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Objective and Motivation

Non-Bonded Fully Bonded

' Spray a thin layer of
tack coat = proper

 bonding between two

\  pavement layers

%7’ Deflection Y Deflection
60 Ibs. Load 160 Ibs. Load

Monolithic structures
- efficiently transfer
the traffic loads

Prevent premature
pavement failure
(delamination,

slippage, fatigue,

etc.)

75% Reduction in Fatigue Life

ther
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Objective and Motivation

C [F [@AT [@N S

—) Over a range of environments, construction
conditions

—) Taking into consideration tack coat material
bonding, durability, and tracking
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Experimental Matrix

* 5 Surface Types (New AC, Milled
AC, Aged AC, New PCC, Aged PCC)

* 14 Tack Coat Materials (including
emulsions and hot applied binders)

| |
| |
| |
| |
| |
| |
I« 3 Asphalt Binders in the Mixture |
! (PG 64-22(1), PG64-22(2), l
l PG 58-28) l
| |
| |
| |
| |
| |
| |
| |

* 3 Application Rate Levels (Low: L-,
Medium: M, and High: H+)

* 2 Mixture Types (Fine-graded: 2
NMAS and Coarse-graded: %4 NMAS
mixtures)

ASPHALT EMULSION MANUFACTURERS ASSOCIATION
Emulsion Federation

Experimental Plan

I. AC Sample Preparation
(OBC per Superpave Mix Design)

Stepll Step2.  Step3 .

'.

New AC Milled AC Aged AC

Condition samples (0°C,
5°C, 25°C, Moisture

conditioned)

¥

Perform Interlayer Shear

Strength () testing
AASHTO TP 114

ISS

I1. Large Scale AC over PCC Slabs
(using UNR PAVEBOX)




Experimental Plan
Asphalt Materials

R e
l materials

* Performance Grading | - Residue Recovered

* Multiple Stress Creep & I uging:

Recovery (MSCR) N

* Crossover Temperature * Distillation Recovery

* Viscosity I Method p ara g on
* Penetration 1° LTE Recovery Method technical services, inc.
* Softening point | * Vacuum Recovery

e Tackiness Test | Method

* 4 mm DSR on original
and RTFO aged
residue/binder materials
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Experimental Plan
Asphalt Materials

Tack Coat Materials Binders Used in the Mixture

* SS1(1) In spec * PG 64-22(1)
* SS1(2) In spec * PG 64-22(2)
* SS1(OS) Off spec * PG 58-22

* SST1h(1) In spec

* SST1h(2) In spec

* SS1h(OS) Off spec

* HP NT(1) In spec

* HP NT(2) In spec
 HP NT(OS) Off spec
* PM NT In spec

* HPM In spec

* PG 67-22 In spec

* HP NT(HA) In spec

L AEMA (9

Emulsion Federation

Residue/Binder Performance Tests

* Performance Grading

* Multiple Stress Creep &
Recovery (MSCR)

* Crossover Temperature
* Viscosity

* Penetration

* Softening point

* Tackiness Test

* 4 mm DSR on original
and RTFO aged
residue/binder materials



Bonding Performance Tracking Performance Durability Performance

AAEMA () lber AAEMA () |lber AAEMA () |lber
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Bonding Performance
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AC Sample Preparation

* Surface mixture preparation (produced in 2 separate layers):
* Bottom layers.:

- Compacted to a height of 3 in at 135°C using SGC with a target AV of 7% % 1%.
- Allowed to cool to laboratory temperature

- Surface preparation (New AC, Milled AC, Aged AC)

P

o

i |
e e

i A
. P'w."l o4 5 ‘

Milled AC Aged AC

* Apply the correct amount of tack coat (application rate x area of the specimen) using a lab balance and allow the
material to cure for 30 minutes

 Top layers.
- Bottom half is placed in a preheated SGC
- Loose mixture is compacted on top of the tack-coated bottom half (targeting 2 in height and 7% + 1% AV).

s AEMA ? ther

International Bitumen
Emulsion Federation

10



Leveling Aggregate
Base Course Surface

" l T———

Apply Tack Coat
(7 TC, M and H+)

ther

International Bitumen
Emulsion Federation

o, AEMA ?

ASPHALT EMULSION MANUFACTURERS ASSOCIATION

PCC Slab Preparation

Tining the PCC Surface
~ New P

or

Tining + Sandpaper

~ Aged PCC Surface
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Tack Coat Application

Targeted residual application rate X Area X Specific gravity
% Asphalt Residue

Weight of Tack Coat = 2.9205 X

Recommended by NCHRP Project 09-40

Surface Type Residual Application Rate
(gsy)
New AC 0.035
i Milled AC 0.055
g PCC 0.045

As well as lower (L-) and higher (H+) application rate levels

For Emulsions Application  For Hot Applied Binders
Application

L AEMA (9
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Bond Strength Test (AASHTO TP 114)

13

I« Asphalt overlay is 2+ 0.2 in | ool S ot Vertical Sensors
I« Substrate is 3 + 0.2 in : | / |
I« Substrates: New AC, Milled AC, Aged AC, New PCC, | Normal Load Actuator / — Shearing Frome
I Aged PCC I \ } i
I« Mix types: I ¢ ! -
' *Fine (/2 NMAS gradation) vs. Coarse (% NMAS | [P e
I gradation) 1 2
I . Testing Temperature Conditions: i Reaction Frame
| - 25°C :
: * Moisture Conditioning (AASHTO T 283) I
| * Low Temperatures: 0°C and 5°C I
I Loading Rate: 0.1 in/min for testing at 25C and MC |
: 0.05 in/min for testing at low I
I

temperatures

Emulsion Federation




Bond Strength Test (AASHTO TP 114)

Sample Combinations

AC Samples PCC Samples

< B NewAC | < %7 New AC <o P NewAC | < ¥ New AC
L —— ~ . S s S

% NewAC | = %’ NewAC .. => NewPCC | < = AgedPCC
<o P NewAC | < % New AC e Y New AC
N A e ———— é AN mmmmmmmm - AN == M mmmememmceeea————

%’ Milled AC; 5 %” Milled AC =  AgedPCC
< == 15»” New AC
N

157 Aged AC
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ISS Test Results of HMA/HMA Samples

- ISS test results using ’2” New AC and different tack coat types at different application rates
- Test conducted at 25°C

1/2 inch NMAS

140
120
100

80
60
40
20

0

F N D L N

Average ISS (psi)

e e

N

\

N

A
A
e

%
%

oW &
SO AP A N
Sample ID

| 14” New AC
her=
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- ISS test results using 2” and % New AC and different tack coat types at different application rates

ISS Test Results of HMA/HMA Samples

- Test conducted at 25°C
1/2 inch NMAS 3/4 inch NMAS

140
= 120
o
2 100
— 80
50
g 60
3& 40

@a&@@ @«2» @@é\%\@ %\Q»
S S S 2 &é &IPS
Sample ID

o, AEMA

12” New AC and 34" New AC
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ISS Test Results of HMA/HMA Samples

- ISS test results using different mixture types, surface conditions and tack coat types at different application rates
- Test conducted at 25°C

250

New AC Milled AC

mAged AC

200

150

100

Average ISS (psi)

50

Sample ID

Average ISS (psi)

New AC Milled AC

250

\®)
S
S

[
W
-

[E—
)
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Sample ID
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Shear Strength of %5” NMAS Mixtures vs. Binder/Residue PGHT

180 O Average ISS (psi) True PGHT 102
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Shear Strength of 5” NMAS Mixtures vs. Binder/Residue PGHT

102

604
N O
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O Average ISS (psi)
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Shear Strength of %5” NMAS Mixtures vs. Binder/Residue PGHT

180 O Average ISS (psi) =True PGHT 102
e 96
160 § 90
PGHT (Tack Coat) 84
140 < PGHT (Binder 78
in the mix) .................................... : 72
120 - I = 66
- 60
54
48
42
36

"/
é 30
7
é
)
67

o [ 1]
60 |
0 |
20 |
0 L ,

No Tack| SS1 SS1h |PG 67-22 PMNT HPM HPNT HP
.................................... ; NT(HA)

Sample ID
s AEMA ) lber 1, NMAS Mixture
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(psi)

=
(PGHT) (°C)

24
18
12
6

Average Interlayer Shear Strength (ISS)
High Performance Grade Temperature




Shear Strength of %5” NMAS Mixtures vs. Binder/Residue PGHT
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Shear Strength of %5” NMAS Mixtures vs. Binder/Residue PGHT
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Sample ID
152” NMAS Mixture
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Shear Strength of %5” NMAS Mixtures vs. Binder/Residue PGHT

. 180 O Average ISS (psi)  ==True PGHT 100 e
S - 160 4
7 o
% & 140 0 &
>p 120 - _ . + T
N7 - : ; 60 =9
= 2 100 E 7 / s <
E = s =
S B % % % 0 €2
e @ 60 R A % S ~
S R - S
5w 40 | Type | | Type | | Type ||| Type | | Type | | Type | | Type | | Type 0 = &
Z 9 LA A A B A A C C o E
X T % % 7 %, % 0 T =

No Tack SSI SS1h PG64-22 PM NT HPM HPNT HP
Sample ID NT(HA)
Failure Partial o

T ane at ® ailure _— . Failure
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Bottom Layer Bottom Layer Bottom Layer
~_ N~ ~_
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PGHT vs. Failure Types
Summary of PGHT and Failure Types for all Tack Coat Materials
Tack Coat Material PGHT APGHT?* Failure Type
SS1 60.6 -6.1 Type A
SS1 64.4 -2.3 Type A
PG 67-22 68.6 1.85 Type B
PM NT 72.4 5.7 Type A
HPM 77.1 10.4 Type A
HP NT 83.0 16.3 Type C
HP NT(HA) 91.6 24.9 Type C

*APGHT = (PGHT (Tack Coat) — PGHT (Binder used in the Mixture); The binder used in the mixture

is PG 64-22(1)

T
—

. Top Layer
Interface '\\________/

Bottom Layer

Failure

Plane at ®

Interface
-

S

Bottom Layer

International Bitumen
Emulsion Federation

~_
Type B

through the

Partial
Failure

Mixture

—
A

\.___________‘_.________,__/

Bottom Layer

I.’

ailure

through the
Mixture

lg—

N
Type C
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ISS Test Results of HMA/HMA Samples

26

Comparison between ISS Test Results of Mixtures Prepared with PG 64-22(1) and PG 58-22

200
180
160
140
120
100
80
60
40
20

Average ISS (psi)

PG 64-22(1) @PG 58-22 =True PGHT

No Tack

Sample ID

SS1

76
70
64
58
52
46
40
34
28
22
16
10

High Performance Grade

Temperature (PGHT) (°C)

Mix ID Recovery Method | PGHT (°C)
SS1 Distillation 60.6
PG 64-22(1) | N/A (hot applied) 66.7
PG 58-22 N/A (hot applied) 60.7

o, AEMA ?

12” NMAS Mixture

[

tbher
International Bitumen
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ISS Test Results of HMA/HMA Samples

Interlayer Shear Strength Ef fectiveness Ratio (ISSER) =

ISS — 1SS, i

ISSNO Tack — ISSmin

ISS, ., =40 psi

27

= = = Minimum Ratio Limit — - — Maximum Ratio Limit

= = = Minimum Ratio Limit — - — Maximum Ratio Limit

2.0 2.0
1.8 1.8
1.6 1.6 e
1.4 1.4 B, g 2
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1.0 e s L T - .T e wn 1.0 o e P SN 00 - — oL — T E=
2 z \ .
0.8 § o2 0.8 § i 5
0.6 N\ 0.6 \ B
N\ = X o 2
04 § %ﬁ 0.4 § :E:E: %
0.2 § = 0.2 § i Z
0.0 A\ o 22 0.0 N\ ! 2
No Tack  SSI SSlh PG67-22 PMNT HPM HPNT  HP NoTack SS1  SSIh PG67-22 PMNT HPM HPNT  HP
Sample ID NT(HA) Sample ID NT(HA)
15” NMAS Mixture 3%’ NMAS Mixture
lher
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ISS Test Results of HMA/HMA Samples

28

m25°C mMC m25°C mMC
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2 120 Z 120
— 1
=100 . @ 100 -
Z I : = S 80
PR I 5 : I
2 60 S 60 L
£ 40 2 40
20 20
0 0
No Tack SSI-M PM NT-M PG 67-22- HP NT-M No Tack SSI-M PM NT-M PG 67-22- HP NT-M
M M
Sample ID Sample ID

12 NMAS Mixture 3> NMAS Mixture
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ISS Test Results of HMA/HMA Samples

25°C 85°C N0O°C

SS1 PG 67-22 HPNT

No Tack

Sample ID
Y2 NMAS Mixture

25°C N5°C sE0°C

SS1 PG 67-22 HP NT

No Tack

Sample ID

12 NMAS Mixture

[ J

e
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Results and Findings on ISS Test Results of New AC/PCC  «
Samples

* 2 NMAS New AC/New PCC

* %2 NMAS New AC/Aged PCC

* 2NMAS New AC/Aged PCC

7 Tack Coats Materials Used

* Medium Application Rate (0.045 gsy)
* High Application Rate (0.074 gsy)

* Cored Samples

* No Tack Coat = Negligeable ISS

Top Layer Debonding During Coring Process

the Cored AC/PCC Sample

International Bitumen
Emulsion Federation
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Interface Shear Strength Effectiveness Ratio

1/2 inch New AC/New PCC
1/2 inch NMAS New AC/Aged PCC
m 3/4 inch NMAS New AC/Aged PCC

2 1.8
| .
S5 16
°sZ 14
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< S 1
SF 08
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=
S < 04
TE 02 I
=2 2 H

-0.4
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NT(HA)
Sample ID
ther
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Tracking Performance
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Tracking Test

| * Measure the time required for each emulsion material used in this research to set before opening to traffic.

: * Based on both ASTM D711-20 Standard Test Method for No-Pick-Up Time of Traffic Paint and BASF Tack/Bond Coat

| Tracking Test Procedure for Asphalt Paving Application
:  Uses a ten-pound stainless steel wheel with quarter-inch wide grooves that are fitted with two square-cut O-rings

I - The wheel is rolled through a 15-mil emulsion mat every 15 minutes onto white card stock until no further tracking is

I noted

I « The emulsion mat, wheel, and O-rings were used at room temperature (70-75°F)

I
| * The BASF procedure rates the thickness of the track and includes measuring the length of the track itself

LA Y
International Bitumen
Emulsion Federation
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Tracking Test Results

| This test method was inconsistent I
| and does not reflect what was
l observed in the field |

Hard pen Non-Tracking (Source 2) }




Tracking Test Results

Onset of
Crossover

Tracking

Temperature Behavior

I =>» A basic assumption is that the temperature difference between crossover temperature and the temperature at

which tracking begins is material-dependent. Field observations suggest that the offset is about 25°C.

Emulsion Federation
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Durability Performance
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Comparison between Residue Recovery Methods
PGHT

37
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Comparison between Residue Recovery Methods ik

Crossover Temperature
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Durability
LTE . Vacuum _ == Distillation ATc after 20 hrs PAV B ATc after 40 hrs PAV
Bzz3 Hot applied = = Max. Limit=4
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E 15
o0
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jt" 10 P
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____________ 10
-12
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Conclusions and Recommendations

Decrease Neutral Increase

- Effect on Shear Strength . )

- Application rate
- Gradation: Fine Gradation
- Surface Condition: Aged (polished) surface
- Testing Temperature: Low-Temperature
- Moisture Conditioning: Fine-graded mixture, Coarse-graded mixture
- The addition of tack coat improved bond strength in all cases in the composite pavement
- AASHTO Specification
Bonding — Tack Coat PGHT > Top AC Layer PGHT.
Tracking — Crossover Temperature > Pavement Temperature - 25°C.

Durability — Aging Index (RTFO DSR/Original DSR at high grade temperature) < 4.0.

L AEMA (9

Emulsion Federation
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Questions?

Rita.nasr(@crafco.com
(812)746-8503
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