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for 
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is concerned -vr:L .. the irlcidence of .JGT8�rls'\rerse cra .. cl<:s} 

in on 1 S In.t.8x·sta/ce 

is conceded to of 

of 

to reduce or eliminate these cracks 

are brief discussions of some of the various factors 

and ,·[hat if any) be 

�n them 1'7ith the adoption of satter of cement. 

A. ) 

The amount of Bitumen in a 

v-ary -becaus e of a in ·the of Asphalt Cement used. 

This fact been borne out our limited as \-'7811 

as a review of the literature. Selection of bitumen content is 

based on the standard i/iarshall Method of desig:.'l for a 

sou:cce. the sources vary, so \·rill the 

biJeumen content requiremenJGs vary to s.ome degree. Tne 

of the variance be regardless of the penetration 

of bituEen selected. 

B. ) Air Vo'1..cls 

on air void content in Vermo�c!s bituminous 

mixes are con-trolled by the Th.ese 

compare to those recomr!.lendec1. by the Institute. J:.fcLeod (2) 

in 60/70 cement "id tn 150/200 

cernent' no dJ.ff8rence in laboratory 

for stande,rd 

85/100 

cement and 120/150 asphalt cement, no 

in air \oras noticed. 



c. ) 

) 

T.1 \ 
J.' • ) 

is no 'ivl1l occur 

air void cor�Gent. 

'voids a :function of the volume 

ai:c voids in the mix. The contrlbution the t, 

is volume, therefore} d ifferent s 

not effect the end the discussion 

of air voids and the above, it is concluded no significant 

occur in the miileral voids. 

It :Ls not anticipated at �Ghis �cime that any in minus 

As this is a void 

it is :celated to VM13.., I'Thich \'TaS discussed above. 

from 85/100 to 120/150 penetration cement; in the 

Proctor test road, no chane;e in the 1/2.00 material was 

��e viscosity of an cement is a function of its crude source. 

Vermontls 

, no 

varying penetration 

'comes from a limited of 

change in has been recorded for 

of coment. increase 

ae;e of the pavement 'Ii'11.1ch is substantiated by this and 

the 

in hastens failure ( 9). A 

review of the literature, (1]2)9) ShoviS that the el� 

cttlctilities at any given 

cement's. the 

cement i S retain, in-service ductilities. 

It to retain as a ductili .as 

) e in colder climates) to retain 
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:a. ) 

any 

is �GO 

:flrorrl -the litera/ture II 

mInor 

all.d discussed earlier� TrIG 

of these tuxes are included in 

It is our that it, is the rather .Jchan tIle 

to find a 

is more -I:;han four or five years old Jchat does not have considerable 

transverse in Vermont. 

A report by ·chi s on cracked and uncracked In-t,erstate sections 

dated November 1965 states litt;le could be found. 

on the I (9) contract and severe 

on the I (10) C-3. The age in both cases) 

the was four years. As this is our estimated 

critical age fo:c transverse cracks to occur} it is very to 

one section cracked and the o"(.her uncracked. It is of interest 

to aside from the report's of t,he 

th[d� tGsts nm by JYiobilc Oil in ShO\lCd tb.e 

ctuctili :1..n the uncracked section to 56 ems at . and 

cl'acked section' to be 5 ems. Cne could logically e)::pect 

in at least contributes to t:.he, 

the In fact, D .. :ftex· all 

corlcl11dccl t.J:lat �chis in ductility is the 

must be a cemse of tvTO sections 

befor'e tIle The I cored 

aur in July 1969 (core 1123). At that the 

O'? . � 



Concern is e:'Cpre 

mixes 

the travel 

a:t of 

the 

cetYLent 0 

for 

Ch[.i,.:r':�C�;:'8risti cs 

s 

increases) the 

) but also ,</hen 

dec:..�eases the 

of the 

and 40°F is much more dr8,m.atic than is the in sta.bili from 

illustrated (1) 

these,two 

hacl a 

Tile 93 

ar::.d 8,400 

at 10l\"er 

( 

cement to a 93 

Hubbard-Field 

The 156 

cement. had a 

!!Tests of the vreathered 

for 

were also malle 

to a more complete picture of' 

may occur under nO:J:'l11D..l clima:t,ic conditions. II 

it; has been shmm that increases \'rlth 

age because of the of the contained cement 

and that this increase in is proportional to the rate of 

decrease in HcLeod (2) discusses the 

and desc:cibes the His basis of is thD .. t 

if the obtained on the project is only 

for a 60/70 

CCL'lent) it is to 977� of for 150/200 

cernent, and at these two points, these 



... ) u. 

to 

�the 

lToulcL 

ho\·r soft etl]. t 

iYl colcle:.� 

1·r111 be a raatteT fOl� sOlJ.nd 

II 

Research Board in 8� 

hot 

anel 

also 

showed mixes fox" val'io11s 

of 

'II/hen a stress 

The, IYl.stit"Llte 

and. cQ}:'rective 

the 

of: a rn.ix by 

tiL"IlG to flo';'l 

1.S incre2"sed 

} irl low 

� states "It usually is �co 

and increase the void. content 

the amount of crushed materials. II 

'rfe can) therefore, see that stability 'l>1i11 be a function of the 

of the as "ire1l as the 

judicial Further) is 

on the climatic. environment in ,{hich the rr..ixture is 

Vermontis and it is .. 

the author!s opinion that usage of 120/150 

cement wj.ll not alter :'che stability characteristics 

of our This again is borne out in the, Proctor 

�Gest road ,·there the values for 85/100 t 

cement and 120/150 asphalt cement using the same 

\,rere identical" 

This of work has been dOYle by others (8J9) \-Tho shol'/ that the· 

cements continue to 

ancl in -service 

to 10\·;er cements. From the literature, 85/100 



E"ppea:c -co 

1 

to a.bout 

2 years J '1-1hereo.8 

to to about 

is n.o t.o believe there 'V7ould be any in this observation 

construction methods. This is borne out 

about four years for 85/100' 

40 in VerlY�ont. 

K.) He concur that in 

attention to their 

c1in�tic environment. 

of' the recovered 

of due to 

fact that it 

t cement. to reach 

in Vermontls 



\/eJ:,r.�Ol.Tt : S expanded use of hot -mixeo. asphalt paverc.ents in re ce nt years has 

d2velo�x�d a d.efinite ne -d for investigation into th eir in - se nrice perforrnanc e . 

GroHin[,; COnC8r(.:. ,-ras expr2 sse d as to the durability of th2se pavements because of 

certain crack p}1enomenon occuYl�ing after a period of in-service use, It vlaS felt 

that some of the reoccurring crack p2.tte:cns could be re lated to properties of the 

usphoJ.-l; cc:ncnt :i.tscl:L'., 

Ve�rnontts geographic locati.on imposes climatological factors shared by only 

a f \i 0:[' the other states along th� northern tier of the country , IJ" i�B.S felt 

, . '  

that because of Vermont t s 10cat:1.on) it might be n2cessary to investigate other than 

the paving grade asphalts nOrTo.ally associated in th is area to improve the durability 

of our pavements, 

'rne findings of this cmd other reports bear this out. Vermont is not unique 

\'li th the problemj nor the recommendations, Research has been carried out in 

various degTees of complexity for o ver 30 years re lating to age -hardening and 

c::cacking in asphalt pave·m.ents, 'I'he reports :cange from sophisticated chemical 

analysis of recovered asphalts to simple field evaluations of in-service conditions 

of pavements rna,de Hi th diffc;rent grades of binder .. 'I'he reoccurring theme in many 

of t,hese reports (1, 2) 3) 4 J 6) 7) is that characteristics of the asphalt binder j 

as measured. by one or several stand.ard methods) is of fundamental im:portance in 

studying 1)8.vemc;nt dUl'ability, Others (1) 2) 3) )+) 5 ) have also recognized the 

need to r'elate climatic conditions as a mosJ" important lJara,meter in relating ./ 
In-:.r;;?rVIC� ddC70>1,+y -Io�. fXV'-fIGuIO/\ CAP-'lClGW .... 'sf,c o..{!tie 'aSf"Aa'''H: -n"p"<-R 
cOl�relations have been made in enough report s to preclude any doubt as to tl�e 

validity 0; such comparisons. It remains only for the author to choose "That 

particula,:;:, tack he is able to proceed along due to his time and analysis facility 

lirrLi tat ions • 



or 

-'GO reduce the of variables used for 

) standardtzed 

ic1eD.tical type and rneasurable 

c:tadc 

of the above considerations} it '\>ras felt that the L'1t.erstate 

\'70uld time of available standard 

ch2.:racteristics. records of the mixes and 

and \'/ell documented. 'I'he o f  the Vermont 

I,rere 

\las a"Dle to a chemist to do Abson recovery tests to obtain the 

oft t,11e asphalt in actual in-service s taken" 

and measured in the field the author \{as 

transverse cracks e}�ending a full 12 foot lane 

'vl'ezoe counted. The 'uwIlber of cracks v!ere coun,teo.' and for the 

tranSVerse cl�ack: interval on at least tiW 200 foot 

f'or 'lIaS established the year the of 

some sec'tior-1S or Interstate "Irere paved in the as vlell 

as SQU-t,rle:Cin Sections o f  tl1.e state the salne to core different 

locations 'wi thin the state tile sa111e yes .. r. Cores 'Irere taken 

vtith a 10 inch diamond bit. Selection o f  the core location 

on \Jas done :tandom unless the location '(-ras obviously 

All corce \-rere t:::.ken 6 feet of center line for z[J:tion 

Thic loc:ation has been used by other rcsearchers (12) but is subject to (8) 

to oil visual 8hm'lcd little discolorat:Lon due 

to is the opinion that there has been little e ffect on final 

::eSlll -because o:e tnis contarnination\J Core included 

COllrse a total of 3 inches of deptft� 

core locat�ion_ 



1:Tllere 

to recover -tb.e 

i'o:c the binder 

proce ac 70 

on "'ehe 

test (100 grarns 5 

of t�ne cores .. 

(a1 



of age 

in 

on 

TeI for all core 

T,·rere' 

for each average � Trle 

cor:celat:LoYl cm:tld be established in. this IJ:"lhe TCI as lneasured in feet. 

only the tTavel lane \,raG 

It that in 

tl'"O(111S'r2Tse cracked �t.han' the travel v) 
A .  

the in-service age) the recovered the TeI and. 

by COre. As there is much discussion at about 

viscosity cements, it \vaS desired to try to obtain a correlation 

T�'1C average LYli::( for and binder as used in the projects are 

in Table III. Tnese averages represent many test results as found in 

tl1e records. 

Table rv' is the sUrnmc1l:"Y oi' core as extracted in the 

Table V gives other relative inforrfl2;'cion as obt-,aiued from the cores. 

Table --VI surmnarizes -the deYl.si ties voidless mix ) of mix prior 

to and the of the cores after in-service life. 

the 

'I'D,ble VII the limits of Ver&ont's bit�,inous items. 

I illustTates the reduction of as the in-service age of 

course. 

II :Ll1ui..rtratcs the reduction o:t as the in-service of 

irlcrectSes :for course. 

of recovered. 

the of Tel to in-service age. 



Fic;ure V gives a. corre lation to in-service ,age and v i scosity of the top 

course) travel lane. 

The relative decrease in :penetrC):tion from. :prior to mixing 'co coring during 

the agine; process in Vermont is illustr's.ted in Fig-ure VI. 

The horizontal line 8.t Jehe to:p is the averaG;e penetration of the asphalt 

for all projects prior to mixing as obtained from project records, The curved 

line represents -ehe :cecovered penetration "rh :i.ch decreo,ses \'iith increasing age. 

A conr9al'isol1 done by others_ in Pennsylvania (8) of various p:::;;1etro,tion gradef5 of 

Fif:,v�'e X shO'i,rs photogr8,phs ofth.::: cracki'illing operation prior
' 

to 

overlaY'.JJ.cnt on the Interstate system near Core 1. Note -�he greater number of 

t:cansverse cracks filled in the passing lane than t'o,e travel lane
'
. 

(;f) J / 



of PU.blic stration ( 110ted J 

the 

in \,rhic11 

tical of ,iJ:lich is 

iTl clirilstes i.n 

Oil Limi 

in Canada 

3J1U t:nat i.!G can be reduced and even eliminatecl 

'LlSe of soft.er of 

from South De,kota (3) "A definite 

'c used in South Dakota (85 -100 can be to 

a cr8,cl( of 50 feet or less '�hree years of construction. Nearly 

two of the 

little or no 

Professor of Civil 

sC-6J the softest in 

an of ten years of age. 

ixrt.erlllediate levels of cracking. 
II 

the of 

State High''ivay Department (5) 

COl1.cluded in 

HHith full realization that pavement life and are controlled 

more by environmental effects than load pa'lell1.ent 

be J.n the future more for theSe natural 

clest:rnctive influences. The range of covered the 

surve'Jrs is and the contrast betvreen the best 

'1'his 

such as to indicate that 

These oth2rs have 

substantial 

binder, crack 

Vermont I S 

(f)fl 

in de on these 

most 

and climatic environment. 

to these 



It 

does indeed exist. it 

of othe:CG; 

In an 

fUrther study;; it was 

of� tne of the l�ecovered 

been done to 

of (10) it vas hoped by the surface and 

, .,  . �G11lS 

it 

binder courses some correlation might be obtained. 

'I'he main concern l'1as to find \,rhat could be done to extend the durabili 

of in Vermont. Helborn (1) and others conclude that a 

can be mad.e by tests of the recovered biJcumen. Due t,o 

the normal 'Hork load our Laboratory J our into the tests of 

tl1e 

limi -'cations 

bitun:en l'Iere restricted to penetration and measured 

I-ras felt that lOi-' ductilities '\oTQuld 

in but because of 

course) a justificat,icin must be as to the reduction of variables 

"co of all except the cement itself. Of major concern 

is ",;,ho voiet cor/cent (8, as it relates to in-service 

'I'vfO factors which affect the void among others, 

The standard If;.arshall Method ancl the Bureau 

Gradation Chart is utilized for the fOlliler and 

CO:Ce3 for the latter 4 

'l'8.b10 shm'iS that the mix Temain vli thi11 a 

le by the Asphalt Instltuie 

(11) our '1'2..b1e VI shm-,s the densi"cies from the cm'es 



rc::mainil"'.C; uithin the range of densitie s of the initial mix. Due to the 

f;::.ct thace. no wid.e variations oc'cur "lith :cespect to these d.ensi ties J it. lS 

conc, tcdecl 'ch8.".:, '<:,11e l'elationship be-�'\Jeen the recovered p8ne�crations and. 

tJ1e o:cic;inal penetx'ation j,s j,ndicative of the aging 'orocess clue primarily 

-to years in -service in Vermont I s clim8;tic envil'onment) and not c8,used 

'oy pOOl' clcsj,Gn or ]J?Nins techni,CJ.ues. 

11ith this established) Figure I illustrates the reduct ion in pene'c:cation 

for the top course as in-service age increases. From Figur'j.. III it is 

inte:cesting to note the lag i,n reduction in penetration fo:1.' the binc.er course 

behind the top course. 'I'he most 'logical explanation ,muld be '(;1"2 reduction 

of the oxidation process on the binder course due to its physical location 

4-l':S .b.:..-.:E)? 
in the mat. This � substantiatec. (16) by both penecration and ductility 

values "ihich a:ce the 1mlest fOl,' the surface course and highest for the base 

course _ Lee (6) also shmred this in his "TOrlC, though \·tith viscosiJcies and. 

not penetration . Hmfever) the :oenetration does reduce in both cases though 

at apparently different :':3,te8 . \.Ji th -the re18,tionshi�J ,established bE:t'irer.::n 

reduct,ioD. of penetration to in-se:cvice 8,ge) it became necessary to corre18,te 

the tx'ansverse crack interval to the in-serv
'
ice, age, "'ihich Figure Dr does. 

itii th less than L� years in-service J the Tel is either extremely large and -Coo 

random -Co conclusively measure or nonexist.ent. After 4 years of service ; it is 

shm·([l that the Tel becomes of severe enough nature to evaluate and continues 

to deteriorate as the age of the pavement increases. The shortest Tel rIleasured 

\,ras 12 feet on paw;men-c 6 years old in the north-central part of the state on 

the C3,l1adian bord.er. 

It rem8,ined only to correlate tl'e se t'i,ro phenomenon as they OCCU:C Hi thin 

Ve:c'�(lont s particular climatic enviY'onment to see at \-lhat minimum penetrat ion 

ttle Tel becomes oJ:' reasonably �·ecorc.able frequency Q VIith the age 01' l� years 

established as producing a Tel 0 severe natlJre and goins: to Fj,[,;ure I; i'c is 

seC:1 that 8. Y'ecoVel'E:O_ penetration of slightly above 40 in the top COUl'se "ri1,l 

produce this. 



fOj� 

; or to 

of 

fc.il �be=foZ'e 

valve o:c -t lS tl'lis cri (or 

S) J and tILe t irne tb.e 

-100 ts ana one 120 

It. is of interest to that of the 

toolc the 

out that, even 

\riscosi.[c.ies J f3 .. il at 8,,11 earlier titne �because I,(ould ::ceach the 

crit�ical earlier. 

To the "between recovered from its 

VI c�s a rncasure of 

( and current const:t'uctio:'1 as 

proper Qensities ( " "I ) 
J.J. , then it is to 1nvo the use of a softer 

of to sub boost the curve in 

the in-service time for the to reach 40. 

Vermont has some 120 in use. One 

lS only one year old and is rc.uch too new to indicate 

the 85-100 used on o-'eher half 

Other usage of 120-150 has been in thin (;�" inch to 1 

for maintenance in a fO\I areas. of "these 

:cecovered that of 85-100 

to 3 thiclmes8 for 

to be c,rused by "the th�Ln rnore 

th.e norraal sur:Cace COllrse q Even 



to 5 yeo�rs 

'l erraon.t " 

in 

t cement. Five :i.ni"cial 

t118/c the softest' of x�etained the st recovered 

a/c all ages � Gotol�lki a cornmon (70 

viscosity) as \·rell as arlY as irldica/GeCl by the 

retained 
" 

This clem be seen in VII becaase trle --. 

flatt�en as the tion is reduced. -[;"10 of the :'ine 

(77 and 59 vould nave 

transverse in Vel�ffiont)' vTithin 30 months J and three others (110 J 94 J 

by would of 

sooner than the line 1�·6 

It \las ri1entioned earlier that it Vlould to measure the 

of the recovered as an indication of 

in Ve:nnont 1 s climatic environment, Gotolski (9) did \fOrk on this 

VIII illustrates that the softes�c line 

of' as measured by both initial and initial 

the sof-cest the as rncasured by a11cl 1 C1U 

minute. Gotolski1 ,-Then correlated with L8e! s) indicates that 

increases the ti�ne 

to reach value 

compare "lith I'Tork of others? Gietz a:'1cL Lanib 

( in their vro:clc when the of 

the recovered re:ilained near 40 or above. of the IX 

I11dex of comparable to Vermont:::;. South Dakota (i3) 



concluded that transverse crackint; could b e come a serious problem in 3 J31),X'S 

lJoshlQ; 85 -100 penetn:tton aSl)halt and that the use of 120 -150 penetration 

as;1D:;.lt clisplayed a [;l'2ater resistance °co ccacking than did the 100-120 or 

85 ·-100 :penetration as�)halts. The Ii'reezincs lnde}, of South .Dakota is GOme'>TDat 
. . ' . , . " 

src2.-cer -�han Vermont I S J thus suc;e;estine; that perhapstranSVeYf;e C:t'a�king occurs 

col _21' temperaocure. Tllis is supported by McLeod (2) in his findings north 

ol the Great w,l\:es) \Ihere the Freezing Index is considerably higher thari. Ve:cmon-cs � . .. 

fkLeoc1 found that transverse cracks ':-rere not serious as long as the penetration
· 

of the recovered asphalt remained above 60 as one of the limi-cing criteria. 

Agztin; considering current construction practices accepta.ble in vi '\/ of 

d.ensity J °che p:i."actical anod most economic O(·ray to increase the durability 

is to select a softer' grade of asphalt. Gotolski (9) demonstrated this as 

shmm in Figures VII and VIII. l"ig;u:r.es VII and VIII also de�rlon3t:C'ate the 

only 10 points" r.kLeod (2) El,lso demonstrated the concept of skipping at 

least one grade to obtain appreciable :cesults. To realize any appreciable 

increase in durability; -chen it must be concluded. that Vermont should go to 

the 120�150 p2netY'ation gl"ade a.s the initial step in improving the dUloability 

of its asphalt pavements. 

. i, 



L) There are critical values and times for controlling properties of the 

asphs,lt cement to create. pavement failure. 

2, ) Full 12 foo-c lane \·ridth transverse cracks occur in recordable freqyency 

afte:c a1)out �. years of in-servicE: use. 

3. ) The average' recovered pe:cetration afte:c 4- years of in-service use for 

85-100 penetration asphalt in surface course is ab out 4-0. 

4. ) Our nnciings are comparable ,iii th the Hork of others. 

5.) The use of softer asphalts Hill substantially increase the dura,bili ty 

of pa,vements in '\/errilOnt. 

6") It ,·rill be necessary to change from 85 -100 to at least 120-150 penetration 

"'co realize any appreciable increase in durability. . . , 
au' 

:GTo change in present mix design metho� anticipated as detailed in 

the SU1'1l:1ary. 

m:cme·1E:GTDATIONS 

10 ) Vermont adopt the use of 120-150 penetration aS�Dh9,lt as the initial 

step in increasing the durability 0:2 its asphalt pavE:rn.ents. 

-foz>YlJ 
2.) Limiting reCluirements other than penetration (as ��l from 4- belm,) 

should be included to insure a durable asphal-i:, cement. 

3. ) Hi th adop"'Glon of "3 -Sta,ge Construction" on the Interstate system it is 

suc;c;ested more ·',mr].;: be conducted in the Tra[:;ing-e;radient" to hopefully establish 

the optinrum time the third stac;e should be applied to recicve the full durQbilLty 

l)(::nefi t of E:nch stage of pavement. 

if" ) Investic;ation shoul<:l be conducted into 10\-( temperature characteri stice 

'1'he author is indebted to Mr. Ed.,·rard H. S"'cickneYJ Assistant Chief Engtnee:c) 

and Kc, F.ca:rili: E. Aldrich" Paving Encineer J Vermont Hj_gh,·ray Depo,rtment J for their 

corrtj.nucd interest and. ::;upporJc of th:i.s projec·t. 
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