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INFLUENCE OF AGGREGATES ON THE DURABILITY OF ROAD SURFACINGS
AND TESTING OF AGGREGATES SWEDISH EXPERIENCE.

P. Höbeda, Swedish Road and Traffic Research Institute (VTI), Linköping

ABSTRACT

Problems concerning road surfacing aggregates in Sweden (S) are described with
empashis on aggregate testing. Wear by studded tyres is the main problem and is
greatly influenced by coarse aggregate quality. An aggregate abrasion test has
been specified as the existing tests have been insufficient, but work is still going on
to find the most suitable test. Wet ball mill tests are being carried out at present.
A freeze-thaw test is used for airfield pavements only. Finally the influence of
fine aggregate on asphalt concrete quality is discussed and it is shown that low
content of secondary minerals can result in a mix with poor durability. A new
freeze-thaw test on asphalt mix is presented and the results compared with tests
used at present for estimating moisture susceptibility of asphalt mixes.

INTRODUCTION

Swedish conditions have been briefly treated by Hobeda (1989) with emphasis laid
on problems with unbound pavement material below the asphalt bound layers. From
the point of view of road surfacing aggregate materials, the conditions are fairly
favourable as unweathered hard, igneous and metamorphic rocks dominate. Sedi
mentary bedrock areas are not extensive and such aggregates are not used in road
surfacings. Altered rock materials are found e.g. in faulted rock formations.

Glaciofluvial gravel, often found in eskers, is a most important aggregate source.
It is generally of fairly good quality as it reflects the composition of the bedrock
that the inland ice has broken up. However, quarried rock will become more and
more common as the gravel resources become exhausted or the extraction of
gravel becomes increasingly restricted.
A very special problem for S, as well as Finland and Norway, is wear by studded

tyres. The most heavily used roads are frequently resurfaced because of this
special form of rutting. It has been realized that the aggregate quality is a
principal factor influencing wear resistance. As a result, wear-resistant coarse
aggregate is tranSported over long distances, often several hundred kilometres, e.g.
to the Stockholm area. The polishing of road surfacing aggregate is not considered
to be important. The most wear resistance aggregates also tend to have poor
Polished Stone Values according to the BS 812 test. The aggregate surfaces, that
become partly polished summertime are roughened up in wintertime as the studded
tyres come in use. If the stues should be banned in S., the choice of road surfacing
aggregate certainly should be different.

THE WEAR RESISTANCE OF ROAD SURFACING AGGREGATE

Tests specified for road surfacing aggregate. Since the 305, the quality of road
surfacing aggregate has been tested with the aid of flakiness and impact tests, and
these have been included in the National Road Administration Specifications. These
tests differ from the BS 8l2 tests; the S. flakiness value is a measure of the
intermediate aggregate width and thickness dimensions, obtained with the aid of a
double sieving procedure, first on square and then on slotted Openings. The
aggregate impact test equipment is somewhat larger that the British version. The
aggregate size is 8 O-ll.2 mm, but other sizes may also be tested. The crushing in



the test is determined by sieving on the same sieve size as the aggregate minimum
size. The impact value is highly dependent on the flakiness value. For this reason,
it is often possible to improve the value by adjusting the crushing operations so
that a non flaky material is produced. Two more tests for particle shape are
included in the specifications, a test for crushed material content for gravel, and
an elongation value test, used only for surface dressings and penetration type

macadam.
The adhesion between the aggregate and asphalt in the presence of water is

investigated in S, as in other Scandinavian countries, mostly with the aid of two
tests, the rolling flask and the split-cylinder strength test. The latter is performed
on an asphalt mix (aggregate 0 12 mm) with high voids content, both dry and after
a water soaking period. The retained strength indicates the moisture susceptibility
(Isacsson and Jörgensen 1987). However, a correlation with field conditions has yet
to be established.

At the end of the 605, studded tyres came into common use in S. and it was
noticed that the flakiness and impact tests were not sufficient to classify
aggregates in a correct way, considering their wearing properties. In the impact
test, also quite soft fine-grained aggregates, that wear fast in the road surface,
may behave well. Examples are mica-rich gneisses, some sedimentary rocks etc.
This is also valid for other aggregate strength tests, e.g. the Los Angeles test. It
was noticed that the coarse aggregate particles often tended to wear down to
increasingly thinner slices in the road surface, rather that being crushed into
pieces, and it was realized that there was a need for a suitable abrasion test.

Different tests were studied and the BS 812 Aggregate Abrasion Test, using a
Dorry type apparatus, was considered to have merits. An equipment was purchased
in 1970, but the test was modified, e.g. an emery abrasive was used instead of
natural sand. This test has later undergone further modifications, aslo on coopera-
tion with the road laboratories in Finland and Norway, which use similar tests. The
aggregate particles, sized 8.0-1l.2 mm, are mounted with a wide spacing in the
test specimen and a molten sulphur sand mix is used to facilitate preparation. The
volume loss after abrasion is calculated after 500 revolutions.

Investigations were started in the early 70s to study the influcence of aggregate
quality on road wear, both with the aid of VTI's road simulator and in test sections.
It soon appeared that the aggregate abrasion properties, as well as the content of
coarse aggegate, had a quite dominant influence on road wear. Also, it correlated
quite well with the S. Abrasion value and this was valid both for asphaltic concrete
and surface dressings. One of the most recent investigations has been reported by
Backman and Höbeda (19840. The S. aggregate impact value in general did not show
such a correlation. Also, the same observations has been made in Norway.

The most wear resistance aggregates are rock materials that are rich in hard
minerals, especially quartz, and low in soft minerals such as mica, but at the same
time have a fine grained texture, often deformed by tectonic forces. Examples are
some quartzites and porphyries, as well as som fine-grained granites and gneisses.
Unaltered, fine-grained diabases may have better wear resistance that the abrasion
value indicates. The wear resistance may be low if the mineral grains are poorly
interlocked, as is the case for the youngest granites or gneisses that are
recrystallized but undeformed by tectonic forces.

Even if the S. abrasion test has been in use for a long time, mainly at VTI, it was
not taken up in the National Road Administration Specifications until 1984. For
this reason, several other laboratories purchased this equipment. A specification
have been worked out and inter-laboratory tests performed. The test is a rather
complicated one, as the relative air humidity in the laboratory must be held
reasonably constant, the quality of the emery flour must not vary etc. Figure 1
shows the influence of air humidity on aggregate abrasion for two aggregates, using



not only the emery specified, but also a quartz sand for comparison. High values
for air humidity mean increased abrasion with both abrasives, but the quartz sand

interestingly gives a low value with mica-rich gneiss. The surfaces of this

aggregate apparently have ha low friction, and the rounded sand grains seem to slip

during the test, without exerting an efficient cutting action on the soft mica. The

choice of an emery abrasive instead of natural sand seems to have been approp-

riate.
Even if the repeatability and reproducibility of the abrasion test are not worse

than for the other S. aggregate tests, it is difficult to manufacture representative
specimens from inhomogeneous aggregates, especially natural gravels. Also in such
cases, hard aggregate particles exert a cushioning effect on the soft ones in the
test in an unrealistic way. As result, this test has never become popular and VTI is
making an effort to investigate whether it can be replaced with another test that

still relates to road wear as well as the S. abrasion test.

Wear tests in ball mills. The use of ball mills for testing road aggregates is not
new and the Deval test was developed as early as 1870 in France (Arquie and Panet
1980). This test has been previously specified in several countries, but because of
the low wearing action of modern, rubber tyred traffic, is has been deleted from
most specifications. These were also rather old fashioned with tests being made on
lumps of broken stone, rather than sized aggregate etc. Both dry and wet tests
could be performed, but only wet abrasion is considered valid in ball mill tests as
the fine dust formed otherwise adheres to all surfaces and hinders the wearing
action. The results with aggregates of differing qualities may then be quite similar.
In France, the Deval test has been replaced by another ball mill test, Microdeval
(AFNOR NF P18-572). The use of the Microdeval test was also considered in S. and
in the mid 605, aggregates were sent to LCPC in Paris for testing. However, the
wearing action in this test seems to be rather low, especially for the hard
aggregates necessary for high-volume roads. Also, the correlation with the already
established S. abrasion test was rather poor.
Some years ago, VTI made a study of a laboratory ball mill sold by a S. company

for milling studies, not for testing road aggregates. This equipment is about the
same size as the Microdeval apparatus but does not have a smooth inner surface for
the wearing cylinder. It is provided with three welded 6*6 mm steel ribs for a
better mixing and wearing action. Surprisingly enough, there was a promising
correlation between the results from this ball mill and the S. abrasion test, in spite
of the very different wearing actions. The test parameters used were 1 kg of test
aggregate, sized ll.2-l6.0 mm, 7 kg of steel balls 15 mm with diameter, 2000 ml
of water and a test duration of 1 hour (5400 revolutions). The degradation has been
determined with the aid of a 2.0 mm sieve. Such a correlation is valid only for
ignenous and metamorphic rock type aggregates (Figure 2). Sedimentary rock
aggregates, as well as porous slags, give differing results. Also, the results are not
as good when using the 8 11.2 mm size aggregate, as with the S. abrasion test,
since the relative influence of impact action in the ball mill will increase. Better
results have not been obtained with a smaller steel ball size, either. However, it is
difficult to produce a specification using this mill as it has been found that the
inner steel bars tend to wear down and become rounded with time so that the
wearing action on the aggregate decreases considerably.

The latest experiment, performed as recently as in the autumn of 1988, has been
to study the Deval test in cooperation with the Hungarian Road Research
Laboratory KTI. For this equipment, the wear cylinder, having a smooth inner
surface, is inclined 300 to the horizontal axis in order to achieve a better mixing
and thus wearing action. This test war performed in Hungary with S. aggregates,
using the same test parameters as for the mill described above. The correlation



obained with the S. abrasion value is as good as for the former mill, but the
wearing action 18 lower and the hardest aggregates undergo very low wear. There is
a need to differentiate these economically important aggregates better. It is
possible, to certain extent, to increase the number of rotation, even if the
quickest possible test is preferable. Increasing the speed of revolution may be
another possibility. VTI has now purchased the Deval equipment in order to
investigate whether it is possible to deveIOpe an acceptable test for the special 5.
conditions.

Also, there is a need to classify aggregates for pavement layers other than the
road surfacing (Hobeda 1989), especially marginal quality ones. At present, no
standardized test exists in S., even if certain tests, e.g. in a planetary mixer, have
been tried. A wet ball mill test also seem suitable also for this purpose (Pinard et
al 1988). Altered, igneous and metamorphic, as well as unsound sedimentary rock
materials, are sensitive to water and a suitable wearing action helps to increase
the degradation.

Freeze-thaw test. In a few cases, there have been problems with airfield
pavements where "popouts" have occurred, caused by weathering of certain
components in the aggregate. Small quantities of such degrading particles may be
detrimental as loose fragments on the runways can damage jet engines.

As special freeze thaw test has been developed at VTI, using a weak salt solution
(1 % NaCl), as orginally proposed by Vogler 1976). Experiments have shown that it
is necessary to use such a solution, since with distilled water a very low
degradation is obtained. This also applies to aggregates that are known to be
unsound in field conditions. The degree of saturation in porous aggregates has been
found to increase using such a salt solution, but other effects are probably also
involved. The aggregates, usually 1 kg of 11.2-16.0 mm, are first vacuum saturated
(20 mm Hg) in the solution and either put in a sealed plastic bag or sometimes in a
tray, as a single particle layer, and partly immersed in the salt solution. Usually, IO
freeze thaw cycles are carried out (-20/+200C, 12 hours each), but it has also been
shown that 30 40 cycles are needed for a "final" breakdown. The degradation is
detemined on the sieve size, just under the aggregate minimum sieve size, for the
above aggregate size 11.2 16.0 mm by the 8.0 mm sieve. This test is not standardi
zed and seldom used for road aggregates. It has been most useful for investigating
non traditional materials, e.g. some waste products.

It can also be added that the freeze thaw test seems to give results that
correspond fairly well to wet degradation tests in a mill, but it is especially
suitable when there are just a few unsound particles in the aggregate. The
tray-type freeze thaw test can be most illustrative in such a case.

THE INTERACTION BETWEEN FINE AGGREGATE AND ASPHALT BINDER

In certain cases, asphaltic concrete has shown poor durability, probably because
of problems in the interaction between aggregate and asphalt. It is suspected that
the fine aggregate may have a dominant role in this respect because of the high
specific surface (Livneh and Halpern 1967). When crushing inhomogeneous aggrega-
tes, rich in mica or secondary minerals for example, the latter from altered rock,
the fine aggregate will be enriched in these minerals. It has also become quite
common to try to improve the quality of the coarse aggregate with the aid of a
special crushing operation, e.g. using the vertical shaft impact crusher. Not only
the aggregate strength (impact value) but also the wearing properties can be
improved (Figure 3). As a selective crushing takes place, the stronger rock material
will be enriched. In this case, there will be an increased production of fine
aggregate that also is of a poorer quality.



There are at present no special tests for fine aggregate in S., and the standard
tests performed on the coarse aggregate may not reveal the poor quality of the

fine aggregate. As in other countries, problem mixes are often blamed on poor

asphalt cement quality" when the real problem in fact sometimes may have been a
poorly understood fine aggregate-binder interaction. Secondary minerals are known
to strongly adsorb certain polar asphalt components, altering the binder and
consequently also the mix properties (Cmiljanic et al 1984). These minerals also
seem to have a particular affinity for moisture and will decrease the durability of
the mix.

Problems have recently occurred in a city in Central Sweden as the asphalt
surfacings have worn down unusally fast, even on little used streets. The mortar,
rather than the coarse gneiss aggregate, seems to be affected. Standard tests on

coarse aggregate, aSphalt binder and mix revealed nothing special.
A petrographic examination by polarizing microscope of thin sections of rock

samples, reveals the existance of thin veins filled with secondary minerals, mainly
chlorite but also epidote, sericite etc. In the crushing Operation, this rock material
breaks along these planes of weakness and although the secondary minerals are
enriched in the fine aggregate, they do not influence the quality of coarse
aggregate to a major extent. The secondary mineral content is quite low. The
quarry is located near a major fault zone with N-S direction, involving the long and
narrow Lake Vättern, a region in which aggregate problems, not from quarries but
from rock cuttings, are already known.

An investigatons has recently been started at VTI to study the influence of fine
aggregate composition on asphaltic concrete properties and only preliminary
results from a limited test series are yet available. The fine aggregate (<4.0 mm)
has been varied, but the coarse aggregate (iLO 16.0 mm) has been held constant in
an asphalt bound base mix made according to the Road Administration Specifica
tions. A roadbase mix was initially chosen, rather than a surface mix, as it is
expected that the higher air voids content will enable a better differentiation of
the fine aggregate influence on mix properties.

The different aggregates and test results from coarse aggregate tests are given
in Table 1. Also the sand equivalent (AASHTO Tl76) values have been determined
as this test, not specified in S., is used for determination of fine aggregate quality
in many countries. All aggregate come from quarries in operation. However,
asphalt mixes are not produced any more from the mica-rich gneiss T. The
aggregate in the problem mix described above is the gneiss Ko. Granite S has been
the coarse aggregate in all mixes. The asphalt cement binder (penetration 180,
from Venezuelan crude) content has been about 4.5 % and the test specimens were
manufactured with the aid of Marshall compaction, 50 blows on each side (Table 2).
It is understood that the same asphalt content may not always be the Optimum one
for different fine aggregates. In some cases, the air voids content also has differed
too much and new specimens have been manufactured for verification tests.

The mix properties were investigated using both the split-cylinder and the
resilient modulus (ASTM 134123) tests. The first test has been performed at +220C
and the second one at both +lOOC and +220C. The results are given in Table 3
(mean values of at least three tests) and the variations obtained are mainly
believed to reflect differences in grading, particle shape, voids content etc.

In order to demonstrate the influence of fine aggregate, it is necessary to subject
the mix to weathering action. Immersion loss tests (e.g. Livneh and Halpern 1967,
Tunnicliff and Root 1982) are often performed, but for S. conditions, a freeze thaw
test seems to be relevant. Augustin and Kral (1987) have used a freeze thaw test
investigating the durability of asphaltic concrete. One problem in such investiga-



tions is that the asphalt binder in the laboratory manufactured mixes is "fresh" and
water repellent. In practice, it becomes oxidized and altered with time so that the
mix will be more moisture susceptible. The test specimens were a few months old
when tested.
A special freeze thaw test has been performed at VTI, using a l % NaCl solution

as in the aggregate test. The test specimens have been first vacuum-saturated (l h)
and then soaked for 24 h and laid in a box and embedded in water saturated sand
for realistic freezing from the top. Ten freeze thaw cycles ( 200/+200C) have been
performed. The same test procedure has formerly been used with success for
studying specimens of aggregate, stabilized with hydraulic binders (Höbeda 1984).
The durability of the asphalt mix specimens after the freeze thaw test has been
determined as reduction of the indirect tensile strength and resilient modulus (only
at 100C), respectively. The swelling of the test specimens has also been monitored.

The results on the mixes are given in Table 3. The water absorption and the
degree of saturation are also indicated and are in no relationship to the durability
properties. The values of the latter are quite low for the test specimens and higher
values should have resulted in greater reductions of the mechanical properties. A
value of 55 80 %, at a voids content of approx. 7 %, has been recommended in USA
for moisture susceptibility studies, using the indirect tensile strength test
(Tunicliff and Root 1982).

Specimens containing the gabbro fine aggregate, considered to be a typical
hydrOphobic material, are hardly affected. The problem material, gneiss Ko, on the
other hand, shows reductions of the strength and modulus values to approximately
half of the original values. A disturbing factor is that the mixes with gabbro and
gneiss fine aggregate have the lowest and the highest air voids contents, respec
tively. The mix with the granite S, if used both as coarse and fine aggregate,
performs poorer than the mix with gabbro fine, but granite coarse aggregate. A
surprise is that quartzite, and to some extent also porphyry fine aggregate mixes,
behave rather well in a freeze-thaw test, in spite of being typically hydrophilic
aggregates. The mixes with mica rich gneisses are rather poor performers, a fact
also known from field experience.

There seems to be poor agreement between the results from the freeze-thaw
durability test and the water susceptibility tests (Table #) already described. The
gneisse Ko is a poor performer also in these tests. The leptite gneiss, rich in alkali
feldspars and almost without mafic (hydrophobic) minerals, gives poor results in all
tests. However, the biotite mica rich gneisses, give fairly good results in the
adhesion tests and a freeze thaw action seems necessary for indicating the
performance of mixes made with such aggregates. The pore size distributions in the
mixes may be of importance in this context. An ordovician limestone, until now
tested only for water-susceptibility, has not unexpectedly given the best results.
These results indicate that there is yet much to be learnt concerning the durability
of asphalt mixes.

There is a good correlation between the results from the indirect tensile and
resilient modulus tests after the freeze-thaw action and the need to perform both
tests in this type of investigation can be questioned (Figure 4). The resilient
modulus test is an attractive one from the aspect of analytical pavement design.
The swelling of the test specimens has been low or nil and does not correspond to
the reduction of mechanical properties as found in the investigation by Augustin
and Kral (1987). The influence of swelling clay minerals (investigated for example
by Halpern and Livneh, 1968) is seldom the problem in 5. conditions. The
sand-equivalent values for the fine aggregates are rather high (Table 1) indicating
that swelling clay minerals are not present.



Table1 Laboratory test on the coarse aggregates and sand equivalent value
(AASHTO T 176) on fine aggregate 0.4 mm.

 

 

 

Material Flakiness Impact Abrasion Ball mill Spec. Sand
index value value value weight equivalent

0-4 mm

Mica 1.39 37 3.40 19.3 2.74 67
gneiss (T)
Porphyry 1.32 43 1.34 4.7 2.63 87

Gabbro l. 38 36 2. 26 2 . 98 84
(G)
Gneiss 1.32 44 2.31 11.1 2.66 72
(Ko)
Granite 1.32 42 1.91 9.2 2.70 77
(S)
Quartzite 1.24 44 1.14 4.9 2.64 91
(K)
Mica 1.26 48 4.06 29.4 2.75 75
gneiss (B)

Leptite - 1.38 4.8 2.62 87
gneiss (L)

Table 2 Characteristics for asphalt mixes with different fine aggregates.

 

Analysis Mica Por Gabbro Gneiss Gra Quart- Mica Leptite

 

gneiss phyry nite zite gneiss gneiss
(T) (P) (G) (Ko) (5) (K) (B) (L)

Spec. 2.584 2.517' 2.626 2.537 2.56 2.504 2.57 2.512
weight

(g/cm3)
Bulk 2.355 2.311 2.447 2.285 2.335 2.338 2.36 2.331
densitg/

(g/cm )

Air void 8.8 8.2 5.7 9.9 8.8 6.6 8.2 7.2
content (%)

Asphalt 4.26 4.43 4.45 4.30 4.42 4.86 4.50 4.60
content (%)

Filler 7.3 6.0 6.8 5.3 6.7 9.1 8.5 6.6
content (%)

Material 44.7 47.6 51.9 50.6 51.9 54.5 51.6 48.0
<4.0 mm (%)
 



Table 3 Resilient modulus and indirect tensile strengths before and after the
freeze thaw test on asohalt mixes with different fine aggregates.

 

Type of Mica Porphyry Gabbro Gneiss Granite Quartzite Mica Leptite

analysis gneiss gneiss gneiss
(T) (P) (G) (KO) (S) (K) (B) (L)
 

Resilient modulus

+10 C (MPa) 6780 8380 7925 6965 7090 9525 6890 7505

+22 C (MPa) 1860 2160 2110 2310 1330 2330 2200 2090

After freeze

thaw test

+10 C (MPa) 4730 6220 6825 4200 5025 7385 4470 5730

Reduction of

modulus (96) 30 26 14 40 29 22 35 24

Swelling (96) 0.2 0 0.2 0 0 0 0.2 0.3

Water absorp
tion (96) 3.0 3.3 2.5 3.8 2.8 2.7 3.7 3.1

Degree of satu
ration (96) 34 40 44 38 32 41 45 43
 
Indirect ten
sile strength

 

(MPa) 1.25 1.66 1.59 1.37 1.43 1.75 1.51 1.61

After freeze
thaw (MPa) 0.78 1.39 1.48 0.63 0.71 1.79 0.81 1.07

Reduction
of tensile
strength (96) 38 16 7 54 50 -2 46 34

Water absorp
tion (96) 3.6 3.6 2.1 3.7 2.8 2.7 3.8 3.2

Degree of satu
ration (96) 41 44 37 37 32 41 46 44

Table 4 Results from tests on water~susceptibi1ity on the test aggregates.

 

Retained indirect ten Rolling flask test **)
sile strength 96 *) % Surfacecovered with asphalt,

after
4h 24h 48h 72h
 

 

Mica gneiss T 75 95 55 20 10

Porphyry P 84 60 5 0 0

Gabbro G 89 65 15 10 O

Gneiss Ko 57 35 15 5 0

Granite S 75 35 10 0 O

Quartzite K 81 20 O O O

Mica gneiss B 75 90 40 15 5

Leptite geniss L 56 20 0 O O

Limestone ***) 90 90 70 55 45

*) Performed on open graded mix with aggregate 0 12 mm.

**) Performed on aggregate size 5.6 8.0 mm

***) Included for comparision



CONCLUSIONS

The coarse aggregate quality exerts a strong influence on the durability of road

surfacings in S. Wear by studded tyres necessitates the use of aggregate with

maximum wearing resistance on roads with high traffic volumes. The S. abrasion
test undoubtedly is a most relevant one, but it should, if possible, be replaced by
another test that is easier to Operate. Other complementary tests e.g. for strength
and weathering resistance, are necessary and probably are especially important for
special surfacing materials such as porous friction course asphalt mixes where a
cushioning effect of the mortar does not exist.

The influence of fine aggregate on road surfacings durability has until now hardly
been investigated in S. conditions and a substantial research effort is necessary. It
is important that the durability of the road surfacing does not decrease because of
a poor fine aggregate. The positive effect of a wear resistant coarse aggregate,
perhaps transported a long distance, may be completely lost in such a case.
Pre scalping of poor quality rock material after the primary crusher may to a
certain extent improve the quality of both the fine and coarse aggregate, produced

in the later crushing stages.
Even if the durability of asphaltic mixes is a complicated matter, the special

freeze-thaw test performed shows promise. It is probably better suited for S.
conditions than the tests for water susceptibility of asphalt mixes used at present,
even if it takes longer time. The test parameters should be further investigated;
asphalt bound materials probably need more than the 10 cycles that have been
sufficient for materials stabilized with hydraulic binders. This is certainly the case
for a more dense, surfacing quality asphalt concrete. The degree of saturation will
increase with more freeze thaw cycles and consequently also the loss of

mechanical properties. The influence of the length of soaking period should be
investigated and the influence on water absorption, degree of saturation etc. should
be established.

In further investigation, means to improve the quality of poor mixes should be
studied, e.g. with surface-active chemicals, as well as additions of lime or Portland
cement. It is important that performance in field conditions be further investigated
and test sections built. Laboratory tests should be performed on cores, extracted
from pavements of different age that are in varying states of deterioration.
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Influences of relative air humidity on S. Abrasion Value, using two
different abrasives, emery and natural quartz sand of the same size.
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BALL HILL TEST

Relationship, between S. Abrasion Value and wear in ball mill test,
valid for igneous and metamorphic rock type aggregates.
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Influence of vertical shaft impact crusher treatment on S. Flakiness,
abrasion and wet ball mill values, respectively.
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Relationship between results from indirect tensile stength and resilient
modulus tests.










