9roximatcly equal 

t o the spec i f i ed va lues by vo l ume . 

Unconfi ned compress i on tests 

14 . Each spec i men '~ras loaded to fai l ure in a. consta.nt strain 'type of 

l oadi 1'lg machine ( see figu.re ) ) . The load \•'as ap -:ilied b~r means of a sere·.· 

\·•hi ch \ aB propelled by a srr.all electric motor . c:1e magni :udc of the load 

~·as detormi ~ed by means of a cal ibrated proving ring, ~nd observati ons for 

l oad and deformat i on were taken at 30-second intervals unt i l rupture occ~rrtd . 

Water-cement rat i o tests 

15. I n order to determi ne the effect of water-cement rat i o on the 

compressive strength of soil-cement mixes, tho follo1:ri11g .Lestin.g schedu.le 

vras f ollo\· ed for each of tho t!lrec soil ty-_9es : 

a . Duuli cate suec i mens of each of tl1e three re~'.rl soils ... 
were mol ded a.l. rr:o i sture cor..tents of 2 and 4 nerce!!t 
below optimum , opti mum, and 2 percent above tho opti­
mum, accordi ng to the procedures descrioed in para­
graphs 10 and 12 . These specimens 1.vorc t:i1en tested 
to failure in unconfi ned compress i n,.~ . These rcsul ts 
ar e not rcuor:ed herei~ bJcause tho maxi mum strengths 
v-rero rarely more than 10 lb por sq in . 

b . Dupli cate specime11s for each of tl1e t:1rec soils t~1at 

contai ned cement conten ts of ~ . 7, 9 , and 11 percent 
by dry vreight were mo l ded at rr:_is turc conte!lts of 2 
a nd 4 per cent bo l o1•r opt i mum , optimum , 211d 2 percent 
a.bov e optimum according to proced-u.ras desci, i bed i n 
paragraphs 10 a11d 12 . After 28 da;;s curing in a 
humi d r oom ( temperature 70 degrees F, relative hu­
mi ditv p l us 95 percent) +hese apecimens wc~e ~ested 
to failure i n uncon~ined comprcssi~~ . The average 
results of these tests arc sho\vn on f i gures 7 , 8 , 
and 9. The conii t i ons of the specime2s afLer fai l­
ure are sho\~m on f i gures 10 , 11 , ai1d 12 . I1he com­
p l ete results of each i ndividual speci men are shown 
i n tables 3, 4, and 5. 
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16. 1n figure 13 is shown for comparison a stress-strain curve for 

each of the three soils which contained 11 percent cement . These curves 

represer.t the rr.aximum strength which was developed by each soil, and serve 

to sho1;1 that tho strength ;,.1hich a given mixture of soil and cement will de­

velop icpends more upon the characteristics of the soil than upon the per­

centage of cement in tho mixture . 

1 7. l'he rosul ts shov-1n on figures 14 , 15, and 16 make it pos si blc to 

study the effect of the density on the strength which a specimen will de­

velop . In every case but t\~o (sandy clay loam with 5 and 7 percent cement) 

the specimen ~·'i th the greatest iensi ty developed the highest maximum 

otrcngth (sec tables 3 to 23, inclusive, for details) . In general, a small 

increase in density produces a large increase in maximum strength . However, 

there is no uniformity in this relationship, so that this advantage would 

be of li~tle uoe for docign purpooes . Take, for exampl0 , the case of sandy 

loam (figure 14 and table 3) . \~Ti th 5 percent cement the density of tho 

specime~ is increased from 116 . 7 lb per cu ft to 120. 3 lb per cu ft by in­

creasing the moisture content from 4 percent below optimum up to optimum. 

At ~he smne time the strength of the specimen increased from 275 lb per sq 

ir... to 29C lb per sq in . This 3 percent increase in density caused a 6 

p8rccnt increase in maximum strength. :But, \•Ii th a sandy loam, 7 percent 

cemen~, a 3 percent increase in dcnsi~y caused a 50 percent increase in 

maximum s~rengin . Thus, in general, it can be said that fo:r any giver.. 

mixture of soil and cement tho densest specimen will be the strongest, and 

a small increase in density '·~ill produce a large increase in strength. 

18. The results plotted on figures 14, 15, and 16 have been made a 

part of a composite diagram shown on figure 17 . rhis diagram serves to 
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sho'IJT that tho v1ater-cement ratio is not a suitable method of control for 

soil- cement mixtures . This results from tho fact that every soil and every 

mi vtu_rc of soil and cement have different cornpa.ction characteristics r0quir­

ing different quantities of ·water in order i:O secure rr:aximum densi • y fron: 

the same compaction , and maximum density is generally requisite for maximun: 

stre.1gth . (For details of the 1rrater-cement ratio tests see tables 3 to 5, 

i nclusive . ) 

Further increase in cement content 

19 . As a supplement to the above tests , it was decided to mold at ap­

proximate optimum moisture t·wo specin:ens of each soil containing 15 porcc~t 

cement . '.!.he purpose of these tests 1.·1as ~o determine if the unconfined corr:­

pressive strength of a soil- cement rr:ixture will increase in direct proporti on 

to increases in cement content . ~he answer to this question is that some 

soils will show a greater proportionate increase in strength than the rate 

of cement increase, ·while other soils will not gain in strength as rapidly 

as the rate of cement increase (see figure 13) . Using the lo\,1cst cement 

content (5 percent) as a base, the sandy loam gained in strength at a far 

more rapid rate than the rate of cement increase up to a total of 15 per­

cent . :ho sandy clay loam and clay loam increasei in strength in direc~ 

proportion to the increase in cement content from 5 to 10 percent . Eu~ 

when the cement content in sandy clay loam and clay loam was increased from 

10 to 15 percent , the strength i ncrease in these mixtures did not keep pace 

wi th the increase in cement content . ~hose results serve to emphasize the 

point previously maie that some soils arc ~ore suitable for stabilization 

\~ri th cement than other coils are . 
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Wetting and drying, freezing and thawing tests 

2C . Each cycle of wetting and drying, or freezing and thawing, re­

quired 48 hours . The distribution of time for a 1i'fetting and drying cycle 

was as follovrs: the spccimcr- was completely suomcrged in \"later for 5 hours , 

oven-driei for 42 hours, and air cocled for 1 hour . For a fr~ezing and 

thav1ing cycle the distribution of time v:as 22 hours in the freezirig cabinet 

(temperature minus 15 degrees F) and 26 hours in the humid room (tempera­

ture 7c :legrees F, relative hun:idity r.lus 95 percent) resting on a satu­

rated sand covered. by a flannel material . The ends of the spocimGns placed 

on the sa:uratoi sand were alternated at the end of each periol in the 

freezing cabinet . Further details 0f tho testing procedure can be obtained 

from ..A_.;::; . T . i~ . 3"-andards ll'J . 5J9 and ::>60:S-40I1 . The principal d.cparture from 

these standards ·was that none of the specimens wore brushed at any time with 

a \Alire brush . ~his step in the proced.ure was omitted because i +- was not 

desirable to brush av.ray any of the specimens before testing i n unconfined 

comnression • ... 

Durability tests 

21 . Sixteen specimens of sandy loam v1ere molded at optimum moisture 

content 1t1i th no cement. Four of these spC;cimcns were tested immeJ.iately in 

unconfined compression . 'Jf the other 12, six v1cre to undergo cycles of wet­

ting and dryir-g (2 specimens through 4 cycles, 2 through 8 cycles, ani 2 

through 12 cycles), and the other 6 111ere to be given similar cycles of freez­

ing ar-1 thawing. However, all specimens disintegrated during tho first wet­

ting or first thawing , no this part of the testing program was abandoncl . 

- 12 -



22 . Sixteen specimens of sandy loam with 5 percent cement were molded 

at the ,,rater content •l'Thich had given the maximum stre11gth in the previous 

phase of this study . All of these specimens were curecl in a humid room for 

28 days . After thi s curi ng period, 4 of the specimens vrere tested to fail-

ure in the unconfined compression machine . The results of these tests 

agreed reasonably 1J'rell i.•ri th the results secured on the 5 percent mixes 

molded at optimum moisture content in step b of paragraph 15 . nf tho - -

remaining 12 specimens, 6 iv-ere put through \•Totting ana_ drying cycles 

(2 through 4 cycl es, 2 through g cycles , and 2 through 12 cycles) and the 

other 6 specimens were put through a like series of freezing and thawing 

cycles . Al l speci mens were tested in compression after completing their 

respective cycles . Seven of the stress-strain curves from these 16 tests 

are shown on figure 19 . Of the 4 specimens which were tested after curing, 

the resul ts of the specimen having the highest maximum strength i s plotted. 

Similarly, of those specimens tested in pairs, the results of the specimen 

obtaining tho higher maximum strength is the stress-strain curve plotted . 

The above testing nrocedure was repeated for sandy loa~ with 7, 9, and 11 

percent cement content , and also for sandy clay learn and. clay loam \•Ti th 

the same 4 percentages of cement . ci:_e s tress-s trai:1 curves shov-rn on fi5ures 

20 to 30, i nclusive , shov.r the results of some of these tests . The rosul ts 

of the s~ecimens .having the hi~hest maximum strengt~ are plotted . Tho 

detailed results of the i ndividual specimens for all of these tests are 

shown in tables 6 to 23, i nclusive . 
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Discussion of test results 

25 . Those stress-strain curves which are not presented on f i gures 19 

to 30, inclusive , 1vere generally quite s i milar to the curves for the same 

soi l 1/Ji th the same cement content . However , i t can be noted from tabl es 6 

to 23 that slight di screpancies in results exi sted in some cases . Since 

none of the specimens were capped, it is beli eved the principal source of 

error was caused by nonparallel end faces, or damaged ends . Wi th greatest 

care being exerted in removi ng the speci mens from tl1e mold, sli ght \varpi ng 

in the soft ones would still occur. Surface disintegration on a speci men 

vrould invariably occur on the edges at the ends of the speci men . Such con­

ditions are believed to be responsible for many of the discrepanc i es in the 

results from the tests on dupli cate speci mens . 
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IV. SUPPLEivLEi~TAL TESTS 

Aamixtures 

24 . Various admixtures have been used in concrete mixes in an effort 

to increase the durability and the compressive strength of the concrete 

under \vcathcring conditions . Reference is particularly made to an arti cle 

appearing in the June lj, 1941 isrue of Engineering News-Record, "Increase 

in :Jurability of Concrete by Use of Admixturos, 11 by Mr . R. A. Swayze of the 

Lone Star Cement Corporation, in ·which Vinsol resin cement was used as a 

stabilizing agent , and to an investigation on the 11Durability of Concrete 

containing Portland Cement and Certain Admixtures, Series 1 C1 , 11 made by the 

Eastport, lv1aine Engineer District (see reference file F . C. l-;_W 3/94 for 

details) . T110 De,.,rey a11d Almy Chemical Company, of Cambridge, lv'iassachusetts, 

has a lso made an extensive study on the durability and compressive strength 

of concrete , using their O\m admixture (tr ado name TDA) . 1Ihi s material is a 

mixture of certain salts and lignin sulphonic acid, and serves as a catalyst 

and aids materially in the di spersion of the cement in the concre:c mixing 

process . I t is claimed that slight admixtures of this material in the cement 

reduced cons i derabl y the permeability of concrete , with marked increase in 

both its durability and compressive strength . 

Need for a more iurablc soil- cement 

25 . In the course of this i nvestigation it \ras noted that the speci­

mens containing the lower percentages of cement (5 and 7 percent) wore dras­

t i cally affected by tl1e freeze-thaw tests, and in some cases by the 1.1ret-dry 

test, some specimens deteriorating after 2 or 3 cycles . Since no invcstige­

tion , to the knowledge of the Exucriment Station, had been conducted on 
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soil-come~1t ,,ri tl1 t:1e use of a:1 admi:.-cture in EU1 effort to improve the clu.ra,-

bili ty, it was clecided tl12t tl1e freeze-tha1H ancl \-..ret - dry tests sl1ou.ld. be SllO-

·ole.ne:.--.tca. b;r follo•·ri1:.g tl1e sawe "?roced11re previo11sly oli.tlined ·out 1·1i th tJ.10 

u.se o:f 2d.mixtu.res :or at least the lo \·Or ::_Jercentc,ges oi cement for the three 

. l SOl .. S . TDA. so lu ti on and. Vi nso 1 res in '-'.'ore the t·vro rn2.teri als selected. for 

use 2.s admixtu.ros i 11 the soil-cen1ent specimens . 

Tests with Vi nsol resin 

26 . At tl1e time of i:r.ci ting tl1is report tl1e Sta,tioi1 112.s been unable to 

secu.re a, ceme11t uretroated 1J1ri tb. Vi nso l resi11 . I t i s c l a,imed. tha, t tl1e bes t 

res-cJ.l ts e.ro obta.ined 1.,rho~1 the cerr:ent is trea.ted i..-ri th tl1e Vi nsol dur i ng the 

gri:.:a_; :i.1g -orocess a.t the mill . For this reason , 2.:11a. tl1e fact thci.t great dif-

fic·o_l ty is alwa~rs experience( vrl1e~1 atternpti ng to clis:9erse suc~1 mi i1ute qua.n-

ti ties of dr~r me.ter i al i 11to c:. so il i n the l aborator~r ( 0 . 02 to 0 . 03 percent 

b;y- volu..J-rlt;) tl1ese tests l1t'l.Ve 11ot bee11 ~'Jerformea . . However , i f the Vi nsol resin 

cemei!t can be u::;.,ocurea_ at a 12ter date it is pl2.:n!.1.e6. to co11duct ·these tests 

a110. to ·prese'1.t the results 8.s 2. su·J-)l einent to thi s reiJort . 

\'ie t-Cl_r~r and. free ze-tl'la\'r tests 011 soi 1-cemen t s·0ecime11s -· ._ 

trea.tec. 1··i th TDA solution 

27 . Fourteen speci~ens of eech of the soils were prepared for these 

tests ii1 the sarne mai111er ci.s t:12.t described in pc.ra,g,ra1Jh 12 exce1Jt that to 

ti1e 1·rater u.sed for mi:i;::ing the soil a11d cement , vras ao.decl the T:JA solution . 

T~1e a:-nou.nt of the solutio11 ado.ea_ 'das equivalent to 190 cc of 1) -oercent TDA 

solution per 100 lb of cement . 

2S . Ti1e sand~r loar11-cement s~oecimens molded. \·ri tl1 tl1.e TDA sol u.tion 'IJ!Ore 

cured i11 the h1.unicl room for 2S d2,ys , and at tl1e ei1a. of tl1e curi ng ~eriod t·wo 
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were tested to failure in unconfined compression. Of the 12 remaining speci­

mens, 6 wore to undergo cycles of wetting and drying , and the other 6, cycles 

of free zing and tha\~ing . Tl1csc specimens underv.rent the same procedure as 

listed in paragraphs 20 and 22 . The same testing schedule was repeated for 

sandy clay loam-cement and clay loam-cement . 

TDA ~est results 

29 . No stress-strain curves are presented to sho\'r the results of the 

specimens treated with ~DA, because of their similarity to previous results. 

Hov.1ever , t11e results that vrere obtained are presented. in tabular farm for 

each specimen in tables 6 to 23, inclusive. As can be noted from these 

tables , no appreciable improvement is found by using the TDA admixture . 

There is a trend , however , for the specimens containing the lower percent­

ages of cement (5 and 7 percent) to endure more cycles of the durability 

tests than the strai~ht Portland cement mix, but \• 1i th considerable reduc­

tion in compressive strength in most cases. Ho1-revcr , it is believed that 

the slight reduction in density and slight increase in \iater content is 

responsible for the strength losses rather than the addition of the TDA to 

the mixture . 

Further investigation of the wet-dry test 

30 . During the course of testing , it was noted that many of the sp&ci­

mens subjected to the wet- dry cycles showed a marked increase in conroressive 

strength it1i th increased number of cycles (soc figures 19 to 30 and tables 6 

to 23, inclusive) . Additional tests were therefore performed to determine 

if this phenomenon was a result of the \•re t-dry test or the increase in 

strength due to additional aging. 
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31. Fourteen specimens of each of the three soils were molded at 9 

percent cement content and cured in the humid room for 28 days . At the end 

of the curing period, 2 specimens of each soil were tested to failure in 

the unconfined compression machine . Of the remaining 12 specimens of each 

soil, 6 were subjected to the wet-dry test (2 through 4 cycles, 2 through 8 

cycles, and 2 through 12 cycles) . The other 6 specimens of each soil ,,,ere 

lef t in the humid room to cure in pairs for periods of time equal to that 

required for 4, 8 , and 12 cycles of the wet - dry test, and at the end of each 

of those curing peri ods v1ere tested to failure concurrently with the speci­

mens subjected to the wet - dry test . The results of these tests are shown 

in tables 24 to 26, inclusive . Stress-strain curves of the specimens de­

v eloping the highest maximum strengths for the curing per i ods , and for the 

cycles of wetting and drying, are presented on figures 31 to 33, inclusive . 

Discussion of the wet-dry test 

32. I t is apparent from the results of this study that the wet-dry 

test does in some cases materially increase the compressive strength , this 

being true even with the lower percentages of cement (5 and 7 percent) for 

some soils . Take, for example , sandy loam (table 6) . Using the strength 

of the 28-day curing period as a bas~, the compressive strength is 50 per­

cent stronger after 4 cycles of wetting and drying and at the end of 12 cy­

cles has increased to 100 percent . This trend is not apparent in the sandy 

clay loam and clay loam until the higher percentages of cement are reached 

(see tables 14 and 18) . 

33 . In the special tests to investigate the strength gain from the 

wet-dry test more thoroughly (tables 24 to 26) the sandy loam soil showed 
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ma r ked inc ~ oase i n s trength ~rith increased cyc l es of wetting and drying com-

~oarecl. \Ti th similar spec i mens cured 011ly i n the humia. room for equal neriod::; 

f .I.. . 
0 Lil • .< • From table 24 i t c2:.1 be seen that t~1e comi::>res si ve s tre-:gt:1 at the 

cn<l of 52 days cur i 1,0- ( equivale11t to ?8 day curin and. 12 cycles of \11otting 

rind. clr ri 1g) is only au·Jroxi matelv onc-t .. ird t~1e strcn _th of th s·Jecimens 

after 12 cvclcs of' 're t ti 1 a·1d c.rvi • Tl1e sa.i.1a.v cle-r loam is a1Yoro i ctel,, 
- J 

the same s tre 1gt1
1 , nd tl1e c l a'' loam is material ly re-:'.uced . Ho,1cv r , as 

prei.-iousl~r st~te , the s ... :d~- clay loam and clav loam ~.id not sl10\'I' the in-

crease i:.1 s trc115th t r end fror.: the "''et-d:::'y test until 11i :1er nercc11 ta ·es of 

ceme11t \rorc encountered . 
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V. COlirCLUS I Oi\JS 

Ge:1eral 

-~4 . Ge _orally speaki:1g, it is believed t~1at a line of demarcation 

}r~ocbly e~ists in resnect to t~e grain size distriJution o: soils which 

cc:tn "be su_ffi ci ently s tabi li zea. oconomi cally with ceme.11t . Tl1H t is to say, 

some soils are more easily stabilized than others . Tako, :or i~s anco, vnc 

fria.ble soils ( tnose soils that contain a relati vel~r hir~·~1 sand content) . 

r.I~1e case of relatively t.torough d.ispcrsion of t:~e cemer..t in these soils is 

easily visualized . From the generally accepted gel t~oory of concrete , it 

an-oears that the cementation of tl1e sand~- soils w:t:en mixed \'1i th a givo11 

amou.nt of cemoi1t would alvTaJrs be greater than \rl1en. tl1e san1e amount of cemc11t 

is rr.ixed \o'i th tl:.e very fine soils, oeca-.1se in the fine l_)lastic soils the 

surface area is probably many times that of the coarser-grained soils . 

~hereforc, the logical assumption to be ~ede is ~~2t in order +o ootain 

tie same strength for all three soils , the more Plastic ty-)o should require 

a :1ighcr ce!:;ent content . :ne abo-=,-e assumption an 1ears to be borne out b;r 

f ig;u_ro 1 7. 

35 . Refere11ce to figure 18 snows that in Ol"der o o·:Jt,,i __ the seme 

percei1tcige increase in strength for all three soils, a variable i~1cr0asc 

o: cement ~o t~1e sandv clay loam and clay loam is l"eauired over tl10 ._ add.ad 

to t11e sandv loam . It can be seen that 13 to 15 'erce~t cement (150 to 200 

percent increase in ceme:1t contenti above 5 perce::-v) 1es to be added t.o ~ho 

plastic soils in order for them to have the same yercentage increase in 

s v!'e·'lgth c:ts t:1e sandy loam wi t:1 o:;.l~r 8 to 9 percen.-r, cerae:: t content (- ) to 

80 -.)erce11t i11crease in ceme11t content above 5 Y;>erce. v) . 011 the basis of 

tne a0ove, it is quite evident t~at it is not eco~o.1ically practical to 
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stabilize the more plastic soils \Ii tl1 cement \lrhen such high contents of 

cement are required . 

36 . The failure of the rich clay soils to gai n strength \lnth an in-

crease in cement content could be duo to the poss i bility of smal l balls of 

clay being dispersed in the soil Jpecimen \lri th only their outer surfaces 

coated with cement. These small clay balls may be visualized as being in 

the form of an ogg ; the outer surface covered '''i th cement being the shell . 

The i nteri or of the egg would be the ra\'r soil entrapped in the shell of the 

cement . The ultimate strength then that could be obtained is no more than 

the strength of the cemented shells and accompanying friction of the mass . 

This theory seems justified when some study is given to the shape of the 

stress-strain curves of the clay loam material . Particular note should be 

made of f i gure 13. The clay loam curve on this diagram reaches its yield 

point i,.ri th very little strain , its maximum strength vri tl1 slightly more 

s trai11 , and then a very slo\lr failure very similar to raw soil occurs , \lrhi ch 

may be assumed to be caused by the deformation of the clay portions dis-

persed in the specimen . 

Speci fic 

37 . The folloi,.ring specific conclus i ons can be stated as a result of 

this investigation: 

a . The '~rater-cement ratio, because of il1e vride dif :e:-ence 
in the amount of ·water which is necessary to bring about 
maximum density of diffe~ent soil-cement mixtures , is 
not a sui table control for soil-cement mixtures . It 
does affect the strength of the mixture, but not as 
markedly as other factors . 

b . I n a group of soils the physical characteristics of the 
individual soils have more effect unon the compressive 
strength of a soil-cement mixture tnan any other factor . 
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c. Increasing the ~ercentage of cement in a given soil 
from 5 ue~cent to 11 percent produces a greater 
increase in compressive strength than does any other 
factor for the mixture. 

d. Cho densest mixtures of soil 2nd cement 1 rill develop 
tho highest compressive strength for a given soil and 
percentage c~ c~me~t. A small rercc~:a~e increase in 
density proQuccs a larger percentage increase in 
strength. 

e. As the cement co~tcnt is increased from 5 to 15 per­
cent by dr~r 'ftfeigh t, tho sandy loam soil gains i 11 
compre ssi vo strc·1gt·1 at a greater rate than tl1e rate 
of cement increase . Within this same range the other 
tv•o soils :to not gain in s+re::-"_gt~1. as raiJidly as the 
cement is increased. 

f . No ap~reciable improvement was found in the durability 
and compres~ive strength of the soil-cement specimens 
containing TDA. 

g . Cycles of wetti11g and dr;ying produced a11 i11crease in 
the com ressive strength in all mixtuccs of sandy loam, 
and some i11crease in the higher percente..ges of cement 
i~ the sandy clay loam and clay 102m specimens. 

h . Cycles of freezing a:11d tha\.'ri ng genera,llJr :produced some 
decrease in the compressive strength of all speci mens, 
a marke~ decrease in strength being noted in those 
specimens 1trl1ich contained the lov-.rer percentages 
(5 end 7) of cement . 
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TABLES 



Sample 

1 

2 

3 
lj 

5 

6 

7 

8 

1 

2 

3 
4 

5 
6 

7 

8 

1 

2 

3 
4 

5 

6 

7 

8 

1 

2 

3 
lj 

5 
6 

7 

8 

TABLE 3 
EFFECT OF WATER-CEME~T RATIO ON COMPRESSIVE STRENGTH OF SANDY LOA~ SOIL-CEMENT MIXTURES 

Proctor Test Specimens 
Oplirrum 
water 

C0rt ent 
Per Cent 

10. 8 

10. 8 

10.8 

10. 8 

10.8 
10. 8 

10. 8 

10.8 

11. 0 

11. 0 

11. 0 

11. 0 

11. 0 

11. 0 

11. 0 

11. 0 

11. 2 

11. 2 

11. 2 

11. 2 

11. 2 

11. 2 

11. 2 

11. 2 

11. 3 
11. 3 
11. 3 
11. 3 
11. 3 
11. 3 
11. .3 
11. 3 

Maxi mum Dry 
Density 

lbs./cu. ft. 

119. 8 

119.8 

119. 8 

119. 8 
119.8 

119.8 

119. 8 

119. 8 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 
119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 7 

119. 6 

119. 6 

119. 6 

119. 6 

119. 6 

119. 6 
119. 6 

119. 6 

Compacted Test Specimens 

Actual Dry 
Density 

lbs./cu. ft. 

116.5 
116.9 
118.5 

118. 1 

120. 1 

120.5 

117 . .3 
117.5 

115. 5 

115. 7 

117. 8 

118.6 
118.0 

119. lj 

117. 9 

118. 5 

117.9 

116. 2 

119. l 

119. 9 
119. 4 

114. 2 
114. 5 

116. 2 

115. lj 

115. 1 

115. 2 

119. 3 
119. 2 

1111. 4 

1111. 0 

Actual 
Water 
Content 
Per Cent 

6. lj 

6.5 
8.0 

8.6 
10 . .3 
10. 2 

12. 5 

12.3 

6. lj 

6.3 

8.5 
8. 4 

11. 9 

10. lj 

12. 1 

12. 1 

6. 7 
7. 1 

9.3 

11. 6 

11. 6 

13. 7 

13. lj 

7.5 
7.5 

9.3 

9.3 

11. 6 

11. 5 

13.5 
13.5 

Actual Water 
Content Minus 
Optimum Water 

content 
Per Cent 

-ll. lj 

-4.3 

-2.8 
-2. 2 

-0.5 
-0. 6 

+l. 7 

+i. 5 

-ll. 6 

-ll. 7 

-2.5 

-2.6 
-+-0. 9 

-0. 6 

+l. 1 

+1. 1 

-4.5 
-4. 1 

-1.9 

+0.4 
+o. 4 

+2.5 

+ 2. 2 

-3. 8 

-3.8 
-2. 0 

-2. 0 

+o. 3 
+o. 2 

+2. 2 

+2. 2 

Cement 
Content 
Per Cent 
Ory Wt. 

5 
5 
5 

5 

5 

5 

5 
5 

7 

7 

7 

7 

7 

7 

7 

7 

9 

9 

9 

9 

9 

9 

9 

9 

11 

11 

11 

11 
11 

11 

11 

11 

Water 
Cement 
Ratio 
w/c 

2.0 
2.0 
2.5 
2. 7 
3.2 

J. 2 
lj. 0 

4.0 

1. 5 

1. 5 

2.0 
1. 9 

2. 7 
2. u 

2. 8 

2.8 

1. 2 

1. 3 
1. 7 

2. 1 

2. 1 
2. 5 

2.4 

1. 1 

1. 1 

1. 3 
1. 3 

1. 7 

1. 7 

2.0 
2.0 

Strength 
lbs. "q. in. 

273 
273 
286 
259 
257 

3 29 

149 

137 

288 

353 

382 
525 
241 

ll8 

290 
245 

5 70 
540 

630 
697 

730 
723 
llll6 

lj 78 

684 
669 

7 29 

736 

863 
902 

548 

503 

Strain 
Per Cent 

0.54 
0.47 
0.82 

o. 71 

0.65 

0. 64 

1. 12 

1. 10 

0.54 

0.55 
o. 65 

o. 28 
o.86 
o. 70 

1. 35 
1. 21 

0.90 
0. 52 

0.62 

0.53 
0.86 

0. 73 

0. 80 

0. 70 

0. 70 

o. 63 
0.80 

0.58 
0.89 
0.92 

o. 77 
0. 64 



SCl!Tlple 

1 

2 

.3 
4 

5 
6 

7 

8 

1 

2 

J 
I.I 

5 

6 

7 

8 

1 

2 

3 
11 

5 

6· 
7 

8 

1 

2 

.3 
11 

5 

6 

7 

8 

TABLE ... 

EFFECT Of WATER-CEMENT RATIO Oli COMPRESSIVE STRENGTH OF SAN DY CLAY LO AM SOIL-CE"IENT MIXTURES 

Proctor Test Specimens 

Op t imum 

Water 

Content 

Per Cent 

15. 6 
15.6 

lS. 6 

15. 6 

15.6 

15.6 
15. 6 

15. 6 

15. 9 
15. 9 

15.9 
15.9 

15. 9 

15.9 

15.9 
15. 9 

16. 2 

16. 2 

16. 2 
16. 2 
16. 2 

16. 2 

16. 2 

16. 2 

16.5 

16.5 

16. 5 

16. 5 
16.5 

16. 5 
16.5 

16. 5 

MaximufTI Dry 

Density 

lbs. /cu . ft . 

110. 9 

110. 9 

110 . 9 

110. 9 

110. 9 

110 . 9 
110. 9 

110. 9 

110. 0 

110. 0 

110. 0 

110 . 0 

110 . 0 

110. 0 

110. 0 
110. 0 

109. 1 

109. 1 
109. 1 

109. 1 

109. 1 

109. 1 

109. 1 

109. 1 

108. 2 

108. 2 

108. 2 

108. 2 

108. 2 

108. 2 
108. 2 

108. 2 

Compact ed Test Specimens 

Actual Dry 

Densi t y 

lbs. /cu. rt. 

1011. 1 

10 2. 5 
109. 4 

109. 1 

110. 5 

109. 6 

108. 2 

108 . 0 

105. 1 

106. 0 

110. 2 

109. 5 

110 . 4 

110 . 0 

10 7 . .3 

108. 5 

10 7. 0 

10 7. 0 
110. 5 

111. 9 

110. 7 

111. .3 

108 . 0 

108. 7 

1(15. 9 

105. 6 

110.0 

110 . 9 

110. 1 

110. 0 

108 . 9 

108. 2 

Actual 

water 

Cont ent 

Per Cent 

11. 7 

11. 6 

lJ . .3 
1.3. 5 

15.5 
15.5 
17. I.I 

17. 5 

12. 1 

11. 9 

1.3 . 8 

1.3. 9 

15. 7 
16. 1 

18. 4 
17 . 5 

12.0 

12. 0 
11.1. 2 

111. 1 

15. 5 

15.5 
17. 6 

17. 5 

12. 11 

12. 2 

14. 0 

11.1. 1 

16. 1 

17. 7 

17. 7 

18. 1 

Actual Water 

Content Minus 

Opti mum Water 

content 

Per Cen t 

-J . 9 
-I.I. 0 

-2 . .3 
-2. 1 

-0 . 1 

-0 . 1 
+1. 8 

+l. 9 

) . 8 

- 11. 0 

2.1 

-2. 0 

-0. 2 
+0.2 

+2. 5 
+l. 6 

11. 2 

I.I. 2 

• 2. 0 

- 2. 1 
-0 . 7 

-0. 7 
+ 1. 11 

+i. .3 

-4. 1 

4. 3 
-2. 5 
- 2. I.I 

-0 . 11 

+t. 2 

+ 1. 2 

+ 1. 6 

Cement 

Cont ent 

Per Cent 

Dry Wt. 

5 
5 

5 
5 
5 
5 
5 

5 

7 
7 

7 

7 
7 

7 

7 
7 

9 

9 

9 

9 

9 

9 

9 

9 

11 

11 
11 

11 

11 

11 

11 

11 

Water 

Cement 

Ratio 

W/C 

). 7 

3, 7 

4. 2 

I.I • 2 

4.9 

4. 9 
5.5 
5. 5 

2. 8 
2. 7 

J . 2 
J. 2 

J.6 
.3 . 7 

I.I. 2 

I.I. 0 

2. 2 
2 . 2 
2.6 

2. 6 

2. 8 

2. 8 

.3. 2 

3.2 

1.9 

l. 9 

2. 1 

2. 1 

2. ll 

2. 7 

2. 7 
2. 7 

St reny th 

lbs. /sq. in. 

2J8 
2J5 
360 
3Jl 

.308 

27.3 

188 

207 

1130 

J31 

1190 

455 

J12 
299 

251 
229 

1.129 

1107 

550 
579 
506 

1172 

.30 2 

3 18 

513 
586 
678 

723 

605 

567 

1.10 7 

395 

St r ,1 i n 

Per Cent 

0. UJ 

0 . 57 

0 . .39 

0.79 

0. :: 1 

0.55 
0.82 

0.68 

0.50 
0.48 

0 .58 

0.39 

0. 7J 
0.89 

o. 75 
0. 80 

o. 50 
0 . 5 1 

0 . 69 

0 . 65 

0 . 71 

0 . 811 

0.85 
0. 78 

0.46 
0. 1.17 

0 .6 2 

0 .62 
0.85 

0.84 
• 
0.9) 

1. 06 



w 
p....t. 

~ 

O'~ 

c,.; -

Sample 

1 

2 

3 
4 

5 

6 

7 

8 

1 

2 

3 
lj 

5 

6 

7 

8 

1 

2 

3 
4 

5 

6 

7 

8 

1 

2 

3 
4 

5 

6 

7 

8 

TABLE 5 

EFFECT OF ~ATER-CEMENT RATIO ON CO~PRESSIVE STRENGTH OF CLAY LOA~ SOIL-CEMENT MIXTURES 

Proctor Test Specimens 
Optimum 
Water 

Content 
Per Cent 

18.0 

18.0 
18.0 

18. 0 

18.0 

18. 0 

18. 0 

18.0 

18. 2 

18. 2 

18. 2 

18. 2 

18. 2 

18 . 2 
18. 2 

18. 2 

16.4 
18. 4 

18. i: 

18.4 
18. 4 

18. 4 

16. 4 

18.4 

18. 5 

18.5 

18. 5 
18. 5 

18.5 

18. 5 

18. 5 

18.5 

Maximum Dry 
Density 

lbs./cu. ft. 

103. 8 
103. 8 

103. 8 
103. 8 

103. 8 

10 3. 8 

103. 8 

103. 8 

103. 6 

103. 6 

103. 6 

103. 6 

10 3. 6 

103. 6 

103. 6 

103. 6 

103. 4 

103. 4 
103. 4 

103. 4 

103. 4 

103. 4 

103. 4 

103. 4 

103. 3 

103. 3 
103. 3 
103. 3 
103. 3 
103. 3 

103. 3 

103. 3 

Compa~ted Test Specimens 

Act ual Dry 
Density 

lbs. /cu . ft. 

10 1. 5 
101. 5 

103. 7 

10 2. 8 

104. 0 

103. 9 

101. 9 
10 2. 2 

10 L 1 

101. 1 

104. 0 

103. 0 

103. 4 

105. 3 
10 2. 2 

10 2. 3 

100.4 

101. 3 
103. 2 

104. 0 

105. 4 

104. 8 

104. 2 

104. 2 

10 2. 9 

100. 9 

104. 3 
10 4. 1 

105. 0 

105. 0 

104. 8 

104, 3 

Actu 1 
Water 
Content 
Per Cent 

14. 2 
14. 2 

15.9 

16.0 
17. 6 

17. 8 

20. 5 

20. 3 

14.6 
14. 6 

16. 1 

16. 1 
18. 1 

17. 5 

20. 2 

20 . 3 

14.3 

14. 3 
16. 1 

15.9 
17. 8 
17. 5 

19. 5 

18. 9 

14. 4 

14. 7 
15. 7 
15. 6 

17. 3 

17. 2 

18. 8 

18. 8 

Actual Water 
Content Minus 
Optimum Water 

content 
Per Cent 

-3. 8 
-3.8 

-2. 1 

-2. 0 

-0.4 

--0. 2 

+ 2. 5 

+ 2. 3 

-3. 6 

-J.6 
-2. 1 

-2. l 

-0. 1 

-0. 7 

+2. 0 

+2. 1 

-4. 1 

-4. 1 
-2. 3 
-2. 5 

-0.6 

-0. 9 

+1. 1 

+o.5 

-4. 1 

-3.8 
-2. 8 

-2. 9 

-1. 2 

-1. .3 

+0.3 

+0.3 

Cement 
Content 
Per Cc.nt 
Dry Wt. 

5 
5 

5 

5 
5 

5 

5 

5 

7 

7 

7 

7 

7 

7 

7 

7 

9 

9 

9 

9 

9 

9 

9 

9 

11 

11 

11 

11 

11 

11 

11 

11 

water 
Cement 
Ratio 
W/C 

4.5 
4.5 
5.0 

5.0 

5.5 

5.5 

6.5 

6.4 

3. 4 
3.3 
3. 7 

3. 7 
4. 2 

4 . 0 

4. 6 

4. 7 

2.6 
2. 6 

2. 9 

2.9 

3. 2 

3. 2 

3.5 

3 .5 

2. 2 

2. 2 
2. 4 

2.4 

2. 6 

2.6 

2. 9 
2.9 

Streng t h 
lbs. sq. in. 

154 

137 

14.3 

145 

159 

165 

122 

122 

52 

134 

203 
202 
218 

226 

181 

165 
252 
296 

296 
305 
292 

248 

279 

325 
260 

318 

350 

.356 

353 
337 
321 

Strain 
Per Cent 

0.62 
0 .61 

o. 64 
0.61 

0 . 74 

o. 72 

0.95 

0.92 

0 . 99 
0.69 

0.57 

0 .58 
0.54 

0 . 73 

0 . 71 

o. 81 

0 .67 
o. 71 

0 .61 

0. 86 
0.65 
1. 10 

0.93 

0 . 71 

0. 77 

0 .55 

0 .64 

0 .59 

0. 73 
0.90 

0.83 



Type of Our-

ability Test 

df t er 28 

day~ curing . 

28-Day Cur ing 

Period Only 

Wet -Dry 

1' Cycles 

Freeze-Thaw 

4 Cyc l es 

Wet-Dry 

8 Cyc les 

Freeze-Th1w 

8 Cyc l es 

wet-D ry 

12 Cycles 

Freeze-Thaw 

12 Cycl es 

TABLE 6 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRE~GTH OF SAN DY LO A~ SOIL~EMEST SPECIME NS 

Cemen t Con tent -- SS of Dry Wt . of Soil 

Sample 

No. 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

. 

Specimens Molded at Approximate vptimum Water Con t en t 

TREATED wlTH TOA SOLUTION 

Molded 

Water 

Cont ent 

Per Cent 

11. 7 

12. 0 

11. 1 

11. 7 

11. 5 

11. 5 

11. 6 

11. 7 

11. 7 

12. 0 

11. 3 

11. 8 

11. 9 

Molded 

Ory 

Densi ty 

lbs/CU ft 

119. 7 

118. 4 

119. 7 

118. 7 

119. 3 

118.6 

119. 0 

119. 0 

118.9 

118. 5 

119. 7 

119. 1 

118. 8 

Maximum 

Compressive 

Strength 

lb /SQ in 

197 

216 

41' 2 

357 

197 

175 

267 

501 

175 

1116 

4112 

616 

156 

127 

Maximum 

Strain 

Per Cent 

0 . 70 

0. 6 2 

0 .5 2 

0 . 56 

0.6 2 

0 . 37 

o. 8 2 

0.95 

0.51 

0. 56 

0. 76 

0. 73 

0. 51 

0 . 47 

Sample 

No. 

1 

2 

3 
4 

7 

8 

5 

6 

13 

111 

9 

10 

15 

16 

11 

12 

Molded 

Water 

Cont ent 

Per Cent 

10. 1 

10. 6 

9.8 

9.6 

10. 8 

10. 1 

10. 6 

11. 1 

10. 1 

9. 7 

10. 3 
10. 6 

10. 2 

10. 6 

10. 8 

10. 1 

UNTREAT ED 

Molded 

Dry 

Densi ty 

lbs/cu ft 

121. 7 

121. 5 

121. 5 

121. 8 

120. 9 

120. 9 

121. 3 
121. 4 

120. 6 

121. 1 

120. 6 

120. 6 

120. 9 

120. 0 

120. 6 

121. 1 

.Maximum 

Compressive 

Strength 

lDs/sq in 

1' 10 

1' 24 

400 

382 

61' 3 

571' 

331 

309 

4116 

1'6 2 

271' 

289 

809 

696 

223 

121 

Maximum 

Strain 

Per Cent 

0 .64 

0. 6 1 

0. 59 

0. 71 

0 . 79 

0.64 

0. 6 2 

0.93 

0. 83 

0 . 69 

0 . 61' 

0.68 

0 .98 

0 .90 

0.85 

0. 9 2 



Type of Dur-
C\b i 1 it y Te st 

a fter 28 

da)'S curin;;i. 

28-Day Curi ny 
P~riod Only 

wet-Dry 
4 Cycles 

Freeze-Thaw 
4 Cycles 

we~-Dry 

R Cycles 

Freeze-Thdw 
8 C>cles 

Wet-Ory 
12 Cyc 1 e 

Freeze-Thaw 
12 Cycles 

TABLE 7 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOIL-CEMENT SPECIMENS 

Cement Content -- 7% of Dry Wt. of Soil 

Sample 
t-.o. 

1 

2 

.3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

1.3 

14 

Molded 
Water 
Content 

Per Cent 

12. 0 

11. 7 

11. 8 

11. 6 

11. 4 

11. 5 

11. 4 

11. 4 

11. 8 

11. 6 

11. 6 

11. 6 

12. 0 

11. 2 

Specimens Molded at Approximate Optimum Water Content 

TREATED WI TH TOA SOLUTION 

Molded 
Dry 

!lens it y 

1 bs cu ft 

119. 1 

119 . .3 

119. 1 

119. 6 

120. 3 
119. 2 

119. 7 

119. 9 

118. 7 

119. 8 

119. 6 

119. 6 

118. 9 

120. 2 

Maximum 
Compressive 

Strength 
lbs/sq in 

267 

216 

490 

471 

277 

256 

691l 

705 

267 

277 

56.3 

554 

288 

277 

Mdximum 
Strain 

Per Cent 

0.11.3 

0.811 

0.58 

0. 75 

0.54 

0.42 

0. 90 

1. 00 

0.56 

0.55 

1. 0 l 

0. 91 

0.67 

0. 511 

Sample 
No. 

1 

2 

.3 
4 

7 

8 

5 

6 

1.3 

14 

9 

10 

15 

16 

11 

12 

Molded 
Water 
Content 

Per Cent 

11. 0 

10. 9 

10. 5 

10 . .3 

10. 4 

10. 5 

10 . .3 

10. 6 

10. 5 

9. 2 

11. 5 
10. 7 

10. 2 

10. 4 

10. 5 

11. 0 

UNTREATED 

Molded 
Dry 

Density 
lbs/cu ft 

118.0 

121. 1 

118. 7 

121. 1 

121. 1 

120. 8 

121. 1 

120. 6 

120. 2 
122. 8 

120. 2 

120. 2 

120. 2 

120. 6 

120. 6 

120. 2 

Maximum 
Compressive 

Strength 
lbs/sq in 

5111 

522 

509 

528 

1100 

9.35 

554 

518 

1050 

80 2 

431 

477 

896 

1069 

490 

452 

Maximum 
Strain 

Per Cent 

0.611 

0. 79 

0 . 81 

0.80 

0. 72 

0 . 96 

0. 79 

0.68 

1. 04 

0. 75 

0.66 

0.87 

0.90 

0. 78 

0. 81 

0 . 65 



Type of Dur-

ability Te st 

after 28 

days curing . 

28-Day Curing 

Period Only 

wet-Dry 
4 Cycles 

Freeze-Thaw 

4 Cycles 

Wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

wet-Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 8 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOA~ SOIL-CEMENT SPECIMESS 

Cement Content -- 91 of Dry Wt. of Soil 

Sample 
No. 

1 

2 

.3 

4 

5 
6 

7 

B 

9 

10 

11 

12 

1.3 

14 

Specimens Molded at Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION 

Molded 

Water 

Content 

Per Cent 

11. 6 

11. 5 

11. .3 

12. 5 

11. 7 
11. 4 

12 . .3 

12. 1 

12. 6 

12. 7 

12. 1 

12. 0 

11. 8 

12. 6 

Molded 

Dry 
Density 

1 bs/ cu ft 

119. 5 

120 . 0 

120 . .3 

117. 7 

119. 5 

119. 6 

117. 5 

118.0 

117.8 

117. 7 

118. 5 

118.9 

119 . .3 

117.9 

Maximum 

Compressive 

Strength 

lbs/sg in 

.357 

4 .3.3 

645 

6.35 

481 

471 

869 

9.31 

401 

481 

922 

1011 

554 

512 

Maximum 

Strain 

Per Cent 

0. 59 

0. 52 

0. 79 

0.57 

o. 46 

o. 47 

0. 75 

0.82 

0. 67 

0. 49 

0.92 

0.59 

0. 4.3 

0 . .32 

Sample 
No. 

1 

2 

.3 

4 

7 

8 

5 
6 

1.3 

14 

9 

10 

15 

16 

11 

12 

Molded 

Water 

Content 

Per Cent 

10.9 

10. 9 

11. 0 

11. 1 

10. 6 

10. 6 

11. l 
10. 6 

10. 6 

11. 0 

11. 0 

10. 4 

10. 7 
11. .3 

10. 4 

9.4 

UNTREATED 

Molded 

Dry 
Density 

1 bs/ cu ft 

118.9 

121. 1 

120.0 

122. 2 

120. 2 

121. 1 

120. 9 

120. 9 

120. 2 

120. 2 

120. 2 

121. 4 

120. 6 

119.4 

120.9 

121. 1 

~ax i l'lum 

Compressive 

Strength 

lt>s/sg in 

804 

674 

69.3 

716 

1446 

1170 

71.3 

751 

1.372 

14.38 

674 

696 

1975 

1680 

581 

440 

Maximum 

Strain 

Per Cent 

0. 75 

0.86 

0. 7 2 

0.84 

0.84 

0. 78 

0 . 7 2 

0. 76 

0. 8.3 

0. 911 

0 . 64 

0. 71 

l. 12 

1. 06 

0. 7.3 

0.96 



Type of Dur-

ab i 1 it y Test 

after 28 

days curinL_ 

28-Day Curing 

Period Only 

Wet-Ory 

l! Cycles 

Freez~Thaw 

ij Cycles 

Wet-Dry 

8 Cycles 

Freez~Thaw 

8 Cycles 

wet-Dry 

12 Cycles 

F reez~Thaw 

12 Cycles 

TABLE 9 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY LOAM SOIL-CEMENT SPECIMENS 

Cement Content -- 11% or Dry wt. of Soil 

Sample 

No. 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

lJ 

14 

Specimens Molded at Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION 

Mo 1 ded 

Water 

Content 

Per Cent 

12. 4 

12.6 

12.4 

12.J 

12. 0 

12. 5 

12. 0 

11. 6 

12. 1 

12. 6 

12. 5 

12. 1 

12. 2 

12. 0 

~olded 

Dry 

Density 

lbs. cu ft 

118. 6 

117. 8 

118.5 

118. 6 

119.4 

118. 1 

118.6 

119. 7 

119. u 
117. 7 

118. 1 

118.4 

118. 1 

119. 0 

Maximum 

Compressive 

Strength 

lbs/ sq in 

616 

490 

952 

961 

654 

651J 

1380 

ll+UO 

694 

635 

1288 

1338 

654 

675 

Maxi mu'"" 

Strain 

Per Cent 

0. 59 

0. 47 

0. 46 

o. 64 

o. 43 

0.5U 

0.91 

0. 67 

0. 56 

0. 61 

0. 68 

0. 75 

0. 55 

0. 42 

Sample 

No. 

1 

2 

3 
4 

7 

8 

5 

6 

13 

14 

9 

10 

15 

16 

11 

12 

Molded 

Water 

Content 
Per Cent 

10. 7 

11. 1 

10 . 9 

11. 4 

11. 1 

11. 4 

11. 3 

10. 8 

10. 7 

10. 9 

10. 6 

11. 1 

11. 0 

11. 0 

11. J 
10. 8 

UNTREATED 

Molded 

Dry 
Density 

lbs/ cu ft 

121. 8 

121. 8 

122. 1 

120. 9 

120. 9 

120. 6 

119.9 

120. 9 

121. 3 

121. 3 

121. 1 

120. 6 

120. 2 

120. 9 

120. 2 

121. 1 

Maximum 

Compressive 

Strength 
lbs/sq in 

970 

922 

949 

957 

1644 

15 71 

777 

975 

1870 

1705 

863 

796 

2020 

1985 

755 

866 

Maximum 

Strain 

Per Cent 

0.83 

0.95 

0.68 

0.96 

0.96 

0. 79 

0. 64 

0.61 

0.99 

1. 11 

0.69 

0. 76 

1. 04 

1. JU 

0. 79 

0. 76 



• 
TABLE 10 

MAXIMUM COMPRESSIVE STRENGTH AND MAXIMUM STR AIN OF SANDY LOAM SOIL~EMENT SPECIMENS 

Specimens Molded a t Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION 
Type of Dur­

at> i 1 ity Te t 

after 28 

days curing . 

28-Day Curing 

Period Only 

Wet-Dry 

11 Cycles 

Freeze-Thaw 

11 Cycles 

wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cyc les 

wet -Ory 

12 Cycles 

F r eeze-Thaw 

12 Cycles 

5 ~ 7, 
Cement Cement 

c. S. • Strain•• c. s. Strdi n 

197 o. 70 267 0. 43 

216 . 62 216 • 84 

11112 .52 1190 . 58 

357 . 56 1171 . 75 

197 • 62 277 • 511 

175 . 37 256 • 112 

267 . 82 6911 . 90 

501 .95 705 L OO 

175 • 51 267 0 . 56 

1116 .56 277 • 55 

11112 . 76 56.3 1. 01 

616 • 7.3 5511 0.91 

156 • 5 1 288 • 6 7 

127 • 117 277 . 54 

• 

• • 
Compressive strength in pounds per sq. in. ; 

Jn per cent. 

NOTE: Cement in per cent dry wt . of soil . 

9% 

Cement 

c. s. Strain 

357 0.59 

1133 . 52 

6115 • 79 

635 .5 7 

481 • 46 

1171 • 117 

869 • 75 

931 • 82 

401 • 67 

1181 • 119 

922 . 92 

1011 . 59 

554 • 113 

512 • .3 2 

11% 

Cement 

C. S. Strain 
-------

616 0 . 59 

490 • 11 7 

952 . 116 

961 • 64 

654 . 43 

6511 • 54 

1380 • 91 

11140 • 6 7 

6911 . 56 

635 • 6 1 

1288 • 68 

1338 . 75 

651! . 55 

675 . 4 2 

UNTREATED 

5-:; 7i. 9l 
Cement Cement Cement 

C. S. Strain c. s. Strain C. S. Strain 

1110 0. 611 541 0. 64 804 o. 75 

4 24 . 6 1 522 . 79 674 . 86 

400 . 59 509 • 81 693 . 72 

382 . 7 1 528 . 80 716 . 84 

6113 • 79 1100 . 72 1446 . 84 

5 74 . 64 935 .96 1170 . 78 

JJ 1 .62 554 . 79 11.3 . 72 

.309 • 93 518 . 68 751 • 76 

446 • 8.3 1050 1. 04 13 72 . 83 

1162 • 69 802 . 75 1438 • 94 

274 . 611 1131 .66 674 • 64 

289 . 68 477 • 8 7 696 • 71 

. 
809 . 98 896 . 90 1975 1. 12 

696 . 90 1069 • 78 1680 1. 06 

22.3 • 85 490 . 81 581 o. 7.3 

121 . 92 452 • 65 440 . 96 

111
; 

Cement 

C. S. Strain 

9 '/0 o. 83 

922 .95 

949 .68 

95 7 .96 

1644 • 96 

15 71 .79 

7"' 7 • 64 

975 .61 

1870 . 99 

1705 1. 11 

863 0.69 

796 • 76 

2020 1. Oil 
1985 1. 34 

755 0. 79 

866 . 76 



Type of Dur-

ab i 1 it y Test 

after 28 

days curing. 

28-Day Curing 

Period Only 

wet-Dry 

4 Cycles 

Freeze-Thaw 

4 Cycles 

~ Wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

wet-Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 11 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESS STRENGTH OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS 

Cement Content -- 51 of Dry Wt . of Soil 

Specimens Molded at Approximate Minus 21 Optimum Water Content 

TREATED WITH TOA SOLUTION UNTREATED 

Molded Molded Maximum Maximum Molded "lol ded Maximum 

Sample Water Dry Compress i ve Strain Sample Water Dry Compressive 

No. Content Density Strength Per Cent Ho. Content Density Strength 

Per Cent lbs/cu ft lbs/sq in Per Cent lbs/cu ft 1 t>s/ sq in 

1.3 1.3.8 109. 5 .360 
14 14 • .3 108. 0 426 

1 14,6 106. 9 .277 o. 40 15 14. 2 108. 2 296 
2 14. 5 106. l 299 0.38 16 13.5 107. 7 376 

3 14. 0 105. 9 95 o. 81 7 1.3. 1 105. 9 127 
4 14. 0 106. 2 127 0. 94 8 12. 8 106. 1 99 

5 13. 7 105. 5 1.37 0 . 57 1 13. 4 107. 8 147 
6 14. 5 105. 7 1.37 o. 4.3 2 13. 2 104. 9 180 

7 14. 4 107. c 156 0. 92 9 12. 7 106. 9 121 
8 l!L 0 1 5. 2 146 o. 92 10 14. 8 109. 0 148 

9 14. 5 107. 0 186 0.52 .3 1.3. 7 108. 9 147 
10 14. 6 106. 4 146 0.44 4 14. 1 10 7. 7 1.37 

11 15. 2 107 . .3 175 1. 00 11 1.3.8 107. 6 149 
12 1.3. 9 105. 2 166 0. 78 12 14. l 108. 9 15.3 

1.3 14 • .3 106 • .3 146 0.42 5 1.3. 9 108. 4 89 
14 1.3. 7 105. 1 127 0.48 6 1.3. 9 109. 9 14.3 

Maximum 

Strain 

Per Cent 

0 . .38 

0 • .37 

0.54 

O.i+J 

0.69 

0. 70 

0.58 

0.60 

1. 20 

1. 19 

0. 94 

0. 82 

1. 12 

1. 24 

1. 49 

1. 58 



Type of Our-

ab i l it y Test 

after 28 

days curinL 

28-Day Curing 

Period Only 

Wet - Dry 

II Cycles 

Freeze-Thaw 

11 Cycles 

wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE ~2 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS 

Cement Content ~ 71 of Dry Wt . or Soil 

Sample 

No. 

1 

2 

.3 

u 

5 

6 

7 

8 

9 

10 

11 

12 

1.3 

111 

Specimens Molded at Approximate Minus 21 Optimum Water Content 

TREATED WITH TOA SOLUTION 

Molded 

water 

Content 

Per Cent 

15. 0 

111 • .3 

1.3. 1 

111. 6 

lU. 2 

1.3. 7 

1.3. 6 

1.3. 8 

1.3. 1 

1). II 

14. 2 

1.3. 6 

1.3 . .3 

1.3. 1 

Molded 

Dry 

Density 

lbs/cu ft 

108. 5 

107. 6 

106. 7 

109 • .3 

10 7. 4 

106. 0 

106. 7 

107 • .3 

105. 6 

107. 2 

105. 2 

105. 2 

10 II . .3 

105 • .3 

Maximum 

Compressive 

Strength 

lbs/sq in 

625 

ti81 

.328 

401 

422 

.318 

.357 

1162 

.318 

.3 79 

.3 .37 

267 

2.37 

309 

Maximum 

Strain 

Per Cent 

0.1111 

0 • .36 

1. 12 

1. 18 

0. 56 

o. 52 

1.08 

0. 99 

0 • .38 

0. 115 

0. 96 

1.02 

o. 48 

0. 119 

Sample 

Ho. 

1.3 
111 

15 

16 

7 

8 

1 

2 

9 

10 

.3 

II 

11 

12 

5 
6 

Molded 

water 

Content 

Per Cent 

111. 0 

1.3. II 

1.3. 2 

1.3 . .3 

-
1.3. 7 

1.3 • .3 

1.3. 9 

1.3. 8 

1.3. 5 

1.3. 7 

1.3 • .3 

13. 9 
. 

1.3. 6 

1.3. II 

UNTREATED 

Molded 

Dry 

Density 

lbs/cu ft 

108. 7 

106. 8 

108. 6 

10 7. 6 

-
106. 9 

107. 5 

107. 0 

10 7. 2 

109. 5 

109. 1 

108. 9 

107. 6 

-

10 7. 6 

108 . .3 

Max imlMll 

Compressive 

Strength 

lbsl sq in 

529 

566 

596 

472 

U20 

248 

Ulll 

.36.3 

28.3 

.36.3 

'.366 

.395 

280 

.3 .311 

290 
351 

Maximum 

Strain 

Per Cent 

0. 6.3 

0.57 

0. ij() 

0.58 

1. 0.3 

1. 21 

0. 511 

0.511 

1. 29 

1 . .3 7 

0.66 

0. 6.3 

1. ij() 

1. 22 

0.611 
o. 77 



Type of Dur-

ab i 1 it y Test 

after 28 

days curing. 

28-Day Curing 
Period Only 

Wet-Dry 

4 Cycles 

Freeze-Thaw 

4 Cycles 

wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet-Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 13 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF SANDY CLAY LOA~ SOIL-CEME~T SPECIMENS 

Cement Content -- 9$ of Dry wt. of Soil 

Sample 

No . 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Specimens Molded at Approximate Minu5 2$ Optimum Water Content 

TREATED WITH TOA SOLUTION 

Molded 

water 

Content 

Per Cent 

14.0 

13. 7 

13.5 
12. 9 

14. 1 

14. 1 

1.3. 7 

13. 2 

13. 3 

14. 2 

lll.. 0 

1.3.6 

14. 0 

13. 7 

Molded 

Dry 

Density 

lbs/cu ft 

106. J 

104. 7 

105. 0 

104. 8 

10 7. lj. 

107. 6 

10 7 ... 

108. 0 

10 7. 1 

106. 8 

106. 5 

106. 5 

108. l 

106. 2 

Maximum 

Compressive 

Strength 

los/sg in 

54J 

54) 

390 
347 

501 

522 

433 

347 

.357 

368 

4.3.3 

ll. 3 .3 

543 

390 

M~,.;irrum 

Strain 

Per Cent 

0. 4J 

0.41 

0.94 

1. 06 

0. 58 

0. 45 

0. 78 

0. 72 

0. 46 

0. 58 

0. 76 

1. 01 

0.52 

0. 42 

Sample 

No. 

1.3 

14 

15 

16 

7 

8 

1 

2 

9 

10 

3 
4 

11 

12 

5 
6 

Molded 

Water 

Content 

Per Cent 

lJ.5 

13. 9 

13. 6 

13. 2 

13.8 

13. 6 

1.3. 4 

13.6 

lJ. 9 

13. s 

14. 2 

13. 5 

14. 1 

14.J 

13. 5 

1.3. 7 

Ut.TREATED 

Molded 

Dry 

Density 

losl cu ft 

108.0 

10 7. 7 

108. 5 

108 . .3 

109. 6 

106. 7 

106. 9 

108. 0 

110. 1 

109. 9 

108. 8 

107. 9 

111. 0 

108. 9 

108. 4 

110. 1 

Maximum 

Compressive 

Strength 

1 os/ sq in 

524 

.361 

567 

516 

305 
388 

516 

506 

4 20 

411 

558 

455 

506 
5)8 

462 

510 

Maximum 

Strain 

Per Cent 

0.60 

0. 49 

0.54 

0.53 

1. 27 
1. 17 

0.57 

0.52 

0.87 

1. 15 

0 . 61 

0.64 

1. .31 

1. 16 

0. 74 

0.56 



Type of Dur-
~b' 1 it y Test 

after 28 

days curing 

28-day Curing 

Period Only 

Wet-Dry 

4 Cycles 

Free "e-T haw 

4 Cycles 

Wet Dry 

8 Cyc l es 

Free7e-Thaw 

8 Cycles 

Wet Dry 
12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 14 

EFFECT OF DURABILITY TESTS ON UNCONFINEP COMPRESSIVE STRENG TH OF SANDY CL AY LOAM SOil-CEMENT SPECl~EN S 

Cement Content -- 11$ of Dry wt. of Soil 

Spec imens ~olded at Approximate Minus 2$ Optimum Water Con tent 

TREATED WITH TOA SO LUTION UNTREATED 

Molded Molded Maximum Maximum Molded Molded Maximum 
~ 'l!llp l p water Ory Compre sive Strain S?JTip 1 e Water Ory Compr essive 
No. Content Density Strength Per Cent No. Content Density St rengl h 

Per Cent lbs/cu ft lbslsg in Per Cent 1 Ds/ cu ft __ Jbs/sg in 

13 13. 6 107 . 7 59. 

14 13.8 108. 1 657 

1 13. 7 106. 9 7 26 0. 54 15 14. 0 107. 9 61 " 
2 14. 4 107. 8 778 0. 48 16 13. 7 106. 3 507 

3 14.0 107 . 7 586 0 .99 7 13. 9 108. 0 567 
4 13. 7 105. 7 471 0 . 74 8 14. 2 10 7. 0 57 4 

5 13.9 10 7. 3 737 0. 72 1 13. 6 109. 4 563 

6 14. 0 107. 5 625 0 .59 2 - - 538 

7 15. 4 108. 3 645 o. 95 9 13. 7 108. 3 593 

8 15. 1 107. 9 7 26 0. 8 2 10 lJ.8 107. 4 533 

9 14. 8 108. 3 635 o. 60 3 13.9 108. 5 573 

10 14.8 108. 2 664 0.45 4 - - 648 

11 14.9 107. 2 56,3 0. 76 11 13.9 108. 8 717 

12 14. 6 106. 5 645 0. 84 12 13. 1 108. 2 6911 

13 15. 3 108.0 6811 0 . 48 5 lll. 0 10 7. 9 648 

14 14. II 107. 2 616 0 . U7 6 lU.O 108. 8 669 

Maximum 

strain 

Per Cent 

0.61 

0 .63 

0.66 

0 .69 

1. 09 

1. 24 

0.65 
o. 6 2 

1. 08 

1. 16 

0 . 74 

0 . 76 

1. 07 

1. 13 

0. 75 

0 . 71 



TABLE 15 

MAXIMUM COMPRESSIVE STRENGTH AHO MAXIMUM STRAIN OF SANDY CLAY LOAM SOIL CEMENT SPECIMENS 

Specimens Molded at Approximate Minus 2S Optimum Water Content 

TREATED WITH TOA SOLUTION UNTREATED 
Type of Our-
ability Test 51 71 9S 11S SS 7S 9S 

after 28 cement cement Cement Cement cement Cement Ceme11t 
days curing. C. S. • Strain• • c. S. Strain c. S. Strain c. s. Strain c. S. Strain c. S. Strain C. S. Strain 

360 0.38 529 0.63 524 0. 60 
28-Day Curing 426 . 37 566 . 51 361 • 49 
Period Only 277 o. 40 625 O.U4 543 0. 43 726 0.54 296 .S4 596 . .uo S67 . 54 

299 .38 481 . 36 543 .41 778 . us 376 . 43 472 . SS S16 .S3 

Wet-Dry 95 .81 328 1. 12 390 . 94 586 .99 127 . 69 420 1. 03 30s 1. 27 
u Cycles 127 ,94 401 1. 18 347 . 74 99 • 70 99 . 70 2U8 1. 21 J88 1. 17 

Freeze-Thaw 137 .57 422 O. S6 501 . 58 737 . 72 1U7 ,58 414 0.54 516 0. 57 
u Cycles 137 . 43 318 . 5 2 522 . us 625 . 59 180 . 60 363 . SU S06 .52 

Wet-Dry 156 . 92 35 7 l. 08 433 • 78 645 . 95 121 l. 20 283 1. 29 420 . 87 
8 Cycles 146 . 9 2 462 0.99 347 .72 726 .82 148 1. 19 363 1. 37 411 1. 15 

Freeze-Thaw 186 . 52 318 . 38 3S7 . u6 63S . 60 lU 7 0.94 366 0.66 5S8 0.61 

8 Cycles 146 . 44 379 . us 368 .58 664 . 45 137 .82 39S . 63 USS .64 

Wet-Ory 175 1. 00 337 . 96 433 . 76 563 . 76 149 1. 12 280 1. uo S06 1. 31 
12 Cycles 166 o. 78 267 1. 02 433 1. 01 645 . au 153 1. 24 .3.34 1. 22 S38 1. 16 

Freeze-Thaw 146 . 42 2.37 o.48 543 .S2 648 . us 89 1. 49 290 0.64 462 0. 74 
12 Cycles 127 . 48 309 . 49 .390 . 42 616 . 47 14.3 1. 58 3s 1 . 77 510 .56 

• Compressive strength in pounds per sq. in.; 

•• In per cent. 

NOTE: Cement in per cent dry wt . of soil . 

111 
Cement 

c. s. strain 

592 o. 61 
65 7 . 63 
612 . 66 
S07 . 69 

567 1. 09 
574 1. 24 

563 0. 65 
S38 • 62 

593 1. 08 
S33 1. 16 

573 0. 74 
648 . 76 

717 1. 07 
694 1. 13 

648 o. 75 
669 . 71 



Type of Dur-

ability Test 

after 28 

days curing. 

28-Day Curing 

Period Only 

Wet-Dry 

q Cycles 

Freeze-Thaw 

4 Cycles 

Wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet-Ory 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 16 

EFFECT OF DURABILITY TESTS OH UNCONFINED COMPRESSIVE STRENGTH OF CL AY LOAM SOIL-CEMENT SPECIMENS 

Cement Content ~SS of Dry Wt. of Soil 

Specimens Molded at Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION UNTREATED 

Molded Molded Maximum Maximum Molded Molded ~aximum 

Sample Water Dry Compressive Strain Sample Water Dry Compressive 

No. Content Density Strength Per Cent No. Content Density Strength 

Per Cent lbs/cu ft 1 bs/ sq in Per Cent lbs/cu ft lbs/ sq in 
------

13 - 21'2 

11' 18 . .3 101'. 2 221' 

1 17. 7 10 2. 5 137 0. 55 15 17. 7 101'. 5 153 

2 17.3 10 2. 5 118 0. 54 16 17. 4 10.3. 1 105 

.3 18. 7 10 2. 4 64 0.87 7 17. 4 104.1 i i j 

4 18. 7 10 2. 4 51' 0.65 8 17. 3 10.3. 1 I I I 

5 20. 8 99.8 33 1. 5.3 1 

6 18. 1 10 2. 9 43 1. 39 2 17. 7 10.3. 0 

7 18.8 103. 0 vi vi 9 17. 8 104. 5 I I I 

8 19. 1 10 2. 6 vi i i VI 11 10 17.9 10 .3. 9 v 

9 18.5 10 .3. 4 viii viii .3 18.5 104. 0 i i i 
10 19. 2 10 2. 3 vi i i VI 11 4 17.8 103. 9 I I I 

11 18. 7 10 2 . .3 IV iv 11 17. 9 103 . .3 
. . . 
I I I 

12 18.5 10 .3. 9 IV IV 12 17. 8 10 .3. 6 i i i 

1.3 18. 5 10 2. 7 .33 1. 41 5 18. 2 103. 7 i l i 
14 18.0 10 ::. 9 14 0.94 6 17. 4 10 .3. 4 v 

Roman numerals indicate cycle at which specimens disintegrated. 

Maximum 

Strain 

Per Cent 

1. 52 

1. .32 

0.87 

1. 17 

I I I 

I I I 

I I I 

v 

I I I 
. . . 
I I I 

i i i 

i i i 

i i i 
v 



Type of Our-

ability Test 

after 28 

days curing. 

28-Day curing 
Period Only 

Wet-Dry 

4 Cycles 

Freeze-Thaw 
4 Cycles 

Wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet-Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 17 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOIL-CEMENT SPECIMENS 

Cement Content -- 71 of Dry Wt. of Soil 

Specimens Molded at Approximate Optimum water Content 

TREATED WITH TOA SOLUTION UNTREATED 

Molded Molded Maximum Maximum Molded Molded Maximum 

Sample Water Dry Compressive Strain Sample water Ory Compressive 
No. Content Density Strength Per Cent No. Content Density Strength 

Per Cent lbs/ cu ft lbs/ sq in Per Cent 1 bs/ cu ft lbs/ sq in 

13 17. 3 103. 5 274 
14 17. 4 103. 6 286 

1 19. 8 10 l. 2 175 0.50 15 17.3 10 4. 0 153 
2 18.6 10 2. 2 166 0.53 16 17.0 10 4. 6 143 

3 20. 0 10 2. 3 127 0.82 7 1 7. 3 104. 5 i i i 
4 19. 7 10 l. 3 127 0.81 8 16. 8 105. 2 i i i 

5 19. 8 101. 6 64 l. 36 1 17.0 104. 3 121 

6 20. 0 10 1. 4 64 1. 12 2 17. 6 103. 3 127 

7 19. 4 101. 9 146 0.83 9 17. 5 104. 3 vi 

8 19. 6 10 2. 2 175 0.90 10 17.0 103. 7 I I 

9 20. 1 10 2. 7 v i i i vi i i 3 17.8 104. 1 162 

10 19. 5 10 3, 2 vi i i v i i i 4 17. 6 104. 0 130 

11 19. 6 103. 7 186 0.98 11 16. 7 104. 2 I I I 

12 19. 5 103. 4 166 1. 01 12 17. 8 103. 6 IX 

13 18. 7 103. 7 xi i xii 5 17. 3 104. 0 x 
14 18.6 103. 5 xii xii 6 17. 5 104. 3 x 

Roman numerals indicate cycle at which specimens disintegrated. 

Maximum 

Strain 

Per Cent 

1. 11 

1. 18 
0.98 

0.88 

i i i 
I I I 

0.85 

0.93 

vi . . 
I I 

1. 81 

2. 20 

... 
I I I 

ix 

x 

x 



Type of Dur-

ab i 1 i t y Test 

after 28 

days curing . 

28-Day Curing 

Period Only 

Wet-Dry 

II Cycles 

Freeze-Thaw 

II Cycles 

Wet Dry 
8 Cycles 

F r ee ze-T haw 

8 Cycles 

Wet -Dry 

12 Cyc les 

Freeze-Thaw 

12 Cycles 

TABLE 18 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOIL CEMENT SPECIMEMS 

Cement Content -- 91 of Dry Wt. of Soil 

Specimens Molded at Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION UNTREATED 

Molded Molded Maximum Maximum Molded Molded Maximum 

Sample Water Ory Co~ressive Strain Sample Water Dry Compressive 

No. Content Density Strength Per Cent No. Content Density Strength 

Per Cent lbs/cu ft 1 t>s/ sg i r. Per Cent lbs/cu ft lt>s/ sq ; n 

13 17. 2 1011. 3 188 

111 17. 1 1011. 5 161 

1 18. 6 10 II. 1 256 0. 511 15 16. 9 103. 0 151 

2 18.0 10 2. 2 216 0. 119 16 16.5 10 2. 8 175 

3 18. 2 103. 2 197 o. 63 7 17. 9 1011. II 236 

II 18.9 102. 8 216 0.97 8 17. 3 103. 2 2511 

5 18. 7 103. 8 137 0.82 1 17. 1 10 II. II 161 

6 18. 5 10 2. 9 137 0.82 2 17. 7 103. 7 151 

7 15. 1 10 5. 6 228 0. 73 9 17. 5 10 II. 0 vi 

8 18. 8 103. 1 197 0.87 10 17. 2 10 II. 1 306 

9 18.3 103. 7 VI 1 1 vi i i 3 17. 8 103. 3 151 

10 17. 8 10 2. 7 
. . . 

VI 11 vi i i II 17. 8 10 II. 9 146 

11 18. 4 102. 0 186 0 . 87 11 17. 6 103. 3 3114 

12 18. 3 102. 5 2115 0 . 93 12 1 7. II 103. 2 318 

13 19. 1 10 2. 0 511 1. 62 5 17.8 103. 5 xi i 

111 18. 3 101. 8 511 1. 62 6 17. 7 10 3. II XI I 

Roman numerals indicate cycle at whi ch specimens di sintegrated. 

Maximum 

Strain 

Per Cent 

0.82 

0. 811 

0.86 

0.83 

1. Oij 

1. 111 . 
0.66 

0. 71 

vi 
1. 15 

2. ~ 

1. 711 

1. 113 

1. 32 

xi i 

XI I 



• 

Type of Dur-

ability Test 

after 28 

days curing . 

28-Day Curing 

Period Only 

Wet-Dry 

4 Cycles 

Freeze-Thaw 

4 Cycles 

wet-Dry 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet-Dry 

12 Cycles 

Freeze-Thaw 

12 Cycles 

TABLE 19 

EFFECT OF DURABILITY TESTS ON UNCONFINED COMPRESSIVE STRENGTH OF CLAY LOAM SOIL CEMENT SPECIMENS 

Cement Content -- 111 of Dry Wt . of Soil 

Specimens Molded at Approximate Optimum Water Content 

TREATED WITH TOA SOLUTION UNTREATED 

Molded Molded Maximum Maximum Molded Molded Maximum 

Sample Water Dry Compressive Strain Sample Water Dry Compressive 

No. Content Density Strength Per Cent No. Content Density Strength 

Per Cent lbs/cu ft 1 bs/ sq in Per Cent lbs/cu ft 1 bs/ sq i,., 

13 17. 8 104. 3 197 

14 18. 0 105. 6 2.35 

1 20. 4 101. 2 245 o. 44 15 17. 5 104. 6 272 

2 21. 4 100. 6 228 0.62 16 16. 8 104. 9 206 

.3 20. 8 101. 5 .3 79 1. 20 7 18. 0 103. 8 280 

4 21. 2 101. 6 379 1.08 8 17. 7 10 .3. 9 .308 

5 20. 8 101. 5 166 0. 80 1 1 7. 7 105. 0 197 

6 21. 0 10 1. 7 137 0.57 2 17. 2 105. 0 207 

7 21. 3 101. 7 390 0.94 9 17. 7 105. 0 459 

8 20. 9 102. 2 368 0.84 10 18. 2 104. 3 36.3 

9 18. 1 102. 9 vi i i vi i i 3 17. 7 104. 7 146 

10 21. 6 100. 9 vi i i vi i i 4 17. 5 105. 2 235 

11 18. 1 103. 3 347 0.85 11 17. 8 103. 8 xii 

12 17. 8 10 2. 7 228 1. 0 7 12 17. 5 105. 1 xi i 

13 18. 7 102. 5 xi i xi i 5 14. 6 106. 6 .. 
XI I 

14 20. 1 102. 3 54 1. 84 6 17. 6 10 4. 0 
.. 

XI I 

Roman numerals indicate cycle at which specimens disintegrated. 

Maximum 
Strain 

Per Cent 

0 . 81 

0 . 86 

o. 97 

o. 91 

1. 16 

1. 25 

0. 85 

0. 7.3 

1. 29 

1. 21 

1. 9 2 
1. 06 

xi i 

xi i 

xi i 

xi i 



• 

•• 

TABLE 20 

MAXIMUM COMPRESSIVE STRENGTH ANO MAXIMUM STRAIN OF CLAY LOAM SOIL-CEMENT SPECIMENS 

Specimens Molded at Approximate Optimum Water Content 

Type of Dur­

ab i l it y Test 

after 28 

days curing . 

TREATED WITH TOA SOLUTION 

28-0ay Curing 
Period Only 

Wet -Dry 

I.I Cycles 

Freeze-Thaw 

I.I Cycles 

Wet-Dr y 

8 Cycles 

Freeze-Thaw 

8 Cycles 

Wet-Dry 

12 Cycles 

Freeze-Th aw 

12 Cycles 

51 

Cement 

c.s. • Strain• • 

137 o. 55 

118 , 51.1 

61.1 . 87 

51.1 , 65 

33 1. 53 

1.13 1. 39 

vi vi 

viii viii 

viii viii 

viii viii 

iv iv 

iv iv 

33 1. I.II.I 

11.1 0 . 91.1 

7S 

Cement 

c. s. Strain 

175 0 . 50 

166 • 53 

127 • 8 2 

127 • 81 

61.1 1. 36 

61.1 1. 12 

11.16 0. 83 

175 • 90 

viii viii 

viii viii 

186 0 . 98 

166 1. 0 1 

xii xii 
• • • • 

XI I XI I 

Compressive strength in pounds per square inch • 

In per cent . 

NOTES: Cement in per cent dr y wt . of soi l. 

91 

Cement 

C. S. Strain 

256 0 . 51.1 

216 • 1.19 

197 • 63 

216 • 9 7 

137 

137 

. 82 

• 8 2 

228 • 73 

197 • 87 

viii viii 

viii viii 

186 0. 87 

21.15 • 93 

51.1 1.62 

51.1 1. 6 2 

11S 

Cement 

C. S. Strain 

245 0. I.II.I 

228 • 62 

379 1. 20 

379 1. 08 

166 0 . 80 

137 • 5 7 

390 , 91.1 

368 • 81.1 

viii viii 

vii i viii 

31.17 0 . 85 

228 1.07 

xii xii 

51.1 1. 81.1 

Roman numer al s indicat e cycle at which specimen disintegrated. 

SS 
Cement 

C. s. strain 

21.12 1.52 

221.1 1. 32 

153 o. 87 

105 1. 17 

. . . . .. 
I II I I I 

i i i i i i 

i i i 

v 

i i i . . . 
I I I 

i i i . . . 
I I I 

. . . 
I I I 

v 

i i i 
v 

i i i 
i i i 

i i i 
i i i 

i i i 
v 

7S 

Cement 

c. s. Strain 

27 I.I 1. 11 

286 1. 18 

153 0.98 

11.13 • 88 

i i i i i i 

iii iii 

121 0 . 85 

127 .93 

vi vi 

i i j i 

162 1. 81 

130 2. 20 

iii iii 

ix ix 

x x 
x x 

UNTREATED 

91 

Cement 

c. s. strain 

188 0. 82 

161 • 81.1 

151 • 86 

175 • 83 

236 1. 0 I.I 

251.1 1. 11.1 

161 0.66 

151 • 71 

vi vi 

306 1. 15 

151 2. I.II.I 

11.16 1. 71.1 

31.11.1 1. 1.13 

318 1.32 

. . ~ . 
XII XII 

xii xii 

111 

Cement 

c. S. Strain 

197 o. 81 

235 . 86 

27 2 • 97 

206 • 91 

280 1. 16 

308 1. 25 

197 o. 85 

20 7 • 7 3 

1.159 

363 

11.16 

235 

xi I 
xi I 

• • XI I 

xi i 

1. 29 

L 21 

1. 9 2 
1. 06 

xi i 
• • 

XI I 

xi i 
xi I 



TABLE 21 

AVERAGE MAXIMUM COMPRESSIVE STRENGTH AHO AVERAGE MAXIMUM STRAIN OF SANDY LOAM SOIL-CEMENT SPECIMENS 

TREATED WITH TOA SOLUTION UNTREATED 
Type of Dur-

ab i 1 ity Test 5S 7S 9S 11S 5S 7S 9S 11S 

after 28 Cement Cement Cement Cement Cement Cement Cement Cement 

days cu r ing . c.s. • Strain C. s. strain c. S. Strain C. s. Strain c. s. Strain C. s. Strain C. S. Strain c. s. Strain 

28-0ay Cur i ng 
206 ·Period Only 0. 66 241 0.64 .395 0.56 55.3 0. 5,3 404 0. 64 525 o. 76 7 22 o. 79 949 0.86 

Wet-Ory 
4 Cycles .399 . 54 480 • 67 640 • 68 956 . 55 608 • 7 2 1017 , 84 1.308 • 81 1607 • 99 

Freeze-Thaw 

4 Cycles 186 • 50 266 • 48 476 • 4 7 654 • 49 .320 • 78 5.36 .74 7.32 • 7 4 876 • 63 

Wet-Ory 

9 Cycles .384 , 99 699 ,95 900 • 79 1410 • 79 454 .76 926 ,90 1405 ,89 1787 1. 05 

Freeze-Thaw 

8 Cycles 160 .54 272 , 56 441 ,58 664 • 59 281 • 66 454 , 77 685 • 68 829 0 . 7.3 

Wet-Ory 

12 Cycles 5 29 75 559 • 96 966 .76 1.31.3 • 7 2 752 • 9 4 98 2 , 84 1827 1. 09 200 2 1. 19 

Freeze-Thaw 

12 Cycles 141 • 49 282 • 61 5 .3.3 • 38 664 • 49 17 2 , 89 471 • 7.3 510 0,95 810 o. 79 

• Compressive strength in lbs. per sq • i n. 

•• In per cent . 

NOTE: Cement in per cent dry wt. of soil . 



TABLE 22 

AVERAGE MAXIMUM COMPRESSIVE STRENGTH AND AVERAGE MAXIMUM STRAIN OF SANDY CLAY LOAM SOIL-CEMENT SPECIMENS 

TREATED WITH TOA SOLUTION UNTREATED 
Type of Our-
ability Test 51 71 91 111 SS 71 91 111 

after 28 Cement Cement Cement Cement cement Cement cement Cement 
days curing. c. s. • Strain•• c. S. Strain c. S. Strain C. S. Strain C. S. Strain c. S. Strain c. S. Strain c. s. Strain 

-- -
28-0ay Curing 
Period Only 288 o. 39 553 o. ~ 543 0.42 752 0.57 364 0. 43 541 0.53 49 2 o. 51' 592 0.65 

Wet-Ory .ea 364 1. 15 368 1.00 528 .87 11.3 . 70 334 1. 12 346 4 Cycles 111 1. 22 570 1. 17 

Freez&-Thaw 
4 Cycles 1.37 .50 .370 0.54 511 0. 5 2 681 . 66 16.3 .59 368 0 . 54 511 0.55 550 0.64 

Wet-Ory 
8 Cycles 151 .9 2 ~9 1. 04 .390 . 75 685 .89 134 1. 20 323 1. 33 415 1. 0 1 563 1. 12 

Freez&-Thaw 
8 Cycles 166 • 48 .348 0.42 .362 .52 649 . 53 142 0.88 .380 0. 65 506 0.63 610 o. 75 

Wet-Ory 
170 30 2 . 99 43.3 .89 604 • 80 151 1. 18 .307 1. .31 522 1. 24 705 1. 10 

12 Cycles . 89 

Freeze-Thaw 
12 Cycles 1.36 • 45 273 . 49 466 • 47 650 • 48 116 1. 54 320 o. 71 486 0. 65 658 0. 7.3 

• Compressive strength in pounds per square inch • 

•• In per cent. 

NOTE: Cement in per cent dry wt. of soil. 



TABLE 23 

AVERAGE MAXIMUM COMPRESSIVE STRENGTH ANO AVERAGE MAXIMUM STRAIN OF CLAY LOAM SOIL-CEMENT SPECIMENS 

TREATED WITH TOA SOLUTION 
Type of Our-
ability Test SJ 7J 

after 28 Cement Cement 
days curing. c.s. • Strain•• c. S. Strain 

--
28-0ay Curi ng 
Period Only 127 0.55 170 o. 5 2 

wet-Dry 
4 Cycles 59 .76 127 .82 

Freeze-Thaw 
4 Cycles 38 1. 46 64 1. 24 

Wet-Ory 
8 Cycles vi i vi i 160 0.87 

Freeze-Thaw 
8 Cycles VI 11 vi i i v j i i vi i i 

Wet-Dry 
12 Cycles IV IV 176 1. 00 

Freeze-Thaw 
12 Cycles 2.3 1. 18 xi i xi i 

• 

• • 
Compressive strength in pounds per square inch . 

In per cent. 

NOTE: Cement in per cent dry wt. of soil. 

9J 
Cement 

c. S. Strain 

2.36 O.S2 

206 . 80 

13 7 . 82 

212 . 80 

vi i i vi i i 

2 lS 0.90 

54 1. 62 

11% 
Cement 

c. S. Strain 

2.36 0.53 

379 1. 14 

151 0. 69 

.379 . 89 

viii vi i i 

287 0.96 

54 1. 89 

Roman numerals indicate cycle at which specimen disintegrated. 

U NTREATEO 

SJ 7J 9% 
Cement Cement Cement 

c. s. Strain c. S. Strain c. s. Strain 

181 1. 22 2 lll 1. 04 169 0.84 

... 
I I I I I I I I I I I I 245 L 09 

I I 124 0.89 156 0.69 

iv iv IV iv .306 1. 15 

I I I I I I 146 2. 0 1 148 2. 09 

I I I i i i VI VI .3.31 1. 38 

iv iv x x xi i xi i 

11% 
Cement 

C. S. Strain 
-

227 0.89 

294 1. 21 

202 o. 79 

411 1. 25 

190 1. 49 

XII xi i 

xii xii 



Type of Test 
or 

Curi ng Per i od 

28-day curing period 

36-day cu ring per iod 

28-day curi ng peri od 
plus 4 cycles 

wetting & drying test 

44-day curing period 

28-day curing period 
plus 8 cycles 

wet ti ng & drying test 

52-day curing period 

28-day cu ring period 
plus 12 cycles 

wet t i ng & dry i ng t est 

TABLE 24 

REL AT IVE EFFECTS OF CURING PERIODS AN D WET-DRY CYCLES 
ON UNCONF INED COMPRESSIVE STR EN GTH SANDY LOAM SOIL-CEMENT SPECIMENS 

Sample 
No. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Cement Content ~ 9$ of Dry Wt . of Soil 

Proctor ' s Optimum Water Content = 11. 2i 

Maximum Dry Densi ty = 119.8 lb. per cu . ft. 

Wate r Content Density , Dry Wt . 
j Drt wt. Soi 1 lbs. eer cu. ft . 

Di ff. in Di ff. in 
Molded Opt imum Molded Maximum 

and Molded and Molded 

13. 28 + 2. 08 115. 9 - 3. 8 

13. 12 + 1. 92 115. 8 - 3. 9 

12. 95 + 1. 75 116. 8 - 2. 9 

12. 78 + 1. !>8 116. 6 - ) . 1 

12. 01 + o. 81 117. 7 - 2. 0 

12. 15 + 0. 95 117. 8 - 1. 9 

12.49 + 1. 29 117.4 - 2. 3 

11. 90 + 0. 70 118.9 - 0.8 

11. 67 + 0. 47 119. 4 - 0. 3 

11. 33 + o. 13 119. 4 - 0. 3 

11. 17 - 0. 03 119. 2 - 0. 5 

11. 34 + o. 14 118 . 3 - 1. 4 

11. 16 - 0. 04 119. 5 - o. 2 

10. 67 - 0.53 119. 5 - 0. 2 

Maximum 
Compressive 

Strength 
1 bs. per sq. 

288 

309 

318 

328 

675 

684 

348 

442 

1001 

1084 

543 

501 

1227 

1410 

Maximum 
Strain 

in. Per Cent 

0.42 

0. 51 

0.50 

0. 39 

0.90 

0. 91 

0. 73 

0. 89 

1. 09 

1. 00 

0. 53 

0.5 2 

0. 97 

0. 77 



TABLE 25 

RELATIVE EFFECTS OF CUR NG PERIODS AND WET-DRY CYCLES 
ON UNCONFINED COMPRESSIVE STRENGTH SANDY CLAY LOAM SOIL-CEMENT SPECIMENS 

Type of Test 
or 

Curing Period 

28-day curing period 

36-day curing period 

28-day curing period 
pl us I.I cycles 

of wetting & drying 

1.11.1--0ay curing period 

28-day curing period 
plus 8 cycles 

of wetting & drying 

52-day curing period 

28-day curing period 
plus 12 cycles 

of wetting & drying 

Cement Content - 9J of Dry Wt . of Soi 1 

Proctor ' s Optimum Water Content = 16. 2i 

Maximum Dry Density= 109.1 lb . per cu . ft . 

Water Content Dens it y, Dry wt. 

Sample j Dry wt. Soil . lbs. per cu. rt. 
No. Di ff . in Di ff. in 

Molded Optimum Molded Maximum 
and Molded and Molded 

17 15. 09 - 1. 11 101.1. 2 . I.I. 9 

18 11.1. 11 - 2.09 101.1. 2 - I.I. 9 

19 11.1. 26 - 1. 91.1 107. 2 - 1. 9 

20 11.1. 98 - 1. 22 106 . .3 - 2. 8 

21 15. 28 - o. 92 108.3 - 0.8 
22 11.1. 6.3 - 1. 57 106. 9 - 2.2 

• 
2.3 11.1. 71+ - 1. 1.16 106.8 - 2. 3 

21.1 11.1.81 - 1. .39 108. 2 - 0.9 

25 15. 1.17 - 0. 7.3 105. 9 - 3. 2 

26 16. 01 - o. 19 106. 9 - 2. 2 

27 11.1. 71 - 1. 1.19 106. 8 - 2 . .3 

28 15. 91 - o. 29 106. 8 - 2. 3 

29 15. 81 - 0.89 106. 9 - 2. 2 

.30 15.80 -0.l.IO 107. 5 - 1. 6 

Maximum 
Compressive 

Strength 
1 bs . per sq. 

.390 

1.17 1 

595 

586 

379 

.379 

605 

532 

1.112 

390 

1.17 1 

625 

5.32 

I.I 0 1 

Maximum 
Strain 

n. Per Cent 

0.,30 

O.JJ 

0.38 

0.39 

1. 18 

0.95 

0. 75 

0.1.1.3 

1. 00 

1. 30 

0. 1.13 

0. 1.19 

0. 98 

0 . 87 



Type of Test 
or 

Curing Period 

28-day curing period 

36-day curing period 

28-day curing period 
plus 4 cycles 

of wetting & drying 

44-day curing period 

28-day curing period 
plus 8 cycles 

o f wet t ing & drying 

52-day curing period 

28-day curing pe r iod 
plus 12 cycles 

o f wet t i ng & d ry i ng 

TABLE 26 

RELATIVE EFFECTS OF CURING PERIODS AND WET-DRY CYCLES 
ON UNCONFINED COMPRESSIVE STRENGTH CLAY LOAM SOIL-CEMENT SPECIMENS 

Sample 
No. 

17 

18 

19 

20 

21 

31 

2.3 

24 

25 

26 

27 

28 

29 

.30 

Cement Content -- 9J of Dry Wt . of Soil 

Proctor's Optimum Water Content= 18. 71 

Maximum Dry Density = 103. 4 lb. per cu . ft . 

Water Content Density, Dry Wt. 
i Dry wt . Soil lbs . per cu . ft . 

Di ff . in Di ff . in 
Molded Optimum Molded Maximum 

and Molded and Molded 

20 . 60 + 1. 90 99 . .3 - 4. 1 

20. 21 + 1. 51 99. 7 - 3. 7 

22.80 + 4. 10 96. 2 - 7. 2 

20 . 99 + 2. 29 98.0 - 5.4 

21. 75 + 3. 05 95. 8 - 7. 6 

20. 94 + 2. 24 102. 4 - 1. 0 

20 . 96 + 2. 26 101. 9 - 1. 5 

20. 72 + 2. 02 101. 0 - 2. 4 

20. 48 + 1. 78 102. 8 - 0. 6 

20 . 98 + 2. 28 10 1. 8 - 1. 6 

19. 99 + 1. 29 102. 6 - 0.8 

19. 86 + 1. 16 103. 5 + o. 1 

20. 29 + 1. 59 102. 3 - 1. 1 

21. 40 + 2. 70 101. 1 - 2. 3 

Maximum 
Compressive 

strength 
lbs . per sq. 

146 

156 

1.37 

137 

54 

1.37 

228 

186 

186 

118 

207 

207 

127 

156 

Maximum 
Strain 

i n. Per Cent 

o. 81 

0. 77 

0. 56 

o. 70 

1. .39 

1. 44 

0.85 

o. 66 

1. .37 

1. 19 

0. 71 

0.59 

1. 26 

1. 2.3 



FI GURES 



...,, 
C> 
c 
:lJ 
r"1 

100 

90 

80 

- 70 .s::. 
O> ·-
C> 

)It 

>. 60 
.0 

L. 
G> 
c so ·-

1.4. -c 
a> llO 
u 
L. 
Q) 

Cl. 
.30 

20 

10 

0 

2. 0 

Sand 
~ - "'"-. .. ..... •, ..... 1---.. 
~ 
~ 

.. • • 
~ ~ 

"' ~ ' "' 
~ 

\ I'\.. 

' \ 
• • 

~\\ 
\ 
' Sandy Cloy Loam -.J. 

...... ' 

1. 0 0 .5 0.2 

s 11 t Cla1 

............. 
• 
'· 
' ' \ 

~ 

\ Clay loam 
I~ 

' I' I\ .. ~ 

.\ "' ., 
"" \ , 

·~ • \ • --..... 
\ \ • 

' ' • • .. •• I\.. Sandy Loam ~ 

' .. 
~ "". ~ ,, ·-

""""' ,.. .. ~ ..... . .. ,....., .. -•• ~ 

' ~ - . • ....... 
• 

...__ 
....... ~ - •• 

•• 
['..... -..._ 

0 . 1 o. os 0 . 0 2 0.01 o.oos o. 00 2 0.0 01 

Grain Size i n Millimeters 

U. S. WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF' UNCONF'IN[D COMPRESS IV[ 
STRENGTH Of" SOIL CEMENT MIXTURES 

GRAIN SIZE CURVES 



CYLINDER 

SAMPLE REMOVER 

CYLINDER BASE 

HAMMER 

COMPACTION APPARATUS 

FIGURE 2 



• 

LOADING MACHINE 

FIGURE 3 



125 

120 

... 
0 
0 ..... 
0 -Ill 
::::> 
0 

a: ..., 
0.. 115 'd 
.,, 
0 v 
z 
:::> 
0 
CL I 
' > ... 

I 
/ 

VI , 
z 
w 
0 

>-a: 
0 110 

105 

4 6 

FIGURE 4 

. 

--......... 

r\.F" 
.-RAW SOI , 

I \ 
I / ~/ ~~s P£ f?C£N ~ CEA £NT 

/ / // ~\ 
I / / / 

~ ~ 
Ip ~I P£Rl £NT ':£M£i T ~\ 
/"' ' \ 

\ 
' 
\ 
\ 

. 

8 10 12 14 16 18 

WATER CONTENT - PERCENT DRY WEIGHT 

U. S . WATERWAYS EXPERIMENT STATION 

INVESTIGATION Of UNCONFINED COMPRESSIVE 
STRENGTH Of SOIL CEMENT MIXTURES 

MOISTURE DENSITY CONTROL FOR 

SANDY LOAM 



11 5 

110 

/ 
.... 
0 

/ 
/ I 

0 
~ 

u 

I 

7 
CD 7 
:::> 
u J 
ex .., 
L 

10 5 .. 
0 
z 
:::> 
0 
A. 

I 
I / 

/ 
7 

/ 
>-.... 

y v 
-U) 

z 
w 
0 

>-a: 
100 0 

95 
10 12 

~ ........... 

v ~' / ......... 
RA, 11 SOI ~ 

v 

\ I I\ 
f7 ~ s PE 'IC£N ""CE~ ENT 

""' v 1 ~ / 

I/ I~ , 
II , ERCE 'VT C rM£N1 \ I i\ 

~ 
\ 
~ 
~ 

\ 
\ 

14 16 18 20 22 

WATER CONTENT - PERCENT DRY WEIGHT 

24 

U. S WATERWAYS EXPERIMENT STATION 

INVE s TIGATION or UNCONF"INED COMPRESSIVE 

STRENGTH or SOIL CEMENT MIXTURES 

MOISTURE DENSITY CONTROL f"OR 
SANDY CLAY LOAM 

FIGURE 5 



11 0 

10 .5 

to-
0 
0 
&&. 

v 
CD 
:::> 

/ 

I 
I.) 

er 
i.J 
Cl. 100 .. 
0 
z 
:::> 
0 
Q. ___.... 

> 
to-., 
z 
w 
0 

>-
ct: 

9 .5 0 

90 
10 12 

F IGURE 6 

/ 
.....-- -........... 

"" / \ 

\ 

/ R AW SOIL· r\ 
v \ / / ~ / 

I/ // / ~ 
\ 

' \ 

~ / "\- ' 
II PER ~ENT CEM, "NT 

' ~ JI \ 

\"" , ----
/ ........ 5 I >£RC NT4 E M E 'I T \ '~ 

/ 

"" "" ~ "' ~ ..... 

14 IS 18 ZO 22 24' 

WATER CONTENT - PERCENT DAY WEIGHT 

U. S . WATERWAYS EXPERIMENT STATION 

INV ESTIGATION Of UNCONFINED COMPRESSIVE 

STRENGTH Of SO IL CEMENT MIXTURES 

MOISTURE DENSITY CONTROL FOR 
CLAY LOAM 



J: 
u 
z 

UJ 
a: 
< ::> 
a 
(/) 

a:: 
UJ 
<l. 

(/) 

0 
z 
::> 
0 
<l. 

I 
J: 
~ 
(.!) 

z 
LtJ 
a: 
t; 

1000 

900 

800 

700 

600 

500 

400 

/ 
/ 

300 

200 

100 

0 

I/ '\ 
, 

I/ PERCENT CEMEN T / I\ 
v \ . 

v 
~ 

~ "' \ ~ \. 

L.---
~ / \ \ -- .~ 

/"" ' !\ ~ 9 PERCENT CEMENT ~ .... 

~ 
v 

I\\ / 

\ \ 
'\ 

i..-- --............. 

~ \ ~ 
/ 7 PERCENT CEMENT ·• \ / 

v \ / 

--........ 

~ I ._ 
r-.... 

5 PERCENT CEM ENT 
~ 

~ 
• 

- 4 -2 OP +2 

WATER CONTENT BELOW AND ABOVE OPTI MUM PERCENT DRY WEIGHT 

• 

U S WATERWAYS EXPERIMENT STAT ION 

INVESTIGATION OF UNCONFINED COM PRESSIVE 
STREN GTH OF SOIL CEME NT M IXTURES 

STRENGTH VERSUS WATER CONTENT 

SANDY LOAM 

FIGURE 7 



1000 

900 

800 

J: 
u 
z -
UJ 700 
a: 
< 
::> 
CJ 
If) 

a: 600 
UJ 
a. 
If) 
0 
z 
::> 
0 500 a. 
I 
J: 
~ 
C> 
z 
w 400 
a: 
~ 
If) 

~ 
::> 
~ 300 -x 
c( 

~ 

200 

100 

0 

FIGURE 8 

~ 
~ 

-----~ // PERCEN T CEM ENT 

/ ' I'.. 

/ ""' ""' / "\ 
''\ 

/ 
/ ~ \ ' / 

""' \ / ~ ~ ""'-, 
/ ~ "' \ / ~ / 

v \. " :-.. 7 PERCENT CEMENT 

~ ""' 
9 PERCEN T CEMEN T , 

" ~ v- ---------~ / 
/ "'-... 

~ / 5 PERCENT C£M£NT . ----........ ----I/ .......... -- .._ 

~ 
............ -

-4 -2 OP +2 

WATER CONTENT BELOW AND ABOVE OPTI MUM -PERCENT DRY WEIGH T 

U S WA T ERWAYS E XPERI MEN T STATION 

INVESTIGATION OF UNCONFINE D COMPRESSIVE 
STRENGTH OF SO IL CEMENT M IXTURES 

STRENGTH VERSUS WATER CONTENT 
SANDY CLAY LOAM 



400 

I 
u 
z -
UJ 300 
a: 
<( 
:::> 
C1 
(/) 

a: 
UJ 
a. 
(/) 

0 
z 
:::> 
0 
a. 
I 

I 200 f-
l.!) 
z 
w 
a: 
f-
<fl 

~ 
:::> 
~ -x 
<( 

~ 

100 

0 

I 
i _,.,,--

- --- [.......--- II PERCENT CEMENT 
t"---.... _,... 

v " ~ 
-

/ I 

v i 

v ,, 

/l,/" ~ 
-

I ~ 

/ "\ I 
9 PERCENT CEM ENT 

~ --- I-

I / 

I 
I/ I\ 

Ii 
-

~-----
[_--...-

+ ~ ~ -- """' 7 PERCENT CEMENT . " 
I ~ 

I 

i- " j'-... 
___..L-- ---I --- 1------.~ 

I 
...__ -- "-...... 5 PERCENT CEMENT 

"-...... 

-

- 4 2 OP +2 

WATER CONTENT BELOW AND ABOVE OPTIMUM - PERCE NT DRY WEIGHT 

U. S WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 
STRENGTH OF SOIL CEMENT MIXTURES 

STRENGTH VERSUS WATER CONTENT 

CLAY L OAM 

FIGURE 9 



t2 OPTIMUM -2 

RAW SOIL 

OPTIMUM -2 - 4 

5 PERCENT CEMENT 

+2 OPTIMUM -2 -4 

7 PERCENT CEMENT 

+2 OPTIMUM -2 - 4 

OPTIMUM 

SANDY LOAM - SOIL CEMENT SPECIMENS AFTER FAILURE 

FIGURE 10 



OPTI M U M -2 - 4 

RAW SOIL 

+2 OPTIMU M - 4 

5 PERCENT CEMENT 

+2 OPT MUM 2 - 4 

7 PERCENT CEME N T 

OPT MUM -4 

9 PERCENT CE M ENT 

+2 OPTIMUM -2 4 

SANDY CLAY LOAM - SOI L CEMENT SPECIMENS AFTER FAILURE 

FIGURE 11 



t2 OPTIMUM -2 -4 

RAW SOIL 

+2 OPTIMUM -2 -4 

5 PERCENT CEMENT 

+2 OPTIMUM -2 -4 

7 PERCENT CEMENT 

t2 OPTIMUM -2 - 4 

9 PERCENT CEMENT 

+2 OPTIMUM -2 - 4 

CLAY LOAM - SOIL CEMENT SPECIMENS AFTER FAILURE 

FIGURE 12 



:r 
u 
z 

w 
0: 
< 
:::> 
0 
Ill 

a: 
w 

900 

800 

700 

600 

n. ~00 

Ill 
0 
z 
:::> 
0 
0. 

400 

200 

100 

I 

7 
I) 

~ 
fl 

( 
I 

) 

t r--.. SAA 

I 

j 

I 

, L.---

I 
I 

/ 
0 
~w __ L/ 

0 0 .2 04 

I 

/\. 
7 ' 

I I\ 
I 

J 

/ ~ I 
'\ I 

DY c , !AY ~ 
SAND v LO, - Al . . 

... ,_. r .,..... 

J 
i..-- .......... ~ vCLA v LO, A.I 

J 
I'< 

"" I ~ 
~ 

I/ "' 
I 

I NOT. ~.- ALL SOIL - II f ~RC£ VT 

c. /Wt.JY 1..:01 'T t:. rll 

0 .6 0 .8 1.0 1.2 I. 4 

STRAIN - PERCENT 

U S WATERWAYS EXPERl~ENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
COMPARISON Of MA)(IMUM STRENGTHS 

FIGURE 13 



n 100 
z 

w 
a: 
< 
:::> 
a 
(/) 

a: 
UJ 
0.. 

(/) 

0 
z 
:::> 
o ~ 
0.. 

I 
J: .... 
~ 
z 
UJ 
a: 
~ 

-x 
< 
~ 300 

100 

113 

FIGURE 14 

~ Ill / 1 •• . 

_/ ~ 
l.,-/ 

..... II 

. I PE 'ICC~ T c :MC~ rT), / 
v v 

_/ / 
/"' / 

_:I I .s' [_,../ / " D I, 
"" 7 

~ 
, v .. .. ,.. ) 

~ • l ' ' v / ) I,. ,. , i 

v , 

/ I / 
v v v 

/ / / • .II. 

v 1 / ' ' ' / 
v 

k: DJ:'J 

.,A 

'1 a" ,,., ... T ,. "- 11,#~U / -
-""' ...-- v--v 

~ -. I • '· -
~· ~ 

- - , - . 
L--- rt \ i · - !I 9A ·~ 

. 
i - . ,. ,. 

... . v I 

/ : l!J J:' ' ~,.r., · ~ r r .I,,.,, ·- J 

/ 
v I . 

L/ I I. & / 
' I ' . / J • 

, o. ~1~1. 
, , I .0' I 1i·- "11. 

J~ ... ~ 7 - I 

LEGEND .J 1 
'./ 

/ 
-4/1. 41 

.,_ :r 
F I GURE ABOVE L INE IND/- .. 1. / CATES WATER co11rcNr WI TH RE-

SPECT TO OPTIMUM. . ./ 

FIGURE BELOW L I NE l liDIC.Ar ES 
.... i I 

.9· __./....-
- -S PERCi NT C ~MEJ T WATER CEMENT RATI O. ~ . .. 

""' I l.S 118 117 118 119 120 121 

ORY DENSITY - PO UNDS PER CU BIC FOOT 

U. !>. WATERWAYS EXPERIMENT STATION 

INVESTIGATION Of UNCONflNED COMPRESSIVE 
STRENGTH Of SOIL CEMENT MIXTURES 

STRENGTH VE:RSUS DENSITY f"OR 
SANDY LOAM 



I 
v 
z 
UJ 
a: 
< 
:::> 
a 
(/) 

a: 
UJ 
n.. 
(/) 

0 
z 
:::> 
0 
n.. 
I 

I 
I-
<.!) 
z 
w 
a: 
I-
I/) 

:l 
:::> 
:l -x 
< 
:l 

900 LEGEND 
- -2/ 2.13 FIGURE ABOVE LINE INDICATES 

WATER CONTENT WITH RESPECT TO 
OPTIMUM . 

FIGURE BELOW LINE INDICATES 
300 WATER - CEME:NT RATIO. 

-

r 
~ 

-2, \2.13 
• ' 

700 

600 

,,,,, 

£RCC'f N<~ ,"> 

,, I 
11 /. ... I -2/2 

/ . l • 

v' rt I I / ' l- , 

I 
,, I 

~ ) I/ / f" I r"' l:Jt[L2.4 .. Jl .. 
- 4 //. 6 / v I ~ I / ·. 

56 

9 J £RC£. 1T C441£NT ' / I I/ 

I _,,/ ,1 I 
~ 

500 
v / ' /01 /2.8(. 

' / / j - 2/".16 
I ---' _,_ 

7 J ERCENT C! MEN7~ •- - _ v ~-- v --- ,'' \ 
-4"2.78 -·~- . / 

400 

}k- ,- - «/2.18 ("' I I/ \ 
/ \ 

"'- L 
. 

f2/i. .66 4 I 

I ~.79 I 
.l-

-~ 
:..--
~~ 

' 
5 p '-RCEJ. T CE, ~ENT~ 

\ 
r--...... \ 

300 
L..->"r -~ OP./3. 60 

1---L.-- - • OP./• '--- ~ 
.88 

I I -L.. -

-4~ 
I -· - v 

f2/ 4. ~2 . lo - v --.y. 
L 

1' 

200 

' 

104 105 

._ ·-'-

.~ 
f2. 5.52 

106 107 108 109 110 111 112 

DRY DENSITY - POUNDS PER CUBIC FOOT 

U S. WATERWAYS EXPERIMENT STATION 

INVESTtGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CE M E NT MIXTURES 

STRENGTH VERSUS DENSITY FOR 
SANDY CLAY LOAM 

FIGURE 15 



400 

J: 300 
u 
z 
UJ 
a: 
< 
:::> 
C1 
Cf) 

a: 
UJ 
a.. 
Cf) 
0 
z 
:::> 200 
0 
a.. 
I 
J: 
f­
l.!> 
z 
w 
a: 
ti; 

~ 
:::> 
~ 

x 
< 100 
~ 

0 

" 

100 

FIGURE 16 

-4, 

-47 

-· 

101 

c P./' . 61 

II PERC !NT =c11c. 'r-...... ~ ... 212. 16 / 
y- . ~ 

~ + 2 I 2. 85 

• 1;z. 1, 
P~ .. c "J 

~' 

i--
. ~ 

L-- el 2 . i 0 / 

--- . ./ -- + 2/ 3.54 
l---"' 

..... ..... .. g Pc RCO TCEJ tENT 

·-----2 .60 

OP. ~.Of 
~ 

_z/. 69 
·~ 

[..--' 
/ 

v 
-i...--

.JS -t- 7 ,. '.f RCE. 'IT c ,_JIEN 7' 

<IZ7 "· 61 OP./ ".46 
- ~ 

'/ • ·::.. 2 / s. 
~ .... . I04 -

~ 
~ 

. / 
............. 

S PE 1C£N ' CEi fENT 

+2 / 6 . 4 t) 

f..EGEND 

- 4/ 2.60 FIGURE ABOVE LINE IND/-

CATES WA TEii CONTENT WITH 

RESPCCT TO OPTIMUM. 

Fliil/RE BELOW LINE INDICATES 

WArER CEMENT RATIO. 

IOZ 103 104 105 106 

DRY DENSITY - POUNDS PER CUBIC FOOT 

U. !>. WATERWAYS EXPERl~ENT STATION 

INV ESTIGATION or UNCONFINED COMPRESSIVE 

STRENGTH or SOIL CEMENT MIXTURES 

STRENGTH VERSUS DENSITY FOR 
CLAY LOAM 



I 
u 
z 

a: 
w 
c.. 

(/) 

0 
z 
::> 
0 
c.. 
I 

I 
~ 
C> 
z 
w 
a: 
ti; 

000 

8 0 0 

9•/ . 
6 00 

4Qt'1 

'¥\I 

0 

0 

- -
' LEGEND 

SANDY LOAM 

l,..io-' i.-1/~ CEMI. NT 
._ CLAY LOAM 

CLAY ~ - - ----- SANDY LOAM 

) j ~II " CEi ·cNr 

I • 

I I \ . 
-~ • \ • 

I 

I \ I 
C£ME wr--; I \ I 

..l • 

J l, • - -

' ~ ' T I .9'Yo C£M£ 
I '-- r 

I 
..It 

I ' • 
~ 

/, I \ , I 
I I I -
I ~ 

7" 4 £M£, 'I T! 
I \ 
)l I .If ~ "" "c EM£ vr • \ 

l 

' " l 
.9% 

1. 0 

I \ I 
\ I 
I ' ~ 

~ME,JT 
"\- ii / I 

\ .. 
I ' 

~ I .k. / I 

' 
I ' ·~ -....... 

CEM· °'NT - , ,~ \ . ' / '<5 i!.1> c £ '.1£N1 

I s ~ 

2 .0 

l' / 
~ 

; '· 
"' ~/ 

~ " ' 
C. ~M£N \ / ~ \ 

~ 

~\ 'llr } ~ CE. "MEN 

- ~ 

· 4;: 0L r~ ·:J- ''T . -.. ... """"" ~· 

3 .0 4 .0 5 0 6 .0 7 . 0 

WATER - CEMENT RAT IO 

U ~ WAT ERWAY S EXPERIMENT STATIO N 

INV ESTIGATION OF U NCONFINED CO MPRESSIVE 

STREN GTH OF SOI L C EM E NT M IXTURES 

WATER-CEMENT RATIO VERSUS 
MAXIMUM STRENGTH 

FIGURE 17 



500 

... • 
z 

"' :I 

"' u 
I-z .... 
u 
II'. .... 
A. 4'00 

" 
~ 
~ 

I f - SAN, Y L >AM 

) 

x 
I-

" z 
w I 
a: 
I- • Cl) 

300 
w 
> 
0 
co 
~ 

:r I 
/ 

I-

" z 
"' a: I 
I-
Cl) 

, 
~2001-~1--~~--+~-l-~-+-~)~~-+-~-+-~+-~~~.__~f----4~-+~-+-~--t 

E I 
" ~ ./ 
u 

/ .. SAN, Y C~ IAY L 'AM 

z -

FIGURE 18 

4'0 80 120 ISO 200 240 280 

PERCENT INCREASE IN CEMENT CONTENT ABOVE ~ PERCENT 

U. S. WATERWAYS EXPERIMENT STATION 

INVESTIGATION Of UNCONFINED COMPRESSIVE 
STRENGTH Of SOIL CEMENT MIXTURES 

PERCENT INCREASE IN STRENGTH VERSUS 
PERCENT INCREASE IN CEMENT 



:z: 
u 
z 

w 

1000 

900 

800 

700 

a: &00 < 
::> 
0 
ell 

a: 
w 
Q. 500 

ell 
0 
z 
::> 
0 
Cl. 

400 

200 

100 

0 

L-

., - ._ 

/ 
[.,-

' \ 
I- -L 

/ -•12 c ~CLES 

I 
,.... 

/~ 
v 

\ 

// 4 

\ 
CYCLES 

f -.__ 

I. 

,/ ,,.,,--1; ,, / \ 
.,,,. I \. \ 

' y ~ \ 
8 CY' "LES 

~ 

I 
'/ /I 4 c> CL£S -- \ 

j r) \ VI/ ,I -- -- _, 
. 

L. -. CYC .cs 
I\ 

!. v I 

I ~I 
/ 

i..- "\ LEGEND /, ~- \ 

/ II , 
' SAMPLES TESTED AFTER 

/ 

J , i,. / 28 DAYS OF CURING 

I / ' v I SAMPLES CURED THEN I . CYC ..cs 
1,A . / WETTED AND DRIED I , ._ 

vfl/ )' 
/ - - - - SAMPLES CURED THEN 

I.-/ 

//,W/' -t..--
~·--r 

0 0 . 2 0 . 4 

FROZEN AND THAWED. 

. . 

06 08 10 I. 2 I. 4 

STRAIN - PERCENT 

U S WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRE.SS - STRAIN CURVE.S FOR 
SANDY LOAM 5 PERCENT CEMENT 

FIGURE 19 



% 
u 
z 

2000 

1800 

1800 

1400 

~ 1200 
::> 
0 .,, 
a: 
w 
~ 1000 

.,, 
0 
z 
::> 
0 
Q. 800 
I .,, .,, 

w 
CE 
~ 

"' eoo 

400 

200 

" t:°YCL 

' I 
J 

I t 
'( 

11• 

/)~ 
I 

A 

.. c..._ 
~ 

J 

I 
I 

) 

I 
I 

/' 

I 
I 

I J 
If/ ,. 
v/ /~ 

~-~~~ ~-----0 
0 0 .2 0.4 

FIGURE 20 

l£G£NO 
SAMPLES TESTED AFTER 

211 DAYS OF CllRfNr; 

SAMPLES Cl/RED THEN 

WETTED AND DRIED. 

--- - SAMPLES Cl/RED THEN 

FROZEN AND THAWED. 

/ 12 CYCL ES 

v \~ .. c "'CLE• 
~ ....... \ '· / ~ \ '\ '• .,,,.. 

v / ' V" \ 
J I 

I I 
I 

J 
I / 14 CY r;Lcs 

I_~ ( .-....... -- j ........ \ 

,/l '· .... --;?"" ~~, v-' ~· CYCL :s / 

"' • \ ' 

//I 
/ ' 

/ 

" "'-/ - '2 c. CLES 

o.e 0 .8 1.0 I. 2 I. 4 

STRAIN - PERCENT 

U. S . WATERWAYS EXPERIMENT STATION 

INVESTIGATION or UNCONF"INED COMPRESSIVE 

STRENGTH Of SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
SANDY LOAM 7 PERCENT CEMENT 



:.c 
u 
z -
w 
a: 
< 
:::> 
0 
11'1 

a: 
w 
~ 

11'1 
0 
z 
:::> 
0 
0.. 

"' "' IA.I 
IX ... .,, 

20 0 0 ----+--+--~-~-&-- - i-

I 800 t---+---+---+---'----'----1---J--~ . I 
\ 
\ 

j L. 

- ---+--+--+--+--!-- - ~ -~ ~/~--~'2_c_::~c_L_Es-+--+--4--"'--~ 

I -
I 

16001---t---t-----f--4--+--4--

1400 

1200 

1000 

800 

eoo 

\ 

lL" CYCL+E'_S_+--+--+--+-~ 
I • 1/7 - --. \. 

----+--+--+--~-~----<~ '. -'--t--~l-------+--+--4--~ 

~Pf \' 
1V 1 

L£G£ND 
--

// I 
+--~ 

I/ I 
---- SAMPLES TESTED AFTER 

28 DAYS OF CURI NG 

- ---SAMPLES CURED THEN 

WETTED AND OR/ ED 

- - - - SAMPLES CURED THEN 

FROZEN AND THAWED 

( J / '; r, "t--... ti "CYCL~S 
400.___+--+--+-H~''--+>~'#~+--+---l------i~---1----1----1----1--+----+----+--4 

'I I r.J / 
'/) ' 

~ V!t' :; 
200.___+--+-1-!-,P-:~4---+--+-~·~----ll-----l----l---4----l--+----+----+--4 

/lj y 

0 02 0 . 4 0 .6 08 1. 0 I. 2 1.4 

STRAIN - PERCE:NT 

U S WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
SANDY LOAM 9 PERCENT CEMENT 

FIGURE 21 



:r 
I.) 

z 

w 

2000 

1800 

1eoo 

1400 

~ 1200 
:::> 
C1 
~ 

a: 
w 
n. 

~ 
0 
z 
:::> 
0 
Q. 

I .,, .,, 
w 
a: 
~ .,, 

1000 

800 

600 

-400 

200 

0 

FIGURE 22 

0 

I CY. ·us~ 

6 CYCL -s 

/ 
I 

I 
/ ' 

/ / 

~ / , / 

/,,-~ 
~ ,,,. ::;;.--

0. 2 

....-"\ 

/_ 
. 
\ 
\ 

ir. I' CYC LES 

/ 

I I \ 

6 CY ':LES ,...__ J 

I l - \. 

II 1 \ 

I I I 
I 

J I 
I IL - I 

I " c VCLE. 

J I 
I 

J J 

J "\./ / ~ 
\ 

I 
' / /!-/ /\ \ 

/ \ \ , . // If~ \ 

I 1'12 4 YCL£.~ 

' 
I I I -~ . -: I . I I 

I i . 71 LEGEND 
I 

j Ii " SA/tlPLES rcsrco AF7£R • . 
' za DAYS OF CUR/NC. , I I 

I I 
SAMPLES CURE'D rHEN I J ' / /J. WErTCJJ AND DRIED. 1'/) 17 - - - - SAMPLES CURED rHEN 

~ I 
FROZEN AND THAWED, 

./ 

0 .4 0.6 0 .8 1.0 1.2 .... 
STRAIN - PERCENT 

U. S. WATERWAYS EXPERIMENT STATION 

INVESTIGATION or UNCONF"INED COMPRESSIVE 
STRENGTH or SOIL CEMENT MIXTURES 

STRtSS - STRAIN CURVES FOR 
SANDY LOAM II PERCENT CEMENT 



\ 

-
LEGEND 

----SAMPLES TESTED AFTER 

28 DAYS OF Cl.IRING 

----SAMPLES Cl.IRED THEN 

WE T TED AND DRI ED. 

- - - - SAMPLES CURED THEN 

t----t--+-1---+---+---+----+----+-- - FROZEN AND THAWED. 

--- ·.; ' / 4 CYCLCS ~~ ," 
I I ; ~ ~ 

. 
\ . 

/ B CVCLE. 

- 1 
\ 

\ 12 CYCL~S \ .- \ 

./'\ 
./ ' 

v~~-- -- /- -- ------ ---
o ar.:..~-;;..:;~-~-.;;;.;;::;J:::;...=:..L._..J..._....L.._...L..._.J..._..J.__..J.__.J__.,L__..1.-_,L__,L_.....J 

0 0 . 2 0 . 4 06 08 1.00 I. 2 1.4 

STRAI N - PERCENT 

U. S WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SO IL CEMENT M IXTURES 

STRESS - STRAIN CURVES FOR 
SANDY CLAY LOAM 5 PERCENT CEMENT 

FIGURE 23 



% 
v 
z 

w 

LEGE NO 

---SAMPLES TCSTED ArTCR 

21 DAYS or ClJRI NC. 
100 .,..___..__--1~--+~--+~-+-~-t-~-t----i 

--- SAMPLES Cl/RED THEN 
WETTED AND DRIED. 

- - - -SAMPLES Cl/RED THEN 

FROZEN AND THAWED. ~ eoo._~--~f-----+~--~-+-~-+-~-+----
=> ' C1 \ 
~ j \ 

~ 300 1--~--~~---+--/-+-~-+-~-+-~-+-~-+-~-t-~+-~------.~---+~-+-~-t-~-
/ "' 0 

z 
:::> I 
0 
Cl. 

400 

"" "" w 
a: ... 
'" 300 

0 0.2 

• 

FIGURE 24 

/,,,... 4 ( YCLE / " CYC .ES 

I /\ / 6 C YCL ~ S 1 :__ ___ -t""'\ 

I f / ~-- ' 
/ I// 12 •YCLES 

o .... 0 .6 0 .8 1.0 1.2 1.4 

STRAIN - PERCENT 

U. $ . WATERWAYS EXPERIMENT STATION 

INVESTIGATION or UNCONFINED COMPRESSIVE 
STRENGTH Of SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
SANDY CLAY LOAM 7 PERCENT CEMENT 



% 
\,) 

z 

lo.I 

~ eoot--+--+--.._.~.._.--11----1>----4--i---i-~ ~ ---+---+---+---+---+--~ 

a .,, 

.,, 
0 
z 
~ 
0 
Cl. 

.,, .,, 
w 
CIC 
~ .,, 

,/ '2 C ~CLE~ 

\ 
' 

400 
I~ , CY~LES 

\ 

JOO 

LEGEND 
---- SAMPLES TESTED AFTc·,.nt-- -1 

I~~// 21 DAYS OF Ci.IRING. 

2 o o .--+----1f---7/ii, I / 
--- SAMPLES Ci.IRED THEN 

I. J ,// WETTED AND DRIED. 

--- - SAMPLES CURED THEN 

FROZEN AND THAWED. 

1/ V·v 
10 0 l----+--1/'-Mfr'.[/--+--~--+--~--+---I 

I/ 
/ 

0 

0 0 . 2 0 . 4 06 0 .8 1.0 12 I . 4 

STRAIN - PERCENT 

U. ~. WATERWAY~ EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
SANDY CLAY LOAM 9 PERCENT CEMENT 

FIGURE 25 



:r 
u 
z 

w 

1000 

900 

800 

700 

0: 600 < 
~ 
CJ 
If) 

a: 
w 
Q. !>00 

Cl) 

0 
z 
~ 
0 
Q. 

400 

II) 
II) 
IAJ 
a: 
t-
~ 300 

200 

100 

t CY 

1.2 CJ CL£S 

8 CJ CLES 

I 
I 

I 

j I 
' 

I • j 

I I 
I I 

LES 

1
11 11 

• 

:11 I 
I 

I ' I/ I It 
I "' . , r; 
/~e j 

Ji I I /'I 
'L 

.lfj // 
~~/ v ~ I/// 

~~v 
0 

0 0 . 2 0 . 4 

FIGURE 26 

./ ~' 
<-_ ' 

:----.... 
__ .,,,, 

"\ / .... ,2 "YCLE. s 

/ ~·\ -/'> / IA./ A\ -..., 
7 1, / \ /; v-- -

./ ,, - ..... 
' • ·y ·1/ v v ' 

/! \ 
/ 

~ 

'/ v 
I I I 

71 I/ 
v I 

7 , 
7-8 CYCL ts 

j 

r· 4 CY Ci ES 

I 
LEGEND 

SAMPLES TESTED AFTER 

28 DAYS OF CURING. 

SAMPLES CURED THEN 

WETT£0 ANO ORIEO. 

----SAMPLE CURED THEN 

FROZEN ANO THAWED. 

0 .6 o.a 1.0 I. 2 1.4 

STRAIN - PERCENT 

U. S . WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
SANDY CLAY LOAM l I PERCENT CEMENT 



::c 
u 
z 

w 

500 

400 

0: 300 < 
:::> 
0 
Ill 

a: 
w 
n. 

11'1 
0 
2 
:::> 
0 
Q. 

., ., 
IA.I 
a: .... ., 

200 

100 

/ 
0 

0 

,/ 
,/ 

v 
I/ 

02 0 .4 

-
LEGE NO 

- >-
SAMPLES TESTED AFTER 
26 DAYS OF ClJRING. 

-

ALL OTHER SAMPLES 

rAtLED DlJRING DlJRABILIT'Y TESTS. 

L.-

\ 
L....--- - \ 

~ 
'-v 

/ ,, 
/ 

/ 

0 $ 0.8 10 1.2 l.'4 

STR AIN - PERCtNT 

U. 5 WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 
CLAY LOAM 5 PERCENT CEMENT 

FIGURE 27 



I 
u 
z -
w 
er 
< 
::> 
0 
Cl) 

Cl'. 
w 
~ 

Cl) 

0 
z 
::> 
0 

~00 

400 

300 

CL 200 

100 

0 

J 
[L .. 
0 

FIGURE 28 

~ 

/ 
/ , 

/ 
I 

' 

I / 
/ 

- , i-, /, 

// 

/ ........ 

0 . 2 0 .4 

• 

LEGEND 
SAllPL ES rc.srcD AFTER 

2a /JAYS OF Ci.JR/NC 

SAMPLE Cl.IRED rHCN 

FROZLN AND THAWED 

ALL OTHER SAMPi.£5 FA IL ED 

DIJRI NG Dl.IRABIL / rY TESTS 

' -
v ~ ' 

~ 

v 
/ v 

/\ 
I \ 

I ' 
/ 

1 

4 c "'CLE~ 
/ 

_. - ' I<' 
,,/ \ / 

,; \ / / -v / / 
/ / ,, """ / ,""" 8 C>' CLES 

..... 
/ 

/ 
/ 

/ 

~,,,,, -,,,,.. . 
--
0.6 0 .8 1.0 1.2 I. 4 

ST RAIN - PERCENT 

U. S. WATERWAYS EXPERIMENT STATION 

INVE STIGATION Of UNCONflNED COMPRESSIVE 
STRENGTH Of SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 

CLAY LOAM 7 PERCENT CEMENT 



• 

:I: 
u 
z -
w 
Cl'. 
< 
:::> 
0 ., 
a: 
w 
Q. 

.,, 
0 
z 
:::> 
0 
0.. 

., ., 
"" a: 
~ ., 

~00 ·• 

400 

300 

4 i YCLC 

200 

·• ) 
Ill 

' 

I I 
I 

I 100 

j/ ' I 
I 

I/ . 

'/ / ' " 

I ~,, l/ 
~v 

0 

0 o .• 

-

u -·--·-7 
I /i 

/1 / I v/ I 

, 
• 

/\¥ 
_,, 

17 ' ' \ 
' 

I 
I 

i...-----
0 .8 

LEGEND 
" •• 

SAMPLES TESTED AFTER 

za DAYS OF ClJRINC. 
- -· 

SAltlPi..CS CURED THEN 

WCT TCD AND DR/CD. 

- - - - SAIJPLES Cl/RED THEN 

FROZEN AND THAWED. 

- - . - -

/ t\ 
\ 

L_ ' '/ r--,~ CYC. ES 
... ....._ - ! • c . 

' - - -

0, _._ - '- - · ~ ·-
. . 

CYC< cs 

'" 
-
·'-- '-- -

- -· . -· ·-
CYC, ES 

.. ·-._ ...... ' ,,. 
\ / 

I/ 
a iCYCLi s-. 

t--. ./ 
' 

/ , 
7 -

/ 
- ._ / - ._ L 

..... 
1~/ 

v"' 

12 16 20 2.4 2.0 
STRAIN - PERCC:NT 

U S WATERWAY~ EXPERl~ENT STATION 

INVESTIGATION or UNCONFINED COMPRESSIVE 

STRENGTH or SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 

CLAY LOAM 9 PERCENT CEMENT 

FIGURE 29 



~00 

4 00 - - . c -

:r 
u 
z -
I.I 
a: 300 < 
:::> 
0 .,, 
a: 
I.I 
Q. 

.,, 
0 
z 
:::> 
0 
Cl. 

2 00 

~ 
.,, ., 

t/ 
,,: .,, 

w 
« 
~ ., 

4 CYC4 ES /,,r I 
I~ l 100 / v/ 

I '// 'l / 
I(/~ ~ / 

h v 
0 

0 0 . 2 0 .-4 

FIGURE 30 

/ " '\. 
' 

IZ C "'CLE / 
·17 / . 

,/ / \ \ 

'/ /__ 
-6 c "'CLEj -

J 
I 

~;e-

I I 
/ -~ 

CYCLj 'S 

' 
I I 

, 

-
~ ' 

I I / \ 
J / 

I ~ ~ , 6 c 'CLCS 
~ / 

I/ I /- -
J 

·-"'\ • 

~ ~l / ·, 
/ 

I'/,' ~ I/ 

~/ , x 
I // / 
,~ / LEGEND 

/ SAMPLES TES TED AFTER 

ZI DAYS OF CURING. 

SAMPLES CURED THEN 

WETTED AND DR/CD. 

- - - - SAMPLES CURED THEN 
FROZEN AND THAWED. 

0 .1 o.a 1.0 1.2 1.4 

STRAIN - PERCENT 

U. $ . WATERWAYS [XPEAIMENT STATION 

INVESTIGATION or UNCONFINED COMPRESSIVE 
STRENGTH or SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES f'OR 
CLAY LOAM 11 PERCENT CEMENT 



:r 
u 
z 
w 
a: 
< 
::::> 
0 
Cl) 

a: 
w 

2000 

1600 

0.. 1200 
Cl) 

0 
z 
::::> 
0 
0.. 

(/) 
Cl) 

w 
a: 
~ 800 

400 

, 

I 
I . 

I 
I 
' 

I I 

/ /. 
I II;) 

.'1 

-~ 
"ti 

~~-./ 
0 

0 02 

I 

LEGEND 

ZS DAY CURING PERIOD ONLY 

- J6 DAY CURING PERIOD ONLY 
44 DAY CURING PERIOD ONLY 

---52 DA Y CURING PERIOD ONLY 

--- 4 CYCLES WETTING ANO ORY/NG 

----- 8 CYCLES WETTING A NO DRYING 

--- ----12 CYCLES WETTING ANO DRYING 

-
/ 

/ 
I I 

I 
I 

I 
/ 

I 
I 

I 
I ---~ 

I / ' I v I 
I I 

I , 
.I , 

v 
I / 
' / I 

I 
I 

, 
' I :_-. -I /_ v-! ' 

. 
I 

,7~ .--. ". /1 
·~ 

/ µ"' .... 

L/ ,/ ~ -t-. 

v 
I / - J 

~ / " v 

/ 

04 06 0.8 10 12 14 

STRAIN - PERCENT 

U S WATERWAYS EXPERIM ENT STATION 

INVESTIGATION OF U N CONFINED COMPRESSIVE 

STRENGTH OF SOIL CEMENT M IXTURES 

STRESS - STRAIN CURVES FOR 

SANDY LOAM 9 PERCENT CEMENT 

WET - DRY TEST INVESTIGATION 

FIGURE 31 



r 
u 
z -
w 
a: 
<( 
:::> 
CJ 
II) 

a:: 
w 
n. 
II) 
0 
z 
:::> 
0 
n. 

IOOOt-~t----11----1..._--+~-+--+--+--+---+----+---+---+---+---+---t-----I 

8 00 

600 ,"', v 
/! / 

I I !j 
I I 

.i I 

I I / / 

I / I 
I I . , 

I I , 

LEGEND 

2 8 OAY CURING PERIOD 

- 36 OAY CURING PERIOD 

44 OAY 'CURING PERI OD 

- - -52 OAY CURING PERIOD 
---- 4 CYCL ES WETTING ANO 

----- 8 CYCL ES WETTING ANO 

-------- 12 CYCLES WE TTING ANO 

/ 
/ 

/ 
/ 

- ---- --r---- ........ -

ONL Y 

ONLY 

ONLY 

ONLY 

ORY/NG 

ORY/NG 

ORY/NC 

.' I ''/ I 200t-~H+--+tf-+-fl----+-----,-+--+--+--+---+----+---+---+-~-+---+---+----t 
I I /I I 

0 
0 

I , f 
I ' , / 

JI I 11 

/J I I' 
' I. I I ', f ,' JV I I 

0 .2 

/ 
I/ 

, 
' 

0.4 0 .6 0.8 1.0 1. 2 1.4 

STR A IN - PERCENT 

U. S . WATERWAYS EXPER IMENT STATION 

INVEST IGATION OF UNCO NFINED COMPRESSIVE 

ST RENGTH OF SOI L CE MENT M IX T URES 

STRESS - STRAIN CURVES FOR 
SA N DY CLAY LOAM 9 PERCENT CEMENT 

WET - DRY TEST INVESTIGATION 

F IGU RE 32 



400 

J: 
u 
z 300 -
w 
a: 
< 
::> 
a 
Cl) 

a: 
w 
n. 

V) 
0 
z 
::> 
0 
n. 

200 I . 
/ 

(/) 
V) 
w 
a: 
I-
(/) 

, 
/ 

I 
I/ 
• v ' I 

• 

( I / 
• -" 

100 

I '/1 • 

I )/~ 
; 

./J J 
I 

'1 ~ I I 

/ 

,// • 

J 

I// // :7 
I· // I/::~ ~ ~, 

0 
~t::'--· 
0 02 04 

LEGEND 

28 DAY CURING PERIOD ONLY 

- 36 DAY CUR/NC PERIOD ONLY 

"" OAY CUR/NC PERIOD ONLY 

---52 DAY CURING PERIOD ONLY 
---- 4 CYCLES WETTING ANO ORY/NC 

----- 8 CYCLES WETTING ANO ORY/NC 

- - - - - - - 12 CYCLES WETTING ANO ORY/NC 

/ I""-... 

V. 
...... 

- · ---v -
/ , _, 

v ./ 
v --

, 
:.' ,,,--

/ 
....... 

/'- •• 
i.- - -

c - .... -
I '"" / ,, , v , ,. ,, .-, , ,, --,, --

v / 
v 

I/,,,~ ,. , , 

v· v 
,· 

/ 

0.6 0 8 1.0 12 14 

STRAIN- PERCENT 

U. S WATERWAYS EXPERIMENT STATION 

INVESTIGATION OF UNCONFINED COMPRESSIVE 
STRENGTH OF SOIL CEMENT MIXTURES 

STRESS - STRAIN CURVES FOR 

CLAY LOAM 9 PERCENT CEMENT 

WET - DRY TEST INVESTIGATION 

FIGURE 33 




