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Scope

Seals in the South African environment
Purpose of this study

Recap: Information shared at previous RPF
Work done since then

Current activities
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Seal Asphalt

Crushed stone

Cement Stabilised

Asphalt
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i Purpose of this study
F1 e

 Understand seal performance
* Impact on pavement performance
 Model pavement performance (System)

« Select optimum measures (Asset preservation)

* Develop more scientific Seal Design Method
L Correct type and sufficient binder
* Prevent early stripping (Adhesion loss)
* Prolong crack initiation (Cohesion)
« Maximise texture retention

 Provide tools to investigate new products
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Empirical modelling

MECHANISTIC MODELLING | EMPIRICAL MODELLING

Investigate Investigate and Investigate Identify road Identify road Identify road
appropriate mech. adjust SIM simulation sections for ravel sections for crack sections for
behaviour model equipment equipment surfacing fatigue reflection embedment
Measure for Obtain Assess; test Assess, crack
different traffic appropriate lab permeability & activity test &

scenarios equipment sample sample
Simulate seal geometry and base deflection s B pE Lab testing Lab testing Lab evaluation
movement
Modaland Mpdel and Model f:rack ‘Mod§l ageing, Modatcvack Verify Ipad
calibrate fatigue calibrate load reflection & cracking/ ravel reflection transfer/
transfer calibrate and permeability embedment

N

COMPARISON CHECK AND CALIBRATE

Empirical and Mechanistic Modelilng :
» Binder ageing and cracking (Cohesion)

« Stripping (Adhesion)
Texture loss




Responsibilities

Seal Damage Models

Calculates the irreversible damage of the seal
under loading
Estimé and Johan must produce the data for this
Special formulation required

Temperature +
Wheel load .| Cohesion
| Binder t",!'pe,l' 1:1:1:2::::-11;:;:;:;:;: | i
properties 51515151515151515151515_|_' -
—{ I PRRIM Wi
el | SRR damage
. geomatey
| | Pavement
support




Responsibilities

Primary Seal Response Model

Calculates the immediate stress and strain
response of the seal to loading

This is what Johan should develop

Temperature Wheel load
' !
ginder type/ PSRM
properties Critical
-'| FEM-based - response
Seal empirical model parameters
geometry
Pavement Pc
support m
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Responsibilities

* Gerrie to develop new or calibrate existing
models for:
 Crack initiation/ reflection/retardation
JAdhesion
dLoss of macro texture
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 Testing protocol e.g.
[ DSR Clamping configuration for Stone-binder adhesion zone test

Done in strain
controlled.
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« G* Ageing model
G* model @100 rad/s for 25°C ref temp. [Pa]
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’i‘ adhesion zone

* Adhesion model
— Qutput Fatigue graph using Cumulative Damage Principal

30008+ Lab Number of cycles to Adhesion failure Ng = 5\
(Dolorite-70/100 binder) (}"j‘)

2.50E+08 \

2.00E+08

=

S 1.50E+08 \ ——— Complex Modulus

\ = Failure criteria (complete failure)
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Set up of the
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J Gerber

* Variables incorporated in analyses
JAdhesion failure
dCohesion failure
JEmbedment

* Principles applied
e Some results
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Full depth triaxial Drucker-
Prager parameters (d, B)

Expected repeated ball

penetration (30mm) Drucker-

Prager parameters (d, B)

>
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Binder hardening (Double & Split Seals)
Years
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Poorly constructed open i ""] aggregate
19/6/6 seal Pl S e o

€ Single

<> 13/6 Double
2

¢

19/6/6 Double

[EEY
wu

19 Cape Seal

=
o

Permeability (1/hr) ‘

5 ° : /’/)< Slabs cracked

. 4(,,}’//* v s ° during

0 5 10 Marvil preparation
Years




THE SOUTH AFRICAN NATIONAL

ROAD AGEICY -

Provisional models for crack initiation

Cumulative Deflection (m)
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Quantified effect of film thickness and binder
type on crack reflection

Cal Factor Kcia

HDMA4(Vers 2) Kcia - Reflection cracking
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« Crack retardation

Sections 46-1 to 46-20 (T7 + SE)

CRT = 4 Years

(I R  Rejuvenator

o
o

@ Before SE

% All cracks
o
(¥}

o
'S

W After SE

A
N R, 7

r 3

o

1

i

1
ol |
1
1
1
1
-+
\
\

O‘\_-_____—“-

12 13




ROA AG CY-
Work since then

* Van 2yl
dTexture loss model
Investigating alternative model forms

« Gerber & Mukandila
Mechanistic modelling, adjustment, calibration

* Team
Sanity checks and adjustments
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’i‘ Sanity Checks
—

5 25°C @ 0.5 mm « Anomalies found
= 25%C @ 2.0 mm . :
e 10°C @ 0.5 mm E.g Adhesion failure

——10°C @ 2.0 mm
——empirical (L Wander)
—s—empirical (Channel)

1.9

& TR
@ 0.8 I
= I
i

=

= 0.7 | i
2 |l
= O
=y

P
5 ﬁ b b
=
m 5 T i |

=

10* 10* 10" 10° 10° 107 10
Load repetitions [-]



THE SOUTH AFRICAN NATIONAL

ROADSAGENCY: VO

’i‘ Back tracking

« Several possible reasons —to be resolved

—»— 70/100 pen. grade @ 25°C
—=—T0/100 pen. grade @ 10°C

Shear stress, 7 |MPa]

{'], ] ]
10" 10° 10° 107 10° 107 10° 107 107
Load repetitions, Ny

Figure 2.3: Adhesive fatigue transfer functions for virgin 70,/100 penetration grade
binder { Mukandila, 2015).
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FEM Calibration

Rapid failure
FE model

* Crack initiation — initial outcome
Table 4.2: Cohesive failure validation traffic volumes and growth rates.
Regions Traffic volume Number of Annual growth rate 2
8 description E80s /day /lane [%%]

Region 1 High 600-300 1,3,5

Region 2 Moderate 300-150 1,3, 5

Region 3 Low 150-38 1,3, 5

200
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2: Cumulative deflection and time of cohesive fatigue cracking,.
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2171 FEM Calibration - Crackin
/| 9

* Adjustment applied for:
dHealing (Rest period)
dWander
« DELFT adjustments for Asphalt as guide
250
g —a— Trigger line
= 200 - e FE Madel
3 region 1 —FE Model trend
T 150 F
=
; 100
E
8 ol -
U:: ] ] ] | ] | ] ] ] |
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Figure 4.23: Cumulative deflection and adjusted time of cohesive fatigue cracking,
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Val

 RSA - Function of:
dSeal type (structure)
dSubstrate softness
d Construction

e International models ?

OM-T 2

D T ﬂ: Retained Texture depth - Single Seals
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Loss of Macro Texture

« Single Seals

% Texture Depth retained
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Loss of Macro texture

 Double versus single seals

% Texture Depth retained

Retained Texture - Double versus Single Seals
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« Effect of subgrade stiffness
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Figure 4.34: Validation of the FE seal model in terms of base stiffness with the RTD
model and field data. Temperature: 25°C, traffic load: 20 kN-800 kPa at 80 km /'h.
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* Linear scale
dSimilar trend as empirical model

% Texture retained (800 kPa, 25°C,Same Tyre)
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e Still some work to do
L Other binders and lower temperatures
JFEM Double and Cape Seals
L Empirical models
* Multivariate analyses
* Test on large data sets

* Value of FEM
dInput into SAPDM

* Recursive modelling using true traffic, climatic
Influences




il

FIXED!



