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Abstract: In this paper, the composite modified high viscosity asphalt was prepared by using the AH-70 #
matrix asphalt, the Middle East natural rock asphalt and the SBS modifier. The combination of rock
bitumen and SBS modifier was designed by using homogeneous design method and the performance of
modified asphalt was determined by penetration test, ductility test, softening point test, 60 ‘C dynamic
viscosity test, Brookfield viscosity test and DSR test. The test shows that the amount of rock asphalt has a
great influence on the penetration degree and the ductility, the amount of SBS modifier has a great influence
on the softening point and the compound content has a positive correlation with the 60 ‘C dynamic

viscosity, the Brookfield viscosity and the anti-rutting factor. Through the test analysis, SPSS software
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was used to establish regression model, and MATLAB software was used to calculate and analyze the
optimal mix proportion of natural rock asphalt and SBS modifier: 5.4% and 6.4 %, respectively.

Keywords: rock asphalt; SBS modifier; compound modified asphalt; mixture ratio
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Table 1 CNOOC AH-70 # asphalt performance index

a0 751 H S &5 5L HRFE IR

B AJE(25 °CL,55,100 g)/0.1mm 64 60~80
FEREE (15 “C .5 cm/min) /cm 103 =100
FEJF (5 C,5 cm/min)/cm 26.8 =20
WAkS/C 16.2 =45
(15 C)/g/cm? 1.029 S5
it =/ % 2.04 <2.2

ARk Y — 0.178 <+0.8
RTFOT J5 TR AJE L/ % 63.5 =61
10 “C#EJEF /em 8.6 =6

x2 HERAENTEEEIER
Table 2 Performance index of Middle East Rock asphalt

s SR
gt B
/(g em™) 1.02
N/ C 235
A/ C 170~200
H %k 30~100
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gk
A 24
B/ 84.88
i/ %% 3.16
/% 1.52
A/ 5.96
A/ % 0.78
1.18 mm i fLiE i %/ % 100
0.3 mm i fLi@ 3L %/ %% 99.3
0.075 mm fifi L@ %/ % 22.4

£ 3 SBS MUMEFIMAEIEIR

Table 3 Performance index of SBS modifier
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PEFEEFE 160 CF 1 h EATIRIK R T 5345 DL 4 000~5 000 r/min AFE 7€ 180 C TR E R, #5111 h;
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Fig. 1 Preparation flow chart of modified asphalt
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XHAHIRH X A ERBE2.5%.5%.7.5%.10%.12.5% ; X,-SBS th tEF 481 .4 %0 .5% .6 % .
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Table 4 Factor level table

KR
K- -
Xi-HWHEBE/ % X.-SBS BRI B E/ %
1 2.5 4.0
2 5.0 5.0
3 7.5 6.0
4 10.0 7.0
5 12.5 8.0
x5 Us(5)Ba&it%
Table 5 Us (5°) homogeneous design table
ig= 1 2 3
1 1 2 4
2 2 4 3
3 3 1 2
4 4 3 1
5 5 5 5
F6 Us(5°)ER%
Table 6 Us(5°) using table
S B2IR=2 D
2 1 2 — 0.310 0
3 1 2 3 0.457 0

H1 2 6 AT Ml 22 (0 D /I %056 i 3 BB a6 0 1) 49 2 20 A1 2 B AR L 228 SO e IO R DR 3R L
M 1.2 VAT T . MRIEER 4~3% 6 ISR O R R RHE ICH G 3R 7 B,
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Table 7 Test admixture combination

BEAG Xi-aWHBE/ % X.-SBS g5/ %
1% 2.5 5.0
24 5.0 7.0
3% 7.5 4.0
4% 10.0 6.0
5% 12.5 8.0
4 RBWERSH

ST TP BRI BT A B RHB L 2 & A1, B R 1 4 RS = 26 05 7 ROt B 43 B 0 v B W PR BE AR A
% 8 iR (SIS 2 (B & MGE I TF ) (GB/T 30516—2014) 5 A ASCHEK PR 2L H AR F8 4 ) .
xS BmEFHIEMHEEIER

Performance index of high viscosity asphalt

I H B FRAEE R
£ ABE/0.1 mm 71.0 =40
HEJE/cm 101.1 =50
Biesi/C 87.5 >80

60 CHi B/ (Pa-s) 44 382 =20 000
iR/ (Pa » s) 2.5 <3

4.1 SIANERBEHH

BEBE RO T W R AR 25 PR RE , ORI AR AR A MR IR A R B . A AR R SYD-
2801D £ A FEAXL CF A3 56 25 J0 5 500 1 BH » L 50 A48 35 2 11 2 35 1 {0 A PR =l r ol 1) . il 0 v
ZMEH 15 °C .25 C .30 CHYHEIEKE RE 25 R WNE 9 FiR.

x9 HAEHXRBRER

Table 9 Test results of the penetration degree

G5 1# 24 34 4% 54 B [
15 “C/0.1mm 20.7 18.7 13.0 10.0 8.0 32.0
25 °C
25 °C /0.1 mm 46.3 42.7 32.7 31.0 23.0 71.0
A JE>40
30 °C/0.1 mm 56.0 49.5 43.7 36.5 34.1 80.0

RYEFR 9 AT, 15 ~5 # g0l , 5 A B 245 3 /N T % 1 E’Jﬁknu%éﬁ?}ﬁ%,iﬁﬁ 2 b T A R o
HUAETERRI S . PR AW, B 1# .28 38 48 SEMFMNEDTH B EZERE N, A SBSE&@
45 B R AFAE M B AW B & P 7 0 I S M RE &2 RARE I B M e B8 K, R [0 R B T 5 AR
ditr fe 266 BT ABEXT FE R AT, 7R 15 °C .25 °C .30 °C B, 1 # a5 4 A9 BF A BE (H 34 0 45380 56 41 A B K AE L 4001
4 20.7/0.1 mm.46.3/0.1 mm,56.0/0.1 mm, /N F X%} 0 5 BE T A& 5 26 0 7 4 A (. 32.0/0.1 mm,
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71.0/0.1 mm.80.0/0.1 mm, UL Frfil &S Bkt ERE B 5. 78 25 CHF, 1 # .2 % FE M AE A B2
HHM 46.3/0.1 mm 5 42.7/0.1 mm,.¥JRKF 40/0.1 mm. il B &S FH VI TR ER,
RIS R T & SO AR AT A SR a s S M ABEZ R ER WA 2 i,
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35

30 1

£ AFE/0.1 mm
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Fig. 2 The relation diagram of the amount of rock asphalt and the penetration degree
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lgP =AT + K, [@D)
20 — 500A
PI= 50 A (22
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Table 10 PI values derived from the regression of each the penetration degree

B ABE
TR Pl
[al 4 J5 72 HERE R

18 lgP = 0.029 7T + 0.883 8 0.999 2.072

24 lgP = 0.029 3T + 0.849 1 0.998 2.170

RE=: lgP = 0.035 8T + 0.587 4 0.998 0.753

48 lgP = 0.039 2T + 0.437 7 0.998 0.135

5% IlgP = 0.042 5T + 02 734 0.999 — 0.400
B R lgP = 0.027 7T + 1.107 2 0.999 2.579

10 Al 12 24 38 4% 5% BEF AJER B PS50 2.072,2.170,0.753,0.135 5 —0.400,1 %
2 0AHM PIESEMH&FDHE PIEQCSTOEER, 38 .48 52 K40 PLEZZE/NF KM, PLE
(2.579), W s # WA, AWEBER 12.5%, PLH N —0.400, 2y 50 ML AT A0, SBSI-D A gt
WEH PUERNIZ KT 0, UbBIIMA RS WIT KRN T EMEEGEME, 245 34040 2ViEBE
3R 5.0% 5 7.5% ALK T 2.5 % HEF ABERE S PT N 2.170 2518 /N8 0,753, BB A Wi B R AT
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5% ~7.5 Y0 Ik, X & A5 BhOPE I 7 B M (0 5 e SRR R R . HEL S I E B R E AT 5% ~T7.5% 21,
4.2 EERI SN
A I B 3 56 T R AE U AR TR M BE L A B U0 R ] SYD-45DBF 1 T 9 1 14 4iE S B 58 A3, i 56 2R
R R 15 C iAKW . EERR A R MR 11 PR,
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Table 11 Test result of ductility

TR 1# 24 34 44 5% MR mETE

KB /cm 90.8 74.7 30.7 38.5 28.4 101.1 > 50

SCPEWITT 1% (2 MAEFEE 50 318 90.8 em  74.4 cm, T A2 5 2 1 75 48 J 48 bR 220K (=50 em) I8 T AL
RN AR 35 (A F 5 # IEERE SR BN 30.7 cm . 38.5 cm . 28.4 cm ARE T 50 em., 2% 5 385 KB4 A
WEBRED BN 5.0%.7.500 AUEM T 2.500 AHIERE/NMETK 44.0 cm, HAWHHFBRERT 7.5000, R
X Y SBS SO R 4B B ELAT BT {HLE BEEARAE 28~40 cm Z 1] /N T 50 em., U OME I B9
FE P 7 W A E ] E R GBI A E B REE/ DT 7.5%.,

43 BURKEDH

B 2R W I 258 S R B 1 A e SR BE L R SRAE UG B m R AR E M. i O R T SYD-

2806 E A s il B A%, Al il g 45 SR Ak 12 i
F12 HURKEER
Table 12 The test result of softening point

i 5 1# 2% 34 iz 5# IDATTCE N R R 7
i 2 /°C 69.8 74.8 67.3 82.7 89.3 87.5 > 80

12 0,1 .28 38 KA AE DR 69.8 °C.74.8 °C .67.3 “C MK T 55 Bh Wi 7 B4k 5 00 & 4% 48 b
(>80 °CH .45 5 52 WAL S 51k 82.7 °C .89.3 C ¥R TF XA MAa R . RYE 2 F kot 70 40k w0, i
I BB i 5 o S FE T PRI s A 06, 2 55 BRI &R A 48 i e KT GR 3 20.5%0) , FEFRAb A LG Bl
FIHERES, RO EBEE/N HA 75X 38 NEBERARKT 1 #MWEBE.EHT 11.5%.H
HBAL S 158/ 2.5 °C, MLAWEBRE1E Q5% /NT 35 (7.5%) ;X 1k SBS SR BR: 15 (5%
KT 34 (4%, B SBS Btk 300t oo v 0 5 v RS e M 1 3 TR 3UR: 7 R 4y
4.4 60 CHHAFEIRXI S

60 Col I F RS R E M O T8 bR 28 AR B 48 515, JeE T RE T BT T & A AR 0 P
FiUiE . SR SYD-0620A BL25 98 R B 408 B AL i 5 R a3k 13 MK 3 s,

F®13 0 CHAFERRER
Table 13 The test result of 60 degrees dynamic viscosity

%5 1# 24 3 4% 5 B EE REER
i/ (Pa+s) 18692 25 162 20 134 30 651 54 138 44 382 = 20 000

M2 13 AT, e VeV 75 1 £ RES B S BEBE K 18 692 Pa » s, BE /N TS k& 3545 (20 000 Pa » ) ;2% |
SE AHE SEMBISEE A 25 162 Pa» $.20 134 Pa+ .30 651 Pa » 5,54 138 Pa » s 3 K T &b 4 48
Fro R 7 A1, SRS /N BN R IHESIIT O . 1 # <2 # <38 <4 2 <5 & 1M 3 J3 265 i /2 R By HE 1
MR 18 <2# <32 <A <5 & W FESRERNE GB R ITLEUEG WA RE RN 0.826, %Lk
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Fig. 3 Relationship between dynamic viscosity and content of compound modifier

PR 5C F AL AT B4 B9 R S 158 B B S0 05 3 184 266 1 ) R 2 52 B S R ) S4B B A D
4.5 mMEHELBERSH
I AN [ 3 BE 25 4 0 7 09 R WURS BE i1 Brookfield B 50 Mil, X 4% NDJ-1F 4 [QH i, 78
120 °C 135 °C\170 “CHJ By 5 & BPEW 7 9 Brookfield 2 B I & LA VEAL & & oM 5 0 B o e R ot . 150 45
Rangk 14 A 4 s,
R4 HTRFELRBRER
Table 14 The test result of Brookfield viscosity

P 1# 24 34 4 5% A (= Eikn
120 ‘C/(Pa * s) 5.40 6.81 6.72 7.02 8.94 5.98
135 C /(P ) 2.50 2.89 2.61 4.08 6.37 2.50 155 ¢
o as*s . . . . . .0
MICH B <3
170 C/(Pa « s) 0.43 0.88 0.54 1.29 1.75 0.55
9.0 -
Y=3.644+0.247X
75
R?=0.898
60 |
A

o
wn O
T

Y=-0.496+0.310X
R=0.851 7Y
N < A 135 T

A5 FCRAE/ (Pa-s)
s

1.5 L Y=-0.475+0.108X

1.0 b R?=0.927

05 F o o 170 C

) I ]
6 9 12 15 18 21

BRI A B R%
4 TREESEGLENXR

Fig. 4 The relationship between Brookfield viscosity and composite content

2 14 AT, 1% 28 38 135 CATREE MM 2.5 Pa + $.2.89 Pa « 5.2.61 Pa « s, 585 & &7
AL AR GBS B AR 4500 . B R S AR AR E (<3 Pa » s), 4% .5# 135 CATICEBE4F 9 4.08 Pa » s,
6.37 Pa « s ERBWIHF M AAEIRIE(3 Par o), EEBERHBKENMNEF R .58 >18>28>38>
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PESLG L 7E 120 °C 135 *C 170 CHYIMREE T 3G e RE5 A1 0.898.0.851,0.927 , 3% B FE A [F] i B2 F 1
RFESRMHERMESBEE RFWLRMECR ., FIRF, JE T 0 F PG N 323X 2 At F 52 m L x5
60 °C 3l J 2 B (9l 56 45 5 5 A ) g R
FEFRBE 120 °C (135 °C 170 C Lt 1# ~5 £ 50 41 T 00 19 2 O0RS B L A4 =X (3) L 20 () 43 Sl 2t
SERROC R ML TR R AE 2 VTS, W3k 15 iR .
lg(T + 273.13) =N — M[lg(lgA) ], (3

lg(lgA ) — 1g(1gA,)
lg(T, +273.13) — 1g(T, +273.13)°

AP N M BRBGT WIREIRE . Cs VTS HRHRIEEGA L (AL 170 °C 120 CXR A BE(E/Pa « 53T\
T, 43310 170 °C (120 C,

VTIS= D

F15 HEXRMZER

Table 15 Viscosity-temperature relation curve table

i [RGB
ETRE VTS
(8] 5 7 RE R R
1% lg(T + 273.13) = 8.1844 — 2.932 9 Ig(lg A) 0.998 — 2.91
2% lg(T + 273.13) = 5.0540 — 1.731 7 1g(lg A) 0.985 — 1.69
3% lg(T + 273.13) = 7.842 6 — 2.798 7 1g(lg A) 0.999 — 2.81
48 lg(T + 273.13) = 5.203 0 — 1.779 7 1g(lg A) 0.999 — 1.77
5% lg(T + 273.13) = 5.005 4 — 1.697 5 lg(lg A) 0.984 — 1.65
kG lg(T + 273.13) = 7.499 7 — 2.668 5 lg(lg A) 0.999 — 2.68

& L5 AT EG0RMENH 15,22 .38 48 .58 KR CRMENIE RE 518 0.998.0.985,
0.999.0.999.0.984, ULH] 15 ~5 350 4 B 40065 (ORI G 38 il 4 38 Wb 38 e or . AR RG R 46 % VTS W, 3
2 48 5HARSIRIER M N —1.69, —1.77, —1.65, HAHH K F M S 25 H (—2.68) 510 15 .35 (1)
R B0 50 — 2,91 —2.81, HAH 55 Al 5t = 3609 7 B R 4230 L 0F — 20 Ul W 3L R O A R A2 2
R CPE R A48 B T i B R AR S R R B RN R A W,

4.6 DSRiXIEHHr

A B YT AR AL (DSRO A W5 B0k I 7 0 e 0 22 v e DE o el P U A R AR PE . R GEMANT-
3 AV A5 5 VI AR AL Cly 32 [ T IR S0 £ R B 3547 PG 3G 56 48 B vE 0 7 19 A G = L 1 RE 4
Fro RIS G * /sin §<C1.0 kPa, iR B 45 R 413 16 FrR FIE 5 s,

16 DSRIXWEER
Table 16 The test results of DSR

- TR I IR B ik e AHALff / K¢ B4

/C (res™ ) VIt & /Pa K /Pa
1% 88 10 72.96 1230.1 1 286.59
2% 88 10 71.51 2 724.08 2 872.33
34 88 10 81.21 1509.28 1527.23
4# 88 10 72.32 3018.33 3167.88
5# 88 10 70.36 5315.7 5 644.1

B = 2 88 10 40.12 1763.23 2 736.3




40 TR K FFHK % 14 K

M DSR IRE S5 RIS, 1% ~5 & S s B -5 00 & 26 0 7 B0 42 B 7 5 TR 22 TR A OC R AT L &5
FAnE 5 R,

70 000 -
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40 000

30000 -
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5 ARBEEBEE—REHETE
Fig. 5 Different asphalt temperature—anti-rutting factor diagram
i3 A R AR AS & A i R By R DA K FUR R IR 17 BN .
17 FAEBSEESREHETFRHER

Table 17 Different asphalt temperature and anti-rutting factor function table

Wi 2k BREOC R e RAL I AL B/ °C
1% Y =7 Xe %% x10° 0.993 4 89.4
2% Y=9Xe X X10° 0.997 4 98.9
3 Y=20Xe “1"¥x10° 0.996 9 91.7
4% Y=20Xe “¥Xx10° 0.999 8 97.1
5% Y=20Xe  “% X 10° 0.999 5 108.8
R A Y =55 755X e 092X 0.940 6 114.8

2 16 FIE 5 AT AL Akl 18 .24 .32 44 58 MHMTE 58 CHUAEMIN T/, 45 23 644.8 Pa,
46 947.3 Pa,38 147.6 Pa.57 569.2 Pa.70 532.6 Pa,im it = T Wi = B 0 & MPTERA 7 (8 542.9 Pa) , BB
WA 2 Pt R Y 5 G oM AR BB A A S U LA B iR RE . (AR R IRE 88 CHE L1 £ 5
SERES AP BIN F (43HN1 286.59 Pa.l 527.23 Pa)¥/NF S B i (2 736.3 Pa) .25 5 4 2 FEAL Y
PUAAH (40 3R 2 872.33 Pa.3 167.88 Pa) 423l T Bt = R U » wd B e Pk 5 266 10 7 L e 42 4 I - i i
AR A TR BRI 5 £ RS BT E R F(5644.1 P JL-F R S Z I Y 2 A5, R 5 £ e RE AL .
H2e 17 AT, 12 ~5 # RE 5 I FLIR 23 9 4 89.4 °C L98.9 °C ,91.7 °C,97.1 °C ,108.8 “CHy/NT i 5 &
T I FUIRE (114.8 °C) , Hovp, 5 4 B 5 5 50 155 26 W 75 10 1 A0 8 A B2 30, R B 5 2 B S %) v L 1k B TR AL
F O AT R SSCPE 0 T 0 2 AR R R L 2 A MR R R R R LR DG R O IE A G,

ZE L TR HEN A Wi S SBS BRI A R S8 R 5.0 5 7.0%,

5 REMILKRE

B A (Y HEHE (Y, VERAG A3 (YY) .60 °C 8l B B (YD) FAR TR FK BE (Y5 ) 1 o BE AR PR BE 435 b, 16 X
HPT B R (X )5 SBS SHERI A5 & (X ) AE NS VR 48 b5, JF18 JH SPSS B1F £ 37 i) $i oy [l A A6 A
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SR JH 8 280 00 7 TR B A B M SR AR A D 20O A ST B Y L d 5 a2 AT MATLAB BCPE SR M 9F 25 45 i3 19
SERR B0 L 45 B e A A 5 Bk v B U B R R A
5.1 EEFEBEEL
H T A2 A PR A PR IO R vh 2% AP 3R (X LX) Sl P L BORR A P 3 [0 82, DU AR oz ) ok 44 10
H R AR 5 B PR Z [ R BOE &, W (5) B s By s O a2, st 6) firs .
Y=f(X)+ f(X)+ KX X, (5)
Y=27 >0 KX +K. XX, +K,.. (6)
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Table 18 The results of the regression model of different indexes

Eifgan (1] =1 A5 7Y R?
[N Y, = — 1.156X,+ 2.583X,— 0.212X,X,+ 38.361 0.990
i JiE Y,= — 11.628X, + 3.245X,+ 0.567X,X,+ 93.408 0.963
A A Yi;= — 0.032X,+ 1.793X,+ 0.194X,X,+ 57.064 0.927
60 C 1% Y, = — 3854.559X, — 2 980.262X,+ 938.231X,X,+ 31 980.172 0.997
i AR Y;= — 0.440X,— 0.469X,+ 0.111X,X,+ 4.512 0.998
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Table 19 Qualified index of high viscosity asphalt

PEfE EFAJE/0.1 mm FEJE/cm BALR/C BB/ (Pa-s)  MIRFEE/(Pa-s)

A R A > 40 > 50 > 80 > 20 000 <3
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Y, =—1.156X, + 2.583X, —0.212X, X, + 38.361 > 40

Y, =—11.628X, +3.245X, + 0.567X, X, + 93.408 > 50

Y, =—0.032X, +1.793X, +0.194X, X, +57.064 > 45

Y, =—3 854.559X, —2 980.262X, + 938.231X, X, + 31 980.172 > 20 000
Y; =—0.440X, —0.469X, +0.111X, X, +4.5123
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Table 20 Asphalt performance under the optimum ratio

o H T & S A WA/ %
A /0.1 mm 41.3 42.6 3.0
HEJE /cm 71 75 5.3
A/ C 75.1 83 9.5
60 Cal G/ (Pa - 9 24 517 25 832 5.1
MIREE/(Pa - s) 2.97 2.95 0.7




% 34 % M.F.20hF5 SBSEAKRKEZEDFHRILHR 43

MR 20 FTH, R AEC LL R A= BT Y ~ YS9 5 TR bR B0 Y 5% 22 43 il O 390.5.3%6.9.5%,
5. 126.0.7 %0 s iR ZE I FATE 1000 LA, HLAS X0UPE BE 18 b 249096 12 w5 6 0 7 RO AR v UL B 1 3 57 0 [l DA Y LAY
A EEPERIAT RO

6 4 &

DA AUk 26075 B EE A 5B RIR A I 2 5 B R AR T SBS SR B4

) B A e R T WL R KRR B B R R RN T SBS BE B .

DB Gk R E B3 1 B RE AT QR BT A RN 1 DL R B B L 4% T0UEE bR 2 5 2 ot R B
IR IEMARKAR,

4) 5 G UV R B B SRR PR R A RHIC LE A D B N 5.4 06, SBS BMERIIB N 6.4 00,

S %3k

(10 Jesm, Mgy, 2000 &5, 4 U ot 0 i BT 2R (0], 8% . 2006, 51(12): 140-142.

Zhou F Q, Zhou B G, Li B G, et al. Study on the application of asphalt modified bitumen[J]. Highway, 2006, 51(12):
140-142. (in Chinese)

[ 2] b, ARz, 52 SOk e 26 0 77 76 HE /K B 0 0 T 5 (7). AR AR S0l R 24 4l 2016, 33(1): 30-36.

Ye F, Yang S Y. Research on application of composite modified high viscosity asphalt in drainage pavement[]]. Journal of
East China Jiaotong University, 2016, 33(1): 30-36. (in Chinese)

[ 3] Rk, ks, BM). ROKE W T ot i 75 Pt S e ME AL BB 2 [ ], iDL B TR 22 2 4l 2R 2 5 RO 5 2011,
35(6): 1161-1164,1169.

LuZF, He Z Y, Huang G. Study on performance and modification mechanism of modified asphalt by native rock-asphalt
[J]. Journal of Wuhan University of Technology (Transportation Science& Engineering), 2011, 35(6): 1161-1164,
1169. (in Chinese)

(4] REF4E, AR, WL, . mkgcHER X I #H & OGFC R A RHERR M R m [J]. K% 58 K224, 2017, 38(5):
94-97.

Xiong Z J, Cheng J L, Deng C, et al. Study of pavement performance of high viscosity modifier in asphalt and OGFC
mixture[ J]. Journal of Dalian Jiaotong University, 2017, 38(5): 94-97. (in Chinese)

[ 5] #s%, A%, kMM, RAEWT BEXT U Mk aE s m L) ] @ STM B3R, 2007, 10€6) : 740-744.

Fan L, Shen Q J, Zhang Y Y. Influence of performance of modified asphalt by native rock-asphalt[J]. Journal of Building
Materials, 2007, 10(6): 740-744. (in Chinese)

[ 6] REH RNEBE T ZX KRG W D IR -G REHEaRrEZm ] AR EHE A, 2007, 4(3): 12-14.

Song G S. Effects of manufacturing process of different modified asphalt on mixture properties[ J]. Modern Transportation
Technology, 2007, 4(3): 12-14. (in Chinese)

[ 7] Gonzdlez O, Munoz M E, Santamaria A, et al. Rheology and stability of bitumen/EVA blends[ ]J]. European Polymer
Journal, 2004, 40(10): 2365-2372.

[ 87 akakak, WIS, A SUa BB MOt i) SMA RS RHRIR B ST ], A8, 2016, 61(7): 240-243.

Zhang T Z. Zhao P. Experimental study on SMA mixture of budunsel rock asphalt used as modifier[J]. Highway, 2016,
61(7): 240-243. (in Chinese)

(9] BERE. I35 SorE 0 3 IR A R I PE BRI W SE (T ). AT i i . 2016, 30(1): 43-46.

Luo W Q. Experimental study on road performance of rock asphalt modified asphalt mixture[ J]. Petroleum Asphalt,
2016, 30(1): 43-46. (in Chinese)

CLO] w0 R T H 0k 4 R 4% 900 77 o e ) o S 3 900 77 19 B PP BT SE LT ], A il 75+ 2001, 15(2) ¢ 41-42,
Liu H, Wang J G, Shi X M. Study on performance of modified bitumen by trinidad lake asphalt[ J ]. Petroleum Asphalt,
2001, 15(2): 41-42. (in Chinese)

CIL] R, AR 2%, W0 AL S& 55 0 75 F R 7 RHE O P BRI OF 72T ). A B, 2006, 51(8): 167-172.

Wu K H, Lun X. Experimental research on road performance of Gilsonite modified asphalt mixtures[J]. Highway, 2006,
51(8): 167-172. (in Chinese)



44 TR K FFHK % 14 K

(127 S RE. AR XUTSR. BT3B U 75 0Pk 93 7 1R B BC A HU B0 B TR R I 1. 23 . 2007, 52(7) ¢ 173-176.
Zhong K, Cao D W, Liu Q Q. Mix proportion design and engineering application of modified asphalt mixture of Xinjiang
rock bitumen[J]. Highway, 2007, 52(7): 173-176. (in Chinese)

[13] B, Ak ss, A9, &5, 2T ROWANGR AR 40 19 5 P 75 et I B PR RE PR [T ). AR KA 22 i CA AR 0D » 2010, 40
(2): 367-372.
Huang G, He Z Y, Hu C, et al. Performance evaluation of rock modified asphalt based on analysis of microstructure and
rheological property[J]. Journal of Southeast University(Natural Science Edition), 2010, 40(2): 367-372. (in Chinese)

[14] Mrfeds, EFHN. BEF¥H I SBS Bevk ) AR AR IALEL 3 AT [T]. 8%, 2007, 52(2): 134-138.
Chen H X, Wang B G. Analysis of interaction mechanism between base asphalt and SBS polymer[ ] ]. Highway, 2007, 52
(2): 134-138. (in Chinese)

[15] méwE. BRA EiE 5 SBS B4 MM E LR G BRI SET]. A8 TR, 2016, 41(4): 78-83,101.
Shang X F. Study on durability of BRA and SBS compound modified asphalt and its mixture[J]. Central South Highway
Engineering, 2016, 41(4): 78-83,101. (in Chinese)

[167] 22 Pk, SBS etk ) 5 JE BT 7 M BCAL B 2T, A #% . 2006, 51(2): 161-163.
Jiang Q L. Study on compatibility of SBS polymer and asphalt[J]. Highway, 2006, 51(2): 161-163. (in Chinese)

[17] X008, 8 B2k, Llol, 5. B e SBS BUHEWi i X HAE OGFC iy B [T]. K b3 TR 2R (AR B . 2013,
10(3): 20-25,72.
Liu S P, Huang W D, Ji S Z, et al. Application of modified asphalt using high dosage SBS in OGFC[]J]. Journal of
Changsha University of Science &. Technology (Natural Science), 2013, 10(3): 20-25,72. (in Chinese)

[18] S8, wRiE/=. SBS st xf st FLAL W & PERE AT SR L . Aami s . 2017, 31(5): 1-3.
Gong R, Mi H C. The influence of SBS modifier on the performance of modified emulsified asphalt[]]. Petroleum
Asphalt, 2017, 31(5): 1-3. (in Chinese)

(%3 R



