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Performance and bearing capacity of embankments reinforced with
waste tires and geocells
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Abstract: In order to investigate the performance of with embankment slopes reinforced waste tires and geocells, the model
tests on reinforced the embankment slopes with waste tires and geocells are carried out respectively, and the two different
relative densities are considered. The results show that compared with the unreinforced soil embankment, the embankments
reinforced with both waste tires and geocells can evidently improve bearing capacity and stability and reduce uneven settlement.
The reinforced embankments effectively increase the diffusion angle of the additional stress, which makes the distribution of
the additional stress become more uniform, and the difference between the additional stress on the center axis of the
unreinforced soil embankment and that of the reinforced embankments decreases with the increase of the depth of embankment.
The lateral displacements of the unreinforced and reinforced embankments firstly increase and then decrease with the increase
of the depth of embankment, and the lateral displacement of the embankment with waste tires is the smallest. The reinforcement
effect of waste tires and geocells decreases with the increase of the relative density, and the bearing capacity of the reinforced
embankment is over 2 times higher than that of the unreinforced soil embankment under lower density, but less than 2 times
under higher density. Finally, the relevant method for calculating bearing capacity of waste tires-reinforced foundation is
proposed based on the method for calculating bearing capacity of geocell-reinforced foundation and the analysis of the
reinforcement mechanism of waste tires.
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Fig. 6 Pressure-settlement curves of reinforced and unreinforced
embankments under different conditions
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Table 2 Bearing capacity and bearing capacity ratio of embankments
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Table 3 Settlement reducing ratio of embankments
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Fig. 9 Variation of vertical displacements 20 cm below

embankment surface
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Fig. 12 Failure of unreinforced soil embankment

BRI IR, 0 SR TR ek D 2 B A i 3
AR RTITHG K, X BN E R A FH I, B3R
£ i B NI BE 2 DARGTAN s B 5 R AR T, it
I AT B e o R A A L A AR o TR AL
KA 3T I, AR RT3 RE (B 32 P AR BRI
L RAGRBIR, TN o0 A3 8 3 v 1) S T L R
I, BRAIER SR M AT, ATk 2 I
EAINEVE S

FR IR IR | F R e R T = P AN [ J b B 75 iR
HARRL, AEAERBMG N, R — 2R .
JRIRFe IRt - Ths = 2 MG, Heelhiaimie £
T S MBER RS, XA AT #2250 S 2T PR
A BN RBORANA o = TS 2 32 R Bl e A% = I B
AR ) 249 R R e B AR ) ke JBE 5 g RS 2
e . TR IRAC GRS 7 IXPIAE 204t R liaihia
A BES I8 1 5 AR (R K EE 4 g BR- A AR ) 0 g A
B, AT R R —E R REEARE T, T BEm s
Ji. BN, BERRIGTH LSS Ak Z 1A s & 86K
TR RREEARTE, A B TR s SR AR S AN

W oR AR E

HT A B ARG A5 RAG R, A B I RCR AT W
TR . AR AR B KT, I HL
FEARARAS 3 TR, A4 X BROIN R A7 i Bl L
SO, Ul B AR AR G 2 251 T BE RE A Hh
IR R o IR PO PEARAE NS 3 B 25 T B3R SR
W AR BE IR, 75 B R R i 1
HY PASRAMES SR BRPEAR MIRE/N . ARE 1 22 A BRI o
eI AE AT B JE 0], B S R AR R AR 1
JUFRAS, BRI EESR A EE A AT SR IO PR A F 23R
A ULIRPTAN Tk, SR b BRI Ve R 35 3 T
B, M 75 Y B FRUIN A R o T A vt A 2
TERSRIRPUBON . ATEHIRE B, BIUAEE B A
WA, BRSRIEAE —ERIRETT, SR kA RE
TP RAEHIIR, BUELE A 2 BEAR AT, A n
F R AN QA EARAR X 28 FE SR A R B3

3 HEAFNEFEIL D

R R AT, b A = RAE B 1 R IR
M 46 16 R mT DASRE & B SR BT rE B 2 AR 80 77 o DRI B S Pl
TEI I 52 UL ARALL, Y8 TP I A in) &, fir
DL, BSSREFTTE ML AR R 15 7 v ] DL 4 A 7K
I E T ERE . RIBRIAS L TS,
FIFH A3/, 78 TR S A B EA
SR b XS I TH %6 B I iy M 22 7k 48 0 b 55 =G AT
HIRHES.
3.1 FE. BEMFHHERE N

SCHR[13]H ) Koerner Mi4fE Terzaghi!' iS4 H! T
O Y <520 17 LB 72 5= A o - W N ol O S K 1
PR 2 A F ST A3 B e AR T [ B4, 7K T Bh X
RFVE R, 2 A A TR S 0 g IR A A A =X
Wi 13, 14 fiis, &R AR5 (DL (2.
SCHR[14]H 1 £ EE XAE Koerner FTHES L TA% =
MR IR AR bt — b oult, R&ESHENL
T I A B H AL (3 FR.

4

—— g il

AN

13 FE L EIF

Fig. 13 Failure of unreinforced soil foundation

4
I RR
PN . e o | [ 4
D =R

& 14 T THREMHHERIR

Fig. 14 Failure of geocell-reinforced foundation



EWE, SF.RCHA-S R SN B SR e SR BT T 87

B
ENm LR YT AR /NS W
p,=cNG. +05ybN.C o (1)
TR S I I AR A O
p,=2t+cNC +gN, +05ybN.C, »  (2)

p.=2D7/r+cNg +gN,, +05ybN.C, - (3)
Kb p, WHIEWIRARE 1 ¢ ARET 1 g o5t
Bg=y,Dy): y NETHEANLWEEL: Dy HETH
FEEE: r LT ESE A E2ETE, FFRE
By NBEIRX LREE; b NIRRT ¢ AL TR
e S L E R BUBT B E (R R o=
o, tang, s o, AL THER LIFEAER S (o,
= p.K, s Ki NEBNLIENREG No Ny N, A
HEH CSNEEEAET: Co Co ¢, NI
FIVIEA BRI R 2, FERNR TR IE R, Uk
FBE 5 (Vesic) HEERRBRARE ) A b4 ALY
WRARHEANX: o, W 5ETAR MBI LA .
A3 (3 ~ (1) H
Ap,=2Dt/r+qN,¢, > “4)
P, 2Dgrr 5 TS S A BE BEAR BTG N (AR 3
F1 gN. ¢, 9t TR 5 BR800 0 R
3.2 [RIB%CRR ARt EAE A
R T3 3% S DR DR R s R 1L Ji o i b R 4 52 )
X573 BB 2 AR BT X, RN B TT X IR A 2
G AT S B TC DX A B iR 9 A M R [ BE R N ] 15
e HITHRILHAER /NG Z, Ky HUERA R, Frid
S AR B TH R A R 5 BRI B Y, 2%
HABEH . i EL Lo trmr &, PRIASEHRIN kb 2K

(a) BRIBFRH NS HhE 2 T X 4552 77

i
BE T
x

(b) BRIFFRREINS L AN BBy A

Ti

e [an

P L | S,

(o) BEIARHAI-E AN B 139 71
Bl 15 RIRAE AT EZ S 4 E

Fig. 15 Stress analysis of waste tires-reinforced foundation

(1) JRIHEERG I BRI 5 AR A TR

TR AT RIS RAER (VIR © wRAEERCH
Bme B E Ao, o B8 S AR R BE R 1N
2p,a[r’ —(r—d)’]1=tand , far &7 55 E 2 X B AR
AN 20D, , BT LSS E % Ao, = 2p,alr’ —(r—
d)*1=tanS /(rD,) - i BT 7 i 1) [X S 7E i S A8 I
NEEBNX, HEYE L A% PR A 45 B 5
KB I Ap,, (Rl Ac,) A
Ap,, = p,a[r’ —(r—d)’]=tand tan’> (45" +¢/2)/(rD,) -
(5)
(2) WA (4D HES: R IR A 0 BR A i
B A&E TN
Ap, =qN&, - (6)
(3) JRIFAEA A S84 BRAC S R I R 5L
PR e e in - mg gt b, X380 A RIEE fis Y )
1) 1) B 5. 77 B s 5 0 b 2 TR I B i (TR /)
N, E15 (b)) fis), RIBRIGHIIGIZ R 554
JIE THI 5 5 AH LG 2B AN T o T X35 B BIEE G ZMU 14 15 [+
BY R 5 i 5 i B 1) AH HL BRI B (VIR 1 A =,
15 (e) P
R 5 [ 50 P
Ap,(2r) =2n(r —-d)Dz, + 2Dz, o (7)
¥ R - L 7 5 K DR 5 A % e B A A FH T
IR TN

Apy =n(r—d)D;t,+ D,z 2r*y 5 (8)

Zr LPTik: Ap, =Ap, +Ap, +Apy; > )
JR IR e g o e A 3 0k 5 500N

p,=cNC .05y, NS. +Ap, - (10)

X p, WHEERIR A& D). 6 ML 5IR IR IRA
EERRS: @ NI LIRS A s r NERIGEAR: d N
RIaIRIATEE . DONRIBIRTHSEE: 1,=0, -tang, ,
T, =0, -tang,, , o, NN M P EIKE B )
(o, =pK), @, NEMEESM, o, NESKIHRE
JE T (R BEHE A5 Dy T Bhif i KRN Hop S 40T
RFEME XS (1D ~ 3) FRIHIE.

AR LA B, P T I I i B e A T X mT BA
HE 16 &R,

P

SRR R

<‘|’$4‘*ﬁﬂﬁl—' Tdh’o To*h’] | | /:
T

T

DT 5 B

16 K |R%ERA N A7 b B ARIR
Fig. 16 Failure of waste tires-reinforced foundation
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