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Preface 
In 1997 Finland and Sweden jointly invested in a Heavy Vehicle Simulator, HVS, 
from South Africa. 

After the first period in Finland the HVS-NORDIC was moved to Sweden and 
VTI (Swedish National Road & Transport Research Institute) in Linköping in 
September 1998.  

A program for research co-operation in the area of accelerated pavement 
testing has been agreed between Finland and Sweden covering the years 
1997-2003. 

The general objective of the research co-operation is to learn more about 
pavement response and pavement performance. A second but most important 
objective is to learn about the HVS-machine itself and the way it simulate traffic 
and deteriorate pavements and how this is related to real pavement performance. 

During the first year in Sweden, 1999, tests were performed as planned in the 
research program on typical Swedish low volume road structures. The test facility, 
the construction of the test structures, instrumentation and test programme are 
reported, as well as the main test results and conclusions. 

During the second year, 2000, two typical Icelandic pavement structures was 
tested on request from the Icelandic Road Administration and two steel fabric 
reinforced structures which were tested as a part of an European research project, 
REFLEX (Reinforcement of Flexible Road Structures with Steel Fabrics to 
Prolong Service Life). These tests are and will be reported elsewhere. 

The research programme and a major part of the investment in the HVS-
NORDIC have been funded by the Swedish National Road Administration, which 
is gratefully acknowledged.  

Many persons have been involved in these tests and the author expresses 
sincere thanks to them all. Especially thanks go to the following colleagues at 
VTI, Håkan Carlsson, Thomas Halldin, Leif Lantto, Peter Ståhl, Anders Swenson, 
Lars-Olof Svensson and Lars-Göran Wågberg. 

 
Linköping in August 2001 

 
 

Leif G Wiman Kent Gustafson 
Author Research Director 
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Accelerated load testing of pavement 
HVS-NORDIC tests in Sweden 1999 
by Leif G Wiman 
Swedish National Road and Transport Research Institute (VTI) 
SE-581 95 Linköping 

 
 
 
 

Summary 
Introduction 
In 1997 Finland and Sweden jointly invested in a Heavy Vehicle Simulator, HVS, 
from South Africa. 

After the first period in Finland the HVS-NORDIC was moved to Sweden and 
VTI in Linkoping in September 1998. 

A program for research co-operation in the area of accelerated pavement 
testing has been agreed between Finland and Sweden covering the years 
1997-2003 [3]. 
The general objective of the research co-operation is to learn more about 
pavement response and pavement performance. A second but most important 
objective is to learn about the HVS-machine itself and the way it simulate traffic 
and deteriorate the pavements and how this is related to real pavement 
performance. 

During the first year in Sweden, 1999, tests were performed as planned in the 
research program on typical Swedish low volume road structures. 

During the second year, 2000, two typical Icelandic pavement structures were 
tested on request from the Icelandic Road Administration and two steel fabric 
reinforced structures which were tested as a part of an European research project, 
REFLEX (Reinforcement of Flexible Road Structures with Steel Fabrics to 
Prolong Service Life). These tests are and will be reported elsewhere. 

The tests during the first year on typical Swedish low volume road structures 
are presented in this report. 

The main objective of these first tests was to get pavement response and 
pavement performance results that could act as reference in coming tests. 

The results presented in this report are data from the documentation of the test 
structures and data from the measurements of pavement performance during the 
tests. The aim of the report is rather informative than scientific. The considerable 
amount of data from the response measurements will be evaluated and presented 
later in other reports. 

 
Test facilities 
The HVS-NORDIC is a mobile linear full-scale accelerated pavement-testing 
machine (HVS Mark IV), figure 1. The machine can be run over a short distance 
by itself at walking speed and can be moved as a semi-trailer over longer 
distances. 

The HVS-NORDIC has a heating/cooling system and thus temperature can be 
held constant. The air inside the insulating box is heated or cooled and controlled 
in order to keep the pavement temperature constant. The standard pavement 
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temperature is selected at +10°C. The HVS can be run by diesel or by electric 
power. The diesel engine also provides power for the heating/cooling system and 
thus it is independent of external power. 

The main technical characteristics are as follows: 
- Loading wheels, dual or single 
- Loading can be in one or both directions 
- Number of loading are 22 000 in 24 hours (including daily maintenance) 
- Loading wheel lateral movement is 1.5 m. 
 
In total the length is 23 m, width 3.5 m, height 4.2 m and weight 46 ton. The 

wheel load can be varied from 30 kN to 110 kN (corresponding axle loads 
60...220 kN) at speeds up to 12 km/h. The machine can be run 24 hours a day, 
during the nights and weekends without any staff present. 

At VTI there is an indoors full-scale pavement test facility where pavements 
can be constructed by ordinary road construction machines. This facility 
comprises three test pits and two of these are used for the accelerated pavement 
testing, figure 4. The size of the test pits is 3 m in depth, 5 m in width and 15 m in 
length. The use of two test pits means that one test section can be constructed 
while the test is running on the other, figure 5. 

During the first year in Sweden four structures were tested (SE01–SE04). The 
test pits were filled with fine sand to a thickness of 2.5 m to act as a subgrade to 
the test structures. The first two test (SE01 and SE02) were performed on the 
newly built pavements while the other two were performed after rehabilitation of 
the first two after completed tests. The rehabilitated pavements were called SE03 
and SE04 and the rehabilitation measure was milling and levelling (overlay in the 
milled area) of the surface layer to get a new even surface without rutting. 

 
Instrumentation 
During the construction of the test structures a lot of sensors were installed in the 
structures to be used in the response measuring program. Most of the sensors are 
located in the centre line of the loaded area (6x1 m). The following sensors was 
used in test structure SE01: 
- Strain gauges on top and at the bottom of the asphalt concrete layer in 

longitudinal and transverse direction. The sensors were retrofit strain gauges 
of the same kind as was used previous in the tests in Finland. 

- Soil pressure cells, from University of Nottingham, on three different levels. 
- Surface deflection was measured by LVDT on top of steel rods anchored at 

the concrete bottom of the test pit. 
- Deflection of base and subgrade surface were measured by plates connected to 

steel rods through the concrete bottom of the test pit. 
- Temperature sensors in the asphalt concrete layer. 

 
Test procedure in general 
Before each accelerated loading test pre-loading and a comprehensive response 
measurement program were performed. 

The pre-loading was done in order to relax possible residual stresses and cause 
some post-compaction. This was done during one day with a lower wheel load 
(30 kN single wheel load) and with a specified lateral distribution. The size of the 
single wheel was 425/65R22.5. 
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The response measurements embrace a considerable amount of measurement 
of stresses, strains and deflections at different positions in the test structures and at 
different test-loads, test-wheels, tyre pressures, lateral positions, speeds and 
temperatures. 

After the response measurements the accelerated loading test was started. 
Normal running was day and night seven days a week with interruptions only for 
daily service of the machine, which means about 22 000 loading per day including 
both directions. The following standard set of test parameters have been used: 
dual wheel load 60 kN, tyre pressure 800 kPa, wheel speed 12 km/h and pavement 
temperature +10°C. The size of the dual wheel was 295/80R22.5.  

Pavement performance has been studied by daily visual inspections and 
measurements of cross profiles three times a week in five locations for rut depth 
calculations. 

All collected data will be stored in a common Finnish-Swedish database 
including information on test sites, pavement structures, sensors, materials, 
response and performance measurement results. 

 
Conclusions 
During the first year in Sweden four accelerated pavement tests was carried out 
with the new HVS-machine. The tested structures were typical Swedish low 
volume road structures as they were presented in the former Swedish national 
specifications, BYA 84. The first two tests were performed on newly built 
structures and the second two tests were performed on the same structures after 
rehabilitation. Both structures were of gravel-bitumen type with thin asphalt 
surface layers and a total pavement thickness of 150 mm and 300 mm 
respectively. 
• The first experience of the test was that the first pavement lasted longer than 

expected. This was also the case in the first test in Finland. 
• In the first test, with the thin pavement, the rutting was relative large during 

the first part of the test (pre-loading and response measurements). 
• In dry condition even the thin structure could carry rather high wheel load. An 

increase of wheel load from 60 kN to 80 kN and corresponding increase in tire 
pressure didn’t increased the rutting very much. 

• Most of the surface rutting before rehabilitation could be found as deformation 
of the sand subgrade while after rehabilitation up to half of the surface rutting 
was due to deformation of the asphalt layers. 

• The effect of moisture was clear. The pavement life (number of loads) at 
10 mm rut depth was 2.5 to 5 times more in dry condition compare with wet 
condition. 

• The thicker structure (SE02) showed largest difference between dry and wet 
condition. This was due to good performance at dry condition. 

• The pavement life (number of loads) of the thicker structure (SE02) was 
4 times more in dry condition compared with the thinner structure (SE01). The 
total thickness of pavement SE02 was twice that of pavement SE01 but also 
the actual asphalt surface layer was thicker, 62 mm compared with 49 mm for 
SE01 pavement. 

• This difference in layer thickness leads to the conclusion that it’s not an easy 
task to construct pavements with high accuracy in layer thickness. This was 
also one of the experiences from the first tests in Finland. 
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• The difference in pavement performance at wet conditions was less than 
expected. One reason for this could be that the comparison wasn’t done at the 
same condition. The thinner structure was exposed to more loading before 
water was added and thus had got more deformations in the dry situation. 

• The effects of the overlays differ in a way that could be expected. The thicker 
overlay on the thinner structure reduced the rutting more than the thinner 
overlay on the thicker structure. 

• Another effect after overlay, as mentioned above, was that almost half of the 
rutting after overlay could be found in the overlay and not as before overlay, 
most of the rutting in the subgrade. This points out the importance to chose a 
rut resistant mix to the overlay. 

 
The results evaluated in this report are the results from the pavement performance 
measurements, rutting and deformation. A large amount of data has been collected 
during the pavement response measurements. These data, stresses, strains and 
deflections during a variety of test conditions will be used later for comparison of 
the test structures and for analysis of relations between pavement response and 
pavement performance. 
 
Future plans 
As described in the introduction a program for research co-operation in the area of 
accelerated pavement testing has been agreed between Finland and Sweden 
covering the years 1997–2003. 

During the first year in Sweden, 1999, tests were performed as planned in the 
research program on typical Swedish low volume road structures and these are 
presented in this report. 

During the second year, 2000, two typical Icelandic pavement structures were 
tested on request from the Icelandic Road Administration and two steel fabric 
reinforced structures which were tested as a part of an European research project, 
REFLEX (Reinforcement of Flexible Road Structures with Steel Fabrics to 
Prolong Service Life). The Icelandic tests are reported in [2] and the REFLEX 
tests will be reported in the autumn of 2001. 

In November 2000 the HVS machine was taken by land- and sea transport back 
to Finland for the second period of testing there. 

In this second period in Finland tests will be concentrated on low volume road 
structures. The first test will be on a pavement frost protected with a 200 mm 
layer of EPS (expanded polystyrene) on the subgrade. The granular base layer, 
(450 mm), will be reinforced by steel fabric on half of the test area and the surface 
asphalt layer will be 50 mm thick. 

The second and third tests will be on thin structures, 50 mm asphalt surface 
layer on 250 mm unbound base layer, one with and the other without steel fabric 
reinforcement in the unbound base layer, as a part of the REFLEX project. 

The next three pavements to be tested are also for low-volume roads. The aim 
is to study the importance of the road cross section to the structural properties. 
Two different slopes are built and as a reference a “horizontal” slope. The 
pavement response due to moving wheel load with several offsets will be 
measured and finally the pavement performance is evaluated with accelerated 
testing. 
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Around APT, (Accelerated Pavement Testing), there is international co-
operation. The first international conference on APT was held in October 1999 at 
Reno, Nevada. It included two presentations from Finland and one presentation 
from Sweden concerning the HVS studies. The TRB, (Transportation Research 
Board) Task Group is well known within countries that have APT facilities. In 
November 2000 this Task Group was appointed to an ordinary TRB Committee, 
A2B09 FULL-SCALE/ACCELERATED PAVEMENT TESTING, and Finland 
and Sweden has members in this committee 

FEHRL, (Forum of European National Highway Research Laboratories), 
proposed a group on accelerated pavement testing in Transport Research in COST 
(European Co-operation in the Field of Scientific and Technical Research). COST 
is an organisation of the European Commission but may have members in its 
groups also from non-EU European countries. All the countries that have APT 
facilities, including Finland and Sweden, will participate in this action. This 
COST 347 action was started in November 2000 and is planned for a period of 
3.5 years. 
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1 Introduction 
In 1997 Finland and Sweden jointly invested in a Heavy Vehicle Simulator, HVS, 
from South Africa. 

After the first period in Finland the HVS-NORDIC was moved to Sweden and 
VTI in Linkoping in September 1998. This was the first time the HVS was moved 
over a longer distance including a sea transport since it arrived to Finland. 

A program for research co-operation in the area of accelerated pavement 
testing has been agreed between Finland and Sweden covering the years 
1997-2003 [3]. 

The general objective of the research co-operation is to learn more about 
pavement response and pavement performance. A second but most important 
objective is to learn about the HVS-machine itself and the way it simulate traffic 
and deteriorate the pavements and how this is related to real pavement 
performance. Topics of special interest are as follows: 
- Performance of typical national pavement structures as reference 
- Testing of new structures and new materials 
- Evaluation of existing design methods and development of new methods 
- Validation of laboratory test methods 
- Development of pavement performance models 
- Evaluation of overlay design and rehabilitation methods 

 
During the first year in Sweden, 1999, tests were performed as planned in the 
research program on typical Swedish low volume road structures. 

During the second year, 2000, two typical Icelandic pavement structures were 
tested on request from the Icelandic Road Administration [2] and two steel fabric 
reinforced structures which were tested as a part of an European research project, 
REFLEX (Reinforcement of Flexible Road Structures with Steel Fabrics to 
Prolong Service Life). 

The tests during the first year on typical Swedish low volume road structures 
are presented in this report. 

The main objective of these first tests was to get pavement response and 
pavement performance results that could act as reference in coming tests. 

The results presented in this report are data from the documentation of the test 
structures and data from the measurements of pavement performance during the 
tests. The aim of the report is rather informative than scientific. The considerable 
amount of data from the response measurements will be evaluated and presented 
later in other reports. 
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2 Testing machine and test site at VTI 
The HVS-NORDIC is a mobile linear full-scale accelerated pavement-testing 
machine (HVS Mark IV), figure 1. The machine can be run over a short distance 
by itself at walking speed and can be moved as a semi-trailer over longer 
distances. The speed during transport on road is about 50 km/h but special permits 
are needed. Because it has steering wheels, it can, in spite of its long length, turn 
around even relatively sharp corners. 
 

 
 
Figure 1 Transportation of HVS-NORDIC 

 
The HVS-NORDIC has a heating/cooling system and thus temperature can be 
held constant. The air inside the insulated box is heated or cooled and controlled 
in order to keep the pavement temperature constant. The standard pavement 
temperature is selected at +10°C. The HVS can be run by diesel or by electric 
power. The diesel engine also provides power for the heating/cooling system and 
thus it is independent of external power. 

The main technical characteristics are as follows: 
- Loading wheels, dual or single 
- Loading can be in one or both directions 
- Number of loading are about 22 000 in 24 hours, (including daily 

maintenance), when loading in both directions. 
- The lateral movement of the loading wheel centre is up to 0.75 m 

 
In total the length is 23 m, width 3.5 m, height 4.2 m and weight 46 tonnes. The 
wheel load can be varied from 30 kN to 110 kN (corresponding axle loads 
60...220 kN) at speeds up to 12 km/h. The machine can be run 24 hours a day, 
during the nights without any staff present. 
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Figure 2  HVS-NORDIC Loading Wheel 
 
 

 
 
Figure 3 Inside view of test-carriage and loading wheel 
 
At VTI there is an indoors full-scale pavement test facility where pavements can 
be constructed by ordinary road construction machines. This facility comprises 
three test pits and two of these are used for the accelerated pavement testing, 
figure 4. The size of the test pits is 3 m in depth, 5 m in width and 15 m in length. 
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The use of two test pits means that one test section can be constructed while the 
test is running on the other, figure 5. 
 

 
 
Figure 4 Full-scale pavement test facility at VTI, Linköping 

 
 

 
 
Figure 5 HVS machine during test. 
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3 Test structures 
During the first year in Sweden four structures were tested (SE01–SE04). As 
mentioned above the structures were constructed by ordinary road construction 
machines and two test pits were used. The test pits were 3.0 m in depth and they 
were filled with fine sand to a thickness of 2.5 m to act as a subgrade to the test 
structures. The first two test (SE01 and SE02) were performed on the newly built 
pavements while the other two were performed after rehabilitation of the first two 
after completed tests. The rehabilitated pavements were called SE03 and SE04 
and the rehabilitation measure was milling and levelling (overlay in the milled 
area) of the surface layer to get a new even surface without rutting. Some of the 
activities during construction are shown in figure 6 to 10. 

 

 
 
Figure 6 Spreading of Granular Base on Sand Subgrade  
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Figure 7 Compaction of Granular Base layer. 
 

 

 
 
Figure 8 Asphalt Paver used for the bituminous surface layer. 
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Figure 9 Compaction of surface layer 
 

 

 
 
Figure 10 Rehabilitation after completed test. Milling of surface layer and 
overlaying. 
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3.1 Test structure SE01 
The sand subgrade was the same in all tests and with the same particle size 
distribution as the sand subgrade used in the previous tests in Finland. 

The particle size distribution, compaction curve and the results from isotopic 
measurements and static plate loading tests on top of the subgrade are shown 
below. 
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Figure 11 Particle size distribution for the sand subgrade 
 

 

Maximum dry density 1718 kg/m³
Method: Mod. Proctor VVMB 36:1977
Optimum water content 14,4 %
Method: Mod. Proctor VVMB 36:1977
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Figure 12 Modified Proctor compaction curve for the sand subgrade. 
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Table 1 Result of the isotopic measurements and static plate loading test on 
top of SE01 and SE02 sand subgrade 
 
 Sand, before SE 01 Sand, before SE 02 
Isotopic measure:  
Dry density (average) 

1665 kg/m³ 1674 kg/m³ 

Isotopic measure:  
Water content (average) 

10.5 % 8.5 % 

Degree of compaction 
 

96.9 % 97.5 % 

Static plate loading test, Ev1 

Method: DIN18134. 

26 MPa 25 MPa 

Static plate loading test, Ev2 

Method: DIN18134. 

86 MPa 86 MPa 

Static plate loading test, Ev2/Ev1 

Method: DIN18134. 

3.4 3.5 

 
As can be seen from these results the subgrade conditions in the two test pits were 
almost identical. 

The SE01 test structure was a two-layer pavement, figure 13, with a planned 
granular base thickness of 110 mm and an asphalt concrete wearing course of 
40 mm. As can be seen below, the actual thickness of the layers were 89 mm and 
49 mm. 

 

40 / 49

110 / 89

Asphalt Concrete

Granular Base

Thickness in centre-line, mm
Planned / Actual

Fine Sand
Subgrade 2500 / 2500

Rigid bottom, Cement Concrete

Test-structure SE01

 
 
Figure 13 Test structure SE01 
 
Layer thickness in centre line 
Layer Planned thickness Measured level on top Actual thickness 
Asphalt concrete 40 mm 0.236 m 49 mm 
Base 110 mm 0.285 m 89 mm 
Subgrade  0.374 m  
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Base course 
The granular base layer material was taken from a combined gravel-pit and quarry 
close to Linkoping (Gubbarp). The granular material was a natural till mixed with 
crushed material and the particle size distribution is shown in figure 14. 
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Figure 14 Particle size distribution for the granular base material. 
 
 

Table 2 Crushed and broken surface in the granular base material. 
 

Particle size Totally crushed %/ Uncrushed % 
8–11.2 mm 74/13 
22.4–38 mm 45/21 

 
 

Table 3 Properties of the granular base layer 
 

 Granular Base, before SE 01 
Maximum dry density 
Method: Vibratory Table ASTM D4253-83 

2386 kg/m³ 

Optimum water content 
Method: -- 

- 

Isotopic measure:  
Dry density (average) 

2242 kg/m³ 

Isotopic measure:  
Water content (average) 

5.6 % 

Degree of compaction 
 

94.0 % 

Static plate loading test, Ev1 

Method: DIN18134. 

73 MPa 

Static plate loading test, Ev2 

Method: DIN18134. 

148 MPa 

Static plate loading test, Ev2/Ev1 

Method: DIN18134. 

2.1 



VTI rapport 477A 23 

Falling weight deflectometer (FWD) measurements were carried out on the 
surface of the base layer. A 30 kN test load was chosen and the measurements 
were done in two lines (+/-0.5 m from centre line). In total the deflections were 
measured in 14 points with 1.0 m spacing. The deflection bowls from this test can 
be seen in figure 15.  
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Figure 15 FWD test on surface of granular base layer before test SE01. The 
figures shown are mean deflections. 

 
 

Wearing course 
The surface layer was a dense graded asphalt concrete, ABT16 with bitumen type 
B85 (penetration 85). The particle size distribution and result from laboratory tests 
are shown below. 
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Figure 16 Particle size distribution of asphalt concrete, SE01 wearing course. 
 
 
Table 4 Properties of the SE01 asphalt concrete surface layer. 
 
Binder content, (percent weight of total) 6.1 % 
Softening point: Ring & Ball 
Penetration, 25°C 

48°C 
79 (1/10 mm) 

Void content, core samples 2.8 % 
Bulk Density 2.400 g/cm3 
Density 2.469 g/cm3 
E-modulus, Indirect tensile test, +10°C 5288 MPa 
 
FWD test was done on the completed pavement surface in the same positions as 
on the base layer surface but the test load was 50 kN. The pavement temperature 
was +8°C and the surface deflection bowls are shown in figure 17. 
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SE01 AC Surface, Before Test, 50kN, Temp 8 ºC
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Figure 17 FWD test on completed pavement surface before test SE01. The 
figures shown are mean deflections. 
 
 
Instrumentation 
During the construction of the test structures a lot of sensors were installed in the 
structures to be used in the response measuring programme. Most of the sensors 
are located in the centre line of the loaded area (6x1 m). The following sensors 
was used in test structure SE01: 
- Strain gauges on top and at the bottom of the asphalt concrete layer in 

longitudinal and transverse direction. The sensors were retrofit strain gauges 
of the same kind as was used previous in the tests in Finland. 

- Soil pressure cells, from University of Nottingham, on three different levels. 
- Surface deflection was measured by LVDT on top of steel rods anchored at 

the concrete bottom of the test pit. 
- Deflection of base and subgrade surface were measured by plates connected to 

steel rods through the concrete bottom of the test pit. 
-  Temperature sensors in the asphalt concrete layer. 
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The instrumentation of test structure SE01 and the position of the sensors are 
shown below. 

 
Figure 18 Instrumentation in centre line of test structure SE01. 
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Table 5 Positions of sensors in test structure SE01 
 
Co-ordinate Z is the level measured against the elevation of a benchmark and 
expressed positive downwards. 
The mean Z-level on top of the asphalt surface layer in centre line was 0.236 m. 
 
Asphalt Strain Gauges 1999-01-07 
 
Sensor ID X Y Z Direction Information 
ASG00001 -0.50 0.00 0.286 Y Bottom of AC 
ASG00002 -1.00 0.00 0.281 X Bottom of AC 
ASG00003 -1.50 0.00 0.282 Y Bottom of AC 
ASG00004 -1.80 0.00 0.283 X Bottom of AC 
ASG00005 -2.50 0.00 0.277 Y Bottom of AC 
ASG00006 -3.00 0.00 0.285 X Bottom of AC 
ASG00007 -3.50 0.00 0.283 Y Bottom of AC 
ASG00008 -4.20 0.00 0.278 X Bottom of AC 
ASG00009 -4.50 0.00 0.280 Y Bottom of AC 
ASG00010 -5.00 0.00 0.285 X Bottom of AC 
ASG00011 -0.25 0.00 0.242 X Top of AC 
ASG00012 -1.50 -0.50 0.235 Y Top of AC 
ASG00013 -3.00 -0.50 0.235 Y Top of AC 
ASG00014 -4.50 -0.50 0.235 Y Top of AC 
ASG00015 -5.50 0.00 0.241 X Top of AC 
 
Remarks:  Co-ordinate Z for the sensors at the bottom of AC is the measured level 

of the surface plus the sensor position in the AC layer. 
Co-ordinate Z for the sensors on the top of the AC is the measured level 
of the surface plus 3 mm. 

 
 
Soil Pressure Cells 1999-01-07 
 
Sensor ID X Y Z Direction Information 
SPC00016 -1.0 0.0 0.739 Z In subgrade 
SPC00017 -1.0 0.0 0.489 Z In subgrade 
SPC00018 -5.0 0.0 0.739 Z In subgrade 
SPC00019 -5.0 0.0 0.489 Z In subgrade 
SPC00021 -3.0 0.0 0.739 Z In subgrade 
SPC00022 -3.0 0.0 0.489 Z In subgrade 
SPC00037 -1.0 0.0 0.339 Z In base layer 
SPC00039 -3.0 0.0 0.339 Z In base layer 
SPC00040 -5.0 0.0 0.339 Z In base layer 
SPC00031 -3.5 -2.2 3.039 Y In subgrade 
SPC00032 -3.5 -2.2 2.539 Y In subgrade 
SPC00033 -3.5 -2.2 2.039 Y In subgrade 
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LVDT 1999-01-15 
 
Sensor ID X Y Z Direction Information 
LVDT001 -2.00 0.00 0.233 Z Surface deflection 
LVDT002 -4.00 0.00 0.232 Z Surface deflection 
LVDT003A -3.28 0.00 0.283 Z Base deflection 
LVDT003B -3.46 -0.18 0.389 Z Subgrade deflection 
LVDT003C -3.44 0.13 0.389 Z Subgrade deflection 
 
 
Temperature sensors 1999-01-07 
 
Sensor ID X Y Z Information 
TEMP0034 -3.2 -0.6 0.242 Unloaded area 
TEMP0035 -3.4 -0.6 0.272 Unloaded area 
TEMP0036 -5.7 -0.1 0.249 Loaded area 
TEMP0037 -5.7 -0.2 0.279 Loaded area 
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3.2 Test structure SE02 
The SE02 test structure was a three-layer pavement planned to be the same as 
SE01 but supplemented by a 150 mm subbase layer. The subgrade conditions 
were the same as for SE01, see table 1, page 14. Planned and actual layer 
thickness in test structure SE02 can be seen in below. 
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Figure 19 Test structure SE02 
 

 
Layer thickness in centre line 
Layer Planned thickness Measured level on top Actual thickness 
Asphalt concrete 40 mm 0.228 m 62 mm 
Base 110 mm 0.290 m 110 mm 
Subbase 150 mm 0.400 m 128 mm 
Subgrade  0.528 m  
 

 
Subbase course 
The subbase material was a natural granular material with particle size 
distribution as shown in figure 20. The planned thickness was 150 mm but the 
average actual thickness was 128 mm in the centre line of the loaded area. 
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Figure 20 Particle size distribution for the granular subbase material. 
 
 
Base course 
The base layer material was the same as in test structure SE01, se above. The 
results from the measurements on the base layer surface are shown in table 6. 

 
Table 6 Properties of the granular base layer. 
 
 Granular Base, before SE 02 
Isotopic measure:  
Dry density (average) 

2263 kg/m³ 

Isotopic measure:  
Water content (average) 

6.6% 

Degree of compaction 
 

94.8 % 

Static plate loading test, Ev1 

Method: DIN18134. 

75 MPa 

Static plate loading test, Ev2 

Method: DIN18134. 

174 MPa 

Static plate loading test, Ev2/Ev1 

Method: DIN18134. 

2.4 
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FWD test was performed on the surface of the base layer in the same way as in 
the SE01 test, figure 21. 
 

SE02 Granular Base, Before Test, 30kN
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Figure 21 FWD test on surface of granular base layer before test SE02. The 
figures shown are mean deflections. 
 
This result shows a clear effect of thicker unbound layers in structure SE02 
compared to SE01, the deflections close to the load are smaller, see figure 15 and 
21. 

 
Wearing course 
The surface layer was, as in SE01, a dense graded asphalt concrete, ABT16 with 
bitumen type B85 (penetration 85). The particle size distribution and result from 
laboratory tests are shown below. 
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Figure 22 Particle size distribution of asphalt concrete, SE02 wearing course 
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Table 7 Properties of the SE02 asphalt concrete surface layer. 
 
Binder content, (percent weight of total) 6.3 % 
Softening point: Ring & Ball 
Penetration, 25°C 

48°C 
79 (1/10 mm) 

Void content, core samples 2.4 % 
Bulk Density 2.417 g/cm3 
Density 2.476 g/cm3 
E-modulus, Indirect tensile test, +10°C 6465 MPa 

 
FWD test was done as before on the completed pavement surface with the same 
positions as on the base layer surface and with test load 50 kN. The pavement 
temperature was +9°C and the surface deflection bowls are shown in figure 23. 
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Figure 23 FWD test on completed pavement surface before test SE02. The 
figures shown are mean deflections. 
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Instrumentation 
The instrumentation of test structure SE02 and the position of the sensors are 
shown below. 

 
Figure 24 Instrumentation in centre line of test structure SE02. 
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Table 8 Positions of sensors in test structure SE02 
 
Co-ordinate Z is the level measured against the elevation of a benchmark and 
expressed positive downwards. 
The mean Z-level on top of the asphalt surface layer in centre line was 0.228 m. 

 
Asphalt Strain Gauges 1999-03-12 
 
Sensor ID X Y Z Direction Information 
ASG00016 -0.50 0.00 0.285 Y Bottom of AC 
ASG00017 -1.00 0.00 0.292 X Bottom of AC 
ASG00018 -1.50 0.00 0.287 Y Bottom of AC 
ASG00019 -1.80 0.00 0.286 X Bottom of AC 
ASG00020 -2.50 0.00 0.287 Y Bottom of AC 
ASG00021 -3.00 0.00 0.295 X Bottom of AC 
ASG00022 -3.50 0.00 0.287 Y Bottom of AC 
ASG00023 -4.20 0.00 0.281 X Bottom of AC 
ASG00024 -4.50 0.00 0.283 Y Bottom of AC 
ASG00025 -5.00 0.00 0.289 X Bottom of AC 
ASG00026 -0.25 0.00 0.230 X Top of AC 
ASG00027 -1.50 0.50 0.230 Y Top of AC 
ASG00028 -3.00 0.50 0.229 Y Top of AC 
ASG00029 -4.50 0.50 0.229 Y Top of AC 
ASG00030 -5.50 0.00 0.229 X Top of AC 
 
Remarks:  Co-ordinate Z for the sensors at the bottom of AC is the measured level 

of the surface plus the sensor position in the AC layer. 
 Co-ordinate Z for the sensors on the top of the AC is the measured level 

of the surface plus 3 mm. 
 
 
 
Soil Pressure Cells 1999-01-07 
 
Sensor ID X Y Z Direction Information 
SPC00023 -1.0 0.0 0.897 Z In subgrade 
SPC00026 -1.0 0.0 0.647 Z In subgrade 
SPC00027 -3.0 0.0 0.897 Z In subgrade 
SPC00028 -3.0 0.0 0.647 Z In subgrade 
SPC00029 -5.0 0.0 0.897 Z In subgrade 
SPC00030 -5.0 0.0 0.647 Z In subgrade 
SPC00041 -1.0 0.0 0.348 Z In base layer 
SPC00042 -3.0 0.0 0.348 Z In base layer 
SPC00047 -5.0 0.0 0.348 Z In base layer 
SPC00034 -3.5 2.2 2.947 Y In subgrade 
SPC00035 -3.5 2.2 2.547 Y In subgrade 
SPC00036 -3.5 2.2 2.047 Y In subgrade 
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LVDT 1999-01-15 
 
Sensor ID X Y Z Direction Information 
LVDT004 -2.00 0.00 0.229 Z Surface deflection 
LVDT005 -4.00 0.00 0.230 Z Surface deflection 
LVDT006A -3.32 0.00 0.292 Z Base deflection 
LVDT006B -3.43 -0.23 0.547 Z Subgrade deflection 
LVDT006C -3.42 0.22 0.547 Z Subgrade deflection 
 
 
 
Temperature sensors 1999-03-12 
 
Sensor ID X Y Z Information 
TEMP0038 -3.2 0.6 0.236 Unloaded area 
TEMP0039 -3.4 0.6 0.266 Unloaded area 
TEMP0040 -5.7 0.1 0.236 Loaded area 
TEMP0041 -5.7 0.2 0.266 Loaded area 
TEMP0042 -0.2 0.1 0.236 Loaded area 
TEMP0043 -3.3 0.35 0.236 Loaded area 
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3.3 Test structure SE03 
The third test was conducted on the same pavement structure as the first test but 
after some rehabilitation. The surface AC layer at test pavement SE01 was milled 
within the loaded area and the milled area was filled with an AC layer to get a 
new even surface for the third test, SE03, see figure 25. 

The average thickness of the overlay was 32 mm in the centre line of the 
loaded area. 
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Figure 25 Test structure SE03 
 

 
Layer thickness in centre line 
Layer Planned thickness Estimated level on top Actual thickness 
New asphalt concrete  0.243 m 32 mm 
Asphalt concrete 40 mm (SE01) 0.275 m 49 mm (SE01) 
Base 110 mm (SE01)  89 mm (SE01) 
Subgrade    
 

 
AC-overlay 
The new surface layer, the AC-overlay, was a dense graded asphalt concrete, 
ABT11 with bitumen type B85 (penetration 85). The particle size distribution and 
result from laboratory tests are shown below. 
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Figure 26 Particle size distribution of surface AC-layer at test SE03. 
 
 
Table 9 Properties of the SE03 asphalt concrete surface layer . 
 
Binder content, (percent weight of total) 5.8 % 
Softening point: Ring & Ball 
Penetration , 25°C 

54°C 
46 (1/10 mm) 

Density, isotopic  2.135 g/cm3 
 

FWD test was done not only in the same 14 positions as in test SE01 but also in 7 
positions 1 m spacing in the centre line. The pavement temperature was +22°C 
and the surface deflection bowls are shown in figure 27. 
 

SE03 AC Surface, Before Test, 50kN, Temp 22 ºC

582

386
271

168 119 70 510
100
200
300
400
500
600
700
800
900

1000

0 30 60 90 120 150

Distance from Load Centre [cm]

D
ef

le
ct

io
n 

[µ
m

]

 
 
Figure 27 FWD test on the surface of test structure SE03 before test. The figures 
shown are mean deflections. 
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Instrumentation 
The instrumentation of test structure SE03 and the position of the sensors are 
shown below. 

The “old” asphalt strain gauges, at the bottom of the asphalt concrete layer, 
were replaced with new gauges of the same kind and on top of this layer new 
strain gauges were placed. These new gauges were H-shaped gauges from 
Dynatest and they were installed over and between the transversal cracks in the 
asphalt concrete layer in one line parallel to the centre line (Y= -0.15 m). 
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Figure 28 Instrumentation in centre line of test structure SE03. 
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Table 10 Positions of sensors in test structure SE03 
 
Co-ordinate Z is the level measured against the elevation of a benchmark and 
expressed positive downwards. 
The mean Z-level on top of the asphalt surface layer in centre line was 0.243 m. 

 
Asphalt Strain Gauges 1999-08-25 
 
Sensor ID X Y Z Direction Information 
ASG00031 -1.50 0.00 0.322 Y Bottom of AC 
ASG00032 -1.80 0.00 0.325 X Bottom of AC 
ASG00033 -2.50 0.00 0.318 Y Bottom of AC 
ASG00034 -3.00 0.00 0.337 X Bottom of AC 
ASG00035 -3.50 0.00 0.329 Y Bottom of AC 
ASG00036 -4.20 0.00 0.322 X Bottom of AC 
ASG00037 -4.50 0.00 0.323 Y Bottom of AC 
ASG00038 -5.00 0.00 0.331 X Bottom of AC 
ASG00039 -1.50 -0.15 0.265 X Middle of AC. Crack 
ASG00040 -2.25 -0.15 0.265 X Middle of AC. 
ASG00041 -2.50 -0.15 0.265 X Middle of AC. Crack 
ASG00042 -2.75 -0.15 0.264 X Middle of AC. 
ASG00043 -3.00 -0.15 0.272 X Middle of AC. Crack 
ASG00044 -3.25 -0.15 0.276 X Middle of AC. 
ASG00045 -4.50 -0.15 0.267 X Middle of AC. Crack 
ASG00046 -4.75 -0.15 0.268 X Middle of AC. 
 
Remarks: Co-ordinate Z for the sensors at the bottom of AC is the measured level 

of the surface of the drilled core plus the sensor position in the core. 
Co-ordinate Z for the sensors in the middle of the AC is the measured 
level of the centre of H-shaped Strain Gauge. 

 
Soil Pressure Cells 1999-09-13 
 
Sensor ID X Y Z Direction Information 
SPC00016 -1.0 0.0 0.7391) Z In subgrade 
SPC00017 -1.0 0.0 0.4891) Z In subgrade 
SPC00018 -5.0 0.0 0.7391) Z In subgrade 
SPC00019 -5.0 0.0 0.4891) Z In subgrade 
SPC00021 -3.0 0.0 0.7391) Z In subgrade 
SPC00022 -3.0 0.0 0.4891) Z In subgrade 
SPC00037 -1.0 0.0 0.3832) Z In base layer 
SPC00039 -3.0 0.0 0.3832) Z In base layer 
SPC00040 -5.0 0.0 0.3832) Z In base layer 
SPC00031 -3.5 -2.2 3.039 Y In subgrade 
SPC00032 -3.5 -2.2 2.539 Y In subgrade 
SPC00033 -3.5 -2.2 2.039 Y In subgrade 
 
Remarks: 1). Values not adjusted, same as in previous test, SE01. 

 2). Values adjusted due to deformations in previous test, SE01. 



VTI rapport 477A 41 

LVDT 1999-09-13 
 
Sensor ID X Y Z Direction Information 
LVDT007 -2.00 0.00 0.242 Z Surface deflection 
LVDT008 -4.00 0.00 0.244 Z Surface deflection 
LVDT009A -3.28 0.00 0.329 Z Base deflection 
LVDT009B -3.46 -0.18 0.430 Z Subgrade deflection 
LVDT009C -3.44 0.13 0.430 Z Subgrade deflection 
 
Remarks: Co-ordinate Z is adjusted due to deformations in SE01. 
 
Temperature sensors 1999-09-10 
 
Sensor ID X Y Z Information 
TEMP0045 -3.3 -0.60 0.250 Unloaded area 
TEMP0035 -3.4 -0.60 0.279 Unloaded area 
TEMP0036 -5.7 -0.15 0.280 Loaded area 
TEMP0037 -5.7 -0.20 0.320 Loaded area 
TEMP0044 -5.7 -0.20 0.257 Loaded area 
 



42 VTI rapport 477A 

3.4 Test structure SE04 
The forth test was conducted on the same pavement structure as the second test 
but, as SE03, after some rehabilitation. The surface AC layer at test pavement 
SE02 was milled within the loaded area and the milled area was filled with an AC 
layer to get a new even surface for the forth test, SE04. The average thickness of 
the overlay was 27 mm in the centre line of the loaded area, see figure 29. 

 

40 / 62

110 / 110
Asphalt Concrete

Granular Base

Thickness in centre-line, mm
Planned / Actual

Granular Subbase 150 / 128

Fine Sand
Subgrade 2500 / 2500

Rigid bottom, Cement Concrete

Test-structure SE04

AC overlay - / 27

 
 

Figure 29 Test structure SE04 
 
 
Layer thickness in centre line 
Layer Planned thickness Estimated level on top Actual thickness 
New asphalt concrete  0.232 m 27 mm 
Asphalt concrete 40 mm (SE02) 0.259 m 62 mm (SE02) 
Base 110 mm SE02)  110 mm (SE02) 
Subbase 150 mm (SE02)  128 mm (SE02) 
Subgrade    
 
 

 
AC-overlay 
The new surface layer, the AC-overlay, was a dense graded asphalt concrete, 
ABT11 with bitumen type B85 (penetration 85). The particle size distribution and 
result from laboratory tests are shown below. 
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Figure 30 Particle size distribution of surface AC-layer at test SE04 

 
Table 11 Properties of the SE04 asphalt concrete surface layer. 
 
Binder content, (percent weight of total) 6.0 % 
Softening point: Ring & Ball 
Penetration, 25°C 

51°C 
59 (1/10 mm) 

Density, isotopic  2.181 g/cm3 
 
FWD test was done in the same way as on test structure SE03 in 21 positions 
(7 points in three lines). The pavement temperature was +8°C and the surface 
deflection bowls are shown in figure 31. 
 

SE04 AC Surface, Before Test, 50kN, Temp 8 ºC

598

437
340

238
175

103 74
0

100
200
300
400
500
600
700
800
900

1000

0 30 60 90 120 150

Distance from Load Centre [cm]

D
ef

le
ct

io
n 

[µ
m

]

 
 
Figure 31 FWD test on the surface of test structure SE04 before test. The figures 
shown are mean deflections. 
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Instrumentation 
The instrumentation of test structure SE04 and the position of the sensors are 
shown below. 

In the same way as in test SE03 the “old” asphalt strain gauges were replaced 
but no H-shaped gauges were installed. 

Inductive coils (εMU-coils) for vertical strain measurement in unbound 
material were used to some extent in this test. These sensors were installed 
already in the beginning of test SE02 but suitable electronics wasn’t achievable 
until the start of test SE04. 
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Figure 32 Instrumentation in centre line of test structure SE04. 
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Table 12 Positions of sensors in test structure SE04 
 
Co-ordinate Z is the level measured against the elevation of a benchmark and 
expressed positive downwards. 
The mean Z-level on top of the asphalt surface layer in centre line was 0.232 m. 
 
Asphalt Strain Gauges 1999-12-01 
 
Sensor ID X Y Z Direction Information 
ASG00047 -1.50 0.00 0.319 Y Bottom of AC 
ASG00048 -1.80 0.00 0.315 X Bottom of AC 
ASG00049 -2.50 0.00 0.314 Y Bottom of AC 
ASG00050 -3.00 0.00 0.327 X Bottom of AC 
ASG00051 -3.50 0.00 0.318 Y Bottom of AC 
ASG00052 -4.20 0.00 0.313 X Bottom of AC 
ASG00053 -4.50 0.00 0.309 Y Bottom of AC 
ASG00054 -5.00 0.00 0.322 X Bottom of AC 
 
Remarks: Co-ordinate Z for the sensors at the bottom of AC is the measured level 

of the surface of the drilled core plus the sensor position in the core. 
 
 
 
Soil Pressure Cells 1999-12-01 
 
Sensor ID X Y Z Direction Information 
SPC00023 -1.0 0.0 0.897 1) Z In subgrade 
SPC00026 -1.0 0.0 0.647 1) Z In subgrade 
SPC00027 -3.0 0.0 0.897 1) Z In subgrade 
SPC00028 -3.0 0.0 0.647 1) Z In subgrade 
SPC00029 -5.0 0.0 0.897 1) Z In subgrade 
SPC00030 -5.0 0.0 0.647 1) Z In subgrade 
SPC00041 -1.0 0.0 0.379 2) Z In base layer 
SPC00042 -3.0 0.0 0.379 2) Z In base layer 
SPC00047 -5.0 0.0 0.379 2) Z In base layer 
SPC00034 -3.5 2.2 2.947 Y In subgrade 
SPC00035 -3.5 2.2 2.547 Y In subgrade 
SPC00036 -3.5 2.2 2.047 Y In subgrade 
 
Remarks: 1). Values not adjusted, they are same as in previous test, SE02. 

 2). Values adjusted due to deformations in previous test, SE02. 
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LVDT 1999-12-01 
 
Sensor ID X Y Z 1) Direction Information 
LVDT010 -2.00 0.00 0.229 Z Surface deflection 
LVDT011 -4.00 0.00 0.231 Z Surface deflection 
LVDT012A -3.32 0.00 0.325 Z Base deflection 
LVDT012B -3.43 -0.23 0.571 Z Subgrade deflection 
LVDT012C -3.42 0.22 0.571 Z Subgrade deflection 
 
Remarks: 1). Co-ordinate Z is adjusted due to deformations in SE02. 
 
 
EMU coils 1999-12-01 
 
Sensor ID Mark X Y Z 1) Direction Information 
EMU00004 4U -1.5 0.0 0.684 Z Top of subgrade 
 4Ö -1.5 0.0 0.570 Z Top of subgrade 
EMU00005 5U -2.5 0.0 0.680 Z Top of subgrade 
 5Ö -2.5 0.0 0.574 Z Top of subgrade 
EMU00006 6U -4.5 0.0 0.676 Z Top of subgrade 
 6Ö -4.5 0.0 0.570 Z Top of subgrade 
 
Remarks: 1). Co-ordinate Z is calculated based on measurements of the level of 

coils when constructing SE02 and deformations during the test SE02. 
 
 
Temperature sensors 1999-12-01 
 
Sensor ID X Y Z  Information 
TEMP0038 -3.2 0.6 0.242  Unloaded area 
TEMP0043 -3.4 0.6 0.272  Unloaded area 
TEMP0046 -5.7 0.1 0.238  Loaded area 
TEMP0042 -5.7 0.2 0.270  Loaded area 
TEMP0040 -5.7 0.1 0.295  Loaded area 
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4 Accelerated load testing 
4.1 Test procedure in general 
Before each accelerated loading test pre-loading and a comprehensive response 
measurement program were performed. 

The pre-loading was done in order to relax possible residual stresses and cause 
some post-compaction. This was done during one day with a lower wheel load 
(30 kN single wheel load) and with a specified lateral distribution, figure 33. The 
size of the single wheel was 425/65R22.5. 
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Figure 33 Lateral distribution of single and dual wheel load  

 
The response measurements embrace a considerable amount of measurement of 
stresses, strains and deflections at different positions in the test structures and at 
different test-loads, test-wheels, tyre pressures, lateral positions, speeds and 
temperatures. 

After the response measurements the accelerated loading test was started. 
Normal running was day and night seven days a week with interruptions only for 
daily service of the machine, which means about 22 000 loading per day including 
both directions. The following standard set of test parameters have been used: 
dual wheel load 60 kN, tyre pressure 800 kPa, wheel speed 12 km/h and pavement 
temperature +10°C. The lateral distribution of the dual wheel load are shown in 
figure 33. The size of the dual wheel was 295/80R22.5.  

Pavement performance has been studied by daily visual inspections and 
measurements of cross profiles three times a week in five locations for rut depth 
calculations. 

All collected data will be stored in a common Finnish-Swedish database 
including information on test sites, pavement structures, sensors, materials, 
response and performance measurement results.  
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4.2 Test SE01 
After pre-loading and the response measurement program the accelerated loading 
test SE01 was started at February 1st 1999. 
 
Pre-loading 
The test structure was pre-loaded by 20 000 passes of a 30 kN/700 kPa single 
wheel load at 10°C pavement temperature and at a specified lateral distribution, 
see figure 33. 

 
Response measurements 
The response from the different sensors in the test structure, (see instrumentation 
above), were measured for different set of test parameters. The extensive response 
measuring program can be seen in figure 34 below.  

 
 

HVS-Nordic/VTI, Response measurements
Test SE01

Single Wheel
Index Tire Pressure Wheel Load Speed Pavement

 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)
S1 500 30 12 x +10
S2 500 50 12 x +10
S3 500 80 12 x +10
S4 500 60 12 x +10

S5 600 30 12 x +10
S6 600 50 12 x +10
S7 600 80 12 x +10
S8 600 60 12 x +10

S9 800 30 12 x +10
S10 800 50 12 x +10
S11 800 80 12 x +10
S12 800 60 2 x +10
S13 800 60 4 x +10
S14 800 60 7 x +10
S15 800 60 12 x +10
S16 800 60 12 x +10

S17 900 30 12 x +10
S18 900 50 12 x +10
S19 900 80 12 x +10
S20 900 60 12 x +10

Lateral Position (cm)*
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Dual Wheel
Index Tire Pressure Wheel Load Speed Pavement

 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)
P1 500 30 12 x x +10
P2 500 50 12 x x +10
P3 500 80 12 x x +10
P4 500 60 12 x +10

P5 600 30 12 x x +10
P6 600 50 12 x x +10
P7 600 80 12 x x +10
P8 600 60 12 x +10

P9 800 30 12 x x +10
P10 800 50 12 x x +10
P11 800 80 12 x x +10
P12 800 60 12 x +10

P13 800 60 2 x x +10
P14 800 60 4 x x +10
P15 800 60 7 x x +10
P16 800 60 12 x x +10

P17 900 30 12 x x +10
P18 900 50 12 x x +10
P19 900 80 12 x x +10
P20 900 60 12 x +10

P21 800 30 12 x x +0
P22 800 50 12 x x +0
P23 800 80 12 x x +0
P24 800 60 12 x +0

P25 800 30 12 x x +5
P26 800 50 12 x x +5
P28 800 80 12 x x +5
P27 800 60 12 x +5

P29 800 30 12 x x +15
P30 800 50 12 x x +15
P31 800 80 12 x x +15
P32 800 60 12 x +15

P33 800 30 12 x x +20
P34 800 50 12 x x +20
P35 800 80 12 x x +20
P36 800 60 12 x +20

P37 1000 80 12 x x +10

P38** 800 30 12 x x +10
P39** 800 50 12 x x +10
P40** 800 80 12 x x +10
P41** 800 60 12 x +10

P42** 800 60 2 x x +10
P43** 800 60 4 x x +10
P44** 800 60 8 x x +10
P45** 800 60 12 x x +10

          *) Lateral position: 0 = Centre Line
Lateral Distribution, Single Wheel: From -35 to +35 cm in steps of 5 cm
Lateral Distribution, Dual Wheel: From -25 to +25 cm in steps of 5 cm

Lateral Position (cm)*

**) High Water Level in Subgrade  
 

Figure 34 Response measurement program for test SE01 
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Performance measurements 
During the accelerated loading tests preliminary result was reported in a simple 
way on a weekly basis in “HVS Weekly Report” to people interested in the tests. 
This report, after completion of test SE01, are shown in figure 35. 

 
HVS  weekly report
Test Test structure
SE01 40 mm Asphalt concrete,(ABT16/B85)

110 mm Granular Base
Test parameters 2500 mm Fine Sand
Speed: 12 km/h Rigid bottom, cement concrete
Temperature: 10 C -
Tyre: dual tyre
Tyre pressure: 800 kPa
Wheel load 60 kN

Rut depth (mm) Cracking
Date Number of loads Profile nr. 3 Wheel load (kN) Load direction nr / length Remarks

1998-12-02 0 0.0 0 none pre-loading started
1998-12-03 6058 #Saknas! 30 bi-directional none pre-loading stopped, technical problem
1999-01-17 6058 #Saknas! preloading restarted
1999-01-18 20000 5.4 30 bi-directional none preloading finished
1999-01-25 24000 #Saknas! Responsemeasurements ongoing
1999-02-01 32500 7.5 Responsemeasurements completed
1999-02-01 32500 7.5 60 bi-directional none SE01 Maintest started
1999-02-03 70500 9.2 60 bi-directional none
1999-02-05 108620 10.7 60 bi-directional none
1999-02-08 183600 12.8 60 bi-directional none
1999-02-10 228640 13.3 60 bi-directional none
1999-02-12 271 200 14.1 60 bi-directional none
1999-02-15 344200 15.9 60 bi-directional none
1999-02-17 387322 16.4 60 bi-directional none
1999-02-19 432813 16.6 60 bi-directional none
1999-02-22 488122 17.5 60 bi-directional none
1999-02-24 531400 18.11 60 bi-directional none
1999-02-26 572866 18.32 60 bi-directional none
1999-03-01 654009 18.88 60 bi-directional none
1999-03-03 700761 19.41 60 bi-directional none
1999-03-05 743595 19.6 60 bi-directional none
1999-03-08 817031 20.5 60 bi-directional none
1999-03-10 860735 20.85 60 bi-directional none
1999-03-12 896849 21.34 60 bi-directional none
1999-03-15 958193 21.77 60 bi-directional none
1999-03-18 1013139 21.96 60 bi-directional none
1999-03-19 1031583 22.20 60 bi-directional none
1999-03-23 1064741 22.24 60 bi-directional none Load increased to 80 kN and 1000 kPa
1999-03-24 1083437 22.91 80 kN/1000kPa bi-directional none
1999-03-26 1132465 23.51 80 kN/1000kPa bi-directional none
1999-03-29 1202469 24.19 80 kN/1000kPa bi-directional none
1999-03-31 1249677 24.72 80 kN/1000kPa bi-directional none
1999-04-03 1322493 25.75 80 kN/1000kPa bi-directional none
1999-04-06 1398187 26.53 80 kN/1000kPa bi-directional none
1999-04-07 1420209 26.66 80 kN/1000kPa bi-directional none uni-directional loading before oil-test 990408
1999-04-09 1444055 26.50 80 kN/1000kPa bi-directional none
1999-04-12 1517513 27.70 80 kN/1000kPa bi-directional none
1999-04-14 1560199 27.75 80 kN/1000kPa bi-directional none
1999-04-16 1604959 28.26 80 kN/1000kPa bi-directional none
1999-04-19 1677249 29.02 80 kN/1000kPa bi-directional none
1999-04-21 1721865 29.21 80 kN/1000kPa bi-directional none
1999-04-23 1767865 29.65 80 kN/1000kPa bi-directional none
1999-04-26 1838949 30.52 80 kN/1000kPa bi-directional none
1999-04-29 1899213 30.75 80 kN/1000kPa bi-directional none
1999-05-01 1935045 #Saknas! Testwheel breakdown
1999-05-11 1935749 #Saknas! Preloading new testwheel
1999-05-11 1935749 #Saknas! Filling water in subgrade starts
1999-05-21 1935749 #Saknas! Water at subgrade -30 cm
1999-05-25 1935749 #Saknas! Changing oil in carriage
1999-05-31 1935749 30.1 60 kN/800 kPa bi-directional none SE01 Groundwater test started
1999-06-02 1978783 33.5 60 kN/800 kPa bi-directional 9 transverse/215 cm
1999-06-03 2002025 #Saknas! 60 kN/800 kPa bi-directional 9/270
1999-06-04 2023631 34.86 60 kN/800 kPa bi-directional
1999-06-07 2057751 36.17 60 kN/800 kPa bi-directional
1999-06-09 2098185 38.02 60 kN/800 kPa bi-directional
1999-06-10 2119073 #Saknas! 60 kN/800 kPa bi-directional 10/344
1999-06-11 2136873 39.99 60 kN/800 kPa bi-directional
1999-06-14 2211331 42.98 60 kN/800 kPa bi-directional 10/394
1999-06-15 2232808 #Saknas! 60 kN/800 kPa bi-directional 11/395
1999-06-16 2254285 45.11 60 kN/800 kPa bi-directional
1999-06-18 2296383 46.60 60 kN/800 kPa bi-directional 11/507 End of test SE01. Test stopped.

 
 

Figure 35 The last “Weekly Report” from test SE01. 
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Rutting on the surface of the test pavement was measured regularly and a VTI 
constructed Laser profilometer was used for these measurements. Cross profiles 
were measured three times a week at five locations and the increase in maximum 
rut depth from the first measurement was calculated. The maximum rut depth was 
defined as the largest distance between the first and the latest measured cross 
profile. The cross profiles before and after the test and the propagation of 
maximum rut depth during the test can be seen in figures 36 and 37 respectively. 
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Figure 36 Surface cross profiles measured before and after test SE01 
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Figure 37 Propagation of maximum rut depth during test SE01 
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The deformation at the surface of the granular base layer and at the surface of the 
subgrade could be measured due to a special instrumentation. Steel rods in tubes 
connected to plates at these levels went through the concrete bottom of the test pit 
and the deformation could be measured in a special location below the test pit. 
These measurements could only be done in one position and the plate at the 
surface of the granular base was placed in the centre line while two plates at the 
surface of the subgrade were placed close to the centre line, +130 mm and 
-180 mm. The result of these measurements can be seen in figure 38 below but 
these measurements weren’t started until the end of pre-loading and response 
measurement. 
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Figure 38 Permanent deformation of unbound layers. Measurements started 
after pre-loading and response measurements. 

 
After more than 1 million passes there were no cracks visible on the pavement 
surface. In an attempt to accelerate the test the wheel load was increased from 
60 kN to 80 kN and the tyre pressure from 800 kPa to 1000 kPa. The propagation 
of rutting increased somewhat but there were still no visible cracks on the surface 
after 1.9 million passes. In this situation water was added to the sand subgrade and 
a water table was held constant at 30 cm below the subgrade surface. The wheel 
load was reset to 60 kN and 800 kPa. 

As can be seen from figure 38 the propagation of rutting now increased clearly 
and the first cracks appeared on the surface. 

The moisture content was measured by a neutron probe equipment (Basc Depth 
Moisture Probe) at different depths of the pavement structure, before water was 
added to the subgrade and at certain times afterwards. The measurements were 
done in a pre-installed vertical plastic tube each 100 mm down to 1.2–1.3 m 
depth. The measured moisture content can be seen in figure 39 below. 
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SE01 Moisture content
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Figure 39 Moisture content before and after water was added to the subgrade. 
 
 
The propagation of the cracks was monitored manually by writing on paper, 
which was later transferred to the database in digital form. The crack inspection 
protocol at the end of the test are shown in figure 40. The circles in the figure 
show the position of the strain gauges in the asphalt layer and most of the cracks 
appears above the cables to these gauges. The cables were placed in steel tubes on 
the surface of the granular base layer. 
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Figure 40 Crack inspection protocol at the end of test SE01 
 

 
After test measurements 
After completed test the HVS-machine has to be moved to the next test area but 
before that the insulating chamber has to be dismantled. When the machine has 
been taken away from the tested area some after test investigations can be made 
like falling weight deflectometer (FWD) measurements, cross section excavation 
and coring samples from the asphalt concrete layer. 



56 VTI rapport 477A 

FWD-measurement was done at the same points as before the test. The test 
area is 1 x 6 m and the measurements was performed at 7 points each meter on 
both sides of the centre line, +0.5 m and –0.5 m. Deflection bowls from these 14 
measuring points are shown in figure 41 below. At these measurements the 
pavement temperature can not be controlled as in the HVS-test, which means that 
the temperature is influenced by ambient temperature. In this case the pavement 
temperature was +22°C. 
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Figure 41 FWD-measurement after test SE01. The figures shown are mean 
deflections. 
 
Cross section excavation was done in the same location as where the surface cross 
profile 1 was measured during the test, (X= -0.75 m). The distance from a straight 
edge to the surface of the different layers was measured manually and the result 
can be seen in figure 42.  
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SE01, Cross Section after Test 
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Figure 42 Cross section after test SE01. 
 
Core samples were taken close to the cross excavation section to verify any post 
compaction during the test of the asphalt concrete layer. Cores were taken both 
from the loaded area and from outside the loaded area. 
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Figure 43 Void content in the Asphalt surface layer 
 
There was no clear difference between the void content in the loaded area and 
outside the loaded area. In average the void content was 2.8 % in the loaded area 
and 3.0 % outside but the void content was both higher and lower outside the 
loaded area. 
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4.3 Test SE02 
The accelerated loading at test SE02 was started at July 9th, 1999 after pre-loading 
and response measurements. 
 
Pre-loading 
The pre-loading of test structure SE02 was done in the same way as for test 
structure SE01 by 20 000 passes of a 30 kN/700 kPa single wheel load at 10°C 
pavement temperature and at the specified lateral distribution, see figure 33. 

 
Response measurements 
Test structure SE02 was instrumented in the same way as test structure SE01 and 
the response measuring program was exactly the same (see above). 

 
Performance measurements 
The “HVS Weekly Report” at the end of the test can be seen in figure 44 below. 

 
HVS Nordic weekly report
Test Test structure
SE02 40 mm Asphalt concrete,(ABT16/B85)

110 mm Granular Base
Test parameters 150 mm Granular Subbase
Speed: 12 km/h 2500 mm Fine Sand
Temperature: 10 C Rigid bottom Cement concrete
Tyre: dual tyre
Tyre pressure: 800 kPa
Wheel load 60 kN

Rut depth (mm) Cracking
Date Number of loads Profile nr. 3 Wheel load (kN) Load direction nr / length Remarks

1999-06-28 0 0.00
1999-06-29 20000 1.83 30 Pre-loading
1999-07-08 25233 2.92 Responsemeasurements
1999-07-09 25233 2.92 60 bi-directional none SE02 Main Test started
1999-07-13 80397 4.61 60 bi-directional none
1999-07-15 115300 5.98 60 bi-directional none
1999-07-19 219228 7.56 60 bi-directional none
1999-07-21 268200 8.40 60 bi-directional none
1999-07-23 314112 8.88 60 bi-directional none
1999-07-26 369600 9.65 60 bi-directional none
1999-07-28 412748 9.69 60 bi-directional none
1999-07-29 428649 #Saknas! Oil sample from carriage
1999-07-30 454614 10.27 60 bi-directional none
1999-08-02 503 332 10.89 60 bi-directional none Filling water from bottom started
1999-08-04 526252 11.18 60 bi-directional none
1999-08-06 534579 #Saknas! 60 bi-directional none Test stopped, filling water upper part subgrade
1999-08-11 534579 11.05 60 bi-directional none Test restarted
1999-08-12 558292 #Saknas! Responsemeasurements
1999-08-13 575100 16.68 60 bi-directional none Waterlevel 20 cm below subgrade surface
1999-08-14 594253 18.25 60 bi-directional none
1999-08-15 619694 19.10 60 bi-directional none Waterlevel = -17cm
1999-08-16 644675 20.24 60 bi-directional none Waterlevel = -23 cm
1999-08-18 688838 21.68 60 bi-directional none Waterlevel = - 23 cm
1999-08-20 736356 23.06 60 bi-directional none
1999-08-23 808654 25.42 60 bi-directional none
1999-08-25 850226 26.67 60 bi-directional none Oil sample from carriage
1999-08-27 891628 27.75 60 bi-directional none
1999-08-30 964096 29.16 60 bi-directional none Waterlevel= -21 cm
1999-09-01 1014642 30.10 60 bi-directional none Waterlevel= -31 cm
1999-09-03 1061188 31.04 60 bi-directional none Waterlevel = -31 cm
1999-09-06 1134098 32.27 60 bi-directional 6 haircracks/103 cm Waterlevel = - 30 cm
1999-09-06 1135500 #Saknas! SE02 Main Test stopped

 
 
Figure 44 The last “Weekly Report” from test SE02. 

 
Cross profiles were measured three times a week at five locations and the increase 
in maximum rut depth from the first measurement was calculated. The cross 
profiles before and after the test and the increase in maximum rut depth during the 
test can be seen in figures 45 and 46 respectively. 
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Test section SE02
Cross profiles before and after test
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Figure 45 Surface cross profiles measured before and after test SE02 
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Figure 46 Propagation of maximum rut depth during test SE02 
 

Water was added to the subgrade after 0.5 million passes and was held between 
20 and 30 cm below the subgrade surface. Rutting increased and the first cracks 
appeared just before the end of the test (see “Weekly Report” above). 

The deformation at the surface of the granular base layer and at the surface of 
the subgrade was measured in the same way as in test SE01. The result of these 
measurements are presented in figure 47 below. 
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Figure 47 Permanent deformation of unbound layers. 
 

Moisture content was measured after filling water in the subgrade in the same way 
as described above in the previous test. The measured moisture content can be 
seen in figure 48 below. 
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Figure 48 Moisture content after filling water in the subgrade. 
 



VTI rapport 477A 61 

As mentioned above the first cracks were visible just before the test was stopped. 
The crack inspection protocol at the end of the test are shown in figure 49. 

 

 
 

Figure 49 Crack inspection protocol at the end of test SE02 
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After test measurements 
FWD-measurements were done at more points than before the test. Besides 
7 points on each side of the centre line there were measured in 7 points in the 
centre line. Deflection bowls from these 21 measuring points are shown in 
figure 50. 
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Figure 50 FWD-measurement after test SE02. The figures shown are mean 
deflections. 
 
Cross section excavation was done in the same location as where the surface cross 
profile 1 was measured during the test, (X= -0.75 m). The distance from a straight 
edge to the surface of the different layers was measured manually and the result 
can be seen in figure 51.  
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Figure 51 Cross section after test SE02. 



VTI rapport 477A 63 

Core samples were taken close to the cross excavation section to verify any post 
compaction during the test of the asphalt concrete layer. Cores were taken both 
from the loaded area and from outside the loaded area 
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Figure 52 Void content in the asphalt surface layer at different lateral positions. 
 
There was no difference between the void content in the loaded area and outside 
the loaded area. In average the void content was 2.6 % both in the loaded area and 
outside the loaded area. 
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4.4 Test SE03 
The accelerated loading test SE03 was started at September 27th, 1999 after pre-
loading and response measurements in the same way as before but with high 
water level in subgrade from the start including pre-loading and response 
measurements. 

 
Pre-loading 
The pre-loading of test structure SE03 was done by 20 000 passes of a 30 kN / 
700 kPa single wheel load at 10°C pavement temperature and at the specified 
lateral distribution, see figure 33. 

 
Response measurements 
As the test structure SE03 was the same as test structure SE01 but resurfaced by 
“milling and filling”, the instrumentation was the same. Some more asphalt strain 
gauges were however installed on the milled surface before the new overlay. The 
response measurement program is shown in figure 53. 

 
HVS-Nordic/VTI, Response measurements
Test SE03

Single Wheel
Index Tire Pressure Wheel Load Speed Pavement

 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)
S21 500 30 12 x +10
S22 500 50 12 x +10
S23 500 80 12 x +10
S24 500 60 12 x +10

S25 600 30 12 x +10
S26 600 50 12 x +10
S27 600 80 12 x +10
S28 600 60 12 x +10

S29 800 30 12 x +10
S30 800 50 12 x +10
S31 800 80 12 x +10
S32 800 60 2 x +10
S33 800 60 4 x +10
S34 800 60 8 x +10
S35 800 60 12 x +10
S36 800 60 12 x +10

S37 900 30 12 x +10
S38 900 50 12 x +10
S39 900 80 12 x +10
S40 900 60 12 x +10

All Measurements with High Water Level in Subgrade!

Lateral Position (cm)*
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Dual Wheel

Index Tire Pressure Wheel Load Speed Pavement
 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)

P46 500 30 12 x x +10
P47 500 50 12 x x +10
P48 500 80 12 x x +10
P49 500 60 12 x +10

P50 600 30 12 x x +10
P51 600 50 12 x x +10
P52 600 80 12 x x +10
P53 600 60 12 x +10

P38 800 30 12 x x +10
P39 800 50 12 x x +10
P40 800 80 12 x x +10
P41 800 60 12 x +10

P42 800 60 2 x x +10
P43 800 60 4 x x +10
P44 800 60 8 x x +10
P45 800 60 12 x x +10

P54 900 30 12 x x +10
P55 900 50 12 x x +10
P56 900 80 12 x x +10
P57 900 60 12 x +10

P58 800 30 12 x x +0
P59 800 50 12 x x +0
P60 800 80 12 x x +0
P61 800 60 12 x +0

P62 800 30 12 x x +5
P63 800 50 12 x x +5
P64 800 80 12 x x +5
P65 800 60 12 x +5

P66 800 30 12 x x +15
P67 800 50 12 x x +15
P68 800 80 12 x x +15
P69 800 60 12 x +15

P70 800 30 12 x x +20
P71 800 50 12 x x +20
P72 800 80 12 x x +20
P73 800 60 12 x +20

          *) Lateral position: 0 = Centre Line
Lateral Distribution, Single Wheel: From -35 to +35 cm in steps of 5 cm
Lateral Distribution, Dual Wheel: From -25 to +25 cm in steps of 5 cm

Lateral Position (cm)*

 
 

Figure 53 Response measurement program for test SE03 
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Performance measurements 
The “HVS Weekly Report” at the end of the test can be seen in figure 54 below. 

 
HVS Nordic weekly report
Test Test structure = SE01+Measure
SE03 40 mm (approx.) Asphalt concrete,(ABT11/B85)

40 mm Asphalt concrete,(ABT16/B85)
Test parameters 110 mm Granular Base
Speed: 12 km/h 2500 mm Fine Sand (Water level = -30 cm)
Temperature: 10 C Rigid bottom Cement concrete
Tyre: dual tyre
Tyre pressure: 800 kPa
Wheel load 60 kN

Rut depth (mm) Cracking
Date Load repititions Profile nr. 3 Wheel load (kN) Load direction nr / length Remarks

1999-09-16 0 0.00 30 bidrectional none Preloading started, new oil in carriage, viscosity 32,9
1999-09-17 20000 2.03 30 bidrectional none Preloading finished
1999-09-24 26300 2.76 30,50,60 and 80 bidrectional none Response Measurements
1999-09-27 106392 4.60 60 bidrectional none Main Test SE03
1999-09-27 111556 #Saknas! 60 bidrectional none Test Interrupted, Chain Breake Down
1999-10-08 111583 #Saknas! 60 (+/- 3 percent) bidrectional none SE03 Restarted
1999-10-11 183168 7.36 60 (+/- 3 percent) bidrectional none
1999-10-13 233144 8.32 60 (+/- 3 percent) bidrectional none
1999-10-15 274548 9.14 60 (+/- 3 percent) bidrectional none
1999-10-18 346054 10.80 60 (+/- 3 percent) bidrectional none Oil Viscosity 27,1
1999-10-20 383838 11.82 60 (+/- 3 percent) bidrectional none
1999-10-22 420922 12.38 60 bidrectional none Recalibration of Test Load
1999-10-25 485102 13.43 60 bidrectional none
1999-10-27 528320 14.20 60 bidrectional none
1999-10-29 568148 14.58 60 bidrectional none
1999-11-01 627744 15.87 60 bidrectional none
1999-11-03 676020 16.64 60 bidrectional none Oil Sample nov. 2
1999-11-05 724210 17.49 60 bidrectional none
1999-11-08 800452 18.45 60 bidrectional 5 / 83 cm Test stopped

 
 

Figure 54 The last “Weekly Report” from test SE03. 
 

Cross profiles were measured as before three times a week at five locations and 
the increase in maximum rut depth from the first measurement was calculated. 
However profile 1, where the excavation was done in the first test, is excluded in 
the presentations below. 

The cross profiles before and after the test and the increase in maximum rut 
depth during the test can be seen in figures 55 and 56 respectively. 
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Figure 55 Surface cross profiles measured before and after test SE03. 
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Figure 56 Propagation of maximum rut depth during test SE03. 
 
As mentioned above the water level was held at the high level, 30 cm below 
subgrade surface, from the start and during the whole test. The deformation at the 
surface of the granular base layer and at the surface of the subgrade was measured 
as in test SE01. The results are presented in figure 57 below. 
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Figure 57 Permanent deformation of unbound layers, SE03. 
 
Moisture content was measured in the same way as described above in the 
previous tests. In this test, SE03, the water was held at the high level from the 
start of the test. The measured moisture content can be seen in figure 58 below. 
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Figure 58 Moisture content , high water level. 
 

Due to lack of time the test had to be stopped but was running until the first cracks 
could be seen on the surface. The crack inspection protocol after the test was 
stopped is shown in figure 59. 
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Figure 59 Crack inspection protocol at the end of test SE03. 
 
 
After test measurements 
FWD-measurements were done in the same measuring points as before the test. 
This means 21 points in three lines, centre line and +/-0.5 m from centre line. 
Deflection bowls from these measurements are shown in figure 60. 
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Figure 60 FWD-measurements after test SE03. The figures shown are mean 
deflections. 

 
Cross section excavation was done in the location where the surface cross profile 
4 was measured during the test, (X= -3.75 m). The distance from a straight edge to 
the surface of the different layers was measured manually and the result can be 
seen in figure 61. 
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Figure 61 Cross section after completion of test SE03. 
 
The density of the surface layer was measured by isotopic method, before and 
after the test. The measurements after the test could only be done in three of the 
points that were measured before the test. The measured values in these three 
points are shown in figure 62 together with the result from the measurements 
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before the test. The density was about 10 % higher after the test. The average 
density in these three points was 2032 kg/m3 before and 2254 kg/m3 after the test. 
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Figure 62 Surface layer density, before and after test SE03. 
 

After removing the asphalt layers isotopic measurements were carried out on the 
surface of the granular base layer. The results of these measurements are shown in 
the table below together with the results of the measurements on the same surface 
during construction of test structure SE01. The water was emptied out from the 
test pit before the SE03 measurements were done. 

 
Table 13 Measurements on the granular base surface before SE01 and after 
SE03. 
 
 Granular Base, before SE 01 Granular Base, after SE 03 
Isotopic measure:  
Dry density (average) 

2242 kg/m³ 2285 kg/m³ 

Isotopic measure:  
Water content (average) 

5.6 % 6.0 % 

Degree of compaction 
 

94.0 % 95.8 % 

 
Isotopic measurements were done in the same way on the surface of the sand 
subgrade and the results are compared with the measurements that were done 
during the construction of SE01 in the table below. 
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Table 14 Measurements on the sand subgrade surface before SE01 and after 
SE03. 
 
 Sand, before SE 01 Sand, after SE 03 
Isotopic measure:  
Dry density (average) 

1665 kg/m³ 1752 kg/m³ 

Isotopic measure:  
Water content (average) 

10.5 % 4.3 % 

Degree of compaction 
 

96.9 % 102.0 % 

 
 
4.5 Test SE04 
The start of test SE04 was delayed due to technical problem. The accelerated 
loading started at December 30, 1999. The total number of passes was only 
165000 in this test and the reason for this was the technical problem and lack of 
time. All loading was performed with the high water level as in the previous test. 

 
Pre-loading 
Pre-loading was done as previous by 20 000 passes of 30 kN/700 kPa single 
wheel load at 10°C pavement temperature and at the specified lateral distribution, 
see figure 33. 

 
Response measurements 
The response measurement program was somewhat shortened due to lack of time. 
Instead of five different pavement temperatures the measurements was performed 
at +\-0°C, +10°C and +20°C, see figure 63 
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HVS-Nordic/VTI, Response measurements
Test SE04

Single Wheel
Index Tire Pressure Wheel Load Speed Pavement

 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)
S21 500 30 12 x +10
S22 500 50 12 x +10
S23 500 80 12 x +10
S24 500 60 12 x +10

S25 600 30 12 x +10
S26 600 50 12 x +10
S27 600 80 12 x +10
S28 600 60 12 x +10

S29 800 30 12 x +10
S30 800 50 12 x +10
S31 800 80 12 x +10
S32 800 60 2 x +10
S33 800 60 4 x +10
S34 800 60 8 x +10
S35 800 60 12 x +10
S36 800 60 12 x +10

S37 900 30 12 x +10
S38 900 50 12 x +10
S39 900 80 12 x +10
S40 900 60 12 x +10

All Measurements with High Water Level in Subgrade!

Lateral Position (cm)*
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Dual Wheel

Index Tire Pressure Wheel Load Speed Pavement
 (kPa)   (kN) (km/h) 0 -15 distribution Temp. ( oC)

P46 500 30 12 x x +10
P47 500 50 12 x x +10
P48 500 80 12 x x +10
P49 500 60 12 x +10

P50 600 30 12 x x +10
P51 600 50 12 x x +10
P52 600 80 12 x x +10
P53 600 60 12 x +10

P38 800 30 12 x x +10
P39 800 50 12 x x +10
P40 800 80 12 x x +10
P41 800 60 12 x +10

P42 800 60 2 x x +10
P43 800 60 4 x x +10
P44 800 60 8 x x +10
P45 800 60 12 x x +10

P54 900 30 12 x x +10
P55 900 50 12 x x +10
P56 900 80 12 x x +10
P57 900 60 12 x +10

P58 800 30 12 x x +0
P59 800 50 12 x x +0
P60 800 80 12 x x +0
P61 800 60 12 x +0

P70 800 30 12 x x +20
P71 800 50 12 x x +20
P72 800 80 12 x x +20
P73 800 60 12 x +20

          *) Lateral position: 0 = Centre Line
Lateral Distribution, Single Wheel: From -35 to +35 cm in steps of 5 cm
Lateral Distribution, Dual Wheel: From -25 to +25 cm in steps of 5 cm

Lateral Position (cm)*

 
 

Figure 63 SE04 response measurement program. 
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Performance measurements 
The “HVS Weekly Report” at the end of the test can be seen in figure 64 below. 

 
HVS Nordic weekly report
Test Test structure = SE02+Measure
SE04 30 mm (approx.) Asphalt concrete,(ABT11/B85)

40 mm Asphalt concrete,(ABT16/B85)
Test parameters 110 mm Granular Base
Speed: 12 km/h 150 mm Granular Subbase
Temperature: 10 C 2500 mm Fine Sand
Tyre: dual tyre Rigid bottom Cement concrete
Tyre pressure: 800 kPa
Wheel load 60 kN

Rut depth (mm) Cracking
Date Load repititions Profile nr. 3 Wheel load (kN) Load direction nr / length Remarks

1999-11-26 0 0.0 Technical problem
1999-12-17 0 0.00 Preloading started
1999-12-18 20000 1.17 30, singel both none Preloading finished
1999-12-29 25084 1.50 50,60,80 kN both none Response measurements
1999-12-30 25084 #Saknas! 60 kN both none SE04 Main Test Started
1999-12-30 36294 #Saknas! Technical problem
2000-01-04 36294 #Saknas! 60 kN both none SE04 Main Test Restarted
2000-01-05 50000 1.37 60 kN both none
2000-01-07 93832 2.29 60 kN both none
2000-01-07 98940 #Saknas! Technical problem
2000-01-22 98940 #Saknas! 60 kN both none SE04 Main Test Restarted
2000-01-24 140800 #Saknas! Oil Sample From Carriage
2000-01-24 142189 3.12 60 kN both none
2000-01-25 165000 3.50 60 kN both none SE04 Main Test Stopped

 
 

Figure 64 The last “Weekly Report” from test SE04. 
 

Cross profiles were measured as before three times a week at five locations and 
the increase in maximum rut depth from the first measurement was calculated. 
However profile 1, where the excavation was done in the test SE02, is excluded in 
the presentations below. 

Cross profile 3 before and after the test and the increase in maximum rut depth 
(all profiles except profile 1) during the test can be seen in figures 65 and 66 
respectively. 
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Figure 65 Surface cross profile 3 measured before and after test SE04. 
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Figure 66 Propagation of maximum rut depth during test SE04. 

 
The water level was held at the level 30 cm below subgrade surface during the 
whole test. The deformation at the surface of the granular base layer and at the 
surface of the subgrade was measured as in test SE02. The result can be seen in 
figure 67 below. 
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Figure 67 Permanent deformation of unbound layers, SE04. 
 
The number of loading was only 165 000 as mentioned before due to technical 
problem and lack of time. There were no cracks visible on the surface when the 
test was stopped. 

 
After test measurements 
FWD-measurements were done in the same measuring points as before the test. 
This means measurements in 21 points with 1 m spacing in three lines, (centre 
line and +/-0.5 m from centre line). Deflection bowls from these measurements 
are shown in figure 68. 
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Figure 68 FWD-measurements after test SE04. The figures shown are mean 
deflections. 
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Due to the low number of loading and corresponding limited propagation of rut 
depth there were no cross section excavation done through test structure SE04. 

The density of the surface layer was however measured by isotopic method, 
before and after the test. As expected there was no significant change during this 
test due to the low number of loading. The average values before and after the test 
were 2180 and 2160 kg/m3 respectively, figure 69. 
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Figure 69 Surface layer density, before and after the test SE04. 
 
After removing the asphalt layers isotopic measurements were carried out on the 
surface of the granular base layer. The results of these measurements are shown in 
the table below together with the results of the measurements on the same surface 
during construction of test structure SE02.  

 
Table 15 Measurements on the granular base surface before SE02 and after 
SE04. 
 
 Granular Base, before SE 02 Granular Base, after SE 04 
Isotopic measure:  
Dry density (average) 

2263 kg/m³ 2274 kg/m³ 

Isotopic measure:  
Water content (average) 

6.6 % 6.1 % 

Degree of compaction 
 

94.8 % 95.3 % 

 
Isotopic measurements were done in the same way on the surface of the sand 
subgrade and the results are compared to the measurements that were done during 
the construction of SE02 in the table below. 
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Table 16 Measurements on the sand subgrade surface before SE02 and after 
SE04. 
 
 Sand, before SE 02 Sand, after SE 04 
Isotopic measure:  
Dry density (average) 

1674 kg/m³ 1699 kg/m³ 

Isotopic 0measure:  
Water content (average) 

8.5 % 5.5 % 

Degree of compaction 97.5 % 98.9 % 
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5 Evaluation of results 
The results presented in this report are data from the documentation of the test 
structures and data from the measurements of pavement performance during the 
tests. The considerable amount of data from the response measurements will be 
evaluated and presented later in other reports. 
 
 
5.1 Rut depth propagation overview 
Maximum rut depth was calculated from surface cross profiles measured at five 
locations across the loaded area. The propagation of the average of these rut 
depths for all tests are shown in figure 70. In the first two tests, SE01 and SE02, 
water was added to the subgrade during tests while the two other tests were started 
with high water level in the subgrade, 300 mm below surface.  
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Figure 70 Maximum rut depth propagation overview. 
 
As can be seen there was a considerable increase in rut propagation when water 
was added to test SE01 and SE02. 

The decrease of rutting at 1.9 milj. passes in test SE01 was measured during 
filling water in the subgrade and is believed to be an effect of swelling in the sand 
subgrade. 

In the beginning of test SE01 the rut propagation was large. A 10 mm rut depth 
was reach already at 90 000 passes and 7.6 mm was reached after pre-loading and 
response measuring (32 500 passes). 
 
 
5.2 Effect of loading mode and water. 
The first test lasted longer than expected. After 500 000 passes the increase in rut 
depth was constant and only 0.88 mm/100 000 passes. Then it was decided to 
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increase the test load from 60 kN to 80 kN and the tire pressure from 800 kPa to 
1000 kPa. 
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Figure 71 Rut depth propagation rates during test SE01 
 
The effect can be seen in figure 71. The rut propagation increased but only to 
1.03 mm/100 000 passes. Next decision was to weakening the subgrade by filling 
water in the sand to the level 300 mm below the surface of the subgrade which 
was the highest level permitted in the Swedish specifications when constructing 
new pavements. The test load was at the same time reset to 60 kN and 800 kPa. 

Now the rut propagation increased to 4.16 mm/100 000 passes and the first 
cracks could be seen at the pavement surface. 
 
 
5.3 Rutting and deformation. 
The vertical deformation of the base layer surface was measured in one location in 
the centre line of the loaded area. In almost the same location but on both sides of 
the centre line subgrade surface deformation was measured (see instrumentation 
description above). 

The results of these measurements together with rut depths at the pavement 
surface are shown below for all four tests. The subgrade deformation shown are 
the average from the two registrations on both sides of the centre line and surface 
rut depths are the average from 4-5 cross profile measurements on each test area. 
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Figure 72 Average surface rutting and permanent deformation of unbound base 
and subgrade surface at test SE01. Please note that deformation measurement of 
base and subgrade started after 32500 passes. 
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Figure 73 Average surface rutting and permanent deformation of unbound base 
and subgrade surface at test SE02. 

 
Most of the rutting of the pavement surface can be found as deformation of the 
subgrade. This is valid for the first two tests, figure 72 and 73. In the first test, 
SE01, the registration of base and subgrade surface deformation wasn’t started 
until after the pre-loading and the first response measurements which means after 
the first 32500 passes. The average maximum rut depth on the pavement surface 
was at that time 7.6 mm and part of this are most likely to be found as 
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deformation in the subgrade and should be added to the deformation shown in 
figure 72. 

Taking this into account 85 % of the surface rutting can be found as subgrade 
deformation in SE01 and corresponding figure for SE02 will be 72 %. 

Further more most of the remaining part of the rut depths could be find as 
deformation of the unbound base layer in SE01 and as deformation of unbound 
base and subbase in SE02. The deformation of the asphalt surface layers seems to 
be negligible. 

In the next two tests the situation was somewhat different. The test structures 
were the same as before but the rutted surface was milled and a new asphalt layer 
was laid to get the same surface level as before. This means that the new layer got 
almost the same thickness over the whole test area but the thickness of the total 
asphalt layer was larger in the centre of the test area due to the rutted pavement. 

The effect of this can be seen in the next two figures. 
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Figure 74 Average surface rutting and permanent deformation of unbound base 
and subgrade surface at test SE03. 
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Figure 75 Average surface rutting and permanent deformation of unbound base 
and subgrade surface at test SE04 
 
It should be kept in mind that these two tests, SE03 and SE04, were performed as 
continuation tests to the tests before, SE01 and SE02. This means that the base 
and subgrade surface were deformed from the start and also that these tests were 
carried out only in wet condition. 

As can be seen from figure 74 and 75 the relation between surface rutting and 
subgrade deformation are not the same as in the previous tests. As expected the 
deformation rate decreased after the asphalt overlay and at the end of test SE03 
the subgrade deformation was 56 % of the rut depth on the surface. 

The number of passes in test SE04 was only 165 000. At the end of the test the 
subgrade surface deformation was 1 mm and the average maximum rut depth on 
the pavement surface was 4 mm. This means that 25 % of the rut depth could be 
found as subgrade deformation. 

The subgrade deformation rate was 1.25 mm/100 000 passes in average during 
test SE03 compared to 2.34 mm/100 000 passes at the end of SE01. The 
corresponding figures for SE04 was 0.61 compared to 1.00 at the end of SE02. 

In contrary to the first tests most of the remaining part of the rut depth in SE03 
(44 %) can be found as deformation of the asphalt layer. In the SE04 test 50 % of 
the surface rut depth can be explained by deformation in the asphalt layer. 

 
 

5.4 Effect of water. 
To illustrate the effect of wet and dry conditions, surface rut depth propagation 
before and after filling water in the sand subgrade are compared for the test 
structures SE01 and SE02. 
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In both cases the rut propagation during the pre-loading before the tests are 
excluded from the dry situation. 
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Figure 76 Surface rut depth propagation during wet and dry conditions 
compared in test SE01 

 
If the pavement life is defined as the number of loading to reach a certain limit of 
distress then figure 76 illustrates the difference in SE01 pavement life at wet and 
dry conditions if the upper limit of surface rut depth is set to 10.0 mm. 

In dry condition the pavement life is more than 2.5 times pavement life at wet 
condition. 
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Figure 77 Surface rut depth propagation during wet and dry conditions 
compared in test SE02 
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Test structure SE02 shows larger difference between wet and dry conditions. At 
10.0 mm rut depth dry condition shows 5 times longer life. This depends primary 
on good performance for SE02 at dry condition. 

 
 

5.5 Effect of structure 
The effect of pavement structure on rut depth propagation are studied by the 
following comparisons of the tests results: 
• SE01 and SE02 in dry condition 
• SE01 and SE02 in wet condition 
• SE01 and SE03 in wet condition 
• SE02 and SE04 in wet condition 
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Figure 78 Rut depth propagation in dry conditions during test SE01 and SE02. 
 
The first two tests, SE01 and SE02 was planned to show the effect of adding a 
150 mm subbase layer which was the difference between gravel-bitumen 
pavement type for traffic class 1 and 3 in the former Swedish specifications, 
BYA 84.  



VTI rapport 477A 87 

SE01 and SE02
Rut depth propagation in wet condition

0

5

10

15

20

25

0 100000 200000 300000 400000 500000 600000 700000
Passes

m
m SE01

SE02

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

3 5 0

S E 0 1 S E 0 2

 
 

Figure 79 Rut depth propagation in wet conditions during test SE01 and SE02. 
 
There was a large difference in dry condition between SE01 and SE02. To reach a 
rut depth of 10 mm SE02 could be loaded 4 times the passes on SE01, but most of 
the difference can be found in the first part of the tests, which means pre-loading 
and the subsequent loading to 100.000 passes. 

In wet condition the rut propagation was almost the same during the first 
200.000 passes. After 200.000 passes the rut propagates faster at the weaker 
structure SE01. 

As mentioned above the plan was to study the effect of adding a 150 mm 
subbase layer. In reality the thickness of the pavement layers differ from the 
planned thickness. 

The total thickness of the two-layer test structure SE01 was thinner than 
planned, 138 mm instead of 150 mm. This was due to a thicker asphalt surface 
layer, 49 mm instead of 40 mm, and a thinner base layer, 89 mm instead of 
110 mm. 

The total thickness of the three-layer test structure SE02 was as planned, 
300 mm, but the thickness of the asphalt surface layer was thicker than planned, 
62 mm instead of 40 mm and the subbase layer was thinner than planned, 128 mm 
instead of 150 mm. 

At the end this means that the difference between test structure SE01 and SE02 
was not so far away from the planned difference. The total difference between the 
unbound layer thickness was 149 mm (instead of 150 mm) but the asphalt surface 
layer in SE02 was 13 mm thicker than in SE01. 
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Figure 80 Rut depth propagation in wet conditions during test SE01 and SE03. 
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Figure 81 Rut depth propagation in wet conditions during test SE02 and SE04. 
 
The effect of the asphalt concrete overlay on the surface rut depth propagation are 
shown in figure 80 and 81. The figures show the rut propagation before and after 
overlay. The total asphalt thickness in centre line after overlay was 81 mm 
(49+32) in test structure SE03 and 89 mm (62+27) in test structure SE04. 
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In test SE03 the propagation rate was reduce from 3.77 mm/100 000 passes 
before overlay to an average of 1.93 mm/100 000 passes after overlay. A large 
part (44 %) of the surface rutting originates from the asphalt layers most likely 
from the new overlay, see figure 74 above. 

In test SE04 the effect of the overlay was less as could be expected due to the 
thinner overlay and the thicker asphalt layer before overlay. The propagation rate 
was reduced from 1.78 mm/100 000 passes before overlay to 1.26 mm/100 000 
passes at the end of the test.  

 
 

5.6 Fatigue life. 
As described before there were no cracks visible on the surface of test structure 
SE01 before 1.9 million passes. After filling water in the subgrade cracks 
appeared and propagated as shown in figure 82 below.  
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Figure 82 Crack initiation and propagation at test SE01, SE02 and SE03. 
 
The other tests were running until cracks were visible on the surface but SE04 had 
to be stopped before any crack appeared. These results will be further analysed in 
coming reports together with results from the response measurements.  
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6 Conclusions 
During the first year in Sweden four accelerated pavement tests was carried out 
with the new HVS-machine. The tested structures were typical Swedish low 
volume road structures as they were presented in the former Swedish national 
specifications, BYA 84. The first two tests were performed on newly built 
structures and the second two tests were performed on the same structures after 
rehabilitation. Both structures were of gravel-bitumen type with thin asphalt 
surface layers and a total pavement thickness of 150 mm and 300 mm 
respectively. 
• The first experience of the test was that the first pavement lasted longer than 

expected. This was also the case in the first test in Finland. 
• In the first test, with the thin pavement, the rutting was relative large during 

the first part of the test (pre-loading and response measurements). 
• In dry condition even the thin structure could carry rather high wheel load. An 

increase of wheel load from 60 kN to 80 kN and corresponding increase in tire 
pressure didn’t increased the rutting very much. 

• Most of the surface rutting before rehabilitation could be found as deformation 
of the sand subgrade while after rehabilitation up to half of the surface rutting 
was due to deformation of the asphalt layers. 

• The effect of moisture was clear. The pavement life, (number of loads), at 
10 mm rut depth was 2.5 to 5 times more in dry condition compare with wet 
condition. 

• The thicker structure (SE02) showed largest difference between dry and wet 
condition. This was due to good performance at dry condition. 

• The pavement life, (number of loads), of the thicker structure (SE02) was 4 
times more in dry condition compared with the thinner structure (SE01). The 
total thickness of pavement SE02 was twice that of pavement SE01 but also 
the actual asphalt surface layer was thicker, 62 mm compared with 49 mm for 
SE01 pavement. 

• This difference in layer thickness leads to the conclusion that it’s not an easy 
task to construct pavements with high accuracy in layer thickness. This was 
also one of the experiences from the first tests in Finland. 

• The difference in pavement performance at wet conditions was less than 
expected. One reason for this could be that the comparison wasn’t done at 
exact the same condition. The thinner structure was exposed to more loading 
before water was added and thus had got more deformations in the dry 
situation. 

• The effects of the overlays differ in a way that could be expected. The thicker 
overlay on the thinner structure reduced the rutting more than the thinner 
overlay on the thicker structure. 

• Another effect after overlay, as mentioned above, was that almost half of the 
rutting after overlay could be found in the overlay and not as before overlay, 
most of the rutting in the subgrade. This points out the importance to chose a 
rut resistant mix to the overlay. 

 
The results evaluated in this report are the results from the pavement performance 
measurements, rutting and deformation. A large amount of data has been collected 
during the pavement response measurements. These data, stresses, strains and 
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deflections during a variety of test conditions will be used later for comparison of 
the test structures and for analysis of relations between pavement response and 
pavement performance. 
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7 Future plans 
As described in the introduction a program for research co-operation in the area of 
accelerated pavement testing has been agreed between Finland and Sweden 
covering the years 1997–2003. 

During the first year in Sweden, 1999, tests were performed as planned in the 
research program on typical Swedish low volume road structures and these are 
presented in this report. 

During the second year, 2000, two typical Icelandic pavement structures were 
tested on request from the Icelandic Road Administration and two steel fabric 
reinforced structures which were tested as a part of an European research project, 
REFLEX (Reinforcement of Flexible Road Structures with Steel Fabrics to 
Prolong Service Life). The Icelandic tests are reported in [2] and the REFLEX 
tests will be reported in the autumn of 2001. 

In November 2000 the HVS machine was taken by land- and sea transport back 
to Finland for the second period of testing there. 

In this second period in Finland tests will be concentrated on low volume road 
structures. The first test will be on a pavement frost protected with a 200 mm 
layer of EPS (expanded polystyrene) on the subgrade. The granular base layer, 
(450 mm), will be reinforced by steel fabric on half of the test area and the surface 
asphalt layer will be 50 mm thick. 

The second and third tests will be on thin structures, 50 mm asphalt surface 
layer on 250 mm unbound base layer, one with and the other without steel fabric 
reinforcement in the unbound base layer, as a part of the REFLEX project. 

The next three pavements to be tested are also for low-volume roads. The aim 
is to study the importance of the road cross section to the structural properties. 
Two different slopes are built and as a reference a “horizontal” slope. The 
pavement response due to moving wheel load with several offsets will be 
measured and finally the pavement performance is evaluated with accelerated 
testing. 

Around APT, (Accelerated Pavement Testing), there is international co-
operation. The first international conference on APT was held in October 1999 at 
Reno, Nevada. It included two presentations from Finland and one presentation 
from Sweden concerning the HVS studies. The TRB Task Group in USA is well 
known within countries that have APT facilities. In November 2000 this Task 
Group was appointed to an ordinary TRB Committee, A2B09 FULL-
SCALE/ACCELERATED PAVEMENT TESTING, and Finland and Sweden has 
members in this committee. 

FEHRL, (Forum of European National Highway Research Laboratories), 
proposed a group on accelerated pavement testing in Transport Research in COST 
(European Co-operation in the Field of Scientific and Technical Research). COST 
is an organisation of the European Commission but may have members in its 
groups also from non-EU European countries. All the countries that have APT 
facilities, including Finland and Sweden, will participate in this action. This 
COST 347 action was started in November 2000 and is planned for a period of 3.5 
years. 
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