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Introduction

The bituminous concrete most used by the State of Indiana has
been included in the standard specifications without essential change
as to type af least since 1934. Until about 1948, this material was
used primarily as the surfacing layers of high-type flexible pave-
ments, In this application,  the” performance "of “the material was
considered to be entirely satisfactory and the stability of the mixture
Was got qu%ﬂgne}q. o :

Ince 1948, however, this bituminous mixture type has heen
used more and more for the resurfacing of deteriorated Portland
cement concrete pavements. Also, in the ﬁerlod following the war
ﬁnd artlc_u|arl n the(!ast qu/_eraI ears,tenumbgr an wr|ght of
eavy vehicles Using Indiana 1ghw ys has Increased markedly. This
change In the use of the material, coupled with the Iarge Increase In
traffic might be expected to create "problems that did not exist

revigusly.. . .
P L?He_){ntummous-concrete overlay that has been used in Indiana
usually is composed of two layers: “(L). a binder or leveling cqurse
which’has a maximum aggregate size of three quarters to one-inch,
65 per cent coarse aggregate (material retained on the No. 6 sieve),
35 per cent fine a%gregate (essentially none of which ;[)]asses the No.
200 sieve), and wiich contains 45 t0 55 per cent asphalt by weight
of the mixture, and (2) a surface course which has a maximim
aggregate. size of “2-Inch, ahout 50 per cent coarse a?%regate, K
Per cént fine aggregate and with about 3 per cent of the t0tal passing
he. No. 200 sieve. 1t usually contains 6.0 to 7.0 per cent asphalt by
weight of the mixture. The thickness to which each of the courses
Is 1aid is variable depending upon the condition of the road to be re-
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surfaced, the expected traffic intens % and perhaps other factors, but
a total thickness of 2y2 inches composed_of 12 inches of binder
and 1-inch of surface’is not uncommon. The asphalt cement used
15 a 60-70 penetration grade. _

The performance of Indiana’s AH-binder and T;{ﬁe B surface
as an overlay for Portland cement concrete has been the subject of
such investigation in the past several Years. The purpose of this
paper Is to summarize some of the results of a number of the field
studies that have been made which deal with such things as the
effect of thickness of Iag( and compaction. In addition, examples of
some of the specific problems that have been encountered when usmq
this %pe of mixture for an overlay are illustrated and _stePS tha
have Deen taken to solve the problems are enumerated, Finally, the
current research on this subject i _discussed by briefly descnbmq
sl,_%nggrglgotrqgswork In progress at the Joint Highway Research Projec

Experimental Overlay—SR 37

Thickness, design was a variable which was included in the
construction of an Overlay on State Road 37 between Elwood and
Noblesville. This overlay built in 1950 has a standard thickness
d?sbqn of ahoyt mchgs composed of L 8 und? gers uare yard
of Dinder and 100 pounds per square yard of surface. Onh sections
1,000 feet in length other thicknesses viere employed as follows:

1 About 2 inches total, composed of 100 pounds per square
yard of binder and 100 pounds per square yard of surface.

2. About 3 inches total,_composed of 150 pounds per square
yard of binder and 150 pounds per square yard of surface.

3. About 4 inches total, composed of 300 pounds per square
yard of binder and 100 pounds per square yard of surface.

. Concrete pavement with both jointed and non-%omted slab
desul]n is included in this part of State Road 37 and these experi-
mental overlays of various thicknesses were constructed on each in
order to study the effect of the t R_e of concrete gavement on_the
performance of the resurfacn}]g. IS overlay on State Road 37 is
now almost seven years old and, except for the presence of reflection
cracks, the performance is satisfactory. Fig. 1'shows a view of the
road on the jointed concrete section. This 1s a good example of the
successful use of this type of overlay under moderate to heavy
moving traffic conditions. Fig. 1 and stbsequent illustrations show-
Ing condition of this road (Figs. 2 to 4) are from pictures whic
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Fig. 1 Bituminous concrete overlay on State Road 37.

\Aﬁre taken in March, 1957 when the overlay was about seven years
old.

Effect of Overlay Thickness _

All thickness designs on this road did not perform equally and
there_Is evidence that”heavy lays mag be advantageous for~some
conditions. In FII%). 2, for example there is shown’ for the Aomt_ed
concrete pavement a “typical” reflection crack in the 4-inch thick
overlay on the left compared to, a typical one in the 2-inch thick
overlay on the right. The crack in the. 2-inch thick overlay s more
severe. It follows along the line of the joint and really is a System of
multiple cracks with ¢hunks of bituminous-concrete” mixture begin-
ning to be cracked off. The crack in the 4-inch thick overlay, how-
ever, Is a meandering one. It is, for the most part, a single crack and
there_are no signs of ravelling assqciated with it,

Fig. 3 shows a similar comparison for the bituminous-concrete
overlay placed on the concrete pavement without transverse joints.
This Concrete has a fairly short crack interval. Before and after
surveys. indicated that most of the cracks in the concrete were re-
flected in the overlay. |t may be seen from F|q. 3, however, that
these cracks are genérally much less severe than those in the jointed



Fig. 2 Comparison of performance of 2" and 4" thick overlay on jointed
concrete.

concrete section, A%am the performance_of the 4-inch thick overlay
1S comPared with the 2-inch thick one., The 4-inch thick section fs
on the left. The condition of the cracks indicates some advantage for
the, thicker I%y. But the difference is not o great as for thé case
with jointed concrete pavement. _ _
comparison between, the CPerformance of the. 3-inch thick
overlay on Jointed and non-*omte concrete I shown in Fig. 4. The
jointed concrete is on the left and the non-jointed concrete s on the



right. For this thickness, which is close to the standard design for
the road, it Is seen again that reflection cracking is less severg over
non-jointed concrete,

Density Studies

Several additional studies were made on this section of State
Road 37, ong of which had to do with comPactlon of the bituminqus
concrete and subsequent densification of the mixture from traffic
action. Samples of the mixture were obtained soon after construction
from areas of the pavement which were in the wheel tracks of a
traffic lane and from areas between the wheel tracks. These samples
were taken In each of the three thickness designs and from the test
sections on both gomted and non-g}omted concrete. Also, the samp-
ling was duplicated for the north-bound and south-bound  traffic
lanes. Density determinations were made on all samples. This pro-
cedure was repeated when the overlay was two years old and again
when_the overlay was five years old _

Table 1 shows the results of the first and second samplings
tabulated so that a comparison may be made of density in the wheel
fracks versus that between the wwheel tracks. These results show
binder and surface density values to be similar. In addition, it may be
said that there anpears t0 be no practical difference betweenthe
density results of the samples taken from the wheel tracks com-
pared to those taken between the wheel tracks. Naturally, year to
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year differences are highly significant and these results show how a
pavement densifies wit re_?eated logds. They also, show a trend to-
\é\é%rsdtruuc%%rmlty of density that did not éxist immediately after

While considering practical and significant differences it shoyld
be recorded that analyses of variance were performed on the density
results shown in Table 1 These analyses showed statjstical signifi-
cance over the whole, table but, as sometimes happens, the differénces
declared to be significant by the analysis, were not thought to be so
In a pratcical sens?, Sutﬁsequent observation of the road”in succeed-
Ing years has Justified this evaluation.

Tables 2 and 3 show two comparisons of the results for the
three sampling periods, Table 2 shows a_comparison of density
values for various thickness designs over jointed and non-jointed
concrete and Table 3 shows a simiilar comparison for_the thickness
designs. in_the north-bound and south-bound lanes, These density
values in Tables 2 and 3 are_for the combined binder and surface.
Comgarlsons Indicate that neither lane position nor concrete design
appeared to affect the densification of the mixture in service.

Table 1

Density Test Results—Experimental Overlag, SR 3
Comparison of Density In"and Between Wheel Tracks
Pounds Per Cubic Foot

Thickness Design

i o 4
Layer ~ Age  Position Séa%e Surtace  Surface Average

Otod Wh. Tk 1414 1398 1305 1402

BT \os  ReL Tk M10 134 102 15
Vs, Wh Tk 154 162 152 1453

Bt Tk 184 1406 1450 1430

003 WhTh 129 1029 1302 1403
e M BLTK 95 MA4 105 1412

2Yrs,  Wh.Trk. 1464 1466 1447 1459
Bet. Trk. 1451 1474 1453 1459
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Table 2

Density Test Results—Experimental Overlay, SR 37
Comparison of Density Over Jointed ang Non-Jo% ed Concrete
Pounds Per Cubic Foot

Thickness Design

Concrete Bi&%r Eﬁ%r a%r
Age Type Surface  Surface  Surface Average

0-3  Jointed 1412 1418 137.3 1401

Mos.  Non-Jointed 1393 1412 1415 140.7

2 Jointed 146.0 1447 1439 1449

Yrs.  Non-Jointed 1452 146.9 146.3 146.1

S Jointed 1473 1479 1459 1470

Yrs.  Non-Jointed 1472 1475 417 1475
Table 3

Density Test Results—Experimental Overlay, SR 37
Compangon of Density in North and South-B)c/)und Lanes
Pounds Per Cubic Foot

Thickness Design

r inder r
Age Lane gﬁ%e glég%:e i%e Average

03 N.-Bound 1401 1413 1390 140.1
Mos. S.-Bound 1404 1414 1398 1405

2 N.-Bound 146.6 1457 1449 1457
Yrs. S.-Bound 144.6 146.2 1454 1454

5 N.-Bound 1476 1477 146.8 1474
Yrs. S.-Bound 146.9 1478 1469 1472
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. Table 4 shows the results of the density tests for each thickness
demgn and a?e and for each of the two Separate positions, wheel
track and befween wheel tracks. The results shown are averages
over samples from both the jointed and non-jointed sections and
from both northbound and southbound traffic lanes, We may make
this t)(pe of comparison since results shown in Tables 2" and 3
indicate that the density of the mixture was not influenced by con-
crete_design nor by location I eitner traffic lane.

Theré are several interesting comparisons that may be made
from these data, First, it can be Seen that for any age and for each
of the three thicknesses the density of the mixture in the wheel
tracks is not substantially different from that between the wheel
tracks. This may nof he too surprising for the earlier stages (Table
1), but it was surprising fo find that this homogeneity persisted for
five years. It grlv,es somé indication concerning fhe plastic nature of
this mixture, This plasticity has caused some distress in other loca-
tions, some illustrations of ‘which are shown_in Figs. 5 through 8,

. In addition to the homogenel 0f %ensny, a simple ﬁiil_culatlon
will show that over the five y&ar pefiod there Wwas an overall increase
in density of approximately 5 per cent. We would consider this to
be. rather high, especially considering that the base point for these
calculations was a density Ahat already included the effect of a month
or two of traffic. It wodld a Bear that greater densification during
constructign would be desirable. This ‘matter is of extreme in-
Poﬁance for realistic bituminous mixture design to Serve severe
raftic conditions,
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Table 4

Density Test Results—Experimental Overlay, SR 37
Summary Comparison
Pounds Per Cubic Foot

Thickness Design

Age i %ﬂ%r Bi [ %r
Surrace SuTace Surrace
1401

03 Y 1413 1304
Mo P8 w02 1414 1394
2 W s 1459 1450
v, B 1483 146, 1451
5 W g 1479 1472
v, B w0 1475 1465

Overlay Performance Under Heavy Traffic

The progressive densification and performance of several over-
lays In the Calumet Area of the state also have been studied. The
data from these locations are similar to those that were obtained
from State Road 3/. The results of density tests made on cores
taken at these locations are shown in Table . ,

In thig case, data are available from only two early samplings of
these_locations, hut the trend appears to b’ similar 0 the previous
one. The comparison between wheel-track and non-wheel-track posi-
tions has heen omitted in this case because it again was found to be
non-significant, These locations are under observation and another
sampling is scheduled for the fall of 1957. o

As"was previously indicated, some problems have arisen in
connection with the. Performance of these bituminous concrete over-
lays which in specific locations have assumed severe proportions.
Some of these problems are shown in Figs. 5 through 8. ,

Evidence of lack of stability of some mixtures in some Service
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conditions has been the development of ruts in the overlay in the
wheel-track areas. This rutth, first investigated in the field, in late
1953, was found to be presentto some extent in many locations. It
Was Present to an extent that could definitely be judged to be
obg)ec lonable, however, in relatively few areas, ‘each of Which was
subjected to much heav¥, relatively” slow-moving traffic.. The condi-
tion was found to be the most Severe at signalized intersections
gvhir.e the vemedwt and the Pve lay were subjécted to stresses from
raking traffic and to static loads.

Table 5

Density Test Results—Bituminous Concrete Overlays
In Calumet Area
Pounds Per Cubic Foot

A LRf&ti(in LR%gtiQn L%&tign
l\/} otﬁt%s 145.7 1446 1438

Y%ar 1496 1500 1485

An example of this is shown in Fig. 5 which is a view looking
west at the westbound lanes of U, S. 12 and 20 near its intersection
with Seventh Avenue just east of Gary. This picture was taken in
November, 1953, at which time the overlay was three years old. The
fact that the mixture had been suqlect to plastic mgvement seems
evident from the pavement edge. The ruts were of the order of
ma%nltude of a tenth of a foot. The mixture was literally being
Squeezed aside under the action of the wheel loads. = _

. The same intersection in March, 1957, is shown in Fig. 6. This
view was taken just across the road from the previous ‘one. The
marks in the wheel track areas are not mud or patches, they show
the underlying concrete. In this instance, the rutting has progressed
Eﬁs p}aece |timate. The entire thickness of the mixture has been

It took at least two years for much evidence of instability to
show in the case illustrated in Figs. 5and 6. On another occasiorf the
Ferl_od wag_ only a few months. Fig. 7 shows a view looking south on
ndianapolis Boulevard from the” intersection with 151st" Street in
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Fig. 5 Overlay performance at intersection.

East Chicago. A?am, the plastic nature of the mixture is illustrated
by th8 ﬁppqrent. low_of the b|tum|Hous concretf. .
~_ Other locations in the state where extremely severe traffic con-
ditions exist have shown similar results. Fig. 8 shows one of two
trenches cut for the full degth of the resurfacing across the outside
lane of pavement on U. 5. 40 near Indianapolis. The pavement
distortion can be seen both from the cut face of the trench and from
the water on_the pavement which is ponded in the ruts in the wheel-
track areas. This french was cut approximately 750 feet back from
the nearest signalized intersection.” Another trénch cut at the inter-
section showed more distortion than the case illustrated.
_This trenching operation, in addition to enabling.one to measure
rytting, showed fhat the overlay had eread out”in a transverse
direction so that it extended some six inches heyond the edge of the
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concrete to which it was placed durm% construction. Secondly, it
was found from an examination of the sawed face that hoth the
binder and surface layers were distorted. in the wheel-track areas.
Thirdly, and this is ilfustrated in Fig. 9, it was found from density
measurements made on samples taken at closely-spaced intervals
cross the traﬁgi lane }hat thf density of the mixture was essentially
the same regardless of sample positron,

In Fig. 9 are ]gﬁouPed the density data for two-foot intervals
across the“trench. The low value that"was observed near the pave-
ment ed%e Includes some samples that were obviously under-
compactet.

All of these facts lead to the conclusion that the failures under
consideration were caused by plastic flow. The realization of these
failures and their nature lead the Indiana Highway Department to
modify their bituminous concrete by several aBproaches. Asphalt
conterit generally has been reduced in both the binder and surface
|ayers. I some instances, the maximum a%gre[qate size of the binder
hds been increased and the thickness of this layer increased with a
corresponding decrease in surface-layer thickness. In other instances
the ratio of coarse aggregate to fine aggregate has been increased in
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Fig. 7. “Flow” of bituminous concrete.

both the hinder and the surface. Perhaps these modifications will
provide the solution. There_have been overlays built incorporating
one or more of these modifications which agpear to be performing
quite satisfactorily at the present time under severe service condi-

tions. . : — :

An example of this is a section of Indianapolis Boulevard which
was resurfaced in 1954 and which carries. the traffic of U. S 12, 20
and 41 This overlay, at the time of this writing is almost three
years old and appedrs to be in excellent condition in spite of the
rather severe service exposure.

Laboratory Research

In spite of this apparently satisfactory performance to_ date
however, it may be that an entirely new design concept 15 needed, it
not immediately, then perhaps I the not fo distant future. But
accompanying a new or even modified design concept must be a
better méthod of evaluatm? the mixture_ in the laboratory. The
Bre_sently accepted strength fests for bituminous mixtures appear to
e inadéquate in certain Cases.
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Fig. 8. Trench cut in bituminous overlay.

For example, the mixture that rutted under traffic action until
the underl mg concrete showed through will meet the stabiljty
requirements of most of the standard dcceptance tests. Yet under

DENSITY TEST RESULTS
TRENCH LOCATION NO. 2 - US. 40
LBS. PER QUFT.

151.7 1513 151.7 1513 1495

DIVIDING LINE BETWEEN LANES

o

2 4 6 0 M

DISTANCE FROM DIVIDING LINE-FEET
Fig. 9. Density test results.
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Fig. 10. Repeated load test apparatus.

some service conditions the mix is obviously overly plastic. Highway
enqmeers are particularly concerned with obtaining a laboratory
test method which would' overcome the inadequacies of the present
methods. There s a need for a test which would be capable of
evalyating the plastic nature of a hituminous mixture under repeated
applications of load. It is toward this goal that our current research
work has been directed. ,

The equipment and test set-up that we have been using to
measure the deformation characteristics of a bituminoys-concrete
specimen under repeated applications of load is shown in Fig. 10
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Fig. 11. Rapid-cycle repeated load test results.

Basically, this ag)p_aratus consists of an ajr motor mounted in a
loading " frame. Stitable valves and” controls, are present to admit
compressed air to, the air motor for a time interval which may be
Pre-set. The load Ii transmitted from the air motor to a shaft which
n turn transmits; load to the specimen. At the end of the pre-set
time interval durm? which the foad Is maintained constant, the inlet
air valve to the motor closes and an exhaust valve opens, releasing
the air, and hence quickly removing the load fromthe specimen.
After another time interval which can also be Pre-set, the cycle is
automatically repeated. One can make this sort of test at various
temperature$ and with various loads. As the specimen i repeatedly
loaded it accumulates a permanent deformation which may e
comparable to the tendency to rut that has been observed.

By keeping a record of the accumulation of this Rermanent de-
formation during the test, one may Plot a graph of the sort shown
in Fig. 11, In this figure. is shown & plot of 10g cumulative Rermanent
deformation on the Vertical scale versus the Io%arlthm of the pumber
of load repetitions on the horizontal scale. This particular illustra-
tion 1s_from tests on 2- and 4-inch thick cores of AH-Binder and
Type B surface tested at 140° F and under a contact pressure of
200 psi. Without ?omg into any detail, we will comment only that
It 1S believed that the Slope of these lines and the point on the line
at which the data begin their upward deviation may have some
significance with respact to the potential ability of the mixture to
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withstand repeated applications of load. This test method is still in
the development staPe but it shows fgreat promise. Perhaps at some
future Road School there will be further progress to be reported
on this subject.
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