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SUMMARY

I Title

Developments of suction drain method and design technique for improvement

of thick soft ground

II. Purpose and necessity of research and development

In case of conventional pre-loading method, has several problem causing rising
of the cost of construction and amount of work by surcharge load, restriction of
construction depth, differential settlement, shear failure etc. Vacuum
consolidation method proposed to supplement the shortcoming of the
conventional method. But, this method has several problem including tears of
the sealing sheet, reduction of pump efficiency by passed time, restrict of
construction depth etc. So, development of a new method which improved soft
ground better compared with conventional methods, is applicable in thick soft
ground and is easy to construct is required. Therefore, in this study, suction
drain method which does not need a surcharge load and a sealing sheet to
improved thick soft ground is suggest. This method reduces a term of works
about 3~5 times compared with conventional method (pre-loading method and

vacuum consolidation method).

M. A Content and extent in research and development

In this study, impact factor of kind of PVD, efficiency depending on the
shapes of cores, adhesion formation between core and filter etc would be
determinated by the column test to develop suction drain method supplementing
the shortcomings of conventional consolidation acceleration method, and then the
optimum drainage corresponding with suction pressure and depth may be

chosen. Based on above the results, through planing the suction drain method,



which is composed of vacuum pump, suction tube, and combination system,
efficiency reduction of drainage, effect of drop in cost in comparison Wwith
conventional method and application for thick soft ground depending on the
optical improvement depth, improvement spacing, shape of arrangement, period
of treatment, vacuum pressure, efficiency of ground improvement etc would be
determined by Column test and Pilot scale test, and then appropriate factors
may be derived from those processes. In accordance with those factors, in order
to estimate application of suction drain method in situ, field test is conducted,
and a design process of the method is presented. The field manual for the
method and an analysis tool of treated ground are developed. The capability of
commercial use for the advanced method through estimating the economical

efficiency of the suction drain method in situ is estimated.

IV. Results of research and development

- Developments of suction drain method and design technique for improvement

of thick soft ground.

1) Calculation of impact and design factor of vacuum pressure, period of
treatment, type of PVD, stage vacuum pressure, spacing of each PVD, and
shape of arrangement of PVD etc.

2) Suggestion of new coupling method between PVD and suction tube that
improve the defects of former connection of method.

3) Verification of the application of the suction drain method & Development of
new suction drain analysis program.

4) Suggestion of analytic technique and design processes both traditional

vacuum theory and new suction theory.

- Development of the optimum analytic technique for the suction drain method.

-1V -



1) Design of the suction drain method & Development of analysis process.

2) Numerical value conversion of impact factor through conducting experiments
for the suction drain method.

3) Determination to apply to fields.

4) Development of finite element method program to analyze suction drain

method.

V. Practical plan for research results

This method supplements the shortcoming of conventional consolidation

acceleration method and would be used in thick soft ground. Therefore, applied

ground foe suction drain method is as follows

- Stabilization of embankment slope by vacuum drain, improvement of local
soft ground.

- Effect of cut off water in excavation of the central area of a town,
improvement of thick soft ground.

- Soil improvement of the central area of a town, improvement of low and
moist agricultural land.

- Soft ground improvement which the upper structure exists, reduction of
water table using vacuum pressure.

- Under embankment, stabilization of soft ground

- Remediation of contaminated sites by both soil flushing and suction drain
method.

- Drain of landfill
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A 2 A Suction Drain 9 A o] &

AAuFAe} BHE FATA Y o] EHQ) TELX Terzaghi(1925)2] 12 o]
Eo Aol 5 WALF S HjgA Ao ik A=A thA A 2= Barron(1948),
Yoshikuni(1974, 1979), Hansbo(1979), Onoue(1988)%= o|ojX|+= A7} & 2| 7FA] 9
vl 2] A el ek A FHolgta & 4 th(Table 3.2.1.1 3 %).

A LA A= A I A2 B Terzaghi® 71 27HE S AME

i glom, R dFEAS UiEsts vee 7 A Pz wek oosiA

A3t dg Feke Pel AAsAl e,

rr

il

Table 3.2.1.1 dA o] &< HA} (Kang, 1999)

Terzaghi(1925) One-dimensional consolidation theory
Rendulic(1935) Radial consolidation theory
Carillo(1942) Radial consolidation theory

Kjellman(1937, 1948)Simplified solution for radial consolidation on the equal
strain hypothesis

Barron(1948) Solution for centripetal Consolidation by vertical
drains considering finite permeability of drain and
smear considering both equal and free strain

conditions

Hansbo(1960) Bringing up of questions for the validity of Darcy’s
law

Yoshikuni and A rigorous solution for radial consolidation

Nakanodo(1974) Considering finite permeability of drains

Hansbo(1979) An approximate solution for radial consolidation with the
consideration of smear zone and well resitance

Yoshikuni(1979) An approximate solution for radial consolidation
with the consideration of well resitance

Onoue(1988) A rigorous solution for radial consolidation considering
smear zone and Wwell resistance reviewing the
Yoshikuni and Nakanodo’s solution
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ﬂ 1 ou (2274 L{ &214 __a, , Ju
rw( r ar t 372)—'— o 92° 1+e( at) (3.2.1.2)

AN, u: Bele AXG Are] AP
(2R AR FrholF e AR

ri AR FHoRRY nedug e AHe Ax

H Longitudinal
Radial Discharge
Drainage Capacity

is dominant

v

Undisturbed zone Impervious

'—1:C_>| Boundary
Disturbed zone — |
(Smear zone) >

T
Vertical Drain |_W_> r

dutH oz WAL tE o] 2AQ A wjEAe] Hold Hsto] Bt
Aol @AASHA 2] witel dEF B FYTadel oF ke 55
T AANEFS FAS A FRNFE] S AT 5 Uk wEbd sl A2
teak 2ol degE = Adn
A _ ch(% L du, (32.1.3)
AZNAM, C, = kymy ., m,) AAGFAT = 4, /(1+e)
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i wAle] Frgel T, Bl od mere wAshA eths o4
9 279 tstel thesl AWAE ANSFAT 3, Darey WHo| IHE H§
oAct.

)

U,= 1—# =1 — exp( _iT") (3.2.1.4a)
2
U=4§l:(lnn—% —|—J7 —Jj) (3.2.1.4b)

4 (32.14D)e] ugtel dhskel thew wol WMAG F& AAste] e e
F gk,

u= lnn— —2‘ (3.2.1.4c)
&} Kjellman(1937)¢] $JolA] AAI g o] Al 1S dAHo|x] K3t Ao
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=
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AGAA g AGAA AHuEAY HES A% AAAA AFEA o}
Solx &= Zlo] WL Barron(1948)e] AIAI@ ol&elth 17k AN G ARG =

Aol gk o] Fste wigAlel e e FAAA L FES Aol Aol 2
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fite)
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oldel 714 E=5FH Barron(1948)

(3.2.1.5a)

u=u,exp()

(3.2.1.5b)

—8T,
F(n)

A =

(3.2.1.5¢)

2 _
4n’

F(n) = 7?_% In(n) —

—
o

)
Al ro] red Wl Hoizb w9
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|

Barron(1948)
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o unt . n 3 s? ky n*—s? 391
V_[n2—32 In( S) 4T 4n2+ £, 2 Ins] (3.2.1.6¢)

o714, s =voEl (= y /v )

byt 2=vo] EeMe] =3 FaA4e

SHAIRE, o714 2wfo] & argfstr] ffste], Avo] Eof FA= dAsH, HE

¢ Aow 7hAstar, sujo] o] wigAiel A A7) witel ol v wh

Tu.=u,exp(Ef2) (3.2.1.72)
__exp(B(z=2H))+ exp (=Bz)
2ky(n’=s¥
b= a1 (32.1.7¢)

A7 A, g, GRS EEAS

AfHEe 2039 dAEHEE 2719 Barron(1948)4]S vl e R &
Fxolgta & Qv WA AR AN, u=4q /4,7t 5olldelal AIRHAISE,
T,>0.181 B, Fig. 3212014 B npe} o] A9l H=d 4 =EE UEWe
2A AP & & s dAW %

93k dgHFEE 219 slE AHEste Aol fEE & Utk

o] e] Barron(1948)c] o1& 7kA] z7eo thsto] AAIG & 5 53] o] F3Ql A
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T3k Barron(1948)0] A A3t Y= AFHEE ZHA 9 &= Bessel =

EgFetar glol AgHolx XiH Tt AAzes dgEds =4
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Q1A A= &l At (Yoshikuni and Nakanodo, 1974). WA, o5 7} HALSHE
3

i

] Fo] Barron® 212 AR (rigorous solution)Ztil HiE A HU= ZAF
(approximate solution)ol] 7}zcha g 4= it}

a9 ol FToA M EeHe A $9 stue AT EH Y SR gl
, ol diste] SYA QD BAR, A WA

AAAd go] vz 3 2oy B Ao thFig. 3.2.1.2).
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Fig. 3212 Af¥38 ¢ 247 dAEF & =249 JTPLE
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oli, 2 (32.1.1De°l 2 (32199 2 (321100 dis)std b3 Ze v A

o AFEg W AMPPNE A& 5 9

(A, g Lekedny (32.112)
Yoshikuni and Nakanodo(1974)% ¢l A4S o|&3sto] vt AA 2 %7
zomne AN 5EE ned uAE Tound sdvhFig 3213 3
=).

D oy=y, @ W 2% _g

or
2) AZF =013, z=0% W, »=0
3) ARE =013, z=2H ¥ W, =0
2
4 y=y, °la z=z 4 ", (%)rﬁ %%(M)

MTD =" 0 L RHCw e, 2 (32.113)
D (0 ) - expl— (40 - 72+ (L e)Z)Th]
AN, M, N Ao A, ¢ D AR, L s AZAS (coefficient
of well resistance)

- 32 ,’jh ik (3.2.1.14)

A7NM, k, - WA FEAS
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3_11:0 1

v 0z | Qn = Zdq

Fig. 3.2.1.3 28 LA =59 AT &

Ll

AR o] Eo] -3 A& T3 Barron(1948)2] 3ot wizH7EA & Bessel 5

et Bahd oA du diks AgelA ATl U AtEn W

Hansbo(1979)+ Kjellman(1937)¢] AF&3t 7FAGS] FEAS AE3HA EF
Wodele] Zol, zolMel FHAE, .z Ty FOoRA zvo] E3 uj5A 3]
VIF= EF aHste] thEa Zel] s HelwA wed hEsE fRskth
Hansbo(1979)&= 17} #A|AIg 7FHSN7F Yoshikuni and Nakanodo(1974)7F A A gk
el Wl w W FARSE

L B

JomA Aol #F Aggel dol rAYS

=

fx

—8T
U,(z, T;)=1—exp( I Ly

F=F(n)+ F(s) + F(w) (3.2.1.15)
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AZ1A, F(n) @ WA 3FACd o7 A

F(s) @ =vle] &3to] o3k g3

F(m =in(-5%) -3 = In(n) ~0.75 (321.16)
aela, 2 vre] AT ve 2ol xdEH
_(ku )\, s
Fs—( > 1)1n . (32.1.17)
k
F ,=1z(2H—z) p (3.2.1.18)

q, WA v Enlie,)

rJr, o Z=Hlol &£ wHAnH (= S)

H iAol Aol (dwnia =, virt wj A o] gHEol A BT A g)
H %!

¥ He 1285 AHE)

=%, Hansbo(1979)¢] = 9-& Barron(1948)¢] &l <} w]al
AsAoletal Mgt e A s A Helgn & = Ao,
&9 dEAol Euddgd sdstvhs M AREE Al o
Eeh vl o] (S, FEAg) ol vl AM Aol FAle AEm Ao
FH AA Hddd s y(T,)E g HE et
oo olegt 543 Aol dslA Yoshikuni(1979)+= th&3 22 M E

A ]E kAT
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Uh(Th)Zl—exp(ﬁf_j(;.hgj) (3.2.1.19)

AZIM, L sAIAT (=8/(nR), k, * WAl FrAlT

9 AL wleAEgS e Barron(1948)2] WA AS WS Ao}, o] A&
0]-83to] Onoue(1983)E WA 3ta} ~mjo] &8 R%E mstdA Udurzlolx zb

B9 PHAL p(T)FoRA Tt 2ol tehgitt,

F(n')+0.8L

A7V A, 0 BAAN (= 55t D)

U, (T,;)=1—exp( ) (3.2.1.20)

s SAH o AN o Wil e AL Fo

7h Aol wigAel ARolgorA AXE A FY Ut Zeng and

U,=1—exp(—B ) (3.2.1.21)

A7, B ,=8C,/(F+1G)/d%°l L,

_omn, Rk 3
F= In( S)+ k. In(S) 1 (3.2.1.22)

714, 6= k(o2 A A 4

ol5o] AAEL Sl= s = M

ol =
Hansbo(1979)4 Yoshikuni(1974)¢} vlalstod = Aol FAFSE eSS R ¢lof
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Table 3
.2.1.3 Barron (1948)
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Table 3.2.1.4

Yoshikuni & Nakanodo (1974)

WA S adst dEsE dAMPE S 2o tiete] ek
Biote] 3491g el it AR e ey 9EgE
o AAEE miie(smooth) EWHolW, wiFAlel FFEAFE
7R A
FF Ao NFIAL. =F, o|ES WFA AA YL ne
4 @x glor, ABYE Y FREA] FEHE HFS Y
aae il e S
4 M7 1 e M
T Cry————
( h) T TL2*1 L;%} ]L[Nagw‘vrz
2 2 2 My 2
DO(O‘AJNTe)'eXp[_ (4041111\"7%*( 7 ))Th]
7 E_ ol o] =
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32 ky  H ..
L WA A =22 (1))
7T2 kw dw
k, @ WA S FA
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SHA A
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Hr2 2o Hansbo(1979)9] slz%d A4 HF¢2E U, (T,)
= A
S g3t & Fehrz oy ed olgdk 543 o dislA
A E AR =
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Uh(Th) 1 eXP(F( )+08L)
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k, - WA FEAT
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Table 3.2.1.6 Hansbo (1979)
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Table 3.2.1.8 Zeng & Xie (1989)
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ALl E Al Al
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2
H| =2 8k A 3F oc ket (322.1)

FM1994)& ol 59 9ge TFHo= HES V] fte] 7E9 wFAE gz
4% Z9xA(0,749, 147, 294 2 392kPa), 4% FFAA 22(=0.1, 02, 05,
092 5% Wd A=Y, 15% A+, 20% A, s FAdT 2 2
M AAAT)el dist 28-S AT Fig. 32212 FM1994)¢] =093 2 ¢
o dsted AA"H FHo,)H @, TAE o AFAFGEM - GHE1984),

Jamiolkowski et al.(1983), Hansbo(1986), Holtz et al.(1989) 53} &7 JEld A
ot} Table 3.2.2.1> PDBAI Y] v & nx]= Ul - 420 8A& &7 AT

3

1=0.9, Shape of PD:Straight{ I )
NN Kamon and ltoh(1984)
L ] Jamiolkowski et al. (1982) |

MB Hansbo {1986)
S Ei:id Holtz et al. (1989) i

Discharge capacity.Qw(cm"’fsec)

BRab TE S PN 2N NN DR NS NN A B
1 1 il

200 400
Laleral Presure(kPa)

Fig. 3.2.2.1 ¢ @& FF%59 W3 (Park, 1994)
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Table 3.2.2.1 Wi A9 WA 3o v X&= o - g3 22 (Park, 1994)

T & AR E AZAY 9% &
PBD7} A Wkzol] E}bAd S
= : — =7}A];
T asae 0,00 9w 4 vy Oy ¢ SOKPA = 400KPA 7}
(0, Al s Q, — (03~085) Q,,
Fe)Aure] gl 7]¢lsto] R
PBDAS | pppAe) 2% o Moz | 0 HW*(O 25%2; AARE
"I A e 9 #NCIE) S Qy — 025-08 Q,
o | AFRE | B FHAAFA w2 T:20C ~ 15C;
SOUIICY ol w3 Q. — (09 Q.
AR [ PBDAL o T34l AwA A A e
o % 29 o 99
el A olwel mek PE4l | pppae) Il Y 49 1 APl
5717132 ol 71918k 545 A Ve oA o 20 A AE
223019 B4 FRHeE Qh 07 A%
PBDA| & €] £¢] 550 {102 > 09
L=ty -} _ 1 - LU .
PRI st Adw we 90 Q. — (06~08) Q
i 5o Ashd w — (06-08 Q,
71 PBDEE 9] &5 71904 Q.o 2713 — 2~602 HuAL;
A4 | AYZ wgoewm Bruwae v
o Q, — (055~07) Q,
> J
o E(T%”df PBDA W3 @nsl @ A~ 035~075) A,
Qs A g Gol 5
f T e A Aol Lewr — (1525 Loy
) =7 €] Aol kel ufel H : bm — 50m;
ol(L) | WMFEAGEHEEART)Y S Lewr — 9 Lewn

ol WA sdWaol WA Hx, Al WMz} wjEA Afole] Wl F
zol AA Fol T Aol WA A were] WA Brh(Fig. 3222). o
Ha ofe) 717 edew st WEdd AR AwaHe] FiAsE AW
el B4AS uth A48 AsEel ARdon gusnd 2 e v
A} =, wgA B wAes Anjo] B Auzdd Awglo]l wisEd

£ 935S v Fth(Casagrande and Poulos, 1969; Akagi, 1977, T, 1985;
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McDonald, 1985; Aboshi and Inoue, 1986; —i#i &, 1993). 7]E2] AA v 314 9
G AE AHHE B o 2vjo] £ S HaHTE AU FAS e B9 B
ow, wjgA gt nt wetste] AgA A wkd s o7 w@okth &, 9)are] A9=
2o} Fo JFgS AFAH AAV §le AR B MHEE o= FFE oA
o7 HA AAFTE AERE i A= Zol Aot ¥} Jamiolkowski et
al.(1981)2 2=mjo] FE9o] g2 w=d 3z 7 9] 25~3u), Hansbo(1987)= 24|
2}al AFsEA 3 Bergado et al.(1991)¢] 7% Bangkok clayell disto] Ayl 2 &
FA RS AAleta ~wo] o We7E W= A 20)7F wvka 3L, Al|
AEAM W=do] Z A7l 2vjo] o] A Hua Hudtomi wlzzlo

77l gk FFS AFskar vk of Foll AH(1994)2 W= Bpfol] o gk 2o

o WS AWANES Bl ALue A Wed 4739 20~250, B
29 A9 25~3009 WA AN Ak EF 2PTADL AHgSte]l WY
q7h B Fie A% B3 (a7t 07501348 39 2nje} £o@
TR PES AT AFANES Bl AW vk got A=A Fejo] o
@ e welsh g
Penetration T .
Extraction

v

¢ Impact or

vibration - I
\J \-(, ,,,,,,,,
N
f Mandrel \\}Ji\(/
NN a\

«— |—> ‘ o T Replacement
Dl‘SDl&lC(?(‘i soil is i of disturbed soil
m1?(ed w1th‘ <L ) when mandrel
adjacent soil > d

<« —> < g) is extracte

| - ~ 9
Y ¢ \§ *{) &

Fig. 3.2.2.2 W=d g 93 2uo] & TA/F (Kang, 1999)
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wto] mE Acks HAE ANke] fEEA WSt #3 AT AF7HA Bol
T35 o]  AdtH(Schmertman, 1958; Hansbo, 1960; Simons, 1965; Davis and
Polous, 1966; Casagrande and Polous, 1969; Lo, 1972; Okumura, 1974; M - 75
fr, 1976; & - AR, 1983; L &, 1983; & I, 1991(b); —ii - &b - Madhav, 1993).
Casagrande and Polous(1969)%= 712 K9] &4 o] olsle] FAF7F At

A FHo M BudA RS 1/150] © oF Ry vk Okumura (1974)=

H
X
et
4»
Jhu
it
I
h)
5
e
X
£
©
N
s
Y
o
N
i
ol
K
%0,
)

. ORPE(1985) HOFHEER -
Fin(1976)= AEA R ZF WS Fol log p ~ log ¢ 2 HAE FAMEIA,

upet AL Asksks e UEFT SR - A H(1989) = <
=
FATE ol&st= A5 k7t kE FA vlelA s wjE F3es Aol ATt

WYFE AgolBE Ao} Ylvkm @ 4 vk 1eBE
Auje3el gAY vl Fol ¥ o] B2 Hgdtelw B Aol
.

r2

=]

F

g. 57174

Suction Drain 2% el W= 3e|e] PDB(Prefabricated Drain Board)E& A}-&3l&
A9 wdo]l #ol7] wie] olE g AHgaE A Aot FAd we B
Aol Ea x| 7] wiol] o]E widlsluat dto] wigrol 2o Hgd 4 JEE )
A %717 (equivalent diameter), g & T3kl AR&3te]ok o),

iAo 7S ekl A BE

Fol obd HiAle] WA A v WAol o= MA(Ed WA i)
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iAol el = ejFHe] = JiE(Ed 954 stk ey, i
o] A77F v Y Ves AMsts dAks wis

el gk 7ol v A
AR el ol ARS-E AL gl

Hansbo(1979)= ®i=Ae]l Sl delst Aol =a7t v 7|84 dgs o

sowA Ben 2 42 Adsn 9

d,=-2latb) (3.2.2.2)

T

A71A, a, b1 WG] E3} F7

olo W3}l Jansen and Hoedt(1983)2 vl &2 &5 thsk FaAdo] 9
TS AAEtAA ofEle} o] =AY A& S HASAY. o] WS A

Mgl @4AE A A 9e ALER Qi B Fo) shjol

R i (322.3)
Fellenius and Castonguay(1985)% A g3 dFolA 3 Chgkel EW A, st
F FEFASAd ok =] Aol Fof uls] AAl wigAe SUHES
Jansen and Hoedto] A|AIgF 21e] g HU} 032 15~30W A% & o= oF
3kt T3 Hansbo(1983)¢F Rixer et al.(1986)%= A Az &3 ujo] 57 = #F3F

aadd A vest ol ST 5 vty AU w gk

g, —-{atb) (3.2.2.4)
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Equivalent diameter of drain,

dw
L -7 =~ ~
Prefabricated drain boar J AN
// \\
1

L
b ¢ Thickness

Y

A

a : Width

Fig. 3.2.2.3 PDBY] 5717

Fr(1994) 2 tHEAEAIR X (A4 45em, =o]: 50cm)E o] &3ate] AF A A

o H =

& AAEtel WAl SR a2 2(at b))/t = d, > (at+b)[2° WSl

£ AN Hansbo A9 90%7F Fshts FFeka Aok w3,
FII(1989)e @AANRS Fate] MEAle] 574 60mm(2(g+ b)/nel 94%)=

A% A5 el Ae A% ehita wansha ek
o3t g TR 7 A4S Aelshd theel Table 32229 2tk

Table 3.2.2.2 A2 o3 AgdE g, &

Researchers Proposed dy
Hansbo(1979) d,= W
Jansen and Hoedt(1983) d,= % ji%bl
Fellenius and Castonguay (1985) d,=(1.5~3.0)x ji%bl
Suits et al.(1986) 38~64 mm
Rixer et al.(1986), Hansbo(1983) d, =-{ath)
h(1994) a, = —-8@th)

Zh WA 2 ARz

WA Akl BEE o 7P AAA wiAg o ® 4F2EE el A] (Barron,

=2 wo

1948)¢} AA Az A-&st717F At Pl A (Kjellman, 1948)5 Zol
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Zanten(1986)2 wh=olup #iglo] A7 A9 wiFAle T4 i A Y] A§
of wla  °F 75%°lds  #ASt  Advtar 7lwdal 9tk Holtz  and
Christoper(1987)2 wjFA12] &% Aste]l &S A= 8do=z Ao
2 W 9% nkaolu

o o] wiFAe] WAz W& gAY T4 FagdAdRE Al WE
o] MAEH %7]9 A & 5

TA FZole FAde| wef 5% HAE tE AS ¢4 Adth(Bergado, 1996).
Lawrence and Koerner(1988)2 Fig. 3.2.2.6°]
A2 wA e e JE 7HAsk Aok #de fa), AAAGY fHb), =5
A4 "), =54 A 2 vy A o] A Jhed s ¥
Py ottt 28, B AFAEe] AWRFAR o ¢S

Aol FAES Lawrence and Koerner(1988)7F 7143 Ay th=o), wpeba wj$A)

o Wgel B %S 59 & Bast vk

o
=
Ry
=
lo
ol
=)
.

(e
ol
o
fr

Table 3.2.2.3 vWlAle] P EH & F+5Y T4 & (Bergado, 1996)

%A 10562 % 2006 % 901 89 |180°m & | JHEH | S0HEH

Alidrain 34% 34% 42% 45% 52% 51%
Amerdrain 18% 32% 32% 50% 47% 5%
Castleboard 19% 22% 22% 25% 271% 34%
Colboard 25% 31% 38% 44% 37% 45%
Desol 21% 28% 40% 85% 96% 99%
Fiberdrain 66% 8% 8% 79% 84% 86%
Flodrain 14% 26% 23% 44% 52% 81%
Geodrain 28% 36% 31% 45% 62% 70%
Hongplast 35% 28% 27% 46% 54% 91%
Mebradrain 38% 40% 59% 59% 61% 67%
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Original Grade

AH

zFinal Grade

: Relatively :

Uniform Soil

] : Mass

(a) Uniform Bending (b) Sinusoidal Bending

{c) Local Bending {d) Local Kinking (e) Multiple Kinking

Fig. 3.2.2.6 wi5A1¢] ©3y P49 74 (Lawrence and Koerner(1988))
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=9 2.0kgf/crell Al viFAle] HolE L=0.7mdlA 2m= °F 3v] L STV
B, ol @ ,=28ai/secol A 14em/secE °F 50% A 3}s} L=2mel A 4m=
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w3 AU ZE Yo Egx So] Ao {2V FoE
4%). Cloggings &9#tet ZE F9a7)9 4%

=]
(clogging)©l 2} stth(Fig. 3.2.2.8 %
Ao wet g3 o] A AR FEE ¢ Ak

(1) Cake filtration

JRt 2 u HAEH Fig. 32299 o] EHx7F FE

SS9 I Fyar
dollA e wi= Paow e AFL Fig. 322103 o] AAHoz Z7}3

W se YAt Ae e P Abelo

e G438 348 + duh

(3) Deep filtration
4y FHET SYA7E 22 o AstH w Mg EgREol
o7} o= FA o7 Filtration©|

Z7hete EyApEel Wold urt B Aol 4

Fig. 3.2.2.8 Clogging A7
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Cake Filtration

Blocking Filtration
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a) o0
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s ] -
o o Deep Filtration
=

-

—>

Fig. 3.2.2.9 Filtration9 7% % % (Vreekdn et al., 1983)

Blocking Filtration

Cake Filtration

Deep Filtration

Q0UB)SISIY UOTJRI) L]

Fig. 3.2.2.10 Filtration A Zt3 A &<¢] #A (Vreekdn et al., 1983)

o}. Sealing =9 F7

Sealing ¢ MFFAZF ATdS FAAZI=H T83 A=z A8 5+
w3 ol FA AEBA 2 TAH bR 9L uZ S gly] wjid, A4
gt Sealing &9 FAE 2H4stE AL Fa35H

Yoneya, et al.& 2003d 2 79 Sealing =3 H £33 P9 4E FAS 2
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MFdde] il 55~60%= e TH(Fig. 3.2.2.12). Fig. 3.2.2.139+= 7=
o) HEASFS 7t 4535 FAd Ge AsHae] UEA9t Barron Ao o
=9 ARTAL wasd, ww An ANASE A= A A9 2A U
Bt w9 2 AselE A4F A FALSEE Al Az Aetol
o 32A veds ¢+ g

AbZbs o2 3 A

)=y
Li\__

- 60 -



Time (day)

100
Solid linefrepresents

calculated}values

10.0
.‘.‘glb

1.00
a

0.10
0‘%-1"-| YT T
Thickness of

Sealing-up
Layer {m)

A (G5m

¢ 1.0m

ol.5m

1

0.01

_
2. 3
= < =
(ur) Juaura[119§

=
<

} % (Yoneya, et al., 2005)

1=
1o

=
e

Fig. 3.2.2.13 A|z+9] 7o ot

Ho

3

FAAZ Q)

%

F, e 7HA

5|

< Al 7t

)

Indraratna et al.(2004)

WGl el Zolol el

Fig. 3.2.2.14(a)9} %t} &

b oAge

ksl
pil

of Ahg

T

o

Fsick ohekA

5|

Choa(1989)° ©]

a4 o]

-
.

= =
< T

e S | QR

Aol

Suction Drain &% ¢

S
L

- 61 -



Settlement

Transducer Load -100kPa
—_—
r T
Permeable ]
Layer g
3
T1 - +
S
'
Vetical g &
Drain 3 | measured g
T3 + b= 3
S E— | 3 —
RS =
F=Y
Smear k ~ 5‘
Zone E]
Pore water I s
Pressure — 5 assumed
Transducer g e
} -75kPa
Impermeable
- 450mm . b) SAHE AT 93
(a) ¢LAF7NY NSTF= d&d ¥

Fig. 3.2.2.14 vj$A¢] Zold] m&

=

T4 &€ ¥ 7}(Indraratna, 2004)

Z}. 73 3} 9 (Hardening Zone)

(A, 20002 Aol & 4 vt Hardening Z
A5, FFAFIE Fadty] e wiFEAE §3 A5 wEavs 43
AstAlZ 4= olth webA o]2] 3 Hardening Zoneo] WS Zol7 1t dAs= A

o HAEd B £8HA A FWol YoM FLF Aotk A ) W

one°| WA AL FF=o] =

A== Hardening Zoned W= /F7)7bo] Z7tEAA Z715 =4, o2 A Z7}
¥l Hardening Zone®] W& A &3] ool A2 vl ol 51, AAA =

= 79 &7k st

ol

- 62 -



30cm
-

HZHEREI

—
CEEEE ERrpe:

Fig. 3.2.2.15 Hardening Zone ¥ A I F X (A <A

2
oj
D
o
S
&

Fig. 3.22.15% & duj=FHolA Hardening zone2 =437l $3 =g A g
AAoltt, ztzbe]l Aol A AHAZT AEE NolOHAZS A A 244759k npck
ol AR xR A5kt Fig. 3.22.169F Fig. 32.2172 A4
s T3l 4 Axs yehd Aot Aulddel Ay, dAHez st 1
A3 wigAel WA dy) vjeAl oA m= A A4 ¥ = Hardening Zone

TToR e BEs Walshy] witel AESt AEel

o
Jo
s
ol
=
L
rir

jus)

A 5.t} Hardening Zone®l W$17F ZA vebdS & = JATHA AR, 2004). E&
Fonlzh 2o A% ndFgA ZAGAL 2A e et e 48

SRR ZAU-200%) SrTYR(SL! »AHE150%)
0.40 0.40

—— T2 —— TR
0zs || FRUT2 errHg) r 0zs | T2 crrHg .

—aIFEN56 cmHg) -B-FF5 crHg) /’
030 N - rmor3s cmig) 030 N 4 1o onHg /r

. I % 0.25
X 0.20 I ;6’0.20 //
i X
/

0 5 10 15 20 25 30 0 5 10 15 20 25 30
=Ol(em) ZCllem)

{a) 3] 2009 (b FHl 150%

- 63 -



SRS, BAUEI00%

040
R0
035 D72 embg)
- 1FLI56 emHg)

a0 | rFLs ey
%0.25 //
Y020
¢ //
=0.15
i /

0.10

0.05 %

2
e

2004)

o,

| BB ML

180

160

140

..........

B (%,
8

8 8 8 B

[=]

15
Zlol(cm

—— Bp|
(200%), 1=
2H72cm Hg)

—— fhy|
(200%), ==
2{56cm Hg)

—— B5eH|
(200%), ==
£H3scm Hg)

- ]
(150%), I8
2H72cm Hg)

B
(150%), 2=
2Hs6cm Hg)

|
(150%), =&
2H38cm Hg)
—— E=pd|
(100%), =&
2H72cm Hg)
—8— @<y
(100%), &
2Hs6ecm Hg)
—i— Bi5u)
(100%), ==
2H38cm Hg)

Fig. 3.2.2.17 A159 5], IF Y W] & 351
(Ad 2004)

=
o,

A

T

il

I

3%

do
N
N

)

of

-

ol

o



XEON| L i | = wrv = 7T %0 E MM o ﬂw =
o I - - B R T
o8 o adl ©
B O T LSBT T o T T om W oo
DL » ¥ o« 3T E®A LT w R
i ow SR TR - BCHATI R I N
ka s ® 2 T % o ® T 2 )
oo B W % N ) do W i I -~ S
= DB do R o o+ N ow o = o= X B
= S 5 . o 9 ) el 5 kN g ~ . o]
< g s T i aBE AT 30T a7
J ./|.\ EE ,_lrL o —_— 0 0 T S ‘or
s Tries e s REE D EE L4 F
= B W = M . A o o a X
B gy o NET e NARE ST GED
R o . = X = . oy s
= P _— . Ho 0 o o
T O W m X g SO S B N T A
‘Aluﬂ N XO ﬂ 3 ﬂﬂ ‘OI O_W lO —_ ‘u| LM _._.I T
7w B ST TNV RO I
T 6 . Mo T K X umw 3@ g @ 5
W o K .o HOTON oo Mo e T o
oI B = o = 2 ol o) L A % . T
o Ty o o T o Do = B F
I mm = - T | ) Y mm oo T e ™ o
ISR R B @ﬂ s 6o P W T o4
U..uﬂ N ‘;Jmﬂ ﬂ N JHL o Oﬁo 0 A_l Nluﬂ R N N
T Moo W rsin oo Wog-
ol X 1 I O e m° o .~ — Y TR =
Lo e o B o o T X T g o Y
X o of s = 11 N - T o N o
i )| T T Lt — GN —_ 0
N WX o N = P o
w 2w T 2 o0m 2 OoM g ol q o WP -
X oF m X N <= "ol NI N g
Mo m = T oo N oy o ® T < X
SRS RN IS R
~ - . 3 N[O
oA BT D T S B BN IS S ot
= T XM T F ol CAT= B T ¥ o))
= . o >
o MR E g oy Moy EOW g 2o W
T oW oo wm X oo do B T N P T o TN
T W oMo M omo o ok R T M m ORW R o %o @

(3.2.2.7)
ZoletaL Al

[oi3
=

ok

o

&

%
W ootel o o et

- 65 -

RYA

I Fol Aok & Ut

97k A

PN
T

o

],

B} ol Yerd 5 vk

<

o}

-

1

o

=

=

2, g dukgow 067~1.0 Alole] Wl #

k =Bk ,+(1-B)k,

els 1 o, p
Rankine E o] &0 A, A



= , i (3.2.2.8a)

e K, or z £z, a
1 2c

ZC - (Tt _TUJ) ( \/E _Twzw)’ for 4 C> V4 w (3228b)

A7IM, y = FHATE AT TY AT oo = Fo EAI FaA

w

ali

e FankR7t, 283 k= tan (45— 0/2) = FEESH

Before *
Area with vacuum Deformation
pressure applied

b—22

=<

" Tension
Slice A
Z e crack

Slice B

(a)

Fig. 3.2.2.18 [¥ ¢ 2ol A &d Axte] 348 FH Y HE 349 5 (a)
A qke] RAE; (b) AZJTFEH AHATNY AF ;5 (o) dFTE sHFA WY
A% (Chai et al., 2005)

A=Yl THE @ Al A&d A9, wiFAd #ed TS x4
A7l ARAFE Al Tag AR AL F vk wEA, Ay 2] e
AstAs Toll digh Axel gk A A<l A+57F d 83ttt Buddhima et al(2005)

Hel AFet =Z7|E WEA 7Y, FEM s14S AAstg =, Fig.
3.2.2.19¢l yrebdl wpel o] X gtel A7) 7 ARl wel Awke] ko] AE

- 66 -



Discharge in Hose and PD, g(em?)

Time factor (Th_},;l

0.001 0.01 0.1 1
- = AR | =TT ™rTTT
001
0.02
5 0.03
g 004 |
w No vacuum pressure (FEM) % A
005 b < No vacuum pressure (Analytical) (}\
————— VPR = 0.25 (FEM)
a VPR = 0.25 {Analytical)
006 Fe o e = VPR = 0.50 (FEM)
[=] VPR = 0.50 (Analytical)
0.07 1 ] raal . 1al s i
0.1 1 10 100
Time (days)

Fig. 3.2.2.19 571492 d & A&& FEM XA Fd o3 XstF
Z} o] (Buddhima et al., 2005)

nd 1 - 1 L
: i=0.05, 0y=2.0kgf/cm? |
= Total q p—v—--mw

g
g

Discharge in Hose and PD, q(cm?)

500 N 600 7
Lol 300 13ocmHy|
300 : : 30 ] E :50&'1!11*}:
- QmunH: 1 -Uemtg
0 " 3 ) i sl 0 . - - - *
3 0 100 150 200 0 % 00 150 20
Time of Vacuum(min) Time of Vacuum(win)
(a) 47z (b) 309 AfwezA
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fmc T=005, a-zmﬁ?m' ]
A = Tatal q

g

Discharge in Hose and PD, gtem?)

XY
v 1
LI
A :

" N ' 1 "
0 50 100 150 200
Time of Vacuum(min)

(c) I7h4 7l A= =4

Fig. 3.2.2.20 54 R Ao wE wlaFe] A g F, 1997)
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A 3 A v 54

AnkH oz oy 71x el wlFA 7 EAsHA T, dFEY] A A= 7]
Aoz Z 100mme F7 4~6mmE ztom Fol(core)?t LE YR o] FojA gl
ok mgk ol wiAl= AlZs|Abe wel 1 54 B FAde] YT A8 FF
o] AAujgA ¥ 4L Table 3.3.1.13% Table 3.3.1.20] YeEFHATE o3 njs
A8l Cores Th¥eh J4S 27 Hed, o] wisAlol A vetve Feje] ul
FA Foje] @ FAS Fig. 331100 HEHSTE & AFeAE A8 11FY
g&o] HAdig FAE F A= WA Core® F4 2 HE 9

shefahe] w4 AlE AEleha, olE Bal ofd A Gl H AulF 54

AR o) 548

S Ay Column A& &3l A5

Table 3.3.1.1 @A "FAA &5 e A xE ALBo et

al., 2003)
Type Core Material | Filter Material | Dimension (mm)
Kjellman Paper Paper 100%3
PVC PVC None 100x2
Geodrain PE Cellulose 95x4
Mebradrain PP PP or PES 93x4
Alidrain PE PES 100x6
Colband PES PES 100x6
Hitek PE PP 100x6
Castle Board PL PES 100x4
Ameridrain PP PP 100x3
Flexidrain PP PP 100x4
Flodrain PE PE 100x4
Tafnel NIL PP 100x7.5
Hongplast PP PP 100x3.8
Technodrain PV PP 100x3.5
Aliwick PE PP 100x3.0
Bidim NIL PES 100x4.0
Desol PL NIL 98x2~3
Fibredrain 4 Core Strands 2 Jute Burlog 80~100x5~100
Bando Paper PVC 96x2.9
OV Drain PES PES 103
Solpac Charbonneay PES PES 105
CN drain PVC PP 100
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Table 3.3.1.2 AITA AdH A w2 EA (Bergado, 1994)

Discharge Capacity Tensile Properties Filter
Modified
Drain |Weight Modified Triaxial . . Pore
ASTM L. Strength | Elongation |Permeability .
Type (g/m) Triaxial (20% Size
D4716-87 . . (kN) (%) (cm/s)
(Straight)| Compression (mm)
Free bending)
- 2(Core) . 50(A0S)
Alidrain 200 ] NA 3x10
0.24(Fil) 60(EOS)
o 1(Core) NA 50(A0S)
Alidrain 'S’ 100 . 4 .
0.24(Fil) NA 3x10 80(EOS)
o ] 1(Core) NA 1x10°* 210(A0S)
Alidrain 'Si’| 100 .
NA(Fil) NA
Aliwick NA NA NA 2x10" 18(A0S)
Ameridrain 100(AOS)
407 93 0.65 116 31x107 | 70(EOS)
408 92 2120 1780 1445 4.0 40 7x107 90(EOS)
Blidim 83 NA NA NA NA
<75 f
Castle Board| 90 1415 1610 1305 25 NA | (15~2)x102 o o
5
‘ 35 f
Colbond 70 1670 985 505 18 25 10x10°? o or
95
35 f
CX-1000 >
Ogs
Desol 60 1.2 11 1x10* 200
Fibredrain | NA 5.0 27 0.1x10°2
. | 140 for
Flodrain 80 2.0 50 (5~7)x10 O
NF-G33-0
FD-4 ITE/De Voorst 7
70 f
FD4-EX | 90 1620 690 435 2.0 50 1x10"! Oqor
Hongplast 75 > 8 dry < 10 2x107" < 78(0)
> 4 dry
Geodrain
L Type | 100410 1685 935 870 175 4~9 1x10? <7
T Type NA NA NA 1x10™* NA
Kjellman 200 NA NA 1x10° NA
Mebra 75 ¢
1 C or
MD 7007 89 2340 2115 1270 35 35 6.5x10* o
95
131 f
MD 7407 | 77 25 2 7x10"* or
MD 7107 94 3.1 35 6.5%10" NA
MD 7417 82 2.1 28 7x10°2 NA
. 75 f
MD 88 85 27 2% 17x10° 5 o
95
Tafnel NA 1.7 NA 0.01~0.1 NA
Technodrain| 85 1.37 10 50x10°

Modified traiaxial : Discharge capacity 200kPa and hydraulic gradient of 1, m*/yr (Straight)

Modified traiaxial :

bending)
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Discharge capacity 200kPa and hydraulic gradient of 1, rn:g/yr (20% Compression, Free



Cross-section of AVAVAVAVAVAVAVAVAVAVAVAVY)
various versions of
core with filter jacket AVAVAVAVAVAVAVAVAVAVAVAYAV]

Table 33.1.391% 20073 59 @A oA 7b3 o] Alw=E wisAle P4
W OERE AAdG FH 4 SRy mFe WEAE ol gt F
Aolm, Aol AwEE WEAE PR EAN FHZ AwEE 97 B

o,
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Table 3.3.1.3 STWHolA A& T w49 F7(2007 EA)
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0o 0o Bo 3¢} 8o
S S 3 = ) )
1y 1y ™ = ™ Iy
o o o = o o) BN
A A - S A {F
= = = = =
¥ ¥ ¥ ¥ ¥
w | & 7| & w | = w | & il iy
= | gl = [ = | = |
T | ¥ £19% |H s S | ¥ 3|
M o CIM | @ M o | o M o
a» = a» a» A A =
i do olo olo ™
ﬂo ‘m*l ﬂo ‘mﬂ_ .Wo WHW_ ‘No m‘_ ﬂo ‘Iﬂ
0
wr = Lol e ) IS L8 R L )
g o
iy 5| m iy iy oy
cil el SR e N el m < col el
+ | = M | = + | + | + | =
S | 1 S | 1 N S| S|
g g ™ ™ ™
T o |7 T ~ |z ~ |z _
as B ~ |m G B e -
et AR e — . et S = o D o N
Pl < T |F = oA o ST o Ay 'l =
03 MR 7O 3 a = al = —
A R ~ A o A To A S
= = = ~ = ~ c3
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Al 4 A Suction Drain 339 <93kelz oL 9

29
1. 4% 24 2 89

= Aol s A T 2 AEske] Al wE Vi &S Hrheta B

A E Hast a7 f9 s =E5te], HFAS® Field
Scale AWk 7HFstr] §13F AAIAeL 2HQIAE wetslr] fé] Pilot Scale 4
2. NBEA

w ATlME A7 A aA 00 WEA Fd vindE YA ES A

atol ARgetivh. WA AFHE AR =dHd 545 defstr] 98, Table

o
o
ol
o
X
o
i,
o
ol
N
1o
ol
2
2,
rot
X
2
v}
=
(@]
=
rlo
e
&
I
o
L
X
Ll
AL
ki
Ju
=
r]I
ol
o
s

Table 3.42.1 Ao AL A5 ExXZEH EA A7

Liquid | Plastic | Plastic Coefficient of
Specific |Passing 200 Compression
Limit | Limit | Index USCS Consolidation
Gravity | Sieve(%) Index(C.)
(%) (%) (%) (Cy, cm?/sec)
44 21.7 22.3 2.66 99.3 CL 0.27 8x10°*
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3 ooade dilel Eeide] gt FEe 840 HAAe] we wasl: AL
ol gato Zu mx Qe WMo AAHC} = F, wWAATE BaA F ¥

Al
=

LS
oo
o
2
ox
ol
ol
X
it}
ui
e
rlo
ool
~
AN
o
fr
4o
o
il
2
rlo
~
i—“;
N
N
2
[
>
=
N
i,
)
o

w AdelM AMEE AEFHZ] AAY R 542 Table 34313 2t

Table 3.4.3.1 AFHZ AF £ 54

3 4] SWSP-100V
o) 7] & 5= 4200 ¢ /min
=gty 2.3x10°(17) PA(Torr)
3 A F 1750 r.p.m
s 75 kKW
B F & 15 ¢ /min
F 9 T 2" P.T
W 7] 2" P.T
= ok 221 Kg

- 78 -
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4 dt5 2 200kef, o WA 6160m2°i A} 3247kgf/cm’ 7 A =4 71535
t}. Table 34.3.29} Fig. 34380 & ¥ A¥7]9 Akst 1748 vehydt

Table 3.4.3.2 2 &Y A7) 9 A%

A9 24 3% | = A7 29 add | @ a4y &%
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4. 2¥ =4

oo
NE,
o
%

7}. AW Column 2 ¥

oAM= AW Column 28-S AA 8o, w4

A AT Test 1-1614% wi5Al /ol e wl+a&S 87 8, =4
N A#EIL = TEFe TR wiFAE Addste], T 879 Hdddew o
Fol A¥e A tHTable 34.4.1). ©o|= %3, Suction Drain &l % &3
=S e A Test 1-291 4% Sealing 59 715 50~150cm=z 2 e &t
Sealing &2 T w2 &g &8 2L s 5EA4E FJotstaxt st (Table
3.4.4.2). Sealing T2 X|Hte] 7| [ & I8k w5 AYE GHE mH ¢
o HEZOoZN waA AAE Xukdle] Bl A ETE Test 1-3914+= 4

713k 4, 8,12, 16, 20 = W3stAIZl 5, A g 7]gbe] whet JiEE Anke] SAS

gtorat a2t 3 thH(Table 3.4.4.3). Test 1-4olA = A& &g e NHEF g8
< Fetstrl fleke] A wigAlet 7S AASta, JEstel AVE

-0.2kg/cm®, -0.4kg/cm’ -0.6kg/cm’®, —0.8kg/cm’® H}io] 71w AFS S8l
(34.4.4). Test 1-5dME GAXFSe] FFe dotstr] 98 A& AFdS
Table 3.4.45¢ o] 5714 = o® AEAIZH. ol& &, FH9 et A&
Step ¥ 7} Step ¥ A 7|He A, RE AE 3 ujdd AZFVE B9, #
SFEAS Fotstnt w3t

[ex]
AN

ik
oot

Table 3.4.4.1 w4l 7 & E&5AH A4 AF(Test 1-1)

3= WA}
28717t | Ml=A | Sealing | A &3 FY
(Day) 4 o] A | (-kg/cm?

NaEs
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oftt
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Table 3.4.4.2 Sealing & F7 4tA A& (Test 1-2)

TA A EERE]
A5 | F 877 HAEAFTE
Hj) 5= Z o] ) Sealing & F7l(cm)
Cahis (Day) (-kg/cm”)
CL 12 50cm 0.8 50 100 150
Table 3.4.4.3 2 &7|7e] ME APA=zF S5 A (Test 1-3)
EELE W AR
Al& | Sealing HEAFY
. Hl 5= A 4 o] ) A & 7] (Day)
75 | 5 T4 (-kg/cm”)
CL 50cm 50cm 0.8 4 8 12 16 20
Table 3.4.44 & AFYe] W& /NF 528 F7F A (Test 1-4)
14 A A P
AR | FL&7|3 Sealing i = A g AFY
WA Ao |
¥ (Days) = 54 =T (-kg/cm?)
0.2
&g 22 0.4
CL 16 50cm 50cm
SRR 06
0.8

Table 3.4.45 GAAF YA 2 EA 7o} AF (Test 1-5)

SRR Rk
A & |Sealing ¥l A | 4 &7] 3¢ He1EH
£%|% %71 do] | (Day) (-kg/cm®)
Case 1 |0.1(19)—0.2(1¥4)—0.4(19)—0.6(14)—0.8(12¢)
Case 2 | 0.1(29)—0.2(2%)—0.4(2¥¢)—0.6(2¥)—0.8(8%)
CL | 50cm | 50cm 16 Case 3 |0.1(19)—0.2(2¢)—0.4(3¥)—0.6(4¥)—0.8(12¢)
Case 4 0.2(24)—0.4(4¢)—0.8(10¢)
Case 5 0.1(49)—0.4(6%4)—0.8(6%)
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A Column A¥el Ag Wy 2L HAA=S AHgshd oS3 2v(Fig. 3.4.4.1, Fig.
3.4.4.2)

(c) N=8t4d (d) ZaAdA
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(g) LVDT A X (h) AX &=

20cm, 40cm, 50cm, 60cm,
70cm, 80cme] 670 FolA FAHS AL, 93 WFome= 2470 AFAA =
A3t A tHFig. 3.4.4.3(b)). T3+ Contour Areacl A 43 W3k Z A&z 2 3

v Wzt AFS & visAEREHe] A wE 9 W] Ui 2&S dof

Eites
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(a) 44 ¥F 4 A4

Fig. 3443 & A¥A %

(b) % WF 54 A%
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Table 3.4.4.7 v} ¢] WX P & §& 54 AF (Test 3-1)

AAAA HF QA
Sealing =
A= v A | A -8R F <t
(BFAIR) 2873 ) = A Bl ] 3
T Aol | (-kg/cm®
T
CL 50cm 2m 0.8 162 Aze | A

Table 3.4.4.8 w4 WjAzr7 244 AW 23 (Test 3-2)

A A2 H 5 =}
LTS
ANBZTF [WsAZ o A&7z WA 7 74
(-kg/cm®)
CL 80cm 0.8 16 22cm | 30cm

i)

Fig. 344.4°+= 24 Plot 437]¢] dd=S yetllen, Ay Piot 2439 4
Wi 9 M-S Fig. 344500 YR Sith

J:I\Slmin Gauge
(h X

)

Vacuum Pump

™~ Loading Plate
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A 5 A Suction Drain 2 WA & 43}
1. A4 Column Test 23
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Settlement(mm)
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(2) WA | 0E =54
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(3) WA FFol W g WEHEA
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4 11.98 - 17.79 10.72 -
6 - - 20.1 - 13.60
8 - - - - 23.92
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(3.9.2.8)
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&3} vt
dv|_ |G Cis {dp}
{de}* [021 022} dq (3.9.2.9)
A 1 A—k)(1-
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= (Aiﬂ) (i) L _ M2_772 4174 _q
022 (1_|_€) pr +3G’ _M4+’[74’ _M4 40 77—p
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A &A1 7131, ¥ 9] (displacement)
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ol
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(3.9.2.21)
(3.9.2.22)

* % —T
d(a) b T/ ET@d(vol)be T/ N vnd(area)
5

b7 T _
f Nm Bd(vol) gt ; .
(3.9.2.23)
T = 2~ A~ = k,’t 0
oA7IA, pe FFAT dE k:z[ k}
0 Y
WAl o2 Y 74 Eage 2AT o, XS s,
kE
L B'm~Nd(vol) 181, & ET>=d(vol)
/ m VO L fV - Vo
w2} A LTd( a) @b—/N v,d(area) (3.9.2.24)
ol YA} AAmWAA O R AITF tANANFH t+ At7MA] A RS S ST}
t+ At d(a) t+ At t+ At 7
L dt—® bdt = N v,d dt (3.9.2.25)
/t ft /t /S v d(area)

of AR FaAF oiA, / bt = {(1— 00, +0b, At}E TASE 5 2T
A7IA, by =b(t)°l L, by =b(t+ At)olth 99 # AZFH2 (time interval) &<t b7}
oeh Ao, dE Fol, 9= & 4 Wald] Aetn vhE

LT=[a]l 4 — S{(1—6)b, + by} At = /NT{(I U1 + 0v,,, } Atd(area)
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(3.9.2.26)

Booker and small(1975)& A& & 99 S AM&3te] HE7He kA S o
Hgk A egéfﬂlﬁ HAETS AASAT. A7, 0=19 HHE AP AT
2] (39.2.26)& AF3tal Aa=alt+At)—at)S} Ab=b,— b= AolsHH, tF2] 4
= @A ok
LTAa—®At - Ab= DAt - b1+/NTvn2Atd(area) (3.9.2.27)
S
o[A|, HPWAHA o R HEolrtA JHFde SEFHE AF A,

fe* TAod(vol) = /dTATd(area)+/d*TAwd(vol) (3.9.2.28)
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v S
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B e A4S EY (N Matrix) = th3 2o

N=1[0.5(1—¢),0.5(1+¢)] (3.9.2.36)
A7 A, u=Nb = %: %b:ﬂ)
N'=E=[-0.5,0.5] (39.2.37)

K= [ [BTDBld(vol) (3.9.2.38)
o112 G171 —8}
NN, K="~ 1 7 -8
3hil g —8 16

L= f BTm Nd(vol) (3.9.2.39)
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24 mE8 A (¢ Matrix)© &3 2t}

&= f ETFE (vol) (3.9.2.40)
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—87,
U,=1— exp( p h ) (3.9.2.41)

714 7, QEME el e Aggela i et 2o FeolHr)
Ct
T= g (39.2.42)
4R
:ln(ﬂ)+ (o) 34 ZE=TE (39.2.43)
H S ks 4 kuﬂ“i J.4.

T'S
n=2 o= - (3.9.2.44)
HAMFEH oA wjFAe Jeds mdeysie= AL duidg sy =3l x=4d
Sl A SR wjaof ol&] TSt s R =S AZEY] #AE Zoll= Aot

T,,B> T,.R*
hpl _ “haz (39245)

4714 2p= Aol WAl HAoln A pdt w27 2AL e

Ak MEA S A FO FEAS BE A4 (39245)F WHAI7] 98 2ol
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d dE=Eeel e 2ds A8skA XIH ol b,/ .0l EATA fal b

ol wel Welels] wiolth tgo] AdE WeAAHAR Ad FURE A
2 W o 3
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Table 3.9.3.3 ®l

4= #4

& 9% U g

S|
Clay—Hird Clay-Origin PDB
Modified Camclay Modified Camclay Bar
E, (tonf/m”) 400 E, (tonf/m®) 400 E, (tonf/m?) 0.0001
v 0.33 v 0.33 v 0.30
Yyur (tonf/m’) 1.81 Yyurr (tonf/m’) 1.81 Yyure (tonf/m®) 1.81
7, (tonf/m’) 1 7, (tonf/m?) 1 Y, (tonf/m) 1
K 0.02 K 0.02 K -
A 0.22 A 0.22 A -
€s 2.10 €es 2.10 €5 -
M 0.90 M 0.90 M -
k, (m/s) A A& k, (m/s) 1.94E-9 k, (m/s) M A&
k, (m/s) ME Ag k, (m/s) 0.97E-10 k, (m/s) N 2 &
vl =2 4 vl =2 il w2 44

7b 84 FA wE IF

Aol 7k Al ke] Aol

© Hirdel #¢H4 & S8

39360 7+ A 27 wWE HHTES 1}

I
BN
o
o
T

Bl o™, Table 3.9.3.50
£ Adste] el LT Table

Table 3.9.3.4 8.4 FAd W& I =4
Drain Drain
829 Drain Drain 72 nFFS, | AFTH
) N B5% | BAAF )
K Hl X] & (m) . n (-kg/cm”?)
(cm”/sec) (EA)
PR
A2+ 1B(1.5) 5 9 3 0.8
H7hy
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Table 3.9.35 84 o WE JF H7IE 3 Hirdd A oA A&

ax e gd70 AE PDB

K:he's k,(m/sec) k,(m/sec) k, (m/sec) k,(m/sec)
AL+ 1.634E-005 8.171E-006 1.407E+002
G 1.634E-005 8.171E-006 1.407E+002

Table 3.9.3.6 84 ¥ 4F H¥ad
;L

M
)
o
aV)
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N
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IR T T X AT T T T TS
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| L | . L . | | |
L B 1 .1 | e
& goif aod audt oot g oodt aud gud?

TR s el s o s g

+
=
&:

PH BH H H PHH S PHHPH B PHPH D HPHEH P HEHD HEHEHEHPHEHEHEHEHEHPHP HEHBHE D

2k
N
N
of!

fea o0 gen e g oo e
LN L AU A A N 1 SR RS
Ul Ul TTSSIST Ul U
U 1 1 1 1 U 1 1
T n TSTTSTSAT Ul T

I] LI T 1T ul Ul T T L
Sl G s B ]

HEH P PH PP PH PP S PHPH P HE R H B HE D HEHEHEHDHAHE R R HRHEH P H A A HE

Fig. 3932014 Fig. 3935% &4 4o mE gx EAA31S A3 Ao
=AY ax0] A5 AEAS dAdA 2 7

Hop A2 ghs vEdley I Aol mmaislen aagte] £X EF fAb
A veERg Tk whEbA 2 Suction-CAIN Z2131e] ARgo] glo] 84 FAo] Ao

of W slaghe] M MElsnE F 49 mFe Age] ket weke,

2
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Settlement (m)

Horizontal Displacement(m)
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— A— Settlement(triangle)
-0.45
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Duration (days)
Fig. 3.9.3.2 84 A ©& 3z Wzt
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-0.15 | — /— Xx-displacement(triangle)

-0.05
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Duration (days)

Fig. 3.9.3.3 84 A ©E £ A3}
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Pore Water Pressure(kg/cm 2)

Vacuum Pressure (kg/cm 2)

—{0—Pore Water Pressure(rectangular)

-0.6 | —A— Pore Water Pressure(triangle) = - - - - - - - - —— - - - —— - - - — - — - —— - ————————

0.2 |
0.4
0 20 40 60 80 100
Duration (days)
Fig. 3.9.3.4 84 dXd wE 7135 A3
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-0.8 | A A A A, A A A A A
-0.6 |
-0.4
02 ff-- —{0— Vacuum Pressure(rectangular)
= A— Vacuum Pressure(triangle)
0 A
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Duration (days)

Fig. 3.9.3.5 84 4 o w44 U 2
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t}. Drain 81X @ Ao W& g3

Table 3.93.79= v wWxdYd AEES {3t 4 =713 A AL Table
39380l Ml5Al el WA & abel wel Hirde] A4 Eal A4 571 F47
2 Aelste] Utk Table 39398 WAl WA@Le A% AES 9o
4 o a

|

4
l‘
o
T
o
!.:
%0,
v
To
of
i)
filo
2]
1%
r {
re
N,
=
N
of
T
ax

Aol whAl G2 wiEA FELe AE HMIAI7IH )
ohowA o] AP v x| oF 4F2EE WA= Hird®] Aol o 22t o ® a1E A
s

Sal Badgel oz AHU, W4 WS wEAel WA P Lee

Table 3.9.3.7 Drain ¥l X @] W& g3 A ZxA

Drain Drain

QA9 Drain Drain +2 nEdy, AT
i . 545 | B EAAS )
A Hl) x| 3 (m) 5 n (-kg/cm®)
(cm°/sec) (EA)
4!
A2+ 1B(1.5) 5 9 3 0.8
A

Table 3.9.3.8 Drain B X&) W& 93 HI/IES 93] Hirde At oA At

= 57 FAT

Drain WA 73 JE PDB

MAFE  k,(m/sec) k,(m/sec) k, (m/sec) k,(m/sec)
ALzt 1.634E-005 8.171E-006 1.407E+002
Oxa! 1.921E-005 9.606E-006 1.630E+002
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Table 3.9.3.9 Drain ¥l X @49 4% sHvd

T A
:::—::::i::,::_:,,:7::::77::::7::7:::@

g il il 5

) EREY !
AHZES RSN ANAN AL Ak AN Ak Ak i
g/f E DE FE JE *1F 3 =+ /‘é

g/ += | F[F|F | FT1TF TFF ’§

. R S e S S S E g
A A A A A A A A }

HEHPHPHIH HMHPH PP HPHEH M PHPHE HEH P H P HEHEHEHEHEH P HEHEHEHEHEHRHPH AN

Fig. 3.9.3.6°14 Fig. 393.9= vl wix @ del w& s das AAg Aow
WA @Akl wheh Wabel, FHUSl 2 rEagtel WA GFe Wu Udg
4 oglvh AbzE A WS Y WA A% FsEst Sgasish 2
s Aukgel A A =H 20 B
ohoslA uel e AEgHe AAxzACR A

B Az Was gl st

jus)

O
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Settlement (m)

Horizontal Displacement(m)

-0.05
-0.15
-0.25
0351 —@— Settlement(rectangulay
— A— Settlement(triangle)
-0.45
0 20 40 60 80 100
Duration (days)
Fig. 3.9.3.6 Drain ®#|X| @ el @& H37F W3t
-0.2
—{—x_displacement(rectangular)
—A— x_displacement(triangle)
-0.15 |
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Duration (days)

Fig. 3.9.3.7 Drain v X| @ gol| @& FHYS W)
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Pore Water Pressure(kg/cm 2)

Vacuum Pressure (kg/cm 2)

——0—Pore Water Pressure(rectangular)

-0.6 | —4&— Pore Water Pressure(triangle)

0.2 |
0.4
0 20 40 60 80 100
Duration (days)
Fig. 3.9.3.8 Drain H| X3 /de] o} & 5499 w3
-1
-0.8 | A A A A, A A A A A
-0.6 |
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02 ff-- —{0— Vacuum Pressure(rectangular)
= A— Vacuum Pressure(triangle)
0 A
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Duration (days)

Fig. 3.9.3.9 Drain #jX| @] w& w4 HEF JTde H3}
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t}. Drain {tZel W& g3

Table 393100 = WA BFEA ] d&dFs HES7] A 4 =
il Table 3.9.311°1= wi=Ale] BHEAAE S7F FFAG AAAAE G2ssl
thoo7IM d5E e A BAEA S ojxd SrF Bl AHA o] Bz A o] of
H o edd 5 FEas AWl AAl il gdnAs =
et webd 1.5m, 3.0m, 6.0me] BFEZEA LS AA wjgAle] Az
i 1 A3 FAdR s ARl A" AEolA AA A e B4

< @3] FATe Aol2 A E Tk Table. 3.9.3.12¢1+ Drain (F2o] @& 4

Jh‘,
o

Table 3.9.3.10 Drain 7tF o] m& F3 HA =7

Drain Drain
QA9 Drain Drain +2 nEdy, AT
: L 5% | BHAAS .
A Hl) x| 3 (m) 5 n (-kg/cm®)
(cm°/sec) (EA)
1B(1.5)
A2+ A2+ 2B(3.0) 5 9 3 0.8
4B(6.0)

Table 3.9.3.11 Drain %4l W& 9% F7HE 93] Hird®) ALANA 23
@ 57k FEASF

Drain e 70 HE PDB
Z+4 (m) k, (m/sec) k,(m/sec) k, (m/sec) k,(m/sec)
1.5 1.634E-005 8.171E-006 1.407E+002
3.0 3.585E-006 1.792E-006 3.519E+001
6.0 1.987E-007 3.993E-007 8.798E+000
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Table 3.9.3.12 Drain 2+2 ¢ 93 3| A

FE AA T

——— &

1.5m o HE BB L b

3.0m AiABARARAR Ak AR 45 45, i
L

HEHPHPHIH HMHPH PP HPHEH M PHPHE HEH P H P HEHEHEHEHEH P HEHEHEHEHEHRHPH AN

Fig 3.9.3.14 ~ Fig 3.9.3.172 Drain 7tZA 2] W3l weg} WAl E Fx814 ZA3=

t
ANG ACR Drain HAel Frbakel we Ashws FPEs % BF4G 2F

[e]
o
Aol B A Wstel me 45 Wl e B

Fe MAL des & 5 JAT weEbA Hirde A4S o] &3 Suction-CAIN

Zzadel 4%, f¥ek B4 JRTan deuHe 24 Fi Aas

-0.05

-0.15 |

-0.25

Settlement (m)

-0.35 —f—Settlement(l.5m) -~~~ """~ """ " - - - ~" -~ -~ - ~-~----- - - - - - - oo oo
— A— Settlement(3.0m)

—@ =Settlement(6.0m)

-0.45

0 20 40 60 80 100
Duration (days)

Fig. 3.9.3.14 Drain t3d] m& 3tz W3}
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Horizontal Displacement(m)

Pore Water Pressure(kg/cm 2)

—{— x-displacement(1.5m)
— A— x-displacement(3.0m)

-0.15 | —© =x-displacement(6.0m)- - - - - - - - — - — — — — — — — — — — — — — — — — — —

-0.1
-0.05 |
0
0 20 40 60 80 100
Duration (days)
Fig. 3.9.3.15 Drain +Z¢] @2 $3 ¥ o w3}
-0.8
{0} Pore Water Pressure(1.5m)
-0.6 | —A— Pore Water Pressure(3.0m) - - — — — - — — —

=@ = Pore Water Pressure(6.0m)
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Fig. 3.9.3.16 Drain 1A @& =599 w3
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Fig. 3.9.3.17 Drain 7t3d] @& dl5A WF 134 ds

Z}. Drain 4%
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oot

wpEAe] A 5 %
A7k Waletol= el 57} #l
Heol gye oA AT 7 EURE gaon sdgom, WEAle B4 5 10
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Table 3.9.3.13 Drain T %9 W& I =4

Drain Drain
829 Drain Drain 73 ndge, | A¥Y
i . TS | HAASF .
4 Hjj X] 3 & (m) 5 n (-kg/cm?)
(cm”/sec) (EA)
5
A A+ 1B(1.5) 10 9 3 80
15
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Table 3.9.3.14 Drain 2% W& 9% H71E 93] Hirdel At A Ak

=% 7t FAF
Drain AFA BHETL AE PDB
TS
. k,(m/sec) k,(m/sec) k,(m/sec) k,(m/sec)

(cm®/s)

5) 1.634E-005 8.171E-006 1.407E+002

10 1.634E-005 8.171E-006 2.815E+002

15 1.634E-005 8.171E-006 4.223E+002

Table 3.9.3.15 Drain %59 ¥ A o¢H

T8 AN
- X S
5cm’/s PR A A A 3
) S R i
10Cm/S g’ i i i 0 e o e i | L %

3 A - | b i S E Fl19

15cm’/s s A 2 e i y
E:H PHIHIH PH N P PHHPH PP PHPHPH PHPH I HP HEH PP HDHPHPHEHPHE AP HD N HEHMH D HEHEHD HE

Fig. 39.3.18 ~ Fig. 39321 &%

2 rsgstds & AolE UElA B S B F AU o= Hirde] AlbA

qeA7 Agsrel adw AEHD dAzde] wWstel Awglel HUAs T
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Settlement (m)

Horizontal Displacement(m)
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Fig. 3.9.3.19 Drain 5% o}
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Pore Water Pressure(kg/cm 2)

Vacuum Pressure (kg/cm 2)

0

0.4

——{T}— Pore Water Pressure(5cm3/s)

— A— Pore Water Pressure(10cm3/s) - — — — — — — — - _ _ _ _ _ _ _ _ _ _ __ ___ _________

=@ = Pore Water Pressure(15cm3/s)

20 40 60 80 100
Duration (days)
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v}, Drain B} 7|4 & 4

Hird®] AIQbA o] &A] &

et AR REe] FkES
ol = o] 7b glof ofrt
A& 15m=Z il
el A o] B A
Bkt

Aol (S AA

AFZzo A e A
= OEAS} 7TEA, SEAZ HW3IA|A &4 <

o

Table 3.9.3.16 Drain BFE Ao W& JFF A==

Aol s el et st
159 2P0 Qs 4A A4
Aras] e A s Bz
=A%) ol 57 B4

FAsta 1 ARE

Drain Drain
829 Drain Drain 72 nFFS, | AFTH
‘ __ 545 | BAAS )
33 Hl| X 3 A s n (-kg/cm®)
(cm”/sec) (EA)
9
ArZHE A2+ 1B(1.5) 5 7 3 0.8
5

Table 3.9.3.17 Drain BHE AT @& FIF H71&

$13l Hirde] A t2] o A

dE T FEAS
Drain WA BETE HE PDB
Bd AT
k, (m/sec) k,(m/sec) k, (m/sec) k,(m/sec)

(EA)

9 1.634E-005 8.171E-006 1.407E+002

7 2.956E-005 1.478E-005 1.893E+002

) 6.765E-005 3.382E-005 2.864E+002
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Settlement (m)

Horizontal Displacement(m)
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Fig. 3.9.3.23 Drain 1@ Ao @& s3 A9 W3}
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Pore Water Pressure(kg/cm 2)

Vacuum Pressure (kg/cm 2)

——{I}— Pore Water Pressure(9EA)

-0.6 | — A— Pore Water Pressure(7EA) - - - - - — — _ _ _ _ _ _ _ _ _ _ _ _________________

=@ = Pore Water Pressure(SEA)
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Duration (days)
Fig. 3.9.3.24 Drain & Asd| @& 55949 W3
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Hh. &pjojE3 JEYES LT ndFY o BE T

ru

w O
15

WAl o] B A A e
ahoglont oo ojae

svlo]Eo] At Be ATAEe] ATE 43

t}oFelt}, o5 ATE EFEIH wFAY SUHAC dE A

nojEe] AAGH = e 3~6 A9 FgE zte AoR duA o, & Ao
A TR stey £ WY w3 fAE gho 2 yEbytth Hirde A e 7=

el gHEA wmdgee] ZaE nesa Qo] MEA $44 dE wage

of M0, pol uhet fAuke] B5ASIL WakEo] kel PUAFe] S vl
Aok & M= 7l dde] fis] e 35 A @2 p=l1e o=
FE =31 p=62] A 7}A] A5 i S Feste] Hirdel AIgHAES o] &3}
S 2o} goo] Aute] UAT WA JFL PRI
Table 3.9.3.19 &P WY WE & fAx=d
Drain Drain
829 Drain Drain 3t3 nFFS, | AFTH
) N B55 | BAAF
K Hl X] & (m) . n (-kg/cm”?)
(cm”/sec) (EA)
1
A+ A 1B(1.5) 5 9 3 0.8
6

me 9% P71E 918 Hirds A4 oA
‘{r\_

aagd, A 70 JE PDB
n k,(m/sec) k,(m/sec) k, (m/sec) k,(m/sec)
1 2.929E-005 1.464E-005 1.407E+002
3 1.634E-005 8.171E-006 1.407E+002
6 1.277E-005 6.389E-006 1.407E+002
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Table 3.9.3.21 &Y HAY I3 HHTH
e 34 e
g 0 0O 0 5 4
n=1 RSN A AL AL AL Ak dL A 4
n=3 Alidh andRdhdhdndid ¢
4 S SNE SN SN SN S S S .
n=6 ANidk 25 A5 Ak A5 AR A5 46 :

HPH PHPHDH BN PHMHPHPH PSP PP HPH P H R HEHEHEHEHREHPHEHEHE HEHRHE H P H B HEHD

Fig. 3.9.326 ~ Fig. 39329« w&g e Wl Wst e mE x84 2
g ANG AoR wFFgel FATFE FAF MY AlA FsF £
M7t A7) el AFGOR A% MEERE AdHE A0 wol U
Aol FreAA Wt AoE ey

o Aol Hgd F 9SS & 5 vk

-0.05 |

-0.15 |

-0.25 |

Settlement (m)

-0.35 | —m@m—Settlement(y=1) ~—~ - """ " """ -~ - - - - - - - -- - - - - - - - - - ——— -
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Duration (days)
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Horizontal Displacement(m)

Pore Water Pressure(kg/cm 2)
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Table 3.9.3.23 A&¢ Z7|d @& FF B7HE 93 Hirdd AN AE

@ 57t 25AS

Azt A BE T HE PDB
(-kg/cm?)  k,(m/sec) k,(m/sec) k,(m/sec) k,(m/sec)
0.2 1.634E-005 8.171E-006 1.407E+002
0.4 1.634E-005 8.171E-006 1.407E+002
0.6 1.634E-005 8.171E-006 1.407E+002
0.8 1.634E-005 8.171E-006 1.407E+002

Table 3.9.3.24 A&} 2719 Y& AN A

T2 R

2 CH B
-0.2kg/cm gL : all llls 2w Wk ] Ag
-0.4kg/cm AN SN ENEN SIS B B

2 R S S S S e A
-0.6kg/cm Alidl dNAk AL Ak Ak Ak A 3
-0.8kg/cm g S S O S S 3
HPH PHPHDH BN PHMHPHPH PSP PP HPH P H R HEHEHEHEHREHPHEHEHE HEHRHE H P H B HEHD

Fig. 39330 ~ Fig. 39333= &% A7l w& siddas Ar e Aoz
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Settlement (m)

Horizontal Displacement(m)
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-0.35 |- —A— Settlement(-0.4kg/erf) - - - - - - - - -~~~ ~—~———~—"————~—~———~—~—~——~—~—~—— —
—@ = Settlement(-0.6kg/crt)

—<0—Settlement(-0.8kg/crt)
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Duration (days)
Fig. 3.9.3.30 1< 7)o w2 st A
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1 T
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Duration (days)

Fig. 3.9.331 &< Z7]e & FHHAL 9 W3
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—— Pore Water Pressure(-0.2kg/crt)

206 | — A— Pore Water Pressure(-0.4kg/cnf)

—@ = Pore Water Pressure(-0.6kg/cnt)

—<O——Pore Water Pressure(-0.8kg/crt)

Pore Water Pressure(kg/cm 2)

0.2 |
04 |
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Duration (days)
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4. Suction—-CAIN Z =219 HE&A AE

7hodAgd 2 AAxA

2 AT A= Suction-CAIN Z=2 a3l % A4S HESH] §8to] 22d
Tol FHE AFAT @G FAF dwld] g fH e &

£ b
:(u)l:,"
o
o
Ho
%
i<}
fo
rot

13 (Sage CRISP) 2 dFAIgA 3 Axol vl 24353
AT ES G BAAE vg o Z Table 39413 Zo] E&Hgow /=
=9 sl Al A Cam-

Al Sealing=2] FAE 1m, MFZ9 FAZ 9m, M5 AQ w8 ALz o)

Clay & AHgatsith a4 vwie dg=aa 53

-0.4kg/cm*— 25, -0.6kg/cm’™— 2
oA bl A e dFge AFARATA FHE AL e

T WA, A= 388 aeste] A Fdet

Table 3.9.4.1 Clay X|qte] A &3 4 Cam-Clay w7

K A €cs M | v |5, (tonf/m?) |4, (tonf/m®) k(cm/sec)

0.0234 | 0.117 | 2.09 |1.042| 0.3 1.75 1 5.73x10
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Fig. 3.9.4.3 AF¢ -0.2kg/cm? &% ¥

3t

NRE
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Degree of consolidation (%)

Degree of consolidation (%)
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Duration (days)
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Fig. 3.9.4.14~Fig. 3.94.179 = WA A wte] 7z} st5 wAE A|7te] W& &<t
EXE 5314 (Contour) 2 YEeEHRATE ZF 35 AN AFAS A|7ke] AW

of wel wjEAREE A7k ARRE A W AHAA FEFS vAY, dE T
FAlel= AAl A Rbel]l whEAel A ThalE e ol dASHA EEH= FFol
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Contour
Excess Pore Pressure (KN/mt)
m 15094 ~ -14,047
m -14.047 ~ -13.001
m -13001 ~ -11,955
== -[],955 ~ -10,908
== -10,908 ~ -9,562
== 0862 ~ -8,816
== 5816 ~ -7.769
-7.769 ~ -6, 723
-6,723 ~ -5.677
-5.677 ~ -4,631
-4.631 ~ -3.584
e -3584 ~ 2538
wm -2538 ~ -1.452
-] 492 ~ -0,445
w0445 ~ 0,601
== 0601 ~ 1,647

(a) A&t Ast 25
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Contour
Excess Pore Pressure (KMN/m®)
m 16175~ -15.111
m 15111 ~ -14,047
mm 14047 ~ -12,5953
= 12,8683 ~ -11.919
== 11,919 ~ -10,855
mm -10855 ~ -9.791
= 979 ~ -8 727
-6.127 ~ -7.603
-1.663 ~ -6,533
-6,589 ~ -5 h3h
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-
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Fig. 3.9.4.14 A 7te] @& Awry #7259 2 ¥ (-0.2kg/cm?)
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-21.934 ~ -19.902
-19.902 ~ -17.870

m 5743~ -7712
mm -7712 ~ 5680
== -5 680 ~ -3.648
mm -3 645 ~ -1,616
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Contour
Excess Pore Pressure (KMN/m®
-50.073 ~ -46.343

Contour
Excess Pore Pressure (KN/m®
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Table 3.9.5.1 Clay A 4gte] &3

A Cam-Clay W/ B

K A €cs M | v' |y, (tonf/m?) |, (tonf/m®) k(cm/sec)
0.0234| 0.117 209 110421 0.3 1.75 1 5.73x10°®
Table 3.9.5.2 A E A gto] A L3 Elastic ¥j7] HF

E(tonf/m?) v/ You(tont/m?) ~,, (tonf/m>)
2500 0.3 1.8 1
T I;r;loladlin;; I

_ N

Iy
25m Vertical Drain

¥

j 21m >
i 60m
(a) A3
Sealing Layer
*ﬁ Im
)
251 CD Suction Drain
f 21m >
N 60m
(b) Suction Drain &%
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Mean Effective Stress, p' (kg/cm z)
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Mean Effective Stress, p' (kg/cm 2)
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of |7 wsAE BAste]l FeAvE 2 A4 wisAs S8 =] wes

a4 AgelA AgE FAd WAL 1449 20mx30me F 24402 A,

1200m* & MF WA R sholrh & AFolA A" A=l FHe F FA

Table 3.10.1.1 visAs ¥z 74 2 7HEH &

3 = ZIEGY | 2H) | 87T 24
o] 5 5o] H 4= Im 650 2600m 1,600,000
s w4 Ay Im 550 2600m 1,400,000
M s i 4 BEE 12,663,000
24 A 3,000,000
A vl A HE A 12,000,000
w A AGE A2 ]S EA 10,000 500 5,000,000

&) 35,663,000

Table 3.10.1.2 v 2 FH] 44 w &

= 71 E 9 o7} STTF 27
HAAY FH AEH Im’ 5,000¢ 300m” 1,485,000
w5 A ERAd ] 19 9,500,000 2 19,000,000
M @ gn ALER 275,000 275,000
gHA 20,760,000
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Table 3.10.1.3 AFHEZ zF & FAu]&
FE 71229 2] 87T 27
R 1EA 5,000,000 2EA 10,000,000
44 32 7)7] 1EA 3,000,000 2EA 6,000,000
4 A4 7k %
11,500,000 11,500,000
5
A H] (F-5791) 1,500,000 1,500,000
Bl 29,000,000
Table 3.10.1.4 A& A (2AH &)
g5 7| £ @7t ST7TF 27
44 A A7 10,000,000 10,000,000
A7) A 3 AelE
12,341,000 12,841,000
&A
Rl 22,841,000
Table 3.10.1.5 AWEAL 2 @3 AS &
F5 7| 29 2] S7rF | FELA
A voly =7 1EA 3,300,000 2EA 6,600,000
A wolE AS 3 FH 1IEA 3,000,000 1IEA 3,000,000
A% el M 5,000,000 5,000,000
AS 7171 A= 8,000,000 8,000,000
WzE 24 S 1,100,000 1,100,000
A 23,700,000
Table 3.10.1.6 o H]-&
F5 71229 @7t STTF 27
=AM & 600,000
A4 A 2g LAE 500,000
A 1,100,000
2 AFdAE 71Ee Ag o hdEEHa A= FHe 4A
Hlaetr] 918, Fig. 310113 o] 7]& 4 H30 o] Al A
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Table 3.10.1.7 7|E€¥H % HA=HA TH HFEAH v LOFHE 10m
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7N =F

T H | FAH AEZA
(9/m%
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(Aol ek @ I 214799, EH(F Y, FA) 23409, FFEAF 57944,
A7) 1,375.69, olols 2 169, Leader 63.1¢, Hopper 100.5€9, Casing 13219,
AM==gel| 113,200 |Skip Bucket 53¢, 37kl 7H] 255.99)

@ FHESZ 0 11,0009/m(F2 2] 2 HE Im)
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O LIx1D)m™F 18 7H4, A% 1m3 F 3,4889/m’
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@ FEEE 1 11,0009/m (Fde 2 HE 1m)
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- AF4E 3 Dynamic Compaction &% & AAHE-
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Table 2.2.1 Material Properties

Clay—Hird Clay-Origin PBD
Modified Camclay Modified Camclay Bar
E, (KN/m® 4000 E, (KN/m? 4000 E, (kN/m® 0.001
v 0.33 v 0.33 v 0.30
Yo (KN/m”) 1811 o (KN/m®) 1811 Yo (KN/m?)0.0001
v. (KN/m?  0.81 ve (KN/m?)  0.81 v, (KN/m?  9.81
K 0.02 K 0.02 K -
A 0.22 A 0.22 A -
e, 2.10 > 2.10 e -
M 0.90 M 0.90 M -
k, (m/s) - k, (m/s) 1.94E-9 k, (m/s) -
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(3) Defining Edge Grading

P STEP. 1 =23 Avt Select W72l Select Super EdgesS A #® 3 % Fig.
2299} o] w927 Super EdgeE A1 ®35}o] = Properties ol
4] Divisions 9= A7 sit},

wwy-wwmw ToshlD Wodomilt) Moy T —)

JFEHR® e * Sugebtein * SuperEdpes + PIRAOM @t - Aot MufSpartioe
[pm——"
B STEP 1 Select Pl ) Select Super Edges &= 5 9= pm
[Gisampte,m| Divisions
o | Diair Mg
Dhivians Fa
Didsiaras Ty Equel
B Fiiol Ml
i o v C
-+ttt i 4
i [ &
a8
B Beninility Caid
E.1 B Condon
019 AR Super Edgel A
T 1 B Dinslacamant
| 0 EPwe Fos VL
e T Blesd
-l Homal( 1) 000
St 1) 2.00000
L EPWR(1) 00000
? Hosmal(2) 100000
Shawrtd) 10000
EPeiD 100000
tll-ﬂl
-
JC. 1 W L7 CETE L B NG | — T - N T

Fig. 2.2.9 Super Edge Grading A2 A

p STEP. 2 Step 19 W oz YA Super EdgeEe°l| 3 Edge Grading<
=

A4

ot

- 486 -



(4) Defining Water Level & Boundary Condition
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(5) Creating Finite Mesh
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Fig. 2.2.13 Finite Mesh A4

(6) Defining Increment Blocks & Setting Up The Construction Sequence

p STEP. 1 =213 2 Mesh W72 Mesh Informations A ®3}e] Mesh

Information &< <t} Increment Block 1S A ®3ta tS3 7
o] 7}7}e] Blocks F7}gtrh.

@ Loading(9kPa): Load No.=5, Total Times=0.3days, Factor Style=Equal

@ Suction(100days): Load No.=20, Total Times=100days, Factor Style=Equal
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(7) Running The Analysis
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(2) Plotting Deform Mesh
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(3) Plotting Graph

p STEP. 1 T213 Aeto] Analysis Result W79 Graphe A ®3te] Graph
Tool& Eel=Tt.

P STEP. 2 Graph Tool® AddE Z3¥3le] AAE wHE Typeolr Hxbst
+ Node4} Integral PointE A #3}3 Construction Step Scope®ll
A Buzsts GAE AEE & 2 oy AAA X534 Y
o AldE dolgE ZAA3da Plote]y Export ExcelS Al €l a}o]
st == gkt

- 495 -



Fie(E) EOND) SewcNa) Veewdl) Meshi) | Anahyss FaslE) | ToohiD) Widows(h) beo

oG » Fest{ 4. Detorr - LR
Gomence@TERY. Analysis Result ol ) men oy

| Contor
Lme Equiibrm Metod

i
i
H
g
»
i
E

- + Gabectabe FEM Cblect Selacind FEM Obiect:
1 Al o || b
' + Podes1 odet: 170
] | foowez B
1 | ot =u|
Py ¥ | L le ¥
oo - [ R

L] T ik st Coriten
(GE k- EEEA A®Y QD& A || owhascmore
[ * e E,
hisgecd ] ¥ [vertea Cocomert El
ot L L L L1 | o
= e | B
“ Jomal 11 WL L 1. Excel Data 5% 2. Gyaph &%
e Al
3 sy} :
]
sl m Saved. L1301 118 ST a0 £ ere— (T T O —

Fig. 2.3.4 Graph 4% ¥ &9

(4) Plotting Contour
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(5) Plotting Report
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