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Foreword
This literature survey was financed by the Swedish National Road Administration

(SNRA).

At present, there is no overall survey ofR&D needs in the research field

concerning the functional properties of the road surface. This survey is one of

three parts of a project to survey national and international research in the field,

also suggesting future research efforts. The different parts of the project are:

0 The importance of the road surface for traffic safety and driving speeds.

0 Stress and service life consumption of vehicle components.

0 Effects of road texture on friction, tyre wear, fuel consumption/rolling

resistance and noise.

Eva Lundberg has been the contact person at the Swedish National Road

Administration and Gudrun Öberg the project leader at the VTI.
Valuable opinions were provided by Eva Lundberg (SNRA) and Gudrun Öberg

(VTI).

Linköping, April 1996

Peter Wretling
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1 Introduction

Low standard of the pavement can cause accidents and discomfort for drivers and

also influence travel speed. Knowledge of the correlation between the state of the

pavement and traffic safety is therefore of importance. Road users costs, described

in terms of accidents, journey time and vehicle Operating costs, are much greater

than the cost of investment in maintenance operation for the Road Administrators

(l). See Figure 1. It is possible that improved pavement standard can reduce the

total socio-economic costs of road transport.
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Figure I Socio-economic costs per yearon the national road network, (1980
price level).

Pavement Management (PM) Systems may assist road administrators either to

minimize the socio-economic costs for road transportation or to formulate

guidelines for an acceptable road standard at the lowest cost. In a literature review

of PM systems by Wallman et al. (2) two systems from Sweden, SABU and PUB,

are described. According to SABU, the rut depth will not affect travel speed if it is

less than 40 mm. Furthermore, resurfacing is assumed to increases the travel speed

by 1-2 km/h and a comfort value greater than 5.5 will increase the number of

accidents by 2 %. PUB recommendeds maximumvalues for acceptable rut depth

and unevenness. The rut depth is defined as the average value measured over a

distance of 400 metres. The evenness of the road is based on a measure of the

longitudinal evenness. Both systems use data from the RST (Road Surface Tester).

In the early eighties, Arnberg et al. (3) surveyed the need for research on the

maintenance of road and street pavements. They considered the following six

research tasks to be most important:

l. Methods/ models for predicting long-term changes in pavement condition

when implementing various surfacing strategies.
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2. Efficient methods for determining the structural condition (bearing capacity)

ofroads.

3. Measurement of current traffic loads and prognosis of future traffic loads

(especially axle loads).

4. The influence of surface condition on vehicle wear.

5. The influence of surface condition on road accidents.

6. Evaluation of effects.

This State-of-the-Art Report deals with the relationships between the properties

of the road surface and traffic safety. Chapter 2 deals with the relationships

between road surface conditions and traffic accidents and/or speed, Chapter 3 with

the relationships between Skid resistance and traffic accidents and finally Chapter

4 deals briefly with riding comfort.

References (4,5,6,7) are other relatively new State-of-the-Art reviews or

documentation discussing the relationship between road surface properties and

traffic safety, and are mentioned only in the reference list.
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2 Relationships between road surface conditions

and traffic accidents andl or speed
Two studies in Sweden concerning the relationships between road wearing course

and traffic accidents by Schandersson (8) and by Björketun (9) showed a tendency

for the accident rate to be lower on roads with surface treatment compared to

roads with asphalt concrete.

Schandersson reported that this was the case if the roads have low traffic

volumes.

Schandersson also concluded that the proportion of accidents on wet roads or

on icy/snowy roads no significant differences were found for different wearing

courses and that both the accident rate and the injury rate were shown to be

approximately the same for different conditions of the wearing courses.

Furthermore, no strong relationships were found between indirect measures of the

condition (age of the wearing course, number of pairs of axles since the most

recent maintenance) and the accident rate.

Björketun included a factor describing the weather conditions. This was

classiñed a-s fair or poor depending upon the amount of precipitation and mean

temperature.

For roads with surface treatment, the analysis showed small differences in

accident rate for fair and poor weather respectively, while the accident rate for

roads with asphalt concrete was always higher in poor weather conditions.

Furthermore, asphalt concrete has a significantly lower accident rate in fair

weather conditions than has surface treatment. In poor weather conditions, no

significant differences were found.

As stated before these two studies showed a tendency for the accident rate to be

lower on roads with surface treatment compared to roads with asphalt concrete.

However, the data were not very extensive in these two studies. Therefore, the

relationship was investigated again in a new study by Björketun (10), this time

including the total number of accidents on the paved national road network during

1977-1980.

This study showed, that the surface treatment roads, in the southern and central

parts of Sweden, had an accident rate 10 0/0 lower than the accident rate for asphalt

concrete roads, when wild life accidents were excluded. This percentage was

somewhat higher in the winter and somewhat lower in the summer. In northern

Sweden no differences were found.

If personal injury accidents alone were included, no differences were found.

This indicated that there might be differences in accident reporting frequency

between the two pavement types.

In a study, divided into two phases. the relationship between road surface and

travel speed was investigated in Sweden. Phase 1 by Linderoth (ll) concerned

surface treatment of roads in bad surface condition.

The selected road sections were divided into two groups, an experimental

group consisting of road sections selected for resurfacing treatment and a control

group composed of road sections not to be resurfaced.

To eliminate or to keep constant the influence of interrelated factors besides

surface Characteristics, pairs of nearly equivalent road sections were formed. Each

pair was made up of one experimental and one control group member and had the

same speed limit and approximately the same road width and traffic flow.
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The results showed that there was a significant increase in median speed for

passenger cars on resurfaced sections, in the time interval 15-09 (3 pm-9 am), of

1.7 km/h. Corresponding control group speeds decreased by 0.5 km/h. The

difference between groups was significant at the 1 % level. In the time interval

09-15 there were no significant changes.

For the entire measuring day, 24 hours, there was a significant increase in the

median speed for passenger cars of 1.4 km/h. The control group s median speed

was almost unchanged.

The: conclusion was that there is no evidence of reduced speed due to

unevenness. This can be explained by the comparatively good surface conditions

initially found in the experimental group. However, in the experimental group

during the time interval 15-09 a weak interrelation between speed change and

change in unevenness was observed.

The next phase described by Kolsrud and Nilsson (12) compared surface

treatment to plant mix.

Analysis ofspeed data from 17 locations before and after resurfacing and

simultaneously from 16 control locations, on unchanged sections, did not show

any significant differences between the two techniques or between various other

surface Characteristics.

However, compared to the controls, a significant rise of 1.4 km/h was observed

after resurfacing. These results are in accordance with the results of phase 1.

In a joint Nordic research project in Denmark, Finland, Norway and Sweden by

Hemdorff, Leden, Sakshaug, Salusjärvi and Schandersson (13) traffic safety was

investigated on roads with different pavement surfaces and surface wear. The

study consisted of four substudies: the effect of pavement age on traffic safety, the

safety effects of the condition of the pavement, the effects of road surface friction

on accident rates (see Chapter 3), and the effects of repaving on driving speeds on

dry road surfaces.

The accident rates increased with ageing pavements on days with more than 10

mm precipitation. On average, accident rates increased with ageing pavements. In

some regions, however, the rates decreased.

On inferior road pavements, the accident rates were about 7 % lower than on

good pavements, caused by the lower rates during days without precipitation. On

the other hand the accident rates on very rainy days, i.e. with more than 10 mm

precipitation, were higher on inferior road surfaces than on good road surfaces, see

Figure 2.
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Figure 2 Accident rates (injury accidents per 100 million vehicle kilometres)
for good " ana' "poar pavement conditians. On average andfor
different precipitation classes.

By grouping the data into summer and winter, the results showed that the lower
accident risk for the inferior road pavements was due to differences during
summer. See Figures 3 and 4.
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Figures 2, 3 and 4 are taken from VTI Reprint 231 Road Pavement Condition

and Traffic Safety. Some Results and Conclusions from the Nordic Project

TOVE by Schandersson.

Regarding the effects of repaving on driving speeds on dry road surfaces, no

effect was found in Finland or Norway. In Sweden, the mean speed increased by

slightly more than 1 km/h as a result of repaving. No results were obtained from

Denmark.

One conclusion from this study was that repaving is not necessarin a safety

measure. The effect depends on the climatic conditions and especially on the

frequency of rain.

Anund (14) used speed data and let the IRI (International Roughness Index)

and rut depth describe the quality of the pavement when fitting a multiple linear

regression to the speed data in order to investigate the relationship between road

surface and speed.

The speed data were divided into three different types of vehicles: passenger

cars, trucks and trucks with trailers. The measuring sites were located on straight

and level sections of main roads. The relationship was estimated by multiple linear

regression in the following form.

Y=G+B|X| +B3X3+ . . . . . ..+BÖX(3+8
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where

Y = mean speed

Xl = rut depth, mm

X2 = IRI, mm/m

X3 = I if the speed limit=90 km/h, otherwise O

X4 = 1 if the speed limit=l 10 km/h, otherwise O

X5 = 1 if the road width is less than 8 m, otherwise O

X6 i l if the l lO-roads are a motorway, otherwise O

8 = error

The model showed that the speed reduction for passenger cars was 1.6 km/h if

the rut depth increased by 10 mm and 2.2 km/h if the IRI increased by 1 mm/m.

The corresponding figures in the time interval 09-15 were 1.9 km/h and 3.0 km/h

respectively. The results were significant.

For trucks with and without trailers, no significant speed reduction with

increased road surface or rut depth was found.

In the early eighties, an experimental investigation to determine whether

surface deterioration significantly influences traffic speeds was carried out in

Great Britain by Cooper, Jordan and Young (15). Speeds before and after the

resurfacing of three test sites were measured and analysed.

Previous investigation and research at TRRL had shown that, in addition to

road surface Characteristics, the following factors may influence traffic speeds on

major roads: road type, road layout, traffic composition and density, time of day,

weather conditions, fuel costs and speed restrictions. The experiment was

designed to eliminate the effects of these factors as far as possible.

At two of the test sites, the condition of the road surfaces had deteriorated, both

profile and texture, but the road structures were considered to be sound. The third

test site, structural deterioration was suspected. A decision was taken to

reconstruct the road down to the upper level iof the cement-bound granular base.

The investigation showed that:

(i) traffic speeds are not affected by the resurfacing of a road whose profile

has deteriorated to a level where the (52 of the unevenness is less than 3

mm2 over profile features less than 5 metres long;

.. .. . 7 . 7

(11) when a profile has deteriorated to a 0' of at least 8 mm about a 5 metre

moving-average datum, an increase in speed of 2.6 km/h may be achieved

from the resurfacing of such roads;

(iii) a change in surface texture has no significant effect on traffic speed

providing all other factors are constant.

Craus et al. ('16) classified the Israeli roads network into five pavement state

groups, from 0 (the worst state) to lOO (excellent state). The average accident rate

per vehicle-km was computed for each group and for three types of roads: single

carriageway, dual carriageway and both single and dual carriageway. In order to

test whether or not the accident rates of the five groups were from the same

population, the Kruskal-Wallis H-test was utilized.
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The conclusion, only applicable in the general case of the whole network, was

that the pavement condition did not influence the accident rates for any of three

types of roads.

Summary

Two studies in Sweden concerning the relationships between road wearing course

and traffic accidents showed a tendency for the accident rate to be lower on roads

with surface treatment compared to roads with asphalt concrete.

In another study in Sweden the relationship between road surface and travel

speed was investigated. The results showed that there was a significant increase in

median speed for passenger cars on resurfaced sections in the time interval 15-09

(3 pm - 9 am), of 1.7 km/h. For the entire measuring day there was a significant

increase in the median speed of 1.4 km/h.

Some results from the TOVE-project:

- The accident rates increased with ageing pavements on days with more than

10 mm precipitation.

- On inferior road pavements the accident rates were about 7 % lower than on

good pavements.

- In Sweden, the mean speed increased by slightly more than 1 km/h as a

result of repaving.

One conclusion was that repaving is not neccessarily a safety measure.

A study from Sweden used speed data and let the IRI and rut depth describe the

quality of the pavement when fitting a multiple linear regression to the speed data

in order to investigate the relationship between road surface and speed. The model

showed that the speed reduction for passenger cars was 1.6 km/h if the rut depth

increased by 10 mm and 2.2 km/h if the IRI increased by 1 mm/m.
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3 Relationships between skidding resistance and

traffic accidents
The effects of road surface friction on accident risks were studied within the

TOVE-project (13). Only friction data from Denmark were obtained. The

tendency is that the accident rate decreases with increasing road friction

coefñcient, see Figure 5, and that this can be seen both for injury accidents and

accident with property damage only. The results also showed that this tendency is

most pronounced for two-lane highways and is greater on roads with surface

dressing than on flexible or rigid pavement types.

Personskadauheld
pr 10 mio vognkm

  
    

  

 

  

   

 

8.0 r

6.0 -

4,0 3-7

2.0 1.7 1.6

y////

oo 0'0
' 0.40- 0.50- o.so- 0.70- 0.80- 0.90-

0.49 0 59 0.69 0.79 0.89 1.00

FRIKTION

Figure 5 Relationship between injury accident rate andfrictionfor all road
types.

Roe, Webster and West (17) outline the basic principles of texture depth and

skidding resistance and their measurement in a report from Great Britain.

Furthermore, an inter-relationship between texture, skidding resistance and

accidents was developed.

It has not been possible to assess the extent to which poor texture depth

contributes to accidents because texture depth could not be measured on a large

scale on inservice roads. The development of the laser-based, highspeed texture

meter (HSTM) has made such measurements possible. Values from the high-speed

texture meter were used to calculate the average texture depth for each 10 m

length of road, known as sensor-measured texture depth (SMTD).

The skidding resistance for the accident site is represented by the mean summer

SCRIM coefficient (MSSC) which is the mean of three or more SCRIM

coefficients obtained for the same length of road spaced out over the summer

testing period of a single year. (The sideway-force technique for measuring

skidding resistance has been develOped into a routine test vehicle known as

SCRIM.)

The accidents were classified in four groups: dry, no skidding; dry, skidding;

wet, no skidding; wet, skidding. Road networks in three counties were designed

specially for the study, where network A was included as a wide sample of road
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types, network B was included because SCRIM measurements were already being

made and finally network C was included as an example of asphalt concrete roads

and roads carrying large numbers of commercial vehicles.

To test the null hypothesis that texture at the accident sites was distributed in

the same way as texture on the network. a chi-square test was used. The test

showed that the distributions were significantly different. This confirms that the

accidents occur on the lower textures at a greater frequency than would be

expected on the basis of the existence of such textures on the road. See Figure 6.

A similar test was carried out for the skidding resistance values in order to

assess the influence of microtexture. This test showed no significant difference

between the distributions for networks B and C and just significant at the 5 %

level for network A. See Figure 7.
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One approach to estimate suitable levels of the texture is to determine the

texture level at which the proportion of accidents exceeds the proportion of

textures on the network. This level falls between 0.6 mm and 0.8 mm, indicating

that the risk of accidents is greater for roads with an average SMTD below about

0.7 mm than for those above this level. see Figure 8.
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Figure 8 - Diference between accident sites and network texture
distributions.

An alternative approach is to consider accident rates (number of accidents per

year per kilometre of road) at different texture levels. It is evident in Figure 9 that

the three networks have different accident rates at the lowest textures. This

follows the hypothesis that increasing the texture depth where it is low will reduce

the number of accidents.
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Figure 9 Variation of'average annual accident rate with texture level.

The authors end by concluding that there is a need for further research to

confirm the hypothesis that improving texture reduces accidents.

Hosking (18) examined the value of using the seasonal variation in skidding

resistance as a basis for estimating the effect of changes in skidding resistance on

the frequency of skidding accidents. Categories studied include road usage, traffic

speed, class of road, class of vehicle and region of Great Britain.
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The main findings were:

(i) That there existed a very high significant correlation between month-to-

month changes in wet-road skidding resistance and the wet-road skidding

rate for all categories.

(ii) Month-to-month changes in traffic volume and light conditions have

relatively little effect on skidding frequency.

(iii) Estimated reduction in skidding frequency per unit change in skidding

resistance was similar for most categories.

(iv) Good correlation was found between wet-road skidding resistance and

dry-road skidding accident frequency.

Summary

The effects of road surface friction on accident risks were studied within the

TOVE-project and the results showed that the tendency is that the accidents rate

decreases with increasing road friction coefficient. A study undertaken in Great

Britain showed that accidents occurred on the lower textures at a greater frequency

than would be expected and that the risk of accident is greater for roads with an

average texture depth below about 0,7 mm than for those above this level.
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4 Future research work

Friction - texture -- behaviour - traffic safety

The influence of surface friction is of significance for traffic safety.

In a study undertaken in Great Britain, one result, among others, was that

accidents occurred on the lower textures at a greater frequency than would be

expected on the basis of the existence of such textures on the road. Also, it was

found that the risk of accident is greater for roads with an average SMTD (texture

depth) below about 0.7 mm than for those above this level.

The relationship between road friction and accident rate was investigated

within the TOVE project. The results showed that the accident rate decreases with

increasing road friction.

Future work is needed to develop knowledge about how variations in

longitudinal friction properties and transverse friction affects traffic safety and

driving behaviour. Driving speed, the lateral position of vehicles, acceleration and

retardation can be used as measures of behaviour.

Furthermore, it is necessary to investigate whether accidents occur at sites with

lower textures at a greater frequency than would be expected. Also, it is desirable

to estimate suitable levels of the texture at which the proportion of accidents

exceeds the proportion of that texture. The condition of the road can be measured

with a Laser Road Surface Tester and the accident rate can be calculated as a

function of the macrotexture.

There is a lack of accident studies directed towards the problem of the effects

on traffic safety of differential friction caused by marking materials and also of

split friction caused by lower friction in the ruts than outside the ruts. Reference

(4) describes a design procedure for determining the maximum permissible

differential friction between pavement and material, given the length of the

marking on the pavement for safe operation of cars.

Pavement markings present a problem in wet conditions for motorcycles.

Roughness - ruts - behaviour - traffic safety

Another subject of interest is how road roughness and ruts affects traffic safety.

One conclusion from the TOVE project was that the lower accident rate for

poor surfaces was most probably caused by effects related to periods without

snow. Studies from Sweden detected minor differences in speed, 1-3 km/h, for

different types of surfaces and standards.

More research about how road roughness affects traffic safety and driving

behaviour as well as riding comfort will be needed. It is also necessary to

investigate whether different measures of the longitudinal evenness and the cross
profile can be used in accident studies.

Driving behaviour on uneven roads with ruts is of interest. Measurements of

driving speed and lateral postion of vehicles on selected sites for different road

types, with and without ruts, can be used to detect whether there are any variations

in the lateral position of vehicles due to light conditions - daylight and darkness,
weather conditions -- good and bad. road surface -- dry and wet.
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A future study concerning ruts should start with two descriptive investigations.

The main purpose of these studies is to gain knowledge about important factors

(different conditions) for drivers. safety and comfort and then to design an

experimental study with a sample of test persons driving a car under varying

conditions.

l. Measurements on roads with greater rut depths.

2. Measurements on roads with more normal rut depths.

3. Experimental study.
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