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Development of a Spray-Injection Patching System and a Field Performance Evaluation of
100% RAP Asphalt Mixtures using a Rapid-Setting Polymer-Modified Asphalt Emulsion
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PURPOSES: The purpose of this study was to develop an urgent road-repair system and perform afield applicability test, aswell as discover
the optimum mix design for machine gpplications compared to the optimum mix design for lab applications.

METHODS: According to reviews of the patent and devel oped equipment, self-propelled and mix-in-place equipment types are suitable for
urgent pavement repair, .., potholes and cracks. The machine-application mix design was revised based on the optimum lab-test mix design,
and the field application of a spray-injection system was performed on the job site. The mixture from the machine application and lab
application was subjected to awet-track abrasion test and awhedl-tracking test to calibrate the machine application.

RESULTS and CONCLUSIONS: This study showed that the binder content could differ for the lab application and the machine
gpplication in the same setting. Based on the wet-track abrasion test result, the binder contents of the machine gpplication exceeded the binder
contents of the lab gpplication by 1-1.5% on the same setting va ue. Moreover, the maximum dynamic stability value for the machine application
showed 1% lower binder contents than the maximum lab-application vaue. Collectively, the results of the two different tests showed that the
different Szes and operating methods of the machine and Iab gpplications could affect the mix designs. Further studies will be performed to verify

the bonding strength and monitor the field application.
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Table 1. Flow Chart

Mix Design |

&

Spray Injection Machine Operating |

4

| Wet Track Abrasion Test(Lab & Field) |

4

| Dynamic Stability Test(Lab & Field) |

Table 2. Experimental Plan

Test factors

Test values

Mix design

Binder type

+ CSS-1h

Binder content

+6,7,8, 9,10, 11 %

Aggregate type

* Recycle aggregate(RAP)

Aggregate size

* 2-5mm

Tests

Test type

*Lab
* Field

Wet track abrasion

» Curing condition :
25°C for 24hour

Dynamic stability

» Curing condition :
257 for 24hour
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Strategic Highway Research Program(SHRP)?]
Al 3EFY G2 Baprblol gt Aat AsAQl
H71= Table 39 2oFs}C},

Table 3. Repair Method (Karlsruhe Institute, 2015)

Repair method Description

» Temporary repair
* No previous preparation
* Truck tyres compaction

Throw and Roll

* Increases performance, Raises cost

* Preparation necessary

*Forming until vertical reasonable
pavement

Semi—permanent
Method

* No compaction

* Blow water and debris

* Any weather

* Spray tack coat binder

* Cover layer of aggregate

Spray Injection
Method
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Self-activated

s §
HOT/KOR/Virgin

H |
HOT/USA/Virgin |

l

Pre:(asted/KOR/Virgm

HOT/KOR/Virgin

In plant mixing F

HOT/USA/Virgin, RAP COLD/Europe/Virgin

u
Towing COLD/Europe/Virgin

Fig. 1 Equipment Types
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Fig. 2 Self Propelled and Mix—in—plant Type Equipments
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Fig. 3 Trailer and Mix—in—plant Type Equipments
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Fig. 4 Self Propelled and Mix—in—place Type Equipments
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Fig. 5 Trailer and Mix—in—place Type Equipments
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Table 4. Emulsified Asphalt Property Test (CSS—1h)

Test items Criteria Test result
Viscosity, Saybolt Furol at N
25°C (77°F) SFS 20~100 27
Storage stability test,
20-h, %" 1 max 0.10
Particle charge test + +
Sieve test, %" 0.1 max 0
Cement mixing test, % 2.0 max 0.60
Residue, % min 57 60
Penetration, 25°C (77°F),
100g, 58 40~90 58
Ductility, 2§C (77°F), min 40 78
5¢cm/min, cm
Solubility in .
trichloroethylene, % min 97.5 99.3

" This test requirement on representative samples is waived if
successful application of the material has been achieved in
the field.

3.1.2. Z8=EM(RAP) 22|d g3
Table 5014 H|S2 2,20g/cm? 0|4+ X & ojof 5}
AAZT 2.62g/cm’ SRIE Ao S48 3.63%, &
234 HA e 98.0%= FA7|Fl| BF wHEsh=
2+ ZRlskqiTt

Table 5. Aggregate Properties of RAP

Test items Criteria Test result

Density, g/cm® min 2.20 2.62

Absorption, % 7.0 max 3.63

G. max, % min 90 98.0
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Fig. 6 Mixing Module Hopper Concept Design
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4. Compaction and
curing

3. Fill with a mix of
binder/chippings

Fig. 10 Field Application of Spray Injection System
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Fig. 11 Lab of Field Comparison Test

3.3.1. HiEtH| MN
Hjghd] AL Table 67} o] AdYs}H 01 2~5mm
<A (RAP)QF CSS—1h {3} ofAZEE 0] 83}
S UHE AT 54 QP = AES 3ttt

Table 6. Mix Design

Binder IAggregate| Additives
Mixture tTyepS; content Ag?;zgate ggsizg content
(%) (mm) (%)
A1) 6
A(l)-2 7
AURS | |8 RAP | 25 20
All)-4 9
A(l)-5 10
A(l)-6 11
B(1)-1 6
B(1)-2 7
B(1)-3 ) 8
B(1)-4 Field 9 RAP 2-5 20
B(1)-5 10
B(1)-6 1

Table 7. Specification of Cold Mixed Asphalt for
Urgent Repair

Test items Standard value

Wet track abrasion, g/cm? under 0.080744

Dynamic stability,

257, cycle/mm over 750
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Table 8. Testing Method Comparison for WTAT

Test items This besearch ASTM 3910

Curing condition |  25°C for 24 hour 60°C for 15-24 hour

Water bath | Test right after curing| Test after 60—75min

607 for Absolute

Dry to constant | 25°C for 25-48 hour

dry time
3.3.4. SHAHE A™
TEEY HYPRRE B7ksh] $lste] KS F 23749
Z3lo] AAstgon AJg 2E= 95T Fast
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Table 9. Wet Track Abrasion Test Result
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Wet Track Abrasion Test

otlaz Lab A Field

= 0.080 0072

= A

=

K] 0.0975
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S 0040

w 0.027

E A 0.020 P
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0.022 0.022 D,TL

6.0 7.0 20 9.0 10.0 11.0

Binder contents ()

Fig. 14 Lab and Field Test Result
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Table 10. Dynamic Stability Test Result

Abrasion loss (g/cm?) Dynamic stability (Cycle/mm)
Mixture Mixture

Lab Field Lab Field
A(1)-1 0.083 - A(1)-1 1,324 -
All)-2 0.072 - All)-2 1,990 -
A(1)-3 0.054 - A(l1)-3 2,425 -
All)-4 0.027 - All)-4 2,133 -
A(1)-5 0.020 - All)-5 1,612 -
A(1)-6 0.020 - A(1)-6 853 -
B(1)-1 - 0.075 B(1)-1 - 1,917
B(1)-2 - 0.058 B(1)-2 - 2,320
B(1)-3 - 0.030 B(1)-3 - 2,114
B(1)-4 - 0.022 B(1)-4 - 1,688
B(1)-5 - 0.022 B(1)-5 - 822
B(1)-6 - 0.021 B(1)-6 - 327
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