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A Study on the Method of Design of Drainage in Soft Clay

A 2 e *
Ji, In Taeg
Summary

In this study, examined influence of consolidation effect that had affected by location
of pump inlet that was set collection well for drainage of pore water discharged by em-
bankment on soft ground through the field test. The results of this study are summarized
as follows;

1. Initial consolidation curve value were larger than theoritic value, the cause of these
phenomena were thought influence of secondary consolidation and three dimensional
strain of soft clay.

2. The settlement value of Hosino method was larger than that of Hyperbolic method,
but settlement value of Hyperbolic method was accurate more than that of Hosino meth-
od in the prediction of settlement.

3. When pump inlet in collection well came down from GL+0.3m to GL-1.5m, settle-
ment value increased about 10cm and when the ground water level was made insitu after
pumping had completed , settlement was expanded about 7~8cm. So it is found that lo-
cation change of pump inlet had an influence on settlement remarkably.

4. If location of pump inlet in collection well for large scale estate or wide road site is
lowered than original ground level, the settlement will be accelerated effectively, and at

this stage automatic pump must be used in pumping.
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Table-1. Physical properties and soil parameters

Soil Water Atterberg limits, (%)| Consolidation test | Fassing the
0 Gs — ——  No. 200 USCS
parameters | content( %) LL PI P,(kg/cm?) C. sieve(%)
range 33.1~64.4 |2.65~2.71{30.0~49.1| 5.6~25.5 | 0.58~1.4 [0.28~0.7 85~96 CL
average 39.2 2.67 384 14.4 1.37 0.3 94.5 CL
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Table-2. Summary of pump setting

Soft  |Corrugat- Location Term of the

Zone ) of pump )

layer(m) | ed pipe | . operation of pump
inlet(m)

No.2 | GL+0.3 ['95.2. 4~96.4.13
A 5.0 No.1 GL+0.3 |'95.2. 4~'96.9.19
) GL-15 ['95.9.19~'96.4.13
No.4 | GL40.3 ['95.2. 4~'96.4.13
B 8.0 GL+0.3 }'95. 2. 4~'96.9.19
No-3 I GL-15 [95.9. 19~'96.4. 13
No.6 | GL+0.3 ['95.2. 4~"96.4.13
C 10.0 No.5 GL+0.3 |'95. 2. 4~'96.9.19
) GL—15 {'95.9.19~'96. 4. 13
No.8 | GL+0.3 |'95.2. 4~'96.4.13
D 11.0 GL+0.3 1'95.2. 4~'96.9.19
No- 7 6L 15 9.9, 19~'96. 4. 13

(GL : ground level)

283 4% motor pumps] 22 26|
T2l AAE AFAAAN F5E S
32 (¢50mm, H]'d pipe)E F3le] X
He2 viEA e FrAgd @l pump
L2ko ALt ol (H= L8k : 0.96HP)

off

—130—



dopx el WEAA Aol B A7

vinyl hose

embankment embankment
l— — corrugated pipe

o R
case A sand mat | ?eflrforaled pipe

i sand mat
‘GL. 0

15m 03m

~ deposil soil ~ ~ deposit soil ~

caseB&l

Legend
= Submerged
motor pump

Fig. 2. Submerged motor pump
m zpasier =3

Aot AZF7N71E o] &t 3=
& FA3n L 24E #Jdg | A
Ztel Ao wE ddPsiHe FAFHRA
o]2H < A A} dAFA fe B¢t
At

ZADE o] Hlo] Aol EFIA,
EAAYEA EFYF A4 EA, sand
seam®] EA|, 22t ¢4 Tl Atk st

=RAAT A7Iddel vieAE £33
T 3A e Leva B 39
Fo Wrzzdd weE &Y 45 9
2e Pz U

1. WRMY

HIAY S HE7H SEFHT 5] 937
m olF9 &= B 473}02 it

£ 7HAA fESROT BaRe by
o oz %
S=Sp+ +2(’tt_oto) ..................... 0
CT S a— )
A7IM, S ASAAREE AT

o] 33} (cm)

So : HEANAHEY A (em)
S, FFAsE(cm)
t I ABINAIRE L] A AT

(day)
fo @ HEE /AT AH(day)
a b AF
A (1)& oA 7lestd g3 2o
t—t,
=g+ BlF— ) ceeeeerereieneiiienas 3
S—s, =a+b(t—ty) (3)

AN ARZBN(t—1to/S—S)E 7IEZH
(t—t) 2 Z2HXE EAISE Fig. 49 2&
Mol .

d7ld] o= Al2E AHH, b J49 7€
2 7@tk g b7} FHAR A (D) 3
9 o] A Zte] Aatare A8 Aol 7H5dith

to t time

embankment
-
1
&

settlement

observed
settlement

predication
settlement

Fig. 3. Prediction of settlement by the
hyperbolic method

prediction
settlement -
) Sctlloment
///
:\e observed Py
o "|’ settlement v
- w“' I
~—

o

t—t,
Fig. 4. Coefficient @, b by the hyperbolic
method

—131—



T3 3 e A A39W

A3z 19973 64

A (DM t—oo2 FE 4 (2)7F P
o, 1/be holFe <hdel ¢sFH7I7A 9
RAstege] Aot

2. Hoshinod

Terzaghi®] ¢tdol 9] o3t H=le] x7|
A3FA e A7t ez gy #Zo] yE
¥ 4 ook

1/2

U(T)=2(T/n)

a3d oA 43 AEXE HES 2
I3 A o3 FEHP S TS AYHF
& Azrel el vt Aol IR
2 t}. Hoshinos ol & 71E42l& 3l (=00
A LA ghol HEF HAA-FIEHH
AL &3 2 A o= FAFHAT

PN Gl L
+— 07T Dd— 20 [1+K2(t—t0)]1/2
7] A
S: I ATAL M A
S 1AEZEATE A%
Sa A7 A} gEY Frtshe
Y53
fo D Sdl leEs AFATL
t D ATA ZH(S e 8
3
L
©.
i
~ /
‘//jfﬁﬁano
/]
a

Fig. 5. Coefficient @, S by the Hoshino method

A K A=A go 2 ny T AF
A (5)E g o] WaF 4 QU

t—t 1 1,
= + =ty =a+Kt— 1)
(S-S AR A" °

o] A& (t—14)/(Si— S)2~(t—1x) e A
A 71€7) B=1/A2Q AA AL onujgit). o
BAE o438l wAF A K& 78 5 Ut

olgx o] AAT A K h, So¥ #&E
2] (5)ell YA deolo] Azt ¢l B &3t
SE 7 & vk 3 P ET S A
(BN A t=cod 7}AFEA e Aoz T3
At}

S/=So+ A=S,+(1/8"

ojytd] HA&HsITHoZRH dojA A&
2RY FFPsEH AEEE 78 F A
£ Wyo] Asokalel ofs] At gich

I Mikasa®d] o)&) #AYJFF5et dial
A HYE F /|EOE Fo f&
2 e ANy

2

OEU_QEU (8)
I reeeteeseeessne st

o0z at

& thes 2o HEURAY FH= uiol
A ARAoz e & Aee FPSA:

2 n
ds, d's. d"s,
Sc+017+a2 dtz +eeeees +an dtn =}
- (9)
3714
Se R S

a1, azan . E20 AAZA &= A
18] vertical draine. 2 ALxut A&
% 53 EA2HE GE AdF 27
o A& ARGz RE HAF EAANAY G,

s

—132—-



AR e wWFdA s B A7

o

€ A3t A ARt d3se ¥y
FIEY So] A8ttt

°|RE TilogU/U, BANA AXo] A}
€ A& o) Aelh

3. Kjellman o|&ofl ©/3t o

AdYAaE FAF3Td W mP L 48
o At HelFHos HHEF paper
drain FH FHFAIZLE Fodte o=
Aot
T3 paper draindl] 93 4UE A|7tme] @
Ae o 4 (10)3} 2L Kjellman® o]2¢&
ol &3t e,

U:l—exp[_%] ...... (10)
(lnﬁ_z)
Cr @ A F

L : drain board B} 7+

: dradin board #2Hu}A
2

(A WA RS

=

L

Iv. &3t 3 u3

2 AYe] dgAul fPFYos FHLd
FH L paper drain Foln mXFe 1.
5me] FAtAY oz ebdsigr).

AELE 73 wgt 4.0~5.0mo]t}.

1. EE2AAME

Fig. 6& Fd XA HAAE A=Ayt 7)
Fd-Fo] Nx9f ¥3zlo|t}.

Fig. 69] Z 7oA zone A9 XM E N
28] A=t v sty zone B 9|9 M =
A MEE R ¢ 5 Uk

471 4L A2 7127} YA} zone B
7} zone A9 st JiHoz e AH
3] sand seamo] WEEH o g1 o]9fBe

8
7
6
8 5
s 4
Z 3
2
1
0
Depth(m)
(a) zone A
25
20 L. [} Before. improvement | | ‘
B After improvement l

2 3 5 6 8 9 11 12 14 15 17 18
Depth(m)
(b) zone B

Fig. 6. Variation of N values in zone A, B

oz lste 4ol zone ATt &39
E sivte] 9ol @ # Ug Aol
Iy FEAYAIER A Ay At
o AEE BUe AL NHET} o
22 WA dAX 9 vlmste] F3HEA )
= Ao BZsivtn By

=S
A

2. XA EHa2o wig

Fig. 7& A @F 7o) dA3 Ayt
FAY ARXNE AxE2 #5718 Aot

Fig. 794 AAA AR =R5E 0.14kef
/em?~0.16kgf/cm?e] ] o1} = wkrfar% 2wt
3= AF4E S,=0.29~041lkgf/cm2oz &
A Al a7 Jes & 4 9t

A7IN AWARFY =57t 282H
A =LA AEANE NFHor 28 o}
=7 #A.

C=C,+C/P-AP-1-U

—133—



ZEFoE A A 394 A33 19973 64

0.45 ' . T T
0.4 i il SIEP R MR/
I N
I B i T Syt Py Sy N PR
g o5 - __ S DU S SRR TN B

> ! ) ) t
B 02+---- L e il il ety i
\50.15 _____ [ T SN T T D
U)‘O.l—— O After improvement -—:'-————'r————
0.05 |- - | x Before improvement | — —/— — — — — = = = —

0 | |

3 4 5 6 7
Depth(m)

Fig. 7. Variation of strength of soft clay

C:AI=RF A

Co: AW A=A 4 (HF 1.5t/m?)
C/P: Z=%714(0.20] %)

AP HE&Z(r xh)

[ 9gAL(2R o=z 1)

U: d5(90%)

AE3(h) : 4.5m(FHFA])
C=15+0.2x4.5x1.9x1x0.9=3.0tf/m?
o} /}EBHE Cu=2.9~4.1tf/m2o)|m8 Ag =

EA o =g3dvtn #ad

3. HsleA

7t. Estol&

A3t SHS Agd HJELV ¢85 ¢
ol A t§ A&F3) dHoletz Ry
Fofl A= FaFE FAI] A At
g Aol

Fig. 8~Fig. 119]4 Hyperbolic method$}
Hoshino method= A &x 59} 0] $- 3=
AEE BuRloy o225 E A &
zZtol & YER I Qlth.

o]} Ue AAA At AEATE
YE ddZFoz HL317] i Jehd A7
2A A8 9T JFL YPE APE
A& dEY & Je ARE o] gsof Fgn
A Zy=t}. Balasbramanian and Brennerr? &
AYAIE S Alse O A9uT} dod $4)
A AHEER AAA dSZ3ke] AEABT 2
= S 5 R=

Time(day)

. 0 100 200 300 400 500
|‘ —6— Observed value

10 ————d— | g Hyperbolic method

20 b 5 _ — _ 4 _ |~ Hoshino method
; —— Prediction by the theory

Settlement{(cm)
(743
S

0F------= - -
BOb - —m e T
i i
60 | | | |
Fig. 8. Prediction of the settlement in zone
A (No.2)
Time(day)
0 0 100 200 300 400 500
10 | O _;______1!_ —(9—Ol;.~1ervedvaluex i
~20 L - o '_—B—Hyperbolicmemod |
g 30 ! I —~2— Hoshino method
= T~ 7 "™\~ 7 7 7 | Prediction by the theory ||
540 _____ 1= e e St Ay
550 _____ - Lo
S ol __ :___ | | ]
(270 _____ [ L o o I - 4
| I !
80 ~--- T T T T T T T T T i T 1
90 . . .

Fig. 9. Prediction of the settlement in zone

B (No. 4)
Time(day)
o 0 100 200 300 400 500
i I —6— Observed value
20 F - X - = - i

!

|~ *| —=— Hyperbolic method

- |2 Hoshino method

' —<— Prediction by the theory
|

-
(=]

Settlement(cm)
o
S
T
)
i
]
|
T
|

3
T

|

1
!

I
1-
|

I

1

!
T
l

]

I

1

!

]

|
1

[+3
(=]
T
I
1
|
|

120

Fig. 10. Prediction of the settlement in zone
C (No.6)

A2 AEAsA AHN HeE FFAS
E 06724 oldlge e B X9 ¢Ex)
F BFA 034 e Adg A ur 2
@e Hgsvtn A

T3 27] ASHIHE HE/LE YA
4@ o834o] @Y BEXY 2 Aol8
e gl A2 AEDAdAe 2713

—134—



Aol gtel WA 71Hd B8 A7

Time(day)
00 100 200 300 400 500
T T

- L ) 1 —6- Observed value
EZO - = "“":"—E—Hyperbolicmeu:od
S 40p---7 ~ ~ _ | -| & Hoshino method
5 GOL | | —%— Prediction by the theory
g ----r S e
E80f---- . Wi [E- - -
& I | I I

100 - - -~ Il ~ - --

120 | ! |

Fig. 11. Prediction of the settlement in zone
D (No.8)

Table-3. Analysis of total settlement
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Fig.
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