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A B S T R A C T

A vehicle crashing against a surface or object always produces solid or liquid debris. The presence of foreign 
substances or distress on the asphalt concrete (raveling, potholes, ruts, cracking) leads to a reduction in road skid 
resistance. Skid resistance is one of the main factors contributing to the safety of road users. Over the years, 
numerous studies have been conducted on the presence of hydrocarbon spills, especially diesel, on the road 
surface. However, little attention has been paid to other types of dangerous liquid that can be spilled after a road 
accident. Moreover, these studies have focused on the performance degradation after spills, without examining 
the passage of vehicles on contaminated road surfaces. The idea developed in the present research is to analyse 
the consequences of the passage of a tire on a contaminated pavement. The effect of four different types of 
hazardous spills was tested on a wearing layer bituminous mixture (diesel, petrol, engine oil, brake oil). To 
simulate vehicle traffic on the road surface, a Hamburg wheel tracking device with rubber wheels at room 
temperature was employed. Asphalt concrete performances were evaluated in terms of skid resistance and 
rutting. The simulation of a vehicle load due to traffic showed different behaviour for oil and hydrocarbon spills 
on road surface.

1. Introduction

Road users’ safety is closely linked to road surface conditions. The 
presence of foreign substances or distress on the road surface (raveling, 
potholes, rut, cracking) leads to a reduction in road friction. Friction is a 
phenomenon that occurs in tyre-pavement contact and is influenced by 
several factors: vehicle motion, tyre characteristics, road materials, 
pavement surface layer texture (micro and macro texture), road type 
and service life, vehicular traffic, and environmental conditions [1]. 
Addressing spills on road pavements requires a comprehensive under
standing of their causes, characteristics, and consequences. As already 
stated above, decay of the functional and mechanical performance of a 
road pavement leads to a reduction of the effectiveness of the vehicle 
braking system and an increase of road accidents [2].

Therefore, spills on road pavements pose significant challenges for 
both public safety and environmental integrity. From minor oil leaks to 
major chemical spills, these incidents can result in a multitude of con
sequences, ranging from compromised road surface integrity to 
contamination of soil [3]. The impact of spills on road surface is mani
fold and can have far-reaching implications. In addition to the 

immediate risks to motorists, pedestrians, and nearby ecosystems, spills 
can also entail substantial financial burdens for cleaning, road repairs, 
and legal liabilities. Moreover, the long-term environmental effects of 
spilled substances can persist for years, affecting soil quality, ground
water resources, and biodiversity.

When an accident occurs, debris and different types of fluids are 
released onto the road surface which, if not removed promptly, can 
cause a second road accident. In addition, most of the fluids contained in 
a vehicle, that can be spilled as a result of a collision, are flammable 
(petrol, diesel, engine oil, gear oil, automatic transmission fluid, brake 
fluid, powering steering fluid and engine coolant). Under specific con
ditions, they may ignite, damaging the asphalt concrete irreversibly [4]. 
But even if they do not catch fire, the mere presence of these liquid 
substances on a bituminous conglomerate - especially in the case of 
hydrocarbons fuels, causes corrosion of the bond between aggregates 
and bitumen - and a consequent degradation of the road surface [5].

Since the early 2000s numerous studies have been carried out on the 
consequences of accidental spills on road surfaces. However, most of this 
research have focused on the effect of diesel spills on the road pavement 
performance [6–12] and very few studies have explored the impacts of 
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other types of liquids released after a road accident (engine oil, brake 
fluid, petrol, battery acid) [13–16]. The damage caused to the road 
pavement depends both on the type of pollutant spilled and on the time 
elapsed before its removal from the road surface. In the case of oily 
liquids, a drastic reduction in skid resistance was observed in the first 
hours after the spillage, very threatening for two-wheeled vehicles [14, 
16]. The presence of flammable hydrocarbons on the surface, on the 
other hand, causes not only a reduction in skid resistance, but also a 
decrease in the structural characteristics of bituminous conglomerate in 
the long term, thus weakening the binding action of bitumen [6,12]. The 
intervention times for the removal of spilled pollutants and the cleaning 
of the road surface have a fundamental role on the damage of the asphalt 
concrete. However, removal procedures do not always take place 
quickly and, immediately after an accident, many vehicles may pass on 
contaminated surfaces.

Road traffic can significantly aggravate damage to road surfaces 
caused by spills. The main effects of traffic on damaged surfaces may 
concern the rapid deterioration of the pavement, the increased risk of 
accidents due to the reduced adhesion between the tire and the road 
surface and the erosion of the road surface. To this damage must be 
added those to the subsoil, which compromise the integrity of the very 
foundations of the road and the spread of pollutants which contribute to 
increase air pollution. To minimize these effects, various strategies can 
be adopted. First, quick and immediate cleaning can prevent substances 
from penetrating the road surface and thus reduce the risk of damage. In 
addition, routine inspections and maintenance can help identify and 
address spill damage promptly, preventing more serious problems. 
Instead, to investigate the effects of traffic on road pavements over time, 
it is possible to carry out various tests in the laboratory [17].

Starting from the Immersion Wheel Track, introduced in UK in 
1950s, different test methods and procedures have been developed to 
evaluate, in laboratory condition, the deterioration of the road surface 
and the polished effect on the tyre-pavement contact caused by vehicles. 
In addition to devices like the WES-track or the Accelerated Pavement 
Testing facility (APT), which require larger test tracks or small circuits, 
most tests are performed on small-sized bituminous mixture specimens, 
such as slabs or paired cylindrical samples [18,19]. The French Rutting 
Tester (FRT), Couch Wheel Tracker (CWY), Flat Solid Rubber Wheel 
Loaded Wheel Tracker (FLWT), Wessex Dry Wheel Tracker, Mobile Load 
Simulator Model (MMLS3), NCSU Wheel Tracking Device, Purdue 
Wheel Tracking Device (PURWheel-G2), and Road Test Machine (RTM) 
are among the various Rubber Tire Wheel Tracking devices used over 
time, under laboratory setting, to assess the damage caused by traffic on 
small samples in wet and dry test conditions [20–23]. An alternative, 
though less commonly recognised, method of simulating the impact of 
vehicular traffic in the laboratory is the Wehner–Schulze procedure. 
This method simulates accelerated polishing on road surface materials 
and measures the friction associated with sliding of rubber blocks across 
the specimen before and after this polishing [24,25]. Currently, the most 
used devices used to analyse wheel tracking damage are the Hamburg 
Wheel Tracking Device (HWTD), specified in AASHTO T324 [26], the 
Asphalt Pavement Analyzer (APA), specified in AASHTO T340 [27], and 
the Wheel Tracking Test, described in EN 12697–22 [28].

The aim of this research is to study the effect of the passage of ve
hicles on road surfaces contaminated by spills. Very often it happens that 
the road surface is not cleaned promptly after an accident, or that this 
procedure is not carried out correctly. The presence of pollutants on the 
surface becomes a danger for vehicles passing through it, in particular 
for two-wheelers. An uncontaminated road pavement was compared to 
four different road surfaces polluted by road accident spills (Petrol, 
Diesel, Engine Oil, Brake oil). The Simulation of traffic in the laboratory 
was carried out with an experimental application of the Hamburg Wheel 
Tracking Device. The performance of the road pavement after the 
vehicle passes was evaluated in terms of rutting and skid resistance.

2. Materials

Materials used on the wearing layers of a road pavement have a 
strong influence on the safety of road users. Aggregate size, grading size 
distribution, bitumen type and compaction are just some of the problems 
that can lead to low performance of a bituminous mixture. The purpose 
of this study is to analyse the effect of the passage of vehicles on road 
pavement contaminated by liquid spills from road accidents. For this 
reason, a traditional hot mix asphalt was used with a 50/70 unmodified 
bitumen. Four different hazardous liquids were utilized for the spill 
performance evaluation to simulate a road accident spill.

2.1. Materials and laboratory specimen

The aggregates used for the hot mix asphalt were composed by 
crushed stone, sand and filler. For this study, a grading distribution of 
the mixture for wearing layers was employed (Fig. 1). Its compliance 
was assessed by comparing it with the ANAS -Type B gradation band 
defined by one of the most widely used Italian technical standards [29].

In this study, a traditional bituminous mixture for road wearing 
layers was used, produced in accordance with the procedures specified 
in the ANAS technical specifications [29]. A gyratory compactor, set at 
110 gyrations, was used to produce 44 cylindrical specimens with 
diameter of 150 mm and 6 cylindrical specimens of diameter of 100 mm 
(EN 12697–31). Since it is a hot mix asphalt, the mixing and compaction 
phases were conducted at temperatures of 180◦C and 170◦C, 

Fig. 1. Mixture grading distribution and gradation band.

Table 1 
Technical properties of post-accident liquid spills.

Testing 
items

Unit Petrol Diesel Engine 
Oil

Brake Oil

Phase state - liquid liquid liquid liquid
Color - Clear green clear 

bright
- light yellow/ 

amber
Density at 

10◦C
kg/ 
dm3

0.720–0.775 - - -

Density at 
15◦C

kg/ 
dm3

- - 0.866 -

Density at 
20◦C

kg/ 
dm3

- 0.820 – 
0.845

- 1.020–1.085

Total lead mg/l 5 - - -
Water mg/ 

kg
- 200 - -

Viscosity at 
40◦C

mm2/ 
s

1 < 2.00–4.50 96.0 -

Viscosity at 
− 40◦C

mm2/ 
s

- - - 1800 <

Flash point ◦C > 21 > 55 > 216 > 260
Biodiesel 

content
% - 7.0 - -
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respectively.

2.2. Hazardous spill-out materials

In literature there are several studies on the road damage caused by 
spills, but most of them are focused on the effects of diesel [6,8,9,11,12]. 
In some research the presence of foreign substances spilled on the 
pavement is assessed, mainly linked to skid resistance loss (oils, sand, 
clay, water) [13,14,25,30]. However, very few studies have been con
ducted on dangerous fluids spilled on the surface layers due to road 
accident (petrol, diesel, engine oil, brake oil and battery acid) [15].

In this research, damage from hazardous spills on asphalt concrete 
was evaluated using four different liquids derived from a car crash: 
Petrol, Diesel, Engine oil, and Brake oil, the technical properties of 
which are shown in Table 1.

3. Methods

3.1. Experimental program

The experimental program was designed to evaluate the perfor
mance of a contaminated asphalt concrete under the passage of a wheel 
load, according to the scheme showed in Fig. 2.

In the preparation phase of the study, an identification of the most 
common car accident spills was executed and a total of 5 different 
condition of contaminated road pavement were established: Uncon
taminated (U), contaminated by Petrol (P), contaminated by Diesel (D), 
contaminated by Engine oil (E), and contaminated by Brake oil (B). 
Laboratory estimations on contaminated road pavements performance 
were carried out using the Hamburg Wheel Tracking Device and the 
British Pendulum Tester with experimental settings.

The first part of the laboratory phase consisted of a characterization 
of the hot mix asphalt and of a preliminary evaluation of operating the 
Hamburg Wheel Tracking Device (HWTD) to simulate road traffic. 
Studies present in literature have shown that rubber tire wheel tracking 

Fig. 2. Experimental program scheme.

Fig. 3. Hazardous liquid spill on HWT specimen.
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in water condition is not usual, although the rubber wheel is more 
similar to the tire of a vehicle [23].

For each type of hazardous spill, 60 ml of liquid was poured onto the 
HWT test specimen (Fig. 3). It is widely recognized that each pollutant 
possesses a distinct dispersion behaviour, influenced by its inherent 
physicochemical properties and by the quantities in which they are 
generally contained within the vehicles. However, research conducted 
by Lantieri et al. [16] and Bruno et al. [31] demonstrated that this 
volume is sufficient to uniformly cover the surface of an HWT specimen, 
thereby enabling a realistic simulation of tyre interaction with a fully 
contaminated pavement, as might occur in real-world post-accident 
scenarios.

3.2. Surface layers HMA characterization

The spillage of hydrocarbons, such as petrol, diesel, motor oil, re
duces the mechanical properties of the road pavement. Moreover, the 
degree of damage to the bituminous conglomerate is affected by the 
porosity and permeability of the asphalt concrete [9]. For this reason, 
the performance of the uncontaminated asphalt concrete was analysed 
in terms of bitumen content (EN 12697–1), air voids content, mechan
ical strength (ITS), moisture sensitivity (ITSR) and rutting.

3.2.1. Volumetric analysis
Evaluation of voids content was carried out on 21 uncontaminated 

specimen (diameter 150 mm) in compliance with the EN 12697–8 
standard [32]. In particular, maximum density and bulk density were 
calculated using a mathematical and geometric approach, respectively 
EN 12697–5: Procedure C [33] and EN 12697–6: Procedure D [34].

3.2.2. Indirect tensile strength
Indirect Tensile Strength (ITS, EN 12697–23) was assessed on three 

cylindrical samples with a diameter of 100 mm diameter. Before the test 
was carried out, the samples were conditioned at the temperature of 
25◦C for four hours [35].

3.2.3. Moisture sensitivity
Moisture sensitivity was evaluated through a set of six 100 mm 

diameter cylindrical samples. The Indirect Tensile Strength Ratio (ITSR) 
[36] was calculated considering a group of 3 specimens saturated in 
water bath for 72 h at 40◦C and a set of 3 samples maintained in air at 
25◦C according to Method A of EN 12697–12.

3.2.4. Rutting
Rutting performance of a HWT (Hamburg wheel-tracker) specimen 

was carried out in a temperature-controlled water bath at 45◦C in 
compliance with the American standard AASHTO T324 [26]. Two 
150 mm diameter gyratory samples were cut and placed into a special 
mould to create an HWT specimen. The test consisted in evaluating the 
maximum deformation caused by the passage of a metal wheel (705 N 
load and 0.305 m/s speed) within a maximum rut depth of 20 mm or a 
number of passages equal to 20’000.

3.3. Experimental application of HWTD

The Hamburg Wheel Tracking Device (HWTD) is generally used to 
assess the potential rutting resistance and the potential moisture damage 
of road pavement. The rut formed on the bituminous conglomerate by 
the repeated passage of a loaded wheel at constant temperature allows 
to assess the susceptibility of road pavement. Two cylindrical gyratory 
specimens are subjected to the passage of a metal wheel in a water bath 
at a constant temperature if the test is conducted according to AASHTO 
T324 standard [26]. However, if European standard EN 12697–22 is 
used, rutting resistance on road pavement is assessed on asphalt con
crete slabs in air condition using different dimensions of a rubber wheel 
[28].

In this study, the standard Hamburg Wheel Tracking Test, described 
in AASHTO T324, was slightly modified. All the tests were conducted at 
the room temperature of 25◦C in air condition because the contaminated 
samples could not be directly immersed in a 45◦C water bath.

Table 2 shows the different instrument settings related to the various 
phases of the spillage study (calibration-U, calibration-S, rutting, 
traffic).

In the calibration phase of the testing procedure, the primary 
objective was to assess the influence of the newly proposed device 
configuration on pavement performance under different contaminant 
conditions. Initially, three replicate specimens were tested for the un
contaminated condition (U) using a rubber wheel, which most closely 
simulates actual vehicular loading, as supported by previous studies on 
traffic simulation [19,20]. This approach provided a baseline for eval
uating the effects of the contaminants.

Subsequently, two replicate specimens were tested for each 
contaminated condition (P, D, E, B) using the same rubber wheel 
configuration. The choice to reduce the number of replicates in the 
polluted cases was made after confirming the reliability and consistency 
of the calibration setup during the uncontaminated phase.

For the metal wheel condition (Rutting phase), only one specimen 
was tested per contamination scenario. This decision was based on the 
expectation that the metal wheel, due to its rigid profile, would pri
marily flatten the surface and not provide meaningful insight into post- 
test skid resistance. Thus, as the standard AASTHO T324 test, only 
rutting depth at 100’000 passages was measured in this configuration.

In the traffic simulation phase, aimed at evaluating the influence of 

Table 2 
HWTD experimental application program.

Testing Calibration- 
U

Calibration- 
S

Rutting Traffic

Specimen size (D) 150 mm 150 mm 150 mm 150 mm
N. gyratory 

samples
6 8 10 20

Wheel Rubber Rubber Metal Rubber
Test conditions Air Air Air Air
Test temperature 25◦C 25◦C 25◦C 25◦C
Max wheel 

passages
100’000 100’000 100’000 50’000

Pavement 
condition

U P, D, E, B U, P, D, E, B U, P, D, E, B

Note: U = Uncontaminated; P = Petrol; D = Diesel; E = Engine Oil; B = Brake 
Oil.

Fig. 4. Pendulum test on HWT samples.
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cumulative wheel passes on surface distress and skid resistance, two 
replicate specimens per condition (U, P, D, E, B) were tested using the 
rubber wheel for up to 50,000 cycles. The results reported are the 
average values obtained from the two replicates, and the standard de
viation was calculated to account for variability.

3.4. Skid resistance evaluation with british pendulum tester

Insufficient skid resistance on surface layers leads to a decrease in 
road grip, which leads to increased risks for drivers and a rise in road 
accidents. A British Pendulum Tester (BPT) was used to evaluate the 
surface skid resistance of both uncontaminated and contaminated sur
face after rubber wheel passages (Fig. 4).

British Pendulum test is one of the most widely used methods for 
assessing the road grip of a vehicle at low speed (under 50 km/h speed) 
[33]. Generally, the test is conducted on a wet road surface, but in this 
investigation a no-water condition was used due to the presence of 
dangerous liquids spilling on the bituminous pavement surface. For the 
Pendulum test on road pavement, a large rubber slider (type 57) with 
dimension 76.2 × 25.4 mm is commonly used [37]. However, the rut 

track produced on the bituminous pavement with the HWTD is only of 
50 mm wide, hence a narrow rubber slider (type 57) of 
31.75 × 25.4 mm, generally used for PSV test method [38], was utilized 
for this study.

During the traffic simulation with the Hamburg Wheel Tracking 
Device, the track was stopped to allow estimation of the skid resistance 
with BPT on a fixed number of passages (0, 1’000, 5’000, 20’000 and 
50’000).

4. Results and discussion

4.1. Mixture characterization

Lantieri C. et al. [16] highlighted that the spillage of pollutants on 
road pavements leads to a reduction in their mechanical performance. In 
Table 3 are illustrated the characterization tests of the hot mix asphalt 
used in the study, absent of any potential contamination, in order to 
highlight any changes in performance due to the contaminating sub
stances. Compared to the reference specification range the mixture 
shows an acceptable value in terms of bitumen and voids content for a 
dense-graded wearing layer asphalt concrete. The mix used exhibits high 
mechanical strength in terms of ITS, and acceptable values of water 
sensitivity (ITSR) according to the Italian traditional road surface 
pavement.

4.2. Wheel tracking calibration

Fig. 5 shows the mechanical performance of the bituminous pave
ment in terms of rut depth after the passage of a rubber wheel.

An average rut depth of 0.52 mm was observed for the 

Table 3 
Mixture characterization.

Characteristics Unit Value Acceptable range [29]

Bitumen Content on aggregate [%] 6.11 -
on mixture [%] 5.76 4.5 – 6.1 %

Voids Content [%] 5.83 3.0 – 6.0 %
ITS [MPa] 1.90 0.90 – 2.20 MPa
ITSR [%] 78 > 75 %
Rut Depth [mm] 3.32 -

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

Ru
th

 d
ep

ht
 [m

m
]

Wheel passes [Number]

UNCONTAMINATED PETROL ENGINE OIL DIESEL BRAKE OIL

Fig. 5. Calibration results: rut depth with rubber wheel.

Fig. 6. Rut depth at 100’000 with rubber wheel (HWT samples).
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Uncontaminated samples after 100’000 rubber wheel passages. Hydro
carbon contaminated surfaces delineated the same tendency due to the 
vehicular traffic simulation. The Petrol and Diesel cases obtained the 
highest rutting damage from the rubber wheel at 100’000 passages, 
respectively 2.02 mm (P) and 1.88 mm (D). Traffic effect on Brake Oil 
spilled pavement had provoked the same amount of damage as the 
Uncontaminated case (0.48 mm). In the case of Engine Oil, which is a 
liquid hydrocarbon, a slightly deterioration of 1.16 mm was observed.

A comparison of the rutting damage generated by the rubber wheel 
at 100’000 passages on the different asphalt concrete surface is shown in 

Fig. 6.
A visual inspection of the five HWT samples highlighted a marked rut 

track on the bituminous pavement surface of case P, D and E. Thus, 
uncovered aggregates can be seen on diesel contaminated samples, 
while lower levels of dissolved bitumen are observed on petrol and en
gine oil case study. Only a different color of asphalt concrete wearing 
layer is detected between the brake oil samples and the uncontaminated 
case.

4.3. Rutting evaluation

Rutting results evaluated at 25◦C with a metal wheel on the different 
bituminous pavement surfaces are illustrated in Fig. 7.

All the case studies showed different levels of rutting damage in air 
conditioning. The maximum rut depth was estimated for the road sur
face contaminated by Diesel (6.36 mm), while only 4.13 mm was noted 
for the Petrol case. Both oil spillages showed less rutting damage 
compared to the asphalt concrete contaminated by hydrocarbons, 
2.79 mm (B) and 2.92 mm (E) respectively. A rut depth of only1.19 mm 
was evaluated in the Uncontaminated case.

4.4. Traffic and skid resistance evaluation

Previous analysis on rutting damage with a rubber and a metal wheel 
highlighted that the highest decrease in mechanical performance can be 
observed in the first 50’000 passages. Thus, a detailed study of the 

Fig. 7. Metal wheel rutting results.

Table 4 
Rut depth at fixed rubber wheel passages.

Pavement 
Condition

Rut Depth at certain number of wheel passes [mm]

1000 5000 20000 50000

Uncontaminated 0.35 
(±0.210)

0.48 
(±0.270)

0.58 
(±0.320)

0.73 
(±0.415)

Petrol 0.34 
(±0.005)

0.70 
(±0.050)

1.42 
(±0.000)

1.92 
(±0.130)

Engine Oil 0.19 
(±0.015)

0.34 
(±0.030)

0.59 
(±0.015)

1.04 
(±0.040)

Diesel 0.24 
(±0.090)

0.44 
(±0.015)

0.81 
(±0.105)

1.31 
(±0.060)

Brake Oil 0.15 
(±0.010)

0.22 
(±0.010)

0.26 
(±0.015)

0.35 
(±0.015)

20

30

40

50

60

70

80

90

100

Before Spill 0 1000 5000 20000 50000

]VTP[
eulav

ecnatsier
dikS

Wheel passes [Number]

UNCONTAMINATED PETROL DIESEL ENGINE OIL BRAKE OIL

Fig. 8. Skid resistance results at certain number of rubber wheel (Skid samples).
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mechanical performance of bituminous pavements in terms of rut depth 
at a fixed number of rubber wheel passages until 50’000 passes were 
executed (Table 4). For each road pavement condition (Uncontami
nated, Petrol, Diesel, Engine Oil, Brake Oil) an average of two HWT 
samples were used.

Skid resistance results in terms of PTV of the trafficked samples at a 
fixed number of rubber wheel passages are illustrated in Fig. 8. An 
assessment of the road grip with a pendulum test was executed 30 min 
before the contamination of the samples surface for the hazardous spill 
cases (P, D, E, B).

At 0 passages a difference of 20 PTV was calculated between the 
Uncontaminated specimen and the Petrol case, while other liquid pol
lutants induced a higher reduction of road friction. After 1’000 wheel 
marks, with the only exception of case B, a slight increase in skid 
resistance was observed on the contaminated pavement surfaces. From 
5’00 50’000 passages a high recovery of road grip was measured for 
surfaces stained with Petrol, Diesel and Engine Oil, while very low PTV 
results were assessed for pavement contaminated with brake Oil (around 
45 PTV). In the case of hydrocarbon spillage (P, D), particularly with 
diesel, a more rapid increase in skid resistance, in terms of PTV, was 
observed. This can be attributed to the dissolution of the surface 
bitumen layer, the dislodging of the aggregates and the removal of the 
particles due to tyre passage.

A comparison between Table 4 and Fig. 8 results shows that Petrol 
stained asphalt concrete has the worst mechanical performance in terms 
of rutting, but the least reduction in term of skid resistance. On the 
contrary, a road surface contaminated by Brake Oil reveals a lower 
rutting damage but a higher loss of PTV, that is not recovered even after 
50’000 wheel passages. Although less evident, these behaviors can also 
be observed in other cases of hydrocarbon contamination (Diesel) and 
oil spills (Engine Oil).

5. Conclusions

This work aimed to evaluate the damage induced by vehicular traffic 
on contaminated asphalt concrete in the laboratory. An uncontaminated 
road pavement was compared with four different road surfaces polluted 
by road accident spills (Petrol, Diesel, Engine Oil, Brake oil). The 
Simulation of traffic in the laboratory was carried out with an experi
mental application of the Hamburg Wheel Tracking Device. Perfor
mance of road pavement after vehicle passages were evaluated in terms 
of rutting and skid resistance.

Some important conclusions can be drawn according to the results 
presented in this study: 

• The usage of a rubber-wheeled Hamburg Wheel Tracking Device at 
room temperature is acceptable and reliable method to simulate the 
traffic effect on a road pavement in the laboratory with the appro
priate test conditions. Behaviors of several contaminated asphalt 
concrete were observed until 100’000 wheel passes in this 
investigation.

• In terms of rutting, obtained with a metal wheel up to 100’000 
passages, hydrocarbon spills produce the highest damage. Less road 
surface deterioration was observed in a comparison between un
contaminated asphalt concrete and oil-stained pavement.

• The hydrocarbon-contaminated surfaces were the most influenced 
by the high number of passages of a rubber wheel, while asphalt 
concrete stained by brake oil was the least affected, as highlighted by 
the traffic simulation with HWTD.

• As for skid resistance, a different trend was observed. Oil-stained 
road surfaces were the most affected by the hazardous spills and in 
the case of Brake oil even the passages of the rubber wheel did not 
allow the recovery of the skid resistance. In the hydrocarbons (diesel 
and petrol) case, a lower loss of road friction was observed, but only 
over 5’000 rubber wheel passages did the skid values gain acceptable 
values. A higher initial loss of skid resistance was obtained on the 

engine oil spill case, but a high recovery of road friction was 
observed due to the increase of the rubber wheel passage.

An evaluation of the hazardous spill damages after car accidents will 
be implemented on different types of road pavements. Further valida
tion of the Hamburg Wheel Tracking Device to simulate the passages of a 
tire on asphalt concrete will be developed with other skid resistance 
analyses.
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