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Empirical modelling

MYCUBE ASSET MANAGEMENT
SYSTEMS (PTY) LTD

MECHANISTIC MODELLING

Investigate Investigate and Investigate
appropriate mech. adjust SIM simulation
behaviour model equipment equipment
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differenttraffic appropriate lab
scenarios equipment

Simulate crack

Simulate seal geometry and base deflection
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Model and
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Verify load
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Focus of Presentation

Data sets

Seal ageing
Crack initiation
Crack reflection
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"-‘ Data set 1: Matrix Dﬂ
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- 70 Samples

O 6 Surfacing types
« Single seal
« 13/6 Double
« 19/9 Double
« 19/6/6 Split
« 13 Cape seal
« 19 Cape seal

L 2 Binder types
» Conventional (80/100 and Cat 65)
« Modified (SE-1)

5 Macro Climatic areas

O Traffic ranges

O Age (2 — 24 years)
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* Detailed visual
d(10m — Shoulder, OWT, between and IWT)

 Photographs of each defect type

Texture measurement
EI (Wheel track, outside wheel track)
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« Sampling
JSlabs & cores

JIn and outside wheel track
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* On site
ARSD
dDCP
JRut
dTexture depth

 Laboratory
Binder (Softening point/ penetration)
dPermeabllity (Marvil & core)
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"-‘ Age-hardening

Increase in "Softening Point"with time
Years
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log n=.0498 T Y®°-.0216 D Y *°-.000381 S?Y°° +3.65
Where :

n = the viscosity of bitumen recovered from the sprayed seal (Pa.s at 45°C and 5 x 107 5'1),

T = the average temperature of the site (°C), calculated from equation (2),

D = the ARRB Durability Test result (days),
S = nominal seal size (mm),
Y = the number of years since the seal was constructed,

T = (TMAX + TMIN)/2

where

TMAX = the yearly mean of the daily maximum air temperature (°C), and

TMIN = the yearly mean of the daily minimum air temperature (°C).

(1)

(2)
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Predicted Viscosity

Predicted Viscosity

Poor correlation with mean annual temperature
Oliver models

Viscosity measured versus predicted (Single Seals)

Viscosity measured versus predicted (19/6/6 Seal)
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« Tested different macro climatic systems
 Most logical results with Thorthwaite M
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Hardening: Double seals
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Binder hardening (Double & Split Seals)
Years
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Hardening: Cape Seals
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Softening point (°C)
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Binder hardening (Cape Seals)
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k\"‘-— y = 50.027x0.046
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4 \R2=0.7581
Very small difference

¢ Wet

in different climatic
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oderate e K j
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V- Effect of binder type on hardening

Binder hardening (Single 70-100 vs Cat 65)

Softening point (°C)

& Single Dry (<-20) & Single Cat 65 Dry (<-20) ——Power [Single Dry (<-20)) = = Power [Single Cat 65 Dry (<-20))
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Hardening: Cape seals vs Single Seals
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Binder hardening (Cape Seals vs Single seals - Cat 65)

Years

45 -

50

55

Cape seals

Softening point (°C)

65
-*
70 - .
I Sl T i
BD !

Single seals

4 Single Cat 65 Dry (<-20) # Cape Seals Cat 65 Dry (<-20) = = Power (Single Cat 65 Diry (<-20]) =——Power [Cape Seals Cat 65 Dry [<-20))
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I Binder hardening
"‘ Conclusions

* Function of
Binder type/ quality
dSeal type (Thickness/ structure)
dTime
dClimate

e Model form

B
F(t)=1-¢~(@




THE SOUTH AFRICAN NATIONAL

ROADSAGENCY: VO

Ve

MYCUBE ASSET MANAGEMENT
SYSTEMS (PTY) LTD

R&B Softening Point




ROLSHECT: W

Vs |

Marvil Permeability

* Only proportion through to base

* Increase in permeability with time

Permeability versus age (All seal types and position)
Non cracked slabs

]
i

€ Single
<> 13/6 Double
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Slabs cracked
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Marvil preparation
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KL Marvil Permeability
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SEAL AND PAVEMENT SENSITIVITY
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Crack initiation

* Impact of Structural number calculation
« HDM4 prediction




Salt
Structural Number

Rohde vs Salt Structural Number
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Impact on years to crack initiation :Rohde vs Salt Structural Number

14

Salt
Crack Initiation

0 2 4 6 8 10 12 14
Rohde Crack Initiation
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E‘ Crack initiation

 Development of survivor curves

* Function of

J Cumulative deflection (strain)
1(d127 —dO x 80kN axles) provided logical results

JSeal stiffness
(1 Operating climate

* Model form
ICA = K{CDS? ad\exp[a:SNP + a,(YE4/SNP?)| + ZRT}
romle )




WG,ENC_Y,I“ Survivor curve: Double
seals

Cumulative deflection to failure (Double seals)
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Severely
Cracked —+— 1N2/32km37

—8—2N2/32km21
Not Cracked at sample ——3R63 (P720/km6
but in vicinity. Road now ——A4N2/31km59.6

——5N2/31km41.2

~@—6N2/31-Nkm3.6
65 e 7N2/31-Skm3.6

~——9N6/4km8
Not Cracked —+— 10N6/4km87.4
at sample but Severely Cracked in ——1aN10/3km326
in vicinity. sample area —— 16N10/2km11
~#—19MR00269%km3
= 22DR01398km2
= 23DR01398km22.25
Not Cracked o P GRONGLL DI ES
at sample but Not.Cra_clfef:I at sample —_ ::Eﬁzz:::mm:
in vicinity. but in vicinity. Road now

¥ ~~33N8/8kmS.6
Slurry applied being resealed N

35N1/29km102.6
Survivor Double
Not Cracked yet Trigger

Soft binder used

g

being resealed

Slurry applied

g

Cumulative Deflection (m)

No Cracks
yet. Very

50

Not Cracked at sample

but in vicinity.
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Survivor curve: Cape seals
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== Survivor Cape Seals

= Trigger

70

Fine surfacing cracking and
isolated fatigue cracking .

Outlier: Healed cracking

Road currently being

resealed

5 10 15 20 25 30
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E‘ Age-hardening vs Cracking 0

* Also dependent on:
dSeal geometry
Binder characteristics
dOperational temperature

* Integration

d4-Point beam tests (Stiffness & fatigue
characteristics) — R Cloete

DSR on age binders (E Mukundila)




THE SOUTH AFRICAN NATIONAL

DR ngntifying Stiffn_esg &
Fatique characteristics

MYCUBE ASSET MANAGEMENT
SYSTEMS (PTY) LTD

« Romel Cloete (M Student)

DR2216 IWT (1km)-600pe
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Flexural
Stiffness
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Number of Load Repetitions (N)
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Kriging interpolation method applied
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Crack reflection

« Data set 2: WCPA calibration sections

e 34 x 20 road sections

« Comparison of HDM4 predicted versus
measured

* Results (Function of film thickness and
binder)
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Example:T13 Predicted vs
Measured
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Sections 17-1to 17-20 (T13)

0.6

0.5 A&
& 0.4
E 0.3 # Section 17
;0_2 * * ¢ M % Wide before

/. HDM4 predicted
0.1
* o 9
DN B e o S S S S S i i i i
0 5 10 15 20 25
Years
Sections 20-1 to 20-20 (T13)
0.7
0.6 *
4

, 05 #*
-
g 04
= # Section 20
T 02
= W % Wide before

02 ] /. HDM4 predicted

0.1 \ 4

0666+ ¢ 4 ¢ ¢, | |
0 5 10 15 20 25
Years
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Sections 47-1 to 47-20 (R13)

05 A

# Section 47

% All cracks
o
J
&

02 * o % Wide before
L 3 . HDM4 predicted

Years
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] Crack reflection
)

« Results of 600 road sections
« HDM Calibration Factor = Measured/ Predicted

« Confirms effects of

dFilm thickness
HDMA4(Vers 2) Kcia - Reflection cracking

Binder type :
1.8 i
1.6
1.4 L
m
CEP! = *
g 1 4 Conventional
m
~os [ M Polymer
S ¢ * Y
0.6 ? 3 . B Rubber
0.4
0.2
0
0 2 4 6 8 10 12 14

Nominal aggregate size (First layer)
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Crack retardation

« HDM4 CRT
dFogsprays
JRejuvenation

* Results
13 -4 years
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Crack retardation due to

MYCUBE ASSET MANAGEMENT
SYSTEMS (PTY) LTD

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

CRT =4 Years
(I B Rejuvenator

e
o

% All cracks
o
(¥}

o
'S

-
-
-
-
—————————

@ Before SE
W After SE

Note: Practical limitations
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Wﬁ“ﬁ‘ Crack retardation due to Dﬂ
“ Diluted emulsion :

Sections 13-1 to 13-20 (T13 + SE)
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# Before SE

% All cracks
=

e Diluted emulsion m After SE

applied

25
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