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¢ The Leaning Tower of Pisa

Fig. 11.1—Stress distribution in soil,
the leaning tower of Pisa. (After
Terzaghi, 1934 and Jumikis, 1962.)

(o) Vertica! section

nt!

In=0.67%cm?2!

il i ¢
—_== Fat cloy =

$

(b) Plan of base of
footing

=514 %9/em?l

{c) Linear distribution

of contact pressure
on soil

(d) Curvilineor pressure
distribution on top
surfoce of clay, c-¢
BOm below the bose
of fooling.

Tower verticol

Tower inclined



1 (KDS 11 30 05 : 2021)

o
=

2

d

]

H
—

- 1R

. XSO0 HoH QHAS BHEOIX ROk

K

KO

=

e

ol
=

ol
8l

AHE E X8t
10 O| &}
4,000 O| &}

10m O| 4
6 0|5t
100 O| &}
1,200 0|5}

10m Of 2t
4 0|5}

60 O| 5}
800 O| 5}

=
q, (kN/m)
g, (kN/nd)

==
o

IH
o

Uk
KO =
Bl 1

or &

8] > >

3y ME(expansive clay), SHMOA EYE, A8 HE(quick clay)

MNAE, 3114 Z(collapsing soils)

, 7 12E,

S
0

- XIEEXHA

9| =010



c|Li2to| Al CHEXQ

o
T



] 1 cauay mE

S AME(Busan Clay) -UH

Ot

HSY




I 2L} DY QIpAst

1E(Busan clay) XIS32X

&3

I=|
T

ter than 70m, especially in the mouth of the river

(4]
o o o o o o o o o o o o © P
™ (<2} ™ ™ (<] ™ m ™ ™ (<2} ™ (2] = —

al 20 to 40m or more gre

in gener

& 3 8 38 %8 852 ¢ ¢ QoY
N AM
N R
N~ o™ a© °
[e¢] o — oM~
S < ©©

clay has thickness

- Busan



I QL2 HE Q10| ot

10

Elevation (-m)

SW Artesian pressure head NNE
Noksan West Busan Daedong
New harbor : : :
W, breakwater Shinho . Eco-delta Kimhae airport Yangsan
+10 _ New harbor Hwajeon city Jangyu L +10

| R T G I 9 N o

P i XOT S S L
Silty sand
10 = > Sand seam - 10
20 — o = s — 20
Upper clay
30 7 Silty sand — 30
40 — o T — 40
50 — ' e — 50
P e e P
Lower clay
D o b B o~ B e s

60 — — 60
20 — ""MW Bed rock 70
80 —= — 80

_ [CHAI oqorx Hio| B3 AIN

hax 122 2439 SUS, 2R (2022
o x X = o
- S 48 ST EM , %Y ¥F ERT B3
pa
- Y518 HES : Busan clay



Il S2|LtE} CjE 1At

11

S, (kPa)
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(Chung et al., 2001)
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T1= 25m
T2= 50m
G3= 93 m
T4=12 Om
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Silty clay $
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Saint Alban2| AIE A& E:
(a) piezometer &XIAXl; (b)dESHS0 S HEE A2
1978)

Z=2t(Leroueil et al.
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Site Cylab Cy insitn M Reference
) ’ Cyviab
(M¥s) _ (m?s)

Ska-Edeby IV 50x10"°? 1.0x 10" 20 Holtz and Broms (1972)
Oxford (1) 4-57 Lewis et al. (1975)
Donnington : 4-1 Lewis et al. (1975)
Oxford (2) ' 3-36 Lewis et al. (1975)
Avonmouth ) 6-47 Lewis et al, (1975)
Tickton . 747 Lewis et al. (1975)
Over Causeway ' 3-12 Lewis et al. (1975)
Melbourne - 200 Walker and Morgan (1977)
Penang 1.6x10-8 1.1x107¢ 70 Adachi and Todo (1979)
Cubzac B 20x10-8 - 2.0x 1077 10 Magnan er al. (1983a)
Cubzac C 1.4x10°8 43x10"7% 31 Leroueil ef al. (1985)
A64 75%1078  2.0x10°% o Leroueil et al. (1985)
Saint-Alban 1.0x 108 8.0%x 1078 8 Leroueil er al. (1985)
R-7 6.0x10°% 2.8x1077 47 Leroueil et al. (1985)
Matagami 8.0x10°° 8.5x 1078 10 Leroueil et al. (1985)
Berthierville | 4.0x 108 310 Kabbaj (1985) -

4¢, estimated with Asaoka’s method.
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- Compression index [A e/ 4log o, Gcl
v RESY MY ME JUNY

- Secondary compression index (2e/4log time, Ca)

v Aigitsse AMO| AaE Fo AYHD ATAG

v Mesri & (2005) : Ca& MMl M=t 2751

- Calt zerolt ECt= OBt A|RSHMO| I HE QiC}

v’ Berre2t lverson(1972), Leroueil(1985), Yin(1999)F : Ca

- OJAI2I=Y <%t KlotEtO 1o| oIrCt

» Ca/Ccll Tl

v Mesri®t Castro(1987) : 15 %2 F° WM Ca/Cct 0.02~0.12
|

v F1Z 8E : 0.04+0.01, #7112 8k : 0.05%0.01
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A NSHOE H A BITLO]
oM X120 Bud HE

dgt‘:g‘flot'ést NO Loading (kPa) [days]
P1 | 10[1] — 20[1] — 40[1] —80[20]
10[1] — 20[1] — 40[1] — 80[1] —>
LTC-1 | P2
(6,=150kPa) 150120)
oe | 10[1] — 20[2] — 40[1] — 120[1]
200[20]
P1 | 10[1] — 20[1] — 40[1] — 80[20]
LTC-2 P2 | 10[1] — 20[1] — 40[1] — 130[20]
(0,=130kPa) o, | 10[1] — 20[1] — 40[1] — 80[1] —

160[1] —320[20]

Void ratio, e



| vmerzoism wuE =00 2 — .

A Berthierville Clay (Leroueil et al, 1985)
® Batiscan clay (Kabbaj, 1985)
o Busan clay (CRS-V)
= Busan clay (CRS-H)
250 - O, eeet®
S 200 - .'.J.--b".? ..... : ' .
% — : log o, =0.045log ¢, +2.434
o 150 + R T
- S e R N N R,
S 100 ,....x...f......,e ...... log o ,.=I'+C, log &, (Kim and Leroueil, 2001)
T N
g ...-‘s ....... o
® 50 - g: """ °
a et
- BAMEO] MHtUGlES HAS ST
: ! . . . o|=
1e-7 1e-6 1e-5 1e-4 1e-3 1e-2 1e-1 _I — ot o L . . .
Strainrate s v MPAASF2 2= Batiscantt Berthierville
HE9 2% Y9 FY

(Kim, 2013)
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Vo ama uwol 588 Doy NAY =R

&IIH &org flI=2 ™=t
v BMHES) OfS MY 2 WE sy H
Thickness Ground Height of SaettLI:;rile:t Measured
Site of soft clay | improvement | Embankment sta eg settlement (cm)
(m) method (m) 9
(cm)
Pack Drain + 5.4 106.0 171.1
Myungiji 15.2-21.2 Preloading 5.0-10.0 106.0 62.2-97.9
(D=25m) 5.9 116.0 82.8-240.9
Pack Drain +
Shinho 21.0-33.5 Preloading 2.9-4.6 45.2-124.6 172.6-318.2
(D=30m)
P.B.D. +
Noksan 1.4-59.8 Preloading 4.3-10.5 70-220 90-450
(D=28m)
P.B.D. +
Yangsan 22.2-34.0 Preloading 0.9-3.0 218.5 389.5
(D=28m)
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&5t (cm)
900 900
800 o & 810
B
700
650
600
500 500
450 389.5
400 380 400
300 318.2 350
o 240.9 o 2185
6 1710, Bl 72,6 50
100 Y06 452 | 70 90
O ! I |
M S N Y B1 B2
v HE gorgel 41 dotgEMH 1.5-3 HiE =459 {RBEH= ¢ 2Y
v HZ ’é"”IIEI°1 SME B1 ¢dt B2 A% 8¢ HEASHT2 &HA A5 Fotd HO &Y [EE
- 58] B1 WY PP MWAN NOIF2 % 8.1m ~ 8.9m HAZ FUTACLU UBNSFL o 5m ~ 6.5m HYT [
- B ’é. St MY NIl Y [ FHE
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Open

End of construction

1992{_|
1993 -

1994 -
1995
2000 -
2010
2020
2030

3

e Calculated

IIlIIII’ i Fod- 4 )44 i T e R

o N O U SN0 S e
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()

Settlement of Pleistocene clays (m)

107 10° 10"
Elapsed time after full surcharge (1990.3) (d)

(Akai and Tanaka, 1999)

Depth (m)

4
=]

S
3

120

140

160

Excess pore pressure (kPa)

1

00

Sea
water

A lluvial
clay

Pleistocene deposits with clay layers
alternating with relatively thin sand layer

JOApril 1992
b -

———

T —
March 1997
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End of G
construction O— O———O— O _ —_ G2

60
- = o——G3
Start of ooy - © ~_ -
construction £ B O R h,_.,.q‘ a&—- G4
| ‘bd’ >

50 2

ukPa

_—
"?*‘%?3*«mmﬂ;z%§ﬁgi

= \Aﬁ‘ 'ﬁ'x

ﬁzf s

?00 2 5 1‘01 é 5 1;2 2 5 1.03
Time:days
Kabbaj et al. (1988)
ol AZ0IELCEE 012 &2 =729 SIS 4301 Hd=2.
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v MY RAEOIE
v Terzaghi ZARECIE (1923)
Cvazue_aue_acv T:CL;
oz ot ot H
- HEANR2 JRol0 AN HoHF
NEAN = Y|

AMR9 ARYLE

- 2 B5T A

r_l

Void
ratio
or
volumetric
strain

v HiSRTE EAE ARe] 2SN

YR2 W
|

ISHS o3 RHE 7

Coefficient

/
/
of Compression // Rebound
consolidation y
% =8 = Approximately constant
e T in NC region

Rate ]
of
secondary

compression

Ca

Approximately
constant
or decreases
in NC region

Consolidation stress 7, (log scale)

v’ Barron2 1M t9(1942,1948)
v Hansbo2l 3{M%H(1981)

0, =1-exp(=2)
F(n)
n? 3n?-1
F(n) = " _1In( n)— An?
or

F(n)= In(n)—%

T, =C—gt :time factor
s

e
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- JHS - A HHTHO BEE FA

Soft clay deposits
without vertical drains

Soft clay deposits
with vertical drains
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- J1& A(Hypothesis A)Qt J1& B(Hypothesis B)

Hypothesis A

Hypothesis B

R _ _ ofel M A (1Xt
2X = R A IO 22E = =%.E°_FO{IE %Zé) ==
EOP(end of primary —
- consolidation) il A S IIZHAI =)0
SH-HE 2 o = = o g o o|=
Tr.g._—l'u_gg :&C —
2 ys
5 o NZSEHIt HKXH
AM2FHL| Pt = 5128 3 &
Al =l /fE2E=1 TLO}tOlI
&8t AN BRSO SIS o) SHA R
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om0 oy wero uia
- J1& A(Hypothesis A)Qt J1& B(Hypothesis B)

-~

Thin sample
(Lab.)

Hypothesis A

Strain, ¢

Hypothesis B

Hypothesis

S N\ Thick sample

\ (Field)
\

|\
\\
A

~

y

N
~

~ Hypothesis A
S~
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U S, for t <teop
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f 146, o( 3 ) EOP

YWaoid retio, =

Time [log)
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- TS 2t 2XH2 20l S A0

SIS0 SO U= 2XH=

fjo 40
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Soil samplin
In situ Lab.
Soil thickness thick thin
Drainage rate low high
Strain rate low high




V.2 3N NAE

58

g, (s™)
10 10 10° 1078 1077 10% 10°° 10~
CGT
—
CRS
IIIIIII l
|
MSLp
—
MSL oy
. Berthierville . l_
......... |
St-Alan
. Gloucester '
..... I ‘ |
Vasby L

l—] Kansai Int. Airport

Olga-C, without drain

Olga-C, with drain

}> This st

CGT: constant gradient test;
CRS: constant rate of strain;
MSL : multiple stage loading test

udy

A
=L

9l

(Kim, 2013)
ZXOl tU=N )} ER

o= 2-4Allorder) M &S



J ctotus Hison e Azt 2 waE a0 9

59

- Taylor, 1942; Crawford, 1965; Bjerrum, 1967; Leroueil (1985)
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Leaching effect



] mon memssoe 1 voum az one .
. 330l HES 2L
8] Qs AEHE I 2Harte

- Ol el Ui=5& M

=35 XE= iHP“JIIF:UI 22 JFXHO FHO= giFE

Groundwater recharge w:'le'
P t
ZI &TQ%VM Qa#“a Flowing Artesian :e"e
2 D ~L x]g‘a well well X] s"')l:‘a%
o ¥4 :
X e~ . x| 844 0| A
OO e
< |A3}4H
: { e vl gheh 4% |
N 7ol &8
LogEs Rt N T > 28 U #4917
ko N W mms TR
: L p e sigogg

(M BB, http:/ /slidesplayer.org/slide/11152157/)



| meta metszoiae

V.2 SN AIAH

UsJh
Moo

Ot Il Startesian pressure)

H

o3

Location/site Elevation (m) | Artesian pressure head (m) Reference
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Parameters Natural Leached | Remark Reference

clay clay
Unit weight, y (g/cm?q) 1.69 1.57 Decrease | Ismale (1993)
Void ratio, e 0.45 0.42 Decrease | Azam (1999)
Water content, W (%) 40.4 41.0 Bjerrum (1954)
Liquid limit (%) 43.4 27.4 Decrease | Bjerrum (1954)
Preconsolidation pressure, ¢’ (kPa) 50 45 Decrease | Ismale (1993)
Compression index, C, 0.15 0.21 Increase | Nagase et al. (2006)
Swelling index, C 0.001 0.015 | Increase | Nagase et al. (2006)
Settlement (vertical strain, %) 1.5 4.5 Increase | Kazi and Moum (1972)
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- Comparison of settlements of Drammen clay in Norway (Kazi and Moum,1972)
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J Efrect of leaching on compressibility of Busan clay
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