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452 WALKER AND HICKS

sand treated asphait and traffic volumewise is not very heavy, but
weightwise we have some tremendous loads. We have a very good sur-

face life so far we have had four years of traffic on one particular road

and the road is holding up very well.

MR. WALKER: May I ask what sort of stability and air void values

you had?

PROFESSOR EUGENE L. SKOK: The Marshall stability on that
particular mix was very close to zero. We had a hard time catching
the mix with the testing machine.especially at 140 F (60 C}. Uncon-
fined its a very unstable mix. But once we did get it down in the field
it has performed very well. In fact the maximum measured rut depth
is on the order of about 0.15 in, {3.8 mm) after 3-1/2 years. The void
content ranged from about the 13 to 17 percent which would be within
the criteria that you mentioned.

MR. WALKER: That’s very interesting.

hAt

e o - Bl

'|.W:Iﬁ,:. o I L

LR s S
W

ey L

=N

o B LY T
- Sty

_I:rll.-‘:

P AT

FOAMED BITUMEN
PRODUCTION AND APPLICATION OF MIXTURES
EVALUATION AND PERFORMANCE OF PAVEMENTS

R. H. BOWERING! and C. L. MARTIN®

INTRODUCTION

Inrecemt years considerable experience has been gained in Australia
with the construction of pavements incorporating foamed bitumen. De-
velopment of an improved foaming technique (1) has enabled effective
and economical stabilization of marginal quality pavement materials
with an improvement in handling and compaction characteristics plus
an upgrading of physical properties relevant to service performance.
As a result use of foamed bitumen treated erushed rock is finding in-
creasing application as a base course material, used either as com-
plete replacement for granular material or as part replacement for
asphaltic concrete.

This paper presents an overview of foamed bitumen technology in
which production, testing procedures and properties of foamed bitumen
mixtures are discussed. K is shown that the quality of foam is impor-
tant and that properties of foamed mixtures are different to those of
c¢old mixtures produced with other materials such as emulsions or cut-
backs. Laboratory studies on mumerous mixtures are reported and
layer equivalency values are discussed for those mixtures using meas-
ured cohesion values or elastic moduli,

FOAMED BITUMEN PRODUCTION AND INCORPORATION

The production and some uses of foamed bitumen were {irst de-
scribed by Csanyi (2, 3). The original process essentially consisted of
introducing steam into hot bitumen through a specially designed nozzle
such that the bitumen on ejection was temporarily transformed to a
foamed condition.

The properties of the foamed bitumen include a low apparent vis-
cosity, substantial increase in surface area and a change in surface or
interfacial tension, These properties of the hot foam enable coating of
moist, cold ageregate surfaces—particularly the “fines” portion of the
material,

The importance of achieving foamed bitumen of desired properties
in a consistent fashion is especially significant and an improved pro-
duction method has been developed by Mobil Oil Australia Limited (1).
This improved system involves introduetion of a controlied flow of cold
water into a hot bitumen stream, mixing in a suitable chamber and

!Chief Bitumen Engineer, Mobil Oit Australia Limited.

? Senior Research Chemist, Mobil 04l Australia Limited.

The oral presentation was made by Dr. Charles Pagen of Mobil Oil Corporation, New
York, N.Y.
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delivery to a spray bar fitted with fixed aperture nozzles. Given a con-
stant bitumen flow it is necessary to vary only the quantity of water
injected in order to control the foam quality, which may be evaluated
by sampling at any nozzle during operation. The new method allows
precise control and automatically minimizes the possibility of differ-
ences in foam quality which can occur with individually adjustable noz-
zles. In addition to providing a more precise and yet simpler system
this new method involves less capital outlay and entirely eliminates the
necessity for a steam generating system.

The type of foam found most effective is that having an expanded
volume of some 10 to 15 times the volume of hot liquid bitumen which
may be produced by injection of between 1 and 2 percent water. Satis-
factory foam at this expansion typically takes between two and three
minutes to deflate to half its original volume. This combination of ex-
pansion and stability allows the foam to be adequately mixed with min-
eral aggregates using conventional mixing equipment. An example of
the properties obtained with one particular material using low expan-
sion foam is shown in Table 1 together with properties obtained with
satisfactory foam. The improvement in the latter is particularly
marked.

LABORATORY TEST PROCEDURES

i Many f.ests have been used to evaluate the effect of bitumen in the
field of soil stabilization (4). It is considered that the ideal evaluation =

Table 1. Effect of Foam Quality on Mix Properties

e Unirestes — P
Bitumen content % 90pen - 28 28
Ory densiy.  bicy 1t 127 128 130
Resisrance Value — Atter cuning £ B %
esistance Value — Ater ¢ day saak Collapsea s &
Resative Stability — After cunng w© 51 5
Retatie Stability — Ater 3 day M.V.S, Kl £ “
Gonesion — After cuning Eed s09 08
Conesion — After3 day MV S Catlapsea “ 87
ucs. ~ after eunng. pst 268 648 a6
ucs. — After 4 day soak. ps: Callapsed 5 144
Sree Swel ~in <109 1 7 3
Permeatity  — mijza s 500~ a0 210

Unireatea Soil Charactensnics:

Classification — Sandyloam (SP —SC)

Grading: SieveNo. 3/8in. 3/16in. 7 14 25 36 52 100 200

(mm) (9.5)  (4.76) (2.41) (1.42) {0.71) (0.425) (0.280) 10.149) (0.074)
%Passing 100 98 93 75 3@ 25 7 10 5

PLS

(]
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system should measure the mixture’s resistance to deformation under
vertical loads over ranges of temperatures, loading conditions and
moisture contents spanning service conditions. Additionally the cohe~
sion of the d mixture and ch with moisture variation
should be determined.

A laboratory testing procedure has been developed to essentially
meet the above requirements (5). Five tests based on California Divi-
sion of Highways test procedures are routinely used in mix design as-
sessment. Modifications to standard procedures entail mixing of the
foamed bitumen with soil or aggregate at a moisture content near to
optimum for compaction of the mixture and at room temperature.
Compaction by kneading compactor is carried out on the mix at ambient
temperature to simulate field construction. Specimens are oven cured
for three days at 60 C (140 F} prior to testing in order to simulate the
initial loss of moisture and subsequent gain in strength of the mix dur-
ing construction and the early part of its service life.

The tests used are:

a. Modified Resistance Value. Conducted ai ambient temperature
before and after four days soaking in water.
b. Modified Relative Stability. Conducted at §0 C (140 F) before
and after three day exposure to moisture vapor.
¢. Cohesion. Conducted at 60 C (140 F) before and after three day
exposure to moisture vapor.
. Free Swell and Permeability.
. Unconfined Compressive Strength. Conducted at ambient tem-
perature before and after four days water soaking.

Study of these methods (6) has shown that alternative procedures such
as Marshall or California Bearing Ratio give similar results in terms
of mix design when a curing period is included prior to testing, although
they may not adequately reflect structural benefits particularly with
respect to cohesion. It has also been demonstrated that static test
values are usually maximized at a moisture contert in the range of 30
to 40 percent of optimum compaction moisture and that curing temper-
ature in the range of ambient to 60 C (140 F) has little or no influence
on test results.

In structurally weak soils it is normally found that values for Re-
sistance, Relative Stability, Cohesion and Unconfined Compressive
Strength increase to maxima with increasing bitumen content after
which they decrease. With bitumen treated crushed rock Relative
Stability is generally decreased with increasing permanent Cohesion.
Assessment of data obtained from these tests enables choice of a suit-
able bitumen content for mix design and allows a comparison of the
mixture’s structural value in relation to standard granular bases or to
asphaltic concrete.

It is recognized that static type test procedures do not necessarily
provide a consistent means of predicting pavement performance in
service. Field observations of pavements constructed with foamed

LY




To:2115

B12-8412600

FROM: TRANSPORTEK

0CT-11-93 B5:51

&

456 BOWERING AND MARTIN

bitumen mixtures (7, 8) have shown satisfactory performance and in
particular deflections as measured by a Benkelman beam are compa~
rable with those observed for other types of pavement. Shackel et al (9)
have recently shown that for a particular aggregate stabilized with
foamed bitumen there is a correlation between static and repeated load
testing. It was found that addition of foamed bitumen increased the
stiffness of the material under repeated loading by a factor of up to six
depending on the moisture content (i.e., degree of moisture saturation),
the number of load repetitions and the binder content. The work also
showed that maximum resilient moduli were obtained at moisture satu-
rations between 50 and 70 percent for the range of bitumen contents
tested, indicating the relevance of a curing period and compaction on
the dry side of optimum moisture contents. The ranges of bitumen
content and saturation yielding the optimum response in repeated load-
ing were similar to those given by static procedures.

PROPERTIES OF FOAMED BITUMEN MIXTURES

Foamed bitumen may be used to stabilize deficient sands, gravel
or fine crushed rock by imparting cohesion and resistance to moisture
ingress. At higher binder levels it may also be used to produce bitu-
minous premix without resort to conventional hot-mix equipment, by
mixing with cold, moist crushed rock. Thus, the mix properties may
be compared on the one hand to untreated or alternate base material
and on the other to conventionally produced hot-mix. Which of these is
the more applicable depends on the type of untreated material and on
the amount of bitumen incorporated. For stabilization, foamed bitumen
offers a means of incorporating neat bitumen into moist, cold materials
without recourse to prior processing such as emulsification or solvent
cutting. Thus the cost of pre-processing and transport of a diluent
fraction is eliminated, together with the need for subsequent removal
of that fraction by aeration of the mix before compaction. Additionally,
there are no environmental problems with evaporation of hydrocarbons
as ed with cutback bi

Foam mixes normally produce fairly stiff, stable mortar type ma-
terial in which the bitumen is concentrated effectively in the finer frac-
tion of the aggregate, especially in the fine sand and silt fraction. The
type of mix usually obtained is similar to that described by Benson and
Becker (10) as a “phase-mixture.” Mixes handle easily and cleanly in
the field and are readily compacted and cured.

1t has been shown that there are significant differences between
foamed bitumen mixtures and those prepared using a slow setting bitu-
men emulsion (6). It was found that properties as measured by test
procedures described in this paper were similar for both types of mixes
up to a level of about 1.5 percent bitumen—with the exception of per-
meability which was greater for the foam mix. Above this bitumen
level the foam mix displayed substantially improved structural proper-
ties as typified by Resistance Value, Relative Stability, CBR and
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Cohesion. It is believed that the foam system; by concentrating the
binder in the fines, results in a stronger mortar fraction than the
emulsion method.

Table 2 shows representative test results for a total of 50 mate-
rials examined and for convenience they have been categorized into
distinct soil types. It may be seen that suitable materials for foamed
bitumen treatment extend from low plasticity sand/clays to gravels and
crushed rock. It should be noted that the presence of some filler sizes
is essential to the process and that poorly graded sands devoid of na-
tural filler sized particles, do not respond well to treatment, as illus-
trated later in this paper when discussing stabilization of dune sands at

Table 2. Representative Data for Foam Treated Materials

Soll Group | Sultabatty Range of Eitumen Contants Grevel

(Unifled-S0H) | Fos Use e B Comesion | Equiviiency | Remnaris

Classtication | Wih Foam 0 | {Bem ) of Mix

Y Goog s—s0 | 20-25 20700 | 125~ 15 | Parmasdle Miatures

swee 15-55 | 20—45 300~ 400 | 1.25~ 133 | Permeable Mixtures

GW-GM Good

GGG Good 1543 | 25—30 300400 {125 133 | Low Permeaiity

[ oor 40-50 | s0~80 30— 400 | 125~ 1.3 | imgermeatte.
Bitumen Content
eriticat.
Can be improved by
‘sdding small percent:
ages lime.

sw Fair as—50 | 40—50 100 il Needs addition of
~200 mesh filer

Sw-sm Goos 10-60 | 25-40 100 - 400 | 100 — 133

sPsM Poor 45—60- | 3045 100 N Noeds fowsr penetrat-
ion bitumen and
aadition of 200 mash
lor.

» Fair 1060 | 25—50 100 - 300 | 10— 125 | May noed addition of
-200 mesh filer.

M Good 15-60 | 25— 45 100400 [ 100133

SMSC Gooa 25-60 0 00— 7100 | 13- 15

sc Alone ~ Poor| 35—80+ | 40~ 60 400 —700 |133— 1.5) | Needs addition of

(with time — - 2020 133 15) | sman percentage of

iime.

Brown’s Road (see Table 8, and Figure 2). High Plasticity clayey
gravels or sands also respond poorly to this process unless modified
before the addition of foamed bitumen. Addition of filler in the case of
deficient sands, and of lime with clayey materials, has been found to be
advantageous. Layer equivalency data in Table 2 have been computed
from Cohesion values using the method described by Zube (11) where
the equivalent thickness of different cover materials is proportional to
the reciprocal of the fifth root of their measured Cohesions, For the
purpose of comparison of Cohesion value of 100 is assumed for un-
treated granular material.

Foamed bitumen mixtures in appropriate thicknesses may be used
to advantage as replacement for conventional asphalt base courses in
full depth asphalt construction or as alternatives to gramlar base
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Fuil Depth Foamed 8itumen Granular
Asphait Base Base
¥ E=S suace
i::::; 75 Asphait Surtace T
+ Asphalt 425
o |
Base | L& Top +
Asphatt 185 Foamed J Course L
Black Crushed :
Base < Rock g
0
140 1
" Base !
Course
Crushed |
Rock 115
Dimensions in mm. +
Fig. 1. Equivalent Performance Pavements.

coefficient in the range of 1.5 to 1.6 for the 4 percent foam treated
Sydney breccia.

Figure 1 illustrates an example of equivalent performance pave-
ment sections using alternative base course materials. The pavements
are designed according to the Australian Asphalt Pavement Associa-
tion’s “Interim Guide for Structural Design of Asphalt Pavements” and
details of calculations for the example shown are listed in Table 5. A
relative thickness coefficient of 1.5 was used to determine the equiva-
lent thickness of the foam treated base which may be compared to a
figure of 2.6 for the gramilar base in this example. Table 6 lists typi-
cal cost comparisons using design data from Table 5 and Tepresenta-
tive costs for materials in 5.E. Australia.

Foam mixes, particularly with crushed rock, are characterized by
concentration of the bitumen within the “fines® and a tendency to leave
the larger particles relatively uncoated. This feature results in good
workability of the mix and is responsible for its unique properties par-
ticularly in comparison with treatments that deposit thinner bitumen
tilms over the whole of the particle size range. One disadvantage of
the types of mixture used to date is a relative lack of abragion resist-
ance at the surface and perhaps for this reason the use of foamed bitu-
men mixtures as wearing courses has not been generally pursued in
Australia. Larcombe and Newton (14) have reported on particular jobs
involving its successful use as a surface course, and examination of
similar work carried out in Canada and North America suggests that
this effect can be eliminated by attention to aggregate grading and use
of slightly higher bitumen contents.

Laboratory studies have shown that greater abrasion resistance of
foamed mixtures may be achieved by a heating and drying cycle followed
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Table 5. Equi Pavement Design C: i ple
(A.A.P.A. Guide—Ref. (17)
Requirements: Design of city street; 500 commercial veicles per
day; annual growth 4%/anmm; 20 year design life.
Input data: Subgrade CBR-5

Subgrade Modulus (E) ex Table 1 = 7500 Iba/in.2
approx. 50 MPa
Design Number  (N) = 4 x 105

Design Thicknesses:

(1) Fuil Depth Asphalt. Thickness trom Chart 2 = 10.2 in. (260 mm)
(2) Graputar Base. Minimum dense exphalt = 5.0 in. (125 mm}

Granuler base (CBR 80)= 6.0 in. {150 mm}
Granular base (CBR 40)= 55 in. (140 mm)
Granular bess (CBA 20)= 4.5 in. (115 mm)

Equivatant foamec bitumen base design:
(3) Foamea bitumen base. ‘Wearing courss asphall = 30 in. {75 mm)

4% foam tremted crushed
rock. = 108in. (275 mm)
{Assumes Reiative Thickness Cosflicientof 1.5)

by not compaction. The use of surface active agents designed to modify
aggregate surfaces before foam addition has alsc been found to improve
distribution of the bitumen during drying and re-mixing with a conse-
quent improvement in cohesion. Table 7 shows laboratory test results
for four foam mixes and a hot-mix control using good quality crushed
rock meeting conventional binder course requirements. Mix 1 shows
Tesults for the standard foam technique of cold mixing and compaction
followed by a three day curing period; cohesion is relatively poor due to
“fines” deficiency in the aggregate (3 percent passing No. 200 (0.074
mm) sieve) and bitumen has not coated aggregate particles above 6.4-
mm (0.25-in.) diameter. Mix 2 shows the improvement in cohesion ob-
tained by a heating cycle and hot compaction; the drop in stability may
be attributed to re-distribution of the bitumen over a wider range of

Table 6. Cost Comparison Calculations

Typiesl Con Catculated Costs per mt
Sperm LEuiCar®asphan | e Fawmed Biack Base Gronuiar fase
o {oolid) =3 Somt mm SomT mm S
Excavate and dispase kS 4 %0 L) 80 2 5.0 108
‘Surface courssaspnait 50.00 s ars i ars 125 a2
Prime - - - - - b1z
Base courss aaphalt 40 s 796 - - - -
A%Foamed Glack Basa 600 - - a5 718 - -
Top Caurse F.CR. 1400 - - - - 50 210
Base Courss F.CA. 1200 - - - - 25 308
COMPARATIVEDEPTHS  mm 20 380 S0
COMPARATIVECOSTS it 1262 1212 139




PAGE : B4

TO: 2115

A12-8412694

FROM: TRANSPORTEK

OCT-11-93 @5:54

458 BOWERING AND MARTIN

Table 3. Range of Properties of Untreated Crushed Rocks
Used in Table 4 Mixes

Weidoume Sydney Adstaide
Materiel BS. mm. Basetts Breccies Quartzites
Grading EZ 19 90 ~ 100 95— 100 90 ~ 100
(% passing) v 132 0~ %0 75~ 87 s— %

£ 95 63— 64 85— 77 55— 80
ne” 478 s~ 70 85— 57 0- 6
No.7 241 00— 50 I 45 55— 50
No.38 0425 10— 25 18— 25 10— 25
No. 200 0076 5— 15 7- 12 2— 10
Liquid Limit Up 025 Upto20 Up to 25
Plasticity index 21010 NPo§ 2t 10

courses. Typically a “B” grade crushed rock is used with foamed 90-
pen. bitumen at a level of 4 percent by weight. The classification prop-
erties of three commonly available types of crushed rock are shown in
Table 3 and typical laboratory test results for these materials in the
untreated state and when treated with 4 percent foamed bitumen are
shown in Table 4,

A bitumen content of 4 percent in these materials provides high
and permanent Cohesion values before and after exposure to moisture
vapor while still maintaining values of Relative Stability above 25 be-
fore, and 20 after such exposure. At this bitumen content permeability

Table 4. Typical Mix Properties

Memoums Bamatts Sydney Breccizs Adataide Quaraites
* R0 Sikrwon Gommrt » -~ - -~ i «
Ory Density fbicu. 113 R R R e e Y e
Remstance vaiue

Betore Soak - %5 | -9 | @-95 | %- % | s~ % | s g5

Atter Soak Colpsea | 91— 95 | Conapsed | 87— %4 | Coiosea | 5 %
Retatve Stamlity

Befora My s 2- 0 | - | ss-6 | -4 | — s | 2«

Atter MY 5. v— @ | 2 | %o | -2 | m— | je_
Conesion

Before MS. T-aes | 200-300 | m0—e20 | w0500 -2 | s

AtterMvS. 0~ @ | 2050 | s-1z le0-50 | m_12s | vso_om
ucs.

(s Before Soax ‘-0 | es0-780 | 672—820 | 400—s00 c—sse | ms_sw

Atter Soak Coagsed | 200—450 | Cotapsea | 184—40 | Cohspsed | 140—250

Permeatiity (mir24 hrs.) 00+ s— % 00+ 15— % | 185—s0- s—

Swell {in. % 107 2— 3 Ni -7 | a-u 2- s N

MarshallStabiity (1) 2337 %10 2687

Fiow fins. 107) 18 29 s
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is reduced to below 50 mls/24 hr and satisfactory Marshall stabilities
are obtained. Shackel (9) in repeated load testing demonstrated that
with Sydney breccia there is a marked increase in the number of repe-
titions required to attain a total strain of 2 percent in the range 1.5 to 5
percent bitumen content. At the 4 percent binder level there is a
hundredfold increase over that for untreated material,

It has been shown that moisture level in the finished pavement is of
significance in relation to performance and that the moisture in labora-
tory specimens is usually reduced to below 50 percent of optimum prior
to testing (5). Shackel (9) found that the Resilient Modulus is maxi-
mized at a saturation of about 60 percent for a mix comprising Sydney
breccia plus 4 percent foamed bitumen. It is recommended practice
when using foamed bitumen mixtures to allow the pavement layer to
lose 25 to 50 percent of its compaction moisture by drying prior to
covering with an impermesable surface. This practice is validated by
static and dynamic laboratory test results. The typical moisture con-
tents of laboratory specimens at various stages of testing in Table 4
were:

Mix and compact — 5 to 7 percent
After curing — 1to 3 percent
After 4 day soak — 3 to 5 percent
After 3 day MVS — 2 to 4 percent

The efficient design of pavements required that the relative per-
formance or “Relative Thickness Coefficients®® of different materials
be known. The thickness coefficients may be determined by full scale
field testing; theoretical calculation from elastic moduli and Poisson’s
ratio; or, from correlation of specific test properties with actual per-
formance. Zube (11) has proposed that the Cohesion value may be used
to obtain a measure of “Gravel Equivalency™ and application of this
procedure to 4 percent foamed bitumen treated crushed rock mixtures
shown in Table 4 indicates gravel equivalents of 1.15 to l.4—-ie., 1.15
to 1.4 in, of untreated aggregate are equivalent to 1.0 in. of treated ma-
terial. Using a figure of 2.0 for the gravel equivalency of conventional
asphalt base course, a relative thickness coefficient of between 1.4 and
1.7 is obtained for the foamed mixture, i.e., 1.4 to 1.7 in. of foam
treated material is equivalent to 1 in. of conventional asphalt base.

Shook (12) has recently reported on results of the San Diego satel-
lite experiments where it was demonstrated that “Class 2” and ®Class
3” aggregate, bound with bitumen added either in cutback or emulsion
form, exhibited similar levels of performance with Relative Thickness
Coefficients of 1.5 to 1.6. Untreated granular bases in these experi-
ments showed coefficients of 2.5 to 3.5. Limited application of multi-
layer elastic theory using a program devel ped by the Ct lth
Scientific Industrial and Research Organization (13) has indicated a

* Collapaedinhangling.

*Related to 25.4 mm (1 in.) of high quality conventional asphalt base.
“Relates to 25.4 mm (1 in.) of untreated granular base,
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of aggregate particles. Mixes 3 and 4 represent similar experiments
where the aggrégate was pretreated with an imidazoline surface active
agent prior to foam addition. The cold Mix 3 shows generally poorer
properties than Mix 1 due to thinner films of bitumen distributed over
a wider particle size range. Mix 4 compacted at 230 F {110 C) after
drying shows a significant improvement in cohesion and may be com-
pared to the hot-mix control in general properties although it is appar-
ent that a satisfactory density has not been achieved.

Table 7. Potential Surface Course Mixes—Foamed Bitumen

Foam Mix Foam Mix Foam Mix Foam Mix  Hot Mix
2 3 4

t Control
30 Penetration Bitumen, % wt 5.0 5.8 5.0 5.0 5.8
Additive, % of aggregate wt Nl wil 0.05 0.05 il
Compastion Temperature, F (C) 3@ 20W0 TIEH 200110 230 {110
Compaction Moisture, 6.0 0.5 6.0 0.4 Nil
Curiag Period at 140 ¥ (60 C), days 3 N 3 Nil Nil
Moisture coatert after curing, % 0.7 - 0.4 - -
Dry Density, Ib/ca it 136 147 140 146 151
Estimated Alr Voids, % 10.6 7.5 9.3 8.5 45
Relative Stabitity 47 21 22 30 3
Relative Stability after M.V.S. 2 - 21 28 20
Cohesion i 200 6 343 290
Cohesion after M.V.S. 161 - 209 328 340
shall Stabiiity, ib 2150 ars 1450 2278 2870
Flow Value, in. x 102 (mm} 820 - 16 (4.1) 16 (4.1) 14 (3.8)

Aggregate Craracteristics: High quality crushed rock suitable for conventional mixes
[

Sieve No. 3/4in. Y/8in 1/4im. 7 4 B 3% 52 100 200
(mm) (9.0 (0.5  (6.4) (241 (L41) (0.71) (0.425) (0.280) (0.149) (0.074)
% Passing 99 79 59 49 34 24 19 12 6 3

EVALUATION AND PERFORMANCE OF FIELD PROJECTS

The foamed bitumen process is suited for use with materials rang-
ing from low P.I. sand clays at one end to well graded crushed rock at
the other. All need sufficient “fines® to produce the necessary mortar
mix. Evaluation and performance details follow for two road projects
constructed, each of which used a material representative of the ex-
treme end of the above cited suitable materials range.

Dune Sands—Brown’s Road, Shire of Flinders

Figure 2 shows the grading for sands ic) which
have produced satisfactory base courses after incorporation of foamed
bitumen. The clean dune sand, and the overlying silty sand used in this
project are also shown.

General

Brown’s Road is a Tourist Road serving a popular ocean surf
beach on the Mornington peninsula about 60 miles (36 km) from
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B.S. Sieve 200 100 52 3625 14 7 Y4
mm .076.152 .295.42.599 1.20 2.41 19.1
]
w |

70 L

i Brown's Aoad
| T o "Clean” Sand
L. o< "silty” Sand

% Passing By Wi. —»
g
I}

0 !

Coarse| Fine MediumiGoarse

sitt_| sand | sang | Sand [ arave

Fig. 2. Sand Gradings.

Melbourne. It traverses an area of deep sand dune overlain by some
15 cm (6 in.) of the same sand contaminated with silt. Unpaved roads
corrugate rapidly and erosion by both wind and rainfall run-off is rapid.
Standard pavements in the area consist of a bitumen seal on 2 20 cm

(8 in.) crushed rock base. Quarrying is resisted in this scenic area,
and the dune sand was used with foamed bitumen both as an environ-
mentally acceptable and attractive economic alternative to crushed
rock base.

Mix Design

Properties of the sands and the trail mixtures are shown in Table
8. Increasing the proportion of clean sand in the blend clearly de-
creased the Relative Stability of the mix. Decreasing the bitumen con-
tent in the cleaner blend resulted in poorer mix quality, easier enfry by
water and a reduced Unconfined Compressive Strength after soak. De-
creasing the proportion of clean sand and increasing the bitumen con-
tent produced more easily compacted mixes.

A maximum proportion of 60 percent clean sand was specified in
the blend, and a bitumen content of 5 percent was chosen to give mini-
mum acceptable Relative Stability and maximum acceptable “permea-
bility.? The bitumen used was a 60 pen. product, meeting the require-
ments of Australian Standard AS 10—1967.
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Table 8. Physical Properties of *Brown’s Road®—Sands and Mixes
Properties Before Treatment

Clean  Silty Blend with 25% Clean Sand Blend with 60% Clean Sand

Sieve Size (mm) Sand Sand

No.7 (2.41) 1000 995 9.6 99.8
No. 14 (141} 99.6 99.0 99.2 99.4
No. 25 (0.71) 984 9.9 9.1 9.5
No. 36 (0.425) 94.0 93.3 9.5 93.7
No. 52 (0.280) s 78 5.4 5.6
No. 100 (0.144) 1.2 16.6 15.5 13.4
No. 200 (0.074) 0.8 57 4.5 2.1
Plasticity Index Al

*Optimum Moisture Content (%) 1.5 10.0
" Maxizum Dry Deasity, ib/cu & 1105 109.8

Properties After Adding Bitumen

TO: 2115

Bitumen Content (%) 4 5 3 4 5 3
‘omc. %) 10.0 35
*M.D.D., Ib/cu 1ma.3 13,7
Dry Density at Compaction, y/cu ft 1137 114.0 1143 112.8 113.4 3.4
Resistance Value:
Before Soak 945 93 %5 845 950 s
Kitor Soak %5 955 s 8.0 950 940
® Relative Staility: 0 ms 2 N Fig. 3. Single Pass Stabilizing Machine Used on Brown's Road Project.
ore 3 . 5 115
8 After V.S, 29 210 2 21 19.5 s
Cohesiometer Value: i i i high as O.M.C. + 4 percent in
] with the top 5 cm (2 in.) fluctuating as hig| 8 p
;' m{m‘gs g:; ;‘33 i:: g;; f;g :é: some isolated areas after rain. This behavior agrees with laibora;oryed
U.C.8. (psi): i istur 50 show
Dlj Belors Seak 326 as 36 258 214 252 test results which :?ﬁer several days exposure to moisture
nJg After Soak 344 340 312 136 300 298 a general strength increase.
Pl Permeability (ml/24 hr) 25 20 20 % 25 20 K ixing and compaction were carried out between 19th June and
] - ’ i i iy high clean sand
Compaction by Hveem Kneading Compactor with foct pressure 350 psi. 11th July, 1973. One localized area with extremely higl an
content, could not be adequately compacted, as it sheared within the top
Constructi 2.5 t0 5.1 cm (1 to 2 in.) under the grader and roller wheels. Fie{d
onstruction testing showed the material remained at the CBR 6 to 8 level. This
The work was carried out during the winter season to minimize was corrected on 8th August by remixing with 25 percent cm{;t}ed Tub-
plant movement and erosion problems. A single pass three rotor stabi- ble and an additional 2 percent binder. The effect of this additional
lizing machine (Figure 3) mixed the full 20 cm (8 in.) depth as one layer. material can be seen in Table 10 which includes field measurements
ﬁ Initial compaction was by a seven tire pneumatic roller capable of vary- taken after 2 years service. Although the crushed rubble was used
= ing tire pressures up to 689 kPa (100 psi) and total weight to a maxi- primarily to improve the stability of the mixture inlits ulncured or
Jrd mum of 28 ton. Final rolling was by a 9 ton, 11 wheel multi-tire, pneu- freshly mixed state, such improvement is also retained in the cured
& y n, ) P
o matic roller.
1] Rain feil almost nightly during the work (Table 9) preventing the Table 9. Brown’s Road Construction
2 3
b sand from drying either before or after the incorporation of bitumen, . ‘Mo Cont Rainta
o 5 Mixing was carried out at Optimum Moisture Content (0.M.C.) (for Date CBR Vatues Dry Densities tsture Comerts
. i i i i 8-11 (3 Sites} 94-97 9-13% 3.61 ins.
£ com[_:a'ctmn oiithe mix) to 2 pgrcent above optimum. In §p1te of these i_l’: jﬁ; 3 (‘sm’ - o1 o 16 dags
S B conditions typical early gain in strength was recorded; field CI?R values 20th July -~ ig-:i‘; :nu day
& % by Dynax'mc Cone were from 8 to 11 1mme}ixately after_ complegon of n ::;y 2 f:ﬁ :::::; ity S periog.t
f i compaction to a range of 17 to 27 after being open to light traffic and 14th Aug. Road Primer Sealed.
i weather for a period of 1 to 2 weeks. During this period the moisture
%]

* Maxi all of 0.94 in. (23.9 mm) o 6th August.
content remained essentially constant at O.M.C. to O.M.C. + 2 percent, Masimum single fall of 084 in. (33.9 mm) on 6th August

(gt
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Table 10. Field Measurements—Brown’s Road

At Time of Seating After 2 Years Service
C.B.R. M.C. C.B.R. M.c.
18 1.3 68
18 1.3 52
18 1.3 53
27 10.9 56
27 1.9 54
n 0.3 45
13 9.7 52
13 1.5 7
13 10.5 50
17 10.5 59 6.8
17 9.9 56 6.3E
i 9.0 50 6.4
17 1.5 53 4.8
17 3.0 57 46C
17 13.6 50 4.0
109 9
Re-mix o4
August § a7 %%

* Left hand side of readway in direction of increasing chainage.
E—Embankment site near 2250 ft (686 m) 1 in. = 25.4 mm.
C—Cutting site uear 3330 ft (3021 m)

state. Hence the marked increase in CBR values from 6 to 8 to 94 over
the two year period includes a significant due to the im-
provement in grading and particle angularity gained from addition of the
crushed material, and is not due solely to the increased bitumen con-
tent.

Performance

The moisture content has dropped over the 2 years, and is now of
the order of 30 to 60 percent of that existing when the bituminous seal
treatment was applied. In the same two years of service the CBR value
has generally trebled in the typical sand mix. The moisture content is
now lower at the base of the pavement layer than at the surface suggest-
ing that drying out has been by drainage through the underlying clean
uniform sand subgrade. These trends in CBR value, and moisture con-
tent, with time in service are confirmed by measurements on other
roads in the area constructed at the same time.

In spite of the low CBR values recorded at the time of sealing the
road there is no cracking or rutting visible after 2-years of service
with light traffic and extended periods of high pavement temperature.
Winter traffic volumes vary from 210-230 vehicles per day at week-
ends to 150-210 vehicles per day, including an estimated 15 percent
truck traffic from an adjacent sand pit, during the week. Surface tem-
peratures for this road are typically those reported for the Melhourne
area by Dickinson (15) and frequently exceed 60 C (140 F).

Non-destructive testing was carried out by the Australian Road
Research Board using the Rayleigh wave technique (16). Tests were
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made on Brown’s Road and an adjacent road constructed in an identical
manner at the same time. The results indicated no appreciable change
in dynamic Young’s Modulus immediately after mixing and compaction
had been completed. However, three weeks after mixing and compac-
tion, an increase of 50 percent was recorded, and after 4 months the
dynamic Young’s Modulus was three times that of the original un-
treated material.

Crushed Rock Mixtures—Springvale Road
General

This project was constructed to provide in-service data on the
structural performance of foamed bitumen mixtures. A crushed basalt
considered too poor in quality for use, in the untreated state, in the
upper 15 ¢m {6 in.) of pavements was selected. Four percent of foamed
bitumen (90 pen.) was used to improve the characteristics of this ma-
terial to a high performance level.

Although too early to comment on in-service performance as such,
the background data to this project are given to illustrate the basis for
selection of (a) a low cost rock likely to perform well with foamed bitu-
men, and (b) a method by which layer equivalency values can be as-
signed to various paving materials.

Pressure cells of the strain gauged diaphragm type, strain gauges
of both wire resistance and Bison Coil type, plus thermocouples and
LVDT’s have been installed for data measurement during service.
They are oriented to measure vertical, radial and tangential stresses
and strains for comparison with those calculated using laboratory
measured values of Resilient Modulus in the C.S.L.R.O, pavement re-
sponse or evaluation program, called “Cranlay.” (13)

Mix Design

Tables 11 and 12 and Figures 4 and 5 show the properties of the
crushed rock used, the properties of the 4 percent foamed bitumen
treated mixtures selected for use and the plots of the effect of chang-
ing bitumen content on this material. The properties of similar mixes
made from different types of rack, including one {the Sydney Breccia)
for which repeated load response was known in this type of mixture,
are given in Table 4.

The data indicated between 3 and 4 percent bitumen to be the opti-
mum range from the static test viewpoint. It also showed the proposed
basalt mix to be at least comparable and Pprobably superior to the
breccia mix used for dynamic testing under repeated loading. Repeated
loading test data (9) indicated that for the breccia mix a bitumen con-
tent of 4 to 5 percent was needed to give the best response when com-
pacted and in service at saturations of 50 to 70 percent. This degree
of saturation is readily and usually obtained in practice, hence for
purely dynamic loading reasons a foamed bitumen content in the 4 to 5
percent area is preferred.
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Table 11. Classification Test Results on Untreated Material

Secondary Mineral Content 26% (potat counting method on thin section)
Sand Equivaleat (45 secs.) 4

Extended Sand Equivalent (E} 11
Degradation a

Washington

Liquid Limit 19.3

Plasticity Index 24

Particle Size Distribution:

b Passing

Sieve Size (mm) Dry Wet
3/4 in. (19.1) 100.0 100.0
3/8in. (9.5) 12.2 68.3
3/16 in. (4.76) 41.3 46.6
No.7T (241 4.7 2.3
No. 14 (14} 25.8 213
No. 36 (0.425) 18.5 16.4
No. 100 (0.149) 13.0 12.8
No. 200 (0.074) 8.6 10.0

On the basis of these figures the marginal basalt was selected for
use as having good properties when mixed with foamed bitumen plus
maximum cost benefit potential. A 4-percent bitumen content was
chosen as a practical compromise to obtain near optimum results for
both static and repeated load tests.

Construction

The foamed bitumen black base material for this work was mixed

in a stationary continuous twin-shafted pugmill with square paddle tips,

at a rate of 150 ton per hour. Three cold feed bins were used to con-
trol the grading, and bitumen for foaming was supplied by a calibrated
variable speed positive displacement pump. Water for foaming was
controlled at 1.7 percent of the bitumen flow rate by an automatic flow
rate controller with variable setting. The mix, being cold and at the
optimum moisture content for compaction, could be either paver or
grader spread. Standard rolling techniques as for crushed rock base
course materials were used, with the exception that minimal amounts
of water were Dbecessary to prevent roller pick-up or surface dusting,

Table 12. Physical Properties with and without Incorporation of 4% Foamed Bitumen

Test Untreated Treated {4%)
Reststance Value Before Soak 95 94
After Soak Collapsed £
Relative Stability Before M.V.S, 0 33
After MV.S. 15 53
Cohesiometer Value Before M.VS. 465 499
After MV S, Collapsed 99
Uncotined Compressive Before Soak—(psi) 992 80
Streagth ARer Soak—(psi} Collapsed 260
Permeability (m1/24 hrs.) 500+ 10
Swell, (in. x 10-3) (mm) 3(.08) Nil
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Performance

Deflections and stresses in the pavement, assuming an applied uni-
form vertical pressure of 550 kPa (80 psi) applied over a circular
area of radius 15.24 cm (6 in.) and calculated using C.S.1IR.O. com-
puter program “Cranlay” for layered elastic systems, are listed in
Table 13. The elastic used in the ions were ob-
tained by repeated loading of Triaxial specimens using the Volcanic
Breccia examined by Shackel (8). In his work the rate of loading was
30 cycles per minute equivalent to a load moving slowly at approxi-~
mately 0.5 km per hour. “Free” end plates were used, and the devi-
ator stress used was high at 165 kPa (24 psi).

The figures used for the elastic constants in Table 13 are thus
considered realistic for the untreated granular material and the
foamed bitumen treated mixtures, but may be somewhat pessimistic
for the hot mixed asphalt layer because of creep effects due to this
slow rate of loading. However, a large change in Mg value for this
3.18 cm (1.25 in.) thin hot mixed asphalt layer has little effect on the

BS.
Sieve 200 100 52 36 25 14 7 31€" /8 34

mm. 076 .152 295.42.598 1.20 241 476 952 191
T

i

180

=
3

% Passing By Wt.

Coarse,
silt

Fine | Medium
Sand Sand

Coarse [

Fig. 4. Crushed Rock Grading Springvale Road.
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Fig. 5. Mix Properties.

computed stresses and strains. The subgrade layer was assigned a
value of 51.6 MPa (7,500 psi) for its Resilient Modulus based on its
CBR value of 5 and the AAPA design guide (17). No attempt was made
to include the effect of braking and acceleration stresses, and it is be~
cause of this that the two alternate surface treatments were adopted—
single seal and 3.18 cm (1.25 in.} of hot mixed asphalt.

The figures in Table 13 indicate comparable deflections and
stresses in the subgrade for all three cases. The higher tensile
stresses shown for the 4 percent foamed bitumen layers are consid-
ered allowable due to the high “Cohesion” of this material. With the
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Tabie 13. Computed Deflections and Stresses

Subgrade Mex. | Surtsce Max. | Mar. Stesses

Layer No. Displecement | Deflection | Comp. Tens
Prvement Material and Depth {in) (n} (psh)
Single Seal 0097
1. 4" of 34" Wet mixeq crushed rock w0 aa
Standare 24" of 2" Aipped Sandstone (0.6 P.1) &6 N
g:’:":" 3. 5-/4” of Ripped Sandstone (0-127.1.) /a1
4. Subgrace CBA. 56 o008 s 24
Alternate No. 1 | Single Seal o087
1-ai d% T 117 of 4% Foamed Black Base w0 189
Foamea Black
8ase 2 Subgrace C.8.R. 55 0.008 77 a3
Altornate No. 2 | ). 1-1/4" of 172" mas. agg. size asphail 0060 &0 32
Asphatton . mea Biack
ek | 2 97 of 4% Foamea Biack Base s ;e
Base 3 Suograde CBA. 56 003 180 28

Unconfined Compressive Strength in practice being somewhere between
1790 kPa (260 psi) and 5400 kPa (780 psi) dependent on moisture con-
tent, the tensile strength is estimated at about 207 to 550 kPa (30 to 80
psi) with the former figure Tepresenting the unlikely case of “soaked”
material.

Thus in alternate 1 we have an indicated equivalent thickness of
27.94 em (11 in.) of the foamed bitumen mixture to 34.93 cm (13.75 in.)
Granular, or 2.54 em (1 in.) Foamed Black Base to 3.18 cm (1.25 in,)
Granular. In alternative 2, considering the “thin® hot mixed asphalt
layer to have the same equivalency as the foamed bitumen base course
material, we have 2.54 cm (1 in.) Foamed Black Base equivalent to
3.40 cm (1.34 in.) Granular,

The above information aithough based on limited data provided a
reasonable basis for the adoption of 27.94 cm (11 in.) and 22.86 cm 9
in.) as the base course thicknesses in which to install the stress and
strain measuring equipment. Assuming a “Relative Thickness Coeffi-
cient® (inches of specified base material per 1 in. Asphalt) of 2.0 for
general granular bases, we then have relative thickness coefficients for
the two 4 percent Foamed Black Bases of 160 and 1.4 respectively.
Closer estimation must await the collection of specific data from this
project. All indications to date suggest these assumptions to be valid.

CONCLUSIONS
From the work to date it is luded that:

a. The foamed bitumen process has proved an economically viable
means of stabilizing and upgrading marginal pavement materials in
Australia. The process may be used to incorporate relatively low
amounts of bitumen into many soils to pravide clean, easily handled
mixtures which may be readily compacted and possess significant
improvements in structural properties over the untreated materials,
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b. At bitumen levels of 4 percent and above the foam process may be
effectively used with crushed materials to provide “black bases?
as attractive alternatives to either granular materials or conven-
tional hot mix asphalt. Current indications are that 1.5 inches of
foamed black base is equivalent to 1.0 inch of conventional hot mix
asphalt.

¢. Processing costs i with f: e of bit isi
or cutbacks are eliminated by the use of foamed bitumen as is th
need for transport and subsequent removal of water or solvent from
the mix prior to compaction,

d. Foamed bitumen allows the use of locally available materials in
many cases and thus can offer significant cost savings. The process
being dust and vapor free is also environmentally attractive.
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Discussion

MR. J. E. HUFFMAN (Prepared Discussion): The authors are to
be complimented on an interesting paper as well as a timely one when
considering the interest today in energy conservation, In the United
States, cold-mix paving technol mostly with ifi halt:
is rapidly advancing through increased laboratory research and field
experimentation. It is encouraging to see cold-mix research being
pursued in other parts of the world.

A few important questions did arise after reviewing an advanced
draft of the paper. The first deals with the importance of consistently
obtaining foamed bitumen of desired properties—this referred to in
paragraph 5 and evident by the data in Table 1. The Mobil production
method may indeed be an improved system, but what field tests are
used to check the foamed bitumen properties ? Also, the properties of
the foamed bitumen used in laboratory testing for mix and pavement
thickness design must be similar to that which ultimately result on the
project. This condition is one which periodically does not occur for
emulsified asphalts with the differences in product between the labora-
tory and field leading to construction and pavement performance prob-
lems,

Relative to the laboratory testing procedures outlined in paragraph
8, the use of oven curing at 60 C (140 F) for specimens will be ques-
tioned by some for foamed bitumen as it presently is when using emul-
sified asphalts. This environment does not really simulate field curing
conditions and with emulsions has not only produced accelerated dehy-
dration but also improved asphalt coalescence beyond that obtainable
under project conditions. It is suggested that both the early and ulti-
mate strength of cold-mix paving materials is of importance with am-
bient curing being commonly selected for the former and this type of
curing plus vacuum desiceation being used in a new mix design method
to obtain ultimate values.

In paragraphs 13 and 14, reference is made to the concentration of
the bitumen in the fine sand and silt fraction and also that this results
in a stronger mortar fraction than does bitumen emulsion. In my ex-
perience, this concentration of the bitumen in the finer aggregate frac-
tions is not uncommon when using slow setting (SS) emulsified asphalts
with some engineers expressing much concern about the uncoated
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coarse particles [+ No. 4 (4.76 mm) sieve]. Relative to this inabili
foamed bitumen to coat coarse aggregate, ]very popular in ;emlaji;ttg o
States r?cemly has been the construction of logging roads using a cold
plant-mixed coarse open-graded emulsified asphalt base (crushed ag-
gregfxte, 100 percent passing 1-1/2 in. (38-mm) sieve, 0-5 percent
passing No. 8 (2.38 mm) and 0-2 percent passing No. 200 (0.074 mm)
It is possible to achieve good coarse particle coating using a medium.
Setting (MS) emulsified asphalt but apparently this would not be possi-
blf-_\ with your present foamed product. The MS emulsions usually con-
fam Some solvent and the question arises as to the possibility of foam-
ing a cutback asphalt such as a high viscosity medium curing grade
(MC) DI;r this type of application.
iscussed at some length is the thickness desi; of pave in~
corpoxiaﬂng foamed bitumen mixes with several cuénmerlfsaai?&me:&?-
valencies and thickness coefficients., Modern pavement design method-
ology not only includes consideration of the strength (modulus) of
Freat.ed layers but also their fatigue properties. Iam most interested
in this characteristic in the foamed bitumen mixes placed to date as in-
dicated are relatively low asphait contents. P. S. Pell and K. E. Cooper
preseq:ed 2 most interesting paper at the 1975 AAPT Meeting in
Pll:;:rem:x on the effect of various mix variables on fatigue performance
:Z mc:l v;l::::)ed consideration of the very important asphalt binder con-
The final item relates to climatic limitations for cold-mi i
wi'tI{ foamed bitumen. Not indicated is a minimum air templ:tl:tg::?ogr
mixing afui/or spreading for this work. It is indicated that rain fell
almc{st mgh_tly during the Brown Road Ppaving but apparently without
c.ausmgkmajor problems. Can this type of construction proceed during
].‘gm rainfall provided the moisture content does not increase appre-
cxablg above f.lhn optimum for compaction?
. ongratulations again on your paper and hopefully more i -
tion will be developed about the use of foamed b?tumexyl in Ausltl:'f:ac.'lxi':?a

DR. CHARLES A. PAGEN: As mentioned at the start of -
sentation of the Foamed Bitumen technical paper, it is unfort;::tgrtiat
my research colleagues from Mobil Oil Australia, R. H. Bowering and
C. L.AMartin. are unable to be here today. However, the excellent
qu_esuons raised by Mr. John Huffman and also any other questions
raised during the discussion session will be forwarded to the authors
for tine;: comments in the final Authors’ Closure.

ve a few comments on the key questions asked by John
Although some of the other questions rgised are beyondbzhe scog:fé;n t:;:.
paper, 1 feel_ certain that the authors will be able to respond to them be-
;:raE: ofAt:eu' ;Ji:;ny gearti of experience with foamed bitumen in Aus-
. mentioned in the i i
Austrtia snned 1 196082?91’ foamed bitumen has been used in

The first question was essentially, What field tests are used to
c}:eek the foam properties? The second question was, Are the proper-
ties of the foamed asphalt mixes similar for lab and field produced
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foamed paving mixes? The lab and field foam producing systems are
carefully calibrated. The half-life of the lab and field foamed bitumen
is rigorously controlled. The foam hali-life is defined as the time for
the foam to deflate to one-half of its original volume. The expanded
volume of the foam is also carefully controlled. The most effective
foamed bitumen has an expanded volume of ten to 15 times the volume
of the original hot bitumen. This expanded volume is produced by in-
jecting about one to two percent water into the hot bitumen. In Aus-
tralia they also check the physical properties of the recovered field
asphalts and these are compared to the properties of the lab asphalts.
Additional laboratory tests are also conducted to evaluate the strength
and durability properties of the lab compacted foam paving mixes, and
these properties are compared to the properties obtained from lab tests
on undisturbed samples of field compacted foamed paving mixes.

The next question was, Can foamed bitumen be used to coat coarse
aggregates? There is a table in the paper (Table 2} in which the Aus-
tralians comment on the suitability of using foam bitumen with a wide
range of soil types. In this table the soils are classified by the Unified
soil classification system. The table specifically covers the suitability
of using foam with selected materials, and the data are representative
for foam treated soils in Australia. The table also shows the range of
bitumen contents which should be used for the selected materials, the
gravel layer thickness equivalency values of the mixes, typical cohe-
sion values for the mixes and general remarks on the quality of the
foamed materials. The cohesion values are evaluated in the Hveem
cohesiometer test. The layer thickness equivalency values in Table 2
have been calculated from the cohesion values using a method de-
scribed by Zube. Thus, at low asphalt contents the foam seems to coat
the fine portions of the mix first, while at higher asphalt contents more
of the various size fractions, including some of the coarse particles,
are coated. It can be observed in the table that suitable materials for
foamed bitumen treatment cover a wide range of soil types and grada-
tions and extend from gravels and crushed rock to sand-clay materials,

The last question I am going to comment on is, Can foamed asphalt
construction be used during light rainfall? During the construction of
one of the test roads reviewed in the foamed bitumen paper, rain fell
almost nightly and the construction of the road continued without any
major problems. It seems that construction can take place during light
rainfall provided that the water content of the soil does not increase
appreciably above the optimum moisture content for compaction.

I have briefly commented on the key questions asked by John Huff-
man. All of these questions will be forwarded to Mobil Oil Australia
for their response in the Authors’ Closure.

MR. CHARLES R. FOSTER: Can you foam a silicone treated as-
phalt?

DR. PAGEN: Some work has been conducted in this area by Mobil
Oil Australia. They are aware that very small quantities of silicone
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additives are sometimes used in bitumens as defoamants, I believe
that the foaming conditions for these silicone treated bitumens may be
modified to produce foamed bitumens with a satisfactory foam life,

AUTHORS’ CLOSURE: We thank Mr. Huffman

pansion. Occasionally diffe:
and those prepared in the |
been good.

The question of laboratory curing procedures is one which has
been raised before and is obviously a most important aspect. We have

conducted studies involving the curing of foamed bitumen treated mix-

temperatures in that range had little or
no affect on measured properties. We recognize, however, that this
may not always be the case and work is currently planned in which
ambiesnt curing and vacuum dessication methods are to be used in line
with the new Asphalt Institute design procedure (PCD-1),

particles remain relatively uncoated. Therefore, we would not expect

the foamed bitumen Process to completely coat all the coarse aggre-~
gate particles in the open-graded base mix described by Mr. Huffman
as being used on logging roads in the United States. However, we
agree the use of solvents to improve such coating would be beneficial,
In this regard our work has shown that bituminous based products with
viscosities as low as 25 ©ps at the operating temperature may be satis-
factorily foamed. Such products would include medium curing cutbacks
MC-3000 and MC-800.

With respect to the comment on
mixture characteristics has been conducted at the University of New
South Wales in Australia. Most of this work has been completed and
is reported on in Reference § in the paper. In this work the response
to repeated loading was measured in terms of axial strain components
and Resilient Moduli, but no direct attempt was made to assess fatigue
life. We therefore are unable to offer any specific or positive com-
ments on this aspect at this time.

However, we agree that fatigue properties of foamed bitumen mix-
tures are important and that the binder content is of special signifi-
cance. Perhaps further study of results in Shackel’s paper could give
Some measure of fatigue properties in comparison with asphalt. Fa-

tigue has not proved a problem in our field work carried out over the
last seven years.

fatigue properties, some work on
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The final question related to climatic limitations for satisfactory
work with foamed bitumen. We have carried out work at air tempera-
tures as low as 10 C (50 F) but it should be noted that the degree of
dispersion of the bitumen and the quality of the mix obtained depends
heavily on the temperature of the aggregate and its nature. We have
found that most aggregates have a “critical” temperature of between
13 C (55 F) and 23 C (73 F) below which mixes of poor quality are ob-
tained.

Use of a higher foaming temperature or lower viscosity binder
assists work at low temperatures but is not a complete solution. Light
rain during construction is not a problem providing adequate compac-
tion can be achieved.

Mr. Foster’s point on whether silicone treated asphalts can be
foamed is well made. Some work has been done in this area. Gener-
ally, it has been found that smail concentrations of silicones drastically
reduce the expansion and stability of the foam to the poimt where it
cannot be satisfactorily used. However, a number of surface active
agents have been found that, at least partially, restore the original
foaming characteristics.




