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PROGRAMME FOR SESSION  

TODAY

 Introduction Introduction -- (Morris De Beer)(Morris De Beer)

 Overloading  in South Africa  Overloading  in South Africa  -- Paul Paul 
Nordengen;Nordengen;

 TyreTyre--RoadRoad--Interactions  Interactions  -- Morris De Morris De 
Beer/Wynand Steyn;Beer/Wynand Steyn;

 Rural  Transport, Accessibility  and Rural  Transport, Accessibility  and 
sustainable development sustainable development –– Brian MarrianBrian Marrian

 Road Construction in China Road Construction in China -- CATS.CATS.
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•• Pavement (Road) Surfacing failuresPavement (Road) Surfacing failures-- related to design related to design 
??

•• Overview of StressOverview of Stress--InIn--Motion (SIM) Technology;Motion (SIM) Technology;

•• R & D R & D –– Equipment & Measurements;Equipment & Measurements;

•• Typical Data Sets;Typical Data Sets;

•• SIM Data Handling/Validation SIM Data Handling/Validation –– NB !;NB !;

•• Applications Applications -- Dynamic Loading;Dynamic Loading;

•• Advanced Pavement Analysis (ELSYM5/FEM);Advanced Pavement Analysis (ELSYM5/FEM);

•• Pavement Design: Quo Vadis Pavement Design: Quo Vadis ––??

•• Summary & ConclusionsSummary & Conclusions

STRUCTURE OF PRESENTATION:
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HEAVY VEHICLE SIMULATOR (HVS)  -

SINCE 1970s
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Thin Asphalt Surfacings (30 mm to 50 mm) on 

crushed rock: Economical in dry regions.
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Vehicle-Tyre-Pavement Interaction:

STRESS-IN-MOTION (SIM)

Technology

Morris De Beer, CSIR Transportek
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Assumption of Tyre Loading Assumption of Tyre Loading --Pavement Design Pavement Design 

Modeling:Modeling:

-- Circular;Circular;

-- Variable load;Variable load;

-- Variable pressure, Variable pressure, 

but UNIFORM:but UNIFORM:

Assumption of Tyre Loading Assumption of Tyre Loading --Pavement Design Pavement Design 

Modeling:Modeling:

-- Circular;Circular;

-- Variable load;Variable load;

-- Variable pressure, Variable pressure, 

but UNIFORM:but UNIFORM:

Tyre Loading, P (kN)Tyre Loading, P (kN)

Uniform Contact  Stress, q  (kPa)
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SOUTH AFRICAN SOUTH AFRICAN 

MAJOR PAVED MAJOR PAVED 

ROAD NETWORK ROAD NETWORK 

~ 20 000 km~ 20 000 km



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

9

7 700 km National 

Roads in SA of

Freeway/Expressway 

standard

7 700 km National 

Roads in SA of

Freeway/Expressway 

standard
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~ 20 % 

Increase

in 

20 Years

Truck Tire Truck Tire 

Inflation Inflation 

Pressure in Pressure in 

South AfricaSouth Africa



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

13

EXAMPLES OF ROAD SURFACE FAILURES..

Fatigue Cracking and aging

Delamination..



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

14



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

15



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

16

”Sectometer”

S. Eckens, 1928
Modern Tyre 

science…
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Gautrans HVS Mark IV+Gautrans HVS Mark IV+
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315/80 HVS TYRE ON SIM Mk II SYSTEM315/80 HVS TYRE ON SIM Mk II SYSTEM

Stress – In – Motion   (SIM) – SIM Mk II:
CSIR Transportek: ‘93-’95
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425 /65 R22.5 HVS TIRE ON SIM SYSTEM425 /65 R22.5 HVS TIRE ON SIM SYSTEM
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STRESS-IN-MOTION TESTING USING THE  HVS

Dual Load Configuration – Twin SIM pads
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SIM TESTING USING THE  HVS - DUAL LOADING



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

23

STRESSSTRESS--ININ--MOTION TESTING USING THE  HVSMOTION TESTING USING THE  HVS
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HEAVY VEHICLE SIMULATOR (HVS) DUAL HEAVY VEHICLE SIMULATOR (HVS) DUAL 

TEST TYRES (12R22.5)TEST TYRES (12R22.5)
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315/80 R22.5 HVS Tyre: Overloaded315/80 R22.5 HVS Tyre: Overloaded
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Overloading on Tyres:Overloading on Tyres:
Contact Patches:
(square not circular)
Contact Patches:
(square not circular)
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+Z 

+X 

Tyre Rotation 

+Y 

LOADS & STRESSES: SAE SIGN CONVENTION
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STRESSSTRESS--ININ--MOTION MOTION 

(SIM)(SIM)

Technology Technology –– Since 1992Since 1992--33

STRESSSTRESS--ININ--MOTION MOTION 

(SIM)(SIM)

Technology Technology –– Since 1992Since 1992--33

VehicleVehicle--TyreTyre--Pavement Pavement 

Interaction:Interaction:
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7-Axle: 1222 or 12211 or 

1231

45%

6-Axle: 123 or 11211 or 

1122 or 12111 or 1212 or 

1221

21%

5-Axle: 122 or 11111 or 

1121 or 113 or 1211

4%

4-Axle: 112 or 1111 or 

121 or 22

3%

3-Axle: 12 or 111

4%

2-Axle: 11

18%

8-Axle: 1223 or1232 or 

12212 or 12311

5%

2-Axle: 11 3-Axle: 12 or 111

4-Axle: 112 or 1111 or 121 or 22 5-Axle: 122 or 11111 or 1121 or 113 or 1211

6-Axle: 123 or 11211 or 1122 or 12111 or 1212 or 1221 7-Axle: 1222 or 12211 or 1231

8-Axle: 1223 or1232 or 12212 or 12311
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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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GVM/GCM-SIM N3 TCC - 2003

RESULT RATINGS 1 AND 2 (n = 2 297)

[2 Sept - 17 Oct 2003]
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ALL TYRES MEASURED: n = 45 227 (This Study) - N3 -TCC-2003

0

200

400

600

800

1000

1200

1400

1600

0.
05

0

0.
30

0

0.
55

0

0.
80

0

1.
05

0

1.
30

0

1.
55

0

1.
80

0

2.
05

0

2.
30

0

2.
55

0

2.
80

0

3.
05

0

3.
30

0

3.
55

0

3.
80

0

4.
05

0

4.
30

0

4.
55

0

4.
80

0

Bin: Tyre Mass Weight [Tonne]    

N
u
m

b
e
r 

o
f 

T
y
re

s

0

20

40

60

80

100

120

All Other Tyres Axle 1 Left Axle 1 Right

Steering 

Tyres:

2.95 Tonne

All other 

Tyers:

1.9 Tonne

H:\ICAP-2006                                      Summary N3 TCC-FINAL-4-B-ICAP-2006.xls            TYRES-1-2 -Histogram-Paper (2)

Axle Load Distributions Axle Load Distributions –– N3N3-- 20032003



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

34

LOAD COMPARISON LOAD COMPARISON –– FIELD WITH REAL TRUCKSFIELD WITH REAL TRUCKS

N3 TCC N3 TCC -- HEIDELBERGHEIDELBERG

SIM vs MULTI-DECK STATIC AND DAW 50 at N3-TCC (Heidelberg) (GVM/GCM) 
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STATIC = 1.0025 x SIM

(n = 1 245), R
2
 = 0.99;

Std. Y-Error: 1.37 Tonne;

Std. Error (Coef) : 

0.0001.

DAW 50 = 0.9931 x SIM 

(n = 1 245),  R
2
 = 0.99;

Std Y-Error: 1.42 Tonne;

Std. Error (Coef): 

0.00011.

D:\ICAP-2006\[MODIFIED-2SEPT-17OCT-ICAP-2006.xls]Total Load-GVM-GCM-



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

35

LOAD COMPARISON LOAD COMPARISON –– FIELD WITH REAL TRUCKSFIELD WITH REAL TRUCKS

N3 TCC N3 TCC -- HEIDELBERGHEIDELBERG

SIM vs MULTI-DECK STATIC AND DAW 50 at N3-TCC (Heidelberg) (GVM/GCM) 
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DAW 50 = 0.9931 x SIM 
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Std Y-Error: 1.42 Tonne;

Std. Error (Coef): 

0.00011.

D:\ICAP-2006\[MODIFIED-2SEPT-17OCT-ICAP-2006.xls]Total Load-GVM-GCM-



5th International Symposium on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

N3 TCC - SELECTED HEAVY VEHICLE (HV) TRUCK TYRE PRESSURE DATA

 (26 Feb 2003 - 06 March 2003)

0

0.2

0.4

0.6

0.8

1

1.2

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

TYRE INFLATION PRESSURE (kPa)

N
o

rm
a
li

s
e
d

 F
re

q
u

e
n

c
y

LEFT-FRONT-(225 tyres) RIGHT-FRONT-(225 tyres) REST-LEFT-(845) REST-RIGHT-(845)

H:\CAPSA04\[Tyre Inflation Pressure Information-MORTON-MDB-

Tyre Inflation Pressure Distributions Tyre Inflation Pressure Distributions –– N3N3-- 20032003



5th International Symposium on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

Vertical Stress Cumulative Frequency Vertical Stress Cumulative Frequency –– N3N3-- 20032003
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Dual Tyre: 3D-Contact Stresses (Pressure)Dual Tyre: 3D-Contact Stresses (Pressure)

Stress Ratio: 

10:3:1 

Stress Ratio: 

10:3:1 
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3D 3D –– Z,X,Y Z,X,Y -- Contact Stresses: Contact Stresses: 

Variable loads: 315/80 R22.5 Variable loads: 315/80 R22.5 

TireTire

Typical SIM 3D Data Sets Typical SIM 3D Data Sets --Variable loading:Variable loading:
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TYRE “FINGER PRINTING”:  (HVS : SIM : 11R22.5 TYRE)TYRE “FINGER PRINTING”:  (HVS : SIM : 11R22.5 TYRE)

INFLATION PRESSURE

L
O
A
D
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STRESS-IN-MOTION (SIM) TESTING ON 

N3 - FREEWAY
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Quad (full) SIM pad configuration at a typical weighbridge Quad (full) SIM pad configuration at a typical weighbridge 

site on National Road 3 (N3), near Heidelberg in Gautengsite on National Road 3 (N3), near Heidelberg in Gauteng
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SIM In operation SIM In operation –– N3N3--TCC …….TCC …….
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DAW 50 SCALE DAW 50 SCALE -- National Road 3 (N3), near Heidelberg in National Road 3 (N3), near Heidelberg in 

GautengGauteng
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MULTIMULTI--DECK SCALE DECK SCALE -- National Road 3 (N3), near National Road 3 (N3), near 

Heidelberg in GautengHeidelberg in Gauteng



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

51

Quad (full) SIM pad configuration at a typical weighbridge Quad (full) SIM pad configuration at a typical weighbridge 

site on National Road 3 (N3), near Heidelberg in Gautengsite on National Road 3 (N3), near Heidelberg in Gauteng
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“1232” “1232” 

TankerTankerSIM Measurement: N3SIM Measurement: N3
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In operation In operation –– SIM N3 SIM N3 --TCC …….TCC …….
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Two Axle Truck Two Axle Truck –– Vertical Contact Vertical Contact 

Stress Stress -- Foot PrintsFoot Prints
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TEST 765: NKR 9519 - 09/10/2003- STEERING AXLE

216 mm;
1.778 Ton 

203 mm;
1.402 Ton 

STEERING AXLE STEERING AXLE 
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TEST 009: KTD 904 GP 13/10/2003: AXLE 1

266 mm; 3.739 Ton  185 mm; 1.938 Ton  

STEERING AXLE STEERING AXLE –– UNEQUAL LOADINGUNEQUAL LOADING
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TEST 009: KTD 904 GP 13/10/2003- REAR AXLE

290 mm; 
3.178 Ton 

325 mm;
4.296 Ton 

258 mm;
2.604 Ton 

227 mm;
1.855 Ton 

REAR AXLE REAR AXLE –– UNEQUAL LOADINGUNEQUAL LOADING
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TEST 230: NKR 17483 - 11/09/2003

254 mm;

2.131 Ton; 
257 mm;

2.675 Ton; 

303 mm;

1.390 Ton; 
277 mm;

2.609 Ton; 

REAR AXLE REAR AXLE –– UNEQUAL LOADINGUNEQUAL LOADING
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TEST 768-09/10/2003: DDT235N AXLE 2 

189 mm;
0.037 Ton 

297 mm;
4.312 Ton 

202 mm;
1.874 Ton 

194 mm;
1.223 Ton 

TYRE BARELY IN CONTACT WITH SURFACETYRE BARELY IN CONTACT WITH SURFACE
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TEST 765: NKR 9519 - 09/10/2003 AXLE 2

244 mm;
1.782 Ton 

196 mm;
1.032 Ton 

195 mm;
0.661 Ton 

AXLE 2: MISSING TYRE !! 
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Load Radii: r
i Load Radii: r
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C/L Edge C/L Edge

Case 1: “n- shape” Case 2: “m- shape”

Semi-Infinite Layer

SIMPLIFIED LOADING SHAPES

Strain Energy of Distortion (SED) @ C/L and Edge 
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UNIFORM: VERTICAL (NORMAL) STRESS, zz
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SIM: VERTICAL (EDGE) STRESS PROFILE, zz

Single tyre load: 50 kN; 620 kPa
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REAL-TYREMODELED TYRE
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UNIFORM SIM-1

SIM-2 SIM-3

Finite Element Analysis (CSIR):Uniform vs Non-Uniform Stress
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TITLE
•• Level 1Level 1

•• Level 2Level 2

•• Please do not write text smaller than Arial 20 ptPlease do not write text smaller than Arial 20 pt

•• Do not exceed 1 slide per minute, i.e. 12Do not exceed 1 slide per minute, i.e. 12--15 slides in average 15 slides in average 

(the oral presentations will last for 12 to 15 mn, the remaining (the oral presentations will last for 12 to 15 mn, the remaining 

time being for Q/A and discussion)time being for Q/A and discussion)

•• Take care to display clear graphs and pictures, with readable Take care to display clear graphs and pictures, with readable 

legends, and characters not smaller than Arial 16legends, and characters not smaller than Arial 16

•• Focus on the most important idea and findings, avoid long text, Focus on the most important idea and findings, avoid long text, 

and give priority to visual matters (graphs, photos, diagrams…)and give priority to visual matters (graphs, photos, diagrams…)

•• Introduce briefly the objectives of the presentation and give Introduce briefly the objectives of the presentation and give 

some clear conclusionssome clear conclusions
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50 mm AC layer50 mm AC layer
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50 mm AC layer50 mm AC layer

1 x Truck - 30 Tyres: 1 mm x 1 mm resolution – 500k points –

SED under Steering Axle -
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QUAD SIM PAD TESTING AT WEIGH-BRIDGE SITE:

N3 NORTH – HEIDELBERG TRAFFIC CONTROL CENTRE
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STRESS-IN-MOTION TESTING ON N3 NORTH (HEIDELBERG)
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STRESS-IN-MOTION TESTING ON N3 NORTH (HEIDELBERG)



5th International Conference on Weigh-In-Motion

HVParis 2008, May 19-22  2008
YOUR

LOGO

81

“123” Truck
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STEERING AXLE
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AXLE 2
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AXLE 2
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SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 20 kN, 720 kPa (Test T472A)
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SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 35 kN, 720 kPa (Test T772A)
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SHEAR STRESS (X-Y) EXCURSION -  Single Tyre: 50 kN, 720 kPa (Test T1072A)
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Thank You for listening…Thank You for listening…

…any Questions ?…any Questions ?
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Thank you for your attention..
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OVER-

LOADING/UNDER 

INFLATION Tyre  Edge
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Application of non-uniform tyre loading:

Finite Element Analyses (FEA),(NASTRAN;

FEAP- California
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3D - Finite Element

Analyses (FEM):

CSIR Defencetek:
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TYRE -NO LOAD
TYRE- WITH LOAD
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Footprint Footprint 

of an 8of an 8--

Axle Truck Axle Truck 

-- Figure 7 Figure 7 

in Paperin Paper
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Vertical Contact Stress Vertical Contact Stress –– “n” Shape“n” Shape
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Vertical Contact Stress Vertical Contact Stress –– “m” Shape“m” Shape
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1 x Truck - 30 Tyres: 20 mm x 20 mm resolution – 20k points –

SED under Steering Axle -
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TrailerTrailer
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Example:    7 Example:    7 

Axle Axle 

EMPTY EMPTY 

Truck Truck 

(1:2:2:3)(1:2:2:3)

Note Variation in Note Variation in 

Vertical Contact Vertical Contact 

Stresses on all 30 Stresses on all 30 

tyrestyres
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Example:    7 

Axle Truck 

(1:2:2:2) fully 

loaded with 

cement

Note Contact Stresses Note Contact Stresses 

on Steering Tyreson Steering Tyres
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Example:    Example:    

Passenger Passenger 

Bus (1:1:1)Bus (1:1:1)

(FIGURE NOT TO SCALE)(FIGURE NOT TO SCALE)
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Example:    7 Example:    7 

Axle Truck Axle Truck 

(1:2:2:2) (1:2:2:2) 

Note the missing Note the missing 

tyretyre
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