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raport 1s concerned with the incleence of transverse cracks,
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on Vermont's Interstate Sysiem.
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crack pabiern is genera

b as & remedy to reduce or eliminate these cracks.
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The fTollowing are brief discussions of some of the various factors

. :

cifecting pavement durability and what changes, if any, wmight be anticipated

in them with the adoption of softer penetration grades of asphalt cement.

N o
Aoy Bitumen Content

The amount of Biltumen reguired in a particular mix will not
vary because of & change 1a the grade of Asphalt Cement used.
This fact has been bBorue out by our limited experieﬁce as well
as a review of ?he literature. Selection of bitumen content 1s
based on the standard Mzrshall Method of desiga for a particular
sggregate source. Ag the aggregate sources vary, so will the
bitumen content requirements vary to some degree. The basis
of %he veriance will be applicable regardless of the penetration
grade of pitumen selected.

B.) Air Voids
The restrictions imﬁosed on air void content in Vermomt's bituminous

L3,
-

v

mixes are controlled by the density requirements. These reguirementis

S
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compare to those recommended by the Asphalt Institute. Meleod (2)

in comecaring 60/70 pensbration asphalt cement with 150/200 penetration

"
o pmeney ey f e AErimA T o . - W 3 ’ b INATad O RSt e
asphalt cement  showed no difference in percent laboratory compacted

-

for standsrd 50 blow Marshall samples.
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From a test road in Proctor, Vermont using 85/100 penetration
asphalt cement and 120/150 penetration asphalt cement, no appreciable

difference in alr voids was noticed.

(1)
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It is concluded that no appreciable change will occur in the

air vold comtent.

Mineral voids are a functicon of the asphait cement by volume and
alr voids in the compacted mix. The contribution the asphalt
CERENS giveé is measured by volume; therefore; different grades
would not significantly effect the end resuit. From the discussion
of air voids and the above, it is concluded no significant change

will occur in the mineral voids.

J200 Moterial

Tt is not anticipated at this time that any change in the minus
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#0200 material is necessary. As this is
it is dntimately related to VMA, which was discussed zbove. When
chenging from 85/100 to 120/150 penetration asphalt cement in the
Proctor test road, no change in the #0200 material was required.
Viscosity
The viscosity of an agphalt cement is é function of its crude source.
As Vermont's asphalt cement presently comes from a limited number of
gunpliers, no gignificant change in viscosity has been recorded for

.
varying penetration grades of asgphalt ccment. Vigeosities increase

with age of the pavement which is substantiated by this report and

the literature.

Loss of ductility in asphalit pavements hastens failure (1,9). A

. a - . 7 - P :
review of the therature,\L,E,Q) shows that the higher penetration
asphalt cements show higher ductilities at any given temperature

-

when compared to Lower penetretion asphalt cement's. Further, the

higher penetratlion esphallt cementis retain higher in-service ductilities.

T
LU

g, therefore, ceemed beneficial to retain as high a ductility as

s

~

posaible, especially 1n colder climates, to retain durabllity.
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cement and from knowledge gained from the literature. There may
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be gome soifter asphalt cements that will roquire minor changes,
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gnd the changes necessary have been discussed earlier. The

Table VIL.

It is our opinion that it ig the exception, rather than the rule,

.

to find a pavement made with 85/100 penetretion asphalt cement that

o

is more than four or five years old that does not have considerable

transverse cracking in Verwont.

RPN

A report by this department on cracked and wacracked Interstate sections

Koy
dated November 1965 states relatively Llitile cracking cculd be found

on the Brattleboro-Dummerston-Putney I 9i-1 {9) contract and severe

eracking on the I 9L-1 (10} C-3. The pavement age in both cases,

when the report was wriltten, was four years. As this is our estimated

critical age for transverse cracks to ccecur, it is very vossible to
el J
have one section cracked and the other uncracked. It is of interest

to note, aside from the report's chservations of the filler~-asphali
ratio, that tests rua by Mobile 01l Corporation in 1967 showed the

ductility in the uncracked sectiom Lo be 56 cms at 7{0” and in the

crag ied gection to e 5 cms. Cne could logically'exPect'thai'ﬁhis

large difference in ductility at least comtributes to tbe,s&verlty of
the cracking. In fact, after analyzing all the test reporis, it is
concluded that this big difference in ductility is the only major

variegble and hence, must be & wajor cause of two sections cracking

before the obher two., The I 9L-L (9) contract was coved as part.of
5 ! ) ] .3
cur research program in July 1969 {core ,“3) At that time, the
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terperature decreases the stability increasges for the same grade

of asvhalt cement. TFurther, the change in stability beltween TTOF
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a 156 venebration asphalt cement to a 93 penetration.

illustrated (1) by the Hubbard-Field stebilities measured fe

ey
o
et

these: two penetrations.  The 156 peﬂetréiion asp
hed a stebility of 2,230, where as at LO°F the stebility was 7,150,
The 93 penetration asphalt cement had a stebility of 2,980 at ?7Q?}
40°F. "Tests of the weathered specimens were als Vgade

at lower temeperatures to grovide a more complete picture of the

chenges in strength that may occur under normal cliwatic conditions.™

P

(L). Briefly stated, it has been shown that stability increases with

pavement age because of the hardening of the contsined asphalt cement

’

rate of

(€]

and that this increase in stability is proportional to the

Q'ﬂ

decrease in penctration. McLeod (2) aiscusses the problem extensively

and sounddly describes the phencwenon. His wasis of argument is that
the compaction obtained on the project is only 95% of laboratory
compacted density (Marshall Method) for a 60/70 penetra

i 3 1 il o™ 3 o /
cement, it is egulvalent to 97% of laboratory density for a LDJ/QOO

%
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Lo provide atv the same time adeguatbe stablility for trall

in esch region Lo decide.”

o) Y o 5 SR . s E L
h Ecard (O} in & comprehensive report als
with age of asphaltic mixes for various

B en e 1 e 2 P, [ T T A A
grades of asgphalt as The time reguired for an asphalt to flow

) oo

and corrective procedures, states It usually is possible ©o

inprove the stabllity and increase the asggregate vold content

of a mix by increasing the amount of crushed materials.
We can, therefore, see that stability will be a function of the
agphalt cemernt and the quality of the aggregate as well as the

2

two. Further, stability is dependent

R ot
oie

on the climatic enviromment in which the mixture is placed.
Congidering Vermont's present design %rcceaurcs and Location, 1t is-
that usage of 120/150 penetrabion asphali

the author's oplnion

cement will not significantly elter ‘the stablility characteristics

of our asphalt pavements. This again is borne out in the, Proctor
€
tegt road where the tab1¢¢ty'valheo for 85/]00 penetration asphalt
ient and 120/13 enstration asphalt cement using the saue

- - . Y A\ o f '
en done by others (8,9) who show that the

E

highest inivial penetration asphalt cements continue 1o remain the

higheot throughout mixing, compaction and in-service age as comporad

to lower penectrabion asphalt cemenus. from the Literature, /L
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afber 1 day in-service and L0 penetration afier 2 vears, wheress
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Q0 penetration after L day and 00 penetration after 2 yearg. There

no reagon o belleve there would be sny change in thls observatien
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ferent from the findings of others due vo
conghruction methods. Thig is borane out in %he fact that it takes
about four years for 85/100 penetration asphalt cement to reach

L0 penetration in Vermont.

We fully concur that research in asphalitic pavement continue with
p&rﬁiculaf attention to thelr durability characteristics in Vermoat's

climatic enviroament.
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of hot-nixed aspnalt gavements in recent years has

r ianvestigation inco thelr in-service performance.

-

CGroving concern wasg expressed as to the durability of these pavemeants becauvse of
certain crack phenomenon occurring after a period of in-gervice use. It was felt
‘that some ol the reoccurring crack patterns could be related to properties of the
eiphalt couent itsely.

Vermoniv's geographic location imposes climatologicél Tactors shared by only

a2 Tew of the other states along the northern tier of the country. It was Telsu

because of Vermont's location, it wmight be necessary to investigate other than

the
the paving grede asphalts normally associated in this ares to improve the durability

N

The Tindings of this snd other reports vear this out. Vermont is not unigue

with the problem, nor the recommendations. Research has been carried out in

ous Gegq

5

rees of complexity for over 30 years relating to age-hardening and

1

var
cracking ia asphalt vavements. The reports range from sophisticated chemical
analysis of recovered asphalts to simple field evaluations of in-service conditions
of pavements wade with different grades of binder. The reoccurring thewme in many
of’these reports (L, 2, 3, &, 6, 7) is that characteristics of the asphalt binder,
23 measured by one or several standard methods, is of fundamental importance in

o5

cudying vavement durapility. Others (1, 2, 3, %, 5) have also recognized the

o

need to relate climatic conditions as a most important parsweter in relating ; ”4/
/ re e < / i g F/) /7, 1O e
corcreletions have been made 1n enough reports to precilude any doubt as to the

validity of such comparisons. t remoins only for the suthor to choose what

articulaer tack he is able te proceed along due to his time and analysis facility

e}



for clarity of interpretation. The selectlon of those variables was based on
POt pregent analysis facliities, standardized production

techniques, identical tyvpical design sections, highway type and & measursble
reoccurring crack patitern.
in wiew of the above considerations, it was Tfelt that the Interstate system
Vermont would provide the longest time span of avallable standard design
and usage characteristics. Project records of the mixes and asphalis were
comprehensive and well documented. The Isboratory of the Vermont Highway

T 229

Devartnent was able to provide a chemist to do Abson recovery tests to obtain the

penetration and viscosity of the asphalt in the actual in-service samples taken.
The crack valtiern that was observed and measured in the field by the author was
of' the tramsverse type. Only transverse cracks extending a full 12 foot lane width
or grester viere counted. The nuunber of cracks were couuued'and‘ave?aged for the

el

transverse crack interval (TCI) in feet on at least two representative 200 foot

The systen for coring was established by the year the section of highway

J.

tate were paved in the northern as well

was poved. As some sections off Inters
the state the same year, it was declded to core different

geograonic locations within the state paved the same year. Cores were teken
by & wmopile riz with a 10 inch diamond bit. Selection of the core location

on each project was done &t vandom unless the location chogen was obviously non-

omp e

ORI PO, S Y £ e e s .
reprosentative. ALl cores were taken O feet right of cemter line for standordization

This Location has been used by other researchers (12) but is subject to suspect (8

.

dvue to oll drivpings. However, visual cbservation showed little discoloration du:

W

to this. 1t 1s the asuthors opinion that there has been Ll**ie efiect on the final

) ‘

because of this potential contamination. Core depth included top and

er course aversging a total of 3 inches of deptn. Photographs were taken
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The su in-service

N

s e A e Ml T
£ Dresented L WADLTD L.

oroject was cored, 19690 Average venetraltions for the asphall cement used in the
production of both
nroject cecords,
established in, this respect. The TCI as measured in feet
lane was
lane 1ls more
Ly transverse cracked than the travel lsne (Figure X
Table IT gives the in-service age, the recovered penetration, the TCI and

" " ks P R g
age was calculated to

the vecovered visceslty by core. As there is much discussion at present aboui
viscosity grading of asphalt cements, it was desired to try to obtain & correlation
between age and viscosity.

average mix gradations for top and binder as used

Fi¥m =
Lne

preserted in Table IIT.

the record.s,

. s o
vmnmerizes the densities (%

s

o

V gives other relative ianformation as obitained from

theoretical voidless mix) of mix

in the projects are

These averages represent many test results as found in

IV is the summary of core gradationg as extracted in the Iaboratory.

)

tale cores.

prior

of the cores after in-service life.

Limits of Vermont's bituminous items. v

Figure T illustrates the reduction of penetration as the in-service age of

the pavemernt Increases for the top course.
the reduction of penetration ag
the or the binder course.

VI N VS S A SRS [P OPPRPUMPHPE 5% SRS 2 v
Mpure 14D demonoirates

the relationship of recevered

'

s

relationship of

TCI to inm-service

§k7/c>

the ia=-service age of

f

venobrations belbween



Flgure V gives a correlation to in-service .age and viscosity of the top
course, cravel lane.
The relative decrease in menetration from prior to mixing to coring during
the agling process in Vermont is illustrsted in Figure VI
The horizontal line at the ton is the average penetration of ithe asvhalt
Tor all projects prior to mixing as obtained from project records. The curved
line represents the recovered penetration which decreases with increasing age.
A comparison done by others in Peansylvania (8) of various peaetration grades of

asphalts and how uney age 1s illustr aucq in blgu““ VIL.
- Ao

FiGeve L) MostraTes ek e Do, o lher= 17 ons //I*“”””V’ﬂ)f”7”"ﬂ“r"~. .
Pigure 1X is Lhe FI'(Free21ng lﬂQ@Y) of tne United States. "/”%va‘*”%ﬁ'qﬁ/vj

73 7 e 7 /7,/
Figure X shows pnotographs of the crackfilling operation prior'to /"

overlayment on the Iaterstate system near Core 1. Note the greater nuuber of

v

trensverse cracks filled in the passing lane than the travel lane.

IR



lewis of the Public Roads Administration (1) noted in 194LE,

e B PN PR N ,. . - A=
YWOLLODT arnd Lew

te, as influenced by the consigstency of

2 o P LT de G vt i el s s JENPN S
whic environment in which they are located.

bitumen ot which pavement cracking occurs 1s

s

of agphalt cement."

A recent report from South Dakota (3) concluded, "A definite relationshio

was Tound to ewist bebween asphalt harduoess and pavement cracking. The hardest
asphalt used in South Dakota (85-100 penetration) can be expected to develop

a crack spacing of 50 feet or less within three years of construction. Nearly
two-thirds of the projects using SC-e, the softest asphalt in general use,

show little or no cracking d&fter an average of ten years of age. Intermediate
nardness asphalbs show correspondingly intermediate levels of CfaCnlﬂ"-

Housel, Professor of Civil Engineering et the University of Michigan

and Research Consultant for the Michigan State Highway Bepartment (5)

(1 A . . . PPN 5 . et N
With full realimation that pavement life and serviceabillty are coatrolled

o

more by eavironmental effects thain by load application, pavement design practice

way ve pointed In the future more d*fbc Ly toward compensating for thege natural

degtructive influences. The range of pavement performance covered by the

wregent profile surveys is sufficilently large and the contrast betwe he best
zad poorest performance such as to indic nat emphasis in design on the

environmental factors may produce substantial improvements.'

have demonstrated that & relationghip most definitely

the asphalt binder, crack phenomenon and climstic environment

This paper presents Vermont's peculisr application to these relationships and

&y z.
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iillustrated by data collected on cur Interstate system.
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Tt owmignt be suggested that the data presented is insulficlent o
ho gy e ENS N SRS e s 2 n iy o e A e cads T e g sa.
ghete that the relatlonsnlp does indeed exist. However, 1t is

v e £y - 0y v
ers, and to show

the correlatvion of these factors in Ve

s Pt el 5 - By - BTN vt ] SARES IR TR a2 e R ™ T e e b N
considered, that of climatic envircnment and pavement cracking. As This

oy b « o LI TR, S RN P YA - g 2 de = et i
wort showed & possibility for further study, it was dec

-

a third paramncter, that of the properties of the recovered aspiaalit. As 1T

o - O :

appear%élizzle work has been done to investigate "aging gradients' through
the depth of the pavement {(10) it was hoved by analyzing the surface and
binder courses separately sdme correlation might be obtained. .

The main concern was to find what could be done to extend the durability
of asphaliic vavements in Vermont. Welborn (1) and others conclude that a

nesgure of durability can be mede by tests of the recovered bitumen. Dus %o

)

the normal work load at our Laboratory, cur investigations into the tests of

~eegvered bitumen were restricted to penetration and viscosity measured

<1
cae

[

at stondard temperatures. It was felt that low temperature ductilities would

1 -

wave been of great help in measuring durablility, but beceuse of facilit

o

o

Limitations these were not run.
Of course, a Justificaticn must be made as to the reduction of varidbles

the asphalt cement itself. OFf major concern

%

o

the exclusion of all excep

i

+
@)
i

is

s

ng of the pavement. Two factors which affect the voild content, among others,
ere mix design and paving technigues. The standard Marshall Method and the Bureau

of Public Roads Gradation Chart (Form PR-1LLILS) is vtilized for the former and

ey : )
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ceres reloting to the perticular wix production for
.

letions and denslty remain within a

sre considered acceptable by the Asphalt Institute
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hows the densities from the
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“he void comtent (8, 11, 13, 1k, 15), particularly as it relates to in-service



remaining within the range of densities of the initial mix. Due to the

Toct that no wide wariations occur with respect to these densities, it is

O

concluded thetv the relatlonship bevween the recovered penetrations and

oihe original penetratior icaciv
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of the aging orocess due nrimarily
to.y ars in-service in Vermont's climatic environment, and anot ceused
oy poor design or pavung techniques.

With this establishea, Figure I illustrates the reduction in peneuration
for the top course as in-service age increcases. TFrom Figurg, ITI it is
interesting to note the lag in réeuction in peneiration for the binder course
behind the top course. The most logical explanation would be the reduction
of the oxidation process on the binder course due to its physical location
in the mat. This 48 substantizted (16) by both penetration and ductility
values which are the lowest for the surface course and highest for the bas
course. Lee (6) also showéd this in his work, though with viscosities and
not peneciration. IHowever, the penetration does reduce in both cases though

at apvperently different -rstes. With the reletionshiv .established betwewnn

reduction of penetration to in-service age, 1t became necessary to corrclate

-

<
o

the treasverse crack interval 4o the in~service age, which Figure IV does.
With less than U yeurs in-service, the TCI is either extremely_large and TOO
rendom to conclusively measure or nonexistent. After 4 years of service, it is
shown vhat the TCI becomes of severe enough nature to evaluate and continues

e

to deteriorate as the age of the pavement increases. The shortest TCI measured
vas 12 feet on pavement 6 years old in the north-central part of the s% te on
the Cenaeian border.

It remained oaly to correlate ti2 se two phenomenon as they occur witiain
Vermont's particular climatic enviroament to see at what minimuvam penetration
the TCI becomes of reasonzbly recordable freguency. With the age oi L years
w

estebliched as producing a TCL of severe ansture and going to Figure 1, it is

en that a recovered openetration of slightly above L0 in the top course will
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¢ will reach & critical value ration oy viscosity

ERN o .
ouneY DTOLETTY ank

~

: N -
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To illugtrate the drop between recovered penctration from its original
penetyration, Figure VI is presented. Using penetration as a measure of

.

ity (L) and considering current construction practices as providing
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grade of asphalt To substantially DOOST
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Vermont presently has some 120-150 penetration asphalt in use. One

:

roject is only one year old and is much too new to indicate

a} ey

any difference between 1t and the 85-100 penetration used on the o

.

ther half

3
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used in normal (2% to 3 inch) thickness pavements for equivalent in-service ag

-

These values are believed Lo be caused by the thin overlays oxidizing al & wore

ace ceurse. Lven though these thin overlays
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TETE than The normal surx
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v E< - PO LI L . J- - - - L3 o
nsverse cracking of conseguence in projects up to 5 years old, walch is
e . e ¢ s R BN - o
120-150 penetration asphalt in use in Vermont.
A T e Ny e e PR <o e At L el e e o P i 33 % gy o e ey e o
As Vermont has feéw pavements constructed with other than 05-100 penetration

[ P S o SR RN - P P I, i bl A (IS 1

Penneyivenia using various grades of asphalt cement. Five different initial
-, » " . 4 e e e 4 i e » LAY - K1 S, #H N
agphalits were used on test gtrips éand cored pericdically. It ’

venetration st all ages. Cotolski reported "that a common (70-85 penet

. -+, ca N B o . s . - g “
3,000-200 wiscosity) asphaalt was performing as well as any as indiceted by the
cen be seen in Figure VII because the

e o

tiocn is reduced. However, two of the Line

pogsibly would have already produced

30 months, and three others (110, 9k,

and 89 pe:atration} by extrapolation would approach a penetration of Lo
conglderably sooner than tﬁe line 146 penetration asphalt. .

Tt was memtioned earlier thet it would Asve been i teresting to measure the
uctility of the recovered asvhalt 2t a low temperavture as an indication of

s climatic eavironment. Gotolsk (9) did work on this

gyrproach in Pennsylvania. Figure VIII illustrates that the softest 1 grade
£ asphalt as measured by both initial penetration and initial ductility remained

&

How well do our findings compare with work of others? Giletz and

ils)
(k) in their Wyoming work showed Little or no cracking when the penetration of -
the recovered asphalt remained near 40 or above. Inspection of the Figure T¥
shows the Freezing Index of Wyoming comparable to Vermonts. South Dakota (3)

(<)



fa
Q]

coacludced that wransverse cracking could tecome a serious problem ia 3 ear
vsing 85-100 penetration asphalt and that the use of 120-150 penetration

Sy

aspnsliy displayed a gregter resistance ©o cracking then dia the 100-120 or

85-100 venetration asvhalts. The I'reczing Index of South,DakoLa im uohb.ﬂwb
greater thon Vermont's, tﬁus oUQSCEEln; that nbr‘a)p-tranSver;é crackigg ogcurs~u
in South Dakota aﬁ a higher rccovered penetvration thon in Vermont duo to‘thg.
colder Gemperature. Thais is sugvorted by Mcleod (2) in his findinge north
of the CGreat Lakes, vhere the Freezing Jndex is considerably higher then Vermogts;
Meleod found that transverse cracks were not serious as long as the ﬁénetration
of the recovercd asprall rcﬁained above 60 as one of the limiting criteria.

Agein, consicering current construction practices acceptable in view of
density, the practical snd most econowmic way to increase the durability
is to select a softer grade of asphalt. Cotolski (9) demonstrated this as

showa in Figures VIL sand VITII. tlau%es VITI and VIII slso demonstrate the

relative closeness of cnaﬂactefl 1cs between 85- lOO und 100 lEO/pvuetfatlon
sphalts ,as cwell 5 e c NV a ~-mon Aao

@S ps ! v LATT AL < ()—r LSy Ne 1E0— 15 ==
P2 /P e D T, ezt A RS oD AN /_; e 5 -t 20D R T
graded a8 “&tén the differefice in penetration bétiesn the o grades is

L

only 10 points. Mcieod (2) also demonstrated the concept of skipping at
leass oae grade o obtain appreciable results. To realize aany appreciable
increase in iurability, then 1t mast be concluded that Vermont should go to

the 120-150 penetration grade as the initial step in improving the durability



gphalt cement To create pavement rfailure.

©

2.) ull 12 foot lane widith transverse cracks occur in recoréable freguency

after about b years of in~service use.

3.) The average recovered perztiration after 4 years of in-service use for

phalt in surface course is about LO.

85-100 penetration a

[

L. Our findings are comparable with the work of others.
(=l s
5.) The use of softer asphalts will substantially increase the dursbility

of pavements in Verwmont.

S

6.) It will be necessary to change from 85-100 to at least 120-150 penetration
to realize any appreciable lncrease in durability.
grd
7.) No change in present mix design methodsid anticipated as detailed in

the suginary.

RiECCMMENDATTONS

1.) Vermont adopt the use of 120-150 penetratiion asphalt as the initial

v

step in increassing the durability of its asphalt pavewments.
e e . . . 1411)174'
2,) ILimiting requirements other than penetration (as fermal from 4 below)

should be included to insure & durable asphalt cenent.

.) With adoption of "3-Stage Construction" on the Interstate system it is

(3]

supgested more work be conducted in the "aging-gradient" to hopefully establish

the optimun time the third stage should be applied to recieve the full durability
it of ecach stage of pavement.
h,) Tnvestisatioa should be conducted into low temperature characteristics

of different grades of asphalts.

TN YT T TR T
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