Revision of the South African
Pavement Design Method Phase 3

Road Pavements Forum — May 2013

Overview of the SAPDM Pavement
Design Research Outcomes and
System Integration
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a1 Aim of the presentation

Highlight
Change in mechanistic-empirical design approach

Integration

Pavement design
Mix design and structural design

Pavement design delivery system
Research outcomes

Project made possible by ...
SANRAL’s commitment and funding
The hard work of research teams and individuals
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P& Design approach mind-shift

Mechanistic-empirical design of flexible
pavements

Past approach

Pavement structural capacity is determined by
stress/strain associated with wheel-loads

Focus on stress/strain analysis
What is the stiffness of the material?

Future approach

Pavement structural capacity is determined by imposed
stress/strain relative to material strength

Material characteristics changes daily and seasonally
with the environment

Focus on material stiffness and strength under c
changing environmental conditions P
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Al Example — Asphalt

Fatigue and plastic strain highly dependent
on temperature conditions

Past approach
20° C reference temperature

Future approach
Seasonal and diurnal temperature changes

Temperature

4 Year Year

Season Season Season Season Season Season Season Season
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12

3 }EPS

¢

Fatigue Fatigue




5V Example — Unbound

Plastic strain highly dependent on layer
moisture conditions

Past approach

Dry, intermediate or wet conditions for duration of
structural analysis period

Future approach
Seasonal moisture content changes

Stress and strength

| l | 1
| l ' |— Strength
PS PS PS
Stress
MC
Wet season i Dry season | Wetlseason | Dry season | Wet season
>

Time




delivery process

¥~ Integrated pavement design

Project

Responsible party

certificate

. . : Central Service Site
phase Road authority Design office laboratory |providers laboratory
Project Create and activate
initiation project
Preliminary investigation
and analysis
_De3|gr_1 . Project level surveys
“|Investigation
Detalil analysis
: Historic analysis with auto-
FBTUIEVE calibration
performance ,
S Future performance with
economic assessment
Final design Select final design and
specification develop specification
Q/A testing
and approval
of work
Construction Approval of payment

Payment
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Available information

Project level

PMS data:

Operating conditions
Geometry

Pavement structure
Materials

Traffic

Mechanical survey

Visual condition

'

Design investigation system

Risk profile:
Road category
Traffic

Climate

Client

Y

Statistical test criteria:

Prescribed list of tests
Prescribed test frequency

'

Information systems:

Traffic volume and axle load
Contact stress

Environment

Materials

Data validation and
processing:

Analysis sections:
 Visual condition

» Deflection parameters
 Profile (Rut and RQ)
» Test-pit data

* DCP data

Homogeneous sections:

* Back-calculation

* DCP analysis

« Material classification
e Pavement number

e Condition classification

Satisfied?

Project level visual
condition assessment

Uniform section report:

Cause of distress
Remedial action
Material classification
Condition classification

Additional project level

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I

testing

Problem fully
characterised?

Design investigation

Performance
simulation
input data
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ROADS AGENCY:

Performance simulation system

~ Performance simulation

Initialise parameters for

|, recursive analvsi Recursive increment step
(GN ecursive anaysis Adjust parameters for:
N * Operational conditions -t |
» Deterioration .
« Works effects Deterioration models
(empirical):
y :
Pavement response model: Cracking
: Ruttin
PN; g Output:
Ravellin ) Input to
HDM-4 type (SN or PN); - g Maintenance and —>< economic
rehabilitation assessment
l|Mechanistic (MLLE or FEM); Potholes interventions
CcNCPAVE Edge-break A
Roughness
Texture/skid resistance

Y

Output:
Auto calibration: Intervention
PMS data ~¢—Condition and —® criteria and
Historic performance deterioration for recursive works effects
increment

Input to
economic
assessment
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P21 Economic assessment system

Road .
. Interventions
condition

Economic assessment Cost elements:
' Y
Construction Life-cycle
. stratg
Road user =4
Interventions

Y

Output:
Life-cycle PWOC
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ROADS AGENCY:

=l HpMm-4 performance simulation

L)

~ L%
‘ Assess HDM-4

variables from

design investigation

surveys

Initialise
> simulation
parameters

Y

Perform once-off
calculations outside
recursive analysis

Y
Recursive analysis time step : .
Yes SIMYEAR > 5 4 P Write results for
< Update simulation year counter < .
SIMPERIOD - . analysis year
and history variables
No

Y

Evaluate
SNP

T N T BN
d AN
/ Surface distress \\ /Road profile and safety \
[ ., Total areas of [ deterioration *
Cracking cracking
” Roughness L0
Ravelling v >| g resistance
~ Adjust (
just areas
Edge-break »  of surface 5 Rut Texture
. depth
. distress A
\ ~ Potholes / \ /

\
\. 1 J \ ‘
\\ _— - \\,,
[
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7“1 Research areas

Design investigation
Traffic

Materials
Pavement Analysis

Stochastic recursive simulation
Environmental effects

Pn



SAPDM Pavement Design
Research Outcomes

Design Investigation
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%41 Design Investigation:
Research OQutcomes

Deflection bowl parameters
Back-calculation
Change detection




Deflection bowl parameters

Stabilised base layers
FWD deflection (Horak, 2008)
Usual SuspeCtS Stiffness | Peak deflection Base Layer
Base layer index (mm) Index
] ] Stiff < 0.400 <0.200
Middle layer index Firm 0.400-0.600 | 0.200— 0.400
Soft > 0.600 > 0.400

Lower layer index

Better utilisation of ....
Radius of curvature
Far sensor deflection

Ey
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ROADS AGENCY:

721 Radius of Curvature (van Zyl,
2012)

1000

SEAL AND PAVEMENT SENSITIVITY

——Deflection only from ROC
W N2/32 13/6 (1) OWP
A N2/32 km2113/6(5) owp
¥ N10/3 19/6/6 (23) OWP
@ DR1398 km1 CS(23) owp
+ DR1398 km2 13/6 (22) OWP
= DR 1398 km 22 13/G (5)

OowpP
Cracking of stiff seals /6 (S) owp
e.g. Cape seals

NO Cracking — even old seals]

100 P

% WZ/3IKMAr.Z
N6/4 km 8
N6/4 km 87.4
N10/2
DRO1681

- TRO2701

DRO1452

Radius of Curvature (m)

Cracking of all seals
- even new

0201 0 010203040506070809 1 1112131415

Peak Deflection RSD (mm)

W 2T R 7 7.0
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Radius of Curvature

D2951 Thembalihle - Mbuzini EB Radius of Curvature
Homogenous Sections

450

S e M Response 0

50—

Average

L I e Sound

250

RoC (m)

200

150

Warning

100

0.000 5.000 10.000 15.000 20.000 25.000
Distance (km)




A1 Far sensor deflection (Theyse,
2012)

FWD deflection at 1800 mm offset

Indicator of deep subgrade conditions
O1800 < 20 micron — Stiff to semi-rigid
20 < 8,500 < 40 micron — Firm subgrade
40 < .49, < 60 micron — Soft subgrade
60 < 3,559 < 80 micron — Very soft subgrade
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A1 Far sensor deflection (Theyse,
2012)

Mountainous area with bed-rock found In
some test-pits

D2951 Thembalihle - Mbuzini EB Far Sensor Deflection
Cumulative Sum of Differences

0.08

+ Response Very soft

Average

== == Percentie

0.06

—_ T‘ Soft
£ |
1
[
S I
5 0.04 } =
Irm
a 003 JI = o

0.02 \

Y P
. : o F Stiff to
he e ¥ * * o i rinid
¢ @ - PRl semi-rigi
+2,* .o

0.01 & e e i s ® &
ee® 0% o Moo T *
& b ] L 2
0 * 4 +* ®
0.000 5.000 10.000 15.000 20.000 25.000

Distance (km)
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ROADS AGENCY:
¢ |

Far sensor deflection (Theyse,
N 2012)

Homogenous subgrade with old pavement
at about 600 mm depth

- Heavy traffic — Ave. Data
CER (%)

- © Nom

228882880 ..

R35 Bethal 100 {
SB Far Sensor Deflections 200

- — Hamvy traffic — Ave. Data
300 CBR (%)
o @

I -

Pavement depth {imm)

+ Response 4 g
— Aumrage 50 e
— I
E = == Parcentile 600 — 200 2 F}
E E
— 700 = 300
‘6 :1 —— Hemvy wraffic — e Data
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L - - oo m
£ A B 238822 ..
EEEEER 5
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® =
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Q . i 1=
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Far sensor deflection (Theyse,
2012)

Moist subgrade

R243 Vereeniging Far Sensor Deflection
Cumulative Sum of Differences

0.08 : |

Very soft

¢ Response

D07 Fsrmmimniimtaiaime e e n e e B

0.06 .
Soft

0.04 :
Firm

Deflection (mm)

0.03

0.02

142 1425 143 1435
Distance (km)
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Back-calculation

Back-PADS (Lea and
Theyse, 2006)

Robust minimisation algorithm

Solution independent of seed
moduli

Surface bowl and depth
deflection profiles

Fast

Back-GAMES (Maina, 2012)

Static and dynamic back-
calculation

Global solution
Very fast and automatic

Ius [Pa)
=]

Subgrade hbdo

[

A Deflection

A Maximum

\J

Radial distance
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Change detection

Past

Cumulative sum of differences method
Sensitive to outliers
Manual change detection by visual inspection

Future (van As, 2013)

Exponentially weighted moving average
Outlier detection

Maximum likelihood method
Change point detection

Fully automatic

15F

1.0

osfFT 7

Maximum Surface Deflection (MSD)

0.0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Distance along road (metres) - Sampled Data




SAPDM Pavement Design
Research Outcomes

Traffic




Zat Traffic Research Areas:
Completed Reports (1/3)

SANRAL/SAPDM/A2/2009/01

Correction of Systematic Error in WIM Data
DPG De Wet (with M Slavik)

SANRAL/SAPDM/A2/2009/02

Research Traffic Data Preparation
SC van As & AJ Papenfus

SANRAL/SAPDM/A2/2009/03

Traffic Data Verification and Replacement
SC van As

Pn



Zat Traffic Research Areas:
Completed Reports (2/3)

SANRAL/SAPDM/A2/2009/04

WIM Dynamic Load Correction
SC van As

SANRAL/SAPDM/A2/2012/01
Heavy Vehicle Classification
SC van As

SANRAL/SAPDM/A2/2012/02

Traffic Stratification System
AJ Papenfus & SC van As




Zat Traffic Research Areas:
Completed Reports (3/3)

SANRAL/SAPDM/A2/2012/03

Loading Classes and Axle Load Distributions
SC van As

SANRAL/SAPDM/A2/2012/04

Payment Factors for Traffic and WIM Monitoring
SC van As

SANRAL/SAPDM/A2/2012/05
Vehicle Free-Flow Speed Prediction Model

SC van As
P ¢
m
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73 Traffic Research Areas:
Current Research

Traffic Growth Estimation
SC van As
Waiting for Data
Homogeneous Sections

Research completed
Report to be completed
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Z31 Traffic Research Areas:

Manuals

Tra
™
anc

"MH 14 South African Standard Automatic

ffic Data Collection Format

H 3 Specifications for the Provision of Traffic
WIM Monitoring Service

™

H8 Traffic Monitoring Procedures (n process)

TRH16 Traffic LOading (Cancelled)

Statistical methods (n process)
SC van As & Z Kimmie

Pn
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23\ Traffic Research Areas:
Technical Reference Manuals

HTM2 Highway Traffic Model

Volume 1: Traffic Flow Model (sapom-a3-2013-01)
Volume 2: Free-Flow Speed Model (sapom-a3-2013-02)
Volume 3: Capacity Analysis Model (in process)

Vehicle Operating Cost Model (n process)
NetSafe Highway Safety Model @n process)
TMS Traffic Monitoring System (not commenced)

Pn
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241 Traffic Research Outcomes

Axle load histogram design

WIM data validation and post-
calibration

Dynamic loading
Contact stress




Axle load histogram design

Heavy vehicle classes

Short
Medium
Long

Axle configurations
Steer
Single
Tandem
Tridem

Frequency (%)
N W &

Medium Vehicles - Steering Axles

30

i,

y

Long Vehicles - Tridem Axles
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ROADS AGENC

Traffic Data Verification

"\ Pattern tests
Cluster Analysis (van As)
Neural Networks

u
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g I Direction: To Johannesburg ADT: 8396
> 20 -
@ - o 07
o s5E T [ Stetion: 1008 Battour Friday
g < [ Direction: To Pretoria ADT: 6487
c [ -
. 10 - L
i [ = 20 -
b= i @ i
2 sk s Gf o SOF
[ ", s v -
S r — * 25: Station: 1101 South of Butterworth
w 0 E 10 i [ birection: To Butterworth
7] [ - i
v [
[ - -
5 L >
a 5 - - ] N
g i o e s L
= [ — = ;- » —
w [} STTCTUUTTU NI NUTT1 IVETN SUUTD OFATE FUNTI b i
0 1 2 3 &4 5 6 7 8¢
5 1of
Y L
a sf
z L
o -
e 1] FPPPY PP PR PP PP PIPPTY [PUP FIRPI irrra, e DORPRY PP PP |

1

Tuesday-Thursday

ADT . 2303

N |

Hour cf day

0 1 2 % 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24




Z31 \WIM data validation and post-
calibration

WIM data validation filters (Slavik & van As,

2009)

Remove vehicle entry if
Lane number less than 1 or more than 4
Vehicle length less than 2.5 m or more than 25 m
Number of axles less than 2 or more than 15
Any axle weigh less than 1 t or more than 20 t
1st two axles both weigh less than 2 t
Front axle weigh less than 1 t or more than 10 t
Axle spacing between 1st and 2nd axle less than 2.1 m

Any axle spacing less than 1.1 or more than 10 m P c

More than 3 axles in an axle group
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L WIM data validation and

post-calibration il
ooy Y
WIM post-calibration (De Wet & Slavik,

2009)

TT method — Truck selection

6-7 Axle articulated heavy vehicles (tandem rear axles
on tractor)

Average “calibrated” axle load 6.5 to 8.5 tons per axle

TT method — Calibration
Calibrate for target tractor load of 21.8 ton

TT method — Conditions
Calibration factor within limits (0.7 to 1.3)
Front axle load standard deviation within limits
Tractor load standard deviation within limits

Pn




WIM data validation and post-
calibration

WIM post-calibration (De Wet & Slavik,

2009)
5 % random and 5 % systematic error

Long Vehicles - Tandem axles
3.0%
2.5%
2.0°
oy
% &  QObserve d
S 1.9 —Mixed log-nerma
e — —Corrected
o
1.0%
0.5%
0.0%
Axle Load (tonne)




Dynamic loading

Truck-SIM simulations and calibration of
empirical dynamic loading model (Steyn,
2011)

Venhicle type

Static load

Speed

Road profile




Dynamic loading

Example

Rigid vehicle driving at 80 km/h on road with IRI
of 2.7 mm/m

Drive axle at legal load limit
Rigid vehicle - Drive a)J Rigid vehicle - Drive axle - Dynamic Axle Load

120% 20% : ,
18% 9 F
100% ! / \

16%

14%

80%

12% i {
60% 10%

8%
40% 5 i \

o | \
20% e | r
2%
0% ==~ 0000 0% “+H++0—H—0' .

0 1 2 3 4 53 0 1 2 3 4 5 6 7 8 9 10 11 12

y
\
\

R
\

Frequency
Frequency

Axle loac Axle load (tonne)
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Contact stress

Tyre-Stress software (de Beer & Maina)

Initial work (2011)

Develop and populate tyre-pavement contact stress
Information system

Modelling complex 3D tyre-pavement contact stress

Additional work (2012 - 2013)

Rectangular loading (Maina, 2012)

Simplify contact patch geometry to reduce analysis
time

Pn
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Measured contact stress
Complex, irregular pattern

Multiple circular loads

Accurate but not practical

Reduced circular loads

Almost there but not quite yet

Tyre 18- 215-00 R22.5 GIAI

Directlan: [

llalivn pressure; SE0 [kKPa)

Applied ¥ertical [vre Load: 21 |EM]
SIM Mranznred Tyee Dnad F2 1903 kR
Lstimated canlack area: 2624 [em7

Cquivalent uniform contac siress: 732.0 [Pa)
Nadluz of equivalent clreular arca: 91.7 [mm]

Lateral Stress (kPa) at 123 mm

Longitudinal Etress [kPa) at 194 mm

Tyre Width (mm)

M

1f4

Length of Tyre Contact Patch [mm)

471

R7R
i
a6
LA

Tyae 18- 31RAN RFPR G391

Direction: [Z]
Inflatlan prezgurc: 720 [BMa]
Apaplien] Veerlinzal Tyre Lioml: 9100

SIM Meacured Tyre Load ()0 19.0 (kM)

Falimstel vintud e PRAA )
Eaguiveabe ol unilwom con Ll slress; F3E. [kHa)
Radius of equivalent cincular ares: 91.7 (mm)

B ul circular greds [THU] - 7909 [uoe]
HMultiple Discs Fin

Lareral Smess (kPa) at 104 mm

Longltudinal Stress (kPa) at 195 mm

154

500

&1 1681 M7

Length of Tyre Contact Patch (mm)

8
%
E.,

Contact stress — Initial phase

Tyre 13- 21500 R2Z2.0GII|

Directlan: 7]

Illalivn pressore: £E0 [kHPa)

Applied Yertical [yre Load: ZU |kN]
SIM Menzored Tyee | nad B2 19.3 [kN)

Lstimated candacl area: 4444 [em7
Cquivalent uniform contact stress? 414.4 [IHPa]
Nadluz of cquivalent clreular arca: 119.0 [mm)

N Shape
Humber of loads: 5
Flzod Width [P Stagqqercd

Lateral Stress (kPa) at 116 mm

MG 980 44 b J9E 196

2
=

g
£

=

Longltudinal Stress (kPa) at 194 mm
g

I

] 151 7
Length of Tyre Contact Patch {mm]

- n e T

Tyre Width {mm)
TR,

7
5
P
i
s
U
ny
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it

Contact stress — Final phase

Limit contact patch geometry
n-shape
Single circular
Single rectangular
m-shape
Triple rectangular




Individual Tyre Loading, L (kN)

B~ o
x @ o o o o o S
[ala N N N o o ')
=X Lo © N~ (o] (o)} —
T/l\

(Not to scale)




SAPDM Pavement Design
Research Outcomes

Materials
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741 Materials Research Areas

Unbound material (Theyse & van Aswegen)
Subgrade

Structural layers

Stabilized material (Mgangira & Theyse +
CSIR/US support)

Hot-mix asphalt (Verhaeghe, Denneman,
Anochie-Boateng, O'Connel)

Concrete and paving blocks (Strauss &
Slavik)

Surface seals (Milne, Visser, Jenkins, Steyn,

van Zyl, Gerber, Mukandile) PC
m




SAPDM Pavement Design
Research OQutcomes —

Unbound material

Subgrade and structural layer

models
C
by




ROADS AGENCY

it

Structural layers

Stress ratio approach

Subgrade
Low shear stress

Half-axle tyre loads

1L 1l

Wearing course

Unbound material — Design approach

High shear stress — counter with shear strength

Critical response parameter — elastic parameter

Surfacing

VY VYV VY VWWT" ) 4
"\;Vvv s i, &, B 8 45 \7 b Base layer Structural layers
— *High shear stress
Subbase layer *“Large” strains
L
Upper selected Subgrade
r
oo, ... Sdbgrade 1) W shear stress c
Lower selected Small strains
subgrade
In situ subgrade
J \% m
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¥zl Subgrade models

Elastic response
Semi-infinite subgrade
Stiffness reduction model

Legend

Perman| ===~ %
Subgr| i
Do no ~
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Models

W

W

Semi-infinite subgrade
Stiffness reduction model

Cape Town N7 HVS sections

Subgrade 0.6 Modulus
deflection ratio
(mm)forsemi- 95 *1 120
infinite support |
0.4 -1 100 &
3
03 1 i T
°2 [T 050 feeeeaes
o o]
04p Pesssvananas
0 =
020 f---==r=rr==
0 {
Subgradede 0.00
0

Modulus

ratio

1.20

1.00 @-------+---

0.80

060 f-----—-q1--
040 f-------3---

v FE

0.00

¥l Subgrade Elastic Response

Subgrade stiffnessreduction-416A5, MDD 4

............................

___________________________

................

_______________

O 473 mm data

]
P = & - 473 mm model
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¥l Subgrade Permanent Deformation
\ Models

Conventional S-N type models

S-N data
7 mm plastic deformation

1DE+09
w :
=
e 10E+08
E
D C Gravel
= 10E+07 OSand
o
o
[ W
[in]
O 10E+06
1DE+05

0 500 1000 1500 c

MDD supgrade deflection (micron)
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¥l Subgrade Permanent
Deformation Models

“Memory-less” models

F.00E-0B

OPD/ON=f(PD)

&.00E-0B

5.00E-0B

4.00E-06

3.00E-06

2.00E-06

Permanentdeformation rate

1.00E-06

0.00E+00
0.00001 0.0001

0.001 001 0.1

Permanentde formation

Predicted

12

Subgrade permanent deformation
model - sand subgrades

-
| i
_/_:.C______
2 4 6 8 10 12

Observed
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¥l Subgrade Permanent Deformation
\ Models

SAMDM 1996 vs SAPDM 2013

HVS test 417A5 -MDD 12 HVStest417A5 - MDD 12
i
____________________________________ £
E
__________________________________ — MDD 20 mm E MDD 20 mm
—— MDD 255 mm E = MDD 255mm
---------------------------- ‘_
MDD 405 mm .E MDD 405 mm
"""""""""""""""""" | Model20mm ..‘g B Model 20 mm
I
----------- Po-gf----scpesssesse=of 8 Model 255 mm g & Model 255 mm
________________________________ A Model405 mm :E & Model 405 mm
R 88
0 200000 400000 600000 0 200000 400000 600000

Repetitions Repetitions




¥ Structural layer models

Elastic response
Stress-dependent stiffness if needed

Permanent deformation
Stress Ratio approach similar to FoS

BUT ...... In terms of effective stress
Suction pressure
Residual compaction stress
External load stress

Internal Residual

|
suction + compaction and + External —
pressure overburden stress stress .
0,° |
LW W
W = - L
i 0y — — = = :::
R — — :\ ‘: —
- I
LLLLE TTITI

Effective
stress
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V&l Effective stress

No tensile stress in unbound material

Shear stress, Failure envelope
[ (kPa)

Principal stress,
> F (kPa)
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¥zl Residual compaction stress

\

Does It exist...?
Theory developed
Initial experimental confirmation

—
™
<

—
(=
o

o]
=

Hor zontal residual compaction stress
[l f
=

40

20

0 L == = ] L
@ @ @™ @ g
= w o wn a
& [ @ @ o] - 400
O 0 = i) v} =
T o o S5 oy
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x o 200
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SAPDM Pavement Design
Research OQutcomes —

Stabilised material

Elastic response and damage
models

Pn
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Elastic Response Models

Stiffness reduction confirmed
Cement and Bitumen Stabilized Material

N7 Cape Town - Foamed Bitumen Treated Base
FWD back-calculation results

N7 Cape Town - Foamed Bitumen Treated Base
Stiffness Modulus Reduction

©
% 100% O HVS MDD
Y 90% & PMS FWD
3 H . : : :
3 BO80% [\t e
<] S I | | |
S T 70% B\ ---- o - Tmmmmmmmmmpmmeq fmmmmmmm e n
Q) 1 1 1 1
a S 1 1 1 1
g 5 60% BN it T
i% 3 sox I Lty TR B e
[7,) o] 1 1 1
E 0% ! ' N = [
a ' | : |
2 30% : : ; 1 = I
& | | : |
2003 2004 2005 & 20% 0 Q -------------- Fiiiaeiiiee
10% ﬂ ——————————————
0% | \ \ i
0 2000000 4000000 6000000 8000000 10000000

E80
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Elastic response

Anisotropic approach E, =M, ][ e o
Vertical stiffness — chord modulus &
Horizontal stiffness — effective modulus

Stiffness / E, =M,
A




Elastic Response Models

Anisotropic stiffness model
Effective horizontal stiffness

y
f .IL
\J J

fx)

| H|

/ Probability Density Function
0.05

Su bgra?.m

Frobability Density Function

f(x)




A

Elastic Response Models

Anisotropic stiffness model
Vertical stiffness
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SAPDM Pavement Design
Research OQutcomes —

Asphalt material

Elastic response and damage
models

Py
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a1 Asphalt research outcomes

Elastic response

Temperature dependent
Implicit visco-elastic model

Load-pulse duration = f (vehicle speed)

Fatigue
Permanent deformation

Biggest gain is in the number of mixes
tested




Asphalt mixes tested

SAPDM project
BTB with 40/50 PEN
Coarse continuous with AE2
Medium continuous with AE2
Bitumen rubber mix
Medium continuous with 60/70 PEN
HIMA
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it

Asphalt mixes tested

SABITA project

8 new mixes to be tested
AP1 BTB (KZN)
50/70 medium continuous (WC)
Durban Type-A; Type-D RA; Type-D WMA
AP1 coarse continuous (Gauteng)

Bitumen-rubber porous asphalt (Gauteng)
SMA (KZN)

additional testing on SAPDM mixes
Hamburg wheel tracking

Lottman moisture susceptibility
Dynamic modulus with confinement




Elastic response

Anisotropic approach E, = E*
Vertical stiffness — dynamic modulus
Horizontal stiffness — effective modulus

Stiffness / E,=E*
A
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431 Elastic response

Effect of ageing enters through binder
properties

Input level B (basic)

Pre-tested mixes (including binder properties);
or

Predictive mix E* and default binder properties

Input level | (intermediate)
Tested binder properties

Predictive mix E*
Input level A (advanced) C

Tested binder properties P

Tested mix E*
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A1 pamage models

\
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| Very limited calibration data set
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Fatigue models at single design temperature
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%A1 pamage models

Fatigue
Future

1.0

oie g . ~5degC ___________________________ ___________________________ ___________________________

< 10degC | | |
08 [ OZUdengi ___________________________ ___________________________ ___________________________

0.7 | S RP——— — -

06 | £ o 4
05 [t i

- | | I ] s

Fatigue Damage

src | N e C—

02 | A e e—— e erm—

Ul R T— RN SU— S—

00 © : i
0 500000 1000000 1500000 2000000 2500000

Repetitions




431 pamage models

Permanent deformation

Past
No model
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%A1 pamage models

Permanent deformation
Future
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SAPDM Pavement Design
Research OQutcomes —

Concrete and paving blocks

Damage models

Pn
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¥ Concrete and block paving
research areas

Concrete pavements
cncPave used as a departure point

Additional work on
Erosion of subbase below concrete
Load-transfer at joints

Block pavements
Critical design factors
Riding quality deterioration models
Introduction into cncPave




Damage models: Concrete

rr——

o
E

Fitted vs Data Values

rpﬂ/

pavements
Subbase erosion
Past
Factor in cncPave based on user experience
Future
Erosion factor derived from
Level B (basic) -
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»=\ Critical design factors:
Block pavements

Joint width
Less than 2 mm
Joint filling
High crushing strength sand

Low permeability grading
Fully filled

Thicker, higher strength blocks in “lock-up”
pattern

Stabilized subbase c

Ey
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A1 Damage models: Block pavements

Riding quality deterioration

Past
Not available in cncPave

Future
block-PAVE available in cncPave

Request for calibration data

Jointed concrete Block paving
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SAPDM Pavement Design
Research Outcomes

Pavement Analysis
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a1 Significant research outcomes

Pavement analysis

Multi-layer, linear-elastic analysis

Anisotropic material models (Maina, 2012)
Rectangular loading (Maina, 2012)

Effective stress (Theyse, 2009)

Stress and temperature dependent
material models (Theyse, 2009 & 2011)

Validation with
Finite element analysis (du Preez)
Measured stress and strain - R104 (Steyn) c

By




SAPDM Pavement Design
Research Outcomes

Stochastic, recursive simulation

Pn
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7“1 Research areas

Non-linear recursive simulation
Strain-hardening

Memory-less damage models
(Theyse & van As, 2009)

Markov property

The evolution of future damage
depends only on the current level of

damage and future loading C
P,
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7“1 Research areas

Non-linear recursive simulation
Strain-hardening

>

Load repetitions, N
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7“1 Research areas

Non-linear recursive simulation
Memory-less model

W Damaage Hot Warm
_ -
- -
(DZ) ~ -
Cold

>

Load repetitions, N

Py
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a1 Significant research outcomes

. Memory-less model calibrated for
y  Subgrade stiffness reduction

Unbound plastic strain
Crushed stone bases
Subgrade

HMA

Plastic strain
Fatigue




SAPDM Pavement Design
Research Outcomes

Environmental Effects
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7“1 Research areas

Environmental effects

Climate zones and pavement
moisture conditions

Ambient temperature zones and
asphalt temperature depth profiles

Pn
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a1 Significant research outcomes

Ambient temperature and asphalt
temperature profiles

Thermal-PADS models (Viljoen &

Denneman)

Daily minimum and maximum ambient
temperature

AC surface temperature
AC depth temperature profile
AC diurnal temperature profile

Pn



gnhificant research outcomes

Daily minimum and maximum
ambient temperature
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a1 Significant research outcomes

AC depth temperature profile

Tempe rature (FC)

Layer1 and 2 Temperature Profile - Simulation 1

E
=
g
]
(=]

L o=

5.0 10.0 15.0 200 250 0.0 30
y s
B3
Fed
&
=) f o Mimimum
61 == Maximum

Depth (mm)

0
200
400
600
800

1000
1200
1400
1600
1800
2000

Layer 1 and 2 Temperatu re Profile - Simulation 250

Tem perature (°*C)

0.0 5.0 100 iE0 200 250 wo D
) y’_
ke d
=
\ 4
\ i
& <o— Miinimum
& j —— axirmum
¢ i
L3
l P
! F 4




Time (h)

t research outcomes
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%41 Closure

SAPDM related research in all
areas of pavement design
Too many outcomes to list
Highlighted most significant outcomes

Started with implementation in software
system

Pn



