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DEVELOPMENT OF PREDICTION MODEL FOR PAVEMENT
WEAR, WEAR PROFILE AND ANNUAL COST
Background
Prediction models that describe changes in the condition of various portions of a
road structure constitute a valuable tool for evaluating the service life and
economics of a road structure or of a surfacing measure. Prediction models also
constitute the core of planning systems Pavement Management Systems which
are based on changes in the condition of various road structures and asphalt layers
depending on traf c and time. The prediction model discussed in this report
describes the magnitude of wear of pavement and of rut formation created by
vehicles with studded tyres. The work on this model was carried out as part of a
project nanced by the Swedish Transport and Communications Research Board
(KFB) and the Swedish National Road Administration. The model is based on the
results and experiences gathered during the last ten years of work at VTI (the
Swedish National Road and Transport Research Institute), with the objective of
developing and evaluating the wear resistance of asphalt wearing courses.

Objective
The objective was to develop a computerbased prediction model for the rut
formation that is caused by wear from studded tires. The model shall both provide
a prediction of the wear resistance of the wearing course based on data regarding
the type of wearing course, the properties of component materials, and a model of
the rut pro le based on data for type of road, traf c load, etc. In the rst stage, the
model is limited to include wearing courses of type ABT(dense graded asphalt
concrete) and ABS (stone mastic asphalt). However, these two types of wearing
courses are by far the most common road surfaces on high traf c roads in Sweden.
Expected use
The model can be a help tl tool for the following tasks:
0 Support for decisions based on technology and economics in the choice of
wearing courses, quality requirements for aggregates etc. for individual
projects.
0 Evaluation of the technical/economic effects on road infrastructure depending
on what strategy is selected regarding interventions.
0 Calculation of service life until the next measure. Since the model is intended to
be used to evaluate a road s service life up to maximum permitted rut depth, it
could also serve as an aid for planning and assigning priority to different road
surfacing measures.
0 Planning and control of the lateral positioning of traf c. On road sections where
traf c is con ned to the ruts created by studded tires, it is possible to extend the
service life of pavements by moving the lane marking lines and thereby alter the
lateral position of traf c.
0 Calculation of annual costs caused by wear from studded tires. By entering data
for the price of materials, the model can assist in evaluating whether it pays to
purchase and transport high quality stone material instead of using cheaper
mineral aggregate available locally.
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o A pedagogical tool to disseminate knowledge about how various factors affect
the magnitude of wear and its dispersal across the width of the traf c lane.

Description of the prediction model
The prediction model consists mainly ofthree parts:
0 A model that calculates the magnitude of wear per number of vehicles
with studded tires.
0 A model that calculates how the wear is distributed across the width of
the driving lane (wear pro le).
0 A model that calculates, for example, annual costs based on materials
used and estimated service life.
Partial model for predicting the magnitude of wear
The partial model, which calculates the magnitude of wear per number of vehicles
with studded tires, is based on a large amount of wear data from the last ten years
of research and development at VTI. Most of the data comes from pavement slabs
that were placed both in existing pavement on high traf c roads and in VTI s Road
Simulator. The slabs of bituminous represent different types of surfacing, a variety
of aggregate properties, different aggregate sizes, etc.
All tests done in the Road Simulator used ABT16 with a porphyry mineral
aggregate from the same exact source in Alvdalen. Wear on other pavement slabs
was therefore related to this reference pavement, which was given the reference
value of 1.0.
A database was constructed containing the pavement data for all the pavement
slabs which could be considered relevant in this context on the basis of previously
made experiences. The following pavement data are included in the database:
0
0
0
0
0
0
0
O

Type of pavement (ABT, ABS)
Type of binder
Binder content
Fibre additive, if present
Bulk density
Aggregate density
Air void ratio according to Marshall
Degree of compaction

0
o
0
0
0

Type of aggregate and fraction, respectively
Largest aggregate size
Aggregate grading
Content of coarse aggregate
Flakiness index
Impact value

O

Abrasion value
Ball mill value

0

Wear data from test drives in the Road Simulator are in the form of three measured
pro le lines per pavement slab. The pro le was measured prior to testing (zero
measurement) and at regular intervals during the test, which means pro les at
5000, 15000, 25000, 45000, 65000, 85000, 105000, 125000, 245000 and 305000
revolutions ( nal measurement). The wear pro le is calculated by subtracting the
pro le lines from each measurement occasion from the zero pro le before testing,
whereupon average wear for each pro le line and pavement slab is calculated.
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On pavement slabs that were placed in wearing courses on roads with traf c, a so
called zero measurement was taken in the autumn prior to the studded tire season
and a nal measurement at the end of the studded tire season. Average wear for
each pro le line and pavement slab was calculated in the same manner as for the
Road Simulator. The number of vehicles with studded tires that passed the
pavement slabs was measured and calculated so that the magnitude of wear could
be related to the number of passes with studded tires.
The development of the model was based on a stepwise multiple linear regression
analysis, which is a method that is normally used to develop this type of model.
The software used for the model development work was SPSS 7.0 for Windows.
After care il examination of the relevance of all the data, work on the model was
begun with an analysis of the correlation coef cients between relative wear and the
variables that could be included in the model.

Correlation coefficients

Relative
wear,
ABT + ABS
Relative
wear,
ABT
Relative
wear,
ABS
>14

M

Air void
ratio

Degree
of compaction

Largest
aggregate
size

-0.035

-0.088

-0.458

-0.039

-0.034

-0.544

0.125

-0.221

-0.540

H

Ball
mill
value
H
0.731
H
0.823

H

Optimum
stone
content
H
-0.267

Aggreg.
content
> 4 mm
H
-0.336

H

H

-0.585

-0.528

-0.013

-0.333

H
0.730

Aggreg.
content
> 8 mm
H
-0.425
H
-0.578

H

H
-0.369

The correlation is significant at level 0.05 (2-z aileaD
The correlation is Significant at level 0. 01 (Z-IaileaQ

The correlation coef cient was analysed for three different cases: ABT and ABS
together, and individually for ABT and ABS.
As shown by the correlation coefficients in the above table, the correlation is
strongest between relative wear and the ball mill value of the coarse aggregate
fraction, the various measurements for the content of coarse aggregate and for the
largest aggregate size.
The reason why the correlation coef cient is low between relative wear and degree
of compaction and air void ratio, respectively, is that the variation in the degree of
compaction and air void ratio is small in the laboratory manufactured slabs, where
the air void ratio and compaction degree were consciously put at a low and high
level respectively. When the degree of compaction was too low, the slabs were not
approved and they were discarded. Had a greater variation in air void ratio and
degree of compaction been permitted, these variables would, in all probability,
have exhibited a strong correlation with wear. A low degree of compaction could,
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in the long term, lead to deterioration of properties such as resistance to ageing
and durability.
The regression equation was calculated with the aid of a stepwise multiple linear
regression analysis with the expression for relative wear as the dependent variable.
The calculations were done with some different prerequisites. A regression
equation was calculated both for ABT and ABS together, and also for each
separate type of pavement. The reason for this procedure was that the pavement
types are quite different and therefore it is not given that one and the same
calculation model would be equally good for both types of pavement. Furthermore,
the regression analysis was done using various expressions for aggregate content,
namely optimum stone content (the content of stone material in the particle size
immediately below the largest nominal stone size) as well as the content of stone
>4 mm and > 8 mm, respectively.
The calculated correlation coefficients (R), the coefficient of determination (R2)
and the regression equations for the various calculation alternatives are shown in
the table below.
Correlation coe icients, coefficient of determination and regression equations

Optimum
Aggreg. content
ABT & ABS
ABT
ABS
Aggreg. content

R

R2

Regression equation

0.85
0.93
0.85

0.71
0.84
0.71

S=2.035+KV*0.144-MS*0.073-OPTH*0.001l
S=0.805+KV*0.16l-OPTH*0.03+H]VI*0.316
S=l.547+KV*0.143-MS*0.087

0.86
0.93
0.85

0.73
0.84
0.71

S=2.493+KV*0.144-MS*0.069-HALT4*0.017
S=2.179+KV*0.167-HALT4*0.047+Hl\/I*O.287
S=1.547+KV*0.143-MS*0.087

>4 and >8 mm,

respectively
ABT & ABS
ABT
ABS

S= calculated relative wear (1.0 corresponds to HAB T1 6 porphyryfrom Alva
KV: Nordic ball mill value
MS: Maximum aggregate size
OPTH= content of aggregate in the largest aggregate fraction 0 0r HABS16 this
is the quantity of 12-16 mm stones)
HALT4= content of aggregate > 4 mm
HM= Air void ratio in percentage by volume according to Marshall
From the equations in the table, one can note that the air void ratio, HM according
to the model, affects the magnitude of wear only in densegraded asphalt concrete,
ABT.
In the ABS pavements, according to the model, it is the Nordic ball mill value and
the largest aggregate size that most affect the magnitude of wear. The content of
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coarse aggregate is not included in the equation due to the fact that the variation in
stone content is not very great between di erent ABS pavements.
In our continued work on the model, for reasons of simplicity the same equation
was used for ABT and ABS pavements. Furthermore, the content of the > 4 mm
aggregate was used to describe the content of coarse aggregate in the composition
of the wearing courses.
Partial model for distribution of transverse wear

The distribution of wear across the width of the tramc lane provides very
important information in order to be able to use the model to calculate the service
life of a pavement, since it is the magnitude of the rut depth that determines when
maintenance has to be carried out. The distribution model is based on the lateral
position of traf c (passenger vehicles) and is relatively close to the normal
distribution, according to measurements done by VTI. Standard deviation of the
distribution of transverse position normally varies between 0.20 to 0.45 m
depending on the standard cross-section of the road. On roads with extra wide
traf c lanes and roads with shoulders, the standard deviation of the transverse
distribution is close to 0.45 m. On roads with narrow traf c lanes and on express
ways and highways with several lanes in each direction, standard deviation is closer
to 0.25 and down towards 0.20 on roads with an extremely high volume oftraf c.
The distribution model is based on a reverse, somewhat modi ed normal
distribution curve, developed through comparisons with wear pro les measured
from a large number of roads and which has proved to be a good re ection of
reality. The model was developed in Excel where the entire pro le of the traf c
lane was drawn up using input data such as the standard deviation of the
distribution of transverse position. Input data that describes the magnitude of wear
was gathered from the rst partial model.
Computerized composite model
The two partial models were brought together in a computer version for
calculation of rut depth, service life, and annual cost. All the calculations were
entirely based on wear trends from studded tires and thus do not take into account
any rut formation that could have other causes. The computerized model version
consists primarily of three blocks of input data and diagrams that show the
calculated rut pro le and the wear trend, respectively.
Input data

pavement (mineral aggregate)

The rst block of input data consists of input data that describes the wear
properties of the wearing course and in principle it looks like this:

VTI Notat 76A- 1998

Chart heading:

Chart subheading:

'NynasvaTgenl"~

'*
f» v
Rut wear during awinters p ,

Stone content > 4 mm (HALT4):

70

Largest stone size (MS):

16-

Ball mill value (KV):

% by weight

mm

This portion shows the headings that should be used in the chart.
Stone content > 4 mm (HALT4) is the content of material larger than 4 mm in
the wearing course in question. If the wearing course in the above example is
ABSlo, the coarse aggregate fractions, i.e. 4-8, 8-11 and 12-16 mm, constitute 70

% by weight of all stone material.
Largest stone Size (MS) is the size of the nominally largest aggregate size, in this
example 16 mm.
The ball mill value (KV) for the largest aggregate fraction (8 11 or 11-16 mm) is
entered.

Input data - traffic and road
In the other worksheet, traf c related input data that affects the magnitude of
wear, is requested.

Standard cross section

1/2/3/4/5/6):

Permitted speed:

ADT traffic lane:

Wear period/year:

(1=7 "1; 2=9 m; 3=13 m; 4=Wide

9

7 lanes; 5=express way; 6=tunnel)
(50, 70, 90 or 110 km/h)

V10000=~vehicleslday

1§0 7 winter days/year

Studded tire share:
5_ j % (aver. during the wear period)
Lightweight studded tire share: 50' _ % (0,10,20,30....%)
Deiced (salt) road (Y/N):

No. of calculation years:
Permitted rut depth:

Estimated other rut depth:
Available rut depth wear:

Y 5 if "

3 ?
17
4
13

mm

* mm
* mm

ADT = Average annual daily traffic
Standard cross-section
The rst thing described in this worksheet is the standard cross-section of the
road in question. So far there are six different standard cross sections to choose
between. The model describes each cross-section through the standard deviation
for the lateral position distribution of passenger vehicles.
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The following standard deviations were used to describe the distribution of lateral
position:

ONLIl-PUJNr

t

Standard Lane width, m St. dev.

7
9
13

mm
275
350
450

Wide lanes
Motor road
Tunnel

500
250
225

The above data may have to be modi ed after validation of the model.
Permitted speed
Permitted speed is recorded as four speeds. The following relations were used:
Speed,
km/hour

Wear factor

50
70
90
110

0.65
0.90
1.20
1.50

Above wear factors were gathered from eld tests of pavement slabs that included
two pavement types, ve stone materials and three different speeds.
Average annual daily traffic (ADI) in driving lanes
ADT passenger vehicles for the traf c lanes included in the prediction are also
shown.
Wear period/year
Wear period/year refers to the number of winter days per year. A winter day
means a day when use of studded tires is more than 5 % (normally 180 days).
Studded tire share

Then the use of studded tires is shown in percent in the form of an average value
during the recorded wear period. This information is very significant to the
predicting ability of the model for reasons that are easy to understand. Therefore,
it is important for the input data to be relevant. In order to obtain reliable data on
the use of studded tires, frequent counting of studded tires during the entire
winter period (November April) is required. In southern Sweden, it is necessary to
count studded tires at least twice per month since the use of studded tires can vary
greatly from year to year and from month to month, depending on alternately mild
and cold winters or periods of heavy or little snow during the winter season.
Visual counting of studded tires should include around 200 vehicles and this can
be done in a large parking lot, such as a mall or gas station. Acoustic methods
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(listening) do not work well because it is harder to hear tires with lightweight
studs than the older steel studs, particularly if conditions are snowy, icy or wet on
the road.
Share of tires with lightweight studs
The number of tires with lightweight studs is recorded in percent. Since 1992, the
percentage of less damaging studded tires has increased continuously as
conventional studded tires are being replaced with tires with lightweight studs.
According to tests in VTI s Road Simulator, tires with lightweight studs (1.0 g)
result in about half as much wear as tires with heavier steal studs (1.8 g). The

annual recurring control measurements on the road have also con rmed this, and
this means that wear has been reduced signi cantly, relatively speaking, in the
most recent years (1992-97).

The following wear factors were used to describe the effect of a growing number
of tires with lightweight studs. Correction is done only at 50 % of estimated share
of lightweight studded tires, since the remaining tires with steel studs are getting
old (at least 5 6 years) and worn and therefore less damaging to the pavement.
This very likely means that the correction (for Swedish conditions) for this
parameter soon can be eliminated from the model (validation will follow up on
this).

Share of light
Wear
weight studs, % factor
0
1.40
10
1.25
20
1.10
30
0.95

40 1)

50
60
70
80
90
100

0.80

0.75
0.75
0.75
0.75
0.75
0.75

1) Value used at validation in 1996-97

Salted (deiced) road
Crucial to the extent of wear is also whether the road is deiced or not during the
winter season. This question is answered by Yes or No. Data describing the
difference in wear between a salted and unsalted road was not available, so that
the model for the time being employs the correction factor given in ROAD 94
(the general technical speci cation of the Swedish National Road
Administration). A salted road means a wetter road surface compared to an
unsalted road surface and this increases wear. Unsalted road surfaces may also be
ice covered and this reduces wear on the road. These parameters should be
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investigated more closely when the model is modi ed (if the model is to be better
adapted to northern Sweden).
Number of calculation years
Also noted is how many years or winter seasons that the calculation or prediction
of the wear pro le shouldinclude.
Permitted rut depth
Permitted rut depth is the rut depth noted in ROAD 94 for the greatest permitted
rut depth for the type of road in question.
Estimated other rut depth
Estimated other rut depth is the rut depth that is not related to wear produced by
studded tires, for example post compacting and deformation. R&D work is going
on in order to produce a prediction model for deformation in asphalt-bonded
pavements, and at a later stage this can be connected to the wear model for
studded tire traf c.
Available rut depth wear
Available rut depth wear is the difference between permitted rut depth and
estimated other rut depth.
Input data - costs
The third input data worksheet constitutes the basis for the nancial evaluation of
the surfacing measure, but still only from the point of view of wear from studded
tires:

Mineral aggregate

Filler:

Size 0-2 mm:

Size 2-4 mm:

Weight %

133

.10

Size 4-8 mm:
Size 8-12 mm:
Size12-16 mm:
Size 16-20 mm:

10
20
40'
V

Binder content:

6.0

Total °/o of aggregate:

Total:
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100

Price

Price SEK

2.66

7.00

K 2.70

6.00

SEK/tonne

g/cm3

155

2.70

91 o

'

Density

60

v 150
280
280
:5
1700

.f

2.66
2.66
~ 42.66
7: -

7.15

15.00
56.00
112.00
-

2.67

203.15

1.00

102,00

2.426

ll

Total costs:

Aggregate:

Bitumen:

Additives:

Production in asphalt plant:

Set-up cost:

203

103

-

T

i

25 T]

SEK/t as ohalt mix

'-

"

"

0,95 "1 "

Transportation (asphalt plant to 150 "
road site):

,

.30 :-

. --

Asphalt layer thickness:
Total kg/m2

37
90

5mm
kg/ m2

Annual cost:

5.09

Paving:

Other:

Total SEK/tonne:
Total SEK/ m2:

0 V

"

510.00 SEK/t
45.80 SEK/ m2

SEK/ m2

By entering the aggregate composition and by recording the share in percent and
price in SEK per tonne delivered to the asphalt works for each fraction, total
aggregate cost is calculated.
To this is added the cost of bitumen, any additives, production cost at the asphalt

mixing plant, set-up cost, transportation cost, laying cost and any other costs
together with the amount of paving in kg/mz. With the aid of these data, we
obtain the total production cost in Swedish kronor per square meter. If the price
of rolled bitumen per m2 is known, it can also be entered directly.

The production cost is then divided by the service life calculated by the prediction
model and an annual cost in Swedish kronor per square meters is obtained. Even
if the service life solely from the point of view of wear may be more than 20
years, the limit for service life has been set at 20 years in the model since by that
time it is likely that some measure will be required for reasons other than wear. At
present, the annual cost calculation does not take interest into account. However,
it is quite possible to add it.

Output data - abrasive wear pro le, service life and annual cost
The calculated wear pro le across the number of included calculation years is
presented in graphic format:
Apart from the cross-section pro le, the rst diagram shows total rut depth after
the selected calculation period, rut growth per year, and calculated service life
and annual cost in Swedish kronor per square meter.
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Nynasvagen
Rut wear under three winters
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Max. aggregate size (mm):
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Nynasvagen
Rut development caused by studded tire wear
20
19
18
17
16
15
14
A 13

E 12

.5. 11

9 years

g 10
9
8

a

7
6
5

4

+Total wear

3

2

- - -Permitted rut wear

1
0
Years

The second diagram shows the development of ruts created by tra ic with
studded tires on the road. Initial wear was taken into consideration in that
abrasive wear is calculated with a 100 % increase for the rst 300,000 passing
vehicles with studded tires. Relatively speaking, asphalt pavement is always worn
down more when it is new than when the bituminous mortar has had time to wear
off and the stones have lost their edges.
Validation of the model
During the winter of 1996-97, the model was validated against 16 different

wearing courses (ABS and ABT). All data that constitute input data in the model
were gathered and wear measurements were taken on 1-6 year old pavements with
varying types of surfacing, road categories and speed limits. The properties of the
selected pavements also vary with regard to aggregate quality, largest aggregate
size and Nordic ball mill value. The pavements are located in the provinces of
Halland, Bohuslan, Vastergotland, Ostergotland and Sb'dermanland.
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For each control object, the data gathered with respect to wearing course, tramc
and road have been entered into the model. After this the wear factor and standard
deviation for the lateral position distribution (Std dev) were corrected so that the
average and maximum rut depth coincided with the values taken from the road.
The results of the validation are shown in the table below.
Results of validation winter 1996-97.
Road

E6, Abro-Kalleb'ack

L'anna road 73

Borg E4
Alingsas E20
Ytterby road 168
Huvden road 190
Forsback road 940
Kungalv E6

Road
Average
section
wear
mm
No.

1
3
5
7
8
10
1

2
3
1
2
1
1
1
1
1

0.6
0.7
0.71
0.59
0.55
0.64

0.54

0.38
0.3
0.27
0.27
0.42
0.24
0.17
0.15
0.29

Rut wear

Wear factor

Mm

mm

1.5
1.5
1.7
1.5
1 .4
1.4

0.00103
0.00108
0.00108
0.00089
0.00095
0.00135

1.1

0.7
0.6
0.6
0.5
0.7
0.4
0.4
0.4
0.7
Mean value:

Std dev.:

0.00134

0.00110
0.00087
0.00080
0.00080
(0.00190 1 )
0.00120
(000220 )
0.00080
(0.00054 21)

Lateral
distr.
Std
dev

350
360
340
325
320
355

380

410
410
390
400
445
445
390
335
335

Number
of days

172
172
172
172
172
172
140

140
140
170
170
136
138
138
138
135

0.00102

0,00019

I) The high value is due to the fact that the road surface had not yet gone through
its initial wear stage (initial wear).
2) The low value could be due to the fact that the control section is located on a
down hill stretch of the road.

Developments in recent years in the eld of studded tires cause a problem when it
comes to validating the model. New types of studs and studded tires have
gradually been developed and these have proved to be much less damaging to road
surfaces than older types of studded tires. This means that the number of vehicles
with increasingly less damaging studded tires has increased and probably will
increase further during the next few years, as this has occurred gradually during the
1990's. One example is the gradual reduction in stud weight, reductions in stud
protrusion and stud force, as well as a reduction in the number of studs per tire.
However, within a couple of years the majority oftires with steel studs of the older
and heavier type (1.8 g) should be gone from the vehicle supply, since sales of such
tires ceased at the beginning of the 90's. It could take several years until entirely
stable wear conditions will exist on our roads, however.
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Copies of the rst version of the wear model have been distributed to a number of
clients within the National Road Administration for evaluation of the model and
the program from a user's point of view.

Background data
Mapping and quanti cation of the parameters that effect the ability of pavements
(asphalt material) to resist wear from studs derive from a large number of trial
slabs tested in the Road Simulator or on roads, as well as from ill scale test roads.
This primarily involves parameters related to materials engineering, but it also has
been possible to study design quality, traffic and climate effects through these tests.
The following factors were studied and their significance with regard to wear from
studs is shown within parentheses:
Materials engineeringfactors
0 Aggregate quality (very great)
Coarse aggregate content (very great)
Largest aggregate size (sometimes great)
Type of wearing course (very great)
Binder type (less)
Production dependentfactors
0 Crushing procedure - cubical particle shape (sometimes great)
0 Degree of compaction air void ratio (sometimes great)
Externalfactors
0 Vehicle speed (great)
0 Type of studs, stud force (great)
0 Climate (less)
Apart from these factors, the magnitude of the wear from studded tires is affected
by the amount of traffic, the percentage of vehicles with studded tires, the lateral
position of traffic, wet and/or dry or snow and/or ice covered road surface. All
background material is available in a large number of reports, bulletins, and reprints
from recent years (see bibliography). Notat 21-1997 contains a detailed description
ofthe background data for the wear model and the equipment and methods used to
measure the wear resistance of asphalt pavements. The current report shows only
the types of pavement and mineral aggregate that were included in these studies.

Type of wearing courses and mineral aggregate
It is important to remember that the data for the model were gathered from a
number of different studies (commissioned research) with a variety of objectives
and requests, so that the number of wearing courses and mineral aggregates do not
fully cover all variables. For example, the number of wearing courses with the
largest aggregate sizes of 8 and 20 mm are limited. With respect to specialty stone,
such as porphyry or quartzite, these are included among the coarser stone material
fractions, > 4 (most common), or > 8 mm. The content of fine fractions and ller
consists of local material. Normally, cellulose fibre is also found in stone mastic
asphalt , but in some cases it is mineral bre. It is also important to point out that
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the wear model does not include porous asphalt. On that type of wearing course,
the ageing and durability properties of the material are of crucial importance to
wear resistance in a long term perspective and these parameters are not captured in
this model.
Summary of wear resistance (ball mill value) for stone material

l

1

l
l

\\\

I \\\._"I \X k l

l

l
l

\\\\\\\\

n

G)

\XkXXXhXEl
3

3

(D

3

G)

G)
-1

3

G)

G)
-|

3

G)

D

G)

Q

U

X

(0

0

(Q

X

3

(Q

G)

I
0

CD
'1

U

(D

H
L\

L\\\
'

KKK. L\\\"L\\\

5I

L\\\ L\\\
3

G)
-1

G)

LV

na

;\\\
LXKX

Lxxxuixxuxxx

LXXK

2

Z

f.

(D

l

h\\\\\\\\\\\

L\\\\\\W
L\\\

2
Z
2
5

U
0

O

.0

§.

5

§_

l
\
L\\.\
.
L

xxxuixxux u

\

O

T
0

.0

5

.0

O

§_

U
0

n
O

L\\\

"

ll

Ball mill value

'I
I
I
I
I
I
I
I
I
I
I
I
I

\\\t

.

18

Type of wearing course
0 ABSS, AB311, AB816, ABSZO.
o ABTll, ABT16, ABTZO.
Mineral aggregate
0 High quality mineral aggregate, such as porphyry, quartzite
- Local mineral aggregate, such as diabase, granite, gneiss, gneiss-granite
Binders

- Conventional, such as B85, B180.
0 Modi ed, such as Bitulastic, Caribit, Nelastic, different types of PMBZO,
Polybilt, Styrelf
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