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& OE: AR R T R R R e I T B R RE R IR AR A D R A (RERIED . B Rl
FE). C RBMBE) 3AMNEK, BAHEEREINKT, DURH S SRS EEME AT e, @i
EAS IR AR T 7 . WEFCAE SRR =R Ak . S RE RN RE 3 B35 MR, Ak A
M FEE RN C>A>B, RAAEKFHENABC: WEEMMEENB>C>A, HAEKFHENABC: WHEY
WFEEE AN C>B>A, RAEKFHEGNABC,. LG SHEXERER I, #iw A KRN RIEHETTRNABC,.
ZAET: WS B AN T1°C, EEJ 111 cm. B 3.0 Pass, JROM e 75 45 & ML RS BLIT
FEURIA: EEE TR RSN ERK: moriik

FESES: U4 XEFRERG: A

Formulation optimization of crumb rubber modified asphalt based on
orthogonal test

SONG Kuan-bin', WANG Xiao-feng>**, CHU Fu-ke***, YIN Wei-yong***
(1.Henan Transport Investment Group Co., Ltd., Zhengzhou 450016, China;
2.Research and Development Center of Transport Industry of Technologies, Materials and Equipments of Highway
Construction and Maintenance, Zhengzhou 450000, China;
3.Henan Provincial Communications Planning & Design Institute Co., Ltd., Zhengzhou 450000, China;
4.Henan Key Laboratory of Recycling Solid Waste Materials for Road Engineering, Zhengzhou 450000, China)

Abstract: In order to study the influence of formulation factors on the performance of crumb rubber
modified asphalt, resulting in optimizing the preparation formula, the factors of A (rubber powder
source) , B (rubber powder fineness) and C (rubber powder content) were selected to set the three
levels. The softening point, ductility and viscosity of crumb rubber modified asphalt were used as
evaluation indexes to optimize the formulation of crumb rubber modified asphalt by orthogonal test.
The results show that, those factors have significant influence on softening point, ductility and
viscosity. The impact on softening point can be described as: C>>A>B, and the best level
combination is A;B,C;. The impact on ductility can be described as: B=>C>>A, and the best level
combination is A,;B;C,. The impact on viscosity can be described as: C=>B™>A, and the best level
combination is A,B,C,. The preferred combination scheme of different factors is determined as A B,C.,.
Using this combination, the softening point of crumb rubber modified asphalt is 71°C, the ductility is
11.1 cm, and the viscosity is 3.0 Paes. The comprehensive performance of rubber modified asphalt is
satisfactory.

Key words:road engineering ; crumb rubber modified asphalt; orthogonal test; formulation optimization
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Ry e R T IE B AR, RV AR
RKERIHRIER R, FIHRBEEL. LHEh
Ab PRI ER AR BRI TR S RHE B
UF B 254 2% A RE Y . JROK et 0 75 ) A i AR
JEAFRHEC T 2 R M RE I B R R . A E A
XoF JB A e 9 7 o) % v S A RIC 7 AR A T R T A
KW . EENENIIT T AR KURIRN S
SBS & A S I = KABAR S I I FE, IR
b J5 B BB P 0 T i A7 A e 1 K R T
T B A B Ao H i . 5% ANBE
DSRIREE %, WAL 7 AR B E8IRIE 1
SHBEMMAA, EREW: EREEENS
2MREE N, RKonsElEs, RhstnE s
HETUIRI RO, RO S R . EESE
NEWFFE T AN [F) JB A 45 2 VA0 B ) Jie o oo ek 90 75
MAatn. i M ERE 7, KWK E
HNT22%, BMAEE/NT 80 H. XX T
By SO I T B A R T, R BT TR &R
BT HERE I RE I, R BELE A AT A [F S i ] R
Z MBI HAEH

TE A2 56 38 I 35 1 A B R e BN R OK S,
T AN R 52 0 PR 26 2 TR) (1 22 AR A, DROs i o A fE
TR, 2T E RS rE". H R R
= 2 i IE A 1 T Rk DT T AR IE T
T &W, {HIX 8 E 2 W50 0 7T K £ R 2
P SR e X 2 iR 56 R H R 2R RSP 1 2R B iR
Bk 22 B ol E I B 0 B, HOG e B i &
S E R . W IEZ R T E T, A

ROGRAMRZE 73 BT AN e BRI, ASHIT TT X
oSk GO AL, T =R =K IR
e, DUROR SOPE B A R . SERE AR AR N
PEREVE U 4R AR, I RED AT Z AT, GRS
AT EEA R XA P RE SR AR S AR L, B8
SR ST T S AR PR RE R A E SR RS T, DL
JEB A PRI 7 ) 2 S e T AL IR 2%

1 EMESREEE

11 FEirR
111 ARHH
K FH o i AH-70 1 D 25 5030 75 1 4 B 2
PRI - AH-70 175 % WUHEIR WA 1
R AH-70 0 F Al 25 R
Table 1 Test results of the AH-70 base asphalt

PN A A
Tt L/ b si/eC
NH 0.1 mm SEBE/om ik (FFED /°C
2k B 67 =150 493 290
HIAR R 60~80 =100 =46 =230

112 #hh

SR F 3 b AN 5] Sk 050RT 400 FE 1 Jis B 4 Sl TR AT L
A SRR A N KB A . B MR
Ry o BEHY A 433 9 20, 40, 60 H o B A
BhR W3R 2. AN A SR I RO MR BR AR AR 2500 2 (2
MR B T/T 797-2011) E3R,

R2 R edEAn

Table 2 Performance index of rubber powder

Ry T 2 MXEE  BRWY%  FKE% SREEY% THEE% K% WS REBEESEY% BIRESEY%
KA 1.122 3.5 0.3 0.02 0.37 3.7 10.1 35.1 52.6
B 1.117 3.9 0.2 0.02 0.32 4.2 11.6 335 51.6
INETE IR 1.112 4.1 0.3 0.01 0.34 35 13.4 31.4 492
FR(E N 1.10~1.30 <10 <1 <0.03 <1 <8 <16 =28 =48

113 s F

Bl A e, B E DR R E RN
Bk, A5 20%, [FIES, $50100.7% F T g P 7 A
0.2% ATIEF o B U HEDI T il & 20N 1E 180+
5°CLEF, 4ELL2 000 r/min %% 4 #E 45 min, T
L3 500 r/min BTU) R 45 minoe RO Bl 15 7 ) 4%
SERJG, LRI HEAT 5 SR S M RE AR IR .
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Table 3 Factors and levels of the orthogonal test

7K A B/H Cl%
K1 IR R 20 15
K2 K& LR 40 20
KFE3 INE TN 60 25
|a SR R A 40 B AR

Table 4 Factors and levels of different experimental groups

in the orthogonal test

e A B/H C/% =Pl
1 (1) #FELR (1) 20 (1) 15 (1)
2 (1) |WEHRFE (2) 40 (2) 20 (2)
3 (1) #HEHRE (3) 60 (3) 25 (3)
4 (2) R&E%* (1) 20 (2) 20 (3)
5 (2) R&%* (2) 40 (3) 25 (1)
6 (2) R&% (3) 60 (1) 15 (2)
7 (3) NEE (1) 20 (3) 25 (2)
8 (3) NE% (2) 40 (1) 15 (3)
9 3) NEE (3) 60 (2) 20 o)

P RIS, A KT
2 HRWERS S

2.1 RIGHER

R Y I AR, W E SO
RIRYEREFIRE I o A OR = VR RE ROk S
B A A B R R, (HR R AR
Byl R rh i Sl , il TR . iR
PERE VR FE AR e B b A, AR PE BE VAN T A ik
PESCCHEFE . Rk, AR5 K A A 5. 5°CREfE
F177°CHREEE VPN ok et R L 55« ARl
Wi (K 35 S K26 TR, JROR Btk I 7 M e 4
RWFS,
22 ZRAMH

K AR 22 03 M b 7 22 50 i, 1 8 AN TR
Wrdabs FRSAEA S, A B B2 Ok ekt
WA ERE S . R R ZE ik AN R
TEAFIKFE TR SRR AIE, DARARE
FEAN [F KT B 50 48 A5 A KA AN AR /MBI B 22
W10 i 58 AN PR 3R 1 B P K A [] 7K 5 il 36
SERMFL MR . MR, R A FKP X
WIS LM K. HES I RES T2
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JRH, BB o A R R ARG A5 R
PESZIR o J7 220K, 1R A R 7K P o il e 45 2R
{140 5 T K
221 #HALELE R oM

A SR 45 T 2 R T 2 0 BT 45 LK 6.
R 6 Fk Z i a5 T, oM MR R R A 2R —
KV GRETRE) XM R IME R 68.6°C, A
3K B A . RORD Al B R 3R AE 3 AN KR,
B SRR K (40 B X R {E R
68.5°C. ¥ & N R ALE 3K oAb o5 e = (i
NEE =K (25%) % R EAE s 5ME 70.5°C . 4%
HEAS [ DR 3R AR AN [A] KPR B4k sl 22 MOR 317D,
ARIERHF AR B E EWRZER.7C) >
R RN S (BB 4.8°C) >RETHIE (BIME
#£3.7°C), RW: 3APRIZ M Stk I A R
S L P RN AR 15 8= Bk b 2> ok 4 %

MR 6 EZ s kv 7, 3NHREKMWF
GuitEEMNKEVNHET N BB BE (1072.8%)
>R (319.9) >ERB4anE (237.6 H), &
B s 3 A IR 2 56 Je b e M 90 7 A s 52 T R R/
NIEK B B> R RS> M E. 3NHEENF
Gt EEY KT FaitimE, £ 3PMEEXS
FRE A AU 1 AL 3 S PR R

MR B A UM 22 A0 07 22 40 A el 0, = DR 3ROk
B mA BEEw, ZWEEHT N HEC
(B#HBE) >HEA EHFZFED >REB (K
WAL o ASEIFEFIKF T B R A s s & 7
FANABC,.
RS TR B E AT TR BRI 1 A K

LR

Table 5 Orthogonal test results of crumb rubber modified

asphalt with different factors and levels

WS Bikd/,C FEEE/em B /(Pass)
1 62.7 8.9 15
2 71.0 11.1 3.0
3 72.0 10.4 4.1
4 64.9 8.7 1.9
5 72.6 8.2 4.4
6 60.6 9.9 12
7 66.8 7.1 3.0
8 61.9 8.4 15
9 62.7 10.9 1.7
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6 HALEIE S IKIE G R E Aoy 25 HT
Table 6 Range and variance analysis of softening point

of orthogonal test results

RIECED A B/H C /% ZEHB
X, 205.70 194.40 185.20 | 198.00
X, 198.10 205.50 198.60 | 198.40
X, 191.40 195.30 211.40 | 198.80
w2z | K 14.30 11.10 26.20 0.80
o X, 68.60 64.80 61.70 66.00
X, 66.00 68.50 66.20 66.10
X 63.80 65.10 70.50 66.30
K, 4.80 3.70 8.70 0.30
) s 34.13 2534 114.43 0.11
Ji%E
on M, 17.06 12.67 5721 0.05
F, 319.90 237.60 | 1072.80 -
Il S Fyos (2, 2) =19.0
E: RPFIFESE N X 5 RS AT P
R REHTRIR TR R Xe 5 IR FRAE 5§ 2K T R T 08 182 Ak

WIRPRIOIME: K 5 R ERB IR IR 2 K: 3
PRI R TR bR I SAME IO R 220 S 405 T A 22 7 07 A
My HjNEFZ: F: $HjNEFEITRME. HRENT
ZNT 2R ZE T 25, WA R R w2 F A, E
FENREEIMRET A,
222 EFLERSH

PRI 25 RN E AT E e R IR T, H
RKTHWESTERATR, B FRERAEE —K
O GRE TR XL E FE {5 10.1 cm, M3
AT S o R A R R AE 3 AN K e
BEE NS =KF (60 H) XF N IEE ¥ E N
10.4 cm. ¥y 45 & K = A7E 3 N /K P 48 e = e
RE K (20%) XL ZE BE 3 {E 8 10.2 em.
Fo WA A IR 3R 76 A R /K P R 48 B A 22 K BN,
ANEFEGHT A BRAE 22cm) >KHS
&2 (1.7cm) >KHEMZE (13 em), £H: 3K
BT e Ay 0P W T AE P S e R K /N D B 4
>k E > Ko R

MR TR E S REv 5, 3NHREKRNF
Guit EEMNKBVNHET B R E (1024 BHD
>RBmBE (63.7%) >BMFEE (47.000, K.
3™ BRI 28X Ty e 9 7 R 5 e A R /N A Ry
M= BE=R . 3ANKERRN FARit&E
BIRT Faiitim S8, KW 34BN ROk ek
Wi I YA W R

MR A& FE A% 22 R0 07 22 43 M el i, 3 A BRI 3R 0 4
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FEA REVEE W, EEHY N BERB (R
WA >HERC JRMBE) >HERA JRHm
F) o AFBEZRMKF T T RTHETEN
A B,C,.
RT IR R E Fe Ty M
Table 7 Range and variance analysis of ductilit of

orthogonal test results

RS A B/H C /% w5l
X, 30.40 24.70 27.20 28.00
X, 26.80 27.70 30.70 28.10
X 26.40 31.20 25.70 27.50
"z | K 4.00 6.50 5.00 0.60
oo | X, 10.10 8.20 9.10 9.30
X, 8.90 9.20 10.20 9.40
X, 8.80 10.40 8.60 9.20
K 1.30 2.20 1.70 0.20
s, 3.24 7.06 4.39 0.07
LES
M, 1.62 353 2.19 0.03
Zxi)
F, 47.00 102.40 63.70 -
Il 518 Fyos (2, 2) =19.0

223 FEELRHHM

PRI S R A e R AR 8.
TS ZE M EE TR, R FR R R B AL — K
SRR R R I ME N 2.9 Pass, 723
AN R e . O A E R R AE 3 AN K, A
B Rl oS KT (40 HD, X 2 4
3.0 Pass. WM BEKRAEINKTH, FEHRS
HRNEE =K (25%), X %G 318 3.8 Paes,
HRAZHEAET R, ik AR . 75 H i
T®& T, dmEL TR, Z5BEHFH
AL B B R B o P B AIG, E PR R AR E E ER
BEEE. Bk, BB EREREIANKITY, R
AR L A KT (20%) . %I [E &R AEAF
KRR EN Z T AR B & (2.4 Pass) >
K 41 FE (0.8 Pass) =M #2K (0.8 Pass), &
B 3 AN DR300 Tk el MR V0 i 8 FE RS AR FE RN
A} 15 > M 4 =M b 2

RS Z o g Bk v 51, 3NMKRENF
it BEHT MR B E (319.5) = RH 415
(39.3) >KHFE (33.3), £H: 3PEEMNEK
ki BT I T R R R R B KN R R R 5 > IRy
>, 3SNMNHERN FRITEY KT F4&
TG A, R 34ROk v 5 & )
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A R FE R

MRERE LR ZE M7 Z T, =R &
e R, EWERHF AEERC Uk
BE) SHEB (RBE >HREA R
F) o AFBERMKF TR ERTAEGTEN
A B,C,.

8 ALJEIE SR LE RARE Fa Ty £ 45 AT
Table 8 Range and variance analysis of viscosity of

orthogonal test results

HHHARB, WA GMBEESRAR D, ZE R MR E
HKPEIKY = SR bR, R BRIKTF =N
ALK ZRE B ER B AN R K10 1 g 1 5
Wiy, B E H R K K, BECA B, UL,
EAFRRMRELAETRNABC,. ZHE
N BRI A TR R

*9 BZREMARURY EEAREASTE
Table 9 Influence degree of various factors on different

performance and the best combination scheme

RIEIELT A B/H C /% EER
X, 8.60 6.40 420 7.60
X, 7.50 8.90 6.60 7.20
X 6.20 7.00 11.50 7.50
= K 2.40 2.50 7.30 0.40
oo X, 2.90 2.10 1.40 2.50
X, 2.50 3.00 2.20 2.40
X, 2.10 2.30 3.80 2.50
K 0.80 0.80 2.40 0.10
s 0.96 1.14 9.23 0.03
Ji# )
M, 0.48 0.57 4.61 0.01
Zxi
F, 33.30 39.30 319.50 -
Il FHAH Foos (2, 2) =19.0

224 BAESH

AR COPE 00 7 R BR AL R JRE AN 2 R (1
IRHT, R  BR B AN (R A R R R B R A TR A g
MR EEA G 7 R, IR,

ARG 1 BE 95 i 1 EE A% AN AN [ PR 20t 1 B (1Y
ML, e AFEMERER THRILAS, K
A E AN TR R 3R I e Ko Bt el 0 7 A
AT, EEAMA &R AR EEMER, &5
HEPERE. mA M EIRERERAE ~ENEKRR,
ERR A EIRIEREIR T, IR C URBBE) WK
R MBI R 22, P ZE R T
R foe FE 7K 9K =, (H R AR Z K 3N ) e
KRR, HIEBUKF =2 SRR EL,
FEE I TR . BRI, BRIER C R B AR E
NAKFZ, BIENC,, ZKF R IE JE FR R AE 1%
EIEIN RS 4/ G

TEREFEARAR T, 3R AN BRI RE L FE A —
Blo BASIRIRT, BIERAREIERZ K TRERB
(1, BeFERE AN AR, AR ERETE s
T PR ARRIATEOK—. Bk, BHERA
W B R KPR E K —, RIE N A BFXT 3 =
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S b | mErR é,%éﬁ’?ﬂi I SEE
TR He g3 TERE
WiLs | C>A>B AB,C, 71.0°C
13}-3 B>C>A AB,C, AB,C, 1.1 cm
R C>B>A AB,C, 3.0 Pass

3 g

JE 3k S AN R PR R KSR B IE A R 56 45 R o
Mr, BHgRN:

D =P E A S A W R, e
FEHF RREC (KRBE) >HEA KHH
¥ >HEB URMME . Bt S ma
G %N ABC,o

2) ZIHEN YA BEE W, HmEE
HP AR R B (Rpd ) >HEC (R E)
SHREA RHFZD . EXE R RRAE TR
N A B,C,o

3) ZIRENFELA B EER R, MR
HrAREC JRKHBE >HEB RBHYIE
SHREA BRHFZO . S g EMRRAs TR
N AB,C,o

4) FR4E S R R PERE R, Hf T S AN [F R
AR EHAETENABC,. ZHET, KKK
PEVE B oM T71°C, FEFE N 111 ecm, G E N
3.0 Pass, M eUPEYI T 48 & PERE R UT .

£ ik (References):

(11 M=, AL, FI%, 5. RIHE0n S EN i E
VK ATLBE B 520 (1], A Vb 3R 5 4 (B AR B IR,
2018, 15(4): 17-22. (YANG San-giang, ZHOU Xiao-yu,
RUN Ming-tao, et al. Microscopic characteristics of
rubber modified asphalt in different rubber powder

content[J]. Journal of Changsha University of Science &

http://www.cnki.net



%44 KM, 5 T E GRS R PO 7 Be 77 Rk 19

Technology(Natural Science), 2018, 15(4): 17-22. (in
Chinese))

(2] EWIRK, IIES, A, 55 . AR T P A g K S
EANT. B A5 TR, 2020, 36(1): 33-37,55.
(FENG Ming-lin, FENG Zheng-xiang, ZHENG Wei, et
al. Rubber asphalt performance test and analysis of
influencing factors[J]. Journal of Transport Science and
Engineering, 2020, 36(1): 33-37,55.(in Chinese))

[3] Xk, A% . AR K /SBS 4 e ME I 5 B AR M BE 7T
[J]. 2 #% T-#£,2019,44(6):257-260.(LIU Bin,HU Sheng.
Study on technical performance of waste rubber powder/
SBS  composite  modified  asphalt[J].
Engineering,2019,44(6):257-260.(in Chinese))

[4] ERK, B/NK, #A 5, 55 ARSIk 5 SBS
5 SOPE I T IR RERE AL 20 A (0], RERR #haE 4R, 2019, 38
(11): 3695-3702. (WANG Xiao-feng, LYU Xiao-wu,

Highway

CHU Fu-ke, et al. Performance characteristics analyses
of asphalt modified by different types of rubber powder
and SBS[J]. Bulletin of the Chinese Ceramic Society,
2019, 38(11): 3695-3702.(in Chinese))

[5]1 S5 RER A FLH 5 B IGIT # 5L RE i
[7]. A #%,2018,63(10):109-113.(MA Wan,DENG Bao-zhi.
Evaluation of viscoelastic properties of rubber asphalt
with different rubber powder content[J].Highway,2018,63
(10):109-113.(in Chinese))

[6] FEMEXRT, DR SE ARE K525 R 75 1 RE

52 W 5T (0], A 15,2017,37(4):259-262.(WANG
Hui, DENG Qiao, LUO Jian-jun,et al.Influence of rubber
powder content and fineness on asphalt performance[J].
Journal of China & Foreign Highway, 2017, 37(4): 259-
262.(in Chinese))

(7] E$, 522 AEFL . ATl kit 50040 i B G 2 ik
5 2 HE R[], 0 Bl %, 2008, 27(S2): 333-334.

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

(WANG Yan, ZHANG Ai-zhen, REN Chun-sheng.
Theoretical basis and application progress of orthogonal
experimental design and optimization[J]. Chinese Journal
of Analysis Laboratory, 2008, 27(S2): 333-334. (in
Chinese))

[8] ZRE)ILXEE, I Z 5 45 BT IR A WM I 75 1
A W56 BF 7T [0]. 2 % 208 R 4,2017,34(2):7-14.(GUO
Yin-chuan, ZHAO Bin, SHEN Ai-qin, et al. Experimental
study on performance of rubber asphalt based on
orthogonal design method[J]. Journal of Highway and
Transportation Research and Development,2017,34(2):7-
14.(in Chinese))

(9] ZFJKNH, 287755 AR Bk ek 5 PR e AR AL se 36 5 4
HLEE 43 T [J]. 2> % T FE,2014,39(4):276-281.(L1 Yong-li,
CHU Wan-qiang. Study on performance optimization
experiments and modification mechanism of rubber
modified asphalt[J]. Highway Engineering, 2014, 39(4):
276-281.(in Chinese))

[10] w3, H | IEAZ BEvHEAE A R IR R 75 i B T B o
N2 BF 78 (0], 2> B L FE,2019,44(6): 115-118. (GAO
Qiong, TIAN Jun. Study on the application of orthogonal
design method in the matching of environmental
protection rubber asphalt test[J]. Highway Engineering,
2019,44(6):115-118.(in Chinese))

(117 BRIk, M 2835, TRE, 55 HRIUHE B Z % HI S
TR R BC BTt Sk RE)]. SUBE AL i THLAL,
2019, 36(7): 64-67,72. (YANG Guo-lin, XIAO Xu-dang,
WANG Chao-hui, et al. Gradation design and

performance of cold mix asphalt mixture for drainage

and antisliding wearing course[J]. Road Machinery &

Construction Mechanization, 2019, 36(7): 64-67,72. (in

Chinese))

http://www.cnki.net



