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Stresses induced in soil roads 
by mine rollers 

(Proofing roads with detonation 
rollers)

Publications on this theme

• From the GICHD 
Road clearance guide

• From Journal of mine 
action edition 12.1 
(just published)
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Some Background History

Rollers that are pushed ahead of 
the vehicle

• KMT5 survivable rollers on 
a T55.

• US Rubber tyres rollers in 
Vietnam.

• Pearson rollers using 
weight transfer  from truck.
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Towed rollers

• Mk2 duisendpoot

• Chubby 
system

More recent towed rollers

• HALO Medium 
Detonation Trailer (MDT)

• HALO Heavy Detonation 
Trailer (HDT)
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Other Rollers

• the T-10 mine exploder 
on a Sherman tank

• Steel wheels fitted to a 
Casspir

• Heavy duty steel wheels

Rollers are a proofing system for roads 
that have been cleared (or deemed 

clear), not a means of clearing the road.
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• These tyres are 
loaded at about 
1800kg each

• These tyres are 
loaded at about 
5000kg each

Effectiveness of Proofing,
(margin of safety)

• Normally the proof loads 
for, bridges cranes are 
much greater than the 
working load. “=“ Safety 
Margin.

• With detonation trailers 
this is impossible.  

• The Chubby/ HALO MDT 
only exerts 36% of the 
load of a commercial 
truck

• Not very reassuring!
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HALO Heavy detonation trailer

• The trailer weighs 
25 tonnes and puts 
down  a force of 5 
tonnes per wheel (5 
wheels)

• This shortfall has led 
HALO to begin the 
development of a 
heavy detonation 
trailer whose wheel 
equals the loads of a 
commercial truck, 
aiming for a safety 
margin of 1.

Question?

• Are there other ways of increasing the 
effectiveness of proofing rollers without 
using impossibly heavy rollers? 

• Finite Element Analysis (FEA) has been 
used to investigate how much more 
effective harder rollers would be at 
detonating mines.
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Finite Element Analysis is a computerised method 
used by engineers to find the stresses in solid 

materials (i.e.. Steel structures).

A load is applied to the computer model of the object  and 
then FEA works out where the stresses are and displays 
them as contours. Here the colour red indicates highest 
stress

• The method 
by which 
FEA was 
applied to 
the soil 
under the 
wheel is 
described in 
more detail 
in the 
Journal of  
Mine Action
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FEA showed the different way pressure is distributed 
through the soil, by pneumatic tyres and steel 
wheels, through a cross section of the road

Tyres loaded at 1800kgf and 5000kgf
• Comparing these 

stress diagrams 
one sees how the 
extra load is spread 
more widely with 
the 5000kgf 
pneumatic tyre. 

• This results in only  
20% to 30% greater 
pressure just above 
the cavity. 
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Steel wheel  loaded at 1800kgf and 
tyre loaded at 5000kgf

• The concentrated 
force from a steel 
wheel (1800kgf) 
gives as good a 
pressure (just 
above the cavity) 
as the 5000kgf 
pneumatic tyre. 

• These examples 
are for only one 
cavity diameter 
and one depth. 

POINT OF 
CONTACT WITH 
ROAD SURFCE

Results
• The overall study looked at three cavity 

diameters (100mm, 150mm & 200mm), set at 
both 100mm &200 mm deep.
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• An increase in tyre load from 1800kgf to 5000kgf
gives 30% improvement in soil pressure at 75mm 
depth in plain soil. 
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bridging over 
the various 
cavities at 
that depth 
reduces the 
average 
advantage to 
20%.

•The 1800kgf steel wheel had advantages averaging 35% over the 
5000kgf tyre for all sizes of cavities

• 1800kg steel wheels 
created the same pressure 
at 75mm depth in plain 
soil as the 5000kgf 
pneumatic tyre.

• The 1800kgf steel wheel 
had advantages averaging 
35% over the 5000kgf tyre 
for all sizes of cavities

• At 75mm deep steel 
wheels loaded at 5000kgf 
showed significant 
advantage over other 
wheels, being over 2½
times better than 5000kgf 
tyres, thus having a safety
factor of 2.5 over heavy 
trucks.
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With a deeper cavity  the 
advantage is less
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The effect of depth.
• Pressure decreased with cavity depth as figure 20 

shows. The advantage of steel wheels over tyres 
became less significant with a 200 deep cavity.

Decline in pressure (Mpa) with inceasing  depth for  a 150 diameter cavity
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Drawback of steel or solid wheels

• Pneumatic tyres in a 
hollow

• Solid wheels in a 
hollow

Use of steel wheels will require repeated rolling of heavily 
potholed areas to ensure complete cover.

Other measures to increase the 
efficacy of rollers.

• Dry roads are very 
hard, causing bridging 
over the mine fuse.

• A studded wheel will 
help to break the crust, 
reducing bridging.
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The effect of Springs

• A sprung wheel is able to move down rapidly 
when encountering a pothole, whilst still 
maintaining a strong down force. This is not true 
for an unsprung wheel. 

The following graph (fig 14) shows how the inertia of a 
solid wheel would behave travelling over a pothole. The 

profile of the pothole is based on a sine curve and is 
150mm at its deepest point.
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Traction and wheelslip dilemma

• Steel wheels and studs will increase efficacy but will 
also increase rolling resistance.

• Greater rolling resistance = more wheel slip = more 
chance of tractor detonating a mine.

AREA OF SOIL 
DISTURBANCE

Conclusions

1. The use of pneumatic tyre for road 
proofing has limitations, namely it is 
difficult to induce high stresses in 
the road.
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Conclusions
1. The use of pneumatic tyre for road proofing has 

limitations, namely it is difficult to induce high stresses 
in the road.

2. The use of a solid tyre or steel 
wheel appears to be better at 
overcoming the effects of “bridging”.

Conclusions
1. The use of pneumatic tyre for road proofing has limitations, 

namely it is difficult to induce high stresses in the road.

2. The use of a solid tyre or steel wheel appears to be better at 
overcoming the effects of “bridging”.

3. The use of a solid tyre is less able to 
adapt to lateral contours.
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Conclusions
1. The use of pneumatic tyre for road proofing has limitations, 

namely it is difficult to induce high stresses in the road.

2. The use of a solid tyre or steel wheel appears to be better at 
overcoming the effects of “bridging”.

3. The use of a solid tyre is less able to adapt to lateral contours.
4. The addition of studs or other protrusions to a solid wheel is likely 

to disrupt the crust of the road, reducing the bridging effect; at the 
cost, however, of increased rolling resistance.

5. Circumstances causing excessive 
wheel slip of the towing vehicle can 
detonate mines. 
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Conclusions
1. The use of pneumatic tyre for road proofing has 

limitations, namely it is difficult to induce high stresses 
in the road.

2. The use of a solid tyre or steel wheel appears to be 
better at overcoming the effects of “bridging”.

3. The use of a solid tyre is less able to adapt to lateral 
contours.

4. The addition of studs or other protrusions to a solid 
wheel is likely to disrupt the crust of the road, reducing 
the bridging effect; at the cost, however, of increased 
rolling resistance.

5. Circumstances causing excessive wheel slip of the 
towing vehicle can detonate mines. 

I leave you with these questions,

• Has rolling a future?
• If so, how is it best carried out?
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