
O\ b, of the key factors thai accounts for the successfr~l 
tlse of ioil-cement in the p:tvirrg arid watc~r rcsottrces 
fielilb t i  carefrll prcdeiermirratiorr of engineering control 
i;wtoki i r t  the 1:horatory nrtd their application during 
iwrisiructi~n. 

'l'hc composition of soils varies t.orrsiderat)ly and 
tlwic \~:rtwttor~s :~ffect the manner in which the soils 
rcuct when conrbirred with p o r t l i d  cernerrt :md water. 
'I'llr n a y  a given soil reacls with cement is determined 
by simplex latmraiory tcsts rnadc 011 mixtures of ccmerit 
nit11 the $011 T h t w  tests dt>terrnine ihc three ftmda- 
me], t ;\I  rcqturements for soil-vemcnt . 

1 .  The mir1imum cwnetrt cw1tcnt t ~ t w ~ c t l  to h:lrdcn 
the soil adequ:~tely. 

a 2. The proprr moisture cort t cnt. 
3. The density to which the soil-cernetrt 1n1ist he 

cwmp:wt ed. 

*,\va~lrtble for a rrom~nal cllargc from the Amer~tan Soe~cty f o ~  
'I'citing anti Mate~lals, 1916 Race Strrct, I'h~lxclelphia, Pa 19103 

sociation h s  tlcvt.lopctl n speed short-cut test method 
for tletcrrninirig ccltrcnt factors for sandy soils. 

Q Portland Cement Associat~on 1976 



rease in the optimum moisturc 
in the maximum density of the 

re as the damp-mixing time increases. 
reason, moisture-tiensit y ti-'sts on the soil-rc- 

ment mixture are made in the laboratory :LS r:lpidly as 
possible. This is tiecessary b e ( ~ ~ u s r  t est q m i ~ ~ i e ~ i s ,  which 
are designed from these test data, arc molded afttr a 
few miuutes of mixing soil, cernent, u id  water, arid 
before cement hydratioil. 

Specific~ations for soil-ccnicrlt constructiotr re(pirc 
that moisture-denslty relations be cstnblishcd in the 
field, toward the cud of damp-mixing, with soil-cement 
taken directly frorn the area being constructed. Details 
of the nioisture-dclilsity t (.st arc g i ~ w  st artirrg on pagc 1. 

The freeze-thaw :mtl wet-dry tests ncrr desigried to 
reproduce in t hc laboratory the moisturc :md tempera- 
ture cl.1:uiges i n  soils. They measure the eftf'ect of iriter~ial 
volume rhnnges prodtwed by changes ill moisture and 
teniper:~turc.. T ~ I I S  the tests clctcrmirie wht.ther the soil- 
c8crncltt will s t ~ ~ y  hwd, or whether it will cxp:~rid atid 
 rot^ t r:wt exc~essivt~ly :u~d soften with moisture vari:~tioris 
and a1terli:~tc frcezing and tha~ring-coltditiorrs that 
produce disastrous results in untreated soil. 

The freeze-thaw arid wet-dry tests determine the min- 
imrtm rernent content required to prodwe a structural 
material that will resist volume cahanges produced by 
changes in moisture and temperature. Since moisture 
and tempernturr changes ocac3rrr in varying degrees in 
all climt~tic and geographic areas, 11s~ of both the frceze- 
thaw and wet-dry tests assrms that an adequately hard- 
ened, durable material is produced for any climatic area. 

The proreclr~res 11sed in the freeze-thaw and wet-dry 
tests are give11 st:~rtlrig on page 9. 

ut Test Metho 

Short-c911t test procedures have been developed to de- 
tcrmilie :~dequatc cement contents for sandy soils." 
These procedures do riot involve new tests or addition:~l 
eqiiipment. Instead, data and charts developed from 
previous te\ts of similar soils arc used to eliminate some 
tests :md greatly reduce the nrnomit of work recluired. 
The only laboratory tests required are a grain-size an- 
alysis, a moisture-density test, and compressive-strength 
tests. ltelatively small soil samples are needed, and a11 
tests (m he completed in about one week. 

\Vhilc thcse procctlurcs (lo riot always give the mini- 
rnurii ccrriertt factor that can Itc ~isctl, they : h o s t  al- 
\mys provide :b safe ccmenl fncator gent~allp close to 
that int1icatt.d by standard XSTRI-XXSFITO wet-dry 

-. - 
"Soil-Ccmcnt Test 1)atu Correlation i n  I)etcrtninir~{/ Cettrenf Foe- 

tors jor S o t ~ t l ~  Soils, Highway K e ~ e : ~ r c h  Sonrd  I~ulli!tirr 69, 1952. 
Also, Bzptcntlcd Sl~ort-Cut Test Mefliotls for 1lefcrtr1ininy Cctmn,l 
Factors for Sandy  Soils, 1ligt t~v:~y Itesearch I3o:~r.d I3ulletiri 108, 
1958. 

and freeze-thaw tests. The procedure can be made even 
more acwrate by niodifyilig the charts, usitig d2~ta from 
local soils. 

The short-cut test method is descril~cd in dct ail start - 
itig on pagc 22. 

The following information will aid Ihe laboratory 
erigirieer in determiriing the cemeni fartors to irivesti- 
gate in the standard labort~tory tests. 

l':tl)lc 1 givcs tl~rl c ~ ~ n i ~ i t  rcquircrric~lts to nsc in tl~tx 
rnoistnsc-tlcnsity t cst with subsurf:rce soils of the various 
Vriificd :mc1 ALZXSITrJ'O soil groups. Topsoils may contain 
organic or other material delrirner~tal to cement reac- 
tion and often require higher cement factors. For most 
topsoils the ternwt cwiltent in Table 1 should be ill- 
cwased 4 percwtage poirits if the soil is dark grey to 
grey, and ti percentage poirits if the soil is black. I t  is 
usually not necessary to increase the cement factor f'or 
a, brown or red topsoil. 

After the moisture-density test has been complt~tcd 
and the nlaximum density determined, the cernn~ t W ~ I -  

tents to investigate in the freeze-thaw and wet-dry tests 

soil group* I soil group** / percent i iy \~cigl;t 
I I 

A-1-a CW, (;P, 

I A-5 
OH, MH, 
MI,, 01, 1 

- 
*Charts :md tables for use in classifying soils by the American 

Association of State Iiighway and 'f'rnnsportntion Officials Soil C1:rs- 
s i f icdon  Systt?m (AASFI'TO. M145) :we g iwn in Portland Ccment 
Association's Soil I'ritncr, Ii:IX)07S. Data for -1-6 and A-7 soils are 
not included in this table since tllcse soils have not been used for 
soil-cerzent slope protect!ion. They usually require higher cement f:~c- 
tors th:m grnnul:rr soils, c:innot be :~deqr~ntely mixed in a central 
plant, arid are more dependent on weather conditions during con- 
struction. 

**Possible Unified soil group romparable to the AASII'I'O soil 
group. C1r:wts and t,ahles t,o c1:~ssify soils by the Tinified system :ire 
also given in the Soil P~irner. 



are selected. Tahle 2, which consitlers the 1n:LxImurn 
tletrsity of the soil-cement mixt ltre and other properties 
of tho soil. can toe used to det ermirte the media11 c2emelrt 
c~mtent .  Sirroc. three cement contents usually :ire in- 
~(lstigated, test specimens are molded at the cement 
cm1te11t deterniitied from l'd)le 2 and at  cement co~i- 
f m t s  2 percwlit~gc polirts ;~10ove and be!ow th:~t (wne11t 
factor.* Iri case of topsoils, the cenicr~t fac~ors  should 
t)c t ~ ~ c r c ~ ~ d  :LS d s w l s s ~ I  111 t h ~  pre(~di11g p:lr:~graph 

To further aid in selecting cement c~oriterrts for the 
freeze-thaw : ~ n d  wet-dry tests and to determirie lion, 
nell the sod is reacting with ccrnelii, it is helpful to 
save half of t he last moist ure-density test specimen and 
place t i  in an atmosphere. of high humidity for inspec- 
tion daily. This half spccunen, c d c d  the "tail-e~rd" 
spwirnen (see b'ig. 2 ) )  is ol)ta~tietl dl~ring the usual 
procedure of cutting the last specimen of the molst ure- 
derisity test in half vertically (details are given on page 
5) so that a rt~preserrtattvc ~ n o ~ s t r ~ r t ~  s:mplc ( ~ 1 1 1  he 
t :~ken. The  tail-end specimcn is iirspwied daily hy 
"picking" nit11 a sharp-poiuictl insttun~ent such a:, a 
dull icae pick and by sharply "clic4cirlg" the spec4mcri 
:~gaiiist a hard oi)jcct such as colic~rete. 

Type crf 
rriiscellancous 

rriaterinl Moisture- 
density 

test 

Icrecze-thaw 
arid n et-dry 

tests 

5-7-9 
3-4-5-7 
6-8-10 

8-1 0-1 2 
67-9 

6-8-10 
6-8-10 
5-7-9 

9-11-13 

9-11-13 

67-9 
5-7-9 

10-12-14 

In the pick test the sptwrncrl ti, licltl i ~ r  one hand 
:uid Ihc ice pick is lightly jabbed irito the specimen 
from a distance of 2 or :i in. If the specimen resists 
this light pickrrrg, the force of impact is increased until 
the pick is striking the specimen with co~isitlwable force 
Speckens  that are lrarde~iing sntisfac+orily will dch- 
~iiiely resist the penetration of the pick, whereas spcci- 
mcrls that, are not hnrderii~rg properly will have little 

Shell soils 
Limestone screenings 
Xed dog 
Shale or disintegrated shale 
Caliche 
Cinders 
Chert 
Chat 
Marl 
Scoria containing material re- 

tained on the No. 4 sieve 
Scoria not containing material 

retained on the KO. 4 sieve 
Air-cooled slag 
Water-cooled slag 

resistance. 
In  the click tcst the t:d-elid spe(~im(w :md h : d  ol~ject 

*If the rnedi:tri i:ement, cantent is 5 perccnt or less, it is good 
practice to use 1 perc.r:rrt:tgc% point irrweinents. 

&laterid 
retaillet1 

011 So. 4 
sleve, 

pcrccnt 

&laterial 
s~rialler 

th:m 
0.05 rrim, 

percent 

0-1 9 
20-30 
40-50 

iement Content for Freeze-Thaw and Wet-Dry Tests 

daily to determine the rate of 
hardening of the soil-cement 
mixture. 

il1:txirnnrri tlcnsity, 11). pel cwft .  

106109 

('c~rric~it coritcrit, Itel cent by T\ eight 

110-114 

- 

115-110 120-124 125-129 130orrxiore 



thaw and wet-dry tcsts (determined from Tahle 2) 
shotdd be increased. 

A number of miscell:~ncous materials such as ealich~, 
chert, cinders, scoria, shale, etc., have heen used suc- 
cossfully in soil-cement pavement construction. If these 
materials arc being considtwd for soil-cctncnt slope pro- 
tection, Table 3 can bfl used to dctcrmirle the cement 
cvntcnts to use in tlic laboratory tests. 

The ccment contents give11 in Tables 1, 2,  and 3 can 
be coriverted to the indicated wmcnt req~tirement for 
c~onstrud ion of slope protcct ion by increasing them hy 
2 percent:~ge poilits. Thus, work on the p h s  antl spec+ 
fic:~tions can proceed while l a h a t o r y  tcsts are wider 
way, with the understanding that the recommended 
cement content based on final test data may differ 
slightly from the indicated value. 

roportioning Cement 

In soil-cement testing, cernelit qunnt il ics are pro- 
portioned on a weight I):~sis in t e r m  of percent of total 
ove~i-dry soil. At thc completion of tests, the recom- 
mended cement (*ontent hy weight may he colivertcd 
to the eq\~ivalerit cement vontent hy volume for field 
constructloti. I'roport ioning on a vo lum~ hasis for field 
c~onstructiot~ is in terms of percent of :L 11.8. bag of 
cement in a cwmp;~cted cttbic* foot of soil-cemerit, assrtm- 
ing that a bag of cement weighs 91 I!,.* Thus 10 perccnt 
hy volume indivates 9.4 Ib. of cement per cubic foot 
of cmnp:~cted soil-cerne~~t . If the layer being cwnstructed 
is 6 in. tliirk, I sq.ytl. cwnt ains 3 X 3 X X 0.10 X 94, 
or 42.:2 Ib. of cenwltt. 

Preparing Soil for Testing 

About 75 lh. of soil is sufficient to run a complete 
series of soil-cemerr t tests. 

When riecaessary, thtl s:rrnple is first dried until it is 
friable under a i rowel. Drying may be acc*omplished by 
air-drying or hy using :L drying apparatus that limits 
t he tcrnperat Itre of the s:mplc to 1 10 deg. P'. (60 deg.C.). 
To prepare thth soil for testing it is separated on the 
2-in., 3%-in., and KO. 4 sieves. A11 clods are broken up 
or pulverized in s w h  a way as to avoid reduring the 
rial urn1 size of indi~.idual particles. The pulverized soil 
passing the So. 3 sieve should well mixed antl then 
stored in a covered container th ro~ghout  the duration 
of the tests to prevent any niajor moisture changes. 

The quantity of ni:~t~ri:~I largcr than 2 in. is not 
included in calculations of grain-size distribution. The 
quantity, however, is noted and the matcrial discarded 
If the soil contains m:~terial retained on the $(-in. and 
No. 4 sieves, the qt~arititics are c~~lcrtlated, recorded, 
and included in calc~~lations of grain-size distribution in 
the t ot:d sample. 

*Canadian bags of cement weight SO It) 

The maierid larger than 3.i in. is stored until soil- 
cemcwt test specimens have t)et.n molded, after which 
it is usually disc:~rded. The rnaterial larger than the 
So. 4 sieve and smaller than .3i in. is later incorporated, 
in a satnratcd ~ ~ n d  snrfacc-dry wnditiori, with the soil 
useti for the moisture-density test and in the wet-dry 
antl freeze-thaw test specimens. I t  is added in such 
amo~tnt,  by dry weight, that the percentage of material 
from the Ko. 4 sieve size up to 3.;-in. size in an individual 
soil-cement test specimen equals the percentage of 
triatcrial hrger than the KO. 4 sieve and smaller than 
2 in. in the original total sample. 

Moisture-Density Test 
(ASTM 0558 or AASHTO T134) 

' I h  methods for determining moisture-density rela- 
tions of soil-cernertt mixtures arid for molding wet-dry 
arid frwze-thaw test spec.imens are described. The first 
is to be used with soils wntaining material retained on 
the KO. 4 sieve, and the second with soils not containing 
rn:iterial retained on the No. 4 sieve. 

Method for Soils with Material Retained 
on No. 4 Sieve 

To facilitate disrussions of the moisture-density test 
and molding test specknens, illustrations of calculations 
are included. Assume that a brown, C horizon, A-1-a(0) 
or 81' soil is to !te tested. As shown on the summary 
data sheet, P'ig 19, pagt. 20, the soil contains 30 perrent 
material retained on the Eo.  4 sieve that  has an  ab- 
sorption** of 2.0 percent. From Table I, 5 percent by 
weight will be used in the moisture-density test. 

Detailed calculations (mi he made to determine the 
quantity of soil needed for a 4- or 5-point moisture- 
density test. However, to simplify calculations 11.0 lb. 
of oven-dry soil is generally used for soil-cement mix- 
tures that contain material retained on the No. 4 sieve, 
and this amount will be used in this illustration. 

Since the soil in this illustration contains 30 percent 
material retained on the No. 4 sieve, 11.0 X 0.30, or 
3.50 Ih., of oven-dry coarse matcrial is required. I t  is 
added in :L s:att~rated, surface-dry coriclitio~i;~herefore, 
3.30 X 1.02, or 3.37 Ib., of saturat ed, s u r f a c d r y  coarse 
rnaterial is weighed out. (The material retained on the 
S o .  4 sieve irt this example has an absorption of 2 per- 
cent .) Since the specimen is only 4 in. in diameter, it is 
nec3essary to set a maximum size of material that may 
be used. A maximum size of in. has been selected, 
since material up to this size ( ~ ~ 1 1  be handled roadily in 
the laboratory. Shonld material larger than $i in. occur 
in the field surnplc, it is replaced in the spec4men with 

**As determined in accordance with ASTM (2127, using the 
following formula: absorption, percent, equals 

saturated surface-dry weight - oven-dry weight 
oven-dry weight X 100. 

tThe materid ret,ainetl on the No. 4 sieve is prepared by 
soaking i t  in water overnight and then surface-drying i t  im- 
mediately before i t  is added to tfhe rest of the material. 



: ~ n  equivalent dry weight of the 1 0 .  4 to ;%;-in. material. 
In those isolated cases where m:rt trial that is retained 

on tlic No. 4 sicvc. and p s se s  tht. 2-in. siew is :dso 
retailled on the $<-in. sieve, the material shall he 
crushctl, :~nd  that portioli the11 y~ssing t tie 3 c-in. sieve 
and rctzlined on the So. 3 sicvc is wed in the proper 
dry-weight proportio~ts. 

The rcqrhxl  amount of overt-dry soil passing the 
So .  4 sieve is 11.0 - 3.30, or 7.70 lb. The hygroscopic* 
rnoiitwc c w ~ t e r ~ t  of this material has hcr t  determined 
by test to be 1 percent. T h w ,  7.70 X 1.010, or 7.78 lb., 
of air-dry m:~terial is weighed out. 

The q t ~ m t i t  y of crrnent reqllircd is I I .O X 0.03, or 
0.55 Ib.. whic.h is 0.55 X t53, or 23.0 rr. - 

To reduce laboratory dculat ions,  quantitic~s of sat- 
ur:~tcd, stufacc-dry matt1ri:il retained on the No. -1- sieve, 
of air-dry sod passing the Ko. 4 sieve, and of cement 
ltcedcd to run a rnoisit~re-dcnsitv test with soils that 
contain material rctairled on the S o .  4 sieve may be 
ohlailictl from 'I 'hlt~s 3, 5, :~nd 6. 

When performing the test, thr air-dry soil passing 
thr So .  4 sieve (7.78 It) .  111 t h ~ s  example) is first weighed 
out. The required wmclit (250 g.) is added to the pul- 
verized soil and the two are t horonghly mixed to mi -  
form color. A quantity of water sufhciel~t to (lampen 
the mixture to a degree approximately 4 to f i  perce~~tage 
points hrlow the est imatcd optimum moisture content 
is then thoroughly ilicorporatcd. 

r 7 I he satnratetl, stirface-dry material retained on the 
N o  3 ~ I C V C  (3  37 11) it1 this rx:~nlplc) is :ltldrd ncxt and 
intimately mixed in. 

r 7 I he soil-cerneut rnixt ure is then inlmediately corn- 

striking f:wc dropping frcc frorrt :L height of 12 in. :hove 
the hiial c.lev:~tion of cadi compacted hyer.  h r i i i g  
compacbtion, thc mold rests on ;L rmifornt, rigid foruida- 
tion that weighs approxirnntcly 200 I t ) .  

Aftt.r contpactiort, t he (wllar OI I  t he rnold 1s renioved 
and (wess cornpac*trd soil-cemrtit is c~arefully t r i n m d  
level with the top of the rnolil -\c i t  h :L I \~~ifc  and straight - 
cdge. Ilunilg this t rilnmlrig op~r:~t1011 all particles thi~t  
extend ahow the top of the mold arc rernoved. This 
may C:LIISC some irrcgtdarrtics 111 the surlacc of the 
spccimeli, nhich c w i  be corrcctcd hy hand-t:~rnping finr. 
material lilt  o these irreg~d;~ntics aud lcvcling the speci- 
rneri agaiu wit It a st raightcdge. 

The compacted specimen and mold are then weighed 
and the tare of the mold is sttbtraeted to give the wet 

*The hygroscopic: rnoisturc contcr~t rutty I x  tlefinecl :ts the 
moist,ure conter~t of tho n~:aterinl :LS tlse(1 in t,est,ing. 'Phis is 
dcterrnineti Ity t:ompletely ctverl-drying ;i srn:rll representat,ive 
portion of the totti1 soil s:mple aftel, the total soil s:~rnple h:~s 
tteen p:~rt,i:dly dried t o  :L friable st:~te. 

**l)iniensions nr~d t,olernrrces for t ht: 1 /30-cu.Et . rnoltf imd sleevo 
r:trnrnt:r are giver1 in 11S'l'hI 11.558, 1Ioisturc-1)ensity Ilolittior~s 
oi' Soil-Ccrnent Mixtures. A meclianic:rlly opernt,ecl r:Llnrner is 
d s o  permitted if i t  is cttliI)rateti using iWT.11 1>2LiiS, Method for 
Calibration of hIech:~r~ic:d IJnboratory Soil Compact,ors. 

weight of the specimen. The specimen is removed from 
the mold arid slired vertically through the ccntcr. A 
represei~tative 750-g. sarnple of the material is taken 
from the full height of one of the cut faces, weighed 
irnmcdiately, atid placed in an oven to dry at 230 deg. P'. 
( I  I0 deg.C.) for at Icast 12 hours or to corrstant weight 
to permit determination of the moisture c m  tent. 

Thcl rernainillg soil-ccrnent mixture is the11 1)rokrw 
up to pass :L %-in. sieve. All lumps madc up of particles 
1:cgcr th:m the KO. 4 slrve are tm)kcii r ~ p  : ~ g a i ~ ~  to 
p:ws a KO. 4 sieve. Sufhcient water to iricreasc the 
moisture cwitent of the rnixtur(1 by approxirnatcly 2 
percent:gc points is :~dded and tlioroughly rnixcd wit11 
the soil-cernent. j The moistened soil-cw~tcr~ t mixture 
is again compacted in the mold as previously described, 
and the procedure is rilpeatcd for each increment of 
water until the wet w igh t  of thtx cornpactecl soil-cwncmt 
niixturc clecrcast.s or until tlw specirneri Iwomes spongy. 

.- 

tWhen a moist,ure-tiertsity t,est is being performed on fragile 
materials that  tend to crush or break down under the weight 
of the rammer, a separatje batch of soil-cement is used for each 
trial. 

Fig. 3. The quantity of soil-cement to be placed in the mold for each 
of the three equal compacted layers can be easily judged with a 
scoop. 

Fig. 4. Taking moisture sample from center plane of specimen dur- 
ing moisture-density test. 



iC3i~ter i d  
r.et:iincd 
on No. 4 

&vc, 
piwent 

ies of Material Retained on the No. 4 Sieve for 11.0-Lb. 
~f Total Soil for Use in Moisture-Density Test 



Own-dry 
rriaterial 
ptissing 
So. 4 

sicvc, Ib. 

: Air-Dry Soil Passing No. 4 Sieve for 11.0-Lb. Batch of Totai 
?-Dry Soil for Use in Moisture-Density Test 

Hygrobcopic moisture content of ~natrrial passing No. 4 sieve, percent 

Air-dry rnatrrial pissing No. 4 sicve. Ib. 



Cernerit 
content, 
percent 
ly weigh 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 

6.0-lb. batch of soil 
passing KO. 4 sieve 

11 .O-lb. hatch 
of total soil 

thc  compacting actiott may force a portion of the w:ltcr 
downward and out of tlic mold. This loss makes it 
difficult to ohtairt a clecrcase in tlcrisity. IAHS of W L ~ C I '  

can be prevrnted k)y sealiilg the  point of contact I.)etwcelt 
the  bottom of the mold and the  hase plate with petrolc- 
urn jelly or some similar material. Due to thc  migr  J. t '  1011 

of watcr irt these coarse soils, it is difficult to ol~tairt :L 

reprcserttatiw moisture sample after compaction. 'l'ltis 
may be overcome by taking the  moisture samplc f r o ~ n  
the  soil-cement mix befort. cwrnpactio~r. 

,2s discwsed 011 page 3, coxrsidrra1)lc ilifornlatioil (m 
be obtained by saving half of the last spccimett m:dc 
on the wet side of optirniim rr~oistttrcl. This tail-crd 
specaimen is stored irt the moist room : ~ n d  irtspectetl 
daily to  tletermirte the  rate of hardening. 

The  moisture cotttcnt and ovm-dry wclight of the  
soil-ccment mixture a s  cornpwtctl in ( w h  trial arc 
calculated a s  follows: 

where 
lo = moisture con1 cut of spc~cimctr, percent ; 
A = weight of rnoisturt. call :tnd n c.t soil-ccmt~tit ; 
B = weight of moisturr ci~ii  and dry soil-ccmtnt ; 
C' = weight of moisture can;  

11' = dry weight of compacted soil-ctmer~t, pounds 
per cul)ir foot ; 

M * I  = rwt \wight of compacttd soil-ccrncnt , pot~tr(ih 
per cubic foot. 

After ca1cul:ltiiig the moisttnrc eoittcwt :urd (wrrtL- 
spoittlliig ovrli-dry rwight (tlcirsity) of t he. comp:tetcd 
soil-ctmlclitt for e:tch lest matit, oil thc rtiiuturc, t l t ~  
dertsities art. plottctl as o rd i t t :~ t~s  :111(1 1 lip corr~~q)oi td i i~g 

Table 7. Quantities of Air-Dry Soil Passing No. 4 
Sieve for 6.0-Lb. Batch of Oven-Dry Soil for Use 

in Moisture-Density Test 

/ Hygroscopic moisture content, Air-dry soil, 
I percent lb. 



Freeze-Thaw and 

Designing Test Specimens 

After the maximum density and optlmurn moisture 
content of thr  soil-cement mixture have been clcter- 
mined, spec,imens tit different cement contents are  
molded for the wet-dry and freeze-thaw tests. These 
tests will dett'rmine the rniliimurrt amount of crmcnt 
required to  hardell tht. soil properly. The test spcci- 
rnerts are molded a t  the optimum moisturt~ content 
determined from the moisture-density test with the 
same compactioti equipment. The density of the test 
spccirnens will therefore he cwnparable to the> maxi- 
mum deitsity obtained in the moisture-derisity test arid 
to the rlt>nsity that will bc. obtained during constructiorl. 

The cement conttlnts to be investigated in the freeze- 
thaw arid wet-dry tests will depend on the type of soil 
heit~g tested. Taltlcs 2 ~ L I I ~  3 on page 3 c:m be used as 
:L g~lide. Also, as dis(wssed or1 page 3, the condition of 
the moisture-density tail-end specirncn can be used to 
aid in selcc.ting cement contelits for testing. Three 
cxemcnt contents, in art :wending order of 2 prrwrr t :rge 
points differe~rc.e,* are ~ ~ s u a l l y  selected. 

Two specimens may hc molded at each cement con- 
tent, one for testing in the freeze-thaw test and one for 
the wet-dry test. I lowewr, experience has shown that  
the freeze-thaw test is generally the critical tcst excxept 
for soil-cement mixtures that contain relatively large 
amounts of clay. Therefore, time and work ran he saved 
by rrtoltliug only one wet-dry tcst specimen-gerterally 
a t  the. ~nedian cement content. 

CALCULATIONS FOIZ SOILS WITH MATERIAL 
R E T A I ~ D  ON S o .  4 SIEVE 

Assurrie that the moist urc-dcnsity relations obt : i i l~~d 
for t he '2- l -a (0) or Sl' soil at 5 percent cement hy w ( ~ ~ g h t  
are 129.5 lb. per c+uhic foot maximum density at 9.2 per- 
cent optimum moisture. The soil cwttains 30 percent 
material retauicd oil the No 3 sievc, and this m:~terial 
has an absorption of 2 percent. The hygroscopic moisture 
colitcrtt of thc soil p:~ssittg the No. 4 sieve is 1 percent. 

From Tablc 2, the metllati cement corttent for freczc- 
thaw a i d  wct-dry test spcc%wns is 5 percertt. Speci- 
mens will he inoldt~t :it 3, 4, 5, and 7 pcrcrnt c m ~ c n t  
hy weight. 

Thr :~rnoulit of soil rcquirctl for one spccilncri is first 
c:dculated In  rrtaki~lg thcsc cornputatiom, t he quantity 
of sod that is rcquircd for ~noldlng a specirncr~ having 
tltc rite&ut ccmclit contcnt is first computed; this quan- 
tity of soil is t h ~ n  used for molding a11 spwime~ts. Of 
course the. cement q n a ~ ~ t i t i c s  ant1 watrr qtiat~tities vary 
for spccimms t h a t  contain different pe.rc,cntages of 
tcmcrit. In this cxtmplc the rrictlian cement content is 
5 pcrcwtt, arid the f ollowitig calculatioils will he those 
required to mold a test spt~cirnen a t  that  wment content. 

-- 
*If the median crmcrlt is 6 percent or. less, it is good prartice 

to  use 1 pwteritage point increments in the low ernlent content 
range. 

The l i i a~ im~i tn  dtwsity of the soil-cwnent rnixturcl 
being illustmtctl is 129.5 111. per cubic foot, and :L ruhic 

129.5 
foot contailis - ----, or 123.33 lh. of soil. 7'hc amourit of 

1 .O5 

1 23.:U , or 4.1 1 It). This : ~ m o ~ ~ r i t  is iticre:~scct hy 1 / 10 
30 

(0.4 1 lb.) to proyiclr soil for rn:uupulat ion c lid hy 1 .G5 Ill. 
(750 g.) for :L rnoisturtx sample. (11tc.re:~silig soil qu:~1i- 
t ~ t  ics by 1 / 10 givefitlfhcimt 1011 to  provide :L spwime11 
5 in. in hcight lxfore thr> cvllar of t h r ~  ~tioltl is rcrno\ ctl. 
7'he excess soil-ccmetit is then trirnrnccl f rom the top  
to give n specirnc~~ the ex:wt Iicight of the mold.) Thus 
the total soil rtquircd per ~ ~ C C I I ~ C I ~  is q11a1 to 4 1 1  
+ 0.41 + 1.65, or 6.17 Ib. 

Siricc the. soil in this illustrntiort cwntains 30 porctwt 
rnaterial rctairietl on the Ko. 4 steve, 6.17 X 0.30, or 
1.85 lb., of this oven-dry material is rcquirctl for olio 
specimen. I t  is added in a saturated, surf:we-dry contli- 
tioil; therefore., 1.85 X 1.020, or 1.80 Ib., of satur:rtcd, 
surfaw-dry inaterit~l is weighed out .  (The rnatori:il rc- 
tained oil the KO. 4 sieve has an absorptiorr f:rctor of 
2 ptwer~t  .) 

The amount of oven-dry soil passing the So. 4 sit>vt. 
rcquirrd for one spccirncu is 6.17 - 1.8:i, or 4.32 I t )  
The hygroscopic, moisture c20ntent of this soil is 1 per- 
cent. Thus 4.32 X 1.010, or 4.36 lb., of air-dry soil 
is weighed out. 

Thew cpantit~c.s of material raltai~~etl on and passlrig 
ttic No 4 sieve will be used for moldiltg each spccimcti. 

The quaritity of cement required for n~oldis~g a spcci- 
Inen that colitains 5 perccnt cemctit by w i g h t  is 6.17 
X 0.05, or 0.309 lb., which is 0.309 X 41-54, or 140 g 

The water required to t~rilig f he soil-cemtwt mixturr. 
to its optimum moisture content equals the w i g h t  of 
tot a1 own-dry soil plus t he weight of cemrmt mult~plwtl 
by the  optirnum rnoislurrl contertt: (6.17 + 0.309) 
X 0.092 X 494 = 271 g , or 271 (Y. (1 g. of vvatcr is 
tqusl to 1 cc); ~niiius the amount of water :drcatlg in 
thc voids of the saturated, surface-dry rnaterial rctair~cd 
011 the Ko. 4 sieve: 1.85 X 0.02 X 454, or 17 cSc; r n ~ ~ i u s  
the hygroscopic* moisture in t h ~  soil passing the So 4 
sievc: 4.32 X 0.01 X 454, or 20 cc; p l w  an extra amoullt 
for evaporation loss cluring; mixing, which is :rssurnetl 
in this case as 1 p e r c ~ i ~ t  of t h ~  weight of soil passing 
the No. 4 sicvr plus cemet~t:  (4.32 + 0.309) X 0.01 
X 454, or 21 cc. The total quantity of water to ~ l d  for 
accurate control equals 271 - 17 - 20 4- 21, or 2.55 (Y 

net water. 
Tht. above calculations arc tabulated on Form 8hwl 

S o .  6 ,  Fig. 5. 

C ~ ~ c ~ r ~ a ~ r o v s  FOR SOILS 1% TTH AI.~TI':M~L 
XOT RETAINEI) on. KO. 4 SIEVE 

The calculations of hatch quantities for soils that 
do not contain materid retained on the Ko. 4 sicvc 
are essentially the same as those just described for soils 
coittainirig this material. However, calculations relating 
to the coarse material are not required. 



Soi l -Cement  Labora to ry ,  F o r m  Sheet No. 6 

A DESIGN AND MOLDING WET-DRY AND FREEZE-THAW TEST SPECIMENS 

a x i m u m  Densit  lb. pel' cu.ft. Tota l  Oven-dry Soil 

Opt imum Mois ture  

a t e r i a l  Retained on No. 4 Sieve 
% Absorpt ion 2, 0 $ 

\ t1.65 Mater ia l  Reta ined on No. 4 Sieve 
Oven-dry /, 8 5- Ib. 
Sa tu ra ted ,  Surface  D r y  /. 8 lb. * '+z7 

Mater ia l  P a s s i n g  No. 4 Sieve 
Mate r ia l  P a s s i n g  No. 4 Sieve Oven-dry 4 . 3  2 lb ,  

*To be weighed out for  molding s p e c i m e n s  

DATA FROM MOLDED SPECIMENS 

Cement  
content 
O/o by wt 

T a r e  Opera to r  Date 

spec .  spec .  

mold,  lb. 

Density 
lb.  p e r  
cu. f t .  

Fig. 5. Calculations for wet-dry and freeze-thaw test specimens for soils containing material retained on the No. 4 sieve. Soil No. 1. 
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Soi l -Cement  Labora to ry .  F o r m  Sheet No. 6 

DESIGN AND MOLDING WET-DRY AND FREEZE-THAW TEST SPECIMENS 

Opt imum Mois ture  / 0.570 

M a t e r i a l  Retained on No. 4 Sieve 
- 70 Absorpt ion - 70 

M a t e r i a l  P a s s i n g  No. 4 Sieve 
Hygroscopic  Mois tu re  /, 3 70 

DATA ON SOIL NO. .d QUANTITIES FOR MOLDING SPECIMENS 

+30=3.7 7 
Maximum  ensi it^/ 2 / o  0 lb. p e r  cu. f t .  Tota l  Oven-dry Soil 

Mate r ia l  Reta ined on No. 4 Sie 
Oven-dry - lb.  
Sa tu ra ted ,  Surface  D r y  - 

Mater ia l  P a s s i n g  No. 4 Sieve 

Cement  Content 
b y  wt. 1 ~ a t c h l  Batch 

Total  
Oven-dry 

lb.  Igra*msl s o i l  t 
cement ,  

Mat ' l .  
p a s s .  

No. 4 t 
cement ,  

Ib. 

Water for  batch 

*To be weighed out fo r  molding s p e c i m e n s  

DATA FROM MOLDED SPECIMENS 

Cement  
content 
% by wt. 

F - 5 0  

d-7.0 

Opera to r  Date 

Wet wt. 
spec .  
plus 

mold,  lb. 

Net 
cc .  

;% 

P 

Fig. 6. Calculations for wet-dry and freeze-thaw test specimens for soils not containing material retained on the No. 4 sieve. Soil No.  2. 



To illustrate the cal(wlations, assume that a soil- 
cernerrt mixture has a. maximrun densit y of 12 1.0 lb. per 
cubic .foot and a11 optimum moisture content of 10.5 
percwt . 'l'hc hygroscopic. moist urc caont ent of the soil 
is 1 .:3 p ~ r w r ~ t .  Test spectrncns will he molded at 5, 7, 
and 9 perceut by weight. The followi~lg C : L ~ C I ~ ~ : L ~ ~ O I I S  t~re 
those required for LL 7 perc.cnt test specimen, the medi:m 
c*ement content . 

The maximum density of the soil-cement mixture 
heitrg illustrated is 121.0 lb. per wbic foot, and a eubir 

121.0 
foot contains - - -, or 113.08 lb. of soil. The amount of 

1.07 
oven-dry soil rlcedcd for orie spccirncn (1 /30 cri.ft .) is 
113.08 
,- , or 3.77 Ib. This amount is i~~crcnsed I)y 1/10 

30 
(0.38 Ib.) to provide soil for manipulation and by 0.22 
Ih. (100 g.) for a moisture samplc. Thus the oven-dry 
soil required for one spetimen is equal to 3.77 + 0.38 
+ 0.22, or 4.37 Ib. The hygroscopic moisture content 
of the soil is 1 3  perccnt. Thus the air-dry soil required 
is 4.37 X 1.013, or 4.43 lb. This quantity of soil is 
used for molding spccximens of all cement contents. 

Thc quantity of cement required for molding a speci- 
men containing 7 percent cement by weight is 4.37 
X 0.07, or 0.306 lb., which is 0.306 X 454, or 139 g. 

The water required to bring the soil-cement mixture 
to its optimum moisture content equals the oven-dry 
weight of soil plus the weight of cement multiplied by 
the optimum moisture content: (4.37 $ 0.306) X 0.105 
X 454, or 223 cc; minus the hygroscopic moisture in 
the soil: 4.37 X 0.013 X 454, or 26 cbc; plus an extra 
amount for evaporation loss (1 percent assumed in this 
example). (4.37 + 0.306) X 0.010 X 454, or 21 cc. 
The total quantity of water to add for accurate control 
equals 223 - 26 + 21, or 218 cc net water. 

The above calctdations are tabulated on Form Sheet 
No. 6, Fig. 6. 

Molding Test Specimens 

The designed quantities of air-dry soil passing the 
No. 4 sieve (4.36 lb. in this example) and cement (140 g. 
for a 5 percent specaimen) are weighed out and mixed 
together. The designed quantity of water (255 cc) is 
added, and mixing is continued until thc mixture is of 
uniform color. 

The designed quantity of saturated, surface-dry ma- 
terial retained on the Ko. 4 sieve (1.89 lb.) is then added 
and uniformly mixed with the soil-cement-water mix- 
ture. (The material retained on the Ko. 4 sieve is pre- 
pared by being soaked in water overnight and then 
surface-dried immediately before being added.) 

The soil-cement mixture is then rompacted with the 
same compaction equipment used to make the moist nre- 
density test and in the same manner, except that as 
the soil-cement mixttlre for each layer is placed in the 
mold, a knife blade is used to spade along the inside 
of the mold before compaction to obtain uniform dis- 

tribution of the material retained on the No. 4 sieve. 
Also, the top surfaces of the first and second compacted 
layers are scarified to remove smooth compaction planes. 
Particular attention must be given to this scarifying 
operation to ensure adequate bond between layers. At 
the time the second layer of the specimen is k i n g  
placed, a 750-g. representative sample for moisture 
determitiation is taken from the batch. 

After the third layer has been compacted, the collar 
of the mold is removed and the surface of the specimen 
is leveled with a straightedge. All particles that extend 
above the top level of the mold are removed. This may 
cause some irregularities in the surface of the speci- 
men, which should be corrected by hand-tamping fine 
material into these irregularities and leveling the speci- 
men again with a straightedge. 

The weight of the molded specimen is obtained and 
used in conjunction with the moisture determination 
to compute the dry weight (density) of the molded 
specimen. I t  is then carefully removed from the mold. 
Laboratory equipment for this purpose is shown in E'ig. 9. 

After the specimens are molded they are placed in 
an atmosphere of nearly 100 percent humidity to per- 
mit cement hydration for 7 days before wet-dry and 
freeze-thaw tests are started. If the soil is very sandy 
and the specimens are fragile at the time of molding, 
they may need to be placed on specimen carriers for 
safe handling. 

The procedure for molding freeze-thaw and wet-dry 
test specimens with soils t h t~ t  do not contain material 
retained on the KO. 4 sieve is essentially the same as 
that just described for soils that contain this material, 
except that handling of the coarse material is not re- 
quired, and it is not necessary to spade along the inside 
of the mold. It  is very important, however, that the top 
surfaces of the first arid second compacted layers be 
scarified to remove smooth compaction planes. 

A 100-g. moisture sample is taken a t  the time the 
second layer is being placed. The weight of the molded 
specimen is obtained and the specimen is placed in an 
atmosphere of high humidity for 7 days, as previously 
described. 

Checking Molded Specimens 

As specimens are molded, data are entered on Form 
Sheet No. 6, as illustrated in Figs. 5 and 6. A portion 
of the sheet is provided for check calculations of the 
molded specimens. 

As an illuitration, assume that the 5 percent cement 
specimen previously designed for the soil containing 
material retamed on the So. 4 sieve has heen molded 
artd the following data have been obtained. 

Wet weight of specimen = 4.68 Ib. 
Moisture content of specimen = 9 percent 

The cement content of the specimen is 5 percerit hy 
weight as designed and the moisture content is 9 per- 
cent as determined from the moisture sample. The dry 



Fig. 7. Spading along inside of mold with knife blade to  obtain 
uniform distribution of material retained on the No. 4 sieve. 

cwbic. loot. The thcorctic.:d v:~l11cs ~wrc.  129..T, I t )  per 
c.ul)ic. foot oveit-dry densit y arid !).2 permrt rnoist r~l.c. 

The ohjwtivc nhclr rriolcli~rg soil-cwnctrt test spc.cai- 
lnclrs is to oi)t:~in spwirnrrrs I!-ith the desigirtd tircw- 
rcticd moist rlrc cant t.111 and tlt1rrhit y. I 1 o ~  c\.cr, for ~tr :~c-  
t i d  (~ortsit~cr:~tioiti iomc v:~ri:it ion rrt~rsl It(> per~nit i d .  

I'or rout inc t cst irtg, t 11c followi~rg t o l t ~ r : ~ ~ l c ~ s  :we ~isctl 
to tltd ermirtc \T het lrcr t llr t cit ipcc*irnctrs arc. s:if iil'xa- 
torily rnoltlcd or nl~ctlicr t h y  slior~ltl Itc r~crnoltlt~tl 

Aloiitl~rc c~)11tcx111 p l r~ i  or ~ n i r r u ~  1 pcwctrt:~gc poirrt . 
1)cit~it-y: plus or rnir111~ 3 11). per ( 6 1 ~ t ) i v  foot. 

Conducting freeze-Thaw Test 
(ASTM 0560 or AASHTO T136) 

Fig. 8. Scarifying top of first and second compacted layers to remove 
smooth compaction planes. 

Fig. 9. Apparatus forremoving soil-cement specimensfrom the mold. 

Fig. 10. First portion of freeze- 
thaw test cycle consists of 24 
hours' freezing at a tempera- 
ture no t  warmer t h a n  -10 
deg.F. 



e r  12 cyc le s  o t e s t i n g  and after d ing  t o  cons t an t  w t .  a t  
e r  c o r r e c t i n g  water  of hydrat ion,  

XMENS D; 

Date 

UNG TEST 
Remove 
from 

& p lace  
in moiat 

room 

SCHEDl 
Cycles 

c om- 
p l e t ed  

,E FOR SP 
Place  

i n  
re f  rig- 
e r a t o r ,  
-lo°F. 

Remarks 

start 
of 

t e s t  

eid i h  r e f - r t  , 
:f7 Sundqf 

Fig. 11. Data for calculating soil-cement losses and schedule for handling freeze-thaw specimens during test. 



Ncxt, ihc assctrtltly 1s placed to  thaw 111 the moist 
room or in snitxltle covered containers a t  a temperature 
of 70'deg.F'. (21 dcg.C.) and a relative humidity of 
100 percent for 23 ho~lrs and then removed. Pree water 
is madr avai1:thle to the attsorhent pads to permit the 
spccimerts to absorl) water by capillary ac'tion d~trtng 
the thawing period. 

The spwimens are t hcrt given two firm strokeh oti all 
areas with a wire swatch brush* to remove all material 
loosemd during the freeze-thaw cycles. These strokes, 
corrc~sponding to  approximately 3-lb. force,** are  
applied to the full height and width of the specimen. 
Approximately 18 to 20 vertical h ~ s h  strokes are re- 
quired to cLo\~cr the sides of the specimen twice and 
four strokes arc required o11 each end. 

After being hr l~sl l rd :it the end of each thawing 
period, the spec.imcris :ire turlled over end for end be- 
fore they are rcpl;~ccd on the water-saturated pads. 

S o m ~  spct+imcns made of fine s : d s  or silty atid clayey 
soils may sc~alc 011 sides and cwds, particularly after 
about the sixth t y t +  of test. rl'2.iis s ( ~ ~ l e  should be re- 
rrmved witti a shwp-pointed nistrumeut such as an ice 
pick, sil~ce the r c~gu l :~  brl~shiitg may not be effective. 

The procwl~~re tlrvriltcd in the prc td ing  paragraphs 
const itrrtw one c y l c  (48 h o ~ ~ r s )  of freezing and thawing. 
The spcc~imcns arc then replaccd in the refrigrrator and 
thr frccziitg-th:twirrg c o l ~ t i t ~ ~ ~ c t l  for 12 cyclrs. 

IF it is not possihlc t o ~ I I I I  t h~ c y ( h  ( ~ t ~ ~ t i n u o ~ ~ s l y -  
for cmmplc, l t e ra tw of n rchc~rds or ho l ihys-  the  
spet~irrims sl-io111tf he ht\ld ill the frcming c:tl)itiet during 
t he I:ayot.(v- pcriotl. 

Aft cr 1% ( ~ ' I C S  of test i bo spet~imetrs are dried to  
twist :LII t \z eight : ~ t  230 (leg. 11'. ( 1  10 (leg.('.) :mtl weighed 

(ASTM 0559 or AASHTO T135) 
,It tthc end of tEio 7-d:ty stor:ig~ p<>riocf in a11 :tt~nos- 

plit~rc of high liltmidit y, t lie spccimclrs arc sul)rnrrgcd 
in tap wltcr at room tcmpcrai r~rc for :L pcriod of 5 
hortri :~rttl their r~~tttovctf. '1'111. qxx~irnctrs :LIT i r c x s t  plawtl 
irt nil ovc~t at IfiO t1clg.l'. (71 (1cg.C.) for -12 Bows a i d  
removed. 

~- -. 

"Wire brushes for use in t,lio i'rc:eze-thw and wet,-dry t e sh  
consist of 2x16-in. flat Xo. 26 gage wire t)ristles :~ssernhled in 
50 groups of 10 bristles e:dl  :ind ~riourit,eti to form 5 longitjutlind 
~ O T V S  arid 10 t r : t ~ ~ ~ e ~ x :  r0n.s of bristle groups on a 7 ? d x 2 ~ - i n .  
liard~vood block (see Fig. 13). 

"*This force is riie:isureti as follous: CX:~nip :i specirnen in a. 
vert,ic:~l positior~ on tile cdge of :t platform st::rle and set tlie scale 
at zero. Apply veriicd b~~usliirlg strokes to the speoinien :mi  
riote the force necessilry to regipter :~pproxirnately 3 lb. 

Fig. 12. During the thawing portion of the freeze-thaw test the spec- 
imens are in contact with saturated absorbent pads that supply 
water for the specimens to absorb by capillary action. 

Fig. 13. Soil-cement specimens are given two firm strokes on all 
areas with a wire scratch brush after each cycle of freezing and 
thawing or wetting and drying. 

et-dry test specimens are immersed in water for 5 hours 
of each cycle. 

Fig. 15. Forty-two hours' drying at $60 deg.F. completes one cycle 
of wet-dry test. 



Soil-Cement Laboratory, Form Sheet No.7 

WETTINPDRYING TEST OF COMPACTED SOIL-CEMENT MIXTURES 

S o i l  No. 1 Date Molded 

Cement content, % by Kt. 

+After 1 2  cycles  of t e s t i n g  and a f t e r  drylng t o  constant  wt. a t  13.0' C. 
t e r  co r rec t ing  f o r  water of hydration. ( % 1 

SCHEDULE FOR SPECIMENS CURING TEST 

Cycles I Place 

p le ted  soak oven Remarks 
1 6 0 O ~ .  

Fig. 16. Data for calculating soil-cement losses and typical schedule for handling wet-dry specimens during test. 



specimc~ns should I ) c  held in the overt d~~r i r tg  the hyover 
period. 

.lfter 1 %  ~ y c l r s  of t ~ s t s  the specimci~s X ~ C  tlrictl to 
constuttt \wight at 230 tleg.P'. (1 10 (kg.(?.) :utd weighed 
to t1t.t crrnlitc t hcir O T T I I - ~ ~ Y  n clght i 

Calculating Soil-Cement Loss of Specimens 

4.02 
water is - X 100, or 3.07 11). 'l'hc~ soil-ccmcitt loss 

101.2 

4.30 - 3.97 
is then - - - -  X 100, or 7.7 psrcei11. Sirtcr soil- 

4.30 

cwnent Iohses :we 11sd1y  rcported to  the nc:ucst whole 
nwnbcr, the 7.7 pcrwnt \\ or~ld I)(> cwnsidt>rctl 8 percent. 
Thc :~hovc calcdntioni arid :L typic~al schedulc for harr- 
dling the frcezc-thaw anti n ct-dry tcst speciinens durirtg 
t wt nrg :~r<> givsi~ I I I  P'igs. I I : ~ t d  16. 

Inspecting Specimens During Test 
Visual inspertions of tcst specimens are generally 

made e v c y  three cycles of test by subjecting them t o  
"picking" and "c*lickingn :ai cliscnsictl ort pagc 3. This 

Four-lnch-Diameter Specimens 

Thp 4-i11.-di:trnctsr, 4.6-in.-high s p w i m c ~ ~ s  : r e  gener- 
:dly rnoldcd wit tl t h  wnlc cwnpactioa cq\iip~neiit ustd 
to make ths moist (we-tlcwsity test and to moltl .v\ et-dry 
:md frccze-th:~\~ test 8 ~ p e ( + n ~ ~ ~ i .  T f i ~ y   re molded at thc 
opt inturn moist lire content, dct errrtir~cd from t he mois- 
t~~re-dcnsity test, nrtd cont:~irt the percent of rt~:~twial 
rttnined on the No. -1 sieve that occurs in 'the soil 
sample. The calculations required :and the proceclurc 
for ntoldirtg are tltc snnw as those tlcscrik~etl for wet-dry 
and freeze-thaw tcst spccinter-ts. Tlicse spccirnens art. 
capped and soaked in water for 4 hours before thcy 
are broken. 

*Making arid Curing Soil-Cernent C'ornprc~ss~on :met 14exure 
Test Spctirnens 111 the 1,:il)or:ttor v, ASTlI 1) 1032, :md Cornprei- 
sive Strength of 1Ioldetl Soil-Cement C \ l ~ n d e ~ s ,  ASTRl 111633 
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Speyimens 2 iu. in cliamcter and 2 in. in height cart be 
molded in the rn:ichiuc shown in lcig. 17 when the soil 
docs not, contain material retained on the n'o. 4 sieve. 
These suecirneris are soaked in water for I hour before 
they :ire tested. A designcd qt~nntity of soil-cwnent at 
optirnllrn moist tlrc is nclghc~l out ;~nd c.omp:wted to a 
height of exactly 2 in. I'orce of (.ompaction is applied 
by the double-pis to^^ method in which force is applied 
to  thc top piston h i t  both top arid hottom pistons arc 
left free to move duril~g cvmpaction. The qliantity of 
soil-wmcnt woicrhed out :irid nlaced in the machine - 
is such that the specimens havc the dcsigzied density. 

r 7 I hehe 2-in.-di:inteter, 2-ill.-high specimens c:~n :dho 
he molded in :L hydraulic tcsting rnwhine, using rnolds 
himil:ir to those  show^ ill Iiig. 17. IIydraulic testing 
machines will shrlt ofS antorn:ttically when :L certain 
distancc is re:lc~hetl bet~vccn the head :~nd the coniprcs- 
sion block. This autorn:~tic shrrtoft c:u~ he used to (*on- 
trol t he 2-in. height of' the. spccimcil merely hy rnal<ing 
the tme-plate thick~iess of the nlold 2 in. less that1 the 
space bet \I een the head and the compression block of 
the n~:~cll~ne a1 the time of hhutoff. 

Thc influence of ccrnmt in produck~g compressivc 
strcrllrtfi it1 com~):icted soil-ccmeiit mixtures can be 
:ulalyzed front two viewpoints. The wnient influencr 
will bc ovidetic+ed hy incre:~ses in strength with increases 
ill age and hy iwreases in strength with incretlses in 
cernent co~tt ent . 7'hc 7-day cwmpressivc strengths of 
saturated specimcris at the minimum cement content 
that  produces adequately hardened soil-cement will 
gerlerally be bctween 300 and 800 psi. 

I Fig. 17. Molding 2-in. compressive-strength test specimens. 

Compressive-strength tests are also used to check 
soils previously tested. When the field data indicate 
that a soil has the same texture and is from the same 
17.8. 1)epartrnellt of Agriculture soil series and horizon 
as a previously tested soil, compressive strengths should 
be abut tjhe same. 

The principal requirement of a hardened soil-cement 
mixture is that it withstand exoosure t,o the elements. 
Thus the primary basis of design of soil-cement mixtures 
is the czemerit content required to produce a mixture 
that will withstand t,he stresses induced by the wet-dry 
and freeze-thaw tests. The service record of projects 
in use proves the reliability both of the results based 
upon these tests and of the criteria given below. 

The following criteria for soil-cement pavement, base 
c~)nstruction are based on considerable laboratorv test 
data, on the performance of many pavement base proj- 
ects in service, and on the information obtained from 
the outdoor exposure of several thousand specimens. 
The use of t,hese criteria will orovidc the minimum 
csement content required to produce hard, durable soil- 
cement, suitable for pavement base course construction 
of t,he highest quality. 

1 .  Soil-cement losses during 12 cycles of either the 
wet,-dry test or freeze-thaw test shall ronforrn to 
the following limits: 

Soil Groups A-1 , A-2-4, A-2-5, and A-3, not over 
14 percent; 

Soil Groups A-2-0, A-2-7, A-4, and A-5, not over 
10 percent; 

Soil Groups A-(i arid A-7, not over 7 percent. 
2. Compressive strengths should increase both with 

age and with increases in cement content in the 
ranges of cement content prodtwing results that 
meet reauirement 1. 

ttut/zt//lot/ uool clctvtion. For aozl-ccmc~tt t l / d  2 ) .  h i ( ~ h ~ r  
than tllnt clcctrtzon thc ccrtwnt eo7ltr'rrt shordd 1x1 I ttcrccnscrl 
? pcrcettttr!ge poznts. If it is nccacssary to usc a soil con- 
taining rriorc tli:~n 50 per(wlt f i r m ,  t l i ~  c ~ m m t  con- 
tent incre:w rcquir(~(1 for tm)si~n rcsistmw is 4 p ~ r -  
cmtage points. 

The magnitude of the soil-cement losses is applicable 
only when two or more cement contents have been 
invest,igated. This makes it possible to determine the 
decrease in loss caused by an increase in cement content. 
For instance, assume that wet-dry and freeze-thaw test 
specimens were molded with an A-2-4(0) soil a t  cement 
conteitts of 5, 7, arid 9 percent and that the soil-cement 
losses for these specimens were 70, 14, and 5 percent, 
r6spectively. In this case, 8 percLent cement would be 
recommended for a pavemerit base (10 percent for slope 
protection) bemuse of the critical reaction of less than 
7 percent cement contents with this particular soil. On 



-- 

the other hand, if the losses for these specimerls were 
19, 13,  and (i percent, and if the compressive strengths e were satisfactorily increasing -with cement content arid 
with age, i t  would be satisfactory to recornmelid 7 per- 
coiit caement for a pavement base (9 percent for slope 
protevtiori) bec~ause the cement reaction with the soil 
is not critkal in that particular range. 

I t  is the pr:wtict in most laboratories to inspect irldi- 
vidtml specimms for h;~rd1iebh during the wet-dry and 

freeze-thaw tests a i d  also at the cwrtplctio~r of t ~ s t s .  
T 7 1 hr. specimcm are rapped together or picked wt h :ur 
ice pwh to determine ~f they are thoroughly I-larctel~cd 
ILecommeridatior~s arc then made h t h  on the t):lsis of 
soil-ctment-loss data arid visual inspection. ( h o d  soil- 
cement spec4mens are hard and stable even when wet. 

If i t  is desired to rorivert the recwmrnrnrled cement 
content by weight to  the equivalent cemeut co~iterit 
by volnmr, this c~or~vorsion can he made hy tiiiug I:ig 

Fig. 18. Relation of cement content by weight of oven-dry soil to cement content by volume of com- 
pacted soil-cement mixture. 
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SUMMARY OF TESTS.ON SOILCEMENT MIXTURES 
PORTLAND CEMENT ASSOCIATION 

GRADATION 
Soil Total 

mortar eample 
Per cent pausing 
2-in. sieve 
%-in. sieve j$% 
No. 4 sieve (4.76 mm.) 
No. 10 sieve (2.00 mm.) 100 
No. 18 sieve (1.00 mm.) 

7% 

No. 35 sieve (0.50 mm.) 
No. 40 sieve (0.42 mm.) 
No. 60 e k e  (025 mm.) 
No. 140 sieve (0.105mm.) 
No. 200 eieve (0.074mm.) /q > 
Per cent smaller than 

0.06 mm. 
0.005mrn. 
0.002mm. LS 

U.S. DEPT. OF AGRICULTURE 
SOIL CLASSIFICATION 

PHYSICAL TEST AASHTO 
CONSTANTS SOIL 

L. L. # P CLASSIFICATION , 

Fig. 20. Summary of soil and soil-cement tests, Soil No. 2. 

Sampling location 

I COMPRESSIVE STRENGTH. psib 1 

"Specimau, saturated in water 
before testing 

PCA soil NO. 2 
Field Project No. 

DATA FROM WEl'eDRY AM) 
FREaETHAW SPECIMENS 

Total soil- 
cement loss, % 

% by wt. Thsw 

ON NO. 4 SIEVE 
Absorption. % 

ATIONS 
Recommeadcd cement content /YH6V c by m t u w  ( S -  7 % by we*tl 

which is 7. 40 Ib. per eq. yd. per inch 
of compacted t h i c k .  

laboratory optimum moistwe contentbe / 0 - 6 % 

Laboratory maximum densitye0 / ? / a 0  b.percu.k 

Teste made on total eample using # in. maximum size material. 

ObMohturedeneity test made during conetruetion govern field control. 



18 or the followitlg formula : 

l'ercent cement by vol~tme = - - 

94 
- x 100, 

where 
I )  = oven-dry dcrtsity of soil-cc~ment, pounds per 

c~~ihic foot ; 
C = 100 + percent ccmer~t hy n cight of ovcn-dry 

soil, t he q w ~ ~ i t i t y  divided by 100. 
The final test data report (Figs. 19 aud 20) shotlltl 

include the following: 
--Recommended c~rriclit content for slope 

protettion 
- 1,aborator.y maximum density antl optim11rn 

moisture coritetlt 
-Soil-cement losses from thr frecze-thaw and 

wet-dry tests 
-Compressive strength data 
-6radaiion arlalysis of the soil 
-Color of the soil 
-Physical test constants (lqtiid limit and 

plasticity index) 
-RilSFITO 2nd ITrtificd (AS'I'RI) soil c~1:rssific:~tiorr 
-USI>X soil series antl horizon 

The laboratory rnoistlirc-density test data. arc iiot, 
of course, directly applicaljle to field control. hloistnre- 
derisity tests on represent ativc samples takcn cluring 
construc+ion toward the end of the damp-mixing opcm- 
tioris show the optimum moisture content of the rnix- 
ture and the density to which the mix should he com- 
pacted. This proced~tre covers srnall varintioris in soil 
type antl variations in optimum moisture arid rn:~ximmn 
density that result from more prolonged construction 
operations. I-lo~vevcr~, the laboratory moisture-de~tsity 
test data for the soil-cerncwt mixtures occwr,ring on a 
project arc suffii~icntly close io the field moisturc-den- 
sity data that they can be used for estimating equip- 
ment riecds and for setting up bid items in the contract 
proposal. 

The information on gradation, physical test coilstant s, 
color, soil series, and horizon will aid the iw~strtict ioii 
engineer arid inspector iii comparing the soils to hc 
prowssed with the s:mples tesled. This will asslm the 
11se of the proper amount of cement. 

The gradation and physical test constarits will :~lso 
he Itclpful to  the cotltracStor in determining ihe cast. of 
pulverization and mixing in the field and in choosing t h(1 
type and weight of compaction eqr~ipntent. 

The following short-cut test for snndy soils u:is dc- 
veloped as :L result of a cwrclation rn& h y  the Port 1:ilitl 
Cernerit i2ssoci:~tiori of the data oljt:rinid from ASTAI- 
A,\SHTO tests of 2,438 sandy soils.* The procedurcs 
do not involve new tests or ndtlit ioiial iquiprnc~~t .  In- 
stead, some tcxsts can be e1imirt:atcd by the use of charts. 
The only tests rcquireti arc a grain-size ar~alysis, a mois- 

ttire-density test, :m1 i~ompres s i~~~-s t r e r~g t~~  tests. ticla- 
tively small s:unples are needed. All tcsts call bc cwn- 
pleted jrl ahout a week. 

The procedtircs can be 11sd only with soils corrtail~ing 
lcss than 50 pcrc.ettt material smaller t h i  0.05 mm. 
(silt arid vlay), less th:m 20 perwut rn:~terial srn:dlcr 
t h i  0.005 mrn. (clay), and l ~ s s  t h ~ ~ i t  35 ptwei~l  ni:~tcxri:ll 
retallied on tht. So. 3 sit~ve-the gradation limits for 
the soils that were included in the iwrrelation used to 
develop the original charts. ]>ark grey to hlac'k soils 
with appreciable amoutits of organic impurities were 
not inchtdcd in the correlation and therefore canrrot hc 
trstcd by these procedures. This also is trttc of rnis- 
i~I1:~11eous granular matcri:~ls such as cindws, c:~lichr, 
rhat, chert, marl, red dog, scosin, shale, slag, ctc. hlorc- 
over, the short-cltt procedrtres cannot i )c used ~i it11 
granular soils (~ont:~itii~lg m:atcsial rctuintd or1 the So. 1 
si('ve if that rn:~tcrial has a bulk specsifics gravity lcss 
than 2.45. 

'I'hc short -cut f i d  pro(w111res dct?rrni~tc :L ccrn~rii 
requiremc~tt for p:~veme~lt base constrlictiim. 'l'liis c2e- 
merit ftrctor may not :LIW:L~S be the minimum i+cmc.nt 
factor that can be used with a particul:rr sandy soil; 
lmvc\w, it almost alnays is a safe cement factor, gericr- 
:illy close to th:rt indicated by stand:ml XSTM-XXSI-11'0 
frt.czc-thaw :md wet-dsy tests. For sod-cetnent slope p7.o- 
tectzoti tlw cement rcqulrements obtmned b!l the short-cut 
test p r o c ~ d w c s  are increased a s  ~ritizcatrd on prrye 18. 

'l'hc short-cut procedures :Lre being widcly appl~ctl hy 
cngir~wrs :md ht~ilders a i d  may largely replace the 
st:r~tdard tests T V ~ C I I  (~xperierice in their use is guitictl. 
The charts and procedwes may be modilictl to cwtforrn 
to local climatrc and soil conditioils if necessary. 

Short-cut tcst proccd~ires involve : 
1 .  Ilumiing :I, rnolst ~ ~ r ~ - d c t ~ s i t y  t ?st oti a ~ n i x t u ~ ~  of 

the soil :uid portlaud cacrnerit . 
2. I>eterrni~ririg the indicated po r t l a~~d  c~emci~t rc- 

qtiirerncnt by the use of charts. 
3. Verify~iig the indicated cemertt rcquirmmtt hy 

corilpressivc-strength tests. 
I3eforc npplyiug the short-cut tcst procedure% it is 

i t ~ (*es s~~ry  to dcicrnlit~c ( I )  the gradation of tltc soil 
and (2) tht. b~ilk spec*ifsc gravity of the material rc.t:iincd 
on  tht. Xo. I sieve. If all the soil passcs tllc So. 1 
sieve, AIetliod A is used. If material is ret airsed on the 
KO. 4 sieve, RIethod B is used. 

STEP 1 : Determine by test the maximum density and 
o p t i m ~ ~ m  inoisturc cxontent for a mixture of the soil 
and portland cement. 

Note 1: Use Fig. 21 to obtain an rstimated maximum 
density of the soil-cement mixture being tested. This 
estimated maxirrium density and the percentage of mate- 
rial smaller. than 0.05 mm. (KO. 270 sieve) can he used 
with Fig. 22 to deterrninr the cernerit content by weight 
to use for the test. 



STJW 2 :  Use the  maximum density ohtained by test in 
Step  1 t o  detc~rniiie from Il'ig. 22 the  indicated cement 
requirrment. 

STI~:P 3 : 17se t h ~  i~itlicatcd cement factor ol)t airtcd in 
Step 2  t o  mold compressive-strength test spec.imens* in 
triplitat(. :kt maximum derisity and optimum moisture 
cwtl ~ l l t .  

Srtsr~ 4 :  l>ctemniric t h r  :Lvcrnge cwnpressive strertgtlt 
of the  specimens after 7 days' moist-curing. 

STEP 5 On Fig. 25, plot  t h e  average  compressive- 
strength v:~lue ohtainetl in Step 4. If this value plots 
abovc the  c.lu.ve, the  indicated cement factor. by w i g h t ,  
drterminetl in Step 2, is adcq la t e  for pavement base 
constrwtion. For sod-ccnzrnt slope protcctzon, add ccrtwnt 
a s  indicated on paclc 18. 

If it is desired to  c~onvert t h r  recommended cement 
conterrt by weight to  the equivalent cement content by  
voltmc., thcl conwrsion can he rnade using Fig. 18. 

Note 2: If tlir :avcxragc cao~rtprrssivc-strrrlgtlr ralnc plots 
above the curve of Yig. 23, the cement content indicated 
in Fig. 22 is verified. Strengths at  higher or 101% er cement 
contents ale not determined sirice these tlat:t cannot be 
used in the procedure. In most cases the strength will 
be substantially higher than the ~riiriinlunl allowabl~ 
value. This merely indicates that the soil is reacting 
normally. When high strengths are obtained, it is not 
correct to reduce the cement factor so that a strength 
value close to the curve in Fig. 23 is obtained. Surh a 

*Spec.i~ner~s of  either ?,-in. diarrieter :~lid 2-in. height or. 4 i r r .  
tli:lmeter and -1.6-in. height may be moltfed. The 2411. spt:c~irncns 
shall br: suhn~ergetl in vi:~tt:r Cor 1 hour boforc testing :md tlx: 
-?-in. specimens for 4 hours. The .$-in. specirncns shall 1 ) ~  mppetl 
More testing. 

No 4 to No. 60 steve size rnotertol - ~ercent 

Fig. 21. Average maximum densities of soil-cement mixtures not 
containing material retained on the No. 4 sieve. 

0 5 10 15 20 25 30 35 40 45 50 

o t e r i a l  smal ler  than 0.05 mm.-percent 

Fig. 22. Indicated cement requirements of soil-cement mixtures not containing material retained on the No. 4 sieve. 



Mater~al  smaller thon 0.05 mrn.-percent 

Fig. 23. Minimum 7-day compressive strengths required for soil-cement mixtures not containing material retained 
on the No. 4 sieve. 

rtlduction invalidates the reliability of the procedure and 
will ~ isudly  result in a cc~mcrit conterlt that is not, suffi- 
cient to meet ASThI-AASHTO freeze-thaw and wet-dry 
test criteria. Although a very high compressive strength 
may indicate that the soil is reacting better than average, 
any reduction in the cement factor can only be made 
based on freeze-thaw tests at  lower cement contents. 
Note 3: If the average compressive-strengtll value plots 
below the curve of Fig. 23, the indicated cement factor 
obtained in Step 2 is probably too low for base construc- 
tion. Additional tests will be needed to establish a cement 
requirement. These tests generally require the molding 
of two test specimens, one a t  the indicated cement factor 
obtained in Step 2 and one at  a cement content 2 per- 
centage points higher. The specimens arc then tested by 
ASTM-AASHTO frceze-thaw trst procedures. 

efhod B 
STEP I : Ik te rmine  bv test the  maximum dertsitv and 
optimum moisture c~mten t  for a mixture of the soil arid 
p o r t l a ~ d  cbcment . 

Note 4: 1Jse Fig. 24 to determine an estimated rriaximum 
density of the soil-cement mixture being tested. This 
estimated maximum density, the percentage of material 
smaller than 0.05 mm. (No. 270 sieve), and the percentage 
of material retained on the No. 4 sieve can he used with 
Fig. 25 to determine the cement content by weight to use 
in the test. 

Tht. soil sample for the  tcst shall contain tlie same 
percentage of rnatcrial retained on the No. 4 sieve a s  
the original soil sample contains. However, 54-in. rria- 
terial is the rrmxiniutii size used. Should there bc mate- 
r i d  1:~rgc.r than this in the  origi1m1 soil s x t l p l ~ ,  i t  is 
rtplacwl iri tllc tcst saniplc with nri cquiv:~lcnt weight 
of niatc~rial passing the %-in. sitvt, and rct:~irlctl or1 the. 
S o .  4 sicvc. 

STEP 2: lTse the  maximum density obi airied by tcst in 
Stcp  1 to determine from P'ig. 25 the  inclicaatcd cemcrtt 
requirement . 

STXP Y :  Vse total material a s  described in Step 1 and 
the  indicated cement factor obtained in Step  2 to  mold 
compressive-strength test specimens* in triplicate a t  
maximum density and optimum moisture content. 

STI<:P 4 : Ihtcrmiric the average c~ompressive strerig1 h 
of the spccirncrts d t e r  7 days' rrtoist-ruriiig. 

. -- 
*Spec:iruerrs of 4-in. diitmeter : M I ~  1.8-in. height shdl be nloltletl. 

They shall t)r submerged in wtter for .t hours and shdl h~ c ~ p p e d  
t)efore testing. 

STEP 5 :  Deterrnirie from Fig. 26 the rninilnurn nllow- 
able comlsrcssive strength for the soil-ccmcnt rnixturc. 
If thc avrragc cornprtwivc~ strength obtaincd in Step  4 
equals or cxcc~& the minirriunl allownblc strength, 
the indicated ccnlcnt factor by w i g h t  obtained in 
Stcp 2 is :idequate for pnvemcxnt hast1 construction. For 
sozl-cement slope protcctzon, ndcl c ~ m e n t  ns indzcnted on 
page I S .  

If i t  is desired to  convert the recommended cement 
content by  weight to  the  equivalent cement coritrrit by  
volume, the  conversion can be made using Fig. 18. 

Note ti: If the average compressive-strength value equals 
or exceeds the nlinimurn allowable strength obtained in 
Fig. 26, the cement content indicated in Fig. 25 is verified. 
Strengths a t  higher or lower cement contents are not 
deterniinetl since these data cannot be used in the pro- 
cedure. In most cases the strength will he substantially 
higher than the minimum allowable value. This rnerely 
indicates that the soil is reacting normally. Whert high 

" 0 10 20 3 0  40 50 

Mater~ol  smaller thon 0 .05  mm.-percent 

Fig. 24. Average maximum densities of soil-cement mixtures con- 
taining material retained on the No. 4 sieve. 



Cement content by wetght - percent 

Moter~ol  smaller thon 0 05 mm - percent 

Fig. 25. Indicated cement requirements of soil-cement mixtures containing material retained on the No. 4 sieve. 

Fig. 26. Minimum 7-day compressive strengths required for soil-cement mixtures containing material retained on 
the No. 4 sieve. 



strengths are olttainetl, it is riot correct to reduce the 
cerrrent facto~ so that tl strength value close to the 
rnirlirnunr allonable fro~n Fig. 26 is obtained. Such a 
rdtluction invaliclates the r (4altility of the procedure and 
nil1 usually result in a rernent rolltent that is not suffi- 
cient to mcwt ASTI11-AASIIrTO freeze-thaw and wet-dry 
tcst criteria. Although a wry liigli comprcssiw strength 
may indicatt that the soil is rewting l~etter than :bwmgc, 
any redurtion in the cemcnt factor can only he made 
hscd  on freeze-thaw tests at lowcr ccn~rnt content$. 
Notc 6: If the average cornprcsswc-str errgtti value is lower 
tllm the rniriirnum allon able, the indicated cement factor 
obtained in Step 2 is probably too low. Adtiitiortal tests 
:is tlescril)ctl in Note 3 arc neetled. 

I'relirnirrary tcst s detcrminc the gradation of the soil 
:rnd bulli specific gmvity 01 the niaterial, i f  ally, rrtuirltd 
o ~ r  t hc No 4 s r ~ w  l o r  t h ~ s  cxample the d:~t:r. o1tt:~irictl 
from these test s :ml t :~ l t r~ l : l t  ed l ~ 4 o ~  

Grad* J 1 '  1011. 
I'assirtg 

So. 4 sievr 82 percent 
No. 10 sieve 77 pcrwnt 
S o .  Ci0 sieve 58 ~ ) e r c w t  
No. 200 sieve 37 perwilt 

Sm:~llcr t h : ~  
0.05 ntrn. (silt :mtl ('lay cornk)iiicd) 32 pcri~clrt 
0.005 rnm. (clay) 13 pcrcerrf 

Color. 13ro~vii 
I3rllk specific gravity of 1nateri:d rctairted on No. 1 

sieve. 2.50 
A1t.t hod I3  ihould he uscd ~ I I ~ W  t he boll cwnt:ur~s mit- 

t c r~a l  rct:r~nctl or1 the No 1 siew. 

1;rorn Fig. 21 the est~matetl  maximrlm dertsity of the 
soil-cemel~t mixture is 122 lh. per cr~bic foot, siltcse the 
soil cortti~i~is 32 percent material srnxllrv t h i  0.05 mrn. 
t ~ n d  23 periwit materiul r e t a i i d  or1 the No. 10 sieve. 

Icig. 25 is ~ w t l  to detcrrnine thc i2ernent coliter~t by 
weight to use in the moist ure-tlc~tsit y tcst. Since tltc 
soil iwritairts 32 percent inat erial smaller tf tai~ 0.05 mm. 
and 18 percwit ntalcrial retained on the 11'0. 4 sieve, 
alici SHI(T t he e\t~m:lt~if mibxlrnlm (1~1ts1ly 1s 122 11) pcr 
cubic foot, ti percent c2emeitt by weight is itrdicated. 

Perform the rnoislure-density test using f i  percent 
i2erncltt. Icor this rxarnple, assume the m:mimurn dcrtsity 
obt:rincd by tcst to he 123.2 lh. per cultiv foot a t  10.2 
percent moisture. 

Fig. 25 indicates a cxement requirement of (i percwit, 
using t he calcnla&d actual maximr~m density of 123.2 
It). per. cubic foot. 

ITsirig total material and f i  ptwent cwnrrit l)y \\.eight, 
mold comprcssi~~c-str(>trgt h test specimr~ts 111 t ripll(~r.te 
at  rnaxirnwn density (123.2 11). per cubic foot) :r.iiti 
optimum moisture‘ ( 10.2 percent). 

1)ctwmirte the average ?-day comprcsslve strength. 
For  this  example, :Lssumc the average i~ompressive 
streltgth to Itc 345 psi. 

Sinw tht. so11 corit:~iris 32 percent mltcrial srriallcr 
tlirm 0.05 mrri i~ird 18 percent ~ r i a t ~ r i : ~ l  ret:~inecf 011 t he 
No. 4 sicve, the rninimrlrn allom ahlc chornprcwvc st rer~gth 
for this soil-cement rnixttrrc is 280 psi, as sho.r\w I r t  

Icy,. 26. The average comprtx4vc st rer~gt h of tire mix- 
t w e  t~sed ill this (~xan~ple  (34.5 psi), :LS oht :~lrled 111 
Step 4, 1s higher th:m the rniitimr~rrl ullowa1)le st rertgth. 
'I'hereforc, the indii8:rted ccmcmt colttent of (i pewelit hy 
weight is adequate for pavement h s c  c*o~~~ht tuctio~i.  A r~ 
a d d z t ~ o r ~ a l  2 percct~tnqe poznts o f  ccrncr~l or u total of 8 
prrccnt comtn f  b1/ wczght 1s r(quzr(d  for s l o p ,  pro t~c f z i i t~  
corrsfrmt~orc. 14:lght pcrc~rnt ccrnenl Ity iteight 1s tyruva- 
lent to 9.7 pcrccrtt hy volurnr (Jcig 18). 

I f  the :Lver:Lge compressive strength 111 Step 4 had 
hwrt l o ~ w r  t h i  the rninirnum :~ilowak)le strer~gth, say 
245 psi, (i percent ce~ricnt by weight probably would 
not tw adtyl~:"(c for pa\wne~i t  h s c  ( ~ m s i r ~ ~ ( ~ t  ton. .2dtl1- 
tio11:~1 test mg 1% ordd t heti h a w  I)WII re~1111red to t~st;~lt- 
l ~ s h  t h ~  ( T I I I C ~ ~ ~  r~q1~1rcm~r11 for the so~l .  'l'iiesc t ~ i t s  
n ordd trivolw rrioldii~g arid test 11ig f r e ~ z ~ - t l l a \ ~  s p ~ -  
Inens :~ccording 10 LWTM-,lXSIITO proccdurcs. I k w e -  
thaw spcc*iriwrts corit:r.ii~i~lg (j  : L I I ~  8 perciat e ~ i ~ w t  1ty 
neigltt prohaltly wortld bc :~dcqu:~tc in this inst:mce. 
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