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Study on gradation of waste crumb rubber/SBS composite
modified CR/SHMA-13 asphalt mixture

WANG Hui, ZHOU Zheng-hui, ZHAN Shi-hao, WANG Xu

(School of Tralfic and Transportation Engineering, Changsha University ol Science &

Technology, Changsha 410114, China)

Abstract; In order to obtain the suitable gradation range for waste crumb rubber/SBS com-
posite modified asphalt CR/SHMA-13 asphalt mixture, through gradually filling test of
coarse aggregate, percent voids in mineral aggregate and skeleton strength were used as
evaluation indexes to determine the optimum ratio of coarse aggregates of all particle sizes
between the main skeletons. The proportion of coarse and fine aggregate was determined by
the volumetric design method, then the gradation of the CR/SHMA-13 mixture was opti-
mized by orthogonal test. The gradation range applicable to the CR/SHMA-13 mixture was
recommended according to the range analysis. The results show that the pavement perform-
ance of the CR/SHMA-13 mixture is comparable to that of SMA-13 mixture, but is better
than that of the conventional AC-13 mixture.

Key words: asphalt mixture; gradation design; gradually filling test; orthogonal test; pave-

ment performance

Y% B 8 :2021-06-15

BE®WHE:FHEARPEREE B H (51478052) 5 i1 B 4 ¢ iz fiy )T BHE#E 20 5018 B H (201825,201513) 5 K
U H T R R AR 5 AN I H (S]CX202011) 5 Kb i BHEL TR H (KQ2004067) 5 1) B 45 32 38 iz i
JT M bR o A TT 1R 3 H (B202112)

BIEE . £ Q70— B . #Z . EENF M5B R7m MF5E . E-mail: wh. cs. cn@163. com



2 K m Ik EMCA A M E R

2021 %9 A

TEW 5 R A R R b SRR 0Y SRS X 07 7 1R
SRR RE A E = OCTE E AR IR X U0
W EE PR RE = A B W, R IR G R
E2UNNY K S SR SRR S RO (SRR S S
R RL R 2 B, SRR D 45 5 By R
AEFRELA L BESE T W R AR R A B S )
Ais FVBURE 22 8] 14 42 fi OC &R L 45 2R 3 I 3 B 2R BORE
26 i A3 0 50 B Hs S92 K000 6 ot 0 i SR A
(OFEYE SR b/ N ) AR TR O TR R S [
GRS AR A L Z B E R BIE TR T
B ARSI G TR A AT S A
WA 1P RS PP R B SRR IR 2 BT e
REZ MR AR

FURT 87 RFRIC B BT T7 i 2 e . &
KL MR Tk . A N i 2 R R fi
AT AR T VE B i 2 B
[Fi Fsf h2 % i 5 I s T o R P LA S R
TR B R BURRIE S Bl 25 — g 2 Wmii il &
AR AR S0 E TR C, DL R I O i RA
R PR IRy SOV U T R BT A T
PRI WA T2 R 35 AT SR BE I, R
VI I A5y OB S SR TR B iR o A St . th T IR
TS Ry 55 0 4R e o R 2 S KR, AR G i B T ik
ANIE TR 55 TR A R GC B Rk iE
i YA T2 A R A e U L R R 5 i
TR AR T2 o RH B R O e B I B S L A K
JI52 o3 VAL 14 A B SR DR #2343 T R A
O EEA PR S AN, SR T AE % BE BT IR AR 2 T
3X HB 3 UKL A% 0 X G BT AT R, TR IR
¥y /SBS B4 v U w0 3 B AT R ] v e
TR T H M LA E R T S 5 [ PoF 6 B £ S ) 5% 1 1Y
BB AR IS 50 /0N 1) T BN K DI R 2 1
PRI E RS R R E R E. £
5 SO o SR TS [R) HE ) AR B 5 5 RS S R AT
BRI FTIRS 0 L R 09 de /N B 2R ] R L 4
RF BT 5 3h e JE 2 R OGS &R L A
TE A [R5 L9 F) 300 7 A0 100 35 K 68 R 4 R 42
S K 3 AN [R] B 82 W) 3o v B9 BUSE LE A R 2R 4
Fey 1) T8 R R S AN M T AR Y BT L 4 o R
REER ) T R s B Es A, Ik, 7R P T
Rf 7V SRR ] B R A T RP SR A S . X
TR Ky /SBS Z 5 S w IR Ak b T ik = A1

N7 P R BC TR T ik A3 A % BC Y L, AR A0F 5% 38
ORIV BT B R (PR S RN N R
JE S A A £ R 4 B 4% ORI AR A R L B O R L AR
J5 % CR/SHMA-13 1A kY IE 32 32 56 o H 2
Be it AT ek, IR ¥ IE 2 e 25 R B E T
CR/SHMA-13 & & B AL JE .

1 X EM R

L1 BEREH
CR/SBS & A BPE I/ 1) 3 2 H R T8 bl 5=
17N,
R1 CR/SBS 4 4w mHey 28 K4
Table 1 Main technical indexes of CR/SBS

composite modified asphalt
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Table 2 Main technical indexes of aggregates
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Results of gradually filling test
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Table 3 Orthogonal test table of gradation of CR/SHMA-13 mixture %

I S i R B AL Cmm) 80 B T 42
% 16 13.2 9.5 4.75  2.36  1.18 0.6 0.3 0.15  0.075

1 100 82 57 31 22 18 13 7 5 4

2 100 82 65 36 25 20 15 9 7 6

3 100 82 73 41 28 22 17 11 9 8

4 100 82 81 16 31 24 19 13 11 10

5 100 88 57 36 28 18 15 11 11 10

6 100 88 65 31 31 20 13 13 9 8

7 100 88 73 46 22 22 19 7 7 6

8 100 88 81 11 25 24 17 9 5 4

9 100 94 57 11 31 18 17 13 7 6
10 100 94 65 46 28 20 19 9 5 4
11 100 94 73 31 25 22 13 11 11 10
12 100 94 81 36 23 22 15 9 9

13 100 100 57 16 25 18 19 9 9 8
14 100 100 65 41 22 20 17 13 11 10
15 100 100 73 36 31 22 15 7 5 4
16 100 100 81 31 28 24 13 11 7 6
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Fig. 2 Results of orthogonal test
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Table 4 Range analysis of test results

i FLALAZE/ AR bR 2
mm ZERUR/ Y 0ORREIBRCR /Y RREE /KN
13.2 0.6 1.2 0.69
9.5 0.5 1.0 0.42
1.75 0.6 1.4 1.09
2.36 1.9 1.7 1.87
0.075 1.1 1.3 0.88
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Fig. 3 Estimated marginal mean values of key particle sizes
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Table 5 Gradation range of CR/SHMA-13 mixture %
% 1 4 AL Cmm) 1 B & 43 %
1l 16 13.2 9.5 4.75  2.36  1.18 0.6 0.3 0.15  0.075
R 100 100 75 41 30 22 19 16 12 10
TR 100 90 60 31 20 16 13 10 8 6
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4 BBHAMEESH Table 6 Results of rutting test
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Table 7 Results of beam bending test

. Vi piam g RRERINA AR
RA R A
Ry /MPa ep/(X1076) Su/MPa
CR/SHMA-13 9.27 3273 2 832
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Table 8 Results of immersed Marshall test
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