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RESEARCH ON HOT ROLLED SHEET OVERLAYS IN INDONESIA
PREFACE

A better understanding of the behaviour of bituminous materials,
their mode of failure and the optimisation of both the mixes and
the structural design are of prime importance to Indonesia's
Directorate General of Highways (DGH).

Oover the past five years many thousands kilometres of road have
been subjected to a road betterment programme which includes an
asphaltic overlay composed of Asphalt Treated Base (ATB) and a
thin wearing course of Hot Rolled Sheet (HRS). The overlay
materials are designed to accomodate a greater amount of binder
than the traditional, alternative asphaltic concrete (AC) mixes.
The aim is to impart greater flexibility and durability to the
pavement surface so that it can tolerate the high deflections
common in Indonesia and to reduce the. rate at which
embrittlement of the bituminous material takes place, thus
reducing the development of cracking. The HRS mixes are more
similar to the UK gap-graded-hot-rolled asphalts <than the
continuously-graded asphaltic concretes of America origin. The
adoption o0f the HRS technology followed studies in the early
eighties in Indonesia. .

In order to develop suitable performance predlctlon models for
both HRS and AC mixes and improvements to mix spec1f1catlons and
thickness design, in-depth road performance ‘and laboratory
studies have been implemented as part of a’ 301nt programme of
research involving the Institute of Road Engineering (IRE) and
the UK's Transport and Road Research Laboratory (TRRL) . The
project has been underway since 1988.

This-_report _summarises. Ehe—de51gn and~~¢mplementatlon --of-—-the
research and describes the analysis of ‘the results of the
initial field condition surveys and laboratory investigations
which prov1de a broad plcture of the behaviour of the overlays
which had been constructed prior to the start . of the prOJect

A comprehen51ve description of the design and implementation of
the research and of the measurement, sampllng and test methods
used is contained in a separate report

Subsequent reports will be issued which contain the results of
the detailed performance studies and analysis.

Bandung, January 1991
HEAD OF ROAD ENGINEERING DIVISION,
INSTITUTE OF ROAD ENGINEERING,

Dr. Hermanto Dardak, MSc.
NIP . 110025773




RESEARCH ON HOT ROLLED SHEET OVERLAYS IN INDONESIA

ABSTRACT

A comprehensive research programme has been established to
develop performance prediction models for the alternative
structural road surfacings 1in Indonesia and to improve
specifications and thickness design. For this purpose detailed
observations have commenced on 25 monitoring sections selected
from a 360 km sample of the road network which was subject to a
general condition survey. The road links and sections cover a
wide range of design parameters and performance.

This report describes the design and implementation of the
research on existing bituminous overlays and contains some early
results and details of the pavement structures and overlay
mixes. ' '

In general, the performance of the mixes made to a hot rolled
sheet specification is very variable. Although mean values for
the rate of rutting and crack development can be low 90
percentile values are high with critical conditions being
reached within a few years.

Correspondingly, -the properties .of the mlxes manufactured to a
common specification are varlable, ‘ranging from gap-graded to
continuously-graded -and covering. a w1de range of bltumen content
. and other: propertles. e L

Given the degree of varlablllty 1t is not p0551b%e to make
conclusive recommendations at this stage. Further ‘observation
of the monitoring sections and at a network level is required.

1. INTRODUCTION

In tropical areas.of the.world bituminous._road _surfacings . are
required to tolerate harsh climatic .conditions and heavy axle
loads. 1In addition, in many areas, deflections are high because
of weak subgrades. These conditions. impose severe .demands on
the design of mixes which must possess .good 1load ' spreading
properties to protect the 1lower pavement 1layers and the
subgrade, good flexibility to withstand the high strains imposed
by heavy traffic, good fatigue properties to carry traffic for
as long as possible and good durability so that thelr properties
do not deteriorate (degrade) rapidly. .

Prior to about 1983 the predominant type of premix used in
Indonesia for structural strengthening and overlaying was a
continuously graded asphaltic concrete (AC) . to . American
specifications. This material is relatively stiff and can
perform well if it 1is made properly. Unfortunately its
properties are extremely sensitive to its composition and very
small changes produce mixes which are unsatisfactory.



Experience in Indonesia and elsewhere has shown that the most
tikely procblem is pcoor durability ard flexibility giving rise to
premature cracking. :

In 1983 Corne described an alternative composite overray systen
comprising an asphalt treated base (ATB) and a wearing course of
hot-rolled sheet - (HRS). These materials were designed to
accommodate a relatively high bitumen content to provide better
flexibility and improve durability. The HRS is based on the
gap—-graded hot-rolled asphalt used in the UK (BSI, 1985). This
material is more tolerant of minor changes in mix proportions
and is therefore easier to make successfully. It is also easier
to compact than AC and is therefore potentially more reliable.

Despite these advantages gap-graded mixes have not been used

extensively in the tropics because of the fear that they will
deform under the combined effects of high temperatures and heavy
wheel 1loads. However, experiments carried out in the tropics
(SMITH and JONES, 1982) and experience 1in Southern Africa
indicated that gap-graded mixes could be designed to overcome
this problem. Corne's paper (CORNE, 1983) showed that such
mixes performed reasonably well in Indonesia and the method- was
adopted by the Directorate General of Highways for use 1in the
road betterment programme.

Over the past five years several thousand kilometres of road
have been upqraded with composite overlays of ATB and HRS. The
1nvestment in’ HRS technology has been large and ensuring its
successful performance ‘is therefore of hlgh priority to DGH.

Quantification-of“its performance “in comparison with alternative
materials, refinements in the design' method -and in . the
spe01f1catlons and 1mprovements in construction practice are

'fnecessary 1f‘“HRS-’1s to achievé®its full -potential for road

rehabllltatlonJ‘and to remain an- important option for road
strengthening: * “Té undertake ‘this study a cooperative research
project was established in 1988 between the Institute of Road

o Engineering in Bandung. (IRE) and the. Transport and Road Research ‘
T -Laboratory"o f—the UK (TRRLYy .~ 7~ 77~ o

This report describes the design and implementation of the
research. .and. the"analy51s ‘of the-results of-the -initial field
condltlon surveys “and laboratory ‘investigations which provide a
broad plcture of thé behaviour of- the overlays which had been
constructed prlor to the start of the project.

2. OBJECTIVES OF THE RESEARCH
At the outset of the research the following objectives and
output were described:

Objective :
To evaluate the performance of structural road surfacings and
rehabilitation methods in Indonesia.




output

An established research programme leading to sound performance
predictions and improved specifications for hot-mix surfacings
together with a calibrated analytical structural design method
for thickness design.

3. DESIGN OF THE RESEARCH

Ideally the objectives of the research could be achieved by
constructing a series of experimental overlays in which the - key
variables affecting performance were varied in a controlled way
so that their effect on performance could be quantified. Such
an approach would be scientifically correct but would be very
difficult to carry out because of the large number of important
performance related variables which would need to be controlled

and varied systematically. Fortunately the scale of the
betterment programme meant that a wide variety of roads had been
overlayed under a wide range of conditions. Recognising that

the nature of road making materials and mix production processes
are such that quite wide variations in mix composition occur
within any project, it was anticipated that the range of
conditions encountered on the roads which had been rehabilitated
by 1988 would cover the ranges of most of the key variables
which were required for the study. Any factors which could not
be assessed by studying the completed overlays could be taken
into account by studying overlays which are under construction
at the present time. Thus the scope of the research included
the following principal components:

(a) A desk.study of the de51gn and construction procedures
and problems encountered.

¢ (b) . Condltlon survey of a sample of the roads to identify
,general performance trends and mechanlsms of failure.

i 3 g -

"ch) - Selectlon of ‘a’ sample of the “Foads for ‘”détailed
investigation, including sample extraction, laboratory testing
and performance monitoring over time.

(d) Analysis of Dbehaviour to quantify the effects of key

variables - such as traffic 1level, traffic speed and mix
properties.

(e) Identification of components missing from the sample and
selection of -additional samples of road from ongoing

rehabilitation projects to provide the extra data.

(f) Evaluation of problems associated with the HRS technlques
from the design stage through to construction.

(9) Tneoretical analysis. The present structural design
approach suffers from a number of difficulties concerned
primarily with the analytical/ mechanistic principles rather
than the mix design method itself. 1If the theoretical approach
is to be of value in extending the design method to a wider




range of conditions, these problems need to be resolved and a
thenretical model developad, verified and- calibrated to describe
the observed performance and modes of failure. -

(k) Defining the limitations of the method based on field
experience and theoretical analysis.

(1) Refinement of the design method, improvement in
specifications and construction procedures and publication of
results.

The research design is-illustrated in the form of a flow chart
in Figure 1.

This report 1s concerned with the results of the condition
survey, (c) above, the selection of sections of road for
detailed testing and longer term performance monitoring and
finally with the initial results of the 1laboratory test
programme. ”

A comprehensive description of the design and implementation of
the research and of the performance measurements, sampling and
test methods used is contalned in a separate report (TOOLE et al
1991) .

4. FACTORS AFFECTING PERFORMANCE

The main ~factors which 1nf1uence the performance of overlays
are : PR

(1) Type of' overlay and- & Mix propertles including “the
properties of the individual components. '

(2) The condition of theieiiSting road on which the overlay
is placed. 'Both structural condition”and surfacd¢e:condition are
important_andt therefore the_ type_ofrroad structure"w1ll .also...be. .

1mportant..

(3) Overlay thickness and the comblned structural properties
of the pavement after overlay.

(4) Climate. Average temperatures and temperature range are
important as well as rainfall.

(5) Time. The materials: deterlorate w1th tlme.
(6) Traffic‘characterlstlcs»f~Both volume and axle loads are
important.
. R ;;;ﬁ; : Tl
(7) Road geometry. This affects’ the speed-of vehicles, the

degree of . channelisation or wheeltracklng ‘and the tractive
forces at the road surface. -~ = ~.°: = - STy

In order to derive the interrelationships between performance
and the main variables, the selectioh of sections for detailed




monitoring should cover the widest possible range of all of the
variables. However, at the time of the general condition survey
when sections had to be selected, details of mix-properties were
not available. Visual inspection indicated that the inherent
variability of mix properties along a site appeared to be too
high for research purposes and therefore suitable information
was not obtained until the laboratory analysis of site samples
was completed.

To take the above problem into account, the selection of
sections was made using apparent overlay performance as an
additional variable. In this way sections of road which were
similar in all respects as far as all the other variables were
concerned but which displayed different degrees of deterioration
were selected in the belief that the differential performance
could be explained by the differences in the mix properties.

5. IMPLEMENTATION

A sample of 360 km of overlays, from a total of 3250 km built
between 1985 and 1989, were selected and subjected to a network
level condition survey, known as Pavement Condition Survey
Level 1 (PCS 1). Brief details of the roads surveyed are
contained in Table 1. '

Measurements were recorded for each lane and each 100m length of
road between successive Kilometre posts.

Finally, .twenty five representative sections, most of which were
500 m in length, were established for detailed studies. Each of
these, so called monitoring sections, is being surveyed at 10 m
intervals on a regular basis to determine the rates of change in
surface and structural condition and of the hardness of the
“Tbitumen-in theoverlays:--Block—-and—core-samples -of-the-- asphalt
mix ° ‘and samples “‘of unbound layers have ‘been tested in the
laboratory.

6. THE NETWORK LEVEL CONDITION SURVEY
6.1 Measurements .
Representative rut 'depths were . calculated from. three

measurements taken at equally spaced intervals in both the outer
-and ‘inner wheeltracks (IWT and. OWT):!for each . 100m length of
road. The maximum rut depth was & ‘determined by visually
selecting areas of deepest rutting. A note was made of the type
of rutting; either as deformation (D), where the movement of the
pavement surface is vertically downwards, or as pushing (P),
where evidence of heave in the surfacing (as a ridge) on either
side of a wheeltrack is apparent.

The extent of cracking was recorded as the length of roadway
parallel to the road edge which was affected by cracking.



During the survey the road was subdivided into the following
five areas: the road edge (E), OWT and IWT, the '‘mid-lane (ML)
and the centr€line (CL). The intensity of cracking was: reccrded
as the most severe cracking in each 100m length of rocad in one
of the following 6 classes: none (0), single crack (1), more
than one crack, not connected (2), more than one crack
interconnected, not closed (3), interconnected cracks forming
closed polygons (4) and interconnected cracking with loose
blocks (5). The type of cracking was also recorded as
longitudinal (L), transverse (T), block (B), crocodile . (C),
irregular (I) or parabolic (P). The areas of patching,
potholing and depressions were also recorded as well as
conditions such as slippage, bleeding and ravelling.

6.2 Results

The main results of the survey are presented below, and
discussed later, in terms of wheelpath rutting and cracking.
Summary statistics of the representative rut depth for each road
surveyed are given in Table 2.

A typical distribution of rut depth data related to the type of
rutting is illustrated in Figure 2. '

Summary statistics of the 1linear extent of all wheelpath
cracking are given in Table 3.

The mean distribution of cracklng for all roads studled related
to roadway p051t10n is given in Table 4.

The percentage of 100m subsectlons occupying different
performance categories, in terms of the representative rut depth
and the linear extent and intensity of cracklng, are given in
‘ Tables 5, 6, and 7 respectlvely..

Tentatlve performance categorles have been chosen from two
sources; those recommended by TRRL for use in assessing overlay
performance in the United Kingdom (KENNEDY and LISTER 1978) and
those recommended by TRRL's Overseas Unit (1987) for use as
maintenance intervention levels.

The TRRL UK divide overlay performance into three categories of
sound, critical and failed. The onset of critical conditions -
has been defined as rutting in the wheeltracks of 10mm or the
beginning of wheelpath cracking and is the preferred timing for
a strengthening overlay to be applied. Structural failure 1is
' said to occur when rutting has reached 20-25mm or the appearance
of severe wheeltrack cracking.

The recommended intervention levels defined by TRRL's Overseas
Unit are as follows : an extent of cracking of 5-10 per cent
usually triggers resurfacing using a spray and chip surface
treatment whilst values of greater than 10 per cent indicate
more serious deterioration and warrant detailed investigation.
In the latter case this is because strict prescriptive measures




are .not usually generally applicable in the tropics since the
principal failure mechanisms and associated causes are often
different to those 1in temperate climates and design and
construction conditions are much more variable.

The above criteria provide a benchmark for assessing the
observed performance although they need not be directly
applicable to Indonesian conditions given possible differences
in the types and modes of failure which actually occur and the
prevailing traffic, climatic and economic conditions.

6.3 Discussion

As indicated 1in Table 2, the average rate of rut development
varied from virtually zero to 4mm per year. This 1is under
conditions' of both light and heavy traffic, in a variety of
geometric situations and for three different specified mixes.
The distribution of rut depth is also considerable as indicated
in Table 2. For the representative rut depth statistic, the 90
percentile value 1is approximately twice the median value
indicating that for a number of the roads the rate of rutting is
more than 8mm per year over 10 per cent of their length.

A similar.picture emerges from Table 5 where the percentage of
100 m sub-sections 1in each performance category related to
rutting is given. On average 10-15 per cent of all sub-sections
on the most heavily trafficked roads were 1in a critical
condition after two years.. On a linear projection approximately
50% of . the sub-sections ' roads could be expected to be in a
critical condition at the end of their 10-year design life.

The rutting - behaviour of roads carrying ' more 1lightly loaded
vehicles ds: geherally satisfactory. The roads included in this

.._category — imclude  "Ciamis=Cikijing, ~~Cikijing-Cirebon, -~ Ciawi-
Cianjur, - Kopo-Rancabali and Sadang-Subang. Exceptions to this
are expected to be in areas of severe geometry. This has yet to
be confirmed..by further analysis. . :

Although the actual cause(s) of the rutting could not be
determined with certainty during the surveys it was possible to
assess likely causes by noting whether any pushing (or heave)
was apparent at the edge of the ruts. Whereas the former is a
surfacing problem only the latter is wusually indicative of
structural weakness or secondary compaction.’ However, the
measures for controlling them may need to be quite different and
would depend ion the primary type of distress.

The percentage of rut depths where heave or pushing was apparent
has been determined for each road link. However, as illustrated
by the example in Figure 2, the existence of pushing is only
apparent if substantial rutting has. taken place (10 percentile =

6mm) . In cases where the type of rutting was recorded as
vertical deformation the distribution of the representative rut
depths is less (90 percentile = 6 mm). This therefore suggests

that only where serious rutting takes place can heave be




identified and in such circumstances the rutting is likely to be
a result .of failure in -.the .mix rather than.  structural
© deteri®ration: T To. investigate this® the deformationtwitivin

individual layers is being determined by digging trenches across
the width of the road and measuring the profile of successive
layers.

As indicated in Table 3 the average extent of cracking is
relatively low, with a few exceptions. However, it is clear from
the range of values that the variability is high with maximum
values between 20 and 100 per cent, and an overall mean maxXimum
value of approximately 60 per cent. The 90 percentile values
range from less than 1 (5 cases) to 15 per cent.

The sites which are badly cracked include three out of the five
lightly trafficked routes, namely: Ciamis-Cikijing, Cikijing-
Cirebon and part of Ciawi-Cianjur. The mixes used on these roads
are to different target specifications; namely HRS A, HRS B and
AC respectively (BINA MARGA 1986). However, in the case of
Ciawi-Cianjur a deliberate change to the specification for
surfacing material was made for a substantial length of roadway.
This has enabled the effect of nominal mix type to be identified
under reasonably similar design conditions.

The data in Table 6 indicates that greater than 20 per cent of
the 1length of Ciawi-Cianjur surfaced by AC was cracked to a
degree that would warrant:reseéaling after 2 years whilst 10 per
cent was more severely’ affected. Only 2 per cent of the HRS B
surfacing was found to be’ in-a’‘similar condition:
nr“; .

The above dlscu551on on’ cracklng ‘has been related to the 1linear
extent of all cracking 1rrespect1ve of 1nten51ty or type. The
definition of' pavement’ condition from TRRL UK is in terms of
intensity of cracking. For this study the percentage of 100m
sub-sections in - each categorys:of crack intensity is shown in
Table 7. This shows that of:the three most badly cracked roads
..two. of themr~namely ClkljanﬁC1reb0n“and C1aw1_C1anjurv”are“more-

severely - cracked with - 1I »3and - 18% respectively in a
critical/failed condition. -*The’ correspondlng value for Ciamis-
Ccikijing is 5%, and in this -case most of the . cracking 1is in
classes 1 and 2 which is "indicative of line (or 1longitudinal)
cracking pOSSlbly as a result of- road widening.

-..,; ;" L.
By 1llustrat1ng performance by 1ntens1ty of cracklng, as opposed
to 1linear extent,’ the preséence: of - localised ' failures can . be
detected. For. the more heav1ly trafficked routes of Tangerang-
Merak and  Dawuan-Cirebon-Kdlijaga -the percentage of 100m. sub-
sections in a crltlcal/falled condition is between 7 and 17.
The HRS B on part- of. ClaWL~C1anjur, Cirebon-Losari, Kopo-
Rancabali and Sadang- Subang have less than one per cent 1in a
crltlcal/falled condltlon., cro

N S
The data in Table 4 whlch.iquantifies the distribution of
cracking with respect to roadway position indicates that in most
cases a greater amount of cracking occurred in the OWT and road
‘edge areas. These are normally recognised as the weakest
positions in a road structure. The causes of cracking in these




areas can, however, vary and may be a result of fatigue in the
bound layers due to inadequate structural design, a lack of side
support, poor road widening practice or moisture ingress into
the unbound layers. Swelling and shrinkage of the lower layers
as a result of seasonal moisture changes may also occur.

In summary, the data obtained during PCS1 allowed. a general
assessment to be made of the performance of the overlays. More
importantly for the purposes of this research, the results of
PCS1 enabled sections of road with widely different performance
characteristics to be identified.

In the future, repeat surveys at intervals of two to three years
are planned to further quantify performance at the network
level.

7. THE MONITORING SECTIONS
7.1 Pavement composition

The mean and range of overlay thickness, the type of supporting
layers and the subgrade strength on each section are given in
Table 8.

As indicated in Table 8 considerable variation in thickness of
the overlay occurs within several sections. In a number of
cases the variation is sufficiently large, and consistent" with
chainage,h to warrant further sub-division of these sections.
This Wwill be con51dered.1n later analys1s following further
sampling and the grouping of all core, block and test pit data.
It will lead to an increase in the number of sections and the
range of overlay thicknesses covered.

The overall range of overlay thlcknesses covered 1is, however,
considerable, ranging from approximately 50 mm to more than
200mm.

Penetration Macadam (PM) is the most common upper base layer,
and 1is ., present in 21 of the 25 sections. It would also have
been the  original pre-overlay surface. Unbound granular
materials have. been used as bases in the upper layer of the
remaining 4 sections. This is a result of grade-raising or
localised reconstruction. :

The lower base layers comprise unbound granular materials (6
sectlons), PM (1 section) or Telford stone layers (10 sections).
In a number of cases there are two lower base layers of
PM/Telford (1 section) .or Telford/Unbound (5 sections). .In a
further .example a single base layer exists lying directly on a
weak subgrade.

As indicated in Table 8, subgrade strengths are predominantly
weak and twenty of the sections possess subgrades with CBR
values in the range 1-6 per cent.




7.2 nPrcperties of the bituminous overlay materials

LW

Samplebty oI bitamincaa ﬂ’heo taken from. the monitoring wﬂothﬁS
have been analysed and the results are summarised in Table 9.
In most casés the overlays comprised three layers; namely the
hot-rolled sheet surfacing (HRS), the asphalt treated base {ATB)
and the asphalt treated base levelling layer (ATBL) (BINA MARGA,

1986) .

The mean gradation of typical bituminous surfacings are plotted
in Figures 3 and 4 and are compared with appropriate grading
envelopes conforming to a hot-rolled asphalt (HRA) (BSI, 1985)
or asphaltic concrete (AC) (TRRL, 1977).

It is clear from Table 9 and Figures 3 and 4 that a significant
variation in mix properties exist.

In order to distinguish between HRA and AC-type mixes, a method
of <classifying mixes into gap-graded or continuously graded
types has been devised and involves identifying the per cent gap
in the mix. The method is based on the BS 594 (BSI 1985)
specification for hot rolled asphalts in which an upper limit is
placed on the allowable percentage retained between the 2.36mm
(No. 8) and 0.6émm (No. 30) sieves, particularly for Type F
wearing courses which include natural fine aggregate. The limit
is set according to stone content (per cent material retained on
2.36 mm sieve) and ranges from 9 to 14 per cent for stone
contents - of 55 and 30 per cent respectively. For this study
three classes of mix were defined as follows: Gap-graded (G) -
where the per cent retained is’less than the upper 1limit for
Type F surfacings, Intermediate’ (1) -~ where the amount retained
is up to 5 per. cent above the’ upper limit"and Continuous (C) -
where the amount retained lS more than 5 per- cent above the
limit.

On the above basis 15 per cent. of the mixes have been classified

-as_gap-graded;-40-percent fall into_ the ~intermediate- class-and~

"45 per cent are: continuously graded.w In c1rcumstances where the
specified mix type was HRS, ‘either’class A or B, 17 per cent are
gap-graded, 43 per cent are intermediate and the remaining 40
per cent = are continuously graded. In addition all sections
located on ' lightly-trafficked roads have' continuously graded
mixes (40. per cent of ‘all 31tes) ‘whilst on heavily trafficked
roads the " division between gap graded;’  intermediate and

,continuously_graded is 15, 35° and 10 per cent respectively.

The specified minimum effective bitumen content for most of the
sampled mixes _was 6.8 per cent and 6.2 . per cent for HRS A and
HRS B. respectively ' In‘ comparison 'w1th " these limits,
approximately . 75 per ‘cent” of the mixes have mean effective
bitumen contents which _are. less that "the spec1f1ed minimum
value. The digtribution of the* mean effective and total bitumen
content of all mixes is illustrated in Figure 5. The reported
values each represent the arithmetic mean of up to eight
samples.

10




Typical within-section distributions of bitumen content are
illustrated in Figure 6 for a number of sections located on
Tangerang-Merak. These indicate a true difference in the
bitumen contents between most sites rather than heterogeneous
variability. Within each site the standard deviation of bitumen
content 1is between 0.2 and 0.4 per cent, with the exception of
Section 8. The distribution of bitumen content shown in Figure
5 represents a number of reasonably homogeneous mixes. The
causes of such widespread variation between sites is, however,
unclear.

The range of filler to binder (f/b) ratios is high (see Table 9)
and although they conform with the specified value of dJgreater
than 0.7, past experience by TRRL in the tropics (ROLT et al,
1986 and SMITH and JONES, 1982) has shown that values of 1.6-1.7
and above lead to early cracking. In this study approximately
35 per cent of all mixes have f/b ratios greater than or equal
to 1.6. It remains to be confirmed whether this is of similar
importance with the types of surfacing mixes used in Indonesia.

Although only a limited number of pavements have been sampled
during this study and therefore may not be totally
representative of as-laid mix properties, compliance with the
specification for HRS A and HRS B has been checked. The
results are given in Table 10 and, in particular, these
indicate problems with obtaining the specified effective bitumen
content and satisfactory filler contents. In cases where the
filler content criteria was not satisfied, too high a value was
obtained. :

Table 10

Percentage of samples passing specification requirements

Specified Bitumen content Bitumen Stone Filler Filler/
Mix type | T absorption| Content | Content | binder
Total Effective ratio
HRS A 50 0 0 50 75 100
HRS 8 92 36 100 60 16 100

The propertiesi-of the recovered bitumens are being determined on
thin slices of overlay and on complete layers. Early results
indicate a wide range in the recovered penetration. Further
comment will "heed to await the completion of the laboratory.
programme. ’ '

11




7.3 Compaction characteristics of the overlay materials

The per cent air voids in surfacing samples taken from the road
were determined using Rice's method (RICE 1953). The
distribution of typical results are presented in Figure 7 ang
represent the 'grouping of all tests on samples taken . from
positions between and within wheeltracks. The specified range.
at the time of construction was 3-6%.

The results indicate a substantial range in values, particularly
for samples taken from Ciawi~Cianjur (CWI-CIA). For the three
road links, between 60 and 95 per cent of all results are below
the specified minimum. Although this may have occurred through
additional compaction by traffic, ie. since completion of
construction, the values are very low and can be expected to
contribute to the occurrence of deformation (or pushing) within
the mix. Conversely, the instances of high air wvoids may
contribute to the reduction in bitumen penetration and,
therefore, the embrittlement of the mixes. This in turn can
lead -to premature surface cracking.

Further analysis of the data is being carried out to determine a
relationship between air voids and other mix and physical
properties. '

8. SUMMARY AND_CONCLUSIONS

1) A comprehensive research programme has been established to
develop performance prediction models for the alternative
structural road surfacings used in Indonesia and to improve
mix specifications and thickness design.

For this purpose, detailed 6 monthly surveys have commenced
on twenty five monitoring sections 1located on existing
roads. These sections -were chosenufrom ‘a_general_survey. of

"A7360 km sample of the road network.

2) The road-links and monltorlng sectlohs cover a wide range
of - variables including design traffic, ADT, age, pre-
overlay deflection, overlay thickness, performance,

terrain, geometry and mix type. To date the variables of
age and mix type are not covered as comprehensively or as
uniformly as desired and further sections need to be
identified and included in the study. In addition,
insufficient -.detail is available on the condition o©f the
existing surface prior to overlay and this has led to the
research Dbeing extended to 1nc1ude -roads. on which new
overlays are being applied. -

3) The results from the network 1level condition survey
indicates that substantial variations in the performance of
the roads exist in terms of - the accumulation of permanent
deformation (rutting) and cracking after only two years.
The key conclusions from the survey are as follows:
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e -

‘The range of overlay thickness covered in the monitoring

4y

(a) Average rates of rutting can vary from zero to 4mm
per year under conditions of light or heavy traffic,
in a variety of geometric situations and for each of
the three mix types investigated.

(b) The 90 percentile value of rut depth is approximately
twice the median value, indicating that in 10 per
cent of the road length rates of rutting of twice the
mean can be expected.

(c) Where severe rutting occurs this is accompanied by
pushing in the mix, indicating low surfacing
stiffness. This 1is being confirmed by digging

trenches across the road.

(4) On average, rates of cracking are low although high
variability exists. The 90 percentile values range
from 1less than one per cent to 15 per cent and are
highest on the more lightly loaded pavements. More
severe localised failures do, however, occur on the
heavily loaded roads.

(e) Extensive cracking was found on all mix types
although 1in the case of one road, where substantial
lengths were surfaced with two different mixes, the

section overlaid with asphaltic concrete was more
severely cracked; to an extent which would warrant
resealing within 2 years. A higher bitumen content

mix laid on other sections is performing
satisfactory. e
" (f) On' &dverage a greater amount of cracking existed in

the road' edge and outer 'wheeltrack areas. Likely
contributing factors include inadequate side support
and, possibly, poor road widening practices.

section varies between 50 and 200mm. Penetration macadams
comprise the dominant pre-overlay surface and upper base
layer (21 sections) whilst unbound granular materials are
used as bases in the remaining sections. Lower base layers
comprise combinations of the latter’ two materials and
Telford bases. Subgrades are predominantly weak, twenty of
the sections have CBR values between 1 and 6 per cent.

A substantial variation of mix properties are covered in

~»*the monitoring ' sections. The:results indicate that the
f+‘mixes produced under current specifications can vary from

gap-graded Hot Rolled Asphalt-type mixes to continuously
graded Asphaltic Concrete-type Mixes.

In relation to mix properties the main findings are:
(a) 15 and 45 per cent of all sampled mixes have been

classified as gap-graded or continuously graded mixes

13



respectively.  The remaining 40 per cent are of an
intermediate gradation.

(b) Where the specified mix type was to the specification
for ~Hot Rolled Sheet (HRS), 17 per cent were gap-
graded, 43 per cent were intermediate and 40 per cent
continuously graded.

(c) The range of total and effective bitumen contents in
the surfacing mixes are between 5.5 to 8.4 per cent
and 4.2 to 7.0 per cent respectively. The within-
section variation of binder content is however
acceptable.

The range of filler to binder ratios and the air
voids of samples recovered from the road are large
varying between 1:1 and 2:1 ‘and from virtually =zero
to seven per cent respectively.

(a) The results indicate that the specification
requirements for effective bitumen and filler
contents are met least often.

9. ACKNOWLEDGEMENTS -

The work described . in this report. forms part of the
collaborative research project being: undertaken by the
Indonesian Institute of Road Engineering and the Transport and
Road Research Laboratory. The report.is published - with the
permission of' the Director of TRRL, Mr. D.F. Cornelius, and the
Director of IRE, Ir. Soedarmanto Darmonegoro.

Crown Copyright. The views expresséd“iﬁ‘ihis report are not

pgggssarily- those -of--—the  Department--of- Transport, —United
Kingdom. .. Extracts from the text may be.rreproduced, except for

commercial purposes, provided the source is acknowledged.

10. REFERENCES
BINA MARGA  (1986). IBRD highway Betterment Programme:
Specifications for high durability asphalts. Central Design

Office, Jakarta, Indonesia.

BSI (1985). Hot Rolled-asphalt for roads:and other paved areas.
British - Standard BS 594 Part 1:1985.  Specification - for
Constituent materials and asphalt mixtures. London: British
Standard Institution. : :

'BULMAN, J.J. and H.R. SMITH (1977). Pavement performance and
deflection studies on Malaysian roads. department of the
Environment, Department of Transport, TRRL ILaboratory Report
795.. Crowthorne: Transport and Road Research Laboratory.

14




CORNE, ~ C.P. (1983). Optimising pavement overlay design for
Indonesia. Proc. Fourth Conference of Road Engineering
Association of Asia and Australia, Jakarta, Indonesia.

KENNEDY, C.K. and N.W. LISTER (1978). Prediction of pavement
performance and the design of overlays. Department of
Transport, TRRL Laboratory Report 833. Crowthorne: Transport
and Road Research Laboratory.

LISTER, N.W. (1972). Deflection criteria for flexible
pavements. Department of the Environment, Department of
Transport, TRRL Laboratory Report 375. Crowthorne: Transport
and Road Research Laboratory.

RICE, J.M. (1953). New test method for direct measurement of
maximum density of bituminous mixtures. The Crushed Stone

Journal, September 1953, pp. 10-17.

ROLT, J.R. et al (1986). The design and performance of
bituminous overlays in tropical environments. In: WARD, C and
CK KENNEDY (Eds). Proc. 2nd International Conference on Bearing
Capacity of Roads and Airfields, Plyvmouth, 15-18 September 1986.
Bristol: WDM Limited, 419-413.

SMITH, H.R. and C.R. JONES (1982). Early performance of some
experimental bituminous overlays ' in Kenya. Department _of

Transport, TRRL Laboratory Report 1043. Crowthorne: Transport
and Road Research Laboratory.

TOOLE, T et tal_ (1991) Research on hot rolled sheets in
Indonesia : De51gn and 1mp1ementatlon of studies of existing
overlays. - IRE: ~Research Report No.  11.024.TJ.90. Bandung:

Institute of Road Englneerlng

TRRL (1977).,. A gulde to the structural de51gn of bitumen-

- surfaced: -roads——in-. troplcal"—and*'”sub tropical -~ countries.

Department of Env1ronment, Department of Transgort, Road Note 31 h
(3rd edition).  London: H.M. Stationery Office.

TRRL OVERSEAS UNIT (1987). -Maintenance management for district
engineers. TRRL Overseas Road Note 1 (2nd edition).
Crowthorne: Transport and Road Research Laboratory.

15




.mumuo:oo oauamzmmm
| J0H -

.

2

g SseT) 383Ys ﬁwHHou
Y sserd umw:m_nwaaou 30H
mmaH pTw TT3jun dn m:aomuu:m

w

bt
|

jmau jo i obe

oY
g SYH
= ¥ SUYH =x=x

abeaaay «

ATTTH/DUTTTOY 0TT-09 0°¢ 00€S Y SUH maucoa 6 9°1¥ buecing-buepes
snouTejunou/KTTTH GGT-G9 L*0 000¢ V' .SUH ‘syjuow g 1°97 TTRqEoURy-odoy
snouTejunouw/ATTTH S91~G8 81 0008 Y. .S¥H : m;ucos 8 1T TTeqeouwy-odoy

ety 0LT-09 92 0012T m wg: mwwcucos 8! 6°€1 TTRqEOURY-0doy

Buttroa/30Td S8 -09 8§ 1 00LL ‘4,wm=. wNm%ucos 12 A yexoW-uobatTd

butyroxa/3etd 06T-5L 1°01 00911 g°SyH.’ | ' sy3juow T beze uobe1TD-bueiss

burttoa/3etd 0€1-59 1°0T 0066 g-SuH syjuou (] 8°bT buexsg-bunlnt)
butToa/30Td 00T-09 T°01 0066 g SuH syzuow g7 9°gy | bunlnro-bueasbuey
STNOUTRIUNOK ( ( A ( o) 4 m&ucoE 8T LBl anlueTtp-TARTD
SNOUTRIUNON SPTI-0L ( z'z ( ooter (| € SuH mc“cos 12 9°¢¢ anlueTd-TARTD
IR SSI-0L €11 00€EST g suil m:u:os X4 0¢ TIRSOT-UOCDIT)
ATTTH/3RTd 021-0L s 00p0T 4.SYH mmucoe ve 0¢€ uogaaTo-uebutuny
SNOTURIUNOK S0T-S9 1" 0099 ¥ SuH syjuou pg 9*0z |uebutuny-ButlryT1D
SNOUTEIUNOKN STI-G9 8¢ 00SL ¥ S¥H - syjuow 17 0S butCTyTO-STWETD
( o7 x wu) (suoTtTTTW) “ T :
i ) ! _ L i
sSSaUW{OoTY] vsHd Iavy odAyL (™ t m.c,.ﬂ omww:m (ur) aweN
uTeII9], ReTxaa0 ubtsaq ubtsaq ubrsaq Butoegang 4m.. Jo aby y3buar AUt peoy

o
Y
|

AaaIns uonRIpuod [9A3] YIOMIaU Y} Ul paAaAINS mwmoh jo sjielaQ

} °lqey




Table 2

Summary statistics of representative rut depth

No. of Representative rut depth (mm) Spacifiad
Road link 100 m Median Range 90 per- mizx
sections centile type
Ciamis-Cikijing 994 2 0-40 4 HRS A
Cikijing-Kuningan-Cirebon 1008 2 0-23 4 HRS A/HR3 B
Cirebon-Losari-Pejagan 754 6 1-40 12 HRS B
Ciawi-Cianjur I 672 4 0-20 7 HRS B
Ciawi~Cianjur II 294 3 1-25 4 AC
Tangerang-Ciujung 972 5 0-33 12 HRS B
Ciujung-Cilegon 728 5 1-43 11 HRS B
Cilegon-Merak 252 [ 1-22 12 HRS A
Dawuan-Cirebon-Kalijage 192 5 1-23 9 HRS B
Kopo-Rancabali 816 2 0- 9 3 HRS A
Sadang-Subang . 838 3 0-10 4 HRS A

Tabl_e 3

- Summary statistics of the linear extent of
all wheeltrack cracking

Extent of all wheeltrack cracking (%)

Road link of 100 m Specified
Sactions .. '‘Median Range 90 percentile mix type

Ciamis-Cikijing 994 5 0-89 14 HRS A
‘Cikijing-Kgn?P??EtFér?bqn. 1008 5 0-94 R 15 ‘| HRS A/HRS B
Cirebon-Losa;i:Pejag§n o 754 1 0-75 <1 HRS B
Ciawi-Cianjur £_L‘ — 672 ] _;1 0-24 <1 HRS B
Ciawi-Cianjur II 294 3 0-39 11 AC
Tangerang-Ciujung 972 i 0-73 4 HRS B
Ciujung-Cilegon 728 1 0-100 1 HRS B
gilegon—&eraf‘ 252 2 0-83 5 HRS A
Dawuan-Cirebon-Kalijaga‘ 192 2 0-32 6 HRS B
Kopo-Rancabali 816 <1 0-20 <1 HRS A
Sadang-Subagg 838 <1 0-50 <1 HR3 A 44J




Table 4

Mean distribution of cracking related to
roadway position

Roadway Linear extent of all cracks (%)
Position Median Range 90 percentile
Edge 2 0-100 4
OWT 2 0-100 5
Mid-lane 1 0-100 2
IWT 0.5 0-100 1.5
Centreline 0.6 0-100 1.7
Table 5

Percentage of 100 m\:s.ubsections
in each performance category :
Representative rut.depth

Representative rut depth (mm)
Road link <10 10-20 >20

SOUND CRITICAL FAILED
CiamisQCikijing 98 2 0
Cikijing-Kuningan-Cirebon 99 <1 <1
Cirebon-Losari-Pejagan 86 11 -3
Ciawi-Cianjur I- V 96 4 0
Ciawi-Cianjur II 98 1 1
' |Tangerang-Ciujung 88 10 2
Ciujung-Cilegon 85 12 3
Cilegon-Merak 83 15 “2
Dawuan-Cirebon-Kalijaga 96 3 1
Kopo-Rancabali 100 0 0
Sadang-Subang 100 0




Table 6

Percentage of 100m subsections in each performance category :
All wheelpath cracking

Road link All wheelpath cracking (%)

<5 5-10 10-30 >30
Ciamis-Cikijing 77 9 12 2
Cikijing-Kuningan~Cirebon 83 6 7 4
Cirebon~Losari-Pejagan 97 1 1 1
Ciawi-Cianjur I 98 1 1 0
Ciawi-Cianjur IX 80 10 8 2
Tangerang-Ciujung 92 3 4 1
Ciujung-Cilegon 94 3 2 1
Cilegon-Mere}; 88 6 4 2
Dawuan~Cirebon-Kalijaga 87 5 4 4
Kopo-Rancabali 99 1 0 0
: Sadané-Subang 97 2 <1 <1

: Table 7

Percentage of 100 m sub-sectlons in‘’each performance category :

_ " Intensity_ of_Wheeltrack_cra_c_klng e

I - - Intensity of wheeltrack cracking
o Réad link ~ None™ T TC1/C2 o C3 >=C4
e L SOUND INTERMEDIATE{ CRITICAL FAILED
.{Ciamis~Cikijing . 49 46 4 1
Cikijihg-Kuningan-Cirebon - 66 23 10 1
.|Cirebon-Losari-Pejagan ) 93 5 2 0
Ciawi~Cianjur I 92 5 2 <1
|Ciawi-Cianjur II 51 26 18 . 5
Tangerang-Ciujung 79 14 5 2
Ciujung-Cilegon 84 9 5 2
Cilegon-Merak ' 70 13 8 9
Dawuan~Cirebon-Kalijaga 77 13 8 2
Kopo-Rancabali 96 3 1 0
Sadang-Subang 95 5 0 0




Overlay thickness and pavement composition

Table 8

of the monitoring sections

Overlay
SECTION LANE Thickness (mm) Upper base Lower base Mean
(x*) (*x) Subgrade
Range {ean CBR (%)
CBN KNG 1 KNG 95-200 140 (%) PM UB 3.5
CBN KNG 1 CBN 65-150 98B (*) PM UB 3.5
CBN KNG 2 KNG 85~ 95 91 PM uB * >100
CBN KNG 2 CBN 110 110 PM UB
CBN KKG 3 KNG 85-135 118 PM UB 5.0
CBN KNG 4 KNG 80-100 87 PM UB 4.2
CBN LOS 1 LOS 90-150 122 UB PM R
CBN LOS 2 LOS 80-100 95 UB PM/T .
CBN LOS 3 LOS 120-160 | 135(*) PM - -
CBN LOS 4 LOS 75-255 166 (*) UB UB 22.0
CwI CIA 1 CWI 170-210 190 PM T 1.1
CWI CIA 2 CWI 160-210 185 PM T 2.0
CWI CIA 2 CIA 140 140 PM -
CWI CIA 3 cnI 140 140 PM UB/T 2.0
CWI CIA 3 CIA 135 135 PM -
CWI CIA 4 oWl 205 205 PM T 4.0
CWI CIA S Wl 210 210 PM T 2.5
CWI CIA 5 CIA 185-190 " 187 PM - - -
CWI CIA 6 CIA 115-190 | 154 (*) PM T
CWI CIA 7 CIA 180-200 187 PM T .
TNG MRK 1 MRK 90-165 | 127(*) UB UB 6.2
TNG MRK 2 MRK 110-190 | 152(*} PM UB/T 3.7
| .THG MRK 3 MRK 69 PM T 9.0
TNG MRK 4 | MRK T 56 PM, UB/T 1.9
“TNG MRK-4. |  TNG - 0:.]:. 81 i PM T/UB 2.0
TNG MRK 5 MRK 80-270 154 PM T 2.8
TNG MRK 6 MRK 100-170 134 PM T 12.0
TNG -MRK 7 TNG 100-155 {.... 133 PM T/UB 5.0
" TNG ‘MRK 8 TNG .| 50-150 ] 95(*) PM T/UB 12.0
KOP ‘RAN 1 RAN 95-100 99 PM = 4.1
KOP RAN 1 KOP 110 100 PM - -
KOP RAN 2 RAN 90-115 102 PM T 6.2
KOP RAN 2 KOP 100 100 PM - -

* %

Sections which may need to be sub-divided due to

a consistent change in overlay thickness with chainage.

PM -~ Penetration Macadam
T - Telford stone
UB - Unbound granular material




Table 9

Bituminous mix properties of surfacings from monitoring sections

. BITUMEN CONTENT| Stone Filler |Percent retained Effective Specified Mix
SECTICK LANE | TOTAL EFF content | content between Filler/binder Mix class
] % 2.36~0.6mm ratio
CBN KNG 1 | KNG 7.6 6.2 46 7 14 1.1 HRS B 1
CBN 7.4 6.2 40 7 15 1.1 HRS B I
CBN KNG 2 | KNG 7.5 6.3 37 g 20 1.4 HRS B c
CBN 7.7 6.3 35 9 17 1.4 HRS B I
CBN KNG 3 | KNG 7.2 5.7 38 9 13 1.6 HRS B - I
CBN KNG 4 | KNG 7.0 5.3 41 9 13 1.7 HRS B I
CBN LOS 1 | LOS | . 7.5 6.1 53 8 11 1.3 HRS B I
CBN LOS 2 | LOS 7.8 6.3 50 9 11 1.4 HRS B 1
CBN LOS 3 | Los | . 7.8 6.2 51 8 10 1.3 HRS B G
CBN LOS 4 | LOS 7.5 6.0 49 8 10 1.3 HRS B G
CWI CIA 1 | CWI 7.1 6.1 50 8 18 1.3 HRS B C
CWI CIA 2 | CWI 6.7 5.7 53 9 17 1.6 HRS B c
CIA 6.9 5.7 50 8 16 1.4 HRS B C
CWI CIA 3 | CWI 7.1 6.0 46 8 19 1.3 HRS B c
CIA 6.8 5.5 50 8 17 1.4 HRS B C
CWI CIA 4 | CWI 5.8 4.7 56 .. 9 16" 1.9 HRS B C
CWI CIA 5 | CWI 6.0 4.8 53 9 16 1.9 AC c
CIA 6.1 4.7 58 .9 15 1.9 AC c
CWI CIA 6 | CIA 6.1 4.9 54 8 18 1.6 AC c
CWI CIA 7 | CIA 5.5 4.2 ‘56 ‘g 15 1.9 AC C
TNG; MRK: 6.4 49 .| ....9 . 8 1.4 HRS B G
TNG "MRK 5.9 51 7 ‘g 1.2 HRS B G
TNG MRK™3" 6.1 53 7" 10 1.1 HRS B X
TNG MRK 4 ! 5.5 60 9 13 1.6 HRS B C
" S, 5, 5.3 50 T11, 14 2.1 HRS B c
7.2 5.8 48 10 10 1.7 HRS B G
L CH A - 60 10 12 - HRS B 1
TNG MRK 6 ‘[ MRK 7.2 5.1 52 11 11 2.1, _ HRS..B. 1
TNG MRK 7-| “ITNG- | - 7+ 4 -~ 52 - 12 - HRS B T
TNG MRK 8 .{ TNG 8.4 7.0 49 11 1.3 HRS B I
KOP RAN 1 | RAN 6.8 5.8 52 10 15 1.7 HRS A C
KOP:RAN 1,| kop '} 7.1 5.8 49 9 . 12 1.5 HRS A 1
KOP RAN:2 |, RAN [+ 7.4 5.8 50 -9 15 1.5 HRS A c
KOP RAN 2 | KOP | - 7.4 5.6 52 ‘8 16 1.4 HRS A c
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Figure 1 Research design flow chart
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