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An Experimental Study on the Inclined Earth Retaining Structure in Clay

A % %' Jeong, Dong-Uk o) & A’ Im, Jong-Chul
4+ A 2 Yoo, Jae-Won A " 4" Seo, Min-Su
T 9 E' Koo, Young-Mo 7 A A’ Kim, Sung-Jin

Abstract

Inclined Earth Retaining Structure Method (IER Method), was developed in order to improve the mechanical properties
of the existing earth retaining method. IER consists of two supports, which are front and back supports. In the IER
method, back support is very effective for the reduction of the earth pressure acting on the front support. In this study,
the effects of back support and fixing conditions of lower ends of supports are analysed by laboratory model tests in
clay. The test results show that back support reduces the Leteral displacement of IER effectively, and according to the

results the effect of interval and fixing condition of back support was analysed.

2 x

7129 Futo] FHe] BAHES RAST AHS] s Aol Ieke Fuo] AFA] FarolFHelch. A7

Futo] P ARATe HRARE AGom Ax|ste] AABHAZ PE FHOE, WEAFe] AH2 8| A

AZol] g EQS BBAHOT BAAA /A TRH PP YA FHolth B ATAE HE

ko] AR TS Fo) shrATe] 42 ool (% shie] wY 2A 5 Delste] A4 Furo] Tl

o}2] S42 shelstgich. ARG B AT W AFe] AXE o3 [ER HAe] SHAN/L Avprom st
Aoz BAEgon], ExFY 17 L 14 2o BE fat LA

Keywords : Retaining wall, Inclined earth retaining structure method, Soft ground, Model test, Leteral wall

displacement ratio

LME 2 spust ek et BRA0 EXolL 95
2BEo] Qlyslo] AFE, o] o8| thEHS B

AIBLOL EABIE QIS A AZBEL R 3 U AMGA L adydea 2o FHe Ay
58 g3t o] /b glom, o= lsh FRMEAL ] oA T FRE /| ZUE| GHOE
ZolA] 24 WA FUE o) /A PR A 8 ATl ofele Aol WAL qlrk E3 AT £

1 B3¢ 0,] Hak sk A3 S A A AE)
38, BAhL A8 A5
Fax: +82-51-518-3084, A1 412}
A3]9l, FAttetn AL S FA AR S Eg8ta) AALeEY (Member, Graduate Student, Dept. of Civil Engng., Pusan National Univ.)
H3)9l, A et AFS| SE A AR B8 ER38tat ALY (Graduate Student, Dept. of Civil Engng., Pusan National Univ.)

¢ 2 el i EOE A8kt 292 20134 128 3197 1 8-S SR BUFAY] dihIch Agel AR B8 @A R Asskel SR,

oH

S
=

-
f

5287} WAL (Member, Graduate Research Assistant, Dept. of Civil Engng., Pusan National Univ.)

& 538 7} Y4 (Member, Prof., Dept. of Civil Engng., Pusan National Univ., imjc@pusan.ac.kr, Tel: +82-51-510-2442,

-z
ol

o

[\S]

o]—J

N

a

A&
=

o

H IFE 63

HEXIBHHC IER XIFA £240]

o



A A 1 7Hsd
¥o] gli=t, o] B =
HoR AFSES AAN7] o]
ol oY el A3 e el
FAwlsE 27 e, EG %
2 Peld FAu
& Foa golasle] Hu ek

4719 BARES ARG o1 7149 FF A4
4 Fato] Fel itk 7 Fo)A NUEL o]
A4 Fto] FHQE Hopile 34, SSREH)S 247
§élel 85 w3l qije smalo 4Y
sto] EQRS 7haA]7)= A o] QlthKim, 2006; Kim,

23Yort NEd A4F

2 Aol SSREHET o] e XA
o] FH(Inclined Earth Retaining Structure Method,
oJstol A<= "IER FH' & F7])o] 7= ¢l e, [ER

o o

T PATH(OIF AT A BE(|5} W
AFYE AANA Aol QRSN A FHO
=, jpixFe] Ax Q) AmA|Te] g =ok

= B o g A7) Ao tigt M-S =
RN L] AR PEAE SHAIK FRolth
2 Aol oA HeRRk A AU RFAHES 235t
o HHUVITJ AR = AR sk BEAaR
2l8l 65%2] A ANE WSS 4]5}0], IER
=9 —'r’-}]ﬂ‘?_ oA SIS THSeo et al., 2012).
T B ATolAE AEANA ] QA B
Hetnat AYRHATS A AT A, 7t

(a) Structural form of Dual support | (b) Structural form of Dual support
: front support (H-Pile+plate) . front support (C.I.P)

Fig. 1. Applications of IER Method
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Table 1. Results of model test in sand (selected from Seo et al. (2012))

) ) Tip Horizontal Tip Horizontal
Excavation Excavation depth ) . :
Contents . displacement when displacement ratio when
depth (cm) at failure (cm) ) .
excavation 50 cm (mm) | excavation 50 cm (mm)
Single support (rigid front support) 50 45 4.06 1
Duel support (rigid front 65 65 0.21 0.05
support—rigid back support)
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Fig. 5. Model earth retaining structures

Table 2. Properties of Marine clay

Unit weight Specific gravity Natural water content Liquid limit Plasticity index L )
USCS (kN/m?) (GY) (Wa, %) (LL. %) (P Grain—size analysis
Sand : 5.74%,
CL 17.4 2.66 45.99 43.39 21.82 Silt and Clay : 94.26%
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Table 3. Properties of model ground

Initial water Deviation Undrained shear strength of
content (%) (%) Water content = 85% (kPa)
85 +3 3.2

Table 4. Type of model tests
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Fig. 7. Lower end fixed by bottom plate

Angle of front Angle of back Thickness of Thickness of Fixing Back support

No. zzggo?: support support front support back support conditions of interval

() ©) (mm) (mm) back support (mm)
SC1 Single 0 - 12 - - -
SC2 support 10 - 12 - fixed front -
DC1 0 10 12 15 free 90
DC2 0 10 12 15 fixed back 90
DC3 0 10 12 15 free 40
DC4 Dual 0 10 12 15 fixed back 40
DC5 support 10 10 12 15 free 40
DC6 10 10 12 15 fixed back 40
DC7 10 10 12 15 fixed both 40
DC8 10 10 12 15 fixed front 40
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Table 5. Leteral displacement of during excavating
Excavation Leteral displacement (mm)
depth (cm) SCH SC2 DC1 DC2 DC3 DC4 DC5 DC6 DC7 DC8
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 4.4 1.4 1.4 0.0 1.0 0.2 2.4 0.1 0.0 1.0
10 28.2 10.8 12.8 2.0 7.4 0.7 151 0.4 0.2 6.5
15 84.0 35.9 37.8 41 28.8 1.4 40.0 0.7 0.4 24.3
20 70.2 80.2 7.0 76.2 2.3 83.7 1.0 0.8 61.9
25 116.3 136.4 10.8 138.8 3.3 127.0 1.5 1.1 114.3
30 13.5 4.2 1.9 1.5
35 17.7 5.2 2.2 1.8
40 20.6 6.1 2.7 2.1
45 271 7.0 3.5 2.4
50 32.4 8.1 9.4 2.8
55 9.1 19.7 2.7
60 10.0 45.7 3.2
65 10.9 3.4
70 1.7 3.6
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Table 6. Torsional Displacement of Retaining Wall Structure
during failure (Rankine, 1857)
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Soil Type (=Lateral Displacement / Wall Height) Table 102 =2} Z10] 5~20cm Ato] o] =g H${u] S
Active Passive
Loose Sandy Soil 0.001-0.002 0.01
Dense Sandy Soil 0.0005—0.001 0.005 Table 8. Leteral displacement ratio when back support is installed
Soft Clay Soi 0.02 0.08 (In the case that front support angle = 0°)
Stiff Clay Soil 0.01 0.02 } Leteral displacement ratio
Excavation depth (cm)
SC1 DC1 DC3
Table 7. Excavation depth at failure 1.00 0.33 0.22
10 1.00 0.45 0.26
Excavation depth at Excavation depth at
No. ) No. )
failure (cm) failure (cm)
SCH1 7 DC4 H|oty| (>70) Table 9. Excavation depth at failure when back support is installed
SCo 106 DC5 96 (In the case that front support angle = 0°)
DC1 10.3 DC6 52.2 Contents SC1 DC1 DC3
DC2 30.6 DC7 Hlokz| (>70) Excavation depth at failure 7 10.3 11.6
DC3 11.6 DC8 12.1 Excavation depth at failure ratio 1 1.47 1.66
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Table 10. Leteral displacement ratio when back support is installed
(In the case that front support angle = 10°)

) Leteral displacement ratio
Excavation depth (cm)
SC2 DC7
5 1.00 0.01
10 1.00 0.02
16 1.00 0.01
20 1.00 0.01

Table 11. Excavation depth at failure when back support is installed
(In the case that front support angle = 10°)

Contents Sc2 DC7
Excavation depth at failure 10.6 >70
Excavation depth at failure ratio 1 6.6

Table 12. Leteral displacement ratio according to the interval of
back support free lower part

Leteral displacement ratio
Excavation depth (cm)

DC1 DC3
5 1.00 0.68
10 1.00 0.58
15 1.00 0.76
20 1.00 0.95
25 1.00 1.02
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Table 13. Excavation depth at failure according to the interval
of back support free lower part

Contents DC1 DC3
Excavation depth at failure 10.3 11.6
Excavation depth at failure ratio 1 1.1

Table 14. Leteral displacement ratio according to the interval of
back support fixed lower part

Leteral displacement ratio
Excavation depth (cm)

DC2 DC4
25 1.00 0.30
30 1.00 0.31
35 1.00 0.29
40 1.00 0.30
45 1.00 0.26

0.05

> —e— DC2
/ o DC4
004 /
0.03
0.02 failureline »

Wall Rotation, AL/H

0.01

[ed
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Fig. 11. Wall rotation according to the interval of back support
fixed lower part



Table 15. Table of Fig. 11

Table 16. Area ratio

Wall rotation Contents DC1 | DC2 | DC3 | DC4
Excavation depth (cm) —
DC2 DC4 Installation interval (mm) 90 40.00
25 0.015 0.005 Area ratio (%) 18.3 36.60
30 0.019 0.006 Back support fixed Free ‘ Fixed Free ‘ Fixed
35 0.025 0.007
40 0.029 0.009 Table 17. Leteral displacement ratio according to Area ratio
45 0.039 0.010 -
Area ratio (%) 0 18.3 | 36.6 | 10 | 100
Leteral Free | 0.99 | 0.41 | 0.26 | 0.56 | 0.11

| Wi | W, W,

M
v
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Fig. 12. lllustration of area ratio

Fig. 11 =2} Zlo]o tigt 3 H 9] W3} =&
Uehf il Qlek &, Table 15%= =2} Z10] 25~45cm
o] SHAHLE VEbd Ao|th

Fig. 1104 DC2%= 30.6904] 5}3]7} BFAY5}a, DC4
O] 7= AuHAel - Al HHY gl
SIHL7E 71221 0.02 ool s Y] oA &
T7F vepal ik

423 AA8] | o3k =4

a2 e] AR 1A 9] Aoz v AT HAH
2 XA = Qlek WHH|E Fig. 129} 4] 2)F o]83}
o] L], AX7HA 90mm, 40mme wf, HAH|=
18.3%, 36.6%°|C}.
™ x| F 0] E
A (%) 2 _T’] ) x 100 )

Table 162 A3 224 wWAu|= Jehya 9}

o AF SCIE 7120z wHAF7}

A6kl DCI, DC38F A1 DC2, DCAS 1] 75},
22 Zolnlo] WA H|ete] AAS

displacement ratio | Fixed | 1.00 | 0.04 | 0.02 | 0.08 | 0.01

12 .
® free
o fixed
1.0
AN

> AN
g 08 i N
=
s = N 12.84913
£ | ~ ~ 129332+ x
g |y T~
2 06 o
g [ ~
@ \ T~ e
T e
s 4 ey
T . S
® T
S \ ~ o832 =

02 Y 0831z +x

]
— g
—— 8l .l _ g
0.0
0 10 20 30 40

Area ratio, x (%)

Fig. 13. The relationship between Area ratio (%) and Leteral
displacement ratio

&)
4
of,
e
do
=)
m=}
2
S
19
&
B

0| Table 16°|th

12.85 R
— =% e
Y= 1293 +2 Ft
0.83 Q)
Y= — nA et
083+

o714, = WA H|(%)
v SHEEZ o)

@ sy 22} Zolujel WAHo B
Table 182 W#u]o] upe vy 2 Zolu| g Ae)

3 Zo|a, Fig. 14 wAu|e} utw) 22t golu]o] 7

HEXIEHHS] ER XIF=4 221012

|
o
1

nE 71



Table 18. Excavation depth at failure ratio according to Area

Table 19. Leteral displacement ratio according to back support

ratio fixed (In the case that front support angle = 0°)
Area ratio (%) 0 18.3 36.6 . Leteral displacement ratio
Excavation depth (cm)
Excavation depth Free 1.00 1.47 1.66 DC1 DC2
at failure ratio Fixed 1.00 4.43 10 5 1.00 0.00
10 1.00 0.15
12 15 1.00 0.11
#* free 20 1.00 0.09
Wbk @ fixed
= //
S . - Table 20. Excavation depth at failure ratio according to back
E —T support fixed (In the case that front support angle = 0°)
5 .
£ 6 = Contents DCA1 DC2
—
% ///O Excavation depth at failure 10.3 30.6
%:J 4 - Excavation depth at failure ratio 1 2.97
-
£ =
= N U B i e, e e e A N N 0.20 :
Td —e— DC1
0 -o-- DC2
4] 10 20 30 40
Area ratio, x (%)
0.15
Fig. 14. The relationship between Area ratio (%) and Horizontal -
displacement ratio 3
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Fig. 16. Leteral displacement according to back support fixed
(In the case that front support angle = 10°)

Table 21. Leteral displacement ratio according to back support
fixed (In the case that front support angle = 10°)

Leteral displacement ratio

Excavation depth (cm)

DC5 DC6 DC7 DC8
5 1.00 0.05 0.01 0.42
10 1.00 0.03 0.01 0.43
15 1.00 0.02 0.01 0.61
20 1.00 0.01 0.01 0.74

Table 22. Excavation depth at failure ratio according to back
support fixed (In the case that front support angle =
10°)

Contents DC5 | DC6 | DC7 | DC8
Excavation depth at failure 9.6 52.2 70 12.1

Excavation depth at failure ratio| 1.00 | 5.44 | 7.29 | 1.26
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Table 23. Leteral displacement ratio according toinstallation angle
of front support (lower part free of back support)

Table 25. Leteral displacement ratio according to installation angle
of front support (lower part fixed of back support)

Leteral displacement ratio Leteral displacement ratio
Excavation depth (cm) Excavation depth (cm)

DC3 DC5 DC4 DC6

5 0.41 1.00 30 1.00 0.44

10 0.49 1.00 35 1.00 0.43

15 0.72 1.00 40 1.00 0.44

20 0.91 1.00 45 1.00 0.50

50 1.00 1.17

Table 24. Excavation depth at failure ratio according to installation
angle of front support (lower part free of back support)

Table 26. Excavation depth at failure ratio according to installation
angle of front support (lower part fixed of back support)

Contents DC3 DC5
Excavation depth at failure 11.6 9.6 Contents DC4 DC6
Excavation depth at failure ratio 1.00 0.83 Excavation depth at failure 70 52.2
Excavation depth at failure ratio 1.00 0.75
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Fig. 18. Leteral displacement according to installation angle of
front support (lower part fixed of back support)
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