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Evaluation of Weak Aggregates for
Surface Dressing on Low-Volume Roads

M. E. WoobBRIDGE, P. A. K. GREENING, AND D. NEwILL

New roads in the Kalahari Desert region of Botswana must make
best use of local materials if they are to be built economically.
In the absence of rock outcrops, the main sources of roadstone
are the variable duricrust deposits, described as calcrete or sil-
crete, which form in association with landform features such as
pans or old river valleys. A study of four duricrusts for use as ag-
gregate for surface dressing in lightly trafficked roads is described.
Investigations included the determination of chemical and miner-
alogical composition, mechanical properties, and an assessment
of the duricrusts’ performance in full-scale road trials. Although
generally described as calcrete or silcrete, the materials commonly
contain mixed, disparate calcareous and siliceous fractions. In
such cases, tests on representative samples of the whole material
do not readily identify the influence of the weaker calcareous
fraction on engineering properties. One of the road trials was
designed specifically to examine the effect of varied proportions
of calcareous and siliceous material on behavior under traffic.
The results of the mechanical tests showed that with the exception
of the one silcrete sample the materials were not strong enough
to meet the strict Botswana specifications for surfacing aggre-
gates. However, from the performance of the road trials and from
a number of other countries where specifications are related to
different traffic levels, new interim specifications were proposed
in agreement with the Botswana Roads Department. On the basis
of the recommended lowest traffic category of less than 0.8 million
equivalent standard axles and 10 percent fines aggregate crushing
test values of 130 and 100 kN for dry and soaked samples, respec-
tively, it was considered that all of the materials investigated
would be suitable for use in surface dressings for roads in the
Kalahari Desert region.

The Transport and Road Research Laboratory (TRRL), United
Kingdom, and the Ministry of Works, Transport and Com-
munications (MOWTC), Botswana, are undertaking a joint
research program in Botswana aimed at making best use of
locally available materials for road construction. The work
began because major new road projects, totaling some 1200
km, were planed to cross large areas of the Kalahari Desert.
which covers more than three-quarters of the country (see
Figure 1). : ' :

In the region, conventional sources of roadbuilding mate-
rial, such as exposed rock, are scarce. Research, therefore,
has concentrated on the main alternative sources—granular
or gravelly materials known as calcrete or silcrete. These
indurated materials, or duricrusts, are typical of those found
in arid climates; by their process of formation within the soil
profile, they are subject to considerable physicochemical vari-
ability.

Transport and Road Research Laboratory, Old Wokingham Road,
Crowthorne. Berkshire RG11 6AU, United Kingdom.

Earlier work in the research program (/) concentrated on
calcretes and described the relationship among different types
of calcretes, their properties, and the landform features where
they occur. This work provided a basis for their identification

-and distribution. In another part of the work (2), calcretes of

different quality have been and are continuing to be assessed
in full-scale road experiments as base materials for lightly-
trafficked bituminous-surfaced roads (2).

A study of duricrust materials from four different sources
for use as surface dressing aggregate is described. Although
the materials are referred to as calcretes or silcretes, some
were of mixed composition. Because it was not known how
this composition would affect the results of conventional”
aggregate tests or the duricrusts’ performance in practice.
special attention was placed on the relationship among phys-
ical, chemical, and petrographic properties. For one of the
materials, additional subsamples were prepared by hand-sorting
dominantly calcrete-rich and silcrete-rich fractions for inclu-
sion in the testing program.

In assessing the results of the investigation, a comparison
was made between the existing Botswana specifications for
the use of surfacing aggregates, which have been adopted from
the more demanding specifications of South Africa, and those
of other countries that take account of lightly trafficked roads.
This comparison, together with an assessment of a series of
road trials carried out in Botswana and the United Kingdom
using the materials in surfacing dressings, enabled recom-
mendations to be made for the use of the Botswana aggregates.

-~

DEFINITION AND DESCRIPTION OF CALCRETE
AND SILCRETE

The calcretes and silcretes of Botswana are part of a wider
group of materials described as duricrusts, which by pedogenic

-processes form-as an-indurated layer in the soil profile. Cal-

cretes are characterized by the presence of calcium carbonate,
although magnesium carbonate may also be present. Silcrete
contains an accumulation of silica. Another important mem-
ber of the group is ferricrete, or laterite, identified by high
concentrations of sesquioxides (the oxides of iron and alu-
minum). The deposition of these materials is controlled by
the solubility of the chemicals concerned, the original parent
rock from which they were leached, the climatic and topo-

graphic environment, and the water table conditions. Cal-

cretes and silcretes are distributed widely throughout the
Kalahari and, although ferricretes also occur, these are con-
fined to the eastern fringes closer to rock sources. A fuller
definition of duricrusts is given by Goudie (3) and of calcretes
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by Netterberg (4). From his work in southern Africa. Net-
terberg developed a geotechnical classification of calcrete
related to an evolutionary sequence. Each type of calcrete
can be recognized in the soil profile and represents a stage in
the growth or weathering of a calcrete horizon with a signif-
icantly different range of geotechnical properties. The cate-
gories, in order of ascending evolutionary sequence, are as
follows:

1. Calcified Soil. A soil horizon cemented by calcium car-
bonate to give a stiff consistency.

2. Powder Calcrete. Typically composed of ‘loose silt or
sand-sized carbonate particles, which when cemented together
readily break down on working.

3. Nodular, Honeycomb, and Hardpan Calcretes. Mixtures
of silt to gravel-sized, carbonate-cemented, host soil particles
in a matrix of calcareous soil. The soil matrix is almost absent
in the case of honeycomb calcrete and is completely replaced
by hard carbonate cement in the case of hardpan calcrete.

Only the calcretes in Category 3 are hard and strong enough
to be ‘potentially suitable for surface dressing aggregate. The
other categories are too soft or contain too much plastic clay-
sized material.

A definition of silcrete provided by Grant and Aitchinson
(5) states that, “silcrete is a siliceous material formed in a
zone of silica accumulation in the earth’s crust. The silica
accumulation is produced by superficial physico-chemical
processes and not by normal sedimentary, metamorphic, vol-
canic or plutonic processes.” ‘The main advantage of silcrete
over calcrete is its potential for being harder and more resist-
ant to abrasion. However, silcretes, like calcretes, are variable
in quality depending on the degree of silicification and the
nature of the material that is being replaced by silica. The
silica is frequently chalcedony.

In Botswana, calcrete and silcrete are associated with a
number of distinct landform features, such as interdune hol-
lows, old river courses, topographic depressions, and the dis-
tinctive pans (enclosed depressions) of roughly circular shape.
A loose relationship exists between landform and calcrete

type, with the larger pans generally containing the higher .

quality nodular, hardpan, or honeycomb type of calcrete.
Extensive work by TRRL (7) has led to a recommendation
for the use of remote-sensing techniques, such as aerial pho-
tographs and Landsat imagery, to identify the geomorpho-
logical and landform features associated with calcretes. These
techniques could be used at an early stage of road planning
to help with materials surveys.

LOCATION AND DESCRIPTION OF SAMPLES

The two roads to be built to bitumen-surfaced standard asso-
ciated with this aggregate study are the 300-km road from
Maun to Nata in northern Botswana and the 650-km road
from Jwaneng to Mamuno in the south. Both routes and the
locations of the samples are shown in Figure 1.

For the Maun to Nata route, a reconnaissance survey that
included borehole drilling of the best prospects was carried
out along the proposed alignment. Those materials selected
for the testing program were from km 175 from Maun (iden-

[
(>
wn

tified as the MN2 sample) and from the bed of the Boteti
River at Samedupe. 13 km from Maun (identified as the Same-
dupe sample). The Nata sample came from a roadside quarry
9 km north of Nata. Numerous large pans likely to contain
good quality calcrete or silcrete were located during the mate-
rials survey carried out between Jwaneng and Takatshwaane,
which covers part of the area of the Jwaneng to Mamuno road
project. The sample included in this study was from Sekoma
pan (identified as the Sckoma sample). More detailed descrip-
tions of the samples and the soil profiles are provided in the
following paragraphs.

Maun-Nata (MN2) Sample

Figure 2 shows the location and borehole program undertaken
to investigate the pan deposit, with typical borehole profiles.
The material comprises thin, interbedded lenses of white cal-
crete and green/black silcrete in a fine-grained, sometimes
soft sandy matrix. The upper 1 to 2 m is dense. whereas the
lower layers become increasingly porous. Boreholes were drilled
to a depth of 6 m on a 50-m grid and indicated an average
thickness of 4-m stone of suitable quality. Potential gross
reserves of the silcrete, assuming a density of 2.5 ton/m*, were
0.2 million tons. The reserve of usable stone, which will depend
on the proportion of acceptable quality for the surface dress-
ing aggregate, is estimated to be 65 percent. Additional stone:
reserves may occur beneath or outside the drilled area. Because
this was one of the materials containing a mixture of calcar-
eous and siliceous fractions that could be distinguished by
color, the samples for testing were hand-sorted into three
parts. One was the run-of-quarry sample (comprising roughly
equal proportions of calcrete and silcrete). and the other two
were calcrete-enriched and silcrete-enriched fractions.

Samedupe Sample

The Samedupe material consists of abundant hard boulders
of homogeneous quartzite occurring in and apparently limited
to the bed of the Boteti River. Drilling failed to prove an
extension of the quartzite beyond the river bank. The material
is periodically extracted by local contractors for use as building
stone and aggregate. Larger scale extraction may be inhibited
by environmenta) considerations.

Sekoma Sample

The Sekoma material occurs in substantial quantities in the
rim of a large pan. Following an exploratory borehole pro-
gram, a pit 6 m deep was blasted near surface outcrops of
hard calcrete. Disaggregated rubbly calcrete overlaid a hard
calcrete breccia, comprising largely angular fragments of dark
grey or reddish siliceous material in a light brown calcareous,
sandy matrix. The breccia is the potential surfacing aggregate.
In the base of the pit, unusable soft, calcareous, sandy mate-
rial was found. Material from this source was used in a surface
dressing trial constructed at Jwaneng in 1984.
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FIGURE 2 Borehole location and typical profiles at MN2 site on Maun-Nata
Road. ’ : Y

Nata Sample PETROLOGIC, CHEMICAL, AND
MINERALOGICAL PROPERTIES
The Nata material is a fine-grained, hard, white-to-light-green

sandy calcrete. It has already been used as roadbase for con- Visual examination indicated that, although the Samedupe
struction of the Nata-Kazangula Road, but the harder fraction and Nata materials were homogeneous, the MN2 and Sekoma
was selected for a surface dressing trial at km 235 from Nata materials were of varied composition. Therefore, the samples -
constructed in 1983. A 3-m face has been developed in the were examined more closely using a number of techniques.

borrow pit, and the material has a rubbly appearance. Thin sections were prepared and petrologically examined to
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identify constituent mineralogy and fabric. Also, with the
exception of the Nata sample, X-ray diffraction analysis. scan-
ning electron microscopy, and microprobe techniques were
used to examine certain zones of the samples and their micro-
texture before and after the accelerated abrasion and polish-
ing tests. In addition. light emission spectrography and micro-
probe techniques were used for chemical analysis of these
samples.
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The results of the work are presented in Tables 1A, 1B,
and 1C. The compositional differences among the samples
are clearly indicated. The Samedupe sample was made up
entirely of quartz grains welded together in a siliceous matrix,
the Nata sample comprised quartz grains in a very-fine-grained
carbonate matrix, and the MN2 and Sekoma samples included
mixed but mainly quartz fragments in an essentially carbonate
matrix. In the MN2 sample, individual fragments were strongly

TABLE 1A RESULTS OF PETROLOGIC TESTS—THIN-SECTION ANALYSIS (POINT

COUNTING)
MN2
Calcrete-  Silcrete-
Enriched Enriched
Run-of-Quarry  Stone " Stone L :
Component  Stone (%) (%) (%) Samedupe (%) Sekoma (%) Nata (%)
Carbonate . ¢ 80 25 - 48 53
Quartz “ 12 63 99 35 42
Chalcedony ¢ 7 10 - - 1
Olivine a - - - 10 -
Mica “ - - - 5 -
Other e 1 2 1 2 4

“Not dctermined.

TAELE 1B RESULTS OF PETROLOGIC TESTS—CHEMICAL COMPOSITION (EMISSION

SPECTROGRAPHY AND MICROPROBE)

MN2
Calcrete-  Silcrete-
Enriched  Enriched
Run-of-Quarry  Stone Stone
Component Stone (%) (%) ) Samcdupe (%)  Sekoma (%) Nata (%)
SiO, (median) 50.9 12.4 66.9 97.0 311 “
SiO. (range) 38-51 4-3] 62-94 - 22-77 “
Al,O, (median) 1.2 1.2 1.3 1.1 2.0 “
AlO, (range) 0.8-2.4 0-14 0.8-5.0 - 3-6 “
Fe.O, (median) 0.5 0.5 0.6 0.5 1.3 “
Fe,O, (range) 0.5-1.0 0.5-1.7 0.4-8.0 - 1-3 “
CaCoO, 39.6 80.1 27 0.3 57.6 “
(median)
CaCO,; (range) 40-87 50-81 1-25 - 5-95 “
MgCO, 10.2 5.6 12.3 0.2 6.0 “
(median)
MgCO, (range) 10-50 6-43 3-56 - 1-8 “
Na,O, (median) 0.1 0.1 0.6 0.1 0.1 “
Na,O, (range) 0-0.1 0.1-0.2 0-1.0 - - “
K.,O (median) 0.8 0.8 0.6 0.1 0.3 “
K.O (range) 0-0.8 0.2-1.0 0-4.5 - 0.1-0.7 “

°Not determincd.

TABLE 1C RESULTS OF PETROLOGIC TESTS—X-RAY DIFFRACTION AND MICROTEXTURE

Test MN2

Samedupe

Sekoma Nata

X-ray diffraction (CuK
and radiation on
nonoriented samples)

Microtexture (scanning
clectron microscope,
after abrasion and
polishing tests)

Alpha quartz, calcite,
microcline felspar and
dolomite

An overall decrease in
roughness, with
localized areas where
the removal of large
grains has increased
roughness

Alpha gquartz

An overall decrease of
roughness caused by
in-filling of the
original pitted surface

Quartz, calcite. felspar Not determined

An overall retention of Not determined
roughness caused by
removal of hard quartz

grains
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differentiated into carbonate- or silica-rich constituents.
Mineralogical and color differences coincided, the latter being
used to sort the MN2 subsamples for the engineering tests,
in which clear variations were established. The chemical anal-
yses generally agreed with the composition determined by
thin-section analysis.

In the examination of microtexture by the scanning electron
microscope after the accelerated abrasion and polishing tests,
the MN2 sample showed an overall decrease in roughness
except in localized areas where quartz grains were plucked
out to expose new surfaces. This plucking action appeared to
be more dominant in the Sekoma sample. In the Samedupe
aggregate, roughness decreased because of wearing of the
original pitted surface.

SPECIFICATIONS FOR SURFACE DRESSING
AGGREGATES

Surface dressing treatment is widely used in road maintenance
to restore surface texture and resistance to polishing. It is also
used to seal cracks in roads that are not structurally damaged.
In many countries, double surface dressing treatments are
used as the bituminous surface layer for lightly trafficked new
roads. Assuming that good construction standards are achieved,
surface treatments can be expected to last between 7 and 12
years, depending on the level of traffic and serviceability
required.

Specifications for aggregates are based on a range of
requirements relating to strength (resistance to crushing under

TRANSPORTATION RESEARCH RECORD 129}

traffic loading), durability (resistance to abrasive wear), resis-
tance to the polishing action of traffic, and good adhesion to
bitumen. In the present study, these properties were deter-
mined and initially compared to the current Botswana spec-
ifications for surface dressing stone (6), which are based on
those used in South Africa (7). However, Botswana does not
take into account different traffic levels, whereas a number
of other countries do. A comparison was made, therefore,
with neighboring countries in Africa and with Australia, the
United Kingdom, and the United States, all of which permit
arelaxation of specifications for low traffic volumes (see Table
2). Because the lower traffic volumes are more relevant to
the design traffic levels for roads in Botswana, there clearly
appears to be a need for more appropriate specifications that
would allow a wider range of materials to be used. It was
partly on this expectation that the present study was carried out.
Table 2 also shows that countries use different tests to spec-
ify aggregate requirements. In order to make comparisons
among countries’ specifications, use has been made of cor-
relations that have been established between tests. For exam-
ple, work by Shergold (8) and Minty et al. (9) showed good
correlations between the aggregate crushing values, the 10
percent fines aggregate crushing values (10 percent FACT),
and Los Angeles abrasion values, whereas Tubey and Beaven
(10) and Hawkes and Hosking (1) demonstrated the corre-
lation between the 10 percent FACT and the standard and
modified aggregate impact values. The numbers in parenthe-
ses in Table 2 indicate where correlations have been made.
To a certain extent, the degree of correlation is dependent
on the rock properties being tested, although factors such as
particle size and shape can also influence the results.

TABLE 2 COMPARISON OF SPECIFICATIONS FOR SURFACING AGGREGATES (FOR LIGHTLY TRAFFICKED ROADS)

Test Botswana®  South Africa®

Kenya©

Zimbabwe  Australia®  United States’  United Kingdom*

Aggregate crushing value
{maximum, %)
10% fines aggregate crushing
value (minimum, kN)
Dry
Wet
Aggregate impact value (17)
(maximum, %)
Los Angeles abrasion value 21
(maximum, %)
Aggregate abrasion value - -
(maximum, %) . .
Polished stone value - ’ -
(minimum)
Flakiness index (maximum, %) 30 25-30
Sodium/magnesium sulphate - 15
soundness value (maximum,
%, § cycles)
Adhesion to bitumen

(21) 21

210
160
an

210 (
160 (

@n

> lh > lh

26

140)
105)
(22)

35

30 (23) (30) -

120 (150)
90 (110)
(25) (20)

(120) ' -
(90) -
(25) -

(40)

30-35 40-50 -

- - - 14

30 35 - 35
20 12 - 12

<y

°Road Design Manual, Ministry of Works, Transport and Communication, Botswana, 1982.

bTechnical Recommendations for Highways, TRH 14, 1985.

‘Road Design Manual, Part {11, Ministry of Works, Transport and Communication, Botswana, May 1981 (less than 500 vchicles per day).
4Zimbabwe: Part P, Ministry of Roads and Road Traffic, Zimbabwe, Aug. 1973,
*Principles and Practice of Bituminous Surfacing, Vol. |, National Association of Australian Road Authoritics. 1984 (less than 300 vehicles per day).

AASHTO 1986, M283-83.
¢Department of Transport, Memo H176/76.

*Riedel and Weber Test (Ndtional Institute for Transport and Road Rescarch. South Africa. 1979).
‘Immersion Tray Test (Transport and Road Research Laboratory, United Kingdom, 1972).
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PHYSICAL AND MECHANICAL PROPERTIES—
TEST METHODS AND RESULTS

The engineering tests carried out, the methods used, and the
results are presented in Table 3. The size of aggregate particles
used in the tests was between 10 and 14 mm.

For weaker aggregates, the modified versions of the stan-
dard engineering tests are considered to be more appropriate
because they accommodate the potential cushioning effect of
the comparatively large amount of fine material produced
during the tests. These tests. the modified aggregate tmpact
test and the 10 percent FACT, can also be carried out on
water-saturated, surface-dried samples to indicate their sound-

TABLE 3 RESULTS OF PHYSICAL AND MECHANICAL TESTS
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ness. Unsoundness in aggregates is generally caused by weath-
ering of primary rock minerals and is thus more applicable to
igneous rocks. In sedimentary rocks. however, the presence
of microcracks and pores may also be an indication of
unsoundness. Thus, soundness tests were used to evaluate the
inherent weakness of the material rather than its weathiering
potential. Normally, a petrologic test indicates soundness. but
a chemical test using a saturated solution of sodium or mag-
nesium sulphate is widely employed. This test, however, has
poor reproducibility, especially with the sodium sulphate salt.
which has several states of crystallization. It is also reported
(12) that carbonate rocks are susceptible to chemical attack
by the salt solution.

Maun-Nata (MN2)

Calcrete-
Run-of-Quarry Enriched

Stone Stone Stone

Silcrete-
Enriched

Samedupe Sckoma Nata

Test and Method Dry Soaked Dry Soaked Dry

Soaked Dry Soaked Dry Soaked  Dry Soaked

Aggregate crushing 23 27 24 31 23
value (%)
(BS812:1975,
Part 3)

10 percent f{ines
aggregate
crushing value
(kN)
(BS812:1975,
Part 3)

Aggregate impact 25 25 25 29 - 20
value (%) :
(BS812:1975,

Part 3) .

Modified aggregate 30 33 33 36 27
impact value
(%) (Hosking
and Tubey,

1969)

Aggregate abrasion 2.0 - 6.3 - 1.4
value (%)
(BS812:1975,
Part 3)

Polished stone 46 - - - -
value )
(BS812:1975,
Part 3)

MgSQO, soundness 0.2 - ) 0.8 - 0.4
test (%) (ASTM
C88)

Water absorption 1.1 - 2.3 - 1.0
test (%)

(BS812:1975,
Part 3)

Flakiness index 27 ~ 25 - 30
(%)

(BS812:1990,
Section 105.1)

Static immersion No - - - -
adhesion test at  reaction
40°C using
MC30
(Bituminous
Materials in
Road
Construction),

TRRL, 1972)

180 120 160 80 200

24 19 17 18 22 20 22

170 240 250 220 140 200 170

24 20 23 20 ) 21

24 37 30 - - 22 24

Not tested

Not iested

- 5% - No -
reaction

Not tested
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In order to assess the adhesion of aggregate to bitumen,
the Riedel and Weber test (/3) was attempted. It was not
possible to obtain consistent results even using aggregate known
to have good adhesion properties. The immersion tray test
(/4) was therefore used in which a visual assessment was made
of stone coated with different binders and immersed in water
at 25°C and 40°C for periods from 1 hr to 8 days. The results
presented are those with MC 3000. a cutback binder com-

monly used in Botswana. The samples were immersed for 24

hr at 40°C.

The results of the mechanical tests showed that, if the stricter
specifications of the Botswana Road Design Manual are applied
(on the basis of the 10 percent FACT test), then only the
Samedupe material met the requirement for surface dressing
aggregate. The Nata and Sekoma materials were marginal.
and MN2 was below the requirement.

The only other country whose specifications for aggregate
strength are based on the 10 percent FACT test is Zimbabwe
(15). which sets minimum values of 120 and 90 kN. respec-
tively, for tests on dry and soaked samples. All of the aggre-
gates satisfied these criteria. It is interesting. however. o
consider the MN2 and Sekoma samples, which as mixed
aggregates had relatively high proportions of calcrete. The
presence of this calcareous fraction resulted in a considerable
reduction in strength when the samples were saturated in
water, more than the allowable 25 percent difference between
samples tested in the dry and soaked condition. The effect of
the weaker calcrete fraction was clearlv demonstrated in the
tests on the separated fractions of MN2 agaregate. A M) per-
cent loss of strength (from 160 to 80 kN) was obtained for
the calcrete-enriched stone compared with 15 percent for the
silcrete-enriched stone. The loss of strength on soaking the
mixed material was 33 percent (from 180 to 120 kN). These
results indicated that. for variable samples. tests on notionally
representative samples may not truly reflect performance
because of the disparate nature of the constituents. The apphi-
cation of normal specifications for acceptance of the material
is also made difficult. It was mainly tor this reason that a
separate laboratory investigation was undertaken in which a
range of engineering tests was carried out on mistures of rock
comprising different proportions of relatively hard and soft
U.K. aggregates (flint and limestone). This work is reported
clsewhere (/6) but. in general. it was shown that there was a
hinear refationship between the aggregate strength and the
ratio of hard to soft particles.

Other tests on the MN2 sumples. such ax aggregate abra-
sion, magnesium sulphate soundness. and water absorption.

also reflected the difference between the calerete and silerete,

fractions. although the abrasion values were well within the
U.K. Department of Transport specitications for lightly traf-
ficked roads. The other samples also met this requirement.
Further tests on the samples. not including the Nata aggre-
gate. showed that they satisfied the minimum value of 45 in
the Department of Transport’s specification for polished stone
value. They also showed satisfactory adhesion to bitumen.
The Samedupe sample, although being a strong and sound
material, failed the flakiness specification. It may be possible,
however, to modify the crushing technique to increase the
proportion of nonflaky stone.

The engineering tests showed that care has to be taken when
applying test results of aggregates of mixed composition. To
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deal with these problems. it was clear that further assessments
based on performance in practice were important. Thus, a
series of road trials was undertaken as part of the study; two
of these were in Botswana and one was in the United Kingdom.

ROAD TRIALS

The first Botswana trial, constructed in June 1983 on the Nata-
Kazangula Road, used the Nata material; the second. con-
structed in June 1984 close to Jwaneng. used the Sekoma
material (see Figure 1). The materials were laid in various
sections as single and double seals. In the Nata-Kazangula
trials, the underlying roadbase material was a basaltic gravel.
In the Jwaneng trial. two different roadbase materials were
used: one was a plastic calcified sand (Kalahari sand loosely
consolidated in a carbonate matrix) and the other was a nod-
ular calcrete gravel. These are materials likely to be used in
the Kalahari region. In this trial, graded aggregates as well
as single-sized aggregates were used as the surfacing material.

The performance of the surtace dressing trials was subjec-
tively assessed and is summarized in Table 4. The Nata mate-
rial has performed particularly well. especially the double
surface dressings. which have not received any maintenance
to date. The Jwaneng trial with the Sekoma material has not
performed as well: generally. there was an underapplication
of a low viscosity binder due 1o the absorptive calcrete road-
bases. The Sekoma aggregate. which had water absorption
values between 2.4 and 3.5, also probably absorbed binder.
As a result, most of the single seals and the top laver of the
double surface dressings were lost in this trial. Inspection of
the longer term performince of the aggregate in the double
seals indicated that some of the softer calerete particles were
cracked and abraded. although generally the surface dressing
matrix remained in place. The performance of the graded
seals compared with the single seals plus crusher fines was
obscured by the problem with binder application. Since this
road trial, however. the Botswana Miistry of Works has been
carrving out further work using graded seals. The traffic levels
in the Botswana trials. between 100 and 130 vehicles per day.
were what might be expected on trans-Kalahari routes.

In order to assess the other aggregates included in the studv—
the MN2 and Samedupe nuiterials—a pilot scale trial was
constructed in August 1989 near Winchester in the United
Kingdom on a minor road whose premix macadam wearing
course was being surface dressed with a single seal. This action
was part of a normal periodic maintenance operation. Twenty

. small sections, each 0.23 m:. were laid in the verge side wheel-

track. Sekoma aggregate was included. as well as the Same-
dupe and MN2 aggregates. For the MN2 materials. some
sections comprised different proportions of calcrete- and sil-
crete-rich material. Several mixtures of the U.K.-derived flint
and soft limestone were also included. The layout of the trial
sections is shown in Figure 3. A cutback bitumen binder was
applied at a rate of 1.1 L/m* for all sections. Although this
rate was the design rate for the control stone, which was of
10-mm nominal size, several of the experimental sections were
of 14-mm size. Stone application rate was 10 kg/m?.

Traffic on the road is 700 vehicles per lane per day, and
measurements to date have recorded 170,000 vehicle passes
over the sections in an 8-month period. This traffic level is



— t pue ¢ :30puiq Jo JulUdpIBY PISSISSE YIlm | Sk dWES =

‘opedasdde ww-¢ 0} -p| pue ww-g 01 -6| pasudwod ¢ uonNd3S jo [eas paperd-sqnoQ,
*NY 0LZ 01 0pZ Jo sangea 1DV wdaiad g yum *jonuoa e sem pasn djedardde siusfop ayy,
“SIB3A § UIYILM 150 21am PUE s{eds JTULs [[B 210m [EL) PEOI BWIOYIS-FUIUTY{ Y JO 9 pUL “H{-§ 'Y °§ 't SUOIIIS,
‘S|P 410Q Ul PISN 1IpULg UdWINGIG YIeqiny -sjeds didninw jo sIdAL| (e wel) uols Jo sso| = § isjeas adujnw Jo 1a8e] doy woly suols Jo ssof datssasdond

2 :OU0IS JO $SO] DGIUINISIP ou = | 67 "d A ML "SR "LV YINOS Y HY L U0 paseq Junes DURWIONIY,

r [ . wuw §'g
£ It 6l (1 9t + W | Supg Sl
ww g6 2131080
T il 6l I 8l + wuw 6] Je[npoN Ll
sauly .
v 4! cl 1 9l + wuw gy Sl
. . NEEN 21200)ed
(ss61 Ainp) | G, papesd ewoyag
¢ fradsdog | s < wro) Th £ 0f S vl algnoq L
sauj
r-t ¢l 61 60 L'e + ww g1 pues €
. wuw 69 L PounED
€ I 61 9'1 1T + wuw 6] ! 4
ﬁ wu ¢°9 :
t . Il 61 Sl 1 + wuw gl »9113j0(d ol
(861 2unf Pa1dNNSUO))) |eL] peoY ewoyas-Jusuem(
a1qnop “ ,
w279
7 waunean oN N d ' 91 + ww g p
1 ..uﬂMM.W ayamled |aeid
C e 3 4
z § < %T8) bl a a > o'l + ww g BIEN Jeseq ¢
Keuds 3oy
[0V g (9861 "AON) — - 4] - 9T Pimww gy [4
1oy [eas Aun|g - 4 - 9 ww ¢ 1
(€861 dunf paNsU0)) sjeu] peoy eynduezey-eieN
JSIEIA NEIMUETEY (Aep/yaa  |eo§ puz  |eagIsS[  [B3§ puz  |eas Is| azig  edandly aseq peo uondd
peoy  uonaag
s 1YV adURUIMIE Y L861) Appeay oy o 2U0Ig ‘[ag asejng
JI3g suney uoteat am ﬁu,cw.m. Jned
22URWIOJd] fiedtjddy auolsy (Gw7) ey 10 33uig)
CC_:"U_—QQ(\ 4opuig JUEHTLETY |
asejing

VNVMSLOE NI STVIIL AvOd ONISSTAA JIDVIINS ¢+ IT14VL




Automatic

Auton | Date of Inception: 3 August 1989
b er | Location: 0..Ret.632238
:l | Traffic: ca.700vpd per lane
L .
1
0.5m l
20 I EXPLANATION OF TRIAL SECTIONS
0.5m
' Section Stone size
19 ; no.  [Matera Description {mm)
18 | 2 |Control Basal 10467
| 19 Samedupe Sikrete -14 410
16 } (Botswana
|
15 | 18 Sekoma Calcrete breccia -14 +10
| (Botswana)
14 | .
| 17 |{Mn2; 100% Calcrete; 0% sikrete -14 +10
13 | 16 Silcrete- 50% Calorete; 50% sikaete -14 410
| 15 . |calaele 0% Calcrete; 100% siicrele -14 +10
12 | {Botswana)
1 | 14 |ux 100% Limestone; 0% flint 14410
| 13 aggregates 75% Limestone; 25% ffint -14 410
10 | 12 50% Umestone; 50% fiint -14 410
| " 25% Limestone; 75% fiint 14 410
9 | H i 14 +10
|
I 9 MN2 100% Calcrete; 0% silorete 10467
8 | 8 (Botswana) | 0% Calcrete; 100% sikrete | -10 +6.7
7 : 7 Sekoma Calcrete brecdia 10467
6 | [ {Botswana) -104+67
| 5 MN2 100% Calcrete; 0% silrete 10467
5 | 4 (Botswana) |  75% Cakrete; 25% sikrete | -10 +.6.7
| 3 50% Calarte; 50% sikrete | -10 + 6.7
4 | 2 25% Calaele; 75% sikrele 10467
| 1 0% Calkrete; 100% sikrete -104+67
3 |
|
2 | Notes: North x
| " Binder type: ‘cutback’ bitumen (approx)
i | . Quantity: 1.1 lives /m? I\
i Stone application rate: t0kg/m?
| Section 20 is the same material as applied to the rest of the road surface on
5m 9 August
I
TO P . EER Y I - - TO
A32 I A31
' |
PLAN OF ROAD

FIGURE 3 Surface dressing trial layout at Ropley, near Winchester, United Kingdom.

~



Woodbridge et al.

about 10 times more than would be expected on trans-Kalahari
roads and is therefore approaching the total traffic expected
during a 7- to 10-year design life of a surface dressing. So far
the sections have performed well with the exception of the
two Sekoma sections. where approximately 20 percent of stone
has been lost. Even the calcrete-enriched fractions of MN2
laid in Sections 5. 9, and 17, which have lower aggregate
strengths than the Sekoma material, have performed better.
So has the U.K. soft limestone in Section 14. Satisfactory
performance has been obtained from the larger sizes-laid-in
Sections 1U to 19 inclusive (with the exception of the Sekoma
stone). even though the bitumen application rate was designed
for the 10-mm size.

At this stage. it is probably premature to rate the Sekoma
aggregate as unsatisfactory because in practice it would be
laid in new construction as a double surface dressing and not
as a single seal. Also. in the wintry conditions of the U.K.
trials. the wetness and frosts are more severe than would be
experienced in Botswana. However, further evidence of the
weakness of the Sekoma aggregate was shown by the resuits
of the mechanical tests. in which the water absorption. abra-
sion loss. and magnesium sulphate soundness values were
higher than the other aggregates examined.

CONCLUSIONS AND RECOMMENDATIONS

The wide variation in the types of duricrust occurring in the
Kalahari region of Botswana means that careful attention
must be paid to methods of identification to recognize deposits
likely to be suitable as aggregate for use in road construction.
Even among the harder materials. the mode of deposition
requires that cores from drilling have to be examined to esti-
mate the quantities or reserves of material available. Four
different duricrusts identified as potential surface dressing
aggregates for major new road projects were investigated in
this study by examining their composition. mechanical and
engineering properties. and performance in road trials.

Although the materials were initially classified as calcretes
or sileretes. they were more_ tvpically of mixed composition.
The calcareous and siliceous fractions were variable and could
strongly influence properties and behavior. Examination of
the separated fractions of one of the aggregates (MN2 sample)
showed that the calcareous portion was weaker and suscep-
tible to further softening when saturated with water. The
disparate nature of individual fractions makes it more difficult
to assess test results of representative samples of the whole
material.

In order to determine. the.mechanical. strength.of weaker
or marginal quality aggregates. it is important to use the now
generally recognized modified forms of standard tests such as
the 10 percent FACT or modified aggregate impact test. In
this study. the 10 percent FACT test was more discriminating,
although the apparatus for the aggregate impact test is sim-
pler. cheaper. and portable. Other tests that can be used to
differentiate weaker aggregates are the aggregate abrasion
test and water absorption.

All of the aggregates included in the study were incorpo-
rated into road trials. The Sekoma aggregate performed less
well, but there is sufficient evidence to indicate that they
would all be satisfactory as surfacing aggregates for lightly

(]
~1
o

tratficked roads. This is especially the case for new roads when
double surface treatments are used. The use of graded aggre-
gate seals as opposed to using single-sized chippings and the
use of a slurry seal in the second application may also provide
better protection of exposed aggregate particles. These con-
struction practices are currently being examined by the Roads
Department in Botswana together with a wider range of test
methods on other marginal materials.

The results of the study and the comparison made of dif-
ferent specifications used by other countries for surfacing
aggregates have shown clearly that the existing Botswana
specifications were too stringent for lightly trafficked roads.
Following discussions with the Botswana Roads Department
on the results of the work and evidence from other work in
Botswana. new interim specifications have now been pro-
posed. which are set out below. (Generally. values of tests
on soaked samples should be 75 percent of those on dry sam-
ples. However. this requirement may be relaxed for roads
constructed in the drier regions of the Kalahari provided that
the minimum soaked test value is satisfied.

Mininuan 10% FACT

Values (kN) Pavement Design Category

|equivalent standard axies

Dry Test Soaked Test (esa)]

180 135 >3 million

150 118 0.8-3 million

130 100 <0.8 million
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