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Application of elastic cable theory in design of reinforced earth structure
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Abstract: Under differential settlement, the researches on the joint stress between the reinforced earth retaining wall panel and
the reinforced materials and the deformation of the reinforced materials at the present stage are few. For example, differential
settlement is prone to occure in the reinforced soil retaining wall of soft soil foundation, and the imperfection of the related
theory also leads to the low regional applicability of reinforced soil retaining wall. In order to improve the design theory of the
reinforced earth retaining wall, the elastic cable theory is regarded as the theoretical basis. For the joints between the reinforced
earth retaining wall and the reinforced materials, based on the existing theories for the deformation and earth pressure of
reinforced earth retaining wall, a set of methods for the stress distribution and deformation curves of the reinforced soil
retaining wall are established under differential settlement. The feasibility and accuracy of the method are verified through the
theoretical analysis and the experimental data of the indoor model. The proposed method has the advantages of simple
calculation and wide application, and it can be used to explain the failure mode of the connection between the panel and the
reinforced materials. It is of certain guiding significance for the design theory of the reinforced earth retaining wall, especially
in the design of settlement control.
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Fig. 1 Actual deformation and failure of reinforced earth retaining

wall
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Fig. 2 Sketch of deformation and failure of reinforced earth
retaining wall
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Fig. 3 Deformation of elastic cable
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Fig. 4 Stress and deformation curve of reinforced materials in

differential settlement section
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Fig. 15 Comparison of stress distribution of first retaining wall
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Fig. 16 Comparison of stress distribution of second retaining wall

4 &% B

EEXT B RN 45 B 22 RO R 2 5 T T
W5 5 ek 2 2 ) i — W — A B TR,
ASCEF T A IE G FB B8 R A B4 TR 5 Wbt
SEPERL S TSI, SR T — LA R A1 1)
PR . 27 AT TN L R b R T
WIBEEE, LRI S e AL A B SR (%4
SEIE) POTEEL, R SR R R B A
EIRE L. BAh, ASCEILE R T %5
VBT AT R AE AR

1) MR 22 T 2 AE R A5 2 T
S A T B 3 S B, A SO B 2 B AT T
MBI, FHRH T —28 2% BUTH R L8 R A
M T FLAS T M R 57 v

(2 F1 25 P LR S0 ) 2 S R e 45 O T AR
B S T SIS T i 2, 5 SR HH T 1E I I 3
PR (B 4) A5,

(3) ST FIZLEE PRI, 40T 0 PR 75 -
TR 00 R0 15 = .08 ) 9564 52 7 e A T e ek i 4T 0
82, I TN - P E 22 R R AR T
FIA A RIS SO OB T 7 1545 L 1 45 SR A A
R, WS IE 5 384 2% B PR 5 R

ZERBETE R FIAT I

(4) A M AR B A B FRILAR, Kb
ARTEARNS LA “ RUBE ™, WA P 52 1A B e Jg B AT i fE oy
AT B o 110 SR R A (R AR TR 1 A7 AR SR AR BAS
TR T RENE,  SASCIEAR W 7T SR DUE T
IEALEBE L M TGO, X AEE R TG L
Rk,

ARSI TN - 0 0 B A E AR fi S T
RISy, 55 SR TR TIN5 45 55 22 SR U A AR 14
ZE SRR HE— D IRABE T

SE -

(1] BENNRG SKZESR, AT B 22 5 DR XN A - 25 4 5 iy A
FEBHRIS W] P EZIER, 2004, 25(5): 89 - 93.
(WEI Li-min, ZHANG Jun-le, HE Qun. Influence of
differential settlement on internal force and deformation of
the reinforcement in reinforced earth retaining wall[J]. China
Railway Science, 2004, 25(5): 89 - 93. (in Chinese))

[2] WPEEACImIT. A BN L T AR TT R T OTE I g (M.
b NRAZE H AAt, 1993. (Transportation Department
of Shanxi Province. Compilation of engineering design and
construction specification for highway reinforced soil[M].
Beijing: China Communications Press, 1993. (in Chinese))

[3] Kb BRIE 2 e 3 e 44 00 i L S PA g M ek S it TR (]
IPHMI. Kvb: B BB K5 R H:, 1994, (Changsha
Railway Institute. Design and construction rules of reinforced
soil retaining structure in hunan province (temporary)[M].
Changsha: National Unicersity of Defense Technology, 1994.
(in Chinese))

[4] JTIO15—91 A+ TR THNES]. 1993. JTIO15—
91 Design code for highway reinforced earth engineering[S].
1993. (in Chinese))

[5] WEN X, JIANG J, ZHANG C, et al. Experimental study on
performance of multidirectional geogrid and its application in
engineering of high slope[J]. Journal of Wuhan University of
Technology Mater (Sci Ed), 2014, 29(4): 704 - 711.

(6] e, AN+ TR SIS T M]. Jbat: NI HiR
4, 2000. (HE Guang-chun. Design and construction of
reinforced  earth China

engineering[M].  Beijing:

Communications Press, 2000. (in Chinese))

(7] E5R57, W & OnE bR A B TR P N
[J]. THEER, 2013(4): 40 - 42. (WANG Rong-fang, CAO
Xia. Application of reinforced earth retaining wall in stone
ring highway engineering[J]. Municipal Technology, 2013(4):
40 - 42. (in Chinese))



%13

TR, A SRR EISLE N P IRAS e R AT 129

(8] B, Jrmgs. I L4 LRSI )], AR,
2000(6): 38 - 40. (HUANG Guo-wei, FANG Hong-qi.
Application of reinforced earth retaining wall structure[J].
Geotechnical Investigation & Surveying, 2000(6): 38 - 40.
(in Chinese))

[9] SONG Y, ZHENG Y, TANG X. Study on the FEM design of
reinforced earth retaining wall with geogrid[J]. Engineering
Sciences, 2010(3): 71 - 80.

[10] ZHANG M X, ZHOU H. Model test on sand retaining wall
reinforced with denti-strip inclusions[J]. Science China
Technological Sciences, 2008, 51(12): 2269 - 2279.

[11] CHEN Q, HE C R, ZHU F Q. Field measurement sand
pullout tests of reinforced earth retaining wall[J]. Journal of
Southwest Jiaotong University, 2004(2): 165 - 172.

[12] WANG C, LUAN M, ZHU Z. Model test and numerical
analysis on long-term mechanical properties of stepped
reinforced retaining wall[J].

University, 2012, 18: 62 - 68.

Transactions of Tianjin

[13] OUYANG C J, XU Q, HE S M, et al. A generalized limit
equilibrium method for the solution of active earth pressure
on a retaining wall[J]. Journal of Mountain Science, 2013(6):
1018 - 1027.

[14] Japan Society of Civil Engineers. Structural mechanics
formula setfM]. 1Ist ed. Tokyo: Japan Society of Civil
Engineers, 1986.

(15] £ K, ARMRER. X TR A% 3555 i B K73 A 3],
A ETRE2ER, 2003, 25(2): 220 - 224. (WANG Xiang, XU
Lin-rong. Testing and analysis of reinforced earth retaining
wall with double grade geogrid[J]. Chinese Journal of
Geotechnical Engineering, 2003, 25(2): 220 - 224.( in
Chinese))

[16] GB T50123 4 T4 77 vEFRHE[S]. 1999. (GB T50123
Standard for soil test method[S]. 1999. (in Chinese))

[17] British Standard. BS EN ISO 10319 Geotextiles Widewidth
tensile test[S]. London: British Standard Institution, 2008.

(BXIREFHkR) BITRE

CH T TR QT 1979 4, Z2HREKFR. A,
J1% B KL IRENFEAANEEEZSBE EEARME
BEEOAT . BRI R T T, BN ATFRAT. &
BTG D)5 A R AR 2 A e R IR AL oK
SPIRFERE TN TAR B & . EHFIL . FHAR HiiX
By FPEB SRS o« RO E R E SRR R R A T H R oAt
I H AR TR A A TR, (B A S S B a5 1
R, RS TR I LR . TR H A BOCRR YRR SRR
WL R, LRSS, R, e,

AP CPSOZOIATIE B S &8 A NIz O
T, FEERFI LTI AL T RIS ATIRRHEES « o ER
FALCH AT (o EREAZ LI B “ A E RS
551 3CHE R Wk AT EREERE o R 51 SO
BE” Wi AR AR ERIR 7 A sofieak KA E AR TSR
BN R WGk ATIHE “ TFEZER G| Ei Compendex 4

FE” R« HABRAHARIRMS U R PE IST” 25 br i ik
Fo ARFIMLE (www.cgejournal.com) 43R ATATIATE FIIEk
e

RPN SR RN EAREH . KRR, ZliEk. 7R
G\ TREHT AT N - TRE RS RN A
17NN 700 O N2 SN . N A B by N 5

ATAAT, A4TF, BEEHERR, 192 03, 4] i) ik,
FEWEM 40 JC, EEEN 480 TT.

A [ BrARiE IS ISSN 1000 - 4548, [F 48 —Fl 5 CN 32
- 1124/TU, HA RTINS 28 - 62, HAMEATAS MO 0520,
S RS 4 [ A M SR VT, AT R R EIT I CR 5
WOHE 2% o JmiBiRiT Wt : FERTPRIE G 34 5 (A L TR
R MBgw: 2100245 BEARHIE: 025-85829534, 85829543,
85829553, 85829556; £ H : 025-85829555; E-mail: ge@nhri.cn.

AT 2 378 )



