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Fatigue cracking

Asphalt reinforcement
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Presentation Notes
The road ages and sooner or later cracks will appear – we are aging as well, we get wrinkles the road get cracks, it starts very slowly


“Road Rehabilitation

transverse cracks
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Kleine Querrisse


oad Rehabilitation

longitudinal cracks

Asphalt reinforcement


Presenter
Presentation Notes
When these cracks appear, I have to do something.
From one point on a simple rehabilitation is no longer possible.


oad Rehabilitation

Conventional rehabilitation

New wearing layer

Base layer

a Reflective cracking
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What to do with a conventional road ?
Replacing the ceiling - it looks good - like a new road but


®)

easons for reflective cracking

Dynamic load

Shear action + Bending action Shear action -
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Presentation Notes
A decisive influence for the development of reflection cracks is the dynamic load from traffic.
If the load is before the crack, the shear mode is used, the bending mode is used for the crack and the shear mode is used again after the crack.


®)

easons for reflective cracking

Temperature change
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Presentation Notes
Furthermore, temperature fluctuations (daily / yearly) are a significant influencing factor.



Reflective cracking

Crack growth
© Into the new asphalt layer

© Due to high tension at
crack tip

Source 1: Montestruque G. E., 2002, Contribuicdo para a Ela-boragio de Método de Projeto de Restauragéo de
Pavimentos Asfélticos Utilizando Geossintéticos em Sistemas Anti-Reflexao de Trincas (Contribution to the
preparation of a method of a project for rehabilitation of asphaltic pavements using geosynthetics on anti-reflective
crack systems). Doctor’s Thesis, Technological Institute of Aeronautics, Sdo José dos Campos, Brazil.
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Presentation Notes
If an old (cracked) roadway is covered with asphalt, the existing cracks are only visually covered.However, they remain in the lower layers. Due to high stresses at the crack apex (from the trafficload and temperature fluctuations), these cracks "from below" hit their way through a new asphalt superstructure. through. (The right picture shows the result of a FEM design which confirms the assumption, red color shows thehigh stresses at the crack tip).Translated with www.DeepL.com/Translator


Reflective cracking facts

# Depending on the size and the load, a
crack could grow between 1,0 and 2,5 cm
per year.

= First reflective cracks could appear already
after 1,5 — 4 years in a 4 cm wearing
course.

# Therefore the control of reflective cracking
is key for the durability of rehabilitated
pavements.
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Operating mode of reinforcement grids

Significantly reduced growth of
reflective cracks, as the
reinforcement grid absorbs and
distributes the strain.

Source 1: Montestruque G. E., 2002, Contribuicdo para a Ela-boragio de Método de Projeto de Restauragéo de
Pavimentos Asfélticos Utilizando Geossintéticos em Sistemas Anti-Reflexao de Trincas (Contribution to the
preparation of a method of a project for rehabilitation of asphaltic pavements using geosynthetics on anti-reflective
crack systems). Doctor’s Thesis, Technological Institute of Aeronautics, Sdo José dos Campos, Brazil.
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Presentation Notes
HaTelit absorbs the high stresses from the crack tip and distributes them over a larger area.
This significantly delays the penetration of the cracks.
(The right picture - the result of the FEM design - shows optically how the reinforcement absorbs and distributes the stresses.)


Proven performance

Brazil, Salgado Filho Airport

Resurfaced taxiway 8 years after

Unreinforced Reinforced with HaTelit® C 40/17



Perth Airport | Australia

Before rehabilitation of airport runway 2009




Perth Airport, Australia: Runway Rehabilitation with HaTelit C
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Source: Perth Airport, Airport Operations Management
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@berth Airport, Australia: Runway Rehabilitation with HaTelit C

Source: Perth Airport, Airport Operations Management
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8 years under traffic
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Research

= Function / effect is well known and
demonstrated but ....

=2 How does it work ?
=2 How can we calculate the effect ?
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Fatigue cracking

Definition

“...fatigue cracking initiates at the bottom of the flexible layer due to repeated
and excessive loading, and it is associated with the tensile strains at the
bottom of the HMA layer”

(Huang, 1993)
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Fatigue cracking

Equation

N; =k (1/€)%;

Nf = allowable load repetitions of a
pavement (until failure occurs) t |
I ]
kl = coefficient of fatigue : _ / i
k2 = exponent of the fatigue function | Mlﬂ :
I ]
£t = elongation at the bottom of the ‘ = '
0 Schematic illustration of the deformation below the asphalt layer
asphalt layer [/0] (source: ighv, Luneburg)
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Fatigue cracking

Example
Reduction of Elongation Loading cycles Improvement
elongation factor
[%] (€] [N{]
- € = 0,000100% 2.00 x 108 -
-5 € = 0,000095% 2.99 x 108 1.5
-10 € = 0,000090% 3.99 x 108 2.0
-20 € = 0,000080% 6.10 x 108 3.0
Conclusiona A small reduction of the elongation below the asphalt layer has already a

significant impact on the allowable loading cycles !!!
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Master thesis Aron HOptner / Univercity of Dresden

Scope of work

# |Investigating the crack propagation under dynamic loads
2 Comparison of unreinforced and reinforced specimen

# Recording the deformation
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Master thesis

Test setup

# Modified rutting depth simulator

=1 Rubber foundation should simulate
the base (unbound)

=1 Pre-cracked base course
Reinforcement (HaTelit C40/17)

= Surface course (AC16)
# Rubber wheel (700 N)

Top asphall lyer

= Hemlorcement

Rottom asphalt layer
- pre-crocked

— Rubber Foundation

Schematic illustration of test setup
Source: Diploma thesis Aron Hoptner
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Master thesis

Test setup
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Master thesis

Test execution

= Continues measurement of
deformation

% 60.000 loading cycles
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Master thesis

Results

Loading Deformation | Deformation Refoanting After's0.00, kinding cylcee

Cycles specimen 1 | specimen 2
60.000 6,34 mm 8,06 mm

/

Reduction ~20%

ye0006x + 04258
R#= 0,905

Deformatin [mm|
Cotubal uthﬂu:uﬁhﬁﬁgﬁ

¥ = 0.0075x = 0,2684
B = 5461

— Gpacimen 1 |reinforced) Speciman 2 [unreinforced)

Linear {Spacimen 1 (reinforced)) Linear {Specimen 2 [unreinforced)]
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Master thesis

Results (loading cycle 40.000 — 60.000)

@ Reduction of the R s 7/
deformation by 50% | g .

— - = - ' . ! ——= Specimen 1,

= > 4 times more e oreed

allowable loadin ' | | = P
g 200 45 4: .E \ e // E . . mﬂm
cycles T =1 |

Rusiting depth [mm]
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Demand: Good bond strength

A good bond strength results from

Interlock |
+

Adhesion I
+

Friction I
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Demand: Good bond strength

A good asphalt reinforcement supports the bond strenght via

Interlock

4

Adhesion

+

Friction

| 11
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Mesh size

Bituminous coating

Mesh size and coating




onding strength

Based on the German guideline ZTV Asphalt-StB 07/13 the maximum shearing force within
the testing procedure in accordance to Leutner should not fall below 15,0 kN (20 °C) in
between asphalt binder course and surface layer.

without reinforcement with reinforcement
temperature mean value mean value
pﬂc mea_n value shearing mea_n value shearing
[°C] shearing force . shearing force .
[kN] distance [KN] distance
[mm] [mm]
20°C 26,1 3,9 249 3,8

N\ /

Bonding strength not
significantly reduced
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Presentation Notes
Mean value out of 5 samples Further research is going on – finalized this week


Thermal expansion coefficient

Material combination Thermal expansion coefficient

Concrete / Steel 1.3x10°/1.0x 10 [1/K]

Asphalt / Polyester 6.0x104/1.6 x 10 4 [1/K]

Asphalt / Fiberglass 6.0 x 104/ 4.5x 10 -6 [1/K]
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~1:130




EY INFLUENCE FACTORS

© Tensile strength

# Bonding strength

© Thermal expansion coefficient

= Pull out stiffness

© Mobilisation of tensile strength in the interface

EI! Asphalt reinforcement
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Presentation Notes
It is harder to pull out a Steel wire out of a piece of butter than a shoelace


Research update

E:[! 11.04.2019

The University of Texas at Austin

Texas ScholarWorks

University of Texas Libraries

A Study on Geosynthetic-Reinforced Asphalt Systems

Luming Yang, M.S.E.

The Umiversity of Texas at Austin, 2018

Supervisor: Jorge G. Zomberg

Asphalt reinforcement
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Research update

Figure 136.  Finalized test setup for shear fatigue test
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esearch update

Conclusion:

“The low compatibility of the glass fiber reinforcement with the asphalt
concrete resulted in the comparatively poorer performance than the polymer
reinforced specimens”

EI! 11.04.2019 Asphalt reinforcement 34



Presenter
Presentation Notes
GNA published the abstract with this statement


esearch update

“The performance of the glass fiber reinforced
specimens was not as good as the polymer reinforced
specimens in terms of retarding the load decline. This
could be attributed to the varied compatibility of the
reinforcement with the asphalt concrete.

he HaTelit® XP50 and HaTelit® C 40 onsist ©
polymer fibers which are more compatible with the
asphalt concrete in the stiffness of the materials than
the glass fiber”

f

p. 224
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This is what we also knew from fibre reinforced concrete – PVA fibres gives mor stiffness to the concrete than glass fibres 


Conclusions

If the asphalt reinforcement ....

= Straightforward and reliable installation

# Enables a good durable bonding strength

# Thermal expansion coefficient of the reinforcement close to asphalt

# High mobilization of tensile forces in the interface
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Conclusions

Asphalt reinforcement is a cost effective rehabilitation method
© Longer life cycles

# Less maintanance costs

# Less construction works needed » less traffic jams
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Questions ?

S
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