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Abstract

The polishing properties of aggregate have until now not been considered in

Sweden, as in the rest of the Nordic countries. In the wintertime wear of studded

tyres has roughened up the aggregate surfaces and thus provided the microtexture

necessary. Also, the most polish susceptible aggregates as limestones etc. have not

been used.

However, in the last few years, the wear of studs on road surfacings has been

reduced because very hard aggregates as porphyry and quartzite have come in use,

most often also in stone mastic asphalt that has a high amount of coarse aggregate.

Another development has been that at present only light weight studs, with a

reduced wearing action, are allowed to be marketed.

The reduced wear has in recent time resulted in poor skid resistance, in wet

conditions especially in locations as sharp bends, round abouts, etc. The

microtexture of the aggregate surfaces is poor and this is especially the case with

porphyry which is extremely hard.

The special Swedish conditions, with wear of studs wintertime, hinders experience

from other countries to be utilised in a full extent. Investigations have recently

begun at VTI, both laboratory work, experiments in road simulator and skid

resistance measurements on experimental sections. Preliminary results are

presented and means to improve the skid resistance to an acceptable level and

especially avoiding dangerous black spots are discussed.
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Introduction

The wearing of road surfaces, especially by studded tyres, means loss of material, primarily mineral fragments.

Polishing, however, can in principle occur without any material loss because of surficial micro-plastic deformation

when a more or less amorphous Beilby layer (Beilby 1921) is formed on polishable mineral surfaces. Variable traffic

stresses on roads mean that there is always an interaction between wear and polishing.

The polishing of road surfacing aggregates has until now not been considered a problem in Sweden because the

roughening effect of studded tyres in winter has provided both the macro- and microtexture necessary for good skid

resistance in wet conditions. Moreover the varying mineral compositions of the eruptive and metamorphic aggregates

used has meant that they have not been very susceptible to polishing.

According to the Swedish Road Administration (SRA 1994), the skid-resistance value for a newly laid road surfacing

must not been less than 0.5, when measured at 70 km/h and using an optimum slip of 17% as an average value of 20 m.

The SAAB Friction Tester used to assess skid resistance is equipped with a specified treaded tyre and the thickness of

the water film during measurement is 0.5 mm (SRA 1990). No specification exists for macrotexture because of the

wearing off of the bituminous mortar by studded tyres in the winter.

For natural aggregates such as those used in Sweden, a high resistance to polishing also means a lower resistance to

wear (Höbeda 1997). Consequently the wearing of road surfacings by studded tyres has been the major concern and

research on bituminous mixes has focused much on wear resistance. Aggregates have been tested for their wear

resistance and not for their polishing properties. In Sweden, premium wear resistant coarse aggregates such as

porphyries and quartzites are transported hundreds of kilometres for use in surfacings on major roads and streets. By

contrast, in the UK premium or high specification aggregates are considered to be those with a PSV (Polished Stone

Value) of at least 58 (Thompson 1993) and wear resistance is not the favoured property.

The introduction of stone mastic asphalt (SMA, with 16 mm or later mostly l 1 mm maximum aggregate size) has

permitted the use of surfacings with a high content of wear-resistant aggregates. This has become the most favoured type

of bituminous mix on major roads and streets. It provides a good macrotexture, especially in combination with studded

tyre wear, but the microtexture of the surfacing depends on the state of the aggregate surfaces. As studded tyres

ef ciently remove the mortar between the coarse aggregate particles, the fine aggregate in the bituminous mortar has

little or no effect on skid resistance. Over the past few years, only tyres with light weight studs with a reduced wearing

action (Gustafson 1992) have been allowed on the Swedish market. The combined effect of all these developments has

been to decrease the wear caused by studded tyres by almost an order of magnitude (Jacobson 1997).

Measurements of skid resistance

Attention was drawn to possible problems with poor skid resistance ascribable to polishing by several accidents that

occurred in the Eugenia road tunnel in Stockholm in the late autumn of 1996. This tunnel, which forms part of road E4

(the major north south artery in Sweden) runs in a bend and vehicles often brake before entering it.

The Road Administration, Region Stockholm, commissioned VTI to investigate skid resistance properties in the

Eugenia tunnel and some other possible black-spots in Stockholm. The SAAB Friction Tester was used for this

investigation (Jacobson and Höbeda 1997). The bituminous mix in the tunnel was an SMA 16 with porphyry aggregate.

The first measurement showed lower skid resistance than is permitted for new surfacings (Figure la). The surface was

then cleaned using pressurised water, and the skid resistance declined still further, possibly because of a wetting action.

The surfacing in the tunnel was then mildly milled and soon after that (from lst November) studded tyres were

permitted. Figure la and especially lb show that milling gives higher, skid resistance. Figure lb shows that the

polishing occurs just outside the tunnel where the vehicles brake. (It would have been interesting to have taken

measurements using a locked wheel, to better simulate the effect of sudden braking).

It was found that in Stockholm surfacings with porphyry tended to have lower skid resistance than those with

quartzite because of petrological differences that can be seen in a scanning electronic microscope (Höbeda 1997).

Quartzite wears to a better microtexture than porphyry, because the latter is dominated by an extremely fine mineral

size. Differences in skid-resistance can be seen in another road tunnel in Stockholm (the Södertunneln) where both
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Introduction

The wearing of road surfaces, especially by studded tyres, means loss of material, primarily mineral fragments.

Polishing, however, can in principle occur without any material loss because of surficial micro-plastic deformation

when a more or less amorphous Beilby layer (Beilby 1921) is formed on polishable mineral surfaces. Variable traffic

stresses on roads mean that there is always an interaction between wear and polishing.

The polishing of road surfacing aggregates has until now not been considered a problem in Sweden because the

roughening effect of studded tyres in winter has provided both the macro- and microtexture necessary for good skid

resistance in wet conditions. Moreover the varying mineral compositions of the eruptive and metamorphic aggregates

used has meant that they have not been very susceptible to polishing.

According to the Swedish National Road Administration (SNRA 1994), the skid-resistance value for a newly laid

road surfacing must not be less than 0.5, when measured at 70 km/h and using an optimum slip of 17% as an average

value of 20 m. The SAAB Friction Tester used to assess skid resistance is equipped with a specified treaded tyre and

the thickness of the water film during measurement is 0.5 mm (SNRA 1990). No specification exists for macrotexture

because of the wearing off of the bituminous mortar by studded tyres in the winter.

For natural aggregates such as those used in Sweden, a high resistance to polishing also means a lower resistance to

wear (Höbeda 1997). Consequently the wearing of road surfacings by studded tyres has been the major concern and

research on bituminous mixes has focused much on wear resistance. Aggregates have been tested for their wear

resistance and not for their polishing properties. In Sweden, premium wear resistant coarse aggregates such as

porphyries and quartzites are transported hundreds of kilometres for use in surfacings on major roads and streets. By

contrast, in the UK premium or high specification aggregates are considered to be those with a PSV (Polished Stone

Value) of at least 58 (Thompson 1993) and wear resistance is not the favoured property.

The introduction of stone mastic asphalt (SMA, with 16 mm or later mostly 11 mm maximum aggregate size) has

permitted the use of surfacings with a high content of wear resistant aggregates. This has become the most favoured type

of bituminous mix on major roads and streets. It provides a good macrotexture, especially in combination with studded

tyre wear, but the microtexture of the surfacing depends on the state of the aggregate surfaces. As studded tyres

efficiently remove the mortar between the coarse aggregate particles, the fine aggregate in the bituminous mortar has

little or no effect on skid resistance. Over the past few years, only tyres with light weight studs with a reduced wearing

action (Gustafson 1992) have been allowed on the Swedish market. The combined effect of all these developments has

been to decrease the wear caused by studded tyres by almost an order of magnitude (Jacobson 1997).

Measurements of skid resistance

Attention was drawn to possible problems with poor skid resistance ascribable to polishing by several accidents that

occurred in the Eugenia road tunnel in Stockholm in the late autumn of 1996. This tunnel, which forms part of road E4

(the major north south artery in Sweden) runs in a bend and vehicles often brake before entering it.

The Road Administration, Region Stockholm, commissioned VTI to investigate skid resistance properties in the

Eugenia tunnel and some other possible black-spots in Stockholm. The SAAB Friction Tester was used for this

investigation (Jacobson and Hobeda 1997). The bituminous mix in the tunnel was an SMA 16 with porphyry aggregate.

The first measurement showed lower skid resistance than is permitted for new surfacings (Figure la). The surface was

then cleaned using pressurised water, and the skid resistance declined still further, possibly because of a wetting action.

The surfacing in the tunnel was then mildly milled and soon after that (from lst November) studded tyres were

permitted. Figure la and especially lb show that milling gives higher, skid resistance. Figure lb shows that the

polishing occurs just outside the tunnel where the vehicles brake. (It would have been interesting to have taken

measurements using a locked wheel, to better simulate the effect of sudden braking).

It was found that in Stockholm surfacings with porphyry tended to have lower skid resistance than those with

quartzite because of petrological differences that can be seen in a scanning electronic microscope (Höbeda 1997).

Quartzite wears to a better microtexture than porphyry, because the latter is dominated by an extremely fine mineral

size. Differences in skid resistance can be seen in another road tunnel in Stockholm (the Sodertunneln) where both
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porphyry short section and quartzite are found in SMA surfacings (Figure 2a). However, because the tunnel runs

straight, no black-spot is formed. Conditions in bends, where polishing is most intense, are especially critical

(Hosking and Tubey 1974). In Göteborg, only quartzite aggregate is used and skid resistance in general was found to be

somewhat higher than in Stockholm, where porphyry is favoured (Jacobson and Höbeda 1997).

The results from measurements made in Stockholm in 1997 are shown in Figure 2b. It can be seen that the surface

was quite skid resistant during the winter, but that polishing obviously occurs in summer. It is also apparent that

surfacings with porphyry aggregate tend to be less skid resistant. Measurements were also made later in autumn 1997 on

rural stretches of road E4 from Linköping north to Härnösand, a distance of about 600 km. Only SMAs with porphyry

and quartzite were found, and the skid resistance was at a suf ciently high level despite traf c polishing in summer

(friction values O.6 O.8). It is dif cult to see the difference between surfacings with porphyry and quartzite observed in

Stockholm.

The results of the eld measurements of skid resistance prompted the Swedish Road Administration to commission

further investigations in the laboratory and using VTI s road simulator.
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Figur 2a

29th November 1996.
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Figure 2b Development of skid resistance during the year I 997 showing effects ofpolishing and wear.

Polished Stone Values (PSVs) for selected Swedish aggregates

The microtexture of aggregate surfaces has to be measured indirectly, most commonly using the PSV, prEN 1097 8. In

this test, the polishing action of traf c on aggregate is simulated in a laboratory. A UK laboratory has extensive

experience with such tests, and so samples of Swedish aggregates already available at VTI were sent there. Besides

natural premium , some local aggregates with rather poor wear resistance were also tested. For comparative purposes,

the test samples also included two carbonate aggregates, used in some Baltic states though not in Sweden; a poorly

cemented sandstone; a ferrochromium slag, at present not used for road surfacings in Sweden; and an expanded clay,

sometimes used abroad in skid resistant surfacings (Thessoneau and Serfass 1996).

The results are presented in Figure 3. As expected, the two carbonate aggregates have low PSV results, but the

homogenous, wear-resistant porphyries and quartzites also have rather low values. Porphyry rich crushed gravel gives a

better result than crushed rock porphyry aggregate. However, as the particles are measured on their attest surfaces, the

test does not take the sharpness of the edges of hard particles into account. Lower PSVs than expected were obtained for

a few local materials that are quite heterogeneous and sometimes rich in mica.
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Figure 3 Polished Stone Values obtainedfor selected Swedish natural aggregates and two

synthetic aggregates.

A granite aggregate was also tested, using samples obtained before and after final processing in a vertical shaft

impact mill. Such processing is often used in order to improve the wear resistance of surfacing aggregates. It can be

seen that this treatment reduces the PSV a few points by rounding off particles, having a smoothing effect. This has also

been shown by Bean and Pidwerebsky (1995).

The testing done so far clearly indicates that in Sweden it is very dif cult to obtain aggregates in the categories

PSV68, and PSVGZ and also to some extent PSVSÖ in the prEN 13043, Aggregates for Bituminous Mixtures. If the UK

high speci cation aggregate criteria (PSV>58) is applied to Swedish conditions, only some aggregates that are

heterogeneous or have poor interlocking of mineral grains fulfil this criteria or are near it, besides the slag and expanded

clay aggregates.

Testing in the VTI road simulator

In the past, this circular, horizontal, road simulator with a diameter of5 in has been successfully used to predict the wear

of road surfacings by studded tyres. A high correlation with wear in road conditions has been obtained (Jacobson 1997).

In order to gain a better understanding of the polishing process, a special investigation was carried out using standard

car summer tyres. The road simulator was equipped with 4 tyres, loaded with 4.5 kN and each having an eccentric

movement in the test track.

A literature survey of this type of testing of bituminous mixes revealed that many different procedures have been

used in different countries. Sometimes the polishing has been carried out using only a rubber tyre or other type of

rubber element. In most cases some abrasive or polishing powder has been used. Road dirt would be preferable, but is

unrealistic. Skid resistance has been often measured using the British Pendulum Tester. braking the tyre in tracks

specially built for skid resistance experiments, etc.

In the VTI road simulator, roller compacted test slabs (75 x 47.5 x 4 cm) are used. Because of lack of time and

funding, no new bituminous mixes were manufactured for this polishing experiment but spare slabs, made for wear

testing, were used. There was variation both of aggregates and of their maximum sizes in the mixes. The mix types and

aggregates used are given in table 2. Of the 25 mixes selected, 23 were of the SMA type (some of them prOprietary

mixes) and only 2 were dense asphalt concrete (AC) mixes. Many of the coarse aggregates in the mixes were wear-

resistant premium porphyries or quartzites. Some less wear resistant local aggregates and an electric arc furnace steel

slag (a different type of slag to that used in the PSV investigation) were also tested in SMA mixes. All test slabs were

tested in the same track at the same time. The parameters during testing are given in Table 1.
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Consideration was given to using the British pendulum to measure skid resistance, but the instrument s lack of

precision on road surfacings (also referred to in The British Pendulum Tester 1997) and the time such tests would take

led to the VTI Portable Friction Tester (PFT) being used instead. It was mounted on the road simulator when

measurements were performed. This instrument has mostly been used for road markings. The skid resistance is

measured at slip in a similar manner to the SAAB Friction Tester, but at walking speed. A good correlation has been

obtained with the British pendulum test on road markings. However, the skid resistance values obtained cannot be

compared with the values before, using the special SAAB vehicle.

Because of a lack of experience with this type of test, the test programme was not fixed from the beginning. The

nal test conditions are given in Table 1 and the results achieved (the mean values for skid resistance) in Table 2 and

Figure 4. All testing was done at room temperature in wet conditions in order to prevent dusting and the build up of

rubber deposits formed by the frictional heat generated. The low speed of 7 km/h was used to prevent the different sizes

of polishing powders from being blown off the test track surface.

The rst skid-resistance measurement was performed on unworn surfacings and the second one after wearing off the

sur cial bituminous mortar, using studded tyres for 10 000 passes (cycles 1 and 2 respectively). The level of skid

resistance was high, and in most cases improved after stud wear. The only exceptions were SMAs with porphyry

aggregates.

Then the polishing cycles began, first using only summer tyres at 70 km/h. The greatest decrease in skid resistance

occurred during the rst 100 000 passes. Only a very small decrease is noticed between 200 000 and 300 000 passes.

The nal results from polishing, using a summer tyre only, are illustrated in Figure Sa. An AC with porphyry aggregate

and two SMA:s with steel slag and hornfels are the least affected mixes.

The following polishing cycle used emery grit no. 280, similar to that used in the PSV test (cycle 5-7). The skid

resistance dropped and had not quite stabilized at constant levels when ner emery flour no. 400, also similar to that

used in the PSV test, was introduced (cycle 8). In order to speed up the experiment, emery our no. 600 was then used

with a further drop in skid resistance (cycle 9). The skid resistance measured after using these emery powders is given in

Figure 5b. There is a tendency for those aggregates that performed best when using the summer tyre only to also resist

later polishing with emery powders best. The development of skid resistance in relation to the number of revolutions

during the whole experiment for SMAs with porphyry and steel slag aggregate is given in Figures 6a and b.

 

 
 

 

 

 

 

  
 

 

  
 

  

Table I Overview of the testing parameters in. the road simulator.

l i
l Cycle l Number of revolutions Type of tyre Emery powder nr ] Speed km/h J

- i - unworn surface

[ 1 10 000 studded tyre x) ' 70

2 100 000 summer tyre xx) ' 70

3 100 000 summer tyre - 70

4 100 000 summer tyre - 70

5 ; 10 000 summer tyre 280 7

6 l 60 000 summer tyre 280 7 ;

7 60 000 summer tyre 280 7

l 8 i 60 000 summer tyre 400 7
' :

9 i 60 000 summer tyre 600 7

10 f 30 ooo studded tyre _ ÄLJ    
 

" Gislaved 185 ' 65 15' studded winter tyre, 1.8 g studs
u) Michelin 185 ' 65 15 summer tyre

The road simulator exerted a very efficient polishing action because of the intense lateral force exerted in the circular

test track. Especially when using emery powders, there is a rapid loss of microtexture and formation of a Beilby layer on

hard polish-susceptible aggregates. The level of skid resistance is lower than is the case under road conditions with

much more variable stressings of the bitumen-bound surface. In fact, earlier laboratory experiments when modifying the

rst-generation BS 812 PSV test, using an inclined wheel as well as a more ef cient abrasive, displayed a considerably
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more intense polishing action than the original apparatus (Höbeda l970). The correlation between the test results was

rather poor because of the great differences in microtexture obtained with some aggregates.

The investigation in the road simulator had to be terminated before a final polish (a constant level of skid-

resistance) has been obtained. However, it was found that the skid resistance values for most surfacings is surprisingly

low. Some cores have been obtained for further studies.

Finally, the surfacings were subjected to 30 OOO passes with studded tyres. The roughening up effect of the studs is

very clear (cycle lO), for the skid resistance increased to a level not far from the initial values, possibly except for the

most wear resistant surfacings.

Comparing the different surfacings, the most surprising result was obtained with the steel slag (not the same type of

slag as in the PSV investigation) SMA mix (no. 24), which so clearly resisted polishing action. This was already evident

in the cycle using only the rubber tyre (Figures 4 and 6b) but is the only material that later shows an increase in skid

resistance. It has been known that the surface of steel slag aggregate is chemically reactive and can rejuvenate itself

(Emery 1983) and thus resists polishing by traffic. Zieger (l99()) has shown an increase in the PSV value when storing a

polished steel slag specimen in wet conditions. In the road simulator, the surficial, fine reaction products formed in

moist conditions are obviously worn away in the second polishing cycle, using the rather coarse corn emery. When a

ner emery powder was introduced, the skid resistance increased.

Steel slags are already in use as skid-resistant surfacings in some countries (Stock et al. 1997). Unfortunately, at the

time of writing, the PSV of the slag is not available, but it seems likely that this laboratory test is too rapid to allow the

bene cial, sur cial chemical reactions to take place. The test in road simulator has been run during a considerable long

time (Table 2). Previous wear studies of the same slag mix in the road simulator have shown that it had a rather poor

resistance to studded tyre wear.

There is also a risk with certain steel slags, especially of the basic oxygen furnace type, that expansion and

deterioration of bituminous mixes may occur (Coomarasmy and Walzak 1995). The prEN l744 therefore contains

special tests for the volume stability of steel slags.

Turning to the other aggregates, the differences in skid resistance are not great. The different mix compositions

hinder direct comparisons. The best results are obtained from a comparison of a fine grained hornfels. a rather

heterogeneous ne-grained rock, with the porphyries and quartzites studied. lt is difficult to nd evidence of the

difference noticed between the two premium aggregates in skid-resistance tests in Stockholm (Figure 2b), There is a

only a slight tendency for the few local aggregates, with rather poor wear resistance, to have a better resistance to

polishing than the premium aggregates . This indicates that mixing premium and local Swedish coarse aggregates in

bituminous mixes will not gain much in skid resistance.

Most of the mixes studied were SMAs. There were, however, also two ACs (no. 3 and 7) and there is a tendency for

the skid resistance of these surfacings to be somewhat better than that of stone-richer SMA surfacings using the same

aggregate but the difference is quite small. No conclusions can be drawn regarding the effect of maximum particle size

in the mixes (which varied from I 1 to l6 mm) as the differences are minor.

Conclusions and recommendations

Recently Sweden has experienced some local problems with poor skid resistance because of polishing of road surfacing

aggregates. Because these problems have been concentrated in locations such as sharp bends, roundabouts, etc. where

there are speed limitations, there have been no serious or fatal accidents, and therefore the polishing problem has, until

now, received little attention. The skid-resistance measurements made recently, however, show that possible black spot

locations must be monitored, and when necessary, surfacings with a better microtexture must be provided.

The wet skid resistance on Swedish roads in general seems to be at a satisfactorily high level and the very beneficial

effect of studded tyre wear on skid resistance is clear from the study. But more studies need to be done in the future.

when only light-weight studs are in use.

It is very difficult to optimise a road surface for both wear and skid resistance and compromises must therefore be

found. With a highly wear-resistant surfacing, it is dif cult to provide the microtexture necessary for critical driving

conditions on a wet road surface. Microtexture is particularly important at low speeds and in critical conditions

(Hoskings and Tubey l974) and it is important to sometimes sacrifice wear for wet skid resistance.



 

 

7(10)

 
 
 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

   
 

 

 

  
 

 

 

 

 

                  
 

 

 

 

  

   

  

 

     
 

Table 2 Skid resistance during test cycles, for the different surfacings tested.

After cycle nr

Br 1 Mix type J Aggregate unwom I 1 l 2 I 3 I 4 I 5 ] 6 I 7 I 8 9 10

1 Viaootop porphyry 1,19 1,13 0,83 0,77 0,78 0,72 0,51 0,45 0,29 0,21 1,08

2 ABS 18 porphyry 1,23 1,15 0,85 0,82 0,81 0,73 0,52 0,45 0,28 0,22 1,11

3 HAB 181 22232 1,28 1,30 1,07 0,98 0,98 0,87 0,55 0,50 0,33 0,28 1,21

4 MABS 18 porphyryÄ 1,30 1,11 0,81 0,76 0,75 0,85 0,46 0,4? 0,29 0,24 1,08

5 ABS 18 333333- 1,08 1,21 0,90 0,84 0,83 0,74 0,52 0,46 0,30 0,23 1,18

8 ABS 18 $$$/522232 ' 1,09 1,18 0,85 0,77 0,79 0,70 0,48 0,44 0,28 0,21 1,14

7 MAB 121 porphyry Ä 1,01 1,27 0,95 0,88 0,88 0,81 0,58 0,49 0,32 0,25 1,18
8 HABS 11 porphyry Ä 0,95 1,19 0,85 0,78 0,80 0,89 0,51 0,48 0,30 0,22 1,29
9 HABS 11 porphyryÄ 1,02 1,22 0,87 0,81 0,82 0,72 0,51 0,45 0,30 0,22 T

10 HABS 8 porphyry Ä 1,05 1,28 0,89 0,81 0,82 0,72 0,47 0,43 0,29 0,5 1,20

11 HABS 8 quartzite K 0,98 1,29 0,98 0,91 0,90 0,77 0,48 0,44 0,28 0,20 1,29

12 HABS 11 quartzite K 1,01 1,27 0,95 0,89 0,88 0,75 0,47 0,43 0,28 0,20 1,08

13 HABS 18 quartzite K 0,95 1,28 0,97 0,90 0,89 0,77 0,48 0,48 0,28 0,21 1,19

14 HABS 18 quartzite J 1,12 1,21 0,90 0,88 0,84 0,74 0,50 0,46 0,28 0,21 1,17

15 HABS 11 quartziteJ 1,13 1,27 0,98 0,90 0,89 0,84 0,52 0,50 0,30 0,26 1,28

18 3 Viacotop quartzite 0 1,14 1,22 0,92 0,89 0,87 0,74 0,51 0,46 0,28 0,24 1,23

17 Duratop 18 quartzite 1,11 1,25 0,98 0,91 0,90 0,78 0,53 0,48 0,29 0,23 1,25

18 HABS 18 hornfels 1,10 1,22 0,97 0,90 0,90 0,82 0,83 0,55 0,40 0,38 1,24

19 HABS 8 horntets 1,20 1,32 1,10 1,02 1,01 0,93 0,85 0,81 0,44 0,41 1,34

20 HABS 18 diabase 1,17 1,28 1,04 0,94 0,94 0,85 0,82 0,57 0,41 0,38 1,28

21 HABS 18 granite 1,01 1,28 1,07 0,99 0,97 0,90 0,82 0,58 0,38 0,33 1,30

22 Stabinor 11 1 gnet'ss 1,13 1,30 1,08 0,98 0,97 0,87 0,57 0,54 0,35 0,27 1,27

23 Viaeotop11 7 gneiss 1,18 1,29 1,09 1,00 0,97 0,90 0,59 0,54 0,38 0,29 1,31

24 1 HABS 11 steel slag 1,10 1,18 1,08 1,00 1,05 0,76 0,59 0,55 0,73 0,82 1,20

Date: 22-apr 22-apr 29-apr 28-may 13-jun 01-jul 22 sep 23-sep 13-0kt 20-n0v O1-dec

1,5 _ _ _ __ _

1,2 l | | | . . . | | | |

8 0,9 __ __ _ __ __ __ __ __ __ _ __ __ __ __ __
C

£9
.9

8_
E

å, 0,8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0,3 a _ a - 1-

0,0

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Aggregate
_ ________ __ __ _______ _#__ _ _ _ "___,9

Figure 4 Skid resistance results for bituminous mixes with different aggregates, obtained in road

 

          
 

simulator after dt erent wear and polish cycles (parameters given in table I).
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Figure 5 a Skid resistance in the roaa simulator after polishing performed with summer tyre only.
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Figure 5b Skid resistance in the road simulator after using emery powders no. 280, 400 and 600 in combination

with summer tyres.
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Figure 6 Development of skid resistance, obtained after different cycles in. road simulator as afunction of

number of revolutionsfor mixes a) SMA [() wit/1 porp/tyry and b) SMA II with steel slag aggregate.

A survey of the PSVs of some typical and some rather special aggregates has shown that it is difficult to find

aggregates with high values that at the same time have reasonable wear resistance. It is also doubtful if a PSV

characterisation is appropriate for Sweden, because of the studded tyre wear. Moreover, it is uncertain whether

surfacings such as SMA, with stone to-stone contaCt, can be made from high PSV aggregates that have rather poor

characteristics in other respects (Woodside and Woodward l99 l ).

At present, there seems to be no need to introduce a PSV characterisation of aggregates in Sweden. In fact, the most

promising aggregate in this investigation (steel slag) probably cannot be adequately classi ed according to the PSV test.

Ibberson et al (1996) have in fact shown that steel slag can have a rather variable PSV but its performance in road

surfacing is better than indicted by their laboratory test. More investigations are needed.

The testing done in the VTI road simulator has shown that it is possible when conditions are favourable to obtain a

very high degree of polish and thus poor skid resistance with typical Swedish aggregates, both in SMA and AC

surfacings. Excluding the steel slag, however, the differences between mixes with different Swedish aggregates are less
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than expected. Basic aggregates tend to polish less readily, probably because they are often altered more than acid

ones. Mixes of different natural aggregates in a bituminous mix obviously offer limited benefits.

The polishing action in the simulator is greater than under road conditions, especially when using polishing agents

such as emery powders. Studded tyres have demonstrated their efficient roughening up effect, resulting in a much better

microtexture. Differences between mix types (SMA and AC) and the effect of maximum aggregate sizes are hard to find

because of the minor differences.
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