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In 1978 a joint prograrnme of research by the Transport and Road Research Laboratory, the Asphalt and Coated
Macadam Association, the British Tar Industry Association and the Refined Bitumen Association investigated the
performance of we~ compacted macadams containing more ffler and harder binder; the materials have the main features
of grave-bitume, a French roadbase material of improved performance that was designed to minimise deformation in
flexible roads.

Dense coated macadams containing granite aggregate and fimestone fifler, mixed with bitumen and tar binders,
were laid by a paver in thick tifts and roHed to two levels of compaction with a hea~ tandem ro~er. The materials
included 50 and 100 penetration bitumens and 54 and 58 evt low temperature tars and were d rolled at equiviscous
temperatures; ffler contents were in the range 3 to 11 per cent. Samples were cut from the experimental pavements to
measure deformation resistance in simulative wheel tracking tests at 30°C. The dyntic stiffness of further samples was
measured over a range of frequency and temperature conditions criticrd for road performance; some of the materials
containing bitumen were tested in uniaxid repeated loading at constant stress to assesstheir resistance to fatigue cracking.

kcreasing the dynamic stiffness of roadbase macadam improves the load spreading capacity of the pavement and
reduces the stresses developed in the sub-base and subgrade by traffic loading. Figure 4 (overlea~ shows the ~mlts
obtained from dynamic stiffness tests on the bitumen macadams and indicates a marked increase in stiffness for the
materirds containing the harder bitumen. Sitiar results were obtained for the tarrnacadams except that the addition of
Mer appeared to contribute as much as the harder binder to the increase in stiffness. The resdts of fatigue tests on the
materials containing bitumen show that, for a particular value of dynamic strain, the 100 pen material containing 3 per
cent ffler has almost the same fatigue tife as that containing 50 pen bitumen and 8 per cent ffler.

The internal deformation of the bituminous layers contributes significantly to the deformation measured at the
surface of a pavement and is therefore important in determining the performance of flexible pavements. The effect of
varying level of compaction, ffler content and binder penetration on the deformation resistance of the materhds containing
bitumen is shown in Figure 9 (overlea~. Compaction level is expressed in terms of PRD, the density of each material
expressed as a percentage of its density after compaction to an ultimate level in a refusrd test. The results show the
importance of level of compaction and fifler content in reducing deformation: in better compacted materials, the high
ffler content reduces deformation by 30–40 per cent in relation to conventional macadams.

Corroborative work was carried out with further matends, from different supptiers, containing crushed timeston.e,
granite and slag and covering a range of binder and ffler contents. This work provided reassurance concerning possibh)
difficulties in the mixing of the proposed roadbase materkd; additionrd dyntic stiffness tests showed that this
property was not impaired by high fi~er contents.

The main conclusions are as foflows.

1. Binder contents within the present specification range would coat most aggregates containing up to at least 10 ~.r
cent ftier sufficiently wefl to Mow the achievement of the predicted benefits of using dense coated macadams with
Mgher ffler contents and more viscous binders. The new materird would be as easy to compact as conventional
dense coated macadam providing the temperature at fixing and rofing was increased to compensate for the grezlter
viscosity of the stiffer binder.



2. The new material has considerable advantages, particularly as a roadbase for the reconstruction of heatiy trafficked
motorways. It has about double the dynamic stiffness of a typical dense coated macadam, a sitiar resistance to
fatigue cracking for a given dynamic strain and a greater resistance to deformation. h heatiy trafficked roads the
new material wotid tiow significant reductions of design thickness for a given pavement fife or an appreciable--
extension of pavement life for the same thickness of construction.
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A DENSE COATED ROADBASE MACADAM
OF IMPROVED PERFORMANCE

ABSTRACT

An assessment has been made of the effects of binder hardness and ffler
content on the performance of dense coated roadbase macadams contain-
ing 40 mm crushed granite aggregate and timestone ftier witi either
bitumen ortar binder. Thematerids werelaid andcompacted using fuU-
scale plant; they included 50 and 100penetration bitumen, 54and58evt
low temperature tars and ffler contents in the range 3 to 11 per cent.
Samples were cut from the laid materials to measure deformation resistance,
dynamic stiffness and resistance to fati~e. Corroborative work with other
crushed aggregates provided more data on dynamic stiffness and reassuranw
concerning possible mixing problems.

Binder contents within the present specification range are sufficient
to coat most aggregates contrdtig up to 10 per cent fi~er and dense road-
base macadam with the binders of higher viscosity and about 8 per cent
~er confers significant benefits through better load spreading and
deformation resistance. Furthermore, at equiviscous temperatures of
rofling, the material was shown to be as easy to compact as conventional
dense coated macadam. In heavily trafficked roads, its use would Wow
significant reductions of design thickness or, rdtematively, a marked
extension of pavement hfe.

1. INTRODUCTION

The dense coated macadam used in the construction of flexible roads consists of a continuously graded
aggregate mixed with a bitumen or tar binder: a British Standard Specification defines the composition.
Mthough the performance of materials to tis specification is gener~y satisfactory, the need for a
bituminous roadbase material of improved performance has been hi@ghted recently by the reconstruction
of heatiy trafficked roads. The inevitable traffic delays associated with reconstruction of the roadbase
and surfacing may be minimised by the use of bituminous materials because there are few restrictions on
site traffic and there is no need to Wow for a curing period; in contrast to concrete construction, ~nce a
dense coated macadam has cooled to ambient temperature after laying it can be trafficked. However, the
avtiable construction depth is usutiy restricted by clearances under bridges, and by the need to maintain
drainage levels. As a result it is often impossible to accommodate the greater thicknesses of conventional
coated macadam required to carry the much heavier traffic for which reconstructed pavements must be
designed. If pavements are to be reconstructed in the avdable depth and as rapidly as possible, a bituminous
roadb~e material of superior performance is requhed. Such a material would dso have advantages as a

roadbaae and basecourse in new construction.

In 1978 a joint programme of research was initiated by the Tran~port md Road Research bboratory,
the Asphalt and Coated Macadam Association, the British Tar Industry Association and the Refined Bitumen
Association. It set out to investigate the possibility of improving the performance of roadbase and basecourse
mated macadams. In particular, the aim was to study the performance of weUcompacted macadams
containing more ftier and a harder binder than normal. The materials have the main features of grave-bitume,

a French roadbase material that may have a performance better than that of dense bitumen macadam .
2,3
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The existing British Stmdard Specification for roadbase and basecourse macadam does not permit

the use of bitumen as hard as 50 penetration although this binder is widely used in hot rolled asphalt and

compares with the 40/50 grade bitumen used in grave-bitume. The effect of reducing the bitumen

penetration from 100 to 50 was therefore studied in the present work. The binders chosen for the

tarmacadam materials were 54 evt and 58 evt low temperature tars. 54 evt tar is commonly used in roadbase

and basecourse macadams whfle 58 evt tar is used ody in materials containing fint gravel aggregate. The

range of ffler content investigated was from three per cent, a value frquently found in practice in dense

coated macadams, to thirteen per cent; the middle of this range, eight per cent, is the maximum presentiy

permitted for roadbase macadam, but typical of grave-bitume. Hot-scale studies were made to determine

the effect of ffler content and binder hardness on compactabfli~ of both bitumen macadams and

tarmacadams containing granite aggregate: performance properties of the compacted materials were

assessedby measurements of dynamic stiffness moddus, resistance to deformation and fatigue cracking.

Work on the same type of materials but containing different aggregates is dso reported.

2. PILOT SCALE COMPACTION TRIALS

Because the performance properties of bituminous materials are largely dependent on their level of

compaction it is essential when developtig new materirds to study their compactabtity at an early stage.

Continuously graded Bardon ~ granite aggregate of 40 m nominal ske was mixed with fimestone

ffler and the appropriate binder at a commercial plant. Conventional roadbase macadams with 100 pen

bitumen ad 54 evt tar were prepared as control materials. The test materhds conttied aggregate of

sitiar grading but with more ffler and with either 50 pen bitumen, 54 evt tar or 58 evt tar. To study the

effect of binder content three materials containing 58 evt tar and high fiUercontent were mixed.

Materird contining 100 pen bitumen was tied at 130–140°C whereas the 50 pen materials were

mixed at the corresponding equiviscous temperature of 150– 160°C. Mixing temperature for the 54 and

58 evt tar materials were weUwithin the specification ranges of 95–1 10°C and 105–125°C respectively;

again the intention was to achieve equal viscosities.

Wot-scde compaction trials were carried out on a foundation of retistic stiffness comprising a

100 mm thick cmshed grtite sub-base on a heavy clay subgrade. The materials were laid to an uncompacted

depth of about 180 mm over a total area about 100m by 2.8m using a Blaw fiox PF–90, paver. Each

rnaterhd was divided into two areas, one of wMch received 25 passes of a 9 tonne tandem deadweight

roUer, the other 7 or 10 passes. k order to determine the mean rotig temperature, temperatures at rnid-

depth were taken at one metre intervals. The materials containing 50 pen bitumen were rolled at

110–120°C and the 100 pen material at 85–95°C, close to the equiviscous temperature appropriate for

rohg. The rohg temperatures for the materiti containing 54 and 58 evt tars were 80–90°C “md

85–95°C respectively.

Cores of each materird were taken for composition analysis and mean results are given in Table 1.

The control materhds represent typical roadbase macadam to the present specification except that in the

case of the bitumen control there is a smd excess, about 4 per cent, of material passing the 3.35 mm sieve.

h the case of materials 6 and 7 containing 58 evt tar, the amounts of aggregate passing the 14 mm sieve

were excessive even after Mowing for the effect of the added ftier. The binder contents for materials 4, 5

and 6 are a Uttie less than the lower specification Wt of 3.7 per cent but this is mmpensated by the low

specific gravity of the low temperature tars used.
2



TABLE 1

Composition of materials

I Bitumen materi~ Tar materials

100 pen 50 en 54 evt tar 58 evt tar

igh fflercontrol ow ffler ~ontrol

(7) 8)Material identification (1) (2)

3.2

(3) (4) (5)

3.6

(6)

3.5

-

Binder content
(per cent by mass)

Mean aggregate grading
@er cent passing
BS sieve (mm))

37.5
28
14
6.3
3.35
0.3
0.075

4.0 1.2

100
90
83
56
41
18

9.3

3.3 3.7 3.6

100
98
92
65
52
22

10.8

100
95
88
62
45
20

9.2

97
87
67
55
50
12
3

100
92
66
52
46
13
3

100
92
72
60
52
18
8

100
96
76
55
40
16

5.3

100
96
82
61
43
18

9.5

Previous work4 has demonstrated that the percentage of voids in the rninerd aggregate, VMA, is

a useful indicator of the state of compaction. h the present lvork results of density measurements and

composition anrdyseswere used to calculate ,VMAand Figure 1 shows its variation with rofler passes for each

of the bitumen macadarns. In previous work where a sin~e grading of crushed rock aggregate had been

employed, results feUclose to a sin~e straight tine but, because of differences in grading, the present resdts

tie on three pardel Mes. These are brought into coincidence if the results are expressed in terms of

Percentage Refusal Density @RD), the density of each material as a percentage of its density after

5 Figure 1 shows that there is a single relationshipcompaction to an ultimate level in a refusal test .

between PRD and number of roUer passes, indicating that the materirds are equdy compactable when

compared in terms of the fundamental compaction parameter, PRD.

It was found that VMA was affected by the amount of ffler (passing 75 #m) and fme aggregate

(passing 3.35 mm but retained on 75 pm sieve) in the material. Compared with the 100 pen control, the

low ftier material containing 50 pen bitumen has a lower percentage of fine aggregate and its refusal VMA

was found to be lower by just over one per writ. ~o the refusal VMA for the high Mer material was found

to be lower than for the low fi~er materials. For the particular materials studied and the range of test

conditions it was observed that either an increase in fifler content or a decrease in fines reduced the VMA

at refusal, as shown in Figure 2; tis is presumably because either condition results in more efficient packing

of the aggregate.

Figure 3 shows the compactabflity results for the tarmacadams. Compactabtity was clearly influenced

by binder content, the WA of the two richest materials being reduced to a greater extent by increasing

compactive effort. Figure 3 rdso shows that when level of compaction is expressed in terms of PRD there

is a tifferent relation between PRD and rofler passes for each of the two levels of binder content. This

codd be because high levels of compaction are more difficult to achieve at very low levels of binder content6

and the relatively fme grading of the tarrnacadarns demanded more tar than was used. In fact the material
3



containing 3.5 per cent by weight of tar and 10.8 per cent ffler had barely enough binder to coat the

aggregate and the material tended to bre& up in coring, particularly at the lower level of compaction.

Overd, the evidence shows that increasing binder viscosity and ftier content has no adverse effect on

compactabfity provided the aggregates are properly coated and mixing and rotig temperatures are

adjusted to tiow for the different viscosities of the binders used.

It has been demonstrated elsewhere that there is considerable scope for improving compaction and

thus performance of conventional roadbase macadams in the ~6; if the same typical compactive efforts

are appfied to these new dense coated macadams containing more viscous binders and higher ftier contents

the same conclusions can be drawn.

Having estabhshed the state of compaction of these materials, beams and slabs were removed from the

pdot scale pavements to measure properties that influence performance in the road.

3. DYNAMIC STIFFNESS MODULUS

Any improvement in the load spreading capabfity of roadbase macadam WWreduce the verticrd stresses

developed beneath the roadbase by traffic and thus reduce the deformation in the sub-base and subgrade;

this deformation is often an important part of the totrd deformation appearing at the pavement surface.

The dynamic stiffness modulus of roadbase macadam is a good measure of its abihty to reduce the stresses

developed in the sub-base and subgrade by traffic loading. Dynamic stiffness wifl vary according to the

temperature of the material and the frequency of the cycle of loading apphed by moving traffic. In the

~ the critical roadbase temperatures, when the greatest stresses are transmitted to the sub-base and sub-

grade and when greatest deformation occurs, are between 20 and 35°C and the duration of the load pulse

can usually be represented by a frequency within the range 5 to 10 Hz.

3.1 Pilot-scale trials

Samples of material 37 cm long x 10 cm wide x 6 cm deep were removed from the experimental

pavements laid in pilot-scale trkds and tested in repeated dynamic three-point bending. hading frequency

was varied over the range 0.1 to 100 Hz and temperature from – 10°C to t40°C, ie covering ranges

that are relevant to ~ practical road conditions. In Figures 4 and 5 the value of the stiffness modulus is

plotted against frequency at a reference temperature of 10°C for materials that had received 25 roller

passes; the visc~elastic nature of the material Wows a conversion factor to be derived to calculate the

dynamic stiffness at other temperatures as shown in the insets on Figures 4 and 5.

Figure 4 shows the significant increase in stiffness moddus inbitumen macad~s ~s~iated

with a reduction in norninrd binder penetration from 100 to 50 pen; under typical road conditions the

increase is nearly four-fold. The effect of increasing fiUercontent from 3 to 8 per cent is less marked, the

corresponding increase in stiffness being ordy about 30 per cent.

Figure 5 shows the change in stiffness modulus of tarrnacadam associated with an increase of ffler

content and with an increase of tar viscosity. At realistic frequency and temperature conditions of 5 Hz

and 25°C, increasing ffler content from 5.3 to 9.5 per cent raises the dynamic stiffness of the material

from 2.3 to 4.9 GPa. The use of 58 evt tar appean to raise the dyntic stiffness further to 8.0 GPa,

but Figure 6, relating stiffness to the state of compaction, shows that part of this figure is attributable to

a Mgher level of compaction. At 95 Pm, a level of compaction representative of that typictiy achieved

4



on site, the increase of fifler content has doubled the dynamic stiffness whereas the combined effect of

more ftier and Mgher viscosity tar is to treble the stiffness. It is of interest to note that the recovered evt

values of the two tars indicate viscosities equivalent to those of 50 and 35 pen bitumen at 25°C and,

taking into account the effect of compaction, the dynamic stiffness of the tarmacadams and bitumen

macadams are in good agreement.

3.2 Futiher corroborative work

To confirm the increased stiffness of roadbase macadarns with harder binder and more ftier, further

dynamic stiffness tests were carried out on materirds containing granite, timestone and blast furnace slag

aggregates. The resdts are summarised in Table 2. Material A was laid in a fufl-scde pavement test designed

to compare the performmce under repeated wheel loading of a dense bitumen macadam roadbaae

with high ftier content and harder bitumen with that of a conventional macadam roadbase. Materials B

and C had veW high ftier contents coupled with the use of 50 pen bitumen and were laid to investigate the

effect on coating of the aggregate and on dynamic stiffness. Mthough materials containing 100 pen bitumen

were”not avdable for comparison a slag containing 200 pen bitumen was laid. Material D was used in a fuU-

scde motorway trial of the improved roadbase material.

TABLE 2

Summary of dynamic stiffness and composition data for corroborative studies

Dynamic
Material Binder FNer Pm stiffness

modulus

Pen Per cent Per cent
Per cent

GPa
nominal by mass by mass 25°C 5Hz

(A) Crushed granite 100 3.7 3.5 95.8 0.9
50 3.5 8.0 97.6 3.3

(B) Crushed timestone 50 2.6 11.0 95.8 1.5

(C) Blast furnace slag 200 5.3 4.3 0.4
(Buk density 50 5.1 9.4 gst 1.8
1200 kg/m3) 50 5.5 12.1 2.1

50 4.7 13.0 2.1

(D) Umestone 100 3.7 7.2 95t 1.1
50 3.9 7.8 1.5i

t estimated from observations of the ro~ing

For materhds to the present specification containing 100 pen bitumen and compacted to the same

degree as the materiti in Table 2, the predicted dynamic stiffness modulus is close to 1.0 GPa at 25°C and

5 HZ7. Comparison with the results given in Table 2 and those from the pdot-scde trials, indicates that

the stiffness of the improved macadam is 1.4 to 3.5 times that of a conventional macadam; this

improvement is achieved by increasing the bitumen hardness from 100 to 50 pen (or 54 to 58 evt tar)

and doubhg the ffler content. Much of the variation in the increase in stiffness actieved may perhaps be

attributed to the variation in viscosity of the binder within the specification range.

5



The practic~ty of laying materials with high fifler content was confirmed by the tests on materi~ B

and C. The target binder content 1 was 4.8 per cent but the suppher of the blast furnace slag norrndy sets

a target of 5.2 per cent to ensure that the slag is sufficiently wefl coated. The material containing 4.7 per

cent bitumen and 13 per cent slag fi~er was mixed by combining the aggregate and ffler before adding the

bitumen, thus tiowing the ffler to mix with the bitumen before undue loss of bitumen had occurred into

the pores of the aggregate. With ffler contents of 11 and 13 per cent in materials B and C the aggregates

were barely coated with bitumen and yet they were laid and compacted satisfactory; furthermore, these

matends had dynamic stiffnesses 1%and 2 times the predicted value for conventional dense bitumen

macadam.

The corroborative work indicates that, provided there is sufficient binder to coat the aggregate, the

expected performance benefits can be realised. None of the materials tested appeared to require more binder

1 Given that suppliers adjust their target binder contentsthan that specified for dense roadbase macadam .

for presently specified materials to a~ow for the particular binder demands of their aggregates, there should

be tittle risk of unsatisfactory materials with ftier contents of up to 10 per cent incorporated in the

specification.

3.3 Design ~nsiderations

Measurements of the dynamic modulus of the materials have been used in hear elastic analyses of

flefible pavement structures designed according to Road Note 298 to carry heavy traffic. If the

performance criterion is the abihty of the roadbase and surfacing to protect the road foundation,

then these calculations indicate that, for a given vertical stress in the subgrade, the thickness of bound

layers could be reduced by about 20 per cent if a conventional bitumen macadam roadbase and basecourse

cent aining 100 pen bitumen and 3 per cent ftier were replaced by a macadam containing 50 pen bitumen

and 8 per cent ftier. Mternatively, if the thickness of roadbase were kept constant, the increases in stiffness

shodd lead to an appreciable extension of pavement fife. Corresponding benefits cotid dso be achieved

with tarmacadams of higher ffler content employing tars of increased viscosity.

4. RESISTANCE TO FATIGUE CRACKING

It has been established that in uniaxial fatigue tests under constant stress conditions and at a @ven

temperature, the prime factor controfing the onset of cracking in bituminous materials is the maximum

dynamic tensfle strain in the specimen at the start of the test. The laboratory fatigue perforrnmce of a

particular material may be characterised by the relationship between tenstie strain, e, and number of load

cycles to ‘ftiure,N, which is of the form

()
n

N=k~
e

where k and n are constants.

In the present work twelve beams removed from each pdot-scde pavement containing a bitumen

binder were loaded in direct sinusoidd tension and compression, with dynamic stress arnphtude kept

constant untfl fracture. Only we~-compacted materirds were tested; but compaction has been shown to

have httle effect on fatigue fife10 and the results shown in Figure 7 should apply equdy to dl of the

bituminous materials. For a particular value of dynamic strain, the Figure indicates that the conventional

macadam cent aining 100 pen bitumen and 3 per cent ffler has almost the same fatigue fife as that

conttiing 50 pen bitumen and 8 per cent ffler. The 50 pen material containing 3 per cent ffler appeared



to have rather less resistance to cracking. However none of the differences are large in relation to the scatter

in the experimental data, and any decrease in fatigue fife that might have been caused by an increase in

binder hardness would appear to have been offset by the addition of more ftier.

h a fu~y flexible pavement any direct effect of binder hardness or ffler content on fatigue fife of

the roadbase material is insignificant in comparison with the effect of increased stiffness, wtich reduces

the strains tiduced in the material at the bottom of the roadbase, the zone most susceptible to fatigue

cracking. To Uustrate the possible magnitude of the effect, a flexible pavement designed to carry heavy

traffic was andysed using typical traffic loading and temperature distributions and laboratory determined

material properties 1. The analysis predicted that, to maintain the same fatigue fife, a basecourse and

roadbase using 50 pen material and 8 per cent ffler, could be about 20 per cent thinner than the

conventional dtemative: if there were no reduction of pavement thickness the pavement tife would be

considerably extended.

5. RESISTANCE TO DEFORMATION

Intemd deformation of the bituminous layers contributes significantly to the deformation measured at the

surface of a road pavement; the resistance to deformation of coated macadarns is therefore important in

determining the performance of flexible pavements. To investigate the effect of binder viscosity and ffler

12 have been carried out oncontent on the deformation resistance of coated macadam, wheel tracking tests

24 slabs of bitumen macadam and 20 slabs of tarrnacadam removed from the pilot-scale pavements. Each

slab was 66 cm long x 80 cm wide x 15 cm deep. In the test these slabs are trafficked by a 21 kN wheel

2 The wheel passes to and fro over the testload apptied through a pneumatic tyre inflated to 690 kN/m .

sample, moving 4.5 mm later~y between passes to cover a width of 150 mm. The test duration is usutiy

1,000 cycles. The test temperature is 30°C, simulating summer conditions in a basecourse. Deformation

is measured in the central region of the slab at intervrds during a test.

Previous studies have shown12 that, for coated macadams of a given grading and with a range of binder

contents, deformation is proportional to VMA. The results for the bitumen macadams plotted on this basis

in Figure 8 confirm that deformation increases with increasing VMA but suggest that the other variables

studied are dso important. Men the results are plotted in terms of Pm in Figure 9 the picture is clearer:

the effect of reducing binder penetration is small but the increase in ftier content reduces deformation

by 30 to 40 per cent for materials receiving the same compactive effort.

The results for the tarmacadams, plotted in terms of Pm in Figure 10, are more complex but show a

broadly similar effect on deformation resistance of increastig compaction and ffler content. Comparison

of the deformations at a Pm of 95, a realistic level of compaction on site, shows that adding filler to the

material containing 54 evt tar reduced the deformation from 5.7 to 3.6 mm (materials 4 and 5); this

confirmed the conclusion obtained for bitumen macadam. Material 6 contained the lowest amount of

58 evt tar and had the highest ftier content and was, as expected, one of the letit deformable materials.

Material 8 had a less freely graded aggregate and the most binder and consequently deformed significantly

more than the other high fi~er materials, with one sample showing evidence of flushing. At 95 Pm

rnaterids 6 and 8 deformed by 3.2 and 4.7 mm respectively, with material 7 deforming by 3.6 mm.

Bearing in mind the variabihty of individud results in Figure 10, the difference between the viscosities

of the two tars appears to have had fittie or no effect. The findings with the tarmacadarns agree with those

for the bitumen macadams and dso support previous work 12 that indicated a deterioration in resistance to

deformation with increase of binder content for some crushed rock maten~. 7



6. CONCLUSIONS

1. Results obtained for roadbase materials covering a wide range of binder and fi~er content and several

aggregate types indicate that binder contents within the present specification range would be sufficient

to coat most aggregates containing up to 10 per cent ffler. Bitumen and tarmacadams having a higher

fi~er content and a higher viscosity binder would be as compactable as conventional dense coated

macadam providtig the temperatures at mixing and ro~ng were increased to compensate for the

greater viscosity of the binder.

2. The present results suggest that advantages could be derived from varying the specification of dense

coated macadam roadbase and basecourse to include higher viscosity binders and higher ffler

contents; the additiond ftier that would be required and the higher viscosity binder are understood

to be readdy avdable. The new roadbase material would be particularly useful in the reconstruction

of heavily trafficked motorways; it has the fo~owing properties.

a) bad-spreading abtiity is significantly.greater than that of typical dense coated macadam; the

stiffness modulus is approximately doubled. Such an increase leads to a reduction in the

traffic stresses trmsrnitted to the lower layers of the pavement, allows an appreciable reduction

in design thickness or an extension of life at a given pavement thickness.

b) bboratory fatigue resistance for a given dynamic strain is almost the same as for conventional

dense bitumen macadam containing about 3 per cent fdler and a 100 pen bitumen, but the

greater stiffness of the improved material reduces the tensile strains induced at the bottom of

the roadbase by traffic. Therefore to maintain the same fatigue life, a roadbase containing

the new material could be thinner than the conventional alternative. Of possibly greater

significance, is the appreciable extension of pavement tife to be expected from use of the

improved material at present design thickness.

c) hternd resistmce to deformation is better than for conventional dense coated macadam.
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Fig. 1 Variation of VMA and PRD with roller passes for bitumen macadams
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Fig.3 Variation of VMA and PRD with roller passes for tarmacadams
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Fig.4 The effect of binder penetration and filler content on dynamic stiffness
of well compacted bitumen macadam
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Fig.5 The effect of binder viscosi~ and filler content on dynamic stiffness
of well compacted tarmacadam
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ABSTRACT

Adensecoated roadbase macadam ofimproved performance: DLEECH: Department of
the Environment Department of Transport, TRRL Laboratory Report 1060: Crowthome,
1982 (Transport and Road Research Laboratory). h assessment has been made of the
effects of binder hardness and fdler content on the performance of dense coated roadbase
macadams containing 40 mm crushed granite aggregate and limestone filler with either
bitumen or tar binder. The materials were laid and compacted using full-scale plant; they
included 50 and 100 penetration bitumen, 54 and 58 evt low temperature tars and filler
contents in the range 3 to 11 per cent. Samples were cut from the laid materirds to measure
deformation r~tance, dynamic stiffness and resistan= to fatigue. Corroborative work
with other crushed aggregates provided more data on dynamic stiffness and reassurance
concerning possible mixing problems.

Binder contents within the present specification range are sufficient to coat most
aggregates containing up to 10 per cent filler and dense roadbase macadam with the
binders of higher viscosity and about 8 per cent filler confers significant benefits through
better load spreading and deformation resistance. Furthermore, at equiviscous temperatures
of rolling, the material was shown to be as easy to compact as conventional dense coated
macadam. In heavily trafficked roads, its use would allow si~ificant reductions of design
thickness or, alternatively, a marked extension of pavement life.
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