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Objective: Improve Performance Evaluation of Road
Pavements by using Measured Tyre Loading
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Assumption of Tyre Loading in Pavement Design

2 - Circular;
@ Y - UNIFORM vertical stress only.

Tyre Loading, P (kN)
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l TYRE PRINTS. .
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TYRE DEFLECTION & TYRE PRINTS...

5/80 R22.5 HVS Tyre
Overloaded :
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T e hp s

Vehicle-Tyre-Pavementinteraction:
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Road Damage




Photograph 1. Top-down Cracking

(Nishizawa and Matsuno)
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" 425 /65 R22.5 HVS TYRE ON SIM SYSTEM
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Load transfer mechanism of a tyre (Baladi et al, 2003)

Load transterred Load transterred
through wall structure through wall structure

' '

Tire wall =™

Tire inflation pressure (IP)

IR IARY
Tireribs T S o g S g v ;
%} ‘E Pavement surface

Vertical contact stress (VCS)

Tire grooves

X

Tire tread

GSIR
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Wertical Contact Siress (MPa)
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ANALYTICAL ROAD PAVEMENT MODEL

APPLIED LOAD/STRESSES

P/o P/o Vertical,
Side view End view Longitudinal &
of tyre of tyre Lateral
3D Contact
T i i | % e Stresses
Stress
Rotation Surfacing: h, E;, v,
éase
_’ Layer:
Pavement ' h,, E;, v,
Responses: i
Stresses w . —
: Strains Layer:
Displacements 4*» e BaVs
_ Selected -'_‘.___ =
Layer: —
" hy, E4 Vy -
Subgrade/ 1
Foundation: GIR
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GAMES -> Pavement structural analysis

#¥ m Pavement: Multilayer elastic system with a
' possibility of interface slip.

B Surface load: Single/Multiple circular vertical
and horizontal loads.

A » Analysis: Single/Multiple points of interest.

., J B Response: Stresses, strains, and
‘ y displacements

our future through science
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LOADS & STRESSES FROM TYRES
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ROADS AGERCT

PIN AREA & EFFECTIVE AREA

Effective Area = (17)*(17*cos30)*2 = 250,28 mm?

Pin head Area
= 73,90 mm?

Effective Area (Diamond)
= 250,28 mm?

_ L = Direction of
-] E tyre movement
> —
N~
-

Support pins

Instrumented pins

Figure 4

Effective Diamond Shaped Area used for the
contact stress calculation in VRSPTA




Vertical Stress Patterns

Dual Tyre- Input Data

DECIMATED CONTACT LOAD INZ - DIJAL 520-80
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v Dual Tyre- Input Data: Vertical Stress Patterns:

'n” and "'m” — Shapes...
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Equivalent Single Circular Contact Stress
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<] Decimated Contact Stresses & Staggered Loads
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Case Contact Idealization Shape of Vertical Comments
Contact Stress
’ Traditional With or without
Standard lateral load/stresses
1 Circular disc (Tri -angular)
|
| “n -shape” With or without
q Staggered lateral load/stresses
Circular disc(s) (Tri -angular)
2
“m -shape” With or without
Staggered lateral ITogd/stressles
Circular disc(s) (- ~ameles)
3

-----------

Full SIM shape

(Decimated)
1D, 2D and/or 3D
shape

With or without
lateral load/stresses
(Tri -angular)




Dual tyre loads

E,=100MPa v,=0.35
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Road pavement failure consideration...

| g Timoshenko and Goodier (1951) stated that
By, “whatever the stress system, failure occurs
when the strain energy of distortion (SED)
reaches a certain limit”.

SED =V, - 1gév (Gx +0, + CTZ)Z

N 1 V
AN Vs =—(0§ +0§ +o3 )——(“xay TOy9z “’ZGX)

1(2 2 2
+z(fxy ‘|‘Tyz T Ty5
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Multiple discs all rows
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L
SED FOR DUAL TYRE LOAD 220 kPa -30 kN TyreStress Multiple Loads Fin
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’ | SED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Multiple Loads Diamond
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Tyre Width (mm)

Tyre Width {(mm)

Length of Tyre Contact Patch (mm)
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SED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Multiple Loads Fin 6 rows
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Tyre Width (mm)
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Multiple loads 30kN 6 rows Diamond
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SED FOR DUAL TYRE LOAD 520 kFa -30 kM TyreStress Multiple Loads Diamond 6 rows
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Length of Tyre Contact Patch (mm)
Caravan Side
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Tyre Width (mm)

Multiple loads 30kN 5 rows pin




=ED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Multiple Loads Fin S rows

Mmicubim
7830

k0.3

45.31

3052
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SED FOR DUAL TYRE LOAD 20 kPa -30 kN TyreStress Multiple Loads Diamond S rows
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Length of Tyre Contact Patch (mm)
Caravan Side

R
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SED FOR DUAL TYRE LOAD 520 kPa -30 kM Tyrestress Staggered Discs 1 - Pin
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Length of Tyre Contact Patch (mm)
Caravan Side

R
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Tyre Width (mm)

Length of Tyre Contact Patch (mm)
raffic Side
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Staggered Discs 2 - Pin

Tyre Width (mm)




SED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Staggered Discs 2 - Fin

Mrmdfcubm
13,59

11.23

8.861

6.496

4.131

1.766
2061
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Mmfcubm
13.69
13.00
12.41
11.82
11.23
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9.453
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8.271
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5.314
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4.132
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2949
2.358
1.7E6
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Staggered Discs 3 - Pin

Length of Tyre Contact Patch (mm)
Caravan Side

126
189
232
315
378
411
504
267
630
693
756

Tyre Width (mm)

Length of Tyre Contact Patch (mm)
raffic Side

Tyre Width (mm)

R
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SED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Staggered Discs 3 - Pin

Mimfcubrm
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126
189
252
35
378
441
504
567
630
693
756

Tyre Width (mm)

a1 162 243

Length of Tyre Contact Patch (mm)
raffic Side
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726
799
871
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Tyre Width (mm)

Staggered Discs 1 Diamond




SED FOR DUAL TYRE LOAD 520 kPa -20 kN TyreStress Staggered Discs 1 - Diamond

Mmicubm
2735
26.09
2482
2386
2229
21.03
1977
18.50
17.24
1597
- 14.71
13.44
1218
10.91
5.646
5.3582
717
918.0 5 852
4587
3.322
2.057

Mrdzubrm
2735

OIR
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=ED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Staggered Discs 2 - Diamond

/\ Mmicubm

2474
SR o
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2014
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1665
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206.1
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SED FOR DUAL TYRE LOAD 520 kPa -30 kM TyreStress Staggered Discs 3 - Diamond

Mmfcubm
18.80
17.94
17.09
16.24
15.39
14.54
13.68
12.83
11.98
11.13
10,27
9422
8.569
77
6.865
6.012
5.160
4.308
3.455
2603
1.751

Mrmifcubm
18.80

15.39

11.98

5.5659

5.160

1.751
2061

SED 218.0
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Summary of results — Pin Head

Dual Pin Head 30kN

21 120

18 1 - 100
15 E
-
- 80 8
- —I.\ E
2 12 - =
— a

- &0
E N \ 8
= £
=
- 40 E
" E

N \ L 20

O |
0 T T T a
30 Dual Pin All 30 Dual Pin 6 30Dual Pin 5 30 Dual Staggered Pin 1 30 Dual Staggered Pin 2 30 Dual Staggered Pin 3
Load type
I Time (Hours)  =fll=Nax SED
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Summary of results — Pin Head

Dual Diamond Base 30kN

21 100
- 0 —_
18 4
- B0 .E
-
15 - - 70 =
e 60 =
g 0 o
% L
E 5 - 40 -
- E
6 1 - -30  Z
-— - 20 E
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- 10
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Eight (8) Axle Truck = 30 tyres — Vertical Contact

Stress - Foot Prints....
Test H1029 done at Heidelberg : Date 10/09/2003
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30 Tyres: 1 mm x 1 mm resolution — 500k points — SED

under Steering Axle

Strain Energy of Distortion (SED)

gy of Distortion (kPa)
o oo

Q
o

Strain Ener
N
o
oo

Pavement Depth (mm) 0 -1000
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..SED under Steering Axle

Straln Energy of Distortion (SED)
50 mm AC layer

80
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-500 0 500
Distance of Axle (mm)
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i Rutting- Controlled testing with Heavy Vehicle
,' ? Simulator (HVS)...
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Vertical Tyre Stress: “n-Shape” tyre stress
results in “n-Shape” rutting on asphalt layer..

Vertical Contact Stress (MPa)

Inflation Pressure = 800 kPa
Applied Vertical Load (HVS) = 40 kN
Average Wheel speed =0.338 m/s
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TRAFFIC SIDE

Longitudinal

i i
! i
: [
T
i |

20

—

CONTINENTAL 11R22.5 Tyre (TREADED)

Measured Vertical Load (CS) =21.72 kN
Measured Vertical Load (TS)
Measured Vertical Total Load = 43.5 kN
Max Stress —101 MPa e
T i
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15 10 5
CARAVAN SIDE

=21.71 kN

FIGURE 17Z Lateral (Pin1-20;20-1)

Filename : A3DLOAD.m Filename : dual480z
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8 \ertical Tyre Stress: "m-Shape” stress result in
“‘m-Shape” rutting on asphalt layer..

CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 420 kPa Measured Vertical Load (CS) = 38.88 kN
Applied Vertical Load (HVS) = 70 kN Measured Vertical Load (TS) =39.14 kN
Average Wheel speed = 0.334 m/s Measured Vertical Total Load = 78.09 kN
Max Stress =112MPa . .—.——-— L~
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Longitudinal FIGURE 3Z Lateral (Pin 1-20;20-1)
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Summary, Conclusions (1):

- South African Roads, Trucks @ Road
Damage — real cause for concern;

- Analytical approach - SED shows good
promise for further implementation;

- Tyre Studies with Heavy Vehicle
Simulator (HVS);

Y - Implications for Road Surface Design
and Road Preservation/Protection —
Important to be implemented

]
our future through science
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"  ‘ - Research work is needed to establish if

this trend of tyre type is similar for all
road pavement structures in South
Africa before it is safe to argue against
the use of single tyres vs dual tyres.

- Implementing concept of SED in road
design

ﬁ - Numerical development for non-circular

(rectangular) loads for realistic
simulation of contact stresses. CSIR
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Summary, Conclusions (2):

. Single wide base tyres induce more
than double the potential for failure
compared with the dual tyre
configuration on the same road
pavement.

' -« Under-inflated-heavily-loaded tyres

cause more damage on the surface of
the road.

8. The top 5 mm to 10 mm of pavements

Is potentially more prone to failure (top-
down cracking or rutting) than was
perhaps realised.in.the past.
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