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Abstract. Deteriorated asphalt pavement material is recycled applying proved technologies based on scientific principles 
and practical experience. The asphalt pavement layer during rehabilitation process is loosened by a mobile transport ma-
chine fracturing into the required material grading and called Reclaimed Asphalt Pavement (RAP). RAP is extracted while 
cutting asphalt chip in required depth at optimal speed by mean of changeable picks installed in a toolholder of milling 
machine rotating drum. During interaction with the asphalt pavement to be demolished, the wear of picks appears, and 
the dimensions of their elements decrease. Methodology and results of a field experimental research allowed statistically to 
determine and evaluate the wear dynamics of picks from 2 manufacturers are provided in this paper. The results provide 
that length of pick, diameter of carbide tip and diameter of steel body of picks from these manufacturers were decreasing 
proportionally to milled asphalt pavement surface. Applying the Fisher’s criterion it was found that the variances of the 
reduction of these geometrical parameters are the same and they satisfy the normal distribution according to the Kolmogo-
rov’s criterion. All values of Student’s criterion calculated statistics were higher than the critical values, which indicated that 
the wear intensiveness of the picks of the 2 manufacturers differed significantly. These data can be used to select suitable 
picks for the milling machine according to their wear intensity.

Keywords: asphalt recycling, reclaimed asphalt pavement (RAP), milling machine, pick wear, field investigation, statistical 
analysis.

Notations

        GP – geometric parameter;
    RAP – reclaimed asphalt pavement;
RHMA – recycled hot mix asphalt.

Introduction

Transport infrastructure research plays an important role 
in transportation engineering science. Road transport in-
frastructure is continuously improved constructing asphalt 
pavement with the necessary performance and reliable as 
well as long life cycle. Asphalt pavement is one of the most 
important, complex and expensive elements of roads and 
streets. Once constructed, asphalt pavement needs to be 
maintained, repaired and/or recycled at the end of its life 
cycle. Recycling is the running trend through all over the 
world (Harun-Or-Rashid et al. 2018).

Asphalt pavement wears, deforms and is exposed un-
der transport vehicles load, weather and climate condi-
tions factors and influence of operational materials (Mea-

gher et al. 2012; Ceylan et al. 2011; Akbarian et al. 2012; 
Ma et  al. 2012; Kubo et  al. 2016). Climatic parameters 
such as temperature and precipitation are the most impor-
tant environmental factors that have considerable effects 
on the pavement distress (Khattak et  al. 2014; Solatifar 
et al. 2017). The destructive influence of these factors also 
depends on the properties of the asphalt pavement and 
base layers, the hydrothermal regime of the road pave-
ment structure (Solatifar et al. 2018). The ground water 
level rose rapidly ofter the drainage system was clogged 
(Salour, Erlingsson 2013). Cracking and rutting of road 
asphalt pavements are the 2 most critical types of dis-
tresses that govern overall pavement condition (Anyala 
et al. 2014). The presence of water flow on road surfaces 
may lead to early deterioration of bituminous pavements 
(Amini, Tehrani 2014). As the service period of the as-
phalt pavement increases, the collapse degree rises accord-
ingly (Mansourkhaki et al. 2015; Farhan, Fwa 2009). In the 
event of visible damages of the wearing course of the road 
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surface, it is constantly repaired in order to improve the 
traffic conditions of vehicles and increase the service life 
(durability) of the road surface (Zofka et al. 2014). 

The properties of bituminous binder are the most 
changed in old asphalt pavement due to aging process 
(Liu et al. 2014; Kleizienė et al. 2019). Aging refers to the 
change in the binder structure and/or composition due to 
influence of temperature and oxygen. This change makes 
the binder harder and more brittle. Aging is caused by 
different mechanisms, such as volatilization of hydrocar-
bon elements at high temperatures, and breaking of inter-
molecular bonds to from new molecular structures, and 
oxidation (Papagiannakis, Masad 2008). Oxygen diffusion 
and oxidative reaction are 2 main factors in asphalt oxi-
dative aging discovered by experiment, but the dynamic 
balance between them could not be easily studied by 
experimental methods due to its comprehensiveness. A 
pavement oxidation was utilized to simulate this process 
in asphalt: oxygen molecules penetrate into the asphalt 
film and then react with the asphalt molecules (Cui et al. 
2018). When the failure rate increases to the critical state 
of the pavement and its local repair is irrational, the up-
per (wearing), lower (binder) and/or base layers of the as-
phalt pavement are recycled. Re-use of asphalt pavement 
materials (recycling) creates ability to save new (virgin) 
minerals and bituminous binder as well as improving en-
vironmental protection. 

RAP is typically generated through 2 reclamation 
procedures: milling and full-depth removal. Special ma-
chines, with a rotating drum holding cutting teeth, can 
“mill” a specific depth from the existing pavement with-
out disturbing the base layers or subbase of the pavement 
(NAPA 1996) 

Prominent among the concerns of the pavement con-
struction industry, and funding agencies everywhere, are 
the conservation of materials, protection of the environ-
ment, and economy of construction/rehabilitation pro-
cedures. Pavement recycling with asphalt is a procedure 
that eminently and realistically meets these concerns, 
especially since it is economical of energy, materials and 
money (AI 1986).

Asphalt pavement layers are recycled using known 
technologies in the cold state at ambient air temperature 
(cold recycling) or in the hot state by heating it to high 
temperature (hot recycling). They can be recycled in place 
or recycled in plant. The asphalt pavement is mechanically 
broken into grains applying any technology. The old as-
phalt pavement in the cold state is broken apart by a mo-
bile asphalt milling machine, which main working tool is a 
cylindrical drum with pick toolholders where are installed 
changeable picks, consisting of their own elements with a 
specific purpose. A milling machine at a set rational speed 
breaks up the asphalt layer at the required depth, and its 
grains are loaded into the truck or wheel loader bucket 
by a belt conveyor. The temperature of asphalt pavement 
has a large influence on the cutting resistance especially 
for asphalts with high content of bitumen and the energy 
consumption of asphalt milling process greatly depends 

on the amount of stone portion, bitumen content and the 
temperature (Furmanov et al. 2019). 

The picks as cutting tools are ripping an asphalt pave-
ment into small grain size material during the milling 
process. Pick quality has a huge influence on the milling 
performance, milling result and milling costs. During the 
milling process the tip of wolfram carbide pick undergoes 
intense usage through high pressure abrasion and the 
rough contact with the particles of asphalt mixture (Io-
vanas, Dumitrascu 2017). Pick inclination is utilised with 
the aim of achieving low cutter surface load (Toh 2005). 
Cutting loads on the asphalt milling machine were ana-
lysed by Gu et al. (2012).

Milled or crushed in a crusher and classified old as-
phalt pavement, i.e., RAP, can be used in the cold state 
with or without a binder to install the base road course 
(Plati, Cliatt 2019) or to produce RHMA. Asphalt hot 
recycling in-plant is the most commonly used method 
to maximize the economic benefits of rational re-use of 
asphalt paving materials (Vislavičius, Sivilevičius 2013; 
Zaumanis et al. 2014a, 2014b). During application of this 
technology, the old asphalt pavement or only its wearing 
course is dismantled by milling or breaking, followed by 
crushing and classifying grains into fractions. 

Principles of asphalt pavement recycling (Sivilevičius 
et al. 2017) indicates, that it should be formed into small 
(maximum size from 22 to 32 mm) RAP particles (Nguy-
en 2013), which heated in an asphalt mixing plant, de-
compose into individual unbound particles covered with 
old bitumen films (Zhang et al. 2019; Hossain et al. 2015). 
When they interact with the dosed rejuvenator, the viscos-
ity of the old bitumen is reduced during the mechanical 
and diffusive mixing process and its other properties are 
restored to those suitable for repetitive use in the recycled 
asphalt mix (Wang et al. 2019; Ržek et al. 2020; Shirodkar 
et al. 2011; Zaumanis et al. 2014a, 2014b, 2019, 2020).

In countries with a sustainable economy, the relative 
use of RAP is steadily increasing, as asphalt pavements con-
structed several decades ago does not meet their require-
ments. The recovery volumes of old RAP are increased by 
increasing the percentage of RAP in the reclaimed asphalt 
mix. The maximum possible to add amount of RAP in 
RHMA mixture depends on the homogeneity of the RAP 
and the capacity of the asphalt recycling plants as well as 
plant design and adapted technologies (NCHRP 2011; 
Sivilevičius, Vislavičius 2019)

Road construction companies carrying out asphalt 
pavement recycling works must ensure the high quality of 
the recycled new asphalt layer, usually not inferior to the 
asphalt mixture made from new materials (Wu et al. 2007; 
Puccini et al. 2019). They also seek economic benefits by 
reducing the cost of work performance, reducing environ-
mental pollution at all stages of the recycling process. 

In the initial phase of asphalt pavement recycling pro-
cess, its old layer is broken down to a certain size grain 
(RAP granulate). It is beneficial for the company to use 
slowly wearing picks in the milling machine. Whether 
picks manufactured by individual companies have the 
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same durability can be determined by experimental tests 
carried out in the field or in the laboratory.

The aim of this paper is to present a model for deter-
mination the rate of wear of mobile asphalt milling ma-
chines picks by cold milling of asphalt pavement and apply 
it using field experimental data to evaluate the durability 
of picks of different manufacturers.

1. Wear rate model of pick

A road construction company removing an old asphalt 
pavement strives for economic efficiency in its opera-
tions. Economic efficiency, defined as the ratio of success 
achieved to the invested means, is depended on numer-
ous factors, even for complex construction machinery. The 
cutting technology, and especially the pick, is of central 
importance (Wirtgen Group 2016).

Cold asphalt pavement milling is the core factor to 
keep the best possible road surface quality. Last 45 years 
after Wirtgen Group had introduced rotary cold asphalt 
milling technology in the road repair, quantities of RAP 
starting to grow each year. Asphalt pavement cold milling 
process has a beginning using carbide tools and this idea 
came from mining industry (Wirtgen Group 2019).

All elements of a pick are subjected to more or less 
wear depending on the material to be milled. In case of 
excessive fatigue on one of the components, e.g. the car-
bide tip, the steel body, the wear plate and/or the clamping 
sleeve, the pick should be replaced to pavement or reduce 
consequential damage to the more expensive toolholders 
system, with is also more complex to replace.

Independent on manufacturer there are several factors 
influencing on the milling costs (Table 1).

For example, the pricing of steel, carbide, manganese 
and oil influencing on the picks pricing, so picks price 
could vary several times a year. The price of investigated 
picks type price averagely was varied from 3.2 to 3.6 EUR 
in period from year 2018 to 2020. According to the long-
term experience there is known that for 1 ton of milled 
asphalt from 0.15 to 0.5 pick is used. This is an average 
norm, which varies depending on the properties of the 
asphalt pavement such as composition, strength, tempera-
ture, as well as weather conditions (temperature and water 
content). By selecting the milling depth, the force acting 
on the pick is set at the same time, and the milling speed 
determines the dynamics of this load. The linear speed of 
rotation of the milling drum with picks is constant and de-
pends on a milling machine design. There is no single cri-
terion or defined period of time when the picks needed to 
be changed in common practical experience. Practical rec-
ommendations for the operators are regular maintenances 

of the milling machine, its drum, the pick holders, the 
picks themselves and the water spray system. Maintenance 
must be performed by checking all parts mentioned above 
condition several times a day. Milling machine operator 
has to be enough qualified and act strictly according to 
operational manual recommendations. 3 main objectives 
are set for the milling process effective performance: op-
timum milling capacity, minimum the wear and tear and 
required RAP gradation curve.

The wear intensiveness (dynamics) model of the picks 
(Figure 1) presents that all their GP consistently decrease 
with increasing area of the asphalt pavement milled by the 
milling machine. In addition, the wear rate of individual 
picks of the 1st or 2nd investigated manufacturer installed 
in the milling drum may differ due to the stochastic nature 
of the disassembly conditions and the properties (quality) 
of the picks. Therefore, the variation of the GP reduction 
of the picks is indicated by the standard deviation s1 or 
s2. Assuming that the picks of the 2 manufacturers tends 
to wear differently, its correctness or erroneousness is 
proved by the methods of mathematical statistics.

The null hypothesis is tested H0, stating that there is 
no significant difference in the statistics of the parameters 
of the 2 comparative sets. Known statistical criteria are 
used for this, i.e., rules for accepting or rejecting certain 
statistical hypotheses on the basis of experimental data 
from samples. 

We are checking according Student’s criterion if dif-
ferent manufacturers picks GP (dimensions) reduction 
due to wear general means ∆ 1y  and ∆ 2y  are statistically 
identical or different during asphalt pavement loosening 
process. Forasmuch as the GP means and variances s2

1 and 

Figure 1. Wear model of asphalt milling machine picks  
from 2 manufacturers 

Table 1. Factors influencing the costs of milling
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s2
2  of the picks of both manufacturers are known and the 

variances are taken equal (this assumption is verified us-
ing Fisher’s criterion), the samples are independent and 
correspond to the normal distribution, the hypothesis of 
their uniform wear rate is calculated applying Student’s 
t-statistic according to the equation: 

( ) ( )
∆ − ∆

= ×
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2 2
1 1 2

2
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,  (1)

where: n1, n2  – the number of picks of the 1st and 2nd 
manufacturers, respectively, excluding outliers, i.e., bro-
ken, fallen and/or unacceptably worn picks, which were 
replaced during the experiment with new ones not meas-
ured in the further study. 

The degree of wear of the picks of the asphalt milling 
machine after the milling of asphalt pavement area A is 
calculated by the equation: 

∆ = −new worny y y ,  (2)

where: newy   – new picks GP arithmetic mean [mm]; 
worny  – worn picks GP arithmetic mean [mm].

Whether the general variances s2
1  and s2

2  of the GP of 
the 2 manufacturers’ picks are the same, they are checked 
applying the Fisher’s criterion. The null hypothesis H0: 
s = s2 2

1 2  is tested accepting the level of significances a. 
The criterion for verification of this hypothesis is based on 
the statistics Fca, which indicates the difference in variance 
expressed as a ratio:

ss
= = =

s s1 2

22
max1

, 2 2
2 min

ca n nF F ,  (3)

where: s2
max – large variance [mm2]; s2

min – small vari-
ance [mm2].

If null hypothesis H0: is correct, and statistics Fca are 
distributed according Fisher’s F law with n1 – 1 and n2 – 1  
degrees of freedom, then Fca is smaller than its critical 
value a − −=

1 2, 1, 1cr n nF F  and indicates that picks GP vari-
ances are not significantly different. This conclusion allows 
to compare the arithmetic means of the GPs of the picks 
according to Student’s criterion, calculating tca statistics 
according to Equation (1).

To confirm the null hypothesis of Fisher’s criterion 
and Student’s criterion, the sets from which samples were 
taken must be distributed according to the normal law. 
GP distribution of everyone wearing pick is checked if it 
conforms to the normal distribution. In practice, in addi-
tion to the skewness, kurtosis or Pearson chi-square cri-
terion c2, the Kolmogorov’s criterion (K(l)) is often used, 
in which the discrepancy between the theoretical and 
empirical distributions is determined by calculating the 
maximum difference between the empirical distribution 
function Fn(x) and the corresponding theoretical distribu-
tion function F(x):

( ) ( )= −max nD F x F x ,  (4)

are so-called Kolmogorov’s criterion statistics.
The empirical distribution function Fn(x) and the 

implied (assumption) theoretical function of the normal 
distribution F(x) are formed from the research data. The 
discrepancy between the theoretical and empirical distri-
butions D according to Equation (4) is determined and 
Kolmogorov’s statistics are calculated: 

l = ⋅D n .  (5)

When the value of l in the calculation is greater than 
its critical value la determined by the selected significance 
level a, then the null hypothesis H0 that the random vari-
able Y (pick’s GP) is distributed according to the normal 
distribution is rejected. Vice versa (l < la) – this hypoth-
esis is accepted and indicates that the empirical data cor-
respond to the normal distribution. Taking the recom-
mended very strict significance level a = 0.30, the critical 
value of Kolmogorov’s statistics is l0.30  = 0.974. Taking 
the usual level of significance  – a  = 0.05, l0.05  = 1.358 
(Kremer 2012).

After the certain asphalt pavement area was milled out 
the GP relative decrease of picks wear is calculated accord-
ing the equation:

− ∆
e = ⋅ = ⋅100% 100%new worn

new new

y y y
y y

.  (6)

Some manufacturers provide a value C for the reduc-
tion of the pick length L at optimum wear (Figure 2a). The 
pick usage for road milling machines wear path (dimen-
sion C) differs from 9.7 mm to 19.8 mm, then L from 88 
to 89.5 mm (Wirtgen Group 2016). 

2. Methodology of experimental research

WIRTGEN W1000 asphalt milling machine was selected 
for the study with a 1000 mm width cylindrical milling 
drum with spirally 80 picks installed in toolholders. The 
old remaining picks were removed from the milling drum 
before the pick wear test. In empty and cleaned toolhold-
ers (with insignificant wear) new picks of 2 manufacturers 
were installed: marked as W pick designation and marked 
as K. A total of 40 picks W (odd numbers) and 40 picks 
K manufacturer (even numbers) were installed. All picks 
were measured with a calliper (Figure 3) to determine the 
3 GPs of each prior to their installation. 

The pick’s length from carbide tip point to wear plate, 
which was shifted by the steel body towards the carbide 
tip, i.e., to the future position of the pick (value lp) when it 
would be installed in the toolholder (Figure 2a). 

Not the entire length L of the pick, but the length up to 
the wear plate lp was measured because it was very difficult 
or impossible to measure the length L of the pick already 
installed in the toolholder without retracting it out.

The diameter of the carbide tip of a new pick of each 
manufacturer (W and K) at its brazing location (maxi-
mum diameter) (value dct) was also measured. The 3rd di-
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mension of the pick was the diameter dsb of the steel body, 
which was measured through its middle, i.e., at a distance 
hf from the wear plate 4 (Figure 2a). The diameters dct and 
dsb were measured twice in a direction perpendicular to 
the axis of the pick. When the diameter of the pick was 
measured for the 1st time, it was rotated in 90° angle and 
was measured the 2nd time. The data were registered in 
a log and the average values of the 2 measurements were 
calculated. 

An old single-course asphalt concrete pavement was 
paved over a compacted base layer of unbound gravel 
and sand mixture. The asphalt concrete layer was con-
structed more than 30 years ago and so-called “alligator’s 
skin” cracks were formed due to the aging of the bitumen, 
exposure to frost and fatigue. The surface was peeled in 

some areas with clearly visible transverse and longitudinal 
cracks and its thickness varied from 44 to 53 mm. There 
is the traffic of heavy vehicles on this road and its owner 
decided to strengthen the road surface structure and im-
prove its hydrothermal conditions. The entire layer of as-
phalt concrete with approximately 5 cm thickness and the 
unbound gravel and sand subbase layer in approximately 
10 cm thickness was loosened by the milling machine. The 
materials of both layers were mixed with a milling ma-
chine to obtain a homogeneous layer as a mixture of RAP 
and crushed aggregate subbase in approximately 15 cm  
thickness, which was later compacted by single drum 
roller.

The condition of the pick was periodically monitored 
after the old road pavement was started to loosen. Improp-
erly worn, dropped, or broken picks have been replaced 
with new ones and their number was captured. GP lp, dct 
and dsb of all picks were measured after milling 700 m2  
(milled area A) of road pavement (approximately 35 m3 
of asphalt concrete and 70 m3 of unbound aggregates). 
The improperly worn 2 picks (No 32 and 58) made by 
manufacturer K were replaced with new pick, which were 
not used in later study’s steps. The pick wear was increas-
ing even more further continuing the process of pavement 
loosening. After 1450 m2 of road pavement was milled 
(approximately 72.5 m3 of asphalt concrete and 145 m3 of 
unbound aggregates), the sizes of picks lp, dct and dsb were 
determined according to the same methodology. Another 
K manufacturer pick (No 52) and 2 W manufacturer picks 
(No 13 and 33) were found as improperly worn when the 
road pavement milling process was finished. The ambient 
air temperature was not assessed in this study, which was 
17 °C during milling of dry road pavement up to 700 m2 
and 20 °C during milling of the rest 1450 m2 pavement. Not 
all picks had worn optimally as it is shown in Figure 2b.  
The most common cases of undesired wear in practice are: 
steel body washing out; excessive wear to the wear plate; 
carbide breakage; excessive lengthwise wear; bad rotation 
and clamping sleeve wear. These specific cases of improper 
wear are determined by certain conditions. Specialists are 
aware of the cause and effect and the possible solution.

3. Research results and discussion

The reduction of the 3 GP: (1) length of pick, (2) diam-
eter of carbide tip, (3) diameter of steel body – of picks 
from each manufacturer (W and K) after the milling of 
the 700 m2 and 1450 m2 asphalt pavement is shown in 
Figure 4. The degree of wear of individual pick from the 
same manufacturer differs due to stochastic factors and 
has a certain variation, which increases depending on the 
area A of the dismantled asphalt pavement. The higher 
amount of the pavement is milled, the greater variation of 
the GP of the picks is. 

2 forms of regression equations were chosen to deter-
mine the wear trend of the picks: the straight-line equa-
tion and the quadratic equation:Figure 3. New pick’s length lp measuring using calliper

Figure 2. Pick of milling machine: a – scheme of measurement of 
GP and its elements (1 – carbide tip, 2 – brazing, 3 – steel body, 
4 – wear plate, 5 – clamping sleeve); b – views of the new and 

optimally worn pick
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= ⋅ + 0y b x a   (7)

and
= ⋅ + ⋅ +2

0y c x b x a ,  (8)

where: y – pick GP (lp, dct and dsb) [mm]; a0, b, c – the 
free members of the regression equation were determined 
by the least squares’ method; x – area of loosened asphalt 
pavement A [m2]. 

The values of the coefficient of determination R2 in 
the Equation (8) are higher and this indicates that it bet-
ter corresponds to the experimental data. Calculated R2 
values vary from 0.7254 to 0.8843 and indicates that picks 
wear from 72.5 to 88.4% depends on milled area A. Re-
gression equation indicates that picks every GP decreases 
rapidly if milled area A increases.

Picks GP statistical data (Tables 2, 3 and 4) indicates 
that they changed depending on milled area A for pick of 
both manufacturers (W and K). The mean y  and standard 
deviation sy, called position and dispersion characteristics 
respectively, were calculated for picks, which quantity nW 
and nK is given in Table 3. This quantity of picks was used 
to determine the correspondence of each GP variation to 
the normal distribution according to the Kolmogorov’s 
criterion  – Equation (5). Applying an extremely strict 
significance level of a = 0.30, the values calculated for 3 
GPs out of 12 distributions were l greater than 0.974 at 
the recommended a  = 0.05, with only one distribution 
(l  = 1.581) being greater than la  = 1.358. Therefore, it 
can reasonably be stated that the GPs of the picks are dis-
tributed according to the normal law, which allows the use 

 Figure 4. 3 GP of milling machine picks decrease regression and variation diagram of experimental data without outliers:  
a – manufacturer W; b – manufacturer K
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of Fisher’s and Student’s criterions for the comparison of 
statistical indicators and y  and sy.

Length of pick pl  installed in the milling drum af-
ter the loosing of 700  m2 asphalt pavement more de-
creased by manufacturer W than by manufacturer K 
(∆ =W 3.45 mmy ; )∆ =K 2.65 mmy  (Table 4). K manu-
facturer’s picks wore more than W manufacturer picks 
(∆ =W 5.97y ; )∆ =K 6.97 mmy  after the milling of the 
1450 m2 asphalt pavement. 

Diameter of carbide tip ctd  more decreased for 
the picks of K manufacturer than W manufacturer 
(∆ =W 1.23 mmy ; )∆ =K 1.94 mmy  after 700  m2 asphalt 
pavement was milled. This GP ( )ctd  more decreased 

for the pick of manufacturer W than K manufacturer 
(∆ =W 4.69 mmy ; )∆ =K 3.03 mmy  after 1450  m2 as-
phalt pavement was milled, i.e., the opposite trend than 
the reduction in the length of the picks.

Diameter of steel body sbd  more decreased for the picks 
of K manufacturer (∆ =K 4.28 mmy ; )∆ =K 9.19 mmy  af-
ter 700  m2 and 1450  m2 asphalt pavement was milled.  
W manufacturer picks’ sbd  after 700 m2 pavement mill-
ing was ∆ =W 3.13 mmy  and respectively ∆ =W 7.58 mmy  
after 1450 m2 according experimental data.

As testing the null hypothesis H0, which states that 
there is no significant difference between the comparative 
parameters (pick wear rate) statistics (GP decrease), the 

Table 2. Comparison of statistical data wear of the picks of cold milling machine after milling of old asphalt concrete pavement 

The picks GP [mm] Company 
abbreviation

Milled area A [m2]

0 (new picks) 700 1450

mean standard deviation mean standard deviation mean standard deviation

Length of pick
W 44.18 0.379 40.73 1.167 38.21 1.466
K 45.50 0.497 42.85 1.743 38.53 1.472

Diameter of carbide tip 
W 18.20 – 16.97 0.430 13.51 1.197
K 17.80 – 15.86 0.499 14.77 0.645

Diameter of steel body 
W 25.0 – 21.87 1.730 17.42 2.870
K 24.8 – 20.52 1.440 15.61 2.508

Table 3. The quantity of picks used in the study and the distribution of their dimensional normality according  
to the Kolmogorov’s criterion (l value) 

The picks GP [mm] Company 
abbreviation

Milled area A [m2]

0 (new picks) 700 1450

Length of pick 
W 40 (0.410) 39 (0.488) 37 (0.341)
K 40 (0.850) 38 (1.278) 36 (0.633)

Diameter of carbide tip
W 40 (–) 39 (0.460) 37 (0.404)
K 40 (–) 37 (0.895) 36 (0.471)

Diameter of steel body 
W 40 (–) 39 (1.105) 37 (0.350)
K 40 (–) 38 (0.685) 36 (1.581)

Table 4. Data and evaluation of the wear uniformity test of 2 manufacturers of picks according to Fisher’s and Student’s criteria 

The picks GP 
[mm]

Milled 
area A 
[m2]

The difference 
between the new 

and worn pick 
mean values [mm]

Statistic value
Conclusion about 

null hypothesisFisher’s criterion Student’s criterion

∆ Wy ∆ Ky
calculated critical calculated critical

Fisher Student
Fca

Fcr (0.05; 
nW; nK) tca tcr 

n′ = nW + nK – 2

Length of pick
700 3.45 2.65 1.49 1.66 2.91 1.99; 1.67 + –

1450 5.97 6.97 1.00 1.71 3.52 1.99; 1.67 + –

Diameter of 
carbide tip

700 1.23 1.94 1.16 1.67 4.54 1.99; 1.67 + –
1450 4.69 3.03 1.86 1.71 7.37 1.99; 1.67 – –

Diameter of 
steel body

700 3.13 4.28 1.20 1.67 4.00 1.99; 1.67 + –
1450 7.58 9.19 1.14 1.71 4.71 1.99; 1.67 + –

Notes: a “+” sign indicates that the null hypothesis about the uniformity of the pick GP is accepted; a “–” sign indicates that the 
hypothesis is rejected.
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uniformity of each GP variances s2
W  and s2

K  were ini-
tially determined according to Fisher’s criterion. The em-
pirical values of the statistics Fca calculated according to 
Equation (3) are given in Table 4. Comparing them with 
the critical values of Fcr depending on the significance 
level a = 0.05 and the number of picks nW ir nK, it can be 
stated that only the variances of the diameter carbide tip 
s2

W  and s2
K, were not statistically equal because Fca > Fcr 

(1.86  >  1.71). The reduction variances of the other GPs 
s2

W  and s2
K  of the pick of both manufacturers (W and 

K) (Table 2) were the same because Fca < Fcr (Table 4). 
After proving that the investigated values (pick wear) 

are independent and distributed according to the normal 
law and their variances are equal, it is examined according 
to Student’s criterion whether the mean reductions ∆y  of 
3 GPs of 2 manufacturers (W and K) are significantly dif-
ferent (Equation (1)). The results (Table 4) indicates that 
the calculated tca of the 3 GPs are greater than their criti-
cal values tcr. Therefore, it can reasonably be argued that 

the pick wear of both manufacturers acts with different 
intensities.

The relative decrease in GP of the picks of individual 
manufacturers (W and K) calculated by Equation (6) dif-
fers (Figure 5). The pick length from the manufacturer 
W decreased more intensively (e = 7.8%) milling asphalt 
pavement up to 700 m2 and the diameter of the carbide 
tip of this manufacturer’s picks decreased more intensively 
(e  = 25.8%) at the end of the milling process, i.e., after 
1450 m2. Throughout the complete pavement milling cycle 
(up to 1450 m2) the steel body wear of the K manufac-
turer’s pick was faster (e = 17.2% and e = 37.1%). These 
experimental data indicate that no pick manufacturer has 
a clear priority in terms of the reduction in pick length 
and carbide tip diameter.

The average values of the relative decrease e  in GP (lp, 
dct and dsb) of each manufacturer’s pick calculated from 
the data of the diagrams (Figure 5) are almost the same. 
After the milling of 700 m2 of asphalt pavement using W 

 Figure 5. Relative wear e of W and K pick after milling of asphalt pavement: a – 700 m2, b – 1450 m2

Figure 6. The average decrease of pick GP of 2 manufacturers milling asphalt pavement
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manufacturers’ picks, their 3 GPs were reduced by an av-
erage of:

( ) =e = e + e + eW : 3
p ct sbl d d ( )+ + =7.8 6.8 12.5 : 3 9.0%, 

and the K by e =K 11.3%. After the milling of the 1450 m2 
asphalt pavement, the GP of the picks of manufacturer W 
decreased on average by e =W 23.2% and that for manu-
facturer K by e =K 23.1%, i.e., worn out equally.

The length lp of the picks of both manufacturers de-
creased on average by 6.8 % after the milling of 700 m2 of 
asphalt pavement and 14.4 % after milling 1450 m2. The 
diameter of the carbide tip  ctd decreased on average by 
8.85% and 21.4 % respectively and the diameter of the steel 
body sbd  by 14.85 % and 33.7 % respectively (Figure 6).  
The pick length wear was slowest, and the diameter of the 
steel body wear was the fastest.

Field experiment was performed with the same model 
road milling machine when the asphalt pavement was 
milled in 2 layers with thickness of 160 and 100 mm ac-
cordingly. Picks of larger dimensions from 2 manufactur-
ers were used during this trial. The results indicated that 
the relative reduction in the length of the picks was uni-
form and the reduction of the diameter of the carbide tip 
of manufacturer K was 4% higher than manufacturer W. 

Another experiment was provided milling 200 mm 
thickness asphalt pavement layer in milling in all depth 
and milling in 2 layers of 100 + 100 mm. Picks’ lifetime 
was longer milling in 2 thicker layers than milling in one 
pass. 

Conclusions

»» during the interaction of the milling machine’s picks 
with the material of the old asphalt pavement its lay-
er is broken at a certain depth into the grains as RAP 
granulate, suitable for recycling in cold and hot con-
ditions. During the cold milling process the picks 
wear out and the GP of their elements are reduced. 
Reducing the wear rate (intensity) of the picks would 
have the economic effect of asphalt recycling tech-
nology, thus allowing the road construction com-
pany to compete successfully in business; 

»» the presented model of determination and evalua-
tion of the wear process of 2 different manufacturers 
picks allows to compare the intensity of the decrease 
of their GP with the growing amount of the milled 
asphalt pavement area. Using the Student’s criterion, 
the values of each change (decrease) in GP distribut-
ed according to the normal law are compared when 
their variances are equal, and the samples are inde-
pendent. The uniformity of the variances (consist-
ency of the null hypothesis) is determined using the 
Fisher’s criterion and the normality of the variation 
of the pick wear data is determined according to the 
Kolmogorov’s criterion. The relative percentage re-
duction of GP of the picks was used to estimate the 
wear rate of each element; 

»» during field experiments equal wear conditions were 
created for 40 picks installed in milling drum tool-
holders from 2 different manufacturers (W and K) 
to determine the length of the picks, the diameter of 
the carbide tip and the diameter of the steel body re-
duction. In order to, all picks were measured before 
milling approximately 5 cm thickness asphalt pave-
ment of 700 and 1450 m2 area according to the cho-
sen milling technology and mixing it in-situ with a 
unbound aggregates base layer approximately 10 cm 
thick, seeking to determine and statistically evaluate 
their wear intensity; 

»» as the area of the milled asphalt pavement increases, 
all GPs of the picks decrease according to the square 
regression equation and the variation in the dimen-
sions of their elements increases. The difference 
between the dimension of the new and worn pick 
element is used to estimate the wear intensity of the 
pick. A comparative analysis of the GP reduction 
of the individual elements of the picks from both 
manufacturers (W and K) indicates that with the 
selected significance level a = 0.05 according to the 
calculated values of Student’s t-statistic, they wear is 
with different intensities. The arithmetic means of 
the relative percentage reduction of the 3 GPs of 
the picks from manufacturers W and K indicated 
that no significant difference was found in the com-
plex assessment of their wear rate. The values of the 
wear intensity of the picks may be different due to 
changes in the milling conditions of the pavement 
(asphalt composition and performance, layer thick-
ness, ambient temperature, milling machine and 
drum movement parameters, etc.). The results of 
this study indicate a trend in the wear of the picks 
and are not absolute recommended for practical use;

»» objective identification of geometrical picks wear al-
lows to start of creation milling costs methodology, 
which could be effectively adopted for road pave-
ment maintenance operators and owners. This field 
investigation and results would be a basis for the 
further development of milling machine pick wear 
determination including pavement composition, 
weather conditions.
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