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Effect of Cycles of Wetting and Drying on the Behavior
of Retaining Walls Using Reduced-Scale Model Tests
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Abstract

This paper presents the results of a reduced-scale physical model investigation into the behavior of retaining walls subject
to cycles of wetting and drying due to rainfall infiltration. Reduced-scale model walls equipped with a water spraying
system that can simulate the wetting process were first constructed and a series of tests were conducted with due
consideration of different rainfall intensities and backfill soil types. The results indicate that cycles of wetting and drying
process have adverse effects on the wall behavior, increasing wall deformation as well as earth pressure acting on the
wall, and that the first cycle of wetting and drying process has more pronounced effect on the wall performance than
the ensuing cycles. It is also shown that the degree to which the wetting and drying cycles affect the wall behavior depends
greatly on the backfill soil type, and that the larger the fine contents, the greater is the effect of cycles of wetting and

drying on the wall behavior. Practical implications of the findings from this study are discussed in great detail.

2 x
B ERol s AL AN A% So-A% BRI RBEE SuTER) Ao B b YA
AT HEL thdth o2 913 WA So-Ax WAL BAR 4 G 1Y $9 AP AXNE TH5A F9g
W A EY BF 5 ARl thot 2] oiet WS Sasteck 1 A R A% Ha-dx
BHE TP e gule] W9lE FAAYT EhE IR B AE SHoA B oA 4 gk AR
AEETh S, AN R B A Ge-ak Al ZelA Mt 7H T MAISIIL 1 o] % &8 Aol ZolA 9]
¥9] Z7he Aol o] AWHWA FAFE Z0m BAHG) ol2e o|HT Ha-x MBI JFS )
SFe) FR) et 1 FEs} ol AR Uehon AYE Tl 248 4o-0% WEAge gl
2 g0z gEwg,

Keywords : Reduced scale model test, Retaining wall, Braced excavation, Rainfall infiltration, Wetting and drying,

Matric suction

csyoo@skku.edu, Corresponding author, 12142}
* i e tiet EoE ks 39S 20149 6€ 3047HA I UlE-S SR HulFAY] vigiuch AAke] AE g3t 3 =23l AlAste] =xiyth

1 43¢, Ay AFESF S WS (Member, Prof., School of Civil & Architecture Engrg., Sungkyunkwan Univ., Tel: +82-31-290-7518, Fax: +82-31-290-7549,

Copyright © 2013 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

A
b
0
o
>
0
1o

018e s8-dX g=EAE0| 3% 2x22 HS0l OIXle 88 25

=

ilg



. ME

25 Bo] A7 2Bk QI3t 15 MIR S-elute
wat of e 4 AIAH SR 2] Qo] G o
A= Fa%k olsp7t HH: ot 7% k= =414

o 9 ol ZeRAE 2efslo] A A 0] 2

AlE oF7IAIZ|aL glom o]} yhsto] x]uk
722 3 AR Busll] BT 4 A=S A
Al- A F H%Eq 719] ™ol 875 3Uth(Yoo
2011). 2, 292 s AT ANTEEY 58 T
EAMY 9] Hi%E 4= (matric suction)S

a7 olHE RBELYS] Fal BT EY 5
in |

gk o ol =k A
FFoll Hit ﬂ?ﬂ =30}
3] AP ok Al T

AAAHS At 2 o7t e W B33l B4 H3lo|
£ A9 Qb Wstol| Hgt AFE 3yskar vl
ol&& YT uf qlrk. o]¢} oR& | Cheuk e
& 5T AYolA BAste He AeE ez AR
AEe) QAR Fo Bxst E40Y BAE &
ghal 9ltk. E3F Rahardjo et al.(2007)= X Sof X
APHS Ao APHS 78R, Fo] BA W B4
F-E/dell tigh Wiz A9 ek 1 A
3 o]5 FRFAAL} AL QHE It gt
v} Qlt}. o2& Tohari et al.(2007)> =
Sl Al s R A7t Abdel v
u}ets¢l 0™ Rahardjo et al.(2010)-2 E3&

oN

ol-mu

B odm w >
filo
=
0]
£

H oox
ot
a4

i)
tlo

N
ol
i

oo
o
r
)
TR
oflt
%
>
o

ro i of
r_>d =

Bt
ol

o
=2
o

|
Rahimi et al.(2011)& A=5
Ej]s} /\i]—;gHAA;G il ‘; =3

S 9lee SISk,
A, IlollM e Sx3tE WA TAAF7 &
| A=) 31 et ol& 5] Lee et al.(2007)2 &3&
s} ApEIQEg o] Xt AlY Rl GPRY ATLE S
H Yoo et al.(2008a, 2008b)-2 7}-A] R E 2
Aol et ATE BESHE WA s
b guo] A7k oJEH gl TR AT S
A A1EE B} Qe o2 Sagong et al.(2009)S ZHE
T/ AbHof| Qlof EF FAlo] whE 7“’4 Sl
3 WS 9 Hh BYABE

Lee et al.(2009)2 =244 AFLE Faf 73
SHEA7F bl vA= G
UL O‘ur 714 22 50 Yoo2013)
et Fa-x AfolEo] e H

e
1ot

rﬂ
ﬂJ
e

of

[eX

ikl
o] of
LA

Hunﬂomﬂnﬁﬁﬁmf

=

3L

o
St o
o}
i
jg
t
ﬂ
_l
_{

)

1B o e
i
rlok
o,
e
HU

e 1z ru% fr rlo i
>~ 3—" ol-o
>
5 =
2 = L
ofo 5 %
a3 N 4 2
ot i (e
=2 o Y F.?i‘
E{ e i do
== ﬁ 4 gy
2 o2 ko
> o Ly
TR E‘:
FJO o o
A iI;“ 1
rE
it rﬁ
i)
op ofo

)
ot
Ir
i)
u
s
ot
filo
QL
i%
Elorr

2
2
-
N
4
o
¢
=)
4
lo
&
o)

2ol thet 714
5 Aol
Gepd 2 el
of ]2 G
39 9 S TEES oR S8 9 A
sabge] S AFEAe] nlx: G dhat
4 Q78 ek 1 ANE FHOR Bt

%NJ
:ﬁzz‘:lif’
o e &
E_Mrz
Wm}rﬂ
T o H
gmrﬂrlr
Hoﬁz'n:
W#r£—1°
L jo =
r NI
Qe - =
g
o .o >~
(Lo
Hu—ir_lo?d
2
iul

l-N

SAaRPAHE S 77 smmo ofmdR F5H E
shgslo] sy RPER AYS Zo] 0.9m
0 0.4mo]w F7| 20mme] FAE o8-}
HHA S ?%ﬂ‘ﬁﬂwlg D). ofmf FA=Ea
BoE U7t e A
A5t7] sl F SrnmA FA S A o] 3]st
of ZE9| 9L sl=5 itk 2, A HARE 9
3l Fig. 1(b)ollA] Hol= Ble} o] Axzglolz] 9l 15w}

g AZYME o83t 5 AladHe 53T,

014
ol rﬂ 2 B

Olr



900 (unit: mm)
top plate

Data
acquisition

| ‘ compressm

(a) Schematic view

(b) Setup photo

Fig. 1. Reduced-scale model test setup (conventional retaining wall)
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(b) Strut

Fig. 2. Reduced-scale model test setup (braced excavation wall)
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Type Grain size characteristics | USCS Dry unit weight Specific gravity Cohesion Internal friction angle
) D1o=0.36 mm, 3 °
Ju Moon Jin Sand G =161, ¢ =110 SP 1.68t/m 2.6 - 32
Table 2. Geotechnical properties of decomposed granite soil
Type Grain size characteristics | USCS | Max. dry unit weight | Optimum water content | Cohesion | Internal friction angle
Decomposed | 599 =102 | sp 18.96 kN/m° 11.3% 10 kPa 35.3°
granite soil
Table 3. Cases considered
Case Rainfall intensity | Wetting Duration | Total rainfall | No. of cycles | Total Duration Retaining Braced
I (mm/hr) T (hour) Q (mm) N, 7 (hour) wall excavation
561,8H 56.2 8 96 O O
28l16H 28.1 16 129 O
449.5 3
181,24H 18.7 24 144 O
91,48H 9.4 48 216 O
500 ’;\90 [ . . .
- Qumulative rainfall b = 80~ Rainfall intensity
400 |~ (recorded at Dong-Doo Chun) g 20 [ (recorded at Dong-Doo Chun)
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(@) Cumulative rainfall

(b) Rainfall intensity

Fig. 3. 2011 Dong-Du Chun rainfall record
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Fig. 4. Instrumentation layout for braced excavation
Table 4. Instrument specifications (braced excavation)
Gauge LVDT Earth Pressure sensor Water Pressure Sensor
Product CDP-50 PDA—-1 MPa BPR—A-200 kPa
(Tokyo Sokki) (Tokyo Sokki) (Tokyo Sokki)
No. of 3 1 2
Capacity 50 mm 1 MPa 1 MPa
. Behind wall 35 cm away from wall
Location 125, 250, 375 mm above base 250 mm above base 0 cm, 250 mm above base
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Fig. 5. Effect of rainfall intensity on wall displacement
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