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,ABSTRACT'

In the last twenty-five years, cement treated base has

o been extensively used 1n Alberta as replacement for

conventional granular base course materlal in flexible

highway pavements. With thie increased use, a bulk of

*

information has come to exist in the province on the.

' material. This study was primarily directed at compiling the

o

avaiiable informatibn on cement-treated base practice for
hlghway pavements in the province, in ant;bipation of ad
Roads and Transportatzon Assoc1at1on of Canada attempt to
synthe51ze Canadian practice and perfermance,-and also
provide a needed referénce\for local practice.
'A‘preceding in-depth literature review on .the general
cement-treated base practice yorldwide, covered'the broad

aspects of its properties, characteristics, different

" methods of production and use. The review indicated how this

material, composed mainly"of substandard aggregates or
$oils, has proven to be'a’very stable pavement material in
countriés w1th diverse soils, climates and traffic
condltlons, and has been used exten51ve1y in road
constructlon.

Against this background, the specifics of the mix

design, structural design and construction procedures in

Alberta, as practieed'by'Alberta Transportation, were
presentedf‘In addition, performance evaluations of some

typlcal cement treated base pavements in the prOV1nce were

Li

~undertaken to determine whether the ‘design and construct1on

iv

f



]

»

procedures used Have given satisfactory pavements, From the
limited data available it was apparent that, provided the
corfect practices and specifications are‘followed, §f~
‘cement-treated Base perforhs adequately .in éll the types of T
flexible pavements common in the ptovinc;. A theoretigal
economic analysi§ 6f some typical cement-treated base
‘pavements and their equivalent conventional granular base
course pavements also revealed that, in some instances, with
specifit refefence»to the general disposition of aggregate
resources,in the ;rovince, cementrt§eatéd base may indeéd}be
the.more economic alternative of the two.

On the basis of this study,-itfwas concludeq“phat

k) a
cement-treated base is a viable base course material for

fiexible‘pavemepts comparable to the other b;se-course
materigls %reqUently used in,Aiberta for highway
construction. Not only does it provide an aiternative to the
so—éélled cohventional granular base course materials, but
also has in its own right the engineering prqperties,
characteristics, pérformance‘caﬁabiligigs and economic
attributes which make it a bona fide pavement co%stn&%fion
material. CoﬁsequentlyJ its use should be encouraged and
horg scient illic fesearch work conducted to unearth the
possibly numerous potentiéls of thé material, yeéz;o;bé

discovered and utilized.

.
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1. INTRODUCTION

1;1 Background
| ~ Good quality’material availability is one'Yery
important aspect of highway pavement design'and*
'oonstruction;'Not‘only'are quality aggregate sources .
required'but also the distance.aggregates have to be‘l

_transported is @lrectly_related to the final cost of af ﬁ
payement “Consequentlyq with tne continuing depletion:df
good quallty aggregate sources,kan 1ncreas1ng awareness of
the need to conServe part of\the available resources for
future use,,and ‘the clear econom1c\advantage of using
locally ava1lable mater1als,,1t has g\come 1ncreas1ngly
necessary to upgrade relatlvely 1nfer10r guall\y materials
to make them suitable for use in roaduponstructlon?ag .
Generally, a number of stab111zatlon methods are \\“\\
employed to enhance the eng1neer1ng propertles of .these
marglnal_qualxty aggregates‘ to standards that compare
fayorably‘ﬁith those of conventional‘high quality aggregate
materials. A particular stabiliaed materialﬂwhicn‘offers one

of the best forms of pavement'construction material is

cement treated aggregate or sand. This materlal described

. as cement- treated base\anﬂ also commonly known as

soil-cement, has been successfully used as a base course
" material for flexlble and rigid pavements of hlghways and
a1rf1elds; surfaced‘parklng lots; surfaced shoulders of

highways'and airfields; and has been applied in many more



’

otnet‘areas.

| In the province of Alberta, Canada, cement- treated base
has been used as a structural component of pavements to '
' qu1te an extent Lack of read1ly available good quality-
‘aggregates in some parta offthe_prOVinFe hasArequired the
dse of marg;nal qualityneggrggates in”road'cqnstruction.
According to Dacyszyn (1961), this culminated in the
censtruetion of aléhort~e petimental pavement in 1953 ®n
Highway 18,‘approximatelyv80 kiiometers north of the
provincial capital Edmongon, to 1nvestlgate ‘the qualities
of cement treated—mdterfals as an alternat1ve fcr base -
course constrsctlon. :As a result of material problems,b. i
howeverL_thls prOJect{Was not, ent1rely successful and thefe
was a_llll in construction with cement treated materials in
the province until 1959;'In that yeet, as Dacyszyn .(1961)
reports, thé‘constrnétion7of a total of 76.91 km“ |
.(47 74 m11es) _of cement treated base pavements markaq the

béginning.of serlous construct1on of th%t k1ndso?'paxpment'
r's " .

in Alberta. - o : ,"5'W,'“24

~

By 1972, as Shields et al.-(1975) indidéte;'r
approximately 1 850 eqguivalent two-lane kflbmeters of

4 cement-treated base or 5011 cement‘paxements, representlng
“about 21% of the paved main highway system had been bu11t in
.Alberta. Thrs‘1nc;eased to about 3 000° equivalent two-lane
kilometers by<tbe end of 1885, representlng about 22 % of |
rthe much increased paved main hzghway system“ As a result

there has‘been_cons1derable,exper1ence andrexpert1seA

<
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associated with cement-treated base in the 25.yea}s of its
use, and quite a'weaith of information Ks available in the
province on the consttyctidn and performéncg of highways
with this material as,bése course in the{payément-struCture.
1.2 éﬁrpaée and Scope of Thesis

e In light of the above, the usefulness of a synthesis of
cément‘tréated bés (CTB) prac;ice;fét highways in Alberta
has been ;éalized. The general objecti?é.of this study is to
satisfy“tggg need. Information and- documentation on the

: majér aspeéts associated with the provision oﬁ"CTB‘pavemehté
in the prouince“ha;e,beeﬁ compiled to give‘aniexhaustive°
accoﬁnt of the CTB practice in Alberta..Specifically, the
main object{ves of the étudy are to: |

\

(a) review EHE_{iferature on the development of CTB as a
‘base cqurse'cénstructiqn material;
Eb)'document the mixture design method for CTB in
| Alberta;_ ’
(c) btesentithe sttuctural design method for CTB
‘Pavements in the;province; |
(a) document CTB construction practices in Alberta; __
(e)~evaldate'the performance of CTB payemeﬁts built in

Alberta; and -
. L A ;
(f) discugs the economic factors involved in the use of

L3

CTB, - sbécially in comparison to the conventional

- v N . ] - @
granular base course material it often replaces.

@ .
vons .



As al;eady indicated,’thejemehasis 6f4the study is oht
the use of CTB as base course material for highway
pavements., Its,use as a construction materiai for pathing
lots, residenttai streets, airfield pavements, and othets

- are not of major concern here.

¥

/
{

1.3 GeneraIMOrganization ef Thesis,"

CHAPTER 2 is a literature review'onwthé‘general
development of CTB as a pa§emént constquct{on material, and
is intended as a perspective introduction to the subsequent
chapters on CTB practice in Alberta. '

CHAPTER 3 looks at the CTB mixture des1g@ pract1ce in
Alberta. The method is a variation of the standardsAﬁyq and
AASHTO methods 1n;olv1ng freeze thaw, wet- dry and unconfined
compressive strehgth tests, and requires.an apbreciable
length'of time. Consequently,short—cut methods suggested by
some wotkers to’minimize.the tihe are also presented.

gn CHAPTER 4, an account is given of the 'structural
des1gn pract1ce in the provznce. Comparlsons are made
between the th1cknesses arrived at using this design method
'and those obtained by ‘other practlces.

’ CHAPTER.& documents the construction practices tp
Alberta. Of con51derable interest are the qual1ty codg:ol
measures wh1ch accompany éonstruct1on. _ '

An attempt is made in' CHAPTER 6 to evaluate»thet

perforﬁance of CTB paVements in the over a quarter of a

century 6f their serious use in the province. Basically,
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‘data collected by Alberta Transportation gs part of an
extengive inventory data bage on the paved primary ﬁgghway
system in the province, and computerized by the Alberta
~ Research Council (ARC), forms the basis of this evaluation.
”'CHA?TER 7 is a discussion on the‘economic factors
involved in the usage of CTB in pavements. éomparisons‘ate
made on the basis of life-cycle costs between pavements with
CTB as base course material aﬁd those with conventional
~gianular base"courge material. ‘

' CHAPTER 8 ties the preceding chapters together and
.summarizes the general conclusions arrived at from the
‘.study. Recommeﬁdations are made for future research work
vwhich will cpntribute to the maximum economic utilization of

CTB for pavement construction in Alberta.
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2. CEMENT-TREATED. BASE AS A PAVEMENT CONSTRUCTION MATERIAL

.

3

Cement-trgated base, possessing qualities of its own
8 r ) L} ’

. N 2 3 \ . ' . .
quite dlfﬁereAVMJrom those of its constituent materlals,‘xs

Py il ’-6' } [ SR . X
most frequently ub®®~form of stabilized road construction

material next to these obtained,by the mechanical
stabilization of soils.

Primarily, cement-treated base has been used as a basé
course materia; for both flexible and rigid pavements, of

highways and airfields, as replaeement for unavailable

conventional granular base course material. In the over 50

years of itg ious engineering use, an intial skepticism

that exisi&d #n the early years has been replaced by-a
recognition of the notential of cement-treated base as a
useful pavement_material. Capable of attaining high
standards of the various engineering properties and
characteristics, cement-treated base has provided
commendable levels of service in many instances, with an

a—

added advantage of economy of 9onstruction.

Mixture design me;hods'have mainly been by durability
and/or strengtn based laboratory tests, and althougn | |
structural designs have mostly been restricted to the

selection of a thickness based on past experience, a

mejority of- the cement-treated base pavements built. have

6



performed quite welf\under varying traffic and environmental -
conditions. COnstrucoion is either by a mixed-in-place

method or involves the\importaxion of plant-mixed
cement-treated base tovfhe roadway site for construction.
Satisfactory results are obtained with’botﬁymethods where

;he recommended procodures'are closely followed.

’Cracking of cement-treated base, especially when
accompanied by reflective crecking of an usual pro;ective
bituminous suffaoe cover, appears to be the major problem
encountered with the pavements. Hooever, various measures
now exist for curbing or eliminﬁti;g'suoh cracking. Also,
dependbng on prevailing local conditions, cracking’does not
necéssérily lead to oomplete structural failure and is not
aloays considered to be highly detrimental to the
performance of cement-treated base pavements.

This chapter reviews the research and experience thch
forms the basis of ourrent cementftreated base practice,
with emphasis on ifs use as a Ddase course material for
flexible pevemeﬁts. .
- 2.2 Historical Background o

‘ Conflicting reports exist as to ohere andwwhen
oement-treated~base, CTB, or soil-cemebt as it is sometimes
ctlled, wvas first used as a pavement cgpstruotion material.
There is general egreement, however, thﬁg a‘2.4ﬁfh (1.5-mi)
CTB‘pavement built in 1935,‘5e§r Joonsvifge, South Carolina,

in the United States was the first scientifically
? ,\ .
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‘ constructed CTB pavement, According to Catton (1959), the

success of this test sect:on and others prompted research by
the Portlapd Cement Assocxatxon (PCA) on CTB. ngg;;gs vere
fayorable{_and soon the material hqd gained w1de use as a
ipavemengvconstruCtion material, |

| In countries such as the United States, Canada and
Austral1a, long lengths of light-trafficked roads through
sparsély populated areas often devo1d of good qualxty base
course material, makes CTB construction using substandard
materials'par;icularly attractive. Davidson (1961) rcports,§~
that by 1940 over 6 million m? of CTB had been constructed
in the United States, and Robinson (f945f makes mention of
the successful and economic use of CTB in Canada prior to
%945, Davidson (1961) further pdihts out thac by 1960,
almost 245 million m? of CTB hadrbeen constructed in the
United States»énd Canada. According'to Maze (1964), the use
of CTB in Australia ctatted with the construction of the
fifst CTB pavement in a suburb of Sydney as’early as 1935,

The material has also been u;ed‘extensively in Europe,

Asia and Africa. Clare and Foulkes (1954) were able to
substantiate claims that more than 100, million m? of CTB
pavemipts were built in and aréund Germany between 1938 and
1945; and MacLean and Lewis (1963) reveal that laborctory
research and field tfials by tﬁe Road Research Laboratory
(RRL) of Britain stcgted as far back as 1939. Dos Santos
(1961), Bhatia (1967) and Newill (1968) also report of CTB

construction in Mozambique, Ghana and Malaysia respectively;



and from laboratory tests Ola (1975) determined that the
lateritic soils of a number of Afri#an and Asian countries
were suitaglevfog use as CTB.

_ Thus, since 1935, CTB has been used successfully in

many countries with diverse soils, clim?tes and traffic load

characteristics. Indications are that i& will be
increasingly used, as Suppiies of cénvéntional base<::j_\'
materials become depleted. o N

2.3 Terminology )
‘ A‘variety of materials are obtaiﬁed when soils are
stabii}zed with cqmentleith thé differences in the parent
Soils, mix and‘structqral design procedures, cohstruction
‘,4uacfic;s, and even the use to which a particular stabilized
makerial mﬁy be put, a wide range of names have been given
to.thesevstabili;ed materials. In an effort to clearly
| distinguishdbeéweéﬁ CTB and the Sfier matFrials_gggbilized
with cement, definitions have been ptepaged‘and are |
present:d in this section.
“Definitions proposed by the Highway Research Board,
HRB, (1961)-in a bﬁlletin on soil stabilization with
portland éement; the-Pprtland Cement Aésociation,VPCA,
j(1971,1979) in their handbooks on the aesign and )
. constructi;h of¢soil-cement; and'Johnson (1960), form the
basis‘of the definitichs presented in the following

paragraphs.
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Cement Stabl]ized Soll or Cement Treated Soil is soil
to which cement and water has been aéded to imp;ove its
natural qualities and makg it stable. No opecxtxc quality
requxrements are expected to be met by the ztabxlmzed‘
‘material. ‘

Cement Tﬂeated Base, CTB, is an 1nt1mate mixture of
pulverlzed soil, cement and vater, compacted at the Optxmum
moisture content to 8 high density, to give a material
expected to meet specific requirements of volume stabiliﬁy,
durability, strength and adequate impermeability. Another
name given to CTB is 'soil-cement'', ' “

Cement -Mod If led Granular Soll is obtained when cement
is added to marg1na1 ot sub-standard granular soil material
with the intention of altering certain characteristics, such
és plasticity and swell, and thereby increase the ~
load-bearing cépacity of the marginal or sub-standard
material. , ;

Cemeﬁf—Modified Silt-Clay Soil is a ﬁiltﬁplay s@il to
which cement is added to reduce volume change
characteristics that can be brought about by changes in .
water content. Plast1c1ty is reduced and the load bearlng
capacity of the soil is increased for a wider range of
‘moisture contents.

- Plastic Soil-Cement is a soil and cement mixture with

enough water added to give it a mortar-like consistency. The

material, in its hardened state, is expected to meet

- mn mn - - - - - —

'The two names are used interchangeably _in this thesis.



spec1f1ed strength and durab1laty cr1ter1a‘ ’

L - Cement- Treated Slurries and Gﬂouts are 5011 and cement \\;

“;bm1xtures w1th a h1gh water content and usually conta1n1ng

;Mother chemldals. hey are sometlmes called cement treated
pastes and mortars | | ‘. A
2.4 Materials"y o
df?.k The major mater1als that compose CTB, ®soil, cement andl’
Awater, are all requ1red to haVe certaln gttrlbutes 1f an .

”‘econom1c m1xture 1s to be obtalned However Ln general
:these requ1rements are often not very stringent and a good

'uch01ce of materlals can often be f0und in most

‘C1rcumstances,

2.4.1 Soil.
The soil-'in CTB forms about 75 to 95 percent by welght
"of the total m1xture, anﬁias a result is a very 1mportant ﬁ

szc' ponent. By and large, any type of 5011 prov1ded 1t can

be eas11y pulverlzed and does not have a high organic or
deleterxous mater1al content may be used for CTB. Economics

"izs often the only other cons1deratlon. The so0ils -may be -

1n-place or borrow or old recycled mater;als.‘

Gradation and plasticity are;usdally the preliminary
;criteria used to determine'the SUitability]of'soilstfor‘use[
~31n“Great Britain a similar materlal called lean concrete
is used as a base course material for heavy- trafflcked

roads.. The 'soi. Qused is expected to comply with '

requirements fo_ gregates of conventlonal pavement QUallty
concrete. = :

' L4

~
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Y as CTB. Following are graiﬁ size limits of soils recommended

in the 1940‘5 by the HRB (1949) as suitable for successful
ﬁghd economic CTB construction:

MaXimum S\'ize o‘ooon-co'n:lainooonooso_ 000 Il.m
Passing 5 000 um §ieve viiee.....at least 50%
Passing 400 um Sieve .;.;u.......15,£o 100%

Passing 80 um Si€VE .....vevvvs..not more than 50%

In addition fheir iiquid limit, Wl' and plasticity index,

H

.p'
These limi.

)

&= . in line with recent recommendations by

the Federal Highway'Adminis;éatiqn, FHWA, as reported by

[

Oglesby andiHicks (1982). The FHWA recommendations allow the
! . : .

uSe—bf $Oi1 materials with Ip of up to 30; and soils of the

AASHTO classification soil groups A-2 andvA?3 are indicated

to be particularly suitable for stabilizétion‘with_
cement;Ciearlyh well-graded gravels and crushed rock (A-1)
of base course gquality need not be stabilized; and SOils.v

with highksilt and clay contents (A-4, A-5, A-6 and A-7),

i .

usually moist and difficult to pulve:ize{ require'such high

& v
cement contents that their use for CTB is uneconomical.

2.4.2 Cement '~ . -

All types of portland cement may be used for CTB, but

normal poriland.cementu(CSA'Type 10, ASTM Type 1) is usually.

used. Moderate heat cement (CSA Type 20, ASTM Type 2) and

,high:earlyaétrength cement (CSA‘Type'30,’ASTM Type 3) m§y'be;

8

1 are not to := ¥ ‘e than 40 and 18 percent, respectively. .

P et
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used where normal portlpna*cement‘ie unavailable. N
Some researdhers, 1nclud1ng Dav1dson and~£runs (1960),

report of high early strength cement (CSA Type 30, ASTM

Type 3) showlng a sl1ght economic and/or structural

advantage over normal portland cement Also, expansive

cements - normal portland cement‘with calcium sulphate or

magnes1um oxide, and sometlmes llme, added to it - have been B

used in CTB to compensate for shrlnkage (Barksdale and

Vergnolle, 1963,_Wang, 1973). However, these and any‘other

:specialized types of‘cement need not be used for CTB-unless

it-is absolutely necessary, ‘as the extra cost’ 1ncurred 1s

often unjustlflable. Normal portland cement produces CTB

adequate for most purposes.

d2.4,3 Water

:>Anyubptable watérhfit for drinking is suitable for CTB.

ﬁnedﬁater setves the two purposes of~hydtating the cement to

form the binder in CTB and lubricating the particles to

facilitate-compaction; It should be free of excessive
amounts of organic édbatances,fsalts, oils, acids or
alkalis, and generally all impufities that are detrimental

to cement hydration, and“consequently to the~strength and

'durdbiﬁity of, the CTB "It should also be readlly available

in the requ1red quantltzes.J



. 2.4.4 Deleferious Materials

14

- A high organic content and .an exeess cf salts as

already ment:oned are 1njur10us to CTB. "Work" done by

~ Sherwood (1962a) shows that organ1c mater1als combine with

the ca1c1um ions llberated by the hydratlng cement in CTB
and thereby reduce the cement1ng action in ‘the materlal
'Excess amounts of salts harmful to, CTB are also sometimes
found~in'thevsoil, or water, or both. Smith (1962) reports
of the very damagihg and costly effect 6f-some'soddumhand
sulphate‘salts that were in‘soils used fqt a CTB pavement in
Northern Soﬁth Australia. |
‘ﬁContrary to the beiie£ that sulphatesncohhihe with
'cement as in cohcrete to cause the disintegration of CTB,
Sherwood (1962b) has .determined that a reaction‘befween
-sulphates and the clagy fraction in soils, is largely .
responsible for the damage in CTB due to excess sulphates.
Consequentiy, CTB of sandy soils'are less affeeted by
.suplhateSLthanuCTB ef clayey seiis. This sdlphate;clay

reaction is appérently’intenSified in the presence of lime

*and excess water. With regard to salts in water,” Smith

(1962) points out that, the salts in curing water and not so

much as in _water for mixing, seem to be responsible for

most of the subsequent damage. .
2.4.5 Secondary [ditives
Both pozzolan1c and non- pozzolanxc add1t1ves have been

used in CTB to enhance some of its properties. Sherwood



(1962a), for instance, has determ1ned that the add1t1on of 1
to 2 percent calcium to soils wlll allev1ate the problems
caused by excess organic mater1als d1scussed in the '
preceding section. Boflnger and Duffel (1972) report that .
fly ash can substantxally 1mprove both the ten511e and "'5 -
compressive strengths of sandy CTB after long curlng e
per1ods._F1y ash has also been cons1dered as part
replacément for cement in CTB in some 1nstances, but
Davidson et al. (1958) conclude 1t 1s more benefgczal*as a
non- pozzolan1c add1t1ve or f1ller. Lambe and Moh (1958) and
Lambe et al. (1960) also determ1ned that a group of sod1um
compounds, small amounts of var1ous alkal& metals, and a
dhost of other add1t1ves 1mprove the strength of CTB,
‘ although their ~fdhct1veness is 11m1ted 1n most cases.
'VariOUSlworkers ?hggest the use of certa1n add1t1ves,
e.g. lime, fly"ashf‘granular sodlum chloride, sugar, and
) expansive cementS} to reduce shrinkage and cracking in CTB
(cf, section 2.10. 4, post)f The addition of calciumw
: l1gnosu1fonate and hydroxylated carboxyl1c acid to CTB,
' accordlng to a study by Arman and Dant1n (1969), allows the
creation of bonds betveen adjacent layers of CTB which makes
the_construction of lagered‘CTB‘more feasible.pﬁuoh}more
work is ‘however .needed tobestablish‘clearly the best kinds
of additives'ﬁor CTBf1hs.§t,is_nou, additlues should be used
"carefully and-appliedjbn a. large scale only if there is a
def1n1te knowledge of the1r ‘positive effect from prev1ous

use on a smallér scale and they can be eoonomlcally



justified.

' 2 5 Stabxlxzatlon Mechan19m

‘ Two dlstgnct mechanlsms are apparently respon51ble for
.”the stabllxzatzon effect of cement in fine- grained soils. and
in granular.SOILSmto glve.CTB Indlcatlons are thatt in )
' granular 50115 the stab111zat1on effect is s1m11ar to.the
binding effect of cement in conventlonal concrete. This
conclu51oh.1s based on the observed propertles of CTB of
granular 50115 and not on any publ1shed experlmental work
_There is a major dlfference though of the hydrated cement
"gel in CTB not filllng the v01ds within the 5011 mass as in
concrete.vThe strength of such CTB mixtures therefore, q
depends on the strength of the bonds created between

5 -

1nd1v1dua1 partlcles at ‘their contact points, and on the-

Vitstrength,of the soil gralns themselves. Consequently,

”well-graded soils with their Qreater total area of contact,
" form better CTB mixtures than 50115 w1th 2 more open or
un1form gradat1on. | |
o WOrkers 1nclud1ng»Lambe et al. (i960) and Herzog and
Mitchell (1963), based on experiments with clay-cement |
mi;turesf'propose<two reactionS'are responsible for the
- cement stabilization of fine- gra1ned 50115. As Herzog (1964).>
".p01nts out, the larger size of cement gra1ns in compar1son
"to clay partlcles, and the relatively small amount of cement
dlnvolved, makes a concrete-like stabilization mechan1sm

improbabbe in clay-cement mixtures.



. 11berat10n of l1me, wh1ch accordlng to Kezd1 1979). is more
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Ina primary reactlon, hydrolysxs and hydrat1on of

cement glves the usual cement1t1ous products with a

]
g

reactive than ord1nary llme. In the hlgh pH environment

created, the lime attacks the clay particles and causes the

i

‘dissolution of silica énd alumina from them, as well as from:

surfounding amorphous compounds, during the'propcsed‘
sccondary reaction;,Tne dissolved substances react with the
calcium ions preSénp to give secondafy cementitious
substances. ' " *

Both . groups of cement1t10us substances create
clay- cement and clay clay bonds to give a skeletal or matrix
structure,,w1th some-unbonded soil part1cles p1nned down in

their inter-cellular spaces. The semi-rigid structure gives

‘the fine-g:ained soils the increased strength, decreased

plasticity and res1stance to frost actlon assoc1ated with

CTB; and the chemlcal surface effect of the cement reduces

the water affinity and retention capacity of the soil.

L]

2.6 Nature of CTB

2.6.1 Flexibility
‘ A A
There has been a quandary on whether to classify CTB as

a ;flexible"or '‘rigid’ material. Marwick and Keep (1942),

for instance, regarded CTB as a rigid material and }eported

of its propensity to crack, supposedly an indication of its

rigidity. And as recent as 1964, Saunders (1964) expressed

0



‘},’*"“{"!",L”‘ ‘ ) N ‘ . 1 8
1 AN Meﬁm . ‘ )

the oﬁjnion that, allowing cemented materials to act as
flexible materials in pavements was tantamount to regafding
thkméés unbound base material and, consequently, defeating
the purpose of the stabilization.

Most engineers, however, now consider CTB as a flexible
material. A proposal by Maclean and Robinson (1953), based
on theoretical ;%alysis; to regard CTB as a flexible base
material in pavémen;s has been widely accepted. Jones (1963)
from surface wvave prqgagalion‘tests{'Yémanouchi (1973) from
in-situ measureménts with buried crack and modulus of B
_eiasticity meters, and Shields et al. (1975) from a
qalculation of combingd surface-base modulus from
méééu:ements of pavement}deflection basin §h$pes, are a few
of the workers who iﬁplicitly-aannce the flexiﬁility
 theory. Hairline cracking, it appears, divides CTB into
~sev_eral pieces with é‘subsequent reduction.in ﬁhe modulus of

elasticity; however, due to the fineness of the cracks,
there is some degree of interlocking between the pieces ind f%{pA
fhe overall stability is not much reduced. The maﬁe;ial ‘
therefore acts in a manner similar to a well-compacted
crushed stone base.

The higher flexur=. - . -nw:fle‘strengihs_retained by
CTB in comparison to c--~¢aziora. granular base.material,
however, makes the term ' ser gid' or‘f5¢mi-flexible' seem
more apprbpfiate. in the opinion of Bhatia (1967), designs

based on such a classification would compensate for the

ﬁossibly thicker than required bases used in CTB pavements.
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Most design meﬁhods.do not explicitly take the additional
flexural and tensile strengfhs into'ccnsideration‘ |
(cf.section 2;8.1; post);~and could therefore represent an
over-design, he explains. However, until such a time that
pavement designs are developed for 'semi-flexible' or '
'semi-rigid' materials, it seems appfopfiate to consider CTB
as a flexiblebmaterial and regard the additional strength as
a built-in safetf—ﬁtc;or. . : -

' 2.6.2 Engineering P}operties and Characteristics

By virtue of the method of its pfoduction, a number ofg
factors affect the properties and characteristics of CTB.
Variability..in the nature of each component material, i.e.
the soil) eement and water, the mix“design procedure, and
the construction and curing practices may result in CTB with
‘appreciable differences in their properties and
characteristics. Consequently, in presenting the engineering
properties and characteristics of CTB, it is normal to
report of representafive values for CTB of the kind
frequently used, and emphasize more on the ordef'of
magnﬁtude thanbon actual values.

Sinqe in most cases, if not 511} CTB used in pavements
are at the optimum moisture content and compacted to maximum
-density, it. is considered appropriate to report on the
properties and characteristics of maééfiaze at these

eonditioﬁs. Accordingly, the following discussion is on CTB

 at the optimum moisture content and maximum density, as for



20.,

instance detemined from the ASTM D558 or AASHTO T134 tests
for the moisture-density relatiohs of soil cement mixtures.
Where néce§sary, equivalent S.I. units are given td
familiarize current practioners with significant early

works.

Compressive Strength

Data presented by various workers inéluding~Reinhold
(1955), Felt and Abrams (1957), Johnson (1960), Ingles and
Metcalf (1973) and Kedzi (1979) » give representative
unconfiﬁed compressive sttength values of CTB. In Table 2.1,
are givef typical unconfined compressive strength values for
CTB of the three major soil‘g:pubs ffequently used in the'wﬁ
United States coﬁbiled by Johnson (1960). These values
compare favorably with the data presented by the other
workers méntioned above, and are generélly representative of
the CTB used'worldwide, |

"_WOfk by ‘Felt and Abrams (1957),;on‘the four soils whose
gradation.and consistency characteristics are given in
Table 2.2, shows that compressive strength of CTB incrgases
Jwith inérease in cement content as depicted by Figure 2.1.
The compressive strengths weré also found to increase with -
increase in time of mdﬁst curing. Data presented by Reinhold
(1955) in Table 2.3, for tests on CTB of synthetic soils of
a sand and clay composition, show a similar increase in

compressive strength with increase in cement content.

ey "*ﬂ
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Both the Reinhold (1955) and Felt and Abram (1957)
data, in Table 2.3 and Figure 2.1, respectively,lalso
indicate that generally to attain a given stréngth, soils
with a higher fines content reduire more cement. However,
Reinhold (1955) found evidence of an optimum fines content
necessary for makimum strength. This is shown by the data in
Table 2.3 for the four synthetic soils, with the éoil
containing 25 percent clay having the highest strength at

all cement contents. -

Flexural Strength

“In Figure 2.2, data from the tests.conducted by Felt
and Abrams (1957) on CTB of the four soils with the
characterisfics givgn in Table 2.2, show flexural strength
increases with increase in cement content. For a given
flexural strength, 56315 with higher fines content are éiso
shown to réquirg more cement. In addition, results from fhe
tests indicated an increase in fiexural strength witﬁ
increasé in time of moist qpring. It is apparent that the
trend of these results is similar to tﬁat obtained for
compressive strengqp.,ln fact, the data obtatned by Felt and
Abrams indicate that, the flexural strength and compressive .
strength of CTB are‘almost iinearly related, wiEEPthe
flexural strength approximaggly equal to 20 percent of the
compressive strength at all cement contents and at all-ages.
Larnach (1960) also obtained similar results with respect to
theflinearity between the compressive and flexural strengths

¥
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of CTB; however, the flexural strengths were in the order of
28 percent of the compressive strength. _

In the tests by Felt and Abrams (1957), the flexural
strengths for CTB of the four soils determined from tests on
uniformly densified 76- by 76- by 286-mm (3- by 3- by 11.
1/4-in.) beams, cured for 7, 28 and 80 days, ranged, from
.35 to 3.3 MPa (50 to 480 psi), at“cement contents ranging

from 3 to 18 percent by weight of dry soil,

Modulus of Elasticity

As shown in Figure 2.3, fgbm da é\bb;ained by Felt and
Abrams (1957) from'3q5;5u65 the four‘soils with the
characteristics gf&én in Table 2.2, and aécording to the _
déta in Tablé 2.3, presented by Reinhold (1955) for tés{s on
synthetic soils, the modulus of elasticity of CTB increésés‘,\
.with increase in cement content. Also, in general, for a i |
given strength a higher cement content is {équired by soils
with increasing fines content; and as in the case of
compféssive strength, but to‘a lesser extedt, the Reinhold
data in Table 2.3 indicates that the maximd@ modulus of
elasticity is associatéd with an 6ptimum fiLes content.

According to the results of Felt and Abrams (1957),
within the limits %f experimehtal error, the static moduluf:

of elasticity in flexure is equal to the dynamic (resonance)

_modulus. Values of the moduli for specimens at cement

~
P

contents between 3 and 18 percent and curing periods up to

90 days ranged from 4 800 to 29 700 MPa (7 x 10* to
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p 43 x 10® psi). On the_ other hand, static modulus in
compresszon*valueq vere found to range between 60 to 75
percent of the static modulus in flexure. In every case,

3

however, the modulus of_elasticity increased with increase

in theitime‘of moist curing.

Po1sson s Rat1o

Not much has been feported on the Po1sson s rat1o of

'CTB materials. There is the data presented by Reinhold
(1955), summarized in Table 2.3, which gives the Poisson's
‘ratio obtained from compressive strength testé,Aand shows it
generally decreases with an increasing clay contéent. Dynamic.
Poissoh's ratio values determlned by Felt and Abrams (1957)‘
from fundamental transverse and torsional frequengles of CTB
beams of the four 50115 with the index., propertles ngen in
Table 2 2, were qu1te varlable and ranged from about 0. 24 to
0 36. Slmxlarly, values determ1ned from stra1n measurements
we:e extteme;y var1ab1e rang1ng from about 0.08 to 0.24. ‘

- Felt and Abrams were of the op1n1on that the variability was
ksomewhat related to the manner in which"the spec1mens
failed. It must however be pointed out that the very mode of

fa11ure of a material is.itself 1nfluenced by its elast1c

properties, which includes the Pozsson s ratio,

M



Resilient Modulus

‘ Resilient modulus, Mp, defined as the ratio of the
repeated axial deviator etress_to the recoverable axial
straini is the most frequently used parameter for
characterizing the respense of CTB to repeated.loading. In
T;ble 2.4, are.given values of M;xdete;mined byitarious

workers for CTB of a number of soils. The Mp ranges between

, 5 . . ‘ :
.90 and 170 x 10° MPa (13 x 10® and 25.x 10¢ psi), and

o

represents values determ;hed\py a variety 6f iabératoéy
repeated loading tests including cbmpreésive,-tensile and
flexurail tests, as ‘well as £ull-scale\tests on prototypes
and actual pavemenos.‘ o

" The wide’rahge in Mp is due go;a variety of factors. "
Shen and Mitchell (1966),Morga; and Williams (1970) and
Yamaﬁouchi (1973) all report ®f the infiuencé'of'the number
of stress repetitions and ch magnitude of the applied
stresses on Mg, end the york.of‘Morgan and Williams'(i970)
show that Mp is depeneent on.stress path. Work b§ Shen and -
Mitchell (1966) and‘Fosxberg et al. (1972a), indicate that
CTB g}hibits angéotropy in its response to fepeated loegjng.
';—anseq;ently, as shown by the results thaineé”byMSheﬁxend
Mitchell (1966) in Table 2.4, there may often be~appte£€able_
differences between the’resilient moduli determined from
different tests. n -

- In general, hewever, resilient modulus increases with
inprease~ie"cement content for CTB of both sandy and clayey

sSils, as reported by Shen and Mitchell (1966) and Morgen
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and Williams (1970). ‘Shen and Mitchell (1966) and Fos‘sber.g"‘,:‘r-,%;
' 6; al. (1972a) also report of an 1ncrease in re5111ent
modulus w1th 1ncrease in t1me of mo1st cur1ng For CTB of

‘the four soxls w1th the index propertlés ngen 1n Table 2.5,

'Chang et al (1982) obtalned similar results,as shown in

: ] LF
Fxgure 2, 4’ ' k\~

Resilient Strain Ratio

Few,ﬁorkers have-reportedvonh;he resilient strain
ratio,vvR; of CTB, aiparameter anaioéous to the Po&sson'so
rat1o of elast1c materlals. Values of vR, the ratio of ‘
:resxllent radlal to ax1a1 stralns, reported by Morgan and
Williams (1970) and Fossberg et al. (J972a) are glven in
Table 2"; Like res&iienttmodulus,‘the nUmber of stress
repetltlons, the stress. 1é§e1 the stress path and ‘the
f’anlsotropy of CTB 1nf1uences uR; As a result the VR
determlned by varlous tests may be qu1te'd1fferent-‘

‘“%ccord1ng to the work of Morgan and W1111ams (1970)

there 1s a, reductlon 1n the re5111ent strain ratlo w1th

“1ncrease in cement content Also, although Shen aﬁa M1tchell

v(1966) have determlned that an increase in t1me of curlng

-,

. 3An 1nterest1ng f1nd1ng of the work by Chang et al (1982)
on the four aggregates,.one of which was a high quality
aggregate chosen for comparatlve purposes, was the
substantial -decrease in resilient modulus for specimens
~..subjected to cycles of wetting-and- drying, when the "~ :
-resilient modulus of similar specimens subjected to cycles
of freezing-and-thawing were hardly, affected. While this
nm1ght be peculiar to the particular soils tested, it is
quite significant that the resilient modu11 were decreased
by as much as 20 to 60 percent in all cases. :
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v

r ¢ '
decreases the magnltude of the resilient’ straxns, Fossberg

et al ,LJ972a) 1nd1cate that the re51llent strain ratlo 1s
1tself not affected by curing.

-

Fatigue Characteristics

Fat1gue life tests by Chang et al (1982) on CTB of the

ﬁfour soils w1th 1ndex proper s given- in Table 2.5, ShOW‘

that increases in applied stress, decreases the fatique:life

or number of‘repetitions to’failurerof'CTB materials; end in

general for a partlcular applied stress, the fatlgue life
'decreased wﬁen the CTB materlals were subjected to eltherd
wetting-and- drylng or free21ng and- thaw1ng cycles. Work{by
.Boflnger (4965- 19695 show a similar. decreaSe in the fatlgue
11fe of CTB w1th increase in the magnltude of the applled
stress. In addltlon, he determlned that for a g1ven number
?ﬁf 1oad appllcatlons, an 1ncrease in the cement content
increases the magnitude of the stress necessary to cause
failure. Presoaklng drast1cally reduceduthe fatigue life and
v an -inctrease in the 1n1t1a1 dry.- den51ty 1ncreased the fatlgue
life. |
Shen and Mitchell (1966) and’Morgan and wiliiams (1?70)
‘suggest the ex1stence of a cr1t1cal stress, ranglng from 0. 5
"to 0.9 of the static strength, above ‘which a few cycles of
'stress-often causes failure. However, other works 1nclud1ng
the detalled work by Bof1nger (1965; -1969) giyes no'hint'of

'such a cr1t1cal stress level

».'~ -

3
T
.
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g‘Other Strength and Elastlc Propert1es."
A strength property often used to character1ze CTB

mater1als 1s the Callfornla Bear1ng Rat1o (CBR) value..In

‘j'Tablewz 6 are glven CBR values of CTB of(varlous types of
n25011s.W1th a minimum unconflned compre551ve strength of

S 72 MPa_ (250 psx) after 7 days cur1ng reported by Ingles

- and Metcalf,(1973). Plate;Beartng“test-results‘reported by
"Ab:ams°(195§) and Nussbadm and hatsen’(tQGS){‘shbw that-CTB

. bases can carty loads dpyto three times gbeater than other
low -¢ost base materlals of the same thlckness. Work by

7fCh1ang ‘and Chae (1972) on CTB of a unlform sand and a 51lty

v;clay,valso show that the addltLon of cement to the soils

| greatly increases both dynamicfshear modulus and damping (or

energy dissipation)ycharacteristics.

0

S\

-hPlast1c1ty L -

g It is generally known that the add1t1on of cement even -

in quantltles less than that requ1red to meet CTB cr1ter1a,
reduces the plast1c1ty of both granular and clayey soils, In
'faqt the plasticity: 1ndex, I _; can be reduced to any

p
_desxred level with the- addatlon of cement In Flgure 2. 5

bl

%data presented by Robblns (1964) shows the complete

e11m1nat10n of the plast1c1ty'of a graveLly sandy loam with -
'cement)additiop,}The similar and total reduction in th%';p |
of the matetial when subjected to.cycles of freezing-and-

thawino, is{indicatdveuof thempermanency_of_the reduction.

Furthet evidencedof‘thisbis'given;by data coilected by Redus

ﬁA N
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‘ (1958) from a study of CTB a;rf1eld pavements, whlch show

that CTB materlals with some plast1c1ty at: the t1me of

constructaon had none when tested one to ten years later.

- Figure 2.6 which represents data from one'of the airfields,

IShows an increase in the magn1tude of the reductlon in Ip

A

s . vf‘. L
. with 1ncrease 4n cement content as well as a decrease in Ib -

- at a part1cular cement content with increase in age of the

CTB pavement.

Volume Changes

~_SWelling{ shrinkage, thermal'expansion-ahd contraction, -

~and frost heave are the usual forms of volhme change in CTB,

'»Qand may take place elther 51ngularly or. concurrently. The‘

f@ff;L
%‘

N type of

O
; cement content moisture content, thermal

propertles and suscept1b111ty to frost actlon of the CTB, qs

'I

well as temperature varlat1ons,-are the major factors wh1ch

1nfluence the occurrence and magnitude of volume change in

CTB. .
. The stebjlizing action of the cement added to soils
(cf. section 2. 5, ante) generally decreases the potentiai of

volumetric change and the tendency to swell or shrink

 decreases apprecxably Results of tests by Mehra and Uppal "

(1950), for instance, show such a reduction in the
volumetric and lineal shrinkage of CTB with increasing

cement content. Paradoxically, it is the shrinkage of the

.cement gé} resulting from the addition of cement which is in

fact responsible for shrinkage in‘CTB‘of non-cohesive'soils.
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1In generai,.howeverr_there is an optimum cement content at.

which theidifferent kindSAof shrinkage are minimal.

| Thermal expans1on and, contractlon of CTB depends on the
thermal propertxes of the mater1a1 wvhich are often 51m11a;
to those of the untreated soil, In Table 2.7 are given
rebreeentative valueezof thefcoefficient of thermal
expansion of‘some compacted CTB presented bylMehra and Uppal

(1951) and Catton_(1952); The studies by Mehra and Uppal

(1951) on the four soils also show that, increase in density

increases thevsusceptibility of CTB to thermally induced

volume‘change and, at a conétant"density, increase in cement

content increases the volume change capab111t1es of CTB. -

Damage to CTB by frost action as a result of alternate
freezang and thaw1ng at caplllary saturation is very

11m1ted, dUe to the cr1ter1on for CTB wh;ch 11m1ts the

volume change during tﬁe'standard'freezefthaw test (ASTM

D560; AASHTO T136) to not more than 2 percent. On the other

hand, heavingrcadseddby the aanncement of a freezing front

in.an unsaturated mixture may .lead to the severe disruption

‘Vandfdamage'ofWCTpravements} Studies by Kettle and Williams

'i1976 1977), however, show'that.the addition of cement to

50115 by decrea51ng permeab111tv whlle at the same t1me

'1ncreas;ng pore 51zes-(espec1ally_1n clayey soils), and by

‘,increasing\tensile étrength’ reduces- ice lensing and the

effect;@f the forces developed dur1ng ice len51ng, whlch are

“mainly respons1ble for frost heave.
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.Permeabiltty,“
. There“is, in general,‘a decrease in the permeability of
soils w1th the addition of cement, but thxs decrease
pr1mar11y depends on the nature of the 5011 and the quantzty

of cement added. Cement addition to sandy soils largely

4 e

-

results in a decreaSeQinspermeabiiity,1and data presented by

Johnson (1960) for instance, indicates that the addition of

@

8 to 10 percent cement to some coarse ‘to f1ne sands
decreases the permeabllltx by as muchnas,90 percent;

" On the other‘hsnd “the ektent-of decrease. in the d
permeabllxty‘of f1ne graiined soils w1th .the add1t1on of }
cement is much leSSp‘In fact, Kettle and W1111ams (1977)
report of an initial increase in the permeab111ty of a
i clay—like shale of the finest grading,with theféddition of a
small amount of cement. The explanation g1ven is that the
. 1n1t1al aggregatlon of partxcles 1ncreases pore sizes and ‘
therefore permeab111ty, but subsequent cement-add1t1on ]
accompanled by the pore filling action of the hydratlon
products, offsets the open pore structure and. there 1s aﬁt
reductlon in permeab111ty in the end. | |

s

Catton (1952) reports of a permeablllty of 5.2 x 10"

[

'ﬁm/s and 6 x 10-¢ mm/s respectlvely, for compacted CTB of a

sandy soil with 8 percent cement and a silty soil with 12
. R . .," )
percent cement. Attention is also drawn to the possible

°

increase in the permeability of a CTB pavement due to

cracking, which is an inherent feature of that kind of

. ¢
~

~ pavement,
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Compaction‘Characteristics' ) L

/In-general; the optimum moisture content fof adequate
COﬁ%actygn»and the maximum density that can be attained for
CTB mixtures, are almost the same as those of the untreated
ﬁarent soil. Deviations, if any, are a few percentage points

from the values for the upt}éated soils.

| Z.G;I'Factofs Which Affect CTB Properties

In‘addition to the generalArequireménts for the basic
component materlals, aﬂd the effects of secondary additives
,as well as certain deleterlous materials on. CTB mlxtures,
d1scussed in section 2.4, ante, a number of factors greatly
.1nf1uence the propertles of the final CTB in. pavements. If
not properly controlled during CTB productlonaand
construction, théy may result in‘'a final material*without
" the necessary strength and durability, even though the total

amount of cement as determined by the appropriate criteria
' ¢

might have been added.

Soil Pulverization

More often qhah not, the actual soils which have been
determined by the laboratory examination of Qamples’to*be
suitable for CTB consﬁruction from the point“of view of
proper gradation and phy51cal and chem1ca1 propert1es, need
to be pulv%rlzed in the field. In general, a-degree of

pulverlzat1on wh1ch would ensure 80 percent of the material,
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excluding larger stone-size particles, pAsses the 5 000 um

sieve size would be highly desirable.-But this i's hardly
ever;achieved, especiaily.in the case of moist cohesive
soils. | |

Work by Grimer and Ross (1957), show a decrease in the -
~unconfined compressive strength of clay-cement mixtufes witﬁ
an increase in the percentagemof‘plus_s 000 um.aggregates,.
This investigation and others, however, show that the
strength and durabiiitf“of»CTB mixtures are not decreased
much if the percentage<r§t;ined on the 5 000 um sieve sizé-
.is.nét more than 30 pércént. The HRB (1949) recomhehdatibn
of at most 50 pérgent matefiéi‘retained bn the 5 000 um
sieve (cf. section.2.4.1, ante) should be the absolute

maximum,

Cement Mixing

. Apparently, ‘the attainmeht_of~a uniform cement and gbil
mixture is highly desirablé for an even,qggtrﬁbﬁtion ;f
strengtﬁ in a compacted CTB layer. Unéquaifgement“
distrgbqtion in the vertical direction'couidhrfor example,
result“in the dévelopment of unequal shrinkage and other
stresses;within a pavemént, and lead to sﬁbsequent failure.
Robinsgn:(i952) and Baker (1955) also present data which -
indicate an increase in the overall strength of CTB mixtures
with increase in mixing ﬁniformity; \

A crude measure of the uniformity or efficienéy'of' ,s

mixing is, the homogeneity in the colour of a resultant
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mixture, but a much better standard developed by the Road

' Research Laboratory (RRL) has been reported by‘Robinson
(1952). The mixipg efficiency is determinéﬁ as the ratio of
the average compressive strengthrof specimedé formed from a
fifld mix, to ﬁhe~average compressive strength of specimens
formed from fieid mix material further mixed in the
iéboratoff. An efficiency of 60 pércent by this standafd is
considered high enough. Baker (1955) also reports of the
successful use of radioactive- tracer technlques for
measurlng the un1form1ty of mixing.

Using the RRL method, Robinson (1952) determined that
an increase in mixing efficiency Yo about 80 percent, could
for example amount‘to a 5 percent savings in cement at the
same mo{ifure cintent, for a{mixture with an expectgd field.?
compressive strength of 1.723MPé (250 psi). It should be
npted,'however, thatwproibngéd mixing is undesirable since
'partial cement/ hydration makes compaction difficult and
ultimately results in a decrease in strength.bFelt (1955)
-suggests a maximum'of'4 hours as the safe mixing time{l"
prbvided the mixture is intermittently mixed several times

within that period.Specifications commonly control the

mixing time.
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Moisture Content

The moisture content FB: CTB mixtures isllgrgely
determined by the moisture requir;; far compaction since the
water needed for hydration is only a small fraction (1/4
aécording to PCA, 1971) of the weight of the cement added.
Howéver, the optimum moisture content which corresponds to
the.maximum,density (cf. section 2.7.1,}post), does not seem
to necessarily give maximum Sttenéth and best quality-
material. Extensive tests conducted by Felt (1955) and
Davidson et al. (1962) show that, CTB of sands and sandy
soils‘give maximum strength and best quality material when
bcompacted at moisture contents slightly below optimum. On
the other hané, éTB of clayey soils and to a lesser extent
,of silty‘soilﬁ, give the best resuits when compacted at
mPistﬁre contents slighély above the optimum, or at least at

the optimum moisture content.

Compaction and Compacted Density

Larnach (1960), Maclean and Lewis (1963), and Ingles
and nydman (1966) all report, either directly or |
indirectly, of an increase in the strength of CTB with
-incfease in compacted density. Consequent}y, compaction
which will give densities equal to or highéer than the
maximum dry density (ASTM 5558:‘AASHTO T134) is always
desirable. As such, an almost immediat éart of compaction

and use of the adequate compactive effort is very necessarQ,
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Weét (1959) has déﬁonst;ated that for CTB of a cléy and
sandy gravel, a delay between the end of mixing and | |
compaction reduces strength appreciably. Work by Arman and
Saifan (1967) also 1nd1cate there aré losses in the dens1ty,
strength and durability of CTB mixtures, whether they are
compacted at, below, or above the optimum moisture and
cement contents, wheg there is & delay in compactlon-of
approximately two or more hours. Conglomerat1on of
individual particles acc0mpan1ed by the settlng of the
cement gel, which makes compaction rather difficult, are
responsible'for the losses. : | » i

Lightsey et al. (1970) have, however, determined that
the addition of excess compaction moisture after such delays
may significantly reduce the losses in density, strength and
durability by lubricating the irregular shaped aggregates
and facilitating eaéier compaction, as well -as allowing
further cement hyd’r—ation. Use o‘set-retarding agents and
the provision of thicker bases~than reguired are also othef
means of reducing>the losses. And, as*qoted by Cowell and
Irwin (1970), if compactive effor{é éﬁlsted which could
- compact to the necessary den51t1e;&iiter a delay in
. compaction, éhere would be ho appreciabfé lésses.‘
Unfortunately, however, most of the currently ava;lable
highway compaction equipments do not have those
capabilities. | [

Work by Shen and Mitchell (1966) and El-Rawi et al.

<4

(1967; 1968) also show that compaction methods which enhance

_’v
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[} 2 ‘ . » . .
a Tlocculent rather than dispersed structure produces higher
strength CTB materials. Consequently, with regard to the
strength of CTB gixtures, impact compaction is, for example,

preferable to kneading compaction.

Curing Time and Conditions

In general, as discussed in section 2.6.2, ante, the
étrength and elasticnpéoperties°of CTB mixtures are
favorably affected by increase in curing time. Workers
including Clare and Pollard (1954), Circeo et al. (1962) ‘and
Shackel and Lee (1974) have demonstrated an increase in the
strength 6£ CTB with increase in time of curing. In fact,
evidence presented by Circeo et al. (1962) suggest the
increase in strength may go on for as long as five yeérs,
and péssibly further,.aftet the initial compaction.

Investigations by Clari‘and Pollard (1954) and
Metcalf (1963) bave shown tﬁgt at the same cement content
and time of curihg,‘CTB mixtures cured at ﬁigher
temperatures attain greater strengths. An inte;esﬁing-
finding of the ;ork by Metcalf (1963) was tﬁat cyclic
curing, i.e. alte;nately curing‘at a low and high
temperatﬁre, has the same effect as curing a;‘a constant;
témpergture between the two extreme temperatures., Clare énd
Pollard (1954) alss found that CTB hardens at all
temperatures except below 0 C, and even at 0 C there ‘is an

increase in strength with increase in time of curing.
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Shackel and Lee (1974) also considered the effect of
»the type of curing on CTB and goncluded that moxst cured
mixtures gain more strength than-air-cured mixtures at all
cement contents. This, and the other points raised above, no
doubt give a clear,inéicafion of the attention CTB curing

merits,

Nature of Test Specimens

The nature of test specimeﬁs may affect the properties
of a particular CTB mixture by giving misreﬁresentative .
| property values. For example, results obtained by Felt and
Abrams (1957) indicate that cdmpressive strengths sf
‘cylindrical CTB specimené decrease with increase in the
le;g;h to diameter ratio, and cube specimens have greater
strengths than cylindrical specimens. Thgge results are in
agreement with»ASTﬁ—standards‘. In general, ho;everluthe
consistent use of specimens of a particular size and shape
will feduce the variability inf;oduced thereof: Cylindrical
spec1men§ with a léngth to diameter ratio of 2:1 are
therefore normally used fi‘horth America for the compre551ve
-s@!spgth and durability tests. |
Workers including Chadda\L\?SG) Felt and Abrams
(1957), Davidson et al. (1962) and Shen and Mitchell (1966)
have also shown that'strength parameters, such as |

comprepsive strength and resilient modulus, are higher for

- — - - . - - -

‘Methods of Securing, Prepar1ng, and Testing Specimens from
Hardened Concrete for Compressive and Flexural Strengths
(C42-49), 1955 Book of ASTM Standards, Part 3, p. 1360.
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dry or unsoaked specimens, than for ‘moist or soaked

-

specimens. Reduced surface tension effects, a'dectease'ina» ?
bonding forces and water acting as a lubrlcant between: ’:
1nd1v1dua1 part1cles are believed to be responsible for tH‘Q‘
reduced strength of soaked specfmens' 51nce, as Lay (19£4¥A s
points out, most of the materials placed in pavements at or
neer their optlmum m01sture contents ‘remain in that state
for most of the;r des1gn life, it is importarft that
specimens be moist-tested rather than testgd in the dry "

state.

2.7 Mix Design X . é* : | ‘
The mix deszgn procedure 1nvolves ‘the ermination of- f )

the minimum cement content, the optimum moietu?! content and;r

the maximum density at' which a CTB will have enough strengtﬁ

and durablllty for successful use in a pavement. In view of

the usual empirical nature of current structural design

procedures, the -quality of CTB pavements oftentimes depend

on the gquality of the mix design 'procedure ‘used. Methods ef

mix design range from t;e empirical determination of the ?

cement content to elaborate laboratory tests which give the

minimpm and most economic cement content. Some put emphasis

on the strength requirements of CTB, while others consider

dnrability'as the more important requirement. Whatever the

’Paradoxlcally, Felt and Abrams (1957) found the modulus of
elasticity of dry spec1mens, especially after oven drying.
were lower than those of moist- tested speczmens. The -
decrease was not much though in the case of air dried
specimens.

- o



e i

<

-

vu

" conventional standard or modified :ompaction tests (ASTM'

2.7.2 CementzfontentLpeterminati%n

Dav1dson (1960) and oth;rs show that soxls of he same

39

ph1losophy behind a procedure most m1x des1gn méthods 1f
d1l1gently followed produce materlals whxch meet both o

¢ : ¢
strength and durab;laty requ;rements.

2.7.1 Optimum Moisture and Maximum Density Determination
Since the Optimﬁm moisture content and maximum density
of CTB mlxtures are more or less equal to those of the

o

parent 501lsr(cf. section 2.6.2, ante), tests based on thev

 D698; AASHTO T99 or ASTM D1557; AASHTO T180) are often used

on mixtures molded at a preliminary cement content, to

o

determine the'optimum moisture content and maximum density.;

Details of compactlon tests for CTB mlxtures used. 1n North

Amer1ca (ASTM D558 AASHTO T134) can be found 1n‘

So:l—Cement Laboratony Handbook of the PCAL 19"

i..

e AR ',x':
X b

A
s

Cement by Soil Series. -

Work der by Leadabrand et al. Handy and, d‘.

serles often requ1re equal amounts of cement for thelt

stab1llzatlon. As a result, the kng cement content for CTB

of a particular sgil; can'sometimeshbehdsed for other soils

thh thersaé;gcharacterlstlcs of sub501l parent mater1al,

'cl1mate, vegetat1on and age. ThlS méuhod is only su1tablevz

for use‘on relatlvely small prOJects w1th1n a partlcular

Coel
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'applled force, are generally representatlve of the forces

'that may be present 1n CTB in serv1ce, thlS cement content

"~ locality, and aiso frequent;y} for determining the. S

preliminary cement contents at which more elaborate .‘

laboratory tests are to be conducted for the minimum and,

most economic cement content.

Durability~Tests -, . o _ o |

‘The most common durabjlity type tests for determining

the cement content for a CTB mixture are the wet-dry and

freeze-thaw tests (ASTM D559; AASHTO ,T135 and ASTM D560;
, , TR - B : L
AASHTO- T136) developed by the Portland Cement Association

(PCA)_in the late 1930's.

In both tests,.specimens of CTB at preliminary cement

~contents are molded at the optlmum moisture conteﬁ% and

‘maximum dry den51ty, cured for 7 days in anfatmosphere of

oy

hlgh humldlty at room temperature. Some of'the“Specimens are

-sub]ected to 12 cycles of a standard wet dry test and others

to 12 cycles of a standard freeze thaw test. Based on a
number'of cr1ter1a, the minimum cement content‘considered,c

enough to: overcome the dlsruptlve forces of swelllng and

1

shrlnkage, and the expan51ve forces of free21ng water, Crons T

0

'dur1ng ‘the wet-dry and freeze—thaw tests respectlvely, is

-

.determlned As these forces more than any externally

s

w

e

l’zr ‘.:
is considered su1table for cOnstructxOn. o ;@i
_'_v_____________r__'__'_ e ‘, g "';i;‘“ o % -

‘It is emphasized that the durabllity test§ are noY I
weathering tests nor related tofthe climate of an area. They
are 51mply the most dependable and reproduc1ble means of :
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The crlterla used were developed by the PCA and perta1n

Toto CTB losses after a standard brushzng procedure, maximum

)

volume .change and maxlmum mo1sture content of the test

. specimens, and the trend of the compre551ve ‘strength of
“compacted CTB m1xtures. Fpllow1ng are’ the PCA criteria

"LCatton, 1959) for determlnlng the minimum ‘cement content:

a) CTB losses of specimens subjected to 12 cycles of
either the wet-dry or freeze-thaw tests shall not

qﬁxceed’theffol}ouing for the specified Unified

’Classification Systém'soil-groups:

”“) " Soil’Groups A¥1;’A-2—4,FA-2-5, and A-3, not ov
percent

soil Group A-2- 6 A 2 7, A-4 and A-5,T

N,

‘percent,
Soil Groups A-6 and A 7 not over 7 _pe

. b) M;xlmum volume at any time dur1ng the wet dry or

* .
T

freeze thaw tests shall not- exceed the volume at-
time of moldlng by more than 2 percentc

c) fAt all“times:during the tests the maximum moisture
content shalllnot exceed that quantity which would
completely fill the voids of the specimen_at'the
‘time of moldlng \ | | v

. d) Compre551ve strength of CTB spec1mens soaked in

jwatef'for 1 to 4 hours shall increase both with age

*‘§ggend'with increase in cement content for cement

‘(cont'd) 51mulat1ng the dlsrupt1ve forces that may occur in
CTB pavements. ,
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contents equal to and above the ranges“which satisfy

IFJ, 2 .-and 3 above.

lfmhese durability type tests, widely used in Canad; and'most‘
'parts of the United States, require at least 32 days for
completion. Details of the tests, namely‘the wet-dr} and
freeze-thds tests, can be found in the SoiI-Cemenr

Laboratory Handbook of the PCA (1971),

Compressive Strength Tests

The most frequenfly spec1f1ed and measured property of

g
CTB, unconflned compresswe %ength is also often used in
e

the determlnatlon of'thé-ceme. requirements of the

material. Specimens molded at the optimum'moisture'conteht

~and maximum density and at preliminary cement cohtents, are

vmoist—cured'for 7 days and tested for their unconfined

compre551ve strengths The design cement conitent is

determ1ned as the m1n1mum at: whlch the compre551ve strength

of speczmens exceed a spec1f1ed .minimum,

In Great Br1ta1n, where th1s method 1is wldely used
Maclean and Lewis (1963) report that a minimum 7- day
’ compre551ve strength of 1.72 MPa (250 551) is normally
spec1f1ed for CTB materlals Australla, New Zealand and
most Commonwealth countries all use the seme minimum

. compressive strength. Hveem and Zube (1963) report of a .

In Britain, - there is an addltlonal requxrement that all
materials within 450 mm of the running supface of a roadway
-be frost resistant, accord1ng to Road Note No. 29 of the RRL
(1970) .

R
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rather stringent requirement of a hinimﬁm 7-day compressive

L4

strength of 5.17 MPa (750 ps1) in California for CTB

J(Class A) mxxtures with- cement contents between 3 1/2 and 6

e

In general the compressive strength test method of mix

"de51gn has given qu1te satzsfacory results. However, as.

hBhatla (1967) points-: out the use of a 51ngle minimum

‘ compress1ve strength f%f both clays and clayey soils and

[ L

sands and sandy soils, may represent an over- de51gn in the

- latter case. Sands and sandy soils, by.reason of the1r

he,ﬁ@R Test Method ‘ ' \

R

“higher internal friction, are capable of mobiliziné much .

“

higher strengths under the confined conditlons'ih'pavement§‘4“

than clays andnclayey'solls. - ’"c _ B \

W
Since cement adﬂhtlon 1ncreases the CBR of 501ls, an \

‘indicator of their load bearlng capac1t§ps, 1t may seem
‘fea51ble to establlsh a minimum CBR value for determ1n1ng'
;the m1n;mum cement,requ1rements of CTB mlxtures. Maclean
(1956), for instanoe,.suggested the use of ‘a minimum CBR .

value of 120 percent as criterion for accepting CTB mixtures

as base course material :for pavements in Britain.

) e
- - - . - - - -

*Maclean apd Lewis (1963) and Hveem and Zube (1963), as do a
lot of others, often indicate that the preference of
compressive strength tests over the durability tests for mix

' desxgn stems from the milder weather conditions experienced

in the areas where the former are used. This gives the =~ _
erroneous impression that the durab111ty tests are in some

. way connected to the weather or climate of an area. As was
po1nted out ear11er on, thlS is absolutely not the case.

[
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It ebpears,rhowever; that the CBR value of stabilized“
soils depends on tbe'type of}soﬁl, and the CBR uerhod cannot
be relied upon to give consistent values of cemen: conrenrs.
Dos Santosf(J961) has ehown;'for example, rbat CTB mixtures
with the seme CBR value may often have different weight ‘
losses during the wet-dry. test (ASTM D559, AASHTO T135); and.
similariyLFCTB mixtures with the same 7-day compressive

\'strength'and cemenr content tend to have different CBR
qvalues} Thus, although CTB mixtures of rwo different SOils
':.may have equal CBR values, their cement contents may be very

wd1fferent. In addition, as the or1glna1 CBR procedure
entailé comparison to 2 well-graded non-cohesivefcrushed
rock assumed to have a CBR ¢f a 100 percent, 1nterpretation
of CBR values above that presents some d1ff1cult1es. That
.

coupled with the inherent flexural and,tensile strength of

CTB, makes the CBR procedure unsuitable for CTB mix design.

&

StatiStical Methods, . =

Methods fortdeterminiug~the cement reguirements of CTB
mixtures based on statistical correlations, have ‘been o
der?vediiﬁ an effort to. reduce the time and quantity of
materlal needed for most of the procedures descrabed above.

Two of such methods most often used are:

1. The 'PCA Short-cut Method.
Publlshed reports by Leadabrand and Norling

(1953- 1956) and Norllng and Packard (1958) give an account
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' of‘the‘develgpmént of this PCA metho@l Involving no new
tests, data collected from_previdus durabil?ty tests have

beeanortelatéd to feduce(the mix design procedure for sands’
.aﬁdksandyvgoils;to fhe following ;Eepsz
) a) A gréin—size dié;ribbtion anaiysis
L) A moistufe-qensiﬁy-:elations test . ° |
c) Determinati;ﬁ oquement requirement; from charts
d) Verification of the indicated cement requirement

. . . .
with compress1ve§§creng;h tests.

Detailg ofﬂtﬁis short-cut method are given in the R
SolI4Cément Laboratory Handbook of the PCA (1971).

This pfocedure'does not always indicate the minimum q
qement'content! but reducing the cement content with the
viek of econémiiing can be disastrous. Such a ‘decision éan
only be taken if it is backed by one of the more elaberate

~

laboratory tests discussed above.

2. Surface Area Method.
| By correlating the known cement fequireﬁents of plastic
~ soils with théir-co:responding'surface areas determined from
a g;ycérol fetention test, Diamond and Kinter f1959) derived
the following eguation'for-obtaining the cement cohteht of

' ' S
plastic soils: -

Cement Content = 0.87 (Surface Area) + 3.79 - (2.1)

According to Diamond and Kinter, the cement content
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calculated from this equation is ! at which allows a maximum

of 10 percent wéight loss‘for‘éTB subjected to 12 cycles of

" the ‘standard freeze-thaw test (ASTM D560; AASHTO T136).

Consequently,«adjustments'have to be made when the procedure
is used for soils which. are allowed welght losses of 7
percent and 14 percent by the PCA cr1ter1a' the cement
conEents are.increased by 2.0 percent and decreased by 0.7
percent, respectively. |
ﬂIt is also cbnsidered advisable to conduct compressive
strength tests on'specimens‘molgéd at the calculated cemént

content, and at plus-and-minus 2% cement contents away, to

ensure the cement is adequate for hardening of the CTB.

Othe; Short Methods . ' )

. A 'rapid test method' for détermining the cement

.requirements for small and emergency projects, and also

useful for verifying cement contents in the field, is worth
mentioning. The method, described in the Sofl-Cement
Laboratory Handbook- of the PCA (1971), consists of the

inspection-of CTB speciméns by "picking" with a sharp

.pointed instrument and "clicking" cured specimens together.

Thelrelative hardness of the test specimens is the bésis for

:
determlnlaa the cement, content. Compressive sttength tests
areﬂcon51dered expedient to affirm the emplrlcally
determined cement contents.

Methods requiring shorter timgsubut not put to much’

=
&7

practicé have been reported by various authors including



47

Kemahiioglu et a?. (1967), Yedavally and Anderson (1972) angd
Dempsey and Thompsda (1973) . Some agencies also use a
combinagidﬁ of sh?ar tests or tensile strength £ests, and
éompressive stréngth tests to détermine‘the ce@ent content,
which in most.cases reduces the time and quantity of
material otherwise required.
2.8 Structural Design

In spite of the widespread and approximately_\
half-a-century of the serious use of CTB, no_uniVerEal or
'standard' structural design proceduré existS‘préééntly. In
part; the'gooé'perfofmahce of in-service éavemgnts mostly.
designed by empirical methods has nét.generatpd much <
interest towards the development of elaborate structural
design_prbcedures. Consequently,_apart from methods
recommeﬂgéd by the PCA, AASHMTO and the California Division
of Highwgys which tpke some strength pérameter into -
consideration,‘mOSQECTB structural designs basically

comprise of a selection of the CTB and surfacing thicknesses

based on past experience.

2.8.1 CTB Thickhess‘Design
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The PCA Method , -

This PCA (1970) method which takes into account the
load-deflection characteristics and the structural and
fatigue properties of CTB; the subg;ade strength; and the
pavement design life, is the only one of its kind developed
exclusively for the design of CTB pavements. Essentially, it
involves the evaluation of a "Fatigue Factor", an expression
of the fatique effects of the totai number and weight of |
axle loads over the design period of a CTB pavement, and the
determination of the Westergaard modulus of subgréde
reacthp kK from plate loading tests on the underlylng
subgrade. The thlckness of the CTB layer jis read from charts
which give thickness as a function of k and EEe fatxgue.
factor; The charts provide for a minimum thickness of 130 mm

and a maximum of 230 mm®.

" British Practice

Since CTB‘pavements are regarded as flexible pavemeﬁts
in Britain (cf. section 2.6.1, ante), it is the practice to
design them as sﬁch, using the recommendations of the Road
Research Laborétory3given'in Road Note No. 29 (RRL, 1970)
for the design of flexible pavements. CTB thicknesses are
'determined from charts‘which'relate the subgrade CBR and the
cumulative 8 160-kg (18 000-1b) equivalent single axle loads

(ESALs) expected on the pavement to thickness. However, CTB

*There were no published- -reports available to the author on
the use of the PCA method in current practlce, successfully
or otherwise.
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‘material is restricted for use on pavements which carry a
maximum of 1.5 x 10* cumulative ESALS dufihg their usgful4
//service life. The chart allows for CTB thicknesses o{
between 120 to 150 mm (5 to 6 in.). |

\A similar procedure is used in Australia where by the
CBR method design depths aré obtained as would be required
for a conventional granular bﬁcﬁ flexible pavement. In view
of the aécepted‘increased stiffness, shear strength and
better load-distribution characteristics of CTB, Hansen
.(1962) reports of the application of a factor between 0.58
and 0.70 to reduce the design depths to values used for CTB

as base course.

North American Practice

Generally, the structural design of CTB pavements in
Canada and the United States is confined to the arbitrary —
selection of a thickness based on past experience.
Thicknesses recommended by a éommittee of the Highway
Research Board in 1949 (HRB, 1961) are generally regarded as
the basié for such designs. The thicknesses are shown in -
Table 2.8 for various types.of subgrade soils.

A method developed by the California Division of
Highways for the design of flexible pavements, has

'proyisibns for its abplication to the design of CTB -
pavements (HRB, 1961). It involves use of the cohesive
resistance of the CTB .and any overlying material; the

traffic effects converted into a ‘traffic index'; and the

-

A

v | .
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resistance value R of the subgrade "r{d/or subbase soils at
equilibrium, to determine the base and other thicknesses

from a design chart. Accqggdng.‘w %@eem and Zube (1963),

this procedure results in a re ion of 30 to 45 percent in

the base thickness than would be required for an equivalent

. pavement with an untreated granular base.

Siiilarly, the AASHTO Interim Guide method (1972) for
the design of flexible payementé also has provisions .for the
design ‘of CTB pavements. Structural layer coefficients are
proposed for CTB, which in combination with-a structural
number SN - Gerived from road-bed soil conditions, an
analysis of traffic and correc h y a regional factor - can
be used to determine the thiékn of the soil-cement bage
reqbirgd in a pavement structure. Ho;ever, in an évaluation
of the AASHTO design method, Van Til ef al. (1972) report
‘that most agencies use their own modified coefficients in
the design of CTB pavements. In fact, Yoder and Witczak
(1975) indicate that the originél coefficients pfoposed by
AASHTO are not for soil-cement, but are mostly for higher

strength cement treated materials with strengths in excess

of 2.76 MPa (400 psi) at 7 days.

2.8.2 Surfacing Thickness .

Y In order to p;otect CTB from the adverse effects of the

environment, and most importaﬁtly from the abrasive effects -
of traffic, the base course is always covered with
protective asphaltic surfacing layer(s). In addition,

)
Ck
v

54
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'F038berg ef@ﬁl. (1972a) havemdetermined that, fai’ﬁoth
cracked and uncracked ba#éa of the material, an asphaltic
surfacing reduces the deflections in the base. Results from
the ;érk also indicated that subgrade stressef and, vertical
stresses and horizontal strains in the base, particularly in
. the upper part, are also reduced with the provision Qf a.
surfacing'layar. .
Thicknesses in North Aderica range from 25 mm to.
100 mm. The design chart in Road Note No. 29 of the
RRL (1970) used infBritaiH provides for a minimum surfacing
thitknesa of 50 mm. The type of surfacing material depends

on local cond1tlons and préferences. It is not consideredy

A3

&

adv1sable to redgc% the CTB th1ckness oh account of the |

oo R

structural stren" 7coqtr1buted by gﬂb %%rfac1ng material.

. i‘ . %’
e - AR o
E 3
€ » 2
2
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mixing wat
underlyin
on a prepa'

cement an%qw t%r ,15 added to excavated so11 1n a central

¢¢‘~»»1

. FTB obtalned transported to the roadway 51te
L

»qfnstructlon procedures Whlch follow the stage

3 ¢
‘y1xture 13 spread on the subgrade or subbase.

plant and g

for use.:
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Various mixing machines are available for producing CTB’
by both the mixed-in-place and plant-mix metﬁods. They
include the flht-transverse-shﬁft mixers (single or multiple
.shafted{ and the windrow-type mixers fbr the former method;
and the continuous-flow-type pugmill, the batch-type pugmill
and the rotary-drum mixers for the plant-mix meth&d.fnetaii;
of how these mixers operate can be found in thé Soil-Cement

Construct fon Handbook of the PCA (1979).

. 2.9.1 Construction Procedures

#
e,

cdmprise of
f O

i .
subgrade preparation, CTB layer-,cqns.ﬁi"dnf compaction,
C

finishing and curing, and surfacing.

The construction procedures basically:

rélly, the specific
,.details'6T'construct{on ﬁ;e determined by local conditions,

¢ “experience and practice. ‘
In summary, subgrade preparation ;ssentially involves’
shaping th& subgrade to the proper crown and grade, with' the
removal of unsuitable soil material where necessary. In the
case of construction with plant-mixed CTB, the material is
hauled to,bhe roadway and spread on the compacted subgrade.
The use of automatic spreaders makés this proceéﬁ;a
‘ relatively simpleqkpefation. Where construction is’%y“the'
mixed-in-place method, the subgrade is scarified andfthe
required amounts of celment and vater added to the soi&
in-situ. There isvthorough mixing#to ensure a uniform
mixture is obtained, and‘dépending on the method used

O re-spreading'of the mixture may be'reQUired.

L}

'
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In both-methods, immediate compaction‘of the'soil and
cement mlxture follows, with the 1ntentlon of compactzng the
materlal at 1ts Optlmum m01sture content to the hlghest

dens1ty,.w1thout caus1ng fallure by exceed1ng the‘bearlng o

capac1ty of the CTB mlxture. Recommendat1ons on the types of

Lo ‘».

compactlon equlpment which Wlll give the most favorable

'
results for CTB of the d1fferent SOll types are: glven in the
Sorl—Cement Constructton Handbook of the PCP/ (1979) For

compactlon to be effectlve, llfts are bu1lt in thlcknesses

o

not to exceed 200 to’ 300 md (8 to 9 1n ) after compactlon. 2
Above that thlckness, the CTB layer is bu1lt in two or more
lifts, . | i
F1n15h1ng compr1ses the removal of compactlon planes
and the "correction of any surface 1rregular1t1es.fThe CE?
mater1al .is kept damp throughout all surface correctlng.
measures, and a f1rm and smooth surface is the final result

]
'vrequlred The usual method of curlng 1s the appllcatlon of a
% -

l1ght b1tum1nous cover, examples of wh1ch 1nc1ude medlum.‘
cutback rap1d cutback and emdﬁ51f1ed asphalts. Sanding of
the bltumlnous cover to prevent plckup by trafflc, or '
waiting.for the volatlles to evapomate before allowlng
trafflc on the pavement is con51dered good practlce.
~Cover1ng pavements w1th wet: materlal such as sacks, straw
and‘so1l or with waterproofing materlal such(as plastlc" X
sheets;'or sprayino with'water‘are_other'possihleyCUringj1‘;

methods. o Lo //f
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‘?snd the United States 1nd1cate, however that there.
is no,advantage to be gained from that; and provxded the
structural capablllty of a CTB- pavement is not exceeded
trafflc can be allowed soon after constructxon w1thout any.
vdetr1mental effects (cf. sectlon 2, , post). Placement of
a bituminous surfacing cover is often delayed forhsome time

- to minimize refﬂectlve crack1ng of the surfac1ng
(c%. sect1on 2.10.4, post) Fdr the same reason, placing'the
bituminous cover in two llfts/about a year apart ‘is common

"practlce , /
: > J

|

o . f

2&9;2>Preference of Construcﬁ1on Method

There seems to ‘be a general preference for use of the
plant-mix method of construLt1on in Canada. and the Unlted
States with the mlxed 1pﬂ$lace method mostly reserved for
minor projects. The frequeht use of borrow or 1mported ‘

materlals and the general/bel1ef that the plant mix method

‘ensures a more uniform m1x are the probable reasons for’th1s

preference, There is also the advantage of the plantfmlxn

method enSuring a more regular surface, since most?of the;

spreaders used are usually fltted w1th automat1c control

devices wh1th regulate the th1ckness of the materlal spread

= 2 in add1t1on the plant- mix method 1s better sulted for

$. e
multlple layer CTB constructlon than the mlxed in- place

vmethod.‘~ B S | D *
o v _ SRR 5 N



" L1t muSt;'however, behpointed out that the general

: bel1ef that plant mix constructlon prov1des much better
m1xes than mlxed-ln place construct1on has no f1rm basis. In
Australia, Germany, Holland and Hungary use of the latter

method has prov1ded hlgh quallty‘pavements bu1lt,w1th mlxes
. _ . N

as"gooqmasvany;,ﬁs Lilley (197é), Ingles and Metcalf (19735
S C ’ . S
and Kézdi (1979) report, even in cases where borrow raw SOll

material is. used the mixed-in- place method is st1ll

1preferred 1n those countries. The mixed~ 1n ‘place’ mQMhod og

,; 0

construct1on is also known to reduce shr1nkage crack1ng by
‘enhancing stre55~red15tr1butlon at the subgrade-base

interface (cf. section 2.10.4, poét)f"
. . a ‘ ) s

In some instances,.other factors play a role in .the

choice of-method of construction. For example the inabilit&"

to make the greater 1n1t1a1 1nvestment for a central plant

and the fleet of trucks needed for a plant
'tends to make the mlxed in- place methgd more £
developlnq oountrles. The p0551ble use of nearby
agrlcultural mach1nery, such as ploughs and disc harr
~also makes the mlxed in= place constructlou ‘method more . S : ;
;attractxve. HoJever, use of such machxnery, other than those
desxgned purpoZely for CTB- constructlon shouldwnot be '.G ’

!
. ¥
Eencouraged, f :

2.9.3 Spec1f1'at1on and Control o~

Generall ,- the owner spec1f1es the cement requ1rement

o

,3for the CTB m1xture, the dens1ty to be achleved in the f1eld
| |

- ' . ’ . 1 . ’ ) o
SR Lo -
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and the optimum moﬁsture content at which this ‘density can,
be achieved.'Compliance with these'sbécifications-and 4&\

adequate cur1ng wlll ensure that a h1gh quallty CTB' materlal“

>

. is obtatned. Close control 1n1t1a11y, to make ‘certain all” .f

&
R

‘Y construction procedures are r1ght will reduce the amount of

§

‘testxng requ1red 1n the latter stages of construct1on

In some agencies in Canada and the Unlted States, the
: . (&
client checks for the proper cement addition* by the use of

catch—trays, chemical analysis and from the daily cement

Aconsumptlon. The chemlcal analy51s test also somet1mes'

doubles as a check for un1form1ty of mixing., On the other

hand as; in Australia, Britain. and most European practlce,

" the control of - cement addltlon is left to the contractor,

»

with the,other compllance testing expected to show up any
deviations. | |

Density is normalfy specified relatiue to a standard
maximum achleved in the labogatory. For: erample, the dens1ty
determlned shortly after compact1on may be requ1red to be at

least 95% of the maX1mum ASTM“DSSS or AASHTO'T134j°r Proctor.

&

- densityr A minimum 7-day compressive strength for cores
-‘obtaihed from the completed pavement is often specified to
’“ch gck for adequate curing and strength ga1n of the end -

fesult. As 1nd1cated above, in Br1ta1n Germany, Holland and

B}

Australla this minimum strength 1s also the only measure - of

; whether'the proper amountwof-cement was added by the'

.
»

O
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;Liability for the proper crown and grade of the roadway
and depth of the CTB layer rests with the contracto:. The
'depths are checked by prob1ng and corlng, but tarely are the
levels checked. While some clients specify the method of
construcfion; 6thers leave it to the‘diécretion‘of‘the
contractor, but subject to approval

.The general d1ff1cult§ and unde51rab111ty of rework1ng
’and ‘reconstructing hardened CTB mater1al often leads to
pavements which fail compliance testing being accepted aS
is. It is impeta;ive, therefore, that véry<c;ose apfﬁgtion
‘bé paid to first construétion in qrder tb’aéhieve ven}Chigh

standardsh

.2.10 Performance

.k

The contlnued and 1ncreased use of CTB materlal in
a3
2o

.fpavements over a long p¢r1pd is a strong 1ndlcat1on of its
s§t1sfactory performance in the opinion of users. Numerous
'flaboratory and field studies have a;so‘%hown that CTB can
provide support egual to, and sométimes greater than,

conventional unbound base course materials under different

load and environmental conditions.

v2 10.1 Pavement Structural Aq’4<:cy N » A

“While not attempt1ng to generallze the results from any
one’ pro;ect, a report'by Willls (1947)%on the satisfactory
performance of a bave;;nt built in 1938 in South Carolina
‘fqrva decade is signiﬁicant,lfn‘that'ihe standatds of the

B .
Y . . . " I
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consttuction'procedureé andVequipment‘used'tﬁérﬂgere by

comparlson to todays standards very low.mFrem §§pdy of .

airfield pavements in the Un1ted States, Redu (1956) has,

alsq determ1ned that CTB is structurally. adequaie and..,)i .

performs reasonably well, even under the much'hlgher ;oads

- imposed by airetaft. An intereeting.finding of that study,
'*was'the'continuing satiefactory performance ofwsdme
‘pavements after over 10 years in service, althougn rettieyed
:samplee of CTB base course material failed to_meetmyet-dry

and freeze thaw tests. : | o

In a paper ‘on the evaluatlon of CTB test- sectlons,'

E nighways and alrfleld'pavements, Mltchefl and Freitag (1959)
| contended’tbat CTB pavementsfperform as well as, and in some
- cases better than, equivalent conventional flexible

pavements. In an eneuing.discussion, Felt (1960) even went -
L,,further, postulatlng that present CTB pavements are even
more superior, since much better constﬁuctlon methods are
now used. Also in his op;nion, an unfair comparison was made
between the CTB and theoretical flexible pavenents.fThe
latter were de51gned by the CBR method u51ng the cumulative
"ESALs on the CTB up to a certa1n point, and the -traffic
carrled thereafter completely ignored —an added advantage
for the C'I'B ‘ ' m _ -

Zube et al. (1569) Wang et al. (1972), Shietdsnet aI:

?-‘341975),‘and Tayabjl et al. (1982) are a some of the wotkers

s
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varying conditions of soil, climate and load. However, it
_should be noted that only those pavements with the prqpetﬂ
mix design perametere endlconstr0cted with the .proper’ -
methods will be structurally and functlonally adequate. Lack
of any of the above will result in structu:gl deter1orat1on
of the payement, with base crackxng‘as the mo§tfprobable
first cause of failure. ' U
2:10.2 Cracking .
Cracking is an inherent.problem of CTB pavements.
Almost~inveriably,'cracking is obse:ved in ell CfB layeis,
and is very often .accompanied bf te;lective crecking of the
pavement surfacing. The initiation and propagatibn of cracks
is generallyaconsidered to be the result of stressee-caused
- by shrinkage and températureuchenges! traffic leading, ang -
_ subgrade failures. . T‘: | _ ;
1_chordihg:te bunlop ét al. (1972) shrinkage m;y take /
~place %hrough the process of self dessication, where o
moisture for cement'hyétatlonﬂls drawnrftzm the clay
partlcles in a CTB m1xture cau51ng them to ShrlP}‘ or.
through the external loss of m01sture from the c@hent gel,

called drylng shr;nkage, or‘both The amb1ent temperature by

T enhanc1ng evapOratzon, greatly 1nf1uences both types
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temperature var1at1qgs, and a temperature gradxent through
the CTB layer may reéylt 1n warping stresses which increase
when the.layer.1s furtgéi restrained by its self-weighf\hnd
the'weight of the overl&ihg.matefials. These shrinkage and
thermal stresses developed, are pfimarily responsible‘fof
the characteristic regular pattern of transverse cracking in
CTB pevements which, as observed b} Redus (1958), may take
place: in pavements never opened to traffic. |
Traffic-induced horizontal tensile’stresses at the
CTB-soil interface greater than the tensile strength of the
material may cause eracking in CTB pavements., According to
Shields et al. (1975), such overstfessing, particularly at

the early age'before application of the usual protective

bituminous toplifts, is responsible for most of the

. . v >

‘longitudinal and often vertical cracks observed in CTB

pavements in the direction of the wheelpaths.-Pretorius and

Monismith (1972)  had earlier predicted similar

load-associated eracking in CTB, often preceding the

occurrence ef transverse shrinkage cracks, but attributed ‘it
more to fatique .loading than to overstre8sing. Yamanouchi
(1973) also reports that, repeated loading results in the
development of halrlzne cracks in CTB, which decreases the
modulus of elast1c1ty and the resistance to bending and,
consequently, increases deflectlons.

Repeéted‘traffic loading overOSUCh already cracked -
pavements with the combination of transverse shrinkage and.

traffic<induced longitudjnal cracks, results in edge and
' ’ ~
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corner loading situations, and tensile stresses and stress

s

reversals, which according to Pretorius ananonismith‘(5972)
and Fossberg et al. (1972b), give rise to the tYpical double .
and single "ladder" cracking found‘in tﬁe‘wheelpathsfof cTB
pavements. o B

bf course any action which reduces the support,a
subgrade gives to a CTB layer, and thereby causes it to
withstana greater load-induced stresses than usual, will
reéult in further cracking. According to George (1973), the
"dr;gf of a subgradefdue to its movemen; and cracking may
also pe responsible.for the longitudinal cracking of a CTB

pavement; and the eventual reflection of\snbgrade shrinkage

cracks through the pavement surface also contributes to

" cracking.

2.10.3 ‘ffects of Cracking

- As noted by Teng and Fulton (1974), cracks that appear
and are reta1ned as f1n€&ﬁ“1;1§ne cracks in a CTBJlayer Qill
not reflect through the surfac1ng of a pavement. Such
cracks, as also pointed out by Marwick and Keep (1942),
Maclean and Reflnson (1953) and Norling (1973), are
therefore geﬂé%@lly not detr1menta1 to the performance of a

pavement. Iﬁ%most cases, however, the cracks are much wider

and_ do reglect through to the surface of a'pavement.

Althougﬁiun51ghtly, they initially do not affect the ride

guality of the pgvement, but may cause weakenlng of the

e W
- subgrade by allowing ingress g?fwa;er. Fossberg et al.
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(1§7Zb) have determined that, directly under a load,
vertical deflections are increaséd by aboﬁt 20 percent and
subgrade stresses by as much as 50 percent, in a crécked
section of a CTB pavement in comparison to an uncracked
section., Otte (1979) observes that these stresses and
strains aré quite significant“and may cause the subsequent
localized deformation of the“subgrpde, and could Eésulg)in a

loss in ride quality, even if after an ‘indeterminate period.
\) . “\ )
2.10.4 Minimizing Cracking

[

Basically a reduction of the causative stresses will
\

- lessen cracking in CTB pavements. Accordingly, shrinkage

needs to be curtailed as its associated stresses are
responsible for mést of CTB cracking. As George (1974)
reports, thermal.streSses'are largely incoqsequential in
compagison'to shrinkage stfesses. Furthermore, Lister
(1972a) has shown that a bituminous cover of any tYpe with a
thickness above 50 mm, decreases the temperature gradient in
the baSé course and thereby reduces thermal stfeéses in CTB.
pavements. Traffic stresses will not be detrimental if

pavements are properly designed with adequate thicknesses

.and are not over-loaded. The quick repair of cracked

pavements will élso pfevent their further aggfavation by
traffic, the ingress of water to the subgrade'and the
consequent detéfioration of the CTB pavement,

From extensive studies on shrinkaéé and cracking,

George (f968a; 1968b; 1969; 1971; 1973) has proposed téking

L4
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the following into consideration to minimize shrinkage and

cracking in CTB pavements: ©

a) Since moisture inadequacy is the cause of shrinkage,

b)

c)

d)

e)

‘adequate curing should. be provided, especially

during the first 2 to 4 days. By enhanding the
viscous properties of CTB, curing with watéf also

decreases cracklng However, very long curxng

‘perlods should be avoided as the increased amount of

bonded water causes more shrinkage when lost later.
Molding moisture contents above the optimum, with
the associated higher amounts of bonded water, give
more,shrinkagevsusceptiblg CTB.

An optiﬁum cement content equal to, or slightly
above that required to meet the PCA critefia is
associated with minimum shrinkage.

Increasing the amount‘éf the progressively finer
clay particies in CTB (e.qg. montmorillonitg as

against kaolinite), as well as an increase in the

total amount of clays, increases total shrinkage. On

- the other hand, large aggregates, 25 mm and above,

.

in¢creases cracking by mobilizing higher stresses.

Improved compaCtion»by increasing density and

strength, and an increase in base thickness with the

v
resultant increase in base*stiffness, decreases

cracking in CTB pavements.

5
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vAdditiongl metho@s adroéated include the placement of
CTB on rough subgrades. George (1974) suggests that the high
coefficient of friction developed between the CTB and the '
subgrade enhances an even distribution of shrinkage and

/

other striéses and ?:ducéé cracking. Consequently, the
mixed-in-place method 6f construction Es recommended for
redueing éracking. Additives such as lime for clayey CTB,
fly ash for sandy CTB, sulphates of calcium, magnesium and
sodium (George, 1968b); granular sodlum chlor1de for
montmorillonitic CTB (Wang and Kremmydas, 1970); expansive
cements (Barksdéle and Vergnolle, 1968); and sugar (George,
1§71) to mention a few have been shown to reduce shrinkage
and/or cracklng. In all cases, however, they prodUced better
- results in CTB of well-graded soils than those of uniformly
Qraded soils, X
Norliﬁg (1973) echoes somé of the measures mentioned
above,‘and emphasizes the use ofAsurfécing materials 6f the
highesi strength and qualiLy, as well as delayihg rheir
placement for as long as possible uﬁtii‘after much of the
CTB cracking has taken place, to minimize refiective
cracking. Special treatments such 3s the use of a bltumlnous
surface treatment between a CTB and its asphaltlc concrete
surfac1ng, up51de down design,'® and asphalt- ground rubber

treatﬁénts are also suggested by Norling for reducing or

delaying reflective cracking.

- ———— - —— -

‘°In the ups1de down de51gn a layer of untreated granular
.material is placed between.the CTB and the bituminous .
surface.



B N3 .,
v, 8 ’

P B oS Bl
g U2 TS «MW#N

5 o W g
" Wang (1973)fpautioqg; howev@r, against the use of

" measures for reduting sh;}hkege“endkpr ctacking, which
concurrently decrease the strength (especially tensile
strength) of CTB and thereby have little or no effect in the
final analysis. Algso worth mentioning, 1s a f;ﬂdﬁpg by a
workers including Yamanouchi'and Ishido (1963) and Teng and
Fulton (1974), of the unappreciable iifferenc_e between the
cracking intensity of pavements opened to traffic
immediately after construction, and those cured for at least
7 days before opened to traffic. In fact, they Tecommend, &y

that from the point of View of economy of constructxon and

i
\ . "‘

as far as cracking is concerned, the former prOCedure 15‘
con51derably better for CTB pavements.
2.11 Summary | | R
‘It is apbarent from the extensive literature~review“:f
that GTB is a unique pavement construction material, 'The
"add t1on of cement to substandard soils or aggregates t6
give a material capable of w1thstand1ng the repeated actxon
of traffic under varying environmental condxtlons per se :
represents some succeSs. Indications ére that, using the' ff;
methods déscribed, the determination of the proper amounts
of cement and water to add to soxls is not very d1ff1cult,"
and adequate construction and curlng methods will reflect

favbjably on the properties of the soil and givé,aimﬁch*

——
o

- better cement-treated base material. In view of the .warious

vmeaeures suggested for redUCinéféhrinkage and cfacking of



CTB pavements, 1t appears tbose major problems can to a
large extent be minimized. Thus, on the,wh e, CTB pavements
Hold a lot of promise,kand the possxb1l1ty of constructxng
them in place of more Eonvent1onal pavements should often be'
“ 1nvestlgated It is also important that research work be
.dlrected at unearth1ng all the advantages of the material
and at the same time prov1de solut:zns'to the problgms

encountered with the use of CTB.



? - *%  Table 21 Compressxve Strength of Cemem Treated Base !’

Compressxve Suengm ‘MPa ? / : T

b

-

8-gp

% L " Soil Type
" °Sandy and Gravelly Soils:

P
thy Soils:

-AASHTO GroupsA -1, A-2, A-3

s AASHTO Groups A-4, A“S....0.ocooeerre 21462
g Clayey-Soils: . o »
ST AASHTOGroupsA 6, AT i, 1.7-4.1
'-_' ' j ' The ccment comems used for lhe soils are those which,satisfy minimum s e
e ‘ ~requiremeénts as determined by the PCA wet-dry (ASTLZ\Q599 AASHTO T13>)
O R and freeze-thaw (ASTM D3560: AASHTO T136) tests. 5 = "y
S SRR T | MPa = l45pSl T J
R o
Table 2;;2' , Gradaiion and Consist_exicy Characteristics of 'Soilso A
_ ‘ Pc::rcemage Passing ' .
" Sieve Size E Soil3 . Soil4-
3N, e 100
Nod ..o, 85 . S
No IO T2 1000 ™ -
; No.4O .ot 57 99 "
Lot o NQ.200 i 27 .92 .
e A LMt e, 28 26
BER t?tasucny Index... e, 15 7
. AASHTO'Soil Ggups...‘.-.,.;,;..';'u N A-6 A-4
o VNP = nonplastlc , .
, ].‘
! - ‘,'4. o P . - :
“ IR AR



7
b .-
. !»
frable 2.3 . Compresswe Strength, Modulus of Elasticity and Poisson' s‘i ; .
Ratio f or 28- Da\ Cured Cemen{ -Treated Base T
. g
Ccmem/Sox] . Uliimate Compressive Modulus of Poisson's -
" Soll Ratio Strength, MPa! . Elasticity, MPaq ' ~ Ratio o
i . el — "
| 16 1835 040 -
A 1§ L11010 003,
. 116 aF ©.8930- : 0142
1:6° T ® 14030 0:125
c 18 1, Lo 11180 0 . 0.136
R 1:10 S 9120 . ¥ o0 136 .
- SN — 11 9120 © 011
D 1.8, = « 492 8190  « 0129
BRI <t 397 - 6 520 - 0.095
16 5.35. Soasio YT 0090 ¢
F 1:8 3.83 3780 G.070
. 1:10 2.94 2910 0.053
6
Y w7 - ' ‘
- . . I. ) . . ‘. N 9— . ~‘V . . : ..,
i 1; " : Char’acteris?cs of the Synthetic Soils ‘ ! &g
, | * Composition, % ' _ B ST
o Liquid Plasticity ¥ =
Soil ‘Sand Clay Limit -~ Index v
L e T —
A 100 ‘ 0 : . j '.4_NP:
‘¢ oo 167 NP
D 50 0. 250 8.93
| ~ e
F R 100 385 17.52 Ca
I MPa= 145 psf— £
- ‘ zNP = non Iastic.
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! The CBR values are for CTB wuh a minimum'u confmed o

' compresswe strenglh of 1. 72 MPa (250 p51)

P
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Table 2.5 Aggregale Gradmgs and Properues
' f’ercenlage Passing
5
Marige Basalts /
: —— ——— Tyee Dredge Spoil
Sieve Size - +Ocean Lake - Eckman Creek ., Sandstone - Sand
190mm (3/4in.) 100 100 100 100
12.5mm (1/2in.) : 100 - 100 . ¥ 93 96
9.5 mm (3/8 in.) 86 86, 789 X
6.3 mm (1/4in.) . (.. 67 v w67 81 - 87
- 4.75 mm (No. 4) 55 55° 75 85
2,00 mm (No. 10) , 40 - 40 60 77
425 um (No. 40) - .18 18 39 62
75 um‘(No.ZQO)_ S 9 9. 15 -1
Liquid Limit - .~ 23 - - % 2§ 27
Phstic Limit 53 29 42 NP
AASHTO , . A-la - A-la A-1-b A-d
Sa R )
A -
@ ‘ ) ' -
Table 2.6  Typical CBR Values For Cement-Treated Base !
7 Soil Type - .- CBR' ¥
Well graded gravel.sand- . : More than -
clay; sands or gravels ................................. : 600 B
Silty sand: sand,_v cla_\'s; S o+ A D -
sand.and gravel ..., - 600 £
' Silt)"-sandy"days; o v ‘ . |
poorly graded sands ................... e o 200 ’

- Sils; silty clays; very T Up to _
poorly. graded soils ....... v ereeiee e o 100 .
'H'eavy days';"or’gaﬁic and ' . BT Up 1o .
vsulphale rich'soils v ST 50
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. Table 2.7 Coefficient of Thermal Expansion of Some Cement - Treated
: Base Mixtures ,
o : - Cement (%eff icient of Thermal
Workers Year o Soil Content,%  Expansion, nm/mm/C x 10
®  Mehraand 1951 - Sandy loam 25-10 250 - 3.22
Uppal - Silty loam - S5-10 2,78 - 3.11
. ~ Silty clay loam 5-10 2.17 - 3.39
' . , - Loam _ 25-10 2.56 - 3.50
Catton 1952 Sandy.soil o 8 . 3.83 : _
K Silty soil 4 : 3.4 e ‘
Clayey soil 12 _ U . :
- R
& - :
'/ s . .‘ . * \ . . v . : N » .~ . ‘
L 0 . »

mmended Th\cknesses of Cemem Ti’éated Base as Base Course MatenaA

lele 2.8
Correspagding Recﬂmmended Thiﬁcw of Granular- Type Stabilized
. Base Courses . N : : -
AASHTO R : Cgmem_~Treated . Csment - Modified
. Classification’ of - Byse Caurse ‘% I Granular Soil Type * |
Subgrade Soil " Thickness (mm)j_ . . Base Coursa(mm)' ** :
. 3 T ————— g - v‘,'i’\. .
< Ad-a € - o y 0o ‘
A-1-b : -125 : 125 P
- -3 o . 125 - . 125 S
A-2-4 P S P13 . | 125 | o
© A2 s S C150 e
A:2-6 1235 - ) 150 -
A2-7 - 125 . 50 ey
A-4 » 150 " 200 e -
A-S : 150 200 "
‘A-6 150 200 '
- A- 7 150 . -1200 SRR

! The CTB thicknesses were recommended or*hxghwa\ pavements with: average traf‘ fic

that-didmot exceed 100 trucks per day with load ranging from 1.800-kg gross-load to~ "
8 160-%¢ axle load, or a total of 1 000 vehicles per ddy including the afore -mentigadd .
‘truck traffic. Base courses of the thicknesses givenrwere expected 0 be supplem ted b\

“subbase in the cases where~the loadmgs exceeded 1hose r or which the« were mtended
: accordwg to. the recommendauons el

<
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L e
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3. CEMENT-TREATED BASE MIX DESIGN IN ALBERTA

-

3.1 Introduction

The cement-treated base“mix'design pr0cedure of Alberta
Transportation dsed in ﬁbberta is primarily a,modification
of the standard AASHTO and ASTM test methods of design.
Using cﬁarts developed by the Portland Cement Assoc1at10n
for a shortcut mix de51gn method for sandy soils, a cement
content is est1mated wh1ch forms the ba51s of the cement

contents at which the mix de51gn tests are conducted.

esign tests, comprising a freeze-thaw test, a

LS

wet- dry test and unconflneq,compre551vemstrength tests, are

& Y
conducted on,spec1mens molded’ at an qptlmum moisture content
B s R T k

rand maximum ::i density. The resulting cement content

recommended constructlon represents the m1n1mum and mo'st

/
enanlec .cement content wh1ch will give, cement treated base
’

or soil- cement with the requ1red strength Jnd dura%;lx)y for
e . o S

use in pavements.
The bas1c cr1ter1a for selectlng thlS minimum cement

content in Alberta are, a loss of mater1a1 by welght of not

t

more than 3 percent after brush1ng<of khe freeze thaw and

wet-dry tested sﬁec1mens, and a minimum 7- day compre551ve
Lo »

* 4

strength of 2. 07'rPa (300 psi).

Generally//&hls procedure has establ1shed cem&ht
contents of between 5 to 10 percent as those adequate for
the sandy soils used in Alberta for cement-treated base or
soil-cemerit constructio;.l}owever, a.&enent content of 8

.,‘ | | N -



percent is jn most cases consxdered to be maximum a above

which the mater1a1 w1ll not be aﬁgzable economxc replacement
for conventlonal roadbase. mater1al |

By the summer of 1986, as many as 740 separate mx;
de51gns had been performed by the central laboratory of
Alberta Transportation, since the 1ncept10n of large scale
cement-treated base or soil-cement éonstruction in 1959.
This chapter, a; part of a synthesis onvcement—treated base‘
‘practice in Alberta,odeals,with'tpe mi x désign.aspect‘otg“;

cement-treated base construction in the proyince. L

3.2‘De5cription of Materials Used t¥fﬁwﬁ“ i
Bgfore giving the details of the mix design procedure t;f
used in Alberta, the characterlstlcs of the seals, cement

and water usually used for CTB or sal- cement 1n the

~d¢ov1nce aréndescrlbed in thls section.
Soils o ’ S /5 o
The aggregates used for CTB in Alberta are genera&ly - o

" L) "..,\' C .
Ssands or sandy’ type 50115, wh1c? under the Un1f1ed Sozl \ T e

Class1f1catlon System fall 1nto

sands,.w1th a further re
Y

z

o have 11qu1d 11m1ts, wlpf

LR o
v Y ' .
plast1C1ty 1ndexes, Ip;.;‘ ) fﬁgg
sozls by the AASHTO classxf1catlon system a £t2-4

specxfled by Alberta Transportat1on are as follows'

-
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passing ¢0w000ipin - 100%  ‘:‘
_Passing 10 000 4 “ 85-100%
) passing 1 250» » 40-100%
Passing 3159 _ 17-100% )
" passing 80 umﬁsieve' _ | 6-30%

As illustrated by the gradation limits in Figure 3.1, this

represents a wide range of soils permitted for use in
-Alberta. An example gradation is shown as the fine SAS A
design line. ! - R -~

. ~ :
®  Most of the sails have no more than a trace of

)

] . ]

'ﬁTastiqity, and are quigaauniform with coefficients of -

uniformity, Cu“l ranQihg'f@om 3 to 5. Deleterious materials

mostly found infthe soils include top soil fiber, pieces of

‘Fo&v{ahd lumps of clay and silt. In'small.guantities‘thex,
are hot*barmelv'but where quéntities are appreciable the -
soils are used only if the deleterlous materlals can be |
dxsposed of by scrkenlng. | o , o

. .. .

worth mgntlonlng that attr1butes cons1dered

PEPER

perc§n£n3< more qaterzal pasglng;the 5 000 pum s;eve; a’,

‘o 30 percent material passmg the 80 um 51eve 51ze.

‘

'"'Cu is the: ratio D.Q/D,o, where Deo is the part1cle’

' diameter with 60 percent material finer and D,, is the
CLLE p%{tlcle diameter with 10 percent material finer,

ﬁ%@“u o |  7'5i'k' o ."~ ) . - .» ¥.

\
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Cement v B " X
.____Eg _
rmal Portland Cement (CSA Tgpe 103 is the usual'type_

+of cement used for CTB construct1on in Alberta. Althou;b
3 existing: spec1f1catlons do permlt the use of the other
speo1al1zed types of. cement, there has vzrtually been no

u”

need for their use in the province, Thxs s quxte an "»

a

advantage as those types introduce an extra coat 1tem whe?//h”TT

. »
.

’used as a rosult of the1r specialized natdre.‘

-

Water o

The water used for soil—cement‘constru4tionin Alberta

- is meinby obtained from nearby streams, slu?ces, pooos and
otherkgpch supplies, which age'relatively ebundéot in th}g
‘province in the prairie region of Canada. wbere there is -
doubt as to the qual1ty of a source, laboratory tests 4Ze B
conducted to determ1ne the sﬁ!tabzl1ty of the water for CTB 'f:
-construction, In Table 3. ; are givenwAlberta Transo74tatxonz mf

gu1de11nes on the maxxmum a110wable \1m1ts for some/ of ,—the _

s more common deleterious materials found in such s/ﬁpl:es. ’,
: - o . % ~ - .

1 C o > :

S _ / |

. ' ) . L ]

‘_3 3 Types of Mix Design . #. // - _ , . o
| 1

rd

The cement-treated base (CTB) mix deslgns,con60cted in
Albefta can be put 1nto two categorles. A major1ty of the |
de51gns have been carrxed out to determ1ne the mix desxgn

parameters for upgradlng 5011 materlals for partxcular roaG

constructxon proyects w1th already defaned locatxons and <?7

*

,11m1ts. Also, 1n the—efforthto locate aggpegates for such

l 2,
. - o8
¥ . EERS AR a 4 s
\ vod 14 K , . . .
5 . N « i i
¥ ) . P (RS v . 4



projects‘and‘as part of 6ngoing ptespecting,activities of
,Alberta Transportatlon, sourtes are‘semetines found nhdse
aggregates may not be necessar1lﬂ earmarkéd for a spec1f1c
pro;ect at the time of d1scovery ‘In some cases, ‘however,
mix de51gns.are Still undertakin for such aggregat®s wlth

" the 1ntent1on of using “‘them for prOJects which may be

/

~located in their Vicinit% in the future.
!InvAlberta, tne aggfegates cens}dered for CTB
constfuction are all from“aggregate prospect pits, as the
rplaht—mik method of productlon is the only method used in
the province. Wlth a source located, prel1m1nary 5;e1d
1nvest1gatlons are undertaken to ascertaln the su1tab1l1ty a
of the aggregates for “uses, w1th respect to such: factors as
haul-dlstance, 1n—51tu m01sture~content compactlbxllty,
‘aoverburden depth and the acce551b111ty of t;t aggregates. 1€, -
lthe%aggregates are’ found to be in sufficient quantltles, of
the right quallty, and gccessible, samples are obtained from
test p1ts and sent to theflaboratory for detailed‘testl g to‘v
determlne the spec1f1c mix design parameters for ’

~

COﬂSthCthﬂ.

.43 4 Preliminary Aggregate Testyng
A v1sual 1nspect10n of 1nd1v1dual test p1t samples is //
e\the flrst step in the ‘laboratory t0wards ‘the determlnatlogf
of the su1tab111ty of particular 50115 for soil- cement /
"design by Alberta Transportatlon. ThlS 1nspect10n 1nvolves a

~ description of the grad1ng, texture and shape of - gra1ns of



' Lot C . ' . "A-

— “82

the aggregates; the determ1nat1on of the presence of

udeleterions mater1als;-and an est;qat1on,of Ip;

visual appraisal of the‘soils. A.routine sieve analysis of a

all from a
n’“

split 300- to'40Q:g sample is then conducted for each of the:
I BN
individual bulk test=pit samples to determine their

gradation. -
Depending on the results obtained'SO far, a number.of

] aggregat tests may still be required to further ascertain
v . . SEE

the suitability of the soils. These indicative teste.

summarlzed in Appendix A, will most often clarlfy any

abnormal results obtalned durlng the actual design tests..

~ The tests are made,up of a 'color test' for determ;n1ng the

presence of organic. impurities; a 51lt~bﬁnd test' which. .
'indieates the,quantity‘of.fine materials; a coal test' for
determining the amount“of’%oal and other suchsligntweight
”materials; and an 'Atterbergllimits test' for evaluating the
ﬂrela?ﬁve amounts of clays in the soils. (The color and coal

'tests are 51m11ar to’ the standard ASTM C40 and C123 tests

respectively).

~

\ -3.5ASelecting the Appropsiate Soils for Design | )

?

The selection of soils, truly representatide df a given

| source is paramount to the,supcess of a mix design
| N

\procedure. Notwithstanding the prellmlnary test results

how1ng the su1tab111ty of aggregates fromva partlcular
prospect pit for CTB construct1on, and the proper

a pllcatlon of the parameter§ obtalned from a mix de51gn,

\
\



the f1nal results of ‘the constructlon of a soil- cement ‘
pavement could be dlsastrous if in the first ‘instance the
rxght soils were not chosen for des1gn:.‘ s

To. this end bearing in mind the resuits of the
preliminary tests and w1th reference to the '‘test pit plan,'a
decision is made whether to b&end all the materials from the
dlfferent test p1ts and conduct one des1gn, or to separate *
them 1nto'two'or moreagroups each requ1r1ng a sepagate |

[} . N . ) .
design. The gradings of the soil samples are the main

‘criteria for this grouping or distinction into one or more

bulk samples.' j "

N .

Where very u71form sands_zith Cu less than 3 are
encountered ‘efforts are 1mmed1ately made to locate soils
close to the original source w1th a gradation that w1ll
increase‘the Cu when the two soils are blended, In~"general,
uniform sands,require more cement to'attain the necessaryn
strength and durability by reason of a reduced total area of
\\\hta\t between gra1ns.kAlso, as evidenced in the province,
although some unlform’glgls may have cement requirements
economlcally acceptable, they often prove to be difficult to

compact in the- fleld 1rrespect1ve of their m01sture content

at time of compact1on. T ‘

3. Q}M1x Design

In Alberta, the mix des1gn tests to determine the most

3

‘economic cement content comprlses of a freeze-thaw test, a

wet-dry test and unconfined compressive,strength.tests,On‘
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specimens molded at the optimum moisture content and maximum

density. Following'are,fhe details_of_the mix.design

" procedure,

3.6.1 Preparatxon of Aggregates . . fﬁl\

As indicated in the preceding sect1on, samples from thelj

fest pits of a_Source may a}l'be comblned-fpr'one des;gn or
sebarated intoltwo or morergroups with sepafafe designs.
Whicheyet~the case, the p;;paration of the representative.
,sample‘or samples fdr‘a design is the same. An aberage‘of
the 1nd1v1dual gradat1ons determlzed'fon>each test p1t
sample durlng “the pre11m1nary testing is calculated to give

~ what is cons1dered as the des1gn gradat1on. To get a

represenbetlve bulk sample, ‘the 1nd;v1dual samples are

‘thoroughiy'blended in such guantities as to give a combined

sample with a gradation approximately equal to the

calculated design gradation. A weshed sieveé%nalysisiof a

*split 300--to 400-g sample of the combined sample is ‘used to_

determlne 1ts gradaxlon.
In the case of very uniform sands with Cu less than 3
to wh1ch f1nes'are added to 1nc:ease the Cu, using an

agg;egage_p:Opertioning chart and keeping in mind tFRe

specified gradatibn"limits, the proportion of coarse to fine

aggregates which will glve the best result is determlned by
\
tt1a1 and ’ erro:. ThlS proport1on is used for the de51gn and

. for construc$1on,
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As a result of the use of charts developed by the.
Portland Cement Association, PCA”(1971) for a shortcut

design method, there is a further distinction between

_aggregates with matqgial retained onhthe 5 000 um sieve and

aggregates with all material passing that sieve size. In all

* about 100 kg of soil material is needed for the design

+ . v ®

testSt . ’ " oo - B . v' B RN

3.6.2 Estimation of Cement Content . | s

The above-mentioned charts developed by theJPCA'through

the work of Leadabrand and Norling (1953; 1956) and Norling

6

and Packard (1958) for a shortcut deeign method for sandy .

soils, are used to estlmate the cement content for the.'

prepared aggregates for further 1nvestlgat10n. As a f1rst
‘step the amount of aggregates smaller than 50 um is

-determined by extrapolation from ‘the aggregate gradatiogx4

chart.

= Forﬁaggregates with all material passing the 5 000 um

—

vsieve size, the extrapolated value of the material smaller

than 50 um and the percentage—of material retained between

the 5 000 um and 315 um sieve siezes are used to determine

an average maximum density from Figure 3.2. Usihg'this

\ <

‘maximum density and the gercentage of material smaller than

50 um an est1mate of the cement content is read off Figure
3.3..as an example, if the mater1a1 extrapolated from_the

grading cur§e to be smaller than SOKum is 39 percent and the

o materialtretained between the 5 OOOHand 315 um sieves is 29
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percent, then £rom Fxgure 3.2 the average maxxmum density
will approx;mately be 1 890 kg/m>. With thig density and Jhe
39 percent mater}él smailér'than‘so um,'the ?stimatedwcement
" content from Figure 3.3 is 8:percent.' 7
In the case of“aggregafes with materiai retéined on the

5 000 um sieve Size,lagain the extrapolatgd:valﬁé'of |
material émallerlthan.so um, and the maténiai retained on
vthe 2 000 um sieve size are used to estimate an average
maximum density f;om'Figufe 3:4. TPe maténig; smaller than
50 um, the méteriél retained on thé 5 000" um sieve size and
'fhe average maximum density are together hsed to find éﬁ-
estimate of the'cement content from Figure»}.s. As ah<
example, if the material smaller than'SO um by ext:apolation
is 32 percenﬁ and the matefial retainéd‘on'thevz 000 wum 7~
siéve.size is 23 percent, then from Figure 3.4 the average‘
maximum density is épprokimately-1 950»ﬁg/m‘. Suppqseithe
material retained oh the 5 000 um sieve size is 18- percent,
" then from Figure 3.5 the estimated cement content is 6
percent '? ‘?: |

The estimated cement content’ in both cases forms the
basis of theucemeﬁt contents at which a moisture-density

relations tésﬁ anq other. design ‘tests are conducted to

"As 1ndxcated in Fiqures 3.5, the material retained on the
5 000 um is not expected to be greater than 40 percent. Any
material retained on the 20 000 um sieve size is converted
to an equivalent weight of mat®rial retained between the

20 000 um and 5 000 um sieve s:zes.

"Flgures 3.2 through 3,5 are modzfled versions of the
original PCA (1971) graphs developed after extensive
laboratory correlations, used by Alberta-Transportation.

"
-~



arrive ‘the most economic cement content for use in-.

construdtion, .
. . [
3.6.3 Optimum Moisture Content and Maximum Density

. Determination _ _ dﬂ
Next in the Alberta Transportation mix design procedure
is a five-pdint mdiéture-densiti~re1atioﬁs test, similér to
thg'conventibnal ASTM D558 and AASHTO T134 poisture-density
‘relations tths. The test is’berformed on soi1s with a
ceﬁent content one (1) percentage point below the cement
content estimated as descfibed in the preceeding section, to
determine the optimum moisture content and maximum dry ‘
density of the soils with cement added, to use in the design
tests. '
A standard mold with a 2.5- kg rammer dropped from a
helght of *304.8 mm is us;d for the test. The mater1al is o
placed in three lifts compacted at twenty-five (25) blows
per lift, to give a specimen_apprg;imately 101.6 mm (4 in.)
in diameter and 116.8 mm (4.6 in.) high, in accordance with
PCA pragijcek(PCA, 1971). As a precaution agafnsg the
formation of compaction‘planes, each lift face is scarified
'after'compaction before the next lift is’placed oh. in the
design tests. An example of a éur&e oébtained from a
moistufe4density relations test Es{shown in Figure B.2 of
Appendix B, 417 : )
"Tygical lé@oratory maximum dry densities foy CTB

~

mixtures in the province range from abgut -1 600 to 2 160



‘' kg/m* (100 to 135 lb/ft* and are obtained at moisture
& . ‘ ‘
contents between approximately 9 to 15 percent by weight of

dry sogl Although the opt1mum moisture content and maxxmum

»”

i so determ;ngg, re used for moldxng CTB spec1mens for

rve as a guide during

"values ‘used for construction are
. Ny

determined from moisture-density relations tests conducted

cqnstruct1on, the act'

: ‘on.the CTB mixture produced in the field.

“As part of the design test, thé labonntory”specimené
used for the moisture-density éest, called f7—day control
proctor™ specimens, are cured for seven days and broken'to
determine their compressive strengths in a manner desqnibed

in the subsequent section.

>

3.6.4 Deszgn Tests -

In the ptov1nce, the design tests of freeze thaw,
-wet-dry and unconflned compressiye strength tests are
performed on speciméns molded at three (3) cement contents.
These are the cement content used for the moisture-density
"relation§ test, (i.e. the estimated cement content less 1

percent), and the cement contents plus-and-minus 2 percent

1

away'*‘. - A _ ' S~

‘‘In recent years,: add1t10na1 freeze- thaw test pec1mens
“have been molded at. the cement contents plus-andvyminus 1
percent away from the cement content used for the '
m01sture-den51ty relations test, osten51b1y for higher
accuracy. It is doubtful from an inspection of design charts
whether this actually affects the final reccomended cement
content.

lf .



| 89
\' .

Preparation of Test Sgggimehé

At each of the three-(§3 cement contents u@dgf _
investigation, four (4) éets of specimens ére f6rméd for a
7-day freeze-thaw test, a 7-day wet-dry,tes£; é+7-dqy
compfessive strength test and a 28-day compressive~strenéth
test. The specimens are molded at the bptimum moisture
contentpand.makimum;density pre§ious1y determined, using the
same compaction equipment ;nd method used for the |
“moistpre-déhsitfbtest specimens. Three (3) sbecimensware
formed within each to give a total of thirty-six specimens.

As the names of the tests suggest, épart from the
28tdéy compressive strength test specimens which greAcufed
for twenty-eight'(ZB)adays, all the othervspecimens are
cured for seven'(7) da;s in a moist room at a tempetéfure of
21.¢C and a‘rélative humidit§ befﬁeen 95 to 100 percent prior
to testing. The specimens used for the moisture-density test
discusseé Above are also cured for 7 days under the same
conditions. Throughout the tests that follow the specimens

are visually inspected frequently for any signs of

deterioration.

Unconfined Compressive Strength Tests

After curing for the respective ages the unconfined
o ' f

-~

compressive étrehgthitest specimens afe removed from the
moist curing room and tested. The speciméns cured for 7 days'
called the %ﬂ—day.cbht;él" specimens are tested after that
- period; the 28 d?ys cu;éd sbecimens caliéd the "28-day

o
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- qontrol” specimens after 28 days; and the moisture-density
relations test specimens called the "7-day control proctdr"“
speéimens after 7 days. . k
'in each case the specimens are soakgd‘in water for a
period of 4 hours, and«i; a saturated surface dry state they
are capped Qith a mixture of 7 to 8 parts of'sulphur to 1
part fine clay, and;broken for their compressive‘strengths.
Where. the length to diameter ratio, L/D, of a specimen after
éuting is other than 2.00, a c?rrection factor based on ASTM
C42 spec;fications and recommendations of the U.S. Bureau of
Réqlamationv(1966)'islzpplied to the measured compressive
strength.'For the specimens used in'Alberta with initial

‘dimensions of 101.6 mm (4 in.) diameter and a length of

116.8 mm. (4.6 in.) this factor is usually approximately 0.9.

Freeze-Thaw Test

> .

Thé'freeze-tpaw test is similar to the ASTM D560 and
AASHTO T1$6 freeze-thaw tests. Following 7 days of curing,
the specimens are removed from the moist curing room and
placed on ‘water gaturated felt pads in appropriate ’
containers. Testing commences with placément‘of the
specimens in a’ freezer or freezing~room with a temperature
of -23 C_at all times for 24 hours. After this 24-hour
freezing period, the specimens are transferréd into a moist
room with a tqﬁ.!raturé of 21.C and a relétive_;umidity~
k 1100 percent, where.they are allowed to thaw

=,

for 24 hours.‘During this thawing period, water is made

between 95 arfs




[

available to the specimeno through the saturated felt pldl
for free capillary absbrption.

The 48-hour period between placement‘or“the specimens
in the freezer tq'their removal from the hoist room is
considered as one cycle. Turning the specimens ené'for end
at the complet1on of each cycle, this, proéedure is repeated
for 12 cycles. At the end of the last cycle, . the spec1mens
are taken through a brushing proceduré which ;nvolves
brushing the total surface erea*oﬁ each specimen twice with
a wire brush applylng a’ ﬁgessure of approx1mately 5 'kg. The
specimens are then measured for their dimensions and weight,
and the percentage gf material loét calculated fromfthe
initial and final dry weights. To complete the test, the
freeze-thaw specimens are broken in the manner described in:
the\preceding section, but without soaking in water,'fgf

\A

theix compressive strengths.

\
A
AN
|

\

Wet-Dr% Test

The wet-dry test is also very similar to the .ASTM D559
and AASHTO T135 staﬁdard wei-dry tests. At the;end‘of 7 days
curing, the-wet;dry test specimens ere removed'ftom the
moist room and immersed in water at room tempera}ure for 5
hours, ensuring coﬁblete submergenceithroughout tpis period.
The specimens are then transfe;fed into an"oven and dried at
.a temperature %f 71.C for 42 hours. The specimens.afe then

usuallg allowed to cool down for one hour to complete one

wet-dry cycle of 48 hours.

*
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LB

The procedure is repeated for a total of 12 cycles

.after vhich the specimens aré brushed in the sape way as the

freeze-thav specimens. From the calculated initial and final
d}y wveights the percentage of material losgfby each specimen
is alaé.similarlf determined as for the freeze-thaw
specimens. The wet-dry test speciméns are hot tested fo;_

their compréssive strength.

»

: ¥
3.6.5 Choosing the Design Cement Content N

From the freeze-thaw and wet-dry tests, the percent
soil-cement loss at.eaéh of the three (3) cement cdntents
under fnvestigation, is palculatea as the mgan of the losses
of the three' (3) specimens molded at each particular cement
content,.Similarly, the compres§ivg strengths for the 7-day
control, 28-day control and,freezeithaw specimenékét each

cement ‘content, are determined as the average of the results

" obtained for each set of three specimens.

The soil-cement losses for the freeze-thaw and wet-dry

. \Q

tests are plotted against cement content; and¢the
compressive strengths of the 7-day control, 28-day control

. ‘ t e ‘
‘and freeze-thaw specimens also against cement content. These
graphs are all plotted with the same abscissa as shown in
_Figure'B.l of Appendix B, and ¥re primarily the basis for

the selection of the cement content. The compressive

' strengths of the 7-day control proctor specimens are also

plottea agains£ the molding moisture content as shown in

Figure B.2, with the same abscissa as the moisture-density
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test curve:,

Criteria for Cement Content Selection

The fundamental criteria of Albe;;é Transportation
‘requires that the freeze-thaw and vet-dry losses are less
than 3 bér;ent, and the 7-day comp;essive strength exceeds
- 2.07 MPa (300 psi). Using the graphs obtained from the tests
similar to those in Figure B.1, a cement content is chosen *

which basicallyvsatisfies these criteria. However, other

factors are cons}de:ed before the final design cemenf

"t

content is selected. ' ,//,A‘\\“‘~\\\’/,w-—__,//

Thé'55:3;;/;;;EYST\ComQEEEEEngéirené&hs are expécted
to be well above the 7-day control streﬁgths; and the
strengths of the freeze;thaw specimegg, which are cured for
an initial.period of seven days before the freeze-thaw
tests, are expected to be higher than the 7-day-control
streﬂﬂkhs, though not necessariiy<as high as the 28-day
control strengths. Also, the compressive Strengths should
all increase with increasipg cement content, and the
specimens should show no sign of serious deterioration
thfpughout the tests.

The graphs of the cdhmpressive strength of the 7-day
control proctor specimens and dry density, versus @olding
moisture content (Figure B.2), also gives an indication of

how the!comp?bssive strength of the soil-cement-mixture is

affected by moisture and density changes.
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Taklng all the above into’ consxderatlon, a ‘final de51gnv
Tcement content by dry we1ght of aggregate is chosen whnch is
‘half a percentage p01nt hlgher than the ‘minimum that. just
'sat1sf1es the fundamental cr1ter1a descrlbed above. Th1s'
1cement content is what 1s‘fecommended;§or construct;on,fand
kthe results of the design testsbare-presented as in\ -
‘Table B. 1 Typlcal cement contents {or the SP and SM sands
.of Alberta using:- th1s de51gn method range between 5 and, ﬂD
‘percent by welght of dry aggregate. A majorlty however fall
'between 6 and 8 percent and a cement content of 8 percent o
‘considered as “the maximum: which will allow an economlcmm
.constrUCt{onr | S I o

‘15 all éven wdth the'exciusion of"the time up. .0 the}
end of the preparatlon of the test: spec1mens, the mlxture ¢
deSLgn procedure requ1res a total of 31 work1ng days for the
‘cqmpletlonAof tests, made up f seven (Z) days of -curing and
twelte (12)v48—hour cycles of'treeze-thawdand wet-dry tests.

. ‘ o Q;

3.7 Differenceskbetyeen the AlbertahMiivDesign Procedure and
e ‘the Standard nethods R T

In general the fundamental pr1nc1ples behlnd the mix
de51gn procedure of Alberta Transportatlon presented in’ the‘
precedlng Sections, are the same as those of . the standard :

" ASTM and AASHTO test ‘methods and, oonsequently, ‘the - Portland

" Cement Assoc1atlon (PCA) mix des1gn method summarlzed in the
B ‘ :

o So:l-Cement Labor‘ator'y Handbook of the PCA (1971) There is,

—

e}
1

. -
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however, a significant difference'in the manner the test
specimens are brushed during the fre'ze-thaw and wetJdry:,
'tests; In the Alberta'procedure;ttﬁégspecxmens are onlx
brushed after the twelve cycles d? the test in each case,
and with the appllcat1on of a. ﬁérce of about 5 kg (11 lb).
The PCA procedure on the other hand, requires bru;hing of
Spec1mens after each cycle Mlth a force of approx1mately

1.4 kg (3 1b). Consequent&y, wvhile the\maxlmum allowable

" soil-cement loss for the Alberta procedure is 3 pefcent, the

"PCA value for most of the soils encountered in Alberta is 14
R - / R .
/

percent. . /”, oo ‘ _ E ‘ ,h}
There is a bﬁnt of the PCA method g1v1ng slxghtly
h1gher cement cdntents than the Alberta method for the sandS'
in the prov1n/e; Evidence of thlS is somewhat supported by

data from a/humber of mix de51gn tests conducted at the
soil- ceme7t design laboratory of Alberta Transportatlon in
late 1975 However, the number of tests and'ﬁ1fferences«1n
the cement contents (1n the order of 0.5 percent) are S0

.

small further exten51ve comparlsons are necessary before any

“

"
gonc1u51ve Judgements can be made. 7 o

3.8 Simplified or Short-cut Methods of Design

T

A number of workers have made efforts to come up with '

alternat1ve mixture design methods which would requ1re lessf
&

time than the ﬁreeze thaw and wet dry test method presentlyﬂ

used in Alberta. Notable among them are'attempts by
r : ‘

o Hutchinsonv(1963) and Yedavally and Adderson (1972). )
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The work of Larnach (1960) on the strength of
"partielly" compacted soil—cemeht in relation to dry density
_and cement/v01ds ratio was the basis for both ‘
1nvestlgat10ns. Larnach determined there is a relgz1onsh1p
between the unconfined compressive strength, S, and the

cement/vofds ratio, C/V, gf soil~-cement of the form:

o se et N P

]'awc6h§tant-representing the fntrinsic strength of

.

the strength at C/V equals one, and N is a

15

j‘vconst:a‘nt wh1ch ﬂepends on material characterlstlcs g

' Furthermore, based on'a knowledge of a relatlonshlp between
dry dens1ty and c/V, Larnach (1960) was able to show '
'compre551ve strength is related to-dry den51ty at any
particular cement content; and that for 5011—cement mixtures
of egual'dry de&iﬁty, compreseéve strength and cement /

-

content are almost linearly related.

!

Hutchinson's Approach o

In a paper in 1963, Hutchxnson (1963) p01nted out that

the development of mix de51gn charts whlch would allow the

cement reqlurements of a sand to be readlly estimated from
the sand gradation and thereby eliminate time consuming mi x
design methods would be very beneficial. Such charts would

make the continuous adjustment of construction cement

'$This relatxonshlp is a specific case of a more general.
‘"law" proposed by Feret in 1896 relating the strength of
cement- and aggregate mixtures to cement/voids ratio.
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. contents possible without the need for any detailed field

testing.

iy

With this in mind, Hu;chinsbn int}¢éuceq tﬁg term
grading modulus, GM, which he defined 5§ £he relétivétf
sufface area of a sand. A sieve analysis with the six
standardisiévés and the 80'ud,sieve Ls_essentially the onﬁy

‘test required to determine GM. By fitting cohesive strength

“friaxial compression tests and C/V datakof 55
soil—ceméﬁi mixtures from 11 A&berta sands(to‘Equatipn
(3;1),,Hutchinson established a relationship betﬁeen ﬁhe
constants A and N,‘éhd GM. On that basis, he developed:a

“graphicalhmodel which gives‘the cohesive strenéth as a

»

function of GM and C/V. Data from freeze-thaw tests were’

s

then impbsed,pn the graphical mp@el,té separate satisfactory
- and unsatisfactory mixes, and the chart shown in Figure 3.6
obtained.

Further tests on a large scale, Hutchinson hoped, would

«
-

lead to the ‘development of a fihal chart for mixture design.
Through'correlations with field performancé, 7-day cohesive

strerigths could be establishied for various sands. With the

-~

GM of a sand known, mix design would then essentially
comprise of a determination of C/V from the.chart, téking

the cohesive strength limits and the freeze-thaw durability

Q
o

criteria into consideration.
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L1m1tat1ons

Although the use of cohesive strength in place of
unconfxned compre551ve strength as in the‘%r1glna1 Larnach—~
(1960) equatdon may not be detr1mental per se, lack of

’,cohes1ve strength data has probably contributed to the
_Hutch1nson (1963) pr0cedure not being 1nvestlgated much

further. A ‘method employ1ng the preferred and most commonly

o e

,determ1ned parameter of compre5516e strength would probably

SN

N

fare bettﬁr. "».v a v “ ) \\\\

o

By definitlon also, it appears an Lnflﬁ1te number of
sand gradat1ons will g1ve the same GM. A hl\h~GM value seems
\to only 1nd1cate a hlgh fractlon of fines, wh1le a L\w GM

‘indicates .a h1gher fract1on of coarser material. = *‘\\

..

\

‘Consequently, GM- may be too broad a parameter to use in the

\

S

" design method. The chart may end up establlshlng the same
cement contents for sands withjnothing'in common~other than
the same GM. In-fact contrary to the f1nd1ngs of Hutch1nson
(1963), Yedavally and Anderson (1972) from an analysis of
mix design data for over LOO—sand_sources of‘Alberta, |
conclude that‘strength and consequently A and N are not
fnnctions of GM. x \\\\\ H
| Comoarison with other specific casee of Feret's "law"
also gives the same\indioation. For instance, by inference
from the works of Powers and Brownyard (1948) and Gilkey
(1961), for a‘soil-cement miaturei the constant A is

‘_prohably.mOre'related to the intrinsic strength'offthe

cement than to the muchrstronger aggregates.\N is also

3



4@:’ ) . ‘ : 99

dependent on aggregate charateristics such as grad1ng, ﬁy
.surface texture, shape, strength stiffness and max1mum |
size, ,most of which are not d1rectly related to GM. Thus,
;the relationship between strength and GM may only have been.
~ the result of similarities in the 11 sands tested hy'
dHutchinson“(1963). Further investigations with a widbr'range
of sands is necessary to determine the rel1ab111ty of the

procedure.

°

3.8.1 Yedavally and Anderson's Approach
Using another ﬁpproach,‘Yedavally'and'Anderscn,(1972)
”fitted ccmpr;ssive strength and cement]voids ratid data,
grouped on the basis of the maximum dry densit& attainable,
to Equation (3. )t The data used were obta1ned from over 350
mlxture des1gn data complled over the years by Alh@rta
| Transportatlon. From regre551on analySrs they abt.rmaned
the constants A and N are related to denslty, aud for a
' partlcular den51ty, the unconfined compress1ve strength of a
sOil—cement is kinearly related to the b/v ratio._‘ |
As C/V is apparently related.to the density and cement
content of a soil-cement mixture, Yedauaaly%and/nnderson
(l972) investigated for.a possible relationship between@the
strength and cement-content of mixtures within the various\ -
(Hden51ty groups. They came up with the chart shown 1n

F1gure 3.7, which 1nd1cates unconflned compre551ve strength

1s a function of cement content for dlffefent dens1t1es, and

4
4

is in agreement.with ‘the £1nd1ngs of Larnach (1960). Draw1ng-
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on ah earlier work by Circeo et al. (1963);‘wh%ch repofted a
logar1thmxc relatzonsh1p between the freeze- thﬁw loss and
cement ’ntent by welght of a so11-cement m1xture, Yedavally '
and Anderson (1972) also developed the chart in Flgure 3.8 |
for soil-cements with.the dlfferent densities shown.

The simplifieéhdesign method nggested'by Yedavally and
_Anderson (1972), -involves the use of gigure 3.8 in
conjuneﬁlon w1th spec1f1ed limits of allowable soil-cement.
loss, to obtain the cement requ1rement for a.m1x;ure vhose
maximum density is previeuslyagetermined from a Proctor
density tee;. Figufe 3.7 is used to confirm'if the cemejft
'centeht so determined will meet compressi?e stre;gth
' requirements. As Yedayally and Anderson.(19§2) point out,
use of the charts in this way could limit an estimation of
the cement content ' to the two days required for the Proctor

¢

density test.

Limitations
.0

No mention is made of the cement conteht etlwhicﬁ_the
Proetor test is conducted to determine the density raﬁge to
use in the\51mpl1f1ed prbcedure. It appears the method of
estlmatlng cement content descrlﬁed in sectlon 3.6.2 ante
would therefore be(a required part of the prqcedurel making
it depehdent on the'PCA'(1971) short-cut method. such a
%dependehce of one simg;ified:method on another could lead to

unreliable‘reSUIts.
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Part1cu1ar1y low and unsual cement. contents are also
obta1ned from Figure 3 8 for the soil- cement mixtures in the
density range}of 101 'to 105 psi_(l609 to 1690 kg/m?).
fact the g;aph of that group breaks a pattern set by the
others'*. InVestiéation of mixture design gata for
soil-cements of this grcup_indicates this is the result of
the wet-dry test, and not the freeze-thaw test, being the
governing criteria in the selection of the design cement>
content. The soils’in this density group are mostly siltyﬂ
'sands (A-2- 4 or SM soils) w1th opt imum mo1§ture contents
ranging from 14 to 18 percent by weight of dry éoii.,Eqr

=

such 50115 the shrlnkage and swelllpg forces resulting from
the wet-dry test~are more”paramount to durability. ’ o
Conéequently, eoilfcement losseé'during the-wet-dry test are
a very important part of their mix_design procedure. °
e |
3.9 7 portance of Wet-Dry Test A

Thene is the tendency for most practices to relate the
freeze-thaw and wet-dry tests to the climate of an area. For
instance, in the development of the simplified or short cut
methods descr1bed above, Hutchinson (1963) and Qegigii;f and
Anderson (1972) only coﬁ51dered the freeze-thaw test a \

essent1al to mixture design in the cold climate of the

) B

‘ prov1nce. This is an erronecus 1mpre551on which should be .

T

corrected

"Correlat1on of 26 data p01nts by the author, as aga1nst
the 10 by Yedavally and Anderson (1972), indicates the
relative position of the graph is unchanged, removing any
doubts as to the authenticity of the graph.
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As poznted out in the preceding sect1on, this may be
disastrous for so11 -cement mixtures of silty soils for
example. In fact 1nspec£1on of Alberta Transportation data
‘reveals that?fhree possibilities are almost equally likely
to occurlin a particul&r design. There are the instances
where both the wet—dfy and freeze-thaw test equally-govern
}the selection of ihe desigﬁ cement content. In other case§,
soii-cement loss during the f:eeze~thaw test is the more
Aimpdrtént criteria. Fiﬁaliy; there are soil-cements whose
durﬁé1l1ty and strength-are governed ma1n1y by the wet dry

/. -

//test as mentioned above.

-

3.10 Summary

Cemént-;featéd'base mixture design in Alberta is b§ the
procedure outlined abovéfinvolving a freeze-thaw teSt, a
wet-dry test and unconfinéd gompressivebstrength tests. This
method hés b;;n successfully uéed over the Years, and often
prov1des the most economic and adequate cement content for
construction, as well as thg optimum m01sture content and
maximum density which serve as.guidelines during
construction.'A soil-cement loss of :less than 3 percent by
weight after standard brushihg of test specimeﬁs and a
minimum comﬁfessive.strength of 2.07 MPa (300 psi) are
required of a Suitable CTB mixture.

One unfavorable aspect of the mixture design method is

\\ the over 32 days rééuired for conducting the necessary

. —
tests. As a result, ‘there have been attempts to derive
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Shortcuf_ ;thods of Besign requiring no elaborate laboratory

tests. S;'\ shorcut methods could be used for minor rush

ne;u501ls ehc;ﬁﬁ'ered on an ongoing pr03ect. For major
projects though, the practice by Alberta Transportation of
cbhducting mixture éesigns during the usual ‘six-month fallow
period between consecutive construction seasons, eliminates
most of the adverse effects due to the length of time

required for the standard tests.
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Table 3.1  Limits for Deleterious Materials Found in Water for GTB

Materia) -‘ - Limits, ppm"

Sodium and Potassium Carbonates and Bicarbonates
Sodium Chloride and Sulphate 4
Calcium and Magnesiurh Carbonates

Magnesium Sulphate and Chioride, and Iron Salts

Misccllaheous Inorganic Salts (sodium sulf idé)
Seawater salt g

Acids

Alkalies

Solids in Industrial Waste Waters

- Organic Matter in Sanitary Sewage

B
i

t

}

Sugar N
Silt or Suspended Particles
Oils

1 000
20 000
400
40 000

500 (100)

35 000
10 000

5000

4 000
20
500

2 000

¥
20 000

' ppm = parts per million. -

104
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| 4.1 Introduction . . . o ;; . - _ . “u)

.4 THE STRUCTURAL DESIGN OF CEMENT—TREATED BASE PAVEMENTS IN-

ALBERTA

a . i
' The structural desxgn of cement treated base or L
. N\ “\‘

so1l cement pavements in Alberta is’ predlcated on the 0

assumptlon of a high standard of mix de51gn, and -’

‘constructlon and malntenance practlces. W1th'the‘assurance

of such hlgh standards, the actual structural deszgn is

conflned to the arbltrary selectlon of the thicknesses of

»_the various layers of the. pavement structure, takxng 1nto

L

con51deratlon the trafflc volume expected on the roadway in

‘guestlon.

ﬁTh1s structural design which relles on past experlence
has been in use in the prov1nce since the beginning of
serious cement-treated basejconstructxon in 1959, The heavy N\
reliance on precedent has not preciuded‘the provision of

structurally'adequate.SOilrcement{or cement-treated base

‘ pavements.‘Major contributory factors in that direction are —

the 51m11ar1t1es in the. aggregate and other mater1als used

the mix de51gn and construct1on practices, and the

a—

9env1ronmental condltlons as far as cement~treated base

%

'.pavements in Alberta are concerned.

Thls chapﬁer outllnes the structural de51gn procedure
for cement treated base or soil- cement pavements in the

prov1nce.



114

4.2 Structural Composition of Pavements
All cement-treated: base - (CTB) pavements in Alberta -

ba51ca11y consist of a layer of CTB on a prepared subgrade
with an ‘overlying surfacing of-asphalt1c materials. In
Figure 4.1, is shown a typical transverse cross-section of
the CTB pavement structure usually used in the province. It
-comprises of a CTB layer Qverlaid“with an asphalt_stabilized
‘granular base ‘course (ASBC) layer;uand«surfaced with an'
asphalt concrete pavement (ACP) The thicknesses of the
various layers are var1ed to give the requ1red structure for

the different traff1c and environmental conditions found in

the province. , . - //,/’";/—;(/

V A type of pavement structure prev1o ly used for
llght trafficked roads in Alberta comprised of a CTB layer
and an overly1ng,surfac1ng of ACP, w1th the ASBC layer

omitted. However, 1ts use has ceased for some time now and

few if any exist in in the prov1nce at present.

4.3 Basis fpr the Design

In géneral, as.discusssed in Chapter 3, the types of
soil used for'seil-cement construction in_Alberta are very
similar. Theycareemainly‘SP sands aid, in some instances, Sﬁ
sands with liquid limits 28 or less-and plasticity indices
less’than or equal'tc 6. Design cement contents normally
’;agge from 6 to 8 percent by weight of dry aggregate, and in
all cases cont1nuousgﬁ1&tlonary plants are employed in the

production of the CTB mixture used for construction.

- 3
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Subgrade soils are usuafly silty clays, sandy clafs and
clays of. low‘to medium plasticity, énd environmental
conditions are virtually the same acros the province.
'"Consequently, there is not much varlat on in the type and/or
conditions ogfserv1ce on the CTB pavements in the province,
With this chkg;ound,lit is reasonable to assume that
wiih proper subgfa%f'preparation, the same pavement
structure will be»adeqhate to a large extent foricaraging
the same volumes of traffic in any_part of the province. On
th1s ba51s, the‘dimensions of a new’pavemént are chosen such
that they conform w1th those used for prev1ously const%ucted
pavements which carry traffic volumes s1m11aﬁ to that.
anticipated on the new road. As part of thig empirically
- based design, however, high Standardé of mix design,
construction and maintenance practices ére-required for

reliable and successful results to be obtained. RAYR L

4.4 Thickness Deéign

As is evident fr- ~ .-~ the structural design of
soil-cement pavement: ne+ a. is therefore simplified to
the selection of th: - .cknesuses of the different layers of

a pavement structure.

" 4.4.1 Road C}assification

In line with thas de51gn phllosophy CTB roads in

/

Alberta are cla551f1ed into four groups. The ba51s for this

$

cla551f1cat1on {s the anticipated cumulative traffic up to
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the time of first‘resurfacing, which in the province is
‘between 10 to 15 years.‘Thié'pdts CTB'roads ‘into the classes
of those which carry light traffic, mediuh traffic,
méderately'heavy traffic and very heavy traffic. In Table

4.1 are given the cﬁmulative.a 160-kg (18 000-1b) equivaient
-single axle loads (ESALs) to terminal seérviceability level

for each of the groups. .

v

)

4.4.2 Thickness Selection

Thevbase course thicknegses ;hich in Alberta have
proven ovér the-years to be adequate for thé various
cumulative ESAL ‘categories are shown in Table 4.1. In the
désigh of'a-new road, the expected cumulative ESALS to

- terminal serviceability is determined, and the final -
compacted thickness of thé soil-cement base course selected
using these thicknesses'as guidelines., As paft of ‘the
design, a 50-mm thick ASBC is provided on topiof the CTB
layer, and finallfu»an ACP thickneés‘is selected for the
pafticula} traffic category. The'ACP thiéknesses fo; each
catégory‘are also shown in Table 4.1. -

In practice, all the pavements in the province fall
into the categories of roads which'gither carry light
traffic or moderately heavy traffic. Conseqguently, ohly the

'ETB layer thicknesses of 150 mm (é in,) and 200 mm (8 in.)
‘have b§en used for CTB pavements -in Alberta as of now. The

¥

50-mm ASBC: is always placed‘on‘the soil-cement base course,

and ACP thicknesseéfpséd>range from 50 to 100'mm depending

L4
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on the type of load to be carried by the road.

4.5 Reliability of Structural Design

The updéted Alberta CTB thicknesses shown in Table 4.1
compare favorably with AASHTO (HRB, 1962) and PCA (1 )
figures culled from.the text Pavement Managemen ide‘of
the Roads and‘TranspobFation Association of Cangda (RTAC,
1977) in Table 4.2. It is emphasized that the dimensions
given in Tab1é 4.2 are for comparative purposes and are not
design'recommghdations. |

Alﬁhough,'according to layer equivalencies for Albe?ta
reported by ﬁfAC (1977), the 50-mm ASBC in CTB pavements is
approximately equivalent to 30 mm of CTB, it is the practice
in the province to f;gard it more as a protective layer fo;‘
preventihg reflective cracking of the ACP wearing‘surface,
than as a paveﬁent cdmponent cdntributgnq to structural
strength. Therefore, the thicknesses of the other.pavement
layers are never reduced on account of the éfrength
'\ﬁcontribution of the ASBC. This apparently makes for a better

'pavement, as does the ACP thicknesses used in the the ..

province. These latter thicknesses are higher than the
" minimum of 40 mm (1.5 in.) recommended for use by the PCA,,

(1970) in frost areas where snowplows are used, a condition

which applies to the province of Alberta.
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4.6 Summary

The structural design procedure presented, although
very empirical in nature, has been successfully used in
Alberta for the construction of over 3AOOO km of CTB roads.
The suécess can mainly be attributed to the general
| uniformity in the materials, mix design methods,
construction and maintenance practices used in the province.
ConsequéhtLy, the destgns based_on prgiédent have been quite
reliable., Very high standardé of mix design and constryction
practices are also contributo?y factors to the succeés 6f
the structural design method.

The thicknegses provided have been structurally
adequate for the different road classes, and the inclusion
of lhe 50-mm thick a?phaltic stabilized base course is more
of the norm than an oddity. This practice is apparegtly very
good, as the asphaltic stabilized basé‘dpﬁrse is very
bengficial to the overall performance of the pavement
structure, serving as a protective layer against reflective
cfécking,_although not provid@ng much support by way of

giving strength to the pavement.
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Table 4.1  CTB Base Course Thickness chuiremcms for Various Traffic Categories
Cumulative Equivalent CT8 ACP
8 160-kg Single Axles, Thickness,  Thicknass,
Category ESALs mm, (in.) mm, (in.)
Light Traffic 5 x 10* 150 06) 50 (2)
Medium Traffic 10¢ - 175 (7) S0 (2)
Moderately Heavy Traffic S 2% 10¢ 200 (8) 100 (4)
Very Heavy Traffic Over 2x 10° - 230 (9) 150 (6)

Table 4.2 Comparison of CT™ Thickness Requirements

Cumulative Equivalent (8 160-kg) Single Axles,

ESALs, to Terminal Serviceability Level

10 5x 10° 10 2x100  Sa 0
- Alberta’ 150 mm 175 200 230
AASHTO Road Test )
Special Base Experiment , i
(HRB, 1962) * 130 mm 180 210 250
PCA Fatigue Design 160 mm 170 180 | 1¢5
(PCA, 1970) 155 mm 165 170 : 175

! Updated design includes 50 mm asphalt stabilized granulaf base cour%se: 50 mm;, 100 mm
and 150 mm ACP for ESALs up to 5 x 10, 2 x 10* and 5 x 10¢, respectively. Mcdium
plasticity sandy clay and silty clay sub-soils,no subbase; mainly SP sands stabilized with

6-8% cement.

275 mm ACP and 100 mm sandy gra

cement.

* 50 mm ACP for higher 1hickr?ésses:

cement, weak subgrade.

subbase; sandy gravel base stabilized with 4%

i\

m ACP for lower thicknesses; Granular soil -
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5. czm:nzr-'rnufxn BASE CONSTRUCTION IN ALBERTA
< 5.1 Introduction
Cement-tfeated base constructidn :in Alberta is méstly
by the plant-mix meghod. Using one hundred percent borrow
material ;vcement-treated base is obtained by mixing
aggregates, cement and water at a central plantAéﬁdf;hen‘
ttanspokted to the road c&hstrhctian-site in dump trucks.
A£ the site, the cement-treated base is spread on é
prepared subgriﬂe of the ro§dw$y énd‘immedi%tely compqgteé
ét the optimum moisture'con§gnt to a_maximum density.iThe
compacted surface is finished to‘give a smooth and tight
surface and sprayed with an asphaltic fog seal coat as a
prelude to curing{
"There is an initial curing peribd of at least five days
during which the base course is kept free of general -
traffic. A further minimum curing period of another five

o

ldays elapses before an usual\ﬁverlay of asphalt stabilized
granular base course is constructed. The rpadmggng}s stage
is'opehed to traffic until the next constrhétion éeason when~
a final surface course of asphaltie ¢oncreté is .constructed
on -the base courses.
Thi; chapter is a-description of the procedures,
‘equipmeht and quality control measures employed in the

~“construction of cement-treated base pavements in Alberta.

Also préﬁented are the methods of measurement and payment.

121
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5 2 General Constructxon Procedures - —

The use of- predomlnantly 51ngle 51zed borrow sands for
cement treated base (CTB) mater1a1 in Alberta 1s respon51ble
for a general prefe:ence for central plants in the prov1nce;

Spec1f1cally, as recommended by Alberta TranSportatlon in an

effort to. standardize constructlon_procedures, contlnuous

e fcentral plants are employed i ‘Bhe production of CTB for

construction projects. AN :

Thls material, .p@oduced during What‘may,be regarded as
-a flrst phase of. constructlon, is transported in haul: trucks
to’ the roadway site for the constructlon of a base course
layer on a prepared subgrade in the second phase of
construct1on. Accord1ng to Alberta Transportatlon
spec1f1catlons,‘the plant and constructlon equ1pment for
these two phases of constructlon, sﬂguld be capable of |
produc1ng€and plac1ng a m1n1mum of ' 200 tonnes per hour of
CTB materlal;‘A set of quallty control tests‘assoc1ated wlth”
‘each of the-two phases ensu;es.the provision of Zhe best
quallty base course. Also, tbqallowkthe Seéiy constructed
base course attaln adequate st?ength and durablllty,
product1on and’ plac1ng of the CTB material ‘is not permitted
when temperatures are equal to or below 5 C; orvwhen‘

!

condltlons 1nd1cate temperatures wllb be 1n that range

. w1th1n 24 hours. '; S 5 L o

The last phase °of construction,’not of major concern

L s ‘ v \ _
.~ ~here, involves the construction of the overlying protective

asphaltic material layers,xﬁhichkusuallyﬁcomprise of an

K
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asphalt stabilized granular,base course (ASBC) andian&
asphalt concrete surface wearing course (ACP).'The differént
phases of -the constructlon of a CTB pavement 1n Alberta are
d1scussed in the- subsequent sect1ons of thlS chapter. |
5. 3 Plant Productxon of CTB

The plant for CTB productlon 1s usually located at an
aggregate/source whlch as p01nted out by Dacyszyn (1961),

should be able fp supply at léast a third of the total

.quantlty of aggregates needed for a parb1cular progect This.

' B

is necessary to ensure enconomy Of constructlon. Water ‘is-

;-

; -

elther drawn dlrectly from a nearby source or suppl1ed by
water tankers' and the cement is drawn d1rectly from
tra1la€ type bulk carrlers or 51los transported to the S}te
‘A fleld laboratory and a scale house w1th a scale for

weighing loaded trucks complements thevplant equ1pment.

" .
5.3.1 Preliminary Preparations

This involves stripping borrow pits of their vegetative

and otherwisefunsuitable tostoil cover and the stockpiling
of the aggregateswobtalned from them. Where blending of |
baggregates with different gradatlon elther of the same pit
or'fromfseparate~pits,cls necessary, operatlons are ’
o carefully COntrolled to ensure.a honogeneous m1x is

obtalned Aggregate degradatlon and/or segregatlon is kept

at a m1n1mum, and where requ1red very wet aggregates are

Adewatered by aeratlon or pumping. A plant layout for

-

N
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efficient operation and production, as well as the
m;nimization or complete eliminetion of potential sources of .

»

hazards to personnel is also ensured

*

L)

5.3. 2 Plant Operation

The units which make up’a CTB plant are‘usually remote
controlled from a control panel set high above the plant
often w1th a capability for- the 1ndependent control of the

separate units. An essential feature of such a plant 1s

"'prov1510n for the p0551b1e diver51on of the aggregates and

cement from their: respective feeders 1nto external

receptacles for measuring ‘The various units are described

below. Illustrations are presented of a typlcal CTB plant in

Aggregate Feeder

a The aggregate feeder comprises of a hopper hith either
,an adjustable or fixed ‘gate which discharges aggregates from

(5
‘a stockpile onto a conveyor system. Plate 5 1'shows'a‘

.

partially buried feeder discharging aggregates onto a

4

’,conveyor at F, A loader or bull- dozer~eeat1nually

replenishes the ‘hopper "of aggregates to ensure a continuity

1nloperations. The aggregates are transported'to screening

units as a first step in their preparation for use.
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QScreehingﬁUnit“

The screenlng unit removes - stumpa, roots, 1arge rocks. -

4x ,}/’
lumps of aggregates larger than the max imum spec1£1ed 51ﬂig‘;

uand other unsultable mater1al from the aggregates. Two

screening units are often employed. A first screening_unit

removes. very Iarge'materials such as stumps, roots. and

“rocks, and a second unit screems off aggregates larged\nhan\
fthe maxlmum spec1f1ed size. Pldate 5.2 shows such screens S

and T respectlvely Forfmore effective screen1ﬁg; ‘the second

4

]screenlng unit (T) usually has two screens, as for example

shown by M and N in Plate 5. 3

. Cement Feeder

Cement feeders usually compr1se of a ' surge bin with a
vane feeder which adds cement w1thdrawn from a silo to the

screened aggregates. The cement is pumped under‘compressed

‘air to prevent bulking..The>Vane feeder'may either have a

fixed'speed and discharge ceTent‘at a fixed rate, or be of a
Variable speed with a variable cement discharge»ratet=The
cement feeder B in Plate 5.4 is a typical example which
withdraws cement from a silo Avand adds it thevscreened

aggregates on the conveyor at C. (G and W in Piate 5.4,

-houses the electr1c1ty generator and control panel

respect1vel¥)
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Pugmill T e

The measured amounts of aggregates, cement and water |
are m1xed together in the pugm111 It Comprises of a

rectangular boxllke chamber .with two rotating shafts running

o

parallel to the direction of flow. The shafts are fitted
w1th paddles which do the mlxlng. To ensure a more uniform

mix, water 1s added to the m1xture some distance: (m1n1mum of

.
A

0.5 m) upstream of the entrance of the pugmill, where the

soil and cement are 1ntroduced, to allow an initial dry

<

m;xing OEFtaeféoil and cement.
f P in Plate;5ﬂ4, sho&s the Qeneral location of a pugmiil
‘relative to theaother units of.a plant. Plate S;S.is a
c;ose-up from the upstream ena 6fvthe'pugmill, sho;ing the’
reiative poéitione of the two rafatiag shafts Q@ and R; In -
: the‘geheralvpositjon of the’arrow D, is”a dam which may be
aajusted“up'or do?n, te increase or decrease; respethvely,
the time‘bf mixing ih tﬁe pugmiilr _

e

N

‘Storage Bin

A temporary,storage binwarfrhe end of the train of
units providea afmeans'ef storing the CTB mixture for some
time“Ih‘this Qay,~plant*productfon may continue even when
‘haul trucks are‘remporarily unavailable. A typical temporary

storage surge bin H is shown in Plate 5.6.
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5.3.3 Plant Calibration . = )

A plaht calibratioh is carried out at each aew plant
setting before plant operation or whenever reéquired by the
project manager. Depending od»the:types”of eement and/or
_ aggregate feeder of a plant, there;are differentﬂabproachee
_to calibration. |

Fgr_a,plant with a constantﬂepeed cementvvane feeder,
the.cemeat)feed rate iswnaturally;fixed,qFrom this cement
feed rate and thehmixture design cement;eontent, a‘projeeted
dry aggregate feed rate is'caiculated By‘trial-and—error, .
an aggregate feeder setting at which the dry aggregate feed
erQ is within plus or-minus.5 percent of the prOJected
value is then determined. This constant cement feed rate\é
also fixes the plant CTB.productlon rate and determines o
factors such.as the capacitibof construction equipment,

number of haul trucks and the pace of construction.

An 1n1t1al estimation of the wet mix production rate 15;(}.-

requ1red when callbratlng a plant with a variable speed
‘cement vane feeder. This estimate is established by tak1ng
binto agcount the plant and conStruction'eguiéaent%
capacities; the hagl distance'and number of haul trucks; and
with‘respect.to the'water that mayvbe needed, the moisture
content of the stockpile aggregates. From the“estimate’and
the mix design parameters, the projected cement and dry
aggregate feed—rates are ealculated. Separately, and b{
trial-and-error, the_pement and aggregate feeder setting§ at
which actual feed rates cgme to within plus-or-minus 5
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percent of the projected values are determined.

4 ! . . . \ .
' En both situations described .above, determination of

.

the aggregate or cement feed rates at a particulaf‘setting,'
[ ‘ : - ‘

is accomplished by diverting materiel from the pafticular
feeder into an- external receptacle and measuring the
}discharge per some unit of time. With the plant running at
the aggregate and cement feed rates so determined, £;¢ fate
of water addition is gradually increased from-zero to a rate
at which accompanfipg tests ihdicate Ehe moisgufe concent is
at the required level.

The quality of the CTB material pfoduced with the pl&nt
operating at the cal1brated settings is checked, and
remedial act1on, which mayw1nc1ude prolonged mixing in the
«pugmlll or recalibration at a lower settlng, taken if the
quality is judged poor. On the other hand, there may be
reselibration to_increase the p;oduction rate, if the |
efficiency of'production>obtained at the initial setting is
"considerably high. Typical wet CTB production rates range

from 400 to 600 tonnes per hour for the plants used in the

province.

5.3.4 Plant Quality Control
In order ﬁo make plant quality control tests more
effective, the total daily production is divided into four

and the following tests conducted on each quarter called a

- *

production unic.



129

a) a production rate test

b) a;moistufe~density relations test,
c) a CTB mixture moisture content test
d) a cement titration test

e) a sieve analysis of stockpile aggregates

In addifion, éhbulk cement cohtent is determined for khe CTB
mixture produced eaéh day, i;e,.after each fourth production’
unit. The quality control testscére briefly discussed in
this section.v M |

To ensure the sampiés for the tests are representative
bﬁ the mixture broduced, the producfiqn rate test ig
éerformed before thé other tests, and the samples for tests
b), c) and d) are usually obtained from the same haul truck.,
The tests are then conducted concurrently within an hour, to
'minimize_the detrimenﬁal effects resulting from partial

cement hydration. had

~

Production Rate Test.

.

This involves measu:ing-the dischgrge of CTB in tonnes
per hour éroduced at the plant. At leést one test is
performed every hour, and remedial action is taken when thé
average production rate determined for a proauctionrunit ié
not within plus-or-minus 5 percent of the calibrated value.
As part of the test, the cement vane feeder discharge rate

Q ~-

is determined from ‘the cement production rate, and

corrective measures taken.where it is not within

)
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’-plus-or—minush0.3 percent of the calibrated value.

Moisture-Density Relations Test

A three-point standard moisture-density relations test,
using a é.srkg rammer, dropped from a height of 304:8 mm, is
performed on a representative CTB sample of eachig;oduction
unit. The optimum moisture;content and maximum dr}'depsity
so determined are the values which govern the field:‘
compaction of the material within the  particular production
unit. Genérally, the average dry density of a proddction
unit should*compare‘favofébly with the laboratory design
value. A new mix design is necessary if there are consistébt
variations of more thgn plus-or-mi%ps 80 kg/m?®, and there is
a noticeable change in'pggregaié g;adation;

Moisture Content

A moisture content test using the conventional ’n
drying‘ﬁethod at a temperature of 110 C plus-or—ﬁinus 5 C,
or thé open pan method with measures taken to prevent loss
of material by splattering, is conducted on a representative
sample of each production unit. For sandy soils, the
moisture content is.expected to be equal to or slightly.
bglow the optimum moisture cohtent. Consequently, a
deviation of up to 2 percent by weight below tﬁe optimum is
alldwep, Hﬁgher than optimum moisture contents are, however,

_avoided for CTB of the sandy soils used in the province.

/«-
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Cement, Titration Test

This chemical analysis test method is used to determine
the cemeﬁt content of a CTB mixture., It involves the
determination of the amount of an acid (HCL) of knowﬁ
concentration needed to neutralize a CTB solution in water.
The cement content of the CTB is then obtained from a
standard curve of cement content against weight of acid
titrated. This standard curve is earlier obtained by
titrating a CTB-water solution of known cement concentration
wiﬁh the same acid. Fof*aggregates with appreciable ambunts
of alkalies, an adjustment is made for the acid which goes
into neutrallzlng the alkalies. A var1at10n in the cement
content determined in this manner of more than plus-or-minus

5 percent from the design value requires 1mmed1ate

corrective measures.

Sieve Analysis Test

A wéshéd sieve analyéis‘of a represengative aggregate
" sample o?tained from the feeder is conducted to determine |
the aggregate gradation for each production unit. With
specifications requiringall the aggregates pass the

40 000 um sieve, the sieve si2es:used are a top size of

20 000 um; followed by the'10v000, 5 000, 1 250, 315, 160
and BQ um sieve sizes. The gradafion graph obtainéd should
compare favorably to the design gradation. Blended
aggregates are given special attention during th1s test.

\

(g
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Bulk Cement Content

The bulk cement content of the production for eéch day
is determined as the ratib_of the total cement Eonsumptibn
"to the total dry aggregates used by weight. The total cemenﬁ
consumpt ion ié‘determined from the cement invoices, and the
.dry aggregate weight from the scale—housé data. In the
calcﬁlation of the dry aggregate ﬁeight, the avéragé of the
moisture contents for the prdduction units in a day, is
taken as the moisture content of the total wef mix produced.
" The bulk cement”conQent so determinedis mainly for
comparative purposes, but excessive and repeated variations
warrants‘remedial.action to improve the quality of material

subsequently produced.

5.4 Base Course Layer Constrqﬁtion »
Following production, the CTB is t}ansporte@ to the‘
construction site in self-unloadiggfsrucks, which typically
- in the province ha;e capacitiesﬁ?@ﬂéing between 12 and 15
tonnes. Of prime importance is éﬁgz%aul_distance from the
plant to the roadway. As partial cement hydration results in
difficulty in compaction and a consequent decrease .in
density, strength and durabilify, it is essential to limit
the time begween whén wat;r is addgé to the dry
soil-and-cement mix in the plant and the completion of
compaction in the field, to a maximum of two (2) hours (cf.

i

section 2.6.3; ante).
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5.4.1 Construction Steps

Construction of the CTB base course layer uﬁually-
involves subgrade preparatioﬁ followed by construction of
the base course layer. On £he average, },5 to 2.0 kilometers
of roadway is.constructed in the province per day for
typical CTB projects. The construction steps are described

:
in the following paragraphs.

Subgréde Preparation

*This ;omprises shaping the subgrade to the final crown
and grade. The subgrade soil is ripped to a dépth of at
least 150 mm (6 in.), pulverized, mixed.and compacted St the
optimum moisture content, to a density of at least 98 _
percent of the maximum standard proctor density. The depth

of preparation is increased up‘toia limit of 300 mm (12 in.)

where the subgrade soil is very wet.

Mat Construction

The plant-mixed CTB hauied to the roadway site is

. spread on an adequately moistened subgrade by spreaders )
fitted wifh automatic depth control devices. The material is N
placed in widths of not 1ess_than 3 m, and depths not to
exceed 200 mm (8 in.) of final compacted material. Thicker
lifts are placed in two or more lifts, and_joint
construction procedures (diséussed ih a subsequent section)

employed where adjacent lifts have to be placed more than

thirty (30) minutes apart. Also, throughout placing, the .
Y o
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spreader (s) are never allowed to runAempty in order to

ensure the provision of a base course of uniform t:hickness.b

Compaction A
For CTB of &ﬁe?sandy soils found in Alberta, adequate

compaction is usually obtained by rolling initiallf‘with
steel-wheel rollers (preferably vibratory), followed by
pneumatic-tire rollers. Immediafe compacéion is essential,
aqg cémpaction pathé are overlapped by at least 25 percent.
With the help of the project manager, a contractor is

, usually able to determine the rolling pattefn vhich will

give the best results at minimum cost and in the shortest

possible time.

Finishing
Finishing operations comprise of shaving the coﬁpacted

base course to remove high spots and a final rolling with a

3

pneumatic-tire ‘1btain a smooth and tight surface.

‘ ﬁ!&mpaction planeskafe removed by lightly scarifying the
-affected areas and recompacti;g to tﬁe maximum density. A

* light spray of water is applied,wheré necessary to keep the
‘material damp thfoughout finishing. Correction of
depressions by filling thém with fréshly mixed material and

~ then compacting to the specified density is considered bad .

practice.
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Curing follows immediately, after compaction and f/_;g;,‘@;

0 /‘Q [ “4 Th Y

f1n1shing Keeping the finished surjace clean of any ﬂo@se

or foreign material and damp with a light spray of‘water, a
curing coat is.applied. A fog seal coat of a rapid curing
cutback or emulsifiéd asphalt {s usualiy sprayed on the,
surface by‘mehns of'q distributor at a yate of betwéen I N
0.5 kg and 1.0 kg per square meter. The base course is then '

[}
kept free of traffic except for construction and local

a4
traff1c which cannot be dzverted to any alternate route.‘;ﬁa L
allowed to cure for a minimum of five daj‘[ ‘'This period 13
extended 1if temperatures fall below 5 C duj!ng curing. ’
Where the base’ course is constructed in more tbanfaf
single 1ift, each 1lift is geparately sealed and allowed to
cure for the miﬁihum period stated above.‘Exgeptions tdlthis

rule are allowed when both lifts can be placed aRd compacted

iR O
section 5.4, ante).

-

witpin two hours,

Joint Conséructién .

J01nt construction is necessary where adjacent layers
are placed more than thirty (30) minutes apart. This is
usually required for construction starting at the begining
of a w&rk day. Joint construgﬁiﬁﬁ‘céh etther be undertaken
at the end of the day or just prior to constfuction the’ next
day. Using a grader or hand toofs, a joint is formed by
cutting well back into the base course, to a fylly compacted

face. The face cut is made vertical to the surface of the

L 3
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" site has the.m01sture‘content?

' compaction. Hand molded halll

e
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.

el
W

1icompacted subgfade,:andvaligned with the roadway centetiine

or cut normalbto'the centerline; for longitudinal and

transvef%e 301nts, respect1Vely The face is thoroughly

k)

cleaned and tlghtly packed with" freshly m1xed CTB, wh1ch is

.,compactEd‘Eo the max1mum density for‘constructlon of the

ad301n1ng section. Placement of about an extra 50 mm of
uncompacted material to give an overlap after compactlon,

which 1svlater shaved off, is con51dered good practlce,

=]

-

5.4.2 Field Quality Control -

« Field quality control in Alberta,‘compfiaee oﬁ,bothV

\are d1scussed under the‘headlngs of the paramete_

- g

measure i i

Moisture Content.

cessary for adequate

3

f C@B mlxtures w1th m01sture7

[

contentj‘iugﬁ‘to or near the optlmum,hgust hold together'

.when dropped from a helght of. O 3 mx and when squeezed

o 4

tlghtly 1nto a cast let off jUSt enough moisture to dampenf

the hands. Conversely, balls of CTB wzth mozsturq contents

‘h1gher than the optlmum tend to wet hands while those WIth-

; /
too-low m01sture oontents crumbleton,lmpact with the ground

)
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after a freeffali of about‘0'3m.'It is emphasiaedhthat these .
tests are subjectlve and are only used in Alberta to help “
'_attaln better construction results. |

o . n

Density-
| Prior to coating with a fog seal coat, an in-place
' conventional sand cogg (AASHTQ T191) or~rubber_ballon field
deasiby test (AASHfO T205) is coqductedkon the Base course
immediately after cempaction'ana finishing. Tests are
conducted at locatlons whlch mark the beginning of
productlon unlts, and often in at least Eyo ;ore randomly
\“selected.locatlons spaced a minimum of 100 m apart w1th1n a
L productlon unlt A den51ty equal to at least 97 percent of
;fthe maximum standard proctor density determined for the unit

°

(cf. section,5;3;4; ante ), is the minimum required for

adequate compaction,

f

Compressive Strength \
Compressive strength,tests are conducted after seven
ddys of curing on cores obtained from the base tourse at

chainages which mark‘fheabegi?ping of eaeh préducﬁioh unif,
and at oné-or mbre’rahdom locagions withii each unit. Inlb
| general cores afe usually securod at the%:?d of the sixth
lday of curing to allow for a* soaklng perlod’

v

v,before.testlng on the seqenth day. Bas;cally,=c0mpressive

fa4‘hoursf;

w

strengths above 2.07-MPa which.compare favorably with design

' _ B : - o
- values imply an adequate strength gain. Compressive strength
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tests after h1gher curing per1ods are performed as a check
“for locat1ons with ihadequate strengths. Remedial act1on is

‘only required if the results do not compare favorably ylth
| desighﬂvalues. “ A

P

Depths and Levels

[

Compacted depths are qualltat1vely checked by
monltorlng the depth of loose base mater1al spread as‘

determlned from problngs prlor to compactlon. Quant1tat1ve

measurement 1s'also p0551ble_from the cores s

’compressive strehgth tests; although such-:reg re often
(—\\ rather laté to serve any useful-purpose.‘ Vels are.

- not spec1f1cally checked However, once a sigd dé"*i's cut to
the prgper crown and grade, the flnal compacted level is
pften assumed to be correct prov1ded the mat constructed'ls >
of uniform thickness. - o o .

';” : S.4‘§'Remedial Construction 4

- | . _ Dependlng on the results of the quallty control tests,

4

“and from observatlon of thé. fog sealed base course pr1or to
the constructlon of the asphalt1c overlays, remedlal
constructlon may sometlmes be . requlred A strong

non complfance Wlth density or compre551ve strength

re rrements may., for 1nstance, show up as visible fa1lures

in the base course. For hardened CTB, the repair of such

excess1vely falled areas involves the complete excavatlon of
. N " B . .

~ the failed material well past the limits of failure and'dow%éf$ _f
no R o , . IR PO

» = o “ ‘ R . e




‘replaced with freshly mixed CTB which-is thoroughiyw

‘layer.
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to the subgrade surface. The material removed is then '

compactéd, finished and sprayed with a seal coat. The
repaired section is barricoded and allowed to cure for at
least five days just .as ordinarily constructed CTB.

Junctions between‘adjacent old énd‘new;material are also

constructed in the same manner as normal construction joints
as discussed in section 5.4.1, ante. Remedial construction,

where required, completegﬁcqnstructlon~of'the base course

5. 5 ‘Construction of Asphaltxc Layers

"As ment1oned,prev1ously, the asphaltlc cover layers
built on,soil;cement‘base‘cOursés in the province usually
comprise-of an asphalt stabiliied:granular base coutse,t

ASBC; overlaid with an ésphélt concrete surfacing, ACP. A

curing period of at least.ten (10) days is required by .

\J

'specifications between the time of application of the fog

seal coat and the constrpction of the asphaltic covers
layers. S‘/ e

| The construction of the asphalt §tabilized base course
is always in the samelCOnstruction sgéson as the CTB,basq

course. The granular material is either road-mixed with an

MC-250 asphalt or plant mixed with an" NC 250 or MC- 800

; asphalt. Constructlon of the asphalt1c concrete surfacing is

N

‘.usually delayed until the next construct1on season, Thls has'

-

also been observed by Dacyszyn.(1961) and §

r’eids and -
o

-

-
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Hutchinson (1961) A tack coat is usually applied betweenl
the asphalt stabilized base ‘course and the underlying CTB. as.
well as the overlying asphaltic concrete surfacing. A rapid
curing'outback applied}at a rate‘of'0{4 kg to 0.5 kg per
square meter is often used. o
5.6 Reporting Plant and Road Test Results '_ o LR
"ggv To ensure .an easy reference and maximum utilization of
plant and road quality control test results, daily reports
to the_contractor, guality control charts andaloglbooks are
~ kept on all CTB construction projects in thecprovince. The -
‘hmportant test results'for the production of each day are
' éééorded on a 'Daily Report to@ContractoE‘ form and. ‘
submitted to the 3%ntractor with a copy kept by the,project'
manager. The . form gives pertinent information on the quality
of the CTB material produced‘and laid the subgrade
_preparation, and the aggregates used each day.

On the quality control.charts, the{results from the
plant and road tests are presented graphically, with the
quantities plotted on the ordinate against the production
_unit on. the abSCissa. These charts permit the organization
and utilization of the data*collected as a result of their
»¢Visual impact and ability to show trends.<However, although
- the quality control charts are very effective in’ ' ”>.
highlighting a lowering in the quality of a’ material

produced for for example, they do not offer information on

the looation of a problem~spot.\A good interpretation of the
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results by the uSér is therefore required to locate such

spots for the necessary corrective measures.

At least two'log books dbcumenting the progtesS'of work

at the plant site and at the roadway site are also kept. The

plant log book usually contains information of plant

Calibtafion, tonnage checks, production units, a general job
diary, etc.; while the book kept at the roadway site also
gives information on subgrade preparation, daily progress,

rolling patterns, core strengths, and any other useful data.

5.7 Measurement and Payment
The measurement of and payment for the works inzglvingn

the construction of a CTB pavement in Alberta are usuélly

-grouped under the following categories:

a) éubgrade préparétion

b)" construction of CTﬁ base course layer

c) constructien of asphalt stabilized granular base
'coﬁrse\ |

d) construction of asphaltic concrete surface éoﬁrse

a

' Ohly the works involving the ;onstructidh of the CTB base

Q

- course layer is discussed here. The other works are common

to most of the different kinds of pavements constructed in

the provihce.'
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Method of Measurement

There is measurement of

e xa) the quantify of CTB ih tonﬁes produced and accepted -
for construction and cbmpacted to the specified
‘density and thickness. It includes the CTB material
used for any incidental work approved by the project
manager, but{gpt material used for the repalr of
fjkled sectlons resu1t1ng from poor workmanshlp on
the part’ of the contractor. The quantlty of the
water used for m;xlng, compaction, curing and any
other Qorks specified by the project manager; 'and
oth;r materials such as sénd for sanding the seal
coated surface, are considered an inherent part of
this measured quantity. ; E
b) the haul of CTB material. This‘isjméde up of a basic
loading factor in tonnes,-énd the haul in
tonne-kilometers. The haul distance is taken as the -
average of the tﬁo distances to‘the opposite ends of
the section of roadway under consideration.
c). the works involving brooming'aﬁa apélicaﬁﬂqn of théuj

. G
fog seal coat in square meters. .

Payment
There is payment for the

a) total quant1ty of CTB at the price bid per tonne.

Th1s price is compensat1on for all the cost and work

"iﬂg' e
; 3 .
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leading to the productién of‘CTE’Y?g; the raw
mafe;ials, and placing of the‘CTngase course.
b) haul of thé CTB material used. Paymeht is in terms
:of a:basic loading_féqtor for-tﬁé total.quantity-of‘
~CTB at the.price bid bér tonne 6; per cubic meter;
- and the haul of the material at the pricéﬁbid per
ténne-kilomgtef»or;per'éubiq metre-kilometer.
" c) works invo;ving brooming ‘and éppl;;ation of fbg seat

coat at the price bid per sguare meter.

5.8 Summary .

~ ’In this chapter the procedures typica}iy uéed in the
'conétruction of CTB pavements in the pfqvince have been
prsented. The predominant use of the same kind of equipments
(e.g; the continuous flow central plant); the simiiarity in
agéregates; and use of the same principles of construction
has contributed iﬁ‘no small way to a largely successful
construction program. Not only are contractors familiar‘with'
the various aspects of CTB construction, but fieia quality
controi has become more effectiQe over~thé'years. The method
-of rep ging quality control test results, namely by the'uge
of daily contractorvreports and quality control charts, also
ensufes maximum utilization of thelresults, and contributes
to’a high quality 6f firét construction of CTB pavements in
the prévince. With the difficultxkin reworking or

reconstructing'hardened.CTB this is an asset.
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Plate 5.4

Double Screéns Of .2 Screening Unit, |

Cement Feeder, Pugmill and antroi Tower
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6.1 Introduction

As previously mentioned, since the beginning of the use
of cement-treated base mat;rial in Alberta in 1959, over |
3 000 kilometers of that type of ‘pavement has been built in
the province. Clearly, this is an indication of some

1

Satisfaction with the performance of cement treated base

-~ )

pavements and a recogniti the physical benefits accrued
from them in Alberta. Howe aﬁar: from a few instances
where data presented in studies aimed at deriving

performance prediction models give some insight into the

-\

A

field performance of cement-treated base pavements, not much
published.information is available on actual performance
evaluatighs'under the various traffic and environmental
Eonditions ip the province.

Consequently, an evaluation of typical cement-treated
base pavements was conducted in order to determine Qhether
the mixture and structural design criteria and construction
procedures used have provided satisfactory .pavements; and
whgther performance evaluations using prgéently available
methods can provide adequate data for making effective
rehabilitétion.decisions; Pe?fotménce was evaluated on the
basis of field measurements of Benkleman beam rebound,
riding comfort index and:yisual condition tafing; andzthe

serviceability trends in cement-treated base paveméhtsk&i«;@R

’

147
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the province were investigated.

S
5 ————

Y,

6.2 Evaluation Procedure

Over the years, Alberta Transportation has collected.
and compiled data on the various performance indicators,
together with 1nformat1on such as year of construction,
structural comp051txon, traffic, subgrade soil type and

rehab111tat10n measures for the primary highway network in

the province. This data has been computerized by Alberta

S N 5 ! e B et
: trends in strenﬁfh_f ‘jdenesi%?nc' i
re%pgnaﬁlblé £ 'ﬁ-g,thése&'f&f;end.sf ‘a’a,n o

Research Council to give a comprehensive and easily 4

retrlevable data base.

In th1s anluahion data oq?%oﬁggtyplcal cement-treated

¢

*D
w5

b"erformﬁﬁ

paSt,,there have also been a- number of studles

EY

1recx§d!m%1n1y&at der1v1ng perﬁormance pred1ct1on models,

5q‘ 3 A
L%ueysome'lnformatlon con the performance of CTB

X

gn Alberta. Ch1ef among them are studies by

c

Hutch1nson (1961) Sh1eld et al. (1975) and

i;' (1983)5 F;ndlngs from these studies and the

e
b

i ;O£ the typ‘c%l pavements were comb1ned o give an

\

f'ipunt of the performance of CTB pavement in the

pros

148
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6.3 Performance Indicators

~ Benkleman beam rebound ,d, riding comfort index, RCI, !

and visual condition rating, VCR, are the pertormahce
indicators which, as part of the Alberta Transportation&aatl
base, were used in the assessment of the strength, roughness

and surface distress of pavements,»respectively.

Benkleman Beam Rébound

P

~— T,

. iy
Measurements of d for the CTB pat

Pts examined have
been obtéined evefy three yeans e 1931 using trucks vith
. -

rear axle loads .of 8 160 kg (18 k%

and tire pressures of
a

- 0.55-MPa (80Apsif. As Karan et al. (1983) report, tests are

usually conducted at a rate of 10 per mile, but are
increased to 26 tests per mile for'sections approaching
terminal serviceability. Ddié on the mean’Benéleman beam
rebound, 4, and the maximum probable;rebound, (d +’20), are
avaiiable in the data base for the pavements studied. |

.

Riding Comfort Index ' @

Attempts to takeoafl measurements for the @ypical-
pavements started in 1969 with Portland Cement Agsociation‘

; ' '
(PCA) car roadmeters. Except for a few lapses of 2 year or

’two in some instances, most Qf the pavements ‘have RCI

measurements taken on a yearly basis, and thus‘the‘RCI data ¢

xepresents the most comprehensive of the performance data on

the pavements. The pavéménts are rated on a scale of 0 to

10, representing the worst and best ride qualities 3

#

O
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reSpectl'ely, with ‘a value of 5.0 considered as the minimum

below which rehabilitation measures are necessary.

- e

o

Visual condiwioh Rating

-y

VCR is'a measurement of the structur?l deterloratlon of

bl

a pavement as perce1ved from surface features such as
pavement fracture, d1stortlon, d151ntegratlon and v151bie
malntenance workstA ated -on a scale of 0 to 100 |
representing~thelworst and best surface dlstress cOnditions
-respect1ve1y, a VCR of below 35 is con51demed to 1nd1cate an
1mmed1ate need for rehabllltatlon measures, Whlle a VCR
between 35 and 45 indicates such;measures will be requ1red
within a,year:or so‘(Shields'er alr,.1975); Measurements
'were started in 1975'but'have not been»onfavregular.basis.
As a result VCR data on _the CTB pavements examined‘wﬁge'

minimal.,

-

T

6.4 Selection and‘Features ofKTipigai.Pavements )
AS“part.of’the evaluation'érocedure, representative
projects were selected for 1nvestlgat10n for specific
‘1nformat10n on performance. Contract dociments df these
selected pro;ects~were searched for pertlnent 1nformatronvon

mlxture design, structural dlmenswnsr construction and ’

other - features wh1ch mlght have 1nfluenqéa performance.

»

~
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¢W°1 Criteria for Selection

" In an attempt to develop performance<prediction models,

4

Karan et al. (1983) determined that the Benkleman beam

R rebqund RCI and VCR of CTB pavements in the prov1nce are |

not 51gn1f1cant1y affected by the climate of an area. Also,

7

'the 1nfluence of subgrade type, mix .design and construct1on

practlces are con51derably m1n1ma1 1f thé(torrect subgrade

"

' preparatlon and mix design and constructlon procedures are

followed On the other hand, Sh1eﬁhs et al. (1975) p01nt out .

/

that performance 1s apprec1ab1y affected b%%the load
1nten51ty on a road. - _— ' |

Consequently, tﬁo representat:ve progects from the

Il

primary h1ghway network of the grov1nce were selected for
1nvestlgat1on. One project was selected for each of the two
pr1nc1pal traffic- loadlcategor#es recognlzed in the prov1nce

>

durlng the de81gn of CTB pavements (cf. sectlon 4 4.2,
ante) . Progect 12:12 and Pro;dct 2:28, wete selected toi' L3
_represent the light- trafflcked roads and heavy trafflcked

‘roads respectively.

'Y

- 6.4.2 Project Features
lp,;‘A~20Q97—kmlSoil4cement'seCtion\of Project 12:12

© 77 constructed in'1966 was_one of the representative sections

lfyf selected for investlgat1on. This 2-lane road-wit3r3-m )

(10 ft) shoulders compr1ses of a 150—mm (6 in ) il-cement

-

ﬁﬁ& " base course and a 50-mm (2- in. ) ASBC ,overlﬁgd with 50 mm

2é’1n) of ACP in. 1967 to complete construct1on. A part of

- °

¢
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this soil-cement'section carried ah‘ayerage of ZS‘ESAhs per
 day, while the restvcarried 44 ESALS per,day ig'the year it‘
was opened to traffic. éy 1985, these had increased to
’ appvox1mately 220 and 360 ESALs per dayubrespectlvely.
The other—goTT'cement pavement examlned is a section of

Project 2:28, a 4-lane d1v1ded h1ghway with 1. 8 m (6- ft) ‘and

3- m;(lO ft) 1nner and oyter shoulders respect1vely Built in

1965, thni p7Vement comprlses of 200 mm (8 in) of a

soil- cement/base course, 50 mm; (2 1n) ASBC and 100 mm

G

(4 in) ACP. An 8.07-km sectlon of the total 13.77- kg road
was surfaced wvith ACP one year after constructlon, whlle the

rest was overlaid with ACP in the folloyingayear.iis part of

~ the major highway betyeen the two population cénters of:
’EdmOnton and Calgary rn Alberta, t21s project which carr1ed
@@'n ‘average of . 300 ESALSs per day inits flrst year was
carrylng as much as 1 500 ESALs per day in 1985. This
tran@lated into an annual average dally trafflc (AADT) of -

about 10 000 in 1985

a IR

Both Project 1[-12 and Project 2 28 were constructed
w1th plant mixed CT mater1a1 from so1ls ldentlfled as SP
sands under the unified c1a551f1catlon system, i.e. A-3

sands under,the AASHTO cla551f1catlon systen, u51ng Type\lo

2

(CSA) portland cement. Cément contents ranged from 6 to 7

percent. Sub501ls for both projects were mainly uniform

/

sands, and”mediumfto low plasticity sandy clays and clays.‘

. } '
| . LYY

¢



MG,S Performance Trends of Selected Projects
R 1

"As a flrst stepoxn the evaluation of the performance of
\

the typlcal"CTB pavements, d RCI and VCR values up to ther

P

t}me of first resurfac1ng_were plotted agaxnst‘tlme after‘dh‘
construction'’; this in recognition of the’ fact that d, VCR”;

~ and RCI, respectively, show the“influencevof_loading,
‘environmental conditions, and the combined effects of
'Qoadino and environmental factors on performance.

4(‘

Benkfeman Beam Rebound

Two distinct trends were discernible from the graphs of
-~ 3 against time after construction. As Figure 6.1 shows, for

the light-trafficked road, Project 12?12 an initial
¥
increase in d with time, is followed by a decrease in 3

? .

after peaking. On the other hand 1n the case of the

o

““heavy-trafficked road Pro;ect 2:28, ?1gure 6.2 shows that E-E )
“ remains constant for sometlme, then 1ncreases rap1dly to. |

fallure S R f:,7 o ' : o o
-1t -should be mentloned that the d measurements used 'in 7

o )

s 2 plottlngzthe graphs were taken durlng the months of June to

October ‘inclusive, and accordlng ‘to Shields and Dacyszyn

(1965) represent the cr1t1cal values for CTB pavements in .
.4;."’ & -2 .
%;e prov1nce. However, values ‘measured at pavement
3~ .
wl'
temperatures below 10 C ‘were omltted .as 1n most cases they,

_turned.out to be erratic, pdbbablyeas a.result of the

"v1 gimilar trends are obta1ned when a RCI, and VCR are
plotted against. the cumuléthe ESALs.

s B J -
. Fy 't._’-\ 3 '_ s
'y : ST e e
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pavements starting to show the effects of low temperatures

o them,

RidingﬁCbmfort.Index

RCI is plotted against t1mq after constructlon in
Figure 6.3 and Flgure 6.4 fothrOJect 12312 and PrOJect ’
2:28, respectlvely."ln both cases there is a general |
decreasing trend in RCI'yith increase in time afted:
construétion; However, while in the case of Projedt'é:zs
(Figure 6.4) thgvindéviduai‘data points closely follow a
sYstematiq trend, this‘is not the,cése for Project 12:12
(Figure 6'3) In the latber 1nstance, the data points are
» more or less spread abgut a general trend l1ne.

R
®

From the visdal condition fating data available on

-Visual Condition Rating

Project 12:12 and Project 2:28, it is evident that VCR

[

generally decreases with increase in time after

cdnstructiqn.chgure 6,5‘and Figure 6.6 show this decreasing
trend for.Pfoject 12:12 and P ject‘2§28lreséectively.
Attention is drawn to the iﬁéfbthat-minimum data‘poiﬁts (two
in the case of Project 2{28) were in general available for

-

the projects.



6.6 Performance of'CTB»PaGements o RPN ,pm ,)i
The trends exh1b1ted by the 5011~cement3sectldhs of

Pro;ect 12 12 and Pro:ect 2:28 are 1n general representat1§e
of the performance of CTB pavements in the province.
7D1fferences in factors such as trafflc loading and
environmental characteristics may,}however, result iqlrhe
rate of change in the individual performanceiinditatorsﬂ
vary{né'rrom project to project;vand sometimes forispecific

o

projects, from section to sectigﬁ.

6.6,i'Performance'Losses

| BY angliarge, the performance of -CTB pavemants in the
proviﬁce'deteriprate with use due to a combination of
pfaptora..ﬁith age, the structural and functional
capabilities afba pavementpas detected from measurements of
the"rarioﬁs’performance indicators decreases until ﬁajdr
rehabilitive measures, often in,phe form of overlaxg, are
needed to réstpre the pavement to an- acceptable lé%%l of ?i
sérvic;. | - 4 .

T in‘Aiperta, as waa‘alsb‘raportad by %?ields and
'Hutchinsbn\(1961), trggégérse and longitudinal shrinkage
cracks uaually occur in CTE'pavéments three to four days

_ after complet1on of constructién. The- cracks, Wthh are

‘ verse vertlcal cracks, often appear -even without
_ ‘strafflc loading (Redus, 1958), And e1ther bya
s1mpIe.overstressing (Shlelds et al., 1975); Or-fatﬁgue‘

ffects&(Pretorlus and Mon15m1;h 1972) ‘or 'both, traffic

. . . : >
¢ ,‘ o ; . )
“

., ’ ‘155‘)



cspreads (shields and Hutch1nson,'1961)r o

:the initial strength?

: ':.andmﬁosses 1n QTB

156 .

o
loadxng causes longztudxnal vertlcal crack1ng usually aiong
wheel paths and at constructlon joints between adjacent
These dlfferent types of cracks normakly extend through
the base course and w1th time reflect through the ASBC ‘layer
and,"subsequetly, tnrough the ACP layer usually placed one
construction season’afger the‘initial completion of

construction of the base courses. Edge and'corner loading of

the cracks, and the poss1ble 1ntru51on of water to the‘

e

ysubgrade with, the resultant soften1ng and consequent

reduction in subgrade support, results in further

‘disintegration; rutting and loss in strength of the

ipavements.-

)

Not unl1ke other mater1als w1th‘cement as a constltuentA"

rﬁbwever, the strengtheof 5011fcement base courses 1ncrease

& , K -
with time due to further cuting“ Also, although opinions

dlffer, it ig concelvable ‘that autogenous healing of cracks-

: fr1ct1onal re51stance along crack faces' 1nterlock1ng

’between p1eces of the cracked base course, ané’the

compactlng actlon of trafflc, poss1bly contr1bute to an

Txncrease in strength- if ngqgat Leastva retentlon of some of

Thus theree‘:

'7
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intertwined that the contributions of each to the total \\

strength are not.readily discernible., This balancing in

strengths it appears, is responsible for ‘the varlable trends

in.the performance of CTB pavements in Alberta as is

discussed in the subsequent sections,

S

Pavement Structural Strengtﬁ

Three types of trends in the strength of CTB pavements
as measured by the Benklehan beam rebound, 4, are ' |
predominant in the province. |

In the flrst type of trend, d remains almost constant
unt11 about two to four years prlor to terq‘ﬁa'
serv;ceeblllty.when,;t increases at a rapigd rate»to:failure.

This trend, an example of which is shown in Figure 6.2 for

the (moderately) heavy-trafficked Project 2:28, seems to be

- assosiéted to pavements with high traffic intensities.

Either.as a result of the compacting action of high-
intensity traffic, or the thicker base toutses (200\mm) used
thereof, strength gains in such pavements are able to ey
eoﬁnterbalance.strength losses, and eonsequently a_or.the
strength is initially constaﬁt. Increased strength losses,
probably due to further pavement dlslntegratlon, then sets

in and 4 decreases until pavement failure. Data obta1ned by

‘Shields et al. (1975) and presented in Figure 6.7 for“roads

with a high traffic intensity (i.e, with a daily traffic

-

factor above 50) show similar results. Klso, Lister (1972b)

in a previous report on tests by the Transportation and Road
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Researcqgtaboratorx on soil—cement\pavements;with‘sands of a
similar gradation as those used in'Alberta,‘report that
seasonal and annual rebounds varied only slightly;until
¢ritical conditions occurred for the pavemeﬁts under
relatively inrense heavy commercial traffic.

A steady decrease in strength with time, i.e. a steady
increase jn d, is the second type of trend in CTB pavemenrs.
'As data obtained by Shields et al. (1975) show in
Figure 6.7, this trend'is epparently'associated tdspa?ements
with low traffic intensities (i.e. those with a daily”

_traffic factor below 50). This»trend'is probably the result
of strength gains due to the’cpmpafting-a;tfoﬁ of traffic
and.of the 150 mm thick base course het being adequate to
coun‘eract strength losses.

A low trafflc 1nteq51ty is also assoc1ated w1th the
third type of trend %%% 1@1t1a1 decrease in strength
represented by a steady increase in 4, is subsequently
followed by an increése in strength manifested in a
:deereasing%a An example of this trend is shown in
Figure 6. @§wProbably due to certa1n environmental changes

iﬂmumal effects of the very low traffic 1nten51t1es,

and the
1t apgpa%s some CTB pavements gain streﬁgths later in
servﬁée life which sometimes exceed the 1osses in strength
Consequently,la remains constant or decreases. Sh1elds

et al« (1975) obtaired s1m‘%ar results for a CTB pavement
sectxon but reported it as an anomaly. However, the flnd;ngs

of thi5‘study coupled with results of an evaluation bykweng
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et al. (1972) indicates such trends in strength are normal
for some CTB pavements.

-

Pavement Rdughness

In general CTB pavements,become rougher to ridQe w1th
t1me and the riding comfort index, RCI, decreases. This is

mainly due to cracking and the subsequent disintegration of

‘pavements, as well as the various factors responsible for

performance losees discussed previeusly in this section.
However, while in some cases the RCI decreases in a
systematic trend with pred&ctable RCI values as in_

Figure 6.4, in most instances a general decreasing trend is

interspersed with appreciable increases over short periods

~as in Figure 6.3. There is also a common feature of CTB

bavements otherwiae determined to be in need of major repair
ia the form of overlays, havfng quite Satisfactory ride
gualities well above minimum standards (Shields et al.,
1975) |

The hlgher than expected RCI values and the increases
in ride guality over short periods of time, may be due to
the strength ga1ns discussed prev1ously, and possibly to a

rearrangement of the cracked up pleces of the base course

- under the smoothing act1on of traffic, to give a base course

which closely resembles a .well-compacted conventional

crushed-rock'type base course.
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. Pavement Surface Distress

For most of the CTB pavements in the province, not much
data has been collected on surface distress as measured by
the‘visuai conditioﬁ rating, VCR. However, the minimalidata
available sﬁggests that éurface distress increéses with time

£

and consequently VCR decreases with time.,?ypicélly,Jr
‘cracking, surface deformations such as)rutting along wheel
paths, and visible maintenance works in the form of patching
and mostly crack filling, all increase with the age of a CTB
pavement. Thesg.increases are é}so apparently due to the

factors previously disgussed, which generally increase

performance losses in CTB pavements.

6.7 Predicting Performaﬁce

The aBility"to prédict perfofmance is‘e;sentialrto the
éfficiency and planning of rehabilitation measures for a
network of'pavements. In éection 6.2, ante; mention was.made‘
of pfevious attempts by Shields and Hutchinson (1961),
Shieids et al. (1975) and Karan et al. (1983) to develop'h
methods for predicting the performance of CTB éavements;in
Albg;ta. , P

In their‘attempt, Shields\?nd Hutchinson (1961)
suéceésfuily determined an'an}lfsis of surface deflectieh
bowls obtained from Benkleman beam measurements, could give
'_ad indication of the contr;bution of both the subgrade and:
combined baSe-and-surface layers of a CTB pavement to the
total structural strength: However, és a result of limite@

-
2
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field data at the time, rational correlations between
surface deflection bowl measurements and field performance
features were not possible. Such correlations wouid have
made performance prediction viable. ’

Iﬁ ;ubsequent work, Shields et al. (1975), from a plot
of Benkleman beam rebound, 4, against cumulative ESALs, were
able to define a "critical mean rebound limit" for CTB
pavements (Figure 6.7). However, attempts go dévelop
mathematical models for extrapolating the present cumulative
ESAL on a pavement to a terminal value, on the basis of a
measurements and the critical rebound line, and therefore
éetermine the useful service life of pavements, failed as a
result of .inadequate field data. By iteration though,
Shields et al. developed a procedure based oh gqaphical
solutions for predicting the service lives of CTB pavements.
The procedure did not, however} take into accounf other
aspects of pérformance such as pavement roughness and
surface distress, measured by the RCI’and VFR respectively;
and is‘rather lengthy. Consequently, itvisAgenerally
“ conéidered more as an introducfion of an approach fo the
performance managemenf of CTB pavements in Alberta, thanban
ef%éttive performance prediction procedure.

According to Christison (1986), this study by Shields
et al. (1975) was fundamental'to the development of the ﬁost‘
recent performance prediction method presented by Karan
. et al. ()983). Karan et al. developed three recursive

magpedﬁ{ical modeis foqlpréQiéting the Benkleman ?éam
, L ¥ \ v%&’-.
Y

e \

Lot A . vl
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rebound, d, riding comfort index, RCI, and visual condition
rating, VCR. The d-and VCR, transformed into a structural
adequacy index, SAI, and a visual condxtlonitndex, VCI, &
respectively, are together w1th the RCI’eo;bLned into a
‘single_parameter called the.paveﬂ%nt quality index, PQI, by
use of a model. This PQI, a number on 5 scale of Oito 10,
expresses the overall quality of a pavement, and provides‘a
basis for comparison of the performance and rehabilitation

needs of pavements. . g -

The three models developed by Karan et al., represen§3
culm1nat1on of the work on performance prediction for CTB

pavements in the province at present. Consequently, as part

’},

of this study, an attempt was made to determlne the1r ,'f

effect1veness by applying them to the selecged:pro;ectéfrﬂzfa'
investigated. e q o
. ' ;. L

| BRI
6.7.1 The Performance Prediction Models ‘f‘r.'hV;Lyj’

The three performance predlctlon models developed by

AKaran et al. are as follows'®: ﬁ,"

The equation for predicting Benkleman beam rebopnd:.d,
is given-by: , - |
\ < ) -
LOG,d = 0.068 84 + 0.926 38 x LOG dy + 0.115 44
Xx"(AGE + 1)/(AGEy + 1) + 0.025 14 |

x LOG, eumulat1ve annual average daily ESALs (6.1)

e Equat1ons (6.1) and (6. 3) are’ corrected versions of the
equatxons presented’ by Raran et al.,: which were misprinted
in the original publxcatlon' ‘and .were obtained from

co—authQ{‘;nrxstxson (1986) through personal communication,

4

- "
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where dB is the prégjous Benkleman beam eflection at age
AGEB and AGE is the ?fésené age of the pavement'’,

- The equatiop for predicting the riding comfort' index,

RCI, is given by: ’ S

RCI = -4.288 + 5.802 x LOG, RCI - 0.174 4 x AAGE  (6.2)
where
_RCI = previous RCI, and
AAGE = ¢ years.

The equation for predicting the visual conditon rating,'

VCR, is given by:’ : :

' i
. ' .”l‘\
VCR .33, 094 + 0.006 67 x vcgﬂ ) 1.252 8 x LOG, )
(AAGE + 1) ’ (6.3)
where - /  ) .
JVCRB'= previous vi;uglﬁspnditidnfE €Tﬁg,,ahd —
- ) ' AN I ol
AAGE = 4 years, _ e
. N \ >
~ / ;

N

6.7.2 Compar1son of Meahured dnd PfidﬁctedJPefformaﬁce

?arameters \ /

The models presented above werggapplled to sections of

the prOJects 1nvestlgated in this study, and the predicted

In general, the average of two consecutive measurements of a

parameter was used as the 1n1r1al value for calcul&t1ng the

--———--‘.’S‘—'«u——-————--’

'* The product of the cumulatxve annual average daxhn.ESAbs
and the yearly use factor of 300 days in the provipce gives
the cumulative ESALs carried on a pavément to the present’.

cat ' ’ e

€

o
s

d, RCI And VCR values compared to actual field measurements.

N
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prediCted”parametet balues;from'ﬂhe mddeis. Where the tw?

4

AN

consecutive measurements were, spaced more than 2 years

apart, however, the first measurement was used prov1ded

s

‘was not clearly an outlier, in Wthh case the subsequent

measurement was used in the calculatlon ‘and so on.

P

Benkleman Beam Rebound N L 1 o SN p,,t

In Flgures 6.8 and 6 9 plots of predlct@Q d as

“compited from Equatlon (6 1) are compared to fleld

vfeffects of %rafflc, age, curlng,_thlckness of the base

e

J( identlfxeq,two d1st1nct trends %g the(Benkleman beam'A/

measurempntsrof d for sectlons of Pro;ects 12*12 and 2:28
respectively For the ava11ap1e data, it appears Equatlon
(6.1) does not rel1ably predlct a.. An 1nspectlon of- 51m11ar
plots for, other sectlons of the paveyents gave the same "

1nd1catlon Ev1dent1y, add1t10nal fa tors other than trafflc'

-load and age as 1nd1cated by Equation. (6. 1) aﬁﬁeot d and

need to b be 1ncluded 1n the ‘model.. 'f o ,g; ;.fwtﬁgl
" s was pplnted out 1n sectlon 6.6.1, ante, the. comblned

e L.
Kl

1 - s

course' unequal Zubgrade supp rt, and varlables assoc1ated

W1th EMe deslgn nd constzuctr n bf CTB pavements,.lnfluence

ey -

trqctural capac1ty in at least three dlfferent ways.‘

ﬁacx, Shlelds.et al (1975) 1n thelr work on CTB pavements, ‘

- N ‘l

rebound d although none of the pavements they examlned had

x

I

arrled more than 1q“ cumuiat1ve ESALs durlng thelr useful
ot unexpectedly,,therefore, the S1ngle model

egeLoped by ﬁ%ran et al (1983) 15429t ade?uate for. 1"gft_

. “ 3
L B . . 3 PPRA S

.”: v; ) ", vv ‘ ‘v" S .-, ‘_ : - i Lo -,""" V"}‘”'; “

A

o



.predicting d for all CTpraVements, some of which have

,models for predlctlng d. . .

‘respecu&vely. Accordlnghto ‘the comparlsons, the model

e \ éu’“d \ .

wd

»

-

carried over 2 x 10 cumulatlve ESALs durlng thelr useful :

serv1ce l1ves. Other 1nd1V1dual factors, and the1r

e

3}
structural capaS;tyJaEfqdﬁto be taken 1nto accountwhn futu

A

. : “t

5R1d1ngﬁComfort Index *

(Y » ~

The model developed for pred1ct1ng RCI, Equatlon (6 2

was used to calculate future RCI values for sect1ons of

Pro;ects 12:12)and<2.28, and the predicted RCI valuesfll

7.compared'to field~aalues as in‘Frgures 6.10 and'6'11 ¢

¥

developed by Karan et al. (1983) reasonably predlcts the R

,u-for the sectlons 1nvestlgated Stmllar results were obtaim

S o
for other sectlons of both Pto;ect 12:12 and Pro;ect 2:28,

but there werg’alsﬁksome sectlons for vhich the model d1d

rnot in- anywa gompare . favorabl wrth measured values.
Y Y %

Furthermore ,;2 sho§n bi

Y
tendency for“the fidld RCT values Eo lie above the pquldﬁ
R ’ R

,b curve, ie the modﬁl~underest1mates the RCI It f%

suggested that the absﬁbq

[WQﬁLa @@gtor Qr factors in the

model y Y /take 1ntoﬁaqyo«¢; tbe ﬁ951t1ve contrzbuﬂnon o]

,the base course c%:lng agg/orwthe comﬁﬁctlng actxon of

”,

trafflc to the RCI (cﬁllsec.LOn 6. 6 1 ante) is respon51b

for ch;s.,In most cases, however, the dhgn1tude of th1s

i nderestlmatzon 1s such that if extrapolatlon,of»the

/\ LA v R -
A+

) \\ L :/

.solnteractlons,ugplch Siyvbe 1dent1f1ed as\haV1ng an effect en.

re

)

’ﬁéggx

ed

Flgures 6 10 and 6 there zsta

ed

f

be



’

&

L : B o o 166

predicted RCI curve were the sole»criteriavfor‘determinfgg

- “the useful service life, the resultant error would be at

: . . . 4
-most 4 years, which 1sscomparat1vely‘m1n1mal,

///

'Visual Condition Ratl_g . E . S g//

A major problem encountered in the attempt to compar

.pred1cted values of VCR from Equatlon (6.3) to actual fleld

_values was a lack of data in most 1nstances. For example,

t

all the sect1ons of PrOJeCt 2:28 examined had only two
measurements of VCR obtalned durlng their entire. useful

rserv1oe l1ves.3&s a result meanlngful comparlsons were not///’”

always-poss1ble; Compar1sonvof predlcted‘VCR values to .

: actual field measurements for d1fferent sections of Pro;edt

12 12 wa's the only altefﬁatlve avazlable.

.

Flgures 6. 12 and 6 13, shows predlcted VCR velues - ‘

plotted together w1th actual fleld values for two sectlons

I S

: txmellness wlth wh1ch

of: Project 12:12. As F1gure 6. 12 1llustrates, the model in
-
one case closely pred1cts the VCR, although all the f1eld

VCR values fall below the pred1 ed\VCR curve. The case

I

shown in F1gure 6.13, 1s however more representat1ve of the

'other sectlons of the pavement. In, those 1nstances, fhe .oB

| model oV§rest1mates the VCR. Appaxently, factors other than p

age, wh1ch%contr1bute to fa?lures v1s1ble at the surface of -

CTB pavemepts and thereby decrease VCR, need to b} featured

o

‘more prom1nently 1§pﬂie model | Trafflc, the climate of an
| N |

»area and even the ﬁbﬁ so ea511y quantlflable factor of ghe‘

< ﬁ

'h'rtlcuLnrQagency.repalrs fallureSf‘
B b o PR T S . . R

N v
. il

2 O
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v
G

to curta11 further failure, are examples of such factors.

Ib‘is apparent from the foregoing discussion that more

work is necessary to arrlve at 1mproved performance

-
predlctxon models for CTB pavements. The models developed by

*t

Karan et al. (1983), however,. do represent a f1rm ba51s for s
the de‘“‘-‘10pment: :6f such models. : L o e '

e

6.8 Servioeabillty . |
Although'a majority of the CTB pavements’inyAlberta
have useful serQioe llves of between 10 fo 15 years, an
inspection_of peréormanoe data‘indicates that the useful
ser;ice llfe,offa'ETB'paVement in-the proylnce can lie

I

anywhere between 5 to 20 years. As discussed‘elsemhere in =
this chapter, a variety of fagtoérs, and po§sibly their R

4

. : -'- . " ) . ’ " .
interactions, tend to influence the performance of CTB

. _ . ) _
pavements to varyinggdegrees; and many a time thewg is,'no
. v : . P

clear‘indication of the specific effect' of a ‘particular

factor; As a result serv1ceab111ty trends vary. from one CTB :

pavement sectlon to another. - 2

For example, on a partlcular road of v1rtually the same.

[ v

design , differences in traffic load1ng and?or 1nten51ty

over the length, may‘specifica

' lead to?ﬂgpreoiable

aﬁp‘ as a result of

trafflc from another road ﬂH1ghway 21 20) Jo1n1ng Pro;ect

12 12 at a certa1n po1nt, the latter road comes to be madev

3

up Pf two sqgtlons on the bas1s of traff1c 1ntens1ty, as was

-

-4 . ~
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H‘ment1oned in sectlon 6. 4 2, ante. Thus, wh1le the port1on of
: the road with 1ncreased trafflc had‘to be resurfaced in 1980
after 13 years of)serv1ce when it had carrled up to about :
385 000 cumulat1ve ESALs; the rest of the road had not
‘Ilequlred any rehabilitation ﬁ%asures by 1985, after carrying
up to approxnnately 414 009 cy.tmulatlve ESALs 1n 18 years of q
serv1ce.‘»~ ‘ o . SN » )
In other 1ns§SFces however, the reasons for .

d1fferences in serv1aeab111ty are not so obvious..The

ﬁérformance of a CTB pavement (nghway 21:24/26) bu1lt‘

.
Eer

1963 ostqg51bly to the requ1red spgglchatlons, 1llus
thy case. %thouﬂ the trafflc 1r&grw1ty over the length of

‘the road was v1rtually the same, and one sectlon of the road-

‘had a useful service Iﬁfe ‘of* 1§ years after carryxng e

' V~approx1mately 464 400 dumulatlveQﬂGALs, -the rema1n1ng

'4port1on had to be - resurfaced after only 6 years. in service

~

1ﬁ 1963» after carry;hg approxrmately 176 400 cumulat1ve ﬁﬁh

ESALS. . - TR . . o :
.'look at the contract documents of this project give§*Wj

”an 1nd1cat10n of the poss1ble causes of the early fallure of '

a section. of the pavement, whlch were not so obvious in the'

)
K

first nstance. As it turns out, the latter sectlon sv.f
b5 < ﬁ .

bUllt wlth sand fpom an alternatlve source when the sand

L

oryglnally scheduled for use’ was found to be too wet The '

»

‘"desrgn cement content of Supercent used for th1s proyect 1s

‘ilso low compared to other projects in the prov1nce. There"

o

may alsohhave been poor qual1ty control of certain port1ons
' : . ~,,_DA_.-‘~'\\ 3,\

l v T i B . . PN
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of the project. Any one orfaiéombination of these factors

may have been responsib for the early»ﬁgélure.:ir'V

)
W

Such responses in performance to 1nd1v1dua1 and/or a

combinat§on ”j- ctors, and to varying degrees, seems to be
CTB pavements. Var1at1dﬁhfh the
qualig,uff;f Pe final soil- cement base materlal produced is
. w:&
as descrlbed 1n secflon 6.6.1, ante, are however also common

to CTB pavements. Cracklng due to shr1nkage and/or traff1c

,1oad1ng {fatiqgue and/or overstre551ng) are the major causes . :

of failure. If cracks are not repaired soon after/thev
A A

become visible, further deter10rat1on occurs and the
"‘ement reaches termlnal serv1ceab\TTty in the near future
if*‘ﬁ“- | .- . : .

& ' 6.9 SuMhary - ' ' ' o
| ‘ , , . - :
Performance ‘evaluation is essent1al bo the : RN
o
determlnatlon of the structural and funct1oal capab111t1es

2

of a pavement “and for helplngfto make the cprrect <
rehab111tatlon dec151ons for a network of‘bavements. In this
ohapter, an evaluatlon of CTB pavements ;n Alberta, on thei‘
ba51s of strength roughness and surface dlstress has beenu .
v ipresented Accordlng to the study, a wide rangﬁ gégrrends i
;performance are poss1ble for CTB pavements in the°prov1nce..'
Therefore,‘no sweep1ng statements can be made onuthe
.performance of tgpigal CTB pavements at thls stage. However,

there 1s a general 1nducat1on that _pr6v1§ed the proper mrxi

fpand structu;al des1bns and the~best,constructzon and

.
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mamtenance proceduvﬁ are followed a usefuf service 11fe

.0

of at least 15 years ‘can bé e&@eéted of ﬂTﬂv§avements bU1lt |

L.

in the prov1nce.-";3, o Jﬁ@ L
] . ‘ .. 'ﬁ"' Yl ;." :
It is apparent thdt further fieh;élnvestzga 6n of

“ ‘ e 'v?,\ #
closely monitored pavements and the metlculdul collecgﬁﬁy iﬁ%

o 5

N"é s

et H

~anﬁ comp11at1on of contlnuous pérformance datafls necessary
before adequate performance prediction methods can be 4
q5veloped to aid in mak1ng effectlve rehabllltatlon

‘decisions. The methods presented in th1s chapter represent

the foundatlon on whlch such future work may be based on, to

arrive .atv‘ful. and improved performance prediction '
L% . . , . , :

methods. 7 : ' e e
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'-7.ﬁAN ECONOMIC ANALYSIS.OF TYPICAL CTB PAVEMEN?S_IN'ALBERTA‘
: SN j .
7. 1 Introductxon .

From the preced1ng chaT:ers, 1t is clear that the use N\

- of cement-treated base ‘has™
!

adequate alternat1ve to the conventlonal granular base type

many 1nstances prov1ded an

: Ay .
rof pavements in Alberta. However in the over 25 years of its .

cont1nous use, the selectlon of cement treated base as a
i ] ’
replacement for conventzonal granular base materlal for

.pavement construct1on has: malnly been based on a subject1ve
ana1y51s,vand:1nvcerta;n 1nstances.on a comparlson.of
~initialscosts on}y;’Euidently;'an ohjective'economich o
'analysls-uouldvbe beneficialItosthejpavement type&selection
“‘brocéss§ It would Ensuqf thatpthe3altérnative.chOSen; while
‘providingnthe}reouired.leuel o£ service; would also demandla

i

. . ‘ : . S e . N
reasonable,amount of expendi®ure in its entire useful - -\ :
R . Cee S s '

: serv1ce life.

In this chapter, such an economic analysis of B
' theoretical cement-treated base pavements-andﬁtheir
equ1valent conventlonal pavements with granular base course

is undertaken. The intent is to compare the alternatlves and

—

nvhlghllght the economic factors wh1ch may contrlbute to the

tch01ce of cement treated ‘base pavements over other o //

alternat1ves 1n ‘the prov1nce. A llfe cycle cost1ng procedure,/}.

is used in the analys1s which compares the pavement v/

v s i’

~ralternat1ves on the ba51s of thelr present worths. ‘This may

: vbe more compl1cated than sxmply compar1ng 1n1t1al costs, but

R ,.
! 7

Lo e j&



- should prov1de ‘more mean1ngful 1nformat1on..f‘ .

i
/

As ‘a result 0of the theoretlcal nature of ‘the econom1c

’compar1son-fthe unavaxlab111ty of an e£f1c1ent pavement

AT management system to: permxt the accurate predlctlon of

future ma1ntenance and rehabllltatlon needs, vis-a- v1s the
o “—‘*ﬁounts expended for ‘such needs"and l1m1ted data ina ..
number of 1nst\Pces, this study is not intended as an
'exhaustlve d¥scussion of the subject. It is more of a

,precursor to future and more deta1led economlc,studles on
: o e

the use. of\cemeht treated base 1n7A1berta. As part of the

A

'study, a number of non- monetary or subjective factors whlch

.may somet1mes overrlde the economic cons1derat1§ns are .

&

dlscusSed.

&

—

‘,7.ﬁ The‘Pavement Types Compapedt

: Bas1gally in Alberta, cement treated base (CTB)
pavements have been bUllt as replacement for convent1onal
granular base course (GBC) pavements. Consequently, although
other types of pavements such as full-depth asphalt and
asphalt 'stabilized ggénular_base course pavements have also
been built in the,provinge,‘only CTB and conyentiohal'GBC

A .'pavements are,considered in“thiS/ecpnomic analysis._The |

\ analy51s is undertaken for pavements of the two structural

'types usually 1dent1f1ed in -the prov1nce on the bas1s of the

\ cumulatlve traffic carrled (cf. section 4. 4.2, ante).

?or the llght trafflcked roads which carry up to /'///

' 500 000 cumulat1ve ESALS during their useful service lives,
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'a conventlonal GBC type of pavement prov1ded w111 usually
' Icomprlse of 250 mm (10 in.,) of a granular base course layer,
'fuaSO mm (2 in. ) of a topllft of asphalt stabxlxzed (granular)
2 - base course,_ASBC and a surfacing of 50 to 100 mm (2 to
4 in.) asphalt concrete, ACP. The 250-mm (10 in.) granular
base course is replaced w1th a compacted soil- cement layer !
150 mm (6‘1n ) th1ck to g1ve the equ1valent CTB pavement. |
- on- the other hand the conventlonal type of pavement¢
f%r the heavy traffacked roads usually con51sts of 300 mm
(12 in. ) of granular base ‘course and 50 mm of an ASBC
toplayer, all of whlch are surfaced wlth 100 mm (4 in.) of
ACP. A 200 mm/(8 1n ) compacted s0il- cement layer replacesfk
the granular hase course for the equ:;:lent CTB pavement.
£ For the\purposes.of this study, 2alane undivided roads with
olane WIdthS of 3.75 m (12 ft) and 3. 0 m (10- ft) shoulders —

-  were con51dered (Flgure C.1).

~.

. K]
\ o

7.3 Procedure of Economic A 1lysis

\\

Life- cycle costing. was selecteﬂ ‘as the method of
\

-

analys1s for comparlng the pavement alternat1ves. Accord1ng
to a recent survey of\current practlce by Peterson {1985),
the life- cycle cost1ng method is the most w1dely used,
‘ﬁmonom1c analy51s procedure in North Amer1ca. It 1nvolv;s a'
comparlson of all the dlfferentlal costs over a chosen
analysis period 1ncurred in the prov1s1on of the alternate
pavement types. Tak1ng into account the time value of money,

the cost are transferred to & common time basis uszng a-
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) v -

dzscounted cash flow analysxs method for compar1son.,By e
preference, the present worth method of analysls, wh1ch |

agaln accordlng to the survey by Peterson (1985) is the. most -

E 1..

popular method 1n—North Amerlca, was - ased in &hls study, The
econom1c aqalysxs of the pavements waS‘bonducted by |
' i compar1ng costs per 2 lane kllometer for the equ1valent-

theoret1cal CTB. and GBC pavements for the two trafPic~

PR categorLes in the province. . ; .“_;j - .
7 4 Factors Consxdered in the—Analy51s . S :
B - A number of factors had to be con51dered 1n the._,
\ q Y
analys1s w1th regards to the’ 1nput parameters. These factorsv
-

fEa
! "~

are dlscussed in this sect1on. T s A

>m”f , S ' l, o o - . / \
7 4.1 Analysis’ Perlod _ | | ) '

“A look at the performance hlstorles of pavemehts 1n f.-
Alberta 1nd1cates that, GBC pavements usually hgve average

useful service lives between 15 and 20 years. Comparatively,

CTB pavements in the province have useful service lives

’whlch range from 10 to 15 years on the average.

Consequently, for deslgn purposes the t1me to flrst

=

rehab111tat10n after constructlon, is often taken as 20
years for conventlonal GBC pavements and 15, years for CTB

pavements. On th1s basxs, 20 years was chosen as one

-

analys1s per1od for 1nvestlgatlon. Over such’ a perlod the -
n.

CTB pavements would requlre rehab1l1tatlon (overlay) 1n the

15th year of’ serv1ce, wh1le the GBC pavements would" requlre O

9 ) Y

e
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‘none. R I s r(

Q. Agaln from existing performance data on rehabllxtated

pavements . in the %fovznce, the l1fe to second resurfacing of
'both CTB and GBC pavements is in the v1c1n1ty of 10 Years.'
'Th1s 1s because,‘ln general the second lives of the

pavements are more affected by external factors such as Co

»
-

-
: characterlst1cs of the pavement foundation materials. With

-

'.env1ronmental and traff1c condltlons, than the

_this inkmindnand to ailow‘e'comparison involving the

';\:éhif}lgtation'of both typesiof/pavements;'a 25-year
ana1y51s period was also selected for 1nvestlgat10n. For a -
-CTB- pavement rehabilitated 1n the 15th year of service, 1ts
second life would be expended at the end of th1s 25-year
per1od and a GBC pavement overla1d in the 20th.year of

: serv1ce would be half way through 1ts second life at the end
N e, :
v of the same‘per;od.

I

7.4,2VC65thactorsf_ , | ' S

¥

In general, the cost factors considered in an economic

analysis of pavements 1nclude englneerlng costs, 1@1t1al

constructlon cost, ma1ntenance costs, rehabxlltatzon costk
user costs and salvage value, w:th cons1derat1on only glven

. to d1fferent1al-costs in pract1ce. However, due to limited
- 3 ' g : o ' L
~and sometimes unavailable data certain costs were not: =

-
~

cons1dered in the ana1y51s. Follow1ng are the pert1nent o

factors arlslng from a cons1deratlon of the var1ous factors.'
’ » _ o

f . | . . - &
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‘analy51s. R :

1. 'Most'engineering costs; such as for™the preliminary

design of a roadvay, the purchase of the rxght of way and
the final geometr1c'desagn of a road are the same for the

different types of pavements, and are therefore rot

N

~\considered in this analysis. Costs assoclated with the?

location and 'selection of the aggregates or sand for, base

construction, the design of the base course and quality

“control may however be dlfferent for the alternatives

cons1dered But sxnce no. rellable cost data for such

parameters was avallable, they were also not cons1dered in

the analys1s.

2, By the nature of the structural designs of. the equivalent

CTB and GBC pavements compared the initial construction

costs for the ASBC and ACP top11fts were omitted from the

analysxs, as they are the same for the equ1valent pavements.
Only the 1n1t1a1 constructlon costs assoc1ated with the base
courses needed to be 1nc1uded in the ana1y51s. |

'3, No relzablenma1ntenance cost data is presently available

in AIberta on the different pavement‘types.‘ln-fact, there

seems to be a general lack of malntenance related data in °
the prov1nce. As a result no prOJect1ons ‘of future
maintenance measures and their costs could be 1ncluded in

.the analy51s. A met1culous comp1lat10n and analy51s of

maintenance cost data on pavements in the province is

'requxred before such costs can be 1nclude 1n future

Cy -
.

~
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4. Prom existihg performance historyidata, information is

availabie'oh the types, amounts and times of the first
rehabilitation measures usuaily carr&ed qut on CTB and GBC
pavemeuts in-the province. Basically, rehabilitation
comptises of resurfaeiné with a layer of 50 to 100 mm of AC
at the eud of the useful service‘life of a pavement. For
this.auaiysis, a CTB pavement is assumed:to require
resurfaciu;vwith 50 mm (2 in.) of AC“in the 15th year of
service as rehabilitation, and therefore the resulting cost
is included in the analysis. -

5. User costs,'or-more accuiately denial-of-use costs, may
ge\significaﬁtly.different for CTB and GBC pavements. in the
provinéeﬂ especially in the period immediately following-
completion of the base course construction. The base course

of a CTB pavement requires at least 5 days to cure, and a

further 5Pday ‘period before placement of the toplzft cf ASBC

can beg1n. During this time traffic 1s restr1cted on the

"rOad and dependlng on the nature of the road, this may

'br1ng about aisstant1al denial-of-use cost losses. There is

no need for such traffic restrictions on GBC pavements
between the completion of the base course eenstruction and
%he beginning of the ASBC construction, since the latter
aCtivity can immediately follow the fdrmer.

In any case, Just as the user costs associated with

delays durlng maxntenance and tehab111tat1on works and

hlgher veh1cle operatlng cost due to increasing pavement

r
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foughheas, data and methods for evaluating such costs are

not available in the.provihce to permit their inclusion in

the analys1s”

K}
AN

However, since it is difficult to project the cost of some

pavement materialAZO years from now after continous use,
salvage value is often not considered in §UCh anealyses. On
the other hand, the service life of some‘constfuction
measure such as réhabilitation,»may_extend well past the
life-cycle period being considered; In such instéﬂcesh it is
apprOprlate to ‘include the res1dual value of the measure in
an analysis. In this analysis? the residual value of any -
fehabilifation measure is taken as the product of the
;raction of the useful life to next rehabilitation remaining ;
e v -

at the end of a particuiar analysis period, and the cost of

the initial rehabilitation. : a

" 7.4.3 Discount Rate

It is necessary to consider the time value of money in

* "an economic analysis which involves future outlays of money.

As pointed out in the RTAC (1977) manaul on pavement -

management, it is the practibe by most agencies to use a

-
AN

_ ) )
transforming cash flows to a common basis, for an economic

discount rate set mainly by departmental policy, for

comparison of pavement alternatives. According to Peterson
74 ' .
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bl . . : s %

(1985), there is a general agreement among highway engineers
to use a real discount rate nominélly equal to the

-

prevailing market rate minus the curgeﬁt‘jﬁflation rate for

—

~such transfofmationé*usin? constant ddllars".’ )
Peterson (1985) quotes the AASHTO Manual on User

Benefit Analysis (Red Book) (1977), and more recently

" Oglesby and Hicks (1982), as_reqoﬁmendihg a minimum discount
rate of 4 percent for low risk investmeﬁts such as
pavements; and reports of Ebps and Wootan (1981) |
recommending a discount rate of 4 percent based on_;he}r

. determination that, since 1966 the real long-term ra}e of

return on capital ﬁas been between 3:7 and 4.4 percent. The

RTAC (1977’ manual also reports of the use of rates up to 10

percent in Canada, with most values in: the range of 4 to 8 |

pefcent, On these basis, discount-fates.of 2, 4 and 6 .

percent were selected for investigation in the economic

analysis. "\
) \
7.5 Life—Cycle Costing //ww‘
As is evident from/ﬁbove}‘the costs to consider in the
: . d 7 ‘\ '
life-cycle economic cdmparisons varies for the two._

e

A i . . .

alternatives and for the analysi# periods of 20 and 25 years
[ 7 }

selected for investigation. For an economic analysis over a

20-year period, the costs to consider for a CTB pavement are

the initial base course construction cost, the

1oPor calculations in constant dollars, all the prices used
in an economic analysis, inclyding future prices, are taken
as those at a chosen base year with no correction for

inflation.
/

]
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rehabilitation cost in‘the 15th year of service and the
*residual value of the nehabilztatxon measure at the end of,
the perxod. However, nly the initial cost of the base

course constructxon needs to be con31dered for the
}
equxvalent GBC pevement. -

Over a 25 year analysis perlod, the differential costs
to consider for’a CTB pavement are the initial base
céhstrudtion éoétvand the cost of rehabilitation after 15

years of service. On the other hand, the initial base
construction cost; the'rehabilitation cost in the 20th year

FanS

of service and the residual value of the rehabilitation
measure at the end of the,zslyear period are the costs
considered for the equivaient GBC pavement for the same
analféis period.

In all cases average\un1t prices paid by Alberta
Transportation’ for the various .items in the highway and road
contracts undertaken in the prqvxnce during the period from

‘January 1 to December 31; 1985 were used‘in the analysis.

The’pricés are given in Table C.1 of Appendix C.

o ’ - /\ .
7.5.1 Economic Fotmulg.‘gr.Ne;ffresent-WOrth Cost

__The basic economié formula used to determine the net -
—present- worth of all costs and benef1ts over ‘an aﬁ$1y51s
perlod for- ‘the equ:valent theoretical CTB and GBC pavements

is given by: ,‘j
: ' ..

NPW = IC + @R(PWF,r,n,) - SV(PWF,r,n,) c(701)



. p
vhere : \ ‘A - . - "
NPW ' - = net present-worth of cost per 2 lane
- | kilometer - ,
(R = initial consfructiﬁn cost of base course
RH " = reHabilitation cost in n1th.year'of service
SY : = residual value of rgfaQilitation‘in nzth‘

- yeat of service

*
-

(PWF,r,n) single pSyment present-worth factor for an

amount in the n th year, at a discount rate

of r percent per year.

o

Using Equation (7.1), and for analysié périods of 20 and 25*
years, the net present-worth costs of the equivalent
pévements were calculated as outlined in Appeﬁdix C, for
d1scount rates of 2, 4 and 6 percent, for both

11ght trafficked and heavy-tratflcked roads.

7.5.2 Net Present-Worth Cost Comparisons

For each type of road by traffic-load classrf1catlon,
and for a partxcular analys:s per1od two equatlons giving
the net present-worth costs were obta1qed at each diseoqpt ' ]
rate, ohe for the theoretical CTB pavement and the othé? for | |
“an equ1valent‘CBC pavement, &1th\§he variables y- and z,
respect1vely. The variable y - 1s the haul dxstance to the ’
 source of the isand for construction of the CTB pavement; and
similarly the variable z is the'haul‘distance to the soqréo .

.

of the granular base m@teriai for construction of the -6BC s

o wE :
. o . N |
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pavement. -

““ " In each case, ttom thc tvo equations, the minimum haul

distance HGBC (==2z) beyond which a CTB pavement may be more

cconomical than an equivalent GBC pavement, for EB;

_hypothetical situation of a zero hiul distance to the source

of sand materxal for CTB construct1on (y = 0), was

' determined. This parameter HGBC yas the major parameter ¢

considered in the economic comparisons of_thxs study. For
purpoécé of}completion;'however, the equal haul distance HEQ
to both .the graqu;af base material and sand sources, be?ond .
which a CTB pavement may be more economic than ﬁn equivalent
GBC pavement, was also @gterminéd. 3 ‘
As an illustratiqn, the®process of Qn economic
compirison.between a CTB pavement for a {ight-trafficked

¢

road and the equivalent GBC pavement it hay rqﬁfaqe, is

' presented—in:the following paragréphs for an analysis over a

20-year period, at a discount rate of 2 percent.

Net Present-Worth Cost for the Light-Trafficked Pavements

From Equation (7. 1) and as outlined in Appendix C, the
net present-worth cost for the theoretical CTB pavement of

the light- traffxcked category, over.an analyszs period of 20

'years and at a d1scoung rate of 2 percent, is given by:

-

NPW

cp = 91 395.93 + 573.53y _ . £7.2)

- ] o : :
where y is the haul distance from a CTB plant situated at

the'sand source to the road construction site.
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. -rrdh Appondix C,'the fst prnseni-worth cost of tho’

cqniv;lcnt GBC puvoﬁnnt of thu 1&qht~tru!!1cko& category,
over an analysit poriod of 20 ?ears and at a‘discount rate
of 2 percent, whxch is equal to tpe initial base

construction cost, is given by:

»

NPW oo =47 §65.22-+ 1 066.332 (7.3)

-

where z is the haul distance from the‘granular base material
source to the road construction site.

At y = 0, that is vwhere the sand for CTB construction
is available adjacent, to a prjéct; from Equations (7.2) and
(7.3), HGBC_
simultaneously, H

~ E]
= 2-=46-82 km. Also solving the equations

85.83(km. A Qraphical solution shown
in Figure 7.1 fur

gt -

and H

illustrates what Hgpe 1N particular,
g+ Stand for. In this case; according to an economigc
compafisop on the basis of life-cycle net present-worth
"“costs, if sand for CTB constfuction can be found adjacent fo
the projec;T\a haul distance of over 40.82 km to the nearest
source of conventi?nal granular base material, will likely

make the CTB pavement alternate more economic in comparison

to an equivalent GBC pavement.

= Similarly, at discount rates of 2, 4 and 6 percent, and
for the 20- and 25-year analysis periods, HGBC and H EQ were

determxned for the CTB pavements and their equivalent GBC

pavements, for both the light-Q§a£f1cked and e

‘heavy;trafficked roads. The summary of the results obtained

3
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are presented in Table 7.1. = . o ' e -

7 6 Drscuss1on of Results
It should be noted that s1nce the preced1ng analys1s' I

‘was- predlcated on a number of assumpt1ons, the speczflc

£1nd1ngs from a comparlson of the theoret1cal d&B and GBC r§:

pavements are not necessarlly representat1ve of all : »ﬁ-

s1tuat10ns that may arlse in the prov1nce. Such a comparlson

Cﬂ only g1ves an 1nd1catlon of the parameters that may
influence the economlc con51degatlons of any spec1f1c case.i.
Of partlcular 1nterest is the dlstance HGBC’ the m1n1mumfi x
haul dlstance to the source of granular materlal for a’ .

project, beyond wh1ch use of adjacent sand for CTB |
construct1on may provrde a more economlc pavement in

f: comparlson to the conventlonal GBC pavement alternate.
P

As‘lndlcated 1n Tabler7 1 ,at’d1scount rate5~of 2 to 6

' percent ‘and’at preva111ng hlghway bontract prlces 1n‘ N

Alberta, it’ may be more econom1cal to substltute the 250-mm'

“(2-1n ) granular base course of the 11ght trafflckedzroads

wrth 150 mm of compacted CTB when haul dlstances to the

A

mater1a1 for the GBC pavements (HGBC) are - 1n excess of 33 to

40 km, and sand for CTB is avallable nearby HG BC 1ncreases '

d-to between 45 and 60 km for the heavy trafflcked pavements,

with the1r 300 mm th1ck granular base course as. opposed to a
‘a200 mm th1ck compacted CTB The results also 1nd1cates that

:QHGBC decreases;apprec1ably as the dlscount rate used
1ncreases. Thls, espec1ally for the heavy trafflcked ff

i



'3rncreased at hlgher 1scount rates.//- L P

From Table 7. \;,1t is ev1dent;that HGBC is

‘p_approx1mately the same at .equal dﬂscount rates, for the \

analysis perlods of 20 anF 25 years 1nvest1gated the use of

Wthh introduces dlfferent cd%t facbo;s in the economic

analysis of the pavements.‘To an extent, thlS 1nd1cates the

valueS'Of HG BC arrived a; are reasonable estimates for the'
N

Alberta, espec1ally }n the south-eastern sector, it is not

~

[uncommon to have S urces of conventlonal base mater1a1 over

spec1f1c cases 1nvest;géted Slnce in certain parts of

50 km away from a/prOJect whlle sands - su1table for CTB are‘
‘v1rtually located next to the same pro:ect, it may therefore
be worthwhile/on the basrs of the results of this study-to

con51der the use of CTB in place of the usual granular base

“

course mater1al Undoubtedly, an ecofiomic analys1s

compar1son such as descrlbed above’, is a necessary part of
I
the pavement type selection process. '

7 7 Addxt:onal Factors Favorable to CTB Constructxon

It is often 'the case that addltlonal factors, mostly
subjectlve or non-monetary, may favor the construction of a
CTB pavement in- place of a convent10na1 GQQ pavementf

Follow1ng are some of such factors whlch asase in the

spec1f1c ‘case of the practice 1n‘A1berta. : o

T

i
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N -

a. conservation of available but limited granular
material resources for future considerations . -

b. .efforts to enhance the development and stablgpuse of
an alternative type of pavement construction
'materlal in this éa;g soil-cement

c.yuefforts to keep certain local 1ndustr1es in busxness

ontr1but1on to.the general economy
_;erarchlcal 1mportance of a particular pro;ect
’gfverall hlghway system, with reference to the

s1re to prov1de the best system under the

7

'ﬁyconstra;nts-ofqllmlted resources. '
Obvxously,’1t 1s necessary to also consider such factors in
conjuctlon w1th an objective economic evaluat1on in the

final pavement typ “_1ect1on process.

/

7.8 Summary

The 11fe cycle cost analys1s descrlbed above.

111ustrates how econom1c comparlsons may be very benef1c1a1
in the, determ1nat1on of wh1ch pavement type of the
alternatlves of CTB and convent1onal GBC pavements w1ll béﬂ

suitable for a partlcular project. Although a number of

4

assumptlons had to be made 1n the analysis, the theoretical -

' -

"pavements compared are to a considerable qegree
Vrepresentati“e of thefpavement types used in the provinee.

Consequently, the f1nd1ngs of the analy51s may ‘to an extent

be reflectlve of practice in Alberta. It is therefore
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C k4 ) L, . -
important to include an economic analysis in the pavement

type selection process in the province. For projects in

known areés_of.abundant '»sand‘»supplies, suc;“h‘as; the )
south-eastern sector of the province, such methods maykhave'./\'
far-reaching benefic{’al:economic implications. . /| |

.
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- Table 7.1 Summary of Results of Economic Analysis
| , ‘ | Analysis Period, ~ Discount A
?a‘vemem Type . . years. Rae, r HGBC’ km HEQ’ km -
Light- 20 2, 40.82 8833
Trafficked " ' 4 . 3748 81.11
REREAR ( ~ 6 34.72° 75.13
Heavy: - - . 2 20 2 s§.42 - 145.62°
Trafficked 2 = 4 - 5316 - 13251
6. 4881 12166
© Light- 25 2 3950 85.47
. Trafficked ' 4 ~ 35.77 7741
| - - 6 - 33,06 71.54
Heavy- . 25 2 56.33 S . 14042
Trafficked 4 50.47 ~..125.80
' . 6 46.20 T80

LT
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} This‘studywcovéred the subject of cement-treated base -
practice for hlghvay pavements ip the prov1nce of Alberta. |
Spe81f1ca11y, the mix deszgn nmethod, the structural de51gn
procedure,q,nd the constructlon pract:ces undertaken by
Alberta Transportatlon in the provxs1on oL h1ghway flexible
pavements w1th cement treated base as base course were
presented. In add1tlon,.the performance of typ1ca1
cement;tneated base pavements representing the ty.es usually
“ziused in- the province were 1nvestlgated- and an ec mic .

analy51s of theoretical pavements undertaken to h1gh1@ght’
. the economic factors which may influence the selectlon of
° cement treated base over other. alterhat1ves.

These specrflc studzes vere conducted agalnst a
hackground of a_ precedxng perspectlve 11terat1ve rev1ew on
the evolvement ‘and development of cement treated base as a

’ pavement constructzon mater1a1 Th1s review dealt with.a
w1de range of subjects 1nclud1ng the attributes required of
the components‘of»cementrtreated base, nd the englneerxng
properties.andfchaﬁzcteristits of‘this cohstruction. |
materlal composed ﬁéi&iy”of marginal quaiity aggregatesior.
so1ls otherﬂlse cons1dered unsu1table for base courSe u
construct1on. Also d1scussed were the vareous m1x desxgn
methods,_structural design procedures, onstructuon \\\

\

practlces and suggested remedles for the ma]or prdh}ém of
T 197 CoL \\
< '_ ¢ L - A \
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'cragking often encountered with the use of cement-treated

base material.

The broad literature review and synthesis of the

 practice in the province, presented the opportunity to

review and draw valid conclusions on its use in Alberta in

the last 25 years, as well as make recommendations on the

i

future research work required to enhance its use.

8 2 Conclus1on

~ Based of "the findings of "this study and the, review of

publlshed literature, the follow1ng conclusions can b§>dgawn

on cement- treated base practlce 1n Alberta:

1)

oS

2)

Cement treated base is a viable base course mater1al
for flexlble hlghway pavements. It possesses the
necessary englneer1ng propert1es and characterlstlcs

that makes it comparable to other base course
. ' . - -
materials used in the province.
Q g
The current mix design procedure used in the

province which comprises of freeze-thaw, wet-dry~and

unconf1ned compre551ve strength tests, prov1qes
R \L e
adequate design parameters for use in construction.

AN
In view of the'usual six months fallow per;od \\

@

between construction seasons in the province, the

lengthy time of}32 working days required for. the

proctdure-is not a limitation in major CTB practice

in Albertd’, especially when balanced against the

higher accuracy of the mix design parameters



.3)

4

5)
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obtaéhed thereof .

Notwithstanding the afore-mentioned advantages of
the«conventional CTB mix design practice‘in Alberta,
it is still necessary to develop shortcut methods of
design based on, for example, gradatioh~and density
considerations. Such methods would provide a quick
means Bf‘detérmining cement requiremedts for new
materials enéogﬁtered on an ongoing project,'or
allow frequent Enecks to ascertain that the proper
cemehf"tontent is being used,for instance. .

The structural design procedure used in Alberta,
which basiéallyfcomprises of the selection of one of
two thicknesses, has generally proviaed CTB .
pavementsAwith:édequate ldadfcarrying capabilities.
However; ihe;e is much to be gained‘from a more
rational approach to'design which.t;kes the
engineéring properties of CTB and findings from

per formance evaluations into consideration.

By the nature of the soil materials used in Alberta,

namely/sands from borrow pits, the construction
practice involving plant-mixing and laying the CTB

with automatic spreaders is most suitable. The

process of dividing a day's production into units

each of which have specific quality control tests

conducted on them has also ensured the production of

~a high quality material in the province in general.

6)

‘ ‘ “
The evaluation.of two representative projects does

!

\
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Py g

fail to mee£ expectations; but not because of a
substandard nature of the mater{al. Invariably,
human error or the improper use of CTB is the usual
source of its lok quality in particular ihsfanées.

7) Iinslpossible to develop performance prediction
models for CTB pavements in the province whlch w1ll
reasonably predlct future rehab111tat1on
requ1’ements. More data Follectlon and compilation
is however necessary before such.improved models can
be developed.

8) It is necessary to include a life-cycle cost \
analysis in the pavement type selection process. On
the basis of the eéonomic comparisons conddcted’in_
this study, no sweeping conclusions can be drawn on
the economic advantages of CTB over the convehtional
granular»base courée it usually repiaces in
paveménts in Alberta. However, the analysis

R

indicates that on the basis of life-cycle cost

comparlsons, it is conceivable a CTB pavement may- .
1ndeed be more economxcal to construct than a

copvent1onal granular base course pavement, where

-

&
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-haul dzstances\to the granular mater1a1 source are
) g
relat1ve1y h1ghr .

\ ”
\. 5 »

i

8.3 Recommondatibns

From the preced1ng d1scu551ons and conc1u51ons, it is

certain that there will be an 1ncreased use of CTB for

pavement constructxon in the provxnce in the future.

Especially, with sources of the more conventional type of

base course materials becomxng depleted Alberta

Transportation may find it necessary to increase the Use of

CTB for base construction. Following,are recommendations on

future research work necessary to ensure a more successful

use of the material:

1)

2)

3)

Efforts to develop short-cut methods of mix design
based on easily verifiable properties of thd sands,'
in the province, e.g.‘gradat}on andodensity |
considerations, shoulq:he increased. /f“\wz{q

Data colleution‘and compilation on the various
aspects pf CTB practice should be iné easea
appreciably. Especially, maintenanke data,
performance data, and cost related‘dat% should be
aeriously collected to ensure g@tterlappraisals of
the CTB practice in Alberta. \ | / |
Efforts should be madé %o 1ncrea§§ the accuracy of
ex1st1ng performance pred1ct1on moeels. Such models
wopld be of great help in schedul1ng maintenance and

rehabilitation activities. Studies EQ determine the



&

<

»

nature o‘f CTB with respect to the relation‘shi_ps
betyeen performance pérameters such as Benkle;llan
beam rebound, riding comfort index and visual
condition ‘rating; and‘traffiic loading, enviromﬁehtal
and material characteristics will be highly =
beneficial to #he development of such better

performance prediction models.

202
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-

SUMMARY OF QUALITY TESTS FOR THE DETERMINATiON

OF THE SUITABILITY OF SOILS FOR CTB -
7 ' ' .

o

/'!’/
A1 Introduqﬁion
) {

This apﬁegdix contains'a summary of the prelimihary
tests conducted by Alberta Transportatiqn on soils delivered
for cement-treated base mix design, to deﬁermine*if‘they are
in the first place suitable for use. Dépending-on the
results of the visuglytest c¢onducted on'samples of the
soils, any number of these Eests may be required for further
proof of the suitability of the soils.

A.2 Color feSt .

In this test a volhme calibrated bottle is filled Fo’
the 150 ml mark g&th the dry sand béing £ested. A 3 percent
solution of sodium hydroxide is added to bring the tstai
vqiume up to 200 ml, with the rapid agitation of the bottle
to»ensure complete mixing. The s§lutdon is allowed to settle

b

with the bottle plaéed in semi-darkness for 24 hours. After

—

?f hou€2ﬂ4§h£>color of the solution/is compared; o 5 shades
og\zzibr on -a standard glass' color plate. The colors are |
numbered ftom 1 the lightes;, to 5 the darkest. A number of
3 or more for the solutjen is indicative of excessive |

organic impurities.
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A.S Silt Band Test o

The silt band tgst is conducted with the solution used
for the color test described above. During the‘24-hour
period the solution is allowed to settle. The heavier saﬁd
particles settle to the bottom whilthhe~finer si}t.and'clay
pafticles do so more slowly ;ﬁd‘settle at the top. The
thickness of the fin; sediment on top of the sand layer in
millimeters is the silt band. Tgis silt band is expected not

to be too narrow nor too wide.

A.4 Coai Test N
The coal. test involves pouring a 300-gm sbiit'samp}e of
the aggregates passing the 1 250 um sieve size into a héévy‘
'liquid with a relative density of approximately.z.o. The |
q}xture és stirred and the lightweight matefials which float
to the top skimmed with a 315 um sieve strainer, the mixiné
~and SkimMing continuing till no lightweight\material floatsa
to the top. The weight of‘lightweight‘material eipressed as
a percentage of ;Ee initiai dry weight of tﬁe 300-gm sample

is then determined.

(%] ’ .
A.5 Atteberg Limits Tesgy// _ P

These tests are conducted on aggregates passing the
5 000 um sieve but retained on the 425 um sieve to dete#mfﬁi
the liquid limit and plastic limit, and consequently the
plastiéity index. The tests are the same as the standard

ASTM D423 and ASTM D424 tests for the liguid limit ;nd,'
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pl}gtic limit &nd plasticxty index of soils, respectwely,
commonly used in c‘xaractenzmg soils.

\
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“ - APPENDIX C |
DETAILS OF COST ANALYSIS OF EQUIVALENT
- S CTB AND GBC PAVEMENTS -

c.1 Introductxon

The details of the cost analy51s of the equ1va1ent
theoretlcal CTB and GBC pavements, of both the
light- trafflcked and heavy traff1cked categorxes, are -
presented in this aopend1x. The pavements were compared‘;n-
the ba51s\of thelr life- cycle net present-worths. By the
nature of the structures of these two pavement types in

Alberta, the basic economic formula for the net

present-worth cost is given by:

NPW»% IC + RH(PWF,r,nd) *-SV(PWF,r,né)l - (c.1)
where ”
| NPW = net present-worth of cést per 2 lane
kilpmeter'it | |

IC .::.\w = initieliebnetrnctidn cost ef base co@rse

RH l = rehabilitetion cost in nith year of service

Y ‘v .‘f = residual value of rehabilitation in n,th

} year of serv1ce ‘ '\
(PWF;r,n)‘= 51ngle payment present- worth factor for an

“amount in the n;th year, at a dlscount rate

of r percent per year.
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The pavements were compared over analysis,per1ods of 20
and 25 years for dlscount rates of 2, 4 and 6 percent On
the bas:s of ex1st1ng histor1ca1 performance data 1n the
prov1nce, the CTB and GBC pavements are assumed to requxre ,
rehabllltatlon 1n the1r 15th and 20th years of service,
respect1vely The light~ trafflcked roads are overlald with
50 ‘mm of _ACP and the heavy traff1cked roads wlth 100 mm ACP
at the end ob. their respectlve f1rst useful Serv1ce 11ves,,;
which in both cases give the pavements an average useful
serv1ce llfe to second resurfac1ng of approxlmately 10 yearsifﬁ
in the prov1nce. | |
) ConsequentLy, for an econom1c analysls'over a perlod of
20 years, “the costs to consider are the 1n1tlal construct1on
coSt,AIC, the rehab111tat1on cost in the 15th year of ° .
'service, Hig: and the residual value at the end of the:“w‘“'
analysis period, SVZO’ for a CTB pavement; and only the |
'1n§t1al construct1on cost, IC; for an equ1valent GBC -
pavemeht. on the other hand, the 1nt1al-construct10n cost,
IC, and the rehabilitation cost in the 15th-year of 5er61¢é,”
RH, ¢, for a CTB pavement*yand the initial constructdon cost,
I1C, the rehabllltatlon cost in e¢he 20th vear of serv1ce,—“
' and the residual value at the end o‘ che ana1y515<

RH20 C
perlod,,S 25,‘for an equivalent GBC pavemen,,are pertzneqt =

-«

~ to the calculation of the ﬁet presenr-wprth cost of the

pavements over a 25-year analysis period.
N ‘ A . ) N
\ i P . :‘

\
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c.2 Gene5a1 Data | |

Alberta Transportation has comp11ed data on the unzt
prices of the var1ous ‘items of the hlghway and road - .
~contracts undertaken in the prov1nce in the period ;xom
January 1 to December 31, 1985, The average‘unlt prices of
the items frcm‘this data base pertinent to CTB and GBC .
constructlon are presented in Table C 1, and are the prices
used for thlS analys1s The spec1f1c aggregate ‘and sand
types selected are typlcal of- pract1ces in the prov1nce (In
fact, the aggregate and sand types .chosen for thxs analy51s,
are 51m11ar to those used for the illustrative prcject in

"Chapter 5).

)

Followlng are average values assumed for sbme of the
mater1a1 parameters typ1cal of practlce in the prov1nce and

used in the analy51s;

1. QOmpacted.densfty of CTB layer 2.15 tonne/m* .

2, Compacted density of GBC layer = 2.33 tonne/m’

3. CqmpaCted density of ACP layer = 2.40 tonne/m*
4, Cement content of CTB by #t., of dry aggregate = 8%

5. Asphalt content of ACP by wt;.of dry aggregate = 6%

In. Figurelé 1, is a cross-sectional sketch of the pavement
‘used for the economic ana1y51s where B is the thickness of
the base course, P is the th1ckness of the ACP, and R is the
thlckness of the. overlay placed as a pavement rehabilitation
'”measure whereﬁnecessary. All_the,pavements are assumed to

" have side slopes of 6:1, and top-widths of 13.5 m (45 ft)
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made Up of two 3.75-m (12-ft) lanes and two 3-m (10-ft)

shoulders.

C.3 Compérison'of Net Present-Worth Costs of Light-
Trafflcked Pavements Over a 20 Year Analysis Period
» In thlS sect1on, the net present worth costs of the
equxvalent,theoretlcal GTB and GBC pavemgnts, typlcal of a

light-trafficked road, é;é?dalculated and compared over a

20-year analysis period.

c.3. 1 CTB Pavement Net Present WOrth Cost

.4 For a llght trafflcked CTB pavement, ‘B is 150 mm, P is

o 50 mm and the th1ckness of the overlay placed in the 15tha‘

year of service R is 50 mm (Figure C.1). The net

present-worth cosﬁ per 2 lane'kilometer for an analysis

»

period of 20 years is calculated as follegys:

Material Quantities -

_wt. of compacted CTB base course = 2 340 x 2.15 = 5031 T °
Wt. of cement at 8% content = 372.67 T
Wt. of 50-mm ACP overlay = 675 x 2.40 = 1 620 T

Wt. of asphalt in overlay at 6% content = 91.70 T

O
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)

Initial Construg;jon Cost

Désc;ipfion  l‘Qpantity Unit Price Amouﬁt
Cement 372.67 T $124.00 $46 211.08  «
CTB from pit 5 031.00 T 4,492 22 599.25
Haul CTB BLF 5 031.00 T.  0.801 4 029.83
Haul CTB.Haul 5 031.00y T KM  0.114 57353y
Fog Seal Coat 13 500 SQ'M 0.024 _____ 324.00

Total IC = $73 164.16 + 573.53y

where y is the haul distance from the CTB production plant

to the construction site.

{ \
Rehabilitation Cost S

Description . Quantity Unit Price. Amount

Asphalt 91.70 T $288.00 $26 409.60
ACP fxom pit 1 620,00 T 10.496 17 003.5’
Haul ACP BLF 1 620.00 T 10.754 1.221.48
Haul ACP Haul 1 620.00g T KM  0.112 181.44q
Tack Coat . 13 500 SQ M 0.016  216.00

| ~ Total RH,y = 44 850.60 + 181.44q

wvhere g is the haul distance from the ACP production plant

situated at an aggregate source to the construction site.
. : ’ \ -
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’A.

Residual Value

]

From the assumptions made in section C.1}-ante, the
residual value of the CTB pavement at the end of the 20-year
analysis period, SV%O, may be assummed to be half the cost
of resurfacing undertaken in the 15thfyear, éince the
average second lives of CTB paveﬁents in the provincg'is
about 10 years., Therefore, at the end of the anélysis

period, -

Total SV, = 22 425.30 + 90.72q

20

-
Substituting IC,\RH15 and SV,, in Equation (C.1), the

. .
net present¥worth cost of the light-trdafficked CTB pavement

is given by:

= [73 164.16 + 573.50y] + [(44 850.60 + 181.44q)

NPWerB/20
T x (PWF,r,15)) - [(22 425.30 + 90.72q)
x (PWF,r,20)] - | O (c.2)
4

@ r = 2%, (PWF,2,15) = 0.7430, (PWF,2,20) = 0.6730 and

.

N

PWCTB/ZO = 91 395.93 + 573.53y | (c.3)

®
-
W

4%, (PWF,4,15) = 0.5553, (PWF,4,20) = 0.4564 and

NPW

NPWepg /50 = 87 834.79 + 573.53y (C.4)

0.4173, (PWF,4,20) = 0.3118 and

@r = 6%, (PWF,6,15)
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NPW.pg /o0 = B4 888.11 + 573.53y. (c.5)

where the tef¥s in g in Equations (C.3), (C.4) and (C.5)
(73.76, 59.35-and 47.43, respectively) are by comparison

; ¢
negligible.

. C.3.2 GBC Pavement Net Present—Worth Cost
For a light-trafficked GBC. pavement, B isH250 mm and P
is 50 mm (Figufe C.1). 'No rehabilitation is required during
the 20-year analysis period and the net present-worth cost

per 2 lane kilometer is calculated'as follows:

Material Quantities
S

4 050 x 2.33

Wt. of compacted granular base course

= 9 436.50 T
‘ .\ . -
¥
Initial Construction Cost - o ~
Ja"\:‘
' o » L .Lf‘L :
Description Quantity Ungt Brice - Amount
, APay
GBC from pit 9 436.50 T ‘ ;2268 $40 274.98
Haul GBC BLF 9 436.50 T 0.760 7 171.74
Haul GBC Haul 9 436.50z T KM  0.113 1 066.33z
Prime Coat 13 500 SQ M 0.031 418,50

Total IC = $47 865.22 + 1 066.332

‘where z is the haul distance from the GBC source to the road

construction site.
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Substituting IC into Equation (C.1), since RH = 0 aﬁd
SV = 0, the net present-worth costs for the light-trafficked

GBC pavement @ r = 2, 4 and 6 percent are all given by:

NPWGBC/ZO = 47 865.22 + 1 066.33z | (C.6)

C.3.3 Net Present-Worth Cost Comparisons )

In order to permit comparison of the net present-worth
costs of the equivalent theoretical pavements in the most
“visible hgnqer, the‘minimum haul distance to the granuiar
base céuféé material source HGBC beyond which a CTB pavement
may be more economic than an equivalent GBC pavement is
determined for each discount rate, for the hypothetical
situation of a zero haul d}stance to the source of sand
material for CTB construction. For comparative purposes, £he;
equal haul distance»HE':Q to both thé‘granular base course
material and sand sources,.beyond which a CTB pavepent ma&l
be more economic than an equivalent GBC paveme%fs; is also
determined.

For example, at a disc0unt‘rate of 2 percent, from

Equations (C.3) and (C.6), H (= z) is equal to 40.82 km

GBC
~when. y = 0. Also solving the equations simultaneously, HEQ
(= y.= z) is equal to 88.33 km. Follow1ngrare Hgpe and HEQ ~
at the various discount rates, r, for the equivalent.

pavements (together with the .equations used to determine the:

x
)



‘haul distances):

”
Equations r Hspe HEQ
(c.3), (C.6) 2 40.83  8R.33
(C.4), (C.6) 4 37.48  81.11
(C.5), (C.6) 6 . 34.72 . 75.13

4

~-C.4 Comparison of Net Present-Worth Costs gf Heavy-
Tfaffickgd Pavements Over a 20-Year Analysis Period
As in the preceding section, the_net-p:gsent;wcrth
.~ costs over an analysis period of 20 years for the equivalent
| éﬁeqretical CTB amd GBC pavements typical of heavy-
trafficked ran§ in the province are calgulated and compared

13

in this section.

C.4.1 CTB Pavement Net Present-Worth Cost

For a heavy-trafficked CTB pébementuB = 200 mm, P =

100 mm and the thicknesgymf the overlay placed in the 15th
r of service R = 100 mm (Figgre C}l)QaThe net
\ ﬁreSent-worth cost per 2 lane'kilometer for an analysis

period of 20 years is calculated as follows:

Material Quantities

“Wt. of compacted CTB base course = 3 300 x 2.15 = 7 095 T
Wt. of cement at 8% content = 525.56 T

Wt. of 100-mm ACP overlay = 1 350 x 2.40 = 3 240 T
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/ : : ‘
Wt. of asphalt in overlay at 6% content = 183.40 T

. ,Initial construction Cost

«

Description Quantity _ Unit Price Amount. "
Cement | 525.56 T $124,00 $65 169.44
CTB from pit 7 095.00 T 4.492 31 870.74 | C
Haul CTB BLF . 7.095.00 T 0.801 's 683.10
Haul CTB Haul 7 095.00y T KM ~ 0.114 ° 808.83y o 08
Fogq Seal Coat 13 500 SQ M 0,024 324,00, v
Total IC = $103 047.28 + 808.83y , r‘if ;l
- T Bati R
where y is the haul distance from the CTB f®duction plant & . .., +-
to the construction site. ‘ o
P N
Rehabilitation Cost
Description Quantity \ ‘Unit;Price *Amount
" asphalt 183.40 T $288.00  $52 819.20
ACP from pit 3 240.00 T 10,496 34 007.04 ”
Haul ACP BLF 3‘240.00}T . 0.754 2 442.96
'Haul ACP'Haul 3 240.00g T KM  0.112 362.88q
- Tack Coaf __13 500 sQ M 0.016 216.00
: iotal ﬁH1§ = .89 485.20 + 362.88q

4
‘4

where g is the haul distance from the ACP pro&uction plant

situated at an aggregate source to the construction site.

(]

g
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et = 2%, (PWF,2,15) = 0.7430, (PWF,2,20) = 0.6730 and

B
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Re31dual Value - e

As 1n the ca§e of the light- trafflcked roads, the
re51dua1 value of the heavy- trafflcked pa%ement at the end lid
of the 20 year analy61s period, SVZO’ may be assummed to be
half the cost of the overlay construct1on 1n the 15th year,

.~ §ince the pavements have an average second life of about 10
years in the province. Therefore, at the end of the 20 year 

.analyszsAperlod, ' ‘_J 7 IR 4

© Total svzbg= 44 742.60 &+ 181.48q. . .

Subst1tut1ng IC, RH15 and SV 1ﬁ E,-

“for an ana1y51s perlod of 20. years 15@g1ven by -

PWerp /20 = [103 047 28 + soa 83y] + [(89 485 20 + 362,88q)~

x (PWF,r, 15)] [(44 742f§o + 181, 44q) o

. \"ﬁl ”‘x.(PWF,r,ZO)]
. - g S

L, M¥crg pp T 139 %23.01°4 83?'83Y o ey o
er ;,4%; (PWF 4, 15) 0. 5553 cpwsﬁ4,zo%;= 0.4564 and
NPWCTB/ZQ‘_ 13_2:”,317.89 + 898.83y SR (c,?)
er ;oG%?a(PWF,skTS)Tg 0;4173f’(PWF;4;20> =to.3118.ana .



7 AR
‘ B 234
| NPWerp oo = 126 438.71 + 808.83y (9.10;

wvhere the terms in'q in EquatibnS‘(C 8), (c.9) and (C. 10)
v(147;51 ‘118 70 and 94,.86, respectlvely) are by compar1son

negllglble o o

-~

C.4.2 GBC Pavefent: Net Present-Worth Cost

P

For a heavy- trafflcked GBC pavement B = 300 mm aga P-s

-~

100 mm (Flgure C. 1) The net present worth cost per 2 lane

kilometer-over a'llfe cycle*of 20 years 1s‘ca1culated as

follows:

Material Quantities

5 130.x 2.33

Wt . of compactéd gfanular:base course

11 952.90 T

’ X i AT -
Initial Construction Cost. v B

. Description . ' ‘Quantity ~_Unit Price Amount _

GBC from pit - 11 952.90 T . 4.268  §51 014.98. ..

. ‘ ‘ S S _ ‘?;
- Haul GBC BLF 11 952. 90 T ’#» 0.760 5, .9 084.20 -
: N . : 5 - v.‘. B ‘11‘.?. ) ‘” :
‘Haul GBC Haul 11, 952 20z T KM 0.113 rg}\;1 350.68z
S g o ,"’ l‘; » >
Prime Coat o 13 SOOA‘QJM 0. 031. 418,50

A

Total IC = $60f§17 68 +1 350 682 M

3

whé;é z is the haul distance ;fom‘thé GBC source'tb'the\foad,‘ -

construction site. '
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R -

. Since for a GBGApavement,uhH =0 and SV 0 in a 20 -

year perlod subst1tut1ng IC in. EqUatlon (C.1) the net

".present- worth cost at r = 2 4 and 6 percent are all given

by:

© u

-

gBC/20 = 60 517.68 * 1 350.68z (c.11)

~ NPW

o

[

.

C.4.3 Net Present wOrth Cost Compar1sons

"+ The HGBC and HEQ for the heavy- traff1cked

paveﬁeniscas_determined from the respectxve eq

. follows: '
~ Equations T Hgge T
: .?C.Bf (cv11) 2. ss.a2  us.62
(c.9), (C.11 ) oy 53.16 132.51
.(C.10), (C.11) 6 48.81  121.66

‘C.SWComparison of Net Present-Worth Costs of Light-

Trafficked Pavements OVEr a 25-Year Analysis Period

The net present worth costs of the equ1va1ent

= light trafflcked CTB and GBC pavements are calculated and

.,~

CQ?E%fed in. thlS sect1on for an analy51s perlod of 25 years.

—

.
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. ﬁegligible.
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 C.5.1 CTB Pavement Net Present¥wdrth‘Cost

By inference from'thafions (C.1) and (C.2), foria
light-trafficked CTB‘pavement with B F‘1SO mm, P ='50 mm and
R'{ 50 mm (Figure 6;1), since SVés = 0, the net
present-wortﬁ cost over anlanaly§is périod.of.zs year§ is

3,
)

given by:

NPW.1p /o5 = [73.164.16 + 5§73.50y] + [ (44 850.60 + 181.44q)

W ai _ .

x (PWF,r,15) )zika 0 S (c.12)
@ r = 2%, (PWF,2,15) = 0.7430 and
NPHeqg o5 = 106 488.16 + 573.53y (C.13)
. N ' A
@ r = 4%, (PWF,4,15) = 0.5553 and
[N ) . _ ’ . 'S
NPV qp 0 = 98 069.70 + 573.83y (c
_er = 6%, (PWF,6,15) = 0.4173 and . v
: S o
NPWeg g0 = 91 880.32 + 573.53y (€. 15)

¢

where the terms in g in Equatiohs (c.13), (C.14) and (C.15) -

4

(134.81, 100.75 and 75.72, respecfive}x) are by comparison

14)



'C 5.2 GBC Pavement Net Present-ﬂorth Cost:

From Equat1ons (C 1), (C 2) and (C. 6), since for the

= SV the net presefit-worth cost over a

SV25/GBC 20/CTB"
25 year period for a l1ght traff1cked GBC" pavement Wlth B
"

‘250 mm, P = 50mm and R =50 mm (F1gure C.1) is glven by
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"equ1vaLent l1ght-traff19ked roads RHZO/GBC = 15/CTB "and |

(134.81, 100.75 and 75.72, respectively) are by comparison

negllgxble.‘ | .?' ' P

f"*’sc/zs [47 865.22 + 1 066. 33z] £ [(44 850.60 + 181.44q)
x (PWF,r,20)) - [(22 425.30 + 90. 72q) |
‘X (PWF,!.',25)] e . ) B . h : ) (C-‘]G)’
6r = 2%, (PWF,2,20) =_0.6730, (PWFLr,ZSO =.0.6100 andv\
o # - €1 3 . ST W
Pwsacjés = 64 370.24 1 0663332 (c.g7)
@ r = 4%, (PWF,4,20) = 0.4564, (PWF,r,25) = 0.3751 and
NPHGpc 25 = 59 923.30 + 1.066.33z ~ (c.18)
@t = 6%, (PWF,6,20) = 0.3118, (PWF,r,25) = 0.2330 and .
NPWopo g5 = 56:624.54 + 1066.33z . (c.19)
where the terms in q in Equations“(c.17), (c.18) and'(C,19)

JES
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C 5. 3 Net Present-Worth Cost Comparxsons'

The HG C and Hp EQ for the light- trafflcked equ1va1ent

pavements as determlned from the respectlve equatlons on the.
basis of a 20-year analysis period for the various d1scount

rates are as followst ‘ "

Equations o r H H

GBC EQ |
(C.13), (c.17) 2 39,50  85.47
(c.14), (C.18) o 35,77 1741
(c.15), (c.19) 6 . -33.06  71.54

C.6 Comparison of Net Presepﬁ—Worth Costs of Heavy-
- Trafficked Pavements Over a 25-Year Anaiysis Period

As in the pgeceding section, the net present-worth cost
of the equivalent»heavy-ttafficked CTB and GBC pavements are

determined and compared, for an analysis period of 25 years.

C.6.1 CTB Pavement Net Present-Worth Cost

~ From Equatlons (c.1) and (c. 7) smce*Sst/CTB = 0, the
net present- worth cost of a heavy trafficked CTB pavement'
with B = 200 mm, P= 100 mm and R = 100 mm (Figure’ C.Q) is

}giveh by: . ' _ : -

NPWerg /95 T 103 047 28 + 808. 83y] + [(89 485.20 + 362.88q)

x (PWF,r, 15)] | " : (c. 20)‘n;i9

]

e r = 2%, (PWF,2,15) = 0.7430 and
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- NPWeqpp5 = 169 534.78 + 808.83y - (Ce21)
@ r = 4%, (PWF,4,15) = 0.5553 and
‘ o ‘NPWCT-B/zs = 152 733.41 + 808.83y;n j vv’«(uc.22)ﬂ ’
@ r = 6%, #@WF,6,15) = 0.4173 and B
NPWepp o5 = 140 389.45 + 808.83y - (c.23)

where the terms in g in Equations (C.21), (C.22) and (C.23)
(269.62, 20&.51 and 151.43, .respectively) are by comparison

négligible.

C.6.2 GBC Pavement Net Present-Worth Cost
For a.heavy—trafficked GBC paQement, the cost of
rehabilitatiopn in the 20th year of service is assumed to be ,
the same as the rehabilitation cost on an equivalent CTB

structure after 15 years of service, and the.residual value

‘at the end of a 25-year period taken as half og this ’

7,

rehabilitation‘cost..Consequeqtly, from Equation% (c.1),
(c.7) and (C.11), the net present-worth cost of the»GBC

. pavement over -a 25-year period is given by:

NPW,g cpc = [60 517.68 + 1 350.682] + [(89 485.20 + 362.88g)

'}*-(Pﬁk,f,zdir'- [(44 742.60 + 181.44q) oy

x «(PWF,r,25)] | (c.24)



~/d/( | A_ 240
S/

@ r = 2%, (PWF,2,20) = 0.6730, (PWF,r,25) = 0.6100 and
: ) _ , TR
NPWGpc /25 =,93'448.23 *+ 1:350.682 (c.25)
@ r = 4%, (PWF,4,20) = 0.4564, (PWF,r,25) = 0.3751 and
" NPWgpe,pg = 847575.78 + 1 350.682 (C.26)
@r = 6%, (PWF,§,20) = 0.3118, (PWF,r,25) = 0.2330 and

]

NPWGBC/2SV= 77 994.14 + 1 350.68z2  (C.27)

where the terms in g in-Equations (C.25), (C.26) and (C.27)
(133.54, 97.56 and 70.87, respectively) are by comparison
~negligible.

C.6.3 Net PfgSent-Worth Cost Comparisons .

| The H;po and HEQ ford;he heavy-trafficked equivalent
pavements as determined from the respective equations for
the 25-year analysis are as follows:

&

Equations : r H_. : H

GBC EQ
(c.21), (C.25) 2 56.33  140.42
(c.22), (c.26) 4 50.47.  125.80

(c.23), (C.27) 6 46.20 115.15
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Table C.1  Average Unit Prices for Some Items of Alberta Transﬁortation CTB
Highwayv and Roads Contracts

" B688

P131

Item . : Unit Price, Unit Price,
Number Item Description : Unit $ -1984 $-1985
LBSIO GBC from pit; Desg. 2, Class 16 t(onne ' 3.632 ~ 4,268
BST0  Haul of GBC; BLF | tonne - 0.743 0.760
Bsl Hawlof GBC; Haul - km Toaie | 0.113
B660 CTB from pit,hnesg. 7,Class40 . tonne - 3.687 _4.49
B670  Haul CTB; BLF .. tonne 0.827 0.801
B67l  Haul CTB; Haul | tkm 0121 0.1M
B(;8‘2 ’ Broom and Apply Fog’Coat Seal sqm 0.030 0.024
B6s6 . Broom and Apply Prime Ceat sqm . 0.026 - © 0.031
Broom and Apgly"Tack_ Coalv sqm 0.015 ~ 0.016
P104 ACP from pit; Desg. 1, 'Cl'a's‘s‘ 16 tonne 9.149 10.496
P10 Haul ACPBLF tonne. 0.741 0.754

Haul ACP: Hau) : t km 0112 0.112
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Figure C.1 Pavement Cross-Section Used for Economic Analysis



