
ISSN 0347-6049

& V//särtryck

S 107 1986

 

 
 

Vehicle Fuel Consumption on Different Types

of Wearing Courses

Hans Sävenhed, Swedish Road and Traffic Research Insti-

tute

wVäg'OCh a k Statens väg- och trafikinstitut (VTI) + 581 01 Linköping

IIIStltUIEt Swedish Road and Traffic Research Institute * $-581 01 Linkoping Sweden

 





 Jaså-,,
ck
 

 

_

_

S 107 1.986

Vehicle Fuel Cansumption on Different Types
of Wearing Courses
Hans Sävenhed, Swedish Road and Traffic Research Insti-
tute

ii

  

wVäg-UCI) a k- Statens väg- och trafikinstitut (vr/i . 581 01 Linköping

Inst/tutet Swedish Road and Traffic Research Institute . S-581 01 Linköping Sweden



Klintland Grafiska, Linköping 1986



Vehicle Fuel Consumption Hans savenhed
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Hans Sävenhed
Swedish Road and Traffic Research Institute

INTRODUCTION
 

Most of the Swedish Road Authorities maintenance resources are used for
improvement of the road surface. To maximize societal welfare from this
investment, account must be taken of the associated costs and benefits
both to the suppliers and users of the roads. One factor to consider
is how the type of wearing course and its maintenance influence road-
user costs, especially fuel consumption. To rovide information onthis,
the Swedish National Road Administration (vvg has commissioned the
Swedish Road and Traffic Research Institute (VTI) to undertake studies
to determine how fuel consumption is affected by:

(i) different types of road Surface (surface treatment v. asphalt-
concrete roads) and of how consumption varies over the life-span
of the road surface;

(ii) wheel ruts on surface-treated road;

(iii) grading of gravel roads; and

(iv) the presence of snow and ice on both surface treated and asphalt

concrete roads.

No statistically significant differences in fuel consumption were re-
corded either by type or by age of road-surface for the range of roads
studied under item (i), i.e. surface treated and asphalt-concrete roads
over an ll year period from first being surfaced.

Driving in wheel ruts created by heavy lorries on surface-treated roads,
item (ii), was found to reduce fuel consumption in dry conditions (pro
bably owing to the smoother surface in the rut) but to increase fuel
consumption during and after rainfall (when the ruts fill with water).

Fuel consumption on gravel roads, item (iii), was found to be high im-
mediately after grading but then rapidly to reduce as traffic recompacts
the road surface. Consumption was lowest one week after grading. There-
after fuel consumption increases as the road surface begins to deterio
rate although consumption may temporarily reduce again after periods of
rainfall. (Shortly after rainfall the wet gravel is compacted by traffic
and this produces a firmer, harder and more even surface). Three months
after grading fuel consumption on a gravel road was found to be higher
than the minimum level recorded, but the overall deterioration was only

4%.

The presence of deep, fresh snow was found to increase fuel consumption
significantly. Increases of up to 200% were recorded for dry snow l3 cm
deep over the consumption on a clear dry road. Consumption reduces dra-
matically as the depth of snow diminishes through compaction or clear-
ance. Ice also increases fuel consumption, although to a much lesser ex-
tent.

Overall, although some effects are discernable, the type and condition
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of the wearing course appear to have only a small impact on fuel con-
sumption. The exception is where there is deep snow or pools of water
on the road surface, both of wich can dramatically reduce fuel effi-
ciency. This conclusion holds true over a wide range of studied speeds.

PAST STUDIES OF FUEL CONSUMPTION
 

Previous studies of fuel efficiency have identified a wide range bf
relevant factors related to:

(i) characteristics of the vehicle (e.g. engine size, fuel type,
engine temperature, tyre pressure, load);

(ii) characteristics of the road (e.g. gradient);

(iii) weather (e.g. whether it is wet or dry, wind speed/direction
relative to the direction of movement of the vehicle, air
temperature); and

(iv) driver behaviour, (including the speed of driving, the vari-
ability of speed and use of the brakes).

The implications for a study seeking to assess the effect on fuel con-
sumption of differences in the road wearing course and its state of
maintenance are:

(i) that it will be important to hold constant or to control for
the effects of variations in known relevant factors other than
those under investigation, and

(ii) to bear in mind the probability that the effects, if any, of
the variables under study may vary under different conditions,
e.g. the effects of the wearing course may vary under different
weather conditions, depending on the gradient of the road or
at different driving speeds. Effects could also be different
for different types of vehicle.

OBJECTIVES OF THIS STUDY
 

It was never intended directly to develop a full model of fuel con-
sumption including, as one set of relevant variables, those variables
relating to the type and state of the wearing course. Rather, the aim
was to assess the effects of wearing course under a limited range of
condition sets. This necessarily implies simplification and it was
recognized, from the outset, that results would not necessarily re-
flect maximum or even average effects. Nevertheless, the sets of con
ditions chosen were those which, it was felt, related most strongly
to policy-relevant issues. What could be the likely optimum level of
fuel economy achieved from different surfacing and maintenance strate-
gies? Would snow clearance programmes significantly benefit road haul-
age operations, etc.?

METHODS USED TO DETERMINE FUEL EFFICIENCY

For all the tests (i) to (iv) above, measurements of fuel consumption
were made using a specially instrumented car (a Volvo 244 DL, 1978).
For test (iv), where policy interest focused especially on the effects
of winter maintenance strategies on the road haulage industry measure
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ments were also made using two instrumented lorries (a Scania
GBZM 4*2 16 ton and a Scania G82M 6*2 16 ton).

The passenger-car used in the tests was equipped with an automatic
cruise controller so that it would be possible to maintain a constant
driving speed. In addition it was fitted with a fuel flow meter
(which produced one output pulse for every 1.00 cc. of fuel consumed)
and a petrol temperature guage. Distance travelled was measured by a
device fitted to the right front-wheel, which produced four output
pulses for every rotation of the wheel. Data on fuel consumption, fuel
temperature and distance travelled were recorded automatically onto
tape along with the real time. In addition, air temperature was
measured and recorded manually before and after each run. Similar
types of equipment were fitted to the lorries used in the trials.

Before each run, the vehicle being used was driven at least 40 km
to ensure that the engine would be fully "warmed-up . To maintain
a constant load, each test was conducted with a full fuel tank. Tyre-
pressure was checked before each set of tests to ensure compatability
between test readings. The road segments used in the tests were de-
liberately chosen to minimize the effects of non-wearing course
characteristics on fuel consumption. All tests were conducted on
straight, flat stretches of road. In addition, for test (iv) where
it was important to assess the effects of fresh, deep snow, tests
were also made on an airfield. For each of the tests, (i) to (iv),
measurements were made over a road segment or stretch of run-way
up to 1 km long.

For test (i) measurements were made at cruising speeds of 60, 75 and
90 km/hour. For test (ii) only two cruising speeds were used, 70, and
90 km/hour. For test (iii) cruising speeds of 50, 60 and 70 km/hour
were used. For this test no measurements were made at Speeds higher
than 70 km/hour since this generally is the maximum permitted speed
on any gravel road in Sweden. For test (iv) where concern was for the
effect on fuel consumption of deep snow on the wearing course, it was
considered worthwhile only to take measurements at a fairly low
cruising speed. A speed of 50 km/hour was chosen.

To minimize the effect of weather on the fuel consumption readings,
runs were only made during periods of calm, stable weather with a
wind speed of less than 4 m/s. Another precaution in test (i) and
(iii) was to take readings in both directions, i.e. up and down each
section of road under study.

During analysis data recorded during the trials were read onto a com-
puter and converted into a measure of fuel efficiency, i.e. litres of
fuel consumed/10 km. In determining fuel efficiency corrections were
made to the crude fuel consumption data according to fuel and air
temperature readings. This ensured that the efficiengy measurements
are comparable (N.B. They are all standardized to 20 C for both air
and fuel).

DETAILED RESULTS 

Tablei summarises the results for different types of road-surface (sur-
face-treated v asphalt concrete roads) and demonstrates that the type
of road surface appears to have no significant impact, overall on fuel
consumption. Fuel efficiency deteriorates with increasing speed but the
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deterioration appears to take place at the same rate on both types of
road surface. More detailed results from the same test are given in
table 2 which also shows that fuel efficiency is not significantly
affected by changes in the condition of the road-surface which occur
over the life-span of the road (at least over the range of surface
conditions considered during these trials). Since condition of the
road-surface is affected by both traffic levels and time, figures 1 and
2 give fuel consumption readings separately against each indicator.
These figures provide graphic illustration of the deterioration of
fuel efficiency with speed but the remarkable feature is the stability
of fuel consumption for any given speed across the different road
surfaces both by type and condition.

Table 3 provides detailed results from the tests to determine the
effect on fuel efficiency of wheel-ruts on a surface-treated road.
The deterioration of fuel efficiency in wet conditions when driving in
ruts filled with water can clearly be seen : in such conditions fuel
consumption increases by approximately 15% at 90 km/hour over driving
at similar speed on a smooth flat road surface. The consistency of
fuel consumption readings over control runs ( with the car wheels
running first on the right hand side and then on the left-hand side
of the ruts) is encouraging in that it suggest that the test methods
provide reliable and replicable results.

Table 4 gives results from the tests on a gravel road-surface. The
change in fuel efficiency is indicated by a fuel index which gives
the consumption on each run relative to the lowest consumption recor-
ded at each test speed. For all three test speeds consumption was
lowest one week after the road surface was first graded (i.e.) on 6/7.
The index of fuel consumption on this run was taken as 1.0. The change
in fuel efficiency with different road surface conditions is clearly
seen. After first grading, fuel consumption is high until traffic com-
pacts the loose gravel and creates a hard smooth road surface. At this
point, consumption is lowest. Within a fortnight, pot-holes begin to
develop and within a month, the road-surface begins to break-up.
Loose gravel collects on the ridges between the wheel-ruts and the pot-
holes begin to deepen. Fuel consumption begins to be affected adversely
and the effect is felt, first, at higher speeds. Fuel consumption
worsens significantly during periods of heavy rainfall since the pot-
holes then fill with water. The deterioration can be as much as 15%.
However, after rainfall, traffic re-compacts the road-surface and for
a short-time there is an improvement in fuel efficiency. e.g. on 28/9.
Three months after grading the road surface remains compact but there
are deep pot-holes and drainage is no longer adequate. After rainfall
the pot holes fill with water which remains for long periods adversely
affecting fuel efficiency, especially at higher Speeds.

Figure 3 gives results from the test which looked at the effects on the
fuel consumption of a passenger car of the presence of snow, ice and
water on surface-treated roads. The results are interesting since they
show not only that snow, ice and water on the road-surface reduce the
fuel efficiency of the car but they also demonstrate the extent of the
impacts relative to each other and at different driving speeds.
Clearly, snow has the most serious adverse impact on fuel efficiency
and one which becomes rapidly more severe as speed increases. Thin ice
has an impact at low speeds (it increases fuel consumption by approxi-
mately 10% over driving on a dry road surface at 50 km/hour) but the
impact is much greater at higher speeds (fuel consumption is approxi-
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mate1y 20% greater at 75 km/hour). The extent of the impact of water is
similar to that of ice at lower speeds but is not so great for higher
speeds. In practice, fuel consumption on a wet road surface follows a
parallel path to the increase with speed on a dry road surface although
absolute consumption at all speeds is, of course, higher on the wet
road.

Table 5 gives results for the effects of deep, cold snow on the fuel
efficiency of a passenger car. Fuel consumption is again given by an
index figure linked to the lowest consumption figure. At the beginning
of the test, on an asphalt-concrete air strip, the driving surface was
covered by approximately 13 cm of snow. Consumption on the first run
was almost 3 times as great as consumption on the cleared driving sur-
face. Subsequent runs were made driving in the tracks created during
the first run. After the first run the original 13 cm of snow had com-
pacted to 4 5 cm. Fuel consumption was then 1.8 times the level recorded
on the cleared driving surface. After 10-15 runs, the depth of snow had
reduced to 2-3 cm and fuel consumption had fallen to 1.5 times the
lowest level. Fuel consumption could not further be reduced without
ploughing the road. The implication is that if roads are not cleared
of dry cold snow, fuel consumption of passenger cars will remain high.

Results from the trials for lorries are given in tables 6 and 7. Table
6 gives the fuel consumption of a Scania GBZM 4*2 16 ton lorry driven
on an asphalt-concrete driving surface with varying depths of wet, com
pacted snow. Two separate sets of fuel consumption readings are given,
one for each trial. Results are consistent between trials. In each case
consumption was highest on the first run with approximately 1 cm of
wet naturally compacted snow on the driving surface. After 6 runs over
the same course, fuel consumption had fallen by 20% and did not further
reduce until the road was cleared of snow. At this stage, the depth of
snow had reduced to 0.3 cm. After clearing the snow fuel consumption
reduced to 2.3 litres/10 km. It can be inferred that if snow is not
cleared from the road surface, only 3 or 4 lorries need to drive along
the road in order to reduce fuel consumption to a level only marginally
higher than that for driving on a cleared road. (i.e.) 2.4 litres/10 km
compared with 2.3 litres/10 km.

Table 7 re-inforces these findings for lorries. It looks at the effects
of deeper snow and also at the effect of leaving snow uncleared ( and
undisturbed by traffic) so that it compacts naturally. Trial 1 shows
that the fuel consumption of a lorry driven over fresh snow initially
6.5 cm deep quickly reduces. It stabilises after only 5 or 6 runs at
a 20% lower consumption level. By then the depth of snow is approxima
tely 2.5 cm. If the fresh snow is left for an hour (without traffic)
and is allowed to compact naturally (trial 2), fuel consumption on the
first run is much higher for lorries despite the lesser depth of snow.
However on subsequent runs consumption is little different from the
figures recorded during trial 1. Again, consumption on the uncleared
road stabilises after only a few lorries have passed over the snow at
a level only marginally greater than that for driving on a cleared
road-surface.
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Tab1e 1 Fuel consumption by type of road surface.
Mean value of table 2.

Fuel consumption (litres/10 km)

Speed Surface treatment Asphalt concrete

Yl uma

60 0.70 0.69

75 0.78 0.77

90 0.90 0.89

Table 2 Fuel consumption by type of surface and according to
year of surfacing. Individual runs. Mean of trials
back and forth.

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Surfacing Stone Speed Fuel consumption (litres/Ika)
size _sect on

Type Year mm km/h 1 2 3 4 5 6 mean value

60 0.68 0.69 0.69
Y1 79 12-16 75 0.78 0.76 0.77

90 0.89 0.91 0.90

60 0.70 0.70
Yl 78 12-16 75 0.79 0.79

90 0.89 0.89

60 0.73 0.70 0.70 0.70 0.68 0.70 0.70
Y1 77 12-16 75 0.80 0.78 0.77 0.80 0.78 0.79 0.79

90 0.95 0.89 0.89 0.90 0.89 0.91 0.91

60 0.71 0.71
Y1 77 12-20 75 0.80 0.80

90 0.91 0.91

60 0.68 0.70 0.69 0.69
Yl 76 12-16 75 0.80 0.78 0.76 0.78

90 0.90 0.91 0.86 0.89

60 0.69 0.69
Y1 75 12-16 75 0.79 0.79

90 0.91 0.91

60 0.70 0.70
Y1 73 12-16 75 0.78 0.78

90 0.89 0.89

60 0.68 0.70 0.68 0.68 0.69
MAB 77 75 0.77 0.78 0.78 0.77 0.78

90 0.88 0.91 0.89 0.89 0.89

60 0.69 0.69
MAB 73 - 75 0.78 0.78

90 0.90 0.90

60 0.69 0.69
MAB 72 - 75 0.76 0.76

90 0.86 0.86

60 0.71 0.71
MAB 69 - 75 0.78 0.78

90 0.92 0.92       
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Table 3 The effect of wheel ruts* on fuel consumption on a
surface-treated road. Mean of 6 trials.

 

 

 

 

 

right side in the rut left side

ruts filled with water 0.94 1_07 0.94

90 km/h

dry condition

90 km/h 0.86 0.83 0.86

dry condition

70 km/h 0.70 0.67 0.71     
* ruts up to 80 mm deep.

 

 

 

 

    

Table 4 Fuel consumption on a gravel road by condition
of road surface. Mean of 2 trials back and forth.

fuel index
Date Speed Heather Road surface condition

50 km/h 60 km/h 4704km/h

29/6 1.09 1.13 1.15 wet Road surface freshly graded

30/6 1.07 1.09 1.11 wet Loose gravel across road surface

1/7 1.04 1.07 1.11 wet Gravel begins to compact

6/7 1 1 1 dry Road surface smooth,dry,compact

13/7 1 1 1 dry Pot-holes begin to develop

20/7 1 1 1 dry Pot-holes develop between ruts

27/7 1 1.01 1.03 dry Surface begins to brake up

3/8 1 1.03 1.04 dry Loose gravel collects on ridges

10/8 1 1.03 1.04 dry Holes deepen, more loose gravel

**17/8 1.15 1.17 1.16 rain Hater collects in pot-holes

24/8 1.12 1.12 1207 rain Surface soft.water in pot-holes

31/8 0.99 1.01 3.03 dry Surface hard and compact

7/9 0.99 1 1.03 dry SUrface begins to break-up again

14/9 1 1.01 1.05 dry Loose gravel collects on ridges

21/9 1.07 1.12 1.11 rain Hater collects in pot-holes

28/9 1.01 1.03 1.03 dry Pot holes deepen but surface compact

5/10 1.06 1.10 1.12 rain Hater collects in pot-holes

12/10 1.04 1.04 1.09 "dry" Surface hard.pools of water in holes

13/10 1.07 1.12 1.11 wet Road surface freshly graded

***15/10 1.24 1.26 1.27 rain Road surface graded again
 

* Fuel consumption indexed to lowest level

** Under normal conditions the gravel road would have been graded at this tine

*** Road surface had to be graded twice at the end of the experiment
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Figure 3 Fuel consumption on a surface-treated road under

different weather conditions.

Table 5 Fuel consumption on an asphalt-concrete driving

surface with varying depths of cold dry snow.

Run Fuel index Snow condition

1 2.84 13 cm dry, cold snow
2 1.85 4-5 cm dry. cold compacted snow
3 1.63
4 1.49
5 1.65
6 1.56
7 1.53
8 1.51
9 1.53

10 1.84 "r
11 1.77
12 1.64

* 13 1.61
14 1.48 1-2 cm dry. cold compacted snow
15 1 after clearing     

lO
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Tab1e 6 Fuel consumption (litres/10 km) of a Scania
GB2M 4*2 16 ton lorry on an asphalt concrete
driving surface with varying depths of wet
compacted snow.

 

 

      

Run Trial 1 Trial 2 Snow condition

1 3.00 2.80 1 cm
2 2.75 2.60
3 2.50 2.30
4 2.40 2.40
5 2.40 2.40
6 2.40 2.20
7 - 2.40 0.3 cm
8 - 2.30 after clearing

Table 7 Fuel consumption (litres/10 km) of a Scania
GBZM 6*2 16 ton lorry on an asphalt concrete
driving surface with varying depths of wet
compacted snow.

 

 

 

Run Trial 1 Snow condition Trial 2 Snow condition

1 3.40 6.5 cm 4.20 5.2 cm
2 3.10 3.20
3 2.90 2.90
4 2.70 2.90
5 2.60 2.70
6 2.60 2.80
7 2.90 2.70
8 2.60 2.70
9 2.70 2.80 0.5 cm

10 2.70 1'r -
11 2.90
12 2.80 0.5 cm -
13 - 2.50 after clearing   
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