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Estimation of Equivalent Diameter for Cross Shaped Vertical Drain
Installed in Weak Clay Soils
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Abstract

In this paper, the consolidation efficiency and the equivalent diameter of the cross shaped drain are examined by
using the laboratory test and the numerical model, and the results are compared with those of the band shaped drain. The
equivalent diameter of the tested drains is back-calculated from the laboratory experiment and compared with those
calculated from the formula suggested in the literature. The efficiency of the cross shaped drain is evaluated by using the
3-D flow program which was validated by the settlement-time test fill data.

The results of laboratory test show that the equivalent diameter of the band shaped drain was close to the Rixner's
formula and that of the cross shaped drain was fit to the following formula: 4, = % - (b+ ¢ . The results of the

numerical analysis show that the cross shaped drain can reduce the consolidation time by 9-10% from that for the band
shaped drain. The equivalent diameter obtained from the numerical flow model by using the field data is 3.5 times

smaller than that obtained from the laboratory consolidation test.
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classification properties
soil classification CL
percent passing No. 200 sieve 92%
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specific gravity(Gs) 2.64
liquid limit(LL) 45.6%
plastic limit(PL) 20.1%
plastic index(P1) 25.5
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source equivalent diameter
Hansbo(1979) d, = -2 b;t
Rixner(1986) d, =2t

2
Kamon(1991) d, = %

* b is width and t is thickness of PBDs

Ao} e H3HE EhAThE 714 Bk S7b2 7 A
A e AL

32 ARSI S715
AR5 ] $7127€ 7)122) Hansbos} Kamon
o o8 Aleke BRujSA ) S AAA W T 5

S The st o] 4% & gk

g2 o} 22 o)E 183 A3 (Hansho, 1979)

_ 4xb
dy = =7 5)
v <= o] @E A8 112 3k -$-(Kamon, 1991)

d, = 2><\/i—2—””‘——“l ©6)

I8 49 O 5 95 YA GAAE AR EE A
23 2L AR (b=5cm) 852 2} 57127 3} Hansbo
(1979), Kamon (1991) 2 Rixner(1986) 7} A| A 3+ 5-7} A A
(d) B FLE-A AR BAS Bl H Aolth 2 5

7

{1 Hansbo
Kamon
6 Rixner b
{1 consolidation test
{de=23.5cm)

dw=(b+)3/4

Equivalent Diameter, d w (cm)
-

band shape (b=10cm) cross shape (b=5cm)

Shape of the Drain

38 4. HUAMEE S51 A98E S71%23 Hansbo, Rixner,
Kamon2| 0240 o/t S71x1Z29| H|n

46 BIZNEBEE=2d H16A iz

2RE 27] dEE 40% A AP oz Q1% A)7H
Al Hansbo$} Kamon 2] S 7127 0. & AALSE A 7HA|
TR A eI, Bl - U= 80%

0
2 02 - - s ﬁ > \Kamon _ ...
[ =4 [ R
B ooal I NN
§ 1
s 06;
b ool mrmaE |

L .(—®—0.5-1.
& 08} 1.0-2.Okg/ cn
—&— 2.0-2.5kg/cn2
1- N Lot N NPT N NI N - 2y
0.0001 0.001 0.01 0.1 1
Time Factor, Th
(a) THd

0
> 02f
= [
:g L
2 [
2 04
2 r )
é [ N
5 06} e 5
8 [ [—e—0.5-1.0kg/cn2
B 08[ - |—o— 107 0k/ms | - Hansbo AN
] b |—e—2.0-2.5kg/cn2 |

1 F N T ) i A L N h ,‘-_~\\i
0.0001 0.001 0.01 0.1 1
Time Factor, Th

(b) MR (ZF=5cm)
33 5 dUAEE St ER 3 ARFE dlirhe] QT -AlZEAISe] 2A|

P - RN
s B ~
/ = l-}ar\sbo
/ =
= consylidation test
/ E dwre(b+4)3/4
/ g Kamon \
o — ==it |
\ vOE /
\ = /
\ = /
\ = /
~ =l ~
~ ~
- - —-b> PR - -

T8 6. AHHAIESE Sol0] M-8 MRiEH$e S7RIZAL
Hansbo2l Kamon2| 0|20 2J8t S71x129| Him



o]/l 4] Rixner(1986) 7} A<t ® 3} L x| 3kt
AWAE LS B3t Al 54
& A3} Hansbo(1979) o] v+l S8l 8 ef & Aoy
2 #Htf B 71E] 11, Kamon(1991) 9] v A S 11
g AP A= A0 R et g o)
2u At A AR v 9] A9 B7HA A & A=A o)
2732 29l (4] 43 2)oll AAE TR FFEAe
37| A AR AR E EUE A3 0 2} o) 4
S - AR BAE plotd A AAE S} 243 7}
AR Al 3/4-& Fsted v} o] AP E it

A

h Y

_‘H,niio?i

l:l

R
2
|<'.o

< (b+ D (7)

)8 BH—,—XH (b= IOcm)i Al%s}ii—% %]
E3Ith

4.1 Yt O HE

rlo

A AL ADE AP A2 B 29 AT
Aol AGAFEHL(1997, SFZER|FAN2E Paper
drain 3-8 A3 8} 18,000m’ <] HZ| & MD88 (1l 5=#) 7+
7 1m) 521 S eH2 3 2,250m’ T o] .

AEAZT ABAFRA B 30m ool o
St/m’9] Y7} EReET A FHL oF 3mFA o] Tl
EAESo] g3 2 of o 5mFAS) AEY AES
o] X3l HES HE e gk FA REFo
wizo} B4 5] Qo] FAEA) 2ok AN Y A B A
19) No.2007) SaHe& 7 9] 0% 0.2 A YR 3

o] i $- 2 HET FAE o] glrk A A5 (coeffic
-ient of consolidation, CV) 2.2 X 10 ~2.0 X 10 cm’/sec
| HAZ E2 5o Jon AFHANA ZA e A
A 072 dAsTIr GL- 20.0mB8 Z7)skn o
.

B M st AbeE e Bl 3a19 R g
2] AH(FDM : finite difference method)& ©]8-3F
MODFLOW (A Modular Three - Dimensional Ground -
Water Flow Model) ZFE Z 2388 McDonald and

ON

/ surcharge
0

sand and silt (w=45-55%)

L drain
5 # (spacing 1m)
clay (w=65-80%)
-105
E —————
£ 15
% clay (w=45-85%)
o
-20 - ——
clay (w=45-55%)
-25
sandy silty to clayey silt (w=30-45%)
-30
0 b
S R SR
5:.,;,»’0‘,” <A
F e o
10F- - - m -
= *  ee }
E L IR .
§”'7grﬁ:t o
' PR PN i G
e e
P
' Te it
30— e
0.0001 0.001 0.01

Cv (cm2/sec)

38 7. ¥y K& civizet ol wWE AUAS

Harbaugh, 1988) 2 2 & & #]4]-2 ¢j3)j4] 223 g2
A B Z A9 (transmissivity) 2} )5 A= (storativity
; storage coefficient) 7} ot T H AT T4 A S (k) o
3o LHFADL)E ¢ A% FLHL(T=k b,
m’fsec) AEAGE B 2219 X5k wE e w) w9
T G9AA Sz A3 F 715 B A s A
782 o 2 Sk AR Wel e duix g 2,

39 eiel w2t et AR

FRUTE. TLATe] B9 D RS 7SN

2o 290 QAo 3, T"J?ﬁc’ﬂ g 539
A% L F g BY - FFol 3] 2 AR
e
S=S.'b=7ry(a+nf b ®
oA71A,

S, : B) A Al (specific storage coefficient)
7wt B BFH (= 9.8X10° N/m)
a UTFEe A4S

HOFME KIS0 EMDE MXEEISTHS SOIRY ME 47



28 30

24

2.0

1.6
.
‘
i
F

1.2

08

04

0.0

00 04 08 12 16 20 24 28 30

(a) =% ZX} (unit : m)

1Layer

Layer
Y

-4

Hrain 3Lgyer

-8

-12

-16

4Lgyer

-20

SLayer

-24

6Layer
{ZLayer
o0 04 08 12 16 20 24 28 30
{b) =% AX} (unit : m)
7 8. HAE §iB 4E Y 4N FRY

~30-28

MODFLOW 9
YRR AL e Aol BN ER
S AFEATA9N S AF AWt EE Bl
A, WAl glotA i A A B S

E 3. ofME AP UKIRL FAZA

[«
-

i

-24

\\//

8
énlllxxlllll‘AleI
¥

.

0 04 08 12 16 20 24 28 30

\ Ny

(a) 30 £

T
!
!
[
[
|
|
t
t
i
!
I

o-30-28

(b) 700 =
T8 9. $XYYTIRO| SETUMT, SBYY

SAFE BES FRATE AAPE FRASE A
Z7hsk HE met A A ZeE nelstol
P 30kglem’ol 9] B0 RE S ARRLAS
£ sttt AAZAE U719 sHe AR5 0m
o YRS AU, HoF12E Sum’S) ks 4%
2 zete] Sme] HSFE T 1 99 AES
(2~63)& SmYE( 1, = 20vm’)ol 93 FI7HT5<t
10mE 2712002 se] A7l uhe} 425} 5%

Layer Cnlcm®/s) Ss(1/m) k{cm/s) boundary condition

1 Layer(0-0.1m) constant head = Om

2 Layer(0.1-3m) 6 x 107° 0.02 1.2 x 10°® initial head =10m

3 Layer(3-13m) 2.3 x 10" 0.015 3.4 x 1078 (excess pore water pressure)
4 Layer(13-21m) ! ! " "

5 Layer(21-25m) ! ! " !

6 Layer(25-29.5m) 6x 107 0.02 1.2 x 107 "

7 Layer(29.5-30m)

constant head = 5m
(artesian pressure)

* drain’ ke=kv=0.004, k=5 (cm/s)

48 snEZEGH=EE H16d 1=



op-
g oo
S 20} o @ Field Data
s sl o [0 MODFLOW
S L ‘.
S %
g “f .
§ oo "
5 70 *o,,
2 eof *%000s
3 90 iy iy
[s] s i1y .
100 " " i " i " n 1 1 " n 2 1 i I.] l.l E
0 200 400 600 800 1,000
Time (day)
33 10. HEAUERIRY LANMZIZIYS S8 A2 ME 4Y
L i)
202 50| WA LS BASTE 59 Aol 3¢

HH-rZH«l ‘T77“7}' 4mm<) & 7RIt viFANE FAHoR
AEaA AAE ro] ImZtA 0 2 wij=a) 7} 9 X8k
£ 31, 58 A2 - 25mZ 0] 74A] v A 7} ebd
= A std ek

O 9= oA FHY Xl ds s EHE 9
At ol ), Sm(BEZ 2um’) &) AE wheb x|k
ol oF 10me] Y7kl WAsH Ajzke] Aol

weh |5 AE FA0E A0} 7R, 2 814 2 u)
A FAL T2 P 55 YAl )
Z9 3, 5 A7} B E A oFe BA el 2L BR e B
L R N L F R
o} 271412k Aol

309 3)of) 9.0m¢l o 7h24 ,;o]
Aol whe} Gtz o] 2 0
90%°] o] 24t ﬂozqawq

717 10& MODFLOW = 2 13 9] 7}o) 7h-24=¢t A4
Azt mRE 9] fdEe}l FF HstFozRE Y A7t
o E U= g g 2 xolth 1 1002 HE F
AN T2 3R AFE ml$ AR ZARL S

& 9 ek
42 XA X

% 112 MODFLOW =Z 23 )0l o3 B3 7}
AR v A ] =S ook 2 11255 4
Al AE SRS BF 24 GEEB0% R
90%) ol === A7ke] 9~10% T=H ek whehA] 7]
E9) A& AR o2 N Fste] AT ¢ i dd
&) 48 g ANNR7IS 10%P = 95 7 g

O (day)
= 10fw 700
é oo sso | [[] band shape
> 20r LY 600 | I oross shape | |
§ 30 N '* 550
e )
Peo s me
a2 L w 400 +—
8 60 - W g5 )
s 70k '.i 80 80 (U %)
L W
2 sof "
g wf '"ﬁh“
) AT R bl LT
0 200 - 400 600 800 1,000
Time (day)
28 11. MODFLOW =2730] 2|3 Zrat MR wixiol i e-
NZhRM
10
[] band shape
’g 8l ] cross shape
3
k-
[y 6
2
£
k]
5 4}
=
]
[:d
T

Numerical Mode!
(do=23.5cm) {de=113cm)

Consolidation Test

8 12, ARHY0) CHSt SR(o1A A AUAHORRE M
B w48 S71EZel Hla

vy

Aoz gekdth

H 125 AUAE B FA A o2 5E AL
T2l 7B o2 AA@A dE R EARE
FH QAR s F7HAA LS AUAE o 25 E
T3 57 AR 350 AH R A2 o2 et
Zrol| A A e b= smear 2 well resistance 2]
WAL GE Aol v mte] B A 5
PAZ Ui Roz A gt

M

ol
2
2

Gl
Al
=
7HA

.

2
—

7 PBDAJ(MD88) 2] el & A A3 (cross shape) 2.2
HYste] ANAE S PataL, FRANHZE WG AL
sl 1 R EA S} 517 AES 2S5
2 HAEE 4Tk

|

) 953 FYA DA P9 B uirae) 57447

GOHENE NP EIME MRS SOEA AF 49



=
rﬂ:
ol
A
z
2
o g
oft
=
._l

=>4=

& NE AR TR A
F5+9S 7292 MODFLOW Z 27198 AL&-3}a] 3
A3 Ax 249 FHEE(60% L 90%) ] L& Al
9~10% S=H AT w2bA 7|E<] v E A
© 2 et AL - g @ 28 4
MNF71 S 10%AE GE 7S Ao 2 Ho

rE«

o

e, ol2l gt AUAIE o2 B E A S 571

| 2A @7 vleA e S A B 2 ol i 8%

o} A= smear E well resistance 2] 3 gko] #AAM F 71274

o] ZA BrIEE RO 2 AlsHTh

4) TR o] 2 &8 A7) ¢ w2 B Zol 7t
25m 9019 om 10 *empsec o] A FFHET}F B2 H]
€5 AR5 Qe @F o2 ul Ao BHA Zlo7t F
st @RS Faido] ZrheRE Aol AR
A9 £84e v Zr1e Ao ggE.

50 sIZNEBSE=2E H16A A=

A7 AT EAE) A7l T4 A7

1. SHEXFAN1997), T BF AlGAL T ATF-FAL FHEIA,

2. Barron, R.A.(1948), "Consolidation of Fine Grained Soils by Drain
Wells", ASCE, Transaction, Paper No. 2346, pp.718-754.

3. Hansbo, S.(1979), Consolidation of Clay by Band-shaped Prefabricated
Drains, Ground Engineering, Vol. 12, No. 5, pp. 16-25.

4. Kamon, M., Pradhan, T.B.S. and Sua, S.(1991), "Evaluation of Design
Factors of Prefabricated Band-shaped Drains", GEO-COAST '91, pp.
329-333.

.Kim, S.S., Jang, Y.S., Kang, M.S. and Koh, K.W.(1997), "Shape Effect
of Mandrels on Smear and Well Resistance of Plastic Drain Boards",
Proceedings of 7th International Offshore and Polar Engineering
Conference, Honolulu, May 25-30.

6. McDonald, M.G. and Harbaugh, A.W.(1988), "A Modular
Three-Dimensional Finite-Difference Ground-Water Flow Model",
U.S. Geological Survey Techniques of Water Resources Investigations,
Book 6, Chapter Al.

. Pradhan, T.B.S., [RIAIERE(1996), "+ FHERE F L - »ic & 2 Bk
MR & € DHMEOTFHEE", A LASERIE, No. 554/
111-37, pp. 221-230.

. Rixner, J.J.,, Kraemer, S.R. and Smith, A.D.(1986), "Prefabricated
vertical drains, Vol. 1.", Federal Highway Administration, Report No.
FHWA-RD-86/168, Washington D.C.

w

~)

oo

(42 A 1999. 7. 19)



