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Compaction properties of granulated rubber and loess mixtures

:1,2 1
LI Zhao-hui~“, ZHANG Hu-yuan
(1. Key Laboratory of Mechanics on Disaster and Environment in Western China, Education Ministry, Lanzhou University, Lanzhou 730000, China;

2. Gansu Architecture Design and Research Institute, Lanzhou 730030, China)

Abstract: To prompt the usage of scrap tires in civil engineering in China, the compaction properties of granulated tires and loess
mixtures, with a granulated rubber content of 0%-50% by weight, were studied by standard and modified Proctor compactor and a
cutting ring compactor specially designed by the authors for comparison. Test results show that the compaction properties of the
mixtures are similar to that of loess soil when the granulated rubber content is less than 20%, but similar to that of a cohesionless soil
when the content is more than 40%. A power function relationship was found between the maximum dry density and the optimum
water content for mixtures with various compaction efforts. Compaction effort shows less effect on the maximum effective dry
density of mixtures with granulated rubber content of 10%-30%. A power funtion relationship is existed between optimum water
content and granulated rubber content. Test data show that 30% and 40% of granulated rubber is an optimum addition content for
granulated rubber and loess mixtures. Compaction parameters of mixtures have been proposed for design based on laboratory test
results.

Key words: scrap tires; granulated rubber; compaction properties; loess
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AE T SR IG AR R SERR P B 2257, 4 e 4

RGBT URRIG IR T TR 2.
2 RS
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2~7 mm KN RGN kL. Bk ATk &
W, 2~5 mm Ktz 45%, 5~7 mm /5 55%. e
ASTM D6270 — 98 & 4 J& #5 ke Jiki , %
GB/T50123— 1999 WT R 372 oA x5 P Vi el 2y
1.07~1.38, PR 1.17, Scmkirorgs smie Py
Ao 1%MEE ASTM D6270—98 BT T 45Uk
WK R, ¥ 24 h JEoKE R 1.07%~1.08%, ¥
W18 dJEWAKR Ny 3.0%~3.8%, 55 SCHRIRIET) 24 h~
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Table 1 Physical properties of loess used in test
KA T W W L
b o e TERp e 6. AU e ORI T
/% /(g/em’”) /(g/em’) /% /%
SEEIMH 11.9 1.53 1.37 2.70 0.981 26.4 18.0 8.5
i i 6.9~18.7 1.34~1.74 1.21~1.51 0.786~1.237  25.1~27.9 16.9~19.4 7.4~10.0
2.2 BRITIA ‘ 3 0.0I(w—w,)m 3)
EXM?*%EQ%*EE% E§7K/%%J_E'~EE(JE My, = (1 + 0.01W) +mw xx107
B FEIBE 0%, 10%. 20%. 30%. 40%.
50%FEIUXTRRIRRL, #%30 (1) ~ (3) TH5EFF
HBUIT s B TI0E S KR B L, Fe o FEAIY &) Ja — BT
B THAAS 24 h &1 % GB/T50123—1999 i
SR VIR AN RS B & LT TR A S il Ei
W0 S B IR, BB T IRl WA S g SRR
(B D, RTINS LT TSl ik T S
SR TR e SRR S A R 2 B - fiek
= Al 22 =g L ey ) 2 s i S 55
RIS RS A LRH A0 AL
crprent || W= BT
m, = 0.01xm (D R | o
m,, =m(1+0.01w,)| —————0.0Lx | (2 Bl ATELEEREE
1+0.01w Fig.1 Compactor of cutting ring
K2 BERELRRTESH
Table 2 Factors for compaction tests and equipments
p = T AL AR o -
&3 fﬁ 3 b= \ T SE D
R IS A e i b v roms o AL AR f'.j;k 9) BOEEM MR md
/ mm /kg / mm R 3 / (kJ/m’)
/ mm / mm /cm
FRAERE Y 51 2.5 305 102.0 116 947.4 592.2 3 25 75
Frifk 51 4.5 457 152.0 116 21039 26849 3 95 285
2 WALEE 78 2.5 173 79.8 20 100.0 592.2 1 14 14
RJJER 78 2.5 173 79.8 20 100.0 26849 1 64 64
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Fig.2 Dry density vs. water content at different granulated

rubber contents for standard proctor test
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Fig.3 Relations of dry density vs. water content at different
granulated rubber contents for modified proctor test
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Fig.4 Relations of maximum dry density
vs. granulated rubber content
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Table 3 Compaction test results
~ A 2 e - VAN - 73 -
. EERE B TMMEMERE FRBREy pRx PR Eftaor WRECE S SRRLE - HRECE
ARG 772 P iy 2 G y /o, B a, Wopt HIE Py B Pl L Py
(J/m) G " ° ° /% /% / (g/em’) / (g/em’) / (g/em’)
Frvfi ey 5922 BQO 2.70 0.00 0 0.00 17.6 1.68 1.83 1.68
bRk 5922 BQI 2.34 11.60 10 2326 16.1 1.53 1.70 0.95
bR 5922 BQ2 2.08 22.90 20 40.67 145 1.48 1.60 0.88
bR 5922 BQ3 1.87 34.20 30 5453 14.0 1.43 1.48 0.80
bR 5922 BQ4 1.69 4536 40 65.70 13.4 1.27 1.38 0.69
b 592.2 BQ5 1.55 56.60 50 75.06 132 1.21 1.29 0.58
b 2 2684.9 BZ1 2.35 1125 10 22.63 125 1.70 1.82 0.96
b 2 2684.9 BZ2 2.09 22.40 20 39.98 12.0 1.58 1.67 0.89
b 2 2684.9 BZ3 1.88 33.51 30 53.77 117 1.47 1.54 0.81
btk 2684.9 BZ4 1.71 44.48 40 64.90 1.2 1.38 1.43 0.72
b 2 2 684.9 BZ5 1.57 55.20 50 73.98 10.4 1.28 1.35 0.61
W) 592.2 HQO 2.70 0.00 0 0.00 19.0 1.64 1.78 1.64
b7 WAL Lt 5922 HQ4 1.70 45.10 40 65.47 12.8 1.32 1.40 0.70
FRJJER 2 684.9 HZ0 2.70 0.00 0 0.00 16.2 1.72 1.88 1.72
IR 2 684.9 HZ1 235 11.55 10 23.16 15.5 1.63 1.72 0.95
180 il (5) ~ (8) A%, 7E—EMdEeE R,
g 1N AR T R A LR T B ) v R K
S L
~ 1. 357 Ty e E=N
S S FGIIRL 5
i 150 % EEZ3=Riab A TS
5 s 3 R RY, MRS ERRA AR
=140 AL s
E}% Ae NI KRN, B, B P T SERE TR
51z H S RIS S KRN . BRI S, B0
b 10 11 12 13 14 15 16 17 1,8 SRRETBR A 10%F1R 2 SRS L RILA K H
BAAKE /% H16.1%F% % 13.2%; BEALGSRE T, (EAIFB R
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o N = A %7
— — v, [ pas A~k 2R .50 4%,
B5 RAELGLEEFAABEFEATEE O MRS ALK 12.5%F% %2 10.4%

ERMAKERIRR
Fig.5 Relations of maximum dry density vs. optimum water
content of mixtures at various granulated rubber
contents and compaction efforts
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Fig.6 Relations of water content vs. granulated rubber
content under different compaction energies
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Fig.7 Relations of dry density vs. water content
in cutting ring compaction
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Table 4 Compaction parameters of mixtures

P T
B &K K% B B EK KT
) K Wopt JEE Pamax C Fowgy Pamax
% /% /(gem’) X% /% / (glem’)
20 14.5 1.48 20 12.0 1.58
30 14.0 1.43 30 117 1.47

e BRI IR T2 (5. (D) kil

3.6 EETESEHHIS T

(D) A LRI R T BN S 4500,

URTCH RN AT TE T B 5 R 7
IR TR IR T IEARFR AL ER 1, SR LT TSR
FIORL 51 1 TR A B BERR R AR SO S5 48 o AN [] o
SRR TR 1 AR PR A 5 A o 1ok 545
JE L BRAORL AR, B R AN TR], K/ NRE
LA R B 3l 5 OIS (B 8). R/
U BRAE AL S AN TT B4 BRAR,  H 2 BORER AR 128 K
FoNEURCRLARIN (D, /D, >100), AT
HH DR URE LA 50 2842 fl B (1) OB A4 FR 45 1
52%, LAUSEE B S b 1R ORI AR B 1l 81%,
K BARAS S PP R AR S35 OO
RS D) RANE S B 30%14 1 5 Sk
R, XN IARIB N 50%, SEARRA B SR
A BTN EENG AR, X TT W RN A
LA AR K I iR e ) o A o SRS h B
40%L BB AR R SEAOR, XN ARBBE R 65%,
FHEAC T AR B BRSNS R
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g8 LR T 4, AERRIEORORZ S LA, fEAR
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Fig.8 The relationships of skeleton between granulated
rubber and loess particle under different
granulated tire volume contents
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TableS Optimum water contents and loess water contents
in mixture with different granulated tires

R i

B RAkR THEKR pROREaKR TREAR
x/% Wopt! % wy % % wol % wy %
10 16.1 18.1 10 12,5 139
20 14.5 18.5 20 12.0 15.1
30 14.0 207 30 117 17.0
40 134 235 40 112 19.2
50 132 28.8 50 10.4 217

xS HIERY, F—BE FTAAS/KELRS
FHAREKE, BRI RS KES BRI EK
A I K. B, 50% B i SERE N,
B ARLA 13.2%, A RS KE L 28.8%.
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