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Layout 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 |

ROAD HETWORK SOURCE MAPSTUDIO

" Main Provincial Roads (approx 42 569 km)
Secondary provincial Roads (approx 77 214 km)
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n SA~ 750 000 km

SOUTH AFRICAN MAJOR ROAD NETWORK

/\/ Freeways and National Routes (approx 12 433 km) a“‘
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Tyre Types on Steering Axles - Recently:

LEFT - 225 STEERING TYRES (N3-26:022003-06/ 03 2003)

Cthar—

—31580 R225

12R22.5-

Figure 3: Distribution of left tyre type on steering axles of 225 Heavy Yehicles

{HV's) on the N3-North (Heidalbarg) (Tyre Data from Morton and Theysse,

2004
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Truck Tire Inflation Pressure in South Africa:

% OF TYRE PRESSURE PER 50 kPa
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FIGURE 1

AVERAGE MEASURED TYRE INFLATION PRESSURE DISTRIBUTIONS
OF HEAVY VEHICLES (AXLE LOADS > 7 000 kg) ON ROADS
IN THE PROVINCE OF GAUTENG, SOUTH AFRICA
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H:\CAPSAO04\[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)

1.2

Trailing Tyres: Steering Tyres
1 Ave: 800 kPa; - Ave: 900 kPa;
~116 PSI ~130 PSI
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H:\ICAP-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

H All Other Tyres = Axle 1 Left = Axle 1 Right
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HVS Mk IV+ Test Tyres

DUAL: 12R22.5

SINGLE: 315/80 R22.5
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Vehicle-Tyre-Pavement
Interaction:

Stress-In-Motion (SIM)
Technology
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Assumption of Tyre Loading - Pavement Design Modeling:

- Circular;

- Variable load;

- Variable pressure,
but Uniform.....
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Technology
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Stress — In — Motion (SIM) — SIM Mk 1l Device: CSIR : '93-'95
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Dual Tyre: 3D-Contact
Single Axle... (..ESAL)

CONTINENTAL 11R22.5 Tyre (TREADED)

eflaion Pracuns = 530 ke Maasured Vedica! Load (C5) = 24 kM
Appied Varscsl Lead (HS) = 40 N Bleagured Verics Load (TS) = 230N
Asarage Whae! spesd = 0.24 mi
Max Siesd = 0840 WP

&=

."_

Wertical Contact Stress (MPa)
- =

o ___r——.l—n

TRAFFIC SIDE

T
Longitudinal

Loternd (P 1 - 20 20-1)

Stress
Ratio:
10:3:1

Longtudine Contact Stress: (MPa)
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Maagured Verlizo! Tolsl Logd = 4633 kN

ﬂ‘.ﬁ.lU-h'AN SIDE

Stresses (Pressure)...80 kN

CONTINENTAL 11R22.5 Tyre (TREADED)

inflsfion Fressure = 520 kPa
Measared Laders Losd (T5) = 0.39 6N
Appind raeie Lol (1) = 40 K0 Measred Laderst Lowd (TE) = -0,1 kN

Max Biress = 0.953 Wa = L
Min Stress = .0 15T NP dverage 'Wheel speed = 0.4 ma

Lateral Conéact Stress (MPa)
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CONTINENTAL 11R22.5 Tyre (TREADED)
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P

Truck Tyres....

’Sectometer”

Modern Tyre science...
S. Eckels, 1928

The “seetometer” was leveled (Figure 4), and the height of the springs H
were measined with nine inch micrometer ealipers (Figure 1), The a TIrE
o s K e 3 A -,

Cap Plies [optional)

Body Plies
Inner Liner
e A% g , Steel Belts

mination of the load distribution, i 2000 How Stull Works
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Heavy Vehicle Simulator (HVS) - Since 1970s

GAUTENGDEPARTMENTOF =

| pRCTPEANNS

a

) |

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010

aur future through scisnce



LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

= Road
Materials
£ and

Pavement ) .
Design CENTRO RODOVIARIO PORTUGUES

Oct 2004 - HVS — SIM Tests

S m—

PUBLTRAGHOIUSINS, |

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010

aur future through scisnce



Pavement ) .
DeSign CENTRO RODOVIARIO PORTUGUES

=4V  Road
LABORATORIO NACIONAL o M lgﬁéeﬂals R l)
DE ENGENHARIA CIVIL : ,

L AL \
.IIllII +|I'||

ll' A
i +| 1LY +300Y
2 "' A

! Ludlﬂ

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010

aur future through scisnce



Stress - In - Motion (SIM)- SIM Mk IT:
CSIR :'93-'95
\

ey A
H...i-_f.»-”’“""i
%

e

315/80 HVS TYRE ON SIM Mk IT SYSTEM



CENTRO RODOVIARIO PORTUGUES

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010



CRP

== Materials

. and

54 Pavement )
DeSign CENTRO RODOVIARIO PORTUGUES

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

553
5™
-

aur future through scisnce

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010



LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

¥ Road
® Materials
and

5 Pavement

. CENTRO RODOVIARIO PORTUGUES
Design

Road Pavements: Materials, design and performance GI R

Lisboa, LNEC, 25 March 2010 BT



¥ Road
#  Materials
£ and

54 Pavement

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Design CENTRO RODOVIARIO PORTUGUES

Typical SIM Data Sets: Z, X, Y - Contact Stresses @
Variable loads: 315/80 R22.5 Tire

Z: Vertical Stress Y: Lateral Stress

YADS

315 TYRE (tr

X: Longitudinal
Stress

Road Pavements: Materials, design and performance GI R
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(HVS) - DUAL TEST TYRES (12R22.5)
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Stress-In-Motion (SIM) tesin ing 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 L e
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11R22.5 Tyre (TREADED)

Measured Lateral Load (CS) = 0.39 kN
Measured Lateral Load (TS) =-1.1 kN
Average \Wheel speed = 0.34 m/s

Inflation Pressure = 520 kPa
Applied Vertical Load (HVS) = 40 kN
Max Stress = 0.153 MPa

Min Stress =-0.187 MPa
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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 —-0103MPa I T

04—

0.3~

o o
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Longitudinal Contact Stress (MPa)

o o o
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I i ]

0 5 i CARAVAN SIDE
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Longitudinal Lateral (Pin1-20:20-1
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OVER-LOADING/UNDER !
INFLATION ||

Tyre Edge

11R22.5 Tyre (

Inflation Pressure = 520 kPa Measured Verical Load (CS) =61 kN
Applied Yertical Load (HVS) = 100 kN Measured Vertical Load (TS) = 58 kN
Average Wheel speed = 0.34 m/s Measured Vertical Total Lo 119.5 kN
Max Stress = 1.39 MPa PR
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Vertical Contact Stress (MPa)
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Inflation Pressure 800 kPa at a Load 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)
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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

Verical Contact Stress (MPa)

Verical Contact Stress (MPa)
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520 kPa ; 35 kN
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Differential Tyre Pressure(12R22 5): 950/520 kPa @
30 kN; 40 kN; 70 kN and 100 kN

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

CENTRO RODOVIARIO PORTUGUES

Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 27.8 kN Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 37 kN
Applied Vertical Load (HVS) = 30.4 kN Measured Vertical Load (Pad 1) = 16.6 kN Applied Vertical Load (HVS) = 39.7 kN Measured Vertical Load (Pad 1) =22.1 kN
Wheel speed =1.02 m/s Measured Vertical Load (Pad 2) =11.2 kN Wheel speed = 1.03 m/s Measured Vertical Load (Pad 2) = 14.8 kN

Max Stress = 1.15 MPa Max Stress =1.18 MPa

e =T e
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Vertical Contact Stress (MPa)
Vertical Contact Stress (MPa)

20 25 30
Lonaitudinal 0 5 10 L PAD 2 (520kPa)
OnaRteing PADT (850kP?) | ateral (Pin 1-21;21- 1)

35
20 25 30

o 0 5 10 = PAD 2 (520kPa)
R ] PAD1 (950KP8) | ateral (Pin 1 - 21 ; 21- 1)

Filename : HVS152az (hvsdaulspCM.m)

Filename : HYS149az (hvsdaulspCh.m)

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

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

e e Ll o oo i Measured Verlical Tofal Load =68 K Inflation Pressure = 950 /520 kPa Measured Vertical Total Load = 99.5 kN
At R LRI (L) = (5. CERIEG] WD ek (P ) 2460 Applied Vertical Load (HYS) = 100.4 kN Measured Vertical Load (Pad 1) = 61.3 kN
Wheel speed =1.03 m/s Reastied] cricall cadl LaciRs 2Rl Wheel speed = 1,02 m/s Measured Vertical Load (Pad 2) =382kN

Max Stress =1.2 MPa

'"40 9 kN

Max Stress = 1.42 MPa _
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15 20
Longitudinal 0 5 10 PAD 2 (520kPa)
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Road Pavement Filename : HVYS1565az (hvsdaulspCM.my
Lisboa, LNEC,

Filename : HVS161az (hvsdaulspCM.m)y
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Quad Stress-In-Motion (SIM

CRP

CENTRO RODOVIARIO PORTUGUES

) system:

TRUCK AXLE WITH DU&L TYRES
[DEFLECTOGRAPH - TYRE TYPE: 11.00 X 20. 14 Ply Indla Supariex 238)

Lo
TEFSGERT ROAD . _l"\-.___-"’l_

SURFACE

; T A T

| SIMSUPFPORT STRUCTUR FOUR LDADCELL UNITS A,5,C AND D
I‘I T Al A0Emm

ZIM SUPPORT STRUQTURE

Aslrmm
II
PIFE FOR CABLEE TO
DATA ACGUIZIMON
FamTLTER Figure 4
TYPICAL LAYOUT OF THE VRSPTA MARK Il SIM SYSTEM
—— WITH A TYPICAL TRUCK AXLE (DUAL TYRES)

Road Pavements: Materials, design and performance

Lisboa, LNEC, 25 March 2010
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QUAD SIM PAD TESTING AT WEIGH-BRIDGE SITE:
N3 NORTH — TRAFFIC CONTROL CENTRE (TCC)

S _,.wﬁ"

- o - : .
Road Pavements: Materials, design and performance GI R

Lisboa, LNEC, 25 March 2010
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" STRESS-IN-MOTION TESTING ON N3 NORTH (HEIDELBERG): I
QUAD SIM SYSTEM IN OPERATION
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CRP

CENTRO RODOVIARIO PORTUGUES
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LOAD COMPARISON FIELD WITH REAL TRUCKS
N3 TCC

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

+ STATIC (1861) = DAWS0 (1501) —Line of Equality
- Linear (DAWS0 (1501)) — - -Linear (STATIC (1861))

70 |
65 -
@ g0 STATIC = 1.07155xSIM T
o 55 (n =1861), R*= 0.99 —
~ 50 -

3 45 DAW 50 = 1.06205xSIM o A
S 40 (n=1501), R? = 0.99 .
2 3 ol
w30 *
£ 2
8 2 .
o3 15 /S B
O 10 £
E 5
E 0 ! |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
SIM (tons)

Road Pavements: Materials, design and performance GI R
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4

Measured Tyre Foot Prints :
Stress —.....

S,

wo Axle Truck — Vertical Contact

Test H451 done at Heidelberg : Date 04/08/2003

0.5

ﬂ: ==
300

200

100
0

0o
o

MPa

Axle 1 . '

o 0 = Lo

Vertical Contact Stress (MPa)

1.51

=

P

300
200

loz

e
[ =3
.
Direction of Travel

1
Ly ]
100 0 0 b

N\, | 1
N e Nl
- [ = \\\ \ 06 Axle 2

Filirame = san ol m

Lateral Position




Vertical Contact Stress (MPa)

= simfulld.m

Filename

Test H1070 done at Heidelberg

15 MPa ’
L 08
0.5, A 06
200 : 0.2
(i " 10 0 50 100
15

0.8

0.6

0.4

0.2
0, s M0 0 " 50 100
15 )
L 08
Ll — 1 q 06
0 t‘—l 0.4
400 -
200 < 0.2
0%, s 10 o0 50 100
15
1
05
04 ‘—‘—“'i\

Lateral Position

: Date 10/09/2003

Axle 1
Axle 2 .. ”m
Axle 3 m m

VAR

1

Direction of Travel

0 O

CSIR

our future through science




Vertical Contact Stress (MPa)

= simfulld.m

Filename

Test H833 done at Heidelberg : Date 09/09/2003

100 0

50

100 0

50

50

04
200

Lateral Position

50

100

100

100

100

Axle 1

Axle 2

Axle 3

Axle 4

I

0 (o

0l

01 O

(0

o w0 m

Direction of Travel



Vertical Contact Stress (MPa)

= simfulls.m

Filename

Test H1077 done at Heidelberg

15
1
05
0
200 :
0 " s 10
15

400

'o:i:ttt

/S

A #

0" 50 ) 50
15
1 N\
\\
0.5 .
04 L . d
N
200
100 N\ . — s
0 50 100 0 50
15
1
0.5
04 |
200 <
) - = -
0 50 100 0 50
15
1
0.5,
il —
200 i
100 - = -
0" 50 100 0 50

Lateral Position

MPa
tﬂ
50 ‘100

|

100

100

100

100

12
1

0.8
06
04
0.2

12

08
06
04
02

12

08
06
04
02

>

0.8
06
04
0.2

1l

08
06
04
02

: Date 10/09/2003

Axle 1

Axle 2

Axle 3

Axle 4

Axle 5

(00

5 Axle Truck....

o0 O In

e

T T

Direction of Travel

0 o
CSIR
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Vertical Contact Stress (MPa)

Filename = simfullé.m

Test 174 done at Heidelberg : Date 10/09/2003 (overload)

|
o -

100

0 7y 50 100 0 50
15
1
=
-
200
0 "9 50 100 0
15
1
0.5 :
T
200 ;
U 50 100 0 50
15
1
0 5 [N "
: N .
400
200 . .
0 7y 50 100 0 50
15
1
0.5
0 ¢—
400
200 . . =
0 7y 50 100 0 50
15

- - e

0 7 50 100 0 )

Lateral Position

MPa
1

08 ..'.
06 Axle 1

04
02

o 00 (D
06 Axle 2

0.4
0.2

100 00
06 Axle 3

04
02

100

100

o5 Axle 4 ([ .~

04
02

100

wn N
06 Axle 5

04
0.2

100

"
06 Axle 6 .

02

100

6 Axle Truck....
1]

000 (o

Direction of Travel

|
CSIR

our future through science




Vertical Contact Stress (MPa)

= simfull?7.m

Filename

Test H595 done at Heidelberg : Date 15/09/2003

NN
—

- - e

100 0 50

500 :

150" 0 50 100 0 50
1 \\
0.5 .\\
0 ‘ \\
400 N
200 N\ - < -
15 0 50 100 0 50
1
054
o -
400
200 N\ = = .
0 50 100 0 50

Lateral Position

100

100

100

100

100

100

100

Axle 1

Axle 2

Axle 3

Axle 4

Axle 5

Axle 6

Axle 7

Qo |

000 000 oDl 0D

00 Wi @D ow

we «0 (00 om

Direction of Travel

o €0 « 0oe
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Eight (8) Axle Truck — Vertical Contact Stress - Foot Prints....

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

Axle 1 .m

ey G 00 "o =0m 1

12

E
3
S
Axe 3
: L 08
-
0 Aded
L
) L 05
& Ae5
-
Axle 6 o
Ae? TR T wn o "

Axle 8

Filename = simfull8A.m

Axle Width (mm)
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240

200

100

a0

10 20 30 40 50 B0 70 80
Across the SIM pads

Road Pavements: Materials, design and performance GI R
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STEERING AXLE - UNEQUAL LOADING.......
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TEST 009: KTD 904 GP 13/10/2003: AXLE 1

450 185 mm; 1.938 Ton 266 mm; 3.739 Ton

400

350
30 |
250

200

o

Counts

150

100

50

10 20 30 40 50 60 70 80
Across the SIM pads

Road Pavements: Materials, design and performance GI R
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TYRE BARELY IN CONTACT WITH SURFACE...

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

189 mm; 297 mm; 202 mm; 194 mm;
500 0.037 Ton 4.312 Ton 1.874 Ton 1.223 Ton

550

450

400

350

300

Counts

250

200

150

100

50

10 20 30 40 50 60 70 80
Across the SIM pads

Road Pavements: Materials, design and performance GI R
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AXLE 2: MISSING TYRE.......

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

- 244 mm; 196 mm; 195 mm;
1.782 Ton 1.032 Ton 0.661 Ton
300
250 . b
(7]
T 200
)
O
@)
150
100

50

10 20 30 40 50 60 70 80
Across the SIM pads

Road Pavements: Materials, design and performance GI R
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250

200

150

Counts

100

50

10 20 30 40 500 B0 70 80
Across the SIM pads
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Wide Base Sin'gle“ Tyre- Input Data: Vertical
Stress Patterns: “n” and "m” — Shapes...
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 oh

. TR

bt

o

A ‘--E-—-'—.’

-
1]

A
0l

Typical “n — Shape” Typical “m — Shape”
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“n — Shape” “m — Shape”- Heavily
overloaded..

[
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Rutting- Controlled testlng with Heavy Vehicle
Simulator (HVS)...

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010
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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 = 800 kPa Measured Vertical Load (CS) =21.72 kN
Applied Vertical Load (HVS) = 40 kN Measured Vertical Load (TS) =21.71 kN
Average Wheel speed = 0.339 m/s Measured Vertical Total Load = 43.5 kN
Max Stress =1.01MPa .. —r——a,

B okt o

1.5

!

-
|
|
i
!
T

|
|
|
05 - " ; R
: ) ]

Vertical Contact Stress (MPa)

S Y R o e 5 5 i SO A

5 0 CAs 2D W 10 5 2
o TRAFFIC SIDE CARAVAN SIDE
Longitudinal FIGURE 172 Lateral (Pin 1-20;20-1)

Filename : ABDLOAD.m Filename : dual480z

Road Pavements: Materials, design and performance CSI R
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Vertical Tyre Stress: "m-Shape” stress result in “m-
Shape” rutting in asphalt overlay..

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 . s
e e A i | I P,
: 1 : | Ly
= S I
< A .
= I | o T
a 1. : R
g i T mey
@ N o
3] |
o i |
L ! |
] b
o |
: o . |
] I
= : I
L

5 7] JFRUENTICN
o TRAFFIC SIDE CARRVAN SIDE
Longitudinal FIGURE 32 Lateral (Pin 1-20;20-1)

Filename : ASDLOAD1.m Filename ; dual742z

Road Pavements: Materials, design and performance CSI R
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Assumption of Tyre Loading - Pavement Design Modeling:

- Circular;

- Variable load;

- Variable pressure,
but Uniform.....

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010
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APPLIED LOAD/STRESSES
P/o Pl/o Vertical,
Side view End view Longitudinal &
of tyre of tyre Lateral
= 3D Contact
Stresses
A/
RSc:tr:t?c?n x x Surfacing: h,, E,, v,
> \ ,- Base B
- Layer:
Pavement b B, v,
Response: oo Lo IRERT | AT
EZS
L/' Subbase
Stresses ayer
g 3 =3 V3
Strains ! Selected =
] Layer: —_—
| B vh4’ ,E4’ Vy ——
Subgrade/
Foundation:
hs, Es, Vs

Road Pavements: Materials, design and performance GI R
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Define plane for contour plot

Yertical plane parallel to X-Z

% offset from arigin 1

[

Contour region size (mm) 400 :I

Cortour region centred at (mm)
b z

P

Flot parameter

B

—50

— 100
E — 150

£ -200
~ 250
~ 300
350

—400
—-200 100 0 100
¥ (mm)

Single tyre load: 20 kN; 520 kPa

200

Mormal Stress £F

g
A7
42
BT

-82
117
-143
-163
-193
-218
-243
-269
-294
-39
=344
-369
=393
-420
-445
-470
-495
-5




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 ¥-7 j

o | U

Contour region size (mim) 250 j

[—="
-1
Contour region centred at (mm) - 5 O -3
-144
X Z
-6

|H ID_ 287
= —1004 353

Plat parameter E iy

-a02
-avd
-G43
AN
-7ag
-g60
~200 - e
-1003
-1075
-1146

—250 | 1 | 1 | a0
0 100 200 et

}‘:r (mmj -1504

Single tyre load: 50 kN; 620 kPa

% offzet from origin Mormal Stress IF
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Mechanistic - Road Pavement Analysis-Multi-Layer

TyreStress Software Result passed onto
Pavement Design Software:

‘mePADS”
(Multi-Layer Linear Elastic)

Road Pavements: Materials, design and performance GI R
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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 EE
Goodyear 10x 20 Cross-Bias 14-ply (Smooth) (5| Goodlyear 315-80 R22.5 G391 £ T T 8¢
Goodyear 11 x 20 Cross-Bias 14-ply (3A-HVS) (Steering _ SA]—ZUUE £ . . gk
Goodyear 425-65 R225 (34) e
Michelin E-22.5 315-80 R22.5 (54) Direction: (Z] b
Continental 11 xR22.5 (SA-HVS) . . ©
Fitestane 12 x R22.5 G331 (34 - HyS)-2004 Inflation pressure: 520 (kPa) 7
Goodyear 315-80 R225 G391 (Steering - 54200 | Applied Vertical Tyre Load: 20 (kN) X
F\resto_ne 12xR22.5 G391 (3A-HVE)-2006 @
SIM Measured Tyre Load (Z): 20.4 (kN) g 9 L
w
Estimated contact area: 510.5 (cm?) = Ll
Load pressure values Equivalent uniform contact stress: 399.9 (kPa) g
Radius of equivalent circular area: 127.5 (mm) E i
Load pertyre (kM) Parameter range e
2 a0 -100 M 168 2%
Sum of circular areas (25) = 444.9 (em?)
P kP . .
R Multiple Discs Length of Tyre Contact Patch (mm)

520 520 - 1000 Lateral Stress (kPa) at 125 mm

Direction for interpalation

‘r N7 N7
o ® ‘LGJL A\
@_—“)

AN AN AN

-'-n.

109,594
BRery;

Tyre Width {(mm)

L Mexttest

GIR

our future through science

w2z
Submitvalues

X=125 Y =170.000 | 680.815 Min:0

» [

& 3 Windows ... ~ | @ Microsoft Pow... I Goodyear

4 stat. *2°

Road Pavements: Materials, design and performance CSI R
Lisboa, LNEC, 25 March 2010
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Mechanistic - Road Pavement Analysis-Multi-Layer

test-22nov-2.mpd - mePADS
File Tools Setup Help

Pawement Structure l Loads and Evaluation Points ] Stresses and Strains ] Design Parameters ] Pawvement Life ] Contour Plot] Prafile P|Dtl Calculation Tahle ]

MNumber of Layers|3 i‘ MNumber of Phases: |1 v Defaultinput: |On v Extra Layers

Fhase 1
haterial Thickness E-hModulus  Poisson's Slip haterial E-todulus Poisson's Ratio Material E-Modulus  Poisson's Ratio
{mm) {tPa) Ratio Fate (MPA) {MPA)
lac | 0 = fs - foar o
a1 v [so = foo - foss o
Subgrad ¥| [0 = fioo = Jozs o

Climatic Region |Dry - Terminal rut 110 mm v I !
Foad Categary |4, A4 Design Traficclass  |ES0.003 v G

our future through science

Heading Technical suppart: James Maina.
email: jmaina@csir.co.za

[EXAMPLE M-SHAPE

Description
| Software support: Ywette wan Rensburg
email: ywrenshurg@csir.co.za

Calculate ||

Road Pavements: Materials, design and performance CSI R

Lisboa, LNEC, 25 March 2010 BT
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Multiple Discs: 50kN 520kPa

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

Direction: [£]
Inflation pressure: 520 [kPa) 1305
Applied Vertical Tyre Load: 50 [kN]

SIM Measured Tyre Load [£]: 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)=12.7187.21.5405,13.41 46

Stress (kPa)=777.69.443.945,789.903

Longitudinal Stress (kPa) at 170 mm

228 304 381
Length of Tyre Contact Patch (mm)

Lateral Stress (kPa) at 189 mm

Tyre Width (mm)

_4’4‘!4‘
i ™ T e :‘a
1+ — -

Road Pavements: Materials, design and performance
Lisboa, LNEC, 25 March 2010 cnnariuinbees
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MePADS

utputs.......

x oy Y E/3

7.0%

4.1%

3.1%
2.5%

238.000 (mm} |

Length of Tyre Contact Patch (mm)
0
[i

1
3

Tyre Width {(mm)

1
5
B
8
0
1
3
)
[
8
04
2
3
2
T
3
0
2

1
1
1
1
1
1
2
2
2
2
Z
2
3
3
34

381

Road Pavemer )
Lisboa, LMEC, 25 March 2010

Horizontal plane parallel to X-Y atZ =0

Vertical plane parallel to Y-Zat X=0

Strain Energy of Distortion (SED) in Nnvcubm

807
766
724
682
640
599
557
515
473
432
390
348
307
265
223

Strain Energy of Distortion (SED) in Nm/cubm

807
765
723
681
640
598
556
514
472
430
388
346
304
262
220
178
136

94

53

1"
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Strain-Energ Distortion (SED)

2
g
o

lane paral

B

Define plane for contour plat

Pl e hoth en o -] E
saEISHERERETEREENEE ¢
a

9
o
E
m
g
@
3
2
a
w

[
Road Pavements: Materials, design and performance GI R
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Finite Element Analyses
(FEA),(NASTRAN;
FEAP- California, Abaqus

Road Pavements: Materials, design and performance GI R
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MODELED TYRE

“REAL”-TYRE-SIM Data

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

(39
(1)

I
.

[o7]

Pavement Depth
{o]

o
Pavement Depth

oo

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
VERTICAL STRESS: '

Linear Elastic Solution
Three Layer Pavement

Agphalt Surfacing =
40 mm thick
Static Loading

Pavement Depth

5 10 15 20
Across Tyre  0.0148 (Max. Stress)

[
Road Pavements: Materials, design and performance CSI R
Lisboa, LNEC, 25 March 2010
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Strain Energy of Dlstortlon (SED)- “n” and "'m —
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i Design CENTRO RODOVIARIO PORTUGUES

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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CENTRO RODOVIARIO PORTUGUES

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.....”?;
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I thank you for your attention.
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