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18th
Basic Layout of Presentation: M

Background on SAPDM-A-1;
> Part of Probabilistic Design methodology;

>  Project A-1: ...Tyre Contact Stress (..Is not equal
to Tyre Inflation Pressure (TiP)) !;

> New tyre Models;

Project C-1: Mechanistic Analysis ..improved
tyre models..(..."GIG0");

Tyre Inflation Pressure (TiP) and Tyre Contact
Stress;

Some Conclusions. ;
GIR
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18th
Revision of the Flexible Pavement |RPF |
esign Method — Project A-1: 1-CS1S

| www.sapdm.co.za J

Certified user

y

WEB server

Project A-1
(T-CSIS)

""‘-.
/ Spatial and time
variation

Information
systems

&= A Network level and
-, project specific
surveys ]

Traffic volume and
axie load

our future through science
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ROADS AGENCY: R

A1

Revision of the Flexible Pavement
Design Method — Project A-1: T-CSIS

18th
RPF

Design investigation process
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ROADS -

»25] Revision of the Flexible Pavement
Design Method — Project A-1: T-CSIS

Project Management

Research area Project title Project number Contract Project
(o] § leader

Integration project Integration of design subsystems and methodologies into an integrated SAPDM/ILP DrHL
design system Theyse

Pavement Performance Information System The development and population of a pavement performance SAPDM/PPIS Dr A Hefer
information system

Traffic demand analysis A tyre-pavement contact stress information system SAPDM/A-1 Prof M de
Beer

A traffic volume and axle load information system SAPDM/A-2 Dr S Cvan

Guidelines on conducting traffic surveys and processing the data for the SAPDM/A-3
purpose of pavement design

The effects of vehicle dynamics and vehicle speed on traffic input to the SAPDM/A-4
design method

Material resilient response models Resilient response models for unbound material SAPDM/B-1a

Resilient response models for bituminous material SAPDM/B-1b

Resilient response models for stabilised material SAPDM/B-1c

our future through science
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INEFAL 18th
RPF

' CONTINENTAL 11R22.5 Tyre (TREADED)

Aisasured Vanlcal Load ¢CS) » oot Firnw g = Meanared Laseral Losd (C5) = 0,38 68
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 TYRE

1 8th

“FINGER PRINTING”:(11R22.5 TYRE) ‘ RPF

LOAD

620 kPa ; 50 kN 720 kPa ; 50 kN 800 kPa ; 50 kN

=rs
9 M
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..The devil Is (always) In the
detail...




I — 18th
CURRENT ASSUMPTION: Uniform ﬂ
circular disc for tyre....z-stress only

Traditional Design Tyre Loading:
- mePADS, ELSYM, BISAR, etc.

Tyre Loading, P (kN)

Contact Stress, q = 520
(kPa)
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»~| Project SAPDM/A-1: Tyre Contact ‘ @

Objectives

— Develop a “TyreStress viewer” which will
eventually be the T-CSIS — See Demo;

— Up to 10 relevant tyre types and conditions
Included (22 available);

— SIM Data include measured as well as interpolated
data for the non-measured cases- this is done
based on a higher order (max 7t) polynomial
curve fitting procedure (constants saved & used
for interpolation);

—  OQutput of A-1: T-CSIS = Input for C-1

GIR

our future through science
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ROADS AGENCY ) 18th
'.I J Controlled SIM data (10 typical Tyres, SA) for T-CSIS PF
. fX,
Tvre No Tyre Type and usage with SIM device Date of $U?Ig§;aofiles Notes
y " |and HVS road testing measurement (vI/ith ER—
HVS-SIM only on smooth tread: Cross-Bias :
- - 14 P
SA 01 14 ply Tyre 10 x 20 (HVS up to 1994) 1994 48 SA - HVS Cross-Bias y
HVS-SIM & tests: Cross-Bias 14 ply Tyre 11 :
- -Bias PI
' SA 02 x 20 (HVS since 1995) 1995 357 SA - HVS Cross-Bias Ply
- HVS-SIM only: Wide Base Tyre: Goodyear :
- I
‘\ SA 03 425/65 R22.5 (Radial) 1996 279 SA - HVS Radia
HVS-SIM only: Michelin E-22.5 315/80 :
- I
R22.5 (SA - SIM Only 1996) 1996 270 SA - HVS Radia
HVS-SIM & tests: Continental 11 x R22.5 :
- I
Radial (HVS since 1995) 199 342 SA-HVS Radia
HVS-SIM & tests: Firestone 12R22.5 G391 :
A - HVS Radial
(Radial) (2004) 2004 546 S S Radia
HVS-SIM & limited tests: Goodyear 315 /0 :
- I
R22.5 (Radial) G391 (2004) 2004 319 SA - HVS Radia
HVS-SIM & tests: Firestone 12R22.5 G391 :
(Radial) (2006) 2006 329 SA - HVS Radial
HVS-SIM & tests: Goodrich Aircraft BF tyre 2006 63 SA - HVS
(South Africa)
HVS-SIM & limited tests: Goodyear 315/80 2006 609 SA - HVS Radial

R22.5 (Radial) G391 (2006)

3158




A |

L4 Flowchart/Framework:
Tyre Contact Stress Data

A-1:
A-3 A-4 T-CSIS Base
! I Projects:
) | | A-3;A-2;A-4;A-1;C-1

SIM Data:

10 Tyre Cases available
@CSIR

| ecsR

Clean Data-
Unwanted noise

e

Polynomial Curve Fitting &
Storage of constants for Z, Y, X
data (Look-up Table)

|

Exported*.txt SIM
Data

3D-2Z7,Y, X
TyreStress Viewer

v

C-1: Use *.txt Input Data from T-
CSIS (via TyreStress) for
Pavement Modelling
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18th
W Revision of the Flexible Pavement RPF

Design Method — Project A-1: T-CSIS

.A-1 needs to link with Project
SAPDM/C-1.:

Mechanistic Analysis of complex
contact stress
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ROADS AGENCY: "o
r | |

Traffic Projects Integration Issues: o
Ato C

A-3

Guidelines for
Traffic survey & A2

Processing Traffic Loading &

TMH 8: ===> Load Data = —> - A4 |

WIM Specs & Vghmlc_e Vehicle Dynamics
Traffic Loading Classification
Dynamic/Static TRH 16

C-1
Modelling

(*.txt Data from
TyreStress (T-CSIS)):
Static
Quasi-Dynamic

Dynamic 0

GIR

our future through science




18th
RPF

#=1 Planned Current Tasks (A-1/C-1) |

Complex contact stresses

B /nput options for data from Tyre Contact Stress
Information System (T-CSI1S) - Project A-1

— Status

B Generate equivalent uniformly distributed contact stress
using a circular shape for the tyre load — done (TyreStress)

B Generate "staggered" uniformly distributed contact stress
to simulate the "n" and "m" shaped contact stresses. —
under development

B GAMES to allow for different input options;
® Report on the input load/stress options.

GIR

our future through science




Complex Contact Stresses: 3D
Data: A-1to C-1

18th
RPF

Objective

Input options for data from Tyre Contact Stress
Information System (T-CSIS) - Project A-1 (10
truck tyre types and conditions included in Beta-

TyreStress Software)

GIR

our future through science
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GIR
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YR 18t
Y } l RPF

N
| CONTINENTAL 11R225 Tyre (TREADED)
oot Firnw g = Meanared Laseral Losd (C5) = 0,38 68
Meansred Laseral Lons (T5) =11 kN
doqarage Whee speed = 0H mh

Mwasured 'Jll‘"tllLlBﬂl.ral -
Madgunsd Vedical Load (TS) =
Mamsured Verdical Tolsl Load = £6.93 k4

£l
TRAFFIC :ID‘E
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Longiiden) TRAFFIC SIDE
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S-E I"«L'.I' IH:E NTP.L i1 FEE; =) T;.rra (TR EAD ED)
@ Vertical um:l- anghydeal L -..i!d { L

: ' Avmrage Wheal spesd = 0.3 mA
i Siregs = -0 103 MPa
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Ratios:
L1U-S:1 e =

]

TRAFFIC SIDE
Laderal (Fimt - 20 0 20 -1 i
—— our future through science




THE SOUTH AFRICAN MATIONAL

ROADS AGENCY: 18th

¥ | Normal 40 kN loading (80 kN Axle) RPF

Equivalent uniform contact stress: 383.5 [kPa]
Hadius of equivalent circular area: 124.0 [mm)]

330
596
662
728
795

Firestone 12 x R22.5 G391 [SA - HVS)-2006 Length of '(l':vre Contact Patch (mm)
aravan Side
kPa
Direction: [£] EDE
Inflation pressure: 520 [kPa] 8 132
Load per tyre: 20 [kN] TN 198
=
s 5 B
SIM Measured Tyre Load [£]: 18.5 [kN] ﬁ g 331
= 204 397
Estimated contact area: 483.1 [cm?] @ % 463
= 25
=
8
]
2

PN b b

0 88 176

Length of Tyre Contact Patch (mm)

raffic Side
17
SIM Measured Tyre Load [2): 19.1 [kN] kPa
)|
b8 68
Estimated contact area: 498.0 [cm?] g 136
Equivalent uniform contact stress: 383.9 [kPa] = H} 204
Radius of equivalent circular area: 125.9 [mm] E 135 272
£ 17 341
= 187
= 20 409
2 22 — 477
S 238
(= %? 545
%gﬁ 682
3 750
0 91 181 212 o1

our future through science




THE SOUTH AFRICAN MATIONAL

ROADS AGENC | 18th

¥5'] 40 kN - over-loading (160 kN Axle) RPF

Firestone 12 x R22.5 G391 [SA - HVS)-2006 Length of '(F:vre Contact Patch (mm)
0 aravan 3ide

Direction: [£] 0
Inflation pressure: 520 [kPa] - 1% 185::;
Load per tyre: 40 [kN) E 11 250
B 334

SIM Measured Tyre Load [Z]: 33.8 [kN] g 1% M7
= 204 501

Estimated contact area: 702.6 [cm?) © %% 584
Equivalent uniform contact stress: 461.3 (kPa) = 25 668
Radius of equivalent circular area: 149.5 [mm] %g 751
30 835

3 918
1002

89 177 266 335

Length of Tyre Contact Patch (mm)
raffic Side

SIM Measured Tyre Load [£]: 38.6 [kN]
Estimated contact area: 723.2 [cm?)

Equivalent uniform contact stress: 533.6 [kPa]
Radius of equivalent circular area: 151.7 [mm]

Tyre Width {(mm)

our future through science




THE SOUTH AFRICAN MATIONAL

ROADS AGENCY: R 1 8th

Overloading on Tyres: RPF

Contact Patches:
(square not circular)

=~ =i - SIM - HVS04 Inflation Pressure = B00kPa ; Load = 100kN (Tyre 11R22.5 Treaded)

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

Irfiation Pressure = 350 / 520 kPa Measured Vertical Total Load = 59.5 kN
Applied Vedical Load (HVS) = 100.4 kN Measured Verical Load (Pad 1) =E61.3 &N
Wheel speed = 1.02 mfs Measured Vertical Load (Pad 2) = 38.2 kN
Max Stress = 1.42 MPa

1.5

00|

450
.q:::ﬁ.
50
300

250|

Longitudinal

200

A ES
150}

Vertical Contact Stress (MPa)

——— %
e 35
98, il -

PAD 2 (520kPa)

Longitudinal " "
PADT {9506Pa} | tered (Pin 1-21: 21-1) 200 200 400 500 500

Flanams - HVS16122 (hvsdaulspC m) Lateral (Pin Numbers)
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ROADS AGEACT

4 | 18th
"J\ TYRE "FINGER PRINTING™:(11R22.5 TYRE) J RPF

520 kPa ; 50 kN 620 kPa ; 50 kN 720 kPa ; 50 kN 800 kPa ; 50 kN

) ~' a e
(] 3 "‘-_‘__“-—’____..—v"" a
35 10 5 JE‘H"‘*-"'"T;-.-W § - 15 W :
o

o a
620 kPa; 35 kN 720 kPa; 35kN 800 kPa ; 35 kN

" ]

Vertical Contact Stress (MPa)

n BEDas
Salbmibiin
Lt 11 %
o P eeaa
]
1 T O R

i | -,
o
Mﬁ
= 10 - 10

; 20 kN 20 kN 800 kPa ; 20 kN

w 5

LOAD

=
Lol
=
=
3
2
=
=
=
e
B
Lo
=
=
=}
O
=
L
=
@
=

0 FrRli . ":,"""l-;—.?—wu 3?""“‘-\_.«——""7::—?‘ ?

w °
e 15 P, 8 5 SAE 0 & e 0 15
Longitudinal Lateral Longitudinal Lateral Longitudinal Lateral Longitudinal Lateral

CARAVAN SIDE CONTINENTAL 11R22.5 TREADED
<

INFLATION PRESSURE e w
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l Full Contact Stresses ‘

18th
RPF

250.00

200.00

N 50,00

100,00

2000

MEASURED CONTACT STRESS IN Z - RNSCSZ

J—

0.0
BT
2m
250
2000

18750

150

16250

150.00

18750
. 12500
11250

0.0

§750

7500
250
5000
Al
&0
1250
0



H{]AE}SAGEHEY-

APPLIED LOAD/STRESSES

P/o P/o Vertical,
Side view End view Longitudinal &

of tyre of tyre Lateral

3D Contact
— Stresses

p

- _d.'...r e ™ o
Base
Layer:

Pavement : hy, Ey v,

#

e e
Response: o /g

T

Stress .
Rotation x Surfacing: hy, E;, v, >
ol - T‘_, .j.': i

Subbase
Stresses 44— Layer:

é& h;, Ej, Vs
Strains '
\

Selected
Layer:
___ h,, E V4

— — - — —

Subgrade/
Foundation:
hs, Es, Vs
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AOADS AGENCY v

< | Finite Element Analysis (CSIR):Uniform vs Non-Uniform
Stress

L

18th
RPF

“UNIFORM. ...




Define plane for contour plat

o

Y offzet from origin

Contour region size (mm) IJ":":I j

Contour region centred at (mm)

P

Plot parameter

“Yedical plane parallel to -2 j

Pavement Structure I Loads and Evaluation Poirts | Stres=ses and Straing

— 200

Single tyre load: 20 kN; 520 kPa

— 100

0
X {mm)

100

200

Calculate |

ife  Contour Plot |F‘r|:ufile Plot | Diagnostics |

Marmal Stress £Z

9
17
-42
-G7
-92

117
-143
-165
-183
-218
-243
-268
-284
-318
-344
-369
-385
-420
-445
-470
-485
-5




AOADS AGENCY

a\

n-Shape: Staggered circular modeling

:E::Snuth African Mechanistic Pavement Design

Fil=  Help

Pavement Structure I Loads and Evaluation Poirt= I Stresses and Strain

Define plane for contour plot

“Yerical plane parallel to X-Z2

|1_

[

% offzet from origin

Contour region size (mim) |4|:":I j

-~ Contour region centred at (mim)

P

Plot parameter

Calculate |

< J>yife ContourPlat |P'r|:ufile Plot | Diagrostics |

D Ay _.II' 1]
_ 5 O //ﬂ:‘!l:ﬁk ﬁ;ﬂh“l& Mormal Stress I7
9
—100 llll\ }Jl\\ - 7
67
Cha =
% —200 e
et 193
M — 250 3
269
— 300 .
— 350 44
-395
B pes
—200 —100 O 100 200 470
W (m o j 521

Single tyre load: 20 kN; 520 kPa
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ROADS AGENCY: W -

EI|E Help

Calculate |

Pavement Structure I Loads and Evalustion Points I Stresses and St Contour Plot | Profile Plot | Diagnostics I

Cetfine plane for contour plot
I‘v"er‘tical plane parallel to =-Z j

Y offzet from arigin I1
Contour region size (mm) IESEI j ]

Contour region centred st (mim) - 5 D
X z

N '

Flot parameter
sarmal Stress £7 E -

Mormal Stress £F

-
73
144
216
287
359
43
502
574
45
717
785
-BED
932
1003
075
1146
A28
1289
1361
1433
1504




THE]

Case

Contact Idealization

Shape  of Vertical
Contact Stress

Comments

Traditional
Standard
Circular disc

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

n -shape”

Staggered
Circular disc(s)

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

m -shape
Staggered
Circular disc(s)

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

]

LN

Full SIM shape

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

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




Eﬁuuth African Mechanistic Pavement Design
File Help

Favement Structure | Loads and Evaluation Points I Stresses and Strains

Define plane for contour plot
“ertical plane parallel to X-2 j

B
Y offzet from origin IJI
Cantour region size (mim) Id":":' :I - 5 D

— 100
— — 180
-

o Contour region certred at (mim)

F P

Plaot parameter

— 200

— 100 0

W (mm)

100

200

Single tyre load: 20 kN; 520 kPa

Calculate |

e Contour Plot | Profile Plot | Disgnostics |

Mormal Stress £Z

9
-17
-42
-B7
-92

17
-143
-165
-183
-215
-243
-269
-284
=314
-344
-369
-385
-420
-445
-470
-435
-5

IS i vugin

ciive
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ROADS AGENCY: W -

M-Shape: Vertical Only - staggered

= =i South African Mechanistic F‘a\rement Demgn
EI|E Help

Calculate |

Pavement Structure | Loads and Evalustion Paints | Streszes and St Contour Plot | Profile Plot I Ciagnostics I

Cefine plane for contour plot
I'\-“er‘tical plane parallel ta X-Z j
D —
|1
Y offset from origin naormal Stress T
Contour region size (mm) IESEI j y
Cortour region centred st (mm) - 5 D ] -7
-144
X z
-ME
IEIII IIII T
T ] -354
Plot parameter E 1 D D 43
. E -502
e -574
—1 ] -G45
M 20 717
-rag
L
_ | -932
2 D D -1003
-1075
-1146
-1218
—2350 | | | 1289
-1361
] 100 200 473
-1504
¥ (mm)




Idealization of measured Contact Stresses | |F1£t; |

using staggered circles..

DECIMATED COMTACT STRESS IN Z - DRNSCS2 N
250,00

2750
0.0 — ]

Py =
20000 T = ‘r

ollile =

2510

A2 A0

200.00

18750

175.00

15250

150,00

H 150.00 — |

100.00

I

' LA r "l. 1"“\ _ 10250
l..l '

A

. ‘:- ! % 0
(TR L

50.00

750
111 R B

50.00

3150

20
3230
1250

.46
0.0 om 0.0




18th
RPF

Stress Information System (T-CSIS)

Objectives

New Beta Version of “TyreStress viewer” available

on request - eventually be the T-CSIS (See Demo
later);

New:- Output of A-1: T-CSIS = Input for C-1 (See
Demo later);

GIR

our future through science




THE SOUTH AFRICAN MATIONAL

ROADS AGENC T\ 18th
RPF

Goodyear 315-80 R22.5 G391 [Steering -

SA)-2004 875 T 1
Direction: [£] 7o0b-------- J _________ L ________
Inflation pressure: 620 [kPa]) : :
Applied Vertical Tyre Load: 20 [kN] : :

] R i
SIM Measured Tyre Load [£): 20.0 [kN) : :

350

Estimated contact area: 498.0 [cm?)]
Equivalent uniform contact stress: 402.0 [kPa]
Radius of equivalent circular area: 125.9 [mm]
Load [kN]=3.03139,14.1893,2.79634

175

Longitudinal Stress (kPa) at 170 mm

Stress [kPa)=330.613,444.992,319.886
N Shape

0 84 168 25

Length of Tyre Contact Patch (mm)

Lateral Stress (kPa) at 125 mm

Tyre Width (mm)

our future through science
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ROADS AGENC T\ 18th
RPF

Goodyear 315-80 R22.5 G391 [Steering -

SAJ-2004 873

E : |

E . .
Direction: [£] 2 qo0f-------- T R
Inflation pressure: 620 [kPa) o : :
Applied Vertical Tyre Load: 20 [kN] = : :

o 525[ SERRREEEEE RRERREED
SIM Measured Tyre Load [Z): 20.0 [kN) = : :

(2] ' I

@ e
Estimated contact area: 498.0 [cm?] ﬁ 330
Equivalent uniform contact stress: 402.0 [kPa) =
Radius of equivalent circular area: 125.9 [mm] _5 st . L
Load [kN)=3.03139,14.1893,2.79634 2 /—\\

=] , ,

c
Stress [kPa)=330.613.444.992,319.886 S 0
N Shape 84 168 251

Length of Tyre Contact Patch (mm)
Lateral Stress (kPa) at 125 mm
] . . .

Tyre Width {mm)

our future through science
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ROADS AGENC T\ 18th
RPF

Goodyear 315-80 A22.5 G391 [Steering -

SA)-2004 1130 !

Direction: [£] g52b--------- J __________ L _________ J __________

Inflation pressure: 620 [kPa]) : : :

Applied Yertical Tyre Load: 50 [kN] : : :
T4 T P T

SIM Measured Tyre Load [2): 47.4 [kN) : : :
T R S

Estimated contact area: 814.7 [cm?)
Equivalent uniform contact stress: b81.6 [kPa)
Radius of equivalent circular area: 161.0 [mm]
Load [kN]=11.2724,25.3581.10.7507

238

Longitudinal Stress (kPa) at 170 mm

Stress [kPa)=689.125.520.595.655.398

M Shape 92 185 277 370

Lateral Stress (kPa) at 184 mm

66
76

Tyre Width {mm)

105
114

our future through science
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ROADS AGENCY:
|

(HIIJ././)

INTER.

IM

Untitled - mePADS

File Tools Setup Help

Pavement Structure

Loads and Evaluation Points

Contour Plat

Prafile Plat

— Dezign location

o

— Load definition

Mo of loads

TureSiress Toads

Std. Loads I Define Loads |

-

i et Loa| Horz Lo<| &ngle 3 | Tarsion || Shape | Centripe| ¢
1 10,7507 0 o a |RECT 'O |F
2 1.69653 0 o o 'RECT 0 |F
3 0.26899. 0 o a 'RECT 0 |F
4 1.69653 0 o a |RECT 'O |F
5 0.25271. 0 o o 'RECT 0 |F
B 11.2144 0 o a 'RECT 0 |F
7 ] o o a |RECT 'O |F
g 0 0 E| ] RECT 'O F

i Streszes and Straing

Mo of evaluation positions iI:I 'I

= g i

Extra paints |

Plot ! Copy Chart
|
b G NNNNNN T i s— A |
9.6% 9.0%
27.0% 27.0%
20.5%
6.8%

322.075 (mm)

LCalculate |

m changed. Becalculatel
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ROADS AGENCY:
|

18th
RPF

I Firestone 12 x R22.5 G391 (SA - HVS)-2004

File Options Screen capture Mum Discs Help Exit Calc Loads and press

Tyre type.

Goodyear 10 % 20 Cross-Bias 14-ply [Smoath)
Goodyear 11 # 20 Crazs-Bias 14-ply [SA - HY
Goodyear 425-65 R22 5 (54)

Michelin E-22.5 315-80 R22.5 [SA]

[

Goodyear 315-80R225 6391 [Steenng SA
Firestone 12w R2Z2.5 G391 [54 - HWS)-2006
Goodrich Aircraft BF tre (S4)

Goodyear 315-80 R22.5 G391 [Steening - 54

Load preszure values

Load per tyre kM)  Parameter range

15 15 -50
Prezsure [kPa)
520 520 - 1000

Direction far interpolation
% Yy &z
Usze tyre side

1 M Submit values

SR

o fukre through science

# @ 2 7| ® D:\SANRAL-GAFPD... | ® Microsoft PowerPo... | B Micrasoft Excel - C..

Firestone 12 x R22.5 G391 [SA - HY5)-2004

Direction: [£)
Inflation pressure: 520 [kPa)
Load per tyre: 15 [kN]

SIM Measured Tyre Load (£]: 13.5 [kN)

Estimated contact area: 370.6 [cm?
Equivalent uniform contact stress: 363.9 [kPa)
Radius of equivalent circular area: 108.6 [mm)
Load [kN]=1.83262,9.13353,2.52084

Stress [kPa]=320.903,385.654,328.886
N Shape

SIM Measured Tyre Load [Z]: 14.0 [kN]

Estimated contact area: 399.4 [cm?)
Equivalent uniform contact stress: 351.3 [kPa)
Radius of equivalent circular area: 112.8 [mm)
avg x cntall =0.414319,5.55153,0.501081

avg perc =0.0828637,3.33092,0.100216

N Shape

Length of '(I}(re Contact Patch (mm)
aravan Side

62
125
187
250
32
315
438
500
563
625
688
750

Tyre Width (mm)

81 161 242

Length of Tyre Contact Patch (mm)
raffic Side

Tyre Width (mm)

802
874

Noma &

e
[ Firestone 12 x R22...

2 po:30 AM
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i 18th
L i : RPF

Firestone 12 x R22.5 G391 [5A - HYS])-2004

E . .
E 728
o
Direction: [£] =
Inflation pressure: 520 [kPa] "
Load per tyre: 15 [kN] & 546
=
SIM Measured Tyre Load [£]: 14.0 [kN] o
@
s 364
Estimated contact area: 399.4 [cm?) =
Equivalent uniform contact stress: 351.3 [kPa) £
Radius of equivalent circular area: 112.8 [mm] E 182
Load [kM]=1.80547.10.0287,2.19678 En
=) : :
Stress [kPa)=259.334,366.096,313.641 - ; ;
0
N Shape 85 171 256
Length of Tyre Contact Patch (mm)
Lateral Stress (kPa) at 120 mm raffic Side
0
72
145
E 218
E 291
% e
= 437
Fd 510
e 583
656
729
802

874
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ROADS AGENCY:

CWCEI. 9 X Olc

titled - mePADS

File Tools Setup Help

Pavement Structure  Loads and Evaluation Paints | Contour Plat | Prafile Plot

i~ Design location [ Sheszes and Straing ——————————————

# ¥ Mo of evaluation positions iU v] |
0 o X v z

Extra points

- Load defirition —

Mo of lnads 5td. Loads | Define Loads |

[l 2
] Plat Copy Chart

# et Loa| Horz Loe| Angle | Torsion || Shape | Centripe] £ il
1 180547 0 0 0 RECT 0 G ;
2 0321 0 0 0 RECT D ; R vy B 7]
3 0428860 0 0 RECT O ;
3 E22a040 0 0 RECT 0O ;
5 264520 0 0 RECT 0O ;
5 D 0 0 0 RECT O G
7 0 0 @ 0 RECT O G
8 183262 0 0 0 RECT |0 ;
5 0402380 0 0 RECT @O ; 31.5% 31.0%
10 |o4420 0 0 RECT O ;
11 4781680 0 0 RECT D ;
12 239040 0 0 RECT O G
13 |o o 0 0 RECT O G
0 0 0 RECT 0 ;

R Microsoft P... B Microsoft E... . Firestone 1... . Untitled - ...
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»~-, New Viewer Export to me PADS (c-1): e
3 x Staggered Discs ("m”) - INTERIM

RPF

7 |

# |(Wertload(kM]| Horzload | Anglel®) | Torsionload |  Shape | Centripetal | Shape | Moment“ert | MomentHorz | Pressure | Radius [mm]| % Pos [mm] | % Pos [mm] | = |
1 (10,7507 u} u} u} RECT ~ |0 RECT - |0 u} 131.957 161.0358 u} u} =
2 | 1.59653 u} u} u} RECT ~ |0 RECT - |0 u} 520595 32,2074 -128.83 u}
3 02629334 u} u} u} RECT ~ |0 RECT - |0 u} 185.722 21.4716 -139.565 u}
4 | 1.69653 u} u} u} RECT ~ |0 RECT - |0 u} 520535 32.2074 128.83 u}
5 |0.252712 u} u} u} RECT ~ |0 RECT - |0 u} 174.48 21.4716 139.565 u}
5 (11.2144 u} u} u} RECT ~ |0 RECT - |0 u} 295.7ET 94 9715 u} u}
¥ |0 u} u} u} RECT ~ |0 RECT - |0 3.56567 43. 7662 161.037 u} u}
=} u} u} a0 u} RECT ~ |0 RECT - |0 5.64781 533232 161.037 a u}
g
Cancel Copy Faszte

our future through science
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TyreStress Viewer:

GIR

our future through science




mePADS Mechanistic: Input:

GIR

our future through science




>~ Tyre Inflation Pressure (T|P) and @
‘measured Contact Stress...

) Seeking for a relationship
,, between TiP and measured
. contact stresses......

(~ 52 000 tyres measured on
N3-TCC) with Stress-In-Motion
(SIM) device in 2003/4)

our future through science




X 18th
| |Avai|able (Historical) TiP data sets.. [ M

HEAVY VEHICLE (HV) TRUCK TYRE PRESSURE DATA

Van Vuuren (1974) =——=De Beer(1995) =—Morton-2003

1.20

1.10

1.00 :
\

o 0.90
: \
g_0.80
@ 0.70

- 0.60
2 \
2 050 \

B /ISR
0.20 |

0:10 ,/ N/ \\

| T | I X\;

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
TYRE INFLATION PRESSURE (kPa)

0.00

J




Available (Historical) TiP data sets from ég;

N3-TCC (Morton et al, 2003

quency
[0}
o

o
[
o

Nor(gnalised Fre
~
(@]

0.20

0.00

SELECTED HEAVY VEHICLE (HV) - TRUCK TYRE PRESSURE DATA

====EFT-FRONT-(225 tyres)-Morton 2003 = RIGHT-FRONT-(225 tyres)-Morton 2003

= REST-LEFT-(845)-Morton 2003 ====REST-RIGHT-(845)-Morton 2003

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

TYRE INFLATION PRESSURE (kPa)
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18th
RPF

< | Contact Stresses & TiP (Centre 60 %).....

MEASURED CONTACT STRESS IN Z-R §C52 N
X000

L ——

BT
250.00
2m

250

200.00 200.00

18750

150

N 50,00

16250

150.00

13750
100,00

12500

11250

2000 0.0

§750

500

250
5000

Al

20
1250

0




Where:

TiP = Tyre Inflation Pressure (kPa);
AMVCS60 = Average max vertical contact
stress in centre 60 % of tyre;

(Best practical relationship form 9
possibilities investigated)



T e s

j Linear RegressionAnalysis |

‘ Title|Simple linear Model
Model|LnTiF ~ LnAMVCSE0
Regr Type|Linear
Parameters (Intercept) LnAMYCSED
N\ Values 20855 0.6973
\
\ Confidence (Intercept) LnAMYCSED
Std. Error 0.0635 0.0087
tvalue 328448 71.8267
Pri={t]) 0.0000 0.0000
2.5% 1.9610 0.6783
97 5% 2.2100 0.7163
WVIF
Anova Table (Intercept) LnAMVCSED Residuals
Sum Sq 2357 1.13E+02 1.10E+02
Df 1 1 5047
Fvalue 1078.8 51581
Pr(=F) 0.0000 0.0000
I Regression Statistics |

5049
0.5055
0.1478

-4972.8499

TS

-4953.2690

Mumber of Observations
05054 R-squared and Adjusted R-squared
0.1478 Standard deviation of residuals and Std Error

AlC/BIC

Autocorrelation

Residuals

0.0000
0.0000
1.0000

Positive
Mon-zero
Megative

Additional

Tests

Shapiro-Wilk test not performed
0.0000 Breusch-Fagan Test for Heteroscedasticity
0.1857 Bonferroni Adjustment Test for outliers

Hﬂg’DﬂmlEntermwemmﬁstﬁe WEIGHT= 1.0000
Data Mo Weight|LnTiP LnAMVCS60 TiP AMVCS60
1.00 5.394 5.485 220 241
1.00 5.3894 5.497 220 244
1.00 5394 5.476 220 238
1.00 5304 5.533 220 253
1.00 5.394 5.545 220 256
1.00 5394 5.541 220 255
1.00 5,384 5.553 220 258
1.00 5394 5.557 220 258
1.00 5384 5.537 220 254
1.00 5.3894 5.617 220 275
1.00 5394 5.606 220 272
1.00 5,384 5.591 220 258
1.00 5.394 5.489 220 242
1.00 5384 5.472 220 238
1.00 5.3894 5.464 220 236

Residuals Scale-Location
05 25
]
)
o 20 )
i
0.0 F
w
z 15 &
= 3 : %
z 0 . g
¥ 05 E @
g 05
5 e
w
-1.0 0.0 T t
55 6.0 8.5 7.0 75 55 6.0 8.5 7.0 7.5
Fitted Values Fitted Values
Mormal Quantiles Autocorrelation of residuals
4.0 05
o 2.0
% T 00
[ n
g oo g
= =
E &“3’ 05
2 =20
-4.0 é -1.0
-8.0 -4.0 -2.0 0.0 20 40 -1.0 -5 0.0 0.5
Standardised Residuals Residualsi
TiP = F(EqStress60)
« LnANNVCSED Line of Equality
8.000
£
-
£ 7.500
E‘ - .| .
E
Z 7.000 - =
g L 1] !. T
# 6.500 = ———
2 . -
B -
= - I
i 6.000 —
iE L Bl
é 5.500
L T ]
=
5.000
5.000 5.500 6.000 6.500 7.000 7.500 8.000
LMN{AVERAGE MAXIMUM VERTICAL COMTACT STRESS) (LN{AMVCS60)) (kPa)

UUI IUIVIE TITOUYIL LIBHLE



Comparison: Ln (TiP) = k1 +k2 Ln(AMVCS60) = o

‘with measured TiP AT N3-TCC

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

DATA
====| eft-(1070 tyres)-Morton 2003 = Right-(1070 tyres)-Morton 2003 = TiP- Estimate-HVS+OL (OL TiP excluded)

1.20

1.00
>
e
20.80 f \ \
4 / \‘

\
0.60 / \

Normalised Fre
N .
o
S~

\

0.00 : M

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
TYRE INFLATION PRESSURE (kPa)

W\
\

J




; - 1gth
Ln (T|_P) = k1 +k2 Ln(AMVCSGO)_ Trailing & RPF

HEAVY VEHICLE (HV) - TRUCK - TYRE PRESSURE DATA

----- LEFT-FRONT-(225tyres)-Morton 2003 — RIGHT-FRONT-(225 tyres)-Morton 2003  ——— REST-LEFT-(845)-Morton 2003

----- REST-RIGHT-(845)-Morton 2003 —— TiP- Estimate-HVS+OL (OL TiP excluded)

(0]
o

1N
o

= NorIEaIise%Freql._gncy N
D
o

N
o

0.00

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
TYRE INFLATION PRESSURE (kPa)

o W




p- Ln (TiP) = k1 +k2 Ln(AMVCS60) & Steering [

RPF
1110 U L0 LI GIil L 1

HEAVY VEHICLE (HV) - TRUCK - TYRE PRESSURE DATA- Distribution shift to the
right by 100 kPa

----- LEFT-FRONT-(225tyres)-Morton 2003 — RIGHT-FRONT-(225 tyres)-Morton 2003 —— REST-LEFT-(845)-Morton 2003

----- REST-RIGHT-(845)-Morton 2003 ——TiP- Estimate + 100 kPa

1.00

O
o
o

quency

o
[
o

©
N
o

Normalised Fre

0.20

0.00

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
TYRE INFLATION PRESSURE (kPa)




18th
RPF

SELECTED HEAVY VEHICLE (HV) - TRUCK TYRE PRESSURE DATA

====| EFT-FRONT-(225 tyres)-Morton 2003
= REST-LEFT-(845)-Morton 2003

Van Vuuren (1974)
= TiP- Estimate-HVS+OL (OL TiP excluded)

= RIGHT-FRONT-(225 tyres)-Morton 2003
====REST-RIGHT-(845)-Morton 2003
De Beer (1995)

—_—
o N
o o

(0]
o

= NorlgalisquFreql._gncy N
B~ D
o o

N
o

0.00

)
ﬁ.‘

\

V1NN

/L L

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

TYRE INFLATION PRESSURE (kPa)

J




Comparison : With historical TiP Data 18t
sets...suggestion for use in SAPDM

RPF

1.20

N
o
o

(0]
o

o Nor@alisegFreql_@ncy _
B~ D
o o

N
o

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

====|eft-(1070 tyres)-Morton 2003 = Right-(1070 tyres)-Morton 2003
= TiP- Estimate-HVS+OL (OL TiP excluded)

/] LN

2 AN
===

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
TYRE INFLATION PRESSURE (kPa)

J




18th
RPF

% New Tyre models improved for SAPDM;
‘e Project A-1: T-CSIS progressing well;
e Tyre Data-Integration into Project C-1
(Mechanistic Design) possible;

S . Tyre Inflation Pressure (TIiP) — Very
promising practical relationship found with
contact stress(CS):
e TIP = exp[kl+k2In(CS)];
e Qver-all progress approx. ~ 65 %;

e Suggest to test/evaluate beta version(s) with

practice; CSIR
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Information System (T-CSIS)

Ve End. ..
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