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Effects of Aggregate Morphological Characteristics on Adhesion of
Aggregate-Asphalt and Its Moisture Stability

WANG Zhixviang'*, LlJiange', ZHANG Zhengqi'

(1. School of Highway, Chang’an University, Xi’an 710064, China;
2. Guangdong Hualu Transportation Technology Co., Ltd., Guangzhou 510420, China)

Abstract: To evaluate the influence of aggregate morphological characteristic on aggregate-asphalt adhesion and
its moisture stability, a new method of quantitative aggregate-asphalt adhesion test was proposed. The morpho-
logical characteristics of aggregates from five sources were tested by aggregate image measurement system
(AIMS) , and the moisture stability of asphalt mixture with different aggregate morphological characteristics
was evaluated. The relation of aggregate morphological characteristics to adhesion of aggregate-asphalt and its
moisture stability was established. The influence of aggregate morphological characteristics on the adhesion and
moisture stability was analyzed based on the grey correlation method. The results show that the proposed quanti-
tative test method of aggregate-asphalt adhesion is simple and reliable. The moisture stability of asphalt mixture
is best when the aggregates morphological characteristics have best angularity in the range of 2 500—3 000 and
the best sphericity in the range of 0.65—0.75. With the increase of surface texture, the moisture stability of as-
phalt mixture is enhanced. The surface texture, angularity and sphericity have the greatest influence on
aggregate-asphalt adhesion, water immersion flying loss, freeze-thaw splitting strength ratio and stripping inflec-
tion point, respectively.
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Table 1 Properties of asphalts

. SBS modified
. y j ) O Index 707 asphalt ohal
W 7 G0 oK A 1 RAE R FFE ; Guo 55 7R FI 42k asphat
- N = S Penetration(25 °C, 5, 100 g)/
SR R G (ATMS) 6 S I i e 1 B (3 oo 64 53
ST \ > Sife V- 4 e S N EIA
HEIEAR) DL B RS AR AT RO, R ILEERDES 5 Ductility(5 em+min”~')/em 28(10 °C) 32(5C)
Wi IR AR 5 PR RE S R % V) 5 Valdés %5 0F 58 & Softening point/°C 48.5 82.0
B, AR RE Y LA AP X 0 R SR B A R B B Viscosity (135 C)/(Pa-s) 0.398 2.835
x2 HEMBBRARER
Table 2 Technical specifications of coarse aggregates
Specification Limestone Granite Basalt Dolerite Gabbro
Crushed stone value(by mass)/ % 15.6 11.8 8.8 9.6 5.6
Los Angeles abrasion loss(by mass)/ % 15.2 5.9 11.5 12.3 10. 8
Apparent density/(g-cm °) 2.785 2.882 2.782 2.766 2.756
Si0, content(by mass)/ % 83 50 48 47

1.2 BE&tbi&it
g ITG E20—201 1 A B TR T M HIRA
BRI ALY, R SR B BT AC-16 - (W

2 3), A (TR EO R 4.7 % Wi IR A B RAE A
10~15 mm AYSE R B A1 KA AR X
A AR AR AR R A AT

&3 AC-16 4 fE
Table 3 Gradation of AC-16

Sieve size/mm 19 16 13.2 9.5

Passing ratio(by mass)/ % 100.0 97.6 77.3 57.4

4.75 2.36 1.18 0.6 0.3 0.15 0.075

34.5 25.5 17.9 14.3 10.1 7.5 5.9
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AR 5 2 ) — T Y 7 1 ok i DK A kL -
A EE P RE, EZERR

(DERRE G 24, A=A 58, 14 %
IR KM 24 h, S5 A0 140 48 105 “CRYBEFE P4k 24 h,
A3 BRI T T2 R g, ma.

(2) 2 LA RL 7 SN AE R 75 Th IR 60 s, 18 215
w12 m,, ong,.

(3) b B 0 71 79 2 LA B 730 HE 100 "CRYFF K

A 30 min, ¥ A5 FR & R4 BT m,, ng,.

(D)3 (1) (2) 7 TR R KR T A5 T
BRI I 7 B 3 BR,, 1 BR,, R (3) 1153 58
AR 7K SRR A B ML, U PPAR SRS SR B B

My — My

BR, = X 100% (1)
My — 7nww
BR, = 20 5 100% (2)
Mg — My
_ BR,— BR,
M, = BR, (3)
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Fig. 3 Typical aggregates characteristic of different sources
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Fig.4 Morphological characteristics of coarse aggregates
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Table 4 Regression relation between M, AS,TSR,SIP and G,

Aggregate

Index Regression relation R*
source
Limestone y=2X10 "x+0.08 0.973
Granite y=3X10 "2r+0.31 0.936
G\-M, Basalt y=2X%10 "z+0.16 0.884
Dolerite y=7X10 "2x+0.10 0. 980
Gabbro y=4x10 "r+0.18 0.938
Limestone y=10""2"+0. 0062+ 22. 74 0.917
Granite y=3X10 "2"+0.014x +33.06  0.938
G,-AS  Basalt y=2X10 "2"4+0.009x +20.99  0.959
Dolerite y=2X10""2"4+0.007x +20.20  0.937
Gabbro y=2X10 °2°4+0.011xr +26.16  0.963
Limestone  y=6X10 *2"—8x10 %x—0.052  0.902
Granite y=0.0012°—1.6X10 '2—0.87  0.944
G,-TSR  Basalt y=8.6X10 “2°—1.4X10 z—0.43 0.945
Dolerite  y=7.1X10 '2*—1.3X10 —0.19 0.913
Gabbro y=0.0022"—3.4X10 x—2.21  0.963
Limestone  y=—0.000 1x°+0. 613z +5612  0.989
Granite y=—0.000 82°+4.43x —2061  0.963
G,-SIP Basalt y=—0.000 12°+0.339x +6 159  0.932
Dolerite y=-—0.000 72°+3. 64x +1645  0.995
Gabbro y=-0.000 92°+4. 84x— 466 0. 986
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Fig. 6 Relationships between M,,AS, TSR, SIP and S,
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Table 5 Regression relation between M,AS,TSR,SIP and S,

Aggregate

Index Regression relation R’
source
Limestone y=—0.02x+0.09 0.978
Granite y=—0.202+0.53 0.930
Sp-M, Basalt y=—0.11x+0. 28 0.882
Dolerite y=—0.422x+0.58 0. 985
Gabbro y=—0.30x+0.51 0.979
Limestone y=56.632"—81. 75x+44.05 0.937
Granite y=193. 672" —284.93xr+119.88  0.953
Sp-AS Basalt y=86.182"—129.970+58.046  0.954
Dolerite y=63. 562" —100. 97x+52. 16 0.935
Gabbro y=95. 432" —146. 66x+68.38  0.960
Limestone y=>5.172"—3.952—0. 83 0.923
Granite y=9.90x"—7.39xr—2. 63 0.981
S,-TSR Basalt y=9.682"—6.90x—2. 52 0.891
Dolerite y=7.462"—5.120—1. 94 0.915
Gabbro y=19.492°—14. 31x—5. 81 0.987
Limestone y=—6440. 42" +9991. 1o +2477.6 0.988
Granite y=—45998x"+64 642:—18 380 0. 985
S,-SIP Basalt  y=—6129.62°+10 730x+1712.2 0.944
Dolerite  y=—28 7412*+43 845r—10 530 0. 997
Gabbro y=—2336362"+48 3650 —11121  0.991
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O O
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Fig. 7 Correlation of parameters between M,,AS, TSR, SIP and Ty
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Table 6 Morphological characteristics and adhesion index of different aggregates

Aggregate G, Sy Ty M, AS/ % TSR SIP
L-Gl 2155 296 0.82 0.079 15.44 0.73 6332
L-G2 2 280 305 0.80 0.080 14.75 0.79 6 380
L-G3 2448 310 0.76 0. 080 14. 21 0.81 6317
L-G4 3321 331 0.64 0.082 15.21 0.85 6247
L-G5 4 425 318 0.49 0.084 17.52 0.75 5824

GR-G1 2 345 582 0.78 0.374 15. 94 0.60 4022
GR-G2 2501 593 0.75 0.384 14.31 0.63 4290
GR-G3 2 847 599 0.70 0.394 15.62 0.68 4297
GR-G4 3444 577 0.62 0.400 17. 84 0.67 4017
GR-G5 3887 566 0.57 0.423 20.27 0.61 3524
B-G1 1986 504 0.85 0.182 10.15 0.70 6322
B-G2 2175 513 0.83 0.198 9.12 0.79 6470
B-G3 2378 524 0.79 0.200 9.23 0.82 6 497
B-G4 3379 536 0.64 0.214 10. 24 0.84 6017
B-G5 4000 539 0.56 0.220 12.25 0.74 5824
D-G1 2015 465 0.84 0.235 12.35 0.71 6022
D-G2 2388 473 0.78 0.252 11.27 0.77 6190
D-G3 2578 482 0.74 0.275 12.14 0.79 6150
D-G4 3012 488 0.68 0.291 13.25 0.75 6017
D-G5 3514 477 0.60 0.336 14.33 0.70 5424
GA-G1 2 405 413 0.78 0.277 12.38 0.68 6122
GA-G2 2418 427 0.76 0.288 11.59 0.75 6217
GA-G3 2748 430 0.72 0.296 12. 24 0.80 6297
GA-G4 3245 444 0.66 0.309 13.33 0.82 6117
GA-G5 3677 430 0.58 0.341 15. 36 0.68 5624

F7 ER-HEORMIERKIREGES SRR KB R
Table 7 Correlation coefficient between aggregate asphalt
adhesion, moisture stability and aggregate
morphological characteristics

Index Gy Ty Sp
M, 0.783 0. 806 0. 760

AS/% 0.813 0.761 0.770
TSR 0.734 0.756 0. 807
SIP 0.731 0.772 0. 854
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RE =107 B SOK B AT B K R L (2) S RPE
AREAE 55 R0 75 BB bR M DGR B HE T
Ty>G,>S,, TEK RIS H AN AAER 1A BT,
AR BL 2% 1T SO SR RE — U0 7 266 BRI S e R K, b A M
K, BRI S 0 R 55 /N | B Rk 3 Al S0 5 H 7
55 A B MHE A B R T e R AE R L (3) HE R

T A HRAE 5 12 KRR R S8 AR AS 1 SC IR B2 HE 78 -
G\>Sp> T, 70K il Z 10 IS E T SR 2R
THT 50 B0 3 7 1R BT K 45T T E A4 52 0 A A 4K
ZIN B AR A AR B 53 M R K T e I g 4 ek i
A BB L A AR I R R SRS 90 7 2 B4 A
TR AR SR RE — 100 — B R 25 K 4 b B AR 0 52 i B
K (4) B RIE A0 Ak 55 VR i BY 208 J¥ HE TSR 424
FI 7% AL TE P 5 SIP R EREHE P B8 : S, > Ty > Gy,
FEOK LSS AR S AT U R AR R A K
R M 2 AR A R B TR AR (BR R ) R 3 T 2 B
2t

3 #Hig

(1) A SCHE RO SRR -1 7 B 4 1 e 7
EAEE S L BB A RX AT T VRN AN 6 5 7 5 AR R
AR RE BT R S TR SR PR BE

(2) B RIERE S, BB R B A Gl I
TR AR KRR E M SE iR TR FEAR . U0 7 R A R
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IK R E M AR B Gl 2 500~3 000, S B M 0.65~
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FE PR

(3) ZERE BT 25 5 A1 A X SR — 100 77 286 PR 1 19

ST 1 R BRI : T > G > S XHZ K REL
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