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It's all to do with footprints........
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e Introduction

e Results




GOOD ROADSLEAD TO
PROSPERITY..

..motto of the South African Road Federation
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The General Problem Statement:

“..there exist very little commonality
between

such as rutting, cracking, disintegration,
debonding, crushing, ravelling, bleeding,
potholes, etc., and current pavement
design, performance and analysis methods...
.therefore the impact on maintenance

and rehabilitation on paved roads

IS very difficult to quantify







Truck Tire Inflation Pressurein South Africa;
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Van Vuuren (1974) De Beer (1995)

Average: 620 kPa Average: 733 kPa

FIGURE 1
AVERAGE MEASURED TYRE INFLATION PRESSURE DISTRIBUTIONS
OF HEAVY VEHICLES (AXLE LOADS > 7 000 kg) ON ROADS
c:lcapsafLwmif IN THE PROVINCE OF GAUTENG, SOUTH AFRICA







| believe that part of
the problem is that

“In Pavement Engineering, worldwide today,
the representation of pneumatic
tyre/pavement contact stresses Is

by using a circular disc
of uniformly distributed pressure,

than the tyre inflation

pressure”.
..Strong indications suggests that this
may be far from real - world conditions....




HVS-SIM Project
Objective:

.. To obtain a more realistic
tyre/pavement contact stress
representation under

the pneumatic tyres of the

Heavy Vehicle Simulator (HVS)..
.. This Is to improve pavement tests and
analysis, In general....




Confidential Contract Report
CR - 99/012

Contact stresses of the 11.00 -
R22.5 pneumatic radial tyres on

the Gautrans Heavy Vehicle
Simulator (HVS) measured with
the Vehicle-Road Surface
Pressure Transducer Array
(VRSPTA) system
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11.00 - R22.5 RADIAL HVS TYRES
(AFTER CULLINAN ROAD 2388 TESTYS)







SIM SYSTEM(9S): HEAVYEVEHICLE SIMULATOR (HVS) TYRE
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Data Acquisition and Computer set-up
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Effective Length = 14.7224 mm |
Direction Direction Effectlve Length 14. 7224 mm
of
Travel
4> E
e
Effective Area: Diamond shape = Y2(17*17)cos(30)*2 = 250.28 mm? o} Rectangular area = 250.28 mm?
figg4.drw




315/80 R22.5 HVS TIRE ON VRSPTA
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425 /65 R22.5 HVS TIRE ON SIM SYSTEM:
EXAMPLE OF FOOTPRINT TO FOLLOW.....
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VRSPTA Mk 1l SYSTEM USED
FOR THE SIM MEASUREMENTS
UNDER THIS CONTRACT




SIM Optlc Trlggers
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SIM OUTPUT LOADS FOR QUALITY CHECK

200
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Data Counts
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11.00 - R22.5 RADIAL HVS TYRES
(AFTER CULLINAN ROAD 2388 TESTYS)

——-TYRE PRINTS--

q




HVS DUAL TYRE FOOTPRINT @ 30 kN
& 420 kPa, USING PAINT




11.00-R22.5
HVS04
TYRES
UNDER

HIGH
LOADING -

Note the
“bulging” of
both tyres




HVS DUAL TYRE FOOTPRINT @ 70 kN
& 420 kPa, USING PAINT
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THE HVS-SIM DATA




HVS-SIM TEST MATRIX

Dual Tyre TYRE INFLATION PRESSURE
Load (kPa)
(kN) 19 X 3 = 57 Tests per tyre
420 520 620 720 800
30 W | W@ . . .
40 W | @ o o o
70 W | @ o o o
100 EEUNSAFE a 'a a 'a

Within Tyre Manufacturer specifications



CARAVAN SIDE (CSIR SITE)
VRSPTA MK Il

40kN  70kN

100
90
80
70
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50
40
30
20
10

% Cumulative Frequency

o

100 200 300 400 500 600 700 800 900 1000 1100 1200

Contact Stress (kPa)

e 24.36KN ; 520kPa == 24.57kN ; 520kPa == 24.75kN ; 520kPa
v 37.35KkN ; 720kPa == 37.60kN ; 720kPa »= 37.94kN ; 720kPa

o

3d-cum.wk4
20/01/99
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INFLATION PRESSURE

CARAVAN SIDE CONTINENTAL 11R22.5 TREADED
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa Measured Vertical Load (CS) = 24 kN
Applied Vertical Load (HVS) = 40 kN Measured Vertical Load (TS) = 23 kN
Average Wheel speed = 0.34 m/s Measured Vertical Total Load = 46.93 kN
Max Stress = 0.849 MPa e
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Measured Lateral Load (CS) = 0.39 kN
Measured Lateral Load (TS) =-1.1 KN
Longitudinal

Average Wheel speed = 0.34 m/s
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yre (TREADED)
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._,.,.~-= IZ_J.34 m/s
CARAVAN SIDE
Lateral (Pin1-20:20-1)

Measured Longitudinal Load (TS) = 0.89 kN

Measured Longitudinal Load {(CS) =-042 kN
Average Wheel speed

TRAFFIC SIDE

0.129 MPa
0.103 MPa

Longitudinal
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Applied Vertical Load (HVS) = 40 kN

Inflation Pressure = 520 kPa
Max Stress
Min Stress




CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa Measured Vertical Load (CS) =61 kN
Applied Vertical Load (HVS) = 100 kN Measured Vertical Load (TS) = 58 kN
Average Wheel speed = 0.34 m/s Measured Vertical Total Load = 119.5 kN
Max Stress = 1.39 MPa e e
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa
: ; Measured Lateral Load (CS) = 1.8 kN
Zpplied Jeniod (a0 Ik i) & 00 Measured Lateral Load ETS; =22 kN

Max Stress =0.316 MPa i
Min Stress = -0 301 MPa Average Wheel speed = 0.34 m/s
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa Measured Longitudinal Load (CS) =-1.3 kN

Applied Vertical Load (HVS) = 100 kN Measured Longitudinal Load (TS) = 2.4 kN
Max Stress = 0.253 MPa speed = 0.34 m/s

Min Stress = -0.202 MPa e e ; T
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 800 kPa Measured Vertical Load (CS) =39 kN
Applied Vertical Load (HVS) = 70 kN Measured Vertical Load (TS) = 37 kN
Average Wheel speed = 0.33 m/s Measured Vertical Total Load = 76.07 kN
Max Stress = 1.13 MPa e B
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Longitudinal

Measured Lateral Load (CS) = 0.063 kN
Measured Lateral Load (TS) = 1.4 kN

Average Wheel speed = 0.33 m/s

yre (TREADED)
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sed = IZ_J.33 m/s
CARAVAN SIDE
Lateral (Pin1-20:;20-1)

Measured Longitudinal Load {TS) = 0.97 kN

Measured Longitudinal Load (CS) =-0.34 kN
Average \Wheel speed

TRAFFIC SIDE

0.17 MPa
0.114 MPa

Longitudinal
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Applied Vertical Load (HVS) = 70 kN

Inflation Pressure = 800 kPa

Max Stress
Min Stress




CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 800 kPa Measured Vertical Load (CS) =57 kN
Applied Vertical Load (HVS) = 100 kN Measured Vertical Load (TS) =56 kN
Average Wheel speed = 0.33 m/s Measured Vertical Total Load = 112.3 kN
Max Stress = 1.43 MPa e mriAR
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 800 kPa
: : Measured Lateral Load (CS) = 0.59 kN
TRplen g LT bl S Ul Measured Lateral Load ETsi =-0.55 kN

Max Stress = 0.255 MPa i
Min Stress = -0.269 MPa _fverage Wheel speed =0.33 mfs
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 800 kPa Measured Longitudinal Load (CS) =-0.99 kN
Applied Vertical Load (HVS) = 100 kN Measured Longitudinal Load (TS) = 1.3 kN

Max Stress = 0.25 MPa Average Wheel speed = 0.33 m/s
Min Stress =-0.163 MPa ; _
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Inflation Pressure 520 kPa at a L.oad of 20 kN
SIM - HVS04 Caravan Side (Tyre 11R22.5 Treaded)
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SIM - HVS04 Inflation Pressure = $20kPa ; Load = 40kN (Tyre 11R22.5 Treaded)
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Inflation Pressure 800 kPa at a L.oad of 50 kN
SIM - HVS04 Caravan Side (Tyre 11R22.5 Treaded)
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 100kN (Tyre 11R22.5 Treaded)
550

500

450

o
Cn
o

L)
o
L

M
Cn
o

®
=
O
=
e
)
c
O
il

200 300 400 500
Lateral (Pin Numbers)




Applied Load S0 kN at Variable Inflation Pressures 520 - 800 kPa

SIM - HVS04 Caravan Side (Tyre 11R22.5 Treaded) MPa
1.5

—

s
i

<
h
!

()]
e e
¥

[
o
g
h
h
O
i
e
7y
i
Q
4]
el
c
O
O
w©
o
;
>

Longitudinal Lateral (Pin Numbers)




Inflation Pressure 520 kPa at Variable Loads of 15 kN - 50 kN
SIM - HVS04 Caravan Side (Tyre 11R22.5 Treaded)
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SIM - HVS04 Inflation Pressure = 420kPa ; Load = 40kN (Tyre 11R22.5 Treaded)
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 30kN (Tyre 11R22.5 Treaded)
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& Singleload 15kN ® Singleload20kN A Single load 35 kN @  Single load 100 kN Regression




PRACTICAL APPLICATIONS:
tyre edge stresses....

TRAFFIC SIDE : TYRE EDGE CONTACT STRESS

TYRE EDGE CONTACT
STRESS (kPa)

3dload-peakt.xls
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¢ 420KPa e Regression 520kPa + 620kPa X 720kPa e 800kPa




CARAVAN SIDE - DUAL TYRE LOAD 40kN, @ INFLATION PRESSURES OF 420, 520,
620, 720 and 800kPa

—
o
o
o

—
E——

520 kPa

©
il
7
0
0
LU
%
=
0
-
0
<




SUMMARY OF SIM RESULTS FOR

ELSYM5M

PERCENTILE UNIFORM CONTACT LOAD RADIUS (mm)
VALUE (%) STRESS (kPa)
TYRE LOAD; | 20 kN; 35 KN; 20 KN; 35 KN;

INF.PRES.| 520 kPa | 720 kPa | 520 kPa 720 kPa
Average 369 o4/ 130 145
50 617 843 100 115
80 708 937 95 110
90 748 1017 90 105
95 770 1057 90 105

Max 812 1105 90 100




TRUCK AXLE WITH DUAL TYRES
{(DEFLECTOGRAPH - TYRE TYPE: 11.00 X 20, 14 Ply India Sup ertex 238)

— J00mm —— 300 mm e J00mm -’H J00mm

s L k' s L \

TRIGGERS ROAD . ﬂ .

SURFACE

il Sl S S S Sl g Sl gl Sl

R N N g g g g wge g e

PIPE FOR CABLES TO
DATA ACQUISITION

COMPUTER FIGURE 2
TYPICAL LAYOUT OF THE VRSPTA MARK Ill SIM SYSTEM
SIMz.DRWY WITH A TYPICAL TRUCK AXLE (DUAL TYRES)

4 PAD SIM SYSTEM
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4 PAD SIM SYSTEM — most advanced
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% Cumulative Fregquency

DEFLECTOGRAPH (OCTOBER 1998)
Test 038-z
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MANTSOLE TRAFFIC CONTROLL CENTRE -
(TCC) ON NATIONAL ROAD NR7'(N1)

Full Axle SIM




‘.1. &

WEIGH-BRIDGE SIT@FOR SIM AT
MANTSOLE ON'THE N1 c
















TRUCK IDENTIFICATION INCLUDES:

Vehicle Registration number;
Date of measurement;

Time of measurement;

Vehicle classification (I.e 1:2:2:2)




Thefollowing items are obtained with the SIM:

Axle Speed,

Axle Distance;

Axle welghts,

Axle Group weights;

3D Vertical, Lateral & Longitudinal Stresse
Stress Ratios;













(33.3%)

(22.2%)

(19.4%)

(2.8%)

(16 7%)

M1:1:2
1:.2:2
[11:2:3
1:2:2:2
1:.2:3:2




MANTSOLE WEIGHBRIDGE (TCC)
SIM TESTS NOV. & DEC. 1998 & FEB 1999
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Hito1l
¢ Regression line (Rsqr = 0,956)
A Validated Data (26 Trucks)
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MANTSOLE TESTING (NOV 98)
FILE 001-Z (COMBINATION 122 2)
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Summary of SIM data: Mantsole, TCC on N1

» SIM Data of 36 trucks- 704 tyres analyzed:;

>

>

SIM Accuracy vs Multi-deck Scale: within
25%:
SIM Precision @ 95 % = 2,6 tonne/Axle Groug

Lateral Stress; 89 — 233 (Ave. = 170 kPa);

Longitudinal Stress: 52 — 237 (Ave. = 124 kPa);




Summary of SIM data: Mantsole, TCC on N1
Continue;

» StressRatios; 10:1,88:1,38

» Average Max Vertical > 1,59 x Inflation
Pressur e;

Max Vertical Stress/520 kPa: 1,37to0 2,75
(NCP);

Vertical Stress Patterns of approx. 22 % of
tyres show “abnormal” patterns,




ELSYMSM PAVEMENT

ANALYSIS
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Eﬁuuth Afncan Mechanistic Pavement Design
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Eﬁuuth African Mechanistic Pavement Design

File  Help

SIM: VERTICAL (NORMAL) STRESS, zz
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FINITE ELEMENT
METHOD (FEM) FOR

PAVEMENT ANALYSIS
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FIGURE: 29

Axi-symmetrical Finite Element Model
used in this stud




UNIFORM VERTICAL STRESS (520 kPa)
STRAIN ENERGY OF DISTORTION (SED)
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NON-UNIFORM STRESS (EDGE) (420 kPa)
STRAIN ENERGY OF DISTORTION (SED)
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Pseudo-Energy under non-uniform contact stress
conditions
(Symplectic Engineering Corporation, USA)




Colour maps of
(Symplectic Engineering Corporation)
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Pavement Depth

oIM - 600 kPa, 35 kN
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UNIFORM LOAD - 520 kPa, 21 kN SIM - 600 kPa, 20 kN
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CONCLUSIONS.....

SIM Technology resulted In improved
pneumatic tyre/pavement contact stress
definitions;

Improved selection of HVS tyre and inflation
pressure levels;

Improved potential for pavement
design,performance and analysis methods;

Potential savings of Rmillions, If effectively
employed...
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..the end..,

| Thank You all !
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