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CH¡.P1'ER Ï

TI{TTìÜDUCT]OI{

lhe object of the rrork und_ertaken lqas to investigate

the possibilities of rendering a local material rvhich is

unsuitable for highruay base course construcl,ion suitaìrlet

tÏ:.rough the ad_d_ition of one of several possible soíI-

stabilizing add-itives, to compare d-irectly the effects of

the coînmon stabilizing ¿dclitives on certain properties of

-Lhe soil investiga,ted, and- to apprai.se the value of {,he

triaxial compression test in evaluating strength properti-es

of base course rnaterials"

Àt present, many deposits of materials which are con-

s iðered- unsuita.ble o primarily because of poor sizc grad-ation,

are bypassed- in highway- construction. 'Ihj.s frequentl-y neces-

sitates importation of better-grad.ed- materials from less

accessible d-eposits or expensive blend-ing and selective

wasting of fractions of accessible materials o 'Ihe net result

is hj-gher construction costs, weaker design, or both' It is

felt that many of -bhe rtunsuitablett materials coulð be used-

economically ruit,h ad.mixtures ishich voulC,. improve their

characteristics to the point of acceptability'

ivíanitoba Ìrighl,'ay pract,íee in ihe field of stabilizing

add.itives has been chiefly confined- to the rraterproofing and-
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improvement of good- base course materials, sometimes to the

point of converting them to lorser class pavements and sub-

pavements, generally ü'ith asphalt admixtures, and- to the

stabilizing of subgrad.e soils in place, using asphalt, Portland-

cemen{,, and limeo The 'çuork d.escribed- here d-eals l,¡i-bh that

part of the road structure betr''¿een the subgrad-e a:rd- tl:re pave-

rnent, the base courseo and- its synthesis from materials

generall;r c onsirlered unsuitable.

lesiing was performed o11 one type of soil material- onl¡r,

a gravel-silt-clay mixture, wtiich is Tepresen'1,a-t ive in general

grad-ation of many L,tanitoba d"eposi-bs and also of material which

frequently oecu-rs in layers and- pockets with. rrcleanerrr gravel

and- has previously been used- f or f ill or simply t'ast,ed" The

prepond-e:r"a;rrce of the fraction passing a, no" 2OO sieve, composed

-r ^a--- ^-^r ^.:a¿ .:^ ^",^ì^ +f-^+ .i+ n-,.nn* lra ô^^nnmiaqllrrOI CJ.¡¿y ¡l,Il(I ÞII t/, I5 ;)uçu ulLdv ¡ v v@t¡¡!v v vv

Itruashed.rrr and it generally occurs in sueh quantiti.es that it

cannot be used in appreciable amounts in the blend.ing of

mechanically stabilj-zed. base course material or asphalt aggre-

gates. Further work ¿r,olra::d t].le same object ruould involve

simil¿,r testing orl other materials rTith size graðation unba-

la.nced in \rays d-ifferent to that of the soil invest:'.gat,ed-o

'Ihe ðevelopment of theory and accumulation of test

d.ata on stabii-izing ad-dj-tives has largely been done by or

f or ad-clitive prod.ucers and persons concernecl with one type of

stabilizer on1y" Consequently the data and test methods
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employed" d.o not lend. readily to the comparison of the effects

of 'Liie clj-ff erent prod-uets* The unconf ined c ompression test

has been ro¡ide1y used" to obta,in strength values used- as criteria

for comparison of the stabj-lities of Iime-treated- speciterrsol

The i'iveem Stabilomete:: a.nd- unconf ined- compressíon tests have

been used in stud"ies of asphalt-stabilized- soilsu in proiects

j-ncl-ucling that of l,foreland. Herrin on the d-rying phase of soil

asphalt construction.2 The triaxial compression test hes been

used. in lime stabilizatíon stud-ies3 and- the pre-soakecl uncol:r-

fined- compression test for comparing ad.diti.r""o4 1'his latter

method- cloes n.ot permit comparison of '¿reated. soils rr¡ith accepteå

mecl.ranically s-babilized. base course m¿',terials íìs these untreated-

materials fa.it duriug soakingo

The triaxial test, with confining pressurres during

testing, must most closely represent field- conclitions where the

base c-ourse is s-uþ;iect to confinemento In ad'opting the triaxial
1'0.L, Lund-o I'Experímen'r,aI Lime Stabilizatíon in

I,lebraska, tr Lime and l4¡r9.-E1yrys"b aç Soil S*q.Þif iler?, Ilighrsay 
,

Iìesearch'goffiBffietrn 231 -(Fãshington, lJoCo ; Natrl-o Research
CounciI, L959)

)
"I'íoreland. Iíerrin, "Drying Phase of So,i1 - ,Å'sphatt

Construction, tt Asplr?.1!-Èp¿¿ trg[!!!3.g|b;$, :l{ighway Eesearch
tsoard- BulIetin ãQ-4l$shingtonn D.C. 3 i{ational ftesearch
Couneil, I95B)

?
'Nttional Lime -4ssociatio-n, L-irne- S-babi Iiz¿'t'ion of

rìoad.s (eriti*ore iutd " ¡ ltrriðLemark PíeãÇ19'5Ð- -
4J"hi, Hoover a,nd ÐoT" Davidsono rrgrganic Cationic

Chemicals a,s Stabilizing A.gents f or Ior¡a T,oessrrr Chemical- an-d"

]ylec-t¿Ani-g-a! Stabilízaiioñ, lÍiglt*u.y Research Board Bulletin 129

ffi";it;dffi;{ñ"a1 ãeseärch councilu 1956)
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com-pression test as the criterion for comparing all specimens,

and using the same method- of specimen preparationu an attempt

has been made to obtain d-ata for d"irect comparisona The

und.raineôo or rrquicltrr triaxial test was selec'ued- as being most

representative of the sudclen stresses imposed- on a road structure

by fa.st-moving wheel load-s.



irigure II Speci.men Ïr'ioul<ling ilpiraratus



Figure IIT lrioulcii-ng "å,ppa,ratus in Use *



Cllit-ilTER II

ÂI}PÀËATUS ¿.i.]T' T]TST h&,T}IODS

T /'PT'Äl?ÄTUS

Special ap,pa,ratus: To evaluate the strength character-

istics of the standard- materi.al, 1,he untreated- unsuitable

material and. the soil samples treated ruith warious admixtures,

it was decid-ed" to perform triaxial compression tests on com-

pacted test specimens" This necessi-bated special rnold-ing and-

compaction apparatus in ord-er to obtain specimens of a size

suitable for triaxial testíng on a standard, triaxial conpression

machirre" The apparatus is åescribed- j"n the -¡-STit'l publlca'üÍon

ItProcedures f or 'Iesting Soilsril under ilSuggested- h'iethod- of

h4airing and. Curing Soil-Cement Compression a.nd Flexure Test

Specimens in the LaboratoïY""5 Tlt" machinist d-rarvings aïe

includ-ed. in the append.ixe anc' photos in figu::es II and III.

The apparatus consists of cylindrical test mo1ds, a

moId. extensj-on rvith a collar, pistons and. separating d-iscs

f or mol-c1ing specimens 5,6 inches high ancl 2"8 inches in cliameter"

These dimensions are in accorC- with the triaxial comlrression

test specif ication that specimens have a length equal to tr'¡ice

their C.iameter, AIso includ"ed- in the nold-ing apparatus is a,

5Ear1 J" Fert and' Ii'ielvin s' 'abrams' "suggested- hlettroð
of llaking and- Curing Soj-t-Cement, Conipression and- Flexure Test
specimens in the Laboratosyr" Procedu{eq for ksfrg soile __^\
(Þn1fa¿elphia: The /*merican iiociety for Testing ltaterialso L958)
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c om¡ac1,ion cl"evice to ;:errni t sleci,-nen com'i'e.etioil i;y llieans of

a free-fa,J-ling Li pounC i:ÌLr.''ìÌrner, rill,errlatj-veI¡', -bì,e sllecimen.s

mav he cotilïTeSsed. 1;o size in a com'l-rress j on test iLlachine"

ütÌrer_ i"¡¡i,ù,Lqly*qË_. ût.iror t1,'an iire spec ial ectuiprnent

clescr:Lbed a,borre, the ai:]:a.ra'¿us incl-uC.ed- ti-e f ol-l-o",',ing:

t¡enne11 tri¿r,xial cornpïcassion machi.ne " (!'igr'¡e l)

irroctor c cìilÏl:ìctj.on a,pra,ratus "

': Ô'i s-r, cul'-i lto T'oorno

Ï)r;ri11g oven o

,Sca,les, si.eves, containers ani. ¡ccesso::ies o

II f'P.i:P,rii:riTl-ü.i'i CrÏ¡ TlllI;r:'{I¡rL i't'jjiSTl Sl:iiliCIi\ii,i\S

General , The i::i.axiaI cortl)Tessio¡" teS'u sÐeciniens lfer.e

prena."red i;¡,'calrtÌ:ining soj-l:r¡rc1 rr,dä.itives oi: lra'¿ef in nii-xing

borvls ii.r tl:e cì.esi::eCL pyoportions, ¿ni'i. compa.cting -bhem in the

speci-aI ruolct s" In orcler to ;¡,voicl' sanpl-e 'r'rimnting r^¡híci.r r"'oulcl

5e difficult f or most of the test slrecirnens, i1, vas necess¿ì'ry

lo [letermine ihe amoun"b of material rrtrich v¡ou]-d be requiredL to

prod.rr-ce a sÐecimen heighl, of 5 "6 inches at i;lre d-es:Lred d-es::ee

of cClnpercJtiion.. illhese cril,ical anot¡.nts llreTe deterníned hy

ref e:rring to tl:e ::esul-?:s of the c cmFâ.ct,ion tests Ì;o oìr'uain

-bhe drSr ilensit¡' 1"11uired a¡rd r,veighing out suf f'j,c j ent äry

rnaterial 'co prnduce the req.rlireO d,::y d-ensit¡r in tlLre constant

volgne Of -r,he sÞeci,meïls " iih-e Volume of -Ll,e s'ilecimenS lva's
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c:-."1culai;ed- to be 0.020 cubic f eet" 'lhu.s, the reqtr.irr d- dr'¡r

r"ieight of materi¿il f or each ipecinen t-as f ound. b¡r ntltl.¡.1;;'ing

tlre desircci frv1,' cìensi.üy by'rire :lla,ctol O.O2A* 'Ihe ccrn¡acti-on.

1,ests î.re clescrjbeC on i-1:.ì.ge 16.

Tbe san:'ple na,-{,er:ir -l in e¡ cl.: case ri¿LS ns.C.e up f rom síen¡oCi

:l'"actions, introcluced : -lto '-l-r-' nold, artiÌ- tlloroughl;' i'nilflsr- r'-ith

a, steeL rocle cotllpectint ti:e mr'¿crial f rom tl:e bo'¿tomo ¿l.l lirnir:um

separating dj"scs rvere lr:s€d tc l-;eep t'l:te specimens from rc-llie::ing

i,o the pisl,ons e one bc ing prrt j.nto the mol.ê under the srtäpJ-e

a,rr.ð anot.her '¡:e.f ore the top pJ"ston orr ?am was inserì;ed. ?he

s'tôcincns rrere tilen con.rpresseci t,c a height, of , "6 irrches by

ri.reaïl-s of *"1:-e cr:miracti-on cievice" ifhe final lrciglrl, r','as ind.ica,ted-

iry align;"nent, ç:f ti:e heiglrt índex gi:oove on the conpa,cì;ion rãim

with a notelc on tl:e sj-d-e of tire siglrl,-hole of the ra,rn guid.eo

(5ee .Lrigure IY)

fitapdg"f{ þq.*q .ç,qurqq iilateria].o To n¡:ovide a s'cand-ard. for

compar:lðorr pu-T-fioses e e set of specimens \i"a.s r¡o1c1ed f rom niaterial-
r^

meeting'cb-e specifj-cs,tiots of a,n accepted base course" as shorwL

on the grad.ation ch.a,r-b" (tr'igure Ti Specimens l\rere mad-e up

a't nru.isl,u-re contents cf 2%, 49Á, 6'1å anð. 9o¡Lu tliree sÐoci¡nens

lreing mo1åed. fo:: each niois-l,u-re con.'r,ent' These Saecinens rttretre

te st,ed inrned iate 1¡' a:iiter moulclÍ ng "

lþtteA!"0, .t".Èqqe'pt --e--j-giå" To measure 'tlie perform*

aï]ce of the untre:,tecl soil u a set of specimens iras moldeC'
/oSp""if i:¿+,ion f or gre.nul¿rr ¡¡se cotr"se¡ Unil er.'.rnoÄ,

ilic-Lellan 8c Associetes Ltd-"
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at moisture contents correspond.íng to tbose of the stand-ard

slrecimen-s, thz'ee specimens at each, 2%u 4/', 6/, and B"/"

moisture contento These specirnens lrere also tested. immed_i-

ately after mo1d.ing"

Three ad"d.itional specimens of both materials above

Ir'ere also prepared at optimum moistu-re f or absorption testso

Portla,l:d- cement-treated. materialo S¡ecimens of -bhe

test m¿r.teria1 lvere molcled- as d-escribed- prevj.ously, af1"ey

mixing rsith varyiirg quantities of stand-arcl Ëo::tland eementn

1-hree samples lvere prepared at each cement content u Z"lou

3ión 4% a;nð- 51", The specimens \rer.e irnmed.iately extruded.

from the molds r,¡ith a jaching d-eviceo They rqere then sealed.

in alumj,num foil and- d"i,cped. in meltecl pa::affin to prevent

loss of moisture, and placed- in a moist curing room for
seven d-a¡rs. 'Ihe moisture content at mold.ing r{as optimum

moist,ureu rvhich rvould-, in -bhe field.r permit maximum com-

paction. Sea.ling the specimens ivoulô correspond- to priming

of the base course in construction" 'l'he seven d-ay curing

period- for these and- otirer specimens rras chosen as the

maximum time reasonably ;oermissible in construction bef ore

paving operations r,,;ould" impose loa,d-s as great as the highway

d.esi-gn load.s on tire prepared- base c ourse. the proced-ure

for preparing and curing the cement-soi1 specimens was in
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r\ioul o ed. Test Specimers
Trea*,ed. Siltr. {ìravel-

Figure of üalcium ühl or:id-e
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genera,l iì,ccorcl-aïlce witi: i;ire su!gested å" S-T,ir4" rnethod.rT

Åf ter curing, tìr c slee j.mens lrere rir-driecl overni¡iht and- then

cl-ried in an oven at 14Oo¡' to remorre all- rnoisture. 'ihe bottom

encl tias then cappecl. rvith filter paper to prevent loss of net-

erial, er,nd. 1,.h,e silecirnens encl-csed in a rrrbber sleeve, i"'irich

remainecl irr place fot triaxj,al'r:esti-ng" 'fhe;r'ivcre l1aced- in a

{,a,n}iu resting on brass screens '1. o perniil, f ree pâ.ss?.8:e of wa.ter,

and- tire'canh r,,'as fil:i-ed r,¡ith lv¿,..ter to t,he top of ilie speci"rnens

as il-lu.str:ated in Figure IX" llhis ¡errni.tteC flo:',r of rla*,er ir¡to

the silecimens u fron: tlte bcttom only, Cue to capilì a:ri'oy arrcl

grarrl{y f l-o-,,¿. ?he rubl¡er sleeve served" two l-rurposes o åiirs'bu

it þe.!f "bhe s¿rmnle intact, anð secondly it prevented passaÊ:e

of -¡¡ater through tbe sides of t,he sloci.men* Lrat,erit'"1 in place

in a base course troulci not lose or gain moi-sture later::,lly as

it wouICL be a,'t, a ¡roj.siure eontent, very close to tl¡:at o:ll the

adjacent material in 'uhe l-¡ase course" 1l'.b.e treatment of 'r"'re

sîrec imens in the lral,er bai;h isas d-esigned to sil"rulate f ieId"

c ond.i1,icrr.s rvitL:, rvater-fi-1led- c1itcl.es "

lr.fter the rlecimens attained. constant v'eight as d-eter-

nined. b5' i:erioci-ic checirs, they '{\rere subjected to triaxir.l

gompres-s-Lons tes'!s -as ilescribed. l-ater" llhe results
ry
r lTe-yl J. î¡e lt antl lr'íe l.vin S " :'ibrarns , rrSugge s'oed ii:ethod-

of ïiiairing and üu::ing ,Soil-Cetrerl'r, Üompression a.nd- I'lexrrre Test
Specirnens in the LeboratorYutt F::-ocerlureå f oI Testin,o; ljol-1q
(."tri-iaaelphi a: ljiire "l.ririeric¿r,n Soci et,¡r f or Ies-bin.g iiaterial , 'L958)
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of the cirecli v"eigliings were T;Io'uted'uo forn curves describing

the vzl,,e of :.¡ater aTrsorption. llhese curves are includecì in

the -r,est resul-t sectiono

Àsphalt-treated- ma,terial. ÀspLralt treated- specimens I',¡ere

rnade in sets of three a,t, aspha,lt contents of 2%, 3',4u 4% a'nð- 5%"

Eef ore moulding, 'che samples rrere air-ci.ried f or' 48 hours to

permit good- hond- of asphalt anä p;ra,vel n¿-r.i;erial as the asphalt

used. rras SS-1 emulsiori" It tvas f ound- Lhtat' Trest tnixing nlas

possible usinq abor.rt cr ouble 'ohe optimurrn nto j,str¡.re content f or

the un''¿rea'1,ed soil- o and, tl:at af ter air-dr;ri-ng, c ornpa.ciion \'¡as

rnost' ea,siI¡r obì,¿,ì neô r,¡itir only aþou{, one half of onc pe::cent

rnoisture o iis t,hese conCitj-ons i'¡orrl.cl be possi,bl-e in tire f ielCLu

the¡. trreïe u.sed. irr -tlie ¡;repa.::ation of the test scecinrens " Th.e

4.8 hour air-cìr;'ing periocl lva.s c onsid.erecl '¿lre ma:iirnum permissible

ì;inle i.n act,ual construction 1rractice clue to the cl.r:rger of

satu:ra{ion b;r rainf all on the sprea,d, material l¡e:flore colnpactj-on.

¡!f ter dr3'-ing, the sTrec j-mens l¡etre noulcled a,nd- suì: j ected- to 'l,he

a,bsorption 'üreatilent previ ously clescribeô' 'Ilre¡' ìr'ere then

testecl in tr j-axial c olnTrressi on.

Lime-tyeated- na,terial " Specitnens of materia.-l- treated.

1vith hycratea lime Iïer.e prepe.r:ecì. exac'c1y as 1,hose treated

lyi th 'úo.':tJ-a,nc1 
c eÍ1eïl--f, u rr,ith id-enåica.1 c ontents oÍ a'il-ili"'oive t

in this case 1i-neo 'lir.e1' r,'rere curecl. annj ,-.¡i,r"1,ir1-ly sr.tu::¿:t,cd



Figure \r Calcium Chlorid.e-Treated Specimen Àfter Drying
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in the sam.e ma,nner a.s tire cerrrent-treated sarnp.l-es"

üal c ium chlo::ide trea.tecj- s$ecin:ens. These i¡ere Þrepared-

in sets of t]:rree rsi'ch <:a,lcium eliloricie contents of 2itrr 3:/re 47;

e,n& 5l/r" 'l'hey \\rere plepa,red a.r:.'d tre¿:,ted exactly as lrere the

lime anðL E'or-ì,I¿ncl cement satnples" Seven days curing rffi,s agaiú

perrnitted- before testiüg, ar-,,d absorp'oion of ltal"er as Ì:efore.

ûne spêcimen Ls Íl.lustv'a,-becl i.rr Figure Tf o

ÏIT ïfiSÏ] FÍIC}ÜT]}UJi1JS

Ë_on¡p¿g!.ion tests" iiìtancJ-¿r.rci Proctor coinpection tests

(;,-,S.1'.1v1" :lesigiral,ion D - 698 - 5BT) \1îere performed- on the

standard- accep'oaL:'J-e base collrse material and. on. 'r,he unsuitable

Soil" These 'r,eSts ga\¡e inf o::mation on the maximum d.ensiiy and

optimum moisture con'oent f or prepa,ratíon of the t::ia>'.ial test

specinens" Figure.s ìl and J¡'l:"

Ili.frXj'gJ..**-pt"pr e s¡ i o" t 
" 

s t E-" T r i a:xi al- c orn-Pr e s s i on t e s t s
\,,'êïe perf óiìired on n I1 sar-n-ples of trea'te11 a.nil rrnt.trea,tec'L

materia"l-s Tlrep¿ì,ïetl as descrii;ed previ-ousl¡r. illhe sarnples

\^¡ere testeð sti 1l- enca,sed i-n the rubber sleeves in-stalled- f or

lv'a,ter absorption" T"eteral C orlf ining pre,ssures weTe ob'lained'

b)'ttre ap3:lication ojl compressed air and. measured aecura'oel¡r

by the use of a neïcuï)'' ma.rl'-¡neter connected- ín parallel -bo

the air: suppl;r systeno li serrsitive preSSure regulator'



Fùgure TT. ll'est, Speeåm*n after 'llråaxia3- T'est
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permiJút,eir fine co;i';ro1 oÍ' ti:c pressure. 'lthese preeeul,ions

r',rere rrÊcessary because of the _l otr I a'ue::al_ xressures u_seCr,

natl:e1¡r, tl-ror five and eÍ-ght posoio 'ihe Iorv l¿;ter¿¿l pressures

Tsere u-sed-bo leeep confinement in the range existing ín base

courses in a typical road pa.ve,nenì; system. Vertj-cal load-s

Írere applied h¡r6Ìs¿ulica11;' in such a nanûer that a unif'orm

vertica.l strain ra.te ryas nainl,ained." 'Jhe r¿te of strain used

'Í{as O,05 inches j-.ei: r:inut,e, in acco::darlce lvith recommenðed"

pï¿ìc'L]-ce o

llrhile i;he tests ì'r'ere cssenti,::.11*. ttuni-rai;reðtt because of

the -ra¡-rifl ra{,e of load-i:rgu the stop-cocl' io:': d-rainage of the

s-rrÊi.:imen wa-s l-eft ojleno pcrmi,tti-ng pa::ti¡:,1- drainage" llhis \,'¡as

d-one beca,use mol'eulent of r,¡ater in a b¿¿se c olrrse t'or.rld. be possd.ble

except r:¡,cier conditions of conplete sa,t,uratíon. ïn this manner

pore -ílressures in the test s1recimen rv-ere kept from frilly

cl.evei-oping as tÌrey r,,¡ou.1,d. -'''-n a c ompletely undlraj-ned tes'úo

iìigure l.ri sl_.o11's â, specímen of u_ntrea,ted siLt3r grarrel e:f-ber

f ailure in a 'briaxial c ompre s si on 'ce st "

'üfater a'[:sorrj'oion tests. To ç 6¡¡'pâ,Te

untreated rnaterials fo:: relative r¿l'tes of

m aximum a,rnoirn t s _q_{__Êþ-s c rp'u i- on e s ll e c ime ns

the tre¿teå and

e.b s ornt i on. ¿rnd

of '¿he un'r,reated

R"l " ii'i 11i am
I --(ideir' ïork, l¡, l" ;

i,i-r,mbê, S_9i1 lSligg j_gå
joJri Titey ai:d- i$ons ïnco
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stand"ard- a::.cl una,cce'r:ta'l¡le ma,terial- i-¿ere íJretarerì, äll:ese

r¡elle cìried a.,nd pl lceC- in tiie rre.ter ba{,h exacl;}rr ¿5 r,ï-clte t1-:e

trea',;ecr naterials as ciescribed- previousl¡i, a:.d reriodic

:reighings lreïe nad.e uir'¡iI the¡r þ¿.¿ reacli.ed c on.sta,nt weight.

ïhe results lreïe p3-oi;tecl anil the cì-lrlres are incluiled- in the

test results section" (Figures iII to.f,ITi

liloisl,ure content C-eterninaì,i,ons ïrere nade on sar:-rl-es

d-crived" from t'e l:c'útor'r, enter and toí, of all s.pociiilcns i,o

d.et,errnine the it¿r;ure of moisture d,i s-b:'iìrution resulti.nE from

the r\'¿lter b::.-l,li trea'rmento

C1¿r"ssific¡¿'¿ion 1,ests" Tlle'i:ortion of -i;he -Les'l nrl-beri¿r1

lassing the -no " 4O sieve rv¿,¿s tesiecl 'l:¡, ',.rue o:ll tþe s',"a;rd.¿',rcl

:l-tterberg f iinit -tes-1;s ¿nci vret nechanical- s.n¿r,,'J¡sis 1,o rleternj,ne

tire na.ture of '¿l--e fine po::tion o!'-bhe rnaterial- â¿.nd. thus rnore

¿Lccurã,rr,ely Cl escribe i-i:," Tire resul'cs of tl;ese tests are

sun¡:l¿lrj zecl on tire E;rarìation chart" (3igu: e YII)
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üi'l:i-PTHE, ïIf

TEST ftESULTS

I FRfjCTtR, C*j',riË.qÇflCIt{'IllSTS

The curves sbor¡ing unit r,,.eight and. moisture eontent

are lresented- in Figures X and- XIo OpÈimum moisture con-

tent f or the stand-arð base course was f ound- to be T"2I/,,

and maximun d"ry uni'o veight, at this moisture content,

14-1.5 pounds per cubic f oot, For tl:e untreaied- sil'Ly

gravel, optimum moisture cont,ent lu'as d-eterminecl to be 7 "2/oo

anû maximum dry unit v,,eight 136"0 pounds l?er cubic foot"

The figures for drlr unit rTeight rrere converted- to

J-2B5 grams Ber specimen of one-fif,tieth cubic foot for the

stanclard" base materier.l, and- L232 grams per speeimen for the

untreated" sitty gravelu t,o permít preparaì;ion of specimens

r,¡ith clry unit r'-eight corresponding to maximr.¡-m Proctor

c ompac ti on o

TI JßSORPT'TÛ1{ TESTS

I'he rate of absorption of water by the immersed

specimens is shorun graphically in Figures XII to ll'YI* FoT

the purpose of t'llustrating tlie effect of add.itives on the

re,t"e ancl amount of absorption, tl:e grairhs f or ad"d-itive-
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treated. materials incl.ud-e the curve f oi: unl,reated- silty
gravel o

The specimens ceased, absorbing l¡ater bef ore the end-

of the f ort;'-eight hour test periocl in all cases except

whe::e calcium chlorid"e r¡vas ad-d-ed to the ma-{,erial" &iaximum

moisture content rea.ched- f or each material is sÌ:ot'n in

table fo
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T:|BLE I

T¿OT'STTJT,E,.!BSÜRBEÐ ÏN iIBSÛR,Ft.]TI{ TESTS

Liaterial Final trioisl,ure content

Stand-ard- b¿¿se gravel

Untreated- silty gravel

Silty gra,velu 2% cement

fìilty gravelu 3% cement

äitty gravel, 4% cement

Silt¡r gralvel , 5% cemen-{,

Silty gïer,vele 2"/" Line

Silty gravel u 3% liine

Silty gravel, 4/, Líne

Silty gravel, 5"/, Li-me

Silty gravel, 2ft aspinalt

Si1t3' gre,ve1., 3% aspl:alt

'Silty gravel , 4% a,sphalt

Silty gravel , 5'/" asphalt

Siliy gravelu z!fr calcium

Silty gravelu 3"/, calcium

Si1-i;y gravel o 47i calc j.um

Silty gravel, S'fr calcium

chlorid-e

chlorid"e

chlorid-e

chl orid.e

O "O)7o

B "75%

6 -LrI'"

o o uoTo

6 "02%

5.go%

I o)J/o

I " t)70

7 "47/"

7 "60"/"

r "22%

a "98%

o "gt%

0 "83%

7 "35f,

O o t)7o

4 "58?í,

4 "2776
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IT I'IF"iÁj',IåL üOjl¡-rF,i-::Ë S trûi{ Tjr.Sq,S

Tþe test d.ata ¿nd calcula,'fions for the tria.ri-¿l1

compression tesis have been:f'j-leil in the soil test:.ng lab*

orât,or... rt, the [ïr.ivcrq'i-f,r' of' - ¡,nitoba"* * - "U

Srn'p-l-e calculations are :'-nc.lr:rled, in i;Jre alrpei:d.:i"x and

ir,ol"r1s v:,rnis1s en\relei;.'s ere shorv-rt in Figures )iVIï'-o,íìlil:i"

Suu,rnü.rî -l,esi; values âre presented- in l'abTes IT to YII

f o.!.l^ orving "



f¿iBLFi II
IRLL.(IÅT, TtrSf ÍT]ISULTSu SÏjiäD;ift,Ð BÂSL; CüUl¿Sjj

i;ioisture
c ontent
perc ent

C ohe si on

p,Soio

Angle of internal
fricti on
d.egre e s

,foV

4"O

6"0

8"0

-á

4

/l

2

63 "3

5r,8

30, B

30" I
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T:lBLIl IIï

ffr,L{XIAL T}TST RFJSU-T,TS " Uli'I'R'E¿,TtrÏ} SÏL'ÏY GÏl"+.\lf,t

l',loi sture
c ontent
percent'

Cohesion

--:!.ÞoIô

iingle of in'uernal
fri cti on
d-egrees

2"O

4"4

6"0

8"0

8"0

9"O

4o {

ZaY

48.3

37 "O

30 "5

24"3
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TJT"BLT] TV

ilRI.A-ltI¡.L'IE S T P"U SULT,S, AS Filit1.r't TlIE.qTll;I] ivi*'I'EIlÏ.{L
t $ILli], GR¿r,rjlL i

.àspha11,
c ontent
pe rc ent

Cohesion

ltosoio

Angle of internal
fric ti on
d-egre e s

Ia

-)

4

5

TB.O

4V oV

L2"O

¿iè

46 "O

51" O

53 "Q
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'I'ÀBL]T V

TIìIIü{I-{L TUST RHSULTS, Lllvllrl TTI'äi¿rTif} i'f.¡iT!iÏt,Ï}.L
{ ¡;:,it.'¿ rlr:::Jiitl, }

-Lime

c ontent
percent

Cohesion

posoio

Ängle of internal
fricti on
d-egre e s

2

1

I'

5

11

L3

r5

3B

47 "O

4"8.0

50"1

25,5
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TJ"BLE VT

I'P"Ié"TiI-¿IL TtrST RESIILTS, POïlTLAldÐ Cþll'ffldT Tlþ?ltrliTiiB I{¿"T'BRÏAL
{ s r:,'¡:: (}.!ï:¡r!I::l i

Cement
c ontent
percent

Cohesion

p"s"io

0f

232

300

Àngle of interna,l
friction
degrees

51" 6

11.0

B.B

.\
L

3

a'

5
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T¿.P,Lli VïI

TR,f¡\7lI/"T-, îtr,Sï RIISULTS o CÅLCIU¡'I CHL0RIIE TÊÌl;tTlÎD hiÀTËf¿ÏÀL
( s r-r,t:: {iiì.¡.I/HL }

Ca,Ic ium chlorid.e
c ontent
percent

Cohesion

p.Seio

3.ngle of internal-
fricticn
d-e gre e s

2

)

4

5

1"O

1"0

:l-"0

8"8

35.2

25 "O

no test
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Figure )[I Fortland, tement Specimens *"fter Testing
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'-4:f- 5of*'

Figure XLII "A.spha,lt-Treated- Spec'ímens "A.fter Test,ing



CH¿IFTËR TV

DI.SCUSSION OF TEST T¿ESTILTS

I TfÁTEÈ ÀBSÜF,PTTÛN Ttr.STS
I

The curves for the rvater absorption tests (Figures

XII to j'CVI) show that, the ad.d"j.tion of any of the ad"ditives

tested" slorved- the absorption rateo The total amount of

water absorbed lyas also ilecreased except in tlr.e ca.se of the

calcium chloride treated- rnateri¿ll-. The mos-b marhed

alteratj-on in absorption ruas evid-encecì 'by the asphalt

t,reated materíal, r,,rhere the ad-clition of only trro percen.t

of asphalt decreased- the total amount of rvater a,bsorbed- to

less than one-seventh that, of the untreated- mater:ialo

Florv of water into the specimens rvas d-ue to a com-

bination of gravity florv caused by the head- of rvater in

the soaking tank, and- capillarity" In most câ.sesr moisture

content tests taken at the top, centre and- bottom of extra

trial s¿-rrnples af'ter soaking sholred an êven variation in

wat,er content from saturaì;edu a,t 1,he bottom, t'o moist afr

{,he topo In calc ium chloricle treateð specimens u holtever t

tlre rvater rose evenly rvi-bh a def inite plane e

above lr¡hich the material coïrauained- atmospheric moisture

only, and belorv rvhich a cond-ition of saturation existed"

It ure,S corrclud-ed., theref or, that -bl:e aðclition of calcium
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chlorid-e to ti:e test m¿.,teria1 arrested- cai:i11ary action

:Llmost conpletely" This property night be useful for

treatment of frost-susceptibte soils in wliich ice lenses

¿¿re f orrned aecl grorv :¡s wat,er is supplied- to -bhem through

capillerry action j.n the soilo

The moisture contenì;s achieved by the metÌrod- of

soaking used here are comparable to moisture contents founð

in base courses about tÏre province in -bhe spring* 'Å. slllrvey
o

d.ore '!-.y i;i:c Ïlanrtoba Ïligtrrvays Braneh in 1.952 ancl 1953'on

higJ:rvays arounð Brand-on shorl'ed moisture content,s var¡rlng

f rom f our 1,o eight percent, tlie ma:.j ority of tests indicr-ti:rg

moisture betvreen 6,5 and.7"5 petcenl,o 1'he greater moistr¿re

contents occurred. il'ith high c,:ntenå of f ines in the base

cot-:rse r¡tterialo Tllese figures shorv aglreement rvitli the

moisture contents achieved. in the absorption tests b)' t1',e

standard base gre,vel and the untre¿rted sili,y gravel"

Tt ís f,e.l-t, theref or, tl:at the method d-evised f or

soahing'lhe specimens j-s acceptable" ¡Ln ad-vai:tage over the

nethod. useô by the Texas äighwa,y Department, in vj]ich

Sllecimens are saturated und-er vacuum, is tha1, the Specimens

can be lreighed- at intervals åurirrg soahing, encr' l"he actr-ral

ta4"e of atrsorpi;ion thus stud-ieä. Trial specimens shorued

tha.t no rneasurable eff ec{, on absorption r¡as caused" by

;S[-eJruirting joakj-ng* f or perio<lic rreighings o These

9unr:ubl.i, sired ãa't,a, Trta.nit,oba Ï{igh'*ays lSranch'
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:1-r;i:l-1i :::;i triäI sÐecimens also clemor.r,r-1,:latei' ;ood reirroiluc-

ibilitV oP :Ìrsorp'oion äata.

TT:e sunmalrl,¡ rr:f resr.l-ts ('ta.bIes IT to \rII) and i',;ohrrs

I',uptrr i'c :-.nvelopes C"e:rived 1:r:on the tri¿xi¡¡1 com2lession

tests inil:i-C¿:.te tha'L the ¡,clCr:-ti-on of zì.s;\"-l {,, f o::tlancl cement

oï I i.me tc the sí-lt;. ¡rïave1- greal;ly inii:rovecl tlre st:r:enE;th

cha:r'ac'¿erisl,j-cs cf -i,l::e ir¿¿-fe::ialo ll.he acid.ition of cal-círrnt

cl:rlor j de had. l,lte ïreverse ef f ect, clec::easing ul"ti¡nu.t,e st:ress,

c cl:esio¡:r. anil interna,l f rict,ion" '$::eatest ultiiil¿lte st,ress

valu.e-q lrreye ob'¿ai-rieC l¡iti:r Fortland. cement, ri.ith û, ]?eak val-ue

of 719"8 p" s, i. f crr.: f jve rercent Eidd-itive aniì. e'i-91.t, l" s"i,

confining pressure"

'i,lie cffeci o-.f nloisture contenl, on -l:Ïle angle of in.ternal-

f ric-r,i.on is ireIl d,etnonsi;rated 1:¡r ¿1,l* tri e:"ial ì;est's ':erf ormed

on tl:re stancìard- ba,se pj:r,'avc-l- encì, drntreal,ed- s:llt¡r materj-al- lvi-{,h

var¡ring iiicis'r,Lrïe c orliúents (!'igures )iVII to iCiV) ' iis tl:c ¡llcist,ure

c on.terrt rvas inct'easeå , 1,1::é ultirnate stress and angJ-e of irl-'t;e::l:r'1

friction decre¿ì,sedo
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,Ihe cohesion f or both ma-i,erial-s increased- with the

ad-clition of some moisture ancl then c.ecreased" as surplus

moisture vas ad-d-ed-" This is explaíued- as an effect of

the cernent,ing ac'r,ion of tlle fines in the naterialu ruhich

rvoulcl not be evident r,¡hen the fines I\¡ere too dry or too

irel, 1,o prorrid-e sheariirg resista,nce as a plasi,ic ttlaterial "

Tire l,'iohrts l?upture Ënvelopes for trvo percent

asphalt, t,rvo percent lime and tv¡o percent Ëortland cement

treated. materj-al \"reïe superi-n:posecl on those for the

standard_ base gravel and untreated- silty gra.vel an,Ci are

presented. in Figure Ï'LIV' Tlie values of cohesion and

angle of internal friction f or the st,a,ndard base and- silty

gral¡e1 ma.terials rr¡ere obtained b)' interpolating in tables

TI and, III -bo determino tlLe values at 'i;l-ie moisture

c on{,ents rea.ched in the abso::ption tests ' lhe lines

re}rese'nt,ingtìrelott'eÏlinritsofl¡gooðbese|la,nd.llfair

bersett mat,erial on the Texas Classif ication Systemg chart

hav'e also been arJd'ed- a's a referenceo Ïil is seen tlrat

tl:re ad.dition of only tvo percent of 1'he additives

re.presentedherevastlyirnllroveiLl,.l'.estrengtirclraracter-

istics of ihe silty gra've1, $i1'h 'uhe greatest ef f eet

eyiclenced- b:f the PoLtland' cement treated materia'I" Ït
o'J o Rogers .iri¿¡.r-bin and lÏugh--å' lïall*t1-l --Ï*::tii

i,he Flexinrä"Þ"";*;;; ;" Es.Ê:s* p"C.,ggtl""fil"" g{ n"o****
of

llhe s'Iexl_oL-e 5¿Ì:vel[fJlrvr sYù+,É:i :.:=.'.._I;î=:^:.-.- _. -*æ58)
1'ä;-;';;;;"ÏÑu.,o- vá'1", í¡"vlf-;''"Gr¿uu Hill book co' Ïnc "'
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is also seen that tlie s'l,andard- base gravel, prepared to

locaI specifications, falIs belo'ru the limit of I'fair basetl

mater:ial on the Texas cla.ssification chaT'v at the moisture

content reacired. in soalting as d-evised- f or this proiecto

This could be taken as an indic:rtion cf the Teason. for

road failure so prevalent in this province eveÏy springt

r,¡hen moisture contents reach the range usecl in these

t,ests o

The en\¡e1o-i:es f or m¿terial treated- rvi'¡,h caleium

chloride h,ave not been consiåerecl- bee¿use the cal-cium

chloricre d.etracted. from the properties of tl:,e silty

gravel" 'i'ilten five percent aclclítive r¡as used, the

specimens were so plastic that triaxial testing lras nct

possibleu 'Lhe specimens resembling jelly in consistencyo

Uhe addi'r,ion of Portland cemenl, increased the

strengtTr of the silty gravel to such an extent' th¿rt t'he

in
s¡nall changes-iateral pressr-t1e useð trere almost

insignificant in cornpari.son'üo the grea,'u ultimate stresses

d.eveloped., This resulted in iriol1r I s åiagrams f or the tests

l,rh.ich l,'ere al_rnost superirnposed one upon tþ,e otl.rer,

especíaIly with high contents of Fortland- eement, giving

rise *r,o some d-iff iculty in accLrl€rtely d-etermining the

rupture envelope graphically. Fiorçeverp {:Tre test results

on specimens with high Fortlanci- ceneirt conl,en'i, sre not
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pertinent to the purpose of tllis i:roject otl:er t,han sho'çr'ing

excessive strengtJ: ¿¡,nd- l,hereby excessive a,CLditive contento

stu.dy of t,he test results for l-ime ancl Portl-and.

c ement treated, rn¡rterials reveals àn increase in c ohesi on

and. decrease in a.ngle of internal f ric'u j on Ïrhen the

adclitive content e.'.-ceeded trvo perceni l]ortland. cement or

four perccnt lirne" îhis could be explained" ¿s a cement-

a.tion effect, rrhich rvou.lCi incre¿se the si:rearing resisrt'an'ce

a¡:d- thereby the va,Iue obtained- f or cohes j-orr f ront ii'iohr I s

iTupture diagra,nts *

The rr,ests on unl,reated material clearly show the

l oss of stability v'¡þich occurs rvi'r,h j-ncrease :Ln moisture

ín a rnecha.n.icatly s-babilized rrclay-boundtrbase" This is

responsible f or t,he annual d-is'cress of many ::oads in 1,he

spring ruhen concliì,ions of high moisture &re prevaleni in

this proYr nce o '!he action of sorne ad"ciitives in decreasÍng

this effect anrl tirus ensuring ample st'rength a1' aI-l' times

of -bhe year ryou..l.d seem to be justif ication f or 'chei:r use

even isiti: gooð base course eiggreg¿ì'"Leso

IIT ECOi'üOi,tIC CÜI'iP¿ilIi:i0i\i ÜF Áj}ÜITIllÊ;S

0n. tire basis of ttre t,est results shor'¿n in Figure

,'iT-,V, the silty gr¿ì\rel cou,lil be sui-tab1¡r sta'hilized' r'¡i'r'h

the acld.ition of rrl\'o perc ent, Tat*,lancì. cement, t]:ree percent
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l-ime oT th:.ee percent asphalt" The erlvelopes for these

three treatrrents all satisfy l,ire Texas classif ication

requirement f or rrgood- baserro .Àn economic conÐariSon of

these t,lir ee alternatives is preserrted in Table \rIII, in

which the cost of es,ch alternate me'uhocl is summarizeilo

Tire basis of cost analysis is use of a road-mix me{,hod"u

r,¡here ?ortlancl cement or lime r¡ou1d be ad-d.ed- by rneans of

a, stabilizing machine capable of effectivel;r trlencling dry

materials and asph.al-t ad-åed, as a spra,;''ed. emulsion in a

travel-pJ-ant mi.xer" The cost of a stanc.ard. gravel trase

course material in place has been consid.ered- for

cornparisono The figures of t,0"50 per cubic yard for silty

gravel a,ncl tiil.25 per cubic J¡ard- for stand"ard base gravel

are represerrta,oive of pit príces in the Ïiinnipeg a.Teao

¿ haul d-is'rlance of ten rniles has been a,rbitrarily chosen

and a trucking rate of {üO'07 per cubic }rard- per mile used

as l,his is stend-arcl in the a,Tee-. Th.e cost of mixing

ad<l-itives is cons'uant as the machiner¡r anc. prod-uction

rates ere similar, so the d-iJlf erence in cost of b¿rse course

in place is due mainly 1,o the different costs and. quantities

of adclitives, altTrough the cost of compacrÜing asphalt

treated. inaterial is sIígh'oIy hi5¡her" Frices of ad-ditives

are es quoted- by local distributsrso ,{ base course nine

ì nches thick is consi d-eredo
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Cost of gravel
mal,erial per
scl,Llare y'.trd,

asphalt

.1. inie

.iiortlancl
c etnenl,

¿7Õ

, l-6

1¿-
ô IU

.16

üost of
aclclil,i-ve i)er
squ¿ì.re yard

üost of
haul per

squa,r'e yard-

" 
1.5

"27

.20

Cost of
c ornpacti on
per Sq_utLT'e

)rârd

,24-

ø Z4'

,24-

Cost of
mixing per
squaïe yard

,oB

,06

"06

.24.

"24

.24

Tot¿ll Cost
per square

yarcl

o.7l

0"87

o "97
0.90
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The total- cost figures shorv that for the type of

s:i 1t}r rnaterj.al- coTts j-dered-, trea.trnent r'¡ith aspha'1t is

the mos'1, economical rnetl:od." TTre cost i:er square ye'rd-

is only twenty-troi-o pel:cent higiier tir¿n the cost of

stancla,rd- 1¡ase c ol-ìrse constructiorr, or approximately ten

percent lrigher on the t'hole pa,v'emenl, structure, subgrad-et

base course and. pavementu In a case n'iteÏe good, base

gravel rt'as seven rniles further aIÀ¡ay than silt¡r glfaYel-e

tre¿ting th.e silt-',' gra.vel r,.¡ith tliree '¡:ercent asph¿It

r.oou1d, be mol:e economica,l than Irauling in stancla,rd- ba,se

material o In ad-ditionu superior str:engtÌ:r uncler c onclitions

of high moisture rvould be obtained-'

The cost of stabitizing r,¡ith tr,¡o Ðercent Portland"

cement is only slightl¡r iri€¡her at nine{'y cents per sq-uare

yard- and urou.ld seeäl t,o Ì)ïeclud.e the use o:f tlrree percent

lirne at a cost of ninety seven cellrc,s per sq.uare yard- anc'

1o'r'er strength "
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SU}Í},{.TRY éJT} CTI{CLUSIONS

T Pl¡OÊIiillIES ¿'l'TD J,CTIÜiü t:b' itlilÏTIl,r.E'S

lhe tests performed- shoived- that {,he a,dd.ition of

lime, asphalt or Portland. cement altered' 1,he strength

of the silty test gravel favorably' Tliese additives also

C¡-ecreased, the raL,e of r,;.ater absor-ption by altering the

peïmeability of i;!re treatecl material. The most, noticeable

d.ecrease in permeability occurreö r'rhen aspÌraIt t'as add-ed""

The greatest strength r,ras obtained. by ad.d-ing I'ortlanrl

cemen'i:o r*rhich ad-clitive required- the least percenta.ge

content t,o improve the sili;y gravel- to the point of

acc epì,abi1-ity"

ÀrLd-ii,ion of calcium chloride to the test material

resulted- in no benefit to base course construction

although it, I¡re.s n.oted to almost el"iminate capillarity

in the specimens formeðo

It isu -l,heref ore conclucled- tira't u'sing the type of

m¿teri¿1l stud-ied-, a gooð base couïse could be construct'ec]

j.f aspha,lt, Iime or Portlancl- cement \'¡ere mixed" into the

gravel, and tirat this coulcl be <lon.e econoinically. Furtireru

it ís conclucìed. 1Ul:aL such a stal:ilized- base r'¡ould" perf orm
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better than a stand-ard- gra,vel base course uncier

concl.itj.ons of high moisture such as prevail in the spring

of the ¡.s ¿r'o

II E\rJ..-l,U:\.ïIÜlt 0l¡ îIiSl' I'lE'li,ODS Äl:lll EÏìiìOR

'Ihe triaxj-al conipression test as e means of

comparing ad.d-itives and- designing mix .proportions is

consid-ered- a goocl method". It has been shorvn to reveal

certain properties rviricj: vrould- not be eviclent in all uncon-

fined- compression test method-e speci:ficallyr tl:e centent,ing

action of lime ¿r.nil Portland. cement anð also of fines in

a nechani ca1.13' stabílized ma,teri¿] . These shon¡ u! as

changes in ti:e cohesion and. an6¡1e of internal frictiono

In vielv of the success of tlre Texas llighway ilepartment

in corelaì;i-ng 'r,riaxial test results to f ielcl perf ormance

over a number of years, i'1, ruould- seem that the triaxial

test method, has much to offer in tire fielð of highway

'base course construction"

Some ctifficulil' 1v¿5 encountered in obtaining

cot'Lsisten-b resul"ts and a number of tesi, series ha.d to be

repeated-" It is f elt ttrat a larger s Ðecimen size ruould

decrease l,he eff ect of individ-ua1 stone particles a,n<J 'ohis

is therefor recommencled"

Tl:re inethod- of soahing Specinens rrhich rras d-evised
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f,or this pro ject enabled- stucly of absorption ra.tes d-urirlg

soaking and- i1, is fel.t tiLat the d-istribu.ì;ion cf moisture

inthespecimenelosel¡ier'ppro:<ima'cesrnoisturecond-i'i'ions

in 'ohe f ield.
The test rnethocl is sub j ect to st¿rnd-ard. sol-llrces of

erroï in weighing, reeid,i;rg triaxial compression d-ials

for sirain anc. stress and. in ploiiing results for graphi-

caI Soll1'oions o }ic¡rçer-err âfllr e1.1' or ín ti:,eSe 1)rOCeSSeS

ruould be evident in failu.re to obtain linear rupt-.rre

enveloÞes unless tÌre]r \{ere colfsis-.['ent êrrorso

Tlte greatest souïce of erÏoÏ r,vorilcl arise from a.ny

alteral,ion in comllac'¿ion eff ort recluireå to acliieve tl:e

d,ensity coïresponding to maximum Sroctor ilensity f or t}:e

untrea'red naterialu Some d-iff iculty rvas noted in corcpact-

ing asphalt tre¿teå specimens in tha1, more blows rvith tl:re

rarn ha,rnmer I,.rere required. to conÐress the specimens to 1'he

reclui.red, rrol.umeo In ',che cil,se of tl:c' other add-itiveso

!¡,orvever, comp¿ìction eff or'o reguired i''las alnost id-e¡¡-tic¿1

1,o ürat required- f or untreated sojl.. 'Il:is eÏror coulð

be elii-irina-bed- by performing tsroctor conpact,ion tests on

ea,ch type of ad-d.j"tir.e-trea-bed. mû'rletrieil, zt' ea'ch test

content peïcentage, ancl d.etermining the amount of nateri-al

f or each specimen in this lraf o
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ïII S'tiiii,,í:!¡iY ÛF ì'¡0:i:,ä Ï01ilE JLl'lÏ
suG-{;l-!t,s1'I Ül'l,s 5'ÛÊ }'u?"?IIEF" i:'cl1Ï{

In tl:is pro j ect, -bhe ef f ec'i;s of as¡rhalt u Portland

c ement, I ime errcl c alc iurn clr J cr j-d.e on strength and-

absorpti on properties of ¡ silty p;ra.r'e1 l:ave been c orn-

lìir,red by means of the 'oriaxial compressj-on ì,est' il'he

rnetl:oci- of 'oest ircs l:een ¡nod"i,f ied as requirerl, es'--e cia,lly

in prepasation of specinens o u,ncl- a rrorka-þ1e Tr1'ocess

er"cl-vecL.

It has be en sliolvn 1,h a t in tlr e c as e of tir e rn¿'.+"erial

test,ed- e. good- base coultse c¿rn be preprired, b3'ad-c1ing asphalt,

lirne or lrortland- cernent to tlre otberrqise unaccente,ble

gravel and. tliat -Lhj.s can be d.one c'conomically.

I,ur"lier r'¡or:k on the proiect would. logical1y consist

of f ielCL tria,ls of the treated- ma'¿eriaI and perhaps soaking

and. dr¡ring clrcle tests on trea,i;ed- specimens o

*rf-aluable inf orinati on could- be ga.ined- by repeating

tl:e test pïocecure on grå.ve1 rna-Lerials unb¿lanced in

gradzr,tion in manners clifferent than ti:e mat,eria.l- tested."

Iixe,rni¡ration of re j ectecl P;r¿ìvel si;mples f rom proi ects

about ì;he p::ovince would probabi-y reveal ciiffererlt

problem types of ma,terial"o
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