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ABSTRACT

PURPOSES : The objective of this study is to evaluate the effect of physical characteristics of emulsion asphalt and aggregate on

performance of chip seal pavements.

METHODS : In order to evaluate the performance of chip seal materials, the sweep tests and Vialit Plate Shock tests were conducted on the

mixtures with five emulsion asphalt binders and three aggregate types. The sweep tests was intended to investigate the change of bonding

properties between emulsion asphalt and aggregate with curing time. The Vialit Plate Shock test was used to evaluate the bonding properties of

chip seal materials at low temperatures.

RESULTS : Results from sweep tests showed that polymer modified emulsion asphalt can reduce the curing time by 1.5 hour comparing with

typical emulsion asphalt. It is also found that the Flakiness Index of aggregates and absorption rate of binder are the major factors affecting the

bonding properties of chip seal materials. The Vialit Plate Shock test results showed that the average aggregate loss of CRS-2 is ten times

higher than CRS-2P No.2 indicating that the use of polymer additives in emulsion asphalt can improve the performance of chip seal materials

in low temperature region.

CONCLUSIONS : The use of polymer in emulsion asphalt can decrease the curing time of chip seal materials and increase the bonding

properties between aggregates and asphalt binder. It is also concluded that the lower Flakiness Index and absorption rate of aggregates can

improve the performance of chip seal pavement.
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Fig. 1 Chip Seal Construction Practies(Spurlock, 2010)
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Table 1. Characteristics of CRS—2 Binder Properties

Test Items Criteria |Test Result

Viscosity :
Viscosity Saybolt Furol at
50°C(122°F) SFS

100-400 135

Storage stability test, 24-h, % <1 0.1
Demulsibility, 35mL, 0.8%
dioctyl sodium = 40 62
sulfosuccinate, %
Sieve-Test, % <01 0
Particle charge test (+) (+)
Distillation :
Qil distillate, by volume of <3 0.6
emulsion, %
Residue, % = 65 66.3

Penetration, 25°C(77°F), 100g, 5s | 100-250 132

Ductility, 25°C(77°F), 5cm/min, cm| = 40 98

Solubility in trichloroethylene, % | = 97.5 99.5

Table 2. Characteristics of CRS—2P Binder Properties

Test Result

Test Items Criteria

No.1 | No.2 | No.3 | No.4

Viscosity :
Viscosity Saybolt Furol | 100-400| 135 | 132 | 135 | 130
at 50°C(122°F) SFS

Storage stability test,

<
24-h, % <1 01 01| 01| 01
Demulsibility, 35mL,
0.8% dioctyl sodium = 40 62 | 62 | 68 | 65
sulfosuccinate, %
Sieve—Test, % < 0.1 0 0 0 0
Particle charge test (+) (+) | (+) | (+) | (+)
Residue, % =65 | 665|667 669 | 665

Elastic Recovery = 50 65 | 68 71 67

Penetration, 25°C

(77°F), 100g, 55 100-175 | 132 | 125 | 120 | 105

Polymer solids
content(%)

Ductility, 4°C(39°F),

) = 30 68 | 68 | 68 | 68
5¢cm/min, cm

Ductility, 25°C(77°F),

) =125 | 135 | 185 | 135 | 135
5cm/min, cm

Solubility in

>
trichloroethylene, % 297519951995 995 | 995

66 International Journal of Highway Engineering - Vol.15 No.2



Aol geke Shuler(2011)7F AAIEH 7HAA 24
F 2.6%%}F Thekgt vidle] Alddol| ol 7Ht =gt Al
A2EE Yerd LA g 3.2%No.2)0l| tiste] vl
B7betnh, B3 wENEAIE EP%—SM SR
No.2 HRelg o] A 4&-& st= SeMES 1%
7kt No.3¢}t A9 =& xT°1 28-S 3717171 9
3t A0 2 No.3o A44A 1%S A715t No.4s
Alzsto] 7HA fotetAZE BRjIE | st &4
EAS v|W3lo] Table 13} Table 291 ASTM A&+t
ol w2 AIEATE A eskoitt

AUl 88 BAE A Slste] Fufel
HALE BRT AeIA F 539 FAE Ak
AFBAN AYEH L 158 SFustoct TH B
Heo AT FEY) FAT GFE WAL as
F SUHRAIFS, 2007, A9 BAPE BYHEL KS

F 25759 w2t 715 Pi‘i ¥ %“4%011 o3t
% 5+«l A ZFoll HAF 71281 25% o)Akl A
= 7 9)5}o 4#@12§ Table 34 ZAE AAsHAT

Table 3. Type of Aggregate for Chip—Seal

Location Aggregate
A Chungcheongnam—do Granite
B Gyeongsang—do Granite
C Steel Slag
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Table 4. Characteristics of Aggregate Properties

Test Results
Test Items Criteria
A B C
LA Abrasion Loss(%)| < 30 23 29 15

Flakiness Index(%) <25 3.2 13.2 2.9

Fractured Face(%) > 90 100 100 100

Passing #200(%) <1 0 0 0.2
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Fig. 2 Sweep Test
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Fig. 3 Vialit Plate Shock Test
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Table 5. Average Aggregate Loss for Different
Binder Type and Curing Time
(Sweep Test, Aggregate A)

Curing Time(hr)| Emulsion Type AggreAgvaetreangss(%)

CRS-2 38.1

CRS-2P No.1 34.5

1 CRS—2P No.2 291
CRS-2P No.3 17.9

CRS-2P No.4 34.0

CRS-2 26.8

CRS-2P No.1 1.9

1.5 CRS-2P No.2 71
CRS—2P No.3 9.0

CRS-2P No.4 25.3

CRS-2 10.6

CRS-2P No.1 19

3 CRS-2P No.2 2.32
CRS—2P No.3 46

CRS-2P No.4 3.2

CRS-2 2.6

CRS—2P No.1 2.8

5 CRS-2P No.2 2.5
CRS-2P No.3 3.6

CRS—2P No.4 5.3
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Table 6. Average Aggregate Loss for Different
Aggregate and Binder Type and Curing Time
(Sweep Test, CRS—2P No. 2&3)

Aggregate| Curing | Emulsion Average Flakiness
Type |Time(hr) Type Aggregate Index(%)
Loss(%)

CRS-2P No.2 29.1
CRS-2P No.3 17.9
CRS-2P No.2 71
A 1.5 3.19
CRS-2P No.3 9
CRS-2P No.2 2.3

CRS-2P No.3 4.6

CRS-2P No.2| 46.2
CRS-2P No.3| 36.8
CRS-2P No.2| 396
B 1.5 13.2
CRS-2P No.3| 255
CRS-2P No.2 6.3

CRS-2P No.3 12.0

CRS-2P No.2 18.9
CRS-2P No.3 22.2
CRS-2P No.2 12.1
CRS-2P No.3 14.1
CRS-2P No.2 9.7
CRS-2P No.3 14.4
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Table 7. Design Variables for Determining
the Application Rate of Aggregate and
Emulsion Asphailt

Design Variable Typical Value
Middle Aggregate Size 6.5mm
Flakiness Index, Fl 3.2%
Average Least Dimension,

ALD 5.53mm

Loose Unit weight of )

Aggregate, W 1518.3kg/m
Loose Air-void of 0.44

Aggregate, V

Traffic Volume 1000~+2000(T=0.65)

10% whip—off (E=1.1)
Surface Condition Smooth, non—porous(0.0)
Bulk Specific Gravity 2.71
Absorption Rate 0.7
Residual Asphalt Rate 0.667
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