
Part II. Changes In Bitumen Composition 

Causing Changes In Viscosity 

E. D. TINGLE and E. H. GREEN, Road Research Laboratory, 
Harmondsworth, Middlesex, England 

An examination has been made of experimental surfacings laid on a heavily 
trafficked road. These comprisedasphaltic concrete sections using refinery 
bitumen and fluxed Trinidad lake asphalt as binders, and rolled asphalt sec
tions using refinery bitumens from two distinct crude sources. The changes 
in viscosity have been determined for the bitumen recovered from the upper
most layer of the experimental surfacings and in successive 0. 5-mm layers 
of the rolled asphalt sections. Corresponding changes in composition have 
been determined by a newly developed solvent fractionation technique. 

Important factors in the behavior of binder in surface layers are changes 
in constitution brought about by atmospheric oxidation and by absorption of 
oil dropped from vehicles. The interaction of hardening by oxidation and 
softening by oil droppings helps explain why the nature of the binder plays 
an important role in determining the resistance to skidding of dense bitu
minous surfacings. A correlation has been established between the com
bined effects of weather and traffic, the change in properties of the binders 
in the surface layers, and the surface texture and skidding resistance. 

•FOLLOWING THE work reported in Part I, a further full-scale experiment was car
ried out in 1960 designed to clarify the reasons why dense surfacings made with certain 
bituminous binders became slippery whereas those made with other binders retained a 
rough, skid-resistant texture. A laboratory investigation was begun to study in more 
detail the changes in the properties of the binder in service. Measurements were made 
of changes in viscosity and composition of binder recovered from different parts of the 
road surface and at successive depths below the surface. Most of the work is con
cerned with binders used in rolled asphalt manufactured according to B. S. 594, but an 
investigation is also recorded of changes occurring in binders used in asphaltic con
crete with a continuously-graded-aggregate structure. 

EXPERIMENT AL 

The Full-Scale Road Experiment 

The full-scale road experiment, begun in August 1960, comprised 38 sections, each 
70 yd long. The main aim of this experiment was to compare the behavior of eleven 
selected bitumen binders chosen to have individual properties significant for the main
tenance of good skid-resistance. Five sections containing four different binders have 
been studied intensively and the results presented in this paper. The composition of 
two of these sections was selected inside the range of the specification given in Table 7, 
Schedule 1 of the British Standard Specification B. S. 594:1961. They contained 25 per
cent (by weight) coarse aggregate, 57 percent fine silica sand, 9. 5 percent filler and 
8. 5 percent soluble bitumen binder; ½-in. nominal-size chippings coated with bitumen 
were rolled into these surfacings at a rate of 185 sq yd per ton. The other three sec
tions were to a specification similar to that of wearing-course asphaltic concrete as 
used on the continent of Europe and in the USA. The material used in these sections 
had a continuously-graded-aggregate content of ¾-in. maximum size. The coarse aggre
gate content was 46 percent by weight, fine aggregate 44 percent and filler 10 percent. 

Since laying in 1960, the experimental surfacings have carried heavy traffic of ap
proximately 23, 000 vehicles per day, corresponding to a load of 64, 000 tons per day. 

51 



52 

TABLE I 

PROPERTIES OF THE BITUMENS 

Property 

Penetration 
Softening point (ring and bal1) 1 deg C 
Penetration index 
Viscosity (measured at a rate of shear 

of 4 ;,; 10- • sec- 1
) 

at 25 C (x 106
), poises 

at 45 C (x 106
), poises 

aTemperalure susceptibility (m) 

hPlaslicily index (p) 

cr10!11a: 

ct Aging index (air) 
Aging index (nitrogen) 
Spot test (oliensis) 

X 

42 
58 
+0. 2 

9. 4 
o. 34 

3. 57 

I. 2 

1. 6 

4, 1 
1. 6 
-ve 

y 

45 
54 
-0. 7 

6. 1 
0. 17 

4. 01 

! , 2 

1, 55 

5. 5 
2. 4 
-ve 

z 

63 
51 
-0. 5 

4, 6 
0, 14 

3. 98 

1.1 

I, 25 

2. 7 

-ve 

0 f,om Walther formula log log 0/ + 0.8) = -m log T + C (where Vis kine-
6n,ot1c viscosity and T the tempera lvu, , deg K). 

hoin D = KsP where D is rate of shc:,04 and s is shear stress, 
cllo and 1lo: represent respectively the values for vi scosity at low and high 

totes of shear, calculated f1om a plot of the sheor stress ogoimt ongula1 
rotation in a conicylindrical viscomete1, The rati o Tb/a: gives a 

drncos ure o f the departure of the bitumen from Ne1w tonion be havio1. 
Me asured by the method of Griffin, Mil es and f1'~11t he r U), 

All sections of the full- scale road ex
periment are in very good condition after 
five years under this heavy traffic and 
there is no indication that any of the 
sections will have a life significantly 
shorter than the 20 years expected from 
a standard rolled asphalt wearing-course. 

The Bituminous Binders 

The rolled asphalt sections contain 
two different residual bitumens of the 
same nominal penetration (50) and at the 
same nominal binder content (8. 5 per
cent by weight). The first, bitumin X, 
is a product typical of road bitumen 
commercially available in Great Britain. 
The second, bitumen Y, is a specially 
imported road bitumen selected for the 
road experiment because of its particularly 
high sensitivity to hardening by photo
oxidation. 

Two of the asphaltic concrete surfacings contain a residual bitumen Z from the 
same crude source as bitumen X but of a nominal 60 / 70 penetration. In one of 
these sections the binder content is 5. 3 percent by weight, in the other, a little 
higher (5. 5 percent by weight). The third sectionofasphaltic concrete contains fluxed 
Trinidad lake asphalt as binder. The naturally occurring lake asphalt after refining consists 
of approximately 35 percent by weight finely divided mineral matter and 55 percent by 
weight bitumen soluble in carbon disulfide. The remaining 10 percent consists of 
organic matter insoluble in carbon disulfide. The refined lake asphalt is fluxed to 
the appropriate penetration with about 15 percent by weight of a heavy petroleum flux 
oil. The soluble bitumen content of the asphaltic concrete made with fluxed lake asphalt 
was 5. 7 percent by weight. Some properties of the bitumens X, Y and Z are given in 
Table 1. 

Surface Characteristics 

In common with most roads carrying heavy canalised traffif'. there is a rlistinct dark 
strip approximately 3 ft wide, about 6 ft from the curb, caused by oil droppings from 
passing vehicles. The oil lanes on the rolled asphalt sections containing the two bitu
mens are markedly different in visual appearance. On the section containing bitumen 
X the oil lane is very dark in color and smooth in appearance. The coated chippings 
applied to the surface appear to have been pushed into the mortar to a much greater 
extent than in the wheel tracks bordering the oil lane. On the section containing bitumen 
Y the oil lane is lighter in color and less clearly defined, and the whole surfacing is of 
more uniform appearance. The coated chippings in the oil lane are raised above the 
mortar to almost the same extent as in the wheel tracks. 

A similar difference in appearance is noted in the asphaltic concrete surfacings con
taining the two different binders. In the oil lane on the section containing the residual 
bitumen Z, there has been considerably greater closing-up of the surfacing than in the 
wheel tracks. The mortar of fine aggregate is level with the exposed coarse aggregate 
giving the surface in the oil lane a smooth dark appearance. The section containing 
Trinidad lake asphalt has a surface of much more uniform roughness and color. The 
difference in appearance between the rough wheel track of the asphaltic concrete con
taining Trinidad lake asphalt and the smooth oil lane of the asphaltic concrete containing 



53 

bitumen Z is illustrated in Figure 1. Measurements of the differences in texture depth 
of the surfacings that were so apparent on visual inspection have been made by the 
"sand-patch" method. In this method a measured volume of fine, single-size, dry sand 
is poured in a conical heap on the road surface. It is carefully distributed to just fill 
the interstices; the diameter of resultant circular sand patch is then measured. The 
volume of sand divided by the area of the patch gives an average value of texture depth. 
Texture depths of less than 0. 010 in. are difficult to measure by this technique. Where 
necessary, on smooth surfaces, the texture depth has been measured by a complementary 
method similar in all ways except that a weighed quantity of soft grease replaces the 
sand. The results of these roughness measurements on both rolled asphalt sections 
and on the asphaltic concrete sections containing Trinidad lake asphalt and bitumen Z 
(higher binder content) are given in Table 2. 

It is still too early to give a complete assessment of s. f. c. measurements. How
ever, a preliminary assessment has been made based on monthly measurements of 
s. f. c. using data (2) on liability to skidding accidents of roads with different s. f. c. 
Table 3 gives an order of merit for the surfacings in terms of relative liability to 
skidding accidents. The tentative results show that the rolled asphalt containing bitu
men X is 43 times as dangerous as the best surfacing, the asphaltic concrete containing 
fluxed Trinidad lake asphalt. 

The s. f. c. measurements were made in the wheel track of the road. The resistance 
to skidding in the oil lane was measured by means of the Road Research Laboratory 
portable pendulum tester. The results are given in Table 4. The results given in 
Tables 2, 3, and 4 show that for both rolled asphalts and asphaltic concretes a change 
in the nature of the bitumen binder can lead to marked differences in the surface texture 
developed and in the resistance to skidding. For each pair of surfacings of the same 
type, the rougher the surface texture, the higher the resistance to skidding. 

Examination of Bitumen Recovered from Road Sections 

The general technique used for investigation of viscosity changes in the binders was 
similar to that reported in Part I, but the investigation was carried deeper into the 
surfacing and refined methods of recovery and measurement of viscosity were used. 
In addition, composition changes in the binder used in the rolled-asphalt sections, in 
layers at increasing depths below the surface, were examined by a specially developed 
solvent-fractionation method. 

Two cores 6 in. in diameter and the full depth of the surfacing were cut from each 
road section of rolled asphalt, one in the wheel track (3 ft 6 in. from the curb) the other 
in the oil lane (6 ft from the curb). 

In the laboratory the sand/filler / binder mortar was removed from between the applied 
coated chippings using a small sharpened steel spatula. This was done in such a way 
that successive layers, each approximately 0. 5 mm thick, were separately removed. 
The bitumen was recovered from each sample by extracting with carbon disulfide, 
centrifuging out the mineral matter and recovering the bitumen under controlled con
ditions . 

The viscosity of the recovered bitumen was determined with the sliding-plate micro
viscometer (3) and the results are given in Table 5. 

To obtain more information on the changes in composition that occur during weather
ing, the bitumens were divided into fractions using a series of solvents of increasing 
dispersing power, as recommended by Krenkler (4). The solvent-fractionation method 
devised by Krenkler requires 2. 5 g of bitumen for determination of a single fraction, 
i. e., 25 g for a complete analysis in duplicate using the five recommended solvents. 
For the present investigation the technique was modified to give a micro-method which 
uses only 400 mg of bitumen for a complete analysis. Results of the solvent fractiona
tions of the bitumen recovered from successive layers removed from all cores from 
the rolled-asphalt sections are given in Table 6. 
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TABLE 2 

TEXTURE-DEPTH MEASUREMENTSa 

Surfacing Binder 

Texture Depth in 
1/1000 in. 

Oil Lane Wheel Track 

Rolled Bitumen X 12. 6 18. 6 
asphalt Bitumen Y 14. 3 16. 5 

Asphaltic Bitumen Z 9. ob 12. 4c 
concrete Trinidad lake 

asphalt 18. 2 18. 3 

aAII values given are 1·he averages of at least 12 measure
bments. 
Measu red by grease-patch method. 

cMeasured by both grease-patch and sand-patch method. 

TABLE 3 

RELATIVE LIABILITIES TO SKIDDING ACCIDENTS 

Relative 
Surfacing Skidding 

Liability 

Asphaltic concrete containing fluxed 1 
Trinidad lake asphalt 

Rolled asphalt containing 15 
bitumen Y 

Asphaltic concrete containing 24 
bitumen Z 

Rolled asphalt containing bi tum en X 43 

TABLE 4 

Order 
of Merit 

Best 

Worst 

RESULTS OF SKID-RESISTANCE MEASUREMENTS 
WITH PENDULUM TESTER 

Surfacing 

Rolled 
asphalt 

Asphaltic 
concrete 

Binder 

Bitumen X 
Bitumen Y 

Bitumen Z 
Trinidad lake asphalt 

(fluxed) 

Skid Resistance in 
Oil Lane 

47 
55 

52 
60 

55 
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TABLE 5 

VISCOSITY OF BITUMEN RECOVERED FROM SUCCESSIVE 
T,AYE.!I.E ffl<' MnwrAP ffl<' POT.T.F.n .AB!'!!ALT SECTIQ!'l'Sa 

Bitumen :xb Bitumen ye 
Site 

Wheel Track Oil Lane Wheel Track Oil Lane 

First layer, 0-0. 5 mm 1, 4 0. 5 (40) (40) 
2nd layer, 0.5-1.0 mm 2. 4 0. 3 13 3. 1 
3rd layer, 1. 0-1. 5 mm 4. 5 0. 6 7.0 4. 5 
5th layer, 2.0-2.5 mm 8. 2 4. 5 9. 7 9. 2 
lOU1 layer, 4.5-5.0 mm 10. 2 10. 0 10. 0 10. 1 
Approx. 18 mm (¾ in.) 15. 5 15. 0 12 

a All viscositi es in poises, X Hl6, at 25 C. Shear rate : 0.04 sec-1 except the two results in 
parentheses, which were interpolated from me asurements at lowe r rates of shear or higher 

6
temperature of testin g. 
Origina l binder (ofter recovery ), 8.5. cOrigina l binder (ofte r recovery), 5.3. 

TABLE 6 

SOLVENT FRACTIONS OF BITUMENS RECOVERED FROM SUCCESSIVE LAYERS OF MORTAR OF ROLLED-ASPHALT SECTlONSa 

Bitumen X, Oil-Lane Bitumen X, Wheel-Track Bitumen Y, Oil-Lane Bih.m1en Y, Wheel-Track 

Sile 
(percent in fraction) (percent in fraction) (percent in fraction) (percent ln fraction) 

Original Bitumen 39 e 32. 9 18 4 8 , 4 0 7 39. 6 32 9 10, 4 8. 4 o. 7 36. 6 3L 7 11. 8 18. 9 1, 0 36, 6 31. 7 11 8 18. 9 1.0 
First layer, 0-0. 5 mm 61. 0 10, 8 8. 2 18. 6 o. 9 58, 0 9. 7 12. 5 18. 2 1, 6 52. 4 7. 2 9, 0 7. 2 24. 2 48. 7 12 1 5. 0 14. J 20 I 
2nd layer, 0, 5-1, 0 mm 62. I 12. 9 12 0 11 , 4 1. 6 53. 6 16. 9 13, 2 14. 6 1. 7 51. 0 15, 7 7. 3 16. 0 10. 0 45. 7 20. 8 9. 5 13. 7 10, 3 
5th layer, 2. 0- 2. 5 mm 54 0 19, 5 14 5 12. 0 47 . 3 25 3 16, 9 10, 5 43 . 6 25, 2 10 7 17 . 8 2, 7 42, 8 25. 7 10. 7 18, 0 2, 8 
10th layer, 4.. 5-5. 0 mm 47, n 27 , 1 16, 2 9. 1 44, 3 29. 7 17, 0 9, 0 43 . 1 27, 1 9, 8 16, 1 3, 9 41 . 9 28. 6 8. 1 16. 5 4.9 

a Fraction 1. (Jaw-molecular-weight maltenes) solut,Je in n-butanol. 2, (resins) soluble inn-heptane, insoluble in n-butanol. 
3. (low-molecular-weight asphallenes) soluble in 2:1 heptane/cyclohexane mixed solvent, insoluble inn-heptane. 
4. (medium-molecular-weight asphaltenes) soluble in 1:2 heptane/cyclohexane, insoluble in 2:1 heptane/cyclohexane mixed solvent 
5. (high-molecular-weight asphaltenes) insoluble in 1:2 heptane/cyclohexane mixed solvent. 

From each of the selected sections of asphaltic concret e four 6-in. diameter cores 
were cut, one pair from the oil lane, the other pair from the wheel track. Examination 
of recovered binder was by a different technique from that used in the case of rolled 
asphalt because of the stonier nature of the material. The thinnest layer that it was 
possible to r e move from the surface and thal was at all 1·epresentative of the surface 
was on average about¼ in. thick. This layer was removed by hand from the sm·face 
of each core heated to a temperature of 100 C. The amount of material so removed 
(15-20 g) was just sufficient to allow the use of a small-scale method described by 
Green (5) for solvent recovery of the binder. The remainder of the core was then 
broken down and a sample equal to a quarter of the total material was taken for re
covery of the bitumen. The penetrations of the recovered bitumens were measured in 
calibrated small-scale cups, 14 mm in diameter; absolute viscosities were measured 
with the sliding-plate microviscometer. The results obtained are compared in Table 7 
with those obtained on the original bitumen and fluxed lake asphalt. These original 
binders were submitted to the recovery process for comparison of results with those 
obtained with the binders from the road samples. Results of penetration tests on binder 
recovered from the road materials immediately after mixing at the asphalt plant are 
included in Table 7. 

Oxidation Tests on Binders 

The effect of oxidation on the consistency and composition of the bitumens used in 
the experimental road sections of rolled asphalt has been examined. Films, 2 mm 
thick, of the binders were subjected to oxidation, under conditions that allowed no evapo
ration of volatile components, by storing for 70 hours in a bomb in which a pressure of 



TABLE 7 

RESULTS OF VISCOSITY TESTS ON BITUMENS RECOVERED FROM 
THE ASPHALTIC-CONCRETE SECTIONSa 

Nature 
Oil Lane Wheel Track 

57 

of Section 
Viscosity, Viscosity, 

Binder Pen. at 25 C P en. at 25 C 
Poises x 108 Poises x 108 

Bitumen Z, Top¼ in. 210 o. 17 61 3. 5 
5. 3'.li by wtb Remainder 38 11. 0 27 21. 8 

Bitumen Z, Top¼ in. 174 0. 26 69 3. 22 
5. 55' by wtb Remainder 41 8. 4 41 10. 4 

Fluxed Trinidad lake asphalt, Top '/4 in. 130 0. 6 67 2. 4 
5. 7% by wtC Remainder 78 1. 8 67 2. 1 

~All viscositi es at rate of shear 0.04 sec- 1, determined at 25 C. 
Origi nal bitumen (without aggregat e), pen . at 25 C = 50, viscosity in poises ( x H? )= 4.6; bitumen recovered from mixing 
plont sample, pen . at 25 C = 44. 

cOriglnol bitumen (without aggregate), pen . at 25 C = 100, viscosity in poises ( x 1Cl6)= 0.68; bitumen recovered from 
mixing plant sample, pen, at 25 C = 101. 

TABLE 8 

CHARACTERISTICS OF PRESSURE-OXIDIZED BITUMENS 

Softening Solvent Fractiona 

Binder Pen. Point Penetration (%by wt) 
at 25 C (R& B), Index 

deg C 1 2 3 4 5 

Bitumen X Original 42 58 +0. 2 39. 6 32. 9 18. 4 8. 4 0. 7 
Pressure-

oxidized 19 70 +0. 6 44. 8 18. 0 15. 8 20. 5 0. 9 

Bitumen Y Original 45 54 -0. 7 36. 6 31. 7 11. 8 18. 9 1.0 
Pressure-

oxidized 16 77 +1. 5 40. 6 15. 9 11. 1 10. 9 21. 5 

~For definition of fractions see Table 6. 

20 atmospheres (300 psi) of oxygen and a temperature of 65 C were maintained. After 
this treatment the penetration and softening point of the oxidized material were meas
ured. In addition, the composition changes as measured by the Krenkler solvent-frac
tionation method were determined. The results are given in Table 8. 

The results show that the susceptibilities to increase of consistency of the bitumens 
on oxidation under these conditions are not dissimilar. Bitumen Y is a little more 
susceptible than bitumen X. The effect of oxidation on composition is to increase the 
content of the high-molecular-weight (fractions 4 or 5) at the expense of fractions of 
lower-molecular-weight resins (2 and 3). Surprisingly, in both cases there has been 
an increase in the lowest-molecular-weight oily (fraction 1) from which it might be 
inferred that a degradation reaction producing lower-molecular-weight material ac
companies the association reactions producing higher-molecular-weight material. 
However, there is a marked difference between the two bitumens in the nature of the 
high-molecular-weight material produced in the oxidation reaction. In bitumen X 
practically all the increase occurs in the medium-molecular-weight asphaltene (frac
tion 4) whereas in bitumen Y there has been a decrease in this fraction but a large 
increase in the high-molecular-weight asphaltene (fraction 5). 
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RESULTS 

Tt iLl lrnn,un that thf" nl"rH-.nccnc thClt lnan tn th" r>hClnrrno in hinrln,-, nl"nnnl'"Hnc •.:\l1 n rnnct .,._., ........................... ., .. _ ............. I:' .. ...,....,...,...,..., ........ ....... _ ..................... ..,..., ........ ..., .................. 0 ................. ..., ........ ..,,...., .. .t"'""' '-'I:'..., ................... ................................ ... 

complex and in many cases interacting. Some of the most important of the processes 
occurring are: 

1. Oxidation reactions, accelerated by the influence of light in many cases; 
2. The softening or fluxing action of oil dropped on the road surfacings by passing 

vehicles; 
3. The leaching of water- soluble oxidation products by rain; and 
4. The degradation of certain bitumens by water alone that can occur in the absence 

of oxygen and light. 

It is clear from observations of different binders that their success in providing a 
skid-resistant surfacing depends on some or all of these processes. It is also clear 
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Figure 2. Viscosity and composition of bitumen in successive depths ot rolled asphalt. 



that the mechanisms to which binders of approximately equal performance owe their 
success can be very different. 
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Only long-term research can clarify this complex situation. The discussion here 
will be mainly in terms of the first two processes mentioned, i.e., oxidative hardening 
of the binder and softening by oil droppings . 

Viscosity Changes 

To facilitate the discussion of the results given in Table 5, they are shown graph
ically in Figure 2. Samples of bitumen X recovered from the uppermost (O. 5 mm thick) 
layer of the mortar of both the oil-lane core and the wheel-track core are considerably 
softer than that recovered from the layer at the greatest depth (approx. 18 mm) below 
the surface, to which depths it can be assumed that the effects of neither weather nor 
oil droppings penetrate. The surface bitumeri is, in fact, considerably softer than the 
original bitumen; in the case of the oil-lane sample by a factor of 17, in the wheel track 
somewhat less. In the second layer in the oil lane the bitumen is still softer. It is ap
parent that oil droppings on the road, in greater quantity in the oil lane, have penetrated 
and softened the binder to a considerable extent. Tests made of the effect of filtered, 
used, sump oil in the original bitumen show that to obtain the amount of softening ob
served, in the absence of other factors that might change the viscosity of the binder, 
approximately ten percent of oil would be required. 

At a depth of around 2. 5 mm the softening is much less, and at 5 mm there is no 
significant difference in viscosity from that of the original bitumen, i.e. , this repre
sents the limit of penetration of the oil droppings. 

The second binder, bitumen Y, behaves in a quite different fashion. Both in the oil 
lane and in the wheel track the binder recovered from the first layer of mortar is harder 
by a factor of about ten than the original bitumen; it is about four times as hard as the 
bitumen recovered at a depth of 18 mm in the bulk of the cores. This hardening has 
taken place despite the fact that there is no reason to believe that the amount of vehicle
oil droppings on the road sections containing this bitumen was any different from that on 
the sections containing bitumen X. Evidence that oil has penetrated the surfacing is 
given by the fact that bitumen in the second layer is much softer than in the lower layers 
both in the wheel track and the oil lane. The fluxing effect of oil is apparent to a depth 
of 2. 5 mm after which no further change in viscosity occurs. 

It is deduced that the fluxing effect of oil droppings is counteracted to a much greater 
extent by oxidative changes in bitumen Y at the exposed surface than with bitumen X. 
The evidence for this is discussed later. 

The changes of viscosity in successive layers of binder cannot be compared directly 
with those reported in Part I because different bitumens are concerned and because the 
length of exposure in the road was different in the two cases. However, the behavior 
pattern is very similar in the two cases, bitumen X behaving similarly to the Venezuelan 
bitumen observed by Please and Mayer, bitumen Y behaving in a fashion intermediate 
between the Venezuelan bitumen and the Trinidad lake asphalt. 

Turning now to the results of viscosity tests on the bitumen recovered from the 
asphaltic-concrete sections assembled in Table 7, it can be seen that the behavior pat
tern is again similar to that shown in the rolled-asphalt sections. In this case the con
sistency of the recovered binder was measured in terms of penetration and absolute 
viscosity. The agreement between the measurements, although showing some slight 
anomalies, is satisfactory in view of the known precision of the measurements. 

Here again, considerable softening has occurred in the binders in the oil lanes of all 
sections and in the wheel track of the sections containing the residual bitumen. The 
softening (to a penetration of 210) is most marked in the oil lane of the lower-binder
content section containing bitumen Z and is equivalent to the effect of addition of about 
ten percent oil to the original bitumen. The binder in the surface layer of the section 
made with Trinidad lake asphalt has the same consistency as in the thicker bottom layer 
and, in this case, as in that of bitumen Y in the rolled-asphalt section, it appears that 
the fluxing effect of oil dropped on exposed binder has been counteracted by the effect 
of oxidation. 
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Changes in Composition of the Bitumens on Exposure 

The use of fractionation by selective solvents, one of the oldest methods of composi
tion analysis of bitumens, is open to criticism on the grounds of its arbitrary nature 
and relatively low accuracy. Nevertheless its use has been very helpful in explaining 
the behavior of bitumens and, in the present case, the simple procedure adopted has 
been remarkably successful in providing important clues to the reasons for the differ
ences in the viscosity changes between bitumens X and Y discussed previously. 

The modified Krenkler system adopted for the investigation has been found particu
larly appropriate. It divides the heptane- soluble portion (maltenes) into an oil (fraction 
1) soluble in butanol and a low molecular-weight resin (fraction 2). The heptane
insolubles (asphaltenes) are divided into low-molecular-weight asphaltenes (fraction 3), 
medium-molecular-weight asphaltenes (fraction 4) and high-molecular-weight asphaltenes 
(fraction 5). The fraction insoluble in cyclohexane (fraction 6) is absent or insignifi
cantly small in all the bitumen samples observed. This division has been useful in that 
estimation of fraction 1 has allowed some assessment to be made of the quantity of oil 
dropped on the road. The division of the asphaltenes into three molecular-weight ranges 
has indicated important differences between the bitumens in composition changes on 
weathering and on laboratory oxidation. 

Figure 2 shows simultaneously, in diagrammatic form, the composition changes and 
the viscosity changes measured in the binders in the roHed asphalt sections. Composi
tion analyses of the bitumen in the successive layers of mortar removed in the oil lane 
only are given. Analyses relating to the wheel track show a similar pattern and are 
omitted for the sake of clarity. In Figure 2 the composition changes found on pressure 
oxidation of the bitumens are also illustrated. 

The composition analysis of bitumen recovered from the first layer of mortar shows 
a striking feature common to both bitumens X and Y. The lowest-molecular-weight oil 
(fraction 6) has increased considerably (approximately 20 percent). 

On pressure oxidation, as has been already noted , the oil fraction does increase 
(between 4 and 5 percent) but to a much smaller extent than the increase observed in the 
first layer of mortar. The data are consistent with an increase of about 15 percent in 
the oil fraction due to the oil dropped from vehicles onto the road surface. The changes 
in the other fractions of the recovered bitumens follow the same pattern as when the 
bitumens are subjected to pressure oxidation. Bitumen X on oxidation in the laboratory 
shows a large increase in the medium- molecular-weight asphaltenes (fraction 4) but an 
insignificant increase in the high-molecular-weight asphaltenes (fraction 5). By con
trast, bitumen Yon pressure oxidation increases markedly in the high-molecular-weight 
asphaltenes (fradion 5) and shows a decrease in the medium-molecular-weight asphal
tenes (fraction 4) . The proportions of resin and asphaltene fractions in the recovered bitu
men from the first layers show a close correlation with those measured after pressure oxida
tion; where a fraction increases on pressure oxidation, a corresponding increase is noted in 
that fraction in the bitumen recovered from the road surface. The results of this com
parison lend strong support to the conclusion that the changes in resin and asphaltene 
fractions measured in the sample of recovered bitumen are due to oxidation. 

Although the data are not sufficient for accurate comparison, it is clear that the 
degree of oxidation of the bitumen in the uppermost layers of the mortar is fairly similar 
to that in the corresponding laboratory-oxidized bitumens. Comparison of the propor
tion of that part of the asphaltene fraction that has increased on pressure oxidation with 
the corresponding proportions in the recovered bitumen (recalculated to take into ac
count the assumed increase of 15 percent in fraction 1 caused by oil droppings) suggests 
that bitumen X has oxidized on the road rather less than in the laboratory test, bitumen 
Y more. This extra oxidation of bitumen Y could well be due to the known greater ef
fect of light on the rate of oxidation of this bitumen. 

The bitumen in the top layers of the road surfacing is softened by oil droppings and 
hardened by atmospheric oxidation. The result in terms of viscosity changes will de
pend on the opposition of these processes. The first simple hypothesis to explain the 
observed facts that bitumen X is softer than the original bitumen, and bitumen Y harder, 
is that in the case of bitumen X the oxidative hardening is less than the oil-fluxing action, 
the reverse being the case for bitumen Y. 
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Besides the differences in viscosity in bitumens X and Y recovered from the surface 
layers, there are indications that other changes which affect the binding power of the 
materials have taken place. The marked increase in high- molecular-weight asphaltenes 
and corresponding decrease in the peptising resin fraction indicate a decrease in sta
bility of the colloidal system of bitumen Y with a transition toward the gel type of struc
ture. The increase of penetration index on oxidation is a witness to this transformation. 
It must also be remembered that, because photo-oxidation is an important factor in 
bringing about the composition changes in bitumen Y, and because ultraviolet light pene
trates only a few microns, the bitumen in the very top surface of the road is probably 
extremely rich in high-molecular-weight asphaltenes and therefore very unstable. The 
action of oil droppings, paraffinic in nature, could well be to further decrease the sta
bility to the stage where a breakdown of the colloid structure occurs and the system 
ceases to function as a binder . 

Discussion has centered on the behavior of the bitumens used in the rolled-asphalt 
sections. The differences in viscosity observed between equivalent samples of bitumen 
Z and fluxed Trinidad lake asphalt recovered from the asphaltic- concrete sections can 
be explained in a similar fashion, although in the case of Trinidad lake asphalt the 
presence of natural mineral filler and the effect of water on this binder are complicating 
factors. 

Changes in Binder Properties and Surface Characteristics of the Road 

The changes that occur in the appearance of the surfaces of the experimental sections 
have been studied by observation of enlarged photographs of a small area of each sec
tion taken at regular intervals of about six months. These photographs show clearly 
that in those surfacings that have become slippery the applied coated chippings have 
been pushed by the action of traffic into the plastic mortar. At the same time the sur
face of the sand/ filler / binder mortar has become smoother by migration of binder to the 
surface. In the surfacings that retain good skid resistance, the coated chippings stand 
proud of the mortar which itself has a rough sandpaper appearance. It is also clearly 
shown that in these surfacings the mortar is suffering a continuous slight attrition as 
evidenced by the slow appearance of coarse aggregate from the body of the asphalt, 
originally hidden under a thin layer of mortar. 

The measured differences in surface-texture depth reported earlier are explicable 
in terms of the changes in viscosity and compositions of the binders. The softening of 
bitumen X in the surface layers (particularly in the oil lane) favors the migration of 
durable bitumen to the surface of the mortar and may favor the penetration of the coated 
chippings. The hardening and change in composition of bitumen Y will result in the em
brittlement and loss of binding power of the binder and in an abrasion of the mortar 
which helps to maintain the chippings proud of the surface. In addition, the penetration 
of the coated chippings may be counteracted to some extent. 

In the asphaltic- concrete sections the photographic evidence shows that the softening 
observed with bitumen Z allows a greater compaction to a smooth surface in the oil lane 
than in the wheel track in spite of the greater compacting effect of traffic in the wheel 
track. The hardening of the fluxed Trinidad lake asphalt is the process that governs the 
greater rugosity and resistance to skidding of the asphalt made with this binder. 

CONCLUSIONS 

This study of the constitution changes in service goes some way to explaining why 
the nature of the binder plays an important role in determining the resistance to skidding 
of dense bituminous surfacings. 

The method of constitution analysis by solvent fractionation used in the research has 
shown that bitumens with similar rheological properties and similar molecular weight 
gradings behave in very different ways on atmospheric oxidation. The differences in 
composition brought about by oxidation are crucial for the road performance of the 
bitumens. 

An interacting factor, the change in composition of the binder brought about by oil 
droppings from vehicles, has been shown to be of great importance. Some quantitative 
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estimate has been made both of the quantity of oil dropped and of the depth of its pene
tration. It has been estimated from the observed changes in properties of the bitumens 
that, in four years on the heavily trafficked road studied, about O .15 pint of oil is ab
sorbed per square yard of the oil lane of the road. This quantity is equivalent to an 
addition of 15 percent flux oil to the binder in the important surface layer of asphalt 
mortar (with an original binder content of 8. 5 percent by weight) . The road concerned 
has three lanes carrying a total of about 24, 000 vehicles per day, of which 5, 000 are 
heavy commercial vehicles that use the near-side lanes almost exclusively. A rough 
calculation shows that, even if it is assumed that only the heavy vehicles are responsi
ble, an average of 1 pint of oil deposited and absorbed for every 15,000 miles of travel 
would be sufficient to account for the observed action of oil droppings. There is evi
dence from the data of Part I to show that the effect of oil droppings can increase with 
the years. This factor in the behavior of bituminous surfacings has been little studied. 
Further research is in progress to examine the effect with the aim of including the oil
droppings factor in future performance-testing procedures. 

In addition, research presently in progress will increase the understanding of the 
complicated weathering process on which reliable performance tests must be based. 
The work will also supply important clues for suitable modifications to produce binders 
of improved performance. 

ACKNOWLEDGMENTS 

This work was carried out as part of the program of the Road Research Board. The 
paper is contributed by permission of the Director of Road Research. Crown copyright 
reserved. Reproduced by permission of the Controller of Her Britannic Majesty's 
Stationery Office. 

The authors are grateful for the help given them in the laboratory work by C. Isiksalan 
of the Turkish Highways Department and N. Michas of the Greek Ministry of Public 
Works during their secondment to the U. K. Road Research Laboratory. 

REFERENCES 

1. Griffin, R. L., Miles, T. K., and Penther, C. J. Microfilm Durability Test for 
asphalt. Proc. AAPT, Vol. 24, pp. 31-53, 1955. 

2 . Giles, C. G. The Skidding Resistance of Roads and the Requirements of Modern 
Traffic. Inst. of Civil Eng., Road Paper No. 52, London, 1956. 

3. Griffin, R. L., Miles, T. K., Penther, C. J., and Simpson, W. C. Sliding Plate 
Microviscometer for Rapid Measurement of Asphalt Viscosity in Absolute Units. 
ASTM Special Tech. Pub. No. 212, 1957. 

4. Krenkler, K. Bitumen Analysis by Means of Selective Sol vents. Bitumen, Te ere 
Asphalte, Peche, Vol. 2, pp. 59, 85, 105, 1951. 

5. Green, E. H. A Method for Recovering Small Samples of Bitumen From Road 
Mixtures and Surface Dressings. Jour. Appl. Chem., Vol 11, pp. 309-312, 
1961. 

6. Lee, A. R., and Warren, J.B. A Coni-Cylindrical Viscometer for Measuring the 
Visco-Elastic Characteristics of Highly Viscous Liquids. Jour. Sci. Instrum., 
Vol. 17, No. 3, pp. 63-67, 1940. 




