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Maximum ABS Braking Tests On A Freshly Re-Graded 
Gravel Shoulder 

Posting Date: 27-Nov 2013 
 

In January, 2013 an article was uploaded to the Gorski Consulting Articles webpage 
entitled "Lessons Learned From Tire Marks On Freshly Re-Graded Gravel Shoulders". 
The basis for that discussion was a braking test performed on a freshly re-graded gravel 
shoulder of Clarke Road, north of Fanshawe Park Road on the north-eastern outskirts 
of London, Ontario, Canada. A 2007 Buick Allure 4-door sedan was used in the braking 
test which was conducted at a speed of 45 km/h. The test was performed such that the 
left side tires of the vehicle were on the paved road surface whereas the right side tires 
were on the freshly re-graded gravel shoulder.  The test caused a counter-clockwise 
rotation even though there was a significant cross-slope so that the right side of the 
vehicle on the gravel was at a lower elevation than the left side tires that were on the 
asphalt road surface. Figure 1 shows the tire marks near the area where the test vehicle 
came to a halt. 

 

Figure 1: View of tire marks produced by skid test of the 2007 Buick Allure. The test vehicle was driven to the roadside after 
this test and this explains the additional curved tire marks that were produced extending from the test vehicle's rest 
position. 
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This test was used to demonstrate that loss-of-control of a vehicle on a rural roadway 
with gravel shoulders often occurs in this fashion, where the difference in the traction 
provided between the asphalt and gravel causes vehicle rotation. This was also an 
opportunity to review the details of the characteristics of the tire marks that were 
produced. 

In February, 2013 we also uploaded a set of four articles to our Articles webpage 
discussing a braking test we performed with a 2012 Ford Fusion. Similarly the test was 
performed with the left tires on the bare asphalt pavement while the right tires were on 
the gravel shoulder. Figure 2 shows the resulting tire marks after the Fusion rotated 
counter-clockwise from a test speed of 71 km/h. The view below shows the test vehicle 
after it was steered off the road to prevent its interference with other traffic. 

 

 

Figure 2: View of tire marks produced by the right side tires of the Ford Fusion in a 71 km/h braking test. 

The tire mark to the right of the braking marks was unrelated to the test. 

At this higher speed of the Fusion there was more counter-clockwise  rotation even 
though the test driver attempted to counter it with substantial steering  to the right. Thus 
at higher speeds this test demonstrates that once a vehicle enters such a rotation it is 
difficult for the driver to bring the vehicle under control. Such a result helps to explain 
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how many vehicles rotate counter-clockwise into an opposing lane following such a 
shoulder incursion. 

To expand on this work we returned to the site of the Buick Allure test on Clarke Road 
and on November 20, 2013 we performed  two additional braking  tests. The results of 
these tests will be the focus of this present article. 

A 2001 Cadillac DTS 4-door sedan as used in the testing. In contrast to the previously 
described tests, all four tires of the Cadillac were on the gravel shoulder when the 
braking was commenced and the rotation of the vehicle was in a clockwise direction. 
This result helps to solidify some key points about how and why vehicles lose directional 
control on rural highways. 

Figure 3 shows a view of the test vehicle in its final rest position following the initial test 
that was performed at a speed of 52 km/h. The wide tire mark in the middle of the gravel 
shoulder was caused the road grader which had passed through the shoulder earlier 
that morning. 

 

Figure 3: View of 2001 Cadillac DTS at its final rest position following the 52 km/h braking test. 

Figure 4 shows a view from the rear of the Cadillac. Figure 5 shows a view near the 
vehicle's left front tire. Figures  6 and 7 show closer views of the tire mark just behind 
the left front tire. Figure 8 shows the left tire mark looking closer toward  the left rear tire. 
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Figure 4: View of Cadillac at its final rest position. 

 

Figure 5: View looking rearward near the Cadillac's left front tire. 
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Figure 6: View of tire mark near the left front tire. 

 

Figure 7: View of tire mark near the left front tire. 
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Figure 8: View of left side tire mark looking rearward toward the left rear tire. 

Figures 9 and 10 take us to the left rear tire where we continue to view the left side tire 
marks. 

When looking closely at Figure 10 it is possible to see a small portion of the tire mark 
immediately behind the left rear tire that contains a small patch where the tire tread is 
clearly visible while the earth/gravel  in the rest of the tire mark further behind is more 
disturbed and does not contain that well-defined tread mark. Figure 11 shows a closer 
view of that small patch of tire tread imprinted in the tire mark. 

As we look further to the rear in Figure 12 we recognize that, even though the 
earth/gravel is disturbed, one can still detect longitudinal lines within the left side tire 
mark indicative of the ribs of the tire tread. Thus there are recognizable lines within the 
tire mark and it is not just a completely disorganized dispersion of material. In Figures 
13, 14 and 15 we show views of the left tire mark further behind the rear of the Cadillac 
and we can distinguish a definite, sharp cut off  point where the longitudinal ribs with the 
tire mark are no longer visible. Close examination of our other photos which contain the 
view of a measurement tape indicates that the cutoff point is about 6.25 metres behind 
the left rear wheel of the Cadillac. 
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Figure 9: View of tire marks near the left rear tire. 

 

Figure 10: View of tire mark just behind the left rear tire. 
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Figure 11: Close-up view of small patch of tire tread visible in the tire mark immediately behind the left rear tire. 

 

Figure 12: View , looking rearward from the left-rear of the Cadillac showing that the left side tire mark contains features of 
the tire tread within the tire mark. 
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Figure 13: View of left tire mark just behind the rear of the vehicle. The portion of the tire mark in the foreground contains 
visible, longitudinal ribs in it whereas further in the background those ribs are not visible within the mark. 

 

Figure 14: View looking further rearward along the left side tire mark. It is possible to see a difference where the tire mark 
contains longitudinal ribs in the foreground and then there is a sharp cut off in the background where those ribs are no 
longer visible, as indicated by the white arrow. 
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Figure 15: View of the left side tire mark showing a definite cut off point ( at white arrow) in the centre of the view where 
one can see the longitudinal ribs of the tread and then they are suddenly no longer visible further in the background. 

In Figure 16 we show the right rear and side of the Cadillac at its final rest position. It 
can be seen that the right side tires crossed onto the grass near the Cadillac's final rest 
position. The shoulder near the edge of the grass contained very little gravel and it was 
primarily covered with earth. The right side tire mark was not as visible likely due to the 
lack of the loose earth and gravel that existed at the tires on the left side. 

Figures 17 and 18 show how some of the grass was torn up by the sliding tire and the 
some of the grass was trapped within the tread of the right rear tire. 

After taking some preliminary photos of the Cadillac at its final rest position we then 
drove it onto the grass so that additional photos could be taken of the tire marks without 
the vehicle present. This was done by turning the steering wheel fully to the right as far 
as it would turn while the Cadillac was still stationary at its rest position and then we 
applied a light acceleration. Figure 19 shows the Cadillac after we moved it with the 
resultant tire marks visible on the shoulder. 

Figures 20  through 25 show closer views of the resultant tire marks in the area of the 
Cadillac's final rest position after the Cadillac was removed. What should be apparent 
are the curved tire marks extending from the braking tire marks as the vehicle was 
moved off the shoulder. Patches of tire tread are visible where each tire came to rest. 
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Figure 16: View of the right rear of the Cadillac at its rest position. The right tires travelled onto the grass as the vehicle came 
to rest. 

 

Figure 17: View of tire mark just behind the right rear tire of the Cadillac. 
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Figure 18: View of torn grass trapped in the tread of the right rear tire. 

 

Figure 19: View of test site, looking south, after the test vehicle was driven off the shoulder from it rest position. 

 



Page 13 of 17 
 

 

Figure 20: View of curved tire marks extending from the end of the skid marks as the Cadillac was moved off the shoulder. 

 

Figure 21: View showing the rest position of the right front tire in the grass. The sharp change in direction of the extended 
tire mark (on the left) is characteristic of a steered wheel that has been turned to its maximum angle as the vehicle was 
driven away. The curved tire mark on the right is from the left rear tire which was caused while the Cadillac was being moved 
from its rest position. 
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Figure 22: Description of tire marks at Cadillac rest position. 

 

Figure 23: View at rest position of right front tire. 
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Figure 24: View near rest position of left rear tire. 

 

Figure 25: Close-up view of rest position of left rear tire. 
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Figures 26 and 27 show a northward view along the skid path of the right front tire. It 
can be noted how the grass has been torn out by the skidding tire. 

 

Figure 26: View, looking north, along the skid path of the right front tire through the grass. 

 

Figure 27: View of torn out grass at the rest position of the right front tire. 
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The above photos show the tire marks from the first of the two tests. The results of the 
second test were very similar to the first.  The tests were documented with video 
cameras mounted near the wheels, within the vehicle interior and also on tripods along 
the vehicle's skid path. Insertion of the videos into the Adobe Premiere video editting 
program allowed the videos from all the cameras to be synchronized. Thus a camera 
pointing at the brake pedal was able to document the instant when the brake pedal was 
pressed and the exterior cameras documented when the vehicle came to a halt. Also a 
video camera pointing at the vehicle's speedometer captured the vehicle's speed. It was 
noted that Test #1 was conducted at 52 km/h and Test #2 was conducted at 63 km/h. 
The Cadillac skidded for 3.13 seconds in the first test and 3.80 seconds in the second 
test. This yielded decelerations of 0.47 g in both tests. 

Given that the Cadillac was equipped with an anti-lock braking system (ABS) the 
deceleration should have been slightly higher than what should be achieved by a 
standard system without ABS. It has often been quoted that ABS can increase the 
deceleration rate by 10 to 20% versus a standard braking system. For decades it has 
often been quoted from sources such as the Traffic Institute of Northwestern University 
that non-ABS vehicles might be expected to attain a deceleration rate in the range of 
0.40 to 0.70 g on loose gravel. So our resultant deceleration rate of 0.47 g on loose 
gravel with an ABS system is in the low zone of the range of decelerations that should 
be expected, however it is still within that range. 

It is noteworthy that a low deceleration rate on the gravel shoulder accompanied by a 
high deceleration on a paved road surface can mean extra difficulties for drivers who 
might brake with two tires on each surface. Obviously the larger the difference the larger 
the moment arm that will be generated to cause rotation. When issues such as cross-
slope of the gravel shoulder are taken into consideration it can be seen that drivers 
could have substantially different problems with maintaining control of a vehicle 
because of different road characteristics and different positions of the vehicle on the 
road. These braking issues will be explored with further testing in the future. We also 
hope to continue our experimentations to provide further information about the 
characteristics of tire marks that are generated while vehicles egress onto a gravel 
shoulder. 
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