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Experimental study on the load bearing capacity of
waste rubber tire-sand composite

Wang Fengchi® . Tian Peipei® , Liu Tiantian®
(a. School of Transportation Engineering; b. School of Civil Engineering,

Shenyang Jianzhu University, Shenyang 100168, P. R. China)

Abstract: In order to explore a new method of foundation reinforcement and solve the environmental
problems caused by waste rubber tire stacking, a new type of foundation with the waste rubber tire hooping
granular material was proposed. The elastic modulus of discarded rubber tire was obtained by carrying out
tensile testing on rubber tire strip. By using axial compression test on waste rubber tires-sand composite,
the rules were discussed, including the influence of loading system and lateral conditions on the foundation
bearing capacity, stress distribution of inner wall of tire, and soil stress inside the laminated body. The
results show that, compared with fast and slow loading system, the sedimentation of the superposition is the
smallest, and the self-recovery ability and bearing capacity are optimal when loading and unloading in one direction.
The bearing capacity of the composite is higher when under confined condition, but the self-recovery ability of the
composite is not affected by confined condition. Under the condition of no or no limitation, The stress distribution
around the inner wall of the tire is quite different. In the same radial plane, the closer to the center of the
superposition, the smaller the effect of rubber tire ring, and the greater the soil stress.
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Fig.1 Waste rubber tire composite foundation

IR HE IG5 i Ak (0 R 30 3 BRI T AR
KA L SRR A M- AR bR S 5 AR BT 9T 4 57

MR 10 5 AU B B ) B A P R L N A b
AY S B 0 FH 28 5 LRt .
1 K5 i%t
1.1 RIEA B S 0ER T

B P EIRI « AR I 58 R 45 A 3 56 F0 A% e
B 2 AR E IR S . 5 BT A R o R 3
WA . A% 577.6 mm, 42 355.6 mm., 4 i 55

i 185 mm , RS G N0 % A N 227k H2 , 4 3 n
Kl 2 Frs .

T

WA R

577.6 mm

B2 ®IEMHWERS

Fig.2 Structural dimension of tire
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Fig.4 Tensile test device for rubber tire strip

DRI HE IR -1 1 52 A R b e 3 B o 2 ke
5. 6 . e FHIRIR 9 m = I Sy 48, B gE] R
# 71k 1 200 kN, FL £k 600 kN F J7 T, e K47
FER 400 mm, &5 Sy JC M R 4l e 50 in 2 ke L [
6 A A ] R Al e 3 560 n 28k 2

S R BB 8 38 5 7 KL FE PE YE R R AT
T M 2 10 kN Rk, frit R 2 Bk 2

R R |[|1
/ /
I I
FE TR WETT T
B
#Is
BN e e
Y ) A bR
| 5 |

(b) REE
Bs5 ZMRLEMEBEE

Fig.5 Unconfined test loading device
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Fig.7 Time-load design curves under different loading system
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Fig.8 Layout of earth pressure cell and strain gauge
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Fig.9 Stress element of composite body
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Fig.10 Calculation method of self-recovery
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Fig.11 Schematic diagram of modulus
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Fig.12 Stress-strain curves of rubber tire strip

32 mMEFHEMNEESERELE TN

Bl 13 ARl B R i ps k. NES
A 52 s 149 o) 47 29 C e ot £ 0 T T30 28 I B ot
LR ML AR AL AP ER AR IS B iR 5 G P HIORE 14 & A= P
[FASTE  p-s WLIE Lb O& 2 5 g WA 2 B Bz . B & fr 4%
FR) 348 R IC A W A U0 S B T T A 0 B P
FIORL VR B 1) A %, LB 2R 0 DA Bk 4 5 i
VBB B, Bl 45 o 2808 W00 5 AR T TR i IG
AR A W B B A G AR i R B2 1 6 o i 2 4 ¢
KT AR T 7 A6 0 ] 3 g 5 T 19 20 28 B L 2 18 )
AT /NT 0.4 MPa i, 19T 8 £ Fif far 25 749 9650 1 i 20>
2 3R 58 I, 52 A PR T ik [l i 2 ) A RS L 1 B
I R SR P AR TE

0.0 0.4 0.8 1.2 1.6 2.0
T T T T T

50
60
H: —o— R o BRI
—— Level 1(0-100 kN-0) —— Level 2(0-200 kN-0)
—~— Level 3(0-300 kN-0) —— Level 4(0-400 kN-0)

—<— Level 5(0-500 kN-0)

13 FEMBHETE p-s HLE

Fig.13 p-s curves under different loading system

M pos RS PR I3 i AR [ 0 A IR S AS )
AT S S5 A IR by R B/ IR U < s
DA T T S AL g A B PR ) 2
IS s BN 5L 5 5 BN 1 2 1 min, i AR 1R
RE FE 70U 8l - B0 b P R BT B 3 A 0 R iR A 1Y



44 K5 x%E 2 FHKP ZE D

%42 %

M H 7 g, B/ S %6 G B 3R 4 250N R R 78 4 K45
WA A AR A T I B A . 1 i ) 2 4
SE G R A 9 5 min, B6 Y BERG VP 15 DL 78 4y
Bl A R B 43 1D A 8 AR 1 I T 4 46 iR
AP ASIE AR R HE G 7 A2 2 5 A 3R
7 ) 7 L S e o051 DS S A A R L W KL= [ R
Wi o B A1 S 0 S BT B 5 A B 2 U S /)N s H
W70 B I B A 4 ok EE 98 T AT S UK 1R UKL
I il AN 2 VR B TR B A R TH T R 2 i
S S OB 2 BORLAR BT T O BOR L AR i
TAEFTR ST 80N o 5 55 S0 PR 2 i BE AR L
B A S VRN L IR EORL R S o B S 0K R] 4
fil JSBUR 2 L BDT R R R /DN

P A W B R, A =47.78 mm., A, = 32.5
mm ., BYKEHE ) R K =0.32 18 U aHl T A=
40.26 mm.A; =26.76 mm.K =0.34 ; B[] £5 &5 S %
HIET .A=31.8 mm.A;=11.16 mm.K =0.65, L[]
PRSI BT 2 AR BRI PR RE A AT

14 Sy 5 £ 2 0 28 ) BE R & iR =
1 B 14 A7 L 25 GO R 58 BT 354 1 TR B
o8 A % AR o T N A AR TR R R, ©
ARG R WY, 3 IS G Rk R K 80 B3 6
MPa,2 MPa fif 57, VTR HE A 2L P, 550
FEARAW) G A G 257 B 121 0 DT R Y
S5O B 1R AN T/ o R R AR R TR AN 2 R A
BE AR REIZCN 0 WL IS IR N RER &L B AFAE —
TE W BR AR LT bl A T30 28 0 B8 A 14 s 98 AR T A
KGR ik Z WO &5 il v R sl T
— A EME

Level 1 Level2 Level3 Level4 Level5

10.56 %11.16

2 ma T
B 14 BEEEMHPETERIEEE

Fig.14 Settlement of each level under one-way reciprocating

loading and unloading system

3.3 MIBRARIE G AEHBE NN
15 AT BRI pos fZ. M —
h £ AT BB Be . p s BIE PSR AR AP ERAR I fE

Jif 5 i A EBORE 4% 2 A= b ) A2 T2 5 i 390 20 2 B B ol T
168 i i T8 K T A AR B AZ [ 3 T e G
B AR A 5 I 300 0 AR B L B A 28 0 el L D
AR ] o DA R A 2 o0 A« TR]— 5 i) A 2R A
JFHIE 5 TE A0 FR 4% PR AR L AR 26 70T L 52 5 1Y
DR /N JOR PR A MR E T =5 R
KA GRS TE G A2 AR i w3 s ) B
1L AR 1] 2T
i3/ MPa

0 0.4 0.8 1.2 1.6 2.0
T T T T T

H: —o— FNRIAE —— FoiR IR
B 15 FEMREGTH p-s HLZE
Fig.15 p-s curves under different confined condition
B 16 g A a] 0 B A% 45 T 14 e 1] — 0T 8 i 26 1]

R A o L SED T ik i (1] D8 S A5 o 2 AL b AN 280 i 25
LR i . EBIFIRET A CEM R %A T2 A
PR B B 43 33 Ol 26.68.,40.26 mm; {1 K 56 AL B
(300 min) . & & A 1 5 AR JE K 52 L TR0 A4 1) 98 1R 7
TERBEMKA L LI A TEM R A F T S5 MR i T
AR A 16.29,26.76 mm; HI K 58 WU . BARSM
O il (EARUB He 1 v 473 A7 7 350 23 5k B G 5 4k
HRE L BORLIR Z A A7 TR R SE 29 B L ). Bl
A I 0] (R HERS L 58I T % 5 3 BE e Ak D gl RE Y S
HORL (A2 3l DR 3 SRR A TEAG 18 WA o B (AR
Ja A TG BR 2R AR o 526 TR 19 die & DT 2300
14.67.,21.66 mm,

40 %‘\D\

I
I
I
I
O
I
g
I

(500 kN)

(I) 6‘0 léo léO 2“10 3(‘)0 3‘60 4‘20 4!‘30
B8] /min
H:—o— TMRIRAR: —o— ARIAR
16 [ BR &% 44 T B B 18] 3T B b 2% [

Fig.16 Time-settlement curves under different confined condition



%14

E R 5 BRI B~ £ B AR ) AR K I AT A 45

1 aTaL A M BR & R AR E

fef ZB4 R 0.45.0.46 ., T & 22 S8/ . DL A%

WA -1 + 2 AR B YK R BE 1 5 IR A SR L .
R1 AEMREETHE RS &

Table 1 Self-recovery under different confined condition
R TR e YUK AL/ 1 B 2 DR/ SR/
ES mm mm AEJ1 R #

TaOER 40.26 21.66 0.46
AR 26.68 14.67 0.45

B 17 AR R -1 L R A R S R R SE &R
o AE S i 2 F AR R 25 R R A SOk AR
ER TR A LA B 1 JE ) g, 77 A T A AR R 1Y
SBVEAEIE o HC IR R B 5 A 20T 46 G I O 12 7 5
KA R TT g QLB 2 38 0% i JA) A A DA 55 4 7 T
RS IZ AP BENIBYEAS T RS S HEB R XA W7 K e L 24
BB R 2 AR X AR . A R AR
ro FTREN vy s A BRI AZTE AR B A Rl B Y
FI8 B4 BIORL A M S R 3 T A 4 T i A A oy T 2 A 2
PEASIE M TCIE WA 2 IR IR S . MO & 1k AR
TEALIS I A 2 AR B A R AR T . PR DR A
IR F 48 I 5 ok W] R T Winkler My BEBERITT4

2r,
2r,

17 E65RALEXRE

Fig.17 Relationship between the composite and surrounding soil

34 HH-ERTERXR

B 18 Shy N [l A B 4% 4 T 1) i 28— 148 1) 43 8% 56 R
M2k . R ia . i N EBORE PR P18 1) o7 4845 FH BT
%, R AR AL IR, SO B AL u,
P AL/ BA  TC M BR A58 5 B fof 48— 428 1) 2 B8
MM B A, YR w4 F OBk 8T, iR K
RLAARTE I 7 A 186 1o % K FBORL AR X 8 116 9 BE 7 A2 1Y
M) T g, 8RB K AR IS8 IR T # FLIA 4i 4N
2y RCHICKL AR ) A2 T8 o AR B B . DA R 5D 2K 3
0.4 MPa i, i TR m fif g K THE G KA KE
158 77 o WG A A A T Bk i 2 T B I A8 A 5 > %8 )
i /N T 0.4 MPa B AR 58 iR & ¥ HORSAE . &2
BRI E LA .

3%/ MPa
0 0.4 0.8 1.2 1.6 2.0
2 TO—,
\ T
\\,
el e N
E
®
g6
G| ol
10+
12+
e —o— TMRRIRE —— NIRRT

B 18 =M BR &% 1 T B 7 13 (6 L 75 i 2k ]
Fig.18 Load-radial displacement curves in different

confined condition

3.5 R N5 HE

R I PN BE A% i 00 A 3] A 5040 2 1) A 28—
P 1) B 2k (P 19 V18] 200 aT RAFE - iy -0z 22
R LML R g o RUAR 45 20 (20 i 5 iR b
77

0.5

(=]
i
R
ol
1 W < f
L €Y |

BRI BAE/%
o e
> +

Z [
PSRN
I

©

\
)

1 1 1
0 0.4 0.8 1.2 1.6 2.0
3%/ MPa

B 19 JC PR & 4 T o7 S — R o) B 2 4%
Fig.19 Load-circumferential strain curves under

unconfined conditions

0.5
0.4t P
1 34
p 6
8T T
R s
g 1—{5;/' 5
= A
% 02f ~
9
0.1f
3
1

] ) 1
0 0.4 0.8 1.2 1.6 2.0
TR/ MPa

B 20 MR & 4 T o 80— IR 8 5 % i 2%
Fig.20 Load-circumferential strain curves under

confined conditions

AR 5 T Ao o 4 38 00 45 19 90 P A L 5
] 5 1) 7 28 A T W AN TR AL R Sy 2 R 21



16 P K5 x4

2 ROF & L) % 42 %

P 22 )3 77 53 A B (R R B0 2 m IR BEAL D .

Pl 21 Sy JCN BR 2% 4 T 5 i 4% 5L 36 1) iz g 73
iR A R ) E R LR TE= % PNITTR: NP L
5 1S AL E RN ) K FE R MR S AL L TR
S IR T BOR . HREEMI 5 S A B RE 2R % b
VAT 28 5 UL TR AZ A HECUA B B 0 1 B A L I
ISR EALR T 9 S 1 5. & 22 A MR &%
N 5 R 2% BT B 18] B2 ) 20 A o e BE B [ 107 7 AH XS
B B 155 1 i 280 ) 304 K o i R % Ak W 7 A M T
R LA T T2 E. b RO AL 1 Iy 1 %%
/N o H TG A A B A A gl R L i A2
BRI,

R[] ¥ F1/MPa
BRI % F3/MPa

H: —— BERER 0.4 MPa HE: —— AR 0.4 MPa

— BI5£73, 0.8 MPa — BEHiER 0.8 MPa
— Bf§E 1.2 MPa — BE## 1.2 MPa
21 EMREET 22 EMREET
ENC YT ] EINCY b
Fig.21 Circumferential stress  Fig.22 Circumferential stress

distribution under distribution under

unconfined conditions confined conditions

3.6 RENTIEAZHERE

] 23 Ay f] 422 1) - 18 "% g i 28— E R g G AR it
2R A I ) B A R AR SR AR Al TR — i AR
FATE B A HR e Ak 9 3 3 2 /0 000 BIORE AR 1 =
I3 UL R iR R 4% T BRSO » B 8 52 5 R rp o Ak
FUT » AR i A S 250 F) 2 MR/ » 7T fEDBRER

1.0

o8- £

+HS1/MPa
o o
- =2

e
)
T

0.0F

0.0 0.4 0.8 12 1.6 2.0
T3/ MPa
W —o— (1) ZEh12 ——(2) Fuly —— (3) Hile2
E23 BEfETH-THAOXE#HE

Fig.23 relationship between vertical load

and soil stress

4 Zig

IDNEIR: Ve i U R UNCRE R B e
T e Fif 19 A 38 2850 I ) A2 O ) R R A S R T AL A
B OO R AR T R

D) RFBIBR M- £ 52 & IR Y R 2 BE J1 5
BRI A O o 5 RS 28 S o AR B L A
SOMENEAE T E SR TURE R e QKR E
R RE 7 e L

D EFR IR -1 2 AR RERBE ) 5 R
JAREEA K. A MR T 2 A R R RE 4L
U R SRR AR RE T SR R ICK

O SRR M- B A R R 32 E Ay
e 1 Y RE AN [R) 57 L Ak 114 34 1) 17 7 4% AN A IR S A7 DG
BRACE T (9 1 3 73 A5 LAt AN T]

5 EFFARM R fa -1 + B G TR AR A A 1 3
3l R4 0 B AT — RE Y5 WA B B[R] — A 1A S 1 B
1 5 A A T A BT 2 AR A i B i AN 1) R T
/N B (R

B 3k

1] 4) 8. E KRG F R BROE 50T, b E5R
BIR LA R, 2018(1) . 42-47.

YANG G W. Research on recycling status of waste tires
in China[ J]. China Tire Resources Recycling, 2018(1) :
42-47.(in Chinese)

[2]TSAIW T, CHEN C C, LIN Y Q. et al. Status of
waste tires’ recycling for material and energy resources
in Taiwan[ ] ]. Journal of Material Cycles and Waste
Management, 2017, 19(3) . 1288-1294.

[ 31 GARGA V K, O’SHAUGHNESSY V. Tire-reinforced
earthfill. Part 1. Construction of a test fill,
performance, and retaining wall design[]]. Canadian
Geotechnical Journal, 2000, 37(1). 75-96.

[ 4 ] O’SHAUGHNESSY V, GARGA V K. Tire-reinforced
earthfill. Part 2. Pull-out behaviour and reinforced
slope design[J]. Canadian Geotechnical Journal, 2000,
37(1) . 97-116.

(5] ERM, %, KMEN. & B RE 5 IR &

BUORERE I RF L], KR 5 5 T %4, 2016,
14(1) . 72-77.
WANG F C, GAO H, ZHANG B C, et al. Bearing
capacity of composite columns of waste tires filled with
granular material[ J]. Journal of Water Resources and
Architectural Engineering, 2016, 14 (1) 72-77. (in
Chinese)



EF RO W EX VLI ES PN EE T b 47

(60 ERM, 22WE, EW], S5, AR AR G it Bk 3

HRIX AR ()] MR A 5 TR 2= i, 2017, 13
(5): 1289-1295.
WANG F C, LAN H Y. DONG M, et al
Experimental study on the bearing capacity of the
rubber tires pile composite foundation [ J]. Chinese
Journal of Underground Space and Engineering, 2017,
13(5): 1289-1295.(in Chinese)

L7016, XU, skF9, %. STC i K 718 3 55 4]

55 5 ) R R I IR AT Y L) . M AR AR, 2015,
37(2): 494-499.
LUY, LIU S H, ZHANG Y Z, et al. Experimental
study on horizontal cyclic shear and vertical excitation
behavior of STC reinforced sand [J]. China Earthquake
Engineering Journal, 2015, 37 (2): 494-499. (in
Chinese)

(8] EMM, B, £k, % KRS ER STC ik

AKVAE PR 5 U 0 S B A LT ], VLR 2 B e 41t
2019, 36(1). 117-122.
WANG Y M, LU Y, WANG T, et al. Experimental
and numerical study of scrap tire columns filled with
different geomaterials under cyclic shear[]J]. Journal of
Yangtze River Scientific Research Institute, 2019, 36
(1): 117-122.(in Chinese)

[9] #mfe, £k, Bk, & R S5 FHKIEMEE X
RE )], A R LR AR, 2017, 39(1) . 81-88.
LIL H. CUIF L. XIAO H L. et al. Performance and
bearing capacity of embankments reinforced with waste
tires and geocells[ J ]. Chinese Journal of Geotechnical
Engineering, 2017, 39(1): 81-88.(in Chinese)

[10] DJADOUNI H, TROUZINE H, GOMES CORREIA
A, et al. Life cycle assessment of retaining wall
backfilled with shredded tires [J]. The International
Journal of Life Cycle Assessment, 2019, 24 (3):
581-589.

[11] SHRESTHA S, RAVICHANDRAN N, RAVEENDRA

M, et al. Design and analysis of retaining wall backfilled
with shredded tire and subjected to earthquake shaking[J].
Soil Dynamics and Earthquake Engineering, 2016, 90
227-239.

[12] ZORNBERG J G, CABRAL A R, VIRATJANDR C.
Behaviour of tire shred-sand mixtures [ J ]. Canadian
Geotechnical Journal, 2004, 41(2). 227-241.

[13] REDDY S B, KRISHNA A M. Recycled tire chips mixed
with sand as lightweight backfill material in retaining wall
applications: an experimental investigation [J]. International
Journal of Geosynthetics and Ground Engineering,
2015, 1(4). 31.

[14] WANG F C, SONG W. Effects of crumb rubber on
compressive strength of cement-treated soil [ ] J.
Archives of Civil Engineering, 2015, 61(4); 59-78.

[15] WANG F C, PING X W, ZHOU J H, et al. Effects of
crumb rubber on the frost resistance of cement-soil[ J].
Construction and Building Materials, 2019, 223:
120-132.

[16] fffR, 2258, Bois/R. K IHFE R I -2 1R & 1 19

BRI HA 1% 5 TS, 2015, 34(Sup2):
4366-4372.
HE J. LI Y. RUAN X C. Strength properties of
ground rubber of waste tire and clay mixtures [ J].
Chinese Journal of Rock Mechanics and Engineering,
2015, 34(Sup2) : 4366-4372.(in Chinese)

[17] SRIEH XA £ 2004 55, 2 R4S IG 70 18 8% T3 iy

MR RELI] £ AR T &%, 2015, 48 (Sup2):
361-368.
ZHANG Z F, LIU S Y, CAI G H. et al. Research
progress of scrap tires used in road engineering[ ] ].
China Civil Engineering Journal, 2015, 48(Sup2): 361-
368.(in Chinese)

(H#E =)



