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STRUCTURE OF PRESENTATION:

« Background — South African road situation ;

* Increase in inflation pressures over time;

» Research with Accelerated Pavement Testing
(APT) Devices;

* R&D on tyre-pavement contact stresses, using
Stress-In-Motion (SIM) technology;

 Pavement damage & Analyses in SA context;

* The way forward;

» Conclusions en Recommendations
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STRESS-IN-MOTION (SIM)
TECHNOLOGY
» Since the 1990s — improvement necessary in tyre-
pavement interaction model;

* “Uniform & Circular” shape not representative -
studying road surface failures with HVS;

« Stress-In-Motion (SIM) devices developed;

— New 3D shapes and sizes of tyre-pavement
contact stress regimes measured,

— Implementation in linear and non-linear
pavement models (new challenge);
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Total - all Roads in SA~ 750 000 km

SOUTH AFRICAN MAJOR ROAD NETWORK

/\/ Freeways and National Routes (approx 12 433 km)
Main Provincial Roads (approx 42 569 km)
Secondary provincial Roads (approx 77 214 km)

ROAD HETWORK SOURCE: MAPSTUDD
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SOUTH AFRICAN MAJOR PAVED ROAD NETWORK ~
20 000 km

Road Freight Network
in Comparison to
SANRAL Current and
Proposed Network
in

SOUTH AFRICA

(1000} = Average Daly Truck Traffic [ADTT)

Foad Fraight Meteord
SANRAL Currerd and
Prapased Road Metwork
Addithanal Baze Sirategic Meabhwork
S\ State Cwned Toll Roads
EDTs 8 Concettion Toll Roads
Proclpimed Matonal Roads
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Thinly Surfaced ( 12-50 mm) Flexible Pavements -
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/ 700 km National Roads in SA of
Freeway/Expressway standard
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Thin Asphalt Surfacings (12 mm to 50 mm) on crush&d
rock: Economical in dry regions - maintenance intensive
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Typical Heavy Vehicles (HVs
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Tyre Types on Steering Axles - Recently:

LEFT - 225 STEERING TYRES (N3-26:02/2003-06/ 03 2003]

Ot her—

—315/80 R22.5

Figure 3: Distribution of left tyre type on stearing axles of 225 Heavy Vahicles
[H¥=) on the N3-North (Haidalbarg) (Tyre Data from Morton and Theyss,
2004)
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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:/capsaf1.wmf IN THE PROVINCE OF GAUTENG, SOUTH AFRICA
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Inflation Pressure Distributions —
N3 —-TCC - 2003

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

= = Left-(1070 tyres) ====Right-(1070 tyres) ====0/L TRUCKS-(3566 tyres)|
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H:\CAPSAOQ4\[Tyre Inflation Pressure Information-MORTON-MDB-

N3 TCC - SELECTED HEAVY VEHICLE (HV) TRUCK TYRE PRESSURE DATA
(26 Feb 2003 - 06 March 2003)

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

12 ] ] ] ] ] ] ] ] ! ! ! ! ! ! ! !
Trailing Tyres: Steering Tyres
1 Ave: 800 kPa; - Ave: 900 kPa;
~116 PSI ~130 PSI
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H:AICAP-2006 Summary N3 TCC-FINAL-4-B-ICAP-2006.xIs TYRES-1-2 -Histogram-Paper (2)

ALL TYRES MEASURED: n =45 227 (This Study) - N3 -TCC-2003

Il All Other Tyres = Axle 1 Left = Axle 1 Right

All other .
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HVS Mk IV+ Test Tyres

DUAL: 12R22.5 SINGLE: 315/80 R22.5
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425/65 R22.5 tyre in South Africa
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Vehicle-Tyre-Pavement Interaction:

Stress-In-Motion (SIM)

Technology




Tire technology expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany m

Stress — In — Motion (SIM)
Technology

The measurement of 3D
tyre/pavement contact
stresses from moving

vehicles
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Stress — In — Motion (SIM) — SIM Mk |l
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Dual Tyre: Measured 3D-Contact Stresses

(Pressure)...80 kN Single Axle... (..ESAL)
_m: N TR22 5 Tyre (TREADED)

T ———
Maasured Verical mﬁ gm Appiled Vedical Load (HE) = 40 kN h—HLmunmﬂ::l;.ﬂm
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Truck Tyres....

”Sectometer” Modern Tyre science...
. Eckls, 1 92 Parts of

Tread

Cap Plies {optional)
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HEAVY VEHICLE SIMULATOR (HVS) - SINCE
1970s
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Oct 2004 - HVS — SIM
Tests
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SINGLE SIM PAD FOR HVS TESTING




Stress - In - Motion (SIM)- SIM Mk IT:
CSIR :'93-'95
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315/80 HVS TYRE ON SIM Mk IT SYSTEM
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425 /65 R22.5 HVS Tyre:

D

Single pad SIM system (Use with HVS)
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SAE sign convention : X-Longitudinal, Y-Latera

and Z -Vertical loads/stresses
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TYRE-SURFACE INTERACTION L
on textured surface - 3D Stress Regimes
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Typical SIM Data Sets: Z, X, Y - Contact Stresses @
Variable loads: 316/80 R22.5 Tire

Z: Vertical Stress Y: Lateral Stress

X: Longitudinal
Stress
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SIM TESTING USING THE HVS - DUAL LOADING., [l
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STRESS-IN-MOTION TESTING USING THE HVS

D
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HEAVY VEHICLE SIMULATOR (HVS) - DUAL
TEST TYRES (12R22.5)
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STRESS-IN-MOTION (SIM) testing using the Heavy Vehicle
Simulator (HVS)- Dual Load Configuration — Twin (dual) SIM pads
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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 H_ _f_ﬂ._.fie-—-r'“"“-x
IR . .
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S 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa
Measured Lateral Load {CS) = 0.39 kN
SEpled veollical L ad (Hva ) = 40 6N Measured Lateral Load ETS)) =_1.1 kN

Mdael e s 1 R e Average Wheel speed = 0.34 m/s
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S 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa Measured Longitudinal Load (CS) =-0.42 kN
Applied Vertical Load (HVS) = 40 kN Measured Longitudinal Load (TS) = 0.89 kN
Max Stress = 0.129 MPa Average Wheel speed = 0.34 m/s
Min Stress =-0.103MPa ____ﬁr,__._._l---~—-—-—i'—"f"'T*-u.H_____
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OVER-
LOADING/UNDER
INFLATION

W 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa Measured Verical 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 Em—— |
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Inflation Pressure 800 kPa at a Load of 50 kN

SIM - HVS04 Caravan Side (Tyre 11R22.5 Treaded) MPa
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 100kN (Tyre 11R22.5 Treaded)
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 30kN (Tyre 11R22.5 Treaded)
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TYRE “FINGER PRINTING™:

VERTICAL STRESS PROFILES
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DIFFERENTIAL TYRE PRESSURES(12R22.5):
950/520 kPa @ 30 kN; 40 kN;70 kN and 100 kN

Tyre Tested 12R22.5 (HP3000 P.R. 152/148L TREADED)

Inflation Pressure = 950 / 520 kPa Measured Vertical Total Load = 27.8 kN

Applied Vertical Load (HYS) = 30.4 kN Measured Vertical Load (Pad 1) = 16.6 kN
Wheel speed =1.02 m/s Measured Vertical Load (Pad 2) = 11.2 kN
Max Stress =1.15 MPa
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Vertical Contact Stress (MPa)

40
” - 25 10 35
Longitudinal 0 5 10 PAD 2 (520kPa)
ongrudina PAD1 (950kPa) | oterg| (Pin 1-21;21 - 1)

Filename : HYS149az (hvsdaulspCh.m)

Tyre Tested 12R22.5 (HP3000 P.R. 152/148L TREADED)

Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 68 kN

Applied Vertical Load (HVS) = 69.9 kN Measured Vertical Load (Pad 1) =40.9 kN
Wheel speed =1.03 m/s Measured Vertical Load (Pad 2) =27.1kN
Max Stress =1.2 MPa

05

Vertical Contact Stress (MPa)

20
10 18 PAD 2 (520kPa)

— 5
oA RueliE] PADT (960kP2) | geral (Pin 1- 21 ; 21 - 1)

Filename : HVS155az (hvsdaulspCM.m)

Tyre Tested 12R22.5 (HP3000 P.R. 152/148L TREADED)

Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 37 kN
Applied Yertical Load (HYS) = 39.7 kN Measured Vertical Load (Pad 1) =22.1 kN
Wheel speed =1.03 m/s Measured Vertical Load (Pad 2) =14.8 kN
Max Stress =1.18 MPa R
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i
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i

Vertical Contact Stress (MPa)

" " - 30 35 40
LTl 0 5 10 PAD 2 (520kPa)
enartend PAD1 (950kP8) | ateral (Pin 1-21;21-1)

Filename : HYS152az (hvsdaulspCh.m)

Tyre Tested 12R22.5 (HP3000 P.R. 152/148L TREADED)

Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 99.5 kN
Applied Vertical Load (HVS) = 100.4 kN Measured Vertical Load (Pad 1) =61.3 kN
Wheel speed =1.02 m/s Measured Vertical Load (Pad 2) = 38.2 kN
Max Stress = 1.42 MPa
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TYRE DEFLECTION & TYRE PRINTS — NB'!
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STATIC TYRE PRINTS (12R22.5)
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315/80 R22.5 HVS Tyre:
Overloaded.....
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Quad Stress-In-Motion (SIM) system:

TRUCK AXLE WITH DUAL TYRES
[DEFLECTOGRAPH - TYRE TYPE: 11.00 X 20, 14 Ply Indla Supeartex 238)

AT 20D a1

TEFEGEAD

DuUNMICS

FOUR LDADCELL UNITS AB,C AND D SIM SUPPORT STRUQTURE
10mm

Figure 4

TYPICAL LAYOUT OF THE VRSPTA MARK Ill SIM SYSTEM
WITH A TYPICAL TRUCK AXLE (DUAL TYRES)
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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): |
QUAD SIM SYSTEM IN OPERATION
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STRESS-IN-MOTION TESTING ON N3 NORTH (HEIDELBERG)
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Example SIM testing during 2003
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Example SIM testing during 2003
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e
Example SIM testing during 2003
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LOAD COMPARISON - FIELD WITH REAL TRU
N3 TCC - HEIDELBERG

SIM vs MULTI-DECK STATIC AND DAW 50 at N3-TCC (Heidelberg)
(GVM/GCM) - RATINGS 1 and 2

+ STATIC (1861) = DAW50 (1501) —— Line of Equality
- - - - Linear (DAWS50 (1501)) — - - Linear (STATIC (1861))

=

STATIC = 1.07155xSIM
(n=1861), R*=0.99

DAW 50 = 1.06205xSIM
(n=1501), R?=0.99
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Vertical Contact Stress (MPa)

= simfulld.m

Filename

Test H833 done at Heidelberg : Date 09/09/2003
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Vertical Contact Stress (MPa)

= simfull?7.m

Filename

Test H595 done at Heidelberg : Date 15/09/2003
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Measured Tyre Foot Prints Two Axle Truck — Vertical
Contact Stress —.....

Test H451 done at Heidelberg : Date 04/09/2003
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Vertical Contact Stress (MPa)

= simfulld.m
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Test H1070 done at Heidelberg
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Vertical Contact Stress (MPa)

= simfulls.m

Filename

Test H1077 done at Heidelberg
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Vertical Contact Stress (MPa)

Filename = simfullé.m

Test 174 done at Heidelberg : Date 10/09/2003 (overload)
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Eight (8) Axle Truck — Vertical Contact
Stress - Foot Prints....

B

Test H1029 done at Heidelberg : Date 10/09/2003
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e

STEERING AXLE — UNEQUAL LOADING.......

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

185 mm; 1.9 266 mm; 3.739 Ton

30 40 50
Across the SIM pads
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e
UNEQUAL LOADING ON TRUCK TYRES....
TYRE BARELY IN CONTACT WITH SURFACE

TEST 768-09/10/2003: DDT235N AXLE 2

189 mm; 297 mm; 202 mm; 194 mm:;
0.037 Ton 4.312 Ton 1.874 Ton 1.223 Ton

101

30 40 50
Across the SIM pads
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e

AXLE 2: MISSING TYRE....... I

T 765: NKR 9519 - 09/10/2003 AXLE 2

244 mm; 196 mm; 195 mm;
1.782 Ton 1.032 Ton 0.661 Ton

30 40 50
Across the SIM pads




Tire technology expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany

TYPICAL STEERING AXLE: VERTICAL STRESS

40 50

- Across the SIM paas
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AXLE 2- DRIVING AXLE

Dt

40 50

_ Across the SIM pan;is
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..damaged tyres...
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Damaged Tyre Surfaces:
Effect on Contact Stresses

- y
Yy 2

A

4

Vertical Stresses

Flat Spot
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Wide Base Single Tyre- Input Data: Vertical
Stress Patterns: “n” and “m” — Shapes...
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Wide Base Single Tyre- Input Data: Vertical
Stress Patterns: “n” and “m” — Shapes...
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Rutting- Controlled testing with Heavy Vehicle
Simulator (HVS)...
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Vertical Tyre Stress: “n-Shape” tyre stress
results in “n-Shape” rutting in asphalt overlay..

CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = thl I\P‘a Measured
Applied Vertical Loa ] Measured
Average Wheel speed

Max Stress

|
|
|
[
ey
|
|
|
|
B
[
|
i

Vertical Contact Stress (MPa)

20

Zr a1
. TRAFFIC SIDE GARAVAN SIDE
Longitudinal FIGURE 172 Lateral (Pin 1-20;20-1)

Filename : ABDLOAD.m Filename : dual480z
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Vertical Tyre Stress: “m-Shape” stress result in
“m-Shape” rutting in asphalt overlay..

Inflatlfun Fressure =4 -D kPz

CONTINENTAL 11R22.5 Tyre (TREADED)

Vertical Contact Stress (MPa)

50

10 5
CARAVAN SIDE

10 15
s TRAFFIC SIDE
Longitudinal FIGURE 32 Lateral (Pin 1 -20;20-1)

Filename : A3DLOAD1.m Filename ; dual7d2z
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TyreStress Software for Tyre Data Handling and
Pavement Design

TyreStress Software:

C:\Program Files\TyreStress Beta\TyreStress
Combined MultipleEgRadii.exe



C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe
C:/Program Files/TyreStress Beta/TyreStress Combined MultipleEqRadii.exe

i TyreStress

File Options Screen capture Circular Loads Help Exit Calc Loads and press

Tyre type

Guudyearﬂ xED Cross B|as 14- ply (SA HVS)
Goodyear 425-65 R225 (SA)

Michelin E-22.5 315-80 R22.5 (SA4)

Continental 11 x R225 (SA-HYS)

Firestone 12 x R22 5 G331 (SA-HY3)-2004
Goodyear 315-80 R22.5 G391 (Steering - SA)-201
Firestone 12 x R22 5 G331 (SA-HY3)-2006
Goodrich Aircraft BF tyre (SA)

Goodyear 315-80 R22.5 G391 (Steering - SA)-201

Load pressure values

Load pertyre (kM) Parameter range
0 20 -50
Pressure (kPa)

420 420 -720

Direction far interpolation

X Y (o 7

Submitwalues
1 Mexttast
ur future frough science
Ready

id Starf =39 7 [ &2 Windows ...

:

TiP = Tyre inflation Pressure {(kPa), L = Load {kN) B -
s

TiP = 420 TiP =520 TiP =620 TiP =720

L=20 L=20 L=20 L=20 .
g
7]

TiP = 420 TiP =520 TiP =620 TiP =720

L=30 L=30 L=30 L=30

TiP = 420 TiP =520 TiP = 620 TiP =720

L=40 L=40 L=40 L=40

TiP = 420 TiP =520 TiP =620 TiP =720

L=50 L=50 L=50 L=50

X=0 Y = 0.000 0 0 NUM

+ (@ Microsoft Pow...

[ TyreStress

)

01:56 PM




. Goodyear 315-80 R22.5 G391 (Steering - SA)-2006

File Options Screen capture Circular Loads Help Exit Calc Loads and press

Tyre type

Goodyear 10x 20 Cross-Bias 14-ply (Smoath) (5
Goodyear 11 x 20 Cross-Bias 14-ply (34 - HWS)
Goodyear 425-65 R225 (SA)

Michelin E-22 5 31580 R22.5 (SA)

Continental 11 x R22.5 (3A-HWS)

Firestone 12 x R22.5 G391 (SA - HWS)-2004
Goodyear 315-80 R22.5 G331 (Steering - SA)-200
Firestone 12 x R22.5 G391 (SA - HWS)-2006
Goodrich Aircraft BF tyre (SA

Goodyear 315-80 B22.5 G391 (Steering - SA)-201

Load pressure values

Load pertyre (kM) Parameter range
20 20 -100
Pressure (kPa)

520 520 - 1000

Direction for interpolation

R Y w7

Submitvalues
1 Mexttast
our future Hrough science
Ready

Goodyear 315-80 R22.5 G391
(Steering - SA)-2006

Direction: ()
Inflation pressure: 520 (kPa)
Applied Vertical Tyre Load: 20 (kN)

SIM Measured Tyre Load (Z): 20.4 (kN)

Estimated contact area: 510.5 (cm?)
Equivalent uniform contact stress: 399.8 (kPa)
Radius of equivalent circular area: 127.5 (mm)

Lateral Stress (kPa) at 125 mm

(==

e — 8 v
= ! : g
2 785
~
el
1]
= 628
o
X
§ 47
& ilp=
= 314 B H
£
S

157}
g 7
5
| 0

84 168 252

Tyre Width (mm)

X=125 Y=170.000  680.6815 Min:0 | Max/58 NUM

irstart Y 7 ®2Windows... v @ Microsoft Pow...



. Goodyear 315-80 R22.5 G391 (Steering - SA)-2006

File Options Screen capture Circular Loads Help Exit Calc Loads and press

Tyre type

Goodyear 10x 20 Cross-Bias 14-ply (Smoath) (5
Goodyear 11 x 20 Cross-Bias 14-ply (34 - HWS)
Goodyear 425-65 R225 (SA)

Michelin E-22 5 31580 R22.5 (SA)

Continental 11 x R22.5 (3A-HWS)

Firestone 12 x R22.5 G391 (SA - HWS)-2004
Goodyear 315-80 R22.5 G331 (Steering - SA)-200
Firestone 12 x R22.5 G391 (SA - HWS)-2006
Goodrich Aircraft BF tyre (SA

Goodyear 315-80 B22.5 G391 (Steering - SA)-201

Load pressure values

Load pertyre (kM) Parameter range
4 20 -100
Pressure (kPa)

520 520 - 1000

Direction for interpolation

(R @ "~z
Submitvalues
1 Mexttast
our future Hrough science
Ready

Goodyear 315-80 R22.5 G391
(Steering - SA)-2006

Direction: (Y)
Inflation pressure: 520 (kPa)
Applied Vertical Tyre Load: 21 (kN)

SIM Measured Tyre Load (Y): 0.2 (kN)

Estimated contact area: 651.0 (cm?)
Equivalent uniform contact stress: 2.6 (kPa)
Radius of equivalent circular area: 144.0 (mm)

Lateral Stress (kPa) at 155 mm
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. Goodyear 315-80 R22.5 G391 (Steering - SA)-2006

File Options Screen capture Circular Loads Help Exit Calc Loads and press

Tyre type

Goodyear 10x 20 Cross-Bias 14-ply (Smoath) (5
Goodyear 11 x 20 Cross-Bias 14-ply (34 - HWS)
Goodyear 425-65 R225 (SA)

Michelin E-22 5 31580 R22.5 (SA)

Continental 11 x R22.5 (3A-HWS)

Firestone 12 x R22.5 G391 (SA - HWS)-2004
Goodyear 315-80 R22.5 G331 (Steering - SA)-200
Firestone 12 x R22.5 G391 (SA - HWS)-2006
Goodrich Aircraft BF tyre (SA

Goodyear 315-80 B22.5 G391 (Steering - SA)-201

Load pressure values

Load pertyre (kM) Parameter range

4 20 -100

Pressure (kPa)
520 520 - 1000

Direction for interpolation

#% Y (2

Submitvalues
1 Mexttast
our future Hrough science
Ready

Goodyear 315-80 R22.5 G391
(Steering - SA)-2006

Direction: (X)
Inflation pressure: 520 (kPa)
Applied Vertical Tyre Load: 21 (kN)

SIM Measured Tyre Load (X):-1.6 (kN)

Estimated contact area: 668.5 (cm?)
Equivalent uniform contact stress: -24.3 (kPa)
Radius of equivalent circular area: 143.9 (mm)

Lateral Stress (kPa) at 159 mm
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Tire technology

Assumption of Tyre Loading - Pavement Design

expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany

.<"-\
B,

Modeling:

- Circular;

- Variab
- Variab
but UNI

Tyre Loading, P (kN)

e load;
e pressure,

-ORM:

Uniform Contact Stress, q
(kPa)




B~

APPLIED LOAD/STRESSES

P/o P/o Vertical,
Side view End view Longitudinal &
of tyre of tyre Lateral
SD-Contact
- Stresses
/
St
Rotr:t?osn x x Surfacing: h,, E;, v,
A
L’ - -Base |
Layer:
' - T
Pavement ha B2 V2 ¥ o
Response: O
SyA
Stresses Subbase
Layer:
&_ ™~ hs, Es, vs
Strains e e
™ Selected _—
Layer: e ——
h4, E4, V4 -_r
Subgrade/ -
Foundation: R
hs, Es, Vs

re through scisnce



Lotus

'_'TE_"Suuth Afrncan Mechanistic Pavement Design

File Help
UNIFORM: VERTICAL (NORMAL) STRESS, zz = couste |

Pavement Structure | Losds and Evalustion Paoirts I Stresses and Strains I Designl=-_] -1 Dgvement Life Contour Plot |F‘r|:|flle Plot I Diagnostics I

Define plane for contour plat
Yertical plane parallel to X-Z j

— B
% offset from arigin 1 Mormal Stress 77
Contour region size (mm] 400 :I - 5 D q
Contour region centred at (mm) 17
-BY
1] 1] a2
I_ I_ A T —] 5 D 117
Plat parameter E -143
j & —200 168
R 193
-8
M — 2250 243
-260
-294
— 300 319
-Sd4
—350 369
-393
-420
—400 445
-470
-5

¥ (mm)

Single tyre load: 20 kN; 520 kPa




Eﬁnuth African Mechanizstic Pavement Design

fe e SIM: VERTICAL (EDGE) STRESS PROFILE, zz

I Calculate |

Pavement Structure I Loads and Evaluation Points I Stresses and . oL Plot | Profile Plot I Diagnostics I

Define plane for contour plot
Wertical plane parallel to X-Z j

o | U

Contour region size (mim) 250 j

[——-
-1
Contour region centred at (mim) =73
® -144
216

o P 87
-359
Plat parametet iy
\ -a02

-57d
-Gd5
ralr)
-rag
-aE0
-932
-1003
1075
-1146
1218
-1289

I I
100 200 38t

}‘:r (mmj -1504

Single tyre load: 50 kN; 620 kPa

% offzet from origin Mormal Stress IF
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From TyreStress to Pavement Design.....

- Goodyear 315-80 R22.5 G391 (Steering - SA)-2006

File Options Screen capture Circular Loads Help Exit Calc Loads and press

Tyre type

Goodyear 10 x 20 Cross-Bias 14-ply (Smooth) (5 | Goodyear 315-80 R22.5 G391
Goodyear 11x 20 Cross-Bias 14-ply (34 - HYS) (Steering - SA)-2006

Goodyear 425-65 R22 5 (54)
Michelin E-22.5 315-80 F22.5 (S4) Direction: (Z)
Continental 11x R22.5 (5A-HWS . )
Firestone 12xR225 G(391 (SA—ILVS)—ZDM Infiation pressure: 520 (kPa]
Goodyear 31580 R22.5 G391 (Steering - 54200 | Applied Vertical Tyre Load: 20 (kN)
Firestone 12 x R22.5 G391 (A - HYE)-2008

oadrich Arcraft B tyre (S e | SIM Measured Tyre Load (2): 20.4 (kN)

Estimated contact area: 510.5 {cm?)
Load pressure valuges Equivalent uniform contact stress: 399.8 (kPa)
Radius of equivalent circular area: 127.9 (mm)

Load pertyre (kM) Parameter range
20

Longitudinal Stress (kPa) at 170 mm

20-100 B4 168 252
Sum of circular areas (25) = 444.9 (cm?)

P kP . ,
Eeoue (79 Multiple Discs Length of Tyre Contact Patch (mm)
5l 520 - 1000 Lateral Stress (kPa) at 125 mm

Direction far interpolation R d ; d 0
. ' OCON
A\ 126
W AT am P
@SR
IJI!IL'JL JI. 252
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- ' .mM. . a2
Mex test e ; ""‘“"“a’ 505
: : - — o '4. 568

— 4

' j 631

o V | v V | o 0694
aur future Hwough seimnce . . . . - 758

252

Ready X=125 Y=170.000  680.815 Min:0 | Max:758 NUM G R
'IIIIIIIIIIIII- —————————T--;;-------1-----------------———————————————————:———————————————————————————————————————— =

iistart “*° "% 3 Windows ... v | @Microsoft Pow... 7 Goodyear 315... & Deskiop ” | B @m0l E =W T 0% 02:01PM

Submitvalues

Tyre Width (mm)

our future through science
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B =

Mechanistic - Road Pavement Analysis-Multi-Layer

TyreStress Software Result passed onto Pavement
Design Software:

mePADS
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b

o SPSIO C11)

Mechanistic - Road Pavement Analysis-Multi-Layer

test-22nov-2.mpd - mePADS

File Tools Setup Help

Pavement Structure l Loads and Ewvaluation Foints ] Stresses and Strains ] Design Farameters l Fawement Life l Caontour Flot | Profile Plutl Calculation Takle l

MNurnber of Layers:|3 i‘ Number of Phases: |1 hd

Phase 1

Thickness E-Modulus
{mm) (MPa)

Material

Poisson's Slip taterial E-tdodulus
Eatio Rate (MFA)

Ac > o 1 [3500

naa o

Gt > 180 | [300

p3s o

|Subgradﬂ |EI |1 0o

Climatic Region |Dpy -
Foad Category |z, -

Heading

p3s o

Terminal rut |10 mm -
Design Traffic class  |ES0.003 -

Technical support:

[EXAMPLE M-SHAPE

Description

Software support:

Defaultinput: |On hd

Poisson's Ratio

Extra Layers |

E-hodulus
(MPA)

katerial Poisson's Ratio

GIR

our future hrough science

James Maina
email: jmaina@csir.co.za

Ywette van Renshurg
email: ywrenshurg@csirco.za

Calculate ||

GIR

aur future through scisnce




315-80-20-520-Multiple.mpd - mePADS

File Tools Setup Help

Pavement Structure ‘ Loads and Evaluation Foints \ Contour Plnt‘ Frofile Plnt‘

humber of Layers:|3 i‘ Number of Phases: |1 v

Defaultinput: |On v

Extra Layers ‘

Phase 1
Material  Thickness  E-Modulus  Poisson's  Slip hiaterial E-Modulus Poisson's Ratio Material E-Modulus  Poisson's Ratio
{rmm) (MPa) Riatio Rate (MPA) (MPA)
ac v o e e o
G v P oo i =
Subgrad »| 0 = oo = o =
[ |

Climatic Region |Dny - Terminal it |10 mm v R
Road Category |4 A Design Traffic class  |ES0,003 h G

cur future through science

Heading Technical support:

Description
‘ Software suppart:

James Maina
email: jmaina@csir.co.za

Yvette wan Rensburg
email ywrenshurg@csir.co.za

315-80-2... BN Des

TE90 % 02:10PM




315-80-20-520-Multiple.mpd - mePADS

File Tools Setup Help

Pavement Stucture  Loads and Evaluation Points \ Contour Plat | Prafile Piot |

Design location Stresses and Strains
R ¥ Mo of evaluation positions m
0 0 X y z
Extra paints ‘
Load definition
1z sillseiek Std. Loads ‘ Dedfine Loads ‘
75 : .
I‘ Flat Copy Chart
# er Luan|Hurz LDE|AngIe ><F|Tursiun l|8hape |Centripe1| She &
1 0.271753/0 0 0 RECT |0 REC |
Z 0.96262 |0 1] 1] RECT |0 RE!
3 1.07623 |0 a a RECT |0 REI
4 0.903265/0 1 1 RECT |0 RE!
] 01685370 1] 1] RECT |0 REI
] 0.501265/0 1 1 RECT |0 RE!
7 1.08234 |0 1] 1] RECT |0 RE!
i 1.14448 |0 0 0 RECT |0 RE!
q 1.06173 |0 1] 1] RECT |0 RE!
10 0.367545/0 a a RECT |0 REI
11 (.5ERAE |0 1] 1] RECT |0 RE!
12 1.2184 |0 1] 1] RECT |0 REI 5.7% 5.4,
13 128296 |0 0 0 RECT 0 RE( 5.2%
14 |1.16021 0 0 0 RECT 0 RE( 44% 4.4%
15 0.405652/0 0 0 RECT |0 REI
16 0.607154/0 1] 1] RECT |0 RE!
17 1.20989 |0 a a RECT |0 REI 1.8% 2.0% 1.6%
18 1.26836 |0 1] 1] RECT |0 RE! 0.8% '
19 |110833 0 0 0 RECT 0 REl v ' 0.7%
4] | 4 : 238.000 {mm) :

i4 start =39 " @3 Wnd.. v @Micosoft.. | 315-80-2... & Desk . LA RSl < ; % 02:10PM
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Multiple Discs: 50kN 520kPa

Goodyear 315-80 R22.5 G391 [Steering -
SA)-2006

Direction: [£]
Inflation pressure: 520 (kPa)
Applied Yertical Tyre Load: 50 [kN]

SIM Measured Tyre Load [Z]: 47.7 [kN)

£

Estimated contact area: 818.6 [cm?)]
Equivalent uniform contact stress: 582.4 [kPa]
Radius of equivalent circular area: 161.4 [mm)

Load [kN)=12.7187.21.5405,13.4146

Stress [kPa]=777.69,443.945,789.903

£
£
[=]
P
=
=
L]
=
[
o
-
=
w
w
-
1=
=
w
™
£
=
=
=
[=2]
c
o
-

152 304
Length of Tyre Contact Patch (mm)
Lateral Stress (kPa) at 189 mm

Beta\Multiple Discs 315-80.ppt

our future through science




315-80-20-520-Multiple.mpd - mePADS

File Tools Setup Help

Pavement Stucture  Loads and Evaluation Points \ Contour Plat | Prafile Piot |

Design location
i Y

-

bt Y Z
Extra paints ‘

Load definition
No of loads otd. Loads ‘ Define Loads ‘
* I‘ Flat ‘ Copy Chart
# er Luan|Hurz LDE|AngIe ><F|Tursiun l|8hape |Centripe1| She &
1 114596 |0 0 0 RECT |0 RE(
2 111215 10 0 0 RECT |0 REC X k q Y —— z |:|
3 0123822 0 0 0 RECT |0 REI
4 01119360 0 0 RECT |0 RE!
5 01713720 0 0 RECT |0 REI
B 0.087707 0 0 0 RECT |0 RE!
7 0130982 0 0 0 RECT |0 RE!
i 0.037256/0 0 0 RECT |0 RE(
g 11.0438 |0 0 0 RECT |0 RE!
10 00379140 0 0 RECT |0 REI
11 0.0676000 0 0 RECT |0 RE!
12 0.056086 0 0 0 RECT |0 REI
13 0.081587 0 0 0 RECT |0 RE!
14 0.095444/0 0 0 RECT |0 REI b,
15 01672380 0 0 RECT |0 RE!
16 0.042805 0 0 0 RECT 0 REi 1.8% 2.2%
17 275881 |0 0 0 RECT |0 REI 1.6%
18 2BR01T 0 0 0 RECT |0 RE! > %m 0.8% 0.9% —
19 |256482 |0 0 0 RECT 0 Fij > R S A%
4] | 4 : 255.000 {mm)

Stresses and Strains

Mo of evaluation positions |0 v

3.7%

irstart 9 7 [=3Wind. v[@2Mio.. v/

- 02:13PM




Tire technology expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany g?@

| Dl

MePADS Outputs.......

Horizontal plane parallel to X-YatZ =0
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Strain-Energy of Distortion (SED)
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SIM Measured vertical tyre contact stress (z) —
typical “m-shape”
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Tyre Model: “m-shape” tyre contact stress
(idealized from SIM measurements)
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Output: Strain Energy of Distortion (SED)
[m-shape tyre contact stress]
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Application of non-uniform tyre loading;:

Finite Element Analyses (FEA),(NASTRAN;
FEAP- California, Abaqus
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3D - Finite Element
Analyses (FEM):
CSIR Defencetek:
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MODELED TYRE

UNIFORM LOAD - 520 kPa, 21 kN SIM - 600 kPa, 20 kN

£ N
£ N

{0)]

Pavement Depth
)]

o
Pavement Depth

Co

5 10 15 20 5 10 15 20
ACross Tyre 0 (Max. Stress) Across Tyre -0.0014 (Max. Stress)

KEY: SIM - 600 kPa, 35 kN
VERTICAI STRESS:

Linear Elastic Solution
Three Layer Pavement
Asphalt Surfacing =
40 mm thick

Static Loading

Pavement Depth

10 15 20 ,_
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Vertical Tyre Stress: "n-Shape” tyre stress
distribution.

WWIDE BASE TYRE LOAD IN Z DIRECTION - FULL DATA

g
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Strain Energy of Distortion (SED)- “n” and "m —

Shape” - dual tyres......
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1 X Truck - 30 Tyres: 1 mm x 1 mm resolution — 500k point
SED under Steering Axle -

Strain Energy of Distortion (SED)

N

50 mm AC layer

—
ik

o
i

StrariQ Energy of Distortion (kPa)
o
o —

:

500
Pavement Depth (mm)

Distance of Axle (mm)
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SUMMARY, CONCLUSIONS AND .
RECOMMENDATIONS (1)

* Tyre-pavement contact stresses can be
quantified in 3D — using Stress-In-Motion (SIM)
technology ;

* Results considered acceptable for advanced
mechanistic pavement analysis ;

* Current data suggest that 3D Contact Stresses
are complex, and may assist with advanced
structural road pavement analysis ;
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SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS (2)

Functional performance, such as rolling
resistance not investigated yet, but may be
done in near future ;

Not treated in this presentation, but: “°X,Y Stress
Excursion” plots may also largely assist with
above ;
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SUMMARY, CONCLUSIONS AND .
RECOMMENDATIONS (3)

» Effects on pavement infrastructure to be
researched, also in economical terms
for each Country/State ;

 Use of Cost/Benefit studies
recommended :

* Road Authorities to plan maintenance
and rehabilitation accordingly;

* More Collaboration needed — Tyre/Tire
Industry.....??;




Tire technology expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany < T"

B

o SPSIO C11)

I thank you for your attention..
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Aug 2004 — Preparing of dedicated Test =

Platform at Gautrans, Koedoespoort
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September 2004 — 250 mm Concrete




Tire technology expo 2010 & Conference - 9 to 11 February 2010, Koelnmesse, Cologne, Germany [

Vertical Contact Stress — "n” Shape

Test H2297 done at Heidelberg Dated 1/10/2003 Tyre; RO Axle:1
Vertical

Stress
(kPa)

Vertical
.| Stress
| (kPa)

Test H1028 d HEIDELBERG Dated 10/8/2003 Tyre: RO Axle:1
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Vertical Contact Stress — "m” Shape

Test H2306 done at Heidelberg Dated 1/10/2003 Tyre: RO Axle:5 .
Vertical

Stress
(kPa)

1000 T 1005

© | Vertical
| Stress
(kPa)

Test H1029 done at HEIDELBERG Dated 10/9/2003 Tyre: LI Axle:3

()

(E"'Sﬂ‘[, 100
or
?y,e E.‘w:m
9
”bc,g,‘m
gy

&
h &
(i i
1o
o i Tyre Width (mm)




