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Abstract. Evaluation methods and tools used to assess pavement conditions provide an invaluable service to infra-
structure engineers, technicians, budget planners, and decision makers. These tools provide information relevant to 
the maintenance and rehabilitation of a nation’s infrastructure. As the pavement network continues to grow and age, 
new methods of condition evaluation will need to be implemented to maintain conditions databases so that managers 
and decision makers may develop accurate ideas with regards to the state of the network. This paper introduces various 
concepts and technologies used today within the road evaluation sector, these include: sensor technologies, pavement 
condition surveys, imaging techniques, deflection testing, and ground penetrating radar (GPR). These technologies are 
then discussed within the Norwegian context and their applicability reviewed.  
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1. Introduction 

The ability to adequately evaluate a nation’s pavement in-
frastructure is a key to maintaining a fully functioning 
pavement network. Especially, as older pavements begin 
to decay and budget restrictions influence the amount of 
affordable rehabilitation. Therefore, it is necessary for gov-
ernments to better track the conditions of their pavement 
network with time, so that necessary rehabilitation and 
maintenance are performed at a min cost to the tax payer 
and with the max return for the government agency (Gen-
dreau, Soriano 1998). 

Norwegian roads have to some extent felt the effects 
of deterioration with time as large portions of the road 
network are not at acceptable levels. According to Statistics 
Norway, in 2007 Norwegian roads experienced 260 deaths 
and 12 082 injuries, it is believed that a portion of these 
accidents are attributable to road conditions. Additionally, 
years of insufficient funding for pavement maintenance 
has decreased the level of Norwegian roads to the extent 
that resurfacing may not be sufficient (Hoff et al. 2008). 
Nevertheless, there has been a gradual improvement in 
the number of deaths and traffic accidents in Norway 
since 1998. However, if such progress is to be maintained 
it is necessary to continue developing various facets of the 

road construction and maintenance industry. An impor-
tant part of this lies in the ability to know when mainte-
nance and reconstruction is necessary. Specifically, in a 
country such as Norway where the road network spans 
over 93 000 km and the weather conditions are particu-
larly demanding. 

Condition monitoring provides vital information for 
managers and decision makers regarding the pavement 
condition, and what (if any) maintenance needs to be per-
formed. Such information is an invaluable tool for budget 
planning as it allows informed decisions to be made based 
upon accurate and relevant information (Galehouse et al. 
2007). Generally, pavements perform well during the first 
75% of their life, and to the untrained eye, look as if they 
are in good condition. The number of years the pavement 
remains in good condition after this is largely dependent 
on the level of maintenance it receives. Optimum condi-
tions are maintained through proper timing of major reha-
bilitations and good interim maintenance (Johnson 1988). 

The pitfalls of not conducting adequate maintenance 
are numerous, and include: safety risks to the general pub-
lic, decreased travel quality conditions, and increases in 
capital spent on rehabilitation projects. According to the 
Federal Highway Administration in the United States, 
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properly maintained pavements in a “good” to “excellent” 
condition require four to five times less investment in total 
annual maintenance compared to “poor” and “failed” con-
dition pavements. This paper will introduce various tech-
nologies and methodologies commonly accepted as state 
of the art with regard to providing evaluations of pavement 
condition. Additionally, standard methods currently used 
in Norway will be discussed and compared to the general 
state of the art.  

2. Pavement distresses 

Due to their viscoelastic nature, asphalt pavements are 
sensitive to both loading and temperature. Therefore, the 
distresses typically seen in asphalt pavements are often at-
tributable to extreme temperatures and loading, or com-
binations of these two factors. On low volume roads aging 
is also be an important distress factor, this is particularly 
applicable as between 90% and 95% of roads in Norway are 
classified as low volume roads (AADT < 3000 vpd). Often, 
pavement deterioration is a gradual process whereby one 
distress contributes and leads to another. However, if the 
driving force causing the distress is noticed early enough 
it is possible to perform corrective maintenance and reha-
bilitation before the distress develops and worsens.

For the purposes of this limited study, asphalt pave-
ment failures were identified from the literature (Huang 
2004) and suitable methods for detecting these types of 
failures were identified and discussed. As seen in Table 1, 
the types of distresses that occur on asphalt pavements are 
varied and their impact on the pavement may be structural 
as well as functional. In addition, such failures may also 
be due to loading on the pavement or they may be due 
to factors unrelated to loading. Regardless of the nature 
of these distresses, the pavement engineer must be able to 
accurately ascertain the failure affecting the pavement in 
question.  

3. State of the art pavement evaluation methods 

With the development of modern technology, a number 
of new condition evaluation systems have been developed 
to aid the pavement engineer in assessing the state of the 
road.  State of the art condition evaluation methods are 
presented and discussed in this section; these methods en-
compass a significant portion of the methods used by de-
veloped nations today. Automated methods are increasing 
in popularity at the expense of performing manual evalu-
ations; therefore, the manual evaluation methods are only 
described when they have not been substituted with auto-
mated techniques. The evaluation methods discussed are: 
sensor technologies, pavement condition surveys, imag-
ing techniques, pavement deflection methods, and ground 
penetrating radar (GPR).

3.1. Sensor technologies
Given the increased time constraints and increases in 
pavement network sizes available today, there has been 
a tendency for transportation agencies to adopt more 

automated pavement information registration systems. 
For this reason a number of sensor technologies have been 
investigated to perform pavement surface distress evalua-
tions, methods have included: holographic systems, infra-
red systems, acoustic systems, and laser systems-

It is today standard practice for most profile measure-
ments to be recorded with sensor equipped vehicles (Fig. 1) 
which drive along the roadway and record the transverse 
(rutting and studded tire wear) and longitudinal (rough-
ness/smoothness) profile of the road (Haugødegård 2008; 
McGhee 2004). Profilers, as these vehicles are known, are 
equipped with accelerometers and a minimum of one of 
the following three types of sensors: laser, acoustic, or inf-
rared. Using this type of equipment the accelerometers 
provide a horizontal plane, while the sensors function on 
the concept that the distance from the reference plane to 
the road surface is directly related to the time it takes for 
the signal to travel from the transducer and back (McGhee 
2004).

Laser sensors are generally recognized as the most 
advanced (commercially available) method of providing 
sensor data. The high speeds at which laser sensors per-
form today allow for profile data intervals of 25 mm or 
less to be captured at normal traffic speeds. The number 

Table 1.  Typical asphalt pavement distresses (Huang 2004)

Distresses

Type of distress

Struc- 
tural

Func
tional

Load 
asso
ciated

Non-load 
asso
ciated

Alligator or fatigue 
cracking ×   ×  

Bleeding   ×   ×
Block cracking ×      
Corrugation   ×   ×
Depression   ×   ×
Joint reflection 
cracking ×     ×

Lane/shoulder drop 
off or heave   ×   ×

Lane/shoulder joint 
separation   ×   ×

Longitudinal & 
transverse cracking ×     ×

Loss of smoothness 
(IRI)   × ×  

Patch deterioration × × ×  
Polished aggregate   × ×  
Potholes × × ×  
Pumping and water 
bleeding × × × ×

Raveling and 
weathering   ×   ×

Rutting   × ×  
Slippage cracking ×   ×  
Studded tire wear × ×  
Swell × ×   ×
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of sensors used generally varies from 1 to 37, where the 
varying configurations of lasers are used to capture se-
veral longitudinal locations as well as transverse profiles 
(McGhee 2004). Such equipment is commonly used by nu-
merous European agencies today and has been purchased 
by many road authorities in an effort to automate their pa-
vement evaluation procedures.

3.2. Pavement condition survey
Pavement condition index (PCI) evaluations are generally 
carried out by teams of inspectors carrying: hand odom-
eters (to measure distress lengths and areas), a straight 
edge, a ruler to measure the depth of ruts and depres-
sions, and the PCI distress manual (Greene et al. 2004). 
This procedure involves carrying out visual inspections of 
the pavement and recording the following aspects of the 
asphalt pavement distresses: alligator cracking, bleeding, 
block cracking, corrugation, depression, joint reflection, 
cracking (longitudinal and transverse), oil spillage, patch-
ing, polished aggregate, raveling/weathering, rutting, slip-
page cracking, and swell. Clearly this method provides 
a quite comprehensive analysis of the pavement surface, 
however, it is known to be time consuming and somewhat 
subjective. 

Distress factors are weighted in the PCI system, whe-
reby “deduct values” are used to specify the effects of a 
distress (including type, severity, and density) on the pa-
vement. These deduct values incorporate the experiences 
of the program designers into the program so that the 
distresses measured provide a realistic indication of the 
pavement distress level (Shahin et al. 2002). There have 
been advances within this field as well; recently pen ta-
blet computers have been added to the PCI tool box to 
aid in the recording of measurements. Such equipment 
eliminates errors in manual recording and allows the ins-
pector to enter the data into electronic form immediately 
(Shahin et al. 2002). In addition to this there have some 
investigations of using automated technology to perform 
PCI studies. Results from this study suggest that eva-
luations of distress type and quantity are similar betwe-
en automated and manual techniques; the evaluation 
of intensity was inconsistent though. These findings are 

quite similar to errors noticed when the survey is per-
formed manually, whereby the intensity level tends to be 
subjective and varied from inspector to inspector (Cline 
et al. 2002). With use of the PCI system some users have 
commented on its inherent drawbacks, these include 
(Wang, Watkins 2010):

−− the visual survey must be done during the day time 
to identify the surface distresses; this means that 
the high volume roads need to be closed during the 
evaluation; 

−− human errors are part of the system as the rating 
index is of a subjective nature;

−− the evaluation is time consuming;
−− there are also significant variations in the consis-
tency and repeatability of the results;

−− no high definition visual data is recorded for future 
use.

3.3. Imaging techniques
Crack detection systems allow for crack data to be acquired 
through the use of condition evaluation vans and provide 
detailed quantification regarding the type, severity, and ex-
tent of cracking present in a pavement. The concept behind 
imaging techniques is for a data collection vehicle to scan a 
particular area and then for cracking data to be interpreted 
using appropriate software. Automated crack detection is 
to date not as widespread as automated roughness and rut-
ting measurements, in part due to industry skepticism of 
the reliability of these systems (McGhee 2004). In the past 
there were efforts to use methods utilizing acoustic or laser 
sensors to relate cracking to abrupt variations in the pave-
ment texture. These methods have not gained widespread 
use, and today the tendency is to focus on imaging tech-
niques (McGhee 2004). 

Crack recognition systems incorporate the use of 
high speed digital photography to capture the pavement 
crack images and then to process these using algorithms 
which analyze the crack images (McGhee 2004). Generally 
the process of automated data capture and pavement crack 
index evaluation proceeds in the following manner (Jitpra-
sithsiri 1996):

−− pavement surface images are collected using a digi-
tal camera mounted on a van, often artificial light-
ing is provided to improve the contrast and elimi-
nate shadows;

−− image processing algorithm, based on a variable 
thresholding technique, automatically processes 
images;

−− images are divided into smaller tiles; the amount 
of cracking is computed based on the average grey 
value of each tile;

−− the program automatically determines the number 
of darkened tiles and computes the crack index in 
each image. 

To date this method has not been as widely adopted 
as laser profiling; in part this is due to the complexity in-
volved in eliminating shadows from the pavement pictures 
as well as providing detailed algorithms that analyze the 

Fig. 1. Typical components of a ViaTech ViaPPS profiler
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extracted data. Research continues in this field as it provi-
des data not always obtained using laser profilers, in addi-
tion such equipment can be mounted on to laser profiling 
vans and performed simultaneously, therefore this techno-
logy should be kept in mind for future applications. 

3.4. Pavement deflection testing

Pavement deflection testing is a tool used for the evalua-
tion of pavement strength, such testing is performed as nu-
merous pavement distresses are caused due to insufficient 
pavement strength. Therefore, pavement deflection testing 
is not used to evaluate actual pavement distresses; rather, 
deflections are an indication of the pavement strength and 
therefore an indicator of how prone the pavement is to fu-
ture failure and to investigate causes for rapid damage de-
velopment. According to the Asphalt Institute, structural 
capacity is defined as the ability of a pavement to support 
traffic without developing appreciable structural distress. 
Structural integrity with regards to pavements refers to the 
condition of the pavement surface, specifically in regards 
to the presence of surface fracturing and decomposition. 

Today, not all these methods are equally used due to 
coverage and efficiency issues, older methods such as the 
Benkelman beam require larger crew sizes and yield less 
test data. The COST 325 New Road Monitoring Equipment 
and Methods Report states that the Lacroix Deflectograph 
has also been used for a number in years in various Euro-
pean countries, this method functions on the same princi-
ples as the Benkelman Beam. Generally speaking though, 
the most used methods are the falling weight deflectome-
ter (FWD) and Dynaflect, while the development of the 
rolling dynamic deflectometer (RDD) also holds promise 
(Bay, Stokoe 1998). 

FWDs are the most common method of providing 
bearing capacity data for transportation agencies today 
(Bay, Stokoe 1998; Gendreau, Soriano 1998). However, 
emphasis has been placed on the gathering of network 
level data for highways; therefore the COST 325 report 
recommends FWD testing to be used more on project le-
vel evaluations. The RDD presents a particularly attractive 
solution as it provides a more practical method for obtai-
ning network level data. The RDD provides continuous co-
verage and operates with a relatively small crew size (two 
people), it is estimated that the RDD evaluates distances of 
up to 14.4 km/day (Bay, Stokoe 1998). Such technologies 
provide greater output than discrete methods and as such 
should be considered for future use.  

3.5. Ground Penetrating Radar 
GPR is a non-destructive method used to investigate the 
pavement subsurface, this is done by transmitting elec-
tromagnetic waves into the subsurface and recording the 
electric echoes induced by dissimilar dielectric proper-
ties (Benedetto, Pensa 2007; Hoff et al. 2008). Advantages 
associated with the use of GPR include the speed of op-
eration and almost full coverage of the pavement section 
(Hoff et al. 2008; Celaya et al. 2010). Results obtained from 

the use of a GPR survey include cross-sectional represen-
tations of what lies beneath the road surface. Today GPR 
is typically used in conjunction with other instruments to 
determine properties such as bearing capacity, deflection, 
unevenness, and rutting (Scullion, Saarenketo 2000). 

GPR surveys are typically performed using antennas 
(vehicle mounted or manual) which transmit short pulses 
of electromagnetic energy. The short bursts of electroma-
gnetic energy are then reflected when they hit an object 
or layer interface. The reflected energy is gathered and 
“displayed as a waveform showing amplitudes and time 
elapsed between wave transmissions and reflection” (Saa-
ranketo 2006a, 2006b). GPR has been used somewhat in-
termittently in the field of roadway condition evaluation, 
in part due to the difficulties of interpreting the recorded 
signals. The main benefits of using GPR in road evaluation 
lie in its abilities to evaluate layer thicknesses. Additio-
nally, it has been reported that when used appropriately 
GPR provides accurate network level information using 
measurement vehicles operating at highway speeds. The-
re has been some reported use of GPR for pavement eva-
luation, where its use for pavement layer thickness appears 
to be the most popular. Agencies have reported questio-
nable results with regards to the use of GPR for void de-
tection and location of asphalt stripping (Cao et al. 2007; 
Scullion, Saarenketo 2000). 

4. Norwegian practice 

In Norway a number of standards have been developed to 
evaluate the conditions of the road surface, as seen in Ta-
ble 2 a number of these refer to the use of ALFRED ultra-
sound equipment, today this technology has been replaced 
by the ViaPPS van (Haugødegård 2008). Nevertheless, this 
indicates that road profile measurements are an integral 
part of the Norwegian system of road condition evaluation 
and PMS. 

Since 2008, the ViaPPS pavement profile scanner 
has been used to gather profile and roughness measure-
ments in Norway (Haugødegård 2008). This method of 
data acquisition utilizes a laser scanner mounted on a van 
which provides more accurate information to allow the 

Table 2. Profiling methods used in Norway according to the 
Norwegian Public Roads Administration

Test Method Håndbok 
015

Similar 
ASTM

Profile with JULY/ALFRED 15.421 E 950
Manual profile measurement 15.422 E 1703
Rutting measurement with JULY/
ALFRED 15.423 E 950

Calculation of specific studded tire 
wear (SPSV) 15.425 –

Transverse profile with JULY/ALFRED 15.426 E 950
Evaluation of surface damage 15.427 D 5340
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Norwegian Public Roads Administration to better utilize 
their PMS system. As seen in Fig. 1, ViaPPS is a vehicle 
mounted road scanner with the ability to map road con-
dition and quality. The equipment is capable of recording 
140 readings per second over the whole lane width. During 
operation it collects: rutting information (depth, area, and 
width), cross fall, marking quality, some cracking infor-
mation, height of the road shoulder, measurement speed, 
reference position, transverse profile, international rough-
ness index (IRI), mean profile depth, GPS coordinates, 
curve radius, and longitudinal profile. Approx 54 000 km 

(59%) of Norway’s road network is evaluated using this 
method (Haugødegård 2008). 

The transverse road profile is a parameter of specif-
ic interest in Norway because, as seen in Fig. 2, for many 
Norwegian roads the primary cause of failure is studded 
tire wear. Crack recognition systems are not currently 
used in Norway, even though images of the Norwegian 
road network are regularly captured at 20 m intervals dur-
ing condition evaluations. These images allow the user to 
take a virtual tour of the road network while sitting at their 
desk. 

The software portion of the ViaPPS system provides 
data management for the various measured conditions. As 
seen in Fig. 3, the rut depth, IRI value, cross slope, cur-
ve radius, and MPD are all presented for the desired road 
profile. Additionally, information is provided to identify 
the road section. As seen in Fig. 3, the analysis does not 
provide a systematic evaluation of fatigue or low tempe-
rature cracking. A drawback of this method might lead to 
decreased focus on this issue, whereas it is in fact a cause of 
significant concern if the cracks are not addressed. 

In Norway research has been conducted on the fe-
asibility of using GPR data to collect pavement data in-
formation. This research indicated that there was a good 
correlation between pavement thicknesses determined 
from core samples and GPR data, however the accuracy 
of this method lies in determination of the dielectric per-
mittivity coefficient. Research continues within this field 
for practical applications, therefore, this method requires 
additional development prior to being used on a network 
level (Lalague, Hoff 2010). Pavement strength testing is ty-
pically conducted using FWD type equipment; however, 
such testing is not usually performed at the network level.

5. Summary

As seen in Table 3, a number of technologies are today 
available for the evaluation of distresses in pavements. 
Some technologies are developed and ready for implemen-
tation while others are still under development. However, 
what is evident is that many of the available methods are 
mutual compatible and provide a comprehensive overview 
of the health of the pavement. 

Fig. 2. Studded tire wear in Norway (Haugødegård 2008)

Fig. 3. ViaTech ViaPPS Analysis Screen shots illustrating:  
a – road profile, b – rut depth  

a)

	
b)

Table 3. Summary of evaluation methods and applicable 
distresses 

Distress

Evaluation procedure
Sensor 
tech
nolo
gies

PCI/
PSI

Ima
ging FWD GPR

Alligator or 
fatigue cracking × × × p

Bleeding ×
Block cracking × × × p
Corrugation × ×
Depression × ×
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6. Conclusions 

The need to collect pavement condition data is of critical 
importance to government agencies, especially as the road 
network continues to expand and the loading intensifies. 
For this reason, it is necessary for these agencies to harness 
available technology to gather more information with less 
manpower. The solution to this problem lies in the devel-
opment and adoption of new technologies for the pave-
ment management industry.

Pavement distress is a complex issue which may eit-
her be categorized as structural failure or a functional fai-
lure. Structural failures deal with the ability of the pave-
ment to carry a load, while functional failures deal with 
the ability of the pavement to provide adequate levels of 
service (roughness, noise, etc.) and safety. Today nume-
rous available technologies have been developed to har-
ness the power of modern computing to extract pavement 
condition data. These methods include: sensor technolo-
gies, pavement condition surveys, imaging techniques, 
pavement deflection methods, and GPR. Due to the com-
plexities involved in pavement failures, there is no one so-
lution. Rather these various methods may be combined 

to compliment one another and provide a comprehensive 
evaluation of the pavement in question. 

In Norway highway pavements are generally built 
using flexible asphalt pavements, therefore the resulting 
distresses are of a predetermined nature. In the past the 
standard method of performing pavement evaluations ty-
pically consisted of sending a team of inspectors to various 
pavement sites and having them perform a visual ins-
pection of the site. Typically, the inspectors would provide 
subjective evaluations of the various distresses witnessed 
on site and provide a rating for that particular pavement 
section. Additionally, when profile and strength data were 
required a myriad of manual tests were available for the 
inspectors to perform spot checks of the various pavement 
performance parameters. Examples of these manual pro-
cedures include the sand patch test for road texture, the 
Benkelman beam for strength, and rutting bar measure-
ments bar for rut depths. 

The problem with such evaluations are that they are 
time consuming and do not provide network level infor-
mation. Additionally such methods may require the need 
to stop traffic, and as such cause traffic interruptions which 
may be unsafe for the inspectors as well as the motoring 
public. Therefore, the trend has whenever possible been to 
develop and use automated data gathering measures which 
avoid many of these pitfalls while also providing network 
level data.  In Norway, the value of such automated tech-
niques has been recognized. Following experiences with 
the ALFRED ultrasound equipment, further investments 
have been made in the ViaPPS laser equipped pavement 
profile scanner. This laser profiler is capable of evalua-
ting: rutting information, cross fall, marking quality, road 
shoulder height, transverse profile, IRI, and mean profile 
depth. Within the Norwegian context transverse profile is 
particularly important as this is a primary indicator of pa-
vement failure due to studded tire wear.

The FWD is still used in a limited capacity by the 
Norwegian road authorities for structural evaluations. Its 
use is limited due to the difficulty of obtaining network le-
vel readings using such technology. Inspection teams utili-
zing the PCI method are also used occasionally due to the 
ability of the human eye to identify different types of pa-
vement distress not yet identifiable by imaging techniques. 
GPR is under evaluation for use as a pavement performan-
ce tool in Norway; however, to date it remains a tool that is 
still under development. 
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