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PROGRAMME FOR SESSION
TODAY

m Introduction - (Morris De Beer)

m Overloading 1n South Africa - Paul
Nordengen;

m Tyre-Road-Interactions - Morris De
Beer/Wynand Steyn;

m Rural Transport, Accessibility and
sustainable development — Brian Marrian

‘A m Road Construction in China - CATS.
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STRUCTURE OF PRESENTATION:
° rl?avement (Road) Surfacing failures- related to design

* Overview of Stress-In-Motion (SIM) Technology;
* R & D — Equipment & Measurements;
* Typical Data Sets;
* SIM Data Handling/Validation — NB !;
* Applications - Dynamic Loading;
* Advanced Pavement Analysis (ELSYMS/FEM);
* Pavement Design: Quo Vadis —7?
‘A « Summary & Conclusions
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Thin Asphalt Surfacings (30 mm to 50 mm) on
crushed rock: Economical in dry regions.
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Vehicle-Tyre-Pavement Interaction:

STRESS-IN-MOTION (SIM)
Technology

~Morris De Beer, CSIR Transportek
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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, q (kPa)
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our future through science
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our future through science
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our future through science
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our future through science

»Sectometer” Modern Tyre
S. Eckens, 1928 science. ..

The “sectomater” vas lovelod (Figure 4} and the Iw{;ht aof the: sprinigs
were megsured with nine inch micromoter ealipers (Figure 1), The

Parts of
aTire

Cap Plies (optional)

Body Plies
Inner Liner
Steel Belts
Figure § Edge Cover (optional
a maching was now in position for the impression ane alse for the detor- 02000 How Stufl Warks
mination of the load distribution.
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Gautrans HVS Mark IV+
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SINGLE SIM PAD FOR HVS TESTING




5th International Conference on Weigh-In-Motion

LCP C Laboratoire Central

il dailill
m des Ponts et Chaussées 2 O

L'esprit de recherche au ceur des réseaux



5th International Conference on Weigh-In-Motion GI R
HVParis 2008, May 19-22 2008

e

our future through science

STRESS-IN-MOTION TESTING USING THE HVS
Dual Load Configuration — Twin SIM pads
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EAVY VEHICLE SIMULATOR (HVS) DUAL
TEST TYRES (12R22.5)
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SIM - HVS04 Inflation Pressure = B00kPa ; Load = 100kN (Tyre 11R22.5 Treaded)
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Vehicle-Tyre-Pavement
Inf tion:

STRESS-IN-MOTION
(SIM)
Technology — Since 1992-3
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Truck Classification
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GVM/GCM-SIM N3 TCC - 2003
RESULT RATINGS 1 AND 2 (n = 2 297)
[2 Sept - 17 Oct 2003]
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H:\ICAP-2006 Summary N3 TCC-FINAL-4-B-ICAP-2006.xls TYRES-1-2 -Histogram-Paper (2)

ALL TYRES MEASURED: n = 45 227 (This Study) - N3 -TCC-2003
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D:\ICAP-2006\MODIFIED-2SEPT-170CT-ICAP-2006.xIsITotal Load-GVM-GCM-

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

70 ‘ ‘ ‘ ‘ ‘ ‘

65 STATIC = 1.0025 x SIM

60 1 (n=1245), R*=0.99; <

55 || Std. Y-Error: 1.37 Tonne; X
Std. Error (Coef) :

50 0.0001. . e

N
(@) ]
—
N N A I O
.

L

STATIC & DAW 50 Scales (Tonne)
&

40 H DAW 50 = 0.9931 x SIM
35 H (n=1245), R*=0.99; -
Std Y-Error: 1.42 Tonne; Al .

25 Std. Error (Coef): s
20 0.00011. M
15 * 0.. - *
10 2 -

5

0 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
SIM (Tonne)

LCP C Laboratoire Central

il dailill
m des Ponts et Chaussées 3 5

L'esprit de recherche au ceur des réseaux



HVParis 2008, May 19-22 2008

AL JdF_LJAVFV .V _ . =V . -W_.FT_. N EHE V.Sl LA Il .V EL AWV V. T \ - N

~ur fybea through science

5th International Symposium on Weigh-In-Motion ‘Gi R
l

H:\CAPSAO04\[Tyre Inflation Pressure Information-MORTON-MDB-

N3 TCC - SELECTED HEAVY VEHICLE (HV) TRUCK TYRE PRESSURE DATA
(26 Feb 2003 - 06 March 2003)
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simfull8A.m

Filename

Axle 1
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Axle 3
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Axle 5

Axle 6

Axle 7

Axle 8
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Test H1029 done at Heidelberg : Date 10/09/2003 MPa
_ |
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Axle Width (mm)




5th International Symposium on Weigh-In-Motion GiR
HVParis 2008, May 19-22 2008 L

our future through scienct

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

1.2

Length of Truck (mm)

simfull8A.m

2

Lo Axle Width (mm)
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WIDE BASE TYRE IN Z DIRECTION - FULL DATA (Newtons)
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SED :- THE WIDE BASE TYRE PATCH - PAVEMENT INTERFACE (kPa)
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CONTINENTAL 11R22.5 Tyre (TREADED) CONTINENTAL 11R22.5 Tyre (TREADED)
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800 kPa ; 50 kN
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SIM - HVS04 Inflation Pressure = 800kPa ; Load = 30kN (Tyre 11R22.5 Treaded)

1N

200 300 400 500
Lateral (Pin Numbers)

500

450

n
]

L
o
L

[
Cn
o

®
=
T
S
"=
o
=
o
=




5th International Conference on Weigh-In-Motion Gi R
HVParis 2008, May 19-22 2008

our future through science

STRESS-IN-MOTION (SIM) TESTING ON
N3 - FREEWAY
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Quad (full) SIM pad C(-)nigltlJlréfionA at é. fypical weighbridge
site on National Road 3 (N3), near Heidelberg in Gauteng
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i 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
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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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SIM Measurement: N3 Tanker
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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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Vertical Contact Stress (MPa)

= simfull3.m

Filename

Test H1062 done at Heidelberg
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Vertical Contact Stress (MPa)

= simfulld.m

Filename

Test H1070 done at Heidelberg
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Vertical Contact Stress (MPa)

= simfull4.m

Filename

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

= simfulls.m

Filename

Test H1077 done at Heidelberg : Date 10/09/2003
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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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Vertical Contact Stress (MPa)

Filename = simfull7.m

Test 120 done at Heidelberg : Date 15/10/2003
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Vertical Contact Stress (MPa)

Filename = simfull7.m

Test H2768 done at Heidelberg : Date 09/10/2003
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Vertical Contact Stress (MPa)

= simfull8.m

Filename

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

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

216 mm;
1.778 Ton

Across the SIM pads
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STEERING AXLE — UNEQUAL LOADING

TEST 009: KTD 904 GP 13/10/2003: AXLE 1
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REAR AXLE — UNEQUAL LOADING

ST 009: KTD 904 GP 13/10/2003- REAR AXLE
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REAR AXLE — UNEQUAL LOADING

TEST 230: NKR 17483 - 11/09/2003
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TYRE BARELY IN CONTACT WITH SURFACE
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AXLE 2: MISSING TYRE !
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APPLIED LOAD/STRESSES
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SIMPLIFIED LOADING SHAPES

Load Radii: r, Load Radii: r
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Strain Energy of Distortion (SED) @ C/L and Edge
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———:::t::i':f::;ziées Case I: “n- shape”  Case 2: “m- shape”

espritde recherche au ceeur des réseaux



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

10

¥ offset from origin H:I | ,\\/ ﬁ%\.& Mormal Stress £2

Contour region size (mm] q
A7
-42
-BY

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

Cortour region centred at (mm)

P

Flot parameter

—-200 100 0 100 200
¥ (mm)

Single tyre load: 20 kN; 520 kPa




Eﬁnuth African Mechanizstic Pavement Design

ge o SIM: VERTICAL (EDGE) STREDS

i |wParameters|Pa1 ﬁ: prtour Plot |F'r|:|file Pict | Disanostics |

Pavement Structure I Loadds and Evalustion Points I Stresszes and

Define plane for contour plot

Wertical plane parallel to X-Z j

% offzet from origin

250 :I

Cantour region size (mim)

Contour region centred at (mim) — 5 O
X i
R [

Plat parametet

10 U

PROFILE, zz

=

i k;_____l__ E—J i &% %;::___I;i:?,;:

7 Bl

-1
-1
-1
-1

-1

I
200 g

I
100
¥ (mm) :
Single tyre load: 50 kN; 620 kPa

Calzulate |

Maormal Stress £F

-1
=73
144
216
287

-394
-431
=302
-a74
-Gd3
STy
-T5a
-G60
-952

a3
ava
146
218
289
361
433
a04




5th International Conference on Weigh-In-Motion GI R
HVParis 2008, May 19-22 2008

our future through science

MODELED TYRE) [REAL-TYRE]
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TITLE

Level 2

Please do not write text smaller than Arial 20 pt

Do not exceed 1 slide per minute, i.e. 12-15 slides in average
(the oral presentations will last for 12 to 15 mn, the remaining
time being for Q/A and discussion)

Take care to display clear graphs and pictures, with readable
legends, and characters not smaller than Arial 16

Focus on the most important idea and findings, avoid long text,
and give priority to visual matters (graphs, photos, diagrams...)

Introduce briefly the objectives of the presentation and give
some clear conclusions
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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,
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TANGENTIAL (SHEAR) STRESS EXCURSIONS:

(20 kN, 720 kPa)

SHEAR STRESS (X-Y) EXCURSION - Single Tyre: 20 kN, 720 kPa (Test T472A)
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TANGENTIAL (SHEAR) STRESS EXCURSIONS:
(35 kN, 720 kPa)

SHEAR STRESS (X-Y) EXCURSION - Single Tyre: 35 kN, 720 kPa (Test T772A)
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TANGENTIAL (SHEAR) STRESS EXCURSIONS:
(50 kN, 720 kPa)

SHEAR STRESS (X-Y) EXCURSION - Single Tyre: 50 kN, 720 kPa (Test T1072A)
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Lateral Contact Stress (MPa)
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!_SIM - HVS04 Inflation Pressure = 800kPa ; Load = 100kN (Tyre 11R22.5 Treaded)
550 1.5

500

450

400

) e
Lo Ch
Lo ]

Longitudinal
[
n
]

200

150

100

50

100 200 300 400 500 600
Lateral (Pin Numbers)

LCP C Laboratoire Central

ol bl
m des Ponts et Chaussées
‘esprit de recherche au ceeur des reseaux




- ISWIM 5t International Conference on Weigh-In-Motion
O 000 is 2008 \/ v 008

SIM - HVS04 Inflation Pressure = 800kPa ; Load = 30kN (Tyre 11R22.5 Treaded)

1N

200 300 400 500
Lateral (Pin Numbers)

500

450

n
]

L
o
L

[
Cn
o

®
=
T
S
"=
o
=
o
=




5th International Conference on Weigh-In-Motion
HVParis 2008, May 19-22 2008

our future through science

Application of non-uniform tyre loading;:

Finite Element Analyses (FEA),(NASTRAN;
FEAP- California

—
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Test H1029 done at HEIDELBERG Dated 10/9/2003
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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)

Vertical
Stress
(kPa)

1003
914
524
733
542
551
460
369

Test H1029 done at HEIDELBERG Dated 10/9/2003 Tyre: LI Axle:3
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Table | Modelling parameters for a 3-layer pavement.

GIR

our future through science

_ Elastic Moduli (MPa), | Loading/Contact
Layers . Comments

: Poisson, p Stress
Asphalt
surfacing 3500, 0.44 See Figure 11 Thickness, ty: = 50 mm
(AC)
Granular

350, 0.35 - = 150

Base layer S e
Subgrade 100, 0.35 -- Semi Inf.
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Test H1021 done at HEIDELBERG Dated 9/9/2003
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Example: 7
Axle Truck

(1:2:2:2) fully
loaded with
cement

Note Contact Stresses
on Steering Tyres
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Test H162 done at Heidelberg Dated 27/8/2003
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