PRELTMINARY ANALYSIS OF

ASPHALT PAVEMENT -~ CRACK INVESTIGATION

INTRODUCTION -

Essentially, all laboratory testing has been completed on samples
taken from pavements exhibiting distress in the form of cracking in the
wheel paths, longitudinal cracking at what is evidently the construc-
tion joints and raveling., The data available is limited, in fact,
minimum for definitive answers for many of the projects. However,
using all the data obtained from all of the projects, certain fac-
tors appear to be the cause of‘distress in these pavements., A limited
number of pavements that were not distressed were included for compari-
son.

FACTORS CAUSING DISTRESS -

It appears that two major factors are basic to the early hardening
of the asphalt, which in turn causes an extremely brittle mixture in-
capable of withstanding even normal deflections under heavy wheel
loadings. These factors are: (1) a lack of an adequate amount of
asphalt in the mixture, and (2) a lack of compaction of the surfacing.,
In some projects both factors are present causing an even greater
rate of hardening and early cracking.

Several investigators have reported that high air voids causes
early and rapid hardening of the asphalt., The most recent publication
and probably mcst definitive work was by Goode and Tulsey in their
paper, "Voids, Permeability, Film Thickuess and Hardening" in the
proceedings of the AAPT Vel., 34, 1965. They found that abratio of

the Voids to the Bitumeu Index correlated very well with the retained



penetyation cf asphalt in mixtures having differing woid contents,

tions that the total

(See Fig. 1). Theisr viork rescited in recomrend

air voide should exceed three, and the voids birumen index ratio not
’

exceed four,

The Asphea

when determined by the Kice Method. The air veids in this study were
detarmined by the Rice methed, and are therefore an indication of meet -
ing this criteria, Several states recommzsnd thet ceompaction weet 95 peaw-
cent of laboratory standard from the Marshall Test, and others 90 percert

cf laborsatory thecoretical zero a

Fic

xr voids density,

No. Caroiina and Minnesota each use Marshall 95 percent, Ohic uses
92 perzent zerc veids. No. Carclina also usze 90 percent zero void on
base courses., Washingten in repcrting the allowanze of 8 - 10 percent
voide is actually sti{flating 90 -~ 97 pevcent of z voidiess density using

the "rice'" method
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thinking end in procedures to control the actual mixes, It is evident

from our data thec if *he air voids ars ghove
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ght o an average, that
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¢ cracking. Oniy when the total voids are below about seven has

we hz

the project been free of cracking. This doesn't fully describe the pro-
proj g y P

blem, however, as zxtremely thin asphalit films are also subject to
brittieness and hardening. Even though densities may be high, and sir

veids are mederate, 1if the gradation is such that the film thicknesses
are less than 6 micrens ( a bitumen index of 0.0012 or less) that an
unsatisfactory condition exists. This figure is reported as a safis-

factory film thickncs

n

in Goode and Tulsoy's paper.,
Figures 1 and 2 illustrate the effect of eir veids on rapid har-

dening of asphalz,



Monismith Secor and Blackmer iﬁ studies of "Asphalt Mixifure
Behaviour in Repested Flszrure"”, show that as thz void content of a
mixture increases the fatigue life is shortened vefy materially,

They also report thzt as the asphalt content is inereaéed the fatigue
life is alsoc increased., (Ss= Fig. 3).

These studies show tﬁe very import effect of atiaining mixtures
that have minimum voids a2d” censistent with stability to attain dura-
bility. The hardening due to excessive voids incrzases the britile-
ness of the paving mixture to the peint thst the permissible flexure
without failure is reduced below normal flexure for ctherwise adequate-
ly designed pavements. Cracking of the pavements due to flexure fail-

ures then leads vo deteriorztion from the elexant

il

m

, ite water etc,

LIMITATIONS FOR SATISFACTGCRY PAVEMINTS -

It appears that to have g satisfectory asphait pavement it must
have:

1. A satiéfac&ory zsrhalt content with film thicknssses at or
above 6 microns and sufficiznt air veids when fully compacted to aveid

flushing. The most desirable ssphalt content showld be as high as poss-
ible and still permitthe mixture tc have stabiliity, and yet not flush.
A minimum of ailr vecids of gbout 3 per cent is the limiting value to
prevent flushing. However air veoids sheuld net exceed ghout 6 percent
or the voids bitumsn index ratio exceed 4 percent, cr exczessive voids
cazuse hardening and brittlencss., These values cheuld apply to Labova-
tory mix degigns.

2., Field compection sheuld provide for attaining ﬁct less than 96
percent of the weight per cubic fcot of & izboratory compacted specimen .
of the samc mixture, If the upper void content iz allcwed in the Lab

mix design, and a minimum compaction ounly atrtained in the field, the



totai voids weuld excesd § percent siightly, but should be the maximum.
Although this value is higher than desirable it éppears to be a prac-
ticablie Iimitation on either design or compacticn.

3. Field control of the range of asphalt content should be such
that the maximum deviation from the optimum asphali centent is teld to
within 4+ 0.5 percent. A variaticn of one~half percent is the equivalent
of varying compaction or air voids one percent., A lowering of asphzalt
content cne-half percent in compaction by twc percent would increase sir
veids by ﬁhree percent which is critical to satisfactory performance.,
(See Fig. 4, 5 and 6}.

4, TField control of compaction should be such that the mixture
is compacted to nct less than 96 percent of the laboratory weight per
cubic foot of the mixture. Variations in gradation and asphalt contant
will affect this laboratory standard. (See Fig. 7, & and 9).

5. Gradation of aggregates should be ss dense as possible and yet
provide adequate spsce for asphalt and the necessary air veid.,

6. Highly abscrptive aggregates should not be used in asphalr
pavements,

The studies in this regard are incomplete and it is nct known how
rapidl? large quantities of asphalt will be absorbed within stone,

It appears that when eir vecids are within limiZs and thaf stabilities
are satisfactory that any amount of asphalt needed should be used even
though much greater thaw general. Ao asphalt content of 7 cor even 8
percent should be usad if abscrpticns are high but satisfactory air
voids yet remain and stability 1s not Impaired, Precise limits on
absorption csnnot be givan., Work by Califcrnia indicates highly ab-

scrptive sggregates do cause cracking in pavements, Theoly work was



reported at the H.R.B. meeting in January i965 resuited in these con«
clusions.

1. Is high absorpticn - high expansicn mix,

2. Max. expansion cccurs during wet cycles,

3. Max. contraction during dry cycles.

4, Mixtures do not return on drying to originel length.

5. Strains induced by expansion and centraction cause
cracking.

6. Removal of clay raduces expansion,

7. Increases in asphalt reduces expansion scms

8. Mineval fillers reduce expansion, others increase it,

9. Studies show goed correiation to f£izld performance.

The Califcrnia Depzriment is using a mcdification of the C.K.E.
test to determine the absorption of aggregate. Tests are underway
at the Laboratory although specific limitations are not known although
0.5 percent may be satisfactory using the C.K.E., method..

We have tested aggregates for asphalt absorption and have records
of sourcés absorbing in excess of 2 percent in the vicinity of Twin
Falls and Malad, The highest recorded value exceeded four percent. No
doubt absorption may influence performance on individual projects, but
it is not reasonable to assume all projects having distress results from

this cause.

RESULTS OF IDAHO TESTS -
Table I shows the results of tests on pavements investigated dur-
. a . 3 3 3 a"e'
ing the past year. 1t is evident that air vcids are high as in-the
voids bitumen index ratio on field cores. The same mix recompacted

in the Lab also gives high results, although is in part offset by vis-

cosity as the asphalt is harydened. 1Tt dacs indiczte, however, wvhen



the vzlues are much above the value indicated under criteria that the
»
asphalt content wss low.

In genersl it can be said Idaho test results folleow the pattern
discussed above, i.e., when voids are high penetrations are low,
voids being high comes from two causes, a lack of compacticn or in-
sufficient asphalt, or combinaticn of the two.

Looking at the data it appears the projects having a 96 percent

cempaction or better shoew little distress if the asphalt content is
adequate or less distress if asphalt contents are lcower thsn desir-
able.

Similariy, projects having very low asphalt contents have distress
even though adequately ccompacted,

The Blackfoot Street project does not follow the havdening trend
for highway voids, but was samplad within seven months and evidently
did not have time to harden in this peried.

Project I1-15-1{2)17 did not show any distress when exsmined in
1965, but after recéiving the test dara it was decided to visit the
project as it should have shown some distress, This was done in March
1966 and tracking was evident, comparable to other projects after about
two years.

It is noted that the large majority of projects show locw asphalt
contents or less than 5.5 and somc even less than 5.0 percent. Most
of these projects have recommended asphalt contents of only 5.0 to 5.3
percent, and extracticns only rarely indicate this much in the_iield
cores. Correlation with asphalt voids bitumen index on Lab compacted
mixtures shows that projects having & V/§1 value less thon 5 if com-

pacted to more than 96 percent that performance is satisfactory.

RECOMMENDATIONS FOR ALLEVIATION OF PAVEMENT DISTRESS ON FUTURE PAVEMENTS



No single factor can be blamed for the cause of distress in
existing payements. Tt appears that a lack cof compacticn, lack
of asphalt or both in cowmbinations is the primary cavse. It ap-
pears that a very large percentage, if not all of the problem, can
be eliminated if we obtain higher asphalt contente znd sztisfactory
compaction.

THEREFORE it is reccmmended that the Laboratory should:

1. Determins zir voids by Rice Merhod for ail mixtures/¥acuum
Gravity Method) and no longer report voids calculated from specific
gravities,

Z. Determine asphalit absorption of aggragates 1if the water
abscrption exceeds 1.0 percent on coarse‘aggreg&te and 1.5 percent on
fine aggregate. The bulk S.S.D. Sp. Gravity can bas determined on
sampies having minus 200 remcved to aid in calguiating absorptioh.

3. Determine curves for mix design using 4.5, 5.5, 6.5, and 7.3
percent asphalt in lieu of the present 4, 5, 6, and 7 so as to obtain
more information at higher asphalt contents, Filler material is to be
inciuded, if any.

4. Determine WI/CF compacted, stability Ccheasicmeter values as
presently tested, zlsc test for best filler to be used with mix.

5. Compute air voids using Rice Methced specific gravity of ccated
mixture on not less than two points of four pats tested to draw zero
air volds curve.

6. Determine zsphalt absorption by Rice Methcd using spocific
gravity of asphali wixturce and bulk $.5.D. specific gravity of 3/4 -

and No. 4 agerepgate, No, 4 ~ No. 200 aggregate and apparent specific

L



gravity for any filler and/cr material passing the No. 200.
7. Select optimum asphali content such thet ths following c¢ri-

teria is met:

Alr voids = 3.0% minimum
Voidg-Bit, Ind=x Ratio 4 Meximum
Stzbiiity 35 Mipnimum
Absorption Asphalt 1.5% Max.
Bitumen Index 0.0012 Minimum

Shculd Asphsit absorption exceed 1.5 percent a special series of
tests should be undertaken to determine if mix is scund, i.e., cold
water abrasion, immersicn compression or other tests

Sthould air wvoids, voids bitumen index ratio or stsbility fail
to meet above requirements, then gradation should be changed te obtain
compliance 1if possible,

8. Any field samglés tested for job mix fermulsz should have a
design provided that gives sufficient latiftude for variations in com-

paction asphalt content ets, within above criteriz

w
o

.2., design shouid

rovide for a pius and minus variation and not be for deciine on &n
P Yy

9. Set job mix formuls to meet above criteria and not the produc-
tien of a stockpile,

The Construction Division should endeavor to obtain the most care-
ful contrel in the field eaphasizing:
1. Adequate ceompaction when mixture is hot. A temperature cooling

rate curve should be reguired frequently sc thzat inspection and contrac-

tor perscnnel will know the sapproximate temperaturs of the mix based upon

[ 5

time only pericd. This permits inspectors te redu rclling te be ceom-

pleted in not more than z specified time as 2 ceorrcl meosure. Piclkup



by pneumatic tires 1Is a problem but once the tires aré heated to
above 158° F., it is'reported tc no longer exist. (See Fig.{? );

P ?rovide a mzans fdr measuring density or Wn/CF compacted in
the field. Tben permeability is of doubtful valus as once compacted
adequately, the value is about zero.

3. Control the aggragate moisture contents for uniformity te
prevent troubles in rollidg = teo het -« too ¢old from temperzture
veriaticns.

4, Endearor'to kezp asphali conternt &s nearly con optimum as
possible. 1If changes are deemed advisable check by telephone with Dis-
trict and Laboratory to confirm the effects éf the change.

5. Heat temperature veccord cf the mix on delivery tc the roadway
before and after breakdows, intermediate and finish rciling in addi-
ticn to making of éooling rate curves., Thess records to become a psrt

of the job records,

%

6. When hot joinrs are required mske vwo pavers opevating to-
gether mandatory to prevent cracking and ccld joinzs.,

7. Enforce roliing while wix is hot.

8. Pave courses less than 0.Z feet only during hot weatlier.

Seal coating of finished pavements must be given consideration,
We have avoided seal coating projects on the suprposition thau a sesl
was not necessary., Thig might have bean true had we obtainnd pave-
ments adequately compacted and with sufficient asphalt te prevent
deterioration. This has not been the case and wmany existing pave-

ments would have been in hectic condition had seal coats been applied,

A rotable example is T-8CN-2(3)206. This prcject was determined to be



too dry and given a seal coat the year following constructicn, and very
little distress was &Qident thereafter until the 0.1 foct ceurse was
placed last seascn.

Caution must be uszd, hoWever, as any prcject having even a
slight excess of asphslt would become apt to fiush sand cause slipperi-
ness. However, in is pcssible to determine as scon as the mixture is
given its final rolling whether a seal ccat is advisable. Core samples
taken and tested fcr air voids and the voids bitumsn index ratioc will
indicate the need. It is suggested that z2s a beginning criteria voilds
above 8 percent and a void bitumen index rarzio above 5 be the signal
to fcg seal immediately with an MC-70 and sand, and to program & sesl
coat using a 3/8" max. chips as maximum size the following seascn.
The use of an MC-7C for a fog seal will permit scme pzrnetration cf the
mix and prevent ravel. Aop emulsion or R.C. would tend tc merely paint

the surface and be less effective.

- 10 - March 1966
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