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ABSTRACT

. o

a

N * B -

Low temperature transverse cracking of asphalt concrete pavements is,

reduced pavement

4

assocuated with: large areas. ‘of Canada and can result”i

riding quality, increased pavement maintenance costs fand premature

pavement rehabilitation. Ih this |nvestigation. th performance of

asphalt conérete pavements constructed by Alberta TranSportation was

studied in an attempt to identify the major factors that are influencing

low temperature transverse cracking.

LS
~

‘The investigation was separated into two distinct phases. Phase |

included field identification of transverse cracking behavior on a large
%tmber of projects and the development of a data bank of shﬁnfticant
parameters and characterlstncs.' The data vas'analyzed using multiplé
linear regression techniques to |dentify the maJor factors that were
influenc1ng the observed cracklng behav:or.‘“?hase 11 was a more
detailed onvestigatnon into three projects exhibltlng peculla}
transverse cracking behavnor. This phase included a field sampling and
laboratory testlng proqram designed to ldentnfy in-place materials

&

characteristlcs that coﬁld be correlated with cracking performance.

Resultina from Phase Iy the three most. significant variables identified

that had the greatest' influence on the frequency of transverse cracknng

“wn L]

were pavement thickness. orig:nal asphalt stnffness preducted using
McLeod s method and based on site specific temperature condltions and

pavement age. A critical original asphalt stiffness was identlfiedi'



Using the §racking frequené}'model. ; design map was developed for
Alberta that can be uSedbin selecting the appropriate asphalt grade and
" type that would optimize the low temperature performance of the

pivement.

Phase || jdentified that subgrade effects were a large factor in
influencing the differences in observed gracking.. Asphalt .

characteri§t1cs\éppeaped to have the gregtest influence in governing the
behavior of the sections that did not exhibit any transverse cracking or

exhibited only very low frequencies of transverse cracking.
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o CHAPTER 1 V';‘ -

INTRODUCT I ON

v

o

1a

Cbnsfderaplg‘effdrts and resources by researchers and hfghway engineérs
havé.beéh expended'to.design asphalt concrefeapavements that é;Bibit?
acéeptablepperformance'at both high and low fn—serQihé”temperathes.
The major.consideratfon relating to high in—serviée temperatures is the
plastic‘dgformatibn of the pavement‘under t}affic loadings resuitingain
rutfing o}’éhénnE]ization in wheelpath locations. ét low in-service .

temperatures, the major concern. is with non-load associated, thermally

induced transverse cracking.

Within é{fé:>szransportation. asphalt cement grade selection is the -

661; variable considered in designing asphalt concrete mixes and

-~

pavement structures to optimize low tempera;ure‘pavemeni performance in.
terms of tﬁérmally induced trahsVerse cracking. As witnessed by
extensive transverse cracking throughout the pavement'system, the -

ultimate goal of des?gning crackfree pavements has not been realized.

. q . . . 4
However, there are some pavements within the Department's network that -
have been identified ds exhibiting little or no transverse cracking. -
About 600 km of aspha}t concréte pavement on about 60 préjects

constructpd between abputv197h and 1979 have been.ob:grved‘to have

-~

] . - —



‘ - @
transverse crackung frequencies between 0 and 5 transverse cracks per

»knlometre. of these, 3bl km exhibnted no transverse cracking.

-

I
]

These low transverse cracking frequencies are signifj;ant in terms of -

their ultimate effects'on pavement fiding quality, pavement»structural

integrltx-andfpgﬁement maintenance\ﬁqsts and warrant further researCh.
. - ':“'\;' . . ‘ \\\\ . .

: [

1.2 Objectives of the Investigation DN

-The overall purpose-of this investigation was to review the\pe[fbrmance

,«\v‘ ]

of asphalt conerete pavements constructed by Albérta Transportatien\wiﬁhl

.

5

objectives were:

- 1

L4

1. To identify the major factors that are influencing the Tow

temperatdre’perforhance of asphalt concrete pavements.

2..To prdvide morevdef{n[$ive,Qesign guidelines £d the highway

‘

engineer to minimize or.nega;:\ﬂow temperature transverse cracking.

~.

- 3. To assess the |mpact of asphalt ‘cement specufscatuon changes made

by Alberta Transportation in 1967 as they relate to Iow - v

I~

respect to low temperature transverse cracking. More specifically,  the »ﬁ\

temperature transverse cracklng. ) - S ‘3‘

)

4. To assess the impagt of'asphalt cement specifications made
in the late. 1970's and the use of "narder" aspha}t cements- as they

relate to_;he longer term low temperature performance.of pavements k
N N .

&



¢ ’ ) ’

designed by Alberta Transportation. '

1.3 Scope of the Investigation

a

The gcope of the investigation was limitdd to asphalt concrete pavements
‘within the primary highway and secondary road network .in Alberta. The'

investigation focused mainly on conditions which are uanue&to Klberta:
’ v ' :
-climate _ : oo Cve s

4
-soils and aggregates
3 / ,

+. -asphalt cement sources

- -pavement design methodology and pblicy. -
ts>~ o ’

¥

-

In general, only newly constructed pavements wer; |nckuaéd Tﬂ\the
. i et
|nvest|gat|on. Pavements that were subsequently ovef&htq,weff‘not

-

studied unless it was felt that the observed trénsver%q creck|ng

~

behavnqr was governed by the underlylng, previously const(ucted.

pavement. a -

a Rt
o, ~—

‘Attempts were made to use the broad,historical data base of information

‘that was-available. This data included routine test results of asphalt

cement suppiied to all paving projects and the fe%ufts‘of«quaeryA

contr?i testing carried out during‘cohstructiqg on bll‘prpjecfs.f‘A:

E2 D = - - N

pragmatical approach was taken to try téﬂﬁéiimize practical
. - ‘ ‘ “ . : o o - v 5
- implementation.of the results of the investigation.
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V. h Orga“tlon of the Thesis

As the first step of the.investlgatnon. described in Chapter 2, low
temperature transverse cracking and its effects on pavement |s ;
:dlscussed _Major factors |dent|f|ed in the'lnterature that 1nfluence
low temperature transverse cracklng and Albertp Transportatcon s
methodotogyufor selection of asphalt~cement grades for asphalt concrete
pavements. is reviewed. The development of ‘asphalt cement specifications

by Alberta Transportation is briefly presented.

%

o

Chapter 3 descrsbes the evolutnon of the - unvestlgatuon from one proJect

N

identified in 1981 that hibited no transverse cracking to a larger
. scale field inspection program. The research has been separated into
two phases. Phase | |ncludes fneld sdentlflcatnon of transverse

crackang behavnor on a large number of prOJects. the development of a

3 . st

: data banghof significant parameters and characteristits and the analyses
of this data using“statistical techniques. Phase || foouses on the

particular behavior of a limited number of projects.

o T -
N LI

Chapter L describes tne_d%yelopment'of the data bank-used in Phase |.
o B P N ‘ o

The source and significance of ‘the data is discussed. Chapter 5

V l\ - . B ’ 4 .
presents the analyses of the data. ;Hultiple linear regression analyses
_are used to develop mer[s'hhich identify the major factors influencing

. y f
rcrafkung(performance.

Chapter'6 presents three case studies. Selected projec&s were
3 . - LN

"anvestigateq ln‘qetgll. Field sampl?ng and laboratory testing was

(<}

Py
P
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_carried out to characterize the miterlglt present to attempt to explain

Al

the‘;bserved field performance. The last chapter is a summary of the

principal findings of this investigation.



‘that exhibited no trahsve

CHAPTER 2

LOW TEMPERATURE TRANSVERSE CRACKING

Z.] Low Temperature Transverse Cracking

Low t;mperature transverse crédking can be defined as regulaf. Yacross
th pavemdnt"'cracks. orientated perpendicular tdlthe longitudinal
diréction of the asphalt concrete pavement. The types of g:ansverse
crdckihg'that havd been add?edged in this }nvgstigatioh are those crdéks
resulting from low temperature stresses induced in the pﬁvement byrthe
Eoolidg of a longitudfnally restrained.pavdment exceeding tﬁe tensile
strength of the b;vement. TBe investigation willi also congidec;the

effects of low temperature thermal shrinkage of the unde(]ying subgfade

materials which mé} reflect tﬁrough the pavement éurface; Cracking

4

resulting from the shrinkage of granular or cement treated bases or

frost heaving will not be addressed.

Transverse cracking, as perceived by highway engineers in Alberta, is a
widespredd problgm and is regarded as a "fact’of life" in the
performancevof asphalt concreféipayements. A survey of District
Transportafionzingineers carried out.b; fhe author in 1983 tovideqpify
uncracked pavements identifiéd only two projects with Alberta's network
‘ rse‘cracking“afterba minimum 5 years

pefformance. vKathol'(l)lreported in 1969 that there were only

approximately 50 km of some 6000 km of asphalt pavement conﬁtfucted over

-
i
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2.2 Why is Transverse Cracking a Highway Engineering Problem?

/The initial occurrence of f;ne transverse cracks may have little
substantial effects on pavement performanée. With time, as the cracgs
widen; the‘intrusion of water into the pavement and subsurface materials
can result in significant losses of riding quality. With clay .
subgrades, especially those wi;h substantial amounts of montmorillon{tc
clay, localized swelling in the vicinity of cracks can result in bumps
up to. 25 or 50 ﬁm high (2). On sandy subgrades, washing away(of fines
can cause dips. Spalling of the.asphalt concrete at the crack fa!‘ can
further widen the crack which may eventually result in potholes. A1l of
these conditions can seriéusly reduce pavement riding quality which
fesults in increased costs to the user of the facility and may require

‘

premature rehabilitation in the form of an overlay. -

A d

Considerable resources are also expended in the maintenance of these
cracks by patching and c;ackfilling.'fln gene(al, crackfilling is
ineffective in providing a permanent seal of the crack and must_ﬁ;~
répeated.on an annual basis. Further, érackfillind results in an °

.unsightly dﬁpearance of the road surface and if excessive amounts are

applied, cbnstrdction proble&s’are created when the next asphalt overlay’

Pyl .
is applied. To complete the process, the existing cracks will reflect

w

-



through'tho new overlay, often within one ygar; tequiring continued long
term maintenance.‘ | | '

J
2.3 Factors Effecting Low Temperature Transverse Cracking ‘ v
Therg are many factors that affect the low temperature performance of
asphalt pavements. The major‘factors identigied~in the liteféture are

briefly discussed.
. SN

3

1) Climate
¢

Low temperature transverse cracking is generaily ;ssociated'with Iarge
areas of Canada and the more northern regions of the United States where
winter temperatures drop below -23°C (3). The lower in-service winter
temperatures are: the greater'tng iagnitude of the induced thermal
stresses and the greater the incidence of cracking that can be éxpzcted.
Correlations between the initiation of pavement tfgnsverse crackihg and

the lowest ambient air temperatures have been identified (k)(s).

" 2) Asphalt Characteristics ' \

!
1 . . 3
)

The relationihip between asphalg_consistencyﬁ\both penetration and

D

<

'viscosity._an;.aspha}t temperature susceptibiliby oﬁ the occurrence of
transverse tracking has long beén apparent (2)(%)(5)(6). For a given
consistency (penétratipn or viscosity), an incre;;e,in the temberature
susceptibility will result in a greater incidence of transverse

cracking.



3) Asphalt Stiffness

_—Varmder.Poel (7) introduced the concept of asphalt stiffness as a means
P A | i c
of characterizing asphdﬂt consistency over a range of temperatures and
e ¢
loading times. Stiffness, which is a function of loading time and

temperature, is defined as:

\ , ‘S(t,Ti - (stresi/%train%t’T)
. N o 5 '
- Asphalt stiffness can be evaluated at the low temperatures,at'hhichl
;racking occurs and can account for both asphalt consistency and and
tempera{ure susceptibility. . !
LI ’

-

Correlations have been identified between 16w temperature asphalt
stiffness and pavement transverse cracking (2) (5) (8) (9). Higher asphalt
stiffness atﬁlow.temperatures resu}t in greater incidences of transverse
cracking, all other conditions (pavement thickness, age, etc.) being
equal. ‘

L) Pavement Structure

e

The thickness of the asphalt concrete layer has been shown to affect the
occurrence and frequency of transverse cracking (5) (8). Generally, the
"thicker the pavement section, the lower the frequency‘éf ;racking. This

may result from the insulating properties of the asphalt concrete

resulting in a stiffness gradient through thé pavement structure.




5)  Age

\

The age of a pavement has an effect on the occurrenke and frequency of

transverse cracking. Asphalt hardening due'toéoxldation will increase

3

asphalt stiffhe:s with time. Also~ the probability of the occurrence of

extreme low temperatures will increase with pavement age:‘ These effects

“

wil¥l tend to increase the probability of.the initiation of transverse
cracking or increase the frequency of transverse cracking with pavement

age.
6) Traffic

The Ste. Anne Test Road (10) demonstrated that traffic effects
'infldenced the severity of transverse cracking with iignlficiﬁtly more
transverse cracking experienced in the traffic lane as compared to the

passing lane within some sections.

7) Subgrade

!
i

The effects of subgyade_tybe on pavement transverEe cracking have been

recognized (1) (6) (8) (10). Pavements constructed over sand subgrades

exhibit higher cracking frequencies than pavements over clay subgrades.

" The author has_obserVe&»thal_the4jreqhency'of transverse crrcking is

often significantly reduced for sections of road constructed through tTow

» e

lying muskegs or sloughs compifed to sections éonstructed through

/

ueli-dralned terrain.

10



8) Mix Properties » * A

%.
Some mix properties such as density. air voids aﬁd asphalt content have
an inf{uence,on ﬁix’;iiffngss and‘yhe rate of asphalt aﬁing or
embrittiement. It is recognized that mix properties ;oula therefore

infiluence transverse cracking frequencies. More extensive research is

required in this area to correlate these properties with low temperature’

2

per formance.

2.h Alberta T}ansportafTbn': Asphalt Cement Spcclflcitlons '

The influence of asphalt cement properti;s»on\Qow tempera;ure tranpsyerse
cracking was briefly discussed in the previous section. Asphalt cement
specifications used by Alberta Transportation have been developed over

the last two decades in an attempt to pptimize~thelgow and high

temperature perfarmance&bf asphalt cohcréte pavements.

C p—
S
~,

Prior to 1967, asphalt cements were graded only by penetratidn at 25°C.
Two grades were in use: 150-200 pen and 200-300 pen. A mfniMum quantity

of-SCSOOO was also used. ..

e )

The Alberta Test Road (L), constructed in 1966, used three different

souréei'éf 200-300 penetration grade asphalt cement in one contract with )

uniform subgrade conditions. Each source represented a major supplier

and a different viscosity at 60°C - alow, a medium and a high

Qiscosity asphalt. Field performance showed that the "low viscosity" or



- : 3

nore’ temperature susceptnble source tended to crack earlier in uts
' 9

servnce llfe than the meduum or-higher VlSCOSttY sources.

-

" . S . . L0 PR

: e
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eAs‘avresult of thehprellminarypffndlngs df'ghisltest road and other

B field surveys (2) ,'almlnimum Viscosltyﬁat“60°c of 2755pelse and-a

'>m|nxmum penetratuon at 25°C" of 250 dmm- was adopted to control both the
eonsnstency and temperature susceptlblllty of the asphalt Thl' asphalt

cement grade was referred to as AC 275 (anure 2 l)

$ o
« {

e o2 4
“In 1978, two new asphalt cement desagnatlons were |ntroduced to replace

) ; AC"§75 | It was recognlzed that the minimum vuscosnty specnfned for AC

. 275 was too low to resuf?zln'acceptable hlgh temperature performance of
fmore heav:ly trafflcked hlghways. The two new grades were des:gnated as ”~
AC 27 5 and AC 60 (Flgure 2 2) and were essentlally‘"hlgh viscosity" |

Gt e

200- 300 pen and 150-200 pen asphalt cements respectuvely The minimum
_and maxumum v:scosnty l|m|ts paralleled PVN (Penetratnon Vnscosuty
Number) 1lines as defined by Mcleod (11).

. In 1980, asphalt cement speC|f|catuons were further revnsed to :nelude a

[

}‘total(gf 5 grades‘- ‘a hlgh vascosnty 150 200 pen, a hngh and meduum
V|sc05|ty 200 300 pen and a hlgh and med i um vnscosnty 300 hoo pen -~

;:ﬂuf” '{;asphalt cemeni (F|gure 2.3). These. grades were de5|gnated by thenr

| J:V,mlnnmum and maximum penetratlon llmlts and thexr relatlve uuscosnty
ilevels Wcth the high vnscosnty materials sufflxed "A” and the medrum~e

vascoslty maternals sufflxed "8” Agaln the vnscosnty lnmlts parallel

a,HcLeod's PVN lunes. These five grades were adopted to provlde maximum

i = flexlblllty ln seﬂectlng the approprlate asphalt grade in terms'bs hi
o | I R
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Pmedium or low traffic volumes and recognﬁied that more temperatute
. . a

-

susceptible asphalt cements ("'B' .grades) could be incbrporated,intb the

pavement structure in lower lifts. Surface courses “would oﬁly use "A"
”grades. A éomparlsop of 1979 and 1984 asphalt test data is. being
evaluated in = sm . “rent investigation at the University of Alberta by

\

Leung. -/

K

2.5 Alberta Transportation's Design Methodology
’ i £ ) .

o

CufreﬁtlyL‘asphélt cement selection i; the only design-facfsr used to
addres;‘low tempéfature panmgn{:performance. fhe'geﬁgfa) apﬁroach i§
'to‘sefectf;he:softést'(penétratipn) grade of‘asﬁha{t cehenf that cén,be
used and én;ure acceptaﬁlefhigh ;emperatufe perfbrmaqce. Accéptiblgﬁ
. high temperature perform;nce i; a func:;cn o? both ééog}aphjcal'locatian
énd iraffié volumes. Generally 150-200A is used on all heavily
‘ : . S 0
‘trafficked highways throughout the Province and on medium trafficked
highways in the sopthern‘régié%s; 200-300A is used on medjum'trafficked
‘highways inithe hofthgrn regions and on low traffickedrhjghw§ys‘f v
‘thfoughout thé Province; 360-LO0Alis restricted to use.on commpnity
airPorts.‘ There is no definitive criteria to'separate’low. me;ium or

- high traffic highways or nqrthern and "Southern regions. Seleciions are

made based on general rules-of-thumb and experierce.

Two asphalt suppliers capable of producing 'B' grade asphalts are
located in the northwe;t region of the Provincé.'yln‘this region, when
. . . | . : Lo ’ ) ' . S . ' ) .
more than one 1ift of pavement is designed for a project, "A" gradeflare

specified for the surface course and "B' grades would-be,specified as an



a\ternate for lower lift constructlon., For example. if 150 200A was
specnfaed for top |lft, 150~ 200A or 200~ 300A or 200~ 3008 could be used

on bottom lifts. Selectuon would be governed by economics.

\ -
e

fhe final selectfon bf‘an gsphattfgrade and‘type is a tompromise‘between,

.' D p\ * - o . -
the anticipated,Péwftemperature cracking performance and“the high
temperature performance of the asphalt concrete pavement relating to the

safety of the travellnng publlc (rutt;ng and hydro plannng under’wet

weather conditions). '( o o

» c o
2.6 Other Design Methods to Minimize Low Témperature Cracking
B . :

»

o

Two different design methodologies tO'minFmize low temperature cracking
.have'been‘developed.

G

Haas (8) has presented a model that prednct& low temperature crackung

frequencx inputs to the model .are stuffness of the original asphalt
gement as. determlned by HcLeod s method, thickness of the UltumanU{
layer. de5|gn lnfe of the pavement, winter design temperature and
'subgrade type. The model |s used to prednct crackjing at some tnme’in
the future gnvenaéertaxn des:gn |nput values. The designer‘would:then‘
make~a Judgement on the»aceeptabrltty 2’ the estimated’craekin§'=
~frequency anE*TT‘unacceptabTe. vary .the inputs until an acceptable

Cw

cracking freéuency is obtained.

’nknother'design:preéedure. based ontcracﬁ{ng temperatures predicted from -
P PR S - | ‘ -
asphalt penétratlons‘at 25°C and at 5°C, 100 g, 5 s test conditions, has

LIS
a
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‘Seen pfoposed more'recen{ly (3) as an interim guide to(design'pav;mehts
to resist'low'température tfansvérse cracking.“ This predicied cracking
‘temperature, based upon the asphalt cement propOSed.for use, would be |

compared to the mininum anticipated pavement surface temperature to

determine if'an asphalt grade change is required.

It is not known how widespread these two methods are being used in North
America.

™

Other indirect and direct procedures have been developed for predicting

a

pavement crécking temperatures from both asphalt and mix.stiffngsées (3)

but have not been considered in this study.

-
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CHAPTER 3

o ' RESEARCH PROGRA
- . ' J

4
]

3.1 Initial Investigatien

T

In the summer of 1981, the author inspectedbprpject‘SR M l&éated about

70 km,sputhwest of Edmonton. This 150 mm full depth pavgment.'

constructed in 1975 did not exhibit any transverse cracking over its
- . ' G
total length of 10 km. This low temperature performance was recognized

as untypical. - In order to identify projects exhibiting low frequencies

of transverse“cracking.pthe Department's 15 District Engineers were

survéyed. Only two projects were identified as exhibiting no éracking:‘

. Ny
<

Alberta Transportatioh carriec nut visual condition ratings of all

pavements. inventory sec ... +w -ited on a 1ﬁree year frequency. The

visual condition rating =« = t+ stimation of transverse cracking

frequency. Sections are -ziet? as ‘ol jows:



. 20

Estimating Unit Transverse Cracking Frequency‘(cracks/km) .
. , .
mone -4 - _ 3
minor - =3 - 3-30
moderate = 2 30-79 -
. : -1
major =] T 79-131
severe =0 . 1314

This data base was reviewed to‘determine if it could be used to identify
pavementé exhibiting low cracking frequencies. It was felt that this
data was not precfse enough nor timely enough to use to quantify

transverse cracking frequencies,

K.program of informal field inspections was initiated during the summer
A

of 1984 to try to identify the extent of non- or low frequency

\,‘

transverse cracking pavements. An iqftial revieQ indicated this
behavior was correlated,tO*full depth pavemenf structures so inspection
;fforts were concentrated on projects incorporating this type of
pavehent structure. fﬁese,inspeétions identifie&’that uncracked
hfghways were not as rare aS originaIly perceived. At this point, this

informal investigation was upgraded to a research project as part of.

Alberta Transpor;ation's program wifh the University of Alberta.

3.2 Transverse Cracking Evaluation

Y

peA) (SR

The purpose of the on-site‘inspe?tions was to try to identify the extenf

-of pavements exh]bitlng relatfvely low transverse cracking frequencies

&



-

and to also identify projects exhibitfng various degrees of cracking so

that the significant factors influencing cracking could be ascertained.

inspections were carried out on total projects. A project was defined

as a pavement constructed at one time under one contract, built by one
. &

Contractor and generally incorporating the same aggregate and asphalt
materials. ‘Genera1ly only projects constructed prior to 1979 were
inspected which méans they would be at least 5-6 years old. It was felt

that if -any significant transvetse cracking was to occur, it would have

:‘occurred by then_z‘Peqformance of the Alberta Test Road (L4) showed

extensive transverse cracking was experienced after 2 years performance

‘on all sections. Significant transverse cracking of some sections of

the Ste. Anne Test Road (5) occurre; after. the fi}st winter;"during‘the
fifth winter, transverse éracking éccurred on some previously uncracked
sections built on s;nd sUbgrades (10) . Projecfs constructed prior’to
1970 were not included due to a lack ;f available data relating to thg
original materials used during construction,

o

Initial work indicated the full depth pavement structures tended to

exhibit lower cracking frequencies. Virtually all full depth pavements

of significant length meeting the age constraints previously identified

‘were inspected. Full depth pavements, although not conétructed by.the

Depar tment anymore, were considered important in the investigation

" because there would not be any effects of a granular base course

influencing cracking frequency. MclLeod (6) identified that-thick

' granular bases influenced pavement transverse cracking. These pavements

included asphalt cements dubplied'by six different refineries. Asphalts

8

21
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meeting the AC 275, AC 27.5 and AC 60 spe;ific?tﬁo;s werezrepresented.‘
Some low to medium viscosity 150-200 pen asphalts were also included. A
few full'¢epth projects that had been subséqdently overlaid,wé;e also
inspected,

-

In addition, all new pavemeht constructed in. 1978 and 1979 and'}laced

over granular bases were inspecfed. These pr&ﬁeéts'wéuld'have been
supplied with asphalt cements meeting AC 27.5 and AC 60 specifications.
Complete'information and data oh materials used was available for these
project;. Further.‘asphaft.qeme;t characteristics of the products ~
supplied for this périod would be ver&'similar to the productg'being

A

currently supplied to the Department.

» ) AN
A

3.3 Measurement of Transverse Cracking Frequency.

For this investigation.'only’full width transverse cracks were céuntéd:
S f ihe crack did not extend-at least one-half way across the total

So—

pavement width it was ignored. Crhcksqextending over one-half of the
' 1

pavement width were considered fullfﬁidth. 1t was assumed that these !
cracks were low tem;eratune related ang would extenéiitross the toia} 7<A
pavemegt in the future. This approach was taken té simplify the cra;k T
counting exercise and w3g{d result in less discrepancies in crack counts
between different people. ,InSpection; conf irmed that over ninety

- |
percent of the transverse cracks extended the full width of the

pavement.

.
e,
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23
Alberta Transportation has started to log the entire highway ne;worl on
~a regular frequéncy using a- truck mounted video camera. In some cases

where available, these video tapes were used to determine &ransverse

crackihg frequencies where crackfilling operations highlighted cracking

patterns. Where no cracking was observed, it could not be established
. AN

if cracks did not exjst or if they si;ply had not been crackfilled. In%
Y
these cases a follow-up field inspebtion was carried out.

'

~.

Transverse cracking frequency in Alberta has been histoFically
quantified by the number of trahéverse cracks per kilémetrg.(or mile) .
Frequency, é; used ‘in this investigﬁtion. has been defined as iuch.;ﬂ\

“Transverse cracks were counted for each kilometre of the project.

v

Tr#nsverse crack frequency for eacﬁ prajeét was summarized by the number ’
of kilometreSxexhibiting o, 1, 2, 3, L, 5 and 5+ cracks per kilometre,.

1t was fglt th#t if the cracking frequency .exceeded 5 cracks pef
kilometr;,’ie. a spacing of less than 200 metres, the frequency was ’
significant and further deta}l was not required. The ﬁrequency of 5 per
km was assumed to differeﬁtiat£ significant‘fromvnon-sﬂgnificant
grackingl_.fhe avera;e frequency per‘ki)ometre‘fo;ﬁthevtota) project was

also calculated. b

Ontario Ministry of Transportation and Communications (12) expresses

./

" transverse cracking frequency in terms of a Cracking Index (C.!.) whiéh
is calculated as the number of full transverse cracks plus one-half of
the half transvers;}cracks per 500 ft of roadway léngth. The transverse

cracks less than one-haif of the Foadway width are nét included. Taklnd

the method of counting cracks used for this investigation and assuming



‘no half width cracks, then cracking frkquency in numbers of transverse

cracks per kilometre divided by 6.6 would be the equivalent Cracking

£

index. ‘ . v
o

1
N

A review of this cracking frequency informatiog was used to separate
projects from further analysis. Only projects with relatively |
consistent cracking frequenc}es from kilometre to kilometre were
considered. This screening was ;ecesaafy to;ensure thht‘the factors
influencipg the observed cracfing'frequency were consistent over the
project’which would make these factors mor; easily identifiable.
Projects ethbiting significantly different cracking f:Lquencies. but
wheré f&hag differences represented significant consgcutive kiloTetres.
were subdivid?d into sections and each section was cohﬁidered Q
sebaragely. _Examples of a project removed, SR ]92:02. and a project
. ‘

included in by dividing it into two sections, 3:12-1 and 3:12-2, are

presented in Tables 3.1 and 3.2 respectfvely. “

A total of almost 1800 km of pavement representing.about 130 projects
were inspected. Excluding projects that did not meet the age
constraints, were overlaid or were not '1cluded. resulted in 55 sectfons
of full depth b;Qements totalling 642 km and 22 sect;ons ©of pa?ements
congtructed over granu)ar bases to§a11ing“k9 km available.for further
an‘lyses. The total of 991 km of sele ied pavements represented:
T
242 km of 0O crack/km.
66 km of 1 éracé]km )

L6 km of 2 cracks/km .



o

3? km of 3 cracks/km ) N
26 km of 4 oracks/km
3l‘k$ of § crack;/km , . . i
648 km of 5+ cracks/km.
A~ ) -

3.4 Research Approach , , - S

The approach of this’ investigation was separated into two distinct
i ]

phases. Phase | inglved the large scale triasvérse crack survqx.
Ml.

information and data pertalnlng to the pavement structure, its age,
as- supplned asphalt characternstucs. claﬁate. surficial geology.
cracknng frequency aQ? as-built pavement charactennstics for islected
sections were gathe?e;faﬁh entered into a data bank. Thas,q,ta'was
analyzed using multiple regression computer'prégrams to identify the

Y

" . major faq;&?s influencing the‘obsérved cracking frequency.
e _ Sy , L

Phase || was a moreé detailed 1nvesti§atfbﬁ”of a small number of pfojects

exhibiting peculiar transverse cracking behavior; f&ﬁw‘&‘ﬁp].&r

sugnsfncant cracknng and non- rackung sections wnthnn one ‘project. This

de;alled |nvestngat|en 1nclude ‘a fleld sampl4ng and laboratory testing

program designe& to identify th in-placé asphalt, aggregate and

A - - -
subgrade characteristics in order tb try to correlate cracking

’bertormange with both original and in—place;material characteristics..
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Table 3.1 Example of'kPr\oj‘éc.t Screened Out
' “of Further #palysis - SR 792:02

. : Transverse Crack Count ’
e km --km Lo '(Cracks/km)
22.7 - 21.7 . ‘ 7
21.7 --20.7 -0 -
20.7 - 19.7 -2t
19,7 - 18.7 22
18.7 - 17.7 0 ’
17.7 - 16.7 * 0 “
16.7 - 15.7 3
15,7 - 14.7 1
14.7 - 13.7 4 | ;
13.7 - 12.7 . 28
12 -1 36 .
T 119 - 1047 34
0.7 - 9.7 S 3 _
9.7 - 8.7 20
8.7 - 7.7 17
775 676 2 { .
6.7 - 5.7 19
5.7 - 4,7 35
4,7 - 3.7 33 B
3.7 - 2.1 15 ;
2,7 1.7 2
¥.7 - 0.7 2 o
10.7- 0 70
e > Ave Frequency’(22 km) = 14.9
Std Dev. - = 13.7
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Table 3.2 . Exam"of‘f‘Project Scr’eénec_! in
by Dividing !Into Sections - Hwy 3:12

—&"2*

' . Transverse Crack Count
3:12-1 km - km . ~ (cracks/km)
12.0 = 13.0 “
13.0 - 14.0 s 9
14.0 - 15.0 0 -
15.0 - 16.0 0 T
16.0 - 17.0 - T4
17.0 - 18.0 0
18.0 - 19.0 2
19.0 - 20.0 0
20.0 - 21.0 2
2.0 - 22.0 -5
- Ave Frequency (10 km) = 2.6
StdsDev.’ - =" 3.0
3:12-2
- 22.0 - 23.0 19
23.0 - 24.0 9
24.0 - 25.0 8
25.0 - 26.0 12
2650 - 27.0 7
27.0 - 28.0 7
¥ 28.0 - 29.0 6
29.0 -.30.0 o 17
.. 30.0 - 3t1.0 _ 17
. 31.0 - 32.0 T 20

¢ .
.

| Ave Freguency (Tb km) = 12.2
Std Dev. S .o 5.5
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e CHAPTER'h
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. B '
PHASE | - DEVELOPMENT OF DATA BANK .

. W'
s o

"4,1 Introduction ' . - o

Phase;; of this lnvestlgatnon was the development and“analysus of a data
bank of unformatlon relatlng -to 77 sectlons of pavement exh|b|t|ng

Avaruous‘degrees of .transverse craekrng. This chapter |dent|f|es the

& @ 4

‘ majorjinputs to’the data bank:'how or where they originated and the form .

gn_which'they'were QUantif?ed.

’ -

5;2 Transverse Cracking Frequency

z 3

éls discussed'in Section 3.3,.the hd@ber of kilometres -of oavement having
3 ”itranseerse crack trequencies of 0, 1,-2, 3, &, 5 and 5+ cracke/hm, the
* totai length of the section lnspected and the average crack frequency
for the sectlon were enterejllnto the data bank. ErOJects orvsectnons
that were sgreeneo outhere notiuncluded. . —

S

[

1.3 Aspha}t Cement PrOperties

Alb%@te Transportation has historically specified, suppiied and paid for

directly, the asphalt cement to be used on a paving project. It is

erartment'ﬂinualtty control pollcy (13) to routnnely sample, on a

,frequency of about one sample per 200 tonnes, the aSphalt cement

TN



v specification'compllance and to measure -other, unspecified

¢ égfi 29
.laelivered to theuproject.'zThese samples are tested to ensure '?l'»[ :

N s ¥

N

characteristics.‘ Historical records were reviewed and the average tett

results for each characternstuc of the samples actually submitted from.

‘each prOJeCt were summar ized and entered There were a few |so§R%ed

.,v'prOJGCtS where samples were. not taken or tested. ln these cases, the‘

Ly 7 ’
 E "

Iy .
javerage‘test results for Samples submitted from'other prOJects being

supplied by the same asphalt supplier and refinery for ‘the approprnate

;‘tlme pernod of construetlon were used. The informatlon relatnng to the
‘AsUppli ’sphalt'cement grade and materlals characterasttcs |ncluded in
xtheidéta‘ban( are presented im Table L.1. n general the data is

: complete for all pro;ects except that kinematit VIscosltues\were only-

b"avallable for samples tested in 1978 and 1979

The'penetratlon viscosity numbers, PVN, -as defined be Mcleod (1)) were

" _calculated for both the original asphalt and for the residue after the

. Thin Film Oven Test (TFOT). PVN's using viscosities at 60°C were

designatéd'PVN' to distinguish them from PVNs using viscosities at

135°C. PVNs were calculated using the formulas (14):

PVN' = 6.489 - 1.530(log P) - log X' (-1.5)
. 1.050. - 9.223b(log P) ‘

PVN = 4.258 - 0.7967(log P) - log X' (-1.5)
1 0.7951 - 0.L§§B(IOQ'P) ‘

wherev'P = penetrationflat 26°C, dmm
N . X ‘= viscosity at 135°C, mm®/s

X' = viscosity at 60°C, poise.

P

o
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_ the asphalt concréete and granular base layers. In cases where

e 30
b.4 Pavement StrUcturai Data : s i

*‘
Information and data relating to the‘pavement structure was taken trom
the Department s Pavement Management System. This data o?fgihated from‘
project funal ‘details submitted at the end of each project.

g

Information entered were the years of construction and thicknesses of

[}

construction was staged. ie. the granular base was placed in one year
\ .

and the asphaltuconcrete placed usually 1 or 2 years later, .the granular:

.

~ base thickness would.fnclude 50 mm of a liquid asphalt bound temporary -

wearing course.

L.5 Climate

» . \‘ .4 -
It was recognjzed that project or section specific data relating to low -

Y -

bemperature climatic condnt'ons was -a requvred |nput. These low

temperature cllmatnc condnt:ons can ‘be descrlbed in terms of the

‘<Free2Jng lndex_and/or the mlnnmum ambient air temperature expernenced by

the pavement during its Vife. Freezing Index gives a measure of the

w

severity and length of cold weather conditions and varies sign?ficantly‘

‘over the Provnnce from about 800°C days in the south (Lethbrudge) to

about 2800°C days in the north (ngh Level) Hlnumum low temperatures
are required.for stiffness-predsctrons and,values should be used that
refiected the-louest{temperature the pavement has been exposed’to in the
case'df sections exhibiting»no cracning.‘ tdeally.-for sections

exhibiting some degree of transverse cracking, values.should be used



that reflected the temperature the pavement was-exﬁosed:to when it
initially cracked.: Hin?mum.lowfahbient air teﬁpefatures also vary

significantly across the Province. A review of climate records
o : , )
indicates that even extreme southern areas, of the Province have been

-

fexppséd to absolute mih%mum~¢emperatu§es less thar,-LO°C. It was

td
5

decided 'to ingludg both fFreezing index and”scqe:value of minimum low

ambient temperaturé-in the data bank.

.

o

Freezing Indices were interpolated for each section from a map (8)
\ : FO

\

showing Freezing Index contours. for Canada. There were no

iso-temperature contou? maps available for Alberta presen;fnglhistofical
minimum lows or eXpécted‘minimum lows based on some prdbabilisiic”bqsis,

A map of iso-temperature contours for Canada on a one percent recurrence .

e .

interval basis presented in Reference (2) was considered tqoxCOarsggtbfjf '

allow reasonably precise interpolétions. Environment Canada‘(jS)

publishes week!ly minimum temperatures for various percent risk levels

for selected locations. This data was available for too few stations to

. Y L3
’

be used.

A Qap'included in the National Building Code (16) showing

iso-temperature contours on a 2.8°C interval for January design

. temperatufesl(l,percent basl;}(ﬁ;s comggred to local weather station’
"data for the period of i975-198h for 8 locations across Alberta. The
lowest experienced temperature that was equalled or exceeded onl} once

in the 10 year period &as compared with the map temperature. The data

" on the mab correlated well with locally measured low temperatures in

By

terms of relative differences between localities but appeared to

3

ot

£
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'values on this map were reduced L°c and then the modified map was used

underestimate actual experienced low temperatures by about heC. The
) c : '

°

to select low minimum winter temperatures for all sections. This map'is

presented in Figure 4.1.

L.6 Asphalt Stiffness

/

Asphalt cement stiftness oan be determined using van der Poel's

- nomograph or nomographs modified by Heukolom'or Mcleod depending upon

the measurement of temperature susceptibility be|ng used. The required
inputs to determine asphalt stiffness using these nomographs are
-
- - some measure of asphalt consistency at two
temperatures )
,~.someameasure‘of asphalt temperature susceptibility

- temperature

- time of loading. ‘ : . ~

-

H

Because only penetration at 25°C and absolute viscosity at 60°C were

available for the asphalt supplied for all sections, Mcleod's me thod

(M) for’ determlnvng asphalt stlffness was used. The Asphalt institute

-

report (3) commented that HcLeod‘s PVN system is reasonable for selected
non-waxy. non- air blown asphalts only. Some asphalts supplied to the

Department in the seventnes may have had wax conten}s in excess of two

' percent. Nax'contents of selected asphalts were determined by Alberta
.Trensportation In the early seventies (7) followung 2 procedure

sdeveloped by Kromm 518). The results of thns testing indicated that wax

’
5



-correlatéé air temperature with pavement temperature at various depths.

B .,4 | | ¢ : . 33

(.

contents between one and eight perceht'Were meé;ufed on selected asphalt

samples. It is recognized that some ehrors in stiffness determination

=]

_ might be expected.

Temperature is -a major input into the determination of asphéltu
stiffness.lvThe determination of the minimum low ambient temperature at
each section location N;S'éi;cus§e& fn Sectionkh.S. To determine the .
asphalt stiffness, tﬁe pavement. temperature at a 50 mm depth was

determined. using a chart based upon the Ste. Anne Test Road (19) that

Following M#(eod's method (11), a.loading time of 20 000 s (5-6 h)
correspondiﬁg to a stress being applied as a result of slow chilling was

used.

»

|nASUmMéry, the following were used as inputs into all asphalt stiffness'

. . * o,
determinations:

- peﬁetration‘at Z%QC. 100 g, 5 s (dmm)

- PVN' based upoﬁ penetration at 25°C and absolute
viscosity at 60°C

- time of loading of 20 000 s

- pavement temperature at 50 mm depth,

\\,

-Stiffnesses were determined for both original an&'aged asphalt after the

0 \ . ,
thin film oven test (TFOT). Low-tempgrature conditions for each section}

were used. .In addition the %ﬁiffhess was also calculated{fof‘the

original asphalt using a constant pavemgnt temperature of -29°C

(equivalent to,an‘ambient air temperature of -38°C) for all sections.

MR
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Tﬁe reason for this additional determination will be discussed in .
Chapter 5.

The nomogPaph used gave asphalt stiffnesses in quts of kg/cm?. These
values were in the range of about 5 - 200 kg/cm? which were convenient

[y

values to use in the analysis phase and resulted in regression

coefficients between zerp and one, Although this unit is not a

recognized S| unit, it was used to simplify the analysis dnd model

development.

The Figures used to determine asphalt;stiffnesseé are included in
g

¢

Appendiva.‘

AN
- i

4.7 Subgrade Materials

» -
Although there is‘not a very wide range of soils generally encountered

&

throughogt Pﬁe Province, it was felt that it.was necessary to try to
characterize subgrade soils to tr* to determine tﬂgggveffect on crack{ng
frequency. It was recognized that it would be difficult to idenfify
gybgfade soil characterisiics as well as to quantify them in some manner
;hat w;uld allow their inclusion into thé analysis phase. Further it
was recognized that_thelvast majority of gectiphs would havé been

-

. " . . \
constructed over medium plastic clay subgrades.

One source of this data investigated was the results of preliminary soil
surveys normally carried out by the Department prior to the design and

construction of the subgrade. These results may or may not indicate the

¢

34
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type of material incor;oréted into the subgrﬁde‘but would“norma!ly
represent the general Qoi[ typeé‘of the area. Many of the subgradeg
were designed and conétructed by‘othgr jurisdictions and the preliminafy
design and constructjon testing was not available. Agricultural soil
survey maps were investigitgd as anothér possible source of soil
classification fnformationAgutawere‘not considered due to the

t

non-engineering based ;oil.&lassificatibhs used.

A detailed study of a few select projects identified thaf transverse
cracking b;h!vior was highly influenced by the location of surfiéial
sand dung deﬁosits.”;ln a coup!e of cases, the boundaries between
sections of significantly different crackfng frequencies coincided.
;almost exactiy with the boundaries of different surficial geologicél
deposits. Surficial geology maps produced by the Geolbgjcal Survey of
Canada were used to identify the broad sﬁrficial geologx of each
section. . for sect{ons where maps were not avaglable, air photos
available through Alberta/EneEgy and ﬁatural Resources were used to

classify the surficial geology deposits. These surficial deposits were

brbadly’classsified as:

K

tills (clays, silts)

- lacustrihe deposits (silts, clays)
- lacustrkne deposits (silts, sands)
- outwash-depos{ts (gravel, sand)

- aeolian deposits (sand, silt)

- alluvial deposits (gravel, sand, silt, clay).

lZsal
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It was recognized that these classiﬂrcatioﬁs were not precise enough to
be considered as-ah independent variable in further analyses, but ;ould

possibly be used to separate fine-grained from coarse-grained subgrades.

The only way to definitely classify subgrade soils‘would be a large

scale field sampling program which could not be economically jystified.
4.8 As-built Pavement Characteristics

Quality of constructi;n is routinely monitored through on-site field
testing by Alberta Transportat}on on all construction projects. Mix
characteristics that would hg measureé'on a paving project include:
- asphali content ﬁ |
- formation of Marshall !!ecimens\and célculation of

air voids and voids in the Mineral aggregate (VMA)
4 r"} N ¢ . '
following Asphalt Instituta”prosedures (20)
- aggregate gradation {Tpij ’
~ (O

- as-built pavement density (percent compaction) and

air voids ‘ \M
-‘_"t
This data was assemblied for a select 32 sections that were full depth

pavements built at one time and that had a structural thickness of 150

mm or greater.

"Although Marshall mix designs were carried out for each project, the

design data were not included in'thé data bank as it was considered that

-



this data would not be significant . in influencing low temperature

‘performance.

3
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Table 4,1 Asphalt Cement Information
Entered Into Data Bank

Supplier eg Imperial 0il
Refinery Location eg. Edmonton
Grade and Type eg. AC 275"
Penetration @ 25°C, 100 g, 5 s (dmm)
Penetration @ 4°C, 200 g, 60 s (dmm)
Absolute Viscosity @ 60°C (poise)
Kinematic Viscosity @ 135°C (mm*/s) (Note 1)
PVN' (Note 2)
PVN (Note 3) v
- 10. Thin Film Oven Test (TFOT) Loss
1. Penetration @ 25°C, 100 g, § s (dmm) on Residue After TFOT
12. . Penetration ® 4°C, 200 g, 60 s (dmm) on Residue After TFOT
13. Absolute Viscosity @ 60°C (potge) on Residue After TFOT
14, PYN' of Residue After TFOT (Note 2) , 5

Ad

Note 1 - These results are only available for samples tested after
and including 1978.

Note 2 - PVN' calculated using penetration @ 25°C and absolute
viscosity @ 60°C. el

" Note 3 - PVN calculated us penetration @ 25°C and kinematic

viscosity € 135°CH

;8



Div-—

»

«%




CHAPTER 5 - °
. ¥
" PHASE 1 - ANALYSIS

LR

o

5.1 Introduction

‘As . presented in Chapter 3, a total of 1800 km.of pavem senting .
about 130 prOJects was nnspected Screennng out pr R hat were
; constructed before 1970 or after 1379, prOJectQ opgé

and prOJects exhnbltnng hnghly variable cracking “alr ‘ ¢5 from

\

kilometre to kllometre. resulted |n 55 sectuons ‘of full depth pavement
b3 ’ \
totalling 642 km and-22 sections of Pavement constructed over granular

»

- base totalling 349 km available for further ana1ysis.
y '.3"?“': -

' The‘objective of the analysis Stage(of the investjgatfon was to identify‘

- relationships between the observed transverse cracking behavior and the

‘variables identified and accumulated in the data bank. Mathematical

modefs developed - could be used to identify'theksingular effects of‘each

’s}gnffjeant variab1e'jdentified onlcracking performance. Quantification

AN

- .of the eftects of each major‘variable could then be used as part of the
ggikment desagn procedure to optlmnze low temperature- pavement

"performance.




5.2 Statistical Approach

-~

"All data was entered into the Alberta Government's malnframe IBM

computerwuhlch -allowed convennent analysns us ing @vaulable statlstlcal

‘:

analyses,packages. Stepwise regression (STEPR) andvmultnple regression -

: o Tk

- analysis programs (MULTR) on FOCUS, (21) were used as the primaryi

‘programs to assist in identiﬁ%ﬁﬁi the most sigrificant effects
LI \ v

(lndependent varﬁables)-influé_ "ng transverse cracking frequenc;

(dependent variable).

.The STEPR. analysus program performs stepwnse multiple regresanns for
any choice of dependent ‘and |ndependegi var|able(s) from the data file.
Each step of‘the analysis looks at the reduction of the som»of'squagese
':for each‘Varlable'and includes the next independent variable which
explains the greatest amounht of‘variance between it and the‘depe;dentd
‘ varlable (the variable sharing the hughest partial correlation with the -
dependent varlable) The program will also allow any variable to be
N/

deleted or forced into the regression equation regardless of its partaal

correlation with the dependent variable. The program uses a.forward
. A .

-

selection procedure (22) to govern the selection of independent
varuables into each step of the analy5|s. % major drawback of this
procedure is that the. program does not check<pach independent varuable
_left at the end of each step with the nndependent varuables already
entered into the regressnon equatlon.. W|thout thls check. rndependent'?
variables that are highly correlated with each' »

-

into the final regression equetiont For examgl

n ”Il‘ be entered

Y K
’,MR typlcal,asphelts
ﬁ i

»utilized in Alberta,‘there ls 2 high correlation between %VN* based on

. . N o 1 " roT \ «
2 - . ; ,' N }‘: Lo R

- : ] X
N o
..gém )



transformatlons and‘gross -products’ between s:gmfucant variables were \

~n

absolute viscosity at’ 60°C and ‘PVN based on kinematic vnscosaty at .
1135vc. Thas STEPR prograﬂ in an approprua;e‘51tuat1on, cou]d select
?goth'Varaables as sugnlflcant.yhereﬁ,in fact.:only the mOSt significant
of the two would be de!ﬁrable tondefine temperature{;usceptibi]ity.'

. = A ; . 5

ﬁj a result’ef this constraint fn;the-brdgram.M1arge'nqmbersvef multiple
regression analyses were carried out msingqjudgemenf in ;electing,the _
independent variableefto be used in each case. T o ’ ‘ \

. . | ,?”(’ ‘ |
The multnple regressnon programs avanlable dould-only fit the data to\

etﬁdels that were linear in the parameters. Natural log and loglO X
\

\

evaluated to.try to improve.the.significance'of the models Qeveloped.

s -

A number of techniques were used to evaluate the significance or

validity of each regresﬁion equatfon'generated. Tabje A-11 in Reference

(23) was used to evaluate the significance of r, the correlation

coefficient. The F valueFfog analysis of variance, definéd:as the ratio

o

of the mean square attrubutable to the regression to the mean square

‘

dev;at|on from the regressnon. was used to evaluate the slgnvfncance of

- the regress'on equatlon. -The ; value, defrned as the ratio of the

regression coeffncnént ‘to the standard error of the regression -

oS

coefficient, was used to evaluate the significance of each regression

. coefficient. The sign of each regression_coefficient was checked

~

‘against general’relationshlpe known to exist between eaéh independent

variable and cracking frequency;o

42
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5.3 Summarf of Analyses ' ’ ,‘, : .

\

¢ : :

The projects or sections were grouped into three classes and regression

éné}yses as previously des;fiped were carﬁied out on each class:

h - all full depth pavements - L

-';ll granular base pavements

- all pavements combfnedv : .

- all full depths Qith“thicknesses'greatér or equal .
toljsgmm using construction quality control data.

.

5.'3,1 All Full Depth Pavements

The analysis of full depth paveﬁents as a separate group was

- calculated by the compu}er and'the correlation coefficient matrix is

advantageous as there would not be any effects of a granular base course
on crécking ffequency. The transverse cracking data for the 55 full
depth sections is preSeﬁtéd in Table 5.1, The soil chéracteristics_

-«

interpreted from surficial geology maps are presented in Table 5.2%

Altogether, a-total of 16 imdependent variables related to the pavement

: : ‘ ‘o ~ f Q
-structure and age, climatic conditions, asphalt cement and asphalt

stiffness were considered as potential independehtvvariables for the

model. The values of tﬁese‘indepehdent variables for each section are

presented in Téble 5}3,‘ TheqsimpleAcofrqlation coefficients were .
' 2

presented in Table 5.4.
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A number of'interesiing'observatlohs can be made from the correla;ion

coefficient matrix. In order to iﬁtérpret'the significance of the
correlation coefficients, Table A-11 in Reference (23) was used. Using

this table, for 55 observh‘ions and 2 degrees of freedom, a minimum

0,

correlation coefficient of 0.325 is required tomreject the null
. .o . :

. hypothesis that thére ispvo assotiation-between -the variables at the one

percent level- of sighifiééncg. Obvious correlations between penetration
at 25°C, penetré;ion‘at LoC and absolute visco®ity at 60°C before. and

after the TFOT are expected.  The cérrelation coefficient between the

' pavement age and viscosity at 60°C of the original asphalt supplfed is

-o.hos. This shows thét as pavement age increases, absolute viseqsity
at 60°C used for construction detreéses. This suggests that higher

viscosity asphalts have been used for newer paquents wHich is confirmed

[ . ) . B
925 the introduction and greater use of higher viscosity asphalts by the

Department during the 70'5. The positfvé correlation coefficient of

0.3724 between penetration at 25°C and freezfng index suggests that as
freezing index increases the penetration at 25°C of the asphalt used for

constrqction increases which reflects the Department's tendency to use
B N . n“ ' — :
softer asphalts in more northern regions. ) .

AR VIS

.-

Lh

‘Numerous stepwise regressions were run to evaluate a large variety of

v The final, most statisticg

combinations of these independent variables describing asphalt

characteristics (penetration at.25°C, absolute viscosity at 60°C, etc.),

temperature sus;ebtiﬁility (PVN',PR) and climatic conditions (freezing

Index, minimum lqw'temperature); . T

B
¥

-significant model developed was:
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. . : ‘ qm‘
- Frequency (cracks/km) = 49.40 + 3.09 (pavement age in years)
+ O.3éi(original asphalt stiffness in kg/cm?)
- 5.60 (pavement thickness in mm) *®

This is referred to as Model! 1. The computer output for. this regression

equation is presented in Table 5.5.

El

‘ —

The statistical significance of this model can be evaliated in a number -
of ways. .The correlafidn coefficient, r, of 0.86. using Table A-11-(23)

is significant at the one percent level. The multiple corr;lation 4
coef;?éient. rz, of 0.64 indicates thatv6h percent of tée total variance
is expla}ned by tﬁe model. Comparing.the F value for F (3, 51; 0.1
pe?cent) = é.b07-to F = 30.2LL from the analysis of var}ance indicates

‘the model is adequate at the 0.1 perceht level. (There is less than a

0.1 percent chance that an F value greater. than 4.211 would be achieved

by chance alone) . jhe t value fof 51 degrées qf freedom is 3.523 af the
0.1 percent level of significancel Compérison\of thercalculéted t

o

statistics for the independéent variables of 4.479, 6.846 and -h.726 to

(4

this valye confirms the Significan;e of the regression coefficients at
the 0.1 élrcent level (there is less than 0.1 percent chance that a t

value of 3.523 would be achieved by chance alone).

‘5.3.2'A11 Granular Base Pavements

A total of 22 granular base sections were included in this analysis.
One additional independent variable, granular base thickness, was

included. The transverse cracking data and soil characieristlcs.

)



.interpreted from surficial geology maps. are presented in Tables 5.6 and

5.7.

The vaiues of tﬁe independent variables for each section are presented
in Table 5.8.‘ A similar analysis approachvés for the full depth
sgctions was taken, A reQiéw of the values of the’ind;béndent‘variables
aspgalt pavement thickness and asphalt pavehén;hagglgﬁows very little
variation in values due to the way these projects were selected for
inclusion into the fnvestigation. As a result both these variables did
.not enter the final quel: The effect of granular base thickne#s was

also not significant. The final most statistically significant model

developed was: | _ .

'

Frequency (cracks/kmfv-ﬁ-o.h7 + 0.37 (original asphalt stiffness

n kg/cm’)

Th{s is referred fo as ﬂodgl 2. The multiple correlation coefficient,
r’{ of‘0.39 indicates‘that 39 perceh; of the total variatién is .
explained by the effect; of original asphali stiffness. A review of the
calculated f and t statistic§ indicates significance of these values at
the 0.1 percent level. This modg]‘does not explain as much -of the ibtal
variation as the full depth model. But it is significan; to note that
stiffness of the original asphalt cement had the greatést correlation
wiih/;rgcking ffequency. Further, the coefficients of the stiffness

——

independent variable are virtually identical in both models.

.
¥

L6

!



5.3.3 A1l Projects Combined

o
As previously noted, the selection of the 22 granular base sections were
biased. When these sections were aggregated with the 55 full depth

sections, a similar, slightly less significant mode! was developed:

o

Frequency (cracks/km) = 6.59 + 3.64 (Pavement age in years)
+ 0.37 (Original asphalt stiffness in kg/cm?)
- 2.91 (Pavement thickness in mm)®*

o

This is referred to as Mode) 3. The multiple correlation
coefficient,r?, of this model! (77 sections) was 0.52 which is less than
O.6h for the full depth model (55 sections).

-

- 5.3.4 Full Depth Pavements_with As-built Pavement éharacterlstlcs
An initial evaluation of cracking frequencies of full depth pavements
indfcated that high crackiﬁg.freéuencies were occurring on all sections: -«
with pavement thicknesses less than 150 mm. These sections were also
generally oldér than seclions wifg pavement thicknesses greater than 150
mm ., In'ﬁrder to redu;e the effects on cracking by including these
sections with relatively thin paQemen; thickness. 32 full depth sections

. with pavement thickness greaier than or equai to 150 mm were selected

'gand-mix énd pavement characteristics ai the time of construction were
assembled. Thjs data was summarized from construction quality .control

records. In addition to the 16vindependent variables used for the

andlysis of all fuli depth pavements, 9 additional variables relating to

-



E
/
L8
mix and pave::ht characteristics at the time of construction were
inéluded. The values of these variables are presented in Table 5.9.

~

The final, most stétistically :fgnificant mode| developed was:
A

i

Frequency- (cracks/km) = 153.28 + 2.65 (pavement age in years)
+ 0.40 (original asphalt stiffness in kg/cm?)
+ 3.32 (ffeld Marska}l V.M.A. in percent)

"~ 2.37 (percent compaction)

~ This is referred to as Model k. The computer butput for the regression
equation is presénted in Table 5.10. The mdltiple correlation

~ coefficient, r?, is 0.60 indicating that 60 percent of the total
variation is explained bybthe mode . The calculated F value indicates
the m;del is adequafe at the 0.1 percent level. The computed t values
indicate that the regression coefficients.for pavement age, original
a;phalt s;iffness, field Marsh&#11 V.M.A. and percent compactibn are

significant at thel5 percent, 0.1 percent, T percent and 5 percent

levels respectfvely.
5.3.5 Other Analyses

Further analyses were carried out to try to identify if asphalt source
or refinery ﬁad an’ influence on transverse cratking frequency. There
was a total of siX *ifferent refineries that supplied asph&lt to the
sectlon;,lpcluded in the investlgatlonvwhich resulted in sampl€$sizes of

1 to 18 secflons<havlng a8 unique supplier."l.bias was Entroduced as



there was a tendency for refineri to'supply projects located in their
geperal geographical area. Further, because of the small sample sizes,
there wa; a lésser range of pavemené thicknesses, ages-and asphalt
stiffnesses: ALl of these factors resulted in models of less

statistical significance than when all séctions of common pavement

structure were aggregated.

Attempts were made to quantify surficial geology data te determine the

influence of subgrade effects verse cracking. Codes were

assigned to broad surficial geolo assifications. Over ninety
percent of the subgrade types were identified as fine grained clays or
silts. Exclusion or inclusion of the less than ten percent of the

sections with subgrade soils other than clay or silt did not

significantly affect the models developed.
5.k Discussion of Models
5.4.1 All Full Depth Pavements

The final, most significant model developed to explain the observed

cracking frequency of full depth pavement section$ was:

Frequency (cracks/km) = 49,40 + 3.09 (Pavement age in years)
. ' + 0.36 {(Original asphalt stiffness in kg/cm?)

- 5.6& (Pavement thickness in mm) **



‘Tﬁe independent variables in the mo&el will be dlscussed in the order in
which they were entered by the stepwise“rehression program.

5.
. Pavement Thickness (in mm) - The square root of the pavement thickness

eghibited the highest-corre{at{on coefficient with cracking frequency.
The pegative sign‘of the regression coefficient showe that as pavement
th}ckness increases. cracking frequency reduces which is consistent with
the f}ndings of Others (5)(8). The value of the coefficient suggests
“for example. that an increase in pavement thickness from 150 mg to 175

1¢

mm w»ll reducewcrackung frequency on average by 5.5 cracks/km. Using
‘the 95 percent gpnjndeqee |nterva1 fgf}tbgahcoeff|C|ent suggests that
: d}f@betﬁeenmﬁ and;%? ¢racks/km with a

h,f b
e

B gL o

M?, " 2 :
N, vf*‘ fpj'/ “ g Pl

S e :

t'{"‘

mm?-. (éee‘f

%

had a s |ghtiy lo&er corret

3

stiffn }sgo% the Qragunpl asphalt sUpplned uncreases. cracking frequency
, u ‘.

~‘21

‘(‘. '-'
a

hhalt consngtency, temperature susceptibility and pavement

Thls suggests°
‘ ;A'

,, «I‘ H . o ' Z‘;:.l j‘ .“‘:-. : » : v ‘ :
1. ¥ {‘iﬂt'°" .f 25'C |ncrgase§, stiffness reduces end rackihg

. g?fitﬁre eusceptlbillty decreeses. stlffnessxdec
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s

[

cracking reduces (with penetration at 25°C and temperature
constant) °
3. as temperature increases, stiffness decreases and*cracking rddﬁéoq

(with penetration at 25°C and temperature susceptibility constant).

To determine the effects of asphalt cement grade and type on cracking
frequency, it is necessary to separate the effects of asphalt

characteristics and temperature in the valuegﬁfaqglgunal asphalt

stiffness. Another regression aa,aly?ig !i canried out using-the‘

independeni vaj{;b[es of pavemént age, n? thickness and original
asphalt stiffness based ap an ambient tembé;ature of -38°C for all
sections.‘ The multiple correlation coefficient, r*, of this model was
O.hé compared to 0.64 from Mode! 1 which hsed original asphalt
stiffnesses based on site specific temperature. conditions. This
significant reduction in r? means that ambient temperature is affecting,
in real terms, the cracking frequency observed.

7

Assuming a minimum ambient temperature of -43°C, whiéh

Gresults ina

pavement temperZEQre at a 50 mm depth of -33°C, and typigal
Iz a

characteristics'of asphalt cements used by Alberta Transpdftation,

" asphalt stiffness usirg Mcleod's procedure and a loading.time of 20 000

L
sec were determined. . This is summagized below:
Asphalt Grade Penetration at PVN' (based on Predicted Asphalt
Designation - 25°C (dmm) absolute viscosity Stiffness
. at 60°C) (kg/cm?)
150-200A 162 ‘ ‘ 0.0 . | 100
200-3008 265 -0.8 | 8o
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fr
.

expected by usin9‘200-300A.,

-~ 200-300A 285 T w0 .30

" 300-400A 33 - o0 20 ~

e | 'ab o o - /

Assuming constant effects of pavement thuckness and age, then the

effects of each‘of the above grades on transverse cracklng and the range

" of effects at the 95»percent level of cqnfrdence are,presented below:

A

f.}

Eipected_Transverse Range of

fAsphaJt Grade Freq (cr/km) due to - = Transverse Cracklng
Designation . the Effect of Asphalt -~ . at the 95 percent .
8 j, Stiffness (from Model 1) = Confidence Level : y
150~ 200A - 36.0 . ; ©25.1 - 45.9
4 R : 7 . y . . ) R }
200-3008 28.8 0y 2001 - 3607 .
. . e .. . ‘ -. ’ . o . . ‘ ,W
200-300A ¢~ 10.8 | ;7.5 -13.8 _
T '300-400A T2 A 5.0 - 9.2
. : o R C.

kY

These results indicate for ekamplepfthat the singular effects‘of'using"

150-200A result in transverse'crackrng between.25,l,- h5.9’cracks/km at}

~the 95 percent confidence level. . Further, an average decrease in

. -

cracking frequency of about 25.2 cracks/km (36,0-10.8 = 25.2) coUiﬁtbe

’vPavement‘Agetfn Years - Theﬁregression coefficient‘of 3.09 for this

varlable shows shat an nncrease of one year in pavement age was

o

associated wrth an increase |n crackung frequency of . 3.1 cracks/km For . -

\

example. at the 95 percent confidence unterval. cracklng frequency wull

/

increase between 1.7 and h 5 cracks/km per year.‘

52
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.. the model the pavement stuffness cha a%ter:stlcs at the ttme of

'
N

The model developed for full depth pavements is consndered signifncant

"

‘although only 64 percent of the total varzatlon is explanned it cannot

- be expected to explain cracking freqUenCy‘definitely for avwide

&

'varnatuon ‘of projects based only upon the age and thuckness of- the.

/\(‘\,
pavement and the stnffness of the orlglnal asphalt supplled determined

for estlmated site specuftc cllmatnc conditions.° To be able to lmprove

4

|

;initiationJOf the first transverse cracks would-have ﬁp‘be ‘measured..

o

Use of. this actual critical pavement stiffness would then take into
| eri P A 8. Woul . to

S ' : W J " -
account the effects of_actUaf temperature conditions, ~aggregate :

characteristics. and asphailt aging‘ddL tojinitial construction effects

o

J‘

: Thdﬂibmputer outpuf‘for this modelvis\presented in Table 5.10. These

- the model'deve)oped for_ai] fu]lrdepth*pavement:.‘ The values and signs

53

‘and time. » | ‘,/ ' /
‘ N ¥
S ]
\S@M;Z»Fullrnepth Pavements'withnls7£ullt Pavement Characteristics :
.»’ . . A f: o
;The model developed for. 32 selected full depth sections w:th pavement
vthncknesses greater than 150 mm and consnderatuon of as- bU|1t pavement"
. v £
’chharacternstics was:
' Fréquency (cracxs/km) = 153. 28 + 2.65 (Pavement age in years)
»f’ S 40.40 (Orlgnnal asphalt stiffness in kg/cm’)
~‘$ A& . . e . Ay
SR o + 3. 32 (Fle]d Marshall V. M.A. in pelrn_t)
‘ ;‘ a0 o {Qw' -2.37 (percent compactlon)

regressnon coefflcients are not’ as stpt?stically significant as't%pse in



n“_

sk

+

of the regressxon coefflcuents for the pavement age and oruglnal asphalt.

‘a ’

stuffness |ndependent varlables are scmtlar tos those in the full depth

model. The third varlable entered into the model. by the stepwsse
[ .
regressnon program was ‘the fneld Marshall V.M. h. Theﬁéggn of the
R

regression coeff|c1ent showed that an increase in field Marshall V.M.A..

’ »

~was associated with an increase in cracking. Van der Poel (24)

H
£ ’

developed a figure that related asphalt stiffness and pavement stiffness

as a function of mix V.M.A. and air voids. This figure sholts that for a’

- - , .
given asphalt stiffness and air void content, an ‘increase in V.M.A.

: iy -

resulted in a decrease in mix stiffness. -This should result ina

AN

decrease in the potent|al for Iow temperature crackung, contrary to the

° -

model prednctnon. , ' ‘ ' ¥

"

‘The -1ast independent.variable entered was percent compaction (pavement

e

; density/fheld«narshal{ density x 100). The sign of the regression

Q'- : t N . ) . v e .
coeffhcient indicates that as percent compaction increagés, cracking

frequency decreas s. Using van der Poel'sj{ﬁh)vrerationShip between

- . . al

ln pavement ‘dens ty results in an sncrease in pavement stlffness whlch

should resﬂlt An an increase rn the'potentlal for‘low_temperature

wcracklng-which again conflicts with the modEI.

/
B

Although ‘the |7fluences of the fneld Marshall V M.A. and percent

A
compactlon as \redncted by the model do not correspond wuth

'relhtTonShips resented by yan der Poel, it would appear that mix

& -

characteristiés may also be influencing the frequency of transverse.
crecking / G

B wl} Y - .
e . :
o E . o
. . ~ .
- L
oo ’ N p
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,asphalt and pavement stlffness. for,a gaven asphalt content, an lncrease
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5.5 Design Approach to Minimize Transverse .Cracking S ﬁ) r

. . R \ . 1 > 3
! . .2
0 : : ‘ »

in order to establish definitive design ggidelines:to minimize low
Y] . Y -
. ' temperature transverse cracking it is necessary to identify.a critical

. stiffness that separates acceptable from non-acceptable cracking. This

e, ) Y

-~ _criti;al asphalt stiffness based upon a review of the data available for

the 77 sections previously presented and.on the case studies to be

. discussed in Chapter 6 was selected to be .30 kg/cm? or 2.9 x 10¢ Pa.

N
m ~
&

(usingeerfginal asphalt characteristics and the temperature at a

=~ pavement depth -of 50 mm) . . v : s B,

Knowung the typncal characteristics of asphalt cements used by . Alberta

f ] v

-

Transportatnon and using th:s crltncal asphalt stuffness va\ue. critical )
- -‘) ;(,n‘

o pavement temperatures ‘can be’ determlned Using van der Poel's stiffress ©

Y € o .

nomOgraph as modified py HcLeod. For. example for 150 200A penetratnon

at 25°C = 162 dmm and’ PUN' = 0 0. the crutlcal temperature at a 50 mom ﬁ

- K ]

e pavement depth ‘is -28°C Thns is |va|ent to a cr|t|cal ambnent o i
r , N : 3

%ﬁ temperature of -37°C. In other words, at an ambienttair temperature of
Y

-37°C the asphalt stlffness of a 150 ZOOA asphalt cement at a pavement

depth of 50 mm will reach 2.9 x 10¢ Pa which would ‘be equuvalent to a.
g v - ,
%@x stnffness of 1 7 x }0’ Pa. HcLeod (25) suggests that cracklng would

be eltmnnated |f the mix stuffness at a‘'50 mm pavement depth and a

temperature of -28°C was less théh about -1, 9 x 10* Pa. This value

*

compares favourably wuth the crltlcal st:ffness assumed based on Alberta‘t

P

condntnons. ' X.‘, W
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“Similar calcU]atfons can be carried out for other typicil asbhalt LF&)

{ .
l

.grades. These calculations can be extended to determine ambient aigh
temperatures™ that cofrespongvto Qn‘asphaltmsrjtigglts;}ﬁfnégs at a 100
mm pavement dep:h.‘ The aﬁbient air tempergtU(es that};?ll~resait in fhe
asphalt binder at'a 50 mm depth and at a 100 mm deptﬁﬂreaching the

\ S :

“eritical stiffness for asphalt grade;'used‘by,AYSErta Trpospor tation

'

are:
Asphalt -Ambient Air Temperature in-°C. Resuiting‘inﬁa " »
Grade Critical Asphalt Stiffness of 2.9 x 10¢ at a Pavement
‘ E Depth of: :
s 50 mm . - 100" mm
. ’ ;14"?; .
150-2000 © -37e& T -h3ec
200-3008 -38°¢C '- -bhoC :
3 3 <
200-300A ~43°C -L9ecC ,
N \14’
300-400A ’ -L5eC _ ‘ -51°C. o

These values indicate, that for an eXpected low ambient témpeﬁature of’ .F'

-43°cC, that 200-300A or 300-&60A_ ulﬁ:have to be used for the s&rfacg
pavement course if transverseJG{::Zihg~js to be avoided. This chart
alsdtihows that any of.ﬁhe §n§des coﬁld be used for .the con#tructipp of
lower lifts without_EEF ésbﬁaltvbinder critical st{fﬁness being

‘;xceéded. However this use of stiffe}ya;phalt grades‘in'igyef lifts
wou\d only apply'if the totalvpanment,stFucE&re Q;s built during one
construction ;edson.::Cod.truction 6f Iowgf l}fts and sgfface'lifts‘“
cannot be’stéged‘over a_quayears. .i? transverse cra%king is ipitTa;éd

?ln the -pavement prior to the su{;ace-lift bcing'plaigé,>the ;racks‘ﬁay

-
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reflect through the surfacellift:regardlese of the original etlffness of

the asphalt being used. - . | .

The same map that was developed to determine mnnimum expected ambient

. temperatures for each pavement section |ncluded in thls invest!gat|on

can be used to |denttfy clnmbtlc regions that wou ld correspond to the
. { :

- minimum ambient temperatures |dentof|ed for each asphalt grade. A

‘Figure 5.1.

h de5|gn map has been developed to asS|st |n@;he selectnon of asphalt

grade and type based ‘upon climatic region." Thls map is presented in

& . .

These:mapslshow that north of about Peace River, corresponding to the.

22nd base line, that all grades will crack to some unacceptable level.

In this northern most region, the use of 300-400A would minimize low

temperature transverse cracking.

.
e
R

P i i

In summary, these maps can be used as a design aid in the.selection of

asphait cement grades to. minimize Jow temperature transverse cracking.
Final asphalt grade seléﬁi@bn for a particular project would be

\

determined by eonsideringuhigh temperature pavement performance ipn terms

- of expected rutting, gfven traffic volumes and expected maximum summer

“The. constraunts of usung tﬁese desngn maps for the selectson of asphelt

'\; a

‘icement mrades to" mnnlmlze low temberature transverse crack[ng are:

- , .
) x y

+
"

1. lspha!t«gradeeseleetidn for surface and bottom lifts appljee‘enly?i

El
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-

to new construction. The entire pavement structure must be built
. - \ ' ‘ |
during one construction season and cannot”be staged.
e B
(9]

maps won't»aﬁply'to asphpit grade selection 6f pverlays over ,ﬁif

prevlbu&ly critkad;ggvements. The reflection of existinb'transverse

cracks thfougﬁ a.ﬁew ove;iéyéhagﬂa'¢ifferent failure mechanism than

the initiation of low temperature cracks if-a-new pavemeft.

—

< . o "

D

3. Otiﬁinal a#phaltistiffness:is only one factor effectihgxtransveréen
cracking frequency. Jo resul€ in an absolute minimum fyequency of.
low temperature transvensefcrécks. the thickness of the asphalt

‘pavement must‘be maximized.

I v
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Table S.f

Transverse Craching Data*fbr A1l Full Depth Sections
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Table 5.2

Surficial Geology Soil Types for All ﬁpll Depth Sections

SURFICIAL GEOLOGY
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Table 5.3

Independent Variables for All Full Depth Sections
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Tuble 5.4 Correlation Coefficient Matrix for All Full Depth Sections

FREQ - ACPA_THI SACPA_TH ASTIFF AAGE APEN25 -~ APENL

FRE . 1.0000 -6 -.487 .4B32 _.82 :.‘108 :.2‘0?
Aol Ty BREC N gt 1
ASTIFF . . " 1.000 -.20 - zh -,.600
G sk Hk e
APENL™ 1.000
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APVN
APR
A_APEN25
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Pt RDEX
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| AVISCED  APVN APR  A_APEN25 A_APENL A_AVISC6 A_APVN
Rzg -.12{ -.?Oh '?282 - og 2 .084 . -.16§l :.8&;8
CPA_THI 0 -.104 . -2 longge 0 - 10822
iten §§ T ik
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pESES :I§Z f . O?Z —'886 23k Zogéu -.32%4 Ilzgé
VISC60  1.0000 .30 -.334  -. u§ -.1B82  .8LEL . .k
PUN 1.0000 3‘203 _i3ele -0 é aker g 3z
_ﬁquzs 0000 - 15883 Ny % -Z;égg Ny )
i | ks THR
“APVN ) 1.00 8
APR _
R_INDEX
MIR_TENP o
| A_APR  FR_INDEX MIN_TEMP _
0, B M MRS
ACPE TH . -.0 -.0389 . .ggg SQUARE ROOT OF PAVEMENT THICKNESS
STIFF a .oé Eb ~.hB82 ORIGINAL ASPHALT STIFFNESS
AGE 3 3 -0 s 2650  PAVEMENT AGE
PEN2S 1685 3740 -.lhég qugzgc 1006, 5
PEN - 4027 -.1488 | PENBLT "2006, 605
npte H e i el
PAPEN25 :22?3“ T3 g _:00%k  BEM 2;2'?002 5 AFTER TEOT
‘APENE .f .? f -.og 0  PE 2006,605 AFTER TFOT
“AVISCE6  -. 2§ -3 L - 13 VISC@60C AFTER TFOT -
~APVN -.g L Y6kl -0 ?z. PVN' AFTER TFOT
APR 1.6000  .021 .0 PEN .RATIO AFTER TFOT
R_INDEX ~1.000 —.&éga FREEZING INDEX
MIW_TEMP , 1. MINIMUM TEMPERATURE
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Table 5.5 Computer Output for Model 1}
MULTIPLE REGRESSION.....
INTERCEPT 49.L0269 ‘
MULTIPLE CORRELATION, © .B001O ‘
STD. ERROR OF ESTIMATE 13.0L828
R-SQUARED 64017
VARIABLE MEAN STD. CORRELATION‘R GRESSION STD. ERROR  COMPUTED
NO. - o: VS v COEFF. OfF REG.COEF. T VALUZ
2 12.982 g u - u -5, gug 1. 1841 -, E
?o. og 3& Eg 2 % g .23|g ) 2
g 0.10 2.92 2 308154 .6%0 Ry
DEPENDENT
) 18.778 - 21.1393
FREQ . = - L9.40269 . +  -5.595L26*SACPA_THICK
+ .35505B1%ASTIFF 4 3,09 15LBAAAGE -
ANALYSIS OF VARIANCE FOR THE REGRESSION
SOURCE OF VARIATION DEGREES F VALUE
of FREEDDH s A s 2
ATTRIBUTABLE TO REGRESSION ? g i lhg 086 30.2442
DEVIATION FROM REGRESSION g % 170.2577 - :
TOTAL - 2&13 67k . .
WHERE FREQ 1S FREQUENCY IN CRACKS/KM
SACPA THICK IS THE SQUARE ROOT OF PAVEMENT TH;CKNESS IN M
ASTIFF IS ORIGINAL A PHALT STIFFNESS IN Kc/c
* AAGE 1S PAVEMENT

TAGETIN YEARS -
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Table 5.6 Transverse Cracking Data for All GBC Sections
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- MULT IPLE REGRESSFON....," o SRR
. " - . . I} 4
INTERCEPT . . 153.27858 ' ,
~  MULTIPLE CORRELATION © 71590
STD. ERROR Qi-ESTIMATE ~ 11.23816
n R-SQUARED A +60202

P . ) . :" 'v, . .

P - i o *

. mnuaurfnun : sro. co ELATION REGRESSION  STD. ERROR ° COMPUTED L na
NO. 189 Al 5052502 oronzc -COEF. T VALUE #@5’3’
o %2 ggg o E‘zg%a 5 I §~6§ bl

' o .0 oz 7356 .98¢5 u ST

- negzuuzm B LA v

- N 706 16.‘6251 : . i

. _ FREQ = 153.2786, © % .3966702%ASTIFF

' IR + '2'.%901.7*“55 L ..+ 3.323100%FVMA

- + —2.373,567#«:0#*&!‘D ' '

‘ . " ANALYS1S OF ‘VA\RIANCE FOR THE REGRESS|0N ) a; o
' souacz OF VARIATIO _SUM OF- - MEAN. FoVALUE
’ “ OF: EEDOH : UgRE,S* ‘s?utmss : .
ATTRIBUTABLE TO REGRESSDO FUh e 'B¥eBL2W6Y _zaz.;e&: "«o 2106
DEVIAT I ON ‘FROM REGRE su-on; 2 R ,g;gg.go : 126.2963 %
CUTOTAL &3 ‘ 56872461 - L
R ) . ’,\ G . . . . i L
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'Pﬁase 1 of the investiﬁatfon focused' op a s.elect few projyects

' CHAPTER 6 o ’ o

6.1 Introduction - : 3

| Y "R , Do .
N | "! Lo N 'v . . ‘ e

xhlbltmg pecullar transverse cracklng behawor. The. ‘obje’tofy L

4 .

’hcs phas&as to Qelate onganal as-?uppléed and as- bunlt materials.
& i : p
characterlstucs and in- place materlals cnaracterlstrcs after several / .

L

% -

b

o years of aging to actua@ pavement&performance in terms of. low-

33

§

.
AV 4

temperature transverse c,racknng '3 T ege fnndnngs could %e used to
supplement the statnstlcally based analyses of Phase l Phase | could

not a,dequately evaluate *the unfluence of subgrade effects on transﬂversew

% v .’.m ve.o i

cracking due to Inmutatlons. |n both |dentnfy|ng and quantuf‘ymg subgrade

. e
sonl charact@rnstlcs. Phase 11 was desngned to prov:de more" defnn;t—nve

*

o S,

relattonshlps between cracklng performance and subgrade materlals.
. i - ' . .

a

0 wo e

Ideylly. -to correlate in- place asphaﬂt bnnder or mi'x characterustncs o
with trensverse crackmga performance. the pavement s“houldﬂwsampled and

R Y ; .
tested at the tnme transverse,‘crackung ns mstnated. ln this
y ] o ﬁ e s . e
investvgatnon this was. not the ca«se. ) The pavement was sampled in the.

v \. .1_

, case of crackmg sections, at some ‘time after crackmg had cccur‘red and

the ma:‘rhls characterrstlcs n:fentifleﬂ would not reflect the critrcal

"charact_ ristics at the ‘"incept;ion of cracking_-. Howevlr ‘t{ns data could -

/

allow some conservative :'cr.:lter.i.a' to be establiished: Three»projects were



selected for a more

oh
3. SR 81‘5 02 Raymond‘ to South ‘of Coaldale . W 3"
, . . X o . - . . © ‘ -
o ‘ ° o . ; i .
6.2 Field Sampling and Testing Program : ¢ ~ . s
' “J‘ : . o

A field sampl|ng and laboratony testlng prog;aT was desngned such that
*‘. character|st|cs of the materlals us}'ﬁ‘v the - pavement, granular base
“"5' (if applucable) and underlyung subgraae couldge aaequate\y udentnfued

and.lﬁantufled o " e - RN

N . \'
e |
Each prOJect was broken into secttons that represented siqn|f|cantly :

v

»dnfferent cracknng and non- crackrhg SeCtanS- iln‘general, 4ive randomly

* selected locations within each,section«were cofed and the pavement and .

~

s }paséﬁepdgge retriéved for laboratory testing., At each core location, a

7. .

. ,

trUck:mouhted'drill'riﬁ“was used'to establish the subgradé soil profile -

to a 2 metre depth and to take representatlve so 1 samng’vof gach
.horlzon for iabpratory classuflcatlon. lt was assumed that only the top

P2 metres,of SUbgrade would ‘have anyjreal |nfluences on pavement
. Q' » R . :

cracking. TS L

outlined in.Table 6.1. & /~

‘u ‘.\ T

*
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6.3 Discussion of .E'ai:?hff?roj'ect;, ‘:& -

LR,
Ty

BN '; S B ¢
? .- Pa o, R

5"
'sﬁ‘ts dnd

o p _“w N .
%.‘ ‘construction qua~l|ty control test results are mcluded in ApenducesnA

Detailed reports presentmg all test’ resulats of the'"faboratony «éﬂ;i\"ﬁ“ 5

R program. summarnes of as suppLied asphalt character

o

P : dt@hrough C. A brief summary of each project and the slgmfucant factors :,;

. that are thought to |nfluence the observed crackung performance is

included ia thi.s Chapter.. : ‘ ) o ' ‘
.. ¢ I'4 4" . ‘ ] ~i// B ‘u
6.3.1 SR 661:02 ’ s

Coe
-

This 175 mm fwhl depth proJect was constructed on an 'existing. sub‘grade

in 1979. AC % was supplled to the prOJectC‘ m o (Edmonton)

. The fnrst 3 km of the proJect. SR 666 02-1, had an average frequency of
‘ 3
' 30 cracks/km compared to the last 9 kllomettewhlch had a total of 6

‘cracks mcludm,g flve kllometresﬁuthout any. cracks at “all, . The a;t_ual, :
5~

Q .

?trensverse crack counts are Shown in Tablem k review of
bl _,@)‘ . @0
constructbon records mdlca‘.}ted no constructnon related mfluences that

" o s S~ v
J could account for, the di ferenc‘es m cracknng behavaor . (r\

,9‘ -
’ 3

- {I& ’ o o ‘ ) . . ' . .
A'!omparlson of the. re\sults of testmg of the- pavement cores from both

‘ sec’tions Shows .that ‘pavement thtcknesses and recovered aSphalt

- characteristics »are-vi r.tua.l.}*y“identica) ‘o lt can therefore be conc]uded :
“ that "the ‘ohserv;d diff.erenoes" in' cracking behav-iorﬂ are not a function o'f’w.‘
. the asphal‘ﬁ pavement. A rev:ew of the subgrade profiles of the two ‘
bseetlons does not hithlght any signifucant differencesém soll types

between\ the two sectiom although the clay soils In the non~cracking



4

section tend to be slightly mbre plastic (higher PI) and wetter (field A

motsture conient r%iativeito,the plastic limit of the seiL). field

'.,"

borings shouid Likely have extended to a'gr;g}er"deﬁth. - L 1,
. ) “: &’&w&a‘“ 5
"‘-\‘ 5 iaaﬁ

L N ’ m
S Ths results o*§the tesfiﬁb piogrim were unableﬂao identify significant 7

. "

that construction operations and jn-place‘aging effects were not extreme

L .
differences between the two sectnons. However the asphalt o .

characteristics, both as-supplied and recovered did highly |nf|uencefthe":"f‘1
: . ' ' ” . T
behavior of the non-cracking section. The stiffnesses of the orlgihai ﬁg

asphalt supplied and of the recovefed asphait was determlned using Nark

x--q

der Poel's nomographs as modified by Huekelom -and by McLei - These ‘1
~ /?f"W‘ .
o)

values have been compared:to criteria devéloped by MclLeod (25)r Gaw (26)

~and Fromm and Phang (27). These data are presented in Appendix A and ‘

. . . ' Y

indicate, that neither the stn@fness,of the mix using original asphall

- X - ) - b
characteristics nor the stiffness of the recovered asphalt exceed’thgge; '

critical stiffness values.

This would ‘therefore sbggest that the significant length'ef non-cracking

"

lpévement can he'at;ributeq to the asphalt cement ofiginéily used and -

- 2

" %nough to result in recovered asphalt stiffnesses exceeding some

cgitical ‘level. . The more severe cracking performance of the cracking

tﬂsectien can only be‘attfibuted to suBgrade soil and;ﬁoisture

v

charaéteristics that were either not adeqqateiy measQred byreonventionai
soil classificatignipa?aheters or resulted from infiuences below a 2 m

‘, L1 “' n" o #% . E . N A - Y



. 6.3.2 Pwy 33:10 v / R . C
. - ey

This 100 mm asphalt concrete pavement was congfructed in 1975. The
15"54 N
pavement was placed over two adjoining grigylar bases constructed in

1973 and 197h which used dlfferent aggregaf? sources. AC 275 was
supplned to the project by Husky 0i (Lloydminster) Orngnnally lt c, -

appeared that the observed cracknhg perﬂ,rmance was related to Qhe year

- %

of construction and/or aggregate source usedffor each granular base -
pr@jict. The pavement over the qrahular‘base'constructed in 1973,
33:10-1, averaged 9.Jdcracss/km whereas the pavehent over the lsfk»
granulér‘base. 33:10f2. averagéd%0.2 cracks/km inciuding l;'crack?ree
kilometres. In addition the geneqel bopograph;\of‘the two sections w;s
different. Section 33:10-2 shows level, fairly‘well drained topography
‘ahd*Seotioﬁ 33:10-% is rolling with a higher frequency of cuts and

fills. A review of the surficial geology map for the area°f21)»shows
& . ’ v . . . ' B N
that the boundary between the two sections coincides with a boundary
© . non . ' N,
" ‘between surficial geology units. - -

W
3

\ ) ",

Due to cold weather corung condltlons. representative samples of <the

7

granular base course of the two sections could hot be recovered
However the results of testing carried ‘out durung crushing operations in

1973 and 197k did not indicate #ny significant differences in aggregate
e ) ‘ R ‘ Y :
LN

gradaxioos.

- c
A compar n of recovered asphe** characternstncs from the two sectlons

'ldentlfled .tatistlc-‘

i nificant dafferences although only one

"reflnery supp ied thﬁfasphaltfoenent and the same aggregate source and

o
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w A

o ’ .
asphalt m{x’ plant was used. Scrutinization of construction quality
& . . . .

control tests and the sequence of paving'operations did not offer ‘any

reason for the apparent dlfferenees alt aging, hotween the two
sectnons. "1t should be noted that ‘the "haréer". mo;e ‘aged asphalt wasf'£%;
recovered from the cracknng sectnon - d #@_ . | A;

. P “‘ : . S
The. boundary between the.crecking and nonicracking sectionsﬁcoincides,
with the JOb sp!|t between granular base prOJects and wuth a boundary 2;

“between surfucual geodogyzunlts. The crackuﬂ% f{equency of(33 10-1 is
not consustegt from kulometre to knlomﬁ%ge aa‘shoun in Table B.1. Fiele
|nspe;tson,|nd|eetes that there is a hngher incidence of transverse ‘
eracklng in eut sections and“side-hill cuts. Hole number 3 was drilled
in an area ‘of nigh:crecking frequency and'the sebgrade soil pdeftle
“indicetes sand is encountered below | m. | o~ -
o \ .

In suanéry the results of the test’g program, i}sqic.a\te(significant but”

unexplained differences in reeovered esphaft characteristics eltﬁ%Ugh»
- o .
both sections were constructed at onegtime. ’Comparisonrof nomograph -

.stiffness for:the two sections‘to‘published'pngsosed-stiffness‘limits_
#end to values eetermined for 661:02‘seggest that,the pevemegt is not the
cause of‘the-observed cracking behavion of 33:16-}. The PSphe]t

, charaeteristics did, howeVen: influence‘the benavior‘of the non-crecking

section. |t is concluded that subgrade characteristics are the primary

factor <influencing the observed cracking of 33:10-1. . V .

<]

.



. 6.3.3 SR 845:07 .
Thi,ﬁioo mm full depth pavement was originally constructed in 1973 and
1974 and overlaid with 60~100 mm of asphalt concrete in 1980, It was
’ felt that the observed transverse\cracking was not being |nfluenced by
the 1980 overliay and reflected the actual low temperature performance of

th 1 pavement constructed. As shown in Tables C.1 and C.2 the

ehavior appears to,be a fpnction of the year of construction

Rnik

of the origlna\ pavement wich thq,sectuon. 845: 02 1, constructed in 1973

cra

exhibuting no crhckkgg and*the mavnmeﬁt cogstructed in 197h exhnbitlng
‘ sngniflcané)cracksng. The same refunery. Husky 0il. (Lloydmnnster)
-supplied AC»275/to both years of construction and test resultsrof as

supplled asphalt indicate identica¥ propertlef. Dufferent’fggregate

e e i

., sources were used in the two years of constructnon but®a review of
construction quallty control testing records;shows very similar

gradations. The same’%ontrattor using the same asphalt plant was used

for the construction of both sections. - S
€ . ) .k . o
. e e SR
‘ Yy . - ‘ .
. . Recovered asphalt characteristics from ®&he 1973 amd 1974 pavementg ST

indicate that‘the pavement constructed in 1974 has aged significantly

. ‘ A '
more -than the 1973 pavement. A detailed review of quality control - /fN

o g ’ ’ . Lo

t ting carried out'durind construction does not offer any explanation

or the d!fferences in re)pvered asphalt characteristics between- the two

ections. However, the results are consls nt with the observed
cracking performance with’ the section with the "harder recovered,s

asphalt cracﬁlng sngniflcantly.

[
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@ . . ' o

Cor|n6*1dentufied that the non-crecking section |nciuded an extre 100 mm

of pavement that had beln apparently pllced prior to the i973

construction. Given verya5|m|ler as constructed meteriels

characteristics between the two sectcons. it would be expected that the

thicker structure of-8h7 :02-1 would 'be more resistant to the initietion

of transverse cracking Nomogr aph stiffnesses of the originaf e!pheit _Ax ; 4
supplied to both years if construction are ﬂesi than published .proposed j\- 1
critical stnffness values and are ssmuler te values detern;ned for SR \
:661:02 and- 33:10 suggesting that the asphelt wee“c: ‘I ow crecking \ | i»‘
p entiei. The relativeiy thin 100 mm'pavement structure constructd&Ai:T‘

as likely the determining‘cause‘for the differences in cracking

r bbtween the two sections. -
W
. L4

'|th|n the portion ‘of the prOJect constructed in 1974, significant

N /"\...‘

differenfes in cracking frequencnes EXIS%. Sectuon 845: 02-2 has an A\

*

average crackung freqdency of 21 cracks/km compared to 90 reck;/km for

845:02-3. Thls couid be expianned by (he dnfferences'nn pavement ""ﬂ

thickness %etween the mediu ';8h5*02 2r

sections of 220 mm %%

crackung sectuon coincj

2

profiles which fnow'this sect:on is constr?ctediover cieyey sends. The

“medium cract;:g_;qs&ipn.ns cpnstructed_over medium plastic cleyu . S

' ‘ ¢

In summary, the main factor infiuencing"the,differencec in cracking

-~ . *

r
¥

‘ behavior between the 1973 and 1974 pavement i‘s-ﬁkeiy the ' thicker
B ": v 'y S

-
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jwon-crecg?ng section. It is assumed that the

1

pavement structure of il

100 mm of pavement ca ucted prior to 1973 was not cracked when "

¥
¢

. 6verlaid in 1973. The d}fference’ in recovered aSphalticbarltyEFT;:]ce

is also consistent with the cracking performance although why these

_differences wouid exist considering they were built by the same

.

Contractor using apparently identical asphalt cements supplied by the
. same refinerf and very similarraggrega;es ;annbt be ascertained.

_
: \j

<&

‘ . .
The significant differences in cracking within the section ‘constructed

- in 1974 are a result oﬁabubgrade influences with the pavement

constructed over a granular sandy subgrade exhibiting about b 1/2 tnmes

~ the cracking frequency of the section constructed dver. a medium plastnc
- ; o _ ‘

Telay. ' J , ., . ‘

. ,
- - o= N 'S
- ' : . . )

. . : 1\

6.4 General Diwcussion

hd J

_ Dy pavement lhuckness and stuffness of thé\nrugunal asphalt suppl:ed
1( . /.

.u ; *
ﬁuﬁ \ \is the thré\ mpst sign;fncanf factOrs that were as;ociaaed @hg% t *'~.,

,1l ; observed tr;nsverse cracking frequenc:es on 55 }ull depth pavement
L seetions.r Attempts were made to.lnclude the unfluehce of . the underlyung
o P gubﬁradegwitnin the mcdei. On;y!avfew sectnons could be |¢¢ntif|ed as '(:
;iving sand or nranular subgredes based on surficial geology maps. Due ,‘
'51’ .. to the small number of sectuons. their in¢lusion or exclusion :rom the |

1

!

%@ ea lnelyels dlq not’ s)gnlficantly effect the ftnal-model developed.
gy - * _

& v

5 - ]

i
coa



¥

PN

R . . , - - . . 1 . - . . . v.
! .
| ' . . : ¢ . \ ) 70
Phase || focused in more dstail on } projcctsf. it a}pes}cd thitt

pa——

subgrade effects were 2 large factor in influencing thd dlfferencc in
—~J .

observed crpcklng behavnor between sections., For Sectoons 33: IJLZQPnd v

SR 845:02-3 sand subgrades were associated wlgﬁ-highar freqyenclcs of
* transversa cracking as compared to‘adjoiningvsections.’
. . , . l ) ‘ > \

-7

‘ ' . o
The association of transverse cracking of asphalt,pavaents with sand’

" subgrades is well known. ‘However the mechanism has nFm been extnﬁsively ;
researched, Work by Ham:lton (28) in the laboratory’identofied that
§ 1.
compacted clays can undergo conslderable freeznng shiankage dependung

R
-

upon the moisture and density coqdntnons prior to freezing. " This

‘evabuation was confined to 5 Alberta clay soils and did not invesg%gate S

» hd

freezing shrinkage of sandf soi k. Rix (29179bservgd on thfée _ J

instrumented séctibns in‘Aib;;ta t;at %here was‘a relationship etweég ;ﬂ /“./

crack ‘width increases.and decreases v th ;mcreasmg or decreas ng i‘

thnckness of the f;ozen layer. Thns suggests that subgragj‘7é|;swltl -
- | -

contract durlpg coollng (free2|ng) condlttons simalarly to phalt

pavements and that the extqam of contr ction will be é functnon of soul

type, moisture and density condatnons and depﬁh of frost penetratuon. ¢

‘I the tensile strength of the so:l structure is eﬁceeded. cra;ks wﬁll-

v

develop which will reflect througﬂ’ihe overlying pavement structure.: ‘ )
_ v T cod

In Alberta, cracks in an exnstlng pevempnt ref!ect relat|velyf23?ckly‘“

¢

through a new overlay. oftgn durtngsxhcs£4rsx winter. . Variouf\ -

e /l T . '

techniques have been investngated to try to con;rol refloctiv. cricktng‘ e
} ' P, . : ! L By
of asphalt over lays. wlth little succes:. It is sbggcst,d thot thn . a’. .

ncchantsm of the rcfloc&lve q;oqklng of anﬂnsphaft-ovnrlay bvnr‘s jf-;;} e
. R . R o L, eA s L.-,ﬂ\ l"’,"»‘



o cracked highway would be similar to the cracking of a.new”pavemdnt‘ _

- TFOT cond'tuonnng and in-place' _fng. This has been at least partnal y -

% The performance of the cracking and non—crackinb sections of’SR 661:02. -

:_ . . . : 79.

- N R . o -

constructed over a sand subgrade and that the treatment of both‘
conditions may be similar. - . o i

‘ R
On the three prOJects Jnvestngated in PhTse Il.‘there were also .

sngnlfncant sectnons of very stmular pavements that did not crack at

call, Thns suggests that the’ tensule strength of the pavement was never .

- Ay ~
exceeded by |nduced thermal stresses._ A crltlcal stcffness of 2.9 x 10¢

P& (30 kg/cm’) ‘based on original asphalt characternstncs and a pavement
. .

temperature at a 50 mm*pavement depth based on Mcleod' s method has been

A

identified Ts a stiffness value separatnng acceptable fromqpaB
non—acceptaéﬂe.transverse cracklng. A review of the stiffnesses of the
originat asphalt supplied for\the‘non-cracking sections conftrm thisL
allmlt. " Howeéver, pavement thlcknesses and constructlon rsbated or.id':
in- p\ace agnng and their q{fect on asphalt stlffness will govern overall

crackungﬂirequency As shown,'nomograph st;ffness values |ncreased wlth

accommodated in the mode 1 developed by the |nclusnon of a paviment age

e
»

variabje, It is conceuvable that even with’ orlglnal asphalt stlffnesses

~

well below the critical limit identified, that asphalt pavements wull
crack to an unacceptable level if asphalt pavement structures are too '
thin or if excessive hardening due towceﬁstrucnion effects increases the

asphalt mix stiffness—W an unacceptable level. ,

/

_ and Hwy 33 10 would |ndscate that subgrade soil unfluences tend to- /{

% -
’ K

'govern both the |nit|et|on of and frequency of transverse cracking even

- ,/
/



'i‘vﬁ?héﬁ‘ofibinal

ang

subgrades. " e

1 o~

»

sphalt'stitfnesses are‘sgfficiently low thatdcracking

L3

’/ wouldn'yBe expected. "This would suggest that for the asbhalt dradii.

-

~ - .
- (S
~.. . . M

. . -
. Y

o~ , ‘ T A ‘

8o

{ypes normally used by Alberta Transportation, excessive transverse

.‘) . 1] AY - . N R
cracking could be expected on asphalt pavements constructed over sand &
i : e . ~ ‘ i



" Table 6.1 'Labora‘to'ry‘ Tésti;ngl Program -

®

Asphalt Pavement Cores *

. ‘ ;}2ua1 description - _
. easurement of. 1ift thicknesses .
Density measurement of each 1ift R
Asphalt extraction of top 1ift and Abson recovery.

[

. N ¥
_#—" - Tests on recovered’asphqﬂg:

‘ absolute viscosity € 60°C.
‘ . kinematic viscosity @ 135°C
~ penetration @ 25°C, 100 g, 5 s
penetration @ 4°C; 100 g5 5 s . o
penetration @ 4°Cﬁ 200 g, 60-s

Rt /.
Calculation of temperé

ture susceptibility parameters:

- PVN' based on penetration @ 25°C and absolute viscosity @ 60°C

- PVN based on penetration @ 25°C and kinematic viscosi
{ = Pl baséd.oq penetration @ 25°C and penetration @ 4°C,

—

T Sieve Analysis of Ethacted Aggregate

.

Subgrade Soils L

Visual description
Sieve Andlysis ~.

‘ | _ .,
Classification (Uhified\?ystem as modified by P.F.R.A.)

ty @ 135°C
100 g, 5.5

o * - .
.. VAR
. _ .- : ]
.

81



CHAPTER 7

_SUNMARY, CONCLUSIONS AND RECOMMENDATIONS | L
| , ‘ N .

v L.

£ . . " ) \

7.1 Summary | L X

o ! . . ) P
I L. \

L] - -

[}

"In Phase | of this investigation, a mathematical mode! has.been -
. L @ : . - i .

developed that associates pavement characteristics with the observed low

temperature transverse'cracking of 55-full”depth pavement sections. Ihe;%A

three maJor. ‘most statlstlcally sngnnfucant varsables identified that

" had the greatest |nf|uence on the frequency of transvezge crack|ng are.

>

- pavement thickness

1
L

.- orlgunal asphalit stnffness predccted usnng McLeod's method and .
based on site specific temperature condltuons

e

- pavement age.
The model developed took the form: o .

Frequency (cracks/km) - k9 LO + 3.09 " (pavement age in years) ,

| .+ 0. 36 (original aSphalt stlffness in kg/cm‘)

B - 5.60 (pavement thickness in mm)®® ”

. /7
A simller. Iess statlstacally 5|gn|f|cant, mode] hes also been developed
'besed on the creckunq,behevnor of 77 secttons (55 full depth and 22
granular base pavement sections) Anelysls of 32 selected full depth
projects including eg-bunlt pavement cherecteristtcs resulted In a model

-
,

: L ' ‘ v v
. - 82
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83,
6fvless statistical significance but suggests that Marehall V.M;A. and

pavementlpercent'compactlon may influence cracking (reduencyQ Due to .
: o : ’ B B -
the'diffiCulty of identifying and quantifying subgrade and soil

characteristics, this variable was not included in e analysis although

i

it was recoonlzed that subgrgge charatteristics can significantly affectji‘hr

.transverse crack frequencies. ‘ : o

-

Based upon a revlew of the data,available for the'77 sections used to .

develop the models and on the’case'studies-af Phase 11, 5 critical
i N
or|g|nal asphalt stuffness of 2. 9xlO‘ Pa (30 kg/cm’) has been |dent|f|ed

New - +
that is assumed to separate "acceptable" from "non- acceptable“

transverse cracking. By separating'the major inputs of asphait
characterlstucs and temperature that are used to prednct asphalt

‘ stnffnesses, critical amblent air temperatures have been udentlfned for
each m?Jor grade and type of asphalt used by Alberta Transportatlon. A

design map has been developed based upon these critigal temperatures,

-

that can be used in selectlng the approprlate asphalt grade and type for

surface and lower pavement courses that would optimize the Tow ‘ SN .

-
[

temperature performance of the pavement. To minimize lou temperature v -

v

transverse cracklng. it is identified that the thlckness of the asphalt

pavement structure should be maximized. , //\\$

Phase 11 focuses ln more detail on the particular cracking " ‘ance‘a
of three projects exhublting significant lengths of both cracklng and
non-cracking within each project. Field sampling and laboratory testlng

"identified that subgrade effects were a large factor in lnfluenclng the

mdlfferenceS»ln observed cracking with pavement thlc&hesses.also,havlng'

4 . . . e

]



v
o

some effect. It appeared that asphalt characteristics were of the

greatest influence in governing the behavior of the 5.ction: that did

\ \

not exhibit any transverse cracking or exhibited only very low

* frequencies of transverse cracking\ . e ,
M - .

B Y
7.2 Conclusions

» . - .

The following conclusions can be drawn based upon the results of this

- investigation:

*

@

1. The major factors influéncing the lbw temperature transverse
‘cracking behavior of the pavement sections studied-are:

woo

- pavement. thuckness
- ortgunal asphalt stiffness using McLeod's method and based on
site specific temperature conditions
- pavement age
- subgrade soil characteristics.
It has been also identified that asphalt mix and pavement
characteristics may also influence cracking behavior.
2. Acritical asphalt stiffness of 2.9x10¢ Pa (30 kg/cm?),
predicted using ﬂcleodl; methé& and based on original

v

a:phali characterist}cs and sitg,spécific temperature

conditions,.can be used to separate "acceptable” from s

“"non-acceptable' transverse brack}ng behavior.

A

TR



This value has been used to develop design maps for Alberta S

whfch can be used to select ‘the most appropriate asphait
cement grade and type for both surface'end lower pavement
courses to optimize low temperature pavement performance; To
minimize the frequency of rransverse cracking, the thickness

of the asphalt pavement should be maximized.

. Further, subgrade soil influences will govern the initiation and

‘prior tbo 1967.

frequency of transverse cracking. With the asphalt grades and
types normally used by Alberta Transporxation. excessive transverse
cracking can be expected on pavements consiructed'over sand
subgrades}
Although a.full network eurvey was ﬁot carried out, the results of
this fnvestigation would suggest that the.changes made ‘to -asphalt
specifications in 1967 bx introducing a mingmum viscoeity‘limit |
were beneficial and have resulted in pavements exhibiting lower

transverse cracking‘frequencies than experienced by the Departmenf

-

Changes t9 %‘?halt specuflcatuons |n 1980 that made minor
modufncatlons to pehetration and vnsc05|ty limits and that '
introduced limits for medium viscosity or more temperature '

susceptible asphalts fbr use. in lower pavemeﬁt courses will

allow contlnued flexibility in opttmlzing both high and low

performance of asphalt pavements des'gned by Alberta Transportation.'~

> . . [ ]
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7.3 Recommendations - . N

1.

4

B 7

The design map developed as part of tﬁis investigation should be

—

“used to aid in the selection of the appropriate asphalt cement

to optimize the low temperatﬁre per formance of

”

a Tfanspor;ation.

AN
In order to minimize the frequency of low temperature transverse

cracking, the thickness of ‘the asphalt pavement should be maximized.

"\
\\

1 ’ : N
The "softest' grade and type of asphalt cement that will minimize

low temperature transverse cracking and still provide acceptable
high temperature performance should be selected. This will provide
maximum economic benefits in terms of pavement rgding qualify,
maintenance costs and construction costs.

Further researcg is required to evaluate tﬁe'high temperature
performaq?e characteristics of the asphalt cements used by Alberta
Trans;%ftation to ensure that the design process Qsed to selgct
asphalt dride and type addresses both high and low temperaturé-
performance appropriately. Theteffeéts of aggregate and aéphalt

mix properties on high température per formance shouid be included

in the invegtigation. .

Further research is required to identify the effects of subgrade
influences on low temperature transverse cracking cpnsider}qp

the thermail and moistdre rcgimés and stiffnesses ofeunderIying



subgrade materials.
Further researeh examining the mechanisms of low temperature )
transverse crackung and the prednctuon of pavement cracking
temperatures should be under taken.

-
Further research is“required to |dent|fy the mechanism and

approprnate treatments to control and munumnze reflection cracking

of new asphalt overlays placed over existing, cracked pavements.

T
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Project SR 661 02 - : e e T o !

P ; . N
Fort Asslnlbolne to North of Fort Asslnlbolne B DR
.l km 2‘2 -.km Vh.b "'l ‘f"{ - ’*“«h o IR E
A.1. Transverse Cracking Performance e : f,*fft S s |
. , : \.,. . i ;
.“Thts full depthuprOJect. constructed in 1979, i's exhnbntlng non- unlform

Lk

. transverse cracking. The first 3 km (km 2. 2 km 5 2), SR 66l 02= l
;an‘average cracking frequency of 30 cracks/km . The last 9 km, SR ‘, ‘l B
’:661 02 2, has a total of 6 transverse cracks. ‘Five of these kilometres Ay
':are crackfree.. An lnltlal revnew of‘constructuon records dld’ﬁbt

lndlcate any constructlon related |nfluences eg pavcng sequence,

l0cation of dead haul roads, etc., that could. account for the '

g,
A

»differences in'cracking behavlor between the twossectlons._ K review of
u,coﬁstructnon qualnty control test data showed very sumnlar maternals

3 ! ) A
characteristics over the length of the prOJect. It was postulated that

R

'vthe cracklng behavlor was subgrade related although no notlceable change aLb
|n topography or fand use. tould be observed. The boundary separatlng
the two sectlons is defnned by a creek runnlng through a low. lylng :

slough/mUSkeg. SRR ‘,’ o N y ;1 ST "3;

A:2 Project‘Detalls"

- . o

Locatlon:‘;‘The'project ts located in Central Alberta‘app:axlmatelyf120‘

"tm‘northwest of Edmontontv R - S |



‘-

o .//

" lLocal Climate: - The average win temperature ovg4 the last 10

was -h8°C.[éicurring in 1980 -
14k44°C days. //

‘years‘was —h}‘;.“The extrem

(30) . The freezing index i
[

Surficial Geology: The topography is genera}ly flat to gently rolling
Surficial materials are silt and clay g1acnél lake deposnts wnth some’

sand deltalc dep051ts (31).  Some locallzed low Iylng muskegs are

s
£

-evndent,u A study ‘of the air photos for this does not |dent|fy a

"notlceable change in surfucnal geology at the |nterface between the two s

—-e

o / »
-seotlons.‘ : C e/
) : o y .
. ! & . -/ .
o . t - |
Traffic;  AADT (1981.) = 610 | C ~
Equlvalent 18 k/p (80 kN) snngle axle appllcatuons = 23
/
_ //
' /

kConstruction' This 125 mm full depth pavement structure was

constructed in 1979 6ver an exnst|ng subgrade. The structure was made

£

‘_ up of 50 mm of 16 mm topsnze surface course over 125 mm of 20 mm topsnze

base pavement. AC 27.5 supplied by Imperual (Edmonton) was—used fo' the

:entire project. Average results from the constructlon quallty control
. : . 7 .

‘testing program were:

~ mix temperature at plant discharge = 116°C

asphelt content = 5.7 percent (dryfthOf aggregate)

compaction = 96.7 percent (average @ore density of 2232 Rg/m’)

- y .
S
o

Field Sampling and Laboratory Testnng Program° Five-150 mm dianeter
cores at randomly selected locations were taken of the complefé pavement

’structure in both the crackung and non-cracking sectuons.3 At each of
— ‘ . - B



: i ’ -

these ?o}e Iocatioﬁs. the underlying subgradetwas sampled toc a 2 m
,dep}h}

: .

Only the top ifft of each core was tested.  Bulk densities were measured

-

and extractton tests run. The asphalt cement was recovered using the
14 .

Abson metﬁoa and then. tested for-;\

v

- penetratlan at 25°C, 100 g, 5 s

e

tlon at h0°c. 100 g, 5s

Temperaturefsusééﬁt{bility.pafameters, PVN', PVN and Pl (based on

‘penétratiohs at 25°C aﬁﬂ Lec, 100 g, 5 s) (i) were calculated.

-
Py

’ ) » S . 4 1 ' s
The subgrade soil sampMs were tested for moisture'content and routine

classification testing was carried out.

A.3 Test Results
g

The resulty ofrihe testing program ana othep obsérvatfons are presented
in the following Tabi?s and. Figures: M f . ) /}
Table A.1  Transverse Crack Counts
‘Table A.2 Summary of Test Results of Asphalt Supplied in 1979

Table A.3 Suﬁmary of -Test ﬁesults of Recovered Asphalt

Table A.4  Summary of Test Results of Pavement Cores
N Rl o



‘cracking stiffnéss‘of-the pavément wasn't reached. Comparing the

Figuﬁg Al ‘Sﬁbgrade Soil Profiles - SR&661:0271 .
Figure A.2 fubgrade Soil Profiies -'sn 661:02-2 |
' Table‘A.S"'SUmmary of Soil Survey Test Results - }é 66‘302—!
Table A.6  Summary of Soii‘Sﬁrvey Test~Resufts - Sh 661:0242;
 Table A.7  Summary of Stif%ness Calculations
Figure A.3 ASphait Penetration - stcé}ity Relationships : f
. ”‘ . AI, | '
A.}lo'.D'iscu’ssIon;‘~ . . . _ l ’
- A compérison of the co;e thicknesses and of th; test results of the
' 2

recovered asphalt from cores shows that. the characteristics of the

pavement in-the“non~cracking and cracking sections areAvirtually

identical. It.can therefore be concluded that the ob;erved differences

'in‘cracking behavior is not a function'of‘asphart pavement

characteristics.

A review of the sﬁbgrade:profiles of the two sections does not highlight
ény hfghly signbficanf diff§ren¢es in §oil types or characteristics.
There is a'tendeﬁcy|for the clay soils in the non;crackiﬁg section to be bf/
more piagtic. ie. highef Plasticity Index, and.wetter ie. field mo{éture
content relative to the blast?ﬁ iimithof‘the éoi11

The fact that a signifggéht portioh of the broject d?d not .crack
indicates, thaf for thosé.given subgﬁ%ﬂb cbnditions, the critical

nomograph stiffnesses of thelasphalt'and mix for the on-site temperature

conditions, and basedJoh’origina] and recovered asphalt characteristics, .

A\



o

to critical stiffness limits proposed by McLeod (25), Gaw (26) and F romm

and Phang (27) would conflrm that the critical stnffness of the asphalt

and pavemsnt haven't been ex;eeded. This 'is summaruzed below:

Criteria for Transverse Cracking SR 661:02 Conditions
to Occur . ‘ o
i..Stiffness of the pavement at 1.1 x 10° Pa

. a 50 mm depth > K " .
6.9 x 10°* to 1.k x 10*° Pa i : o
(loading timeh- 20,000 s) (25)

o

AN
2. Stiffness. of th& asphalt > - h.8Bx 10* Pa
« 1 x 10° Pa,: e
" (loading" tlme - 1800 s) (26) L
3..St|ffness of the asphalt > « 1 x 10* Pa \\\c
' 1.4 x 10 Pa : . e
(loading time = 10 000 s) (27) . ” , ey

L 2

- . . i , ) N
- o ‘ ’ .
. ‘ . ™~

In summary, the results of the testing program confirmed that asphalt or ™~

pavemnent characteristics were not the cause for the difference in

o
Y

crackinbvbehaVior betweénbthe two‘secthns. The asphalt éharactéhistics
however d|d haghly nnfluence the behavnor 6f the non- cracklng section.
Comparison of nomograph in-place asphalt st;ffness to limiting crnter:a
developed(by others shows~that the critical asphalt s;nffness requnrod
to initiate transverse cracking was not reachod. .

\

Unfortunately, the characteristics of the subgréde soils to a 2 m depth

(}p: .

in the two, sections did not differ sigﬁfficantlynenoogh to make any
N b _

conclusions regarding their influence on transverse cracking.
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‘ Table‘ A.1 Project SR 661:02 *
% S , Transverse Crack Counts,
. Section "km - km  No. of Transverse Cracks
' 661:02-1 2.2 - 3.2 37
. 3.2 - 4.2 28
4.2 - 5.2 . 26 -~ -
661:02-2. 5.2 - 6.2 0
. . ‘ 6.2~ 7.2 0
. 71.2 - 8.2 1.
8.2 - 9.2 3
9.2 - 10.2 A
10.2 - 11.2 0 .
5 11.2 - 2.2 _ 0
12.2 - 13.2 A .
13.2 - 14.4 1 .
‘. .
S ;
Table A 2 Pro_;ect SR 661: 02
~ Summary of Test Results of
-« Asphalt Supplied in 1979
~ _. Abs.Visc. Kin.Visc.  Pen @gs"c Pénoase. PN
e60°C . 8135°C "~ 100g,%5 . .200§ GOS, T
~(Pa.s) (mm2/s)  (dmm) - . {dmm)’ R --
Tests on Original  35.8 * 212 285 92 -0.1
Asphalt (N = 6) o _ ? '
Tests on Residue . 86.3 = - 148 a9 .- -0.3
After TFOT (N =6) - : © e
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T Table A.7 Project SR 661:02
Y ' stiffness Calculations

'ﬁT ‘\1ffness caTéulations-

“ﬁ °T191nal asphalt: penetration ©€25°C = 285 dim

PUN' = -0.1.
. Qfg1na1 asphalt after TFOT: penetration @25°C = 148 dmm
. PVN = -0.3 -
. ered asphalt = penetration 825°C = 98 dmm
) penetration @ 4°C,100g,5s H 12
. PVN' = -0.3
. . PI = -0.5
* minimum ambient air temperature = -42°C N
minimum pavement surface temperature = -35°C
minimum pavement temperature @ 50 mm depth = -32°C .
* in-place asphalt pavement characteristics: V.M.A, = 17.2%
Air Voids = .1%
Asphalt - Original ~ Original After Recovered
. Supplied _ TFOT ‘
Pvmnt Temp. °C -35 -32 -35 -32 -35 -32

Stiffness(binder)’ (Pa) P.8x10° 2.5x10° 2.4x107 1:6x10" " 5.9x10° 3.9;10’

Stiffness(binder)’ (Pa) - - - - 4x10° -
Stiffness(binder)’ (Pa) - . - - - - 1x10° -
Stiffness(mix)’  (Pa) - 1.1x10° - - - 4.1x10°

1 ysing van der Poel's nomograph as modified by

McLeod, time of loading = 20 000 s
2 ysing van der Poel's nomograph, time of loading = 180D s
3 using van der Poel's nomograph, time of loading = 10 000 s

using van der Poel's nomograph, time of loading 20.000 s -
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Absolute Viscosity at 60°C (Pa.s)

10k

600 ﬂ
500+ - 3
Legend -

4004 v
— . originot AC

3004 orl?inol AC atter TFOT
recovered AC SR 661:02 -1

recovered AC SR 661:02 -2

2001

S
<

904
80+
705
60+

50+

401

304

204

‘c 3 v BT L B pummn P \

40 60 8o 100 - 200 300 400

N : Penetration at 25°C, 100g,5s (dmm)
, .

y - ' ’;
/?3‘3 _A.3 Project SR 661:02 ,
Asphalt Penetration-Viscosity Relationshlp\
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APPENDIX B - CASE STUDY - PROJECT HWY 33:10
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' Project Hwy 33: 10

South of Swantﬂllls to Hest of Fort Assuntbolne

km 9 to km A2 f\ . -
» ' ‘ !
B.1 Transverse Cracking Performance = = . ¢

>

Thls‘prOJect was the first granular base pavement structure |nvest|gated
that eXhlbltEd sngn:fucant lengths of non-cracklng pavement. Inutually,;
“the frequency of transverse crack:ng appeared to be a. functnon of the
year of constructton of the granular base course..  The granular base
course of Sectvon 33 10-1 wg% constructed in 1973 aﬁﬁ for Sectlon
33 10-2, in l97b Both sectipns were paved»ln l975yunder one contract«
ljusung one aggregate sourceiﬁﬁd asphalt suppluer. ‘Section 33‘]0-]
exhlbnted cracking frequencnes betwggn 0 and 30 cracks/ per km wuth an
ayerage frequency of 9f7hcracks/per'km. ‘Section 33:10-2'had an average
" frequency‘of 0t2'cracks/km wlth a total ‘of 12 crackfree kilometres.
The general topography of the two sectnons is dlfferent. Section
-33:10-2 shows level, falrly well. dranned topography Section 33:10-1 is
rolllnglwnth a hugher frequency of cuts and fllls. The bounaary between

the two sections conncudes wuth a boundary between two surficial. geology

 units (31)ﬁ




.ﬁg:zuPro ect Details - ' - P

v

: . ' | .
"~ Location: The project is located in Central Alberta and is
© ‘ - . )
approximately 150 km northwest of Edmonton and is about 30 km northwest

of SR 661:02.

. Local Climate:  The aﬁerage‘ninter low temperature over tne last 10
years‘was‘fb3°c. The -treme record_low was -LBe(C, occurrrng in 1980
(30)-. ,Tne‘freeiinﬁ ‘maex is 1400 °C days.

Surficial‘Geblpgy: A review of the surficial geology map“of the area

J(3ﬂ) shews'that a distinct ppundar} between surficial geology units
corncrdes with‘the split between the non-cracking and erackfng sections.

f'The surfucual geology of Section 33: tO 1 |nd|cates silt and fine sand
glacnal lake: dep05|ts with a hummocky terraun topography, Section
33:10-2 indicates a till (mixture of clay, %I]t end fine sand) grdund

‘morraine. The topography, noted from air photos, is ‘level.

i

kTrabf~fbici AADT (1985) = 1050

Equivalent 18 kip (QO}kN) single axle- applications = 126 )
Constreetionsj- The structurel deslgn for the two sections was the same'.
100 mm ACP, 50 mm Asphalt Stabulnzed Base Course, and 225 mm granular
«base course, Different aggregate sources were used for the granular
base for each sectnon. The average gradatnons reported at the. tnme of

construction are presented in Table B.2. The asphalt pavement for both;

sections was construtted In'Qne year"by the same Contractor using the

107 -
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same agﬁregate source and ispﬁalt cement. The asphilt cement bsed was

AC 275 supplied by Husky (LJoydminster) .

\

Field Sampling and LaboratoryrlestingJPrbgram:;“'flve 150 mm diameter

cores at ramdomly selected lbcatibns wereataken“of the pavement and -

underlylng granular base course nn both sectnons. Due to cSld weather

drllllng condntlonsb representatlve samples of the base course could not ;

be,retrieved.. At each of the core locations, the underlynng subgrade...
g . . )

was sampled to a 2m “depth.

The sealcoat was trlmmed off the cores and the denS|t|es of both lufts
"were determlned pruor to .extractions and Abson recovefnes The"
recovered asphalt was tested snmnlarly as for SR 661:02.

) * v E ; » . "
The subgrade soil samples were tested for moisture content and routine

e

_classification testing was carried out.
B.3 Test Results.

The results of the testing_program.ahd other observations are presented

<

in” the following Tables and Figures:

Table B,1. fTransverse Crack Counts

Table B.2 ,;ummary of Constructloh'Quellmy Contrel Testing

Table B.3  Summary of Test Results of Bphalt Supplied in 1975 -
’Table B.4 Summary of Test Results of_gecovered Asphalt

Table B.5 Summary %) fest Results of Pavement Cores

¢
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' Table B.7

o 109
Figure B.1 - Subgrade Soil Profiles - 33:10-)

"Figure B.2 Subgrade Soil Profiles - 33:10-2 o

.Table B;6 Summary of Soil Survey Test Results - 33:10-1

v

Summary of Soil Survey Test Results - 33:10-2
Table B.8 SUmmaEy of Stiffness‘Calculétions
Figure 8;3 Asphalt Penetration-Viscosity Relationships

B.4 Discussion :

Thetgranular base course for each section was constructed in different

4years using different aggregaie sources. The results of testing carried

out during crushing operations, presented in Table B.2, indicate no-

‘major differences in gradétions. It is concluded, *therefore, that the

granular base course is not sfgnificantly influencing the differences in

\ . 1]
observed ‘cracking frequencies.

A comparison of the characteristics of the recovered asphalt from both =

- sections indicates significant differences. Use of the t-test shows

R . . A ‘ '
that the mean absolute viscosities at 60°C and the penetrations at 25¢°C -

of the two sections are significantly different at the 1.0 percent and
O.l‘percent levels respectively. Scrutinization of the construction
guality control test results and the sequence of paving operations does

not offer any reasons for the differences in asphalt agind between the

" “two sections. These data are presented in Table B.2. ‘Based upon the

available information, the reasons for the differences'cannot be

( determined. o Y
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The nomograph asphalt and mix stlffnesses were determined for‘the
on-site temperature condltlons ‘and were compared ‘to llmlts proppsed b;
.HcLeod (25). Gaw (26), Fromm and Phang (27) and values determlned for SR,t

661:02-2 (non-cracklng). This is summarized below:

oo

!

it
» - T
Criteria for Transverse 33 10-v . - 33 lO 2 .66lé02 -
Cracking to Occur (cracklng) (non- cracklng) ‘(nonrcracking)
kl > ) . | o ) LR )
1. Stiffness of the 8.3x10° . B.3x10% lLlXIO’,"'

pavement at a 50 mm
“depth >6.9x10°-
1.kx102° Pa v
(loading time = =

20 000 “secs) (25)

2. Stiffness of the 1.7x10* S v.ooxior o k.Bxi0®
‘asphalt > 1.0x10® Pa - . - ‘ S :
(loading time =
1800 secs) (2t

3. Stiffness of the ~ 9x107 - ,..5x4%%_;fv o
asphalt > 1.4x10* Pa ' e .

(loading time = T .
10 000 secs) (27) .

'These values indicate that the |n place nomograph stiffness for both the
cracknng and non- crackung sections are less than the proposed crnterua
and are also less than the values determnned for SR 661:02
(non- oracking) This would suggest that the observed crackung behavnor

of 33 10-1 is not benng governed by the characterlstlcs of the asphalt

P ' . \
" ’ \

- The boundary between the two sections coincides with the job spllt

pavement.

between the two granulanﬁﬁ};e‘projects and with a boundary'between'

surficial geology units. A review of the rade profdles does not

highlight significant differe ‘és in/soil types encountered. As shown
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- |n Table B l,,the cracktng frequency of Sectuon 33: lO 1" is not

consustent frOm kalometre to kulometre WIth frequencies ranging from 0

‘,to“3olcracks/km. 'Fueld rnspectjon |nd|cates that there appears to be a

higher incidence of crackfng in cut sections or side-hill cuts. Only
test hole number 3, km’ 12 063. was. drnlled in an area of high cracking

frequency.‘ Thus hole shows that sand is encountered below about 1 m.

In summary, the results of the testing program'indicate significant but

PR -

unexplaunable dnfferences in pavement characternstucs between the two
sectnons although the)pavement was constructed at the same tlme;
Comparnson of nomogcaph stnffnesses to publnshed proposed stiffness
lnmuts and to valyes determtned°for PrOJect SR 661:02-2 suggest that the
asphalt i's not . the cause of the observed cracking behav»or of Section
33 10 1. The asphalt characterastics dld however influence the

"
behavnor of the non-crack|ng sectlon. It is concluded that subgrade

characternstlcs are the primary factor tnfluencnng the observed cracklng

' of Section 33:10-1. ; 5 s

al

-
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Table B.1 Project Hwy 33(:‘10
7 Transverse Crack Counts

Section - km-km No. of Transverse Section km-km. No. of Transverse

Cracks - ‘ . Cracks
33:10-1 8- 9 1 33:10-2  21-22 0
. 9-10 0 22-23 0
10-1 5 23-24 0
C11-12 0 24-25 1,
12-13 30 25-26 0
13-14 17 26-27 3
14-15 9 27-28 1
15-16 9 28-29 1
16-17 7 29-30 1
17-18 8 30-31 "2
18-19 25 31-32 . 0
19-20 6 32-33 - 7
. 20-21 1 33-34 0
| 34-35 3
35-36 .0
; 36-37 0
.37-38 0
38-39 1
39-40 0
40-41 0
41-42 0
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Table 3.8

Input required for stiffness ca

+ characteristics of original asphalt: penetration @25°C = 265 dmm

Project Hwy 33:10
Stiffness Calculations

lculations:

PYN' = 0.1,

» characteristics of original asphalt after TFOT: penetration @25°C'= 141 dmm

PVN' = -0.1

« characteristics of recovered asphalt:

L ,4‘_
33:1041 - penetration 825°C = 84 dmm
(cracking section) penetration @4°C,100g,5s = 11 dmm
PYN' = -0.2 -
PI = -0.3
- 33:10-2 - penetration 825°C = 103 dmm -
{(non-cracking penetration ©4°C,100g,5s = 13 dmm -
section) ‘ PVN' = -0.% ‘ )
P1 = -0.4 .
* minimum ambient temperature = -42°C

minimum pavement surface temperature = -35°C

minimum pavement temperature

@ 50 mm depth = -32°C

» in-place asphalt pavement characteristics:

33:10-1 VMA = 18.0%
. Air Voids = 6.2%
133;10-2  VMA 18.3%
Air Voids = 6.6%
Asphalt Original Original After Recovered
Supplied TFOT 33:10-1
Pvmnt Temp. °C -35 -32 -35 -32 -35 -32

Stiffness
(binder)?(Pa)
Stiffness
(binder)?(Pa)
Stiffness -
(binder)3(Pa)
Stiffness -
(mix)* (Pa)

—

8.3x10°

! ysing van der Poel's nomograpq:as modified by

McLebd, time of loading

-

using van der Poel's nomograph, time of loading
3 using van der Poel's nomograph, time of loading
using van der Poel's‘nompgraph. time of loading

1.7x10° -

9x1_0,7 -

3.8x10°

20 000 s

1 800 s
10 000 s
20 000 s

——

-35

1.0x10°

h
Recovered
33:10-2

-32

4.9x10° 2.7x10° 2.2x107 1.4x107 5.9x10’ 3.9x107 3.9x10’ 1.6x107

51107 -

|

2.1x10°

1y
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Asphalt Penetratnon-Vistbsi,ty Relationships
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APPENDIX C - CASE STUDY - PROJECT SR 8A45:02
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: Project SR 8&5 02

P K 0
2

Haymond to South of . Coaldale - -

#” km 9.6 to km 25.6' |
) ' o " . T “.4.“ . ’ B ‘«,‘< ‘,‘ ‘

*

€. Transverse Cracking Perfo;mincg :

/

Th|s full depth project can be broken up into 3 sectlons,‘each

“

exhubltcng very dnfferent frequencnes of transverse crack'ng

~_Constructnon records |ndncated that 100 mm of asphalt pavement was

constructed on prepared subgeage in 1973 and )97h under the same

‘Contract and overlaid WIth 60 100 mm of pavement in 1980 The AC 275

‘used‘in 1373 and 197h and the AC 27.5 used in 1980 was supplied by Husky

(Lloydminster) . It was felt that the observed transverse cracking was

£,

not being influenced by the 1980 overlayrandﬁreflected"the actual® low

temperature performance of the'pavements constructed«in_19Z3 and 197k4.

o

lt was‘originally felt that the differences in cracking performance were

nelated to the materials used in the tw° dnfferent years- of.

-9
constructuon —~Summar ies of the maJor dofferences between the 3 sections
_

and the observed cracking frequencies are presented in Tables Cr1vand

c’2.

The general topography over the total Jength of the project can be

described aspleve] and well drained.

122
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rrkﬁ”éoutﬁéast of Leihbrjdge and about 70 km north of the Canada/U.S.

| Sdrdef.

M ;ecifdﬁ. 845:02-3.

Ci2 Project Details - “ :

'

.

‘chatio‘”ni 4The _project is located in Southern A{lb‘ert’é,aﬁproximately‘{g’f :

-

B

“low winter temperature over the last 10 years was -34°C (30). The

“extreme low since 1980 was -39°C gécufr?ng in 1983; the lowest

e B

 teﬁperaturé7re§ched betweén 1973 and 1980 was -379C"occU%riag in 1977.

‘The freezing index is 833°C days.
- ) ‘

Sq_‘rkfvic__if;':eology: Surficial deposits are geherall_y glacial tills

“(32ilirA small area of post-glacial wind deposited sands and‘sjlts

correspgnds exactly with the boundaries of the most heavily cracked

/

_‘Trgffiqayz-AADT'(ISB“Y(‘-967

Equivalent 18 kip (B0 kN) single applications = 33

4

‘Coﬁstfucti;;:‘ The 19B0 overlay constructed under one Con;ract gsiné
6ﬁe agéregate and asphal% source was continuous over al) three'gections.
D}fferent aggregate sources weke‘qsed for the pavements constructeé fn
1973 and 1974. ‘fhe Egsults of quality control testing ¢§rried out

during construction are ﬁpmmarized in Table C.3. Asphalt cement‘used in

1973 and 1974 was AC 275 supplied by Hﬁﬁky (Lioydminster) . -

-

123

- Local lemate: This area could be described as semi-ar.id. “The averag¢ '



field,Sampling and Labératbfy Testfhngrogram: Five 150 mm diameter

a2k

cores at randomly’selgcted,l&%ations were taken of the complete pavement

structure in each of the three sections. At each of these core

o

locations, the uhderlyingvsubgr;de Was sampled to a 2 m depth.

g
©

Samplé! representing each of the three different years of construction

were tested for density, asphalt content and gradation. The”aspﬁalt

cement was recovered using thé Absonmmethod and tested for absolute

viscosity at-'60°C, kinematic viscdéity at 135°C and penetration at 25°C

and at L°C, 100 g, 5§ s and 200 g,:60 s. Temperature susceﬁtibility

parameters\PVN', PVN and P1i were';alculated.

)

The subgrade soil samples were tested for moisture content and routine

classification .testing was carried out.

;.3 Test Results

The resuTts of the testing program and other obéervaticns‘and data are

presented in the following Tablés and‘FiQUres:

Table C.1
Table C.2

Table

Table C.4

Table
Table

Table

Summary of

. Y
Transverse

, Summary of

Sumﬁary of
Summary of

Summary of

<

Major bjfféféncés Sétween‘SectiénQ -
Crack Counf;‘,

Const}uct{qn Quality Control Testing@
Test Résults_of Asphalt ‘Supplied

Test:Re501ts‘of-Recovered Asphalt

Test Resdlt; of Pavement Cores

Soil Survey Test Results 4’8h5§02-|

'
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Table C.B  Soil Survey Test Results - 845:02-2 |

Table b.9‘ Soil Survey Test ReﬁultS'f 845:02-33

. ]

Figure C.1 Subgrade Soil Profiles - BL5:02-1

Figure C.2 Subgrade Soil Profiles = 845:02-2

Figure C.3 Subgrade Soil Profiles ~ 845:03-3 o . o -

tFigure C.L Asphalt Penetration-Viscosity Relationships

Table C.10 Stiffmess Calculations

. ri

‘C.h Discussion

‘The pavement constructed in‘1973, 845:02-1, exhibited no transverse

cracking compared to an average frequency ovaI cracks/km for Section
\

8&5 :02-2. An |n|tta1 revnew of constructlon qualcty control data showed

very snmllar maternals characterlstncs used in 1973 and 197k whnch was

constructed by the same Contractor using the same. asphalt mix plant but
different aggregate sources for each year of construction."'lt was onlxn“rr

after the field coring prcgram was completed that an additional 100'mm;¢fe”‘«

[

of asphalt pavement of unknown origin was discoveéred in the non- cracklng
section. It is assumed that this 100 mm of existing pavement was:nqt
‘cracked when overlaid in 1973. The recovered asphalt characteristics of

N . - A ks
this unknown pavement are very similar to those recovered from the 1973

pavement. .

4

Given very similar as~cohstructed materials characteristics, it would be
expected that the thicker pavement structure of 845:02-1 would be more

.resistant to transverse cracknng. A review of the characterlstics of

the recovered- asphalt shovs that the asphalt recovered from the 197k
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pavement has aged significantly more than the 1973lrecovered asphalt.
These‘results; presented in Table C.5 and Figure C.k show recovered
o@netraiﬁons at 25°C of 51 and 80 respectively for the two sections.
These results are .also consistent wlth the cracklng observed wuth the
sectlon with the harder asphalt cracking significantly. However, as
shown in Table C.4 and Figure C.h, the as-supplied asphait

characteristics are virtually identical. A detailed review of
4

”constructlon qualaty control test results, presented in Table C.3, does

not offer any explanatuon for the dnfferences in asphalt aging between
the two years of constructuon; Based upon the avallable information,
the reasons for these differences cannot be explained. -A_review of* the

subgrade soil profiles indicates very similar characteristics between

" the two sections.

. . ’ . =
Within the portion of the project constructed in 1974, significant
differences in cracknng frequencues exist. This could be explained by

the differences in pavement thucknesses between the medium, 8h5 02 2.

and heavy, .B45:02-3 cracklng sections of 220 mm and 180 mm respectively.

‘spllt in surficiak geology units. As shown in Figurerc.3, the heavy

cracking section is constructed over post glac-al wnnd deposnted sands

3

and silts. Comparison of the actual soil profiles for the two sections

_.shows that the medium cracking section is constructed over med i um

'plastnc sandy clay whereas the heavy crackung sectnon is constructed

1980 overlay was reduced to.a 60 mm . thlckness over the heavy cracking

' ~section. This section_was stronger. as measured by the Benkelman beam,

126

" The boundaries of the heavy cracking section coincide identically with a’

‘over more granulame clayey sands.v ‘This is the main reason why only the.
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e SR FY
and required a thinner overiay to reduce rebound deflectlbns to an
approbriate Jevel. ) D —

3

4

fhe nohograph stiffnesses of the original asphalt supplied in 1973 and

. 1974 were determined. These values are lower than‘the values determined
for tﬁe original aspha]ts supplied to b;th SR 661:02‘and 33:10. This
suggests that the asphalt originallyvsuppfiedvyas relatively resistant

to low temperatur® transverse cracking.

'In‘summary the difference in transverse cracking betyeen sections can be
explained as follows:

o

.l.-%}S:OZ-] (1973,‘non-cfacking) and 845:02-2 (197h; medium cracking) .
4 ' .

Thé»thicker baQement structure is likely the main factor. The test
results indicate tha; the_pavemént constructéd in 1974 has aged

" significantly more than the 1973 project which would also be consistent

with the cracking observed. Why the two pavgﬂents would age ;;

differently considering they were built by the same Contractor using 0
apparently ideﬁiical asphalt cements supplied b} the same ref{nery and

very similar aggregates cannét_be ‘ascertained.
2. B45:02-2 (1974, medium cracking) and 845:02-3 (1974, heavy cracking) .

“The slightly thicker pavement has exhigited_lower cracking frequencies.

It is concluded however that subgrade effects are the major influence on

constructed over the more granular sandy p

2

O v -
cracking with the section

BT
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subgrade exhibiting greater transverse cracking frequencies than the

section constructed over a medium plastic clay.

S
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Table C.10 PrOJCCt SRB45:02" -
Stnffne%s Calculatnon% L

138

lnput requ1red for stiffness. ca]cu]atwons

. character1st1cs of qrng1na1 aspha]t

845:02-1 (1973) - . penetration 025°C = 267 dmm
‘ , \ PYN' = 0.1
 845:02-2 (1974) - penetration 625°C = 273 dmm
S \ . : . | \\‘

PV = 0.1

. chéracteristits-of original asphalt after TFOT:

845 02-1 (1973) - penetrat1on @25°C = 140 dmm

, PVN' = -0. 1 .

845 02 2 (1974) - penetrat1on @25°C =141 dmﬂﬁ_
PVN' = -0 1 ’ : )

“« minimum_ambient temperature = -38°C

minimum pavement surface temperature = «32°C (pr1or to 1980 overlay)
minimum pavement temperature @ 50 mm’ depth -29°C (prior to 1980
over1ay) . :

. 1n p]ace aspﬁa1t pavement character1st1cs:

845:02-1 VMA“—"""—_TS_S%

Air Vo1ds = 6.2%
845:02-2. VMA = 15.1%
l . Air Voids = 6.1%
.y , | 845:02-1 8 -2
Asphalt " . ~ Original Supplied Original After TFOY
_ Pvmnt Temp. °C 32 =29 232 .29
Stiffness (binder).Pa ~ 2.2x10° 9.8x10° 1.4x10” ‘5.9x105&
Cstiffness (mix) Pa  1.x10% 0 - SR =

Y
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600-
. 500 Legend
. eriginal AC SR 843 02 (1930)
. 400+ _eriginail AC SR 845:02 (nto) attar tFOT - °
’ eriginal AC SR 343 02 =1(1973)
3004 eriginal AC SR 845 02 =1 (1973) etter TFOT
eriginal AC SR 843°02 =2 & =3 (1374)
, erlginol AC SR 843°02 ~2 & -3 (1974) etter TOY

2004

10 0
90+
801,
701
60+

5014.

Absolute Viscosity at 60°C (Pa.s)

304

Legend
recevered AC SR 845:02 -1, -2 & =3 (1980)}" <=
recoversd AC SR 345:02 ~1(1873)
recovered AC SR 845:02 —1 (unknewn)
recoversd AC SR 345:02 -2 & -3 (1374)

201

Y

'c s L] 1 ] ll L ) : L LS L
- 40 60 80 100 . 200 300 400 . 500
' Penetration at 25°C 1009, Ss (dmm) 9
&

~Fig. C.4 Pro;ect SR 8’45 02
Asphalt Penetration-\llscosnty Relatlonships
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TEMPERATURE DIFFERENCE IN °C BETWEEN BASE TEMPFRATURE AND TEMPERATURE a

EMPLOYED FOR THE PENETRATION TEST

- 105t
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Fig. D.1

EXAMPLE

PENETRATION AT 25°C =80
PENETRATION INDEX=0:0

THEN

v  FROMGRAPH
' TEMPERATURE DIFFERENGE = 25°C
AND o
BASE TEMPERATURE »25+25+50°C

MclLeod's Modification of Heukelom's Version of
Pfeiffer's and van Doormal's Nomograph for.
Determining Base Temperature
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~ BASE TEMPERATURE , - \ ~
G ABOVE BASE TEMPERATURE G BELOW BASE TEMPERATL:RE:
o 100 SO 010 20 30 40 50 60 70 gﬁ;so“loo
Llllll"lllll‘lllll r >
DIFFERENCE IN °C BETWEEN ANY SPECIFIED TEMPERATURE
AND BASE . TEMPERATURE
EXAMPLE / \
BASE TEMPERATURE OF A GIVEN ASPHALT CEMENT 5o-c\
SPECIFIED SERVICE TEMPERATURE —28°C .
- SPECIFIED SERVICE T MPERATURE 1S 78°C BELOW BASE TEMPERATURE
PENETRATION INDEX F ASPHALT GEMENT —10 \
TIME OF LOADING 104 ¥SEC (20000 SEC) {6 HR) \ ., .
:MODULUS OF STIFFNESS OF ASPHALT CEMENT 1000 KG/CM™ = 14,200LB/ N
NOTE" | KG/CM® s 14°2 LB/ IN \
FREQUENCY,CWSEC , \

VISCOSITY, ,
00 oL 10 > 1SEC IMIN { HOUR \ DAY IWEEK
0z Beaz i 4\

[} L 1 ] 5
T2 a6 2 468 2 Teh 5 468 2468 2 268 2 A68 2 356 2 468
ooo1 0O ol \ © 100 ] 10p00 10000 1000000

¥ ' LOADING TIME, SEC

Fig. D.2 McLeod's Modifi:cation of Heukelom's and Kiomp“s
Version of van der Poel's Nomograph. for
N Determi_ning‘ the Stiffness of Asphalt Cements



PENETRATION, O 1mm

43

T800 pen (R&B)

-numqnmnnpmmn]mumquu]ul||m||mqllu|ull|nmllll|un|urr|
90 100 M0 120 WO WO 150 %0 70

TEMPERATURE, °C

-

o v o0

Pib; measured penctration at two

or wore temperaturas. Draw straight
1ine through points and resd of
temperature for 800 pen (1800 pan).

Drav parallel line through point A
and read off{ P1 on scale.

80 Temperature °C

9

Fig. D.3 Chart for Determining Penetration Index (Pl)
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STIFFNESS MOOULUS OF BITUMINOUS PAVING MIXTURE INPSI

145
1 v
Wy
10" >
3 | | _
| = /
_ X ‘ Vo‘:o‘:// /
g - ///52 /
F / <78 / |
Sl
3 0% o.-°‘p
w7 4
:// 7/ 7 Cv * VOTUME OFUFRERALS + BiT 2A,T§wENS
,6{ ////// AR vODS 'u
4
77O W SO S O S S |
STIFFNESS MODULUS OF BITUMEN INES1
Fig. D.5 Relationship Between Moduli of Stiffness )
, of Asphalt Cements and of Paving Mixtures /

Containing the Same Asphalt Cements



