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SINVIMÄRY

Transverse cracking of bituminous pavements is a form
of pavement distress which induces losses in pavement per-
formance and reduct.ion in pavement service 1iie. To alrevi-
ate the problem, more information is needed about the
mechanism of transverse pavement cracking and the low
temperature properties of highway constiuction materiars.

The Ste. Anne Test Road was constructed in Manitoba
in l-967 and was designed for the study of transverse pave-
ment cracking. tweirty-nine test sections \^¡ere constructed.
incorporating a number of different materials and pavement
structures, judged to be potentially important in the study
of transverse ôracking. The test road was instrumented to
measure and record the thermal regime of the pavements at
regular time intervals. several sections were instrumented
to detect the initiation of transverse cracking. The trans-
verse cracking performance of the pavements, based on two
years of obseivãtion", is presenteA in tfre thesis.

A study of the mechanics of the fracture phenomenon
indicated that most of the transverse cracking initiated
during a prolonged low temperature cycle whiôh has an
average recurrence interval in southern Manitoba between
five and ten years. Based on observatj-ons, crack detection
instrumentation data and an x-ray study, transverse cracking
was judged to initiate at the pavement surface.

Analyses of the effect of the variables on the t¡ians-
verse cracking frequency of asphaltic concrete pavements
indicated that transver=. crr.i.ing can be alleviated through
the selection of asphalts of the proper type and grade. With
respect to the effect on the frequency of transverse pavement
cracking, it was found that:

1. Asphalt type and grade were the dominant vari-
ables ,

2. Asphalt content of the mix was not significant,
3. The addition of a small amount of poitland cement

filler was not significant,
4. Traffic loading was not significant,
5. There was an interaction between the asphaltic

concrete and the subgrad.e at low temperatures,
6. The frequency of tränsverse cracking varies

inversely as the thickness of the äsphaltic
concrete. 
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CHAPTER I

INTRODUCTTON

Transverse cracking is a form of asphalt pavement

distress which resurts in the fracture of the pavement sur-
face perpendicular to the direction of vehicular travel.
These cracks. generalry appear at regurarly spaced intervals.
The problem is indigenous to the low temperature envj-ron-

mental regions of Canada and the northern United States. A

pavement exhibiti¡rg regular transverse cracking is shown in
Figure 1.

Figure 1. Bituminous Pavement
Cracking at Regular

I

Exhibiting Transverse
Tntervafs.

,I
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Transverse cracking poses a. great problem in the

prairie pfoVinces where severe'cracking of pavements has been

reported. Studies in Alberta (1) * have revealed transverse

crack frequencies higher than 100 per mile and up to 450 per

mile wn'ile in Saskatchewan (2) the average has been reported

to be 100 transverse cracks per mite. a L964 survey in

Manitoba of 312 miles of flexible pavements of various 39es

and sLructures revealed an average of 2lL transverse cracks

per mife. The distribution of the intervals between cracks

or "slab" length is illustrated in Figure 2.

The ste. Anne Test Road, the details of which are

given in chapter fII, \ôras designed to provide a basis for

the investigation of transverse pavement crackilg and was

constructed in 1967.

Scope of the Tnvestigation

The objectives of the investiglation reported in this

thesis are:

1. To indicate the prevalence of transverse pavement

cracking and to describe the effects of transverse

cracking on Pavement Performance,

2. To describe the design and provide an evaluation

of the quality of the materials incorporated in

the Ste. Anne Test Road,

3. To evaluate the performance of the pavements at

*Numbers in parentheses refer to R.EFERENCES at end of thesis.
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Iow temperatures and to isolate the variables

which have a bearing on the transverse cracking

frequency of pavenents,

To establish the temperature conditions at the

initiation of transverse cracking,

To investigate the mechanism of transverse crack

propagation.

Ã

5.

Orqanization of the Thesis

The thesis is organized to describe availa,ble informa-

tion regarding transverse pavement cracking, to describe the

Ste. Anne Test Road and to provide an analysis of the princi-

pa} findings to date, two years after the construction of

the test road. Available j-nformation on transverse paVement

cracking based on literature research and past observartions

in lvianitoba is cited in Chapter II. The design of the Ste.

Anne Test Road and the quality of the materials are des-

cribed in Chapter ITI. The transverse cracking of the test

road pavements observed to date is reported in Chapter IV.

The temperature conditions at initiation of transverse

cracking and observations regarding the mechanism of trans-

verse cracking are described in Chapter V. The principal

findings of the investig:ation are summarized in Chapter VÏ

with suggestions for future research.

L



CTIAPTER II

TRÄNSVERSE CRACKÏNG INFORMATION SURVEY

Consequences of 'Tr.ansveTsê Crac]<ing

For a period after the occurrence of transverse

cracking, the riding quality of the pavement is not affected

by the presence of the transverse cracks. However,

Benkelman beam rebound measurements ind.icate that the pave-

ment in the region of the crack is subject to stress con-

centrations from traffic load,ing. Faulting of the pavement

surf ace at the cracks has been re,ported in a few instances.

Depending upon the width, the pavement crack provides a

condition for the ingress of debris and surface moisture

into the underlying materials. If the subgrade soil is

swell susceptible, heaving of the pavement may result

adjacent to th.e crack forming a ridge across the pavement.

In the'case of a sarid subgrad.e, subsidence of the pavement

surface may result, forming a depression across the pavement

at the transverse crack.

ln 1962, Wicks (3) assessed the deforntation of pave-

ment surfaces in Manitoba arising from transverse crackilg.

Using a ten-foot beam as a basis of reference, he measurecù

Lhe vertical displacement of the pavement at transverse

5



6.

cracks. The survey results of 460 miles of transversely

cracked pavements of the 2,r.164 mile bituminous pavement

highway system are presented in Table T. The data indicated

that 22 pe,rcent of th.e pavements exhibited rid.ges in excess

of 0.3 inch in height at transverse cracks.

Tab1e I. Vertical Displacement of Pavement
at Transverse Cracks

Height
(Inches)

No Displacement

0.0 to 0.3

0.3 to 0.6

0.6 to 1.0

1.0 +

The reduction in pavement riding quality, resulting

from transverse cracking, has resuLted in a noticeable

decrease in the present performance rating of some asphalt

pavements. Shields (4) has reported a significant increase

in roughness inciex as a consequence of transverse cracking,

resulting in a reduction in the present performance rating.

Anderson et al (5) describe cases where severe performance

losses have resulted from ridging of pavements with swelling

type subgrades. He cít,ed an example where a pavement with

a projected life of approximately L2 Eo 16 years achieved

Percent of
S'urvey Mil'eagê

45

33

13

6

3
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its termin:al serviceab:ility level after only four years.

Maintenance measures have proved to be costly and

unsatisfactory in alleviating.the effects of transverse pave-

ment cracking. FiJ-ling ttre cracks with asphalt appears to

reduce the effective crack width rather than providing an

impervious seal.. Winnitoy (6) has approximated the cost to
be $200 per miLe annuall-y in Saskat,chewan where the average

transverse crack frequency is l-00 per mile. In Manitoba,

this cost ranges from,$15 to $400 per mile. Ileater planing

of the ridges has proven to be an expensive temporary

measure, ineffective in preventing further progressive

vertical d.evelopmenL of the rid-ges. The average cost of

heater planingi the ridges on a nine mile highway section in

ivlanitoba was $600 per mile. This did not include the cost

of resealingi the transverse cracks. The filling of the

depressions at the transverse cracks with bituminous mix has

been unsatisfactory in rnany cases in restoring the riding
quality of the pavement.

The overall effect of transverse pavement crackíng is

reflected by the decrease in the present serviceability

index and a reduction in the performance l-if e. The ecorromic

losses, incurred. through the increase in pavement mainten-

ance costs and the reduction in pavement lifer rnây only be

assessed qualitatively and described as ranging from

moderate, in instances where litt1e ill effects have

resulted from pavement cracking, to great, âs described in



several casies previously.

The Mectranism of Transverse Pav'ement CrackÍng

On the basis of okrservations by the lvianitoba Depart-

ment of Transportation, transverse cracking of asphaltic

concrete does not appear more freguent on rr*eavily travelled

highways than on low traffic volume roads. This has led to

the belief that transverse cracking is non-l-oad associative,

with tra-ffic playiSrg only a minor role if any at all.

Transverse cracking of the asphaltic concrete surface

has been attributed to the development of tensile stresses

oriøinating either externallY, from the sub^grade or baser or

internally, from within the asphaltic concrete, or due to a

combination of the above. Some contributing causes have

been ascribed to contraction through temperature change or

shrinkage through volume change of the pavement materials

and to bending of the asphaltic concrete coupled with the

contraction resulting from thermal stresses. The exact fiìode

of initiation or progression of transverse cracking has not

been defined.

In the prairie provinces, transverse pavement crackit-tg

has been observeci to occur sometime after the inception of

cold weather. From observations it appears that thefmal

contraction is the major causative factor. Neitn-er the

thermal regime of the pavement Structure nor the exact

nature of the interaction between ttre asphaltic concrete

B.
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surface and its sub-layers at the time of cracking has been

established. Regardless of where the excessive forces

originate, cracking is manifested in the asphaltic concrete

surface.

Two main hypotheses exist regarding the mechanisrn of

inception and propagation ofr low temperature cracking.

Accordipg to one mechanism, transverse crackilg is the result,

of a prolonged cold speIl followed by a sudden rise in

temperature. The warming trend creates a decrease in the

strength of the asphaltic corrcrete surface and results in

pavement :cracking due to excessively higft thermally induced

tensile stresses stil1 present in the lower portion of the

asphaltic concrete (7 rl,z¡ - Accordilg to another theory,

cracking may ensue as a result of a rapid temperature drop

to an extremely 1ow ievel (8r9r10) or from a prolonged cold

temperature period ,(7). This may result either in instan-

taneous cracking of the asphaltic concrete or in the develop-

ment of a microcrack at the pavement surface, where the

thermal stresses are in excess of, the tensile strength. As

the cross-sectional area of the asphaltic concrete is

reduced, the microcrack may propagate downward through the

asphaltic concrete layer.

Prior to the observaticns of transverse cracking in

the Ste. Anne Test Road pavenients, observations of 150-200

penetration. grade asphalt h|ghway pavements in Manitoba hacl

indicated that most of the cracking occurred during the
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first two winters after. the. construction with little or no

tr.ansverse 'cracking thereaf ter. The cracking appeared to

initiate during January or, February, the cold weather months,

, giving credence to the latter type of cracking mechanism

described above. However, pavements in other environmental

regions may be subject to different trarrsverse cracking

mechanisms. Such is the case in Alberta ir'here a paveme.nt

r¡ras observed to crack audibJ-y during a period. of sudden

increase in air temperature '(11).

Factors hflluencinq Transverse' Pavêment'Cracki.ng

It is conceivable that the mechanism and the frequency

of transverse pavement cracking in a. given climatic region

could be dependent upon the design of the pavement structure

and the properties of the r'*aterials under tJ:e prevailing

temperature conditions. While the pavement cracking

mechanism may not be compfetely understood, Various investi-

gators have isolated a number of pavement design and

materials Variables which are believed to have bearing on

the freguency of transverse cracking.

observations of in-serrrice pavements have implicated

the use of certain. grades and types of asphalts. Marker

(12) cited that " . lower penetrations (of recovered

asphalt) were associated with the more severely cracked

projects (in Nevada) . " This has also been substaritiated by

observations in Manitoba :(13,14,15). Anderson et aI (5)
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have .concluded that " . . . eviderlce 'from field observations

suggests a crackir-tg preponder.ance associated. with certain
asphalt sources (ín Albe.rta) . " CulLey (2) and McLeod (15)

report that in saskatchewan reduced, transverse cracking has

been observed in higher viscosity. type and softer penetra-

tion. grade asphalt pavements than in lower viscosity type

and harder penetration. grade asphaltic pavements respectively.
Also r âge rr*ard,ening of asphalts j-n bituminous mixes is
believed to be a factor.

Other varia.bTes which have been isolated as being

suspect to contributing to pavement crackipg incrude absorp-

tive pggregates (16'r,17), low asphalt, content, and large

residual stresses caused by considerable difference in the

coefficients of expansion of mineral gggregates and. asphalt

(1E). Laboratory studies have also indicated that the

tensile strength of asphaltic concrete may be increased by

the addition of mineral filler if the filler-bitumen ratio

is optimized (10¡.

Pavement structures of a certain oesign may ind.icate

greater susceptibility to transverse pavement cracking than

others. Fromm (20) has suggested that the strength of

asphaltic concrete pavement could be a factor on the basis

of observations of a pavement section in Ontario where a

3%-inch asphaltic concrete surface exhibited a lower trans-

verse crack frequenclt than an a.cijoining section with a two-

inch layer.
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V[hile much emphasis has be.en placed on the asphaltic

concrete components, indications are that the volume change

of the underlying materials plays a very important role in

transverse pavement cracking. Hamilton (21) has found that

certain partially saturated clay specimens, when subjected

to uniaxial freezlng, mây contract more than six percent.

Figure 3 ;illustrates trans\¡erse cracking of a. gravel sur-

faced road in irianitoba with a rr-eavy clay subgrade which has

cracked as ,? 5_e-suIt of thgrmgl _effe_cts,.,,_

'-t., '-

Figure 3.

Figure 4 shov¡s a transverse crack running acress the

Tra.nsverse Cracking of a Gravel
Road with a lleavy CIay SuLrgrade



r3.

gravel shouJder and part-way into the paveilerr^t. However,

this does not inrBficate the subgrade as being entirely res-

ponsible for transverse cracking but demonstrates that it ís

another factor that must be considered in contributingi to

the :tr:ansverse cracking of asphalt pavements.

Fi.gure 5 illustrates a "dummy". contraction joint

sawed part-way into the asphalt concrete surface of a pave-

ment in Manitoba in a research project designed to investi-

gate the feasibility of controlling transverse pavement

cracking. The photogra¡:h demonstrates that restraining

Figure 4. Transverse Crack in a Gravel Shoulder
and Part-way Across the Pavement



forces at the asphaltic concrete*grav:el base

have caused transverse cracking to propagate

shoulder as a consequence of the corttraction

concrete surface.

14.

course interface

into the gravel

of the asphaltic

Radical oifferences irr transverse crack frequency

within certaj-n projects have indicated that non-uniformit'y

of materials and construction control Íreasures may have a

bearingi on thermal pavement cra.ckilg. Frequent cracking at

construction joints ar¡.d through weakened sections of

Fig'ure 5. Cracking
Pavement

of Gravel Shoulder at a
Contraction Joint
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pavemerrts rin Manitoba- partially support this vi"*p"irrt. For

a number of years it has been observed tha.t nevl pavernents,

which have been cc'red to determirxe asphal.Lic concrete thick-

ness and density, Iater exb-ibited transverse pavement

cracking \,üith the crack passingi through the center of the

core hole

Figure 6 illustrates the case $Trrere the location of a

four-inch diameter core ho1e, contrikruting to a reduction in

cross-sectional area of only 0:.14 perc:ent of the four-inch

thick asphaltic concrete' was instrumental in predetermining

the location of the transverse crack.

Figure 6.

The various

Transverse Pavement Crack Initiated
by Pavement Coring

factors described appear to indicate that
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irr some instances transverse cracking may be the result of

one. or more 'causative agents. Although results are not ltet

available'from fulI-scale experiments to establish the exact

mechanism of transverse pavement cracking, field observations

and comparisons have served to isolate certain variah,les

v,'hich have a bearinE on this problem. These cbservations

have implied that it is necessary to be more selective in

the use. of materials and pavement desigrrs with due consi.dera-

tion being given to their performance under the prevai-ling

climatic conditions.

Design Method.s Tncorporatirrg Ehvirohmen^tal

The transverse cracking of asphal-t concrete is only

one type of distress mecha-nism that must be considered in a

design system for asphalt concrete pavements. EPps (22)

states that "Since a pavement is a complex structure which

is subject to vari.ous loading conditions and since it must

perform under a variety of environments, the use of systems

engineering provides a means of organi-zing the various s9g-

ments or components of the total problem into an under-

standable framework. rr This corrcept has al-so been clescribed

by Hutchinson and Flaas (23) anci lludson et al (24). The

design systern advanced- in the latter reference consists of:

f. inputs to the slistem comprising action and inter-

action of load, .environmental, construction and

maintenance variables,

Factors
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2. physical dimensions of the pavement structure and.

the basic properties which characterize material

behavior,

3. outputs consistilrg of primary response, described

by the behavior of the materials, and limiting

response, defined by distress modes,

4. decision criteria based on economic and perform-

ance factors,

5. feedback and interaction among the different com-

ponents of the total system.

Within such a systems engíneering framework, the

properties of the materials are considered a major design

element. For asphaltic concrete surface courses the

following mix properties must be considered in mix design (221 t

1. stability,

2. durability,

3. flexibility,

4. fatigue resistance,

5. skid resistance,

6. permeability or imperviousness,

7. fracture strength,

B. workability'

9. thermal characteristics.

To optimize pavement performance, a balanced design is

necessary with respect to the above asphalt concrete pro-

perties. The response of asphaltic concrete to low
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temper.atures is only one design consideration among many and

care must be taken Sirrce a design imbalance in favor of low

temperatures could result in the. deve.lopment of other undesir-'

able performalLce characteristics .

As low temperature is a factor in the transverse

crackingi of asphalt pavementsr desí9n approaches to counter

this effect should be on a regional basis and should ir¡c1uc1e

the probability of recurrence of lov¿ temperature levels. It

is conceivable that the physical properties of an asphaltic

concrete cr its coilponerrts could be assessed for a pre-

determined low temperature level and its suitability for use

then based. on a limiting physical paranieter or parameters

relating to stresses ano deformations.

For the asphalt fraction of the mix, van der Poel (25)

h-as formulated a system for determiningr the stiffness of any

bitumen at any temperature and time. of loading. Ileukelom

and Klomp (26) have related stiffness modulus of the binoer

to the stiffness modulus of the rni-x anCt Heukelom (271 has

extend.ed the concept of the stiffness rnodulus of the

hifumen to the tensile strength of the nix. Using a thermal

contraction coefficient, Hills and Brien (9) ha.ve computed

the induced thermal stresses at various temperatures in a

restrained asphaltic concrete specimen and with the aid of

Iteukelomrs mix tensile streng.th da-ta have estimated fracture

of the specimen to occur at a têmperature when the thermal

stress exceeds the tensile strength. Thus, a method for
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estimating asphaltic concrete fr.acture ternperature exists but

stilr requires val idation for in-service pavements.

Another method which may be acceptable for assessing

the suitability of a. given bituminous mix to resist trans-

verse cracking in a specifie climatic environment may be

through the use of a standardizeci index test. The terrsile

splitting test of cylindrical asphalt concrete specimens is

described by christison (28) Breen and stephens Q9),

Anderson and Hahn,- (30) and Ïx;aas and Anderson (3r). The

usefulness of such a test would. be depend,ent upcn the degree

of correlation of the test results with observed fietd

performance of pavements,



Characteristics of the Test'Road

CHAPTER TIÏ

DESIGN AND QUALITY CONTROL OF THE

STE. ANNE TEST ROAD

The Ste. Anne Test Road is a joint project of t'he

Manitoba Highways Department and She]l Canacia Limited

designed to study the transverse cracking of asphalt pave-

ments. A number of materia-ls arrd pavement structures have

been incorpor.a-ted in test sections. The experiment has been

designed to yietd insíght, into the mechanisn', of transverse

crack initiation and propagation, and to isolate the signi-

ficant Varia,bles which may have a bearing on the frequency

of transverse cracking under the climatic conditions pre-

vailing in southern Manitoba.

The test road is situated approximately 25 miles east

of winnipgg in the vicinity of ste. Anne, Manitoba. This

Iocation was selected as it permitted construction of one-

half of the road on a heavy clay subgrade, the bed of the

prehistoric. glacial Lake Agassiz, and the other half on a

sand subgrade, the old sandy heactres of Lake Agassì z.

The anbient temperatures irr the region range from

I00o F to -45o F and the freezing index is. generalS-y between

20
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3,000. ,to 4,000 degree days of frost. The annual precipita-

tion is approximately 20 inches.

The test road was constructed in 1967 and is a newly

constructed section of highwaV. It constitutes the two weSt

bound lanes of the four-lane divided Trans-Carrada Fiigkrway

and carries an average of 11250 vehicles per day. The truck

traffic comprises approximately 10 percent of the traffic

volume and is not sub ject to load res'trictions in the spring.

The test rcad is composed of twenty-nine 400-foot

length pavement sections, 24.feet wide, with 15 sections

constructed on a ctay subg:rade and 14 sections constructed.

on a sand subgrade. The types of asphaltie concrete used in

the test sections were comprised of various mixes which

included two different types and three different grades of

asphalt, two asphalt and filler contents, and limestone and

granite Sggregates. Pavemer¡ts of three structural d-esigns

were incorporated in the test sections. The above variables

\^rere selected as being potentially important in the study of

transverse pavement cracking and are shown in TabLe 2 Ln

their res¡:ective combinations.

The Pavêment S'tructure Dêsigns

The three different pavement structure designs which

were incorporated in the test road are the following:

1. four-inch asphaltic concrete with a l-6-inch

crushed. gravel base course on a cLay subgrade

(4-16-CLAY) shown in Figure 'l ,
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2. ten-inch full depth.asphaltic concrete pavement on

a clay subgracie (10-0-CLAV) shov¿n in Figure 8,

3. four-inch asphaltic concrete with a six-inch

crushed. gravel base course on a sand subgrade

(4-6-SAND) shown in Figure 9.

A longitud.inal section of the above road structures
j-s shown in Figure 10.

The Clay and Sand Subgrades

The 4-16-CLAY .and the 10-0-"CLAY pa\¡ement structures

were constructed over a very heavy clay subgrade. The soil

type was a fairly u.niform A-7 clay witrr- a. group index of 20.

the liquid limit values \^rere. generalLy in the range of 90 to

105 with the plasticity index ranging from 55 to 65.

strict control over soil srelection hTas exercised. to

maintain uniformity of soil type and compaction. As the

proposed location of the 10-0-CLAY pavem-ent structure was

located in the transition zone between the clay and the sand'

soils, the existing subgrade was subcut and clay was brought

in and placed and compacted to a depth of four feet. A

summary of the clay subgrade density and moisture contenL

tests is shown in Appendix I, Table 4.

several types of tests were conducted to evaLuate the

bearing capacity of the clay subg:rade. The soaked laboratory

CBR value \^ras determined, to be thr.ee percent (AASHO designa-

tion T-193-63 with soil compaction procedure modified as per
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AASHO designation T-180-.61) . McLeoo plate krearing t'ests \^¡ere

performed on the compacted. clay subgrade and indicated a sub-

grad,e support value of 26,6Q0 .pounds under a 3O-'inch diameter

plate \^rith 0.5 inch of def lecLion at 10 repetitions.

The natural sand subgrade was found to he non-uniform'

ranging from an A-2 to an A-4 soil type. To insure uniformity'

a depth of four feet of uniform A-3 sand wíth three percent

passing the #200 mesh sieve \^las bro'gght in and compacted.

A summary of these densities is found in Appendix I, Table 6'

Evaluations for the be¿ring capacity of the A-3 sand

shorn¡ed a soaked laboratory CBR value of 50 percent and plate

bearing tests of the in*p[ace material indicated a support

value equivalent to 108r600 pounds under a 3o-inch,- dianeter

plate with 0.5 inch of d.eflect,ion at 10 repetitions.

The Base Courses

The base ,courses l^lere constructed to the depths shrown

in Figure 10 from crushecl. glacial drift deposit material,

pre.dominantly a fimestone gg9re.glate. The base Pggregates

\^iere crushed to the. gradations shown in Table 7 and compacted

to the standards shown in Tables 5 and 6, all appearing in

Appenoix I.

soaked laboratory cBR tests showed valu-es of 170 per-

cent for the "Bu Base material and 134 percent for the rrAr¡

Base material.
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The Bituminous Mix Agg-regates

Bituminous mixes with two different types of Sggregates

and two mineral filIer contents were 'among th-e 'variables

incorporated in the test road in the foLlowing combinations:

1" an 'absorptive aggregate consisting of 80?, lime-

stone arrd 20% igneous aggregate processed from a

. glacial drift de.posit and having a 509. crushed

stone content of the material retained. on the +4

mesh sieve,

2. the above aggregate with approximately three per-

cent portland cement filler added'

3. a 100% igneous aggregate \'üith 100U crushed

particles in aII the sieve si-ze ranges and with

5N percent cement filler comprisipg the minus

#200 mesh fraction.

The Sggregates were processed to provide a gradation

conformir-tg \^Iith Manitoba class "4" 3060 and Swedisti AB 167

specification limits. Fcr certain sieve sizes, the specifi-

cation overlap proved to be too narrow ancT it was founo

necessary to exceed the fimits in these cases. The sumllary

of the gradations of the extractef mixes appears in Appendix

I| Table B.

The two types of gggregates exhibited different pro-

perties. The mean water absorption of the limestone aggre-

gate was in the range. of 2.2, La 2.6 percent while the

igneous pggregatef , cons.isting.,,:p-r.edominarrtly of rnicpocrysLalline
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basaltic and- macrocrystalline. granitic rcckr üIâs less than

0.4 .perce,nt. The \,\rear from the Los Angeles abrasion test

(ASTM Test Method C136-66) was 26 percent for the limest-one

aggregate and 14 percent for the igneous gggregate.

Economic consider.ations did not permit a full factorial

design hlith the igneous pggregate and its use was fimited to

two 400-foot pavement sections of the t,est road.

The Asphalts

The asphaltic binder variables encompassed two

different types and three d.ifferent grades of asphalt. The

two different types of asphalts are referred to as low

viscosity (tv) and h¡sh viscosity (HV) types. The three

grades of asphalt were 150-200 and 300-400 penetration. grades

and an SC-5 liquic asphalt. The asphal-ts used were:

1. low viscosity 150-200 penetreLtion,

2. high viscosity 150-200 penetration,

3. low viscosity 300-400 penetration,

4. high viscosity SC-5.

The variation in the original quality of these pro-

ducts is not indicated in this report and only the test

results from representative saniples are shoWn in Appendix I'

Table 9.

To evafuate the significance of asphalt content with

respect to tr.ansverse pavement cracking, the asphalt contents

of the mixes l¡rere 'varied in the use. of certain of the above
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binders. The 'predominating asphalt' contents used were:

: J. Marshall optimum.

2. one percent b:elow l{arshall optimum.

One 400-.foot pavement section T¡ras consLructed with the

asphalt content at one-half pescent above Marshall optimum.

'Pavement Mix Design

Marshalf mix design was carried out by Manitoba Hígh-

vfays Department accordingi t,o ASTMi Test Method D 1559-65 using

manual compaction at 50 blows per face and by Shell Canada

Limited using mechanical cornpaction at 60 blows per face.

The series of test data for the latter is not presented in

this report.

The mix design curves for the limestone Fggregate

mixes are shown in Figures 32, 33, 34 and 35 with the asphalt

contents reported on a dry eggregate basis. In all cases

where the cement filler was added the design mixes showed an

increase in stabitity, fIow, density and voids filled with a

reduction in the effective air voids for any given asphalt

content. The mix design values based. on this data are

listed in Appendix I, Table 10.

Pav'ement Qualitt¡ Control

To ensure distinct differences among the variables

under study, .it was essential to minimize the variation in

the quatity of the individuaf materials and to exercise

strict control over aIJ. phases of construction. Vühere
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quantity of a product such as asphalt content and cement

filler content was a varj-able under study, it was desirable

to minimize the probability variations to an acceptable level

to ensure that they constituted different levels of the

variables.

Table 11, appearing in Appendix T, illustrates the

degree of control attained. in the asphalt content and the

fines content passing the #200 mesh sieve for the bituminous

mixes in each of the sections. A series of statistical tests

for the significance of the difference between the means of

paired. sections wa$ carried out using the t-test and is

summarized in Appendix II. They showed that the difference

in the mean asphalt content between the lean and the optimum

asphalt content mixes, as well as the mean fractions passing

the #200 mesh sieve between the fíller and the non-fiIler

mixes, h/ere significant at the one percent leveI. This indi-

cated that the desired. objectives with respect to the control

of asphalt and. mineral filler content had been realized.

The breakdown and intermediate compaction of the test

road mixes was carried out with a Bros Air-on-the-Run SP6000

roller and a steel roller was used for final rolIing. The

pavement densities were measured with a Lane-I¡lells Road

Logger mobile nuclear unit. As the density output was in

graphical, chart form, it was converted to numerical data

with a Calma 480 Digit.izing Unit to permit statistical

analyses. This yielded a pavement density value for every
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foot along each lane.

The summary of the densities in Appendix I, Tabfes L2

and 13 indicates that the degree'of pavement compaction

achieved ranges from 97. Lo 100 .percent of the standard

Marshall design densities' appearing in Table 10. For the

rnajority of the sections there does not appea-r t,o be any

significant differe-nce in the densities between the lanes.

To evaluate the structur:al uniformity within the test

sectionsr.Benkelman beam readings were taken on a weekly

basis during 1968. Six readings were'taker.r in the traffic

lane of each section. The low standard deviations of the

readings during the peak deffection periods, summarized in

Appendix I, Talo1e 14, indicate a fair degree of uniformity

within sections.



TRANSVERSE CRACK FREQUENCY AIIAIJYSES OF THE

STE. ANNE TEST ROAD PAVE]MENTS

Introiducti.on

The analyses of the transverse crack frequencies of

the Ste. Anne Test Road pavements are based on the trans-

verse cracking observed to óate. The data used in the

analyses l^Iere obtained from pavement crack maps obtained

through daily visual obs:ervations during the L967-L968 and'

1968-1969 winters and at less frequent intervals during the

corresponding SuÍImer mont¡r-S. As past experience in Manitoba

has shown that: low viscosity 150-200 penetrat.ion. grade

asphalt pavements undergo the most severe cracking within

the first two winters after construction, it is thought that

these sections in the test road \,ri11 exhibit Lit,tle acditional

transverse cracking. llowerrer, experience is limited in

evaluatilrg the transverse cracking performance of other

asphalt typesr. grades and mix variables, and therefore it

cannot be predicted how valid the Present evaluation of

these variables will be in the years to come.

Mêthods 'of An:alysis

CTTAPTER IV

A study of the vehi;c$e:travel characteristics on the
34
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Ste. Anne Test Road has indicated that both automobiles and

trucks. generally travef in the right-hand lane, perrnitting a

comparison of transverse cracking between a lane subject to

traffic foad.ing and an adjoining lane which is relatively

free from traffic loading. This travel characteristic has

been attributed to the low traffic volume and h.as been

verified by measurements showing a greater amount of rutting

and pavement surface wear in the traffic lane than in the

passing lane. A distinctively. greater amount of parrement

surface wear in the wheef-paths of the traffic lane is

shown in Figure 11..

To provioe a suitable basis for comparing the pave-

ment cracking aJnong the various sections and between the

traffic and passing, 1¿n"s, each'lane was studied separately.

The transverse cracks \^rere classified into four categories

according to a method used by McI,eod (15), illustrated in

Figure 12.

Separate analyses of variance r^rere carried out for

Type 1 cracks and for alf crack types comk¡ined.

In the study of the transverse cracking frequency of

the test road pavementç, it was found" necessary to resort to

the analysis of crack spacing or "s1ab" length. This

approach penrritted the evaluation of the nature of the proba-

bility distribution of the 'tr.ansverse cracks within a

section and provid.ed an estimate of the accuracy and pre-

cision of the mean of the spacing between cracks.



Figure 11. Pavement Wear in the VÍheelpaths of
the 'Traffic Lane.

36.

TYPE 2

Figiure 12. Types. of Tr.ansverse 'Pavement Cracks.
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statistical comparisons were çarried out (ABpendix II)

to determine whether the observed differences in mean trans-

Verge crack spacing between traffic lanes and passing lanes,

between sections and among sections \l.rere significant or

whether the dispersion of data could be attributed to chance

distribution. Sigrrif icance, l-evel-s 'of the relationships were

established using the F-d.istrihution to test the variances

of. groups of data and Student|s t-distribution to te.st the

differences between the means.

Transvêrsê 'Cr'âcking of LV 15'0-200j PEN. Asphalt Pavenìêhts

Figure 13 illustrates the pattern of transverse

cracking in the LV 150-200 PEN asphalt 4-16-CLAY pavement

sections. Almost all of the transverse cracking may be

classified as falling into the Type 1 category. Statistical

analyses in Appendix II indicated that:

1. trr-ere is no significant difference in the fre-

quency of transverse cracking between the traffic

ano Passing lanes (Table 25\ ,

2. the asphalt content is not significant in
' affecting transverse cracking frequency (Table 15),

3. the cement filler content, in the range studied,

is not significant in its 'effect on transverse

cracking frequencY (rabl-e 16),

4. the mean of the ,spacing between cracks is 20 ! 5

feet or an average of 264 transverse cracks per
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mile (95% confid.ence Ievel, Tab1e 27) .

The latter statistic compares well with the findings

of a L964 survey of 312 miles of p.avements in Manitoba of

various structural designs with clay subgrades. These 150-

200 penetration. grade asphalt pavements, predorninantly of the

low viscosity asphalt type and ranging in age from one to

ten years, exhibited a mean spacing between cracks of 25

feet or an average of 211 transverse cracks per mile. The

frequency diagram comp'iled from the survey data is shown in
Figure 2.

Figures 14 anci 15 illustrate the transverse cracking

of the LV 150-200 PEN. asphalL 4-6-SAND pavements. Com-

parisons of transverse cracking between the traffic and the

passing lanes of the sections indicated no significant

difference when Type I cracks were considered and one

section out of five indicated a significant difference at

the five percent level but not at the one percent level when

a1l types of tra.nsverse cracks r4¡ere considered. Thus' it is

concluded that traffic loading was not significant in con-

tributing: to transverse pavement cracking.

The data in Table 27 inciicates that the mean of the

spacing between cracks at the 95 percent confidence level

for all of the L\i 150-200 PEN. asphalt 4-6-SAND pavements

\,\ras I t 5 feet (660 crackslmile) for Type l cracks and

6 t 4 feet (880 cracks,/mile) when a1l types of tr.ansverse

cracks \,úere considered. However, the difference among the
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means did not re:flect any increase 'or decrease in transverse

cracking frequency from varying the ¿spþalt content and the

cement fitter content in the asphaltic concrete mixes. ThuS,

neither asphalt content nor cement fil-ler content was signi-

ficant in affecting the frequency of transverse 'pavement

cracking within the fimits of the'ranges studied.

The difference between the means of the transverse

crack spacing of the 4-16-CLAY and 4-6-sArtlD pavements $/as

found to be significant at the one percent leveI. A compari-

son of crack frequencies indicated that the pavements with

a sand subgrade exhibited 2'4 times more Type I crackilrg anó

t^hree times more cracking of all types than pavemenÈs with

similar asphaltic concrete rnixes constructed in a clay sub-

. grade area. Thus, there is an interaction between the

asphaltic concrete and the subgrade at low temperatures

which affects the frequency of transverse cracking of the

pavement.

The transverse cracking of tJ.e LV 150-200 PEN.

asphalt 10-0-CLAY pa-vements is shown in Figure 16. The

transverse cracking between Station f41+50 and 142+00 was

attributed to ccnstruction joints and was not incLuded in

the arralyses. The mean of the crack spacing is 50 t l-0

feet (106. cracksr/mile) at the 95 percent confidence }evel.

This indicates that the ten-inch full depth asphalt

payement built on a ,claY subgrade :(10-0-CLAY)r exhibited 40

percent of the transverse cracking observed in the 4-16-CLAY
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Pavements, and ontY 16 percent of the Type I cracking found ín

the 4-6'-SAI{D pavements. On this 'basis it is 'implied that the

ffequency of transverse Pa\renent crackíng varies inversely

to the thickness of the asphaltic concrete.

Thre signif,icance 'of the interrelationships remains to

be evaluated in terms of its influence on the present

serviceabifity ratings of the pavements. A series of crack

width measurements in February 1969 revealed that the crack

opening was inversely proportional to the crack freguency.

In the 4-6-SAI{D structure sections, 19 percent of the cracks

were less than l/32 inch in width and remainingr cracks had a

mean width of 5/32 inch. In the 4-16-CLAY structure sections,

11 percent of the cracks were less than L/32 inch in width

while the remaining cracks had a mean wid-th of 7/32 inch.

All of the cracks coulo be m.easured in the 10-0-CLÄ,Y section

and were found to have a mean crack width of 9/32 inch. It'

is anticipated that the crack opening may have a bearing on

the quant.ity of surface moisture enterj-ng the subgrade which

may eventually affect the pavement performance.

'Transverse Crackinq of: T,V 30'0-400 PEN. A$phalt Pavêmênts

The. transverse cracking of the LV 300-400 PEN. asphalt

4-16-CLAY pavements is shown in Figure L7. The spacing

between cracks is. generally. greater than was found with the

LV 150-200 PEN. asphalt 4:-16-CLAll pavements. However, in

Sections No. 58 and, 60 the crack distribution is not at
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regularlY spaced intervals, in Section l{o. 58 there is a

significant difference in cracking freguency between the

traffic and the passingi lanes r' and there appears tc¡ be a

disparity in the frequency of transverse cracking arnongl the

sections which cannot be related to any of the pavement

variables under test. For scme sections the standard

deviation of the crack distribution is abnormally high

indicatifg that the predetermined section length of 400 feet

was insufficient to permit the observation of the required

nunlcer of cracks necessary to draw a reliable conclusion

regarding the transverse, cracking performance of this asphalt

in the 4-16-CLAY pavements.

As asphalt and cement fi:ller contents did not prove

to be significant in affectingi transverse cracking frequency

in the LV 150-200 PEN. asPhalt pavements, a similar relation-

ship was ass'umed to exist for the LV 300-400 Penetration

4-16-CLAY pavements. The four adjoining sections ü/ere

pooled togrether and the mean spacing between cracks was

found to be 65 feet (BI cracks/rniLe). However, the clata

appeared too eryatic to estimate a meaningful accuracy of

the mean. If this is accepted as being representative for

the LV 3OO-400 PEN. asphalt 4-16-CLAY pavements, it is

implied that this, the rsofter' grade, exhibits only 30

percent of the transverse cracking obs:erved in the 'harderr

LV 150-200 PEN. asphalt 4-16-CLAY pavements.

The LV 300-400 PEN. asphalL 4-6-SAND pavements, shown
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in Figure 18, exhibited a maxirlum of only one or two cracks

per 400-,foot section, .demonstr.ating superior performance in

relation to the duplicate sections in the clay subgrade area

and withr. respect. to the LV 150'200, PEN. asphalt 4-6-SAND

pavements which had a mean spacing of eight feet between

Type I cracks. This is the opposi-te of the 'transverse crack

frequency retationship that was found to exist between the

two types of subgrades for the'LV 150-200 PEN. asphalt pave-

ments; the pavements with'sand subgrades exhibited a greater

frequency of transverse crackinE than those with clay su.b-

grades. This implies that there is an inter-action between

the asphaltic concrete surface and the subgrade, that the

frequency of transverse cracking is dependent upon the low

temperature properties of both the asphaltic concrete and

the subgrader' and, that the transverse cracking frequency of

an asphaltic concrete surface may be altered greatly thrcugh

the selection of the grade of the asphalt to be incorporated.

in the mix.

Tr.ansver.se 'Crackin-q of HV 150-200 PEN. Asphalt PaveÍients

The HV 150-200 PEN. asphalt sections have not

exhibited transverse cracking to date in the 4-L6-CLAY'

10-0-CLAYT or the 4-6-SAND pavements. The transverse cracks

appearing in Figures 19 .and 20 are located at construction

joints of abutting sections of different asphalts. In

comparison to the low viscosity 150-_2OO penetration. gra"de
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asphalt, the high viscosity. type of asphalt exhiþited

superior per.formance. This indicates that the problem of

transverse cracking of flexible 'paYements can be alleviated

through the sefection of the proper type and.grade. of

asphalt. to be incorporated in the mix.

A cÍirect comparison between the effects of: fimestorre

and igneous mix gggregates on transverSe cracking cannot be

made because a fuLl factorial experiment was not implemented

in this respect. The igneous 3ggregate \^Ias used sole1y in

the HV 150-200 PEN. asphalt mixes which did not exhibit any

transverse ,crackipg, as sliown in Figure 2L. As neither the

HV 150-200 PEN. asphal.t igneous nor limestone 9ggregate

mixes exhibited any transverse cracking while the IrV 150-200

PEN. asphaltsr limestone rnixes exhíbited a high cracking

frequency, it nay be concluded that the asphaLt is the

dominant variable having a significant bearing on the trans-

verse cracking of Pavements.

Transverse 'craclcing: of TiV SC-5 Asþhalu Pavêtrients

The HV SC-5 asphalt sections constructed in both the

clay and sand portions of the test road' have exhibited no

transverse cracking to dater âs shown in Figure 2L. It

stands tc reason that if two products, a 'softer' grade

asphalt (300-400 PEN.) and a higher viscosity asphalt (HV

150-200 PEN'.) both exhibit superior performance in compari-

son to a r¡r-arderr grade l-c'w víscosity type of product
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53.

(r,V .150-2Q0, PEN'. ) , then an asphalt such as the HV SC-5,

incorporating both of these desiraloJ.e properties, will

exhibit. ,ât the very leastr .resistance to tr,ansverse cracking

comparable to that of the be.st performer.

Surrunary of TranSver.se CTack Frequency' Data

A sunmary of the mean TyPe 1 crack frequencies

observed in the Ste. Anne Test Road pavements to date aPpears

in Table 3.
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CHAPTER V

OBSERVATTONS OF THE MECHAI{TSM OF

TRÄNSVERSE CRACKING

Temperature Conditions at Initiation of Transverse Cracking

To. gain insight into the nature of the transverse

cracking mechanism, it was essential to define the thermal

regime of the Ste. Anne Test Road pavements at the time of

initiation of transverse cracking. An automatic transverse

crack detection system was 'implemented in seven of the 29

pavement sections (fS¡. Long strips of efectrical concluctor

foil tape were embedded into the pavemenL and the ci-rcuits

were connected. to continuously monitoringT recorders. Visual

crack surveys \,vere also conducted during the 1967-L968 and

1968-1969 winters on a daily basis and at le.ss frequent

intervals during the corresponding summer months.

The temperatures within the pavement structures were

measured by thermocouples and printed out at half-hourly

intervals by automatic recorders. Banks of thermocouples,

at various depths, $Iere situated in each of the three pave-

ment structures. The sand subgrade portion of the test road

was focated in a wooded area, sheltered from the direction

of the prevailing wind duringr the winter months, whiLe the

clay subgrade portion was situated on prairie, completel.y
55
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void of tr.ees. A study of the temperature data ¡eve:aled that
the temperatures' at" corres,ponding locations near the pavement

surface were a few degrees: lower in the pavements with clay

subgrades th.an in the 'pavements ¡¡l¡¡¡ sand subgrades. This

differ.ence was attributed to a cooling of the pavement by

the wind in the unsheltered :c1ay subgrade area of the test

road.

A1I of the transverse 'cracks observed to date

initiated during the 1-967-1968 winter, the first winter

after the. construction of the test road. No further trans-

verse cracking occurred during the L968-1969 winter. Figures

22, 23, .24 and 25 illustrate ther relationship of the inci-

de.nce of transverse cracking to the minimum daily tempera-

tures within the pavement structure and indicate that most

of the transverse cracking re.sulted from the effects of a

prolonged low temperature during which the asphaltic con-

cre.te cooled. gradually throughout its thickness and reached

a low temperature level.

Data from the temper:ature recorders j-ndicated that a

difference in the temperatures of the asphaltic concrete

existed at various depths and that the temperature at any

depth was sr:b j.ect to daily variations. Data from tempera-

ture recorders and transverse crack detection circuits

indicated that during the December L7 | L967 Lo January 11,

1968 low temperature period the 'pavement temperature

intensities at initiation of transverse cracking were



¡ i. I I i ) I +
.-

I I I

- 
,l ¡

.-
-j LI

i
.t

I
'il .r

 .i ¡ i
'I

i

,t . 
.l

.*
) I

rl :! .t -i 
ï;-

:r
I I Ii -i:

.-
l"i

.l
i-;

-:
-,

i--
 

r

vi
i:

I
t-

/. 'rl
¡ 

t:
r''

l 
.

i 
t.

t- ¡,
 -

'i

-l-
-r

--
;-

.i-
-.

i4
,5

5

l .
l¡.

 f
 -

 i
i--

-l:
-1

. 
-i

i,L
 I

 . 
i

I 
\d

',1
I ì-
.t-

--
--

 -
"r

i,;
l

ri:
r i:;
i

:-
-i-

.L
-

t.- I t-
'-

I I

sI
cT

i



3ufist-i
'r-_ 

-__-- -l-r----.-.'-.1
{, 

: r 
r-;l

Ë
 - 

.. 
: 

.-... 
j

i' 
'i 

i
t,.,r
j nc--.:{ 

----..1
¡,¡ 

: 
-\ 

-.1

1.. 
-Ð

 
i

I 
t.j

l;.'Ì

[- "+
þ - 

í-ú -----;
lt¿If:i:ij:
I 

.r'=

! 
-'ì4i-+

r- 
.. 

.,
i 

"" 
ó 

i

| 
',* 

:t

I 
t'i

I 
-"1

i 
.; 

l.- 
j

--ê3-*i^9-6r¡..
, 

.: 
Í 

,. 
i

'.1...r
Ii

. 
I 

- 
.. 

¡
lr

' 
't 

;

oi-*lü6 
l_

. 
t, 

.i ¿
t 

i-
. 

I 
;;r

.t 
iå

' 
:l 

r@
__O

.-- 
. r._ i_+

 g._ ..i in
-' 

.. 
I

,l 
14

l:
'ilrl^

: 
,¡._ 

r rJ
€' I +

i .o¿
- ; -r

.:t..t
L+

.I 
t¿

I 
ir:

-+
?'+

i-4€-.irn
,.,.i,,_

.ll
' 

I 
lc¡

4iË
-+

 I o* if
: 

I 
iU

.I 
i4

, . , ; i; , : ;t¡
-'ctt-J-i-r¡6- 

1

'.';l:i
:fl

,t

-.'-' -|-tË
- 

:
.i' 

I

'ti
' ì 

il' 
ti

,¡!

-l-. -----l ¡..:r-.--l
' 

I 
vf,, 

i
I

,ti¡t 
i

'tr-i
'. 1 

¡
,'','. 

¡ 
l 

;

--- - .. ,-.1 .rlr.- 
I

tl
l:'.t, I 

.: 
i

:ll
.,!''i

i!,^

ñ {cruvs*9:f'T
3d toä-tçt 

.A
T

} ¿
¿

€ s¿
'Ç

¿
'þ¿

'¿
s sN

ür¿
3:s N

r s¡i¡tx}v,s} rssS
¡1gçvut .jo N

oii\
a----...----;--r'--- 

- -:-l- 
-'- ---

iIIIIitItiIIT
-IIIIIIIf

1ì
l:q

l'! 
ì-

i 
i 

.:.-

¡it\
nj 

'
l

\l\':



?o
 

es

-:
 T

-i-
-'-

-i-
r'-

i-r
l--

:

;-
-

r-
n

LC
'

R
A

C
K

IN
G

 I
N

 S
Ê

C
T

IÐ
ru

 6
4 

( 
LV

 ¡
50

-E
T

G
 F

[.}
I.,

 I
Ð

-û
 -

T
LÂ

Y
}



()E
o i Ä

,Y
"j] - s i- å. "N

rd ûtþ * oofi Â
1 ) ts {l 09 '

vl¿
lF

,¿
¡ - 

ç

m,Lt

*-1

1ü
ffì

Õtf)



61.

. generally within two to six degrees, of the minimum daily
temperature at the corresponding depth. Thus, the minimum

daily temper.atures provided a suitable 'basis for estimating

the pavement temperature intensities' at the initiaticn of

transverse'cracking for all the pavements which were not

instrumented with transverse crack detection circuits but

for which daily visual crack survey data was available.

The first transverse 'cracks in the LV 150-200 PEN.,

4-16-CLAY pavements were observed orr December :31, L967,

after the temperatures had reached intensities on the pre-

vious night ef =30o F at the 'pavement surface , -27o F at a

de.pth of two inches below the surface and -15o F at a d.e,pth

of four inches below the surfacer as shown in Figure 22.

The"reafter, the majority of the transverse cracking occurred

between January 4 and 7, 1968 when the minimum daily tempera-

tures ranged from -33o F to -37o F at the pavement surf.aee,

-30o F to -35o F at a depth of two inches below the surface

and -20o F to -24o F at a depth of four inches below the

pavement surface.

Significant transverse cracking of the LV L50-200

PEN., 4-6-SAND pavements did not initiate until the thermal

regime'of these pavements had reached a low temperature

leveI comparable to that of the f,V 150-200 PEN. | 4-L6-CLAY

pavements at initiation of transverse. crackir¡^g. It is

shown in Figure 23 that significant transverse cracking of

the LV 150-200 PEN.,' 4-6-SAND pavements occurred between
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January 4 .and 7,, L968 when the. minirp.um daily temperatures

ranged from -28o F to -32o. F at the pavement surface t -25o F

to -29o F at a depth of two inche.s below the surface and

-160 F to -20o F at a depth of f our inches below .the surf ace.

A considerable number of tr.ansverse 'cracks were observed to

occur thereafter, in most cases coj-ncid.ent with 1ow tempera-

ture perJ-ods of less intensity than observed during the

first week of January, 1968.

The similarity in temperature conditions at corres-

ponding locations within the as¡rhaltic concretes of the

4-16-CIAY and 4-6-SAI{D pavements at the time of initiation
of transverse cracking imptied that whether a pavement does

or does not crack is primarily dependent upon the Jow

temperature properties of Lhe asphaltic concrete. As the

LV 150-200 .PEN.? 4-16-CIAY pavements exhibited only 40?, of

the frequerìcy of Type 1 cr.acks observed in the IV 150-200

PEN., 4-6-SAND pavements, the freguency of transverse

cracking appears to be dependent upon the low temperature

properties of the asphaltic concrete and the degree of

interact,i.on between the asphaltic concrete and the under-

lying materiafs. This implies that the base cou.rse and

subgrade. of fer a certaì n amount of restraint. to the tn-ermal

contraction of the asphaltic concrete surface and thus affect
the transverse cracking frequenclr of the pavement.

Sirnifarly. transverse'cracking in the LV 150-200 PEN.,

I0-0-CLAY.pavement initiated during a 1ow temperature period
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when the asp'haltic concrete had cooled down to the low

temperature levels shown in Figure 24. However, the'trans-

verse'cracking frequency of this pavement was 40 percent of

that .observed in the 4-16-CLAY pavements, indicatipg that
increased thickness of asphaltic concrete offers restraint
to temperature induced contraction at the pavement surface

and results in a reduction in the'freguency of transverse

cracking.

The first transverse cracking of the LV 300-400 PEN.,

4-16-CLAY pavements, shown in Figure 25, initiated on

January 4ì 1968, after a prolonged period of 1ow .fempera:ture

duration and several days after the first cracking was

observed in the LV 150-200 PEN. , 4-L6-:CLAY pavements. The

del'ay in initial cracking of the T,V 300-400 PEN., 4-16-CLA,Y

pavements is indicative of. greater resistance to thermal

cracking by asphaltic concretes of this asphalt. grade than

by concretes incorporating LV 150-200 PEI{. grade asphalt.

Although the HV 150-200 PEN. and SC-5 asphalt pave-

ments \^/ere subjected to the same low temperature. gradients

as the LV 150-200 PEN. and the LV 300-400 PEN. asphalt pave-

ments. they have not exhibited any transverse crackingi to

date. More information is needed. on the low temperature

properties of :a:11 the materials incorporated in the test

road pavements to ascertain the significant parameters which

render pavements non-susceptibLe to transverse cracki$g.

An analysis of ten years of minimum daiLy temperature
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data \^ras 'carried out to deternine thre :freguency of recurrence

of low temperature 'cycles 'in southern Manitoba. The coldest

cycle was s:elected for each winter, without regard. to the

number of low temperature'cycles ofr lesser intensity, and

the intervals of recurrence established in a manner analog.ous

to that used ín hyorologiic applications. In Figrrre 26 tlre

coldest temperature period for any selected recurrence

interval is the period with a minimum daily temperature

intensity tlrat will be equaled. or exceeded on the average of

one time in the sefected interval.
The December I7 , Lg67 to January ,11 t: L968 low tempera-

ture c¡rc1e, during which most of the transverse cracking

occurred, has been the most severe 1ow temperature intensity
period experienced during the first two years since the test

road was constructed. Tt is shown in Figure 26 that the above

Iow temperature period has an average recurrence interval

ranging between 5 and 10 years, depending upon the tempera-

ture intensity sefected. As the service life of a bituminous

pavement, before major reconstruction is necessary, is
generally in the order of 15 years, the occurrence of the

above low temperature period is not considered abnormal for

the climate in southern Manitoba. Correlation of the daily

minimum ambient temperatures with the äai1y minimum

asphaltic concrete temperatures for the above cycl,e indi-
cated that a. good correlation existed, as shown in Figures

27, 28 anð, 29. This permits estimation of pavement
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temperatures for simila.r temper.ature cycles from we.ather

office d.ata. Such information may be useful in estimating

the magnitudes of thermally induced stresses in pavêments in
other parts of Manitoba.

Pavement Crack Studies

Inspection of Èhe test road pavements indicated that
the majority of the cracks \^rere perpendicuLar to the direction
of vehicular travel with the fractured faces oriented in a

vertical plane, through the least cross-secLional area of
the asphaltic concrete. This indicated that the transverse

cracks resulÈed from the development of excessive tensile
stresses within Lhe pavement structure.

The pattern of transverse crack development in most

pavements with clay subgrades followed a systematic process

of cracking at longr distances foll.owed by subdivision of the

long "s,Iabs" into shorter segments ori elLsuing days until
what is believed to be an equilibrium condition had been

reactred. This was interpreted as a form of relief from the

stresses induced by thermal contraction of the pavement

materials.

The pavements with sand subgrades did nct crack in
the above manner. The pattern of crack d.evelopment appeared

erratic. On numerous occasions the cracks in the LV I50-200

PEN., 4-6-SAI{D pavements appeared in clusters--a series of

transverse 'cracks spaced four to ten feet apart. This
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manner of cracking may be attributed to the influençe of the

sand subgrade, tlte sand material 'exhibiting considera'bIy

lower tensile. strength in a frozen condition than a clay

subgrade in the same state.

The transverse cracks in the 'pavements \tlith sand sub-

grades were dj-fferent in nature from the cracks in the pave-

ments with clay subgrades.. Shortly after their occurrence,

the transverse cracks in the LV 150-200 PEN. and LV 300-400

PEN., 4-16-CLAY pavements, generally ranged in width from

L132 Eo 3/L6 inch at the pavement surface and extended either

across the entire 24-foot pavement width or across an entire

f2-foot lane. However, the'transverse cracks in the LV 150-

200 PEN., 4-6-SAND pavements were of minute width and diffi-

cult to trace across the pavement' Frequen:ülY crr*ey extendeci

several feet across the pavement but did not extend to the

pavement edge. While discernabfe ¿l =30o F, many of the

cracks were not visible when the temperature rose to -15o F.

The differences in crack width exhibited by the clay and

sêrrd suk;grades are believed to result from the differences

in the properties of the subgrade materials and the nature

of the interactiorrs between the pavernents and subgrades at

low temperatures.

After approximately a year it was oL'served that all

of the 'trans¡aerse 'cracks ha-d increased in width a signifi-

cant amount,' âs described on p39e 44. This phenomenon has

been verified by crack width measurements in other



7L.

investigations in lianitoba whe.re. it was found that not only

was p.avement crack width subject to dail-y and seasonal

f luctuations r coincident with 'd,ail-y and seasonaL therrnal

contraction of the "slabs", but :also to annual increases in

width up to a period. of approximat:eIy three years. It ís

beli.eved that the annual increases in crack width consti-
tute a form of stress r;elief within the 'pavement.

The transverse 'crack de.tecLinn circuits, situated at

various de.pths in the pavements with cLay subgrades, revealed

that some transverse cracks initiatecl at the pavement surface

and progressed downward through the asphaLtic concrete. In

a few instances the rate. of propagation was extremely rapid

and crackingi through the asphaltic concrete was considered

to be instantaneous. Judgifg from the great width of the

cracks soon after initiation, instantaneous cracking was

believed to be the prerralent form of crack propagation in

the asphaltic concretes with :clay subgrades.

The transverse crack d.etection circuits in the pave-

ments \,üith sand subgirades did not appear to be sufficiently

sensitive to indicate accurate:ly- the initiation of the hair-

Iine transverse cracks, which were prevalent irr these pave-

ments. Pavement cores, taken across these cracks immediately

after observation of crack occurreï1ce, indicated that in

some cases the asphaltic concrete had cracked only near the

pavement surface. Neither the prevalence of the limited-

depth cracks nor the rate of crack propagation down through
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the asphaltic concrete was assessed.

An x-ray photogrqphy technigue was implemented to sr¡b-

stantiate the ind'ications of, the. 'tr,ansverse crack d,ete.ction

circuits and, visual observations in regard to initiation of

transverse cracking at the pavement surface and. subseque"nt

limited-de.pth crack propagation into the asphaltic concrete.

The procedure used in the study was similar to that des-

cribed by Slate and Olsefski (32) in a study of the internal
structure and microcracking of portland cement concrete.

Thin slices,' approximately 0 .5 cm. in thickness r wê.Íê cut

across transverse 'cra-cks in asphalÈic concrete cores and

irradiated. An industrial x-ray unit wit¡r- a rating of 175

kilovolts (kv), and a fine-grained x-ray film Ì¡¡ere used.

An exposure time of one minute at 165 kv and three milli-
amperes was used. A photograph of the asphaltic concrete

slice is shown in Figure 30 with the arrow indicating the

Iocation of the transverse crack obs'erved at the surf ace.

In Figure. 3l the transverse crack appears as a white line on

the contact print of the x-ray image ano is shown to pro-

PSgate to a depth of approxirnately two inches, terminating

in the proximity of the interface between the two lifts of

asphaltic concrete.
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CHAPTER VI

PRTNCTPAL FINDINGS AI{D PROPOSED

ADDITIONAL RESEARCH

Princ:ipal, F indinqs

The results of the investigation indicate that the

Lransverse'cracking freguency of flexible pavements is
affected by certain varíabLes. The imprications of the

findings should be taken into consideration in pavement

design to alleviate transverse pavement crackir.r^g. The

statistical study of the interrelatio¡rshipr of tr,ansverse

cracking frequencies among the ste. Anne Test Road pavements

served to isorate certain variabres which had an effect on

tr.ansverse pavement cracking.

1. There was no significant difference in transverse

cracking freque.ncies betwe.en the traffic and the

passing lanes indicating that traffic loading was

J-nsignificant in contributing to transverse

cracking.

2. The asphalt content, in the range of one percent

below MarshalI optimum to one-half percent above

Marshall optirnum, was not significant in affect-
ing pavemenL transverse. cracking frequency.

3.' The incorporation of portland. cernent f:iLler¡
74
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,altholrgh yielding significant improvement in

Marshall design properties, was not significant

in affecti3g transverse 'cracking freque.ncy of

pavements in the 'range 'of contents studied.

4. ' Th-ere \n¡as an interaction between the asphaltic

concrete and the subgrade at low temperatures and

the 'frequency of transverse pavement cracking was

de.pendent upon the low temperature properties of

both the asphaltic concrete arrd the subgrade.

5. Mixes incorporating high viscosity type asphaltic

exhibited resistance to transverse cracking

superior to that of mixes incorporating Low

viscosity type asphalts.

6 . Mixes incorporating I sof ter r. grad.e (higher pene-

tration) asphalts exhibited lower transverse

cr:acking frequencies than mixes incorporating
rharder'. grade :(lov;er penetration) asphalts.

7. Asphalt was found to be the dominant variable

affecting transverse pavement cracking. Trans-

verse cracking of asphaltic concrete pavemerrts

can be alleviated through the selection of

asphalts of the proper type and grade.

8. The frequency of transverse cracking was found

to yary inversefy to the thickness of the

asphaltic concrete.

A study of the temperature 'data at the time of
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initiation of transverse'Çracking and investigations of the

mode, .of asphaltic concrete 'fracLure indicated the following.
, I. Most 'of the transverse'cracking occurred during a

prolonged low temperature cycle during which the

asphaltic concrete re.ached a low temperature

r level.
.2. Transverse cracking initiated at the pavement

surface and progressed downward through the

asphaltic concrete.

3. Shortly after their oceurrenceI the transverse

cracks in pavements with clay sub^grades. generally

ranged in width from L/32 Lo 31L6 inch at the

pavement surface while the 'transverse cracks irr

pavements with sand subgrades were of minute

wid.th at the pavement surface.

4. In pavements with clay subg:rades , the rate of

crack propaglation rrras. generally rapid, on the

borderline of being instantaneous. Several days

after their occurrence, many of the transverse

cracks in pavements with sand subgrades had

propagated only to a limited d.epth into the

asphaltic concrete surface and the rate of down-

ward propagation could not be assessed.

5. A year after their occurrence, all of the trans-
verse cracks had increased in width.

6. Transverse 'cracking is the resul-t of thermally
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induced stresses which- ,exceed the ultimate tensile
strength of the asphaltic concrete.

Reconrnended Additional' Rês'earch

The Ste. Anne Test Road was designed to permit

investigation of transverse pavernent cracking and all
aspects of pavement performance. The data presented in the

the.sis comprises only a part of the entire study. Further

laboratory and field research is necessary to provide an

objective 'basis for the deve.Lopment of specifications for
materials and a balanced pavement design system, which will
serve to afleviate transverse pavement cracking without
introducing ota-er forms of pavement distress mechanisms.

On the basis of observations to date, a Jaþes¿torf

evaluation of the low temperature properties of all the

materials incorporated in the pavements is necessary to

ascertain the significant parameters which render pavements

susceptible to transverse cracki-ng. Particular emphasis

must þs placed on the asphalt mixes in this regard and a

method of pred.icting thermal fracture susceptibifity should

be evolved for bituminous mixes before they are placed in
service. A number of existing mettrods requiring verifica-
tion by f ield data \^¡ere mentioned in Chapter II.

As asphalt type and. grade appeared to be the domin-

ant yariabfes affecting transverse pavement cracking, the

suitability of any asphalt .designated for use in a specific
environmentaL region must be evaluated on the basis of a
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minimum temperature intens.ity criterion indigenousi to the
region.

êgilìg of the asphalts in payements must be taken into
consideration and their aged properties should be rerated
back to ,the :original asphalt properties to provide a suit-
able basis for the specification of asphalts for extended

periods of service.

All aspects of pavenrent distress' must be investigrated
in the test road pavements with ,particula-¡ emphasis being
placed on further development of pavement cracking and

Pavement surface distortion within the r,,,heelpaths and at
transverse cracks. The developnrent of any undes,irable

performance characteristics should be related back to the
mix properties and eliminated in future mix designs.
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Tab1e 11. Srrrn*rry of Asphalt and -#200 Mesh
Materiâl Content Control

Four-Inch Asphaltic Concrete Sections:
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(0.1)

77

x

l*.7
(o.¿*)

51

3elor-r Opt.
a

2"8
(0.6)

76

5.1+
(o.1)

x

3,0
(T"T )

58

5.5
(o.3)

2"7
_(0.4 )

b.6
(1.1)

þtirnun

B

5.1,
(o"3 )

3.r
(o,7)

?5

l+"2
(o,z)

6].

)pti-rnun

3.9
(o.3)

6"4
(0.9)

73

59

5'2
(o -2\

5"7
(0,s)

s

4.8
(0"3 )'

66

6.L
(0,5 )

lçoo
(o,3)

60

Ten-Inch Asphaltic Concrete Sections:

s

3.0
(0"6)

4o2
(o,l )

72

6.0
lo^qì

5,2
(o,4)

52

2"9
(o"4)

5"3
(o.3 )

78

ô:1t

5n5
(o,t )

5"7
(o.¿)

ASI'ITAI,T

h,9
(0.3 )

7I

2r6
(0.4)

5ol.
(0.3 )

LV
19O*2OO PErr

5.6
(o.ó)

68

5',3
(o,2)

3"6
(o"2)

}M
150-2CO PElt

3'o
(0.5 )

5
r{
H
3.

?o

5r?
(o.t)

h"7
(0.3)

ì.üx
TTPE

69

3oL
(0.6 )

,+.1
(0"2)

Optf:aua
a

79

2n7
(o.?)

5oo
(0.3)

þt.{.nuu

lG'O-Ct/rY S fR UCTLIIìE

SEOTÏOI,I
l\JÎ.[ßrA

5o8
(0. ?)

l+"8
(0"4)

5.8
(0"9)

s

6lt

PIRC¡l'lT
N,SI,I.IAi,T

3"0
(0.6)

6S

4oB
fo"'i )

PIlrr¡rlfT
*,/izao

, 501
(c"4 )

208
(o"z)
2.6

(0"/+)



Table 12.

ASPHÂLT

Pavement Densities of Traffic Lane
(Lane-Wel1s Road Logger Readings
October 25, 1967 )

Four-Inc

ffi

Ë
Êq

I,v

15È200 PEN

M.TJ(

TÏPI;

Aspha

Be.Løø Opt.
G

I'*Tâffi,ÁT STRUC'fURE

Opt'J.:m,un

SECTION
hfüùtBm

tic Concrete Section

Above Opt"

ï

lfv

I5O-¿OO HffiE

DMBMY
(P6F)

Eelou Opt"
s

5h

s

x

63

OptJmun

Il+5.6
(0.7)

É0F
r€ir,fibånÐ

Belov Opt,.
I

Ll+1 "z(0" 7)

55

Optimun

a

100

4-6.SAÌ¡U STRU0TTTPü

SECTION
},IUMBEII

x

LV

3oo-4oo PEr[

53

OptJ-taw

l,l+6.5
(o"?)

99

x

57

funeous

s

mlrsrrY
(PçF)

LI+7 "6(o,9)

?4

96.

62

s

Below Opt"
8'

6?

145,1
(0.8)

L45u2
(L.2)

98

x

56

I

rfv sc-5

É

Optf-mrn

u6.6
(o.o¡

77

4AIJDARD

rh6,h
(1.G)

98

x

OF

5L

Below þt.
s

150.0
(0.9)

76

100

u9.2
(0"7)

99

s

Optlnum

58

150.8
(1.2)

?5

u5"7
(1"2)

99

6T

99

O¡rt5.nm

Ll+3.7*
(1"1)

100

T3

!16.9
(0.6)

100

59

a

66

r45"1
(1.0)

97

u5.5
(o.e)

n

60

s

L45.5
(1.0)

72

u7.B
(1.0)

97

99

Ten-fnch .A.sphaltic Concrete Sections :

5z

u7,6
11^2ì

78

97

I50"2
(o.e)

100

ASPHÀLT

145"9
(].1)

7T

15r"5
(1,3 )

98

100

TV
150-200 PBN

68

ltttçnh
(o.g)

98

100

HV
150-200 PEI¡

7a

14ó.8
(o.g)

99

98

¡üï
rTPE

69

r45"7
(t"o)

9B

79

þtJ-nun

Il+7.9
(o"s¡

98

Qtimm

IO-O-CL{Y STRUCTIRE

SEC?TON
NIIMts]iR

u6"5
(o"6)

9B

g

98

DE¡{STTT
(pcn)

6l*

I

99

65

147"1
(o.9)

dþ
ìTANÐAND

11e7.8
(o-s)

OF

99

100



Table 13. Pavement Densj-ties of Passing Lane
(Lane-We11s Road Logger Readings
October 25, 1967)

Four-Inch Asphaltic Concrete Sections:

ASPHALT
H

H
þ.

MTX

TÏPB

¿V

150-200 PEN

3elow þt.
a

å^16*CTAY STRUCTURE

JECTTON

ltu!{rjljtì

ibove þto
__8

x

HV

150-200 PF.Àr

ûelou Opt.
s

5l+

D!;¡¡sIry
(PcF)

B

x )ptimuu

63

]y'.3.2
(0.9)

flor
]TA}JDÂRI

:eì.ow Opto
E

147.0
(o"7)

)ptÍnua

55

I

À^6-sa¡n smucTuRE

SECTJON

NtJI'fBtrt

x

98

LV

300-400 PltN

OptÍmun

53

TM"6
(1.] )

x

99

I¿neous

57

s

97.

r47,6
(o"8)

74

DENSITl
(pcr)

Below Opt.
6

62

I

Ll+3,6
(l"o )

67

97

145 
"1(L.0)

HV SC-5

)pti.rnrrn

Éor
JlUNDAIID

56

I

n

148"1
(o"z)

98

¡(

148.0
(o"g)

ielow Opt.
I

5T

150.4

-Lo,e)

76

99

X

148.9
(1"1)

99

58

6

0ptinun
a

r50"3
(1.3 )

75

100

I00

Ll+5,6
(o.e)

).¡.rLi.rtun

óI

IL2.4
(0.8)

73

100

100

148.9
(r"z)

59

Il+6.7
(1.r)

66

n

1|Jr.6
to^q)

9?

óo

a

143 
"1(1,3)

72

97

Il+9.2
(û.9)

5z

99

l-4ó" g
(1.1)

7a

Ten-Inch Asphaltic Concrete Sections:

98

100

r50"3
(L"z\

ASPHALÎ

L46"3
(o"7)

n

96

100

t 51.3
lr ^¿. )

Lv
150-2ô3 pEtr

6B

97

100

'l Il+"6
(o;9)

HV
150-200 PEN

fr
tsl
ts]
H
Ct

7o

99

L46.2
(0"8)

lflx
lYPË

98

69

f45.0
(0.9)

9B

7e

futùnun

u8.2
(0.8)

98

Qrtiaum

JËCTION
{Lt'{Bifr

lo-o-cLAT STnUCTUIÈE

r47,5
(0"7)

97

a

98

6l-

I

DBI'ISÏTY
(PçF)

100

65

u7 "3(0.6 )

íoF
JTANDART

TL7.5
(0"8)

99

100



98.
Table ]-4. 1968 peak Mean Benkelman Beam

. . Rebound Readings

SEC.
N0.

4-16-CLAY Sections:

DATE

5L

5z

June 11

ITIBOUND
(o.ool in. )

!t

ÞürrlJ

June 1?

5l+

June 1?

55

55

s

5lç

June li

PAVIi.
tq*'

3

56

53

June 1?

2

57

(2

June L?

87

SECO

NO.

,

58

5I

June 1?

sl

4-6-SAND Sections:

2

59

L6

Mny 3o

DÂ?E

66

87

2

ó0

lr6

67

June I?

87

June LI

61

3

R}E(
(o"ot

l+2

June 1?

ó8

87

June 17

MEAN

2

6z

)U¡JD

)Ì 1n" )

Jure l-7

l+l+

69

Ifay 3O

87

L7

63

4

39

.Iune L7

B7

7o

s#

l[^y 3O

L7

3

P.A,VE.

T!24P"
oF

Ìiay 30

ItJ+

66

71

3

Ju¡re Il

I7

'?s: SLanuard DevieLion of 6 Re¿rdings per SectÍon"

3

39

7z

3

87

June IL

r.ó

3

46

59

73

87

2

June 11

14

3

79

87

74

2

June IL

7

T7

51

75

87

3

June Ll

T7

51

66

76

3

June 17

14

59

77

I

June 17

14

59

7e

SBC.
N0.

t,

June ÌL

1l-

l0-0-CLAY Sections:

59

79

June IL

3

12

6lr

I]AflJ

59

2

June 17

13

(,j

59

Jure li

o

u

RI'BOU¡ID
(o^ool .in,I

79

MUAN

Ju.ne 1?

3

L2

79

l+7

3

59

ffi'*

47

2

PAVX.
TUr,[,.

-F

59

2

I

79

B3

83



STATTSTICAL

APPENDIX IT

ANALYSES OF STE. AI{NE TEST ROAD DATA



Statist.ical Comparison of Asphalt Contents

The Studeht's t-test was used to d.etermine the signi-

ficance level of the difference between the mean asphalt

contents of the below optimum asphalt content mixes and the

optimum asphalt content rnixes using the formula*:

where:

t=

t = number of standard. deviations from the mean

for a given number of degrees of freedom,

4,7": means of the samples,

N¡rN2= sizes of the samples,

5t,52= standard deviations of the samples.

N,-l s,t
Nt+N2-2

4 2(z

Comparisons i^/ere made between sections at significance levels

of ten, five and one percent, using the data in Table 11.

The summàTy, tabulated in Table 15 shows that for
paired sections of the same asphalt type and.. grade and aggre-

gate.'gradation, there is a signj-ficant difference between

the means of the asphalt contents at the one percent level.

-l ^2¿2 /l
--L-Nr ' N,

*Hoel, .P. G., "Elementary Statistics", John Vüitey: & Sons,
Inc;, 1967 , pp. 177.



101 .

This indicates that although the below optimr:rn and optímum

asphalt content mixes have similar probability distributions,
tn-ere is a distinct difference in the mean asphalt. content

between mixes.

Table 15. Significance Levels of the Differences
Between Mean Asphalt Contents

Below Optimum Asphalt
Content Section No. 54

Optimum Asphalt
Content Section No.

Significance Level

Statistical Comparison of Mineral FilLer Contents

The total percent of material finer than the #200 mesh

sieve was selected as the criteria indicative of the degree

of control attained in the addition of the portland. cement

filIer. The t.-test was used in the manner described pre-

viously to determine the significance level of the differ-
ences between the mean cement filIer contents of the no-

filler mixes and the filler mixes. The data used appears in
Table 11.

The summãTy, tabulated in Table 16 shows that for
paired sections of the same asphalt type and. grade and for
mixes of similar asphalt content, there is a significant
difference between the means of the filler contents at the

55 57 58 59

63 53 62 61 60

TZ LZ LZ LZ IZ

74 67 76 73 71 70

67 77 75 66 68 69

LZ LZ IZ lZ lZ lZ



L02.

one percent level. This j-ndicates. that although the no-

fi11er and filler mixes have similar probability distributi-ons,
there is a distinct difference in the mean minus #200 mesh

materi-al content between the mixes.

Table f6. Significance
Between Mean
No. 200 Mesh

No-Filler Mix
Section No.

Mix Vüith Filler
Section No.

Significance Level Leo

Levels of the Differences
Percents Finer than the

54

CompeTison of Transverse Cracking Between the
Traffic Lanes and the Pâssinq f,anes

63

A comparison of transverse cracking between the lanes

\4ras carried out f or each pavement section. Separate

analyses were conducted using Type 1 crack data and dat¿r for
aII of the crack types combined. The t-test was implemented

using the transverse crack data appearing in Tables L7 to
24.

Table 25 shows the leve1s at which the differences

between tÏre means \^rere not significant for the sections that
exhibited transverse cracking. With:the exception of a few

cases, the statistical analyses indicate that. the difference

55

62

53

58

56

LZ

61

59

TZ

74

60

67 66

LZ

76

lz

75

LZ

7t

72

LZ

6B

70

LZ

69

IZ lz
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Table 2! - Signi-ficance Levels at which Differences Between Mea.n Cra.ck
- spacing were not signifiqant for Tre.ffic and passing I¿nes

LV I5O-2OO PEN", 4-16-CLAY SECTIoNS

SÏGNTFTCiINCE LEVTL

54

63

55

53

I,v 150-200 pB\Irr 10-0-CLAY SECTION

rc/"

rc%

rolo

LV 150-200 pÐ[o, 4-ó-SAND SECTTONS

ro%

ro%

74

n%

67

ro%

77

tú

76

Loß

75

LV æ0-400 pEÀr., 4-L6-ctAY sEcTrONS

Lo%

Lo%

n%

58

n%

6r

5%

x Significant difference between means
exists aL I% levelo

60

ri6

ro7,

to%

T%

n%

rofl,

rc%

ro/'

n%
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between the mean crack spacingi of the traffic and passing

lanes is not significant at the l0 Bercent Ier¡-el. Thus, it
may be concluded that traffic loading is not significant in
contributilg to transverse pavement cracking.

nffect of Asphalt Conteht and- Cèment: Fi,ll_er
Con

ansverse cr.ack spacing data
in Tables 17 to 24 for the low viscosity 150-200 penetration
grade asphalt sections with the same type of subgrade did"

not appear to inclicate a distinct difference in the mean

transverse crack spacing among the below optim_um and optimum

asphalt conterrt sections or among the no-filler and filler
sections. To determine whether a significant difference
existed among the means or to deLermine if the variation
among the mea-ns simply reflected the variance in a parerrt

popuration, anaryses of variarrce using the F-statistic were

carried out as described by Freund and vüilliam.s*. This

method served to indicate whether the lbetween sample vari-
ationr was. greater than the lwitlrin sample variation' and

verified whet¡r*er arl of the samples belorrged to the same

population or to populations with diverse means.

As prior studies had inöicated no significant differ-
ences in tr.ansverse crack spacing between the traffic and

*Freund¡ .J. 8., and !üilli'ams, .F. J., "Elementary Business
Statistics: The Modern Approach,', prentice-Hall, Inc.,
L964, pp. 384=389.
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the passing, 1utt"", the transverse 'crack spacing d.ata from

each lane was treated as a separate sample in the analyses

of variance 'among the sections of the same asphalt type and

grade and pavement structure. , The comparisons were made at
significance levets of ten, five and. one percerrL using the

data from all of the related sections initially. .Certain

sanrples exhibited anomalous ctraracterj-stics and they r^rere

exclud.ed from ensuing analyses. The levels at which trans-

verse cracking among related sections was not significant
are tabulated in Tabfe 26.

Table 26. Level at which Transr-erse Crack Spacing
lvas not Significant Affong' Sections of
the Same Asphalt Type ai:d Grade and
Pavement Structure

Asphalt

LV 150-200 PEN. 4-16-CLAY

LV 15O.2OO PEN. 4.6-SAND

Type of
S'tructtrre Crack.ing

LV'. 300-400 PElr. 4-16-CLAY

*Significant difference among means at 1% level.

Type, I

Signi-
ficance
Level

All-. Types

Type J.

All, ,Types

10%

Type, .1

5Z

All Types

10'à

Rêmarks

Pass. lanes Sec.67
& 76 exc:luded

10%

10u

S.ec. 59 exclu.ded

Sec. 59 excluded
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,The analyses of variance of the transverse crack

spacing among the related sections shown in Table 26 showed

no significant difference in Type, l- crack spacing at the 10

percent significance levef. When al,I the type of cracks

\^¡ere considered, a reduction ,in the significance Ier¡eI

resulted, indícating greater differences in the nature of the

crack spacing among the se.ctions. This may be attributed to

the eruatic nature of the occurrence of Type 2, 3 and 4 cracks

in contrast to the tenden'cy for Type 1 cracks to occur at

regularly spaced intervals. Hov¡everr Ðc special irnport may

be attached to this as the reduction in the significance

levels does not reflecL arry systematized cracking behavior

patterns among the sections with different asphalt corrtents

or among the sections v¡ith different cement filler contents.

On the basis cf the aboVe observations it is con*

cluded that neitn-er asphalt content nor cement filler ccnÈent

were significant in affecting the frequency of transverse

pavement cracking within the limits of the content ranges

studied.

Effects of Asphalt Type and Grade on Transvêrse 'Cracking

Inspection of the means of the section crack spacings

in Tables: 17 to 24 indicated that the. greatest difference in

transverse'crack spacing was between sections with different

asphalts. As asphalt content and ceme.nt filler content were

not significant in a-ffectingi transverse cracking, sections
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with similar sLructures but rof the same asphalt type and

grade were 'treated as samples' from the same population and-

the means of the sections r/üere averaged- to. give the best

estimate of the population mean. The standard error of each

population mean wa.s determined from the: formula

where:

q = .standard error of the population mean,

C = standard deviation of the sample,

n = samPle size.

The LV 300-400 PEN., 4-16-CLAY sections proved to be

a special problem; the predetermined section lerigth of 400

feet was insufficient to permit the observation of the

required number of cracks in each section necessary Lo draw

a reliable conclusion regarding the effect on transverse

cracking performance by this asphalt. The four adjoining

sections v¡ere pooled togetrr'er and treated as a single sample

to yield an estimate of the population mean. However, the

crack spacing was toc ematic to permit an estimate of the

standard error of the mean

The d.ata summarized in TabLe 27 indicates that the

asphalt type and asphalt. :grade varia,bles have an implicit
effect on the. transverse cracking frequency of asphalt pave-

ments. Comparisons of the means of sections with similar

C-
7(

C
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sü¡¿clures show that pavernents wi.th' low viscosity type

asphalts of the 150-200 .penetration. grade exhibit a signifi-

cantly. greater frequency of tfansVerse 'crackingi than high

viscosity asphalts of the 'same.'grade. Similarly, pavements

with "Softer": lorn/ viscosity type asphalts¡ SUCnL as the. 300-

400 pene-tration. grade, do not appear to be as susceptible

to transverse cracking aS pavements with "harderr' low

viscosity type asphalts, such as the 150-200 penetration

grade. Neither the high viscosity type 150-200 penetration

grade asphalt pavements nor the high viscosity type sc-5

asphalt pavements have shoWed signs of transverse cr'acking

to date.

Effects of'Pavêment Structure Des

The data in Table 27 indicates that the frequency of

transverse pavemertt cracking varied inversely to the thick-

ness of the asphaltic concrete layer. In the LV 150-200 PEN'

asphalt pavement sections the mean Type I crack spacing was

20 feet in the 4-16-CLAY pavements while the 10-0-CI,AY pave-

ment section exhibited Type I crackilg at an average of

every 50 feet. A similar comparison could. not be made

between the try 150'200 PEN. ' 4-16-CLAY and 10-0-CLAY pave-

ments because neither has exhibited anlt transverse cracking

to date.

Effêcts: of Subgradê Type oTr Transvêrse Crackihg

The data in Table 27 incicates that the'frequency of

on TÏansver.se'Crackin



118.

tr.ansverse pavenent cracking of the asphaltic concrete .sur-

face is affected by the,type of subgrade soiL. In the LV

150-200, PEN. asphalt sections the mean Type I crack spacing

of the 4-16-CLAY pavements rnras 20 feet but I feet for the

4-6-SAND pavemerrts. However, similar pavement structures,

in which LV 300-400 PEN. asphalts were incorporated,

exhibited the converse transverse cracking relatiorrship with

the 4-16-CLAY pavements exhibiting a. greater transverse

cracking freguency than the 4-6-SAND pavem.ents. This

difference in transverse cracking performance implies that

there is an inter-action between the asphaltic concrete

surface and the subgrade and that the freguency of trans-

verse cracking is d-ependent upon the 1ow temperature pro'

perties of these nraterials.

Vü?ren all of the crack types r^7ere considered, a con-

siderably. greater reduction in the mean crack spacing was

observed in the LV 150-200 PEN. asphalt, 4-6-SAI{D sections

than in the 4-16-CLAY se.ctions with the same asphalt. This

indicated that the interaction between certain. types of

asphaltic concretes whic¡r- are susceptible to transverse

cracking and a sand subgrade at low temperatures may result

in a greater amounL of Type 2, 3 and 4 cracking.




