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SOM E R E S E A R C H  O N  
B IT U M IN O U S  M ATERIA LS AT 

T H E  ROAD R E S E A R C H  LA B O R A T O R Y, 
G R E A T  B R I T A I N 1

I WANT TO TELL YOU something about the research work we are doing at 
the Road Research Laboratory on bituminous surfacings, particularly on those we 
use for heavily-trafficked roads.

I propose, therefore, to say something about three aspects of our work:
1 . that relating to dense asphalts and dense tar surfacings,
2. that relating to the open-textured carpets which form the wearing surface of a 

large mileage of our main country roads, and
3. that relating to the weathering of tar binders used in the wearing surface of tar

macadam surfacings.

Lives of Surfacings
There is no doubt that given a good foundation, dense rolled asphalt (asphaltic 

concrete) provides the most durable wearing surface of all bituminous surfacings, 
and in the long run is probably the most economic type of surfacing. Unfortunately 
no precise figure can be given for the life to be expected from any particular com
mercial material; variations in actual composition, in workmanship, and in the traffic 
and climatic conditions at different sites all contribute to cause a wide range in the 
lives found in different examples of any particular type of material.

The results of a limited survey investigation made between 1948 and 1950 for 
surface dressings, carpets and asphalts are shown in Fig. 1.

The most frequent life for surface dressings was found to be about 3 years before 
further treatment was required, although the ranges of lives was as wide as one to 
1 5 years; the average life is now, however, about 5 years, and lives of 10 years are 
quite frequently reported.

I am not proposing to talk about our researches on problems in surface dressing, 
but there is no doubt that as a result of a much clearer understanding of the part

1 Conference held at the State Road Institute* Stockholm, 15th June, 1953, by Dr. A. R. Lee, 
Road Research Laboratory, Great Britain.
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b. MASTIC ASPHALT, l>/2inch THICK 14/- - 2 5 / -

7. ROCK ASPHALT NON SKID TYPE ON 
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Fig. i. Approximate Cost of various Types of Bituminous Surfacings (19 4 8 — 50).
For the same thickness rolled asphalt is about 1/3  more expensive than carpets, 

hut its life is 2 to 3 times as long.

Anm.: 10 sh pr square yard =  8,65 kr/m2 
6 d » » » =  0,43 kr/m2.

played by each of the many factors that affect the quality of a surface dressing, 
consistently longer lives are now generally obtained. In fact, the process has been 
changed from one of considerable risk to one of considerable reliability. Tank 
spraying machines are now being made and extensively used which apply the binder 
at a uniform thickness as required by the engineer. Furthermore we have shown 
how, by the use of adhesion agents premature failure by weather can be prevented 
at very little additional cost, certainly at not more than about 8 per cent increase.

The open-textured carpet provides perhaps the most popular surface; it was de
veloped primarily because of its non-skid characteristics. It is usually laid about 1 
inch thick. The survey showed that its life before maintenance treatment varies 
between about 3 and 15 years on main country roads, with an average of about 9 to 
10  years.

R olled asphalt is used extensively on the important roads in our towns and cities. 
It is not generally used on our country roads, although one or two counties have 
used it extensively on their main roads. A  survey of 90 miles of 2 inch asphalt on 
the main roads in Hampshire in Southern England in 1948 showed that the average 
life before maintenance treatment was required was about 22 years. A  survey in 
one of our provincial cities showed that a life of 20 to 25 years was usually obtained 
on roads carrying 10,000 to 30,000 tons of traffic a day, and lives of about 10 to 15 
years were obtained at bus stops and traffic roundabouts.

The improvements which are continually being made in the quality of all road 
materials make precise comparison of their performance somewhat difficult, but 
the average life of 22 years for rolled asphalt may be compared with 9 years for



Fig. 2. Surface of asphalt with pre-coated chipping after 18  years, George 

Street, Westminster, London.

the average life of the open-textured bitumen macadam carpet when used on roads 
carrying similar traffic. This longer life of rolled asphalt must, of course be con
sidered in relation to the cost of the surfacings. For the same thickness, rolled asphalt 
is about one third more expensive than open-textured carpet. Although data is not 
yet available in Great Britain on the ultimate life given by rolled asphalt sur
facings one inch thick, they would be expected to wear as long as the 2 inch sur
facings provided the whole road structure remains stable and is able to carry the 
traffic without appreciable movement.

The development of rolled asphalt as a durable surfacing which is able to carry 
the heaviest traffic of our city streets is largely the result of the initiative and 
enterprise of specialist firms who have pioneered the manufacture and laying of the 
various types of asphalt. Many examples can be found of rolled asphalt surfacings 
well over 20 years old that are still carrying heavy city traffic successfully. One 
example in London is the surfacing on the Embankment, the road between West
minster Bridge and Waterloo Bridge which carries 100,000 tons of traffic each day 
and is still in good condition after 44 years.

However, the desire to ensure long life led at times to the production of asphalt 
that polished and became slippery under heavy traffic.

The industry produced two solutions to this problem; one was the use of pre
coated chippings and the other was the employment of a high stone content in an 
asphalt in which the mortar of fine-aggregate and bitumen was of such a nature as 
to wear away faster than the coarse aggregate.

Fig. 2 shows a close-up view of the surface of a rolled asphalt surfacing treated 
with a dense application of pre-coated chippings. This surface is now 18 years old.



Fig. j .  Single course rolled asphalt, 5 5 — 6o°lo stone content, after 23 years,
Heath Street, Hampstead.

These chippings were ^4 inch granite spread at about 50 sq. yd. per ton. The choice 
of chipping at present is based largely on the experience of the asphalt contractor. 
They must be sufficiently tough so as to resist the destructive action of heavy and 
intense traffic, but on the other hand they must not polish. They must wear under 
traffic so as to retain a rough surface-texture that w ill ensure the production of a 
non-skid surface. This is one of our important problems, not only in rolled asphalt 
but in all long-life surfacings in which the large-sized aggregates are exposed in the 
road surface. We are trying to develop a technique by which we can predict both 
the rate of wear and also the nature of the wear of different types of stone. This 
involves a study of the petrological and the mechanical properties of a range of 
stones and a study of their relative performance on the road.

Fig. 3 shows an example of a rolled asphalt surfacing having a stone content of 
55 per cent. It was made with Trinidad asphaltic cement and has a soluble bitumen 
content of 7 per cent. This surfacing is now 23 years old and has received no main
tenance treatment during this period. It will be seen that the bituminous mortar of 
sand-filler and bitumen has worn away faster than the granite and the surface of 
the road has acquired a coarse rough texture that is non-skid in wet weather. This 
preferential wear of the mortar is an asset peculiar to asphalt made with Trinidad 
Lake bitumen and does not occur with asphalt so far made in Great Britain with 
normal bitumens obtained from petroleum. In 19 37 we laid a number of experi
mental sections of rolled asphalt surfacings on the Colnbrook By-pass, a road which 
carries about 20,000 vehicles or 30,000 tons of traffic each day. Bitumens from 
different parts of the world were used; the aggregate grading and the amount of 
soluble bitumen was the same in each asphalt. The surfacings with Mexican, Vene-



Fig. 4. Effect of nature of bitumen on texture of rolled asphalt after years 
on the Colnbrook By-pass, S2 made with Venezuelan bitumen, S12 with

T  rinidad.

Composition:

Stone 3/4 "— 1 / 8 " .................  55 °Jo Filler <  2 0 0 ..........................  4 °7o
Sand ......................................  34 °7o Bitumen (soluble) ................ 7 °7o

zuelan, Californian, Lobitos, and Trinidad are still in good condition after 16 years. 
There is, however, a striking difference in the texture of the surface of the asphalts 
made with Trinidad and those made with residual bitumens; this is shown in Fig. 4. 
The Trinidad section ( S i2) has a well defined sand-paper texture with the coarse 
aggregate proud of the surface, whilst the Venezuelan section has a relatively smooth 
finish and the coarse aggregates is flush with the surface.

Analyses of the asphalts were made on samples cut from the road after various 
periods of time and it is interesting to note that whereas the Venezuelan bitumen 
has not shown any hardening during the period o f 1 6 years since the asphalt was 
laid, in fact there has been a slight softening from a penetration of 50 to a penetra
tion of 55, the Trinidad bitumen has shown a hardening from 145 penetration to 
below 70 penetration. The factor which accounts for this difference is the suscep
tibility of the bitumens to atmospheric oxidation. Laboratory oxidation tests have 
shown that the Trinidad bitumen oxidises to a harder product more rapidly than 
does the Venezuelan bitumen. Although the average penetration of the bitumen



Single course mixtures.

Schedule i : Suitable for roads in dry situations and 
where equable climatic conditions pre
vail as in southern England.

Schedule 2: Suitable for use in wet and/or cold 
situations as in nothern countries of 
Great Britain and Ireland.

Schedule 3: Relates to rich mixes which are re
commended only for specific circum
stances, e. g., where high rainfall and/ 
or colder conditions prevail.

T w o  course surfacing, wearing course mixes.

Schedule 5: Suitable for the same conditions as
schedule 1.

Schedule 6: Suitable for the same conditions as
schedule 2.

Schedule 7 : Suitable for the same conditions as
schedule 3.

N ote: Schedule 4, not included in the Fig., repre
sents base course mixture for two course construction.
Stone content varying from 55— 75 per cent.

Fig. j .  Composition of wearing course and single 
course mixture (British Standard B S 594 —  I 95°)- 
Igneous and calcareous rock aggregate.

recovered from this asphalt is still satisfactory it is to be expected that the surface 
layers receive most attack and traffic will wear aw ay the hardened Trinidad 
bitumen. It is particularly interesting to note that there is no indication here of the 
changes that have been reported to occur in some American asphalt road surfacings, 
and it is unlikely that the penetration o f the bitumen w ill ever fall to a value of 20, 
the penetration which American technologists consider causes failure of the asphalt. 
However, it is apparent that tests for quality of a bitumen should include an 
oxidation test, and in the ideal procedure the oxidation characteristics should be 
selected or adjusted according to the type of surfacing in which it is to be used; 
susceptibility to oxidation should be least in the case of open-textured surfacings 
and it should be more in bitumens used in dense surfacings.

We have found that we can increase the oxidation reaction of bitumen by incorp
orating certain highly oxidizable phenolic compounds obtained from coal tar and 
we are carrying out full-scale road experiments to find out whether in this w ay 
we can improve the surface texture of our rolled asphalt made with residual bitu
men.

We are also investigating what effect the grading of the sand has on the durability 
and surface-texture of the asphalt. The sand specified in our British Standard 
(BS. 594) has a grading close to that recommended by C lifford  Richardson. There



Fig. 6. Rapid method of extraction by means of a sieving extractor.

is no doubt that this grading enables a dense asphalt to be obtained with comparative 
ease; it is, however, not easy to obtain in all parts of the country and experimental 
surfacings are being laid with sands which are easy to obtain. These are generally 
coarser than the present standard, and would accordingly be expected to give a 
somewhat rougher surface texture.

The British Standard for Rolled Asphalt

The British Standard 594 provides a precise amount of sand, filler and bitumen 
for each stone content, and tables give these values with appropriate tolerances for 
each step of 5 per cent on the stone content. The outstanding development of this 
standard is that in addition to the tables that set out in detail each composition, the 
whole range o f compositions in the standards is represented in diagrammatic form. 
The whole of the compositions for wearing-course mixtures made with igneous rock 
aggregate is shown by the diagram in Fig. 5. The lines of this diagram are the best 
•ones that could be drawn as the result of a statistical examination of the results of 
several hundred analyses of samples taken during the manufacture of asphalt used 
in successful surfacings in different parts of the country. It w ill be seen that the 
stone content ranges from zero to 60 per cent. The Standard provides an amount 
o f sand, filler, and bitumen for each stone content, and analysis of the asphalt must 
give results within the limits indicated by this diagram. It w ill be observed that there 
are three alternative schedules for bitumen content, namely, lean, medium and rich.



The lean schedule is used for asphalt to be laid on the most heavily trafficked roads 
in the southern warmer areas of the country; the medium schedule is used for the 
less heavily trafficked roads and for the cooler parts of the country. The rich 
schedule is reserved for wet and cold areas such as the west and north of Scotland.

The standard, in common with all recent British Standards for bituminous mate
rials, specifies that the compositions are those which w ill be found by analysis of 
samples of the asphalt. It is consequently important that a method of analysis should 
be available for the asphalt manufacturer and the highway engineer that is accurate 
and rapid, and easy and safe to carry out. Fig. 6 is a photograph o f a machine which 
has been developed at the Road Research Laboratory to meet these requirements. 
The sample is placed on the upper one of a nest of sieves; the joints between the 
sieves are made tight by polythene washers and a measured volume of methylene 
chloride is poured into the machine. This solvent boils at 4 0 °C  and is effective in 
the cold, so there is no risk of fire. Shaking for a quarter of an hour is usually 
sufficient to dissolve out all the bitumen. An aliquot part of the bitumen solution 
is then meausured into a flask, the solvent is removed by boiling, the amount of 
bitumen remaining is weighed, and the bitumen content of the whole sample of 
asphalt is thus estimated by proportionality.

B y  this method the bitumen content can be determined in less than half an hour 
and the complete composition of the asphalt obtained in about one hour.

Fig. 7 shows the results of 50 repeat samples taken from a one-ton batch of 
asphalt made by the Laboratory on a modern asphalt plant. The asphalt was pro
portioned with the intention of complying with the British Standard Schedule I 
and containing 5 5 per cent of stone. It is interesting to note that although there was 
considerable variation in the amount of stone found in repeat samples, the extreme 
range being from 48 to 60 per cent, the results for the bitumen and sand contents 
showed remarkably good agreement with the values specified in the standard for 
the appropriate stone content. On the other hand the filler contents have shown 
wide variability. This variability is an indication that the asphalt plant was not 
giving a uniform distribution of filler in the asphalt. In view of the importance of 
the filler-bitumen ratio in affecting the quality of the asphalt there would appear 
to be need for improvement in the mixing plant or in the method of adding the 
filler. This is a subject that is being investigated at the Road Research Laboratory.

The Use of Mechanical Tests for Asphalt

The requirements of a satisfactory asphalt are that it should be durable, non-skid, 
and free from deformation. The variables that must be decided in relation to its 
composition are the stone content, the hardness of the bitumen, and the bitumen 
content (according to the dry, medium, or rich schedule). The choice of the right 
material is dependent largely on the knowledge and skill of the engineer and the 
asphalt contractor; the composition for any site must be decided according to the 
nature and amount of traffic, the prevailing atmospheric temperatures, and the rain
fall.



Fig. 7. Summary of results of analysis of rolled asphalt, 50 repeat samples taken 
from a one-ton batch of asphalt in a modern asphalt plant.
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Fig. 8. Relation between stone content and thickness.
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6 0 - 8 0

Fig. 9. Penetration of asphaltic cement for use in rolled asphalt.

The stone content is generally decided by the thickness as indicated in Fig. 8; 
the greater the thickness the higher the stone content. The hardness of the bitumen 
is decided by the climate and traffic conditions as indicated in Fig. 9.

When the specification is used in a reasonable manner durable, non-skid asphalt 
is obtained which is not deformed by traffic. The ability of engineers and asphalt 
contractors in selecting the right compositions has indicated that generally there has 
been little need in Great Britain for using mechanical tests to assess whether the 
asphalt w ill have adequate stability. On the other hand, as we all know, American 
technologists have developed mechanical tests for measuring the stability of asphalt 
and they claim to have established criteria by these tests for assessing whether or 
not the asphalt will be satisfactory. Although F. J .  Benson of the Texas State H ig h 

w ay Department1) has shown that there is considerable lack of correlation 
between the stability results given by the various tests, the triaxial compression 
test is undoubtedly the most useful; it enables measurements to be made of 
both the internal friction and the cohesional strength, and research workers in 
California claim to have established correlation between these properties and road 
performance. They consider that for an asphaltic mixture to be satisfactory, the 
cohesion must be high when the internal friction is low ; if the internal friction falls 
below a certain minimum value, however, the mixture is not considered satisfactory



Fig. io. Evaluation Chart for asphalt mixes, based on triaxial compression test.

however high the cohesion may be. Curves relating the limiting values for these 
two proporties for asphalts required to carry various intensities of traffic  are shown 
in fig. io. N ijboer2) has pointed out, however, that there is another property, the 
overall viscosity of the asphalt mixture, which will also affect its performance. 
Recent developments in Great Britain suggest that this property may well be the 
predominating property that decides the quality of the asphalt. As a substitute for 
rolled asphalts at bus stops, mastic asphalt made with a hard bitumen is giving better 
service than rolled asphalt. The internal friction of mastic asphalt is very low, 
certainly much below the minimum recommended by the American technologists, 
so that high viscosity of this material more than compensates for lack of internal 
friction. There would appear to be no reason w hy in a similar manner the grade 
and amount of bitumen in rolled asphalt should not be adjusted so as to have a 
predominating influence over all other factors.

Mechanical stability, is only one property that affects the performance of an 
asphalt surfacing; resistance to weather is an equally important property. The type 
and amount of bitumen must be chosen to give an asphalt that is satisfactory in both 
of these aspects.

Although some doubt may be cast on the interpretation of the results of mechani
cal tests for assessing the suitability of an asphalt as a surfacing material, mechanical 
tests are useful in at least the following ways:
1. As control tests on the manufacture and compaction of the laid asphalt.
2. To decide whether a previously un-tried constituent, such as sand or bitumen, 

w ill give an asphalt with similar properties to an asphalt mixture of known 
quality.



Fig. 1 1 .  Constant load tensile test. Curves showing 
the optimum binder content for limestone dust —  
tar specimens.

3. T o  decide how to vary the proportion of an un-tried constituent to give an 
asphalt having desirable properties.

4. T o  study the influence of particular constituents on the properties of the asphalt. 
We are, for example, using a simple constant load tensile test and a simple

wheel tracking test to tell us how far we can use slag as the whole of the aggregate 
(both as sand and as stone) for dense rolled asphalt, and whether sands that have 
gradings very different from that recommended by Cl i f ford Richardson are 
likely to be satisfactory.

We have made extensive use of simple mechanical tests to study the properties 
of fillers, and of dense tar and asphalt surfacings in which fillers play an important 
part.

Fillers and Dense Tar Surfacings

When tar or bitumen is mixed with a filler in quantities to enable compacted 
asphalts to be made having high resistance to deformation, and when these mixtures 
are compacted into specimens that can be tested in tension under a constant steady 
load, extension-time curves are obtained as shown in Fig. 1 1 .  This figure shows the 
result for specimens containing 14, 15 , 16  and 17  per cent of tar. The mixture 
having the highest resistance to deformation in this series is the one with 15 per 
cent of tar. In this connection we can say 15 per cent is the »optimum tar content».

We have found that this optimum binder content is the amount of binder which 
w ill just fill the voids in the closely compacted filler. (We have a British Standard 
test No. 598 which includes a test for measuring the void volume of fillers.) The 
optimum binder contents determined for 13  different fillers in this w ay are shown 
in Fig. 12  plotted against the corresponding values for compacted dry voids; it



Fig. 12 . The relation between voids and optimum tar 
content for fillers.

Fig. 13 . Effect of filler content on minimum rate of deflection and optimum 
tar content of sand-filler-tar specimens.
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Fig. 14. Nomogram for design of dense tar surfacings.

will be seen that apart from small differences due to differences in specific gravity 
of the fillers, all the results can be represented by a single curve.

I f  now we extend the tensile test to mixtures of sand and filler and binder we 
find that the optimum binder content for any sand-filler mixture is equal to the 
optimum binder content for the amount of filler present together with a quantity 
of binder necessary to coat the sand particles. Some typical results of this kind are 
shown in Fig. 13 , for mixtures made with three different fillers and with a 52 
E .V .T . tar. The mixture which has the highest resistance to deformation is the one 
in which the voids in the compacted binder-coated sand are just filled with the 
filler binder mix having the optimum binder content. This result is also shown in 
Fig. 13 by the dotted curves which show how the rate of deformation of each 
»optimum» mixture is affected by the filler/sand ratio. This procedure was further 
extended to mixes of stone, sand, filler and tar; the »optimum» tar content being 
determined for mixtures having a constant ratio of filler to sand but in which the 
stone content was varied from zero to some value above 80 per cent until the speci
mens could no longer be handled for testing. Again for dense mixes there was a 
simple geometric relation between tar content and stone content.3)

On this basis it is apparent that the proportion in which a set of constituents 
should be mixed to give maximum resistance to deformation can be calculated from 
the results of simple geometric measurements on the filler and sand. The diagram 
shown in Fig. 14  is a nomogram designed on the results of these tests. An example 
is given of estimating the tar content of a dense tar surfacing mixture containing 
40 per cent of stone.

As a direct result of these laboratory tests many miles of dense tar surfacing have 
been manufactured and laid on a variety of roads in different parts of the country



Fig. i f .  The relation between log rate of strain and concentration of filler for 
three fillers having similar fineness characteristics.

and the material is now undergoing practical trials.4)5) The test methods, although 
indicating the desirable proportions in which the constituents should be mixed, do 
not indicate how far any particular composition w ill be adequate for the traffic  
and climatic conditions. In fact, on heavily trafficked roads in the southern 
warmer parts of England, the material does not always have adequate resistance 
to deformation, and work is still in progress to discover methods by which 
improvements can be made in this direction.

An example of an 8 years old dense tar surfacing is the W atford Road in the 
city of Birmingham that carries fa irly  heavy traffic, about 5,000 vehicles (10,000 
tons) per day.

Mixtures of tar or bitumen and filler made with different fillers having optimum 
binder contents vary considerably in their actual resistance to deformation and Fig. 
15 shows the results for three commercial fillers. The slate mixture is about a 
hundred times more resistant to deformation than the silica mixture. The mixtures 
giving the maximum values of these curves are those having the optimum binder 
content as given by the steady load tensile test.

The explanation of the different maxima given by the different fillers is again 
to be found in the nature of the voids in the fillers. From geometrical considerations 
the increase in viscosity caused by the addition of filler w ill be greater the greater 
is the filler concentration (Cv), and it might be expected that fillers having small 
individual void units would give greater increases in viscosity than fillers having 
large individual void units. Measurements have been made of the »mean pore 
radius» of different fillers under different states of compaction and the viscosity, 
or resistance to flow, has been measured of optimum filler-binder mixtures com-



Fig. 16. Relation between viscosity and the ratio (filler concentration) : (mean 
pore radius) for 48 different types of fillers.

pacted to the same degree. The result of plotting for 48 different fillers the ratio 
(filler concentration)/(mean pore radius) against log viscosity increase is shown in 
Fig. 16. It w ill be seen that to produce a large increase in viscosity the filler must 
have a large value for the ratio Cv/r: that is to say, the most effective filler will 
be a fine filler having a particle-size distribution that will ensure a low void content. 
These factors will explain to a large extent the difference in the effects produced 
by different fillers.

Open-textured Carpets

The open-textured carpet constitutes the greatest mileage of premixed wearing 
surface on the main country roads of Great Britain. It was developed primarily as 
a material which would give a permanently non-skid surfacing. It is very popular 
with the motorist, as it gives him a feeling of great security in wet weather, it is 
probably the easiest of all bituminous surfacing materials to lay, it seldom gives 
trouble from deformation, it can be easily manufactured, and can be transported 
long distances. On the other hand, being open-textured it does not give a waterproof 
top to the road, and the binder is greatly exposed to attack by weather. I f  made of 
suitable materials and properly designed the open-textured carpet may be expected 
to last at least 10 years before requiring maintenance treatment. Some of the first 
road experiments by the Road Research Laboratory were started in 1939 on the 
Colnbrook By-pass and many of the original materials are still in good condition 
after a period of 14 years on this road which carries about 30,000 tons of traffic 
each day. This experiment covered over 700 different compositions, and included 
mixtures made with granite, with gravel, with bitumen and with tar.



Fig. 7 7 . Variation of proportions by weight of gravel, sand, filler and 
binder (in series gravel + bitumen).

The diagram in Fig. 17  illustrates the principle of the method we have developed 
in carrying out this type of full-scale road experiment. The carpet is made of four 
constituents, stone, sand, filler and binder. In this experiment a range of binder 
contents has been used in a very comprehensive series of aggregate mixtures. The 
first series consists of only stone and bitumen, with five bitumen contents. The 
second series consists of stone, filler and binder. The next series consists of stone 
and 6.5 per cent of sand, and increasing steps of filler. The next series consists of 
stone and 13  per cent of sand and increasing steps of filler. The compositions pro
gress with increasing quantities of fine aggregate until the material as laid is no 
longer open-textured. With each aggregate composition a range of binder contents 
is used, the lower end being sufficiently low to cause disintegration, and the upper 
end being sufficiently high to cause excessive smoothness.

The results of one such series is illustrated in the diagrams shown in Fig. 18 . The 
dotted lines show the boundary of good compositions after 5 years, and the con
tinuous line gives the boundary of good compositions after 10 years. Compositions 
above the upper lines are too rich in binder; those below the lower line suffer from 
disintegration. The compositions that are satisfactory throughout the whole 
period of 10 years are therefore those between the upper dotted line and the 
lower continuous line. Although good carpets can be made with all gradings 
which have 8 or more per cent of sand, those which permit a reasonable tolerance 
on the binder content are those with either 8 or 15 per cent of sand and with 
a maximum of about 6 per cent of filler. The binder content for satisfactory 
carpets is then 4— 5 per cent bitumen.

This method of experimentation produced results very quickly; the rate of 
failure of compositions at the extreme ends of the ranges soon indicated the com
positions that were likely to be satisfactory and three years after the laying of the



Fig. 18. Results from granit e-bitumen series (Colnbrook By-pass).

carpets it was possible to issue recommendations for compositions of this type of 
material to be made with either granite or gravel as the coarse aggregate. Although 
the life to be expected from such compositions could not be predicted the later 
information that has been obtained from the experiment since that date has not 
made it necessary to make any substantial alteration to the recommended compo
sitions.

The experiment has shown that it is possible to make a successful granite carpet 
with a life of at least 14  years with either bitumen or tar binder. Further work has 
shown, however, that the tar must have low oxidation characteristics to be suitable 
for these carpets. It is not possible to obtain such good results with gravel, however, 
on this heavily trafficked road. For the best gravel carpets about 30 per cent of 
fine aggregate must be used as compared with a maximum of 20 for granite.

It is somewhat surprising that the nature or quantity of filler appears to have very 
little influence on the quality of these open-textured carpets.



SIEVE SIZE IGNEOUS ROCK LIMESTONE SLAG

PER CENT BY WEIGHT PASSING

3/4 inch 90 -  IOO 90 -  IOO 9 0 -1 0 0
1/2 inch SO -  80 45 -  75 5 0 -  80
Va inch 1 5 -  35 IO -  25 15 -  35

1/8 inch 5 - 2 0 0 - 1 5 5 - 2 0
No 200 2 -  6 0 - 5 O -  5

SOLUBLE BITUMEN
content(percent

WEIGHT OF MIXED
materials)

3 ^ 4 -  4V4 3 '/2 -  43/4 4 -  5

Fig. 19. Bitumen macadam carpet composition.

It was apparent from the different results given by the granite and gravel carpets 
and also from the fact that the behaviour of some of the carpets varied across the 
width of the road according to variations in traffic density that it was necessary to 
carry out further experiments of this type with other aggregates. Accordingly a 
series of local-aggregate experiments has been carried out with a number of aggre
gates typical of those commonly found in Great Britain— limestone, slag, 
quartzite, gravel and basalt— and they have been carried out in the areas served 
by the respective aggregates. To provide a common standard of reference which 
would enable comparisons to be made between one site and another, sections of 
carpet made with a dolerite and bitumen and a tar were included at each site.

The first of these experiments was carried out with limestone in 1945 and the 
others followed in successive years. In the first experiments we arranged for the 
materials to be manufactured and laid by a local firm. However co-operative the 
contractor may be, there are certain difficulties that arise in experimental work of 
this nature and it was decided later that the laboratory should acquire its own 
portable asphalt plant and Barber-Greene laying machine and all the later experi
mental materials have been manufactured and laid by the research laboratory staff.

The results of our experiments and of the experience of our friends in the industry 
have enabled a British Standard (BS. 16 2 1) to be formulated for what is known 
so far to be the best all-round compositions for some of these materials. A  typical 
set of compositions is shown in Fig. 19. These are the compositions the industry is 
at present making.

The outstanding result of our experimental work is that the most critical factor 
in the performance of the material is the nature and quantity of the binder, parti
cularly in the case of material laid on heavily trafficked roads. Less binder and a 
smaller tolerance on binder content range is essential on heavily trafficked roads



MAX.  S IZ E  -  IN. 

PASSING ! / 8 IN. 

PASSING 2 0 0  SIEVE

3/ 4

10

3

3/4

2 0

5

3/4

2 5

6 - 
rv> 

^
 

O 
in 

^ «/2

2 0

5

3/4

IO

3

3/4
2 0

5

3 • O VG VG
3 - 5 FG-v P-v F-v

CUTBACK 4 - 0 F-a G G G G VG G
B IT U M E N 4 - 5 FGv G

5 - 0 FG+v P+ P+ R 1950 R 1951

5 - 5 F+v R 1950 P+
3 - 0 VG VG
3 -  5 G FGd

3 0 0  PEN 4 - 0 G G FGd G VG
B I T U M E N 4 -  5 G

5 - 0 G G FGd FG + FG +
5 -  5 G G

Fig. 20. Bitumen carpets, Staff or d-Cannock Road, laid 1948, 
inspected 1952.

compared with the lightly trafficked roads. This might be expected in view of the 
action of heavy traffic in producing greater compaction and reducing the voids and 
in degrading or breaking down the large size aggregate.

The table shown in Fig. 20 summarises the results of the experiment with quart- 
zite gravel and shows particularly the small tolerance that can be allowed on the 
binder content when cut-back bitumen is used.

It may be of interest here to remark on the method adopted for assessing the 
quality of the experimental sections. The assessment is made by an inspection team 
of at least 7 individuals, each one of which makes a qualitative assessment according 
to a 6-point scale, V . G. (very good), G  (good), F. G. (fairly good), F (fair), 
P (poor) and B (bad). Sections rated below G  show some fault and this is also 
recorded by a code system. A  comment is also made on the nature of the surface 
texture. An average is taken of the separate assessments made by each individual 
for each experimental section of road. It is gratifying to note how closely the 
members of the team generally agree about the assessment of the sections.

Adhesion Problems

One reason for the difference in performance of cut-back bitumen and 300 
penetration bitumen as binders in the quartzite carpets as shown in Fig. 20 is that 
breakdown of adhesion between the binder and the stone occurred with the cut
back bitumen but did not occur (or only to a small extent) with the 300 pen. 
bitumen.



Fig. 2 1. Wheel tracking-immersion test.

Adhesion breakdown is one of the faults that occur with open-textured carpets 
made with certain types of aggregates and cut-back bitumen and it is a problem 
on which we are working in common with many other research laboratories. We 
are at the moment trying to find out what proportion of material does in fact fail 
from this cause. A  survey of particular cases of this type of failure has revealed 
that traffic as well as water is an operative factor in producing adhesion breakdown. 
Therefore any laboratory test intended for predicting how far any particular 
surfacing mixture will resist breakdown by water must include this factor. The 
test developed at the Road Research Laboratory is a modification of the simple 
set-up shown in Fig. 2 1 , and work with this type of machine gives promise of good 
correlation with road experience.

Although special surface-active chemicals added in economical quantities to the 
bitumen reduce to some extent the risk of adhesion breakdown by water, none of 
them appears to be so effective as the process of incorporating hydrated lime in the 
mixture and using an acid constituent, preferably a coal-tar acid, in the bitumen.

Durability of Tar

Although tarmacadam is one of the most commonly used materials in Great 
Britain and has given satisfactory results on all classes of road when used as a base 
course or as a basis for a surface dressing, attempts to use tar for the open-textured 
carpets that are not intended to be surface-dressed has shown that disappointing 
results are often obtained particularly with certain types of tar.

Our full-scale road experiments have been aimed at finding the best carpet 
compositions that can be used with the locally produced tars. It was found that for 
good results it was generally necessary for the carpet to contain more fine aggregate 
and to have higher binder contents than are needed for bitumen carpets. Even when



Fig. 22. Loss in weight on exposure of a high aromatic tar spread 
as a film  0.2 mm thick at room temperature ( i j °  C).

these adjustments were made, however, disappointing results were obtained with 
some tars and part of our researches have been devoted to a study of the factors 
that affect the durability of tar and to investigating methods for improving its 
durability.

When a tar carpet is in a state of disintegration it has been found that the loss 
o f stone occurs particularly when the atmospheric temperatures are low. In fact, 
the lower the temperature the greater is the loss. The displacement of stone occurs 
through fracture, either within the tar or at the bond between the tar and the stone, 
under the rapidly applied transient stresses of traffic or by movements in the road 
structure. The progressive increase in the viscosity of the exposed tar causes an 
increase in the stresses so developed until the breaking strength of the tar or tar- 
aggregate bond is exceeded. As the breaking strength of tar is not reduced by 
weathering it follows that differences in resistance to weathering of different tars 
arise from differences in the rate at which their viscosities rise.

Until fairly recently it has been generally assumed that the hardening of tar by 
exposure to weather was largely caused by evaporation of volatile oils. The first 
serious attempt, however, to correlate road performance with laboratory tests, 
which was made in about 1937 as part of the co-operative research between the 
Road Research Organisation and the British Road Tar Association, indicated that 
oxidation and possibly polymerisation by the action of light must also be taken into 
account. It does appear, now, as a result of the researches at the Road Research 
Laboratory that by far the more important factor is atmospheric oxidation.

When a layer of tar is exposed to light a surface film is formed which is virtually 
impervious to oil and prevents evaporation. The curves shown in Fig. 22 illustrate 
this process. The results are given for loss in weight from layers of tar 0.2 mm thick 
exposed (a) in the dark (b) to sunlight and (c) to an ultra-violet lamp. It w ill be 
seen that as soon as the film formation is complete there is no further loss of weight.

Increasing the rate of oxidation of tars by raising the temperature of the reaction 
has shown that marked differences between different tars that are apparent at 4 5 °C
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Fig. 23. Automatic apparatus for measuring the absorption of oxygen by tar oils.

practically disappear at 200°C . The recent studies at the Road Research Laboratory 
of the oxidation process have therefore been made at a temperature of about 65°C , 
which is just above the maximum temperatures experienced on the road.

The first investigations were made on the tar oil distillate fraction which consti
tutes about 35 to 40 per cent of the tar. During the reaction the tar oil was main
tained under the condition of oxygen saturation. Fig. 23 shows a diagram of the 
apparatus used for the purpose. It automatically maintained itself at an approxi-

Fig. 24. The absorption of oxygen by the tar oil distillate fraction of 
road tar at 6 3 ° C.



Fig. 25. Resin formation in tar oils oxidized at 6 3 ° C. Resin-insoluble material in N-bexane.

mately constant pressure and at the same time recorded the amount of oxygen 
absorbed during the course of the reaction.

Fig. 24 shows the typical course of the reaction for two oils, one derived from a 
vertical retort tar and one from a coke-oven tar. T w o simultaneous reactions occur; 
reaction B is concerned with the phenols which can be extracted from the oil by 
caustic soda; reaction A  involves the oxidation of compounds not extracted by 
caustic soda but which contain active hydrogen. Both reactions produce resinous 
material which increases the viscosity of the oil, but reaction B is much more rapid 
than reaction A. These resins produce a marked increase in the viscosity of the oil.

Fig. 25 shows the reduction in the resin formation obtained by extracting the 
phenols from a vertical-retort tar oil; it also shows the difference in the resin forma
tion from a vertical retort tar oil and from a coke-oven tar oil.

It was found that at temperatures above 65 °C  the oxidation of the hydrocarbons 
becomes appreciable and the reaction resembles that involving the phenolic com
pounds. On the other hand accelerating the oxidation by increasing the pressure 
does not change the nature of the reaction process. A  pressure oxidation test has 
therefore been developed for assessing the oxidation characteristics of road tars. 
Fig. 26 shows a diagram of the bomb and the containers for samples of tar. In this 
bomb the tar is oxidised at 65 ° C  for a period of 64 hours under a pressure of 20 
atmospheres; the containers are provided with perforated lids so that evaporation 
does not occur. As the loss of stone in a disintegrating carpet occurs at low atmosphe
ric temperatures it was decided that the change in the tar produced by the oxidation 
should be measured by a test that is carried out at a low temperature. The Fraass 
Brittle Temperature test was accordingly used. This procedure has given on the 
whole quite good correlation with road performance. T w o  series of tar carpets 
have been laid specially to assess the value of this test, one in 1940 and one in 1944.



The carpets were laid on the main road near the Road Research Laboratory which 
carries 30,000 tons of traffic each day. The tars, which had a viscosity of 38 
E. V . T ., included those from vertical and horizontal retorts and coke-ovens; they 
included also tars from the same source that had been prepared so as to have diffe
rent volatility characteristics. The diagram in Fig. 27 shows the results of plotting 
the brittle temperature after oxidation by the pressure oxidation test against the 
relative performance after 5 years of the 1944 tar carpets made with these tars.

A  poor road performance is given by tars which show brittle temperature after 
oxidation of more than 2 °C . Unfortunately the Fraass test is a test which, like all 
tests involving fracture, gives poor reproducibility, and an alternative method of 
test is required. A t the moment, the change in the E. V . T . of the tar is used as a 
more reproducible test, but it is not a low temperature test and is consequently not 
altogether satisfactory.

Fig. 26. Pressure vessel assembly for oxidation test.



BRITTLE 2
TEMPERATURE 

AFTER PRESSURE O 
O XIDATION  

(DEGREES C .) -2

Fig. 2-7. Relationship between the road performances and the susceptibility 
of a tar to oxidation at 6 $ °  C . Bad to the left, good to the right.

It will be noted that the coke oven tar in this series had a high resistance to 
oxidation and yet it gave a poor result on the road. This anomalous result may be 
explained by the development of a physical structure within this tar, which, al
though producing a brittle condition on the road, is not detected by the laboratory 
oxidation test. This is a problem on which we are at present working but for which 
we have not yet a satisfactory solution. The road experiment has shown that the 
addition of bitumen to this tar will change the road result from a poor one to a good 
one.

These results support the view rhat oxidation is generally the most important 
factor that determines the durability of a tar binder used in a medium or open- 
textured carpet. We have recently obtained further evidence to support this from 
a detailed examination of the properties of some tars recovered from old tar carpets. 
We have developed a solvent method for recovering the tar from an old surfacing. 
By the use of the two solvents pyridine and carbon di-sulphide it is possible to 
recover the tar without changing its properties. This method provides us with a 
most valuable tool in the study of the weathering of tar binders in road surfacings.

Having recovered a sample of the tar from the carpet it is possible to compare 
its properties with the properties of the original tar and with the properties of the 
original tar after it has been subjected to laboratory oxidation and evaporation 
tests. The properties considered for this purpose are constituted as given by solvent 
analysis, distillation characteristics, and flow  properties.

When a solvent analysis is made by selective solubility in pyridine, benzene, and 
n-hexane a crude molecular separation is obtained which can be represented by the 
diagram in Fig. 28. It w ill be easily seen that if  the only change in the tar is evapo
ration of the oil fraction there w ill be no change in the ratio of the resins B and C2. 
On the other hand oxidation of the tar w ill affect all the fractions to various degrees 
and may be expected to produce a change in the ratio of B to C2. Fig. 29 gives the 
resin B/C2 ratios for three tars (vertical and horizontal retort and coke oven tars)
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Fig. 28. Separation of a tar into constituents.

before and after exposure in tar carpets for four and a half years. There is a 
substantial reduction in the value of this ratio. I f  the original tars are distilled so 
as to remove sufficient oil to produce the same increase in viscosity as occurred on 
the road it w ill be noted that no change is produced in the B/C2 ratio. On the other 
hand oxidation of the tar at 65°C  reduces the B/C2 ratio substantially near to those 
obtained from the road samples.

Examination of the distillation characteristics of the recovered tars has also 
supported the view that the changes on the road are due largely to oxidation.

We are thus led to the conclusion that any substantial improvement in durability 
of a tar used for tar carpets can be achieved only by reducing its tendency to oxida
tion at atmospheric temperatures. T w o methods of doing this are being examined.

RESIN B /C2 RATIO

TAR CRUDE
SOURCE

ORIGINAL
AFTER EXPOSURE 
ON THE ROAD 
FOR 4 !/2 YEARS

a f t e r  v a c u u m

DISTILLATION  

AT 2 5 0 ° C 
( 3 6 -  39°/0 OIL 

r e m o v e d )

AFTER BLOWING 
WITH OXYGEN 
AT 65°C FOR 

3 50  HOURS

1
VERTICAL
RETORT 3*2 1- 4 3 • 7 2 - 0

2
HORIZONTAL

RETORT
3 * 6 \ • 4 3 • 7 1 • 9

3 COKE OVEN 2 - 5 1 - 2 2 • \ I * {

Fig. 29. Comparison of the resin BIC2 ratios of tars weathered on the road 
and subjected to laboratory oxidation and evaporations.



One is the removal of the phenolic constituents by washing the whole of the tar 
with caustic soda. The other is by removing the oxygen reactive constituents by 
blowing the tar with air at 7 5 °C  in the presence of a small percentage of caustic 
soda which acts as a catalyst. The second method is at present the most promising 
one, and tar carpets made with such tars have been laid on several roads. Removal 
of the alkali reactive constituents by washing with aqueous caustic soda introduces 
several difficulties and high pressures must be used so as to avoid the formation of 
stable emulsions.

The British Standard for road tar is now under revision and the tar industry is 
co-operating with the Road Research Laboratory in the introduction of new clauses 
which will ensure that tar to be used as binder in tar carpets w ill possess the necessary 
resistance to atmospheric oxidation.
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