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HEAVY VEHICLE SIMULATOR ( HVS)  Mk III
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LAYOUT OF PAPER: LAYOUT OF PAPER: 

• Background on test tyres of the Heavy 

Vehicle Simulator (HVS);

• Problem Statement – 11R22.5 vs 

12R22.5 and 315/80 R22.5 tyres – are 

these tyres doing the same “damage” to 

pavements during Accelerated Pavement 

Testing (APT)?;

• Methodology: – Stress-In-Motion (SIM)

Technology used - Test Matrices;

• Results: - Compare Contact Stresses of 

different tyres;
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Stress Stress –– In In –– Motion ( SIM)Motion ( SIM)
TechnologyTechnology

The measurement of 3D tyre/ pavement contact stresses The measurement of 3D tyre/ pavement contact stresses 
from moving vehiclesfrom moving vehicles
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HVS Mark IV+Gautrans HVS Mark IV+Gautrans HVS Mark IV+
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NEW HVS Mk IV +: TYPICAL DYNAMIC NEW HVS Mk IV +: TYPICAL DYNAMIC 
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Tyre Loading, P (kN)

Contact  Stress, q  (kPa)

Road Pavement Design Tyre Loading:Road Pavement Design Tyre Loading:

ELSYM, RUBICONELSYM, RUBICON



10

Plastic Deformation (Rutting..)
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Cracking and Pumping…
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Heavy Vehicles (HVs)



13

~ 20 % 

Increase

in 

20 Years

Truck Tire Inflation Pressure in South Africa:
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N3-TCC TYRE INFLATION PRESSURE DATA FROM MORTON ET AL, 2003

520 kPa

(Since 1972)

~ 850 kPa
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NO LOAD

WITH 

LOAD
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HEAVY VEHICLE SIMULATOR ( HVS)  DUAL TEST TYRES HEAVY VEHICLE SIMULATOR ( HVS)  DUAL TEST TYRES 
( 12R22. 5)( 12R22. 5)
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SIM MK II SYSTEM (1993-19950
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SAE sign convention used during SIM measurements. 

X-Longitudinal, Y-Lateral and Z -Vertical 

loads/stresses

+Z

+X

Tyre Rotation

+Y
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425 /65 R22.5 HVS TIRE ON SIM SYSTEM:425 /65 R22.5 HVS TIRE ON SIM SYSTEM:

EXAMPLE OF FOOTPRINT TO FOLLOW…..EXAMPLE OF FOOTPRINT TO FOLLOW…..
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3D – Z,X,Y -

Contact Stress: 

Variable loads: 

315/80 R22.5 

Tyre

Typical SIM measured contact stress data sets:

VERTICAL (Z) LATERAL (Y)

LONGI-

TUDINAL (X)
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Aug 2004 Aug 2004 –– Preparing of test bed……Preparing of test bed……
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Aug 2004 Aug 2004 –– Steel reSteel re--inforcement……inforcement……
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September 2004 September 2004 –– 250 mm Concrete 250 mm Concrete 

slab……slab……
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September 2004 September 2004 –– SIM test pit…SIM test pit…
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12R22.5 HVS Mk IV+ dual tyre 
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315/80 R22.5 HVS Mk IV+ single test tyre.
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SIM-HVS TEST MATRIX – 12R22.5 TYRES
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SIM-HVS TEST MATRIX – 315/80  R22.5 TYRE
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Oct 2004 Oct 2004 -- HVS in shed…HVS in shed…
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SIM in test pitSIM in test pit
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Twin (or dual) SIM pad configuration (used under Twin (or dual) SIM pad configuration (used under 

Heavy Vehicle Simulator (HVS) with dual test tyres)Heavy Vehicle Simulator (HVS) with dual test tyres)
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Dual SIM pad configuration (used under Dual SIM pad configuration (used under 

Heavy Vehicle Simulator (HVS) with dual test tyres)Heavy Vehicle Simulator (HVS) with dual test tyres)
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LOAD COMPARISON – HVS-SIM
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STANDARD TYRE LOAD:STANDARD TYRE LOAD:

40 kN, 720 kPa40 kN, 720 kPa
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42INFLATION PRESSURE

L
O
A
D

“FINGER PRINTING” - VERTICAL CONTACT STRESS (HVS 12R22.5)



43INFLATION PRESSURE

L
O
A
D

LATERAL CONTACT STRESS ACROSS TYRE WIDTH



44INFLATION PRESSURE

L
O
A
D

LONGITUDINAL CONTACT STRESS ALONG TYRE PATCH



45INFLATION PRESSURE

L
O
A
D

VERTICAL CONTACT STRESS (HVS 315/80 R22.5)



46INFLATION PRESSURE

L
O
A
D

LATERAL CONTACT STRESS ACROSS TYRE WIDTH



47INFLATION PRESSURE

L
O
A
D

LONGITUDINAL CONTACT STRESS ALONG TYRE PATCH



48

STATIC TYRE PRINTS ( 12R22. 5)STATIC TYRE PRINTS ( 12R22. 5)
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ZZ--STRESSSTRESS--COMPARISON COMPARISON –– HVSHVS--SIMSIM
Average Maximum Vertical Contact Stresses (AMVCS) between the two HVS Mk IV

+ 

test tyres: 12R22.5

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

3
0

.7

4
0

.6

7
0

.8

8
0

.5

1
0

0
.4

3
0

.3

4
0

.2

7
0

.3

8
0

.3

1
0

0
.4

3
0

.4

4
0

.3

7
0

.4

8
0

.4

1
0

0
.6

3
0

.6

4
0

.3

7
0

.4

8
0

.3

1
0

0
.2

2
9

.6

3
9

.9

7
0

.2

8
0

.3

1
0

0
.3

3
0

.1

4
0

.1

7
0

.4

8
0

.4

1
0

0
.5

HVS Applied Total Load (kN)

A
v

e
ra

g
e
 M

a
x

im
u

m
 V

e
rt

ic
a
l 

C
o

n
ta

c
t 

S
tr

e
s

s
 

(k
P

a
)

Z Stress-Right Z Stress-Left

520 kPa 720 kPa620 kPa 800 kPa 950 kPa 1000 kPa



50

ZZ--STRESSSTRESS--COMPARISON COMPARISON –– HVSHVS--SIMSIM
Average Maximum Vertical Contact Stresses (AMVCS) of the dual 12R22.5 and dual 11R22.5 HVS test 

tyres
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ZZ--STRESSSTRESS--COMPARISON COMPARISON –– HVSHVS--SIMSIM

Average Maximum Vertical Contact Stresses (AMVCS) of the 11R22.5, 12R22.5 and the 

315/80 R22.5 HVS test tyres
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FINDINGS (details in paper): FINDINGS (details in paper): 

• Dual Loads up to 40 kN: 11R22.5 lower

vertical stress than 12R22.5;

• Dual Loads > 40 kN: 11R22.5 higher (110 

kPa) vertical stress than 12R22.5;

• 315/80 R22.5 tyres – comparable - but with 

overloading (40 to 100 kN) extremely high

contact stresses !;
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FINDINGS (details in paper): FINDINGS (details in paper): 

• Both Inflation Pressure and Loading 

important on all test tyres – New Design 

Protocols Needed;

• Recommended to define contact stress 

regime before any APT/HVS testing 

commences !;
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STATISTICAL ANALYSIS OF VEHICLE LOADS STATISTICAL ANALYSIS OF VEHICLE LOADS 

MEASURED WITH THREE DIFFERENT VEHICLE MEASURED WITH THREE DIFFERENT VEHICLE 

WEIGHING DEVICESWEIGHING DEVICES

Z Q P Mkhize,

Morris De Beer

SATC 2005-SESSION 2B
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Quad (full) SIM pad configuration at a typical weighbridge site on 

National Road 3 (N3), near Heidelberg in Gauteng
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Quad (full) SIM pad configuration at a typical weighbridge site on 

National Road 3 (N3), near Heidelberg in Gauteng



57

DAW 50 SCALE - National Road 3 (N3), near Heidelberg in 

Gauteng
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MULTI-DECK SCALE - National Road 3 (N3), near Heidelberg 

in Gauteng
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In operation – SIM N3-TCC …….
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LOAD COMPARISON – FIELD WITH REAL TRUCKS

N3 TCC - HEIDELBERG
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FINDINGS ON SIM ACCURACYFINDINGS ON SIM ACCURACY-- 11

• For this test series the SIM Scales “under 

recorded” the GVM/GCM by 6 % to 7 %

compared to DAW50 and Static Multi-Deck 

Scales - adjustment needed;

• GVM/GCM - Prediction Limits: SIM: P80:+/- 2 

Tonnes to P99: +/- 4 Tonnes;

• GVM/GCM - Prediction Limits: Static/DAW50: 

P80:+/- 0.99Tonnes to P99: +/- 2 Tonnes;
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FINDINGS ON SIM ACCURACYFINDINGS ON SIM ACCURACY--22

• Repeatability & Reproducibility: SIM: +/-1.5 

Tonnes to +/- 4 Tonnes – more rigorous study 

needed – but current results recommended 

for use in interim;

• SIM very useful for both GVM/GCM, Axle 

Groups, Axle loads, Tyre loads and 3D 

Contact Stresses;



Thank you !Thank you !

....Any Q’s ??....Any Q’s ??


