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R. H BOWERING

B.Sc, MILCE., Chief Bitumen Erngineer, Mobil Oil Australis Limited

INTRODUCTION 2.

1. The successful pavement has two

PROPERTIES AND BEHAVIOUR OF FOAMED
BITUMEN MIXTURES FOR ROAD BUILDING*

(Paper No. 406}

Foamed bitumen Is finding increased acceptance in Australia as a
means of stabilizing and strengthening marginal quality pavement
materiais. The paper summarizes the basic requirements for satis-
factory performance of road pavement maicrials, with particular
reference to the Sspecial requirements for bitumen-stabilized
maierials.

_ Development of a laboratory test system 1o adequately des-
cribe pavement materials produced by the incorporation of
foamed bitumen was undertaken. This system was based on use
a:f the Hveem stabilometer and aimed at clearly defining the effec-
tive range of binder content for significant improvement in the
materials’ performance. It also provides information to allow
assessiment of the optimum binder content both jor the particular
material, and for a given pavement service condition.

Results obtained using this system are given 1o show the dif-
fqrenr potential of various rypes of material used with the foamed
bitumer: process. The properties of the laboratory mixtures re-
ported on are discussed against the perjormance of the resulting
field mixtures observed to date.

Tentative test criteria are given based on the limited field
performance observations available 1o date.

For gravel roads the level at whick
these abilities are maintained is relatively
low, since a certain amount of cracking,

basic needs: the ability to spread the effect
of transitory and static vertical loads rapidly
through the depth of the pavement structure
so as to reduce the level of stress in the
lower pavement lavers, and the ability to
survive limited local defiections under wheel
loads, and bence strains, over a large num-
ber of repetitions without cracking. These
two abdities must be maintained throughout
the full range of service conditions antici-
Eater_f for a specific design ‘period’ and loca-
tion.

ravelling, potholing and rutting under iso-
lated critical combinations of the more ex-
treme service conditions can be tolerated due
to the low cost of surface maintenance, Once
a pavement material 15 bound with a bit-
minous product the level at which these two
abilities must be maintained becomes criti-
cal due to the relativelv high cost involved
in their repair. '

3. In examining 2 material’s ability to
meet the two basic requirements, the require-
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BOWERING — FOAMED BITUMEN MIXTURES FOR ROAD BUILDING

ments themselves are commonly considered
to be provided for by two properties: inter-
particle friction and cohesion between par-
ticles (Ref. 1). These two properties are
complementary to each other and are not
generally measured separately. Tests such
as CBR and unconfined compressive strength
tests measure their combined effect. How-
ever, in the case of bituminous mixtures
where the cohesion 1s dependent on the
amount and type of bitumen added, a much
greater contro] of this property is possible
than with untreated soils. It is therefore
logical to attempt to isolate and examine
this particular property of ‘cohesion’ when
dealing with bimuminous mixtures. The Jower
types of bituminons mixtures may also be
significantly affected in their properties by
changes in temperature. Hence this aspect
again requires more emphasis when con-
sidering tests for bituminous mixes.

4. In foamed bitumen/soil mixtures
where only marginal improvement may be
sought, the bitumnen contents will generally
be low. This, combined with the thorough
dispersion and the extremely thin uniform
films produced by the ‘foam’ process will
tend to maintamn, and in the case of the
harsher matenals improve, the wet coid mix-
tures” ability to be readily compacted by
normal laboratory and ueld compactive
efforts. Standard compactive efforts used in
gravel testing can therefore be expecied to
be satisfactory for preparation of test speci-
mens of these materials.

3. An evaluation system for bitumen-
bound soil mixtures for use as pavement
materials should then ideally measure the
effect of the fii range of, or the most dem-
mental, service temperature/loading condi-
tion/moisture content combinations on the
compacted mixture’s resistance to deforma-
tion under vertical load. It should also in
particular measure the effect of temperature
and moisture changes on ‘cohesion’ of the
compacted mixture as a separate property.
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DEVELOPMENT OF TEST PROCEDURES

6. A laboratory test system for the
evaluation of foamed bitumen soil mixtures
was developed along the above lines. It was
aimed at allowing the range of bitumen con-
tents yielding maximum benefits to be de-
fined for any particular soil, and to provide
readily obtainable standard test data for
correlation with subsequent field perform-
ance of the treated materials. An essential
part of this aim was to minimize both size
of sample required, and, time from receipt
of sample to reporting of results. The philo-
sophy adopted was that the first design
problem to be solved was that of defining
the opumum foam binder content for the
several sigmificant mix properties. It was
accepted that these optimum mixtures counid
then be assessed structurally for pavement
design purposes by standard commonly used
test procedures, which in themselves do not
adequately reflect the effect of changes in
foam bitumen content on the final service
performance of the mixture.

7. SIX tests were selected and modified
to suit materials produced by the addition of
. foamed bitumen to soils.

(a) The ‘resistance value’ test. Carried out
before and after a 4-day soak at room
temperature. This reflects the ability
of the matenal to resist vertical load-
tng without significant lateral strain and
is reported on a scale 0 to 100 where
O represents this property in water, and
100 the performance of steel.

(b) The relative stability test. Carried out
before and after exposure to moisture
vapour at I40°F for 3 days. This
measures the same property under
more severe temperature and Joading
conditions and 1s reported on the same
0 to 100 scale.

(c) The unconfined compressive strength
test. Carried out before and after a 4-
day soak at room temperature (p.s.L).
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BOWERING — FOAMED BITUMEN MIXTURES FOR ROAD BUILDING

(d) The cohesion tesi. Carried out before
and after exposure 10 moisture vapour
at 140°F for 3 days. This measures
resistance to bending and is expressed
as the weight of shot in grams required
to break a 3 in. high by 1 iIn. wide
specimen in the Hveem cohesiometer.

(e) The Californian permeabiliry test. At
room temperature. This is expressed
m millilitres water lost into or through
a 4 m, diameter 1000 gm specimen in
24 hours under 2.5 in, falling head of
watcr.

(t) The Californian swell test. Loss of
‘density and hence strength, by change
in moisture, Direct free swell measure-
ment in thowsandths of an inch ig 24
hours at room temperature.

The number of specimens required to estab-
hsh 4-point curves for all six tests listed. ex-
cluding any CBR or Marshall specimens.
was reduced to 16 by examining and adopt-
ing the principle of re-using specimens after
non-fatture tests, The whole test series thus
requires 40 1b of soil (dry weight) and needs
10 days to carry owt in its entirety.

8. A major reason for selecting this
particular series of six tests was the ahuity
of the Hveem stabilometer to handie the
complete range of materials, ranging from
subgrade materials right through to hivh
quality asphalts. Tt was aiso considered that
the stabilometer repressnied a realistic
model” of the actual pavemsnt conditions,
by allowing limited deformation or stress
development to occur faterally durine the
verticzl loading tests.

g, Modifications to the original Culi
fornian test procedures. listed in Apnendis
"A’, consisted mainlv of changing the method
of preparation of the test spectimens to paral-
il the construction methed wvsed to incor-
porate foamed bitumen into soils in the fiald.

Specimen mixing and compaction procedure
adopted was the same for all soil types and
consisted of adding measured quantities of
foamed bitumen to accurately batched
samples of soil at room temperature and at
optimum moisture content for mixing {‘fluff
point’™®). Mixing was completed in 2 %
HP Bryce dough mixer and the specimens
were compacted in a Hveem kneading com-
pactor at room temperature. The same maxi-
mum compactor foot pressure of 350 p.s.i.
was used for all specimens. Actual measure-
ent of the paniicular properties remained
essentially as specified in the orginal Cali-
formia procedures for the tests. Onlv the
condinon of the specimens at the time of
test was changed bv the modifications made,
€.g. the ‘relative stability’ specimen would
stll contain some water at time of test due
to cald wet compaction and partial curing.
In contrast to the moisture free specimens
produced by the original procedure in which
compaction is carried out dry at 140°F.

10.  Foamed bitumen mixtures do not de-
velop their full strength until they have lost
a large percentage of the mixing water sub-
stquent to compaction. It was therefore
necessary to establish some standard ac-
celerated curing system for laboratorv use
betore the selected tests could be carried
Out. A senes of mixtures using varving soil
I¥Des and vanous bitumen contents were
rreparid and check weighed for ioss of
moisture dailv during oven curine at 140°F.
it was found that with the specimens in the
moulas such curing resuttzd in a rapid initial
Grop in moistére content to a moisture level
it the range zero 10 4 per cent depending
on trn: of soil and bitumen content. After
three dave this rapid drop had ceased in alt
cases and the mosture content appeared to
have reached an equilibrium state. The
ctual levels of moisture content. zero to 4
per cent were thought to conveniently rep-

"Fluff point is defined as the moisiure content ar which a given weight of soil yields the greatest iopse volume
CONSISENt with easv manipulation and was determined by observalion of hand mixing incremental guantities

of water imo 2 sample of dry soil using a hand trowel
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Fio 1 — Froperties of second guality crushed materials with foamed bitumen
resent the fullv cured or driest state of such 12.  In the absence of any field perform-

field mixtures likely to be attained 1o ser-
vice. This accelerated curing system was
adopted as part of the standard specimen

preparation procedure.

11.  Ref. 2 provides a full record of the
final procedures adopted as standard. It
also describes the equipment constructed for
the detailed examination of ‘foam’ and for
its production on 2 laboratory scale.

Volume 5, Part 6, 1970

ance cofrelation data the optumum fuarped
bitumen content for a particular combina-
tion of material and service conditions was
selected by constdering all of the following

factors:
(a) optimum valves for specific properties
measured,

(b) percentage retention of the individual
properties after soaking or exposure to
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SOWERING — FOCAMED BITUMEN MIXTURES FOR ROAD BUILDING

moisture vapour,

(c) user’s structural requirements for the
finished compacted mixture,

(d) in-service temperature conditions anti-
cipated for the particular mixture at its
actual level below pavement surface,
and

(e} degree of permeability acceptable in
matertal’s working location.

LABORATORY TEST RESULTS

13.  The results shown in Fig. 1 and 2
arc representative of some 22 material
evaluations made during 1969 using the pro-
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a10 0 -ff -
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d'D __?f T F=—
/ / /
| .
/
O
100
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cedures discussed in this paper. They dis-
play properties of the mixtures obtained
when foamed bitumen is incorporated into
both strong materials (Fig. 1), and weak
matenials {Fig. 2). No figure is shown for
the several natural gravels evaluated as
these gave results intermediate between the
two groups shown, and the graphs obtained
followed the same general shape as those
shown. Physical properties of the untreated
soils, for which results of tests after incor-
poration of foam are given, are shown in
TABLES I and I1.
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Fig. 2— Properties of sandy loams with foamed bitumen
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14, Fig. I and TABLE 1 show the effect

of the addition of foamed bitumen to three

second quality crusher products,

Sample 27 is a ‘B’ grade crushed dacite of
low plasticity and lacking in
fines.

Sample 29 is a quartzite quarry rubble of
low plasticity and lacking in
fines.

Sample 31 is a crushed breccia roadbase of
medium plasticity.

15. The results for this type of material
show a rapid increase in stability against
soaking (R value curves) as the bitumen
content is mcreased. The material becomes
fully stabilized in this respect at low per-
centages of bitumen (1% per cent to 214
per cent by weight of dry soil). Relative
stability in the cured state is not greatly in-
fluenced by the addition of bitumen until
the bitumen content becomes so great that
it begins to Iubricate instead of bind the mix
at the bigh test temperature. This drop-off
begins to show at binder contents of 314 to
4 per cent for this type of mixture, but some
6 per cent would be needed to reduce the
result to 30 (the level accepted for hot mixes
under the original procedure). At the 314
to 4 per cent bitumen level the ability of the
material 1o retain s relative stability after
attack by moisture vapour at 140°F has been
constderably improved. This is considered
more signficant than the slight drop shown
In the cured specimen relative stability. The
unconfined compressive strength results
again reflect the marked increase in stability
against weakening by water obtained with
this type of soil at low bitumen contents.
Cohesion for this group increases signifi-
cantly at jow bitumen percentages (1 to 3
per cent), with increased resistance to loss
of cohesion on exposure to water vapour
occurring at the same time. Swell is not a
problem with this type of material. Addi-
tion of foamed bitumen rapidly decreases the
permeability of these materials. Those
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BOWERING — FOAMED BITUMEN MIXTURES FOR ROAD BUILDING

TABLE 1l
PHYSICAL PROPERTIES OF FIGURE 2 MATERIALS
Grading Atterbergs Eluf PY Hveam Dr -
- . y Densihy
ST;L r:du (% Passing BS Sieves) Moisture at 'Fluft Pr
7 36 200 1 pL P (%) Untreated (p.c.t.)
SUA 100 71 31 20 v 11 5.1 124
30B 106 at 39 14 9 7 4.6 124
60 100 &7 28 Est. 4 8.2 17

shown have their permeability reduced to
almost zero by the addition of 3 to 5 per
cent bitumen. It 15 considered from the
results that normal adequate strength and
performance for use in road pavements
would be obtainable from this type of
material without making an impermeable
mix and that the bitumen content necessary
to protect such a matenal against the effect
of water, and water vapour, at normal pave-
ment service temperatures will lie in the
range 1% to 3%4 per cent. Mixtures of this
type have shown increases in socaked CBR
values from 30 to 50 untreated to 80 to
100 treated.

MECHANICALLY WEAK SOILS

16.  TABLE II and Fig., 2 describe three
sandy loams and the effect on their physical
properties of the addntion of foamed bitumen.
As seen with the crushed materials in Fig. 1.
the same basic patterns occur for each of
the materials within this group. The patterns
themseives however differ considerably from
those shown in Fig. 1.

17. The R value curve after soaking
shows a much greater sensiivity to grading
for these high fines (~200) content mater-
lals, even at the Jow plasticity index re-
corded. There appears to be a definite
amount of bitumen, varying widely with
actual particle size distribution, below which
no benefit is measurable by this test pro-
cedure. Once this amount is exceeded how-
ever the increase in R value (after soak) is
marked and rapid. Stabilization of the re-

sistance value against the effect of soaking

44

1s only achieved for this material group at
bitumen contents in the 4 to 6 per cent
range. This lack of measurable effect, after
exposure to water or water vapour, unfil a
certain bitumen content is reached, is also
reflected in the relative stability, unconfined
compressive strength and cohesion curves.
The increase in level of these properties re-
tained under adverse test conditions is
slower and less marked than was shown with
the crushed material. The addition of some
4 to 6 per cent bitumen is needed to give
mnimal values under adverse test conditions.
Permeability is significant in this group be-
cause of these low results and because of
the high swells recorded. The very low
fizures recorded for relative stability after
moisture vapour susceptibility check would
only be considered significant in the extreme
service situation of high temperature, high
water-table, heavy loading, where the mix-
ture was located at the very top of the pave-
ment. ie. directly under the seal. This is a
very severe test and may prove excessively
stringent for general basecourse evaluation.

18. A similar sertes of test results for fine
non-piastic sands again emphasized the 1mn-
portance of grading especially the grading
of the —200 mesh material. Please and
Maver (Ref. 3) concluded that stability of
coated gravel base courses was sensitive to
content of fines (—Y% in.), petrological
nature of aggregate and viscosity of binder
but not significantly to particie shape. The
relative importance of grading, petrology and
shape of the fine particles in foamed mix-

A.R.R.B. PROCEEDINGS
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tures has not yet been determined. How-
ever, the results obtained to date confirm
that the overall ‘type’ of fines does signifi-
cantly affect the quality and strength of the
finished mixture, especially in the finer gravel
(—3%& in.) and sand-sized materials.

19.  For fine non-plastic sands, results for
the vartous properties after soaking, or at-
tack by moisture vapour are frequently
higher than for the dry-cured specimens.
This is believed to be a function of tme
rather than the effect of the water or vapour,
since in the test procedures the dry-cured
specimens are tested 3 or 4 days before the
soaked or moisture vapour attacked speci-
mens. A second peculiarity of the fine non-
plastic sand group is the extremely poor re-
lative stability results. These specimens are
frequently too soft to handle, or so soft at
the time of carrying out the test that it 1s
impossible to achieve a valid stabilometer
reading. Nevertheless, TABLE 11l shows that
high, soaked CBR values can be achieved
from these mixes.

GENERAL

20. From the results obtained and dis-
played it is apparent that the relative stabil-
ity test, as currently described in this paper,
is too severe for the lower types of mix be-
ing produced, and may need modification to
the procedure to bring the actual strengths
up tc a more usable position orp the scale.
Possible modifications would consist of re-
ducing the vertical stress used during this
measurement or partial curing before com-
paction to allow use of full 350 p.s.1. com-
pactor foot pressure for all mixes. The other
tests have yielded data through the area of
practical interest (0 to 6 per cent bitumen)
of convenient magnitude and variation for
display and interpretation. The ‘fluff pomnt’
concept, used to establish mixing water con-
tent, has proved only partially successful
with some soils in that, although allowing
good initial dispersion to be achieved too
little, total fluids may result thus preventing

Volume 5, Part 6, 1970

both completion of mixing and also adequate
compaction.

LABORATORY CALIFORNIA BEARING RATIO
VALUES

21.  TasrLgs III and IV summanrze CBR
data obtained on some sand/foamed bitu-
men mixtures designed, as described in this
paper. The results fall n the 50 to 100+
range when full dispersion and mixing has
been achieved. Such mixes have been used
in sealed pavements. TABLE IV shows up
the need for proper foaming and mixing
water content with these weak sands. Where
both dispersion and mixing have been fully
achieved 50 to 80 soaked CBR was recorded.
For the same materials, with improper foam
and inadequate mixing water, only partial
mixing was achieved. Although the bitumen
was finely divided and quite well dispersed
in this case, the characteristic uaiform, thin
films were not developed. The soaked CBR
values recorded for these mixtures were
only 1.5 to 6.0 per cent, re. Jess than the
estimated untreated sand CBR of 11.0, The
very low dry densities suggest that the small
particles of bitumen have m fact prevented
full compaction and, without the full thin
films, the sand is acting simply as poorly
compacted untreated sand. This again con-
firms the observations made duning prepara-
tion of mixes that the ‘fluff point’ concept
for mixing water content is not completely
adequate. Consideration needs to be given
to addition of ‘post dispersion’ stage water,
still possibly within the mixing cycle. This
refers only to certain types of fine materials
where the ‘fluff point’ moisture content is in
fact far below the optimum moisture content
for compaction.

22, The importance of mixing water con-
tent when incorporating foamed bitumen into
sands was stressed by Anderson, Haas and
L.a Plant in their work on companson of
bitumen,/sand mix properties for mixes pro-
duced by different methods (Ref. 4).
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25.  Fig. 3 and 4 show 2 4 in. compacted
thickness surface course of ‘A’ grade crushed
basalt with 3 per cent of 90 pen. bitumen
in it. The photos were taken one week after
mixing and compacting, and the traffic had
been using it throughout that period. The
detail (Fig. 3) shows the typical partially
coated coarse aggregates embedded in the
bitumen bound ‘mortar’ of fines. In this type
of mixture the initial traffic abrasion results
in an enriching of the surface between
these coarse aggregates as unsecured gravel
and sand sized particles are stripped and re-
moved leaving the film of binder to build up
on the remaining surface and so stabilize it
against further loss. The resulting texture is
rough in detail whilst the surface retains its
true overall geometry, thus giving a perfect
key for asphalt wearing COUTSES.

26, Fig. 5 shows a ‘local material’ (baux-
ite pebbles and creek sand) foamed bitumen
215 in. compacted thickness haul road wear-
ing course. This mix was given 3%z per cent
60 to 70 pen. bitumen to give maximum per-

manent cohesion in the sand mortar part of

the mix. It was mixed in situ on a pad off
the road: loaded and transported in self-
loading scrapers on the following day: spread
by grader, and compacted by heavy rubber-
tyred roller after replacing moisture lost by
drying out in storing and handling. The
compacted surface showed continual loss of
individual pebbles under compaction equip-
ment (Fig. 5). For this reason the com-
pacted and cured surface was given a coat
of cutback primer binder (field blend to
MC-4 viscosity) covered with creek sand
fully incorporated by rubber-tyred rolling.

27. Fig. 6 shows a 6 in. compacted
thickness sub-base for a heavy duty pave-
ment at a container handling terminal, com-
posed of non-plastic fine dune sand plus 6
per cent foamed 65 pen. bitumen. The
photos were taken 24 hours after mixing and
compacting. The degree of curing is indi-
cated by the grader tyre tread Impression.

50

This particular mixture cured progressively
from 20 CBR (cone) at compaction to 60+
after 3 weeks, at which time it was covered
with a base course. The original sand had
an estimated CBR of 13. The remainder of
this 14,000 sq. yds was treated with 4 per
cent of 65 pen. foamed bitumen with stmi-
lar results.

28. The mixtures shown are all weil over
12 months old (TABLE VI) and the pave-
ments of which they form part are without
visible deterioration under load. Uniformly
graded sand mixes with low bitumen con-
tents have proved difficult to cure under
traffic, showing a loosening of the top inch,
and formation of a false top on the un-

- disturbed properly cured portion below. This

effect has been successfully dealt with by
rolling in an armour coat of fine crushed
rock one nominal stome thick, to hold it
during the early cuning stages and so pre-
vent progressive early loosening down 1ntO
the main body of the mix. Prolonged rain
caused local potholing of this type of mix
under traffic during curing, but load carry-
ing ability was retained right through from
completion of miging to addition of sub-
sequent pavement layer or seal coat.

29.  TaBLE VI lists some of the foamed
bitumen mixtures currently serving in pave-
ments in Australia with construction dates.
From early inspection of these pavements it
is apparent that the test procedures adopted
do adequately reflect the performance poten-
tial of foamed bitumen mixtures for pave-
ment service conditions. Refinement of these
procedures, and fixing of criteria for par-
ticular structural performance levels must
await collection of actual performance data
over several years.

30. The following tentative limits on
property values obtained as discussed in this
paper, are suggested as a guide in design-
ing satisfactory foatned mixtures for use im-
mediately under thin seal treatments.
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EXPERIMENTAL FOAMED BITUMEN WITH CONSTRUCTION DATES

Date of
Canstruction

% Bltumen
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Raw Material

Compacied
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4%

(90 pen.)

2%
215%

Batary sand
Fine non-plastic

6:1

4000
3000

Streels

caurse for light seal

10. Bendigo Suvbdivision
Base

Sapt. 1949

(90 pen.}

Lecal hill gravel

&'

Trafficked flanks of cily straets for light seal
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BOWERING — FOAMED BITUMEN MIXTURES FOR ROAD BUILDING

Modified R value
80 min (cured specunens)
plus 80 per cent retention after 4-day
soak
Modified relative stability
20 min (cured specimens)
15 min after moisture-vapour susceptibil-
ity
{Cohesion
50 min after moisture-vapour susceptibil-
ity
Free swell
0.030 in. max.
UCS
100 p.s.i. min (cured specimens)
75 p.si. min after 4-day soak
The above limits to be considered with due
regard to any special curing, environment, or
loading conditions. When the mix is to be
used in a position protected from extreme
temperature and load stresses, e.g. below say
2 to 3 in. from the surface, then the relative
stability test results should be given less
weight in selecting an optimum content.

CONCLUSIONS

31. . The Hveem stabilometer and
cohesiometer can be used to positively rank
foamed bitumen mixtures, by testing suit-
ably prepared specimens before and after
exposure to simulated extreme service con-

ditions.

32. In fine grained soil mixtures the tests
discussed tend to be pessimistic due to the
compacted specimens continued increase in
strength, which goes on even after the
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laboratory accelerated curing treatment has
been completed.

33.  Addition of foamed bitumen im-
proves the physical properties of a wide
range of engineering soils, from fine non-
plastic sands and sandy loams through
natural gravels to crushed products.

34.  The presence of —200 mesh particles
in a soil improves the ability of the foam to
produce the essential uniform thin coatings
on the finer fraction of the material. Dis-
persion of the binder alone is not enough to
ensure the full benefits of the process.

35.  Soils showing the greatest benefits
from the addition of foamed bitumen are
those showing dramatic loss of strength on
exposure to water or water vapour, those
lacking in natural cohesion, and those which
degrade in service by movement and abras-
ion at inter-particle contact points.

36. The strength of focamed bitumen
mixtures develops with loss of compaction
water and with continued pressurc between
the coated particles during and after com-
paction. Without such inter-perticle pres-
sure, and with constant moisture content,
the mixtures can be stored for several days
without noticeable change in handling char-
actenstics.

37. The time over which foamed bitu-
men mixtures can be re-worked in the field
for adjustment of shape and/or compaction
water content is consistent with current com-
paction techniques and plant capabilities.
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DISCLUSSIONS

APPENDIX A
CALIFORNIAN HIGHWAYS DEPARTMENT TEST PROCEDURES

38,  These procedures were used in development of foam bitumen evaluation
tests described in this paper.

201-B  soil and ageregate sample preparation

301-F resistance ‘R’ value of treated and untreated bases

304E  stabilometer value of bituminous paving mixtures

305B  swell and permeability of bituminous mixtures

306B  cohesiometer values

307D moisture vapour susceptibility of bituminous mixtures
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DISCUSSIONS

C. P. MARAIS
BSc., A.M.{3.AJLCE., Mational Institute for Road Researth, South Africa

39,  An important characteristic of ail bituminous materials is the effect tem-
perature has on its physical properties, such as modulus and shear strength. Has
the aothor any information on the temperature susceptibility of foamed asphalt
mixtures within the working range of pavement temperatures?
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BOWERING — FOAMED BITUMEN MIXTUURES FOR ROAD BUILDING
DISCUSSIONS/AUTHOR'S CLOSURE

40. The foamed asphalt process is an interesting application and the writer
would be interested to know if any data is available on the ‘before’ and ‘after’
mixing properties of the bitumen used in the process. Also the long-term changes
in the bitumen properties under actual in-service conditions would serve as an
indication of the durability of foamed asphalt mixtures in practice.

0. G. INGLES
B.A, MS5c, FRLC, AM.InstF., Principal Research Scientist, C.5.1.R.O., Yictoria

41.  Could Mr. Bowering comment on the durability of foamed bitumen treat-
ments, especially in view of the thinness of the film and the greatly increased life
which antiperoxidants can confer on straight bitumens, but which presumably can-
not be used for foam bitumen work as the aeration process would destroy the angi-
peroxidant.

l. AO LARCOMBE
B.E, M.L.E.Aust, Manager Bituminaus Pavements Pty. Lid., Mew Sauth Wales

42.  The pavement detail shown in Fig. 5 is very typical of a surface course mix
with the uncoated larger stones held in 2 matrix of well coated fines. In most cases,
with high bitumen contents, this condition will improve under traffic, providing
weather conditions and traffic are not too severe, and the larger particles will be-
come coated and firmly held mn place.

43.  The use of a light application surface treatment to protect the pavement
in the initial stages should not be very expensive and appears to be a good insur-
ance when conditions are at all doubtful.

44,  Would the author advise:

(a) what was the application rate of binder and cover aggregate;

(b) has this treatment proved satisfactory in performance; and

(¢) have the coarse particles now become coated and adequately held in the fine
mat-ix?

AUTHOR'S CLOSURE

45.  The author wishes to thank Professor Herzog and the delegates taking part
in the discussion on this paper for their comments and questions. Some of the
questions raised must still go unanswered, but the following paragraphs offer
answers and further comments on those aspects raised for which measured or
observed data are available.

To A. HERZOG

Cee Introductory Rernarks)

46. 1o reply to the discussion leader’s comments. the vertical load used in the
resistance value test is 160 p.s.i. This load is applied at a constant rate of vertical
strain and is released immediately after the full load intensity of 160 p.s.i. has
been reached. The application of this load to foamed bitumen mixture specimens
of base course quality normally results in the development of horizontal pressures
in the Hveem stabilometer of 5 to 30 p.s.. Materials registering greater horizontal
pressures than 30 p.si. generally are those necding further structural cover thick-
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AUTHOR'S CLOSURE

ness to prevent deformation under traffic loading. However, the resistance value 18
also influenced by the ‘turns displacement’ figure measured in the stabilometer on
completion of the test, and therefore the horizontal pressure developed is not, by
itself, entirely accurate for use as a strength criterion. In practice, the
influence of this ‘turns displacement’ figure is small when testing good quahty base
course mixtures at or near the optimum foamed bitumen content. Thus the hon-
zontal pressure becomes a good guide to the mixture’s strength.

47.  Regarding the significant lateral strain value, it is impossible to measure
lateral strain directly in the Hveem apparatus since the specimen is totally inacces-
sible throughout the test. However, repeated loading tests are currently being
carried out by others on foamed bitumen/ sand mixtures and the results of those
tests will include further information on this aspect.

48.  The environmental conditions simulated by the Hveem relative stability test
are those of hot climate and heavy traffic situations, where the continued high
temperatures at the pavement surface could possibly lead io surface deformation
under high wheel loads. When this test 1s carried out after exposing the specimen
to moisture vapour at 140°F, it is intended 10 simulate the conditions obtained m
1 sealed road where the stabilized soil is again under hot climate conditions, but
also has pores of a suitable size and configuration to allow capillary movement of
water or water vapour upwards from some accessible water table beneath the sub-

grade.

49.  The relative stability test temperature of 140°F is assumed to represent the
highest elevated temperature to be attained for a significant length of time, say
periods of several hours duration, by the pavement surface. The vertical load s
also increased in this test to 400 p.s.i. which is extremely severe and allows for
impact loading and/or sustained application of heavy loads. Hence, the relative
stability test results as described in the paper become a sood indicator as to how
well materials will cope with sustained static loads at elevated temperatures in the
fieid. The response of foamed bitumen mixtures to repeated loading patterns 18
being studied at the moment as mentioned above. The size of the actual bubbles
in the foamed bitumen has not been measured to the author’s knowledge but
laboratory work indicates that this bubble size is in fact an important factor 1n
determining the suitability of the foam produced for use in the stabtlization pIo-
cess. This ‘quality’ of foam is presently judged subjectively by observing and
measuring the expansion achieved and the time taken for a standard volume of
the foam to decrease to half of its original expanded volume. The void ratio of
foamed bitumen of suitable consistency for goed performance in this process varies
between 90 and 95 per cent of the volume of the expanded foam.

To C. P. MARAIS i
50.  Mr. Marais’ first point, on temperature susceptibihity of foamed bitumen

mixtures, is again related to the two basic tests selected in the investigation of the
strength of particular mixtures, viz., the resistance value and the relative stability.
These two tests cover the normal working range of pavement temperatures here
in Australia but unfortunately the fact that the vertical pressure is also changed
from one test to the other means that we have no precise comparison on changes
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AUTHOR'S CLOSURE

TAEFLFECTng SERVICE TEMPERATURE ON PERFORMANCE OF FOAMED BITUMEMN STABILIZED SOHLS
Horizontal Pressure Develeped by Test Specimen
Sample Reference Foamed Bitumen Conient under Vertical Load of 160 p.s.i.
No. (Yowt.) - - . -
At room temperature At 140°F
127 2 & b
A 5 7
& 7 15
149 2 h B
4 ? 10
161 3 20 29
152 3 13 17
143 3 T3 19
164 3 33 33
165 2 13 20
4 15 16
& 17 28

of strength caused purely by changes in temperature. However, TABLE VII gives
the horizontal pressure developed in the stabilometer for a series of mixtures,
under vertical loads of 160 p.s.i., both at room temperature and at 140°F. From
this table it can be seen that the higher temperature does give a measurable but
insignificant decrease in the resistance of the materials to deformation under vertical

load.

51. Tt is notable that ‘Turns Displacement’ figures were recorded under the same
partially unloaded conditions at each of the two temperatures but showed in-
sufficient variation in results obtained at high and low temperatures to affect the
resistance value calculation. Hence the particular figures in TABLE VII may be
taken to indicate the extent of ‘softening’ of the mixtures due to change in service
temperature alone. It can be seen that the temperature effect is only significant in
mixtures containing excess (for this process) bitumen, or produced from very weak
soiis.

52.  Both of these types of mixtures would automatically be excluded from use
at the pavement surface (directly under a seai) by the test system described in the

paper.

53. The author is unable to provide Mr. Marais with data on the properties of
the bitumen used before and after processing in this way but would agree that the
long term changes in the bitumen properties would serve as an indication of the
durability of the foamed asphalt mixtures in service. It is intended to attempt to
measure these properties when the mutial pavements constructed here have been

in service for a period of years.
To O. G. INGLES

5S4 The author is unable to confirm or refute Mr. Ingles’ comment that the
aeration process involved in foaming the bitumen could destroy any anti-peroxidant

A.R.R.B. PROCEEDINGS

BOWERING — FOAMED BITUMEN MIXTURES FOR ROAD BUILDING
AUTHOR'S CLOSURE

which may have been added to the bitumen in an attempt to extend its usefnl life.
However, the addition of foamed bitumen to most of the materals stabilized in
this manner to date, has drastically reduced their permeability and hence the pos-
sible movement of vapour or air in and out of the finished compacted mixture.
This in itself could be expected to heip preserve the physical properties of the
bitumen during its service life in spite of its thin film condition.

To L. A. LARCOMBE

55.  The pavement referred to by Mr. Larcombe and shown in Fig. 5 of the
paper was scaled with a ficld-manufactured cutback of MC4 consistency made
from 60/70 penetration bitumen and power kerosene. This was sprayed at a rate
of 0.18 callons per sq. yd and covered with fine creck sand, the sand being applied
in sufficient quantity to preclude picking up during subsequent rolling. The object
was to cover the uncoated surfaces of the larger particles and fill the depressions
where the larger particles had been lost from the surface. This treatment proved
satisfactory in subsequent use and the reported performance from the site also
indicates that the heavy ore hauling traffic proved beneficial in increasing densifica-
tion of this particular material during the early months of its service life.
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