ABSTRACT

ILIAS, MOHAMMAD . Development of PerformanceRelated Specification forFresh
Emulsions Used foBurface Treatmestand Performance Studgf Chip Sea and
Microsurfacing (Underthe Direction of Dr. Y. Richard Kim and DrCassie Castorepa

Pavement preservation is a rapidly growing strategy for prolonging pavement service
ife. Pavement preservation consists of applying a thin layer of asphalt binder or emulsion
with or without aggregate to the surface of an existihg pavement. Preservation treatments do
not provide any structural strength to the pavement but restores skid resistance, seals existing
cracks, protects the underlying pavement from intrusion of water, ancesetluther
oxidative aging of the underlying pavement. In recent years, significant research has been

dedicated to improving design of pavement preservation treatments.

In pavement preservation treatments, asphalt emulsion is the predominant binding
matefal used because of its low viscosity compared to asphalt cement which allows for
production at greatly reduced temperatures, leading to energy efficiency, and potential cost
savings. Currently, specifications for emulsions used in pavement preseneditmetts are
empirical and lack of direct relationship to performance. This study seeks to improve
specifications for emulsions used in preservation treatments by developing perfermance
related specifications (PRS) for (a) fresh emulsion properties, ¢p)suifacing emulsion

residue, and (c) lovtemperature raveling of chip seal emulsion residues.

Fresh emulsion properties dictate constructability and stabiity, and consequently the
resultant performance of a preservation treatment once placed. Stimtifist methods are
proposed for chip seals, microsurfacings, and spray seals that reflect storage and construction
condttions of the emulsions. Performance is quantified using viscosity measurements.
Specification limits are determined based on a pamwledge of emulsion performance

coupled with statistical analyses.

Microsurfacings are a preservation treatment consisting of application of a thin layer
of asphalt emulsionr-fine aggregate mixture. Presently, mixture design and performances of

microsufacing mixtures are appraised using the procedure specified by the International



Slurry Surfacing Association (ISSA) with no provision for quantifying microsurfacing
residue performance. In this study, residue performance is quantified using the Multiple
Stress Creep and Recovery (MSCR) test for rutting and bleeding, the Bitumen Bond Strength
Test (BBS) for raveling, Low Temperature Frequency (LTF) test for low temperature
Bending Beam Rheometer (BBR) properties prediction, and Single Edge Notched Bend
(SENB) fracture test developed under this work. Microsurfacing mixture performance is
guantified using the Wet Track Abrasion Test (WTAT) for raveling, Model Mobile Load
Simulator (MMLS3) for rutting and bleeding, and SENB test developed fotdowerature
cracking. Microsurfacing mixture performance is correlated to residue properties in order to
identify critical emulsion residue properties in determining performance and to derive
specification limits. Results indicate ruttihg and thermal cracking areshessies most

directly related to the emulsion residue performance. Correspondingly, specifications are
proposed to address rutting at high temperature and thermal cracking at low temperature

based on the relationship between residue and mixture resufidecto

In addition, test methods and specification criteria are developed to address low
temperature raveling resistance of emulsion residues used in chip seals. The SENB test is
used to quantify residue resistance to thermal cracking under the assutnptidow
temperature raveling occurs primarily by cohesive fracture of the residue in the chip seal.

The Vialit test is modified and employed for quantifying raveling resistance of chip seals
mixture for determining if the SENB test captures binder dmutioin to mixture raveling.
The correlation between residue and mixture properties have been used to assess applicability

of the residue tests and to derive specification limits.
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CHAPTER 1: INTRODUCTION

1.1 Background

The transportation system of a country plaggmportant rolein determiningthe
economy of that country. According pavement preservation journal by FP2 Iribe
current total asset value of the highway sysierthe United State of America is over 1.75
trilion dollars Thesehighways are deterating with time due to continuous traffic
operationand limited funds for rehabilitation and-censtruction. Pavementpreservation
treatmentsrestore pavement surface conditions and prdteatnderlying pavement, which
can prolong the need to rehahié or reconstruct pavements, resulting in great cost savings.
Research demonstrates that evdojlar spenton pavement preservation saves $610 than
expected expenditure for rehabiltation or reconstruction in futmiech would be needed if

preseration not conducte@Davies and Sorensoi2000.

The proverbusually appliedfor the keysapplying pavement preservatidreatments

effectively is to follow thet hr Rse  wh i ¢ hRightsTredtnet,eto Th&ight
Pavement, at ThRi g ht (Gapatekrishnan et a2014) The underlying conceptbehind

pavement preservation applicatisilustrated in Figure 1.1. A key to effective pavemenh
preservation application is the optimal timireg when to applyAs shown inFigure 1.1, once

the condition has deteriorated to a certain levedhdtuld trigger the application of a

preservation treatment. If the trigger condition is set too low, the preservation treatment may
be ineffective as preservation treatments do not add structural capacity to roadwags. W

the pavement condition reachessteh a deteriorated condition th@cessitates

rehabilitation or reconstruction, preservation techniguwe not a viable solutionlue to their

lack of added structural capacity
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Figure 1.1. Concept of pplying pavement preservation on pavement.

The different types of pavement preservation techniques are Fog seal, chip seal,
microsurfacing thin lit overlays, crack sealing, port land cement concrete (PCC) joint
sealing, dowel bar retroft, full and paitidepth concrete pavement repair, and miling and
grinding. Emulsion ispredominantlyused asphaltic binder for fog seal, chip seal, and
microsurfacing However, theproperties of emulsiorused for specifying emulsions are
imited andempirical rather tha performance base@&mulsions are currently graded based
on electrochemicalkharge, setting time, viscosity of emulsion, andome casekardness of
base asphaltThus, there is aeedfor the development ofPRSfor fresh emulsions and
emulsion residuespecific to the differenPavement Surface Treatments (P3Maj include

emulsionsas a binding materiafi.e., spray sesal chip sea andmicrosurfacing

1.2 Objective

This research seeks to solve three major research teeasls implementation of
PRSfor asphalt emulsions used in pavement preservation treatni@h®evelopment of
PRScriteria for fresh emulsions used in chip sealgrosurfacing, and fog sealéspray
seals) (2) Development oPRScriteria for microsurfacing emulsion residues, &B8j
Development of dow temperaturespecificationtest methodto capture emulsion residue
low-temperature raveling and cracking resistance with corresponding specification criteria

for both chip seals and microsurfacings



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapterprovides a lterature review of tltfferent types oPSTs identification
of critical distressedor PSTs, existing test methods for fresh emulsions, residue, and surface

treatmentmixtures. In addition, existing spedications arereviewel.
2.2 PavementSurface Treatmenfypes

2.2.1 Chip Seal

Chip seal is one type &STs which consists ofasingle layer of aggregate
application compactedon a thin layer ofasphalt emulsion or binder applied toeasting
pavementsurface(Gransberg and James 20@aftrans 2003)Chip sea aresometimes
called seal coator bituminous surface treatmentBST). The components of chip seal are
asphalt binder and aggregat&ship seals can also la@plied as double and triplayers,
which areaccomplished by addition of additional layers of asphaltic material and aggregate
After applying each layer of aggregate, shefaceis compacted using roller e&mbed
aggregates in the bindeChip sea are usedo restore skid resistance, seal cracksl
prevent intrusion of water inside of the pavement. In addition, chis aeabdvantageous in
that they areasy to constructteduce trafic opening time after constructicampared to
other methodsandare cost effective (Gransberg and James 20@alirans 2003)However,
chip seal has some hindrancesrelatively long curing timeis requiredfor polymer modified
emulsions, loose chips can cause windshield damagel noisecaused by theough surface,

andneed of warm weather to allow for constion (Caltrans 2003)

2.2.2 Slurry Sea andMicrosurfacing

Slurry sea and microsurfacirgy areamixture of aggregate, emulsion, mineral filler,
water, and additve applied asa thin layer to anexisting pavementGransberg 20105lurry
seals andnicrosurfacing are used to restore skid resistance, reduce raveling, and fietect
underlying pavementfrom oxidation. The main differe ncebetweenslurry seal and
mirosurfacingis in emulsion types. In slurry seal, unmodified emulsions are (IS&RA

2010) In this casethe curing and breaking of the slurry mixture is mostly depends on

3



weather condttio® In microsurfacing polymer modified emulsions are usfed which
breaking and curing amontrolled by chemical reaction between aggregates and emulsion.
Thus, microsurfacing can be applied atight, reducing traffic interruption which is not
possible for slurry sedCaltrans 2008Gransberg 2010In addition, slurry seals are
generally softer than microsurfacings.

100
—A- - Type_|_Upper_Limit -
90 _A -Type | Lower Limit /.‘/
80 + —E—Type_ll_Upper_Limit - ,
—B&—Type_Il_Lower_Limit / )/
nr _e Type_Ill_Upper_Limit ' /,@
2 60  -© Type_lll_Lower_Limit J
‘0 /!
@ 50 | ,
= o
L 40 ¢
30
20
10
0 L |
0.01 0.1 1 10

Sieve Size (mm)

Figure 2.1. ISSA speified three types of aggregate

The International Slurry Surfacing Association (ISSA) recommends three types of
aggregate gradatienfor use in slurry sealdypel, Typell, and Typelll shown in Figure
2.1. Among these three gradations, all can be used for slurry seal but aggregate gradations
Type-ll and Typelll are the only ones used for microsurfacin§&irry and nicrosurfacings
generally includequick or slow setting emulsions (Gransberg 20T0g layout of slurry seal
and microsurfacingstructure has been shownhigure 2.2 where the thickness of slurry seal
Is same as maximum aggregate size on the mixture. On the other hand, the thickness of
microusrfacing is possible to increase multiple times of maximum aggregate size of the

mixture. In order to avoid confusion and to avoid mentioning slurry seal and microsurfacing



again and again at the same time in later of this document, slurry seal and microsurfacing is

named as microsurfacing only.

Slurry Seal Application

'#707% oSt oM@ o loe! -

Existing road surface

Microsurfacing Multi- Layer Application

Figure 2.2. Single layer and double layer slurry seal system (Gransberg 2010).

2.2.3 Fog Seal or Spray Seal

The definition of fog seal given by the Asphalft Emulsion Manufacturers Association
( AEMA) as “a light spray app brimariyttoiseahan of di | u
existing asphalt surface to reduce raveling
Institute 1999). Fog seateduce raveling reduce the weathering or aging of pavement
surface,prevent moisture intrusiorandimprove pavemdnaesthetics, but do not increase
structural capacitfCaltrans 2003)The application of fog seal should jeciseotherwise
the skid resistance of the surface niseycompromiseddue toexcessiveemulsion
application Sometimes fog s&aareapplied onhe surface of chip seal which hold the

aggregate togethereducing loose chipéCaltrans 2003)

Fog seal emulsian are generallyslow setting and diuted before applicati¢@alrans
2003) In this way, emslion has enough time to pen&trahe open surface of the existing
pavement.T h a why; dog sealis applicable on aged pavement graement with open
surfaceareabut notpavement with closed surfad€igure 2.3). Open pavement surface has

rough texture ovoids on surface and closed surface hasevoids which arsupposed tbe



flled with spray emulsion (spray seafjo pplication ofsprayseas applied to closed surface
remans on the surface of the pavement and dhke surface slippergCaltrans 2003)

Figure 2.3. (a) Dense gradedd#Mix Asphalt (HMA)with closed surface, and (b) Open
Graded HMA (Caltrans 2003)

2.3 Emulsions

Emulsion is a mixtureof two immiscible liquids where one liquid disperses in another
liquid. In the case ohsphalt emulsis) asphalt dropletaredispersd in water. The
components of asphalt emulsion are: 40% to 70% asphalt, 0.1% to 2.5% emulsifi@5%an
to 60% water with sometherminor componentgJames 2006 Emulsifiers are surfactants
to allow stabilization of asphalt droplets in water. Emulsifier modscilave oneendthat is
lipophilic (oil-loving) andoneend thatis hydrophilic (watetloving. The lipophilic end is
neutralin chargeand remains inside of the asphalt dropl€@s the other handhe
hydrophilic endhasacharge (+ve orve) and remains on treurface of asphalt droplets in
conta¢ with water. Emuisifiers impart one of twoharges on an emulsion: anionieve
charge) and cationic (+ve charge). The charges of emulsion remain on the surface of asphalt
droplets and the source of charges is emulsf@ates and James 1993Jie composition of
acationic emulsion idlustrated in Figure 2.4.where the positve charges are on surface of

the asphalt droplets witheatral end inside of the asphdloplets.
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Figure 2.4. Cationic emulsion with asphatlt droplet dispersed in water (James. 2006)

When the aggregate is mixed with aggregatierosurfacing)or aggregate is applied
on emulsion(chip seal) the emulsion breaks and the residue remains on the aggregate
surface after completeemoval of water from emulsion. fiis process is completed in
different steps shown iRigure 2.5 (AkzoNobel) The aggregate comes into contact with
emulsion Figure 2.5 (a)) andthe free emulsifier from the emulsi® are attracted by opposite
charge of mineral aggregat&igure 2.5 (b)). For this, some aggregate charges are neutralized
andthe mineral aggregateonverts tdipophilic in some extentThen the asphalt droplets
come in direct contact with aggregate particlegure 2.5 (c)) andfinally, makea layer of
emulsion reside on the aggregate surfabg flocculation and coagulatio(Figure 2.5(d)). In

this process, watesf emulsionis absorbed bgggregate and evaporated from the emulsion
(James 2006 and AkzoNohel)
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Figure 2.5. (a) Contact of emulsion with aggregate, (b) Adsorption of free emulsifier
aggregate surfacéH rises), (c)Asphalt drofets on aggregate surface doegaised pH, and
(d) Coagulation andmeading over aggregate surface (AkzoNobel).

2.3.1 Naming Convention foEmulsiors in Current Specifications

ASTM D 977 and ASTM D 2397 are existing specification for anionic and cationic
emulsions. The emulsions are named based on charge, setting behavior, viscostty, and
residue propertesCati onic emulsion starts with *C’ fo
seting (SS), quick setting (QS), medium setting (MS), and rapid setting KR®)ever,
anionic emulsion starts with setting behavior. Then number after setting behavior indicates
viscosity of emulsion: number “ 1h visdosty. f or | ow
Finall vy, “H’ at the end of e muFaeéexample, CSSn a me ,
1H emulsion is cationic (Glow setting (SS) emulsion with low viscosity (1) and hard (H)
residue asphalt. Simiarly, @S-2 is cationic quick settingemulsionwith hi gh vi scosity
Again, SS1H is anionic slow setting (SS) emulsion with low viscosity (1) and hard (H)
residue asphalt. atnthddiemnido ro,fdesgiiied @rinan™ 4’ nan
polymer and latexmodification.



2.4 Existing Spedfications for Asphalt Binders and Emulsions

A PRS(AASHTO MP1)is avaiable forhot mix asphaltbindes developedduring the
Strategic Highway Research Program (SHRR)}his specification,aperformance grade
(PG)is assigned to specifasphaltbindess, indicating the climatic conditons for which the
binder can be used. A high temperature grade is assigned which reflects the average seven
day maximum pavement temperature (or the average of the hottest seven day stretch in the
year) and a low temperatugrade is assigned corresponding to the one day minimum
pavement temperature. The specification addresses workability and three critical distresses:
rutting, fatigue, and low temperatuaacking as well as assesses performance at three
critical age condbns: uraged, shofterm aged, and loAgrm agedSpecification tests and
corresponding limits are consistent for all binders and locations but the temperatures testing
vary in order to determine what temperature the binder meets the specificatiomdsand f

This general framework wil be used as the basis for the work proposed herein

Table 2.1. Performance Grade Specification (AASHTO MP1)

Performance Grade PG 52 PG 58 PG 64
=10 =16 =22 |-28 |-34 |-40 |46 |-16 -22 -28 -34 -40 -16 |-22 |-28 |-34 -40
Average 7-day Maximum Pavement Design Temperature, °C* >52 >58 >64

S5 Se [De [ [ 2e |5 [ [>e [>e > [ [ > |5 | > | > [ >

ini ement Dési empet e.°C*

Mitsmum PAvement DeriEn Tempertare; °C 22 |28 |34 (40 |46 |16 |22 |28 34 |40 |16 |22 |28 34 |40
Original Binder

Flash Point Temp, T48: Minimum °C 230

Viscosity, ASTM D 4402: ® Maximum, 3 Pa's (3000 cP), Test
Temp, °C

Dynamic Shear, TP5: © G*/sindelta, Minimum, 1.00 kPa Test 52 58 64

Temperature @ 10 rad/s, °C b 5 f
Rolling Thin Film Oven (T240) or Thin Oven (T179) Residue

Mass Loss, Maximum, % 1.00

Dynamic Shear, TP5: G*/sin delta, Minimum, 2.20 kPa Test & 58 64

Temp @ 10 rad/sec, °C - E :
Pressure Aging Vessel Residue (PPI)

PAV Aging Temperature, °C ¢ 90 100 100

Dynamic Shear, TPS: G*sin delta, Maximum, 5000 kPa Test

25 122 |19 3 25 (22 3|28 |25 |22
Temp @ 10 rad/sec, °C | 16 (13 |10 | 7 19 |16 |13 |28 19 | 16

Physical Hardening Report

Creep Stiffness, TP1: 'S, Maximum, 300 MPa m-value,

6 |-12 |-18 |-24 |30 | -3 2 24 |3 2 24 | 3
Minimum, 0.300 Test Temp, @ 60 sec. °C o | e it o |l Kt i | Il i

Direct Tension, TP3: * Failure Strain, Minimum, 1.0% Test
Temp @ 1.0 mm/min, °C

0 |-6 |-12 |-18|-24 |-30 |-36 | 6 |12 |18 (24 |30 | 6 |12 |18 |24 |30

ASTM (American Society for Testing and MaterialspecificationsASTM D 977 and
ASTM D 2397 specifications aravailable for anionic and cationic standard emulsions
respectively. Thee emulsion standards aigedto determine standard emulsiqumoperties:

viscosity, storage stability, demulsibility, coating abilty, teraresistivity cement mixing,



sieve test, peetration, ductility, and solubility for slow, medium, and rapid setting
emulsions. However those properties aredieictly related to performance and fail to take
into account climatic effects.

Before the pdormance based binder specificatiohreetypes of specification were
available for asphalt binder: penetration gradscosity gradeand aged residugiscosity
grade (Elmore et al995) Although theseasphalt bindegrades were applyingn chip seal
successfully based on historical performarfioea long time these specifications anet
performance based (Elmore etal 19%knore et al. (1995) attempted to resolve this issue
by applying Superpave PG specificationsciip sealasphalt imder and emulsion residue
The reason behind using the saBwperpavespecificationwasto avoid confusion among the
producers andsers to avoid thevarieties of asphalt binder, to reduthe storage space for
the producer for different binders, andoate use the existing binder test methods.

Elmore et al. (1995fpund that theSuperpave PG systeoould not be directly
applied tochip sealasphalt bindeand emulsions(Eimore et al.1995) For example,asphalt
binder AG5was used commonly in Texasip sealswith acceptableperformancebut this
binder does notmeet the G¢ i n &  (periprimancencgterignwhich is included in the
Superpavespecification In addition, when superpapvespecificationwas proposedas
performancebaseccriterion fa chip sealasphalt bindermore promisingchip sealasphalt
binderswere neededo discardthat were used forchip seal EImore et al. (1995) is did not
conduct any comparison to mixture performance or field. Also, fresh emulsion properties
were not consided.

Epps et al(2001) used theSuperpave PG specificatioas the basis for developing a
specification system for asphalt binders and emulsions ude8Tisin Texas, termed the
“Surface Treat ment Performance Grimdyi ng”
considered. fie Superpavepecificationwasmodified in an attempt to address the specific
distress type®sbserved irsurface treatmentsSprayability of binderswas assessed to refiect
constructability through measurementvistosity The spraying temperature for asphait

binder was recommended as 18@fi@ithe spraying temperature for emulsion was not

mentioned specifically considering that spraying temperature for asphalt cement was more

10
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significant forasphalt binder than emulsionspfiSet al.2001).Bleeding and aggregatess

were considered athe critical distresses high temperature Aggregate lossvasalso used

for performance criterion at intermediate and low tempera®iminimum value0.750 kPa

for G*/si nrdeasured in the dymic shear rheometer at high temperature specified to control
bleeding. Aygregate lossvas deemed the critical distress at intermediate and low
temperature. The Bending Beam Rheometer (BBR) was applied for low temperature grading
to address aggregate lo&tiffiness of maximum 500 MPand mvalue of minimum 0.24for

PAV (Pressure Aging Vessedged binder afte8 seconds of creep loading wersed as
specification parameters but not after 60 seconds applied for current PG specifisiation.
intermediate tempature specification was included the G*s n(®e., current Superpave
intermediate specification parameteglues at 25°Cwere not tadifferentiate between the

good and poor performing binderEpfps et al2001).

After selecting the prelminary performance parameter for asphalt binder, field
performancewasobserved at different climatic and trafic conditions in TeXzased on the
comparison between binder test results and field performance, specificationwiengs
proposed as followsminimum G*/s na¥ 0.650 kPaat high temperature and use of
consistent specification limits and properties as the Superpave PG sysiem for

temperature performaa temperature (Walubita et 2005)

The study conducted by Eppsal., in 2001 and the followingtudy done by
Walubita et alin 2005 did notonsiderfresh emulsionpropertiesfor surface treatment
specification. In addition, fracture properties during low temperature aggregate loss was not
included in @rformance dsting (Apps et ak001). Finally, the study was conducted only for
binder Epps et al. 2001) and then revised based on field penfmen (Walubita et al. 2005).
There was no direct mixture study in the laboratory and no direct comparison with traffic
volume. Again, due to 3°C temperature difference in performance gratde .2 and Table

2.3), same type of binder from different producer displayed two performance grades.
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Table 2.2. Surface Performance Gradif§PG) SpecficatiorBasedon 3°C Increment (Epps

et al.2001)
Performance Grade SPG 58 SPG 61 SPG 64
6| 19 |22 | 25|36 |19 2| 25|36 |9] 22 25
Avg. 7-day Maximum
Surface Pavement Design <58 <61 <64
Temp.. °C
Minimum Surface Pavement | 51+ 19 | 599 | 505 [ 513 | 16 [ 5-19 [ 5222 | 25 | 513 | 216 | 19 [ 522 | 25
Design Temp., °C
Onginal Binder
Viscosity ASTM D 4402
Max: 0.15; Min: 0.1 Pas <180 <180 <180
Test Temp.. °C
DSR TPS
G*/Sin 8. Min: 0.750 kPa 58 61 64
Test Temp. @ 10 rad/s. °C
PAV Residue (PP1)
PAV Aging Temp.. °C 90 100 100
Creep Stiffness. TP1
S. Max: 500 MPa
2 = 22 -29 = = & =9 225 = =, 2 22 T
m-value. Min: 0.240 16 19 22 25 13 16 19 22 25 13 16 19 22 25
Test Temp.. @ 8. °C

Table 2.3. Revised SPGSpecification Based or8°C Increment (Walubita et &005)

Performance Grade SPG 58 SPG 61 SPG 64

22

-10 l -16 -28 -10 ] -16

Average 7-day Maximum Surface Pavement

_ <5 < <
Design Temperature, °C a8 61 ot

Minimum Surface Pavement Design

> - 592 | 528 | > ol 299 | >0 | = & soml 2
Temperature, °C 10 16 22 28 10 16 22 28 10 16 22 28

Original Binder

Viscosity ASTM D 4402 (6)

Maximum: 0.15 Pa-s*; Minimum: 0.10 Pa-s <205 <205 <205
Test Temperature. °C
Dynamic Shear. AASHTO TP315 (51)
*
. Minimum: 0.65 kPa 58 61 64
Sind
Test Temperature @10 rad/s. °C
Pressure Aging Vessel (PAV) Residue (AASHTO PP1) (51)
PAV Aging Temperature, °C 90 100 100

Creep Stiffness. AASHTO TP313 (51)
S. Maximum: 500 MPa

m-value. Minimum: 0.240

Test Temperature @ 8s, °C

-10 | -16 | -22 | -28 -10 | -16 | -22 | -28 | -10 | -16 | -22 -28

*Pa-s = Pascal-seconds

The SPG specificatiotable wasvaldated and refinedTable 2.4) based on

comparison between lab afield performanceby Viaykumar et al. in 2013A strain sweep

12



test was proposed at imeediate temperature beca&*(s 1n)dcriterion wasncapable of

capturing aggregate losperformance In addition, strain sweep test was also proposed for

l ow temperature performance since ilfge ‘' m’ vV a
proper field performanceThe minimum 17.5% strain at 0.8G* for original dér and

maximum 2.5 MPa G* for P¥X aged binder were proposed for intermediate temperature and

low temperature aggregate loss performance respectively.

Table 2.4. Revised SPG&cification (Viaykumar et al013)

Performance Grade
The SPG grades are examples. and they can be

extended in both directions of the temperature SPG 64 SPG 67 SPG 70
spectrum using 3°C increments.

-13 (-16[-19|-22|-13 —16|—19

2 —13|—16 10| 22

Average 7-day Maximum Surface Pavement ~64 67 70
Design Temperature, °C '

Minimum Surface Pavement Design

>- »-16]>-19(>-22|>-13|=-16|=>-19|>-22|=- g -.10]|-.7
Temperature. °C 13 |>-16|>-19|>-22|>-13 >-16|>-19 13(>-16[>-19

Original Binder

Dynamic Shear
AASHTO T 315/ASTM D7175 64 67 20
G*/sin 6. Minimum: 0.65 kPa
Test Temperature @10 rad/s. °C
Dynamic Shear Strain Sweep
AASHTO T 315/ASTM D7175
% strain @ 0.8G;*, Minimum: 17.5
Test Temperature @10 rad’s linear loading
from 1-50% strain. 1 sec delay time with
measurement of 20-30 increments. °C

Pressure Aging Vessel (PAV) Residue (AASHTO R30)

PAV Aging Temperature. °C 100 100 100

Creep Stiffness
AASHTO T 313/ASTM DG6648 2 == ol 95
S. Maximmm: 500 MPa -13 (-16 (-19|-22|-13 |-16(-19|-22|-13|-16(-19 ( -22
Test Temperature @ 8s. °C

Shear Strain Sweep
G;i*. Maximum: 2.5 MPa 25 25 35
Test Temperature @10 rad/s linear loading at - - -
1% strain and 1 sec delay time, °C

Kingetal(2012) pr op oSrawhanaspesificationforapolymer modified
emulsions residue®r chip seal, cape seal, slurry seal, and microsurfaliadple 2.5). The
specification did noinclude provisions for any fresh emulsion properties. Fraquesweep
and Multiple Stress Creep and Recovery (MSCR) tests were proposed for evaluation
bleeding and rutting at high temperature. Anyic Shear Rheometer (DSR) flibearity
test was proposed to develop for characterization of bleeding resistahgi float

identification in addition to other test3he shear rate, G*, and yield stress were considered
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to measure the gel strength from +hoearity test.Frequency sweeps at low temperature

were proposed as replacement for BBR tests on PAV aged residue to assess susceptibility to

aging.

Table 2.5. Strawman Daft Specification for Polymer Modified Emulsion Residue (King et
al. 2012)

Strawman First Draft — Prior to Field Trials

Purpose Test Conditions IReport

24 hrs (@ ambient + 24 hrs

Residue Recovery [Forced Draft Oven % Residue

(@ 60 °C

Tests on Residue from Forced Draft Oven
High Temperature IDSR-MSCR Ty e
(Rutting/Bleeding) IDSR Freq. Sweep [Ty G* & Phase Angle
Polymer Identifier : . i

B 534 SR-MSC @ 3.2 a ° e1d Stra
Elasticity/Durability) IDSR-MSCR Ty, (@ 3.200 Pa o Recoverable Strain
High Float Identifier (Bleeding) |DSR—Non-Linearity [Ty Test to be developed

Tests on PAV (run on emulsions evaporated in the PAV pan using the Forced Draft Oven procedure)

Low Temperature (Aged DSR Fred. Sween 10°C & 20°C IG*
[Brittleness) ) 4 ! [Model Low Temperature Phase Angle
Polymnts By o DSR-MSCR Ty @ 3.200 Pa Recoverable Strain Ratio

(Before/After PAV)

The inttially proposed Strawman specification wasdified as shown iTable 2.6
after verification of proposed test methodsTable 2.5 (King et al. 2012)In this verification
stage, field emulsions were collected and tested in the labor&toryunaged residua the
modified specification, DSR frequency sweep was proposed for rutting and blegtthogt
MSCR ThenMSCR test wastil proposed for polymeidentifier only and then, DSR nen
linearity test was proposed to be developed for bleedm@gacterizationFor PAV aged
residue, DSR frequency sweep test was proposed for low temperature performance to replace
BBR andaged brittleness. Finallythe MSCRtestat the PAV aged level was proposed to
assess polymer susceptibility to degradatblowever,the specifications mentioned in this

section did not include the spray seal specifications.
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Table 2.6. Strawnan Draft Specification for Polymer Emulsion Residue (King et al. 2012)
Purpose Test Conditions [Report
1A)24 hrs @ ambient + 24 hrs
Residue Recovery Forced Draft Oven |@ 60 °C. or % Residue
B)6 hrs @ 60 °C

Tests on Residue from Forced Draft Oven

High Temperature
(Rutting/Bleeding)

IDSR

T, (with an offset to be
determined)

IG*/sin O

Polymer Identifier
(Elasticity/Durability)

Single Stress DSR
Creep Recovery

To be determined

% Recoverable Strain

High Float Identifier (Bleeding)

IDSR—Non-Linearity

To be determined

Test to be developed

Tests on Aged Residue — Method To Be Determined

Low Temperature (Aged
Brittleness)

IDSR Freq. Sweep

10°C &20°C
[Model Low Temperature

[Phase Angle

Polymer Degradation
(Before/After PAV)

Single Stress DSR
Creep Recovery

To be determined

[Recoverable Strain Ratio

Sweep Test on Aged

IAged Brittleness f
Sample

To be determined

ro Mass Loss

Adams (2014) conducted research on chip seal PRS and proposed specification as in
Table 2.7. Here the specification includdstumen bond strength (BBSalue at intermediate
temperaturefor early raveling, dry raveling, and wet raveling at different traffic levielss
(0 to 500 AADT), medium (501 to 2500 AADT), and high (>2588DT). Similarly, this
specification also developed specification limit for bleeding and flushirgglattemperature
anddifferent traffic levels. Ta specification is applicable for different climatic region and
the threshold limits are determined by @awing the binder and chip seal mixture
performancestudy Adams (2014) also proposed the thermal cracking performance
parameters for chip seal which is identical to hot mix asphalt biheemal crackingwithout
chip seamixture performance study. Howaylow temperature chip seal raveling is more
prominent and common (Transit New Zealand 200Bh is related to binder fracture
property rather thermal expansion and contractidtiams (2014) also did not include the

fresh emulsion property for chip dea
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Table 2.7. PRS for Chip Seal (Adams 2014)

["Fesistance to Early Ravelng

AASHTO TP2l1-11 - Bitumen Bond Strensdh |
POTS, Curing Time: 4 howrs, Curinz and Test
Temperatuss 2 19 16 13 25 2 19 16 | 28 25 | 2 12
Dry Bond strength, Min 200Ps (Low Traffic)
Drv Bond strensth, Min 250kPa (Medium Traffic)

e s e
EsISTADCE [0

AASHTO TPE1- Bmmﬁandﬂzenﬂh.\_mnz
Time: 21 hours Dy atIT - 2 a - ey a . - - o
Dry Bondstrengh, Min 40KBs (LowTratie) | 22 | 19 [ 16 [ 13 ) & S I 18
Dry Bond strensth Min §00Pa (Meadmm Traffic)
Drv Bond stransth, Min 800kPa (Hish Traffic)

SN ance [0 velinE

AASHTO TP2] - Bimsmen Bond Swensth Moisme
Conditianing Time 4 hours Dy, 16 Hours Wet,
Wet Conditioning Temp 40C 22 12 16 13 25 2 12 16 28 25 | 2 12
Wt Bond strangth, M 200&Pa (Low Traffic)
Wet Bond strangh, M 325%Ps (Mzdinm Traffic)
Wet Bond strmgh. Min 4 50kPs (High Traffic)

Tests on Residue
Residue Recovery Method: ASTM D7497- Method B

Resistance to Flushing and Bleeding
AASHTO TP 70: MSCER,

Msasured Response: , Non-Recoverable Crasp
Compliancs, J,, ig 54 70
Max Jor @ 32 kPa, B kPs™ (Low Traffic)
Max Jur @3 2 kPa 525 kPa" {(AMedinm Traffic)
Max Jur @ 32 kPa, 3 25 kPa (High Traffic)

Tests on PAV Azed Recovered Residue

Thermal Craclang
DER Frequency Swespw Estiman 3(60) and{60) [ ;5 | 5
Estimate Response at Specifiad Tempemturs Max = :
S{60)=300MPa, Min m{60)=0300

-18 -24

i
(=]

24 -30 -12 -18

U

-
i
(=]
—
(]

2.5 Existing Specification for Slurry Seal and Microsurfacing

According to ISSA specificationthe performance aficrosurfacingmixture depends
on the aggregate properties and gradation, emulsion, mineral filer, and water content (ISSA
2010a and ISSA 20100y addition, each component material of the mixtmesedsto fulfill
the job requirements (ISSA 2010Yhen each componentaterial fulfills the desired
properties determined by ISSA, theptimized mix design needs to be developethe
laboratory. The mixture performance tests include wet track abrasion test (ISSA TB 100) for
wearing resistance of mixturesonsistency tesi$SA TB 106) for mixture workability,
loaded wheeldster (ISSA TB 109) foexcess asphalt content determination for flushing
regstance of the mixture, and ftrimnix test (ISSA TB 113) to determine mix time based
visual appearance and mechanical prigeerof mixtures. In addition, ISSA had a test
method named flexural tension tester doacking (ISSA TB 146) but this test is rentailable

anymorein the specification.
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Among the proposed test methods by IS®At Track Abrasion TesteW(TAT) and
Loaded Wheel Testet\WT) is performed at 25°C but mixture consistency and tinie test
are performed at possible high temperature at which emulsion is expected to mix with
aggregatesn the field (ISSA 2010). So the mixture performance is not determinasiedon
temperature change atite specificationhasproposed a gendrapecification for slurry seal
(unmodified emulsions and for microsurfacingpplymer modified emulsionsseparately
(ISSA 2010)Here the specificatiomequiresdevelopinga mix desig for each system before
applying the mixture in the field (ISSA 2010).

2.6 Distressesfor Surface Treatments

2.6.1 Spray Seal Distresses

Through the literature review the research team found that the primary distress
associated with spray seals is the adhesion between the spray seal and the underlying layer.
This distress is sometimes referred tavas, and when it occurs, the spray speéls up and
away from the underlying laygiVood et al. 2006)However, the literature review of spray
seals reveals a lack of critical performance measures by which to evaluate spRyTseal
Although surface wear is a performance characteristic assdowith spray seals, it is not
believed to be a critical issue for spray seal surface treatments. Additionally, bleeding
performance in spray seals is not believed to be a significant problem because the spray seal
emulsion material is developed at a lgiscosity, which allows it to low more easiy into
the voids and cracks in the existing surface (Wood et al. 2006). In order to achieve a low
viscosity, the emulsion is diluted prior to application and therefore contains a lower amount
of asphatlt residu¢ghan emulsions used in other seal types (i.e., chip seal surface treatments).
Thus, spray seals cure to a lower overall residue rate than the emulsion application rate
(EAR) would suggest. Moreover, any bleeding issues that occur in the seal are likely to
caused by excess application of the emulsion, which is related to the mix design of the spray
seal and not the performance of the emulsion as it relates to the material properties. Also, in
the event that the spray seal application rate is too higiel an be applied to the surface of
the spray seal to provide a skiesistant surface (AEMA 2004). Lastly, other typical chip
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seal surface treatment distresses, such as raveling and stripping, are not applicable to spray

seals because spray seals are czep of only a single layer of emulsion with no aggregate.

Curing time is also an important aspect of the surface treatment construction process.
Surface treatments require that the emulsion cures to a certain level before the surface can be
traficked. Ifthe road is reopened to trafic before sufficient curing has taken place, tracking
and problems related to friction resistance may occur in the sprayed seals. In addition, loss of
excessive cover aggregate can occur in chip seals as a result of inguffigieg. Roling
ball testsimulatescuring time in terms of distance covered by steel ball on spray seal

application after constructionI1 2013).

The adhesion performance characteristic for speay surface treatments can be
measured directly from bindeesting; thus this study does not includperformance testing
on spray seal surface treatmentowever, the fresh emulsion properties related to
construction of spray seals must be consideredsdlnclude storage stability, sprayability,

and resistance to drainout. Specifications to address constructability are developed herein.
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2.6.2 Chip Seal Distresses

Based on the literature review, the distresses for chip seal treatment have been summaaiaéR. B

Table 2.8. Distresses for Chip Seal

Distress Type

Reason of Distress

Effects of Distress

Raveling
(Early, Late, and
Low Temperature

Raveling)

(@) Insufficient embdment depth of
aggregate

(b) Early trafic opening

(c) Brittleness of emulsion residue
at low temperature

(@) Aggregate loss
(b) Windshield damage
(c) Loss of skid resistance

Stripping

(a) Due to moisture intrusion

(@) Aggregate loss
(b) Loss of skid resistance

Bleeding and Flushing

(@) High emulsion applicationrate
(b) Deep embedment of aggregate
(c) Aggregate loss due to high temperatu

(a) Loss of skid resistance

Cracking

(@) Due to low temperature
(b) Reflection of underlying cracks

(@) Moisture intrusion through the crack]
(b) Decrease riding quality

Rutting

(a) Due to traffic loading

(a) Water remains in the rutted areas
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2.6.3 Slurry Seal and Microsurfacing Distresses

The distresses for slurry seal and microsurfacing treatment have been li$tdulei.o.

Table 2.9. Distresses for Slurry Seal and Microsurfacing

(e) Insufficient fines in the mix
(f) Abrasion action of tires
(g) Poor construction

Distress Type Reason of Distress Effects of Distress
(@) Inadequate binder content
(b) Inadequate roling during mixing
(c) Incompatibility between aggregate ang (a) Aggregate loss
Raveling Binder (b) Loss of skid resistance
(Shelling) (d) Oxidation of binder (c) Bleeding andiushing

Surface Wear
(Loss of fines
from the surface

(@) Inadequate binder content

(b) Inadequate roling during mixing

(c) Incompatibility between aggregate
and binder

(d) Oxidation of binder

(e) Insufficient fines in the mix

() Abrasion action of tires

(g) Poor construction

(a) Loss of skid resistance

Stripping

(a) Aggregate loss due to
the presence of water

(b) Degradation of bond between
aggregate and binder

(a) Loss of skid resistance
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(@) High emulsion or binder content
(b) Loss d aggregate from the surface

Bleeding and (c) High temperature . .
Flushing (d) Slow setting of emulsion due (2) Loss of skid resistance
to high humidity
(e) Soft mixture
a) Due to low temperature : : :
gbi Crack reﬂectionp from the (a) Moisture intrusion through
Cracking existing cracks (b) g:cf£2§§? ding quality
(c) Aging of microsurfacing mixture 94
Ruttin (@) Due to high asphalt content (a) Water remains in the rutted areas
9 (b) Due to traffic loading (b) Decrease riding quality
(@) Improper surface preparation
(b) Existence of water between
pavement and microsurfacing (a) Separation of microsurfacing layen
Delamination (c) Lack of adhesiorbetween from the existihng pavement

microsurfacing and existing pavement
(d) Insufficient asphalt cement
(e) Early emulsion break

(b) Promote surface irregularities
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2.7 Critical DistressesSurface Treatments

Chip sealslurry seal, and microsurfacing havefallént types of distresses¢plained
earlier sectionThe causes oflahe dstressesarenot material (binder) dependent only.
These distresses are also resulexiting pavement and construction issuBse existing
pavement conditions and constructioglated distresses are not included in this study. Since
binder is a viscoelastic material, binder property is highly controlled by temperatures at
different climatic region and by different traffic levels in eint locations. That is why;
distressegelated to materia(binder) propertyareonly mentioned here iffable 2.10 for chip

seal and micrsufacing.

Table 2.10. Critical Distresses for Surface Treatments

Surface Treatment Critical Distress

Raveling

Cracking
Bleeding/Flushing

Chip Seals
Rutting (multiple seals)

Stripping

Early Raveling/CuringTime

Thermal Cracking

Rutting
Slurry Seal and Striooin
Microsurfacing bPng
Raveling

Bleeding/Flushing

2.8 Emulsion Test Methods

2.8.1 Fresh Emulsion Properties

Emulsion properties during construction have a major effect on the performance of
PSTsin the field. Asphalt emulsions used in the constructiof® $Tsare multiphase

systems that are composed of water, asphalt cement, emulsifier, and modifiers in some cases,
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as previously discussed. The different phases are expected to remain homogeingus d
storage, pumping, transportation, and construction. The folowing documents existing test

methods which can be utiized to measure emulsion constructability.
2.8.1.1 Storage Stabilty

Storagestabilty is defined as the ability of an emulsion to resistfgigmt change in
properties over timgRedelius 2006)An unstable emulsion may cause serious problems with
distribution, spraying, breaking, wetting, and coating of the aggré§d&&RB 2008)These
properties directly affect the performance charactesistif the final product. The four most

commonly cited processes that affect storage stabilty are:

1 Creamingor sedimentationphase separation under gravity resutting from the
difference in densities between the dispersed and continuous phases of tiogr.emuls

1 Flocculation a weak clustering or aggregation of asphalt droplets due to Van der
Waals attraction and Brownian colision in the emulsi®®edelius 2006)

1 Coagulaton al so known as Oswald’s ripening ef
occurs whenhere is an increased median particle size in the emulgacsson
1995, Tadros 2004)

1 Coalescencean irreversible process that occurs when the asphatlt particles join
together to form a continuous flm of asphalt cem@daimes 2006)

1 Phase inversionthe process whereby the dispersed phase (asphalt cement) and the
continuous phase (water) reverse; i.e., water becomes the dispersed phase and asphalt

becomes the continuous phdRedelus 2006)

Any change in the emulsion properties due to one or a cdiolinaf the above mentioned
instability phenomena has a direct effect on the flow properties of the em(iaoinos
2004, Redelus 2006Yhe flow properties of an emulsion, in turn, are directly related to

viscosity. Thus, any change in stabilty hasraad effect on the viscosity of the emulsion.
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2.8.1.1.1 Test Method for Measuring Storage Stability

Test method of measuring the storage stability of emulsions is currently available in
ASTM D 6930, Test Method for Settlement and Storage Stability of EmulgiBptalt In
the ASTM D6930 procedure, 500 ml emulsion is poured into a cylinder with 500 ml
capacity and stored at room temperature for 24 hours without agitation. After 24 hours
storage time, a pipette is used to siphon test samples from the top amd didtthe storage
cylinder. The storage stabilty test is assessed based on the residue content in the emulsion

from top and bottoms of the specimen.

ForPSTapplication, the viscosity of emulsion is directly related to performance as
viscosity is what diates the ability to spray the emulsion, mix with aggregate, and resist

drainout once placed.

2.8.1.2 Sprayabilty, Drainout, and Mixability

The two most important construction parameters for emulsion during chip seal and
spray seal construction are sprayabilityd airainout. Sprayability is the ability of an
emulsion to be sprayed in a uniform thickness across the surface of the pajAspdiatit
Institute 2008) An emulsion that is too viscous during spraying wil result in streaking, poor
wetting of the aggreges, spot bleeding, and partial loss of the cover aggregate. For sprayed
seals, the emulsion is required to be thin enough so that it can penetrate and fil the surface
cracks. Drainout is the abiity of an emulsion to resist draining off the pavementesurfa
under gravity after sprayingBahia et al. 2008)Drainout can lead to premature aggregate
loss as a result of insufficient binder for proper aggregate embedment. Also, environmental
problems may ensue if the emulsion drains into storm water channels or other natural water

bodies. Both sprayability ardrainout are directly related to the viscosity of the emulsion.

Since microsurfacing emulsions are not sprayed like chip seal and spray seal
emulsions, sprayabilty and drainout are not considered to be performance parameter for
microsurfacing. That is wh mixability has been defined as performance parameter for

microusrfacing emulsions and described in chapter 3.
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2.8.1.2.1 Equipment for Measuring Viscosity

The viscosity of asphalt emulsions is currently measured using the Saybol furol
second (SFS) viscometer sfied in ASTM D 7496,Standard Test Method for Viscosity of
Emulsified Asphalt by Saybolt Furol Second Viscom@&ES) The SFS viscometer is an
eflux type of device that measures the time it takes an emulsion to empty from a 60 milliliter
standard cupThe test is carried out at a temperature G63550r 25°C depending on the grade
of the emulsion being tested. The time taken to empty the cup is converted to viscosity
through established conversion methotise advantages of the SFS viscometer arevits lo
cost, ease of cleaning, durability, and simplicity in taking measureni@aismon 2010)
However, it has been long recognized in the asphalt emulsion industry that the SFS
viscometer has several major shortcomings, and that a better test methodeas(dgteton
and Traxler 1948, Salomon 2000, King et al. 200G main deficiency is that the SFS
viscometer does not allow for emulsions to be evaluated at different shear rates. Furthermore,
the shear rate to which the material is subjected to inebkishas no relation to field
conditons Asphalt emulsions are thixotropic liquids, i.e., their viscosity depends on both the
magnitude and duration of shearif@alomon et al. 2004, Redelius 200&h appropriate
viscometer for evaluating the viscosibf thixotropic liquids is one that allows emulsions to
be evaluated at different shear raféadros 2004)Additional concerns with the SFS
viscometer includets repeatabilty, cleaning time, and dependency of the test on the operator
(Salomoén and Michde2002, King et al. 2010)

To overcome the shortcomings of the SFS viscometer, several viscometers that allow
emulsions to be evaluated at different shear rates have been evaluated and reported in the
literature. Salomon (2000) evaluated the viscosity Soflierent emulsified asphalts using
three pieces of test equipment: a Brookfield RV programmable rheometer, a Cannon
MFV-1000 marine fuel viscometer, and a Bohlin CVO dynamic shear rheometer. The
viscosity measured from each device was compardiketeiscosity measured from the SFS
viscometer. All three devices gave results that correlated well with those of the SFS
viscometer, with a correlation coefficient greater than 80% for each device. Salomon (2000)
concluded that any of the three devicesid be used to evaluate the viscosity of asphalt

emulsion. In a different study, Salomon (2010) proposed the use of the paddle viscometer
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(ASTM D 7226) as another possible instrument for evaluating asphalt viscosity. He reported
that the results of the dedle viscometer show the highest correlation coefficient (above 90%)
compared to the three viscometers he evaluated in his earlier study (Salomon 2000).
However, a report by King et al. (2010) reports that the paddle viscometer needs further
development beause it does not allow for accurate control of temperature during testing
(King et al. 2010). Another instrument reported in the literature is the field viscometer (FV)
(Schuler et al. 2011).He FV uses a device and test procedure similar to theviSte&eter;

it was deemed to suffer from the same weaknesses as the SFS viscometer and, thus, is not

considered in this study.

From the identified instruments, the rotational viscometer (RV) specified in the
AASHTO TP 48 and ASTM 21402 was selected for thisudy because the RV is being used
currently in the Superpave system to measure the apparent viscosity of asphalt at handling,
mixing, or application temperatures. Thus, many manufacturers, road agencies, and
contractors already have access to this instnumig addition to its abilty to subject the
material to varying shear rates, it also requires relatively small amounts of materials to run
the test, allows for accurate control of the temperature, is less dependent on the operator, and

requires less cleing time than the other candidate instruments.

2.8.1.2.1.1Three Step Shear Test

The available test methods for thixotropic liquids include the shear index and
thixotropic loop methods (ASTM R196), the steyshear test (Eley 1995) and method- %D
21 (Salomon and Mhael 2002)among many others. However, the most promising test
procedure for evaluating the viscosity of asphalt emulsions is-8tep3shear test introduced
by Zhai et al. (2004)The test was adapted from the paint industry where it is commonly
usedto study sprayability and sagging behaviors of emulsion paints, which are also

thixotropic, like asphalt emulsions.

For proper emulsion application, the emulsion must have sufficiently low viscosity
under high shear rate to allow for spraying onto theeewt surface but should exhibit high
viscosity once placed to resist drainout off of the pavement surface. In order to capture the

spraying and drain out properties of emulsions, the three step shear test is used (Johannes et
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al. 2013). The three step sindest utiizes three successive shear rates to simulate the
thixotropic and shear thinning behavior of asphalt emulsion during the production of chip
seals and spray seals. The first shear rate is low and used to simulate the emulsion condition
under ciculation in the tank. The second step involves a high shear rate to simulate spraying
and the third step utiizes a low shear rate to evaluate emulsion resistance to drainout. The

low shear rate is used to simulate flow due to gravity once the emulsiolmedagplaced.

An example of three step shear test results is presentedune 2.6 ilustrates that
the 3step shear test can clearly show the changes in viscosity of an emulsion when subjected
to various shear rates at a gven temperature. The reduction in viscosity from Step 1 to Step 2
shows that the emulsion has good spraying ctemstics when subjected to a higher shear
rate. In the same test, the viscosity becomes higher in step 3 compared to step 2 which is
good for drain out propertiesdigher viscosity in step 3 at low shear rate indicates that the
emulsion wil not flow onlte pavement after spraying. Emulsions with high viscosity at low
shear rates have been reported to be more stable during storage compared to emulsions with a
low viscosity (Barnes 2000, Tadros 2004)
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Figure 2.6. Typical three step shear test in laboratory.

2.9 Mixture Performance Test Methodsr Microsurfacing

In order to develop specifications for emulsion residue resistance to critical distresses,
mixture performance test methods must be conducted to allowaldation measured binder

properties capture distress resistance and to subsequently establish specification limits.

2.9.1 Wet Track Abrasion Test

Raveling was identified as a critical microsurfacing distress and thus a mixture
performance test is neededevwaluate the abiity of binder tests to capture microsurfacing
mixture ravelingresistance The Wet Track Abrasion Test (WTAT) shownHigure 2.7
simulates the service trafic loading of microsurfacing systems in the laboratory. The test
is designed as a wet stripping test, but also can be used to quantify dry raveling. The test
method itself was developed mainly for slurry seal system testing;ollot potentially have

applications for chip seal surface treatments as wel. This test method is standardized for
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slurry seal/microsurfacing evaluation as ASTM3BLO0. In the test, cured samples are placed

in a water bath set to 25°C for one hour and tleraded with a rotating rubber hose attached
to a planar mixer. This abrasion process lasts five minutes in a Holdf)0 Qixer.

Afterwards, the sample is cleaned and then dried in an oven at 60°C to determine the loss of
weight due to abrasion. The testconducted under water, but it should be noted that the
purpose of the submerged specimens is not to increase abrasion, but rather to allow the
abraded material to float away rather than fiy away. In ISSA TB100, a moisture damage
protocol is also suggesl. In this method, additional testing on samples soaked in 25°C
water for six days is conducted. At the end of this soaking period the samples are tested the
same way as the ofi@ur soaking samples (i.e., five minutes of abrasion). A survey of
agencies,contractors, manufacturers, and other experts conducted by Fugro (2004) suggests
that the WTAT sixday soak value should be included as part of best practices in evaluating

the longterm performance of microsurfacing systems.

Figure 2.7. Wet track abrasion test and test accessories (Macropaver 2012).

The WTAT has showmeasonablecorrelation to field performance. According to
ISSA TB100 and Fugro (2004), the acceptable abrasion loss (weight loss) vedusiufoy
surfacing system should be less than 807.gffhis loss value was determined from studies
conducted by Kari and Coyne (1964) who found that the rate of field wear is highly
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correlated to irservice performance, and specifically identified the 887 value as dmit

for differentiating between good and bacsérvice pavements, as shownFigure 2.8.
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Figure 2.8. Relation between wear value and field performance (Kari and Coyne 1964).

In addition, a micrasurfacing is a mixture of aggregate, emulsion, mineral filer, and
additives; the performance of the mixture depends on the f&pguoportions of these
components. As such, the literature shows that the WTAT can be used to evaluate these
factors (Andrews et al. 1994). Andrews et al. (1994) recommend that the abrasion loss
obtained from a sixlay soak period can be used as perfoo@aindicator. This parameter is
suggested over the ctheur soak test because the -woeir soak test results did not show
expected trendg-igure 2.9 and Figure 2.10 summarize the findings from Andrews et al.
(2004) when using the stkay soak tests to evaluate water content, cement content, and
mineral filer.
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Figure 2.9. Abrasion loss of six day soaked specimens without additive (Andreals2€04)
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Figure 2.10. Abrasion loss of six day soakedesmens with 12% wate¢Andrews efal.
2004).

Questions remain concerning the test’s ab
stripping and raveling. The main question is whether the loading conditions and abrasive

head design accurately simulate the abrasion loss characteristics that the specichen wou
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experience under field loading conditions. Alsdile past studies have demonstrated
sensttivity to mixture designt is uncertain whether the test has the abilty to differentiate

raveling performancebetween emulsiortypes

2.9.2 Loaded Wheel Tester (ASTND 6372)

A mixture performance test is needed to assess the ability of binder properties
measured herein to capture mixture bleeding resistance. The loaded wheel tester (LWT) is
used to evaluate the bleeding and flushing potential of microsurfacing systeorsling to
ISSA TB109 and is also used as a mix design tool for compaction and lateral displacement of
multilayered microsurfacing (ASTM D 637Zyigure 2.11 shows the LWT apparatus and
associated accessories. The device itself consists of a loading frame (143 cm x43 cmx 41
cm, Lx W x H), specimen molds, and wooden dowel bar. For the test, a 56.7 kg mass is
placed in the loading tray, and an atecimotor drives the wheel back and forth on top of the
sample. For both ASTM B372 and ISSA TB109 specifications, the load is applied for
1,000 cycles at a speed of 44 cycles per minute. In the case of ASTM D 6372 the test is
stopped and measurements talken of the width change. For ISSA TB109, 100 g of Ottawa
sand is heated to approximately 62and uniformly spread over the specimen after the 1,000
cycles are complete. Then, the LWT is restarted, and the sample is loaded for another 100
cycles. Afterthese 100 cycles, the specimen is removed from the mold, and it is tapped
lightly twenty times to clean any loose sand from the surface. The difference between the
weight of the specimen before loading and after loading signifies the amount of adhered
sand or sand adhesion. According to the ISSA standard, the amount of sand adhesion should
not exceed 0.54 kgfmo avoid flushing.

Sample fabrication differs slightly between the ASTMBE¥Y2 and ISSA TB109
standards, but in both a predetermined amount otgagy (300 g in ISSA TB109 and 500 g
in ASTM D 6372) is mixed with an appropriate amount of water, filler, additve and
emulsion for 30 seconds. Then, the sample is poured into a mold approximately 381 mm x 50
mm x 6 mm (L x W x H) and leveled using a weaddowel. The sample is then cured and
prepared for testing. In ASTM D6372, curing consists of leaving the sample to air cure at

room temperature for 24 hours and then curing it in an oven at 60°C for an addtional 18 to
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20 hours. For ISSA TB 109, the sdens left at room temperature only long enough to
prevent free flow and is then placed in a 60°C oven to cure unti a constant mass is achieved

(not less than 12 hours).

Figure 2.11. Loaded wheel tester @tropaver 2012).

A more advanced version of the LWT also has been used. Thetrdwke WT,
shown inFigure 2.12, can be used for the same ASTM &8&A tests as the LWT shown in
Figure 2.11. In this test setup, the specimens are all 19 mm thick, 50 mm width, and 380 mm
long. After applying 1,00@ycles of the 56.7 kg load, the density, vertical and lateral
displacements are measured. The recommended values for vertical and lateral displacements
are 10% to 12% and 5%, respectively (Raza 1994).

33



Figure 2.12. Muliilayer loadedwheeltester (Raza 1994).

The purpose of the LWT is to determine the optimal asphalt content of the mix. The
degree of sand adhesion/retention is directly proportional to the binder content in the mix.
The reliability of this tesimethod depends on the mixing procedure and mix proportions. The
LWT is the second most reliable lotgyrm performance test according to a survey of
agencies, contractors, manufacturers, and other experts (Fugro 2004). It is reasonable to
expect that theraount of bleeding wil increase with an increase in asphalt application (all

other factors being the same), and the test captures this expectation, as Shipwre A13.
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Figure 2.13. Maximum a&phalt content by LWT (Smith el. 1994).

The LWT also has been used to evaluate the effect of changes in composition
(Andrews et al. 1994). Andrews et @l994)found that the consistency of the LWT can be
compromised by inconsistent sanding. However, by folowing a repeatable sanding
procedure, the researchers found that water can clearly affect the bleeding potential, but that
the amount of emulsion andneral filer does not show a consistent trend. This finding
indicates that emulsion and mineral fller do not affect the performance of mixture properties

significantly, which is ilustrated irFigure 2.14 and Figure 2.15.
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Figure 2.14. Results without additive (Andrews at 194).
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Figure 2.15. Results with 0.05% additive (Andrews att 1994).

2.9.3 MMLSS3 for Microsurfacing Rutting Evaluation

In order to better simulate the field trafic conditons under which bleeding and
rutting develop, the one thirscale model mobile load simulator (MMLS3) has been
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implemented which consists of eight buggies, four of which have tires to apply load to the
gpecimen. The load applied by the tire is one third of standard dual tire wheels. The traffic
rate with this MMLS3 is 990 wheel passes every 10 minutes. Movement of the buggies is
controlled by a rotating drum inside of this machine. Another feature ofmtiihine is that

the wheels can move transversely to simulate wandering.

MMLS3 testsetup is shown ifrigure 2.16. Figure 2.16 (a) is setup with chip seal
specimen,Figure 2.16 (b) is the side view of MMLS3Figure 2.16 (c) is the MMLS3 setting
process inside of the environmental chamber before testing:igure 2.16 (d) is MMLS3

inside of the environmental chamber with the heat controller unit.

Figure 2.16. MMLS3 test prparation: (a) installation of specimens on steel base, (b) side
view of MMLS3, (c) positioning the MMLS3 in the temperature chamber, and (d) complete
MMLSS3 test setup.

The MMLS3 has not previously been used for meudface performance evaluation,

but it has been used for multiple chip seal rutting characterization (Kim and Lee 2009) at
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20°C, 40°C, and 54°C. Based on past studies, rutting is characterized as the high temperature
performance indicator of chip seals. To conduct rutting tests in the MMLS®I Wdading

applied continuously to the chip seal specimen and rutting is measured periodically using a
proflometer oriented along the transverse direction of specimen every 10 mm (Kim et al.
2005). Here, the wandering of MMLS3 is not utlized to increade of rutting

A chip seal specimen after MMLS3 loading is showrfrigure 2.17. Based on this
figure, rutting is found to be combination \@rtical deformation and transverse movements
or shear fow of aggregateg&\nd theoretically, rutting mechanism is found to be combination

of vertical deformation and sidewise movement of aggregates.

Figure 2.17. Crosssection of a triple seal specimen after MMLS3 loading (Lee 2007).

The cross sectional profle d@triple seal specimen after MMLS3 testiig)
represented ifrigure 2.18. In this figure, the specimen is found to be vertically deformed
including the transversemovement of aggregatest the same timeThe profle after loading
is indicated by theed line and the original profie is shovay the blue line. In addition to
the vertical and sidewise displacement of original profle, the aggregate moves upwards on
the sidesand creates humps in both sides. Due to theundorm profle of chip seal
specimen after loading, the rut deptimsasured between ti@impson sidesand the

averageheight of traficked area of specimeas ilustrated in Figure 2.17
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Figure 2.18. Schematic diagram of a typical cresection of a triple seal (Lee 200

Since MMLS3 is applied with success for chip seal rutting (Kim et al. 2005 and Lee
2007), the assumption here is that the MMLS3 is capable of capturing the microsurfacing
rutting performance with different emulsiors simulate feld conditons and lem is used
in this study in place of the loaded wheel test#LS3 has also been successfully used to
assess beding of chip seals bgnage analysiqlLee 2007)

2.9.4 MMLS3 for Microsurfacing Bleeding and Flushing Evaluation

The MMLSS3 has also been used tssass bleeding @hip sea (Lee 2007).The
basic process of fabrication and sample mounting usedttimg studies are folowed also in
the case of bleeding and flushing evaluatidhe tests are conducted with trafic wandering

at high temperaturéapproximately 50°Cand bleedingis quantified usingimage analysis.

Since MMLS3 is used to measure the bleeding performance for chip seal, MMLS3

can also implemented for microsurfacing bleedingl fushing characterization.
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2.9.5 Single Edge Notch Beam (SB) Test for Microsurfacing

Microsurfacing is applied on the existing pavement in thin layer and hence, does not
add structural capacity to pavements. So when the existing pavement has cracks, those cracks
come through the microsurfacing thin layer veryigaSince reflective cracking depends on
the existing pavement condition, reflective cracking is not considered as critical distress for
microsurfacing. However thermal cracking is solely material dependent and depends on the
material stiffnress and reldi@n modulus. That is why, thermal cracking is considered as

performance related distress for microsurfacing instead of reflective cracking.

In order to cracking resistance of microsurfacing mixtures, a fracture mechanics
based test method is needed. €nfrriracture mechanics based tests available for asphalt
mixtures include Single Edge Notched Bend test (Wagoner et al. 2005),telrgionh test
(Bolzan and Hubef993), indirect tension test (IDT) (Chrissem and Bonaquis2004),
SemiCircular Bend (S®) test (Mohammacet al.2010), and Dis6Shaped Compact Tension
(DCT) test (Wagoner et al. 2005).

The SENB test has been chosen herein due to simplicity on simple specimen
fabrication and stress field should be simple by minimizing end effects and induce p
Mode | fracture (Wagoner et al. 2005). Based on an experimental study at different
temperatures on asphalt mixture, the SENB test was selected as the most promising fracture
test for asphalt mixture depending on reliability and fracture energy depgndedifferent

temperatures (Wagoner et al. 2005).

The SENB testKigure 2.19) closely follows the ASTM E399 procedure and assumes
that linear elasti fracture mechanics (LEFM) conditions are present. A stress intensity factor
is used to characterize the stress field in the vicinity of the crack tip. The critical stress
intensity factor corresponds to the inttiation of the crack and is defined as#seinm of
fracture toughness.
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Figure 2.19. Schematic of SENB test setup.

The fracture toughness (K is calculated using the Equatiq@.l) .
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K. = Fracture toughness in mode | failure,
P =Maximum force,

L =Length of beam,

a = Depth of notch,

W = Beam width, and

B = Beam depth.
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2.10 Mixture Performance Test Methods for Chip Seal

2.10.1 Modified Sweep Test for Chip Seal at Low Temperature

A past study attempted to derive kiemperature specifications for chip seal
aggregate loss uginstandard BBR properties used in-hat asphatlt performance grading,
creep stiffness at 60 seconds of loading (S(60)) amdime at 60 seconds of loading (m(60))
(Adams 2014). In this study, mixture aggregate loss was measured using the modified sweep
test, which is consists of a revised version of ASTM D 7000 to allow for low temperature
testing. The study included comparing BBR and modified sweep test results of five
unmodified emulsions and six modified emulsions. The comparison between BBR and

modified sweep test results are shown in

Figure 2.20. Aggregate loss is known to reduce with the use of modified emulsions.
However, results of modified sweep testing demonstrate significant overlap in aggregate loss
performance between modified and unmodified materials. Therefore, it is concluded that the
modified sweep test at low temperature cannot be used to characterize low temperature
aggregate loss effectively. Consequently, no low temperature specifications were developed
by Adams (2014).

When the modified sweep test aggregate losses are compidreSi(&0) and m(60),
aggregate losses do not show any specific correlation regardless of the emulsion types
(Figure 2.20(b)). The aggregate loss is expected to fle kvith higher binder stiffness and
lower relaxation modulus. IRigure 2.20(a), aggregate loss of unmodified emulsions are
showing an increasing trend with S(6The modified emulsions are completely unable to
show any trend between aggregate loss and S(60). At the same time, modified emulsions do
not show clear relationship with m(60) Riigure 2.20 (b) and the unmodified emulsions
represent a decreasing aggregate loss trend with increasing m(60) as expected. However
different aggregate losses with the identical S(60) valeggré 2.20 (a)) and similar m(60)

values Figure 2.20 (b)) are not expected.
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2.10.2 Vialt Test forChip Seaht Low Temperature

The Vialit adhesive test uses both gravity and impact to measure the aggregate
retention capabilties f@ chip seal. The test method is standardized as British Standard
EN122723 (2003), and is relatively simple to perform.

To prepare Vialt specimen, firstly the specified amount of asphalt binder is applied
on the plate at spraying temperature. Thenpr5D00 chippings are evenly placed on the steel
plate on top of the plate and roled with rubber rollers three times in one direction and three
times perpendicular to first roling direction. For Vialt specimen with emulsion, the plate
with emulsion and lippings atfter roling is placed in the forced draft oven at room
temperature for (24+1) hours. The amount of asphalt binder and emulsion are determined
based on the size of chippings (EN122¥2003)). Then the specimen with asphalt binder
or emulsion rsidue is placed inside of a environmental chamber at (5+1)°C for (20+2)

minutes.

The specimen is then turned 180° and placed on the supporting stand of Vialit test
apparatus shown irigure 2.21. A steel ball (500 £5 g) is released from its resting position
so that the sphere falls vertically 500 mm and strikes the back of the specimen plate. The
most complex part of the test is ensuring that theiddkopped onto the plate, then reloaded
into the holding positon above the specimen and then dropped two more times within the 10
second time limit required for a vald test. After all of the drops have been completed, the

sample is reweighed to detereirthe amount of aggregate that was lost during the test.
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Figure 2.21.Vialt test apparatus.

Although the Vialit test does measure the adhesion capability and compatibility of the
chip seal materials, thiest does not closely simulate the trafic loading conditions that are
experienced in the field. The Vialt test method simulates the vertical aggregate removal
force (via gravitational force and vertical impact) that causes loss, but not the reseating and
embedding of the aggregate into the emulsion that occurs under field traffic loading. These
differences in loading conditions do not necessarily mean that a relationship does not exist
between the Vialt test aggregate loss results and the raveling nuené® of chip seal
treatments under field traffic loading. However, the abilty of the test method to simulate

field traffic loading conditons has not been determined.

The aggregate loss at low temperature of preservation treatment is caused by the
shrinkage of asphalt binder coupled with the hardness/brittleness of asphalt binder at low
temperature and also due to snow plows related raveling in Wihtensit New Zealand
2005, Walubita 200AVielinski et al. 2011). The Vialit test has been implementelbvat
temperature to characterize chip seal aggregate loss. However, using the standard procedure,
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it has been noted that debonding between emulsion residue and steel plate can occur, which
does not accurately replicate the field distress (Louw et al. 2@@42007, Walter and Isaac
2011, and Yi et al. 2013). Walter and Isaac (2011) modified the steel plate to prevent
debonding failure by altering the steel plate thickness and the lip height on the sides. In
current specification, the steel plate thicknes2 mm with 6.35 mm lip height including the

plate thickness Higure 2.22 (a)). The modified plate is made of hot rolled steel with

thickness of 6.35nm and 12.7 mm lip height including the plate thickness (Walter and Isaac
2011) shown inFigure 2.22 (b). The lips of the plate keep the emulsion witthe steel plate

but do not impact aggregate loss. The thickness of the steel, however, affects the measured
aggregate loss. As plate thickness increases, the capacity of impact energy absorption
increases. The dimension of the plate is consistent thotiginal specification: 200 mm by

200 mm and the weight of sphere is also unchanged: 500+x5gm. The low temperature
aggregate loss test with the modified plate has been shown to differentiate the performance of
modified and unmodified binder at low temptere (e.g.;15°C and-22°C). In addtion, this

plate modification clearly captures freeze thaw effects on the chip seal performance (Walter
and Isaac 2011).
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Figure 2.22. (a) Standard viait plate, and)@lodified Vialit plate.

2.11 Residue Test Methods

2.11.1 Asphalt Emulsion Residue Recovery Methods

The development of performanbased specifications for asphalt emulsion residue is
dependent on the abilty to recover asphalt residue that has performance céiacacteri
similar to those of residue cured under field conditions. A reliable method is needed that can
recover representative asphalt residue that can then undergo further testing. An acceptable
method should be able to:

Be performed at test temperatures sisiant with those realized in the field;
Completely remove water and allow minimal binder oxidation during the recovery
process;

I Maintain and preserve the integrity and network structure of polyamat latex
modified emulsions;

1 Produce an adequate quantof residue for testing, and the residue should have a
homogeneous consistency;
Require a relatively short time for recovering the residue;
Produce repeatable resuilts; and

Be costeffective, durable, and robust.
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Many test methods are currently avaialide recovering asphalt emulsion residue.
These methods are carried out using either distillation or evaporation processes, whereby the
water in the emulsion is evaporated from the residue. The distilation methods include the
procedures specified in ASTM &97, ASTM D7403, BS EN 1431, the Belgian Method
(Procedure 084), and the Spanish Method (NLT 14@ueit et al. 2007)The evaporation
methods include ASTM B934, California test methods 330 and 331, hot oven (with
nitrogen blanket), stirred can (with nitrogen purge), stirred airfiow (under a nitrogen blanket),
and moisture analyzer metho@Sueit et al. 2007)A detailed description of these methods is
provided in Transportation Research Board Circular Numb&1E2 as wel as in the
corresponding ASTM standards. These methods are all carried out at temperatures above
1008 . Takamura (2000) showed that such high temperatures have the potential to
significantly alter or damage the microscopic polymer network in the emulsion residue. Thus,
emulsion residues recovered at such temperatures do not possess characteristics similar to
those cured in the field, and therefore, these methods are not appropriate foreamplhitn
residue recoveryTakamura 2000, Hanz et al. 2010, Kadrmas 2010)

A test procedure that recovers emulsion at low temperatures has been recently
developed and approved as an ASTM standard. ASTMM®-09,Standard Practice for
Recovering Residuedm Emulsified Asphalt Using Low Temperature Evaporative
Technique has two procedures, Methods A and B. Method A was developed under a Federal
Lands Study(King et al. 2010jo allow for the characterization of modified emulsions under
condttions similarto those experienced in the field. The test specifies curing an emulsion
flm approximately 2 mm thick on a siicone mat for 24 hours 4C2&nd subsequent curing
for 24 hours at an elevated temperature. It has been reported that Method A preserves the
polymer network, removes all of the water, and does not cause significant aging to the
material (Hanz et al. 2009, Kadrmas 2009)

Method B of ASTM D7497 was developed by the TXDOT and reduces the curing
time by decreasing the fim thickness of the emuilsior recovery. The method requires
curing athin film approximately0.381 mmin thickness on a siicone baking matwet fim
applicator designed to produce a wet fim thickness of 0.381 mm is used to control the fim

thickness of the residud’lhe emul®in is cured in the oven at 60°C for 6 hours. After
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recovery, the residue is collected from the mat and transferred to a sample container by
roling the fim off the siicone mat using a glass rod. To verify whether Method B has a
similar abilty to presem the structure of polymerand latexmodified emulsions as Method

A, Kadrmas (2010) tested and compared the
polymer and latexmodified cationic emulsion residue recovered using both methods
(Kadrmas 2010)Resuk show that both methods produce similar resHigure 2.23is

adapted from the Kadrmas (2010) study and shows the results of these comparisons.
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Figue223 Comparison o-2La@*CRS2P residdes feamveredCuiirly both
Methods A and B of the ASTM 2479309 (Kadrmas 2010).

Method B will be used for residue recovery for this profgstause it requires less
time to recover the residue and allows for large amounts of residue to be recovered.
However, the repeatability of this method has not been evaluated. The residues that have
been recovered on different mats usually are mixed tgetind testing has been conducted
using the mixed residues without checking whether the mats produce residue with similar

properties. The repeatability of this method wil be evaluated in this project.

2.11.2 Resistance to EarljRaveling and Late Ravelingln Sevice Raveling)

The BBS test quantifies the cohesive/adhesive strength of asphalt emulsions in order

to evaluate potential raveling that occurs in service during the months following construction.
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BBS test device is originally used for paint industry dgwetl by National Institute of
Standards and Technology (NIST). This test has been standardized in AASHTO TP 91 to
determine pulbff strength of asphalt from aggregate. This device is used in asphalt binder
later on and named as BBS test to determine dhe Btrength of asphalt binder, asphalt
emulsion, and emulsion residue with aggregate (substrate). PATTI or BBS test device with

different components of the setup is showrrigure 2.24.
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Figure 2.24. BBS (PATTI) test assembi(ASTM D 4541).

To conduct the BBS test for asphalt emulsion, the aggregate substrate is cut with saw
from large rock of source aggregate. After cutting the substrate, the surface is polished with
280-grit siicon to create a uniform surface texture. Then the substrakeamed with
distiled water inside of an ultrasonic cleaner for one hour at 60°C. This cleaning step washes
away all the unexpected particles from the substrate which might affect the bond strength
between emulsion and substrate. The surface of substratede flat to avoid load

eccentricity during testing.
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When the substrate is ready, the siicon mélduie 2.25 (a)) is placed on the
substrate and 0.4g preheated emulsion at 60°C is poured inside of the siicon mold of 400
mm X 400 mm cross section with a 20 mm diameter opening in the middle withn0.8
thickness. The reason of using this mold is to keep the emulsion within the opening and also
to reduce specimen fabrication variability. Then the substrate with emulsion is cured inside
of the environmental chamber depending on which field conditidryiig to be simulated.
When the emulsion is cured completely, the preheated pullout stub at 60°C has been pressed
on the cured emulsion residue. Then 50g weight of pressure ring is placed on pullout stub to
ensure ful contact with emulsion residue. Thdopt stub Figure 2.25 (b) and (c)) has 0.8
mm rim with four opening on the perimeter which allow the excess residue to come out
during residue sqezing by pullout stub. Then the whole system with substrate, pullout stub,
and pressure ring is returned inside of the oven for conditioning at test temperature. Finally,
the pressure plate is placed on the pressure ring and screwed with pullout stolesShes
assembly is shown ifigure 2.26. Then the pressure is applied folowed by device

manufacturer’ s i nstruct i once tacattulate ¢he milowd t he ma
strength between emulsion residue and substrate with the failure type (i.e., adhesive and

cohesive) between pullout stub and substrate.
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Figure 2.25. (a) Mold for emulsions, (bPulout stub (profle view), and (c) Palit stub
(bottom view) (AASHTO TP91).
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Figure 2.26. Schematic of testing assembly (AASHTO 9P).

The test can also be used to evaluate moisture damage of asphalt emulsion residues.
To evaluate moisture damage, the betidngth of dry samples @mpared with that of

conditioned samples in water at specified temperatures and duration (Moraes Hdal. 20

2.11.3 Resistance to Bleeding and Rutting

Current specifications for high temperature performance characteristics of asphalt

emulsion residue are based on traditional methods, such as the penetration (A9EWidD
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the ringandball softening point (ASTM [B6) tests. However, these test methods are no

longer used to characterize the performancélaMix Asphalt HMA) binder as a result of
Superpave Performance Grading system. To prevent rutting, flushing, or bleeding, an asphalt
binder (or residue) shouldate high stiffness values and elasticity at high temperatures. The
Superpave PG system uses the DSR to specify a minimum co@jlean a maximumito

imit high temperature distress (rutting). The paramet&t|/gin U, represents a single point

within the linear viscoelastic rang&his test method is limited to the linear viscoelastic

range, it does not allow for the damage properties of different binders, specifically modified
binders, to be evaluated beyond the linear raBgdia et al. 2001)

Seveal researchergHanz et al. 2010, King et al. 2010, Hanz et al. 20&de
proposed the use of the multiple stress creep and recovery (MSCR) test specified in
AASHTO TP 70 as a possible candidate for evaluating the flushing, bleeding, and rutting
potentid of emulsion residues. The MSCR test is
response when the binder is subjected to ten cycles of stress and recovery at two stress levels.
It is intended for use with binders obtained from applying AASHT4T (AST™ D2872)
(RTFOT), which is designed to simulate plant aging.

This test is performed by Dynamic Shear Rheometer (DSR), which is available for
asphalt industry. This test measures the elastic recovery angcmerable creep
compliance ) of residue/bmder. MSCR test is done at two different stress levels: 0.1 kPa
and 3.2 kPa with 25mm DSR paralel plate maintaining 1mm gap. In first step, repeated
creep and recovery is conducted using 10 cycles of 1 second of creep at a stress level of 0.1
kPa folowed by 9 seconds of recovery. In the second step, 10 cycles of repeated creep and

recovery are conducted using a 1 second creep load of 3.2 kPa and 9 second recovery.

Typical MSCR results arshownin Figure 2.27 for a single stress levelFigure 2.28
shows the total strain and Roecoverable siin in first cycle. Results are used to calculate
the nonrecoverable creep compliancéy . Jris calculated as the nomcoverable strain
divided by applied stress in during testing (i.e., 0.1 kPa or 3.2 kPa). Percent recovery is also
reported as theatio between recovered strains to total strain. In each stress level, the non

recoverable creep compliance and percent recovery is determined in each cycle and finally,
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the values are averaged to get the final value and used as reported,y&uan ndicator of
resistance to permanent deformation and percent recovery is an indicator of the abilty to
recovery deformatior(Bahia et al. 2001, D'Angelo 2007)
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Figure 2.27. Typical MSCR test at 0.1 kPa.

54



15

First Cycle of MSCR at 0.1 kPa
A
10 + I :
—~~ o H
S | Total Strain "
~ o 1 |
- ! |
= S |
n o | Non Recoverable Strain |
5} [ I
o |1 I
! I
(o] 1 I
[
1
(@] I |
0 v v
0 10

Time (Sec)

Figure 2.28. First cycle of MSCR test at 0.1 kPa

The MSCR test is a good candidate for evaluating residue performance properties at
high temperatures because it allows for testing at different stress ledeteraperatures and
wil be utlized in the work herein. Binders with low Roecoverable creep compliance have
been reported to be more resistant to deformation, flow, and bleeding than those with high
nonrecoverable creep complangBahia et al. 2001D'Angelo 2007) It is reported in the
literature (Transit New Zealand 2005, SANRAL 2007) that binders with a high elastic
recovery property tend to be less susceptible to flushing because they can return to their

original shape after loading.

King et al.(2010)reported test results from a vast number of different types of
modified and unmodified emulsions (both laborattasted and from field projects) that
were evaluated using the MSCR test. Their results indicate that the MSCR test is able to
differentate between emulsion types and the effects of modification. Similar results have
been reported by Hanz et al. (2011), who also used the MSCR to evaluate the performance of
asphalt emulsions commonly used for chip sealing in Wisconsin. Based on thisMB@iR

test is found to be able to differentiate between different emulsion types and modifiers.
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2.11.4 Low Temperature Test Method Emulsion Residue
2.11.4.1DSR Test to Predict Low Temperature BBR Performance

The two main distresses that occur at low temperaturgseservation treatmentsre
thermal cracking and aggregate Ig§$sansit New Zealand 2005, Walubita 200Thermal
cracking is caused by the buidup of thermal stresses that develop in the binder at low
temperatures due to shrinkage. Aggregate loss may édbe binder becomes too hard at
low temperatures, and the aggregate particles simply break off the qinfansit New
Zealand 2005)This process worsens with age, as the binder oxidizes and loses its flexibility.
Current specifications for the loemperature performance of hot asphalt binder makes use
of the bending beam rheometer (BBR) test specified in AASHTO-GL3

Bahia (2010) presents a new method that uses interconversion methods developed by
Ferry (1980) and Anderson et al. (1994) to estimthe low temperature creep properties of
asphalt binders using the intermediate temperature shear properties measured by the DSR.
This procedure is representing here in diffe
and 5°C changing frequencyo 0.1 to 100 rad/sec. The master curve is determined for G*
and & at 10°C by time temp@rRandkquaton@3)per posit
(Kim 2009). Here the shift factoa(T) for a given temperatufie, is determined by using

WLF (Wilia ms-LandetFerry) Equation (2.4) (Zeng et al. 2001).

x=f*aT 2.2)
Or, log(x) = log(f) Hog[a(T)] (2.3)
og20) - _G(T-T)

aT) o+(T ) @4
where,

x= Reduced frequency,

a(T) = Shitt factor for a given temperatdre
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f = Frequency,

T,= Reference temperature,

¢,= Constant, and

C,= Temperature constant.

ChristenserAndersonMarasteanu (CAM) modes followed to fit the master curve
for G* and o f{(25 dnad Equatog2.6)Eegpecively ¢Zaeng et al. 2001).

G =G, 597" (2.5)
90*w
o =
1+ Xy (2.6)
W,

C
where,
G = Complex shear modulus,

G,= Glass complex modulus,

w= Reduced frequency,
W= Location paranter with dimensions of frequency,

V,w = Shape parameters,

The BBR test temperatureld) and DSR test temperaturéy) are correlated
according to Equatiorf2.7) (Anderson et al. 1994or specific creep loading timets() and
frequency ¢). The frequency €) corresponding to specific BBR test temperatisre
determined forlO°CDSRtest temperature ar@Ds¢;) creep |l oading
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corresponding to reduced frequency),(aredeterminedby following the Equation (2.5) and

Equation (2.6) respectively (Zeng et al. 2001).

1 2:303R*log(t *n),.
273+T, 250,000

273 @.7)

T, =1

where,

T,= Test temperature for dynamtesting at frequenay, °C

T.= Specified temperature for creep testing, °C
R=Ideal gas constant, 8.31 JfKol

ts= Specified creep loading time, sec

w= Dynamic testing frequency, rad/sec

Finally, the G* and Ui corresponding to reduced frequengy are used to calculate the
S(60) and m(60) from Equatio(2.8) and Equation(2.9) respectively Anderson et al. 1994
Here S(60) is the stiffness at 60s creep loading time corresponding muced frequenc
And m(60) is the slope of plot I0@¢) and logf) at time 60s and corresponding to reduced
frequency .

spo 3G

1+0.2*sin(2 ( ) (2.8)
m(t) :d(lo—gG*) (2.9)
d(logw)
where,

S(t) = Creep stiffness at time t, Pa

G (w) = Complex modulus at frequeney Pa
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d( = Phase angle &equencyr,

m= Slope of logG’) vs. logw) at a given frequency,

G = Complex modulus, Pa
w= Frequency, radéc

The shear parameterss{]| andd) that are required to provide the estimates of
stiffness and rvalues, respectively, are obtained by developing a mastercurve based on data
from a frequency sweep in the DSR at temperatures of 5°C, 10°C, 15°C andeadieq
range of 1 rad/s to 150 rad/s. The test temperatures and frequencies are selected based on the

imitations of the DSR used to conduct the test.

During development, this Bahia approach was used to compare measured and
estimated BBR parameters for dfterials, including shertand longterm aged emulsion
residues and conventional binders. Results indicate a strong correlation and equivalency
between measured and predicted values for both stiffness -satllen(Bahia et al., 2010).

This study shows tihahe stiffness and 1value have correlaton between DSR measured and
BBR predicted valuesThe issue with the aforementioned approach is that it is based on

near viscoelasticity, not fracture resistance.

2.11.4.2Single Edge Notch Beam (SENB) Fracture Test

The SENB test has been proposed by several researchers to assess the fracture
resistance of hetix asphalt binders at low temperature (Lee and Hesp 1994, Lee et al. 1995,
Anderson et al. 2001, Velasquez et al. 2011). Based on those studies, the fraartyyeard
fracture toughness are capable of distinguishing between the performance of modified and
unmodified binders. In addition, SENB was found to provide more consistent ranking with
field performance compared to PG classification. Thus, the SENBwaspability to

capture the difference among the modified and unmodified asphalt binders.

Recently, Velasquez etal. in 2011 developed a means of performing SENB testing
using BBR type specimens for asphalt binder specimens. The SENB test is found to be able
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to capture the difference among the different types of asphalt binder at low tereperatur
(Velasquez et al. in 2011). In this test procedure, the specimen geometry is kept same as
BBR specimen which is 102 mm x 12.5 mm x 6.25 mm and the applied loading rate is 0.01
mm/sec. The only difference is that the SENB test specimen has a notchmddiee In

BBR test, the load is applied on the 6.25 mm width surface but in SENB test, the load is
applied on 6.25 mm width surface. A schematic of SENB test setup has been shagunein
2.29with simply supported beam, notch depd), peam width If), beam depthW), and

loading rate ).

Figure 2.29. Schematic of SENB test setup.

The fracture toughass can becalculated based on equati¢210). And the fracture
energy is the area under load vs displacement curve.

_ PL a (2.10
K = BW f(VV)

where,

a2 a a 20
3, )90 o (1~ )(2.15 -3.93%) 2.?€V ).

a a g2
2(1+ ZW)(l v\/)3

f(v%) =
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K = Fracture toughness in mode | faiure,

P = Maximum force (N)

L= Length of beam (102 mm),
a= Depth of notch (~0.3 mm),
W = Beam width {2.5mm), and
B = Beam depth (62mm).

These solutions are based on the assumption of LineaticEFracture Mechanics
(LEFM). The valdity of LEFM concept depends on the strsissin field around the crack
tip. The large existence of plastic zone aroundctiaek tip compared to specimen size
undermine LEFM concepSENB is going to be executed for chip seal low temperature

raveling and thermal cracking for microsurfacing.

2.12 Emulsion Survey

In order to select emulsion for use in this study, the lteraturereviesved in order

to identify emulsions most typically used in each preservation type.

A 2004 report issued by the International Bitumen Emulsion Federation (IBEF) lists

asphalt emulsion use by application as follows:

I Tack/bond coat: 34%
1 Chip seal: 30%

1 Microsurfacing 11%
Although tack/bond coat asphalt emulsions probably represent the largest market

segment by volume, they are not considered tpréservation treatments
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2.12.1 SpraySeals

King and King (2007) summaride results of a survey conductedidentify
commonly used spragpplied sealers/rejuvenators. These data, provided from fiteen states,

are ilustrated irFigure 2.30.
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Figure 2.30. Asphalt binder grades used in fog seals (King and King 2007)

The data inFigure 2.30 suggests that CS$is themost common asphalt emulsion

used in fog sealsSS 1, SS1h, and CRSL emulsionsare also common

2.12.2 Chip Seals

Gransberg and Jamé2005) conducted a survey of chip seal emulsion type use in the
United Statesind CanadaThirty-one states respondedth specific grades they used

Survey results arshown inFigure 2.31.

Figure 2.31 showthat CRS2P/L and CRS2 emulsions are the most widely used
asphalt emulsions for chip seals. GRS (high viscosity) emulsion also is reported as used
by four states. Higifloat emulsions, specifically HFR3 ard HFRS 2P, are reported as used

by some states. In Canada, the use offtagit emulsions is much more prevalent.
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Figure 2.31. Asphalt binder grades used in chip seals (Gransberg and James 2005).

The inpt provided from some of the Asphalt Institute (Al) Member Technical

Representatives suggests preferred usage of the folowing emuisiocisp seals

1 CRS2 and CR&P/L (unmodified and polymer/laterodified)
RS2 and RS2P (unmodified angbolymer/late xmodified)

HFRS 2 (unmodified and polymer/latexodified)
The use of the CR3, CRS2H, CRS2P/L emulsions certainly coincides with the

most reported grades shownHigure 2.31.The HFRS2 grades should be considered because
those emulsions are used by some states and several provinces in CavadbMember
Technical Representative noted that the research shookider both latexand polymer

modified emulsions.

2.12.3 Microsurfacing

Formicrosurfacingand slurry seakthe Asphalt Institute (Al) Member Technical
Representatives recommend the following asphalt emulgiGrsnsberg 2010)

1 CSS1h (unmodified and polymertiex modified)
1 CQS1h(unmodified and polymer/lataxrodified)
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Another survey conducted in the United States for most frequent use of emulsion type
used in microsurfacing treatment is showrkigure 2.32 (Gransberg 2010Among all the
emuisions, modified and unmodified slow and quick setting emulsionsna@secommonly
used in microsurfacingBesides this, Ralumac is also latex modified asphalt emulsion
developed in West Germany. C38, Quick Set Mixing Grade (QSMG), CR®, and CRS
2P emulsions are also used in microsurfacing butspbpularas other emulsions

mentioned earlier
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Figure 2.32. Asphalt binder grade used in microsurfacing (Gransberg 2010).

In this study, the testing plan includes the material types that best represent the
materials used in curre®STpractice, as wel as those that represent the emulsypiesally
used for a wide range of environmental and traffic loading conditions. From the literature
review and Al input, unmodified and polymetodified emulsions (e.g., CR&and CRS
2P/L) should be considered in this study
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CHAPTER 3: LABORATORY STUDY

3.1 Introducfon

The lterature review presented identifies that significant progress has been made in
developing performance related specifications for emulsion residues in chip seal surface
treatments. However, specifications are still lacking for spray seals amguriacing
emulsion residues and insufficient specifications exist for chip seal aggregate loss at low
temperature. Furthermore, fresh emulsion properties related to storage stability and
constructability are missing from all proposed specification fraoriesy These shortcomings
are addressed in this study. This chapter presents the overall concept and the experimental
plan executed to develop the necessary PRS for comprehensive specification of emulsions
used in PSTs

3.2 PRS Design Temperature Grade Detegitim

3.2.1 High Temperature PRS Concept

The average annual sevday maximum pavement temperature was used to
determine the high temperature climatic grade requirement for a given location, which is
consistent with the Superpave specifications for asphalelbndHMA, except that the
proposed PRS exclusively use the pavement temperature measured at the surface. The
average annual sevelay maximum pavement surface temperature is defined as the average
of the highest daily pavement surface temperatures frensdiien hottest consecutive days
in a calendar year. This sevday maximum pavement design temperature typically is
determined based on 98 percent statistical reliability using climatic data from a representative
set of years. Reliability is defined ag throbabiity that in a single year the actual pavement

surface temperature wil exceed the design pavement surface temperature.

3.2.2 Low Temperature PRS Concept

The low temperature grade is defined as the minimumdagepavement surface
temperature for the g, which is consistent with the current PG specifications for asphalt
binder in HMA. However, unike the Superpave specifications for HMA, the PRS for
emulsions used in PSTs recommend, for practical reasons, the use of 67 percent statistical
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reliability in determining the required low temperature grade from climatic data.-A thin
layered PST has a far shorter design life than a HMA pavement, so the probabiity is much
lower that a PST will experience that eshi@y minimum pavement temperature during its
desgn life based on 98 percent reliability. In addition, the use of 98 percent statistical
reliability to define the minimum orday pavement design temperature leads to lower
minimum pavement design temperature grades and therefore more restrictive asifeexpen
binder grades. This additional material costis less acceptable for a thin PST than it is for
HMA because PSTs are intended to be, by definition, adffisent and affordable means

of extending the life of a pavement structure.

3.2.3 Traffic Designations for the PRS

The performance of PSTs such as chip seals and-sucfacing is dependent upon
the trafic conditions that the PST undergoes, the developed PRS provide material test limits
for grading binders according to the expected trafeanand at the proposed site of
construction. The recent recommendation in the draft AASHTO specifications from the
Federal Highway Administration (FHWA) Pavement Preservation Emulsion Task Force
(PPETF) is that chip seals should be categorized into thferenli trafic classes. The
developed PRS utlize these PPEFHEommended trafic volumes to define traffic classes
for grading microsurfacing binders. The three traffic classes included in the developed PRS,

categorized by average annual daiy traficAQY) volume (for vehicles), are:

I Low Traffic: 0-500 AADT
1 Medium Traffic: 5022500 AADT
1 High Traffic: >2500 AADT

3.3 PRS Binder Grade Naming Designation

The developed microsurfacing specifications grade binders using a performance
grading system that consistg high and low temperature grade designations that relate to
climate, which is consistent with the framework used in Superpave performance grading. The
developed PRS grading system also uses a single letter trafic designation to denote the
AADT range atwhich the binder is graded to perform acceptably. The PRS retain the
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designation of the emulsifier charge and set rate. In the developed microsurfacing PRS, for

example, a sample emulsion grade couldlCis#sSPG6422L, which is defined as follows:

CSS=cationic slow setting; the binder type designation denotes the charge, and setting
rate for the binder.

PG= performance grade
64 = average annual sevelay maximum pavement surface temperature (in Celsius)
-22 = minimum pavement surface temperature (ifsiG®

L = low traffic volume; traffic volume categories are low (L), medium (M), or high (H)
in the PRS.

3.4 PerformanceRelated Specification Limits

This PRS framework is similar to the Superpave PG framework for hot asphalt
binder, which prescribes a setp®rformancerelated test methods with specification limits
to cover critical distresses and constructabilty. Grades were determined by determining the
test temperatures at which the specification limits are passed versus failed, which dictates the
climatic and trafic conditions for which the emulsion can be used. To develop the
specification criteria that relate to constructability for fresh emulsions, information from the
existing literatures, statistical analysis, and engineering judgment were udedtity
appropriate limits. To develop the specification criteria that relate to critical distresses for
residual binder properties, relationships we
properties and mixture performance over representative temngerainges associated with
each distress. Binder specification test limits were derived based upon established mixture
performance thresholds. All binder and mixture test methods discus#dsl amapter The
test results in this study were derived usingasured data obtained from a nationally

representative subset of emulsion materials used in PSTs.
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3.4.1 Emulsions

The experimental plan was developed to include a representative set of emulsions
used in microsurfacing, chip seal, and spray seals. Selectiomuisiens was conducted
based on survey information presented in the lterature review in order to ensure inclusion of
the most common emulsion types used in éd8itype. Standard emulsions used in
construction projects throughout the US were requested Warious emulsion producers. In
addition, producers were asked to produce “p
inferior properties. The concept behind including poor performing emulsions is that the
developed specification should be able tordisicate between satisfactory and

unsatisfactory materials.

The emulsions selected for use in this study are presenteabln3.1. Due to
confidentality, the emulsion producers are kept anonymous and simply labeled
alphabetically (ie., A, B, C, D, E, F). Emulsions are named according BShéhey were
designed for (i.e., C for chip seal, M for microsurfacing, and F for fog (spray) seal). In
addt i on, emul sions designated as poor perform
not they are poor performing. For example,-MRCSS 1H-F indicates the cationic slow
setting (CSS) poor performing (PP) microsurfacing (M) emulsion formulated by praddeer
with | ow viscosity represented by Thember 1
emulsions listed iMable 3.1 are considered in this studgr fresh emulsion properties. Since
the emulsions need to store in laboratory for long time to complete mixture performance
study, all the emulsionsverenot included in mixture performance study. When mixture
performance study of chip seal andnmsufacing were accomplished, the intention \as
include different types of emulsions: unmodified emulsions, polymer modified emulsions,

and latex modified emulsions.
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Table 3.1. Chip Seal, Microsurfacing, dnSpray Seal Emulsions

j - j - -
Chip Seal § Micro surfacing § Spray Seal §
Emulsion 3 Emulsion 3 Emulsion 3
(- j - j -
o o o
C-CRS2 A M-CSS1H C F-CRS2 A
C-CRS2P A M-CSS1H F F-SS1 B
C-HFRS2P A PRM-CSS1H F F-CSS1 B
C-CRS1 B M-CSS1HP C F-Revive E
C-CRS1H B M-CSS1HP D F-SS1H E
C-R&S1 B PRM-CSS1HP D F-CSS1H E
C-CRS2P/L C M-CSS1HP B PRF-CSS1 B
C-HFRS2 C PRM-CSS1HP B | PRF-CSS1H | E
C-CRS2 E M-CQS1H E
C-CRS2P E PRM-CQS1H E
C-CRS2P-HP E M-CQS1HP E
C-CRS2 F M-CSS1HL F
C-CRS2L F M-CSS1HL N
C-CRS2 C
C-CRS2L C
PRC-CRS?2 A
PR-C-HFRS2 C
PR C-CRS2P E

3.4.1.1 Poor Performing Emulsions

Poor performing emulsions can be produced by a variety of means, which will
manifest differently in terms of measured performance. For examplemasion designed
to break to quickly wil not exhibit performance issues in its residue Sthgézefore,
producers were questioned on how timgdeemulsions poor performing. Producers used
various means to produce poor performing emulsidnsreducingthe breaking time,
increasing curing timeandincreasing the viscosityModifications to make emulsions poor
performing includedaltering emulsifier concentration, poor selection of emulsifier, or poor

selection of asphaltDetails ofpoor performingemusions are providedin Table 3.2.
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Table 3.2. Poor Performing Emulsions

Emulsion . Performance
Type How Poor Performing Effect
Increase chemical content| Should reduce performance
PRC-CRS2PE Reduce demulsibility slightly
By changing emulsifier type
By changing emulsifier :
PRC-CRS2-A content Frusion breaks 10o fast
To make 100% gored g
demulsibility

PRM-CQS1H-E

Low chemical dosage

Poor mixing time

PP-M-CSS1HP-B

Wrong emulsifier selection

No mixing time

PRM-CSS1H-F

High emulsifier
content (5%o)

High viscosity
Increase cure time
Poor aggregate bonding
More abrasion losthn WTAT

PRF-CSS1-B

Base asphalt is too soft
(240-250 mm penetration)

Stickiness should be very hig

3.4.2 Aggregates

3.4.2.1 Aggregate for Chip Seal

Granite 78M aggregatshown in rectangular marker kigure 3.1, has been used for

the low temperaturehip seal aggregate lostudy. This aggregate isocnnonly used in
North Carolinachip sea The gradation has beemeasured usingASTM C 117 and is

shown inFigure 3.1 along with commonly used chip seal aggrega#e-2 %2in MNDOT. The
aggregate used in MNDOT for chip seal &@-2, FA-21/2, and FA3. Here only FA2 Y2

aggregate is shown Irigure 3.1 because 78M NCDOT aggregate gradation remains within

MNDOT FA-2 Y.
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Figure 3.1. Chip seal aggregate gradation.

3.4.2.2 Aggregate for Microsurfacing

In Chapter 2, ISSA specified aggregate types were described for producing
microsurfacing specimens. For this study, Ffoaggregate was utiized witthe gradation
shown inFigure 3.2. In addition to aggregate gradation, the aggregates for microsurfacing
should meet other specifications for aggregate properties as sh@abler3.3. In this table,
sand equivalent value, soundness, and Los Angeles abrasion loss are measured following by
ASTM D 2419, ASTM (88, and ASTM Cl131 respectively.

Table 3.3. Microsurfacing Aggregate Properties (ISSA A 1£2801)

Aggregate e .
Property Properties Specification Pass/Fail
Sand Equivalent) Minimum 65 Pass
Value
15% Maximum with Na2S04
0,

Soundness 5.5% 25% Maximum with MgSO4 Pass
Los Angeles 27.1% Maximum 30% Pass

Abrasion Loss
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Figure 3.2. Microsurfacing aggregate gradation.

3.5 Mix Design

3.5.1 Mix Design for Chip Seal

The mix design for the chip seal low temperature aggregate loss study was selected
based on a previous study performeyg Adams(2014). Accordingly, the aggregate
application rate (AAR) was selected as 15 B/{8.7 kg/n3) and the emulsion application
rate (EAR) was selected as 0.2 galy0.9 L/nf).

3.5.2 Mix Design for Microsurfacing

The components of the microsurfacing mixture (aggregate, emulsion, water, mineral
fller, and additives) were proportioned according to the ISSA mix design. Emulsion residue
and aggregate contents were kept constant for all mixtures produced. According ISSA A143,
the residue content should be within 5.5 to 10.5% of dry aggregate, mineral filer should be O
to 3% of dry aggregate, additives should be added as needed to dentoodéadking and
curing times of emulsion (Caltrans 2008), and water should be in sufficient quantity to allow

for proper consistency (workability) of the mixture. For this study, the mixture proportions
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were selected as 9% residue content and 1% minéeal (Bement). Water was added as
needed to achieve sufficient mixture consistency. For the emulsions used in this study, the
required water content ranged from 10 to 12% of dry aggregate weight except for quick
setting emulsions, where required water enontwas approximately 15 to 16% of dry
aggregate weight. Quick setting emulsion requires more water because breaking occurs

quickly does not allow sufficient time to mix and pour into the test mold.

3.5.2.1 Difficulties in Producing Microsurfacing Mixtures with BoPerforming Emulsions

Several poor performing emulsions led to problems during production of
microsurfacing mixtures: PRM-CSS1HP-B and PPM-CQS1H-E. PRM-CSS1HP-Bis
formulated with a poor choice of emulsifier which led to incompatibility with agee@nd
hence, production of a cohesive mix was impossible. The incompatibility with aggregates,
led to early emulsion breaking prior to development of bond with aggregate and hence,
coatability issues were observed preventing production of samples fomeice testing.
This scenario is shown HRigure 3.3.

Mixture with 25% Water

b - SEN Kr - » JE
| Mixture with 15% Water Mixture with 20% Water

Figure 3.3. PRM-CSS1HP-B mixture with diferent water contents.

PRM-CQS 1H-E was formulated with a low emulsifier content, which controls the
mixing time. Mixing was possible using this emulsion. However, after pouring the mixture in
the mold, the mixture set too fast preventing spreading fecispn preparation as shown in
Figure 3.4. Use of elevated water contents did not alleviate problems. Therefor®]-€QS
1H-E mixtures could not be ed in performance testing. A®-CSS1H-F was made poor

performing by increasing the viscosity. Emulsifier concentration of this emulsion is 5%
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which is higher than typical emulsifier contents which range from 0.1% to 2.5% (James
2006). However, productionf mixtures with this emulsion was stil possible and

performance testing was consequently conducted.

Figure 3.4. PRM-CQS1H-E mixture with different water contents.

3.6 Test Methods
3.6.1 Emulsion Test Methods for Chip Sellicrosurfacing and Fog Seal
3.6.1.1 Storage Stability Test

Storage stabilty testing of chip seal, microsurfacing, and spray seal emulsions was
conducted using a modified version of ASTMED30, which specifies comparing thesdue
content of an emulsion siphoned from the top and bottom portions of a sample stored for 24

hours.

The standard ASTM B930 procedure was folowing with the exception of a few
modifications. In addition to evaluating the top and bottom siphonedbmsordf theemulsion
sample after storagéhe remainingcentral portion is mixed thoroughly to obtain a
represent at i v Additionally xrather thansneasprihgeresidue content to assess
separation, viscosity is used to quantify storage syalailt viscosity is an engineering
property related to the constructability B&Ts. The viscosities of the top, bottom, and mixed
samplesaremeasured in the Brookfield Rotational Viscometising #21 spindle at 5 rpm for
15 minutes Tests are conducteat 60°C for chip seal emulsions and at 25°C for spray seal

andmicrosurfacingemulsions. The average viscosity of last minigg@ecorded for each
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specimen and the results ased to determine separation ratio and stabilty ratio using
Equation (3.1) and (3.2). In addition, viscosity testing is conducted on a reference sample that

is not subjected to storage or fresh emulsion. This viscgatty, ) is usedfor

microsurfacing emulsiorpropertynamed a mixability.

h
Separaiton Ratip = -—= (3.1)

Bottom

Stability ( Degradatioh Ratid B = _hmixed

reference (32)
Mlxablllty :hreference (33)
where
hTOp = emulsion viscosity of top part of cylinder, and
Peoiom = €MUISiON Viscosity of bottom part of cyinder.
where,
N.eq = €mulsion in mixed condiion, and
D eterence = Unconditioned or fresh emulsion viscostty.
The separation ratio is used to assess se

emulsion during storage. Aratio below one indicates settlement, whereas a ratio above one
may indicate that the asphaftrusionhas begun to ‘crust’ (i .e.,
stability ratio is used to assess the abiity of the emulsion to return to its original condition if
agitated after prolonged storage. A stabilty ratio of one is ideal, indicating that the emulsion

can be stored without irreversible breaking, flocculation, coagulation, etc.

Based on the information collected from emulsion producers, the application and storing
temperature for chip seal, microsurfacing, and spray seal are 60°C to 82°C, 25°C to 49°C,

and 25°C to 82°C, respectively. Storage temperatures vary with emulsion viscosity according
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to personal communications with emulsion producers. However, for simplicity in
specifications a single temperature must be specified as knowledge of the storage
tenperature may not be available a priori to grading. The storage stability test temperature
selected for chip seal emulsions is 60°C and the test temperature selected for microsurfacing

and spray seal emulsions is 25°C.
3.6.1.2 Three Step Shear Test

The three steghear test is used to evaluate the sprayability and resistance to drainout
of chip seal and spray seal emulsions following the procedure developed by Johannes and
Bahia (2012). The test is conducted in the Brookfield Rotational Viscometer (RV) using the
#21 spindle. To conduct the test, 8 g of emulsion is poured in the test cylinder and
conditoned at the test temperature for 15 minutes. Next, the spindle #21 is lowered inside of
the emulsion and conditioned for additional 10 minutes prior to testing.e$héemperature
for chip seal is 60°C and spray seal is 25°C, consistent with the storage stabilty test

temperature. The three step test procedure consists of:

Step 1:In the first step, a shear rate of 5 rpm is applied for 15 minutes. The low shear
rateis employed in step 1 and step 3. This step simulates the emulsion condition during
storage or during circulation in the distribution truck before emulsion application on the

pavement.

Step 2:In the second step, a shear rate of 150 rpm is applied for 5 minutes. The high
shear rate is implemented in this step to simulate the viscosity of the emulsion during

spraying on the pavement through nozzles.

Step 3:In the third step, a shear rate ofgn is applied for 5 minutes. The low shear
rate is used to simulate flow under gravity after emulsion is placed. The viscostty in the third
step is used to evaluate resistance to drain out of the emulsion after spraying on the

pavement.

Sprayability is rported as the average viscosity of all points measured during the last

one minute of Step 2 and drainout is reported as the average viscosity of all the points
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measured in last minute of the Step 3. For each emulsion, three replicates areTtested.

emukions those aréncluded in this study for fresh emulsion property determination is listed

in Table 3.4.
Table 3.4. Emulsions for Fresh Emulsion Property Determination
|- |- |-
Chip Seal § Micro surfacing § Spray Seal §
Emulsion 32 Emulsion 2 Emulsion 2
|- | . | .
o o o
C-CRS2 A M-CSS1H C F-CRS2 A
C-CRS2P A M-CSS1H F F-SS1 B
C-HFRS 2P A PRM-CSS1H F F-CSS1 B
C-CRS1 B M-CSS1HP C F-Revive E
C-CRS1H B M-CSS1HP D F-SS1H E
C-RS 1 B PRM-CSS1HP | D F-CSS1H E
C-CRS2P/L C M-CSS1HP B | PRF-CSS1 B
C-HFRS 2 C PRM-CSS1HP | B | PRF-CSS1H | E
C-CRS2 E M-CQS1H E
C-CRS2P E PRM-CQS1H E
C-CRS2P-HP E M-CQS1HP E
C-CRS2 F M-CSS1HL F
C-CRS2L F M-CSS1HL N
C-CRS2 C
C-CRS2L C
PRC-CRS2 A
PRC-HFRS2 C
PRC-CRS2P E
3.6.2 Residue Test Methods

3.6.2.1 Bitumen Bond Strength (BBS) Test

The BBS test according to AASHTO TP 91 was used to assess the raveling resistance
of microsurfacing emulsion residues. This test measures the bond strength between emulsion
residue and aggregate substrate by applying tensie force using a pullstub e rEsgl
testhas been implemented for in service raveling, and moisture damage for microsurfacing

emulsions.
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The BBS samples for evaluating the in service raveling, the residues were prepared
according to guidance provided in AASHTO -BR. Specifically, the aggregate substrates
and pullout stubs are then heated to 80and then a 0.45 gram sample of recovered
emulsion residue was placed on the substrate to achieve a target flm thickness of 800
microns. Samples for dry raveling were cured at the tegidmatve for 24 hours before

testing.

Since the aggregates are mixed with aggregates directly in the field, curing occurs in
contact with aggregate, potentially influencing the bond between emulsion residue and
aggregate as the emulsifier is adsorbed tmosurface of the aggregate, neutralizing the
surface charge. Therefore, the BBS test for in service raveling was modified. The emulsion
was cured on the aggregate substrate for 20 hours and then testedrati#bprocedure,
emulsions for microsurfaings were heated to 60 in a forced draft oven for approximately
1 hour, and then applied to a prepared aggregate substrate that was kept at room temperature
to be consistent with field conditons. Following the procedures stated in AASHT@L, TP
the asphalt content of the emulsion is used to compute the quantity of emulsion required to
yield a fim thickness of 800 microns after full curing. The aggregate and emulsion are cured
for 20 hoursin the oven at the prescribed temperature. At theof@d hours ofcuring, pul
out stubs preheated to 60°C are applied to emulsion. The system (aggregate + emulsion +
pul-out stub) is allowed to equilbrate for one hour at the same temperature the emulsion was
cured, prior to conducting the BBS test. $&m were cured and testedad temperatures
of 15 Cand 30C. All samples were cured and tested on the appropriate granite substrate

sampled from quarries in North Carolina

Samples for moisture damage evaluated were conditoned for one houCaifes
afixing the pul stub to the specimen using the above described method, before being
conditioned in water at 4C for 24hrs(Moraes et al2011) After conditoning, samples
were allowed to equilibrate at 25 for 1 hour before tested at Z5 The dry amples were

tested at temperatures of 15°C, 25°C andC30
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3.6.2.2 Multi Stress Creep and Recovery (MSCR) Test

The MSCR test has been selected for assessing microsurfacing residue resistance to
rutting and bleeding at high temperature. Tests were conducted rdao® with AASHTO
TP 70. This test is performed on emulsion residue by Dynamic Shear Rheometer (DSR) at
two different stress levels: 0.1 kPa and 3.2 kPa with 25 mm DSR parallel plate maintaining
1mm gap. The nerecoverable creep compliancé,f of residie at 3.2 kPa stress level is
used as performance indicator for MSCR test. The test temperatures evaluated included 46°,
58°, 64°, and 70°C.

3.6.2.3 DSR Frequency Sweep Test fglicrosurfacing Residues

Frequency sweep tests were used to characterize thermaingreegistance of
microsurfacing emulsion residues. The DSR frequency sweep tests are conducted on
emulsion residue &°C, 10°C, and 15°@sing 8 mm parallel plate geometry at 1% strain
ampltude Loading frequencies at each temperature ranged from b@ordd/sec. Dynamic
shear modulus and phase angle master curves are constructed using the frequency sweep
data. Theinterconversionmethods developed by Ferry (1980) and Anderson et al. (1994) are
then applied to obtain the uniaxial low temperature creepapties (i.e., stifness and-m
values). Bahia et al. (2010) verified that this approach can accurately predict standard BBR

properties accurately based on testing of 12 materials.

3.6.2.4 Single Edge Notched Beam (SENB) Test@hip Seal Emulsion Residue

The SENB test is proposed for characterizing chip seal emulsion residue aggregate
loss based on the observation that aggregate loss at low temperature occurs primarily by
cohesive binder fracture. Testing was based on the procedure outined by Velasquez et al.

(2011) with some modifications to accommodate emulsion residues

3.6.2.4.1 Specimen Fabrication Procedure for Emulsion Residue

In order to fabricate hamix asphalt binder BBR specimens, the asphalt binder is first
melted by heating and then poured into a mold. The BBR molds consist of three aluminum

bars to form a frame for pouring the specimen. To prevent adhesion of the spexithe
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mold, three transparent sheets are coated with spray release agent (N6O8H#R ¥Xom

Dwight Products) and placed inside of tdleminum bars. The setip is depicted shown in

Figure 3.5. The specimen preparation procedure for asphalt binder was tried for emulsion
residue. The procedure worked well for unmodified emulsion residue heated at 100°C for 90
minutes. However, modified emulsion regddoes not have low enough viscosity to allow
pouring, even upon excessive heating to 150°C. Therefore, an alternative approach for
producing SENB specimens with modified emulsion residues has been developed. The
specimen preparation procedures for batinadified and modified emulsion residues are

presented in the proceeding sections.

Figure 3.5. SENBspecimenwith notch in the middle.

3.6.2.4.1.1 Specimen Fabrication for Unmodified Emulsion

The residue is heated im aven at 100°C for 90 minutes to make it fluid enough to
pour in the mold. Residue is poured into the mold with slight overfiow. The molds are then
conditioned at room temperature for 30 minutes following which the top surface of the
specimen is made snibothrough trimming with a heated spatula. Following trimming, a
preheated thin steel sheet is inserted into the notch and removed. Next, a plastic transparent
strip with Vaseline on the surface is placed in the notch to prevent healing. The notch is 2.87

mm (~3 mm) deep with 0.5 mm width. After making the notch, the specimen is conditioned
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at-6°C for 15 minutes to alow dewolding the specimen. The -alolded specimens are
conditioned in an environmental chamber at the specified low temperature of sesting
shown inFigure 3.6. Results herein indicate 30 minutes is sufficient time to allow for thermal
equiibrium based on monitoring specimen temperature through insertion of a thermal
couple. However, to be consetiva, the total conditioning time recommended is 60 min,

which is consistent with the standard BBR procedure.

Figure 3.6. SENB specimen inside of environmental chamber for conditioning.

3.6.2.4.1.2Specimen Fabricatio for Modified Emulsion

It was impossible to pour modified emulsion residue samples directly into the mold
due to their high viscosity. Therefore, an alternative procedure is proposed. Small pieces of
residue are placed in the mold and conditioned in an ¢w allow the residue to fow to the
conformation of the mold. The procedure is accomplished by folowing -@tepprocedure.
First, three, 29 pieces of residue at room temperature are obtained and placed into the BBR
mold. Next, the mold with residus placed inside of a preheated oven at 100°C for 25
minutes so that the residue melts and conforms to the shape of the mold. After conditioning,

three addtional 2g pieces of residue are placed in a layer on top of the melted residue in the
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mold and condioned in the oven for an additional 10 minutes after which a transparent sheet
sprayed with spray release agent is placed on top of the sample and pressed with a preheated
hot steel plate at 100°C. The steel plate is pressed downward by hand to makfadke s

smooth. Excess residue overfows from the mold as showwigne 3.7.

Figure 3.7. SENB speanen with latex modified residue with hot steel plate.

After pressing with the hot steel plate, the mold is conditoned at room temperature
for 20 minutes and then placed inside of an environmental chamb@tCalor 15 minutes,
which allows for scraping fbany excess emulsion residue adhered to the aluminum mold

shown inFigure 3.8.
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Figure 3.8. Scrapping off extra residueith sharp edged steel plate.

After scraping, a preheated thin steel sheet is placed in the specimen center to create
the notch. Upon removal, a transparent plastic strip with Vaseline on the surface is placed in
the notch sdhat the residue in the notch cannot-kelil. The gecimen is then returned to
chamber at6°C for 15 minutes after which it is removed from the mold. After removing
from the mold, the specimen is conditoned at the test temperature for one hour prior to

testing.

3.6.2.4.1.3Cooling Medium and Loading Rate Selection

In the standard BBR test, ethanol is used as cooling medium for low temperature
testing. However, in the field, air is the cooling medium not ethanol. Past research has
demonstrated that while linear aigelastic properties are relatively consistent when
specimens are conditioned in air and ethanol, fracture resistance is greatly diminished in
ethanol compared to air (Marasteanu et al. 2012). Similar findings have been demonstrated
for glassy polymers, vere it is thought that environmental surface cracks initiate due to
cooling in ethanol (Arnold 1995). Since air best replicates field conditions, use of air as a
cooling medium was used in this study. Based on communications with BBR manufacturers,
newer BBR models allow the capablitof cooling by air or ethanol. However the SENB test
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has been conducted inside of BOSE electrofoce maatities studywith three point

V

Loading Head

bending mode of loading shown ffgure 3.9.

SENB Specimen [Hide

33 Cooling Vent

Crack Propagation

=3 1

Figure 3.9. SENB testing inside of BOSiBachine

Velasquez et al (2011) selected 0.01 mnvsec loading rate for SENB testing of asphalt
binder to evaluate thermal cracking. The SENB test is proposed for assessing low
temperature raveling resistance of chip seal emulsion residues herein. Low temperature
raveling is induced by trafic and thus, occurs at much higher loading rates than thermal
induced loading. Therefore, a loading rate of 0.1 mm/sec is used in this study. Results are

used to calculate fracture toughness as in Equé8at).

PL a
K|c = W f (W (3-4)

where,
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K. = Fracture toughness in mode | failure,
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P = Maximum force,
L =Length of beam,

a = Depth of notch,
W = Beam width, and

B = Beam depth.

3.6.3 Microsurfacing Mixture Test Methods

3.6.3.1 WTAT to Evaluate Raveling

The WTAT is used to assess the raveling resistance of microsurfacing mixtures.
Specimens were fabricated for the WTAT folowing ASTM3®10. The specimen
fabrication process is shown kagure 3.10and a cured and tested specimen is shown in

Figure 3.11

B

+

i
j},«,,. Dowel Bar

Specimenin Mold |

Figure 3.10. Specimenfabrication for WTAT test.
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Figure 3.11. (a) Specimerbefore curing, (b) specimeafter curing, (c) specimen atfter test,
and (d) ubber hose after test.

Prepared specimens are placedanralumium pan submerged to a water level at
least 6 mm above the specimen surface. The water temperature is set to be equal to the test
temperature and the specimen is conditoned in the water for one hour prior to testing.
Laboratory investigation confirms thahe hour is sufficient for the specimen to reach at
desired test temperature (i.e., 15°, 25°C). After one hour, the specimen is removed and
placed in the mixer. Testing is then conducted immediately with the Hobh2OAnixer

while the specimen is submery under water.

Abrasion is applied to the microsurfacing specimen using a reinforced rubber hose.
Application of loading is conducted for 6.7 minutes using a Hob&rP@ mixer at a low
speed. ASTM 8910 recommends using each rubber hose for two specinaating by
180° after first test. However each hose can be used four times by rotating them 90° each
time (Andrews et al. 1994). Based on this information, use of one rubber hose for four
samples was tried. However, the condition of the rubber hoséowak to deteriorate prior
to maximum use and therefore, each rubber hose was only used twice, as speciied in ASTM
D 3910.
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After conducting the abrasion test, the specimen is washed with water to get rid of
abraded materials from the tested specimen. speeimen is then kept inside of the oven at
60°C for 24 hours to dry it. The mass difference between tested dry specimen and untested
dry specimen diided by the abraded area gives the abrasion loss per unit area, which is an

indicator of raveling resistae.

Three types of Hobart mixers are available to perform the WTAT. In this study, the
Hobart A120 mixer was used because of its availability at NCSU. According to ASTM D
3910, the abrasion loss caused by Hobatt2A mixer multiplied by 1.17 provideseth
abrasion loss caused by HobartlG0 mixer. ISSA specified limits are based on the Hobart

C-100 mixer and hence, results reported herein are the measured resultls muliplied by 1.17.

The WTAT test was conducted at two temperatures different temperatusdisw
for direct comparison to BBS test results. The BBS tests were conducted at three different
temperatures: 15°C, 25°C, and 30°C in dry conditon. Since 25°C and 30°C temperatures are
close to each other, 30°C temperature was omited from WTAT ldest p

In addition, theWTAT was used to assess resistance to moisture daragerding
to ISSA standard for slurry sealsix days soak periodt 25°Cis recommendedo assess
moisture damage resistancEhat is why; six days moisture damage condtiostuglied in
this researchin addition, in order talow direct comparison with BBS test moisture damage
condttion, 24 hoursof moisture conditioningat 40°C(consistent with emulsion residue
testing) is recommended for WTAT. To accomplish the moisturenalye study, the
microsurfacing specimen is submerged under water at 40°C for 24 hours shéigurean
3.12and then, the specimens are taken out fleenwater bath. After that, the specimens are
kept inside ofCincinatti SubZero CS2 oven at 25°CGor one hourto allow for thermal
equilbration at the test temperaturBinally, WTAT test is carried out under water at 25°C.
WTAT test isalways conductél on specimes submerged under watey displace abraded

materials from the specimeriowards the side of the tesampdue to wave action of water.

87



Figure 3.12. Moisture Damage of WTAT Specimen in Water Bath at 40°C.

The emulsionsthose aréncluded for microsurfacing raveling study is listedTiable

3.5 which includes and mixture and binder tests.

Table 3.5. Microsurfacing Emulsions for Raveling Study

Test > Binder Test Mixture Test
Test Type BBS WTAT
Distress Type Raveling

M-CSS1H-C, M-CQS1H-E, M-CSS1H-F
M-CSS1H-A, M-CSS1HP-C, M-CQS1HP-E,
Emulsions M-CSS1HP-D, M-CSS1HL-F, M-CSS1HP-B,

PRM-CSS1H-F, M-CSS1HL-(NC),
PP-M-CSS1HP-B, PRM-CSS1HP-D, PRM-CQS1H-E

3.6.3.2 MMLS3 for Microsurfacing

3.6.3.2.1 Rutting

The MMLS3 was used to assess ruttihg and bleeding of microsurfacing mixtures at
high temperature for comparison to MSCR residue results. The specimen fabrication
procedure for MMLS3 testing was consistent with that of the WTAT (ASTM D 6372).
However, speaien size differed. The specimen size required for the MMLS3 is 304.8 mm in
length, 177.8 mm in width, and 12.7 mm thickness. This required 14009 dry aggregate to be
mixed with emulsion, water, and cement with the same proportion used in WTAT specimen
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fabrication. Prepared specimens were conditoned at room temperature for 24 hours folowed
by conditioning at 60°C for 18 to 20 hours to ensure full curing (ASTM D 6372). An

MMLS3 specimen without curing is shown Hiigure 3.13. (a), a completely cured specimen

is shown inFigure 3.13. (b); and specimens after testing are showfigure 3.13. (c) and

Figure 3.13. (d).

Figure 3.13. MMLS3 specimen before curing, (b) MMLS3 specimen after fully cured, (c)
MMLS3 specimen after MMLSS3 loading, and (d) Deformed MMLS3 specimen.

In order to conduct the tests at high temperature, the MMLS3 machine is set inside of
an environmental chamber. tuy and bleeding tests were performed at three temperatures
corresponding to the Superpave high temperature Performance Grading temperatures: 46°C,
52°C, and 58°C. In order to confrm the temperature of the specimen prior to testing, a
dummy specimen iset inside of the chamber beside the actual test specimen and the
temperature is monitored continuously. When the specimen temperature reached the target
temperature, the MMLS3 machine was turned on for thieede®ading duration (e.g30
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minutes, 90 mhutes and 180 minute¥ from the beginning After each time interval,

specimens were taken out of the MMLS3 and the vertical deformation was measured using a
ruler at different locations on the specimen. After measuring the vertical deformation, the
specinen was placed in the MMLS3 again and allowed to equilibrate to the target
temperature prior to resuming MMLS3 loading. The loading width on the specimen is equal

to the tire width, which is 76.2 mm and the loading area for each specimen is 23,225.76 mm

3.6.3.2.2 Bleeding

The MMLSS3 test is also used for bleeding assessment. The specimen fabrication
procedure, test temperature, and loading conditons were consistent with rutting test
procedure. Two approaches were tried to quantify the severity of bleeding: sastmadind

glossiness measured by a glossmeter.

3.6.3.2.2.1Bleeding by Sand Adhesion

The sand adhesion method to quantify bleeding specified in ISSA TB109 was adapted
for the MMLS3. Preheated Ottawa sand at 82°C was applied within a frame to surface of
samples over tharea of wheel loading folowing MMLS3 traffickind-igure 3.14 (b)). The
frame dimensions are 76.2 mm x 203.2 mm. Folowing sand application, @meapbber
sheet is placed on top of the frame. A circular steel plate is then placed on the neoprene
rubber and used to compact the sand with three swings as shéwrén3.14 (c). The
frame is then removed and twenty strokes are applied to the back of the specimen using a
circular straight bar to remove excess sand from the specimen. The difference between the
specimen weight without sand and willdhered sand divided by the area is interpreted as the

sand adhesion. A higher sand adhesion value indicates more severe bleeding.
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Figure 3.14. (a) Tested specimen at high temperature, (b) Sand andraiaed on top of
specimen, (c) Circular plate to apply load on sand, and (d) Specimen with adhered sand.

The sand adhesion is measured at each time interval aftdr thibidMMLS3 loading
is applied for30 min, 90 min, and 180 min from the beginningo avoid effects of remaining
sand on subsequent sand adhesion measurements, measurements at each time interval of

loading are made on different sample locations

3.6.3.2.2.2Bleeding by Gloss Meter

Gloss measurements were implemented as an additional means to asskss bl
severity of microsurfacing mixtures. Glossiness was identified as a possible means to assess
bleeding severity as bleeding leads to emulsion residue migration to the surface which
increases reflectivity. Thus, higher glossiness is expected toténdiraater bleeding

severity.
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Use of a glossmeter to measure glossiness of nonmetallic materials is specified in
ASTM D 523. Specular gloss is a relative reflectance factor, defined as the ratio between
luminous flux reflections of a specimen to the lmis flux refiection from a standard
surface under the same geometric condition. Gloss is related to the capacity of light reflection
from the surface. A glossmeter is a device used to measure the glossiness of a surface, and
consists of a light source aadreceptor. A light beam is applied on the specimen from a light
source at 20°, 60°, and 85° with the vertical axis of the specimen. The refiected light is
measured by a receptor from the other side of the vertical axis at angles of 20°, 60°, and 85°

respetively. Among the three geometries, 60° is applicable to most specimens (ASTM D
523).

In this study, the ETE)833 seffcalibrating glossmeter was used to measure the
glossiness of specimens within range of 0 to 200 Gloss Units (GW)s a measuring unit
of glossmeter, which is the light reflection index between an experimental surface and highly
polished reference black glassccording to glossmeter specification, this glossmeter is
applicable for marble, granite, glass, pottery brick, plastic sheetingrink, coating, and

woodwork

P
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Figure 3.15. Glossmeter on microsurfacing specimen.
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The glossmeter is placed on the specimen before and after traficking by MMLSS3 in
order to assess bleeding. Measurements were made by orienting the glossmeter towards the
loading direction at three different locations and also perpendicular to the lahdiogon at
four different locations. In order to avoid the effect of surrounding light, the glossmeter was
used in a dark room. Since the specimen is deformed due to MMLS3 loading (i.e., rutting),
the glossmeter cannot be placed in direct contact vetsglecimen when the glossmeter is
oriented perpendicular to loading directiofbe ength of glossmeter is greater than width of
loading area and the light is emitted towards longitudinal direction of glossmeter. So the light
emitted from light sourcef gossneter may scatter outside of glossmeter through the open

area between glossmeter and specimen.

3.6.3.2.2.3Skid Resistance Test

Microsurfacing increases skid resistance of the pavement and reduces the skid
resistance with time due to abrasion loss which trigdashing at the end. For laboratory
study to measure the skid resistance, widely used British Pendulum Tester (BPT) has been
used according to ASTM E 30Bhe BPT test device is shown Rigure 3.16 (b). This
device consists of a pendulum arm with a rubber pad underneath. The pendulum arm moves
freely from horizontal position and the rubber pad sldes across the specimen surface or
pavement surfaceBefore the free movement of the arm across the test surface, water is
sprayed on the surface to simulate the critical condition in the field due to raimfallBPT
value has been measured from the BPT measuring scale attached to the device ranging from

0 t0140. A higher BPT value indicates greater skid resistance.

The Locked Wheel Skid Tester (LWST)asother skid resistance measuring device
used in theiield, utiizing a full scale tire attached to a truck following by ASTM E 274
(Figure 3.16 (a)). The truck moves on the pavement at a speed of 40 mph and brakes
instarianeously with water spray in froof the test tire prior to apply the brake. Here
spraying water simulateshd critical condition of the pawment due to rainfall. The vertical
and horizontal forces applied by the wheel are determined based on electrical sensors. The
skid number is calculed by multiplying 100 to the horizontal and vertical force ratio
(Equation (3.5)).
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Skid Numbef SN= 100*V5V (3.5)

where,
F = Horizontal force applied to the tire, and

W =Dynamic vertical load on test wheel.

B pendulum Arm M3
__/ (g

K Rubber Pad |
e 5 S SA

g s o 2 = Pavement
Eziri : L Surface

Figure 3.16. Skid resistance measuremeagvices(a) LWST, and (b) BPT.

The emulsions used for microsurfacing high temperature performance study is included in
Table 3.6.

Table 3.6. Microsurfacing Emulsions forHigh Temperature Study

Test> Binder Test Mixture Test
Test Type MSCR MMLS3
Distress Type Rutting and Bleeding

M-CSS1H-C, M-CQS1H-E, M-CSS1H-F
M-CSS1HP-C, M-CQS1HP-E, M-CSS1HP-D,
Emulsions M-CSS1HL-F, M-CSS1HP-B, M-CSS1HL-(NC),
PRM-CSS1H-F, PRM-CSS1HP-B
PP-M-CSS1HP-D, PRM-CQS1H-E
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3.6.3.3 SENBto Evaluate Thermal Cracking

The SENB test wastilized at low temperature to quantify thermal cracking
performance. This is the first application of the SENB test to microsurfacing mixtures to the

researcher’s knowledge.

SENB mixture specimens were prepared with consistent dimensions to SENB residue
samples: 6.25 mm x 12.5 mm x 102 mm with 3 mm notch dé&ph.gradation of
microsurfacing aggregate is given Riigure 3.2. The maximum aggregate sige#4 (4.75
mm). However, only 0.7% of the aggregate by mass was retained on the #4 sieve. The
majority of aggregates in the microsurfacing mixture are between 1.18 mm and 2.36 mm in
diameter. Previous experimental investigations on asphalt coiRIEN® testcoupled with
statistical analyses indicate the representative volume element constraint is satisfied when the
ligament length is at least three to four times the maximum aggregatéRairero et al.
2001, Wagoner et al. 2005). The SENB geometry imedin contains a mnimum dimension
of 9.5 mm (i.e., ligament size) satisfies the recommendations to satisfy representative volume
element, neglecting he small fraction retained on the #4 sieve. SENB tests were conducted at
three different temperaturesi6°C,-22°C, and-28°C in a BOSE ElectroForce test system
with loading rate 0.01 mm/sec.

While testing of microsurfacing mixtures using the SENB test has not been conducted
prior to this study, Marasteanu et al. (2009) studied BBR test using the bindegddBfetry
to asphalt concrete mixtures at low temperature. The-BBRB mixture test was proposed
to predict compliance as a surrogate to indirect tensie (IDT) test at low temperature due to
the widespread avaiabilty of the BBR test system and easendficting the test. Results

demonstrated the test could successfully be used to capture large scale IDT results.

3.6.3.3.1.1SENB Fabrication Procedure for Microsurfacing Mixture

In the field, microsurfacings are spread onto the surface of a pavement without
compaction. However, microsurfacings densify under trafic loading. Initially, laboratory
produced microsurfacings were prepared without compaction for SENB testing. However, i

was found that the air void contents of specimens were highly variable and thus, test results
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were highly unrepeatable. To produce more uniform specimens and better replicate
microsurfacings in the field which have been densified under trafic loadiogpsorfacing
mixtures were compacted in the Superpave Gyratory Compactor (SGC) following curing in

an unco mpacted State.

The specimen fabrication procedure developed to produce microsurfacing mixture

SENB specimens involved the following considerations:

1 The microsurfacing mixture should not be heated to more than 135°C to avoid
aging of mixture and also not to disintegrate the polymer or latex inside of the
mixture,

1 The required amount of microsurfacing mixture should be reasonable and
realistic since thenixture curing takes about two days. At the same time, the
number of SENB specimens should be suficient enough to execute the test
matrix successfully, and

1 Air void content should reflect typical field conditions.

Reinke et al. (1990) collected field cereith microsurfacing layer and measured air
void of microusrfacing layer separated from the asphalt layer. Reinke et al. (1990) found that
microsurfacings with air void contents in the range of 9 to 11% performed adequately after

one year of placement. @tefore, in this study a target air void content of 10% was utilized.

Reinke et al. 1990 also attempted three procedures for laboratory compaction of
microsurfacing mixtures. In one procedure, aggregates were mixed with emulsion and filer
and cured at@C for overnight. Cured mixtures were broken into small pieces and
compacted with 25 blows in the Marshall Compactor after heating the mixture at 137.8°C
after which an 8000 Ib static load was applied for further compaction. In a second procedure,
emulsin was mixed with aggregates unti emulsion was broken. The mix was then cured at
ambient temperature for 3 days subsequently compacted at 13%.87@rshall ike hot mix
asphalt (HMA). In a third procedure, a mix of emulsion and aggregates is placed in a

perforated mold that allows water to drain out overnight at 60°C. Then the mixture is
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compressed to target densigt 60°Cand cured at 60°C until constant weight of the mixture

is achieved indicating the curing process is complete.

The required amountfanicrosurfacing mixture has been obtained from
microsurfacingrectangularspecimenthat arefabricated for rutting and bleeding test
described in sectio3.6.3.2.Rectangular specimenrgparation of microsurfacing mixtures
prior to compaction followed thgeneral guidelines of ASTM D 6372. Specimens are cured
at 25°C for 24 hours and then 24 hours at 60°C. Then the mixtuleoleen into small pieces
andapproximately 5000g microsurfacing mixture ssparatedor production of &7 mm

high gyratory compaetd specimen and maximum specific gravitym{bmeasurement.

Prior to production of compacted specimens, theoretical maximum specific gravity
(Gmm) was measured according to ASTM2D41 so that air void contents of compacted
specimens could be calculateBer the standard, 15009 materials were utlized far G
determination. The Gnymvalues for CSSLH-C and CSSLHP-C were found to be 2.447 and
2.462, respectively.

It was critical to establish a specimen fabrication compaction procedure to allow for
obtaining SENB specimens with wetntrolled air voids. Therefore, initial compaction
trials were used to determine the required quantity of material to meet at BBt S
specimen air void content of 10% given a target specimen height. Before compaction in
gyratory compactor, microsurfacing mixtures were heated in an oven for one hour at 135°C
and mixed thoroughly with a spatula. It is important to note that gyratonpaxied
specimens do not contain uniform air voids. Rather, specimen air voids wil be highest at the
periphery and then be more or less constant within the central portion of the specimen. Thus,
it was important to differentiate between the bulk specimewvoid and SENB specimen air
void contents. SENB specimens were extradteh the central portion of gyratory

compacted specimen after cutting the top and bottomalaf@lr sidesof specimen

Several67 mm highspecimens were compacted with varymgights of
microsurfacing mixturein an attempt to develop a procedure to ndé@8tair void contentin

the final SENB specimeng~igure 3.17 displays the air void contents of gyratory compacted
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specimens produced using different quantities of mix for-CBSC and CSSLHP-C. Plotted
results include the bulk specimen and beams extracted from the inner portion of the
specimen. All results included correspoto mixtures compacted to a height of 67 mm. It

can be seen that the air voids of the bulk specimen are consistently hghehet extracted
SENB specimenghat matches expectations. It can also be observed that air void content
increases as the matriquantity decreases which follows expectations. Based on the results
presented, 2550g of CSBH-C mix is required to meet the target air void content of 10% in
SENB speimens for CSSLH-C whereas 275¢g of mix is required to reach 10% air voids for
CSS1HP-C. Based on these results, 2550g were utlized to produce unmodified
microsurfacing mixtures and 2575g were used to produce modified microsurfacing mixtures,

compacted to a height of &@m. However these two mixture weights are very close to each

other.
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Figure 3.17. Gyratory compacted specimavith 67 mm height and 150 mm diameter.
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Figure 3.18 shows a comparison between the number of gyrations required to
compact CSSLHP-C and CSSLH-C microsurfacing mixtures compacted to a height of 67
mm with different amount of mixture shown M-axis It can be seen that greater compaction

effort is required for the modified mixture.
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Figure 3.18. No of gyrations for gyratory compacted specimen with different amount of

microsurfacing mixture.

Produced gyratory compacted specimens were sawn to produce SENB beam
specimens after which a notch was inserted to the specimen &aation |, Il, Ill, and IV
are cut from sides of gyratory compacted specimen to get rectangular section V shown in
Figure 3.19and then,12.5 mm of mix is sliced from top and bottofiglre 3.20 (a) and (B).
Next, the specimen was sawn according to the depictidtigime 3.20 (a) of the top view of
a specimen to obtain a rectangular block of 127 mm x 84 mm x 42 mm (L x W x D) which
based on analysis of air void variability in specimens represents the portion of the specimen
with uniform air voids. The rectangular block (Sectigh in Figure 3.19was then sliced to

produce SENB specimens of the required dimensions.
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Figure 3.19. Top view of gyratory compacted specimen
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After beam specimens were sawn and dried, the notched was inserted. Beam
specimens without notches are showrrigure 3.21 (a). The 3 mm deep notch was inserted
using the saw setup shownHigure 3.21 (b). Inthis setup, the beam specimen is placed on a
steel base against the supporting steel frame. The supporting frame keeps the specimen
vertically straight. The supporting frame along with the specimen is pushed across the saw to
make notch 3 mm deep. Notetkaw is configured in such a way that the saw tip remains
exposed 3 mm above the steel base. After sawing, the specimens are kept at room
temperature under a fan to dry. Testing was always conducted the day after specimen

preparation.

3 4

Figure 3.21. Notchinsertion procedure (a) Beam specimens, (b) Beam specimen is on sawing

base, (c) Specimen after making notahd(d) Close view of ntch inspecimen.

Microsurfacing mixture SENB tests were performed insdl@ BOSE ElectroForce
Test System with a constant displacement rateQdf @nm/sec. SENB specimens were
conditioned at the test temperature for one hour prior to testing for consistency to binder

tests. Laboratory studies in which a thermocouple wadeaekdémo a sample indicated only

102



15 to 20 minutes was required for thermal equilbration and thus, use of one hour
condtioning time was conservativeThe emulsions consideredr fthermal cracking study for
microsurfacing is presented Table 3.7.

Table 3.7. Emulsion Used for Microsurfacing Thermal Cracking Study

Test > Binder Test Mixture Test
Test Type DSR Frequency Sweep | SENB SENB
Distress Type Thermal Cracking
M-CSS1H-C, M-CQS1H-E
Emulsions M-CQS1HP-E, M-CSS1HP-D
M-CSS1HL-F

3.6.4 Chip Seal Mixture Test
3.6.4.1 Chip SeaMVialt Test at Low Temperature

The Vialit test was used to quantify chip seal raveling performance at low
temperature. The plate used for low temperature Vialt testing is 6.35 mm thick with 12.7
mm lip height, which is different than the standard Vialit plate but ratiséches the
recommendations o#valter and Isaac (2011) to prevent debonding problems often
encountered when performing the test at low temperature. The plate surface area is 200 mm
by 200 mm, the ball weight is 500+5g, and the dropping height is 500 mm, consistent with
the standard procedure.

Specimen fabrication was performed inside of a 16 ft by 9 ft greenhouse buitt with
wood and polycarbonate glass inside of laboratory, which is used to maintain a consistent
temperature throughout the specimen fabrication procediarerepare specimens, emulsion
and steel plates were preheated inside of an oven at 60°C. Hot emulsion was then poured on
the heated plate at the target application rate. The plate was tited left and right, back and
forth to spread emulsion on the platfarmly. The plate with emulsion was placed under
the ChipSS spreadeFigure 3.22) to apply oven dried aggregates on the plate. The ChipSS

spreader imics aggregate application in the field. The speed of the spreader can be adjusted
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to meet the target aggregate application rate. After aggregate application, specimens were
compacted with a steel plate compacteigire 3.23). The compaction procedure followed
ASTM D 7000, consisting of three half cycles in one direction and three half cycles
perpendicular to first direction with a neoprene rubbeetshetween Vialit specimen and

steel plate compactor

The compacted specimens were cured at 35°C for 24 hours, folowing ASTOOD
recommendations. After curing, specimens are fipped 90° and a soft brush is used to brush

away loose aggregate
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Figure 3.22. ChipSS to spread chip seal aggregate.

Figure 3.23. Chip seal specimen compactor (ASTM7000).

Specimens were then placed inside of an environmentahbehaat the test
temperature for four hours based on the recommendations of Walter and Isaac (2011). The
specimen is then removed from the oven and tested immediately.

3.6.4.1.1 Vialit Height Adjustment

The standard drop height in the Vialit test iscB@ Intially, this drop height was

tried for low temperature testing of chip seals. However, it was found that the impact was too
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harsh at this drop height as shotigure 3.24, which displays severe aggregate loss and
debonding in a chip seal sample tested at low temperature with the standard drop height and
therefore drop height was reduced for this study. Walter and Isaac (2011) successfully tested
chip seals at low temperature using the standard drop height. However, Walter and Isaac
(2011) fabricated specimens with 100 pieces of chips (stone) with identical size by placing
on emulsion in 10 by 10 matrix by haréigure 3.25 (a)). However, herein chip seal samples
were prepared to better replicate actual chip seals using the ChipSS aggregate spreader as
shown inFigure 3.25(b). This difference in sample fabrication could have led to the

difference in failure mode when a drop height otth®is used

Figure 3.24. (a) Tested gecimen at18°C with 50 cm height, and (b) Close view of tested

specimen.
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Figure 3.25. (a) Specimen with 10 by 10 matrigrmat and (b) specimen with ChipSS
spreader.
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In order to determine the appropriate drop height, a systematic study of chip seals

produced with two emulsions (one modified and one unmodified) where drop height and
temperature were varied was conducted. The resultant failure mechanism under each
condiion was observed and used to evaluate the drop height. Results are preseigiae in

3.27. The test results have been delineated based on obsdnred feechanism. Results in

Figure 3.27 demonstrate that when the Vialit drop height is reduced toct®.5ohesive

failure occurs under all condis evaluated while the procedure stil delineates the

performance of different emulsion types. Thus, a drop height ofch2\Wwas selected for use

in low temperature Vialt testing. This was accomplished by lowering the head in the Vialit

test frame showin Figure 3.26to a height of 12.5m.

The Vialit

height study

al so

served

to capture low tempenae raveling. Results iRigure 3.27 demonstrated expected trends

with respect to emulsion type and temperature. The modified emulsion chip sestbatnsi

demonstrated lower aggregate loss than the unmodified emulsion chip seal. In addition,

as

results demonstrate that aggregate loss increases as temperature is reduced which follows

intuition as the binder becomes more britte when temperature is dedodethus more

prone to shatter upon impadthe Vialit tests have been conducted at three different

temperatures:16°C,-22°C, and-28°C, selected as three common low temperature

performance grade3he emulsions used for low temperature chip sealingvedtudyare

isted inTable 3.8.

Table 3.8. Emulsions Used for Chip Seal Low Temperature Raveling Study

Test >

Binder Test

Mixture Test

Test Type

SENB

Vialit

Distress Type

Low Temperature Raveling

Emulsions

C-CRS2-AE, C-CRS2-F,
C-CRS2P-C, GCRS2P-A,
C-CRS2L-AE, C-CRS2L-F
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Figure 3.26. Vialt test device.
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Figure 3.27. Vialt test results at different heights and different temperatures.
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3.7 Experimental Plan

Table 3.9. Experimental Plan for Fresh Emulsions

Fresh Emulsions

Surface Performance Test Performance
Treatment Tests Temperature (°C) Parameter
Separaiton Ratio
Chip Seal 60 b . .FQ
Degradation RatioRy)
Separaiton RatioR)
Storage Stabili - -
Microsurfacing !ijl' : y 25 Degradation RatioRy)
©s Mlxablllty (hreference)
Separaiton Ratio
Spray Seal 25 i . .RS)
Degradation RatioRy)
Ch|p Seal Three Step Shea 60 Spl’ayablllty
Spray Seal Test 25 Drainout
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Table 3.10. Experimental Plan for Residue and Mixture Performance Tests

Emulsion Residue Performance Test

Mixture Performance Test

)
Qg
8 E
S = Pe rformance Test Pe rformance Pe rformance Test Pe rformance
N E Tests Condition Parameter Tests Condition Parameter
Cured on Rock (COR) 1 HourSoak Period
20 Hours Curing Test at 15°C, 25°C
Test at 15°C, 25°C )
Six Days Soak
Residue on RockROR) Bond Strength Period Abrasion Loss
BBS Test at 15°C, 25°C (kPa) 0 WTAT Test at 25°C (gm/f)
o Moisture Damage Moisture Damage
% 24 h at 40°C 24 h at 40°C
8 Test at 25°C Test at 25°C
e
2 MMLS3
o . Rut Depth (mm)
5 VSR 46°C. 52°C, 58°C CNorwecover:_slble (Rutting) 46°C. 52°C,
0 0 reep Compliance 0 Sand Adhesion
= 64°C, 70°C 1 MMLS3 58°C
Jnrv (kPa ) (Bleedmg) (gm/ftz)
Glossiness (GU)
DSR Fr o o o
Sweep 5°C, 10°C, 15°C S(60) and m(60) 16°C. 270 Displacement at
Displacement at SENB 28°C Maximum Force
SENB -16°C,-22°C,-28°C Maximum Force (mm)
(mm)
o= Ao _9n0 900 Fracture Toughnes . -16°C,-22°C, Aggregate Loss
6 § SENB 16°C,-22°C,-28°C ( MPay mm Vialit 28°C (%)
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CHAPTER 4: PRS FOR FRESH EMULSIONS

4.1 Introduction

Experimental results are presented in this chapter. Fresh emulsion results are
presented and used to establish specification limits using statistical analyses. Relationships
between residual binder and mixture test results are presergediuate the ability of binder

tests to capture mixture performance and consequently establish specifications

4.2 Fresh Emulsion Properties

Specification of fresh emulsion properties is necessary to ensure the constructability
and storage stability of emusis. Emulsions are stored in tanks following production until
the time of construction. It is critical that emulsions do phase separate during storage. To
construct chip seals and spray seals, emulsion is sprayed through nozzles at a high shear rate.
It is imperative the emulsion has sufficiently low viscosity to allow spraying yet ha
sufficiently high viscosity after placement to resist draining off of the pavement surface. To
produce microsurfacings, emulsion is mixed with aggregate, mineral filetved@nd
water inside of a pug mil and then applied to the pavement through a spreader box. The

emulsion must have sufficiently low viscosity to allow mixing and coating of aggregate.

Two tests are proposed for specifying emulsion storage stabilitycanstructability:
the storage stabilty test and the three step shear test. Note the latter is only applicable to chip
and spray seals. Two parameters are obtained from storage stability testing, which apply to
all PSTtypes: separation ratid?f) and stality or degradation ratioRy) which evaluate the
resistance of emulsions to phase separation under storage. In addition, viscosity measured on
a reference ustored sample (as part of storage stabilty procedure) is used to quantify the
mixability of microsurfacing emulsions. The three step shear test is used to quantify
sprayabity and resistance to drainout for chip and spray seals using high and low shear rates,

respectively
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Table 4.1. Emulsion Performance Parameters and Test Methods

VIS Test Method PEMISCTIENES Performance Parameter
Type Measurement
Chip Seal
Storage Emulsion (@) Separation RatioRY)
Spray Seal | gty Test Stabiity (b) Stabiity RatioR)
Microsurfacing
Chip Seal N
Three Step (@) Sprayability
Shear Test . b) Drainout
Spray Seal Workablllty ( )
Microsurfacing Storage Mixability
Stabilty Test

4.2.1 Fresh Emulsion Test Results
4.2.1.1 StorageStability Test Results

Storage stabilty test results are presenteBigare 4.1, Figure 4.2, and Figure 4.3for
chip seal, microsurfacing and spray seal emulsions, respectively. A separation ratio of one is
ideal, indicating no separation of water and asphalhglustorage. A separation ratio less
than onendicates settlement of the asphalt in the emulsion. A separation ratio greater than
one indicates creaming of the asphalt to the top of the emulsion. The stabilty ratio is also
ideally one, indicating no diffence between the reference-stared sample and-reixed
sample after storage. A stabilty ratio greater than one indidass of water from the
emulsion during storage. The storage stabiity of emulsions depends on the emulsion residue
content, open sface area of the storage tank, shipping procedure, and environmental

conditiors during shipping.

Figure 4.1 displays the storage stability results for chip seal emulsions. Measured
separation rativaluesrange from 0.7 to 1.7 and stability ratio values range from 0.2 to 2.1,
excluding poor performg emulsions. The separation ratio for the modified (CRS%nd
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CRS2P) emulsions is close to one, indicating minimal settlement during storage. However,
the separation ratiof the CRS2 (NC) emulsion is 1.4, indicating the emulsion likely

experienced sdement during storage. Conversely, the CRE), CRS2 (F) and CR& (A)

have separation ratios below one, indicating that the asphalt rose to the top of the emulsion.
However storage stabilty test could not identify the poor performing emulsibise time.

PRS test methods can capture the poor performing emulsions only when emulsion property is
performance related. However the emulsion producers formulated the poor performing
emulsions without following current specification for basic emulsion fartioin procedure

which was not expected

& Separation Ratio = Stability Ratio
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Separation and Stability Ratio

I
T O
T T O

2 ADIORA ORI
v DS R R o
9 s . VeV 9
% & & &
, <& 8 E LS
3 e o K O X o
& & &R

Figure 4.1. Storage stabilty test results for chip seal emulsions at 60°C.

Measured microsurfacing emulsionBiglre 4.2) separation ratio values range from
0.3 10 1.2 and stabilty ratio values range from 0.9 to 2.0, excluding poor performing
emulsions. The majority of standard emulsions have stability and separation ratios close to
one. The only exception is48SS1H-F. The reason for the relatively good stabilty ratio
values for microsurfacing emulsions compared to chip seal emulsions is that microsurfacing

emulsions are slow or quick setting emulsions as opposed to chip seal emulsions which are
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rapid setting, indicatindower stability. The separation ratio of the microsurfacing emulsions

are less than one except for the poor performing emulsions a@B&HMLH-A.
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Figure 4.2. Storage stabilty test results for microsurfagiemulsions at 25°C.

Measured spray seal emulsioRigre 4.3) separation ratios range from 0.6 to 1.3 and
stability ratios range from 0.5 to 2.6. Rsundicate considerable variability in separation
ratios and stabilty ratios among the emulsions, indicating the test is very sensitive to
emulsion type. It is speculated that the high variability is caused by the diution rates used for
different emul®ns. Since the emulsion and added water to make diuted emulsions are not
consistent foe all emulsions, there is possibility to show this variability for diution

procedure.
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Figure 4.3. Storage stabiltytest results for spray seal emulsions at 25°C.

4.2.1.2 Microsurfacing Constructability

The mixability of microsurfacing emulsions is critical to ensure proper blending and
coating of aggregate. Emulsion viscosity at low shear rate is used as an indicator of
mixabiity, which is obtained from the reference {stored) sample viscosity in storage
stability testing at 25°C. A low shear rate is selected to evaluate mixability as emulsions are
shear thinning and thus at higher shear rates, viscosity decreases. Hence, low shear rates
represent a critical conditon wte emulsions wil be least mixable. The mixability viscosity
results of microsurfacing emulsions are showirigure 4.4. PRM-CSS1H (F) has the
highest viscosity, which is expected as this emulsion was produced with an extremely high
emulsifier content of 5%. Emulsifier contents are generally in the range of 0.1% to 2.5%.
Thus, the viscosity at low shear is a suttable parameter for detecting emuistb soor

mixability.
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Figure 4.4. Mixability of microsurfacing emulsions.

4.2.1.3 Three Step Shear Test Results

The three step shear test was utiized to measure the sprayability and drainout
resistance of chip aéand spray seal emulsions using viscosities at high and low shear rates,

respectively.

Figure 4.5 andFigure 4.6 present the chip seal sprayability and drainout resuls,
respectively. Figure 4.7 andFigure 4.8 present the spray seal sprayability and drainout
results, respectivelyResults indicate that the drainout viscostty is always higher than the
sprayability viscosity, which follows expectations as asphalt emulsions are shear thinning
materials. The sprayabilty and drainout viscosities vary from emulsion to emulsion,
indicating the three step shear test is able to discriminate between the performances of
different emulsions. There are no consistent trends in terms of differentiating between

modified and unmodi fied emul si on viscosities
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viscosities at high and low shear rates are within the range of standard performing emulsions,

emulsion producers did not alter viscosity of chip and spray seal emulsions to make them

poor performing
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Figure 4.5. Sprayability of chip seal emulsions.
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Figure 4.6. Drain out of chip seal emulsions.
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Figure 4.7. Sprayability of spray seal emulsions.
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Figure 4.8. Drain out of spray seamulsions
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4.2.2 Fresh Asphalt Emulsion PRS Tests and Limits

This section presents the methodology used for deriving the specification limits that relate to

the stability and construbility of fresh emulsions used in chip seal, mistofacing, and

spray seal treatments. In addition, the procedures for establishing specification limits for each
fresh emulsion material property addressed in these PRS are described in this section. The
fresh emulsion is representative of the mate

application prior to completion of the breaking and curing processes.
4.2.2.1 Fresh Emulsion Property Limit Derivation Approach

Statistical analysis was conducted to developc#igation test limits for fresh
emulsion properties under the assumption that the standard emulsions tested represent a
broad range of materials that perform acceptably in service. Both standard and poor
performing emulsions, as defined previously, wested in developing these PRS. However,
because the poor performing emulsions were fabricated by the emulsion suppliers
intentionally to exhibit inferior performance, test data for the poor performing emulsions
were not considered in determining the freshulsion specification limits using statistical
analysis. However, these poor performing emulsions were used to valdate the PRS, as the
emulsions that were designed to have poor stability failed the storage stabilty test in this
specification. Note thahe poor performing emulsions do not necessarily fail all the PRS
tests, but rather these materials are expected to perform poorly when tested for the specific

material property that directly relates to the cause of the poor performance.

A box-andwhiske statistical analysis procedure was utlized for deriving limits for
the fresh emulsion properties. First, the test results for the poor performing emulsions were
removed from the dataset. Next, after removing the data for the poor performing emulsions,
the outliers among the test data were determined based on tHamdwakisker plot method

for normally distributed data, as shownFigure 4.9, and aslescribed below.

 The mean, median, and standard deviation were calculated.

1 The sample minimum and the sample maximum were determined.
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1 The lower quartie (first quartie) and upper quartile (third quartie) were calculated
based on the dataset.

1 Theinter-quartile range (IQR), which is the difference between the first quartie and
third quartile, was calculated.

1 The outlers among the dataset were considered when the results were greater than the
third quartle + 1.5*IQR or less than the frst quarti 1.5*IQR.

Then, the outliers were removed from the dataset and the remaining data were considered in

order to determine the specification limit.
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Figure 4.9. Box and Whisker plot to determine outliers.

Once the outliers were removed from the dataset, the specification lmit was

determined based on the 98 percent reliability concept coupled with engineering judgment.

4.2.2.2 Fresh Emulsion Limit Derivation

Figure 4.10through Figure 4.15 present the statistical procedures that were used to

determine the preliminary spfiation limits for each of the fresh emulsion properties
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included in the PRSFigure 4.10shows an example of how the fresh emulsion specification

test imits weredetermined using the test data obtained from the storage stability and
separation ratio tests conducted using the chip seal emulsions. Although only the data for
chip seals are shown Ifgure 4.10, the same procedure also was used to develop storage
stabiity and separation ratio specification limits for mistefacing inFigure 4.11 and spray

seals inFigure 4.12. As indicated inFigure 4.10 (a) and (c), outliers were determined and
removed based upon the bardwhisker plot methodFigure 4.10 (b) and (d) show that the
specification limits were determined based on the 98 percent reliability concept and
engineering judgment. Engineering judgment was used in determining the staltidty
specification limits for the chip seal emulsions, as only a maximum limit was necessary
because a stabilty ratio close to one is desirable and all the test measurements exceeded one.
A maximum stability ratio limit of two was determined for chimlsebased on the data

presented irFigure 4.10. From this limit derivation approach, the acceptable range of
separation ratios for chip seal emulsions was deternindzk 0.5 to 1.5. Similar approach

was folowed to determine the stability and separation ratio for microsurfacing and spray seal

emulsion inFigure 4.11 and Figure 4.12, respectively.
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Figure 4.10. Examples of. a) outlier identificatiofor separation ratio data, b) separation
ratio specification limit determination, c) outlier identification for stabilty ratio data, and d)

stability ratio specification limit determination for chip seal fresh emulsions.
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Figure 4.11. Examples of. a) outlier identification for separation ratio data, b) separation ratio
specification limit determination, c) outlier identification for stability ratio data, and d)

stability ratio specification limit detmination for microsurfacing fresh emulsions.
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Figure 4.12. Examples of. a) outlier identification for separation ratio data, b) separation ratio
specification limit determination, c) outlier idemdtion for stability ratio data, and d)

stability ratio specification limit determination for spray seal fresh emulsions.

Figure 4.13 and Figure 4.14 show examples of the specification limit determination
for the sprayability and draiout constructability parameters in the PRS that ppdcable to
chip seals and spray seals, respectively. A maximum limit for sprayability viscosty in
chip/spray seals in the PRS ensures that the binder has a low enough viscosity value to ensure
consistent output when sprayed through a nozzle duringnthisien application process.
Failure to meet the sprayability threshold values would resuilt in streaking in a chip seal or
spray seal treatment. A minimum draout imit also is needed in the PRS to ensure that
after application the emulsion has a highowgh viscosity level to resist fow due to the slope
of the road. Failure to meet the dramt threshold would result in uneven material

application rates along the roadway as well as performance prolfigme 4.15 shows the
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specification limit determination for mixability, which is the parameter applicable to-micro
surfacing. Because micisurfacing emulsions are mixed with the aggregate prior to
application, Figure 4.15defines the maximum viscosity allowable to ensure good mixability

during micresurfacing construction

800 Sprayability 800 _ Sprayability
700 | ©Unmodified (@ 700 | © Unmodified (b)
@ Modified 600 | ® Modified
7600 ¢ & 500 | —98% Reliability
£500 L
2 400 = ggg ° °
8 I ° 3 I oo °
2300 ° o 520 ¢ oo o
S oo S 100 ) °
200 oo o, o 9000
100 o o ] [ ] -100
0 Q 1 Q 1 1 1 1 1 1 1 1 1 1 _200 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 45 6 7 8 9 101112131415 1 2 3 45 6 7 8 9 101112131415
Emulsion Number Emulsion Number
Drainout Drainout
2000 — 2000 ”
1800 | ©Unmodified () 1800 F ©O Unmodified (d)
1600 | ®Modified __-® 1600 | @ Modified
—~ T ~1400 + —98% Reliability
01400 o
1200 | £1200
2 21000 |
5 1000 + @ 800 | Py
S 800 f o o
a » 600 (o] [ J
S 600 O o < ©o °
s oo ° > 400 o) o o [ JIPY
400 & %o ° 200 F °
200 ° oL 9 ©
0 Q 1 Q 1 1 1 1 1 1 1 1 1 1 _200 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 456 7 8 9101112131415 1 2 3 456 7 8 9101112131415
Emulsion Number Emulsion Number

Figure 4.13. Examples of. a) outlier identification for sprayability data, b) sprayability
specification limit determination, c) outlier identification for drainout data, and d) drainout

specification mit determination fochip seal fresh emulsions.
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Figure 4.14. Examples of. a) outlier identification for sprayability data, b) sprayability
specification limit determination, c) outlier identification for drainout data, and d) drainout

specification limit determination fosprayseal fresh emulsions.
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Figure 4.15. Examples of. a) outlier identification for mixability data, b) mixability

specification limit determination for microsurfacing fresh emulsions.

The aforementioned statistical specification limit deterama process was repeated

for all the fresh emulsion properties in determining the specification limits summarized in

Table 4.2 for chip seal, micresurfacing, and spray seals in the developed PRS.

Table 4.2. Specified Limit for FreslEmulsion Properties

Treatment Performance Performance Tem-lg;gi;ture Specified Limit
Type Test Parameter °C)
Storage Stabiity Separation Rati 05tol1l5
_ Test Stabiity Ratio Maximum 2
Chip Seal — 60 :
Three Step She| Sprayability Maximum 400 cf
Test Drainout Minimum 50 cP
Storage Stabiity Separation Rati 05to 15
Test Stabilty Ratio Maximum 1.5
Spray Seal Three Step She| _ Sprayabilty 25 Maximum 100 cf
Test Drainout Minimum 100 cR
| Separation Rati 0.2t0 1.3
Microsurfacing Storagris?tablllt) Stabilty Ratio 25 Maximum 1.5
Mixability Maximum 600 cf

128



CHAPTER 5: PRS FOR MICROSURFACING

5.1 Introduction

This chapter includes tHeéRSfor microsurfacingatlow, intermediate, andigh

temperature

5.2 Test Results for Raveling

5.2.1 Bitumen Bond Strength (BBS)

The BBS test was tried for specifying the raveling resistanaeicodsurfacing
emulsions. Raveling resistance is driven by the bond developed between emulsion residue
and aggregate and the BBS test measures the bond strength between an aggregate substrate
and asphalt, making it a promising candidate test method tactéare raveling resistance.
Two procedures were tried: tests where emulsion was cured on the BBS aggregate substrates
and tests where residue was first recovered and subsequently applied to BBS aggregate
substrates. BBS tests where recovered residueapg@ied to rocks were conducted using dry

conditoning and moisture conditioning to assess susceptibility of bond strength to moisture.

The BBS tests where emulsions were cured on the roek pexformed for20 hours
of curing to evaluaten-service ravelig Results of BBS tests where emulsions were cured
for 20 hourson the rock are shown igure 5.1 for late raveling characterizatiorPast
performance studies of microsurfacingdohannes2014)indicate modified emulsions have
superior raveling resistance over unmodified emulsions. However, the BBS test results
shown inFigure 5.1 demonstrate no clear trends among modified and unmodified
emulsions. Furthermore, there are no consistent trends in temperature variation in bond
strength. Some emulsions experience an increase in bond strengihcre#ising
temperature and others demonstrate the opposite trends. These results indicate the BBS test,
using emulsion cured on the rock, is not suitable for specification of microsurfacing emulsion
raveling resistanceThe inability of BBS test method to delineate performance of unmodified
and modified emulsion residues may also be related to the emulsion formulation procedure.
For polymer and latex modified emulsions, polymer and latex are added with base asphalt

beforeemulsion formulation or mixed during emulsification process. However, latex addition
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in emulsion during emulsification process most common in practice. In addition, unmodified
microsurfacing emulsions may also have 3% natural latex polymer atthoughoamisisi

specified as unmodified. Thus, emulsions specified as unmodified may in fact include

modification
#315°C (20 Hours) ®30°C (20 Hours)

1800

1600 Unmodified Modified
__ 1400 :
S i
1200 i
5 1000 5
c o
() s
= 800 s
2 2
e 600 i
2 5

400 i3

Figure 5.1. BBS test results on 20 hours cured emulsions.

The BBS test results for in service rawgli performed on recovered residue applied
to aggregate, representing the fully cured case were also evaluated to assess the abilty of the
BBS test to discriminate between the raveling resistance of microsurfacing emulsions.
Results are shown iRigure 5.2. Results include those corresponding to dry conditioning at
15°C and 25°C along witB5°C test afte24 hours of moisture conditioning at 40°C. Ressul
clearly demonstrate a loss in bond strength with moisture conditioning compared to dry
conditioning as expected. In addition, bond strength is generally lower at 25°C than 15°C,
with the exception of MCSS1HP-C and MCSS 1HP-B, indicating more reasoniebresults
than those corresponding to emulsion cured on the rock. However, results do not distinguish
modified and unmodified emulsions, which is a problem since modified emulsions are

known to perform better with respect to raveling resistance than tiedo@mulsions.
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However, as discussed emulsions specified as unmodified may actually be modified which

may explain the inability to different performance of modified and unmodified emulsions

15°C m25°C = Moisture Damage at 40°C
5000
4500 Ff Unmodified Modified

o

Bond Strength (kPa)
[]

s

%

Figure 5.2. BBS test results for microsurfacing emulsion residues.

5.2.2 WTAT Test Results

In order to further assess the abilty of the BBS test to capture raveling resistance of
microsurfacing emulsionsWTATs onmicrosurfacing mixture were conducted. The
correlation betwen WTAT results and BBS results was used to judge the applicability of the

BBS test to capture raveling resistance.

Prior to proceeding with WTAT of microsurfacing emulsions, a preliminary specimen
to specimen variability study was conducted to deterntigerdquired number of replicates
for testing. To assess variability comprehensively, six to eight replicates of WTATs were
conducted on microsurfacing mixtures produced with several emulsions. Results of the
variability study are shown iRigure 5.3. Results demonstrate that the running average loss
becomes constant after four specimens have been tested. Thus, four replicates specimens

were tested for &h condition in the remaining WTAT study.
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Figure 5.3. Variability study for WTAT test.

Initially, WTATs were conducted using the one hour soak period at both 15°C and
25°C along with a moisture conditioningrocedure which replicated the moisture
conditoning used in BBS testinfie., 24 hours moisture conditioning at 40°C and tested at
25°C) Figure 5.4 shows the results of WTATs. Results indicate the WTAT is able to detect
the poor performing emulsions as indicated by the high abrasion loss of the poor performing
(PP) emulsion tested, which was expected to exhibit poor raveling performance due to its
high emulsifier content of 5%digh emulsifier content increases viscosity during mixing,
leading to poor coating and bonding of the emulsion with aggregate. The poor mixability

performance of the emulsion was captured using viscosity results presehigaré.4.

WTAT abrasion losses for modified and unmodified emulsions do not follow any
specific trend, similar to findings from BBS testing. Reseks demonstrate variable trends
in abrasion loss with temperature and moisture conditioning. In some instances, moisture
condttioning improves raveling resistance which is counter intuitive suggesting the moisture
condttioning procedure was not harsh gfiowo induce moisture damage. The ISSA
specffication limit for abrasion loss at 25°C after the one hour soak period is 50 gmit
Results demonstrate this specification is met with the exception of the poor performing
emulsion (PPM-CSS1H-F).
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Figure 5.4. WTAT test results at 15°C, 25°C, and moisture damage at 40°C.

Since inttial WTAT results did not differentiate between the performance of different
materials and test conditions, additional WTATs wawaducted using the six day soak
period specified by ISSA. In addition, to further evaluate sensttivity of the WTAT, two mix
designs were tested: 6.5% residue content and 9% residue content to see if the WTAT could

capture the difference in performanceaagsult of changing residue content.

Figure 5.5 displays the WTAT results for four different emulsions using the
additional test conditions. The résuindicate that the WTAT captures the effect of residue
content on raveling resistance. The WTAT also captures moisture sensttivity as evident by
the difference in results at the same residue content but different moisture conditioning
history. The WTATabrasion loss results for the one hour soak period and six days soak
period are within ISSA specified limits for all emulsions with the exception of the poor
performing emulsion. Based on these results, it is concluded that the WTAT is an effective

perfornrance test to capture the raveling resistance of microsurfacing mixtures.
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Figure 5.5.WTAT test results with different residue content and different test conditions.

5.2.3 Comparison of BBS and WTAT Results

5.2.3.1 Comparson of WTAT andBBS Resultsfor Residue on Rock (RORrocedue

The comparison between BBS tests where recovered residue was apiedoickt
and inttial WTATs using the one hour soak period and moisture conditioning procedure
matching the BBS test are representeérigure 5.6, where modified, unmodified, and poor
performing emulsions are delineateldigure 5.6 demonstrates that there is no clear
relatonship between WTAT ar8BS results and thus, relationships between WTAT and
BBS were further investigated using the expanded WTATs where the six day soak period
was includedin Figure 5.8.
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Figure 5.6. WTAT results at different test condiions.

Figure 5.7 and Figure 5.8 show the comparison between residue on the rock BBS
results and WTAT results using the one hour and six day soak periods, respectively. Results
demonstrate that there is no clear relationstgiween BBS and WTAT results, indicating

that the BBS test is ineffective in capturing raveling resistance of microsurfacing emulsions.
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Figure 5.8. Comparison of wet WTAT and wet BBS test resuls.

5.2.3.2 WTAT vs BBS for Emulsion Cured on Rock (COR)

In addition, the comparison between BBS results where emulsion was cured on the

rock and WTAT results werinvestigated. Since the emulsions are mixed with aggregates the

field, curing in the field occurs while the emulsion is in contact with aggregate, potentially

inluencing the bond between emulsion residue and aggregate as the emulsifier is adsorbed
ontothe surface of the aggregate, neutralizing the surface charge.

Figure 5.9 andFigure 5.10 present the comparison between BBS results where
emulsion was cured on the rock for 20 hours and WTAT reaulis°C and 25°C,
respectively A relationship between WTAT results and BBS rssdoes not existThe poor

136



performing emulsion which exhibited poor WTAT results demonstrates comparable bond
strength to a standard performing emulsion wigmificantly high WTAT results compared
to standard emulsionsThus, results indicate the BBSstés incapable of capturing raveling

resistance of microsurfacing.
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Figure 5.9. Comparison of WTAT and BBS bond strength with emulsions cured on rock at
15°C.
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The WTAT delineates poor performing emulsion and standard emulsions. However,
modified and unmodified emulsionare not clearly separable from each other.
Microsurfacing mixtures containing modified emulsions are expected to perform better
mixtures containing unmodified emulsions if aggregate type, emulsifier type and emulsifier
content, base asphalt, and aggregateation are kept identical. However, as discussed
emulsions specified as unmodified may include modification. In addition, the proportion of
mixture components and interactions among components can also greatly affect raveling
resistance and thus, WTAEsults. Microsurfacing mixture performance is largely driven
based on chemical interactions between emulsion and aggregate. The surface area and
surface charge of aggregate are factors which wil affect the extent of chemical interaction.
The BBS test, whh consists of measuring the bond between a solid aggregate substrate and
binder does not allow for capturing the effects of chemical interaction, which are influenced
by fine aggregates in microsurfacing mixtures. Therefore, it is recommendation that
spedications for microsurfacing residues include a provision requiring WTAT of mixtures
produced the emulsion under consideration prior to application to ensure adequate raveling

resistance.

5.3 Test Results for Rutting and Bleeding at High Temperature

5.3.1 Muli Stress Creep and Recovery (MSCR) Test

The MSCR was used to characterize the rutting and bleeding resistance of
microsurfacing emulsion residues. Tests were conducted at four different temperatures and
three different stress levels. The standard MSCR procexhlyancludes two stress levels:

0.1 kPa and 3.2 kPa.

The nonrrecoverable creep compliancé, ] of binders at a stress level of 3.2 kPa is
an indicator of viscoplasticity and currently proposed for rutting specification of hot asphalt
binders (AASHTO MP19). Hence Jyrat 3.2kPa was used to evaluate the rutting and
bleeding susceptibility of asphalt emulsion residues. A highevalues indicates greater

susceptibility to permanent strain and hence, increased rutting and bleeding susceptibility.
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Figure 5.11, Figure 5.12, Figure 5.13, and Figure 5.14 present the MSCR test results
corresponding to test temperatures of 46°C, 58°C, 64°C7@i@ respectively. Note that all
emulsions were tested at 46°C and 58°C whereas emulsions were either tested at 64°C or
70°C based on their expected performance grade according to asphalt binder specifications
for HMA asphalt binders iIARASHTO M 332 In AASHTO M 332, the maximumly, imit
for standard traffic is 4.6Pa’ at 3.2 kPa stress levah order to attaind,, of 4.5 kP& for the
standard traffic the test temperature is changed t6C7@fter 64C to reachd,, of 4.5 kP&
after conducting MSCHRest onthosethree emulsionghat did not reach to 4.5 kPt 64°C

Results indicate thé,, values of modified emulsions are consistently lower than
unmodified emulsions at each temperature. The only exception to this trendVisGSS
1H-F at 70°Cwhich is expected to perform poorly due to its high emulsifier corient
5%). Trends with test temperature match expectations; a higher test temperature leads to an
increase inJ,; due to softening of the binder. These results suggest the MSCR test can

discriminate between the relative rutting resistance absurfacing emulsion residues.

Unmodified Modified

Figure 5.11. MSCR test results at 46°C aBd® kPa stress.
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Figure 5.12. MSCR test results at 58°C and 3.2 kPa stress.
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Figure 5.13. MSCR test results at 64°C and 3.2 kPa stress.
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Figure 5.14. MSCR test results at 70°C and 3.2 kPa stress.
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5.3.2 MMLS3 Test Results

MMLS3 testing of microsurfacing mixtures was executed at three different high
temperatures: 46°C, 52°C, and 58°C in order to assess bleeding mgd petformance.
Testing at higher temperatures was not possible due to instrumentation limitations. Results
are compared to MSCR residue results and subsequently used to establish specification

limits.
5.3.2.1 Ruitting

Rutting was measured after three differeraffic levels of the MMLS3 testing,
corresponding to 30, 90, and 180 minutes of wheel loading. Note that 990 wheel passes are
completed every 10 minutes. Hence, the number of wheel passes corresponding to these time
intervals are 2970, 8910, and 1782036, 90, and 180 minutes respectively. Note that
results at 90 minutes of loading were not collected at 58°C. Each time a measurement is
made;the specimen must be removed from the test chamber aswhdéioned at the test
temperature prior to resuming MI83 loading. This is time consuming at 58°C as heating to
this temperature is very slow. Therefore, only two measurements of ruttihg were made at
58°C.Microsurfacing mixture rutting test results are presenteldigore 5.15, Figure 5.16,
andFigure 5.17 for 46°C, 52°C, and 58°C results, respectively. Results indicate that the rut
depth of microsurfacing specimen increase with traficking, as expected. Additionally, results
at both 46°C and &8°C represent clear distinction between the performance of modified
and unmodified emulsions. This observation is also applicable for rut depth at 52°C with
exception of MCQS 1H-E and MCQS 1HP-E after 30 minutes loading. However, this is an
isolated cas and thus, results generally appear to be reasonable, indicating that the MMLS3

test is capable of capturing ruttingsistance of microsurfacings.
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Figure 5.15. Rutting performance for microsurfacing enmfs at 46°C.
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Figure 5.16. Rutting performance for microsurfacing emulsions at 52°C.
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Figure 5.17. Rutting performance for microsurfacing emulsionsb&ftC.
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5.3.2.1.1 Comparison between Rut Depth and MSCR Results

The MSCR test results){) of 3.2 kPa stress level at different temperatures are
compared to rutting performance of microsurfacing mixture to further evaluate the abilty of
the MSCR test to capture ity susceptibility of microsurfacing emulsion and to develop
the specification limits fod,.. The correlaton between rut depth ahdcorresponding to 30,

90, and 180 minutes of wheel loading are presentédgire 5.18, Figure 5.19, andFigure

5.20, respectively. The solid markers in the figures correspond to modified emulsions and the
hollow markers correspond to unmodified emulsions. In addition, circle, pyramid, and square
markers a for 46°C, 52°C, and 58°C respectively Figure 5.18 (a), Figure 5.19 (a), and

Figure 5.20(a). Results indicate a temperatundependent relationship exists between rut
depth andJ,,, validaing use of the MSCR test for rutting specification of microsurfacing
emulsion residues. The relationship betwdgrand rut depth gets weaker as the traffic level
increases, which is somewhat intuitive since microsurfacing mixtures experienced less
sensttivity to rut depth at higher trafic levels associated with reaching limitations in possible

rut depths given the ith structure of the microsurfacing samples.
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Figure 5.18. Rut depth and,d relationship for 30 minutes MMLS3 loading (a) delineated by

test temperature, and (b) delineated by emulsion type.
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Figure 5.19. Rut depth and,d relationship for 90 minutes MMLS3 loading (a) delineated by

test temperature, and (b) delineated by emulsion. type
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Figure 5.20. Rut depth and,d relationship for 180 minutes MMLS3 loading (a) delineated by

test temperature, and (b) delineated by emulsion. type
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5.3.2.2 Bleeding

In addition to measurement of ruttihg under MMLS3 loading at high temperature,
bleeding was also measured. Intially, bleeding was measured by means of sand adhesion.
The concept behind the use of sand adhesion is that as bleeding occurs, adhesive emulsion
residue seeps to the surface and wil stick to sand. Thus, a higher sand adhesion indicates a
higher amount of bleeding. Sand adhesion results at each time interval of testing are shown in
Figure 5.21, Figure 5.22, andFigure 5.23for 46°C, 52°C, and 58°C, respectively. Note that
bleeding was measured after each time interval (i.e., 30, 90, and 180 minutes) at 46°C and
52°C using the same specimen. Sand accumulation on the specimen after omertime |
may affect the sand adhesion measured in the subsequent time interval. Due to this concern,

bleeding was measured only after 180 minutes loading at 58°C.

The sand adhesion was expected to increase with increased loading time as bleeding
severity dould increase with increasechfficking. However, the test results shownFigure
5.21, Figure 5.22, andFigure 5.23, show no consistent trend in bleeding with duration of
loading, which could be related to the effect of sand adhesion froprdtieus bleeding
measurementHowever, even at 58°C where only a single bleeding measurement was made
after 180 minutes of whedoading, it is impossible to distinguish between the performance
of modified and unmodified mixtured-igure 5.23). In addition, no clear trend ingeding
severity with temperature exists.
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Figure 5.21. Sand adhesion for microsurfacing emulsions at 46°C.
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Figure 5.22. Sand adhesion for microsurfacingwdsions at 52°C.
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Figure 5.23. Sand adhesion for microsurfacing emulsions at 58°C.
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Since sand adhesion was found to be inadequate for quantifying the bleeding of
microsurfacing mixtures, an alternatiagproach was tried using glossiness. As bleeding
occurs, the asphalt that seeps to the surface leads to an increase in glossiness or shininess and
hence was hypothesized to be a good indicator of bleeding severity. The glossiness of
specimens was measuringing a glossmeter. The glossmeter selected for this study is
manufactured for use with glass, tiles, and car industry to measure the glossiness of the

surface.

Results of glossmeter measurements on specimens loaded in MMLS3 at different
intervals of loaghg are presented iRigure 5.24, Figure 5.25, and Figure 5.26 at 46°C, 52°C,
and 58°C, respectively. Note that these measurements were made on separate samples from
the sand adhesion, and thuand adhesion did not impact the results presented. The
glossiness is measured along the direction of loading. Measurement in the transverse
direction lead to errors since there is also impact of rutting in the transverse direction. Results
indicate that glssiness cannot be used to differentiate the bleeding of different mixtures as

no logical trends with temperature, material type, or loading duration are observed.
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Figure 5.24. Surface glossiness for miswfacing mixtures at 46°C.
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Figure 5.25. Surface glossiness for microsurfacing mixtures at 52°C.
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Figure 5.26. Surface glossiness for microsurfacing mixtusdss8°C.

5.3.2.2.1 Skid Resistance of MMLS3 Tested Specimen

Since the bleeding severity of microsurfacing mixtures could not be differentiated
using glossiness or sand adhesion, the British Penduluner TBBXT) was tried. The safety
concern with bleeding is thatwil lead to loss of skid resistance and the BPT test quantifies

skid resistance. BPT values were measured according to ASTM E 303.

The BPT values measured in the laboratory on MMLS3 loaded microsurfaicng
specimens, were transferred to skid number medsoby Locked Wheel Skid Test (LWST)
number or skid number (SN) for which specifications have been established. The relationship
between BPT value and SN has been developed in FHWA/NG/2B0&searci{JK Im
2013) by Mr. Jerry Blackwelder from NCDOT amdCSU researchers shown in Equation
(5.1) .

Jayawickramaet al, (1996) developed recommended limits for skid resistance of
bituminous pavement usingWST followed by ASTM E 274 to ensure safety as shown in
Table 5.1. Pavements with SN values greater than 30 are considered acceptable for low
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volume roads and SN values greater than 35 are recommended for high volume roads
(Jayawickrama edl. 1996)

Skid Numbe( SN=0.5986* BPT Value7.700: (5.1)

Table 5.1. Typical Skid Number for Bituminous Pavement (Jayawickraghal, 1996)

Skid Number Comments
<30 Take measures to correct
> 30 Acceptable for low volume roads
31-34 Monitor pavement frequently
> 35 Acceptable for heavily trafic roads

The BPTvalues of microsurfacing mixtures were measured on MMLS3 specimens
after 180 minutes loading at 52°C and 58°C. Then, the BPT values were converted to SN
using equation(5.1). Results are shown Rigure 5.27 for 52°C andFigure 5.28 for 58°C.

The minimum SN values at 52°C and 58°C greatly exceed the minimum criteria of 35 for
high volume roads (Jayawickran&t al, 1996). Thus, bleeding does not appear to be a
performance concern for the microsurfacing mixturested and helps explain why

glossiness and sand adhesion did not follow any consistent trends. Based on these results, it
is postulated that bleeding is more related to emulsion residue content of microsurfacing
mixtures as opposed to binder propertiesusTtspecifications are proposed only for rutting

resistance.
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Figure 5.27. SN of microsurfacing mixtures after 180 minutes MMLS3 loading at 52°C.
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Figure 5.28. SN of microsurfacing mixtures after 180 minutes MMLS3 loading at 58°C.
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5.3.3 High Temperature Specification for Microsurfacing

Rutting was identified as a critical high temperature distress for 4sigfacing
emulsions. Resistance to rutting of micrsurfadng residue was characterized using Jheat
the 3.2 kPa stress level in the MSCR tests. The bifideesults were correlated with the
mixture rutting measurements that were taken using the MMLS3 at low, medium, and high
trafic volumes in order to véy that the J,,value is a good indicator of micigurfacing
rutting resistance and subsequently to establish specification lmisesCwere fitted to the
rutting versusly, relationships over the temperature range of 46°C to 58°C and used to
extrapolée the rut depths that corresponded toJthealues measured at 64°C and 70°C, i.e.,
the temperatures at which the corresponding mixture performance could not be measured.
Figure 5.29 presents the relationships between the measured MSCR test parameter and the
mixture rutting performance at high temperatures for low, medium, and high traffic volumes.
The results demonstrate a strong relationship between the Binded the mixture tu
depth, which follows expected trends, indicating that a lalyevalue wil lead to more
rutting resistance. These results indicate also thalnth@lue is a suitable high temperature

specification parameter for micsurfacing emulsion residue.

As previously mentioned, MMLS3 has been conducted at three different time
intervals: 30 minutes, 90 minutes, and 180 minutes that are equal to 2970, 8910, and 17820
MMLS3 wheel passes, respectively. These MMLS3 trafic levels can be converted to
equivalent fidd average annual daily trafic (AADT) values using the procedure proposed by
Adams (2014). The conversion of MMLS3 wheel passes to AADT is summariZzéable
5.2.

Table 5.2. AADT to Equivalent MMLS3 Wheel Passes

Traffic Level | AADT | Equivalent no of Wheel Passes
Low 500 2970
Medium 2500 13125
High 3400 17820
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A maximum allowable rutting threshold of Shéin for laboratontested mixture
specimens was utiizedh the development of the preliminary specification limihe 5.6
mm maximum rutting limit was derived from laboratory tests conducted duringsttiols
because no rutting limit was currently aahle for micresurfacing treatments. The miero
surfacing mixture tests evaluated various commercial rsaracing binders that perform
adequately iservice nationwide, atleast at the low trafic level designated in the
specifications. Based on this kmedge, this studydetermined that all micrsurfacing
binders should pass the specification limit in the PRS at the low traffic level. Therefore,
Figure 5.29 (a) shows that the rutting limit is defined as the rut depth at which all of the
standard micresurfacing binders pass, which is 5.6 mm. Using this maximum rut depth as
well as the correlation between thg value and rut depth at each trafficlwoe shown in
Figure 5.29, the specification limits for the maximum allowahlg; value were determined
for low, medium, and high trafic volumes. Uitely, the longerm validation of these PRS
wil determine if the maximumly, imits that were determined using this maximum rut depth
threshold of 5.6 mm are appropriate for specifying high temperature - snidfeeing

performance, or if these limits need to be adjusted.

159



Pass and grade Fail @ test tem Mediurﬂ Low Fail @ test temb
8 8
a b
, (a) NG
=~ 6 = 6 <
g E
£ =
= 5 < 5
E 2
I8 @
a 4 e 4
E 2
x
3 3 )
OMeasured Rutting O Measured Rutting .
AExtrapol. Rut (Prediction) | 64C Unmodified Jnr 4 Extrapol. Rut (Prediction) - 64C Unmodified Jnr
2 A Extrapol. Rut (Prediction) * 64C Modified Jnr 2 A Extrapol. Rut (Prediction) - 64C Modified Jnr
©Extrapol. Rut (Prediction) | 70C Unmodified Jnr < Extrapol. Rut (Prediction) - 70C Unmodified Jnr
@ Extrapol. Rut (Prediction) | 70C Modified Jnr # Extrapol. Rut (Prediction) - 70C Modified Jnr
1 e T T 1 P S S R Y
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Joe (kPa) 3, (kPat)
’ High‘M| Low Fail @ test tem#
8

Rut Depth (mm)

Measured Rutting
Extrapol. Rut (Prediction) - 64C Unmodified Jnr
Extrapol. Rut (Prediction) - 64C Modified Jnr
Extrapol. Rut (Prediction) - 70C Unmodified Jnr
Extrapol. Rut (Prediction) - 70C Modified Jnr

L L L L L L L L

*oP >0

3 4 5 6 7 8 9 10 11 12 13 14
Jor (kPal)

Figure 5.29. Developed maximum MSCR;, limits derived for micresurfacing PRS high
temperature grading based on performance at: a) low trafic, b) medium traffic, and c) high
traffic.

The preliminary specification limits derived for the medium and high traffic mesu
shown inFigure 5.29 (b) and (c) were found to be very similar (i.e., 2.5kRa medium
trafic and 2.0 kPafor high trafic) because the missurfacing rut depths are similar at the
medium and high trafic volumes. The lack of an increase in rut depth rom medium to high
trafic volumes is due to limitations regarding rut depth. Intially upon trafficking,
densification occurs in the uncompeat micresurface as traffic repetitions increase.
However, after a large volume of traffic repetitions, the thin miendacing mixture can no
longer continue to densify, and the rut depth approaches an asymptotic depth, which was
achieved for most mixtas at the medium traffic level. Therefore, it was decided that one
maximum J,, imit can define acceptable performance for both high and medium traffic

volumes for the micrsurfacing PRS. The maximum allowahlg, imit for both medium
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and high trafic vlumes was selected to be 2.0 KPas this level is the more conservative of
the two limits. CorrespondinglyTable 5.3 provides the MSCR test limits for high
temperature grading of binders used in mBuoofacing treatments in the PRSnally, the

emulsions are graded based ondhdimits and summarizedniTable 5.4.

Table 5.3. Microsurfacing High Temperature PRS Limits

PRS Traffic Grade Maximum J,r @ 3.2 kPa
Low 9.0kPal
Medium/High 2.0kPal

Table 5.4. High Temperature Grade for Microsurfacing Emulsions

MSCR Test ®
_ Temperature (°C) =
Emulsion 46 | 52 | 58 | 64 | 70 553
Type ) 1 TS5
Low Traffic (LT), Jnr —max9.0kPa £ o
MediumHigh Trafic (MHT), Jn, —max 2.0kPa’ et
0.175| 0.56 | 1.382 3.310 7.892
- 1H- - - 64 (L
M-CSS-1H-C Pass| Pass| Pass | Fal at MHT | Fail at MHT (L
0.187| 0.56 | 0.956 3.630 8.44
M-CQS-1H-E Pass| Pass| Pass | Fall at MHT | Fai at MHT 64 (LT)
0.128| 0.329| 1.097 3.150 5.749
M-C55-1H-F Pass| Pass| Pass | Fal at MHT | Fai at MHT 64 (LT)
0.084| 0.293| 0.705 1.784 4575
M-CSS-1HP-C Pass| Pass| Pass Pass Fail at MHT 70 (LT)
0.071| 0.15 | 0.481 0.940 2.926
M-CSS-1HP-D Pass| Pass| Pass Pass Fail at MHT 70 (LT)
0.051| 0.146 | 0.352 0.914 2.095
M-CQS-1HP-E Pass| Pass| Pass Pass Fail at MHT 64 (LT)
0.055| 0.132| 0.427 0.644 1.330
M-CSS-1HL-F Pass| Pass| Pass Pass Pass 70 (MHT)
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5.4 Low Temperature Study for Microsurfacing

5.4.1 DSR Frequency Sweep Temt Emulsion Residue

In microsurfacings, thermal cracking is the critical low temperature distress, which is
related to stress buidup and relaxation properties of asphalt binder. Therefore, standard BBR
properties used in low temperatu#VA performance igqding are promising candidates for
specification of micosurfacing residues as wel. BBR specimen fabrication is tedious and
requires a substantial quantity of emulsion residue to be recovered. Therefore, in place of the
standard BBR, DSR frequency sweept$ were conducted and used to predict BBR
properties at low temperature. DSR testing requires only a small quantity of material for
testing and is easy to implemenConsistent with the current Superpave specificatii60)
and m(60) are determined atthe PG low temperature grade plus 10°C. The use of the
elevated temperature was implemented in the Superpave system to reduce test durations.
During the Superpave PG specification, it was determined that the BBR paraimatdrest
relate to thermal cracking resistance at the low temperature PG are S(7200 seconds) and
m(7200 seconds). The developers of the PG specification deemed conducting creep tests for
7200 secondsgvhich isimpractical and thus suggested testing alahetemperature grade
plus 10°C which would allow reaching the same S and m values after just 60 seconds of
creeptestbased on average asphalt binder isperature shift factors. Therefore, residue
results at typical low temperature grades plus 10°f@ wempared to mixture resulis at

corresponding typical low temperature grades.

The predicted BBR properties, S(60) and m(60},6&C,-12°C, and-18°C are shown
in Figure 5.30. A higher stiffness indicates the higher susceptibility to thermal racking and a
higher mvalue indicates reduced thermal cracking susceptibility. The current Superpave hot
mix asphalt binder PG limit for S(60) maximum 300 MPaandfor m(60) is minimum
0.300. Results ifFigure 5.30 demonstrate modified emulsion residues generaly demonstrate
superior thermal cracking susceptibility with the exception 86QHL-F. If current hotmix
asphalt specification limits are applied to these materials, all have a low temperature grade of
-22°C with the exception d-CSS1H-C, which would grade a46°C. These results appear
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fairly reasonable. However, it is impantato verify that S(60) and m(60) relate to

microsurfacing fracture resistance atlow temperature.
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Figure 5.30. BBR properties from DSR frequency sweep test (a) S(60) and (b) m(60).
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5.4.2 SENB Test on EmulsiorResidue

In addition to evaluating S(60) and m(60) as specification parameters, the SENB test
was considered for thermal cracking specification of microsurfacing residues as thermal
cracking in pavements is related to fracture resistance of the binder. SENBemsts w
conducted using a procedure consistent with chip seal emulsion residues. SENB tests were
conducted at typical low temperature performance grad€sSC,-22°C, and-28°C and

compared to mixture resuls.

The displacement of emulsion residue at maximome for different temperatures
and emulsions are shown figure 5.31. Displacement at maximum force was chosen as the
SENB parameter to characterizhermal cracking resistance as thermal cracks results from
thermal contraction which is related to ductiity. Moreover, displacement of emulsion residue
at maximum force is found to be fairly correlated to displacement at maximum force of
microsurfacingmixture (Figure 5.34). Other fracture mechanics based paramgfessture

energy and toughnes®)vestigatedbut did not correlate as well to mixturperformance.

Results demonstrate that the maximum displacement for each emulsion decreases as
temperature decreases. These results match expected trends as binders become more brittle as
temperature is decreased. Furthermore, modified emulsion regenesally demonstrate
superior performance over unmodified emulsion residues with the exceptionC&IAH-

C, providing some initial evidence the binder SENB test can capture microsurfacing residue

resistance to thermal cracking.
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Figure 5.31. SENB test results for microsurfacing emulsion residue.
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5.4.3 SENB Test on Microsurfacing Mixture at Low Temperature

The SENB test was used to evaluate microsurfacing mixture thermal cracking
resistance at low temperatureheTsame sample geometry as used for binder testing was
utilized for mixture SENB testing. Tests were conducted at typical dompérature
performance gradesl6°C,-22°C, and-28°C. The displacement at maximum force was used
as the performance parameteretvaluate thermal cracking susceptibilifyigure 5.32 shows
the mixture displacement at maximum force results. The displacement of each emulsion
decreases with test temperature decreases as expected. Results also demonstrate superior
performanceof modified emulsions over unmodified emulsions as expected. Thus, results

appear reasonable and are perceived to capture microsurfacing mixture thermal cracking

performance.
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Figure 5.32. Displacement ataximum force measured from SENB test for microsurfacing

mixture.

5.4.4 Low Temperature Specification for Microsurfacing

In order to further evaluate residue properties for use in specifications, residue results
were compared to microsurfacing mixture SENB resufihe relationships between both
creep stiffness and relaxation modulus versus mixture displacement at max force are shown
in Figure 5.33. Results ridicate clear relationships between both residue properties and
mixture SENB results. Therefore, S(60) and m(60) determined from DSR frequency sweeps
are suitable specification parameters to control thermal cracking in microsurfacing residues.
Stiffness, $0), and relaxation modulus, m(60) have limits determined in the existing hot
mix asphalt performance grading binder specifications as discussed. These limits have been
correlated to field thermal cracking resistance, and thus these limits are retaged he
There is no justification available to change these limits from those used rinixhdinder
grading, as there were no existing mixture displacement limits from which new S(60) and

m(60) limits could be derived for microsurfacing residues.
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Figure 5.33. Relationships betweemixture displacement and S(6@) for different emulsions, (b) at different temperaturasd
relationships between mixture displacement and m(@Q0pr different emulsions, (gt different temperates.
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Microsurfacing residue SENB results were also compared against microsurfacing
mixture to evaluate use for specifications. Results are presenkgguria 5.34 (a) with
delineation by emulsion type aéigure 5.34 (b) with delineation by temperature. Results
indicate mixture and residue SENB results are related. However, SENB testing is much more
challenging than DSR frequency sweep testing. A much greater quantity of residue is
required and sample preparation is extremelyious. Furthermore, results are less
repeatable. The DSR is also required for the MSCR test used in high temperature grading of
microsurfacing residues and thus, the SENB test would also require an additional device to
be used in grading microsurfacing Wsions. Therefore, it is recommended that the low
temperature grading of microsurfacing emulsion residues be graded using DSR frequency

sweep teting rather than SENB testing.
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Figure 5.34. Comparison bateen mixture SENB and binder SENB (iflerent emulsions,
and (b)different temperatures.

As discussed, the proposed specification limits for S(60) and m(60) are consistent
with the current performance grading ofdmik asphalt binders at low temperatuf®ased
on this approach, the low temperature grade of emulsion residues tested are determined as
10°C below the lowest temperature at which a residue passes both the S(60) and m(60)
specification criteria.Table 5.5 provides the test limits that were established to characterize a
mcrosur facing binder’s abilit ytempemturese®e st ance
summary of low temperature grades the emulsions tested according to this approach are
presented inTable 5.6. It is recommended that the 67% reliability one day minimum
pavement tengrature be used to determine the low temperature grade required for a given
pavement, consistent with the recommended approach for selecting the required grade for
chip seal emulsionsThe low temperature PRS do not distinguish between traffic volumes.
Low temperature raveling is perceived to occur over relatively short time spans during
extremely cold events and thus is not related directly to the AADT data. Thermal cracking is
not affected by trafic. Thus, for mictsurfacing, a single specification kmihat is

independent of trafic volume is proposed for S(60) and m(60) results.
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Table5.5. Low Temperature Micrsurfacing PRS Limit Summary

Performance Traffic Temperature
PRS Test Parameter Level Range PRS Limit
DSR Stifiness (S) and All Traffic Low Temp. S(60) < 300
Frequency Slope (m) Levels PG + 10°C MPa and
Sweep m(60) > 0.300

Table 5.6. Low Temperature Grade for Microsurfacing Emulsions

Emulsi BBR Test Temperature (°C) Final Low
r_rl1_u selon 6 | -12 | -18 6 | -12 | -18 Temperature
yp 5(60)<300 MPa m(60)>0.3 Grade
M-CSS-1H-C 419 | 121.3| 297.2| 0.343| 0.296| 0.247 -6-10=-16
Pass| Pass| Pass
30.3 | 110.2| 321.4
M-CQS-1H-E Pass| Pass
M-CSS-1HL-F 39.5| 127.9
Pass| Pass
31 101.2 | 273.2 _
M-CQS-1HP-E Pass| Pass | Pass -12-10=-22
30.3 | 100.5| 275.2 _
M-CSS-1HP-D Pass| Pass | Pass -12-10=-22

The micresurfacing binders tested herein were unaged, as-sucfacing treatments
are susceptible to thermal cracking during the first winter after construction, which is very
early in the life of the seal when no significant aging has occurred. Dimn@st winter, it
is expected that a binder is able to pass the S(60) and m(60) limits that have been established
for longterm aged binders. As binders are ioegn aged, these materials must meet those
same thermal cracking lmits if they are to sednermal cracking, because these Imits are
representative of the maximum stiffness allowable and the minimum abilty to relax under
thermal stress that is needed for a binder to resist cracking regardless of age or temperature.
Therefore, the limits deed for longterm aged HMA binders were retained for these PRS.
Ultimately, the appropriateness of these limits for meundacing binders, which are aged
more significantly than the unaged binders included in this study, wil be determined from

field peformance data obtained during the lkdagm valdation plan.
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CHAPTER 6: PRS FOR CHIP SEAL LOW TEMPEATURE RAVELING

6.1 Introduction

This chapterdetails the specificationdevelopmentfor chip seaemulsion residudow
temperature raveling.

6.1.1 Low Temperature Raveling faChip Seal

Aggregate loss is a critical distress at low temperature in chip seals and thus, binder
specifications must include provisions to control low temperature aggregate loss. As
discussed in section 2.1Q, a past study attempted to develop a spat@ic to control low
temperature aggregate loss. However, the modified sweep test used for evaluating chip seal
aggregate loss at low temperature to provide a benchmark to compare binder results against
was unable to discriminate between the performanaenrobdified and modified chip seals
at low temperature (Adams 2014). Therefore, in this study the modified Vialt test was
utlized to evaluate chip seal mixture low temperature aggregate loss. The Vialit aggregate
loss results are shown Ifgure 6.1. Results demonstrate that the aggregate loss increases as
temperature decreases for all emulsions as expected. The aggregate losses of chip seals
containing modified emulsions are consistently lower than chip seals containing unmodified
emulsions, indicamg the procedure is capable of capturing the influence of emulsion type on

low temperature aggregate loss.
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Figure 6.1. Modified Vialt aggregate loss.

Efforts proceeded by comparing modified Vialit ldemperature aggregate loss to
residue properties. Intially, modified Vialt aggregate loss was compared to BBR properties
S(60) and m(60). Consistent with current PG grading, BBR properties are evaluated at
typical low temperature grades plus 10°C wherggegate loss is evaluated at
corresponding low temperature grades. Results are preserfgire 6.2. There is no clear,
binder independent relatiship between BBR properties and modified Vialt aggregate loss,
indicating BBR properties cannot be utilized for specification of low temperature aggregate

loss.
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Figure 6.2. Modified Vialit test resut and comparison with (a) S(60) and (b) m(60).

The BBR test measures linear viscoelastic properties. However, low temperature
aggregate loss is caused by cohesive fracture of the binder within the chip seal. Therefore, in

an effort to better capture chigad emulsion residue resistance to low temperature aggregate,
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the SENB test was utiized. The SENB test details are provided in Sedi@¥43Residue

SENB results were used to calculate fracture toughness according to EqBaKoiSENB

results are presented kiigure 6.3. Results demonstrate the fracture toughness of unmodified
emulsions is consistently lower than modified emulsions with one exception; 2R8-

28°C Figure 6.3). In addition, fracture toughness generally decreases with temperature for a
gven emulsion, as expected. In some instances, fracture toughness does not change
appreciably with teyperature, indicating the test temperature(s) may be below the glass
transition temperature of the binder. These results provide promising evidence the SENB test
can capture binder fracture resistance effectively. Note that the use of fracture energy
detemined from SENB tests was also investigated as a parameter to quantify fracture
resistance of residues. However, trends did not follow expectations with respect to

temperature and emulsion type.
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Figure 6.3. SENB fracture toughness.

Atfter verifying SENB test results were reasonable, the correlation between Vialit
aggregate losand SENB tests was investigated. Results are shoWwigune 6.4 (a) with
delineation by emulsion type améigure 6.4 (b) with delineation by test temperature. Results
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demonstrate fracture toughness and Vialt aggregate loss are related, indicating SENB is an
appropriate test to capture low temperature a@gdee loss. Results also match expected

trends: a lower binder fracture toughness corresponds to higher aggregate loss, indicating
binders more prone to fracture lead to higher raveling susceptibility. Note that other
parameters obtained from SENB testingrevalso investigated, including fracture energy and
displacement at peak force. However, fracture toughness demonstrated the best relationship

to Vialit aggregate loss and thus, was selected for specification.
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Figure 6.4. Correlation between Vialt aggregate loss and binder fracture toughness from

SENB test (a) Different emulsions, and (b) Different temperatures.

6.1.2 Low Temperature Residual Binder PRS Limit Derivation Approach

At low temperatures, ravelingn chip seals is the critical distress type addressed in the
PRS. Loss of aggregate in chip seals at low temperatures was found to occur in a cohesive
fracture pattern in the binder during low temperature mixture performance testing and, thus,
was speculad to be driven largely by the fracture resistance of the residual binder. This
critical low temperature distresses occurred predominantly during the first winter following
the PST construction. Because the winter season came only a short time aftgatlthe in
construction, it was assumed that the low temperature distresses were the most critical
distresses to evaluate while the residue was in its unaged condition. Therefore, unaged

residue was utilized for the low temperature grading.

To develop the lowemperature chip seal binder PRS, the binder SENB test results
were correlated with the mixture aggregate loss results obtained from Vialit tests conducted
at temperatures ranging from 0°C-&8°C. During the low temperature Vialt testing of the

chip sal mixtures, it was observed that the mechanism for low temperature aggregate loss
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was cohesive faiure due to binder fracture under loading, which corresponded to the failure
mechanism in the SENB test. Preliminary specification limits were established by
determining the binder fracture toughness that corresponded to a predefined aggregate loss
threshold at the low temperature. The threshold Vialt aggregate loss value was determined
based on the results shownFigure 6.5, as no previous lab or field studies have established
aggregate loss thresholds at low temperatures. The results presdrigdeit.5 reveals a

clear increase in aggregate loss as the temperature decreases for each emulsion tested. For
certain emulsions, once a critical low temperature was reached, the aggregate loss increased
drastically with decreasing temperature. For example, the-ZIRSE and CRS2L-C

binders demonstrate that aggregate loss increased drastically beh8&€rand-28°C.

Based on these results, athreshold of 27.5 percent maximum allowable aggregate loss was

used for developing the binder SENB test limits at low temperatures.

45
[1C-CRS-2-AE

7 40 O AC-CRS-2-F
3 i ®C-CRS-2L-C
= 35 | o #C-CRS-2P-A
E n BC-CRS-2L-AE
> 30 | A AC-CRS-2L-F
27 [ o r
EX[ » %
” 9 =
92 A
ks . H

° i
g 15 | ° !
[@)]
© 10 t
(@)]
(@)]
< 5 |

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8 6 -4 2 0 2
Vialit Test Temperature (AC)

Figure 6.5. Low temperature aggregate loss with temperatures.

The low temperature PRS do not distinguish between trafic volumes. Low
temperature raveling is perceived to occur over relatively short time spans during extremely

cold events or due to extreme loading (e.g., a snow plow) at low temperatures anddhus is n
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related directly to the AADT data. Thermal cracking is not affected by traffic. Thus, for both
chip seals, a single specification limit that is independent of traffic volume is proposed for
the SENB test results.

6.1.3 Low Temperature Raveling in Chip Sea®ENB Test Limits

The established relationship between binder fracture toughneskafid chip seal
aggregate loss provided the foundation for developing the chip seal specification limit at low
temperatures for the PRBigure 6.6 shows the fracture toughness values measured from the
SENB binder tests plotted against the aggregate loss measured for the chip seal mixtures.
Each data point ifrigure 6.6 (a) represents the average of multiple specimens, and three data
points are shown for each emulsion, representing the average of tests condut@@,at
22°C, and-28°C, respectively.Figure 6.6 (b) is showing the test results for different
temperatures.

The correlation between the binder’s fractur
can be observed iRigure 6.6 is independent of temperature within the low temperature

range, indicating that fracture toughness is the appropriate specification parameter. The
preliminary specification limit for the minimum fracture toughness value that corresponds to

a maximum alowble aggregate loss of 27.5 percent is 1 A, based on the results

shown inFigure 6.6. The Figure 6.6 indicates that almost all of the modified binders passed

this imit, whereas most of the unmodified binders failed to pass this limit at low test

temperatures.
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Figure 6.6. Aggregate loss and fracture toughness of chip seal emulsioby €a)ulsion

types and (b)by different temperatures

The SENB test specification Imit that was established to ensure resistance to low

temperature aggregate dos detailled infable 6.1. Based on the proposed specification limit
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for fracture toughness, the low temperature grade of emulsion residues tested were
determined. The way that the specification works is that thestoteenperature at which the
residue passes the fracture toughness criterion becomes the low temperature grade. The

summary of low temperature grades for the emulsions tested according to this approach are
presented inTable 6.2.

Table 6.1. Low Temperature Chip Seal PRS Limit Summary

Pe rformance . Temperature ..
PRS Test Parameter Traffic Level Range PRS Limit
Minimum Fracture Low
SENB All Traffic Temperature | Kc>1 MP a
Toughness (k) PG

Table 6.2. Low Temperature Grade for Chip Seal Emulsions

Grade

PG XX-10 | PG XX-16 | PG XX-22 | PG XX-28

Emulsion

C-CRS-AE
C-CRS-2-F
C-CRS-2L-C
C-CRS-2P-A
C-CRS-2L-AE
C-CRS-2L-F
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CHAPTER 7: CONCLUSIONS

7.1 Summary of Findings

Performance Related Specifications (PRS) were developed for fresh emulsion
properties related to constructability and storage stabiity of microsurfacing, spray seal, and
chip seal emulsions. In addition, a PRS was developed for microsurfeoioigion reslues
which addressutting and thermal cracking. A PRS for chip seal emulsion residues which
addresses low temperature aggregate was also developed. Pertinent findings related to the

development of these gpieations are detailed below.

7.1.1 PRS Summary

The proposed specifications for spray seal, microsurfacing, and chip seal emulsions
are shown inTable 7.1, Table 7.2, andTable 7.3, respectively. Note that the PRS for chip
seal emulsion residues at high and intermediate temperature was developed prbyiously
Adams (2014) and curing time specification limit for spray seal emulsions weabped by
JK Im (2013).

Table 7.1. Spray Seal (Fog Seal) PerformariRelated SpecificationPRS)

Proposed Test Methods Proposed Testing Conditions

Storage Stability
Modified ASTM D 6930
Measured responses - Rotational Viscosity, n. 25°C
A — 24-hour separation ratio (Rs): 0.5to 1.5

B — 24-hour stability ratio (Rd): Max. 1.5
Sprayability

Modified AASHTO TP 48

Measured response — Viscosity @ 3 shear rates,
Max.100 cP @ high shear rate (150 rpm)
Resistance to Drain—Out

Modified AASHTO TP 48

Measured response — Viscosity @ 3 shear rates,
Min.100 ¢P (@ low shear rate (5 rpm)

Curing Time to Resist Tracking

Modified ASTM D 3121

Measured response: rolling distance,

Time to 25 cm rolling distance
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Table 7.2. Microsurfacing Performance Related Specificat{®RRS)

Microsurfacing Performance Grade
PG 46 PG 32 PG 58
10 [ 16 [ 22 [ 28 | a0 e [ 22 ] 28 | 10 ] 16 [ 22 ] 28
Average 7-day Maximum Pavement < -
Surface Design Temperature, °C* <46 =2 =%
Minimum Pavement Surface Design
Temperature, °C*

>10 | »16 | >-22 | >-28 | >-10 | »-16 | >22 | =28 | >-10 | >-16 | =22 | >-28

Tests on Original Emulsion

Proposed Test Methods? Proposed Testing Conditions
Storage Stability
Modified ASTM D 6930

Measuredresponses: Rotational viscosity, v, 23
A — 24 hourseparationratio (B 0.2t 1.3
B — 24-hour stability ratio (Ba): Max. 1.3
Emulsion Viscosity
Fotational viscometer
25

Measuredresponse: Fotational viscosity,
Mixability: Viscosity @ 3 rpm, Viscosity:
max. 600 cP

Tests on Residue Recovered Using ASTM D7497 Method B

Resistance to Rutting and Bleeding
AASHTO TP 70

Measured Response: Non-recoverable creep
compliance, Jo 46
Max J @ 3.2kPa, 8.75 kPa? (low trafficy

[
[
[
o

trafficy®

Resistance to Thermal Cracking

DSE frequency sweep to estimate BER 5(60)
andm(60) 0 -6 -12 -18 0 -6 -12 -18 0 -6 -12 | -18
Estimate response at specified temperature,
Max. 8(60)=300 MPa_ Min. m(60)=0.300

2Pavement surface temperatures are estimated from air temperatures using an algorithm contained in the LTPP Bind peygoam, or m
provided by the specifying agency.

PWet Track Abrasion Test (WTAT) should be used in accordance with AST M D 891@asure resistance to abrasion loss at the
intermediate temperature grade.

“Lowtraffic is defined as any roadway with an AADT between 0 and 500 vehicles.

IMedium traffic is defined as any roadway with an AADT between 501 and 2500 vehicles. Highsofined as any roadway with an
AADT greater than 2500 vehicles.
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Table 7.3. Chip

Seal Performance Related Specification (PRS)

Chip Seal Performance Crade

B AL

BT

B I G I

i

2 [ I S U |

= ?hﬂ'age T-day Mazimom Pavement Sarface Desig; =

Temperature, °C*

fd

0

Minimom Pavement Surface Deszn Temperature, *C°

=10 | =15 | =3 |

=3

= | =18 ]

] |

g

Test: on Origmal Emunls

2]

Prﬂpnsed Test Methods

Fropoced Testing Conditions

Sto
Vﬁﬁi{: -'l'ST\-II: 6930

Measured responzes: Rotatoral wiscesity, 1,
A—M-bour sepamation mtoe (Bs) 05w 15
B — 24-hour stability rtio (Fd): max 2

1]

Sprayahility

Mpdified AASHTO TP48

Measured response; Viscosity @ 3 chear rates,
M. 400 P (@ high shear rate (150 rpm)

60

Resistance to Dram — Ot

Modified AASHTO TP 48

Measured response; Viscosity (@ 3 chear rates,
Min 30 cP g bow shear me (3 rpm)

]

Resistance to Early Raveli

Modfied AASHTCO TP 2]

Mezagured respomse: Bond srength
Conditioning: 4 bours dry caring

Cry bond strength, min. 304 kPa (ow trafhic) *
Dry bond strength, min 350 kPa (medium maffic)
Drv bood sireneth, poin. 300 kPa (high maffic) "

s
[=]
&

15

[
Lh

mi—fﬁm‘ons

Measured response: Bond strengrch
Conditioning: 21 hours dry curing

Dry bood strength, min. 300 kPa (low maffic)*
Dy bond srength, méin. 600 kPa (medim maffic)
Crv bond strensth, méin. 500 kPa (hizh mifi) *

[
[=]
e

15

Feastance to Wet Faveling (Smpping)
Modified AASHTO TP 21
Measured response: Wt bond strength

Condirionins: 4 bours dry @ test terap, 16 hoars wet @ 20°C,

and 1 hiowr dry (& test femp.
Wt bord smensth, min. 200EPa (low traic) *
Wet bond srength, mén 325 kPa (medivm miic) "
Wet bond smensth, min 450 kPa (hish maffic)

s
[=]
&

15

[
Lh

Tests on Residue Recovered T

nz AGTH

I D7497- Method B

Feastance to Bleeding and Foffine
AASHTOTPR 7O

Measured responze; Non recoverabls oesp
coopliance, T,

M Jor i@ 3.2 kP, BkPa' (ow madfic) *

Wi Jor @ 3.2 P, 5.5 kP (medium rasic) *
M Jor i@ 3.2 kPa, 3kPa' (high maffic)

76

Fessfance to Low Temperature Faveling
Single edze notched bendmg tast
Measured responze: Fracnme toushmess, Ky
Min B 0.1 mm's: 1 MPamm

-10 -16 -1

-10

[

Pavement surface temperatures are estirfratetair temperatures using an algorithm contained in the LTPP Bind program, or may be

provided by the specifying agency.

Lowtraffic is defined as any roadway with an AADT between 0 and 500 vehicles.
Medium traffic is defined as any roadway with an BRbetween 501 and 2500 vehicles.
High traffic is defined as any roadway with an AADT greater than 2500 vehicles.

7.1.2 Fresh Emulsions Specifications

A modified version of ASTM D 6930 was found effective in evaluating the storage
stability of emulsions. Thenodification of ASTM D 6930 was to replace measurement of

residue content with viscosity, which is performance related. The viscosity measured at a low
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shear rate of a reference unstored sample in storage stabilty testing is effective in evaluating
the mkability of microsurfacing emuisions. The three step shear test is effective for
specifying sprayability and drainout resistance of spray and chip seal emulsions using the
rotational viscometer. Specification limits for storage stabilty and construtgabili

parameters were derived using statistical analyses of standard emulsion results under the
assumption that standard emulsions provided represent a broad range of emulsions

successfully used RSTs

7.1.3 Raveling Specification of Microsurfacing Emulsion Ressl

An attempt to develop residue specifications to address microsurfacing raveling was
made. However, it was found that raveling performance could not be captured in a binder test
alone as raveling resistance of microsurfacing is driven by the chenteedction between
emulsion and aggregate. Results demonstrated that the Wet Track Abrasion Test (WTAT)
can capture microsurfacing mixture raveling resistance in dry and wet conditions. However,
results could not be related to residue Bitumen Bond Str€B@B) results. Therefore, no
provisions are included in the developed microsurfacing residue specification to address
raveling. The developed specification does include a footnote recommending WTAT be

conducted before the emulsion is used to construdtrasurfacing.

7.1.4 Bleeding and Rutting Specifications for Microsurfacing Residues

Bleeding and rutting are distresses most critical in microsurfacings at high
temperature. However, results of this study indicate bleeding is not critical at high
temperature igen the residue content of the emulsion is proportioned properly. Therefore,
only specifications to address rutting are proposed in the developed PRS. The Multiple Stress
Creep and Recovery (MSCR) test is included in the developed PRS to address rutting
resistance. The specification parameter proposéd & 3.2kPd. Maximum allowable J,,
specifications were developed for different traffic classifications based on comparison of
residue MSCR results and measured mixture rutting using the Model Molailg Siowlator

(MMLS3), which is a small scale accelerated wheel loading method.
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7.1.5 Thermal Cracking Specifications of Microsurfacing Residues

Thermal cracking was considered as critical distress for microsurfacing instead of
reflective cracking Microsurfacing is not a structural part of pavemettiiis microsurfacing
mixture cannot be expected to stop crack reflection from the existing paveérhent.
stifness and relaxaton modulus of emulsion residue were measured from DSR frequency
sweep test and compdrevith displacement at maximum force of SENB microsurfacing
mixture test, andound to haveairly good correlation.However thermal cracking
performance parameters S(60) and m(60) used for hot mix asphalt, were also proposed for
microsurfacing thermal ccking. Study was not performed on SENB microsurfacing mixture
to determine a limit of mixture displacement based on what S(60) and m(60) could be newly
proposedLong term validation step is an option to refine S(60) and m(60) for

microsurfacing emulsionesidue.

7.1.6 Low Temperature Raveling Specification for Chip Seal Residues

Aggregate loss is a critical distress in chip seals. Residue specifications to address
low temperature aggregate loss have not been developed in previous studies. In this study,
the Sigle Edge Notch Bend (SENB) test is established for specification of chip seal low
temperature aggregate loss under the assumption that aggregate loss at low temperature
occurs primarily by cohesive residue fracture. This assumption was validated by ngmpari
fracture toughness measured from residue SENB tests with chip seal mixture Vialit aggregate
loss tests conducted at low temperature. In order to a establish specification for fracture
toughness, the fracture toughness corresponding to a critical maxatawable Vialit

aggregate loss was determined.

7.1.7 Recommendations

The specifications developed in this study were solely based on laboratory studies. It
is recommended that specifications be valdated and refined based ortaariorigld

validation study.

Vialt was found to be promisinghip seaimixture performancetestat low
temperature in this studgnd intermediate temperaturby Adams (2014)However, BBS
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testwas selected for intermediate temperature bindertdeseasure bond strengfAdams
2014)and SENBtestwasproposedor chip sealow temperaturebinder tesin this studyto
predict fracture toughnes¥ialit mixture testis simple to perform andpecimen fabrication
for SENB test is tediousSo research needs to be accomplistedcceptVialit as candidate
PRStest at low and intermediate temperature. In addigiandardaggregate type needs to
beidentified for which Vialit test wil be accepted as PRS test independent of aggregate

source.

The specifications developed in tletudy did not consider aging of emulsion
residues. Thus, a future study should evaluate the significance of aging in PSTs and the
implications of aging on residue performance. Results could be used to develop a laboratory
aging procedure for emulsion mses and correspondingly refine specifications to
encompass consideration of aged residues.
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APPENDIX A

Performance Graded Microsurfacing Emulsion Specification

Microsurfacing Performance Grade

PG 46 PG 52

PG 58

T0 | 16 | 22 | 28 | 10 | 16 | 22 | -28

10 |

16 |

22 ]

-28

Awerage 7-day Maximum Pawement Surface Design
Temperature, °C?

<46 <52

<58

Minimum Pavwement Surface Design Temperature, °C?

>-10 | >-16 | >-22 | >-28 | >-10 | >-16 | >-22 | >-28

>-10 | >-16 | >-22 | >-28

Tests on Original Emulsion

Proposed Test Methods”

Proposed Testing Conditions

Storage Stability

Modified ASTM D 6930

Measured responses:
A —24hour separation ratio (R 0.2 to 1.3
B —24-hour stability ratio (R): Max. 1.5

Rot at

25

Emulsion Viscosity

Rotational viscometer

Measuredrespons®o t at i onal viscos
Mixability: Viscosity @ 5 rpm, Viscosity: max. 600 cP

25

Tests on Residue

Recowered Using ASTM D 7497 Method B

Resistance to Rutting and Bleeding

AASHTO TP 70

Measured Response: Noe&coverable creep compliance, |
Max J,, @ 3.2kPa,9.0 kPa' (low traffic)®

Max J, @ 3.2 kPa, 2.&Pa’ (mediumhigh trafficf’

46 52

58

Resistance to Thermal Cracking
DSR frequency sweep to estimate BBR S(60) and m(60)
Estimate response at specified temperature,

Max. S(60) = 300 MPa, Mirm(60) = 0.300

-12 -18 0 -6 -12 -18

-12

-18

Pavement surface temperatures are estimated from air temperatures using an algorithm contained in the LTPP Bind paydramravided by the specifying agency.
Wet Track Abrasion Test (WTATShould be used in accordancewith ASTMD 3910 to measure resistance to abrasion loss due to chemistry issues betveeanderelgain at the

intermediate temperature grade.

Lowtraffic is defined as any roadway with an AADT between 0 and 500leshic
Medium traffic is defined as any roadway with an AADT between 501 and 2500 vehicles. High traffic is defined as anywitdaewayADT greater than 2500 vehicles.
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Microsurfacing Performance Grade
PG 46 PG52 PG58
28 | 34 ] 40 [ 46 | 28 [ 34 | 40 [ -46 | -28 | -34 | -40 | -46

Awerage 7-day Maximum Pawement Surface Design

a <46 <52 <58
Temperature, °C
Minimum Pavement Surface Design Temperature, °C* >-28 | >-34 | >40 | >-46 [ >-28 | >-34 | >-40 | >-46| >-28 [ >-34 | >-40 | >-46
Tests on Original Emulsion
Proposed Test Methods” Proposed Testing Conditions

Storage Stability

Modified ASTM D 6930

Measured responses: Rot at i 25

A —24hour separation ratio (R 0.2 to 1.3

B — 24-hour stability ratio (R: Max 1.5

Emulsion Viscosity

Rotationalviscometer

Measured response: Rot atio

Mixability: Viscosity @ 5 rpm, Viscosity: max. 600 cP
Tests on Residue Recowered Using ASTM D 7497 Method B

25

Resistance to Rutting and Bleeding
AASHTO TP 70

Measured Response: Noecoverablereep compliance,,J 46 52 58
Max J,, @ 3.2kPa, 9.&Pa (low traffic)®

Max J,, @ 3.2 kPa, 2.&Pa’ (mediumhigh traffic)
Resistance to Thermal Cracking

DSR frequency sweep to estimate BBR S(60) and m(60)
Estimate response at specified temperature,

Max. S(60) = 300 MPa, Min. m(60) = 0.300

Pavement surface temperatures are estimated from air temperatures using an algorithm contained in the LTPP Bind paygrampravided by the specifyingency.

Wet Track Abrasion Test (WTAT) should be used in accordancewith AST M D 3910 to measure resistance to abrasion lossikteytssies between aggregate and emulsion at the
intermediate temperature grade.

Lowtraffic is defined as any rdaay with an AADT between 0 and 500 vehicles.

Medium traffic is defined as any roadway with an AADT between 501 and 2500 vehicles. High traffic is defined as anywitadmafADT greater than 2500 vehicles.

-18 -24 -30 -36 -18 -24 -30 -36 -18 -24 -30 -36
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Microsurfacing Performance Grade
PG58 PG 64 PG 70
210 [ 16 [ 22 [ 28 | -10 [ -16 | 22 [ -28 | -10 [ -16 | -22 [ -28

Awerage 7-day Maximum Pawement Surface Design

a <58 <64 <70
Temperature, °C
Minimum Pavement Surface Design Temperature, °C* >-10 | >16 | >22 | >-28 | >-10 | >-16 | >-22 | >-28 [ >-10 | >-16 | >-22 [ >-28
Tests on Original Emulsion
Proposed Test Methods” Proposed Testing Conditions

Storage Stability

Modified ASTM D 6930

Measured responses: Rot at i 25

A —24hour separation ratio (R 0.2 to 1.3

B —24-hour stability ratio (R: Max 1.5

Emulsion Viscosity

Rotational viscometer

Measured response: Rot ati o

Mixability: Viscosity @ 5 rpm, Viscosity: max. 600 cP
Tests on Residue Recowered Using ASTM D 7497 Method B

25

Resistance to Rutting and Bleeding
AASHTO TP 70

Measured Response: Noecoverable creep compliance, J 58 64 70
Max J,, @ 3.2kPa, 9.&Pa (low traffic)®

Max J,, @ 3.2 kPa, 2.&Pa’ (mediumhigh traffic)
Resistance to Thermal Cracking

DSR frequency sweep to estimate BBR S(60) and m(60)
Estimate response at specified temperature,

Max. S(60) = 300 MPa, Min. m(60) = 0.300

Pavement surface temperatures are estimated from air temperatures using an algorithm contained in the LTPP Bind paydrapr,avided by the specifying agency.

Wet Track Abrasion Test (WTAT) should be used in accordancewith AST M D 3910 to measure resistance to abrasion lossikteytssies between aggregate and emulsion at the
intermediate temperature grade.

Lowtraffic is defined as any roadway with an AADT between 0 and 500 vehicles.

Medium traffic is defined as any roadway with an AADT between 501 and 2500 vehicles. High traffic is defined as anywitadmafADT greater than 2500 vehicles.

0 -6 -12 -18 0 -6 -12 -18 0 -6 -12 -18
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Microsurfacing Performance Grade

PG 58

PG 64

PG 70

28 | -34 | -40 | -46

28 | -34 | -40 | -46

28 | 34 | -40 | -46

Awerage 7-day Maximum Pawvement Surface Design
Temperature, °C?

<58

<64

<70

Minimum Pawvement Surface Design Temperature, °C*

>-28 | >-34 [ >-40 | >-46

>-28 | >-34 | >-40 | >-46

>-28 | >-34 | >-40 | >-46

Tes

ts on Original Emulsion

Proposed Test Methods”

Proposed Testing Conditions

Storage Stability

Modified ASTM D 6930

Measured responses:
A —24hour separation ratio (R 0.2 to 1.3
B — 24-hour stability ratio (R: Max 1.5

Rot at

25

Emulsion Viscosity

Rotational viscometer

Measured response: Rot at i
Mixability: Viscosity @ 5 rpm, Viscosity: max. 600 cP

(0]

25

Tests on Residue Recowered Using ASTM D 7497 Method B

Resistance to Rutting and Bleeding
AASHTO TP 70

Measured Response: Noacoverable creep compliance, J

Max J; @ 3.2kPa, 9.&Pa’ (low traffic)®
Max J,, @ 3.2 kPa, 2.&Pa® (mediumhigh traffic)

58

64

70

Resistance to Thermal Cracking

DSR frequency sweep &stimate BBR S(60) and m(60)
Estimate response at specified temperature,

Max. S(60) = 300 MPa, Min. m(60) = 0.300

-18 -24 -30 -36

-18 -24 -30 -36

-18 -24 -30 -36

Pavement surface temperatures are estimated from air temperatures using an algotaihed in the LTPP Bind program, or may be provided by the specifying agency.
Wet Track Abrasion Test (WTAT) should be used in accordancewith AST M D 3910 to measure resistance to abrasion lossikteyt ssies between aggregate and emulsidre at

intermediate temperature grade.

Lowtraffic is defined as any roadway with an AADT between 0 and 500 vehicles.
Medium traffic is defined as any roadway with an AADT between 501 and 2500 vehicles. High traffic is defined as anywitadn#A DT greater than 2500 vehicl.
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