| ILLINOIS CENTER FOR
® = TRANSPORTATION



[l

[l

Crack Sealing

Crack sealing/ filling i1s the most widely used
maintenance activity of in-service pavements

Inexpensive, quick, and a well-proven
technique to delay pavement deterioration

= Reduce water penetration

= Maintain pavement structural capacity

= Improves road rideability

= Extends pavement service life (3 to 5 years)



What Is Crack Sealant?

0 Blends of bitumen and
= sStyrene-butadiene copolymer (SB, SBS)
= recycled rubber

= additives
oinorganic filler
o0 bonding agent

o 0 e



Field Performance of Crack Sealant

0 Installation related parameters (QC/QA,
crack cleaning and preparation, etc.)

O Sealant related parameters (viscosity,
softness, bond strength, compatibllity, etc.)
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Sealant Faillure Modes

O . sealant Is
smeared on pavement ducgss
to passing traffic J

O | . loss of
bonding between sealant
material and its substrate

o Coh : failure
within sealant material

O . foreign
objectives intrude Into
sealants
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Objective

Development of performance-based
guidelines for the selection hot-poured

crack sealant

= Make use of SuperPave™ binder-testing
equipment

= Adapting spirit of the binder Performance
Grade (PG) specifications
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Viscosity Test (SC-2)

O At Installation Temperature



Sealant Apparent Viscosity

0 At Installation Temperature

O Repeatable Prediction of Sealant Flow at
Installation Temperatures

O Instrument

= Brookfield Viscometer

= Spindle size
o SC-27




Sealant Apparent Viscosity

O Test Protocol 8 —

9
= Melting time ~~BB -5~ NN - QQ
o 20min 3 .
" SpGEd :;3 WM
O e?)(?rpm. 23 W\Aﬂrww
= Wailting time
o 30s i FHRAARIIRT— T
0 Thresholds 0 0 e O 00

= Low: 1.0Pa.s
= High: 3.5Pa:s



Apparent Viscosity Threshold
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Vacuum Oven Aging (SC-3)

0 Simulate Crack Sealant Weathering In
Kettle & Field



Test Development

o Microwave aging
0o Small-kettle aging and pressure aging

0o Small-kettle aging, pressure aging and
vacuum oven aging

0 Pressure aging
0o Vacuum oven aging



Test Development

Method Output

GPC Separation of bitumen and polymer

FTIR Fingerprint of composition

TGA Weight loss upon heating

DSR Stiffness, relaxation




Test Procedure

0 35g in each pan

0o Vacuum oven at 30" Hg
and 115°C for 16hr

0 Shelves spacing designed
to allow uniform
temperature profile




Test Verification
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Dynamic Shear Rheometer Test (SC-4)

0 Intermediate Temperature for Tracking
Resistance



Sealant Flow In Summer Temperatures

Intermediate
Temperature for
Tracking Resistance

Instrument

= Dynamic Shear
Rheometer (DSR)




Sealant Flow In Summer Temperatures

0 Test Development

m Taber Abraser to
simulate field failure

= Correlate tracking
flow as measured
with DSR

O Test Protocal

= Shear stress is
applied for 2s then
removed to allow
recovery for 18s

m 8 levels of stresses
were applied

Stress = 20Pa§ No stress: recovery

Strain

permanent
deformation

Time



Test Parameter
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Selection Criteria
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Low Temperature Test

0 Bulk Properties

= Flexural Properties
o Modified Bending Beam Rheometer

= Extendibility
o Direct Tension Test
0 Adhesion Properties
= Work of Adhesion
= Direct Adhesion Test
= Blister Test
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Bending Beam Rheometer (SC-5)

0 Low Temperature Flexural Properties
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Test Development

O Deflection of the sealant beam Is above the limit
of the current BBR device
Doubling the beam thickness
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Low Temperature Flexural Properties

O Test Parameter
m Stiffness @ 240s
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CSDTT Test (SC-5)

0 Low Temperature Extendibility



Test Development
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Test Parameters

0 Extendibility (1)
= Effective gauge length (L_..=20mm)

L
7\ — A_
Leff

0 The extendibility criterion Is suggested
based on various climatic conditions

T(C)| -4 | -10 | -16 | -22 | -28 | -34 | -40

A (%) | 10% | 25% | 40% | 55% | 70% | 85% | 85+
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CSDT Threshold
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Adhesion Test (SC-7)

0 For Low Temperature Bonding



Test Development

0 Surface Energy Method (Work
of Adhesion) § 6
m A compatibility test for sealant
producers

o Direct Bond Method
m A quality control test for DOT
O Blister Test Method

m Fundamental test for advanced
research




Substrate Selection

0 Coefficient of Thermal Expansion
0 Surface Energy
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15t Level Adhesion Test:

Work of Adhesion
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2nd evel Adhesion Test:

Direct Bond Test (CS-7)

0 Fixture designed to be used In
the DT device

= Two aluminum half-cylinders
= Diameter: 25mm
m Sealant thickness: 10mm

O Simulates sealant installation

O Simulates crack expansion
= Displacement rate: 0.05mm/s g

O Specific failure location




Test Parameter
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Threshold

Bonding
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Level Adhesion Test:
Blister Test
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Test Parameter
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Summary and Conclusions

0 Comprehensive Tests Based on Sealant
Rheological Properties was Developed

O Tests are used in cascade to assess the
suitability of sealants for use in diverse
climatic regions of North America

O Thresholds for each test have been
Proposed
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