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Study on Compressive Properties and
Meso Failure Mechanism of Rubber Concrete

XUE Gang ,SUN Lisuo ,XU Sheng ,HOU Weihua

( School of Civil Engineering, University of Inner Mongolia Science and Technology , Baotou,China,014010)

Abstract; The compressive properties and failure mechanism of rubber concrete are studied to
provide theoretical basis for rubber concrete pavement. Rubber concrete with water cement ratio of
respectively 0.35,0.40 and 0.45 and rubber content of respectively 0,10% ,20% and 30% were
prepared to conduct axial compressive strength test. In the mesoscopic level , rubber concrete can be
regarded as a multiphase composite material composed of mortar, coarse aggregate, rubber
particles , mortar-coarse aggregate interface and mortar-rubber particle interface. The mesoscopic
numerical model of rubber concrete was built to simulate the axial compressive strength of rubber
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concrete with different rubber contents and water cement ratios. The results show that with the
increase of rubber content,the axial compressive strength decreases and the strength loss increases.
When the rubber content is the same, the smaller the water cement ratio is, the greater the
compressive strength is. At the same water cement ratio, with the increase of rubber content, the
stress-strain curve becomes more and more gentle,and the peak stress, initial elastic modulus and
peak deformation modulus gradually decrease. When the content of rubber is the same,the smaller
the water cement ratio is, the larger the peak stress, the initial elastic modulus and the peak
deformation modulus are. The simulation results of compressive strength are in good agreement
with the experimental results, which verify the correctness of the meso model. The interface area
between mortar and rubber particles has a great impact on the axial compressive strength and
failure process of rubber concrete. The interface performance of aggregate and mortar is about 65 %

of that of mortar,and that of rubber and mortar is about 35% of that of mortar.

Key words : rubber concrete ;compressive properties ; mesoscopic ; numerical simulation
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Table 1 Performance index of P-O 42. 5R cement
- WIEERT ]/ BRI A]/ YUEMRE/MPa  PUATHE B/ MPa
T&hr B/ (kgem™?) HE/ % UEEME )
min 3d 28d 3d 28d
lFneA 3.15 2.23 i 175 26.39  53.28 5.78 8. 67

R2 HERETERE

Table 2 Physical properties of coarse aggregate

kites  FRMEE/

mm (kg-m~?)

HEBUESL,  EREE FLBR
(kgem™) W%  F/%

5~25 2 683 1545 9. 68 44

R3 AR ETERE
Table 3 Physical properties of fine aggregate

g R
AL (kg-m~3)

WRUERE,  HW LB
(kgem™3)  ®/% F/%

2.79 2 618 1512 2.3 33

(4) BB ks K/ A 1.7 ~4 mm. HERL
WM 610 kg/m’.
1.2 KEE S
TR EE - B9 S 9k C40. 4 5 LA
0% .10% .20% .30% 5 it SR BB D,
B G Nk 4 P,
4 BEOREE LA

Table 4 The mix ratio of rubber concrete

AFFE R/ (kg-m )
Kk #BE al K Bk
0.35 400 0 769 1155 140 5.0

KK E

0.35 400 31.39 695 1155 140 4.8
0.35 400 62.68 617 1155 140 4.5
0.35 400 93.76 541 1155 140 4.3
0.4 400 0 798 1106 160 3.8
0.4 400 32.56 719 1106 160 3.5
0.4 400  65.37 641 1106 160 3.3
0.4 400 97.65 561 1106 160 2.9
0.45 400 0 831 1058 180 2.3
0. 45 400 33.87 750 1058 180 2.1
0.45 400 67.64 670 1058 180 1.9
0.45 400 101.73 579 1058 180 1.1

1.3 T1Efdpge
a0 1o e AR ek K ) B R e IR
B BT B R AR SRR T IR 1 B 4T

B TAEPERE. IE 3 MUK IR I 4 R IkE &
R IR EE LA I3 5 FiR.
®5 RIRIRE YA

Table 5 Slump of rubber concrete

IKIK BB, % P11/ mm
0.35 0 41
0.35 10 49
0.35 20 53
0.35 30 56
0.40 0 45
0.40 10 52
0.40 20 57
0.40 30 64
0.45 0 50
0.45 10 60
0.45 20 68
0.45 30 76

1.4 RIWHZE
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B g O B AT, R R R A o R 1
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Table 6 Axial compressive strength and strength loss

of rubber concrete

KK BB R/ % PRSI/ MPa #2355/ %

0.35 0 62. 64 0

0.35 10 52.51 16.2
0.35 20 42.45 32.3
0.35 30 34.62 44.8
0.40 0 57.24 0

0.40 10 48.76 14.8
0.40 20 40.02 30.1
0.40 30 31.36 45.2
0.45 0 50. 17 0

0.45 10 41.28 17.7
0.45 20 37.64 25.0
0.45 30 29.26 41.7
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Fig. 1 Stress-strain curves of rubber concrete
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MPa; f; NHLOHUESRE  MPass' I )
A5 RV RN B X6 R A AR, 10 2

RT GREE LR E LR RE S
Table 7  Strength and deformation parameters of

rubber concrete

IR ¥t VR WEfE R WIURTRMERT W (AP AT
b #/% 25/107% J1/MPa £#/10° MPa $/10° MPa

0.35 0 2.237  62.64 33.480 28.013
0.35 10 2.264 52.51 31.746 23.194
0.35 20 2.144 42.45 27.162 19.795
0.35 30 1.873  34.62 23. 629 18. 482
0.40 O 2.104 57.24 31.795 27.201
0.40 10 2.457 48.76 29.301 19. 841
0.40 20 2.235 40.02 25.376 17.911
0.40 30 2.082 31.36 21.892 15. 067
0.45 0 2.035 50.17 29. 803 24. 658
0.45 10 2.383 41.28 26.278 17.327
0.45 20 2.269 37.64 24.258 16. 588
0.45 30 1.987 29.26 19.932 14.721

MK T AT LU AR B B R,
WAEAEL N 7326 8 B B KK R 0. 35 B, iR I
B 0% 3N E 30% i, 4 i 1R 5E 1 6 E
N STRRAR 44. 7% . KK R 0. 40 B 1R K45
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HEINE 30% B, A5 TR B A TR ) A A
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HEINE] 30% W AR TR BE 1 BL K e (8 A8 T A5
PR 34.0% . KK LA 0. 40 B B R
0% N E 30% B, AR IR BE 1Bt e (AR T
REEAR 44. 6% . KK EE R 0. 45 B BB R
0% 35151 30% B, A5 TR EE TR I AR
TEASRAR K 40. 3% . A2 BB AR R, KK Fb
/N BRI TR = DA (B A TS B

3 ARIIREE T AN (AR

3.1 BRECERI AN LAY A B AN AL

i e W th P e Ak i o S A=t
B — S B B RRAR d <d, BIHERE p..
PRI FOREL 1 T AR 3 o R FH AR B a3 UG
. FIH ABAQUS By IR FF L7, R 5
FER %3, i ] Python 45 27, A: BUAR E
TREE T —HE R BRI K] 2 B,
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Fig.2 Two-dimensional random aggregate model of rubber concrete
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FHLE RS I R 4k L P A A BE Y  4n
Kl 3 s, AR Ir R =X (4) . bR Fef
SR AR e - 05 BB PR el 4 (151 5
iR, AR R (5) (2 (6).

o =E¢. (4)
0'[=(l—d[)EO<8[—g‘[pl) . (5)
o.=(1-d)E(s.~28") . (6)

.o KR, MPa; E, ) 1 b A
MPaje WIS ;o R T, MPaor, R
3. MPasd, JHMHRGE T 1d, S RGP
oo WRINAE e, RVERIE ;2,7 H R 5%
YBVERIE ;3.7 K VEAH SROBHE RS,

B3 HLE RS AR OUR A A A 1
Fig.3 Constitutive model of coarse aggregate and

rubber particles
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Fig. 4 Tensile constitutive model of mortar and

interface
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Fig. 5 Compression constitutive model of mortar and

interface
3.3 MHESHENIEE

AR TR B BB B ORE 2 80 S % S
BRI 19 ] b RS 8 Bh 3R Y ) M e 2 5L
SRR 20 ) Y23 A 5, HROK L o/w
e, i (7) ~(9) B, QIR 5 1 40
WA A R S RO WL 8 ~ K 9.
RS FEMBIIEMERES L

Table 8 Mechanical properties of main materials

y PR Pifiom PR
AU /GPa TR L J&¥/MPa ¥ /MPa
B 0.07 0.5 2.6 26
AR 48 0.18 11 136

R AFEIKIK LTI I EIERESEL

Table 9 Mechanical properties of mortar with

different water cement ratio

0.35 24.6 0.2 3.98 50. 15
0.40 23.4 0.2 3.75 42.50
0.45 22.2 0.2 3.54 36. 64

2 SCHR [ 21 ], B BRI 5 T M g
BRI 65% , XA A 212 B 95 AR e B Rl
RUFN FLRIAR B IR BE 1= 1 2= M RR 52 |, 25
IR, LT Ao 9 DX R AR AR R TR B
JIEPERE T B A R . 28 3 AE SO AR IR
b IR ST M RE BN IR 1 35%

¢/w=0.047 £, +0.5. (7)

fy=1.41Inf, -1.5. (8)

E, =1000(7.7 Inf,, -5.5). (9)
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R L L K7 1) AN BB 2R R LR A
gk, B2 5E A 0. 01 mm/s, N AL F
5 mm. XA[EZKK FERIAS R85 2 18 i) TR B
AT DU 5 R RN, 75 1 3 AUk
JKIE 4 TS5 o A ASUIE TR 85 - Al O 0 s
S0 JEE R EASEAU A R, 5B 45 R0 Lk 10
Fis. B A5 R S 25 RAH X IR 22 1E 3%

LA A ] SEVERS LUSGIE.
R0 QIR BE L b O HUT i B BUE A S5 R S

IR AE R X

Table 10 The axial compressive strength comparison
between numerical simulation results and

test results of rubber concrete

Bikis L5 BE/ MPa AR
KK = ;

/% i 5 %/%
0.35 0 63.51 62. 64 1.4
0.35 10 53.42 52.51 1.7
0.35 20 43.34 42.45 2.1
0.35 30 35.67 34.62 2.9
0. 40 0 58.18 57.24 1.6
0. 40 10 49.58 48.76 1.7
0. 40 20 40. 89 40. 02 2.1
0. 40 30 32. 14 31.36 2.4
0. 45 0 51.03 50. 17 1.7
0.45 10 42.03 41.28 1.8
0.45 20 38.41 37.64 2.0
0. 45 30 30. 02 29.26 2.5

S -t e -y 4
(a)nBwH (b)INEREE BB

S T A LA (A 5 43 P, AR R S
k(23] , ST AR R A A LB (A A AR, AR
JEHRIAE R 1 ~3 mm, 85508 0% . 10% |
20% 30% HITRHEE L, BUE BN S5 R SOk 45
JANFR 11 Fros A A0L 25 5 5 30 25 SR A X iR
FEHE 5% LAY SR )3 A UG IE.

T BRI GRS Xt

Table 11 Comparison between numerical simulation

results and test results

Bz YU B/ MPa AHAT 15
KK T s

=/ % I Vit %/ %
0.57 0 18.63 18. 15 2.6
0.57 10 16. 64 16. 06 3.5
0.57 20 13. 47 12.94 3.9
0.57 30 12.03 11.45 4.8

4.2 BREETHOZFERYAETEN
HRHLEE

K 6 BT m Ak K L 0.40 1R K5 i

30% G I TRREE 1 10 32 FE R SR AS TR 2k By
BB 25 5. B ] DU Y 28
W, Fr BB /IS, 25 AHAA L v 58 B A X 48 /IN 1Y
Y ST ST E oy 24 R I 25 W=
R ELAE AR I SR 1) S L. Bt 2 oy 2 4 388 o, B
AR TURE ) P L B4, RIS} ] PRl o
UG IS far Bt — 2N , BRI 3
LI R X R, e, BECRWTAR T8 Y

(DT 4 U DR R AR T A2 R T 3 R
HRERE ). PR B Rl B R R R =, AR
TREE 202 Fe it R B R AN 23 R A R L.
PR IR I 0 37 R S i 3 e i 7 S ARG
WORL A B RO B AR R .

Do ."_‘ e

o

Hg:

[y —— (MR B

VE: W R RBR AL E R 1.7~4 mm AR, 5~25 mmOp AR FRADK.
B 6 RBIRSE £ 032 TR AR i B A (RIS R

Fig. 6 Numerical simulation results of failure process when rubber concrete under axial compression
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