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ABSTRACT

Asphalt tack coat is a light application of asphalt, usually asphalt diluted with water. It
ensures a bond between the surface being paved and the overlying course by providing
increased shear strength between two interfaces. Normally, hot asphalt cements, emulsified
asphalts or cutback asphalts are used as tack coat. The objective of this study was to evaluate
the practice of using tack coats through controlled laboratory simple shear tests and
determine the optimum application rate. The influence of tack coat types, application rates,
and test temperatures on the interface shear strength was examined. Six emulsions (CRS-2P,
CRS-2L, SS-1, CSS-1, SS-1h and SS-1L) and two asphalt binders (PG 64-22 and PG 76-
22M) were selected as tack coat materials. The residual application rates considered were
0.00 I/m? (0.00 gal/yd?), 0.09 I/m? (0.02 gal/yd?), 0.23 I/m? (0.05 gal/yd?), 0.45 I/m? (0.1
gal/yd®), and 0.9 I/m* (0.2 gal/yd®). A simple shear test was performed to determine the shear
strength at the interface at two test temperatures, 25°C (77°F) and 55°C (131°F). The
influence of vertical load levels on interface bonding strength was evaluated using the
optimum tack coat material and application rate. Based on the statistical analysis of the
interface bond strengths provided by various tack coat types at different application rates,
both CRS-2P and CRS-2L were identified as the optimum tack coat types among the eight
tack coat types considered in this study. The preliminary test results indicated that CRS-2P
emulsion provided the highest interface bond strength at the test temperature of 25°C (77°F),
whereas CRS-2L provided the highest interface bond strength at the test temperature of 55°C
(131°F), both at an optimum residual application of 0.09 I/m? (0.02 gal/yd?). In addition, the
shear resistance at the interface increased significantly with an increase in vertical load and

decreased with an increase in temperature.
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IMPLEMENTATION STATEMENT

The findings of this study provide a comparative performance evaluation of different types of
asphaltic material used as tack coats. The tack coat materials evaluated were two asphalt
cements (PG 64-22, PG 76-22M) and six emulsions (CRS-2L, CRS-2P, SS-1, CSS-1, SS-1h,
SS-1L). Five residual application rates (0-, 0.02-, 0.05-, 0.10, 0.2- gal/yd®) were evaluated
for each tack coat material. The results of this study demonstrated that applying certain types
of tack coat did provide improved bond strength between the interfaces of two new asphalt
concrete layers. The study has identified the optimum tack coat types (CRS-2P and CRS-2L)
and the corresponding residual application rate (0.09 1/m?) for a tack coat application. These
can be directly implemented in field construction.

Field monitoring test sections should be constructed to further validate the field performance
of those recommended tack coat materials and the corresponding residual application rates on
the existing surface types as indicated in Section 504 of the 2000 Edition of the Louisiana
Standard Specification for Roads and Brides.

It is recommended that the optimum tack coat materials identified (CRS-2P and CRS-2L) be
implemented. It is further recommended that emulsion types: SS-1, CSS-1, SS-1P and SS-1L
be disallowed as a specified tack coat material in Section 504 based on the results of this
study.

vii






TABLE OF CONTENTS

AADSITACE ...ttt ettt b et ettt et a ettt e n e bt et eat e ae et eneenbeenee il
ACKNOWICAZEIMENLS.........eiiiieiiiiiieeie ettt ettt et et e et esaaeebeestaeenbeesaaeenseennns v
Implementation StateMENT ........cc.eeoviiiiiiiiirieeet et vii
LSt OF TADIES ...ttt st Xi
LSt OF FIGUIES ...cvviiiieeiiieieectt ettt ettt ettt et e et e bt e st eebeesabeenseessseensaesssaens XV
INEEOAUCTION ...ttt ettt ettt ettt 1
Back@round...........ooueoiiiiiie e 2
ODBJECTIVES ..ttt ettt ettt ettt ettt et e bttt e e bt e e bt e e he e e st e e sbee et e e saeeenbeesaeeeabeesseeenseannee 11
N Te0] oL SUSRPPR 13
IMEthOOLOZY ...ttt ettt ettt et aee e bt e s saeebeesabeenseesnneenseesasaans 15
Materials and MiXture DeSIZN .......c.eevveeiiieiiieiiieiieeieeeie et e 15

Tack Coat MaterialS..........ooouiiiiiiiiiieeeee e 15
EMUISIONS.....eiiiiiiiiiiciie et 15

Properties of Tack Coats.........occvveriiiriieiiieniieiieee e 17

Residue After Evaporation..........ccccceeevieeenieeniieeeiieeciieeeieeens 18

Dynamic Shear Rheometer Tests........cccceeveeeriieeiieeeciieeiieeene 18

Rotational Viscometer TeStS........ccoveieuiieniiieeeirieeeiieeeieeeeieeens 22

MIXEUTE DIESIZN ..ttt ettt et e et e e e e e 23

SpPecimen Preparation ............ccueeeieeiierieeiienie et eiee et esieeereeseeeeveesseeesaeesaeenseens 26
Determine Tack Coat AMOUNL ........cocuiiiiiiiieiiieieeieee e 26

Estimate Minimum Curing Period of Emulsions..........cc.cccccocieniinincnnnne. 26

COMPACE SPECIMEI ...ttt ettt ettt e e e aeesabeebeessaeeneeas 27

Condition SPECIMEN......eecuieeiiieiieeiieiieeieeriee e eieeeaeesteeeaeeseeeeseeseessseeseas 31

TeSt FACIIIEIES ..ottt e 31



Superpave Shear TESLET........cccuiiiiiirieeiierie ettt 31

ShEaring DEVICE ......ccoiiiiieiiieiieiie ettt ettt ettt et eve e e esseesseeensaens 32

Shear Strength TeSt.......ccviiiiiieiiie e e 34
DiScussion Of RESUILS........eeiuiiiiiiiiieieiiecee et 37
Influence of Application Rate..........cccccuieiiiiieiiieiiie e 37

PG 64-22 a8 Tack Coat .......oocuieiiiiiieiiieieeeeee e 37

PG 76-22M as Tack COat.......cceeruirienieeieniieiienieniteieeeseee e 42

CRS-2L a8 TaCK €Ot ...eoueiiieiieieeiesiceiecet et 46

CRS-2P as Tack Coat.....cc.uiiiiiiiiiiieiieeieee et 50

SS-1 a8 TaCK COat....ccuiiiiieiiiiiieee et 54

CSS-1 a8 TaCK COaL ..ottt 58

SS-Th @s TaCK COat......couiiiiiiiiriieiieieeee ettt 62

SS-1L as TaCK COaLt ....eeiuiiiiiiiiiiiieee et 66

Influence of Tack Coat TYPE ....cceeveriiiiriinieieeseeeeee ettt 71
Application Rate 0.09 1/m* (0.02 gal/Sq.yd) ...vveveeveeeeeeeeeeeeeeee e 71

Application Rate 0.23 1/m* (0.05 gal/SQ.yd) .v.veveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeae 73

Application Rate 0.45 1/m* (0.1 al/SQ.yd) c..oeveeeeeeeeeeeeeeeeeeeeeeeeeeee e 76

Application Rate 0.9 1/m? (0.2 @al/SQ.YA) «.eveveeeeeeeeeereeeeeeeeeeeeee e 79

Optimum Tack Coat Type and Application Rate .........ccccoceeveriiniiienicniincnnns 81
Influence of Loads on Simple Shear Test........cccccueeviieriiiiiiiiiieieciceee e 87
Influence of Shear Load on Shear Deformation ...........cccceeeeienienencenenne. 87

Influence of Normal Loads .........ccceoiiiiiiiiiiiiieecceeeeee 88

Summary and CONCIUSIONS ........ccuiriieriiiiiieriieeieeiie e eree et eeae e e saeebaessaeeseessseenseas 93
ReCOMMENAALIONS......oouiiitiiiiiiiiiieeie ettt ettt et esaeene .95
| S (S (=) 1 (o1 SRS .97
Appendix A. Job Mix Formula for the Designed MixX.............ccooiiiiiiiiiiiiiiiinnnn.. 99

Appendix B. Determination of Tack Coat Amount to Be Applied on a Specimen Surface



LIST OF TABLES

Table 1 Test factorial used by Uzan et al. [2].....ccooiiiiiiiiiiiiieeeeeee e 2
Table 2 Test sample dimensions used by Hachiya and Sato [5]........ccceveiieiiiniieiieniiieiees 5
Table 3 Test factorial used by Hachiya and Sato............ccceeeviieriiiiiiiniieiecieeecceeeeee e 6
Table 4 Survey of 1998 regarding tack coat use in various states [6] .......ccccceeevveerrreercrreennne. 8
Table 5 Test factorial for varying type, application rate, and temperature...............cceeeuvennee 13
Table 6 Test factorial for varying normal load levels............ccoooiiiiiniiiniiniiie, 14
Table 7 Louisiana specification requirements and sample test result for the binders ............ 16
Table 8 Residue after evaporation of the emulsified asphalts ............cccccveevieiiencieniieieenen. 18
Table 9 Complex shear modulus and phase angle measured at 25°C ..........cccoeeeveeeciveenneenns 20
Table 10 Complex shear modulus and phase angle measured at 55°C .........cccccevveniincnnnene 21
Table 11 Aggregate blend Properties........ccveriieriieriieriieiie ettt eee et eteeseee e 24
Table 12 Compaction and volumetric properties at design asphalt content .......................... 25
Table 13 Minimum setting period of €mMulSIONS ...........cccviieiiieeiiieeie e 27
Table 14 Interface bond strengths using PG 64-22 as tack coat at 25°C.......cccccceevevernennnene 38
Table 15 Statistical analysis of interface bond strengths using PG 64-22 as tack coat at test
teMPETATUTE OF 25°%C ...ttt e et e et e e et e e ssaeeenneesnneees 39
Table 16 Interface bond strengths Using PG 64-22 as tack coat at 55°C.........cccoeevvveeennenns 40

Table 17 Statistical analysis of interface bond strengths using PG 64-22 as tack coat at test
teMPETAtUIe OF S5%C ..iiiiiiiiiiee ettt ettt e et e et e s eneees 41
Table 18 Interface bond strengths using PG 76-22M as tack coat at test temperature of 25°C

Table 19 Statistical analysis of interface bond strengths using PG 76-22M as tack coat at test
teMPETALUIE OF 25%C ...ttt ettt et e e e beesaaeebeeesbeenseeeasaens 43
Table 20 Interface bond strengths using PG 76-22M as tack coat at test temperature of 55°C

........................................................................................................................................ 44
Table 21 Statistical analysis of interface bond strengths using PG 76-22M as tack coat at test

teMPETAtUIe OF S5%C ...eiiiiiiiiieie et ettt ettt et e et e bt e e eneees 45
Table 22 Interface bond strengths using CRS-2L as tack coat at 25°C..........ccceeevvevrveenennen. 46

Xi



Table 23 Statistical analysis of interface bond strengths using CRS-2L as tack coat at test
teMPETATUTE OF 25°%C ...ttt e et e et e e e taeeeaaeeenneesnneeas 47
Table 24 Interface bond strengths using CRS-2L as tack coat at test temperature of 55°C... 48
Table 25 Statistical analysis of interface bond strength using CRS-2L as tack coat at test
teMPETAtUIE OF S5%C ...eiiiiiiiiieie ettt ettt et e sabeeneees 49
Table 26 Interface bond strengths using CRS-2P as tack coat at test temperature of 25°C ... 50
Table 27 Statistical analysis of interface bond strengths using CRS-2P as tack coat at test
teMPETature Of 25°C ..o.iiiiiiiiiiie e 51
Table 28 Interface bond strengths using CRS-2P as tack coat at test temperature of 55°C ... 52
Table 29 Statistical analysis of interface bond strengths using CRS-2P as tack coat at test
tEMPETATUTE OF S5°C ...ttt e e tae e e b e e e saeeetaeeenneeeensaeas 53
Table 30 Interface bond strengths using SS-1 as tack coat at temperature of 25°C ............... 55
Table 31 Statistical analysis of interface bond strengths using SS-1 as tack coat at test ....... 56
Table 32 Interface bond strengths using SS-1 as tack coat at test temperature of 55°C......... 57
Table 33 Statistical analysis of interface bond strength using SS-1 as tack coat at test......... 58
Table 34 Interface bond strengths using CSS-1 as tack coat at test temperature of 25°C...... 59
Table 35 Statistical analysis of interface bond strengths using CSS-1 as tack coat at test..... 60
Table 36 Interface bond strengths using CSS-1 as tack coat at test temperature of 55°C...... 61
Table 37 Statistical analysis of interface bond strengths using CSS-1 as tack coat at test..... 62
Table 38 Interface bond strengths using SS-1h as tack coat at test temperature of 25°C....... 63
Table 39 Statistical analysis of interface bond strengths using SS-1h as tack coat at test
teMPETALUIE OF 25%C ...ttt ettt et e e et eeaaeebeeesbeesaeensaens 64
Table 40 Interface bond strengths using SS-1h as tack coat at test temperature of 55°C....... 65
Table 41 Statistical analysis of interface bond strengths using SS-1h as tack coat at test ..... 66
Table 42 Interface bond strengths using SS-1L as tack coat at test temperature of 25°C...... 67
Table 43 Statistical analysis of interface bond strengths using SS-1L as tack coat at test
tEMPETATUTE OF 25°%C ...ttt e et e et e e e abeeeaneeennreesnnneenns 68
Table 44 Interface bond strengths using SS-1L as tack coat at test temperature of 55°C...... 69
Table 45 Statistical analysis of interface bond strengths using SS-1L as tack coat at test
tEMPETALUIE OF S5%C ..ttt ettt et e et e s aaeebeeesbeesaeensaens 70

Xii



Table 46 Statistical analysis of mean interface bond strengths obtained at an application rate
of 0.09 1/m” at test tempPerature 0F 25°C .........ovueeeveeeeeeeeeeeeeeeeeeeeeseeeeesee e eesee e, 72
Table 47 Statistical analysis of mean interface bond strengths obtained at an application rate
0f 0.09 1/m? at test temperature 0f 55°C ...........o.oveivveereeereessseeeeeseesseeseseeesseeseeseesneeees 73
Table 48 Statistical analysis of mean interface bond strengths obtained at an application rate
0of 0.23 1/m” at test tempPerature 0F 25°C .........o.eueeeveeeeeeeeeeeeeeeeeeeereeeeeeeeeeee s ees e, 74
Table 49 Statistical analysis of mean interface bond strengths obtained at an application rate
0f 0.23 1/m? at test temperature 0f 55°C ...........o.ovvuvveereereessseeeeeeseeeseeseeseee s ssneeees 75
Table 50 Statistical analysis of mean interface bond strengths obtained at an application rate
of 0.45 1/m” at test tempPerature 0f 25°C .......c.oeueueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e sees e, 77
Table 51 Statistical analysis of mean interface bond strengths obtained at an application rate
0of 0.45 1/m? at test temperature 0f 55%C ...........o.ooveivveeeeeereessreeeeeeseeeseseseee s sesneeees 78
Table 52 Statistical analysis of mean interface bond strengths obtained at an application rate
0of 0.9 1/m” at test temMPErature 0F 25°C .........oveueeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeee e, 80
Table 53 Statistical analysis of mean interface bond strengths obtained at an application rate
0f 0.9 1/m” at test temPErature 0f 55°C .........o..ovvoveerveeeeereeeseseeeseeseeeeeseeeee s 81

Table 54 Statistical analysis to determine optimum tack coat type and application rate at

25 € ettt b et ettt et h e bt et sht et et she e b eates 89
Table 57 Variation of interface bonding strength with normal load levels at test temperature

BT e SRS PRSRSIPRRIN 90
Table 58 Applied Tack Coat Amounts at Various Application Rates...........ccccoeceevericnnnene 107

Xiii






LIST OF FIGURES

Figure 1 Maximum shear stress vs. vertical pressure [2]......ccveeveerienieeieenieeieerieeeieesee e 3
Figure 2 Shear stress-strain graph for overlay cast on a standard traffic-worn surface [3]...... 4
Figure 3 Emulsified asphalt ...........ccooiiiiiiiiii e 17
Figure 4 Basic principles of dynamic shear rheometer.............cocovovevirinieniiienienccienee, 19
Figure 5 Stress-strain response in dynamic shear rheometer test ...........cocceeveeveeneerieneeneenne. 20
Figure 6 Variation of G*/ Sin § with tack coat type at test temperature 25°C ....................... 21
Figure 7 Variation of G*/ Sin ¢ with tack coat type at test temperature 55°C ....................... 22
Figure 8 Rotational VISCOMELET ........cocuiiiiiiiiiiiieiie et s 22
Figure 9 Viscosities of tack coat materials ...........ccecevieriiiiiiiiniiiinieeeeeen 23
Figure 10 Aggregate gradation of the design MiX .......ccccceevuieiiirienieiiiniereeiee e 24
Figure 11 Design curve for air void vs. asphalt content ............cccccceeevieeeiiieecieeeiiee e, 25
Figure 12 Tack coat application using a paintbrush ............cccceeviiiiiiiniiniiieneeeee e 28
Figure 13 Placement of the compacted bottom half of a sample in mold..............ccccceeenee. 29
Figure 14 Placement of loose mix on top of a compacted bottom half .................cccevrnnnnne. 29
Figure 15 Placing compaction mold in the SGC for compaction...........cccceeeeveeecveeecveeennnn. 30
Figure 16 Superpave Shear tESIET .........eviiiiiiiriiieiiertee ettt 32
Figure 17 Designed shear mold ...........coouoiiiiiiiiiiiiiieceee e 33
Figure 18 Designed shear mold with a sample inside...........ccceveeriiriiniinieiiieeeeee, 33
Figure 19 Test arrangement for the simple shear test...........cccvieveiieeiiiecciieceee e, 34
Figure 20 Typical shear load vs. time for 55°C ......ccccooiriiiiiiiniiiiieceeeeeeee 35
Figure 21 Typical simple shear test result at 55°C ........coceeviiiiiiniiiiiiiieeeeeeen 36

Figure 22 Plot of interface shear strength vs. application rate using PG 64-22 as tack coat at
test temMPErature OF 25%C ....ooiiiiiiiii et e s e e et e e aae e eae e e nnree s 39
Figure 23 Plot of interface shear strength vs. application rate using PG 64-22 as tack coat at
test temMPErature OF S5%C .....c.uiiiiiiieie et 41
Figure 24 Plot of interface shear strength vs. application rate using PG 76-22M as tack coat
at test temMPErature Of 25%C .....uiiiiiiieiie e et s 43
Figure 25 Plot of interface shear strength vs. application rate using PG 76-22M as tack coat
at test temPerature OF S5%C .. .ottt ettt 45
Figure 26 Shear strength vs. application rate using CRS-2L at 25°C.........cccceeveeeveeveeerennne. 47

XV



Figure 27 Plot of shear strength vs. application rate using CRS-2L as tack coat at test......... 49
Figure 28 Plot of interface shear strength vs. application rate using CRS-2P as tack coat at
test temMPErature OF 25%C ... .ooiiiiiiie ettt e e e e et e e e bee e eaeeennree s 51
Figure 29 Plot of shear strength vs. application rate using CRS-2P as tack coat at test
teMPETAtUIe OF S5%C ...eiiiiiiiiieie ettt st e bbb eneees 53
Figure 30 Plot of shear strength vs. application rate using SS-1 as tack coat at test............... 55
Figure 31 Plot of shear strength vs. application rate using SS-1 as tack coat at test
teMPETature Of S5°C ..ouiiiiiiiie et 57
Figure 32 Plot of shear strength vs. application rate using CSS-1 as tack coat at test
teMPETATUTE OF 25°%C ...ttt e et e e e e e eaaeeenneesnnaees 59
Figure 33 Plot of shear strength vs. application rate using CSS-1 as tack coat at test ........... 61
Figure 34 Plot of shear strength vs. application rate using SS-1h as tack coat at test
teMPETatUre OF 25%C ....uiiiiiiiieie ettt ettt sttt et nnees 63
Figure 35 Plot of shear strength vs. application rate using SS-1h as tack coat at test............ 65
Figure 36 Plot of shear strength vs. application rate using SS-1L as tack coat at test
tEMPETALUTE OF 25°C ..ttt b et s s st ese s esesenas 68
Figure 37 Plot of shear strength vs. application rate using SS-1L as tack coat at test............ 70
Figure 38 Mean shear strength vs. tack coat type at an application rate of 0.09 /m” at test
teMPETATUTE OF 25°C ...ttt e et e et e e et e e eaaeeenaeesnneees 71
Figure 39 Mean shear strength vs. tack coat type at an application rate of 0.09 I/m” at test
teMPETature Of S5°C ..o.uiiiiiiii e 73
Figure 40 Mean shear strength vs. tack coat type at an application rate of 0.23 1/m” at test
teMPETATUTE OF 25°%C ...ttt ettt e et e et e e et eeeaaeeeneeesnneeas 74
Figure 41 Mean shear strength vs. tack coat type at an application rate of 0.23 /m? at test
temMPETature Of S5°C ..o.iiiiiii e 75
Figure 42 Mean shear strength vs. tack coat type at an application rate of 0.45 1/m” at test
teMPETATUTE OF 25°%C ...ttt ettt e et e et e e et eeeaaeeeneeesnneeas 76
Figure 43 Mean shear strength vs. tack coat type at application rate of 0.45 1/m” at test....... 78
Figure 44 Mean shear strength vs. tack coat type at application rate of 0.9 1/m? at test......... 79
Figure 45 Mean shear strength vs. tack coat type at application rate of 0.9 I/m” at test
teMPETATUTE OF S5°C ...ttt e et e e e e et e e etaeesaeeeenneees 80

XVi



Figure 46 Mean shear strength vs. tack coat type at test temperature of 25°C....................... 82

Figure 47 Mean shear strength vs. tack coat type at test temperature of 55°C....................... 83
Figure 48 Ranking hierarchy of tack coat type at 25°C ........ccooveveeereeieeeeeeeeeeee e 85
Figure 49 Ranking hierarchy of tack coat type at 55°C ........cccovvirirrerereiririeieeeeeeeeeeeens 86
Figure 50 Simple shear tests results - peak points at 25°C........ccceeciieiieniieriienieeieeieeieee 87
Figure 51 Simple shear tests results - peak points at 55°C........cccoevviieiieniieiienieeeeeieeieee 88
Figure 52 Variation of shear strength at interface with applied normal stress levels............. 91

XVii



INTRODUCTION

An asphalt tack coat is a film of bituminous binder that is used to enhance adhesive bonding,
thus, increasing the interface strength between an existing and a new bituminous or Portland
cement concrete layer. A tack coat provides the necessary binding between pavement surface
layers to ensure that they act as a monolithic system to withstand traffic and environmental
loads. Tack coats are routinely used in asphalt pavement construction to provide adhesion at
the interfaces between two consecutive layers. Adhesion between pavement layers is
extremely important if stresses are to be properly distributed among the pavement layers.
Studies conducted on asphalt pavement interface strength have shown that a strong tack coat
binding between the layers of a pavement is critical to transfer radial tensile and shear
stresses into the entire pavement structure. On the other hand, no bond or an insufficient
bond decreases pavement bearing capacity and may cause slippage. Insufficient bonding may
also cause tensile stresses to be concentrated at the bottom of the wearing course. Such
concentrated stress may accelerate fatigue cracking and lead to total pavement failure.

Slippage can also be caused by excessive amount of tack coat.

Normally, hot asphalt cements (AC-20 and AC-30), cutback asphalts, or emulsified asphalts
(SS-1, SS-1h, CRS-2, CMS-2, or CSS-1h) are used as tack coat materials. However,
emulsified asphalts are increasingly being used instead of cutback asphalts or hot asphalt
cements because they:
1. can be applied at lower application temperatures compared to cutback asphalts or hot
asphalt cements.
are relatively pollution free.
3. have relatively high flash point temperatures and, therefore, are safer to use.

Important properties that influence the effectiveness of a tack coat are type, application rate,
application temperature, and curing period prior to the application of the next layer. In
Louisiana, the material used as tack coat must conform to section 1002 of the Louisiana
Standard Specifications for Roads and Bridges [1]. Louisiana specifies tack coat type,

application rate, minimum application temperature, and the maximum curing period.

This study was limited to investigating the influence of tack coat types and application rates
on the interface bonding strength at varying temperatures and normal stresses.



Background

Tack coats are applied to provide adhesion at the interfaces between the various layers of
pavements. The state of adhesion at the interfaces between different layers seriously
influences stress and strain distribution among the pavement layers, and thus, affects the
performance of flexible pavements. Therefore, knowledge of the degree of adhesion at the

interfaces is extremely important.

Uzan et al. studied the interface adhesion properties of asphalt layers based on laboratory
shear test results [2]. Direct shear tests at a constant shearing rate of 2.5 mm/min (0.1 in/min)
were conducted to measure:

1. shear strength parameter at failure, and

2. the horizontal interface modulus.

The horizontal interface modulus is the ratio between shear force at the interface and the
relative horizontal displacement caused by the application of direct shear load. Direct
interface shear was applied at different test conditions. Test specimens were prepared using a
13 mm Marshall mix. Pen 60-70 asphalt was used in the preparation of the mixture and in the
tack coat. The test factorial for the study is presented in Table 1.

The laboratory test results showed that the shear resistance of the interface increased
significantly with increasing vertical pressure and decreased with increasing temperature.
Laboratory test results also indicated that the shear resistance was the highest at an optimum
tack coat application rate.

Table 1
Test factorial used by Uzan et al. [2]
Application Rate Normal Stress Test Temperature
Tack Coat Type
Kg/m® | Gal/yd Kpa psi °C °F
0.0 0.0 4.9 0.71
Pen 60-70 0.5 0.1 48.9 7.1 25 77
1.0 0.22 97.9 14.2 55 131
1.5 0.32 245.5 35.6
2.0 0.43 490.2 71.7




At 25°C (77°F), the optimum tack coat application rate was found to be 1.0 kg/m* (0.22
gal/yd®). At 55°C (131°F) the optimum tack coat application rate was found to lie between
0.5 kg/m” (0.1gal/yd?) and 1.0 kg/m* (0.22 gal/yd®). Figure 1 shows the influence of tack coat
application rates on the shear strength at 55°C (77°F).
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Figure 1
Maximum shear stress vs. vertical pressure [2]

Mrawira and Damude investigated the shear strength of tack coats between two asphalt
concrete layers [3]. They compared the shear strength of an interface between fresh overlays
with and without tack coating to determine the effectiveness of the tack coat. They adapted
the test apparatus from ASTM D143, which is used to test shear strength of wood samples.
Six sets of core samples from in-service pavements were used for testing. Each set consisted
of five 102 mm (4.02 in) diameter cores. Slow setting asphalt emulsion grade SS-1 was used
at an application rate of 0.27 kg/m” (0.06 gal/yd®). Tests were conducted at 22°C (72°F) by
applying a constant rate-shearing load of 1 mm/min (0.04 in/min), and the load and
deflection were recorded continuously until the ultimate load was reached. From their test
results, Mrawira and Damude concluded that the tack coat did not improve the shear strength
of the interface, since the non-tacked overlays exhibited slightly higher ultimate shear
strengths compared to the tack coated overlays. The authors suggested that the applied tack
coat weakened the interface bond by introducing a slip plane instead of mobilizing increased
shear strength. Figure 2 shows the comparison of shear strength for tacked and non-tacked
overlays.
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Figure 2
Shear stress-strain graph for overlay cast on a standard traffic-worn surface [3]

Romaneschi conducted laboratory direct shear and fatigue shear tests at several normal load
levels [4]. He performed direct shear tests on cores extracted from existing pavements. From
the total of 180 road cores extracted, 120 cores were used for the direct shear tests and the
remaining 60 were used for fatigue shear tests. He considered the following variables:

1. interface type: with and without tack coat,

2. temperature: 15°C (59°F), 25°C (77°F), and 35°C (95°F), and

3. normal load level: 138, 276, 414, and 522 Kpa (20, 40, 60, and 80 psi).

Five cores were tested for each combination of the above-mentioned variables. The cores
were 96 mm (3.78 in.) in diameter and 100 mm (3.94 in.) in height with an interface in the
middle. The shear force was applied at the constant shear displacement rate of 0.2 mm/sec
(0.01 in/sec) until failure. From the conducted tests, Romaneschi reported that the shear
stress and displacement were proportional until the shear stress equaled the shear strength
and the interface failed. The interface behavior was described using the following
parameters:

1. the interface reaction modulus, K, which is the slope of the shear stress —

displacement curves, and

2. the friction coefficient after failure, p.

Romaneschi concluded that the values of interface reaction modulus K and shear strength
Smax Were not affected by the normal stress for an interface with a tack coat. The values were,
however, affected for an interface without a tack coat. The study showed that the interface



bond might also fail in fatigue, and that the permanent shear displacement had a linear
relationship with the number of load repetitions.

Hachiya and Sato performed simple shear tests with no normal pressure and simple tension
tests on samples cut from laboratory-compacted asphalt concrete blocks [5]. Dimensions of
the test samples used are listed in Table 2.

Table 2
Test sample dimensions used by Hachiya and Sato [5]

Test Sample shape Length Width or diameter Thickness

mm | in mm in mm in

Tension Rectangular 100 | 3.94 | 50 wide 1.97 wide 50 1.97
Shear Rectangular 100 | 3.94 | 50 wide 1.97 wide 100 | 3.94
Shear Cylindrical 100 | 3.94 100 dia 3.94 dia N/A | N/A

The two types of tack coats used in the sample preparation were cationic emulsified asphalt
and rubberized emulsified asphalt. The cationic emulsified asphalts used in the study are
shown below:

1. PK-4: cationic emulsified asphalt with a penetration of 60-Pen on residue;
PKR-T: cationic emulsified asphalt with a penetration of 100-Pen on residue;
PK-80: cationic emulsified asphalt with a penetration of 80-Pen on residue;
PK-R80: rubberized emulsified asphalt with a penetration of 80-Pen on residue;

A

PK-HR1: rubberized emulsified asphalt with a viscosity of 1,000 pa.s or more on
residue; and
6. PK-HR2: rubberized emulsified asphalt with a viscosity of 10,000 pa.s or more on

residue.

Table 3 shows the test factorial used in this study.



Table 3
Test factorial used by Hachiya and Sato

Tack Application Curing | Construction Test Loading
Coat Rate Period Procedure Temperature Rate
Type L/m” Gal/yd2 °C °F
PK-4 Monolithic
PKR-T 0.2 0.04 1 hour layer, 0 32 Imm/min
PK-80 0.4 0.09 24 hour | Cold and hot 40 104 100mm/min
PK-R80 | 0.6 0.13 joints, and
PK-HR1 Tack Coat
PK-HR2

Hachiya and Sato concluded that at low temperature conditions (0°C) PK-HR2 provided the
highest shear strength. At higher temperatures (40°C) PK-R80, PK HR-1 and PK HR-2 were
almost equally effective. The optimum application rate was 0.2 I/m” (0.04 gal/yd?).

Paul and Scherocman [6] compiled a table listing the current practice of using tack coats in
various states (Table 4). The authors distributed a questionnaire to materials engineers at all
state departments of transportation regarding tack coat and fog seal practices. Some questions
included were as follows: what type of material is used for tack coat; are tack coat materials
diluted; what is the application rate; are these different rates used depending on the surface to
be treated? The survey results indicate that almost all of the states used slow-set emulsions.
The emulsions most commonly used as tack coats were SS-1, SS-1h, CSS-1 and CSS-1h.
Only one state (Georgia) used hot asphalt (AC-20 and AC-30) as tack coats. The residual
application rates of the emulsions varied between 0.06 I/m? (0.01 gal/yd?) and 0.26 /m* (0.06
gal/yd®) depending on the type of surface for application. Table 4 indicates that three states
had a maximum time that a tack coat could be left before placing asphalt concrete. Alaska
specified a maximum curing period of two hours for CSS-1. Arkansas specified a maximum
curing period of 72 hours for curing SS-1, while Texas specified a maximum curing period of
45 minutes for curing SS-1 or MS-2. Four states indicated that paving was required the same
day the tack coat was applied. Many states specified a minimum time between tack coat
application and placement of hot mix asphalt to provide adequate time for the emulsion to
break down. The study was conducted in the wake of litigation resulting from an accident
case to evaluate the potential for friction problems on tack-coated surfaces exposed to traffic.
Paul and Scherocman finally concluded that application of a tack coat reduced the frictional
capabilities of road surfaces for up to seven hours after application. Vehicles may be
permitted to travel on tack-coated surfaces during this period only at a controlled low speed.



In 1998, the International Bitumen Emulsion Federation (IBEF) conducted a survey study,
which showed that the tack coats are an essential part of road construction around the world
(Spain, France, Italy, Japan, the Netherlands, United Kingdom, USA), and that they help
ensure longer lasting pavements [7]. Three different tests — shear, tensile and torque — are
available in the laboratory for tack coat bonding measurement. Although no in-situ test is
available at this time, field test equipment is currently being developed by the IBEF.

A more recent survey [8] conducted in 13 mid-western and western states in the United
States indicated that slow-setting emulsions are the primary materials used for tack coat,
except California, where the AR-4000 was the most common tack coat material followed by
either SS-1 or CSS-1. The Kansas Department of Transportation was the only agency that
reported occasionally using cutback asphalts as tack coat. New Mexico and Texas reported

that PG binders (asphalt cement) were occasionally used as tack coat materials.



Table 4
Survey of 1998 regarding tack coat use in various states [6]

Have any
Materials Normal Residual Time between tack coat Is travel on accidents
% Tack coat application rate application o occurred while
State used for dilution using SS type material (L/m2) rate* application and placement of the tack coat wraffic is
tack coat 9 yp HMA layer permitted? -
of SS (LIm2) traveling on
tack coat?
css-1 a.) Normal range- 0.45 Yes-if SSis
Alabama css-1h No b.) Range on existing- 0.26 Min time — after emulsion has broken but No
evaluated cured not fully
AC
c.) Range on overlay- none covered
STE-1
a.) Normal range- 0.32 A B
STE-1 none " Min. time — 15 min
Alaska CSS-1 CSS-1 b.) Range on existing- 0.32 0.09 Max. time — 2 hrs No No
c.) Range on overlay- none
50%
SS-1 a.) Normal range- 0.27-0.54 Min. time - when emulsion
Arizona diluted 1:1 | 1:1with | b.) Range on existing- same 0.15 breaks_ No Unknown
w/ water water c.) Range on overlay- Max. time — no more tack than
and AC 0.18-0.36 covered up in shift
a.) Normal range- 0.23
b.) Range on existing- Min. time — after AC breaks
Arkansas SS-1 No 0.14-0.23 0.13 Max. time — 72 hrs Yes No
c.) Range on overlay- same
0.14% f)l; gg:;gl(:sli?s't%g?'o'% Min. time — depends on
California RS-1 Asphalt 0.09 to 0.45 0.26 climate conditions No No reply
SS-11 to Max. time — no definite
water c.) Range on overlay- standard
0.09 t0 0.23
a.) Normal range- 0.14 to
Connecticut ASP“‘?‘" 50% 0.45 - 0.13 Not Specified No No
Emulsion b.) Range on existing- same
c.) Range on overlay- same
RS-1 a.) Normal range- NA
Florida No b.) Range on existing- NA NA Not Specified NA Yes
RS-2
c.) Range on overlay- NA
AC-20 a.) Normal range- NA
Georgia NA b.) Range on existing- NA NA NA NA NA
AC-30
c.) Range on overlay- NA
1tol —
B Emulsified by vol. a.) Normal range- 9.23—0.05 Min. time — none, but after the Yes, when
Hawaii Asphalt with b.) Range on existing- same 0.13 surface cured. sS is cured No
p water c.) Range on overlay- same Max. time — 4 hours
a) Normal range- 0.41 Min. time —after the emulsion
. Emulsified b.) Range on existing- same breaks ] .
lllinois Asphalt 50% c‘) Range on overlay- 0.12 Max. time — if traffic allowed No NA
p . 0 1OQRC»7O Y on seal coat, it's covered with
| fine aggregate
Asphalt a.) Normal range- NA R .
Indiana Emulsion NA b.) Range on existing- NA NA m::x tlt?;]ee _Iiln;‘ulsmn break NA No
AE-T c.) Range on overlay- NA i
css-1 a.) Normal range- 0.09-0.23 Min. time — subject to
lowa css-1h No b.) Range on existing- same 0.13 engineers approval Yes No
c.) Range on overlay- same Max. time — not specified
a.) Normal range- 0.14-
0.23 residual
SS-1h o b.) Range on existing- . .
Kansas css-1h 80% 0.14-0 23 residual 0.14-0.23 Broken (about 1 hr.) 5-6 hrs
c.) Range on overlay-
0.14-0.23 residual
a.) Normal range- 0.09-0.36 A
. SS-1h o - Min. time — Broken
Louisiana css-1h 50% b.) Range on existing- 0.32 0.18 Max. time — none Yes No
c.) Range on overlay- 0.14
a.) Normal range- NA
Maine HFMS-1 NA b.) Range on existing- NA NA NA NA NA
c.) Range on overlay- NA
a.) Normal range- 0.05-0.14
As is b.) Range on existing- I . Spray and
Maryland AE-4 from 0.05 min 0.08 mm' "T"e 15 min No pickup from
3 ax. time — NA N
refinery | c.) Range on overlay- times
0.05 min
Cannot a.) Normal range- —
exceed ) specified bg/ engineer 0.13 Min. time — when the bond
Michigan SS-1h ) s ’ coat has cured NA No
orig. b.) Range on existing- 0.45 N
Max. time - NA
vol. c.) Range on overlay- 0.23

(Table continued)




Have any
Materials Normal Residual Time between tack Is travel on accidents
State used for % Tack coat application rate using applicatio | coat application and the tack coat occurred
tack coat dilution SS type material (L/m2) n rate* placement of HMA permitted? while traffic is
of SS (L/Im2) layer : traveling on
tack coat?
Contract | a.) Normal range- 0.23-0.45 Min. time — sufficient
T . - time to allow emulsion
Mississippi SS-1 or is not b.) Range on existing- same 0.26 to break Yes No
to dilute c.) Range on overlay- same Max. time — none
a.) Normal range- 0.09-0.45
Emulsified As b.) Range on existing- Min. time — when the
Missouri Asphalt much as up to engineer 0.13 tack has cured NA No
P 50% c.) Range on overlay- Max. time — NA
uniform coverage
S . Paint damage
a.) Normal range- 0.14-0.23 Zﬂrlr:hIgirgr? grggﬂlsthe to vehicles
Montana SS-1 50% b.) Range on existing- same 0.06 Max. time — must be No and rare
c.) Range on overlay- 0.23 maintained intact windshield
damage
a.) Normal range- 0.23-0.45 Min. time — after
- 0 istina- . -
Nevada §§1lh 6?1&]]/;0 b) OR';ggggg existing 0.15 emulsion breaks Yes No
c.) Range on overlay- 0.23 Max. time — none
a.) Normal range- 0.18-0.68 Problems
b.) Range on existing- with tracking
New Jersey CSS-1h 50% 0.18-0.68 0.19 Max. time — same day No of tack and
c.) Range on overlay- tack on
0.18-0.45 vehicles
a.) Normal range- 0.36-0.54 Min. time — emulsion
b.) Range on existing- . -
New Mexico ss-1 50% +or - 0.54 015 Efjk 15 minutes to 1 NA NA
c.)+R§rnE]%03réoverlay- Max. time — NA
HFMS-2h a) Normal range- 0.14-0.32 g;ulgl";ﬁ broks T es Only when
New York SS-1h 50% b.) Range on existing- same 0.09 Max. time — placement No }\:vet
CSS-1h c¢.) Range on overlay- same of HMA layer
Min. time — immediately Traffic not
North CRS-1 a.) Normal range- NA after tack coat allowed on
Carolina CRS-2 NA b.) Range on existing- NA NA application No roads with
c.) Range on overlay- NA Max. time — same day
tack coat
as tact coat
- a.) Normal range- NA
Emulsified - -
North Dakota asphalt 50% b.) Range on existing- NA NA Not specified NA NA
p c.) Range on overlay- NA
a.) Normal range- 0.32-0.45 m::uilen;e — several
Ohio SS-1h NA b.) Range on existing- same 0.26 Max. time - limited b No No
c¢.) Range on overlay- none - Y
traffic zone
a.) Normal range- up to 0.45 Min. time — emulsion Splash on
Oklahoma SS-1 50% b.) Range on existing- same 0.13 must break Yes vlfehicles
c.) Range on overlay- same Max. time — same day
a.) Normal range- 0.23-0.91
Oregon CSS-1 NA b.) Range on existing- same 0.52
c.) Range on overlay- same
a.) Normal range- 0.09-0.32
b.) Range on existing- Min. time — until cured
Pennsylvania CSS-1h 50% engineers judgment 0.32 Max. time — not NA No
c.) Range on overlay- specified
Same as (b.)
a.) Normal range- 0.23-0.09
Rhode Island SS-1 40% b.) Range on existing- same 0.08 None No No
¢.) Range on overlay- none
Min. time — allow
emulsion to break
a.) Normal range- NA . .
South CRS-2 NA b.) Range on existing- NA NA Max. time — on ambient NA No
Carolina ¢.) Range on overlay- NA air temperature,
) 9 Y humidity and mat
temperature
sS-1h a.) Normal range- 0.23 mg‘s'ttgeb:oiz:lsmn Extremely
South Dakota css-1h ltol b.) Range on existing- same 0.13 Max. time — not NA slippery when
c.) Range on overlay- same speéified rained on

(Table continued)




Have any

. - Residual Time between tack accidents
Materials Normal % Tack coat application rate application | coat application and Is travel on occurred
State used for dilution of using SS type material pprate* Iacen?gnt of HVMA the tack coat while traffic is
tack coat SS (L/Im2) p permitted? "
(L/m2) layer traveling on
tack coat?
a.) Normal range- 0.05-
SSs-1 023 Min. time — 30 minutes
Texas MS-2 1tol b.) 'I\'\l’inge on existing- 0.06 Max. time — 45 minutes No No
c.) Range on overlay- NA
a.) Normal range- NA
Vermont RS-1 NA b) ﬁinge on existing- NA NA NA NA
c.) Range on overlay- NA
a.) Normal range- 0.23-
. b.) I(?);sge on existing- Min. time — asphalt
Virginia CSS-1h 50% . same 0.13 must have broken No No
c.) Range on overlay- Max. time — none
0.45
a.) Normal range- 0.45
. b.) Range on existing- I .
Washington o Min. time — 30 minutes Do not allow
State css1 50% same 0.13 Max. time — NA ves traffic on tack
c.) Range on overlay-
same
a.) Normal range- 0.09- Min. time — after it
Washington . 0.23 becomes tacky
D.C. SS-1h stol b.) Range on existing- 010 Max. time — regulated NA No
c.) Range on overlay- by the engineer
a.) Normal range- 0.09-
14 Tracking and
West : o b.) Range on existing- Min. time — cured
Virginia SS-1h 50% same 051 Max. time — none No aspcr;e:lst on
c.) Range on overlay- not
used
a.) Normal range- 0.11 )
Asphalt b.) Range on existing- Min. time — after it Oalr;(l))‘/,vt;fflg:
Wisconsin Emulsion 50% same 0.03 breaks No construction
CSS-1 c.) Range on overlay- Max. time — NA traffic
same
a.) Normal range- 0.14
b.) Range on existing-
Wyoming css-1 50% 0.14 0.05 Broken Yes None usually
overnight
c.) Range on overlay-
0.14
a.) Normal range- 0.36-
SS-1 0.45
- L . Usually
SS-1h o b.) Range on existing- ~ Min. time — 20 min. 4
Utah css-1 50% 0.36.0 45 0.36-0.45 Max. time — NA No consgrr:IJctlon
CSS-1h c.) Range on overlay- Y

0.36-0.45

Residual application rate is based on 57% residual emulsion times the specified application rate and odes not include the normal % dilution.
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OBJECTIVES

The objective of this research was to provide a systematic evaluation of the current practice
of applying tack coats through controlled laboratory shear tests. Tests were carried out using
tack coat materials at varying temperatures, application rates, and normal stress levels.

The specific objectives of this research were as follows:
= To evaluate the influence of tack coat types, application rates, and test temperatures
on the interface bond strength.
= To recommend optimum tack coat type and application rate.
= To evaluate the influence of vertical stress levels on the interface bond strength.
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SCOPE

This study was aimed at evaluating the influence of tack coat types, application rates, test
temperatures and normal loads on the interface bonding strength. A 19 mm Superpave
asphalt concrete mixture was used for the preparation of test specimens. Six emulsions and
two binders were used as tack coats. Five application rate levels and two test temperatures
were used for each tack coat material. Table 5 presents the test factorial.

Table 5
Test factorial for varying type, application rate, and temperature
Application Test Application Rate
Tack Coat Material Temperature temperature
°C °F °C °F | Um® | gallyd
Binders PG 64-22 160 320
PG 76-22 M 160 320
SS-1 66 150 0.0 0.0
SS-1h 71 160 25 77 0.09 0.02
Emulsions CRS-2P 71 160 0.23 0.05
CSS-1 71 160 55 131 0.45 0.1
CRS-2L 82 180 0.9 0.2
SS-1L 49 120

Triplicate samples were tested at each above-mentioned combination of tack coat type,
application rate, and temperature. After completing all the shearing strength tests of the
factorial, statistical analysis on the shearing strengths of the specimens were conducted to
determine the optimum type and application rate of tack coat. In order to investigate the
influence of normal stress levels on interface bonding strength, specimens were tested at six
normal stress levels. At each normal stress level, tests were conducted at 25°C (77°F) and
55°C (131°F). The test factorial for determining the effect of normal stresses on the interface
shearing strength is presented in Table 6.
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Table 6
Test factorial for varying normal load levels

Tack Application rate Normal load levels Test temperature
coat
material /m” gal/yd” Kpa psi °C °F
0 0
137.9 20
CRS-2P 0.09 0.02 275.8 40 25 77
413.6 60 55 131
551.5 80
689.4 100




METHODOLOGY

Material And Mixture Design

As stated earlier, eight different tack coat materials were studied through a simple shear test
protocol developed in this project. A 19 mm Superpave mixture obtained from an ongoing
overlay project was used to prepare test specimens. A brief description of the asphalt tack
coat materials selected and important features of the designed Superpave mixture are
presented below.

Tack Coat Materials

The tack coat materials selected for this study include two types of performance-graded
asphalt cements (PG 64-22 and PG 76-22M) and six emulsions (CRS-2L, CRS-2P, CSS-1,
SS-1, SS-1h and SS-1L). As presented in table 7, both performance-graded asphalt cements
satisfied the Louisiana specification requirements [9], and all of the emulsions selected met
the test requirements as specified in AASHTO T59, AASHTO M 140, and AASHTO M208.

Emulsions. Emulsions are generally a mixture of asphalt, water, and an emulsifying agent.
Emulsions are manufactured by passing hot asphalt cement and water containing emulsifying
agents through a colloid mill under high pressure. The colloid mill produces extremely small
(less than 5-10 pm) globules of asphalt cement, which are suspended in water. Figure 3
shows asphalt globules suspended in water.
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Table 7

Louisiana specification requirements and sample test result for the binders

PG 76-22 M PG 64-22
Test Property Spec Sample Spec Sample
Result Result
Original Binder
Rotati 1 Vi it 135°
oationa V;,SCOS‘ y @135°C 3.0- 1.34 3.0- 0.52
a-s
Dynamic Shear, 10rad/sec 1.00+ 192 1.30+ 1.59
G*/ Sin 6, Kpa @76°C ' @64°C '
Flash Point °C 232 + 279 232 290
Solubility % 99.0+ 99.9 99.0+ 99.9
Force Ductility Ratio (F2/ F1),
4°C, 5 ecm/min, F2 @30 cm 30+ 42
Elongation
Tests on RTFO Residue
Mass Loss % 1.00- 0.31 1.00- 0.297
Dynamic Shear, 10 rad/sec 2.20+ 546 2.20+ 314
G*/Sin 6, Kpa @76°C ' @64°C '
Elastic Recovery, 25°C, 10 cm 0
Elongation % 60+ 75%
Tests on PAV Residue
Dynamic Shear, 10 rad/sec,
G* Sin 8, Kpa, 25°C 5000- 3212 5000- 2210
Bending Beam Creep Stiffness,
Smax, Mpa, Tested at —12°C 300- 240 300- 204
Bending Beam Creep Slope m
Value, Min Tested at -12°C 0.300+ 0.362 0.300+ 0.342
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Figure 3
Emulsified asphalt

The emulsifying agent imparts electrical charges to the asphalt droplets. The emulsions are
then classified as either cationic (C) or anionic based on the type of charge that the asphalt
droplets carry. Anionic emulsions carry a negative charge, whereas cationic emulsions carry
a positive charge.

Siliceous aggregates, such as sandstone, quartz, and siliceous gravels, are generally
negatively charged and therefore are usually compatible with the positively charged cationic
emulsified asphalts. Some limestone aggregates, on the other hand, bear a positive charge on
their surface and are therefore usually compatible with the negatively charged anionic
emulsified asphalts. Both anionic and cationic asphalts are further classified according to
their setting rate as rapid setting (RS), medium setting (MS), and slow setting (SS). The
setting rate of an emulsion is defined as the rate at which the emulsion breaks down when
applied to an asphalt surface or mixed with an aggregate. The cationic emulsions used in this
study were CRS-2P (cationic rapid setting polymer-modified asphalt), CRS-2L (cationic
rapid setting latex-modified asphalt), and CSS-1 (cationic slow setting). The anionic
emulsions used in the study were SS-1 (anionic slow setting), SS-1h (anionic slow setting
with a harder base asphalt), and SS-1L (anionic slow setting with latex-modified asphalt).

Properties of Tack Coats
The tack coat materials were characterized through measuring the complex shear modulus,
phase angle, and rotational viscosity. Tests were also conducted to verify the percentage of
asphalt cement residue in the six emulsions selected for this study. Generally, properties of
the asphalt tack coats measured in this study include:

1. Residue after evaporation.

2. Complex shear modulus and phase angle at 25° and 55°C.

17



3. Viscosity at 135°C.

A brief description of these measurement procedures is given below.

Residue after Evaporation. The residue by evaporation test (ASTM D 244) is used to
indicate compositional characteristics of emulsified asphalts. A beaker containing 50+ 0.1
grams of thoroughly mixed emulsified asphalt is placed in an oven for two hours at

163 £ 3°C to ensure complete evaporation. The beaker is weighed again at the end of this
period to determine the weight of the residual emulsion. The ratio of the weights of residue
after evaporation to the initial weight of the emulsion is reported in percentage of the residual
emulsion. Table 8 lists the percent residues after evaporation together with application
temperatures and specific gravity for the emulsified asphalts used in the study.

Table 8
Residue after evaporation of the emulsified asphalts

Emulsion Application Residue After Specific Gravity
Temperature Evaporation %
°C °F
CRS-2P 71 160 65 0.9
CRS-2L 82 180 69 1.05
SS-1 66 150 57 0.9
CSS-1 71 160 57 1.01
SS-1H 71 160 62 1.06
SS-1L 49 120 62 1.05

Dynamic Shear Rheometer Tests. The Dynamic Shear Rheometer (DSR) characterizes the
visco-elastic properties of an asphalt cement by measuring the properties of complex shear
modulus (G*) and phase angle (d) of the binder. The test procedure is described in AASHTO
TPS5. The DSR subjects a small sample of binder to oscillatory shear stresses while
sandwiched between two parallel plates.
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Figure 4
Basic principles of dynamic shear rheometer

As the force (or shear stress, 7) is applied to the asphalt by the spindle, the response (or
shear strain, y) of the asphalt to the force is measured by the DSR. The following formulas

are used to calculate maximum shear stress ( 7 max) and maximum shear strain ( ¥ max).

Tmax =2T/zr
Ymax= 61/h
Where,

T= maximum applied torque;
r= radius of binder specimen (either 12.5 or 4 mm);
6 = deflection (rotation angle); and

h = specimen height (either 1 or 2 mm).

The complex shear modulus (G*) is computed as a ratio of applied shear stress and resulting
shear strain. The phase angle (8) is computed by multiplying the time lag (At) by the angular
frequency (o). Figure 5 shows the shear stress and shear strain curves plotted against time

and the computations of complex shear modulus (G*) and phase angle (6) from them.
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Stress-strain response in dynamic shear rheometer test
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Table 9
Complex shear modulus and phase angle measured at 25°C

Tack coat type Complex Modulus Phase Angle G*/Sin 6
G* (Kpa) d (Degree) Kpa

PG 64-22 910.0 59.6 1055.1
PG 76-22 M 887.2 56.3 1066.4
CRS-2L 297.8 68.2 320.6
CRS-2P 210.8 63.1 236.4
CSS-1 135.7 70.5 144.0
SS-1 169.7 70.9 179.6
SS-1H 631.1 59.8 730.2
SS-1L 227.0 68.9 243.2

The complex shear modulus for each type of tack coat was measured at temperatures of 25°C
(77°F) and 55°C (131°F). Tables 9 and 10 list the complex shear modulus and phase angles
computed from the dynamic shear rheometer tests.
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Table 10

Complex shear modulus and phase angle measured at 55°C

Tack coat type Complex Modulus Phase Angle G*/ Sin 9

G* (Kpa) o (Degree) Kpa

PG 64-22 6.0 83.4 6.1
PG 76-22 M 10.9 70.1 11.6
CRS-2L 3.2 79.9 3.3
CRS-2P 3.4 75.3 3.5
CSS-1 1.2 85.4 1.2
SS-1 1.4 84.9 1.4
SS-1H 3.2 82.6 3.2
SS-1L 2.8 77.3 2.9

Although PG 64-22 had a higher complex modulus (G*) at 25° C, the G*/ Sin 6 value for PG
76-22M was higher than that of PG 64-22 at test temperatures of both 25° and 55° C. A
higher value of G*/Sin 6 for PG 76-22M indicates a larger elastic component of stiffness
compared to PG 64-22. A higher G*/Sin ¢ value for PG 76-22M, also validated the fact that
the binder was modified through the addition of polymer to improve its elastic properties.
CSS-1 had the lowest value of G*/ Sin 6 at both test temperatures. Figures 6 and 7 show the
variation of the G*/ Sin 8 values with tack coat types at test temperatures of 25°C (77°F) and
55°C (131°F), respectively.

1200
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800 730.2
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400 320.6
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236.4 243.2
H 144 179.6
o Y Y I e I

PG 64-22 PG 76-
22M

1066.4

1055.1

G*/ Sin delta

CRS2L CRS2P CSS-1 SS-1 SS-1h SS-1L

Tack Coat Type

Figure 6
Variation of G*/ Sin 6 with tack coat type at test temperature 25°C
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Figure 7
Variation of G*/ Sin 6 with tack coat type at test temperature 55°C

Rotational Viscometer Tests. The rotational viscometer measures the torque required to
maintain constant rotational speed of a cylindrical spindle that is submerged in a sample at a
constant speed. The torque required to rotate the spindle at a constant speed (20 RPM) is
directly related to the viscosity of the binder sample. The viscometer measures the viscosity
and shows it in the rotational viscometer display. Figure 8 presents a rotational viscometer.

Figure 8
Rotational viscometer
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Rotational viscosities of the tack coat materials were measured at a temperature of 135°C for
this study. It is noted that superpave binder specification limits the viscosity of a binder to 3
Pa.s at 135°C (275°F) to ensure that the binder is sufficiently fluid for pumping and mixing.
The test was conducted on the binders (PG 64-22 and PG 76-22M) and on the residues of the
emulsified asphalts (CRS-2P, SS-1, CSS-1, and SS-1h) used as tack coats. The residues of
the emulsified asphalts were obtained by placing a beaker containing 50+ 0.1 grams of
thoroughly mixed emulsified asphalt in an oven for two hours at 163 £ 3°C to ensure
complete evaporation of the emulsifying agent. Figure 9 shows the rotational viscosities of
the asphalt tack coats measured at 135°C.

Viscosities of Tack Coat Materials
2.5
2.03
7 2 W
©
e 15 -
] ' 1.23
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@ 1 0.84
8 0.54 0.58
> 0.5 |_| 0.26 0.3 |_|
. | | | M [
PG 64-22 PG 76- CRS 2L CRS 2P CSS-1 SS-1 SS-1h SS-1L
22M
Tack Coat Type

Figure 9
Viscosities of tack coat materials

It is noted that CRS-2P had the highest viscosity and CSS-1 had the lowest viscosity at
135°C. Viscosities of all the binders and residual emulsions were, however, lower than the
limiting Superpave binder specification of 3 Pa.s.

Mixture Design

The 19 mm Superpave asphalt concrete mixture used in this study was designed for the
wearing course of a Louisiana Department of Transportation and Development (DOTD)
project. The asphalt concrete mixture was brought to the laboratory from the field project.

Based on the environmental information from the project site, PG 76-22M was selected as
the binder. The job mix formula for the designed mix is attached in appendix A. The
aggregate gradation for the sand stone used in the designed mix is shown in Figure 10.
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Aggregate gradation of the design mix

The aggregate blend properties and the corresponding Superpave mix design criterion are

presented in Table 11.

Table 11

Aggregate blend properties

Property Criterion Agg. Blend
Coarse Aggregate Angularity, Min 98 98
Fine Aggregate Angularity, Min 45 45

Flat / Elongated, Max, 5:1 10 0
Sand Equivalent, Min 50 61
Combined Gsb / 2.558
Combined Gsa / 2.657

Three trial mixes with asphalt contents of 4.5, 5.0, and 5.5 percent were selected for the

preparation of trial specimens, and two specimens each were prepared at each of these
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asphalt contents. Compaction and volumetric properties of the samples were measured and
plotted against the asphalt binder content. The design asphalt content of 4.9 percent was
selected at 4 percent air void from the plot of air void versus asphalt content. The mixture
properties at the selected asphalt content were then checked against the design criterion from
the design curves. Figure 11 shows the design curve for air void versus asphalt content used

to ascertain the optimum asphalt binder content for the design mix.

Air Voids vs % AC content

\
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o
>
=
<
X

4.8 5 5.2

% Asphalt Content

Figure 11
Design curve for air void vs. asphalt content

Since all the volumetric and design properties at 4.9 percent asphalt content were within the
acceptable limits, the optimum asphalt content of 4.9 percent was taken as the design asphalt
content. Table 12 presents the compaction and volumetric properties at the designed asphalt
content.

Table 12
Compaction and volumetric properties at design asphalt content

Mix Property Result Criteria
Asphalt content 4.9 /

Air Voids, % 4.2 4.0
VMA, % 14.2 /
VFA, % 70 65-75

Dust Proportion 0.8 0.6-1.2
%Gmm (@ Nini 85.0 Less than 89
%Gmm (@ Nmax 97.5 Less than 98
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Specimen Preparation

The following steps were required to prepare each sample for testing.
1.  Determine amount of tack coat to be applied on a specimen surface.
2. Estimate minimum curing period of emulsions.
3. Compact specimen.
4

Condition specimen.

Determine Tack Coat Amount
A detailed procedure for determining the amount of tack coat to be applied on a specimen is
described in Appendix B.

Estimate Minimum Setting Period of Emulsions

As stated earlier, emulsified asphalts are mixtures of asphalt cement, water, and an
emulsifying agent. The water in an emulsion evaporates during or after its application to
aggregates. This process is called setting of emulsions. Rapid setting emulsions (CRS-2P) set
very fast, normally less than half an hour. Slow setting emulsions (SS-1, CSS-1, SS-1H),
however, take longer to set. The minimum setting period of emulsions is generally estimated
by visual observation. Emulsions are mostly brown in color, and they become black as they
set due to the evaporation of water from the emulsions. A simple test was conducted to
estimate the setting periods of emulsions. After applying emulsions on a cardboard surface,
some limestone aggregate materials were placed on the emulsions. The aggregates’ adhesion
with the cardboard was tested by pulling stones from the cardboard surface at an interval of
five minutes. It was assumed that an emulsion would be able to hold the aggregates firmly
once it was set. The state of adhesion, along with the visual observation of change in color,
was recorded after every five minutes. Setting was considered complete when an emulsion
changed its color from brown to black and was able to hold the aggregates firmly. According
to this estimation procedure, the minimum setting period for both CRS-2P and CRS-2L was
about five minutes. The minimum setting period for the slow-setting emulsions ranged
between 15 and 20 minutes. Table 13 lists the minimum setting period of emulsions
determined through the laboratory experiment.
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Table 13
Minimum setting period of emulsions

Emulsified Asphalt Minimum SettingPeriod
Minutes
CRS-2L 5
CRS-2P 5
SS-1 20
SS-1H 15
SS-1L 15
CSS-1 20

Compact Specimen

The test factorial for this research included one mix type, eight tack coat types, two
temperatures, five application rates, and six normal load levels. Triplicate samples were
tested at each condition. A total of 234 (192 + 42) specimens were required for testing. A
complete specimen consisted of two layers with a tack coat at the interface of these layers
and a diameter of 150 mm. The bottom half of each specimen was prepared by compacting
the designed mix to a height of 56 mm at 165°C (329°F) using the Superpave gyratory
compactor (SGC). The compacted specimen was then allowed to cool down to room
temperature and its air void content was measured by determining the bulk density of the
half. Compacted bottom halves having an air void of 6 1 percent were selected for
preparation of complete samples. Since bulk density measurement involved soaking the
specimens in water for four minutes, the bottom halves were allowed to dry out at room
temperature for at least four days before preparing complete specimens to allow drainage of
any trapped water. The asphalt materials used as tack coat were heated to the specified
application temperature by conditioning them in an oven at the required temperature. The
bottom half of the specimen was placed on an electronic scale, which was set to zero. The
calculated amount of preheated tack coat was then applied on one face of the sample by using
a paintbrush. Before applying the tack on the specimen surface, the temperature of the tack
coat was measured to ensure that it was at the application temperature. Figure 12 illustrates a

tack coat application using a paintbrush.
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Figure 12
Tack coat application using a paintbrush

It is noted that two binders and six emulsions were used as tack coats and that the emulsions
require some time to cure after their application on the specimen surface. In this study, both
CRS-2P and CRS-2L were allowed to cure for an hour. Curing periods of one and one-half

hours were allowed for SS-1, SS-1L, and SS-1H; two hours was allowed for CSS-1to ensure

complete curing of these emulsions.

Once the application and curing of the tack coat was complete, the top half of the sample was
compacted by placing the bottom half in a compaction mold and compacting loose mix on
top of the tack-coated bottom half. Figure 13 shows the placement of the bottom half of a
sample in a mold. Figures 14 and 15 show placement of loose mix on top of a compacted
bottom half, and placement of the mold in SGC for compaction, respectively.
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Figure 13
Placement of the compacted bottom half of a sample in mold

Figure 14
Placement of loose mix on top of a compacted bottom half
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Figure 15
Placing compaction mold in the SGC for compaction

The air void content of the compacted specimen was then calculated. Specimens having an
air void content of 5-7 percent were considered acceptable for inclusion in the testing
program.
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Condition Specimen

Tests were conducted at two temperatures, 25°C (77°F) and 55°C (131°F) within a few days
after sample fabrication, to determine the shearing strength of the interface layer of a
complete specimen. For the tests conducted at 55°C (131°F), specimens were conditioned in
an oven for at least two hours before fitting them in the shearing mold. The shearing mold
assembly was then placed in the Superpave shear tester (SST). Since the shearing mold
assembly’s temperature decreases during its placement in the SST, it was conditioned for an
additional one-half hour at 55°C (131°F) inside the SST machine before conducting the test.
No oven conditioning was required for the 25°C (77°F) tests, since room temperature was
controlled at 25°C (77°F). The specimens were conditioned only inside the SST
environmental chamber at 25°C (77°F) prior to testing for an hour.

Test Facilities

Superpave Shear Tester (SST)
The SST is normally used for shear load-related performance tests in Superpave mixture
analysis. The SST system includes the following components:

1. Loading device (load actuators of hydraulic system): The loading device of the SST
produces vertical and horizontal loads using two hydraulic actuators (horizontal and
vertical). The loading device can apply simultaneous vertical, horizontal, and
confining loads on the test specimens and is controlled by a closed loop feedback
system. It is possible to apply a maximum load of 22.2 KN (5,000 1b) in both the
horizontal and the vertical direction using this machine.

2. Specimen deformation measurement equipment (linear variable differential
transducers): Linear variable differential transducers are used to measure
deformation in the axial (vertical) and shear (horizontal) directions.

3. Environmental chamber: The environmental chamber is used to control temperature
and pressure during a test. It is capable of maintaining temperature in the range of
0°C (14°F) to 80°C (176°F) and confining pressure of up to 1,000 Kpa (145 psi) on
the test specimen.

4. Control and data acquisition system: The control and data acquisition system can be
used to record the load cycles, the applied horizontal and vertical loads, specimen
deformation (in the axial, horizontal and the vertical direction), and the temperature
and pressure conditions. The control and data acquisition system collects data
during the test according to the frequency specified in the test procedure. Figure 16
shows the SST.

31



[ooo~ wn)

Figure 16
Superpave shear tester

Shearing Device

A shearing mold was specifically designed for the shear strength test in this study. The mold
consists of two parts. Each part has a 150 mm (5.9 in.) diameter and 50.8 mm (2 in.) deep
cylindrical groove in it, so that the mold can hold the specimens during testing. The mold has
arrangements for mounting axial and shear LVDTs (Linear Variable Differential
Transducers) on the sample. Figure 17 shows the parts of the designed shearing mold. Figure
18 shows the designed shear mold containing a sample.
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Specimen

Figure 17
Designed shear mold

Shear
Mold

Figure 18
Designed shear mold with a sample inside
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Shear Strength Test

The interface bonding strength in this study was estimated by measuring the shear strength of
the test specimens at the interface. A simple shear test was conducted using the SST to
determine the shear strength at the interface. Figure 19 shows the test arrangement (SST
environmental chamber with test mold in it) for the simple shear test. The designed simple
shear test applies the shearing load at a constant rate of 222.5 N/min (50 1b/min) on the
specimen until failure. Figure 20 shows a plot of the applied shearing load on a test specimen
versus time.

Vertical
Actuator

Temperature
sensor

Shear
Mold

Figure 19
Test arrangement for the simple shear test

34



Shear load vs Time
Test Temperature 55°C
250
2 200
3 150 -
L=
= 100 -
2
5 50
O T T T T T
0 50 100 150 200 250 300
Time (sec)
Figure 20

Typical shear load vs. time for 55°C

Applied shear stress on the interface was calculated by dividing the shear load by the cross
sectional area of the interface.

Shear Stress = ShearLoad
Area

Where,
Area= 7 (R)*; and
R=radius of the sample.

In addition to applying and measuring the shear load the SST measured the displacement of
the specimen interface due to the load applications using LVDT. Figure 21 presents a typical
plot of the shear stress versus displacement. The shear strength was determined from the
graph’s peak value and used in the analysis.
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Figure 21
Typical simple shear test result at 55°C




DISCUSSION OF RESULTS

Simple shear test results were analyzed to determine the influence of different asphalt tack
coats at varying application rates on the interface bonding strength. Test results were grouped
according to test temperature and the type of tack coat used to characterize the variation of
interface bonding strength with varying application rates at each test temperature. Test results
were also grouped according to the tack coat application rates to illustrate the variation of
shear strength at the interface with varying asphalt tack coat types at each test temperature.
Statistical analyses of the test results were then carried out using the Statistical Analysis
System (SAS) software. A multiple comparison procedure, Fisher’s Least Significant
Difference (LSD), was carried out with a 95 percent confidence interval. The multiple
comparison procedure ranked the mean strength and failure strain values and placed them in
groups designated by “A”, “B”, “C”, “D”, “A/B,” etc. The letter “A” is used to rank the
group with the highest mean shear strength, followed by the other letter grades in the
appropriate order. A double letter designation, such as “A/B,” indicates that the mean shear

strength of that group is not significantly different from either of the groups “A” or “B.”

Influence of Application Rate

Specimens were prepared by applying each type of asphalt tack coat at four different
application rates to investigate the influence of tack coat application rates on the interface
bonding strength. As stated earlier, six emulsions (CRS-2L, CRS-2P, SS-1, CSS-1, SS-1H,
and SS-1L) and two asphalt cements (PG-64 22 and PG 76-22) were used as tack coats. The
analysis of interface shear strength of specimens grouped according to asphalt tack coat type

is presented below.
PG 64-22 as Tack Coat

Table 14 presents the simple shear test results (interface bond strength) along with their
standard deviation and coefficient of variation at 25°C.
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Table 14

Interface bond strengths using PG 64-22 as tack coat at 25°C

TESTS CONDUCTED USING PG 64-22 AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6|38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
ALT-1| 6.7 2455 | 35.6
0.09 | 0.02 |ALT-2| 6.6 | 6.6 | 0.1 | 1.4 |2394 | 347 |2585|375| 279 [405| 108
ALT-3| 6.5 290.6 | 422
AMT-1| 6.8 296.2 | 43.0
0.23 | 0.05 |AMT-2| 6.8 | 6.7 | 0.1 | 1.9 |302.7| 43.9 |3054 |443| 10.7 | 1.55 35
AMT-3| 6.6 317.1 | 46.0
AHT-4| 7.0 2529 | 36.7
0.45| 0.1 |AHT-5| 6.7 | 6.7 | 03 | 49 |2452| 356 |250.8 |36.4| 49 | 49 2.0
AHT-6| 64 2543 | 369
AVT-4| 64 200.8 | 29.1
09 | 02 |AVT-5| 67 | 66 | 02 | 2.6 |229.8| 333 |2203|32.0| 169 |16.9 7.7
AVT-6| 6.6 2303 | 334

The first column of the table lists the application rates at which the tack coat (PG 64-22) was
applied. The second column shows the sample IDs used to designate individual specimens

during specimen preparation and testing. Test results indicate that the highest interface
strength was obtained when PG 64-22 was applied at a rate of 0.23 I/m”* (0.05 gal/yd?).

Interface bonding strength increased with increasing application rates up to 0.23 I/m* (0.05
gal/yd®) and gradually decreased at higher application rates of 0.45 /m? (0.1 gal/yd?) and 0.9

1/m* (0.2 gal/yd®). The mean shear strength reached a peak of 305.4 Kpa (44.3 psi) at an
application rate 0.23 /m” (0.05 gal/yd®). Figure 22 shows the variation of interface shear

strength with application rates.
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Test results presented in table 14 were analyzed to determine whether the average shear
strengths of the groups were statistically different from one another and to rank them

Figure 22
Plot of interface shear strength vs. application rate using PG 64-22 as tack coat at test
temperature of 25°C

according to their mean shear strengths. The results of the statistical analysis are presented in

table 15.

Statistical analysis of interface bond strengths using PG 64-22 as tack coat at test

Table 15

temperature of 25°C

Application Rate Mean Shear Strength Ranking
I/m* gal/yd® Kpa psi

0.0 0.0 266.6 38.7 B
0.09 0.02 258.5 37.5 B
0.23 0.05 305.4 443 A
0.45 0.1 250.8 36.4 B/C
0.9 0.2 220.3 31.9 C

39



Mean shear strength of interface received the highest (“A”) and the lowest (“C”) rankings at
tack coat application rates of 0.23 1/m? (0.05 gal/ yd*) and 0.9 1/m? (0.2 gal/ yd?),
respectively.

Table 16 presents simple shear tests results at a temperature of 55°C. The test results indicate
that the interface bond strength was insensitive to the tack coat application rate at 55°C.
Although specimens without any tack coat had the highest interface strength, the variation of
interface strength with increasing application rate was insignificant. Figure 23 shows the
variation of interface bond strength with varying application rates of PG 64-22. Table 17
presents the statistical analysis of interface shear strengths obtained by using PG 64-22 as

tack coat at various application rates.

Statistical analysis indicated that at 55°C, the mean shear strengths at different tack coat
application rates were not significantly different from one another. The SAS analysis ranked

all the mean shear strength groups as an “A”.

Table 16
Interface bond strengths Using PG 64-22 as tack coat at 55°C

TESTS CONDUCTED USING PG 64-22 AS TACK COAT AT 55°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi Kpa | psi | Kpa | psi | CV %
NT-8 | 6.9 51.4 7.5
0 0 NT-9 | 67 | 69 | 0.1 | 1.6 | 59.2 8.6 56.6 | 82 | 45 |0.66 8.0
NT-10| 7.0 59.3 8.6
ALT-4| 6.5 434 6.3
0.09 | 0.02 |ALT-5| 64 | 6.5 | 0.1 | 14 | 572 8.3 532 | 7.7 | 85 |1.24| 16.0
ALT-6| 6.6 59.0 8.6
AMT-4| 6.9 474 6.9
0.23 | 0.05 |[AMT-5| 7.0 | 69 | 0.1 | 0.9 | 51.8 7.5 514 | 75 | 3.7 |0.54 7.2
AMT-6| 6.9 54.8 8.0
AHT-1| 6.9 47.5 6.9
0.45| 0.1 |AHT-2| 6.8 | 6.7 | 0.3 | 3.9 | 573 8.3 537 | 7.8 | 54 |0.78| 10.0
AHT-3| 64 56.2 8.2
AVT-1| 59 48.3 7.0
0.9 0.2 |AVT-2| 6.6 6.3 0.3 54 | 49.8 7.2 517 | 7.5 4.8 |0.69 9.2
AVT-3| 6.3 57.2 8.3

40



Tack Coat Type PG 64-22
Test Temp 55°C
60 56.6
T 55 °3:2 51.4 237 51.7
o
X 50
£ 45
=4
S 40
& 35
S 30
O 25-
20
0 0.09 0.23 0.45 0.9
Application Rate (I/m?)

Figure 23
Plot of interface shear strength vs. application rate using PG 64-22 as tack coat at test
temperature of 55°C

Table 17
Statistical analysis of interface bond strengths using PG 64-22 as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
I/m* gal/yd” Kpa psi

0.0 0.0 56.6 8.2 A
0.09 0.02 53.2 7.7 A
0.23 0.05 51.4 7.5 A
0.45 0.1 53.7 7.8 A
0.9 0.2 51.7 7.5 A

In summary, the influence of the application rate on interface strength at high temperatures
was not significant; whereas, at 25°C, the application rate influenced the interface strength,
and the highest strength was reached at 0.23 I/m* (0.05 gal/yd?).
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PG 76-22M as Tack Coat

Table 18 presents simple shear tests results (mean maximum shear stress) along with their
standard deviation and coefficient of variation. The test results indicate that the highest mean
interface strength was obtained at an application rate of 0.23 I/m* (0.05 gal/yd ?). Higher
application rates of 0.45 (0.1 gal/yd?) and 0.9 I/m” (0.2 gal/yd®) provided lower mean
interface bonding strengths. It is interesting to note that at 25°C, both the asphalt cements
(PG 64-22 and PG 76-22M) provided the highest interface strength at the application rate of
0.23 I/m?* (0.05 gal/yd®). Figure 24 shows the variation of mean shear strength with varying
application rates of PG 76-22M.

Statistical analyses of the mean shear strengths of these specimens are presented in table 19.

Table 18
Interface bond strengths using PG 76-22M as tack coat at test temperature of 25°C

TESTS CONDUCTED USING PG 76-22M AS TACK COAT AT 25°C

App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff

Rate ID | Void | Void |Devn| Var Strength Strength Devn Var

I/m2 |gallyd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1| 6.5 246.6| 35.8

0 0 WT-2 | 58 | 6.2 | 04 | 6.1 [2729| 39.6 |266.6|38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2| 40.6
BLT-1| 6.6 275.8| 40.0

0.09| 0.02 |BLT-2| 65 | 65 | 0.1 | 1.2 |2439| 354 |256.8|37.3| 16.8 |2.43 6.5
BLT-3| 6.4 250.8| 36.4
BMT-1| 6.6 299.9| 435

0.23 | 0.05 |BMT-2| 69 | 6.7 | 0.2 | 3.3 |274.0| 39.8 |289.1({41.9| 13,5 |1.95 4.7
BMT-3| 6.5 293.4| 42.6
BHT-1| 6.8 286.4| 41.5

045| 0.1 |BHT-2| 70 | 6.8 | 0.1 | 1.4 |268.6| 39.0 |280.6 {40.7| 10.4 |1.51 3.7
BHT-3| 6.8 286.8| 41.6
BVT-1| 6.8 266.7| 38.7

09 | 0.2 |BVT-2| 66 | 6.6 | 0.2 | 3.6 |289.5| 42.0 |280.4|40.7| 12.0 |1.75 4.3
BVT-3| 6.3 284.9| 41.3
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Figure 24
Plot of interface shear strength vs. application rate using PG 76-22M as tack coat at test
temperature of 25°C

Table 19
Statistical analysis of interface bond strengths using PG 76-22M as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
I/m’ gal/yd” Kpa psi

0.0 0.0 266.6 38.7 A/B
0.09 0.02 256.8 37.3 B
0.23 0.05 289.1 41.9 A
0.45 0.1 280.6 40.7 A/B
0.9 0.2 280.4 40.7 A/B

Statistical analysis ranked the mean interface strength group at an application rate 0.23 1/m’
(0.05 gal/yd?®) as an “A”. Although higher application rates of PG 76-22M resulted in lower
interface strengths, the variation of interface strength was not statistically significant. As a

result, the mean interface strengths at higher application rates of 0.45 1/m? (0.1 gal/yd®) and
0.9 I/m? (0.2 gal/yd®) were ranked as “A/Bs”.
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Table 20 presents variation of interface strength with varying application rates of PG 76-22M
at 55°C. Test results indicate that the highest interface strength was obtained at the highest
application rate of 0.9 1/m” (0.2 gal/yd®). Interestingly, all the lower application rates of PG
76-22M failed to provide the no tack coat strength (strength at 0.0 1/m? application rate). The
lowest interface strength was obtained at the application rate of 0.091/m? (0.02 gal/yd?).
Figure 25 shows the variation of interface shear strength with varying application rates of PG
76-22M at the test temperature of 55°C.

Statistical analyses of the mean shear strengths of these specimens are presented in table 21.

Table 20
Interface bond strengths using PG 76-22M as tack coat at test temperature of 55°C

TESTS CONDUCTED USING PG 76-22M AS TACK COAT AT 55°C

App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff

Rate ID | Void | Void |Devn| Var Strength Strength Devn Var

I/m2 |gallyd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5

0 0 NT-9 | 6.7 | 69 | 0.1 | 1.6 | 59.2 8.6 56.6 | 82 | 45 |0.66 8.0
NT-10| 7.0 59.3 8.6
BLT-4| 6.9 43.6 6.3

0.09| 0.02 |BLT-5| 66 | 6.6 | 0.2 | 3.1 | 55.6 8.1 492 | 71| 6.1 |0.88| 123
BLT-6| 6.5 48.4 7.0
BMT-4| 6.4 52.3 7.6

0.23 | 0.05 |BMT-5| 6.7 | 6.7 | 0.2 | 3.6 | 58.0 8.4 552 |1 80| 29 [042 5.2
BMT-6| 6.9 55.2 8.0
BHT-4| 6.7 52.1 7.6

045| 0.1 |BHT-5| 6.7 | 6.7 | 0.0 | 0.5 | 56.0 8.1 540 | 78| 19 |0.28 3.6
BHT-6| 6.7 54.0 7.8
BVT-4| 6.7 58.0 8.4

09| 0.2 |BVT-5| 66 | 6,5 | 0.2 | 28 | 545 7.9 583 | 85| 39 |0.57 6.8
BVT-6| 6.3 62.4 9.1
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Figure 25
Plot of interface shear strength vs. application rate using PG 76-22M as tack coat at test
temperature of 55°C

Table 21
Statistical analysis of interface bond strengths using PG 76-22M as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
/m* gal/yd’ Kpa psi

0.0 0.0 56.6 8.2 A/B
0.09 0.02 49.2 7.1 B
0.23 0.05 55.2 8.0 A/B
0.45 0.1 54.0 7.8 A/B
0.9 0.2 583 8.5 A

Statistical analysis ranked the mean interface strength at an application rate 0.9 1/m?* (0.02
gal/yd®) as an A. Although mean interface strengths at application rates 0.23 1/m* (0.05
gal/yd?) and 0.45 1/m” (0.1 gal/yd?) failed to reach the no tack coat strength of 56.6 Kpa (8.2
psi), the variation among these strengths was not statistically significant. As a result,
interface strengths at these application rates received the same ranking of “A/B”.
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In summary, various application rates of PG 76-22M failed to provide significant increase in
interface strength when compared to interface strength of specimens with no tack coat
(application rate 0.0 1/m®) at both of the test temperatures.

CRS-2L as Tack Coat

Table 22 presents the measured interface bond strengths long with standard deviation and
coefficient of variation, that were measured using CRS-2L as a tack coat material at a test
temperature of 25°C. Test results indicate that the highest interface strength was obtained at a
tack coat rate of 0.09 1I/m* (0.02 gal/yd®) with a mean peak value of 321.4 Kpa (46.7 psi).
Interface bonding strengths increased with increasing application rates up to 0.09 1I/m? (0.02
gal/yd®) and then decreased at higher application rates. Figure 26 shows the variation of
interface bond strength with different application rates.

Table 22
Interface bond strengths using CRS-2L as tack coat at 25°C

TESTS CONDUCTED USING CRS-2L AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. | Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 | WT-2| 58 | 62 | 04 | 61 |[2729]| 39.6 |266.6 |38.7| 17.7 | 2.6 6.6
WT-3 | 6.2 280.2 | 40.6
HLT-1| 6.6 343.0 | 49.8
0.09 | 0.02 |HLT-2| 7.0 | 56 | 03 | 5.6 |269.7| 39.1 |3214|46.7| 452 | 6.6 14.1
HLT-3| 6.4 3522 | 51.1
HMT-1| 6.7 289.6 | 42.0
0.23 | 0.05 [HMT-2| 64 | 6.0 | 0.5 | 85 |259.8| 37.7 | 2804 (40.7| 18.0 | 2.6 6.4
HMT-3| 6.4 2922 | 424
HHT-1| 6.4 271.7 1 394
0.45| 0.1 |HHT-2| 65 | 59 | 02 | 3.6 {2568 | 373 |261.2(379| 9.0 | 1.3 3.4
HHT-3!| 6.8 2556 | 37.1
HVT-1| 7.0 217.7| 31.6
09 | 02 |HVT-2| 68 | 58 | 0.1 | 2.4 |191.4| 27.8 |213.1 [30.9| 20.0 | 2.9 9.4
HVT-3| 6.6 230.6 | 33.5
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Figure 26
Shear strength vs. application rate using CRS-2L at 25°C

The statistical analysis of the measured interface bond strengths at 25°C is presented in Table
23. Results indicate that the mean interface bond strengths between samples with no CRS-2L
application and with an application rate of 0.09 I/m” (0.02 gal/yd®) were statistically different.
The mean strength value received the highest ranking of “A” at a tack coat application rate of
0.9 I/m? and a ranking of “B” at no tack application. On the other hand, the mean interface
bond strengths showed no statistical difference among samples without tack coat and with
tack coat application at higher application rates, e.g., 0.23 and 0.45 1/m®. As the application
rate reached 0.9 1/m?, the interface bond strength received the lowest ranking of “C”,

Table 23
Statistical analysis of interface bond strengths using CRS-2L as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
/m* gal/yd2 KPa psi

0.0 0.0 266.6 38.7 B
0.09 0.02 321.4 46.7 A
0.23 0.05 280.4 40.7 B
0.45 0.1 261.2 37.9 B
0.9 0.2 213.1 30.9 C
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Table 24 presents the simple shear test results for CRS-2L as tack coat material at 55°C.
Similar to the results at 25°C, the specimens reached the highest mean interface strength at
the application rate of 0.09 I/m? (0.02 gal/yd?). After the mean interface strength reached the
peak, the interface bond strengths decreased gradually with the increased application rates
higher than 0.09 I/m* of CRS-2L application. Figure 27 shows the variation of mean interface
bonding strength with increasing application rates of CRS-2L at 55°C. The statistical analysis
of the mean shear strengths of these specimens is presented in Table 25.

Table 24
Interface bond strengths using CRS-2L as tack coat at test temperature of 55°C

TESTS CONDUCTED USING CRS-2L AS TACK COAT AT 55°C
App. Sample| Air | Avg | Std. | Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5
0 0 NT-9 | 6.7 6.9 0.1 1.6 | 59.2 8.6 56.6 | 8.2 4.5 10.66 8.0
NT-10| 7.0 59.3 8.6
HLT-4| 6.5 61.8 9.0
0.09 | 0.02 |HLT-5| 6.5 6.6 02 | 2.6 | 72.8 10.6 674 | 9.8 5.5 0.8 8.2
HLT-6| 6.8 67.4 9.8
HMT-4| 6.5 59.5 8.6
0.23 | 0.05 |HMT-5| 6.3 6.5 0.1 1.7 | 69.6 10.1 64.1 | 93 5.2 0.8 8.2
HMT-6| 6.6 62.2 9.0
HHT-4| 6.7 57.6 8.4
0.45 | 0.1 |[HHT-5| 6.7 6.7 0.0 0.3 | 53.6 7.8 544 | 79 2.6 0.4 4.8
HHT-6| 6.6 52.6 7.6
HVT-4| 6.7 44.7 6.5
0.9 0.2 |HVT-5| 64 6.5 0.2 3.8 | 43.8 6.4 44.8 | 6.5 0.8 0.1 1.6
HVT-6| 6.3 45.2 6.6

As shown in Figure 27, the variation pattern of interface bond strength at various CRS-2L
applications at 55°C was exactly the same as that at 25°C. Table 25 indicates that the
statistical analysis of the interface bond strengths at 55°C also followed a similar ranking as
those at 25°C (Table 23) with the highest ranking of “A” and lowest ranking of “C” at the
tack coat application rate of 0.09 I/m” (0.02 gal/yd®) and 0.9 I/m* (0.2 gal/yd®), respectively.
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Statistical analysis of interface bond strength using CRS-2L as tack coat at test

Figure 27

temperature of 55°C

Table 25

temperature of 55°C

Application Rate Mean Shear Strength Ranking
/m* gal/yd’ Kpa psi

0.0 0.0 56.6 8.2 B
0.09 0.02 67.4 9.8 A
0.23 0.05 64.1 9.3 B
0.45 0.1 54.4 7.9 B
0.9 0.2 44.8 6.5 C

In summary, the mean interface bond strengths for specimens with a CRS-2L application rate

of 0.09 I/m” (0.02 gal/yd?) at the interface were observed to be significantly higher than those

without tack coat application for both temperatures of 25°C and 55°C. This indicates that the

emulsion material of CRS-2L can be used as the interface binding material (tack coat) to

improve the bonding strength at the pavement interface.
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CRS-2P as Tack Coat
Discussion of simple shear test results conducted on specimens prepared by using CRS-2P as
tack coat is presented in the following sections.

Table 26 presents the simple shear test results (mean maximum shear stress) along with their
standard deviation and coefficient of variation.

Table 26
Interface bond strengths using CRS-2P as tack coat at test temperature of 25°C

TESTS CONDUCTED USING CRS-2P AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6 |38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
CLT-1| 6.3 410.0 | 59.5
0.09 | 0.02 |CLT-2| 60 | 6.1 | 02 | 2.5 |351.5| 51.0 | 3514|510 58.6 [850| 16.7
CLT-3| 6.0 292.8 | 425
CMT-1| 6.0 266.0 | 38.6
0.23 | 0.05 |[CMT-2| 6.6 | 6.0 | 0.5 | 83 |2958| 429 |279.1 |[40.5| 152 |2.20 5.4
CMT-3| 5.6 2754 | 40.0
CHT-1| 5.8 243.0| 353
045] 0.1 |CHT-2| 60 | 62 | 0.5 | 85 |258.6| 37.5 |252.136.6| 8.1 |[1.17 32
CHT-3| 6.8 254.6 | 36.9
CVT-1| 6.8 2553 | 37.0
09 | 02 |[CVT-2| 61 | 66 | 04 | 6.1 |250.2| 363 |241.7|35.1| 19.4 |28l 8.0
CVT-3| 6.9 219.5| 31.8

The test results indicate that the highest interface strength was obtained at an application rate
of 0.09 1/m? (0.02 gal/yd?). Higher application rates of CRS-2P resulted in a gradual decrease
of interface strength. The behavior of CRS-2P is similar to that of PG 64-22 and PG 76-22M,
except that the maximum interface strength is obtained at an application rate 0.09 I/m? (0.02
gal/yd®). It is noted that specimens without any tack coat had higher interface strengths than
specimens with CRS-2P application rates of 0.45 I/m” (0.1 gal/yd?) and 0.9 I/m? (0.2 gal/yd?),
i.e., too much tack coat material. Figure 28 shows the variation of interface bond strength
with varying application rates of CRS-2P at 25°C.
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Figure 28
Plot of interface shear strength vs. application rate using CRS-2P as tack coat at test
temperature of 25°C

The statistical analysis of the mean interface strengths of these specimens is presented in
Table 27.

Table 27
Statistical analysis of interface bond strengths using CRS-2P as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength )
Ranking

I/m* gal/yd® Kpa psi

0.0 0.0 266.6 38.7 B
0.09 0.02 3514 51.0 A
0.23 0.05 279.1 40.5 B
0.45 0.1 252.1 36.6 B
0.9 0.2 241.7 35.1 B

The statistical analysis ranked the interface strength obtained at CRS-2P application rate of
0.09 1/m* (0.02 gal/yd®), as “A”, since it produced the highest interface strength of 351.4 Kpa
(51.0 psi) at this application rate, similar to CRS-2L. Higher application rates of CRS-2P
caused a gradual decrease in interface strengths. The decrease in bond strength, however, was
not statistically significant. As a result, the SAS analysis ranked the mean interface strengths
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at application rates of 0.23 I/m* (0.05 gal/yd?), 0.45 I/m* (0.1 gal/yd®), and 0.9 I/m? (0.2
gal/yd®) as “Bs.”

Table 28 presents the simple shear test results at 55°C. The test results show that, as the
application rate increased, there was a decrease in interface bond strength. This decrease,
however, was not significant except for the application rate of 0.9 I/m* (0.2 gal/yd®). It is
interesting to note that specimens without any tack coat had the highest interface strength as
compared to specimens with tack coats at various application rates. Figure 29 shows the
variation of interface strength with varying application rates of CRS-2P at 55°C.

Table 28
Interface bond strengths using CRS-2P as tack coat at test temperature of 55°C

TESTS CONDUCTED USING CRS-2P TACK COAT AT 55°C

App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff

Rate ID | Void | Void | Devn | Var Strength Strength Devn Var

I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5

0 0 NT-9 | 67 | 69 | 0.1 | 1.6 | 59.2 8.6 56.6 | 82 | 45 |0.66 8.0
NT-10| 7.0 59.3 8.6
CLT-4| 63 58.9 8.6

0.09 | 0.02 | CLT-5| 6.6 6.4 02 | 32 | 50.6 7.3 552 | 8.0 42 ]0.62 7.7
CLT-6 | 6.2 56.2 8.2
CMT-4| 6.0 58.7 8.5

0.23 | 0.05 [CMT-5| 64 6.3 02 | 3.0 | 532 7.7 55.1 | 8.0 32 |046 5.7
CMT-6| 6.4 53.4 7.7
CHT-4| 6.8 50.1 7.3

0.45 | 0.1 |[CHT-5| 6.6 6.6 0.2 | 3.5 | 438 6.4 493 | 7.2 5.1 [0.74 10.4
CHT-6| 6.3 54.0 7.8
CVT-4| 6.6 445 6.5

0.9 0.2 |CVT-5| 6.1 6.5 04 | 55 | 384 5.6 43.7 | 6.3 5.0 10.72 11.4
CVT-6| 6.9 48.3 7.0

52



Tack Coat Type CRS 2P
Test Temp 55°C
601 566 55.2 55.1
= %5 49.3
3 %0 43.7
2T 45 :
? SC_-, 40 -
© 35
5 30
25
20 : : : :
0 0.09 0.23 0.45 0.9
Application Rate (I/m?)
Figure 29
Plot of shear strength vs. application rate using CRS-2P as tack coat at test temperature
of 55°C

The statistical analysis of the mean shear strengths of these specimens is presented in Table
29.

Table 29
Statistical analysis of interface bond strengths using CRS-2P as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
/m* gal/yd’ Kpa psi

0.0 0.0 56.6 8.2 A
0.09 0.02 55.2 8.0 A
0.23 0.05 55.1 8.0 A
0.45 0.1 49.3 7.2 A/B
0.9 0.2 43.7 6.3 B

The statistical analysis indicates that, although interface bond strength decreased with an
increasing application rate of CRS-2P, the variation of interface strength among various
application rates in the range of 0.0 I/m* (0.0 gal/yd?) to 0.45 /'m* (0.1 gal/yd®) was not
statistically significant. As a result, interface-bond strengths exhibited the similar ranking for
application rates of 0.0 I/m* (0.0 gal/yd?), 0.09 I/m? (0.02 gal/yd®), 0.23 I/m* (0.05 gal/yd®),
and 0.45 I/m? (0.1 gal/yd?).
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It can be said that the influence of the application rate on interface strength at high
temperature was not significant. However, at 25°C, the application rate significantly
influenced the interface strength and the highest interface strength was recorded at an
application rate of 0.09 I/m? (0.02 gal/yd?).

SS-1 as Tack Coat
Discussion of simple shear test results conducted on specimens prepared by using SS-1 as
tack coat is presented in the following sections.

Table 30 presents the simple shear test results (mean maximum shear stress) along with their
standard deviations and coefficients of variation. Test results indicate that specimens without
tack coat (application rate 0.0 I/m?) had the highest mean interface strength and that the
interface strength decreased with increasing application rates of SS-1. The highest
application rate of SS-1 (0.9 1/m?) provided the lowest interface bond strength of 210.2 Kpa
(30.5 psi). Variation of interface bond strength, however, was not statistically significant
when SS-1 was applied in the range of 0.0 I/m” (0.0 gal/yd?) to 0.23 I/m* (0.05 gal/yd?).
Figure 30 illustrates the variation of interface bond strength with varying application rates of
SS-1. The statistical analysis of the mean shear strengths of these specimens is presented in
Table 31.
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Table 30
Interface bond strengths using SS-1 as tack coat at temperature of 25°C

TESTS CONDUCTED USING SS-1 AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6 |38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
DLT-1| 6.1 288.1 | 41.8
0.09 | 0.02 |DLT-2| 6.6 | 64 | 03 | 44 |241.4| 350 |2659 |38.6]| 23.4 |3.40 8.8
DLT-3| 6.3 268.3 | 389
DMT-1| 6.4 2452 | 35.6
0.23 | 0.05 |DMT-2| 6.3 | 6.5 | 0.1 | 2.2 |265.0| 384 |263.0|38.1| 169 |245 6.4
DMT-3| 6.6 278.8 | 40.4
DHT-1-| 6.3 2432 | 353
0.45| 0.1 |DHT-2-| 62 | 6.2 | 0.1 | 1.0 |226.1| 32.8 |2274(33.0| 152 |221 6.7
DHT-3-| 6.1 2129 | 309
DVT-1-| 6.0 205.5| 29.8
09 | 02 [DVT-2-| 59 | 6.1 | 02 | 29 |217.5| 31.6 |2102|30.5| 6.4 |0.93 3.1
DVT-3-| 6.3 207.6 | 30.1
Tack Coat Type SS-1
Test Temp 25°C
300 1 266.6 265.9 263
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Figure 30

Plot of shear strength vs. application rate using SS-1 as tack coat at test temperature of

25°C
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Table 31
Statistical analysis of interface bond strengths using SS-1 as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
I/m’ gal/yd” Kpa psi

0.0 0.0 266.6 38.7 A
0.09 0.02 265.9 38.6 A
0.23 0.05 263.0 38.1 A
0.45 0.1 227.4 32.9 B
0.9 0.2 210.2 30.5 B

Although increasing application rates of SS-1 resulted in a gradual decrease of interface
strength, the variation of interface strength was not statistically significant when SS-1 was
applied in the range of 0.0 I/m” (0.0 gal/yd®) to 0.23 I/m* (0.05 gal/yd®). As a result, interface
strengths at these application rates exhibited the same ranking of “A.”

Table 32 presents the simple shear test results (mean maximum shear stress) along with their
standard deviations and coefficients of variation at 55°C. Interface strength variation with
varying application rates of SS-1 followed a similar pattern at both the test temperatures of
25°C and 55°C. In both cases the specimens without any tack coat had the highest mean
interface strength and increasing application rates of SS-1 resulted in decreasing mean
interface strengths. Figure 31 shows the variation of mean interface bonding strength with
increasing application rates of SS-1 at 55°C. The statistical analysis of the mean shear
strengths of these specimens is presented in table 33.

56



Table 32
Interface bond strengths using SS-1 as tack coat at test temperature of 55°C

TESTS CONDUCTED USING SS-1 AS TACK COAT AT 55°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5
0 0 NT-9 | 67 | 69 | 0.1 | 1.6 | 59.2 8.6 56.6 | 82 | 45 |0.66 8.0
NT-10 | 7.0 59.3 8.6
DLT-4| 6.3 55.9 8.1
0.09 | 0.02 |DLT-5| 6.1 | 6.2 | 0.1 | 1.4 | 49.6 7.2 550 | 80 | 50 |0.72 9.0
DLT-6| 6.2 59.4 8.6
DMT-4| 6.4 54.1 7.9
0.23 | 0.05 |DMT-5| 6.5 | 64 | 0.1 | 2.0 | 574 8.3 512 | 74 | 81 |1.18| 159
DMT-6| 6.3 42.0 6.1
DHT-4| 6.2 43.7 6.3
0.45| 0.1 |DHT-5| 60 | 62 | 0.2 | 2.4 | 483 7.0 47.1 | 6.8 | 3.0 [043 6.3
DHT-6| 6.3 49.3 7.2
DVT-4| 6.8 53.6 7.8
09 | 02 |[DVT-5| 63 | 6.7 | 03 | 44 | 449 6.5 46.1 | 6.7 | 7.0 [1.02| 153
DVT-6| 6.9 39.7 5.8

Tack Coat Type SS-1
Test Temp 55°C
60 - 56.6 55
£ 55 51.2
2 50 47.1 46.1
2 T a5
DT a0
< 35
& 30
25 -
20
0 0.09 0.23 0.45 0.9
Application Rate (I/m?)
Figure 31
Plot of shear strength vs. application rate using SS-1 as tack coat at test temperature of
55°C
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Table 33
Statistical analysis of interface bond strength using SS-1 as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
/m* gal/yd’ Kpa psi

0.0 0.0 56.6 8.2 A
0.09 0.02 55.0 8.0 A
0.23 0.05 51.2 7.4 A
0.45 0.1 47.1 6.8 A
0.9 0.2 46.1 6.7 A

Although specimens without any tack coat had the highest interface strength, the variation in
interface strength with varying application rates of SS-1 was not statistically significant. As a
result, the mean shear strengths at all the application rates exhibited the same ranking of “A”.

In summary, specimens without any tack coat had higher interface strengths compared to
specimens with SS-1 as tack coat at both test temperatures. SS-1 failed to serve the intended
purpose of increasing interface bond strength.

CSS-1 as Tack Coat
Discussion of simple shear test results conducted on specimens prepared by using CSS-1 as
tack coat is presented in the following sections.

Table 34 presents the simple shear test results (mean maximum shear stress) along with their
standard deviations and coefficients of variation. The test results show that the highest
interface strength was obtained when CSS-1 was applied at a rate of 0.23 I/m” (0.05 gal/yd?).
Interface strength decreased considerably at higher application rates of 0.45 I/m* (0.1 gal/yd?)
and 0.9 /m”* (0.2 gal/yd?).
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Table 34

Interface bond strengths using CSS-1 as tack coat at test temperature of 25°C

TESTS CONDUCTED USING CSS-1 AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6 |38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
ELT-1| 6.3 248.0 | 36.0
0.09 | 0.02 |ELT-2| 62 | 63 | 0.1 | 1.7 | 2541 | 36.9 |2509 |36.4| 3.1 |045 1.2
ELT-3| 64 250.7 | 36.4
EMT-1| 6.1 267.5| 38.8
0.23 | 0.05 |[EMT-2| 6.5 | 63 | 0.2 | 3.3 |298.6| 43.3 |272.6 [39.5| 239 [482| 122
EMT-3| 6.3 251.7| 36.5
EHT-1| 6.3 2232 | 324
0.45| 0.1 |EHT-2| 63 | 64 | 02 | 2.5 | 189.7| 27.5 |202.6 |29.4| 18.0 |2.61 8.9
EHT-3| 6.6 195.0 | 283
EVT-1| 6.7 141.1 | 20.5
09 | 02 |EVT-2| 66 | 68 | 02 | 3.0 |162.8| 23.6 | 1573 |22.8| 144 |2.08 9.1
EVT-3| 7.0 168.2 | 244
Tack Coat Type CSS-1
Test Temp 25°C
300 266.6 272.6
— 250.9
S 250 A
X 202.6
= o0 157.3
GC) 150 -
o 100 -
3
2 50-
(92]
0
0 0.09 0.23 0.45 0.9
Application Rate (I/m?)

Figure 32

Plot of shear strength vs. application rate using CSS-1 as tack coat at test temperature

of 25°C
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The statistical analysis of the mean shear strengths of these specimens is presented in Table
35.

Table 35
Statistical analysis of interface bond strengths using CSS-1 as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
/m” gal/yd” Kpa psi

0.0 0.0 266.6 38.7 A
0.09 0.02 250.9 36.4 A
0.23 0.05 272.6 39.5 A
0.45 0.1 202.6 29.4 B
0.9 0.2 157.3 22.8 C

Although interface strength was the highest at an application rate of 0.23 I/m* (0.05 gal/yd?),
variation of interface strength was not statistically significant when CSS-1 was applied in the
range 0.0 I/m? (0.0 gal/yd?) to 0.23 I/m* (0.05 gal/yd®). As a result, mean interface strength
exhibited the statistical ranking of “A” in this range. Mean shear strengths at application rates
of 0.45 1/m”* (0.1 gal/yd®) and 0.91/m? (0.2 gal/yd®) were ranked as “B” and “C”, respectively.

Table 36 presents the simple shear test results (mean maximum shear stress) along with their
standard deviations and coefficients of variation. Interface strength variation with varying
application rates of CSS-1 followed a similar pattern at both the test temperatures of 25°C
and 55°C. Increasing application rates of CSS-1 caused a decrease in mean interface bond
strength. Figure 33 shows the variation of interface bond strength with varying application
rates of CSS-1.

The statistical analysis of the mean shear strengths of these specimens is presented in Table
37.
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Table 36
Interface bond strengths using CSS-1 as tack coat at test temperature of 55°C

TESTS CONDUCTED USING CSS-1 AS TACK COAT AT 55°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 514 | 75
0 0 | NT9 | 67 | 69 | 01 | 1.6 592 | 86 | 566 |82 | 45 [0.66| 8.0
NT-10 | 7.0 593 | 86
ELT-4 | 6.6 544 | 79
0.09 | 0.02 |ELT-5| 62 | 62 | 04 | 64 | 554 | 80 | 539 | 78| 1.8 |026] 33
ELT-6 | 5.8 519 | 75
EMT-4| 6.7 59.1 | 86
0.23 | 0.05 |EMT-5| 63 | 6.5 | 02 | 2.8 | 509 | 74 | 53.7 | 78 | 47 |0.68| 87
EMT-6| 6.5 511 | 74
EHT-4| 6.2 485 | 7.0
045 | 0.1 |EHT-5| 64 | 62 | 0.1 | 24 | 526 | 76 | 523 (76| 37 [053| 7.0
EHT-6| 6.1 558 | 8.1
EVT-4| 6.9 350 | 5.1
09 | 02 |EVT-5| 67 | 6.7 | 0.1 | 1.9 | 405 | 59 | 395 |57 | 41 [059]| 104
EVT-6| 6.6 429 | 62
Tack Coat Type CSS-1
Test Temp 55°C
£ gg - > 539 53.7 52.3
% 50 -
—
555 jﬁ, 39.5
g‘-’ 35 -
c 30
n o5 |
20
0 0.09 0.23 0.45 0.9
Application Rate (I/m?)
Figure 33
Plot of shear strength vs. application rate using CSS-1 as tack coat at test temperature
of 55°C
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Table 37

Statistical analysis of interface bond strengths using CSS-1 as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
I/m* gal/yd® Kpa psi

0.0 0.0 56.6 8.2 A
0.09 0.02 53.9 7.8 A
0.23 0.05 53.7 7.8 A
0.45 0.1 52.3 7.6 A
0.9 0.2 39.5 5.7 B

Although mean interface shear strength decreased as application rates of CSS-1 increased,
the decrease in mean interface shear strength was not statistically significant in the range of
application rates varying from 0.0 I/m? (0.0 gal/yd?) to 0.45 I/m* (0.1 gal/yd®). As a result,
mean shear strengths at application rates of 0.0 I/m? (0.0 gal/yd?), 0.09 I/m? (0.02 gal/yd?),
0.23 I/m* (0.05 gal/yd®), and 0.45 I/m? (0.1 gal/yd?) exhibited the same ranking of “A.”Mean
shear strength at the highest application rate of 0.9 I/m* (0.2 gal/yd®) was ranked as “B.”

In summary, CSS-1 failed to provide any significant increase in interface strength. Instead,
increasing application rates of CSS-1 resulted in decreased interface shear strength at both
test temperatures.

SS-1h as Tack Coat

Discussion of simple shear test results conducted on specimens prepared by using SS-1h as
tack coat is presented in the following sections. Table 38 presents the simple shear test results
(mean maximum shear stress) along with their standard deviations and coefficients of
variation. These tests were conducted at 25°C.

Specimens without any tack coat at the interface had higher bonding strengths than the
specimens with SS-1h as tack coat at various application rates. Table 38 shows that
increasing application rates of SS-1h provided decreasing shear strength at the interface.
Figure 34 shows the variation of interface bond strength with increasing application rates of

SS-1h.
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Interface bond strengths using SS-1h as tack coat at test temperature of 25°C

Table 38

TESTS CONDUCTED USING SS-1h AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6 |38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
FLT-1| 6.9 189.2 | 274
0.09 | 0.02 |FLT-2| 6.7 | 6.6 | 04 | 6.0 |231.6| 33.6 |2294|333] 392 [5.69]| 17.1
FLT-3 | 6.1 267.6 | 38.8
FMT-1| 6.4 2349 | 34.1
0.23 | 0.05 |FMT-2| 6.5 | 6.5 | 0.1 | 2.1 |2257| 32.7 | 2348 |341| 9.0 |1.31 3.8
FMT-3| 6.7 24377 | 354
FHT-1| 6.6 2338 | 33.9
0.45| 0.1 |FHT-2| 64 | 6.6 | 0.1 | 1.8 |241.5| 35.0 |233.4(339]| 82 |1.20 35
FHT-3| 6.6 225.0 | 32.6
FVT-1| 6.7 188.4| 273
09 | 02 [FVT-2| 7.0 | 69 | 02 | 23 |200.1 | 29.0 | 194.1|282| 59 |0.85 3.0
FVT-3| 7.0 193.8 | 28.1
Tack Coat Type SS-1h
Test Temp 25°C
3001 266.6
< 250 - 229.4 234.8 233.4
& 194.1
:_’ 200 -
=]
2 150 |
o
& 100
3
g 50
0
0
0 0.09 0.23 0.45 0.9
Application Rate (I/mz)

Figure 34

Plot of shear strength vs. application rate using SS-1h as tack coat at test temperature

of 25°C
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The statistical analysis of the mean shear strengths of these specimens is presented in Table
39.

Table 39
Statistical analysis of interface bond strengths using SS-1h as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
/m” gal/yd” Kpa psi

0.0 0.0 266.6 38.7 A
0.09 0.02 2294 333 B/C
0.23 0.05 234.8 34.1 A/B
0.45 0.1 2334 33.9 A/B
0.9 0.2 194.1 28.2 C

The mean shear strength of specimens without any tack coat exhibited the highest statistical
ranking of “A”, whereas mean shear strength of specimens with the highest application rate
of SS-1h exhibited the lowest ranking of “C.”

Table 40 presents the simple shear test results (mean maximum shear stress) conducted at
55°C (77°F).

Table 40 indicates that increasing application rates of SS-1h caused a decrease in interface
bonding strength. Specimens without any tack coat had the highest mean shear strength at the
interface. Mean interface bonding strengths obtained at SS-1h application rates of 0.23 1/m”
(0.05 gal/yd®), 0.45 I/m? (0.1 gal/yd®) and 0.9 I/m* (0.2 gal/yd?®) were not significantly
different from one another. Figure 35 shows the variation of mean shear strength at the
interface with varying application rates of SS-1h.
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Table 40
Interface bond strengths using SS-1h as tack coat at test temperature of 55°C

TESTS CONDUCTED USING SS-1h AS TACK COAT AT 55°C

App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff

Rate ID | Void | Void | Devn | Var Strength Strength Devn Var

I/m2 |gal/yd2 % % % |CV%| Kpa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5

0 0 NT-9 | 67 | 69 | 0.1 | 1.6 | 59.2 8.6 | 56.6 | 82 | 45 |0.66 8.0
NT-10| 7.0 59.3 8.6
FLT-4| 6.5 454 6.6

0.09 | 0.02 |FLT-5| 63 | 64 | 0.1 | 22 54.1 79 | 518 | 7.5 | 5.6 |0.81 10.8
FLT-6 | 6.3 55.8 8.1
FMT-4| 6.4 42.1 6.1

0.23 | 0.05 |FMT-5| 6.5 | 64 | 0.1 | 1.1 51.5 75 | 451 | 65| 55 |0.80| 122
FMT-6| 64 41.8 6.1
FHT-4| 6.4 43.1 6.3

0.45| 0.1 |FHT-5| 62 | 63 | 0.1 | 2.0 | 46.1 6.7 | 462 | 6.7 | 32 |0.47 7.0
FHT-6 | 6.4 49.6 7.2
FVT-4| 6.8 41.1 6.0

09 | 02 |FVT-5| 65 | 67 | 02 | 23 | 46.0 6.7 | 458 | 6.6 | 47 |0.68| 102
FVT-6 | 6.6 50.4 7.3

Tack Coat Type SS-1h
Test Temp 55°C
E 60 - 56.6
3 55 51.8
= 50 45.1 46.2 45.8
D 45
c
o 40 -
& 35 -
§ 30 -
& 25 -
20
0 0.09 0.23 0.45 0.9
Applicatin Rate (I/m2)

Figure 35
Plot of shear strength vs. application rate using SS-1h as tack coat at test
temperature of 55°C
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The statistical analysis of the mean shear strengths of these specimens is presented in Table
41.

Table 41
Statistical analysis of interface bond strengths using SS-1h as tack coat at test
temperature 55°C

Application Rate Mean Shear Strength Ranking
/m” gal/yd” Kpa psi

0.0 0.0 56.6 8.2 A
0.09 0.02 51.8 7.5 A/B
0.23 0.05 45.1 6.6 B
0.45 0.1 46.2 6.7 B
0.9 0.2 45.8 6.7 B

Specimens without any tack coat exhibited the highest rank of “A”. Variation of interface
strength was not statistically significant when SS-1h was applied in the range of 0.23 I/m*
(0.05 gal/yd?®) to 0.9 I/m? (0.2 gal/yd?).

In summary, it can be said that SS-1h failed to serve the intended purpose of increasing

interface strength at both the test temperatures.

SS-1L as Tack Coat
Discussion of simple shear test results conducted on specimens prepared by using SS-1L as
tack coat is presented in the following sections.

Table 42 presents the simple shear test results (mean maximum shear stress) along with their
standard deviations and coefficients of variation at 25°C.
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Table 42
Interface bond strengths using SS-1L as tack coat at test temperature of 25°C

TESTS CONDUCTED USING SS-1L AS TACK COAT AT 25°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| KPa psi KPa | psi | KPa | psi | CV%
WT-1 | 6.5 246.6 | 35.8
0 0 WT-2 | 58 | 62 | 04 | 6.1 |2729| 39.6 |266.6 |38.7| 17.7 |2.56 6.6
WT-3 | 6.2 280.2 | 40.6
GLT-1| 6.8 2043 | 29.6
0.09 | 0.02 |GLT-2| 64 | 6.5 | 03 | 53 |307.3| 44.6 | 2584|375 51.7| 7.5 20.0
GLT-3| 6.2 263.5| 38.2
GMT-1| 7.0 247.6 | 35.9
0.23 | 0.05 |GMT-2| 6.8 | 6.6 | 0.5 | 7.2 | 282.2| 40.9 |266.5 |38.7 17.5| 2.5 6.6
GMT-3| 6.1 269.6 | 39.1
GHT-1| 6.8 2042 | 29.6
0.45| 0.1 |GHT-2| 6.6 | 6.8 | 0.2 | 2.8 |233.8| 339 |2163 |31.4 15.6| 2.3 7.2
GHT-3| 6.9 210.8 | 30.6
GVT-1| 7.0 213.6| 31.0
0.9 0.2 |GVT-2| 6.9 7.0 0.0 | 0.7 {2048 | 29.7 | 2157|313 12.2| 1.8 5.7
GVT-3| 7.0 2289 | 332

As shown in Table 42, specimens with varied application rates of SS-1L did not provide any
improvements in bonding strength values at the interface. On the contrary, specimens without
any tack coat application possessed the highest mean bonding strength value among the
groups listed in table 42. Figure 36 shows the variation of interface bond strength with
increasing application rates of SS-1L. It indicates that increasing application rates of SS-1L
would result in decreased bond strength at the pavement layers’ interface.
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Tack Coat Type SS-1L
Test Temp 25 °C
300
266.6 258.4 266.5
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Figure 36
Plot of shear strength vs. application rate using SS-1L as tack coat at test temperature
of 25°C

The statistical analysis of the mean shear strengths are presented in table 43. Table 43
indicates that at 25°C, there was generally no significant difference in the interface bond
strengths among specimens without tack coat application or with a lower application rate up
to 0.23 I/m*. However, higher application rates of SS-1L would result in decreasing the
interface bond strength.

Table 43
Statistical analysis of interface bond strengths using SS-1L as tack coat at test
temperature of 25°C

Application Rate Mean Shear Strength Ranking
/m” gal/yd’ Kpa psi

0.0 0.0 266.6 38.7 A
0.09 0.02 258.4 37.5 A/B
0.23 0.05 266.5 38.7 A
0.45 0.1 216.3 314 B
0.9 0.2 215.7 31.3 B
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Table 44 presents the simple shear test results (mean maximum shear stress) obtained at
55°C (77°F).

Table 44
Interface bond strengths using SS-1L as tack coat at test temperature of 55°C

TESTS CONDUCTED USING SS-1L AS TACK COAT AT 55°C
App. Sample| Air | Avg. | Std. |Coeff Shear Avg. Std. Coeff
Rate ID | Void | Void | Devn | Var Strength Strength Devn Var
I/m2 |gal/yd2 % % % |CV%| KPa psi KPa | psi | KPa | psi | CV%
NT-8 | 6.9 51.4 7.5
0 0 NT-9 | 67 | 69 | 0.1 | 1.6 | 59.2 86 | 56.6 | 82 | 45 |0.66 8.0
NT-10 | 7.0 59.3 8.6
GLT-4| 6.8 51.2 7.4
0.09 | 0.02 |GLT-5| 6.5 | 6.7 | 02 | 3.2 | 552 80 | 524 | 76| 23 | 03 44
GLT-6| 6.9 51.0 7.4
GMT-4| 5.9 49.5 7.2
0.23 | 0.05 |GMT-5| 69 | 63 | 0.6 | 9.1 55.7 81 | 534 | 7.7 | 34 | 05 6.3
GMT-6| 6.0 54.9 8.0
GHT-4| 7.0 44.5 6.5
045| 0.1 |GHT-5| 6.8 | 69 | 0.1 | 1.2 | 55.1 80 | 51.0 | 74| 57 | 038 11.1
GHT-6| 6.9 53.5 7.8
GVT-4| 7.0 56.3 8.2
09 | 02 |GVT-5| 70 | 70 | 0.0 | 0.2 | 694 | 10.1 | 613 | 89 | 7.1 1.0 11.6
GVT-6| 7.0 58.3 8.5

Table 44 indicates that, generally, specimens without any tack coat application at 55°C had a
higher interface bond strength than those with SS-1L tack coat application up to 0.45 I/m”. At
an application rate of 0.9 I/m?, however, specimens with SS-1L application achieved the
highest interface strength value at this temperature. Figure 37 shows the variation of mean
shear strength at the interface with varying application rates of SS-1L. The statistical analysis
of the mean shear strengths of these specimens is presented in Table 45.
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Shear Strength (KPa)

Tack Coat Type SS-1L

Test Temp 55 °C
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Figure 37

Plot of shear strength vs. application rate using SS-1L as tack coat at test
temperature of 55°C

Table 45

Statistical analysis of interface bond strengths using SS-1L as tack coat at test
temperature of 55°C

Application Rate Mean Shear Strength Ranking
/m” gal/yd” Kpa psi

0.0 0.0 56.6 8.2 B
0.09 0.02 52.4 7.6 B
0.23 0.05 53.4 7.7 B
0.45 0.1 51.0 7.4 B
0.9 0.2 61.3 8.9 A

Table 45 indicates that at 55°C, specimens with no tack coat application or with an

application rate less than 0.9 1/m? exhibited no statistical difference among the mean

interface bond strength values. All of them ranked as a “B.” On the other hand, the mean

bond strength at an application of 0.9 1/m” possessed the highest ranking of “A” among the
group, which indicates a statistically higher strength value than any other application rates

studied.

In summary, with varying tack coat application rates at 25°C, SS-1L failed to provide any

improvement for interface bonding strength. However, at 55°C, test results suggested that
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SS-1L might be able to provide an improved bonding strength value when an application rate
greater than or equal to 0.9 I/m® was applied.

Influence of Tack Coat Type

Simple shear test results were grouped according to tack coat application rates and analyzed
to investigate the influence of various tack coat types on interface bonding strength. Simple
shear tests were conducted at four different tack coat application rates of 0.09 I/m* (0.02
gal/yd?), 0.23 /m?* (0.05 gal/yd?), 0.45 I/m? (0.1 gal/yd®), and 0.9 I/m? (0.2 gal/yd®). Analyses
of these test results are presented below.

Application Rate 0.09 1/m* (0.02 gal/sq.yd)

Discussion of simple shear test results conducted on specimens prepared by using different
tack coats at the application rate of 0.09 I/m* (0.02 gal/yd?) is presented in the following
sections.

Figure 38 presents the variation of interface bond strength with different tack coat types with
an application rate of 0.09 1/m” (0.02 gal/yd®) at a test temperature of 25°C (77°F).

Application Rate 0.09 I/m?

400 Test Temperature 25°C
3514
350 1 h—
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Tack Coat Type

Figure 38
Mean shear strength vs. tack coat type at an application rate of 0.09 I/m” at test
temperature of 25°C

Table 46 presents the statistical analysis of mean interface bond strengths obtained by using
different tack coats types at an application rate of 0.09 1/m’.
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Table 46
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.09 I/m” at test temperature of 25°C

Tack Coat Type Mean Shear Strength Ranking
Kpa Psi

PG 64-22 258.5 37.5 B
PG 76-22 M 256.8 37.3 B

CRS-2L 321.8 46.7 A/B
CRS-2P 3514 50.9 A
SS-1 266.0 38.6 B
CSS-1 250.9 36.4 B

SS-1H 229.4 33.3 B/C
SS-1L 258.4 37.5 B

The statistical analysis indicated that at the application of 0.09 I/m?, the highest mean
interface bonding strength obtained by using CRS-2P as tack coat ranked as an A; whereas
the second highest mean strength values by CRS-2L ranked as an A/B. Furthermore, the
mean bond strengths obtained by using other tack coats were not significantly different from
one another and were generally ranked as “B’’s, except SS-1H, which was ranked as “B/C”.

Figure 39 shows the variation of interface bond strength with different types of tack coat
materials at the test temperature of 55°C (131°F). Statistical analysis of mean interface
bonding strengths, obtained by using different types of tack coats at the application rate of
0.09 I/m* (0.02 gal/yd®) is presented in table 47. Table 47 shows that except CRS-2L the
variation of interface bonding strength among different tack coat types was not statistically
significant. As a result, at 55°C, CRS-2L, with a mean bond strength of 67.4 Kpa, ranked

itself as an A and all other tack coat materials ranked as Bs at an application rate of 0.09 1/m?.
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Application Rate 0.09 I/m?
Test Temperature 55°C
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Figure 39
Mean shear strength vs. tack coat type at an application rate of 0.09 I/m” at test
temperature of 55°C

Table 47
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.09 I/m” at test temperature of 55°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi

PG 64-22 53.1 7.7 B
PG 76-22 M 49.2 7.1 B
CRS-2L 67.4 9.8 A
CRS-2P 55.2 8.0 B
SS-1 55.0 8.0 B
CSS-1 53.9 7.8 B
SS-1H 51.8 7.5 B
SS-1L 52.4 7.6 B

Application Rate 0.23 I/m* (0.05gal/yd’)

Discussion of shear strength test results, conducted on specimens prepared by using various
tack coats at an application rate of 0.23 1/m? (0.05 gal/yd®) is presented in the following
sections. Figure 40 shows the variation of interface bond strength with tack coat types at the
application rate of 0.23 1/m” (0.05 gal/yd®) and at the test temperature of 25°C (77°F).
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Figure 40
Mean shear strength vs. tack coat type at an application rate of 0.23 I/m” at test
temperature of 25°C

The statistical analysis of mean interface bonding strengths obtained by using different types
of tack coats at the application rate of 0.23 1/m” (0.05 gal/yd?) is presented in Table 48. Table
48 indicates that at an application rate 0.23 1/m*, PG 64-22 and SS-1H provided the highest
and the lowest interface bonding strengths, respectively. The interface bonding strengths
provided by PG 76-22M, CRS-2L, and CRS-2P were not significantly different from that
provided by PG 64-22. SS-1, SS-1L, and CSS-1 exhibited the same ranking of ‘B’.

Table 48
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.23 I/m” at test temperature of 25°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi
PG 64-22 305.3 443 A
PG 76-22 M 289.1 41.9 A/B
CRS-2L 280.4 40.7 A/B
CRS-2P 279.1 40.5 A/B
SS-1 263.0 38.1 B
CSS-1 272.6 39.5 B
SS-1H 234.8 34.1 C
SS-1L 266.6 38.7 B
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Figure 41 shows the variation of interface bond strength with tack coat type at the application
rate of 0.23 1/m? (0.05 gal/yd®) and at the test temperature of 55°C (131°F).

Table 49 presents the statistical analysis of mean interface bonding strengths obtained by
using different tack coat types at the application rate of 0.23 I/m” and at the test temperature
of 55°C (131°F).
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Figure 41
Mean shear strength vs. tack coat type at an application rate of 0.23 I/m’ at test
temperature of 55°C

Table 49
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.23 I/m” at test temperature of 55°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi

PG 64-22 51.4 7.5 B/C
PG 76-22 M 55.2 8.0 B
CRS-2L 64.1 9.3 A
CRS-2P 55.1 8.0 B

SS-1 51.2 7.4 B/C
CSS-1 53.7 7.8 B
SS-1H 45.2 6.6 C

SS-1L 53.1 7.7 B/C
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The statistical analysis indicates that CRS-2L provided the highest interface bond strength
and SS-1H provided the lowest. The mean interface bond strengths obtained by using PG
76-22M, CRS-2P, and CSS-1 as tack coat were not significantly different from one another
and both were ranked as “B.” Meanwhile, no significant differences existed among the mean
interface bond strengths obtained by using PG 64-22, SS-1, and SS-1L as tack coat, and both
of them were ranked as “B/C.”

Application Rate 0.45 I/m” (0.1 gal/sq.yd)

Discussion of shear strength test results, conducted on specimens prepared by using various
tack coats at an application rate of 0.45 I/m” (0.1 gal/yd?), is presented in the following
sections.

Figure 42 presents the variation of interface bond strength with tack coat types at the
application rate of 0.45 I/m” (0.1 gal/yd®) and at the test temperature of 25°C (77°F).
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Figure 42
Mean shear strength vs. tack coat type at an application rate of 0.45 I/m” at test
temperature of 25°C

Table 50 presents the statistical analyses of mean interface bonding strengths obtained by
using different tack coat types at the application rate of 0.45 1/m* (0.1 gal/yd®) and the test
temperature of 25°C (77°F).
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Table S50
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.45 I/m” at test temperature of 25°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi
PG 64-22 250.8 36.4 B/C/D

PG 76-22 M 280.6 40.7 A
CRS-2L 261.1 37.9 B

CRS-2P 252.0 36.6 B/C

SS-1 227.4 32.9 D/E
CSS-1 202.6 29.4 F

SS-1H 233.4 33.9 D/E

SS-1L 216.3 314 E/F

Table 50 shows that the PG 76-22 M provided the highest interface bond strengths while
CSS-1 provided the lowest. They ranked as “A” and “F,” respectively. Interface bond
strengths obtained by using CRS-2L, PG 64-22, and CRS-2P as tack coats were not
significantly different from one another and were ranked as “B,” “B/C” and “B/C/D,”
respectively. Meanwhile, SS-1H and SS-1 were ranked as “D/E” and SS-1L as “E/F,” as
shown in Table 50.

Figure 43 presents the variation of mean shear strength with tack coat type at the application
rate of 0.45 1/m” (0.1 gal/yd?) and at the test temperature of 55°C. Table 51 presents the
statistical analysis of mean interface bond strengths obtained by using different tack coat
types at the application rate of 0.45 I/m* (0.1 gal/yd?) and at the test temperature of 55°C.
Statistical ranking shows that CRS-2L provided the highest interface bonding strength
followed by PG 64-22 and PG 76-22 M, while SS-1h provided the lowest interface bonding
strength. CRS-2L was ranked as “A” and PG 64-22 and PG 76-22M were ranked as “A/B’’s.
SS-1H was ranked as “C.” Mean shear strengths obtained by using CRS-2P, SS-1, SS-1L,
and CSS-1 were not significantly different from either of these groups and were ranked as
either “A/B/C” or “B/C.”

7



Application Rate 0.45 I/m?
56 Test Temperature 55°C
54.4
. 544 536 > |
3 _
& 52.3
E 52 1 51
=3 __
§ 50 - 493
n
§ 48 47.1
(‘/—_) 46.3
- 46
]
(]
= 44 -
42 T T T T . . .
PG 64-22 PG76-22 CRS2L  CRS2P ss-1 css-1 SS-1H SS-1L
M
Tack Coat Type

Figure 43
Mean shear strength vs. tack coat type at application rate of 0.45 I/m” at test
temperature of 55°C

Table 51
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.45 I/m” at test temperature of 55°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi
PG 64-22 53.6 7.8 A/B
PG 76-22 M 54.0 7.8 A/B
CRS-2L 54.4 7.9 A
CRS-2P 49.3 7.2 A/B/C
SS-1 47.1 6.8 B/C
CSS-1 523 7.6 A/B/C
SS-1H 46.3 6.7 C
SS-1L 51.0 7.4 A/B/C
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Application Rate 0.9 /m* (0.2 gal/sq.yd)
Discussion of shear strength test results conducted on specimens prepared by using various

tack coats at the application rate of 0.9 I/m” (0.2 gal/yd®) is presented in the following
sections.

Figure 44 shows the variation of interface bond strength with varying tack coat types at an
application rate of 0.9 1/m? (0.2 gal/yd®) and at the test temperature of 25°C (77°F). Table 52
presents the statistical analyses of mean interface bond strengths obtained by using different
types of tack coats at the application rate of 0.9 I/m? (0.2gal/yd?) and at the test temperature
of 25°C. Statistical analysis shows that PG 76-22 M provided the highest interface bond
strength of 280.4 Kpa (40.7 psi), while CSS-1 provided the lowest interface bond strength of
157.3 Kpa (22.8 psi). Interface strengths obtained by using PG 64-22 and CRS-2P were not
significantly different from one another and were ranked as “B/C” and “B,” respectively.
CRS-2L, SS-1, and SS-1h were ranked as “C/D,” while SS-1H was ranked as “D” and CSS-1
as “E.”
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Figure 44
Mean shear strength vs. tack coat type at application rate of 0.9 I/m”* at test
temperature of 25°C
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Table 52
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.9 /m” at test temperature of 25°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi

PG 64-22 220.3 31.9 B/C
PG 76-22 M 280.4 40.7 A

CRS-2L 212.9 30.9 C/D
CRS-2P 241.6 35.1 B

SS-1 210.2 30.5 C/D
CSS-1 157.3 22.8 E
SS-1H 194.1 28.2 D

SS-1L 215.7 31.3 C/D

Figure 45 shows the variation of mean shear strength at the interface with varying tack coat
types at the application rate of 0.9 I/m” (0.2 gal/yd®) and at the test temperature of 55°C
(131°F).
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Figure 45
Mean shear strength vs. tack coat type at application rate of 0.9 I/m” at test temperature
of 55°C

Table 53 presents the statistical analysis of mean interface bond strengths obtained by using
different types of tack coats at an application rate of 0.9 I/m” (0.2 gal/yd?) and test
temperature of 55°C (131°F).
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Table 53
Statistical analysis of mean interface bond strengths obtained at an application rate of
0.9 /m” at test temperature of 55°C

Tack Coat Type Mean Shear Strength Ranking
Kpa psi

PG 64-22 51.7 7.5 B/C

PG 76-22 M 58.3 8.5 A/B

CRS-2L 44.8 6.5 C/D

CRS-2P 43.7 6.3 C/D

SS-1 46.1 6.7 C/D
CSS-1 39.4 5.7 D

SS-1H 45.8 6.6 C/D
SS-1L 61.3 8.9 A

Table 53 shows that the highest and the lowest interface bond strengths were provided by SS-
1L and CSS-1, respectively. Interface bond strengths provided by CRS-2L, CRS-2P, SS-1,
and SS-1H were not significantly different from one another and both were ranked as
“C/D”s. PG 76-22 was ranked as “A/B” and PG 64-22 was ranked as “B/C.”

Optimum Tack Coat Type and Application Rate

The previous discussion on the influence of asphalt tack coat type and application rate on the
interface bonding strength noted that for any given asphalt tack coat type, there was an
optimum application rate at which the interface bonding strength was a maximum. These
application rates were identified for each tack coat type in previous sections. Statistical
analysis was then carried out in this section to identify the optimum tack coat type and
application rate at each of the test temperatures of 25°C and 55°C.

Figure 46 shows the variation of maximum mean interface bond strengths obtained using
different tack coat types at their optimum application rates. As shown in figure 46, the
highest interface bond strength value of 351.4 KPa was achieved by using CRS-2P as tack
coat material, followed by using CRS-2L with a second highest interface strength value of
321.4 KPa. The figure also shows that only five of eight tack coat materials selected provided
a relatively higher mean interface bond strength value at 25°C under a certain application rate
than the mean strength value obtained without tack coat application. These five tack coat
materials are CRS-2P, CRS-2L, PG64-22, PG-76-22, and CSS-1. On the other hand, the
maximum mean interface bond strengths obtained by using SS-1H, SS-1L, and SS-1 were
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even lower than the ones obtained without any tack coat application. Thus, they failed to
serve the intended purpose of providing an increased interface bond strength.

Mean shear Strength vs. Tack Coat Type
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Figure 46
Mean shear strength vs. tack coat type at test temperature of 25°C bonding strength
between pavement layers

Table 54 presents the results of statistical analysis of the mean interface bond strengths
shown in Figure 45 to identify the optimum asphalt tack coat type and application rate at
25°C.
Table 54
Statistical analysis to determine optimum tack coat type and application rate at 25°C

Tack Coat Type | Application Rate Mean Shear Strength Ranking
1/m* gal/yd’” Kpa psi
CRS-2P 0.09 0.02 351.4 50.9 A
CRS-2L 0.09 0.02 3214 46.7 A/B
PG 64-22 0.23 0.05 305.4 443 B
PG 76-22 M 0.23 0.05 289.1 41.9 B/C
CSS-1 0.9 0.2 272.6 39.5 C
No Tack 0.0 0.0 266.6 38.7 C/D
SS-1L 0.9 0.2 266.5 38.7 C/D
SS-1 0.09 0.02 265.9 38.6 C/D
SS-1h 0.23 0.05 234.8 34.1 D
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As shown in Table 54, CRS-2P at an application rate of 0.09 I/m* provided the highest rank
of “A” among all eight tack coat materials selected at 25°C. Statistical analysis indicates that
among the eight different tack coat materials used, only CRS-2P, CRS-2L, and PG 64-22
(ranked as “A,” “A/B” and “B,” respectively) exhibited significantly higher interface shear
strength values when compared to specimens without tack coat application (ranked as
“C/D”). Although specimens with a certain amount of PG 76-22M or CSS-1 tack coat
material also provided slightly higher mean interface bond strength values than those without
any tack coat, the strength magnitude difference was not statistically significant among the
three, with a statistical ranking of a “B/C” for PG 76-22M, a “C” for CSS-1 and a “C/D” for
no tack application. In addition, statistical analysis also indicates that there would be no
significant difference in mean interface bond strength values among specimens using tack
coat types of SS-1, SS-1h, and SS-1L or no tack coat application. Therefore, CRS-2P has
been selected as the optimum tack coat type at 25°C with an optimum application rate of 0.09
I/m®. It is interesting to note that CRS-2P had the highest viscosity as measured by the
Brookfield viscometer, Figure 9.

Similar analyses were conducted to determine the optimum tack coat type and application
rate for the 55°C tests.

Figure 47 presents the variation of highest mean maximum shear stresses obtained by using
different tack coat types at various application rates at a test temperature of 55°C.
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Figure 47
Mean shear strength vs. tack coat type at test temperature of 55°C
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Table 55 presents the statistical analyses conducted to determine the optimum tack coat type
and application rate for the 55°C tests.

Table 55
Statistical analysis to determine optimum tack coat type and application rate at 55°C

Tack Coat Application Rate Mean Shear Strength Ranking
Type I/m* gal/yd” Kpa psi

CRS-2L 0.09 0.02 67.4 9.8 A

SS-1L 0.9 0.2 61.3 8.9 A/B
No Tack 0.0 0.0 56.6 8.2 B
CRS-2P 0.09 0.02 55.2 8.0 B

PG 76-22 M 0.9 0.2 58.3 8.5 A/B
SS-1 0.09 0.02 55.0 8.0 B
CSS-1 0.09 0.02 53.9 7.8 B
PG 64-22 0.09 0.02 53.2 7.7 B

SS-1h 0.09 0.02 51.8 7.5 B/C

As shown in Table 55, statistical analysis ranked the mean interface bond strengths of eight
out of all nine groups (except CRS-2L) as “A/B,” “B,” or “B/C” indicating that there was no
significant difference among them. The highest mean interface bond strength at 55°C was
obtained by using CRS-2L as tack coat at an application rate of 0.09 I/m”. It is interesting to
note that although CRS-2L did show statistically higher interface bond strength than any
other tack coats, the biggest difference in bond strength value between CRS-2L and any other
tack coats (including no tack application) was only 16 Kpa or 2.3 psi, as shown in Table 55.

In summary, for a test temperature of 25°C, CRS-2P provided the highest mean interface
bond strength of 351.4 Kpa (50.9 psi) at an application rate of 0.09 I/m* (0.02 gal/yd?),
whereas CRS-2L presented the highest mean interface bond strength of 67.4 Kpa (9.8 psi) at
an application rate of 0.09 1/m* (0.02 gal/yd®) at 55°C. Furthermore, statistical analysis
indicates that no significant difference existed between the maximum interface bond
strengths at 25°C for the application of CRS-2P (ranked as “A”) and CRS-2L (ranked as
“A/B”). However, at 55°C there existed a statistically significant difference within the
maximum interface bond strengths among those tack coat materials, which ranked CRS-2L
as “A” and CRS-2P as “B.” Figures 48 and 49 graphically show the hierarchy ranking for
those eight tack coat materials selected in this study at two different test temperatures.
Observations from Figures 48 and 49 are summarized as follows:
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“No tack™ application had a ranking of “C/D” at 25°C and “B” at 55°C, which
indicates that the tack coat application did have potential to provide an improved

interface bond strength between the interface of two asphalt concrete layers.
Under both test temperatures of 25° and 55°C, SS-1h provided itself with the worst

ranking among the group. This seems to suggest that the applied SS-1h tack coat

failed to improve or just weakened the interface bond strength by possibly

introducing a slip plane instead of mobilizing increased shear strength. This finding

tends to agree with the Mrawira et al. study [3], where only SS-1 was selected as

tack coat material. Interestingly, SS-1 in this study also did not provide any

significant improvement in the strength between the interface, as shown in above

analysis.
The highest ranking tack coat material in this study was the CRS-2P at 25°C and the
CRS-2L at 55°C.
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Ranking hierarchy of tack coat type at 55°C

By combining test results from two test temperatures, both CRS-2P and CRS-2L are
recommended as the optimum tack coat types for this study. The CRS-2P emulsion provided
the highest interface bond strength at the test temperature of 25°C (77°F), whereas CRS-2L
provided the highest interface bond strength at the test temperature of 55°C (131°F). The
optimum application rate for both materials was 0.09 I/m? (0.02 gal/ydz). It is interesting to
note that Uzan et al [2] concluded in their study that the optimum tack coat application rate
lied in between the application rates of 0.5 I/m* (0.1 gal/yd?) and 1.0 I/m? (0.22 gal/yd?),
significantly higher than those found in this study.

The shear strength of the asphalt concrete mixture was determined in order to compare it
with the highest shear strength obtained by using any tack coat. Monolithic specimens
(having no interface) were compacted and tested to determine the shear strength of the
asphalt concrete mixture. Mean shear strength of the asphalt concrete mixture was found to
be 419.2 Kpa (60.8 psi) at 25°C and 121.3 Kpa (17.6 psi) at 55°C. The mean shear strength
obtained at the interface by using CRS-2P as a tack coat at 25°C is about 83 percent of the
shear strength of the asphalt concrete mix. Using CRS-2L as a tack coat at 55°C can achieve
about 56 percent of the shear strength of the asphalt concrete mix.
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Influence of Loads on Simple Shear Test

Influence of Shear Load on Shear Deformation

As described earlier, the designed simple shear test in this study applied shear load at a
constant rate of 222.5 N/min at the interface of the specimen until failure. The applied load
with time and the corresponding shear displacement were monitored. Typically, high values
of peak shear load and corresponding shear displacement indicated a good bond at the
interface whereas low values indicated a poor bond. Figure 50 shows a plot of the peak shear
load versus corresponding shear displacement for all simple shear tests at 25°C. Figure 51
shows a plot of the peak shear load versus corresponding shear displacement for all simple
shear tests at 55°C. The following observations can be made about the combinations of
materials and interface conditions from Figures 50 and 51.

e  When a shear deformation was relatively low, a low value of a peak shear load was
usually related to it, e.g., SS-1, SS-1h, and SS-1L as shown in Figures 47 and 48. This
confirmed a poor interface bonding strength for those tack coats.

e However, the highest values of peak shear load were not always related to the higher
values of shear deformation in this study. Instead, the highest values of shear
deformation were usually related to PG binders (PG 64-22 and PG 76-22M), which
only possessed intermediate high values of peak shear load.
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Simple shear tests results - peak points at 55°C

Influence of Normal Loads

In order to investigate the influence of normal stress on shear strength at interface, simple
shear tests were conducted at five different normal load levels of 137.9 Kpa (20 psi), 275.8
Kpa (40 psi), 413.6 Kpa (60 psi), 551.5 Kpa (80 psi), and 689.4 Kpa (100 psi). Since CRS-
2P was identified as one of the optimum tack coat materials and 0.09 /m* was identified as
the optimum application rate, it was used for the subsequent test factorial, which included
one mix type and five normal load levels. Tests were conducted at 25°C and 55°C. Three
specimens were prepared for testing at each combination of normal stress and temperature.

Table 56 presents the variation of interface strength with varying normal stress levels at a test
temperature of 25°C.
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Table 56
Variation of interface bond strength with normal load levels at test temperature 25°C

Tests conducted on specimens with CRS-2P as tack coat at 25°C
Specimen Normal Shear Average Standard Coeff. of
ID Stress Strength Strength Deviation Variation
KPa psi KPa psi KPa psi KPa psi CV%
CLT-1 0.0 0.0 | 4102 59.5
CLT-2 0.0 0.0 351.5 51.0 |351.5| 51.0 | 587 8.5 16.7
CLT-3 0.0 0.0 292.8 42.5
CA-1 1379 | 20 427.4 62.0
CA-2 1379 | 20 401.2 582 | 417.7 | 60.6 14.4 2.1 3.45
CA-3 1379 | 20 424.5 61.6
CB-1 2758 | 40 553.2 80.3
CB-2 2758 | 40 548.1 79.5 | 5504 | 79.8 2.6 0.4 0.47
CB-3 275.8 | 40 549.9 79.8
CC-1 4136 | 60 678.8 98.5
CC-2 413.6 | 60 743.2 107.8 | 683.7 | 99.2 | 57.2 8.3 8.37
CC-3 413.6 | 60 629.1 91.3
CD-1 551.5 | 80 714.4 103.6
CD-2 551.5 | 80 796.2 1155 | 773.6 | 1122 | 51.7 7.5 6.69
CD-3 551.5 | 80 810.1 117.5
CE-1 689.4 | 100 | 874.2 126.8
CE-2 689.4 | 100 | 8554 124.1 | 863.9 | 1253 9.5 1.4 1.11
CE-3 689.4 | 100 | 862.0 125.0

Table 56 shows that the mean shear strength at the interface increased as the normal stress
increased. Figure 52 presents the mean shear strength at interface versus applied normal load.
It indicates that the mean shear strength at the interface increased as the normal stress levels
increased. Table 57 shows the variation in mean interface bonding strength with applied
normal stress levels at the test temperature of 55°C.

Tables 56 and 57 shows that at both 25°C and 55°C, the mean shear strength at the interface
increased with an increase in the normal stress level. This finding was similar to the one
reported by Uzan et al. Figure 52 shows the variation of mean shear strength at interface with
increasing normal stress levels. It is interesting to note that the two straight lines in Figure 52
have almost identical slopes, indicating that both temperatures had similar rates of change of
interface shear strength with varying normal stress levels. Similar slopes of these straight
lines imply that, at any given normal stress, interface-bonding strength at 25°C will be
approximately 250 Kpa (= 338.06-87.84) higher than that at 55°C.
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Table 57
Variation of interface bonding strength with normal load levels at test temperature
55°C

Tests conducted on specimens with CRS-2P as tack coat at 250C
Specimen Normal Shear Average Standard Coeff. of
ID Stress Strength Strength Deviation Variation

KPa psi KPa psi KPa psi KPa psi CV%
CLT-1 0.0 0.0 58.9 8.6
CLT-2 0.0 0.0 50.6 7.3 55.2 8.0 4.3 0.62 7.69
CLT-3 0.0 0.0 56.2 8.2
CA-1 1379 | 20 216.5 314
CA-2 1379 | 20 224.8 32,6 |2254 | 327 9.1 1.32 4.04
CA-3 1379 | 20 234.7 34.1
CB-1 2758 | 40 349.4 50.7
CB-2 2758 | 40 337.5 49.0 | 349.3| 50.7 119 | 1.72 3.39
CB-3 2758 | 40 361.2 524
CC-1 413.6 | 60 480.9 69.8
CC-2 413.6 | 60 485.1 70.4 | 473.0 | 68.6 17.5 | 2.54 3.70
CC-3 413.6 | 60 452.9 65.7
CD-1 551.5 | 80 571.6 82.9
CD-2 551.5 | 80 574.4 833 |572.8 | 83.1 1.4 0.21 0.25
CD-3 551.5 | 80 572.5 83.1
CE-1 689.4 | 100 | 676.9 98.2
CE-2 689.4 | 100 | 679.7 98.6 |671.7| 974 11.6 | 1.68 1.73
CE-3 689.4 | 100 | 658.4 95.5




Interface Shear Strength (Kpa)

Interface Shear Strength vs. Applied Normal Stress
Test Temperature 25°C and 55°C
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Figure 52
Variation of shear strength at interface with applied normal stress levels
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SUMMARY AND CONCLUSIONS

Through controlled laboratory simple shear tests, a study was conducted to evaluate the
practice of using tack coats and determine the optimum application rate. The influence of
tack coat types, application rates, and test temperatures on the interface shear strength were
examined. The tack coat materials included two types of performance graded asphalt
cement, PG 64-22 and PG 76-22M, and six emulsions, CRS-2P, CRS-2L, SS-1, CSS-1, SS-

1h, and SS-1L. The simple shear test was conducted at two temperatures.

Analysis of the test results indicated that applying certain types of tack coat did improve the
bond strength between the interface of two asphalt concrete layers, as shown in Figures 46
and 47. Increasing application rates of tack coats generally resulted in a decrease in interface
bond strength, especially at the higher test temperature. At the lower test temperature,
however, CRS-2P, CRS-2L, PG 64-22, and PG 76-22M increased the interface bond strength
at specific application rates. The optimum tack coat type and application rate at each of the
test temperatures was identified through statistical analysis.

The statistical analysis indicated that among the eight different tack coat materials used,
CRS-2P and CRS-2L provided significantly higher interface shear strengths than other tack
coat materials. Therefore, both CRS-2P and CRS-2L were identified as the best tack coat
types in this study. The optimum residual application rate for both CRS-2L and CRS-2P was
0.09 I/m” (0.02 gal/yd?). The following are specific observations drawn from the test results.
e At 25°C, the optimum residual application rate of PG 64-22, PG 76-22M, CSS-1, SS-
1h and SS-1L was 0.23 I/m” (0.05 gal/yd?), and the optimum residual application rate
of CRS-2L, CRS-2P, and SS-1 was found to be 0.09 I/m? (0.02 gal/yd?).
e At 55°C, the optimum residual application rate for CRS-2L, CRS-2P, CSS-1, SS-1
and SS-1h was 0.09 1I/m* (0.02 gal/yd®), and the optimum residual application rate for
PG 76-22M and SS-1L was 0.9 I/m” (0.2 gal/yd?).
¢ Interface bond strength was insensitive to the application rate when PG 64-22 was
used as tack coats at the test temperature of 55°C.
e Results of shear strength tests conducted at varying vertical loads showed that
interface bond strength increased linearly with increasing vertical stress levels. The
rate of increase of the interface bond strength was similar at both test temperatures.

93






RECOMMENDATIONS

The results of this study demonstrated that applying certain types of tack coat did provide
improved bond strength between the interfaces of two new asphalt concrete layers. The study
has identified the optimum tack coat types (CRS-2P and CRS-2L) and the corresponding
residual application rate (0.09 1/m?) for a tack coat application. These can be directly
implemented in field construction.

Field monitoring test sections should be constructed to further validate the field performance
of those recommended tack coat materials and the corresponding residual application rates on
the existing surface types as indicated in Section 504 of the 2000 Edition of the Louisiana
Standard Specification for Roads and Brides.

It is recommended that the optimum tack coat materials identified (CRS-2P and CRS-2L) be
implemented. It is further recommended that emulsion types: SS-1, CSS-1, SS-1P and SS-1L

be removed from the Section 504 of the Specification as tack coat materials.

The present research focused on determining the interface bonding strength using a simple
shear test. However, interface might fail in fatigue as well. Further research is
recommended to examine the variation of interface bonding strength under fatigue at varying

temperatures and normal load levels.

The application temperature and curing period of asphalt tack coats are two important
properties that affect the interface bonding strength. Specifications generally allow a very
wide range of temperatures for application of tack coats. Most specifications do not specify a
specific minimum or maximum curing period for tack coats. Research should be conducted
to determine the optimum application temperature and curing period for different types of
tack coats.
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APPENDIX A

Job mix formula for the designed mix
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Project: [ 454-01-0063 | Mix code: IMFNo:[ 2 ] Plantcode Traffic(ADT) [_48700 | Date[9/8/99 |
Proj.Eng. Joel Mcwillams | Designievel: [ 3 | Planttype Prod, rate [ 450 | Mix Time: D;y /]
Submited B& C Asphalt ] Mix type m NomMaxAgg [ 19 | Use | WceC | :]
Source  Source Name  Aggregate o,  Apparent  Bulk  Absorbtion FAA Sand Flat&  CAA Friction
code Type Gravity  Gravity fine Agg Eq. Elong Rating
AB13 Pine Biuff #57 2% 2680 2578 12 0 100 1
AB13 Pine Biuff #78 44 2663 2561 15 0 100 1
AXZ3 B&C smcrush 15 2628 2472 24 o 86 3
0000
AX40 —B-&0Men/djesCoarse 6 2652 2691 03 = =
AB13 Pine Bluff 1/4 +0 9 2667 2584 1.2 4 <:] 1
0.000
0.000
Combined Aggregates Propertles 100 2,657 2558 1.46 45 61 0 a7
Mix gravities: [ 2466 |[ 2385 |
Code Product Source Percent Sp. Grav
AsphaltCement  wiaa H/AQ  pais2om Eagle 49 108
Asph. from RAP 103
Antl-strip 5730 LA 2 Arr Maz 07
Total
Mineral Filer
Other
Other
Design submitted by Contractor Gyratory Data at Optimum AC
Average Volumetrics Average Oven Extracted Specimen #1
Gmm 2.407 z A
%Gmm,NI 85.1 ¥ ¥s 1o Gyrations  Ht, mm Gmbest) Gmb{cor) %Gmm
:‘é:"nm- ’:‘2 g?-g Ir 19 ® N9 134.87 1.970 2041 847
m, i 172 125 84
%GMbESt,ND 2.245 o 68 a4 ND 125 11950 2222 2302 %56
*G’“bc“\;:g ffg" #4 475 3 NF 205 11747 2262 2343 973
; #8 23 2
VFA71.2 §15 |Te v Gmm 2.400
%Voids 4.1 40 0 14 Cor. factor 1.036
%Design AC 4.9 3 Gmb (final) 2.343
Gsb agg 2558 s AR 46949 Design AC:
Slope 8.50 Exiracied %AC 40 WATER 26%6.1
Comp Temp 315 dustiPeft 088 SSD 46003
Gmb (final) 2,348 Ges 5585 VMA 14.4
Pbe 48 %Voids 4.4
) Slope 954
AASHTO T283 as modified by PP28 Specimen #2
Gyrations  Ht, mm Gmbest) Gmb(cor) %Gmm
Control PSI  95.4 ) —
TSR, % a0 Nl 9 131.76 2012 2052 85.4
ND 125 11685 2267 2312 96.2
NF 205 11502 2305 2351 a78
: i 7 Gmm 2.404
mm 2.
; Date approved 9//2/? Cor. factor 1.020
Validation approved by: Gmb (final) 2352
AIR 48853 0.
Date approved WATER 2695 Design AC:
; ; SSD 4887
Submited for contractor by: VMA 140
Date submited VFA 729
%Voids 3.8
Slope 9.45

Yrave /8799
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APPENDIX B

Determination of tack coat amount to be applied on a specimen surface
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Determination of tack coat amount:

Since tack coat application rates are expressed as volume of tack coat per unit area (1/m”) the
volume of tack coat to be applied on a specimen interface was calculated by multiplying the
tack coat application rate by the surface area of a specimen. The resulting volume was then
multiplied by the density of the tack coat to determine the weight of tack coat to be applied
on a sample. A sample calculation for application of PG 64-22 at a rate of 0.09 1/m” is shown
below. The application rate of 0.09 I/m* was first converted to an equivalent measurement of
0.009 cubic centimeters per square centimeter. Surface area of a specimen was calculated in
square centimeters and multiplied by the application rate to find volume of tack coat required
at that application rate. This volume was found to be 1.59 cubic centimeters. The tack coat
weight was derived by multiplying this volume by the density of PG 64-22 of 1.03 grams per
cubic centimeter.

5.0 ) 2 Square inch

25.4

= 27.39 Square inch

Application rate = 0.02 gallons per square yard
gal 3.78I 1000cc ., 1Sq.Yd .~ 1Sq.Ft

gal
0.02 —— =(0.02 * * *
Sq.Yd ( Sq.Yd) (lgal) ( I )(9Sq.Ft 144Sq.in

Surface Area of a Specimen =11 *(

0.02 -3 _ (0583 _€

Sq.yd Sg.in

)*(Area in Sq.in)

=(0.0583 —5—)*27.39 Sq. in,
Sq.n

=1.597 cc.

~1.597cc*1.03 20
cc

=1.645 gm.

The specified application rates of emulsions used in the study are residual application rates
and specify the residual amount of asphalt required after evaporation of water from the
emulsion. It is therefore necessary to divide the residual application rate of emulsion by the
percent of residue present in the emulsion to determine the actual application rate of an
emulsion.
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Sample calculation for determining the mass of CRS-2P to be applied on a specimen surface
at a residual application rate of 0.02gal/sq.yd.is shown below. The residual asphalt content
was first divided by 0.65 since CRS 2P contains a residue of 65%. Other calculation
procedures are the same as in PG 64-22.

Residual Application Rate = 0.02 gal/sq.yd.

Actual Application Rate (%) gal/sq. yd. =0.030769 gal /sq.yd.

0.030769 gal /sq.yd =(0.030769 gal Y (3.78I Y (1000cc J¥( 1Sq0.Yd ¥ ISq.F.t
Sq.Yd lgal I 9Sq.Ft © 144Sq.in
0030769 -9 —(0.089744 —°©_ )*(Areain Sqin)  [Area=TT*(L>2)2 Sq.in.)
Sq.Yd Sg.in 254
~(0.089744 SCC_ )%27.39 Sq. in, [CalculatedArea = 27.395q.in]
g.in
=2.46 cc.

=2.46 cc.#0.9 3™
CcC

=2.2 gm.

Table 58 lists the calculated weights for various types of tack coats at different application

rates.
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Applied Tack Coat Amounts at Various Application Rates

Table 58

| SS-1 (150 F) SS-1h (77F)
App Rate Resd.Rate Wt. |Resd.Rate Wt.
lit/m2 lit/m2 cc/cm?2 cc gms lit/m2 cc/cm2 | cc | gms
0.09 0.16 0.02 279 | 25 0.15 0.01 |2.57| 32
0.23 0.40 0.04 7.13 | 64 0.37 0.04 |6.56| 8.1
0.45 0.79 0.08 13.95 | 12.6 0.73 0.07 |12.83] 15.8
0.90 1.58 0.16 | 2790 | 25.1 1.45 0.15 |25.65]| 31.6
CRS-2P (160 F) CSS-1 (160 F)
App Rate Resd.Rate Wt. |Resd.Rate Wt.
lit/m?2 lit/m?2 cc/cm2 ccC gms lit/m2 cc/em2 | cc | gms
0.09 0.14 0.01 245 | 2.2 0.16 0.02 |2.79| 2.8
0.23 0.35 0.04 6.25 5.6 0.40 004 |7.13| 7.2
0.45 0.69 0.07 12.23 | 11.0 0.79 0.08 |13.95| 14.1
0.90 1.38 0.14 2447 | 22.0 1.58 0.16 |27.90] 28.2
PG 64-22 (320 F) PG 76-22 (320 F)

App Rate Resd.Rate Wt. |Resd.Rate Wt.
lit/m?2 lit/m2 cc/cm?2 cc gms lit/m2 cc/cm2 | cc | gms
0.09 0.09 0.01 1.59 1.6 0.09 001 |1.59] 1.6
0.23 0.23 0.02 4.06 | 4.2 0.23 0.02 |4.06| 4.2
0.45 0.45 0.05 7.95 8.2 0.45 0.05 |7.95| 8.2
0.90 0.90 0.09 1590 | 164 0.90 0.09 |15.90| 16.4

Calculated area of a sample=176.71 Sq. in
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