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Abstract

In colder climates, it is of questionable value to concentrate a great expenditure of ef-
fort on the design of a conventional, deep strength, or full depth asphalt pavement structure,
if the integrity of the structure is to be impaired or destroyed by low temperature transverse

pavement cracking. Several years of research on the problem of low temperature transverse pave-
ment cracking in Canada, where this is currently the most serious pavement performance problem,
have indicated that it can be most easily and inexpensively remedied by using softer grades of

asphalt cement.

Field and theoretical evidence are presented to support this conclusion.

Finally, to bridge the gap between research and practice, a chart is provided to enable an en-
gineer to select a grade of asphalt cement that will preserve the integrity of an asphalt pave-
ment structure by avoiding low temperature transverse pavement cracking throughout the pave-
ment's service life, provided the asphalt pavement has been properly designed and constructed.

INTRCDUCTION

Figures 1, 2, and 3 illustrate how low
temperature transverse pavement cracking in-
fluences the structural integrity of an as-
phalt pavement.

Transverse pavement cracks may origin-
ate in the subgrade and extend through the
superimposed pavement structure, These cracks
result from freezing or from shrinkage due to
loss of moisture from the subgrade, and occur
at intervals normally ranging from about 50
feet to several hundred feet. However, tran-
sverse cracks also originate in the pavement
itself as a result of contraction stresses in
the pavement caused by low cold weather temp-
eratures, These latter transverse cracks are
usually confined to the asphalt pavement layer,
and they may occur at spacings as frequently
as five feet apart. TEecause they are nor-
mally much more numerous, it is the secend
of these two types of transverse pavement
cracks with which this paper is concerned.

Figure 1 provides a typical example of
low temperature transverse pavement cracking
that is confined to the asphalt pavement it-
self. The tramsverse cracks in this case
occur at intervals of from 10 to 15 feet.

Low temperature transverse pavenent
cracks are of four basic types. Type 1 cracks
extend completely across a traffic lane.

Type 2 cracks begin at the shoulder and cross
the traffic lane only part way, Type 3 cracks
begin at the inside boundary (longitudinal
joint) of a traffic lane but also cross the
traffic lane only part way. Type 4 cracks
occur in the central portion of a lane but do
not extend to either lane boundary.

All four types of cracks ordinally occcur
in any pavement in which low temperature
transverse cracking has become serious.
ever, best correlation has been found be-
tween the number of Tvpe 1 transverce cracks
per mile or other unit of length and charac-
teristics of the asphalt cement or of the
paving mixture,

How-

As illustrated in the lower right corner
of Figure 1, the ipitial transverse crack is
frequently succeaded by the development of an
additional parallel crack on each side of the
original crack, and spaced several inches
from it, The pavement between these parallel
c¢racks may then gradually brea% jnto smaller
pieces.

Sometimes these transverse cracks have
little or no influence on a pavement's smooth-
ness of ride. Even in this case however, no
engineer can be very proud of a badly cracked
pavement, or of the poor paving mixture de-
sign practice that is responsible for irt.

Cn the other hand, as illustrated in
Figure 3, dangerous bumps can follow the
development of transverse cracks in asphalt
pavements over subgrades that contain mont-
morillonite clay, which is subject to sub-
stantial volume changes with increase or de-
crease of moisture content. After the ferma-
tion of a transverse crack, water enters,
makes its way into the subgrade below, and
causes 1t to swell. This results in a bump
in the surface up to an inch or more in
height, and extending out to from 9 to 12
inches from each side of the crack. These
bumps in turn cause the pavement to be very
rough riding, and they are very hazardous to
high speed traffic.

It should be apparent therefore, that
Jow temperatnure transverse pavement cracks
impair the integrity of the asphalt pave-
ment structure, which in turn results in ex-
cessive maintenance for crack filling, and a
much shorter pavement service life.

In recenf years, the occurrencz of low
temperature transverse pavement cracking has
been such a serious asphalt pavement per-
formance problem in Canada, that it has been
receiving a great deal of attention [rom
several investigators (L, 2, 3, &, 5, 6, 7,
3). This problem has been investigated in-
tensively by the writer Jduring the past seven
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.which is at latitude 61°N. The absence of
transvarge pavement cracking was so noticeable
that enquiries were made..about the grade of
asphalt cement being usaed. . It was 300 pene-
tratdon, vwhich is a soft. grade of asphalt ce-
ment..

years (9, 10, 11, 12, 13, 14, and 15). He
has concluded that the most practical and
least costly solution.to this problem is the
use of softer grades of asphalt cement, and
he has developed a chart, Figure 12, to guide
the selection of asphalt cemeats that should
avoid, or at least drampatically reduce, low
temperature transverse pavement - cracking. 3. For the past 35 years, the Province of Al-
berta has used a mixed prime for the sur-
face of the granular base before a hot mix
pavement {s.laid.. For the mixed prime,
MC 250 @ 2) or MC 800 (MC. 3) is mixed
Into the top 2 or 3.inches of the gravel
base. Because the asphalt-binder is MC 2
or MC 3, the primed surface often sexrves .
as a wearing:courese for from. 2 to 4 yvears
before a hot mix pavement 1s laid over 1it.
Transverse pavement.cracking dpes not deve-
lop in this primed base with its soft liq-

Conseq(nently, with re-pect to the theme
for this Confergnce, Figure 12 represents the
bridge between the research that has gone into
this problem of preserving asphalt pavement
structural integrity im cold climates, -and a
practicsl solution to this problem. .

" The field .and theoretical evi;de:nce support-
ing this’ simple and. inexgenaive solution to this
very serious problem, will be briefly reviewed.

1. Sgggortigg ZEvidence from t_:,he Flel .

Evidence from tha field supmrtins the
conclusion that low temperature transverse,
pavement cracking .can be xgduced or eliminated,
and the structural integrity of an adphalt
pavement theraby preserved, through the use of
gofter asphalt cements, can be briefly Summ=
arized as folloﬂu.

1.. The hi.u;ory of asphalt useage in Canada.
since 1930 {ndicates the need for softer
'aspha.lr. cementa to avoid low temperature
_trapsverse pavement eracking.
'1930's, thousands of miles ‘of roids were
paved with asphalt road mixes in which the

_ asphalt binder was SC 250 ,(5(: 2) or equiv-

“alept. As these pavements vere gradually
ree.onattucngrl with stxonger and stxouor_

.. bases, l:l.qq,td asg}u],t grades af, ,hi‘,her and

" higher visgpsity, SC 800 (sC 3 ‘and SC 4)
and SC 3000 (SC 5), were used, and {umed-
iately after World War II the SC 6 grade
(300/400. penetration) was widely employed.
During this. period transverse pavemant
cracking uas not a problem.

: In 1049, the Cana.d.ian covemmenc o..fered
" te, pay one-half the gost of a. Trans-Canada
'llighway, and the J.rans-Canada Highway jct

was passed for thia purpose. . In, Canada,
providing highways is’ the responsibilit)
of the provinces. Since the standards
agraed to for the Trans-Canada’ Highway
were higher than most of the provinces had
been using, it was agreed that a harder.
grade of asphalt cement should be emploved
for the asphalt pavement. Conaequently,
150/200 penetration asphalt was adapl;pd in
Tlastern Canada, and the Maritime Provinces
along the Atlantic ,seaboa;d vhile both
85/1 06 and 1507200 penetration vere used
in Cataric and Quebec.

transyetrse pavement.cracking became a very
serious paverent T*er:.‘:'eru.am:n nroblen.

2. During ¢ trip to Denmarl and Forway in 1066,

the writer was driven over about 60C mile

of highuar iz the vicinity aad west of C.;lo,

In the early

) Shortly after these
" harder grades of asp‘xalt cement were adopted,

uid agphalt binder, but it becomes.e ser-
lous problem soon after & hot aix pavement

. containing 150/200 penetration a.aphalt is

4.

placed over it.

At Eirst vhen BS/J.Q”O-]':enetration asphalt

pavements are laid ip gouthern Ontario;
there 15 little or no trangverze pavement
cracking. However, this can bhecome a ser-
fous: problem ifter several years. Asphalt
cementa fn pavement sarvice becomes harder
year by yaar. - Consequently, after a number

-of years the asphalt cement in these pave-

ments. has hardened to such a degree that
the pavement: 1s wo. longer able te adjust

. to the low,vtempe;_ad:pi'c‘ contraction stresses

to which it..is. subjected in cold weather,
and 1t cracks transversely..

. Cbservation of several thousand miles of
-asphalt pavement in Janada, the United

States, and.elsevhere in the world, has
indicated that.low temperature transverse
pavement cracking tends: to be more severe

.when harder grades of asphalt cement are

used,- and this .is particularly true vhen

.the vapious grades of asphalt cement are

made from.any givem crude oil. For example,

~a Test Road 9-miles long was paved in

sovthern. Cntario. in 1961. - A1l conditions
for this pavement were fdentical: except

that for severzl miles 25/100 penefration
asphalt cement was usedas asphalt binder,
while 150/200 penetration asphalt cement

_from the same crude oil wag used for the

balance of the pavement. Figure 1 shows

-the large number of trangverse cracks that

had developed in the 25/100 penetration
pavement after juet four years-~more than
400 Type 1 tramsverse cracks per amile.
Figure 4 is a pleture of a typlcal section
of the pavement made with 150/200 penetra-
tion asphalt cement taken at the same time.
There are no Type. 1, 2, 3, or & transverse
cracks, Figurce 5 s a pilcture of a 170C-
foot section where 35/100 penctration pave-
ment is laid in the right lane and 150/200
penetration pavement .in the left lane.
There are no transvecge cracks in the 150/

200 penetration pavement, but more than

400 Type 1 cracks per mile in the 83/1C0
penetration pavement.
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6. Results from the Ste. Anne Test Road, a
‘cooperative resedrch project %etveen‘ ‘the
Manftoba Departmwent U HIghwiys and SHell
Canada Limited, have cledrly int{oated Yhe
adyantages from usitig softer &phalt ‘e
ents to reduce and even to eliminate low
temperature transverse pavement cracking’’

(6,8).

Each of theu six- {tem of” evidence from
the fiald.indicete thet low téemperature trans-
verse pavement cratking, and the-corresponding
loss of structurdl integrity of asphalt pave-
ments, (s agsociated with the use of harder
grades of asphalt ceuedt, ahd that it is wést
practically and inexpensively avoided by using
softcr guus ot aeplult cmn. e

'2.7 Eing

Theout!.enl !vldmc‘t

Sd'

: T-be prev[ou. sectiot df thl- phper pro-
vides evidelite From the EL{&1d: that ‘the use of
softer asphalt cemehits can dristieally: reduce
or eliminate low temperature- trahiiVerse pave-
ment cracking, and preserve the structural
integrity of an asphalt pnvement " We turn now
to theoretical Mdenct the‘t mpport:a ‘this’
concluﬁon. :

1.
~“'in the 1930's, Rader (16, 17, 18) con-
" cluded from hie innstigatlcm of actual
* pavement samplu in the: laboratory, that
if pavement cncktng at low temperatures
“'1s 'to de avolded,’ pavmnts should. have 4
" low modulus' of Briffirass, * Ne ‘stated that
this ‘could be eully aehieved by using
softer asphalt: cements. -

In'a prepared discussion in the T966 AAPT

?roceedlngs . H1lle and Bried'(19) contluded

from theoretlcal and laboratory etudles
that the temperalire st whitch ‘pavement’
cracking is' to b ‘@pected die Yo low -
temverature ‘striésses, can be Towered very
greatly By the use of softeér ddph&lt ce-

~ ments; and ﬂlst for any given’ pemsttatlon

‘. gradé of esphalt cement, & Yowsr pave-
ment crécking temperature carbe expected

" For ‘a'hgh PI (ﬂmtraﬂo‘h 1ndex) than: for

a Tow PT asphalt cement, Figure 6.’

'rhe signl“icnnee of the penetrat‘ion ‘in-
"dex (PI) of asishalt denente “fo {1lustrated
by Figure 7.’ 1t demonstrates that largely
depending ‘on’ the ‘crtde o118 from which'
‘they are tiade, asphalt ceiénts can differ
greatly in the rate at vhich their vis-

-cosities change over 8 given raiige of Lemp-

erature (temperature susteptibility),
whteh 15 meaaured Quantitatively in terms
GE théll ‘Penetration fndex '(PT) values(24).
" For-two aspHalt cemetits with the same via-
‘dodities ([enetrations) at 7707, Figufe 7,
at any giveén temperature above 77°F, a
high PI asphalt cement (PI 3 0.0) has a
higher viscos{ty than' & low PT asphalt
(PT = -1,5). ' Eelow ?7°F; these pouuona
are reversed,’ Con!equentle at -any temp-
‘erature below 77°F, ‘Of: these two nsphalt

cements the one with the tower IT LPI~ -1,5) "

]

In three papers publirhed in AAPT Proceedingl

"' Contbequently, -
y Ment th servic
" set of 4 cold ap

SESSION &

will have the higher viscosity, and paving
alxtures dontaintag e will bé stibfer.

The buic ‘Teqs
ctusfon’ reacho
(16, 17,°18);°

ns that” iupport the con-
;expermeﬂuuy by Rader
‘4nd by H{lls and Brien (19),
thnt lov tanpardtute tumvtruq pavenent

““éracking 14 rafdesd to a Righ sodulus of

stiffness for i "dophalt pavement at low
temperature, will now be briefly m‘ined.

'If & bdr of ‘cémpscted saphalt’ ‘paving mix-

’ :ure; uz 12° inéheés long and 2°X 2 inchc-

-

. strengthi ‘o

“ wify- gudqud

© wiff HAp §en.

tn ‘cross séction-is slowly cooled, the bar
‘bezome shorver and shorter
due to tHe paving mixture’s coeffidéfent of
contraction. If the bar {s allowed to con-
‘tract frdely as 1t ehius, nqthmg umuunl
‘Tt mately Hecomes shovter.
Hdwéver, ‘4f after ft has been chilied to-
some low temperature, we strchh the bar
back to ite oFigidsl-length, we avd sub-
jecting the bar 50 .2 tensile stress. It
will Ve able fo sustain this tenstle stress
without ' cf% ing, "only 12 ‘the tensflé
‘the g 18 not exceeded.

1f oqe Jmﬂe or t‘(ﬂ‘milts of asphalt pave-
bent on“a road dre sftduaﬁy cliilTed €o a -
lewer and lower temperature, dince edch
foot lcngth of pavement is lttached securely
to adjecent favement, the pavement ' cdtuot
contract (beccm :hcrter), ‘unless it ‘cracks

_ trifgvetdely at. one ‘or word ‘tocatfons.

the temperature of & pave-
1dwéred ‘dut ing the on-
veeauu of its ten-

it

" ‘deficy to beébmd shofter, a tensile stress

“Eustions (1Y, (2), and (3).

' between streks

' uimwpea wm:ﬂr the pavemdint sidce it

free : -t mc; The ‘lower the'
gt e 't ch tiie pwmm; 48 chilled,
ghe nr the teih,tle n'&:eu that ts

cuate oo

" The rehtionship ‘between a pavemont s
moditiid ‘of stiffriens af Tow! :empeuture.
and the tendency ‘of a pavement’ to crack
at low temperature, is illustrated by |
" Bquation (1)
11lstiates the ctﬁwmtiml rtlhtionihip
s, st¥din, dnd wdulis ‘of
dt‘tf!neu of tn adpmc yavmnt. C

CRd )ltreu el .
| T @

TSt

S' mdd!us of st{ffneu 1n- psi o
. {nch psi.
sttain bam meisuted in 1n¢hes per !\nc’h

g 0 will be noted from !quation (1) ‘that the

i braica‘lly as:

‘modulus of stiffness-§ of an asphalt pave-

ment ig similar to the modulus of élasticity
E of othier materials such as steel.

'Equation (1) ean be rearranged alge-
$a)

stress = § (strain)



v gtress inddced 1in duy pavement, when a

- of the hardness or softnass of the asphalt

: "ipec'ifu'd will ‘be -high, and vice versa, if = -l

MGLEOD-

As a first approximation, for all other-
wise {dentieal dense graded asphalt pave-
ments, regardless of the softnass ar hard-
ness of ‘the asphalt cement.they weontain,
it can be assuvmed that their coefficients
of contraction are the same (20) when they
are ‘chilled over. a given range of low témp-
erature In & given tiwe. Conséquently, it
follows that the strain tendency:(tendency

'+ toward contraction or shorteniag) created

in a given lerigth of an aesphalt pavement
satisfying stipulated design and construc-

~ tion eriteria, when its temperatare is

chflled .over & given range in ¢ specified
time, is constant (agproximatly) regardless
5.

cement ‘employed. Por these conditions

therefore, Equation (2) can be written as:

stress 35 (constant) “(3)

[T T . Ceal

Equavtion (3) indicates that the tensile

givent length 6f the pavement 1s cooled
over ‘a.glven .temperature range in a-given

“time period, Vartes dirgctly with the modulug ™ '
of stiffness ‘of the pavement. )
if the modulus of stiffness of a pavement . : i

Therefore,

is high, the tensile stress Iinduced as a
result of chilling under the conditions

it ‘has &:1ow modules of stiffness, the in- - "¢
doced ‘tensile ‘gttess -for "the sand conditions

.wtn be low, 'Bqﬁd(ion (3) ok -

It u Axi‘onttie ﬂllz wheR’ ‘ﬁhe mduced
tensm stresy ‘exc¢eds thevtensile istrength

“of -a*pa&vement, thd pavement- will crack,

Rader's imvestigatfon (16, 17;-18) of low

“'temparature pavémedt ‘érackingitadieated EEEL
“that<this s modt ‘Ytkely. té vecor when the

modulus of ‘stiffness '6f ‘4 pavesent £8 high,

~that e ; Whan-a Yiard sgphialt cament-{s

- us@d)  Rader's eotictusions have begn wveri-
. fead vy BL¥ls and Brieal¢l9); Pigure 6.
< Thaey ‘are-further eonfi#ied by Figuee 8,
“whichf11listratés data obtained. from th-ree
8-vear old Ontario Test Rodds edch 6-miles-
in length, each of which was paved uvsing
three 85/100 peﬁ&tﬁtien agphalts with
“differeat penetration tndex (PI) values, :
‘hfgh, interngdtacd andolow. In each of the | .
nine pivement test gedtivny each 2-miles ‘
in-leagth, the aséhalt-cement had {digeneral
hardened to 30/48" rdnetration doring the
-yeéf servica petiod, 'Figure 8. 1nd£c 1ites
vert #learly that thHe htoher tha mod:lus
of 8tiffness of ‘these pavedents at 07, the' -
greater 1s the number cf transverse pave-

‘ n-ent nrac‘m that occurred after 8 ‘e:‘.rs. Y

Fimlrc 9; dove!oped bv 'ieukelum (‘?1), in-
~diecatds vhv caveménts wirh 4 hightr todulus
of ethfness ‘develop wore Tm-x temnerature
tranSverse pavemént crdcidng. ‘It will be
remembored thrt assicple’vay-to obtaln.a
srvaneat with a High modulng of stiffness
1e- to:employ 2 hard aasphnlt cement, Jigere
10, It w111 2len be ¥acalled that the -

. Amount of ‘gfriin that. tehds te be déveleped

in 2 given length of a ziven raverent vhen
i~ o -4 &

. 67 ;
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chilled ‘over any .specified temperature
ratige, isapproximately constant regardless
“‘of the gradé of asphalt cement it contains
(approximately constant. coefficient of
‘dontraction), Equation 3. Figure O in-
dirates that the harder the asphalt cement,
‘the lass strain it c¢an tolerate without
‘fracture. - Therefore Figure .9 {mplies that
low temperature transverse pavement cracking
18 more likely to occur when' the asphalt
cemerit hag a high rather than:a low wodulus
“of stiffness, that is, vhen the pavement
‘contains g hard‘rather than a soft asphalt
cement. .

TS vy

"l!der 3 conclualons, relating low tempera-
‘turé médutus of stiffness to asphalt pave-
ment cradking, were bized on samples from
part!culu‘ pavements  that he selected.

Even {f an easily conducted laboratory
‘test for’ menaurmg tha modulus. of stiffness
of any nroposed raving mikture: at-any given
“temperatiife can be devised, there is need

"~ for some simple- thecreticdl method: that

~iwill endble an-engineer te foresce’ quickly
or to forecast rapidly the:influence that
any proposed change in paving mixture
dg‘s'l&hri&‘.lik'ﬂ:’:f_ta. have on'a paving mix-
ture's modulus of stiffness for various
~tenpei'atures and*‘ratea bf load appucation.

'_ “Ioﬁmtaphalaevelopec origlmuy by Van
‘dex”pbEl (22, ?3) and by Pfeiffer and Van
“Dootimal (24),  that weré modified by
" Heikelom and Ylowp (23), and modified
‘further by the writet' (11), make &: general
theoretical method For this purposé avail-
able. The step by otep procedurs deve-
loped by the writer for thts purpose Is
* dewéribed 1n' detefl  elsevhere (12), but
fgtoo’ lengthy 6 repeat here, However,
- the- resvits of appl¥ing this method are
111luktrated: by charts such as Figure 10
‘of stiffrnéas. values- for slow chilling by
vardeis low tempbratures of well designed
dense graded paving mixtures made with
aggregates of 3/4 inch nominal maximum
partiele size, compacted to'3 per cent
.atr voids, and that satisfy the associated
Asphalt TAstitute VMA requirement for -
compactedipiving ‘mixtures., The ordinate
axis in these charts: such as Figure 10,
'provides vorresponding modulus stiffness
values for the same: paving-mixtures for
* fast ‘loading conditions (fast traf‘ﬂc.)
,iat summet pavehent t:empe'ratures.

e

'rhe abuciua of Figufe ID for - example,

- makes 1t 'posslbls to: combure Eor a given
paving :iniuture, the rivdulil of stiffness’
“vdlued:that have-beén:developed as a result
of -slow chilling to-+100F; vhen the paving
mixture contains 20/25, 40/50, 85/100, 150/
200, 300/400 penetration asphalts or SC
3000 (32-3). The z2bscissa of Figure 10
‘shows that the modulus of stiffness of the
“.paving mixture at-a léw temperature of ~
-10°F increases from about 2000 psi when
the paving mixture contains SC 3000 (SC 5)
with a pedetration index (PI) of 0.0, to
2,000,000 psi vhen the same paving mixture



The two: prgvious sections . of this paper
demonstrate very clearly that both the evidence
from the field, and theoretical conpiderations,
show- that- the. simplest and most practigal solus..
tion to. the:low temperature transverse pave-
memt. cracking problem with its corresponding
loss. of pavement, strugtural. integrity, is the
use. of softer. grades of asphalt cement.. How-
ever, there. is still the problem of, aelectin,g
grades.of asphalt, cemeat that will euable pave-
ments: to, aveld . low temperature transverge pave-
ment cnckin& and thereby maintain. their st-
ructural integrity throughout their service
lives.. In this sectiomn:-an attempt is'made to

bridger the gap between, research and practice
by endeavouring to. provide a solution to this
problem,. - ; 2

R

From laboratory zamdiea en pavement samples;. : .

_the performance of Eowr: Ontario Test Roads, the
results from the Ste. Appe Teet Road (6, 8), and
observations of the sewvice behaviour of thous-
angs of miles. of asphalt- pavements in:Canada,
the vriter has tentatively. concluded. that the
critical low. temperature pavement modulus of
stiffnegs:at which iow: temperature: transverse
pavement g:racung is:1ikely to occur.is 1,000,
000 psi, when measured for a loading time of
20,000 seconds (5.55 -houra),. for a dense graded
pavement with:3/4 inch nominel- max{muni particle
size, apd.foy 3:per cent air yolds;::Equivalent
-eritical lew tevperatvre modulus.of stiffness
,-valves yould apply: to- pavements thb other
characteristics.

- . The factors.that contribute to the deve-
lopment of 3 critical low temperatuvre . pave-
mend modulus of sciffnesa v&lue of 1,000,000
pei are: <o

1, The ‘penetration of. -the asphalt;cement at
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contains 40 penetration asphalt with a PI of 779¢, Vhen all other factors are equal,
of -1.5. This range of 1000-fold in modulus the ‘higher the penetration at 77°F of the
of stiffness values 1s due salely to the asphalt cement the less is the low temp-
‘differences in the hardness of the asphalt eraturs :transverse pavement cracking that
binder that the paving mixture contains. ‘oceurs; Figure 5.

Rader (16, 17, 18) reported that the use 2. The penetration tndex of the asphalt cement.
of a softer asphalt cement was an effective When all other factors are equal, the higher
method for reducing the modulus of stiffness the penetration index of the asphalt cement
of a paving mixture. This is verified by the less is the transverse cracking that
Figure 10. Furthermore, Hills and Brien occurs, Figures . 6§ and 11,

(19) indicated, Figure 6, that the modulus : - . .
of stiffness of an asphalt paving mixture 3. The rate of hardening of the asphalt cement
is influenced by the penetration index of ‘{n a pavement in gervice. When all other
the asphalt cement. This is also veriffed ...:.. .fastors.are egual; the harder the.asphalt
by Pigure 10, - For example, for othervise cement in a pavement, the greater is the
identical pavements that coatain 85/100 amount of transverse cracking that develops.
penetration asphalt cement, Figure 10 demon- The asphalt cemeént -in a pavement becomes
strates that at -10°F, if the:pavement con- harder year by year, and the higher the
tains 100 penetration asphalt cement with average pavement servicé temperature, the
a penetraticn index of 0,0, it has a modulus faster is this rate of hardening.
of stiffness:of 275,000 psi, while {t it
contains asphalt cement of 100 penetration 4. The loweat m-itiesl tamperature that occurs
.- with & penetration index of -1.5, the pave- -8t 8 pavement depth of 2 fnches during the
- oeat modulug. of stiffness Lis 800,000 psi, - -lifettma-of -the pavement. When all other
which-1is apptoxiutely three times greater,.:. ... factors ard -equal, .the lower the critical
. minisgm pavement temperature at a pavement
3. _pplication io Payem gt ;tructural Intesritx _» depth of .2 inches, the greater is the

amdunt .of transversa.eracking that occurs.
The ‘eritical low pavendnt temperature is
the temperature . thst results in the highest
-modulua of atiffnead of the asphalt .cement
(greatest hardndse:ef the asphalt cement)
during the seryice;life of a pavement. A
pavement depth of 2 inches is specified to
;. ensure.that a subatantial thickness of the
. -agphalt -pavement. atructure is being subjec-

" ted-to the contraction stresses and strains

i developed ‘ay the.enitical low temperature,
.-that:are respensiblecfor transverse pave-
-ment cracking. ' Hith the new information

. becoming availablae. (25), the minimum pave~
ment temperature to be expected at a-pave-
.. -ment -depth 1 efi-1 inches can be calcuylated
-with.reagonable aecuracy from weather rec-
_“orda thag, ::emde data_on low air tempera-
. tures, time ;of expasute, and ather per-
. :tnent fac;ors. o
'I‘he quali.ty and adgquley of the pavement
degign and constructien procedures. VWhen
all-other faetors are equal,npavements that
. have been preperly designed and constructed
will develop legs; low -temperature transverse
cracking. The asphalt binder in a pavement
hardens  rapidly i£ through poor design and
-+ 'conatyuction practice the air volds are
. high and :he asphalt cont:ont is low.

5.

The grade of asphalt cement to be selected
to maintain pavement structural integrity by
avolding lew.tempevature. trspnaverse pavement
cracking, must therefore provide an asphalt
pavement -that vill not exeeed a low tempera-
ture modulus .of stiffness of 1,000,000 psi or
equivalent for -the rate of loading and other
conditiens specified, at any tiwme during its

-aervice life, and particularly as 1t nears

the end of its sgrvice life vher the asrhalt
cement has hardened to its lowest pemetration
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at 77°F. With this objective in mind, to guide
the selection of the grade of original asphalt
cement to be employed, the writer has prepared
Table 1 and Figure 12 on the basis of presently
available information. Table 1 and Figire 12
can be modified as required, if and when more
authoritive data are developed. .

For each minimum tenperaturé &t a pave-
nent depth of 2 inches listed on the left side
of Table 1, the asphalt cement can be selected
on the basis of the corresponding pavemént modu-
lus of stiffness given In the right hand column
of Table 1, which in turn is dpplied to an a
appropriate chart, for example Pigure 10, For
instance, when the minimum temperature at a
pavement depth of 2 inches is -10°F (abscissa
of Figure 10), the riglt hand column of Table
1 indicates that the original asphalt cement
selected should be not harder than would re-
3ult in a pavement modulus of stiffness of
200,000 psi at -10°F, which Figure 10 in turn
demonstrates should be not harder than 120/150
pengttatisdu for asphalt cements with & pene-
tration index of 0.0, nor hader tham 200/300
penetration for asphalt cements with 2 pene-
tration index of =1.5.  This 15 {llustrated in
Figure 12 by the diagonal line labelled -10°F.

The middle colum fn Table 1 indicates that
if the original asphalt cement results in an
initial pavement modulus of stiffness of 400,
000psi at a minimm pavemeit:temperature of
-10°F at a pavement depth of 2.inches, trans-

verse pavement cracking could be anticipated,
""sincé the pavement could be expected to'attain
alow temperature pavement modulus of stiffness
- '0f 1,000,000 p&1 during 1ts early service 1life.
The sbiécissa of Figure 10 indicates that for a
pavenent modulus of stiffness of 400,000 psi
at -10°F, the pavement would contain 85 pene-
tration asphalt cement with a penetration index
of 0,0, or 150 penetration asphalt cement with
a penetration Trdex of -1.5. TFleld experience
has {ndicated that for a pavement’ températurc
of -10°F, these grades of asphalt. cement will
‘result i{n substantfal low temperature trans-
verse pavement cracking, particularly in their
later service lives, or that they are at least
borderline-in this respéct. B )

Charts similar te Figire 10 have been
prepared for thé other ‘low temperatures listed
in the left hand colum of Table 1 (12, 14).
The modulus of stiffnass values Hsted in the
right hand cottom of Table 1 have been used in
the manher just describad with fegard to Figure
10, to select asphalt cements from these charts
that will avoid transverse pavement cracking at
these low temperatures.

Yhen using Figure 12 to select a grade of

" asphalt cement that will essentially avoid low
temperature transverse pavement cracking

during a pavement's service life, the grade of
asphalt cement chosen should lie to the right

" of the diagonal 1fne that represents the lowest-
tempetaturg"that is expected duringa pavement's
service life at a pavement depth of 2 inches.

For example, vhen selecting an asphalt cement

for paving the Alaska Highway (which is presently

“'gidered.

‘counted after ‘8 years of service.
* demonstrates very forcefully that

“Ta Eex-‘, a3 illustrated by the
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only at the discussion stage), where the low-
est pavement temperature at & depth of 2 inches
would be at ‘least -40°F, an asphalt cement of
300 penetration or softer should be selected

if its penetration index s 0.0, while 80C
penetration or softer should be specified if
its penetration index were ~1.5. 'The other
oblique lines with temperdture lables in Figure
12 have similar significance.

If an engineer selects a grade of asphalt
cement that lies to the left of the oblique
line in Figure 12 that represents the minimum
pavement temperature at a depth-of 2 inches

" antiétpated during 4 psvement's service life,

he 1§ ganbling with the probability that low
tetperature trénsverge.cracking will occur

sometime during the service life of -the pave-
ment. Likewise, he is gambling with the st-
ructural Integrity of the ‘asphalt pavement.

“Figure 12 emphasizes that selecting the
grade of asphalt cement for a paving job mereiy

‘on_the basis’ of its etration at 779F, as
has Peen combon engineering practice for at

lecast the past®half centory, is no- longer
acceptable.” Figure 11 demonstrates very clearly
that to continue this practice is simply an
invitation to trouble ¥ince the penetration
1{ndex of the asphalt cement must also be con-
Figute 11 {s based on the performance
of the three 6-mile Ontario Test Roads referred
to earlier, in each of which three 2-mile sec-
tions were paved with three 85/100 penetration
paving asphalts of high, intermediate, and low

' penetration index. ‘ In Figure 11, penetration

indéx of the three asphalt cements in.-each Test
Road 1s plotted versus the number of Type 1
low temperature trausversa cracks that were
Figure 11
in & climate
with moderate winter temperatures, the use of

“"83 /100 penetration asphalt-with a high pene-

trition index, 0.0, may largely aveid low

‘temperature transverse pavement cracking,

vhereas severe trarisverse cracking could be
expected 1f 857100 penetration -asphalt with a
low petetratiod index, -1.5, were employed.
Consequéntly, 1f low temperature .tramsverse
pavemesit' eracking is to be-avoidsd, engineers,
in colder climates particularly, should select
the grade of asphalt cement on the basis of
both its penetration at 7% gﬁ% its_penetration
oblique temp-
erature-labelled 1ines in Figure 12, Further-
more, this practice wéuld help to preserve the
agphalt pavement's structural integrity.

© IV  Additiomal Brief Comments

No mention has been so far made of the
effact of ‘softer asphalt cements on pave-
ment performance under warm weather traffic.
The succeasful experfence of the cities of
Edmonton, Alberta (population 4000,000¢),
and of Vinnipeg, Manitoba (population
5000, 000¢), with 150/200 penetration paving
* asphalt for all city paving for several
years, and of the Manitoba Department of
Highways with the use of SC 3000 (3 5 or

1.
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2.

3.
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£00/1000 penetration) for paving rural .
highways should be reassuring in this
respect. Manitobd summer temperatures )
occesiomally exceed 100%F, - The Manitoba
Department.of Highways formerly used 150/
200 penetration asphalt, but this resulted
in such serious lov bemperatu:e transverse
pavement cracking that several years ago
they changed over to 5C. 3000 (SC 5), which
has cured this problem, and has shown no
signs of pavement instability under Man-
itoba climat!c and traffic coudttions.

1t has baen Canadian experience with asg~
phalt pavements over sand, subgvadeq, ,:hat
'some transverse eracking canbe expscted
-.regdrdless of the grade- Q§ aaphalt pe.ment
employed. .

It: has been observed thate fnt pwemmts
made with any given harder grade of asphalt

‘‘cgment, ‘more Eransverse cracks develop in

thin- than in thick pavemenks exposed. to

Y stmilar conditions, -This. 1g-believed to

~be due-to-the grester tempexature d1fference’

. betvesn the, bottom apd: top. pf 8- thick than

‘a thin: asphadt pavement slab as-a. pavement
"1y :being chilled: in cold weather [14),

. ‘However, while the tramsversa.cracks. fake

»domger to-.develeop, and are less numerous . -
“im thiek than in thin pavements, evidence

1o from the field indicates that the simplest

&4,

- faethod- fer elimineting Jow temperature

-uranava&"eiai pavexent; cracking from either

- thin or.thick pavements, end theveby. .en-

- puring thetr structural integrity,is, to
erlploy mfter gra.des of .asphalt, cemcp.t.
Pavenaul:s» cpnzainins smt asah&l: cgmm:s
tend to densify much.more xapidly under
traffic (26). . Therafere, when seft grades
of asphaltiicement are specified,../5mblov

- Mayshall gempderion effort -ar. equivalent
- should We emploved for paving mixtuzg,

..'design im the laborstory; and paving mix-

R

A

- A values currently specified by Tl‘l“

» ‘tures.sghould be designed for.frem 3 .to 5

" per:qent alr woids-fot ‘surface: courses,
- dmdfrom.2 to’h per: cent. airvokds fer
‘basd ‘courses, 1in addition to:the; mininum

o ‘lsphalt /Inatitace.! : o

8. ,,Regatdljga of rhe softneu-of the ayphalt

i s employed.:

~gement used for-the. overiay, ‘reflestfon
‘cracking tan be expebted in aspbalf con-
erete-overlave that are placed: directly
“&wer:badly eracked: pavements, although
the amount of reflectiom cracking that
develops. L the overlay should be less
than when a harder grade of asphalt cement
Cnly wheh the overkar 1s
~-separated frowm the oI pavemenst by a
layer of .essentizally granular materizl

" abont sfx inches thiecki..can it be assumed

6.»

' 'bf 5

"hen gradipg asphalt cements by viscosity
140°F, the AC ‘).13 grade for example, in-
7;0 a‘ll.i agp halt (:ements frog 50/60 to

1§p 290 penetratipn at' TT°F, Consequently,

as’ demonstrated by Figu:es 1, 4, and 5,

gmding asphal,t sepents by vixcusity at

140 ensures that low temparature trans-

verse pavement cracking {d colder climdtes

cwill very sevgre vhen an AC 10 asphalt

/60 penetration is used but “could

. he completely absent when an AC 10 asphalt

of 150/200 pruaetration is employéd. There-

E;;rq,, ading agphslt .cements by viscosity

at, 140°F ig an invitation to highly variable

low _temperaturg transverse pavement drack-
ing pecformance,. with {ts correspondinglv

-pariable inf luence on- anpha.lt pdvement

structural integrity in colder cI‘Tmates.

1.

: Sun'ma\ry

Tn colder climar..a, the structural fn-

.~ tegrity of asphalt pavements can bg im-

S

3’.;

n

;paired.ox dastroyed by low tep,pet;tuge
N Eransverqqqavemnt er acking.

Reaaarch on the problem of low temperatute
transverse pavemgnt cryacking has indicated
that the simplest and least expensive so-
lution is.the use of softer grades of as-
phslt cemenn. : ‘

Field. ud theouttcal evl.dencz is presen-
ted £o aupport this con;lusion. .

.

4.

1

v.2'

b4,

‘that asphalt. concrete overlays containing -

goft ‘asphalt cements will drastiqally
reduce or even e¢liminate réflection crac-
*ing vhen placed over seriousl‘y crac‘red :
p:Nements. : ; :

\~cha;'t Ls prgvidad to gutde the selection
of asphalt: cements that should avoid lqu
temperature transverse pavewsnt -cracking,
: and. thereby. preserve asphalt pavement
atruatural incegrit.v in coidez: climtcs.

[N
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FIGURE } PAVEMENT MADE WITH 85/100 PENETRATION ASPHALT.
LOCATED WEST OF ORANGAVILLE, ONTARIO. 4-YEARS OLD.

. TRAFFIC & TRAFFIC
= LANE ~— ==— LANE —=

/y'*'

TYPE 4

FIG.2 TYPES OF TRANSVERSE
PAVEMENT CRACKS.
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FIGURE 3 BUMP HAS DEVELOPED AT EACH TRANSVERSE CRACK IN HOT-MIX
PAVEMENT NEAR REGINA, SASKATCHEWAN,

FIGURE b PAVEMENT MADE WITH 150/200 PENETRATION ASPHALT.
LOCATED WEST OF ORANGEVILLE, ONTARIO. 4-YLARS OLD.
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FIGUHE 5 $5/100 PENETRATION PAVEMENT INM RIGHT LANE, 150/200
PENETRATION PAVEMENT IK LEFT LAKE. LOCATED WEST OF
ORANGEVILLE, ONTARIO. 4-YEARS OLD.
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VISCOSITY

FIG.7
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TEMPERATURE °F

SKETCH OF GENERAL REL-

ATIONSHIPS BETWEEN VISCOSITY,
TEMPERATURE AND PENE TRATION
INDICES FOR ASPHALT CEMENTS,
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FIG.8 INFLUENCE OF MODULI OF STIFFNESS
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TIME OF LOADING 50 CYCLES/SEC

STIFFNESS MODULUS AT 122°F(50°C) IN PS.1.
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ORIGINAL ASPHALT CEMENTS
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INDICES OF ORIGINAL 85/100 PENETRATION ASP-
HALT CEMENTS VERSUS NUMBER OF TYPE I
TRANSVERSE PAVEMENT CRACKS PER MILE
AFTER 8 YEARS OF SERVICE.
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TABLE 1
Influence of minimum pavement temperature on the pavement modulus of

stiffness® to be employed for selecting the grade of asphalt cement

to be used.

Minimum Pavement modulus of stiffness values to be employed
temperature vhen selecting the grade of asphalt cement to be used*
at a depth of
twvo (2) inches Tnitial modulus of Initial modulus of
below the stiffness for pavement stiffness for pavement
surface of containing the asphalt containing the asphalt
the pavement cement selected, at cement selected, at
which lov temperature vhich low temperature
transverse pavement transverse pavement
cracking can be expected cracking should be
during the pavement's eliminated during the
service life, pavement's service life
% PSI | Is1
-40 1,000,000 500,000
~25 700, 00C 350,000
-10 400,000 200,000
€10 100,000 50,000

“Note: These critical low temperature modulus of pavement stiffness
values are deternined omn the Basis of the writer's revision
(11, 12) of Pfeiffer's and Vén Doormaal's chart, on the
vriter's modification (11, 12) of Heukelom's and lomp's
revision of Van der Pecel's original monograph, and upon a
loading fime of 20,000 secéﬁds, roughly six hours, as the
rate at vhich a pavement is being stressed due to chilling
to low temperature. They are qléo restricted to well designed
paving mixtures vith 14 per cent VHA (3/4 inch nominal maximun
particle size), that have been thoroughly compacted teo 3 per
cent air voids. Iquivalent critical modulus of stiffness

valves would apply to pavements with other characteristics,



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

