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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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