Reconsideration of Tyre-
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for the Structural Design of
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Assumption of Tyre Loading -
Pavement Design Modeling:

Tyre Loading, P (kN)

- Circular;

- Variable load;

- Variable pressure,
but UNIFORM:

Uniform Contact Stress, g (kPe
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SOUTHAERICAN MAJOR PAVED ROAD NETWORK ~ 20000 km

Road Freight Network
in Comparison to
SANRAL Current and
Proposed Network

SOUTH AFRICA

(1000) = Average Daly Truck Traffic [ADTT]

Additbonal Base Siratege Matwork
A Siate Owned Toll Roads
S BOT's & Concessinn Toll Roads
/\/ Proclaimed National Roads
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7 700 km National Roads in SA of

____Freeway/Expressway standard
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Truck Tire Inflation Pressure in 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:/capsaflwmf IN THE PROVINCE OF GAUTENG, SOUTH AFRICA
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ENVIRONMENTAL — MOISTURE CHANGES - SHRINK AND SWELL
“Flapping” of shoulder
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Truck Tyres....

“Sectometer™ _
s Eckens 1928 Modern Tyre science...

l] Ty |1 [ the |||

Cap Plies {optional)

Body Plies

Inner Liner

Steel Belts

Bead o
ndll ge Lov 0
Bundle Edge Cover (optional}

@ 2000 How Stull Warks

mination of the load distribution.
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HEAVY VEHICLE SIMULATOR (HVS)
DUAL TEST TYRES (12R22.5)
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Vehicle-Tyre-Pavement Interaction:

STIRESS:IN-IVIONION

(S1V])
Jlechnoelegy — Since 1992-3
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Stress — In — Motion (SIM)
Technology

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

vehicles
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Gautrans HVS Mark |\/=*
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Stress-In-Motion (SIM) MK Il SYSTEM (1993-1995)
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425 /65 R22.5 HVS TIRE ON SIM SYSTEM
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LOADS & STRESSES: SAE SIGN CONVENTION
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SIM TESTING USING THE HVS - DUAL LOADING
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STRESS-IN-MOTION TESTING USING THE HVS

WWW.CSir.co.za
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Dual Tyre: 3D-Contact Stresses (Pressure)

CONTINENTAL 11R22.5 Tyre (TREADED)
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Typical SIM 3D’ Data Sets -Variable loading:

§15 TYRE (tread) VARIABLE LOADS 315 TYRE (tread)- VARIABLE LOATDS

- T —

e

Vertical Contact Stress (KPa)
L. @ 4 r J L g ¢ ¥ _Jf

Lidern] Contacd Stress (k)

Longimchin Lateral (Pin 1-20)

Longitudmal Lateral {Pin 1-20)

Stresses: e | L
Variable loads: 315/80
R22.5 Tire

Longsiudinal Contact Stress (k)

Longitudinal Lateral (Pm 1-20) !
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_, Vertical Contact Stress (MPa)
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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 Vettical 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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Lateral Contact Stress (MPa)
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CONTINENTAL 11R22.5 Tyre (TREADED)

Inflation Pressure = 520 kPa
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fRRHedeiticH toal e =l B Measured Lateral Load ETS; =_1.1 kN

GElE il B Average Wheel speed = 0.34 m/s

=i

Min Stress =-0.187 MPa P
paseae | i | TR =
i } e i
e . s — e
04 ! | - ! ! .
| EE s i | | !
e R ' i 0 !
03— | i A = | T e
R | |
s - i S
' |
| ;
i

=
]

o
l

1

o)

—
]
1]

| |
: _,_F--"__! : |
-0.2—-=-”"”'i+_ | : _ﬁ_r_!,_ﬁf’T—-—-ql__
if;-ﬁ-:‘” S : | |
R Rt s
i H_F_dl::;,;—_:_:_?i___—#wﬂ—“:ﬂ:ﬂ
i s Gl T
: 10 g — =
15 20 o
TRAFFIC SIDE 15 10

CARAVAN SIDE
Longitudinal

Slide 28 © CSIR 2006 WWW.CSIF.CO.za



10™ ICAP QUEBEC CITY — AUGUST 2006

CONTINENTAL 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 = 0.123 MPa Average Wheel speed = 0.34 m/s
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TYRE "FINGER PRINTING™: (HVS : SIM : 11R22.5 TYRE)

Verical Contact Stress (MPa)

Yertical Contact Stress (MPa)
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CAP QUE

315/80 R22.5 HVS Tyre: Overloaded
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 30kN (Tyre 11R22.5 Treaded)
550 1.5

100 200 300 400 500 600
Lateral (Pin Numbers)

500

450

400

A 2
o Cn
) o

Longitudinal
M
n
o

200

150

100

50

Slide 32 © CSIR 2006 WWW.CSIF.CO.za



10™ ICAP QUEBEC CITY — AUGUST 2006

Overloadlng on Tyres:
Contact Patches:
(square not circular)

SIM - HV:304 Inflation Pressure = B00kPa ; Load = 100kN (Tyre 11R22.35 Treaded)
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S0
450
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1
: i
. - * i 15
= 300
Tyre Tested 12R22.5 (HP3000 P.R. 152!148L TREADED} £
Irflation Pressure = 950 /520 kPa Measured Vertieal Tolal Load = 39.5 N c 20
Applied Verical Load (HVS) = 100.4 kN Measured Verical Load (Pad 1) = 61.3 kN 3
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STRESS-IN-MOTION (SIM) TESTING ON
N3 - FREEWAY

INTERNATIONAL
DELIVERY
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Quad (full) SIM pad configuration at a typical weighbridge
site on National Road 3 (N3), near Heidelberg in Gauteng

| A T T T T I T T
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DAW 50 SCALE - National Road 3 (N3), near Heidelberg in
Gauteng
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MULTI-DECK SCALE - National Road 3 (N3), near
Heidelberg in Gauteng

Slid
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Quad (full) SIM pad configuration at a typical weighbridge
site on National Road 3 (N3), near Heidelberg in Gauteng
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Quad (full) SIM pad configuration at a typical weighbridge site on
National Road 3 (N3), near Heidelberg in Gauteng

= ]




SIM Measurement:; N3

“1232°
Tanker
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Truck Classification

O2-Axle: 11 O 3-Axle: 12 or 111

04-Axle: 112 or 1111 or 121 or 22 05-Axle: 122 or 11111 or 1121 or 113 or 1211
B 6-Axle: 123 or 11211 or 1122 or 12111 or 1212 or 1221 B7-Axle: 1222 or 12211 or 1231

W 8-Axle: 1223 0r1232 or 12212 or 12311

8-Axle: 1223 0r1232 or
12212 or 12311
5%

2-Axle: 11
18% 3-Axle: 12 or 111

4%

4-Axle: 112 or 1111 or

121 or 22
7-Axle: 1222 or 12211 or 3%
1231
45%
5-Axle: 122 or 11111 or
6-Axle: 123 or 11211 or 1121 or 113 or 1211
1122 or 12111 or 1212 or 4%
1221

21%



Vertical Contact Stress (MPa)

= gamflll m
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Two Axle Truck — Vertical Contact
Stress - Foot Prints

Test H451 done at Heidelberg : Date 04/09/2003

\
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MPa

12
1
08
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(11
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05
[ ]
02

Direction of Travel



Vertical Contact Stress (MPa)

= simfull3.m

Filename

Test H1062 done at Heidelberg

15 MPa 1
1 08
0.5. SN 06
ZBR i, 02
N
0, s w0 o0 S 10
15 1
1 08
0.5 06
oL LA

02
o, v ¥ i i )
0% 00 0 ) 100
1.5 1
1 08
0.5 — 06
04 _._r‘-.—* . 04
400 b
200
- b >3
0 _‘; = 1‘"m 0 50 100

Lateral Position

: Date 10/09/2003

Axle 1
Axle 2 ' "
Axle 3 . .'

b0

Direction of Travel



Vertical Contact Stress (MPa)

= simfulld.m

Filename

Test H1070 done at Heidelberg : Date 10/09/2003

15 MPa

100 0 50 100

Y X 1 ¥

IJ_T ‘50 ‘190 0 50 100
15
1
0.5 IS S
LN
400 N
200 L
0, "o 100 0 50 )
15
1
0.5
0\ ‘_‘__.'I -
200
0, s 10 o0 50 " 100

Lateral Position

1
08
06

Axle 1
4

0.
02

1

0.8

06

Axle 2
04
02

08

S Axle 3

0.4
0.2

08

- Axle 4

0.4
0.2

E IaF IaF Ik 1

Direction of Travel




Vertical Contact Stress (MPa)

Filename = simfulid.m

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

’

0 50 100 0 50

0.5

».
20015\

0 50 100 0 50

0.5

200

0 50

0 50 100
Lateral Position

MPa

100

100

100

100

1.2
1

08
0.6
0.4
0.2

Axle 1

Axle 2

Axle 3

Axle 4

(U

Direction of Travel



Vertical Contact Stress (MPa)

= simfull5.m

Filename

Test H1077 done at Heidelberg : Date 10/09/2003

MPa

200 :
50 ‘100 ‘0 50 100
15 .
1
0.54
i .
400
200 . -
50 100 0 50 100
15
1 N
%
0.5 \\
0.4 - L (_BRN
N\
200
100 - - <
50 100 0 50 100
15
1
0.5
04 I
200 <
100 - - - \
50 100 0 50 100
15
1
0.5
0. S
200 § i
100 . E = L
50 100 0 50 100

Lateral Position

E IF I°F I0F 1R 1

1.2
1

0.8
086
04
02

1.2

0.8
0.6
0.4
02

1.2

08
06
0.4
02

12

0.8
06
0.4
02

1.2

08
0.6
0.4
0.2

Axle 1

Axle 2

Axle 3

Axle 4

Axle 5

o0 O Im

([t - -

Direction of Travel



Vertical Contact Stress (MPa)

= simfullé.m

Filename

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

15
1 |
0.5.
04 ‘
200 ] ;
0 9 50 10 0 50
15

P | wre ¥

0 7 50 100 0 50

0 % k0 00 0 50
1.5
1
0.5«
o - . .
400
200 . 2
0 7 ) 100 0 50
15
1
05
: [
400
200 . B =
0 " 50 00 0 50
15

Lateral Position

MPa
1
0.8

06 Axle 1
04
0.2

100

0.8

06 Axle 2
0.4

0.2
100

08
06 Axle 3
02

100

08
06 Axle 4

0.4
0.2

100

0.8

06 Axle 5
04

02
100

06 Axle 6

0.2

100

Direction of Travel




Vertical Contact Stress (MPa)

Filename = simfull7.m

Test 120 done at Heidelberg : Date 15/10/2003

200

500

01- - - ¥,

0 50 100 1] 50

1 ataral Dacitinm

MPa 12

1
0.8
06 Axle 1

Axle 2

Axle 3

Axle 4

12

0.8

06 Axle 5
0.4
02

8
Axle 6

100

Axle 7

100

Q0 00

0k W

Direction of Travel




Vertical Contact Stress (MPa)

= simfull7.m

Filename

1.5

Test H2768 done at Heidelberg : Date 09/10/2003

MPa

054

04
500

1.5

50 100 0 50 100

0.5

500

15

50 100 0 50 100

0.5

500

100

100

400

100

50 100 0 50 100

50 100 ] 50 100
Lateral Position

H'EB EBE B B BB

12
1

0.8
06
0.4
0.2

12

0.8
086
0.4
0.2

12

0.8
0.6
0.4
02

2

0.8
06
04
0.2

Axle 1

Axle 2

Axle 3

Axle 4

Axle 5

Axle 6

Axle 7

T
I

Direction of Travel



Vertical Contact Stress (MPa)

= simfulle.m

Filename

Test H767 done at Heidelberg : Date 09/10/2003

1
08
83 Axle 1 'm

0.2

1

08 T 1]
gj Axle 2 ’ ..
0.2

1.5 MPa
) —
0.5 .
o L N Y
490,00 _"\, & - . =
0 Ty 50 100 0 50 100
15
1
0.5 4
o I s e i
400
2t§\f 2 . - -
0 50 100 [ 50 100
15
1
0.5
' — o —Nen i
20&___ = . - -
0 g 50 100 0 ) 100
15
1
200 - . % -
5 0 50 100 0 50 100
: !
0.5 4
200“_\. " . . =
0 o 50 100 0 50 100
15
1
" r i
0 L/ :
- —‘—l .
400
2}\, o - - =
0 Ty 50 100 0 50 )
15
1 | i

100

200 o v -

50 100 _ 0
Lateral Position

50

100

1
08 .- |
0.6 1

0 Axle 3

0.2

1
08 «00-
05 Axle 4

02

1
0.8
0.6
i Axle 5
0.2

1
0.8
55 Ao & we

0.2

1
1oi0
0.6

06 Axle 7

02

1
08 m
¢ Axle 8

0.2

Direction of Travel
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STEERING AXLE

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

1.778 Ton 402 Ton

216 mm:; \ 203 mm:;
\ 1
|

40
Across the SIM pads
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STEERING AXLE — UNEQUAL LOADING

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

185 mm; 1.%38 Ton 26q mm; 3.739 Ton

40
Across the SIM pads
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REAR AXLE — UNEQUAL LOADING

TEST 009: KTD 904 GP 13/10/2003- REAR AXLE

290 mm;
3.178 Ton

"

325 mm;
4.296 Ton

258 mm;
2.604 Ton

227 mm;
1.855 Ton

20 30 40 50
Across the SIM pads
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REAR AXLE — UNEQUAL LOADING

TEST 230: NKR 17483 - 11/09/2003

277 mm; 303 mm; ‘ 257 mm; ‘ 254 mm;
2.609 Ton; 1.390 Ton; 2.675 Ton; ‘ 2.131Ton;

30 40 50
Across the SIM pads
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TYRE barely in contact with surface

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

297 mm;
4.312 Ton

189 myn;
0.037/Ton

202 mm; - 194 mm;
1.874 Ton | 1.223 Ton

20 30 40 50
Across the SIM pads
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AXLE 2: MISSING TYRE !

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

244 mm;
1.782 Ton

«v

196 mm; 195 mm;
1.032 Ton 0.661 Ton

30 40 50
Across the SIM pads
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Test H1029 done at HEIDELBERG Dated 10/9/2003

Footprint
of an 8-
Axle Truck
- Figure 7
In Paper

—
£
E
-
(=]
=
l—
‘s
- =
i<
=
-t
3
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7

Vertical Contact Stress — “n

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

Shape

Vertical
Stress
(kPa)

Vertical
.| Stress
| (kPa)
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b

Vertical Contact Stress — "m” Shape

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

Vertical
Stress
(kPa)

. 1003

34

¢ | Vertical
| Stress
(kPa)

Test H1028 done at HEIDELBERG Dated 10/9/2003 Tyre: LI Axle:3

i i
100 )
Tyre Width (mm!
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Vertical Stress Cumulative Frequency — N3- 2003

Hesical barg TCC Tast H1020 100062003 (ND3rS-458) - TRUCK CLASS: 1:22:3
VEATICAL CONTACT STRESS

i

Fi
A

Cumulative Percentage

5 3548853538535 §

=

100 200 300 400 500 600 70 A00 €00 000 1100 1200 1300 1400
Bin Valuas: Vertical Contact Stress (kPa)
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Axle Load Distributions — N3- 2003

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

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

All other .
Tyers: Steering

1.9 Tonne Tyres:
2.95 Tonne

-
o
o
o

0
(<))
fusl
>
—
Y—
(@)
—
()
o)
S
>
Z

Bin: Tyre Mass Weight [Tonne]
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LOAD COMPARISON — FIELD WITH REAL TRUCKS
N3 TCC - HEIDELBERG

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

. STATIC (1861)

- DAWS50 (1501) — Line of Equality — Linear (STATIC (1861)) — Linear (DAW50 (1501))
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o
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Te)
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<€

o

]
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|—

<
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w
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]| STATIC =1.0025 x SIM

(n =1 245), R? = 0.99;

: Std. Y-Error: 1.37 Tonne;

Std. Error (Coef) :
0.0001.

4| DAW 50 = 0.9931 x SIM
H (n=1245), R?=0.99;
1] Std Y-Error: 1.42 Tonne;

Std. Error (Coef):
0.00011.

10 15

20 25 3 3 40 45 50 55 60 65
SIM (Tonne)
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Tyre Inflation Pressure Distributions — N3- 2003

H:\CAPSAQ04\[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)
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TYRE INFLATION PRESSURE (kPa)
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SIMPLIFIED LOADING SHAPES

Load Radii: r; Load Radlii: r,
! SN

t

ac

SN -
Semi-Infinite Layer ! \/

Strain Energy of Distortion (SED) @ C/L ahd Edge

C/L Edge C/L Edge
Case 1: “n-shape”  Case 2: “m- shape”
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Table | Modelling parameters for a 3-layer pavement.

Elastic Moduli (MPa), | Loading/Contact
. Comments
Poisson, Stress
Asphalt

surfacing 3500, 0.44 See Figure 11 Thickness, t,- = 30 mm

(AC)

Granular
350, 0.35 tge = 1530 mm
Base layer

100, 0.35 |- [Semilnf
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1 X Truck - 30 Tyres: 20 mm x 20 mm resolution — 20k points —
SED under Steering Axle -

0171
0.162
0.154
0.145

Strain Energy of Distortion (SED)-[Principle Stresses]

cm

0.000

1.000 - == ) |37
2.000 - 0.128
3.000 0130
P _ 0111
6.000 0.103

PAVEMENT DEPTH (mnfj 00 0.094

0.086
9.000
10.00 - 0.077
11.00 0.068
12.00
13.00 JLE0
14.00 Leda
15.00 0.043

-125.0 -75.00 -25.00 25.00 ¢5.00 125.0 0.024
Distance {Axle) cm

0.026
0.017
8.552e-003
2.383e-006
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Strain Energy of Distortion (SED)
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1 x Truck - 30 Tyres: 1 mm x 1 mm resolution — 500k points —
SED under Steering Axle -

Strain Energy of Distortion (SED)

N

50 mm AC layer

—
o

o
s

N
o
o

©
o
=,
C
L2,
=
9
@
a
e 1
o
>
(@)
| -
©
L]
=
®
=
N

~.500

P Depth
avement Depth (mm) Distance of Axle (mm)
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Tools exist to incorporate complex stress conditions at surface...

Surfacing: h,, E;, v,

Subbase
Layer:

Selected
Layer:
hy By vy

Subgrade/
Foundation:
hs, Es, Vs
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Trailer
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-l

Test H1021 done at HEIDELEERG Dated 91’9!’21303
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Axle Width (mm)
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Example: 7
Axle

EMPTY
Truck
(1:2:2:3)

Note Variation in
Vertical Contact
Stresses on all 30
tyres
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Test H1685 dane at Heidelberg Dated 27/8/2003
: : Vertical
li250Stress
I 200 (KPa)

Fa

——
£
E
A
O
0
|_
Y
=]
=
E
=]
c
L 1]
.|

Steering
Axle 1

625 10

Axle Width {mm)
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Test H162 done at Heidelberg Dated 27/8/2003
: __ Vertical
e stress
(kP

Example: 7
Axle Truck
(1:2:2:2) fully
loaded with
cement

Axle 5

Axle 4

-
=
E

——

i 4
[ 5]
3
-

[

Y
(=

L

ey
o)
C
[iF]

-

Axle Width (mm)
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Test H164 done at Heidelberg Dated 271812003 Vertical Stress
kPa)

A I D [
A e
A L Wz Axled

Example:
Passenger
Bus (1:1:1)

(FIGURE NOT TO SCALE)

; E o Steering
| i 20 AX|E 1

Falll
1l
|l

S0 6 N 85 o N BN 1N

Not to seale

Axle Width (mm)
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Example:
Axle Truck
(1:2:2:2)
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v

© CSIR 2006

ww

Lenygth of Truck (mm]

Test H2306 done at Heidelberg Dated 1/10/2003 o

Vertical
I
@ |:4I,"| Stress

- 11300 (kPa)
I I 1250
TIA
_ 1200
1150
1100
1050

1000

asn Note:
son Missing tyre
17s0 oh Axle 4

Axle Width (mm) R
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Eﬁuuth African Mechamstic Pavement Design

File Help .

UNIFORM: VERTICAL (NORMAL) STRESS, zz _ csicust= |
Pavement Structure | Loads and Evaluation Pairts | Stresses and Strains | Desig . vement Life  Contour Plot | Profile Pict | Disgnostics |
Define plane for contour plat
vertical plane parallel to :-:-z_ j o I
' offzet from origin L Normal Stress 77
Cortour region size (mm) |00 :I — 5

Contour region centred st (mm)

e o fiNe i ™
T I NN i

R -193
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M — 250 243

-264

300 2
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—A00 420
=200 =100 ) 100 200

-445
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Single tyre load: 20 kN; 520 kPa
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Eﬁuuth African Mechanistic Pavement Design

e vk SIM: VERTICAL (ED

Pavement Structure I Loads and Evaluation Point= | Strezzes and

Detine plane far contour plot
Yerical plane parallel to X-Z j

GE) STR

ESS PROFILE, zz
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Single tyre load: 50 kN; 620 kPa
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Stress Response - Moving Tyre:
FEM)

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

%)
I

=
I

o

Pavement Depth
(a7]

o
Pavement Depth

o

5 10 15 20 5 10 15

20
Across Tyre 0 (Max. Stress)

Across Tyre -0.0014 (Max. Siress)

KEY:
VERTICAL STRESS:

SIM - 600 kPa, 35 kN

I

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

Static Loading

i

Pavement Depth
o

o

- 10 15 20
ACFGSE Tyre 0.0148 { Max. Stress )
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Finite Element Analysis (CSIR):Uniform vs Non-Uniform Stress
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