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Effect of Waste Rubber Powder on Fatigue Performance of Cement
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Abstract: In order to eliminate fatigue crack, the fatigue performance of cement stabilized gravel with different waste
rubber powder content was studied by three-point loading method. Fatigue mechanism of cement stabilized gravel
with waste rubber powder was characterized by three-point bending beam method. The results show that fatigue lives
of cement stabilized gravels with rubber powder content of 10, 20 kg/m® are better than that of reference cement
stabilized gravel. Cracking toughnesses of cement stabilized gravels with rubber powder content of 10, 20 kg/m’
are 1.49, 2.58 times that of reference respectively. And instability toughnesses of cement stabilized gravels with rubber
powder content of 10, 20 kg/m® are 1.30, 2.21 times that of reference. So fatigue resistances of cement stabilized
gravels with rubber powder content of 10, 20 kg/m’ are remarkable because that its fracture energy is large. Fatigue
performance of cement stabilized gravel with rubber powder content of 30 kg/m’does not increase because that its
bending tensile strength is low with increasing rubber powder content.
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Table 1 Main performance of cement

Setting time/min

3 d strength/MPa 28 d strength/MPa

Fineness/ . -
(m ke~ ) Stability (boiling method)
mrsg Initial Final Flexural Compressive Flexural Compressive
347 Qualified 176 247 5.4 23.3 7.6 46.2
®2 ERHEEMEEIER
Table 2 Main performance of aggregates
Gravel Stone chip
Parameter
20.0-31.5 mm 10.0-20. 0 mm 5.0-10. 0 mm 2.0-5.0 mm
w(flaky particle)/ % 4.8 4.5 4.9
Crushing value(by mass)/ % 18.4
Apparent density/(kg-m ) 2670 2670 2670 2670
Bulk density/(kg-m ™) 1560 1522 1464 1378
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Table 3 Main performance of rubber powder

Apparent w(rubber w(carbon w(natural
density/(kg-m *)  hydrocarbon)/ % black)/ % gum)/ %
627.0 46.2 19.3 32.1
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Table 4 Maximum dry density, optimum water content and 7 d unconfined compressive strength of cement stabilized gravels with

different cement contents

w(cement)/ % Maximum dry density/(g-cm )

Optimum water content(by mass)/ %

7 d unconfined compressive strength/MPa

5 2.352
6 2.373
7 2.418
8 2.382
9 2.384

5.5 6.2
5.6 7.3
6.2 8.2
6.3 10.3
5.0 12.7
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Table 5 Mix proportion of middle beam specimens

Unit: kg/m*
Gravel

t - Rubb
Specimen Cement E?e 5.0— 10.0- 20 0— Water der
chip 160 900 - powder

31.5mm
mm  mm
L-1 124 670 335 223 1004 130 0

L-2 124 648 338 226 1016 130 10
L-3 124 626 338 226 1016 130 20
L-4 124 604 338 226 1016 130 30
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Table 6 Fatigue lives of cement stabilized gravels with different
waste rubber powder contents

Unit:times
Specimen n’i:;:er ‘
0.6 0.7 0.8 0.9
N1 520296 378502 236707 255706
N2 514 876 333 145 36 072 90 826
N3 405933 218415 31808 10 205
N4 316 325 206 219 8696 1924
L-1 N5 167 823 16 390 3092 1790
N6 163 816 1403 1 805 1783
N7 37 695 666 1240 1562
NS§ 22423 241 214 839
N9 19 682 200 139 178
N1 769364 355379 308481 240487
N2 592023 333586 106403 165406
N3 561529 117505 101087 4204
N4 376 934 93 069 22 086 4082
L-2 N5 329999 27 006 17 847 2 806
N6 260 876 17 726 7 855 1791
N7 204 861 3034 2217 394
N8 35183 1087 955 247
N9 21210 679
N1 711252 600028 376934 31408
N2 622231 401129 187076 31187
N3 616 760 296 917 134 342 4036
N4 404 648 109 581 53 569 1039
L-3 N5 317 126 53 243 1689 605
N6 90 356 45901 901 484
N7 81072 15902 197 293
N8 70 989 2421 138 125
N9 105
N1 702796 263752 164 275 6931
N2 653092 233122 118841 251
N3 611730 226 551 58778 98
N4 611 267 72 949 18 037 67
L4 N5 487 294 67 361 4 364 49
N6 316 126 67 361 1835 29
N7 218 304 48 376 559 12
N8 78 528 11812 143 11
N9 615 3764
lgN=a+ bk (1
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Table 7 Parameters and fatigue equation of cement stabilized gravel with different waste rubber powder contents

Specimen X Y Lax Lxy Lyy a b Fatigue equation
L-1 0.744 1 4.3988 0.636 2 —2.1213 35.7557 8.1198 —5.000 6 y=—5.000 6x+8.119 8
L-2 0.754 4 4.276 1 0.426 8 —3.3417 53.7132 10. 2796 —4.956 5 y=—4.956 5x+10. 279 6
L-3 0.754 3 3.956 0 0.3658 —5.5720 96.7117 13.056 7 —4.8079 y=—4.807 9x+13.056 7
L4 0.7500 4.1389 0.450 0 —2.3970 51.444 1 8.1339 —4.3267 y=—4.326 7x+8.133 9
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Table 8 Fatigue equation and analysis of cement stabilized gravel with different guarantee rates

L L Sum of  Degree of Standard o Guarantee . .
Specimen  Deviation o Statistic ' Significance A Fatigue equation
squares  freedom  deviation rate/ %
Regression  10.607 7 1 99 2.457 2.2095 y=—5.0006x+5.9136
Highl
L-1 Surplus  25.1480 32 0.8865 13.4979 . lg, Y 95 1.697 1.5261 y=—5.0006x 4 6.5937
significant
Sum 35.7557 33 90 1.310 1.1780 y=—5.006x + 6.9418
Regression  25. 588 6 1 99 2.457 1.9290 y=—4.9565x+7.9468
Highl .
L-2 Surplus  27.124 6 34 0.9354  30.3873 . lg, Y 95 1.697 1.3323 y=—4.9565x+8.6683
significant
Sum 53.7132 35 90 1.310 1.0280 y=—4.9565x+9.0361
Regression 76.937 1 1 99 2.457 2.3328 y=—4.8079x+ 11.1277
Highl
L-3 Surplus  19.774 7 31 0.7741 128.3872 . ‘? Y 95 1.697 1.6113 y=—4.8079x+ 11.7244
significant
Sum 96.7117 32 90 1.310 1.2438 y=—4.8079x+12.0287
Regression 12.768 2 1 99 2.457 2.6565 y=—4.3267x+5.4774
Highl
L4 Surplus  38.6759 34 1.0665 11.2245 . oY 95 1.697 1.8348 y=—4.3267x+6.2991
significant
Sum 51.444 1 35 90 1.310 1.4164 y=—4.3267x+6.7175

FQULH 5 MR EZ B FIH RS oMb B, o R FRAEA R 8 e B ME 5 B2 B ) S /K
P a R a0 A R AR, 2 9% 55 i 22 0 4 B ey VR e e B BE I 8 PR far 201 T i s -
K, a fE R, DU 55 2 i 7 Bl KR RRE R ATt SRR E Ik, I v] b — 28 40 K U B R W A 0% 57
P57 PERERR AT 5 0 Ry I R e e 55 I ZR i bE Sz .0 HLER .
(BB, D0 il R BE , 158 PR N 7 4 A8 A% 57 7 i s i) FR A5 2 5 e A FL AR SCor M 285 38, i = a5 il
KR ST E AR B EH 10.20.30 kg/m* BRI R, J-0 1% 6 3 o 41 K U8 a5 A i1, X-10,
RO IR E WR A 1 O (E/INT UL BB AR FIRIE X204 SR R AR B 48 1 10,20 kg/m? B9 448 .
53 I 98 57 5 i Xk L 3 A8 AR ) BEURRPE B AR SR AR R A5 B & R R 1 B R B P I R L SR B 1 B
¥r#a iR 10,20 kg/m K RRERA I o FEMESH CMOD, JEZ24H) B K MBI K. 455 1032 9.

H48.550 4 F111.626 9, B HIUR ST PR W2 5 5w R ®9 ZATHPEHP,,,, CMOD MK RS
KRB E N 30 kg/rn3 H 7K Ve Fa i e AT 1Y o 3 E 5 3t Table9 P,..CMOD, and double K fracture parameters of

three-point bending beams

ML LA I 35 OO 57 Pl AT S 2 ‘
[ L9 55 1 AR (L5 MR LA 56 L'ﬁ Specimen P /kn CMODS Kib/(MPas K/ (MPa:

BHE R 6 B SRR , R TR e moom

5 5 6 I S0 O W A, fE é%#i‘%ﬁa S " Lo e

%%Eiﬁﬂﬂ#,ﬁ*ﬂ%ﬁﬁ&ﬁ%’fﬁ%ﬁ X-10 8. 265 82 1.083 1.676
X-20 9.413 92 1.876 2. 844

3 UESS RS 2 0 T+ B 2L O G B FE KO

31 WKETRSH 0.726 MPa-m"* KB K3 b 1.289 MPa-m"*;

b S04 FE 2 R b 2L S TR B e/ S FERR R B BN 10,20 kg/m’® 13 28 & 2449 BE 43 51



%1

ETT R A AR XK PR SE B A PO 05 P AR Y 5 89

JEIEMEALNY 1.49 . 2.58 1%, R A B 43 ol 2 S v AL 1Y
1.30.2.21 4% . Ut W 24 B SRR B B 48 /N T 20 kg/m
B, 7K U RS B 1) U 244 B B TR 5 AR I B 4B
T R A5 0 AR A 1 K U AR E T A R 2L )
JEE AN R ) B 38 K T B AL, A ) HEAE A9 A A 2R
TEH T 2488 9 e 5800 M $2 & K e A8 i A 4t
% 97 PEBE .
3.2 AR

JK U B T AT 1 9 55 1 B IO p T T 24 R L a1
W7 2R il B A, K Ul B A BT 57 1 RE R 5 T
B/, B 57 Vh R B 22 . 22 I A7 48 — 2L 4% 5K T 11 37
¥ (P-CMOD) i £k, & 2 i ik P-CMOD h £k
T L T R AR R K U R R R A Y BT SR BE RN

10 -
9 L = J-0
8 e X-10
7 a X-20
6

Z s

Sy
3
2
1 L \\.-.\.\\’:. J
0 0.5 1.0 1.5 20 25 30

COMD/mm
K2 =mA%E P-CMOD
Fig.2 P-CMOD curve of three-point bending beam
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