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JHIR(SYNOPSIS) : This study compared and analyzed the consolidation theories of vertical drain
which is frequently used in soft ground improvement. It applied Hansbo-Onoue’ s theory for the
consolidation of vertical drain, and examined two cases distinguished by whether smear effect and
well resistance are taken account of altogether or only well resistance is under the consideration.

Furthemore, it also examined differences of the consolidation theories by comparing with TCON, a
Finite Difference Method program and measured values.
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AefAubyol] F2EE TFXEY AL FHI AANEY FEFdUiel LAEFAL 93 4
A FEe doAy M3 HoeRye F2 APYIYI}FITHL WA sand drain FH, paper drain
FY Z+ pack drain Y EE AH8-sl At} vertical drain®] ©] 23+ Barron(1948)ell 2l A3 o
2 o]&o] A1, 7 ¥ Yoshikuni & Naganodo(1974), Hansbo(1979, 1981), Onoue (1988)%-¢l 2}al A
=3tk ol#§ vertical drain®] ol&3= HAA AME-Ew ZHzbe] W] A AT 2] ZolF Hoj
T Y=l B AFAE vertical drain®] YHe|2E-E v - HESA 1O atolE YA Fdl

vertical drain g ol&2] v - HE+E pack draing o= 3714 WA HESIAG.

A, 2v]o|gd3 well resistance ol FAE HWEE) & T4 xo|FHE vla - AP A,
AAA AHEEE o2 X H4-ES U3A A dxe Aolg v - B} uixeto 2 #HAe)
AZARE o3t  vertical drain®] YWolE ITHT AE M 1T FIAEY TP
TCON-Z H|w 3] 1 Aol FHEIAH.

2. Vertical Drain2| /S0l A]
Barron(1948)2 Terzaghi®] ¢dol&< 7102 A UdF AFol U WIYLTE THAYY

(equal strain condition)Z o] 7}R 3l W @A (smear effect) 2} vl4A 8 (well resistance)2 12 3}
@2 o)Al Ao diE (DA o] AAEA
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Un = 1 - exp (-8TwF(NN)) 00

2 2__
FON) =S (- L1 @

o714, N(=de/dw) : FHHY|

t
i;‘ ) S AZHAS
de : dAe] AA
dw : AAMEA ] A7
t: AL QAZE

Thu(=

Hansbo(1979)% Barrono] At 4(2)F A3t 2njo|E3 wiFAG-E 13T A< Q)% ol
A At

Un=1- exp (—8Th/ﬂ sw) 3)

Hsw = Hs t HUw

_ _N° N _3 s? _ .S 1, S*1 2
ue = oy ((g)+7mS N ) T e S @
pw = nz(2H— z) (1——) 5)

&7]A, S(=dy/dw) : 2u]ejEe] A7
7 (=kn/ks) : 2u]o|E 2] FgA 0]
kn : W @AG o] FHUE F5AS
ke : FFR e FAS
ds : MFAFH] A
z: 929 o]
dw - HH'/}\‘%‘E&:(=7Erw2kw)
H: JEZY 5
AR5 F5AS

Onoue(1988)7} Yoshikuni & Naganodo(1974)2] w4 8A|4= L AME-3te] @ &3t well resistance
2 3389 vertical drain AAE 9§ FAAE AAG Aol (6)4 |t

Un = 1 - exp {-8Tw/(F(N") + 0.8L)} (6)
(N')? A 3(N")E-1
F(N') = N )= ln(N) A(N)? 7N

&714, N’ =Ns’7!
L= B ()

71‘ dw
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H. 2 vertical drain®] ¢do|& o] g Z o] Hlu

1A% + smear ¥ well resistance 3
Hansbo In( £)+ 7 Ins -0.75 7 22H-2)kn/aw
(N°)? /) 3(N)? L
Onoue N2 =1 In(N’) AN )2 0.8

3. M R 2N

3183 3249 4 H&d 271k E.1d YA o] 27|g& EUZ 3t o8] ¥4E ¥
A A AL AU

H.1 EA A8d 2Ugk

dw = 12cm de = 158cm
ds = 18cm H = 1500cm
Cn = 0.002cr/sec Cv = 0.001lcn/sec

ks = 2X10%cm/sec kn = 107cm/sec

A8 A2 = 100Y

dy/dw = 15 Cw/Cy =2 kwks =

3.1 20/0{&= well resistance® ol LIt HE

o] Ho|A+= Hansbo®t OnoueZt A 22] ztolE HES Y] 93t 2 FAL AEIH(H2 FX)A]
#A 2n]o] &} well resistance FO. 2 o] vt 2njo] &2 vlwslr] SJsA 19.15 Fo)
2njoj&e] ARH|(S = d/dw)} FFAFH(7 = kn/k) S B 3H L, well resistance -2 Hvlas}7]
QM 29.29 Bo] FHNFELAL(k)S HEZ FAME 989y, 2 23 ag.16d4 B
+ Hte} 3ro] HansboZ} At 413 OnoueZb A3 4]9] Xujo] dto] zlole A9 Qlo] Adx3Fmz
F A9 ¢dx Fole 2u|d] do) o3 WAHA Fevhe A 4 5 A

gt o] T 2l well resistance &2 1329 Fo] AAusA e FAG WE FHYFESA S
o} FESF FAd o3 AR Aot FE & & Utk TF, AWM E5AS (ko wak 9
A AxE 45T 5 Ak

-1571-



4.5 B - - - - | . T
4 / ; { o i
w P i Q'T ; ; -*
7] . ® 7 -
" { [
o 3.5 & — C-j- ; "
[ . ] ) H
L= 2 ~— i : [ ]
W 30 : » w ; ; .
o (e w "
8 25 LB 8 ]
8 . . [ ] 0 4 ; .-
- 20 ek O S SR SRS AU NS SO \'! B : ]
= N [ = Ple
3 1.5 LR g : e ~
E [ | = Theory of Consolidation £ ] i .| Theory of Consoligation
] L m : .
1.0 it - H
1 e i 0 o 1 0 " @ Hensbo
o5 T [ onous 7 - 5 0 onou -
o'o T ‘;—r l'_;_l' 1 i 1 ; T i T ; T i T o—‘_. i T L] 1 T ; T ; [_i_l ;"’ i T
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8 = du/dw kn/ks
aY.1 Zvjo] &
40 s B PR S g :

7 Well resly. cave . : Well resis. case ﬁ P
= 3. .@.. - 5 =
I i @ Hansbo {10°* co/sec) I P ‘ Hansbo (10.. , o

30— B Ongue (10 em/sec) | B‘ o 10" cmlanc T
‘o' 1|3~ onoue (10" emisec) R . § .J noue ( " emisec) . E
8 25| —@— Hansba (10 ) R rf —E— Onoue (10 cm/sec) 5 o
& — L & 377 —@— Hanebo (10" cmisec) | ¥
8 2 8 4 7 s "
§ h » E : 'AE!’
£.] AL - R n
[ m e o 4 : /,ll‘,'

g 1 : b : e
-— ; -— : ATCT
1 i = g4 P

E ‘ : =
g Lereeend] g -

: — Wl L fj
1 i T T T i T I = i T ;
OE+0 1E-7 2E-7 3E-7 4E-7 SE-7 6E-7 TE-7 SE.7 150 300 450 600 750 800 1050 1200 1350 1500
kn{cm/sec) H (em)

19. 2 well resistance &

3.2 2} gis=off CHEr o|mafie Hix

o] A4l = HansboZt A 27} OnoueZt AAFH 21& wWF &9} well resistanced: 25 12
73%-(case 1 )2} well resistance®tE T3 739-(casell) Zztol] QAAuFA 2 £4AS (ke S E39 2
o] 107 10%cm/secZ Yol EAstgch 2eln, L@ AN} well resistance® 2F FAF Barron®l
o] d&Ql d(F.49 casel)E HEZ S F7(H) sl W& wFa7}e} well resistanced] FFL Ay
171 913 BAEAY. 1A AAMFAL] BEFAS (kDS AAA F A gUEE AN AR
H.37 P38 AHEW o] ARE B Wl ky = 10 %m/sec Yl Hansbo 4o 23 A% 9t Onoue
Aol 2@ tAEs W zfo] glo] AN UEREIL Atk W ky = 107 cm/sec dWlE F A9 o
A7} case1 Q1 A 15%, casell?l A9 17%7F dAstT Qo] olo] wral 10 %cm/sece] Q&)
2 AMgAld F A2 o e 3424417 28 ¢ Ao T3 kol wal 2 zpol= t=Agl
Onoue 2}ell 2j3t A7} Hansbo2] 4ol <7 A= rh 34 A= gt

.3 A FFAF(k)ol W Y

A= (%) case [ case 1I
Kw | Hansbo Onoue Hansbo Onoue
10 %cm/sec 80.58 82.27 9353 95.07
10 %cm/sec 49.45 58.51 55.91 67.45
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[ ] Hansbo(smae. + well resis.) | |

wl.f

w1l |
40 ] &' [ I!eomchonsol!a_t_!g;l
P

[0  Onoue(sme. + well resis.)
—@— Hansbo(well resist) 7
—F1— Onoue(well resist.)

T T | T ] T | T
0.0E¢0 20E-3 4.0E3 6.0E-3 €.OE3 10E-2 1.2E-2
kwicm/sec)

29,3 dAuMsA] S5EA5(kw) S FY

#.49% 29 4@)0b)e FEF FAM)Y Wsld & F 49 qUeE ANF AFdd AFul4A)
(kw)7t 10%cm/sec @l well resistance®™2 T Z-9-(casel)S o] 4 AQ 7$-(caselll)st v w T w
L7} 4%0)3t2 Jelva oy, nd a9} well resistanceE o] u3l¥ $(case )= 237}
13%°) A7t

mebA ARulSArE FA ZH@(10cm/sec oS AFEEA] B A O] oF J3ko] X|ujHo|n,
well resistanced] 1% YAAA &A= vl-$-At} Hansbo?| A¢H43 Onoued] AgHAld i3l FES
FAH e 9734 Z3FE FA7] A3 case] & FES T2 Wisle] e gAuxe] oxuy
ol 3] APFIARAE 3o IAALAHALE =% AH/E 295D JehiAt H = 200ecmS
12 7128 JESS Z7Hdu dZu$Ae] 540 ta FHL 2 (10%m/sec) 9 ASE
Hansbo?] A|¢t2le 9@ A37F Onoued] A2 o3 Axnd vlwzd & Z718E Jehdy] g
of kANt FJEFo] FIIASFE o]y FHL AMEY A4 wid¥ »Yert Ao

® 4 FEF FAMS I

A x=(%) case I casell caselll
Hansbo Onoue Hansbo Onoue B
H(cm) NG EGEEEE S 10° 102 | 10° arron
500 85.08 80.03 85.23 81.91 97.16 93.01 97.29 97.14 97.53
1000 83.37 65.58 84.12 71.72 95.93 76.39 96.52 83.98 97.53
1500 80.58 4945 82.29 58.51 93.53 55.91 95.07 67.45 97.53
100 100 : -
. I-H :
“ e
1% ¥ gig ;\S\ﬂ
© %0 v-guiy .
70 3 R — — 70 Tie.g.nie. -
] i i 1 o P
) : : . &0 L !
E - i L Sie
5 -1 Theory of Consolidation 5 -1 Theory of Consolidation
T I | SR 40—
- | @  Hansbo(Sme. + Well resis.) - @  Hansho(Sme. + Well resis.)
30 O Onous(sme. + Wellresis) || BT 1 Onove(Sme. + Wel resis.)
2] —@— Hansbo(Waell resist) pre 2077 —@—  Hansho{Wall resist)
10 —F— Onoue(Well resist) ... 10| —— Onoue(Well resist.)
] T | T | T | T | T | T | T | T T 0 T [ T ] T ] T | T | T | T | T T
150 300 450 600 750 900 1050 1200 1350 1500 150 300 450 600 750 900 1050 1200 1350 1500
H (cm) H (cm)
(@) AAMEA (ks = 10 %cm/sec)Q S (b) AAMGA(ky = 10 cm/sec) A¢

a4 4 AEFS FAMY 4%
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h T 1] T T I T L 1 T 1 ] T T T I T
1. 2 3 4 85 s 1 8 1 2 3 4 5 & 1 8
Thickness ratio Thickness ratio
_ -2 _ -3
() @A FA(ky = 10 ‘cm/sec)q Z3$- (b) @&ulA ks = 10 cm/sec)ql 3%

a4. 5 FES FAM) vld i vig=

Hansbo®} Onoue A|¢HAd] o 100€ &< 875 2T AN A4E ®H5 2H634 86, 1
A.89 JeERIATE T AtAe s AME gEx zole FEZ FAY AL op@dsiAR gAY
AR 5A Q. (10 %m/sec) T Aol o8 AAE GAEsL o] Aolure Holu], ARu|Sx)
7F 107%cm/secdl 725 qA o] AErst 42 U9 Folrt Folue APL Holw Ytk

3+¥, Hansbo?] AI¢t43} Onoue?] Aol it med mxe] J3-L HESZ] Q3] 2njoj&e 3
Zu(S)8t BE5ASH ()0 WE AT S Ay B Al 297 3 2394 4 el
ad.73% P99 ZA#e o] AAEHE well resistance®t= g Onoue’}l A Ao Ay}
Hansborl Atgk 4Alo] A#ng 7ztg 98-8 Holuy AZuisaArt 10°%cm/secd W(2,7(b), 2
A9(b)) B&EF AL Jeldz duk =7, 2ujolEe] ARZU|(S)R s FAEH](7)d diF Ade
7V F A4 2% o A JeEva JQoh(2".73 299 bla Fqx)

®.5 2ujo{E&2] A Au|o] i I X. 6 2=v|oEe] FA vl g 93
%}‘% = case [ ?J"Q E case |
(%) Hansbo Onoue (%) Hansbo Onoue
ds/dw 102 | 10° | 107 | 10° ke/Ke 102 | 10° | 10% | 10°
12 87.77 52.81 89.59 63.19 3 87.12 52.49 88.92 62.73
15 80.58 4945 82.27 58.51 5 80.58 49,45 82.27 58.51
2 72.24 45.73 73.45 53.31 10 66.42 4313 67.56 49.90
25 66.73 43.26 67.46 49.84 15 55.88 38.20 56.59 43.40
3 62.85 41.49 63.12 47.30 20 48,01 34.26 4845 38.34
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29, 9 2ulojEe BFAFH(7 = kwvkodl dF A%

3.3 AlSXele| Him

o] Aexe AkAYEA E(pack drain ) FZASAEE )83t vertical drain GLol&8E 2] ¥
- HEE FRsgon, AFASAR AL HFE7] dste FEAEY T2 IJW(TCON)E 3
7F Btk NS 43 AMEAA= 174 2y EF9We 33109 YAk a8x, T A
Aol FsH(AFEsE, BASIEHS AR EA4% A28 3911, 29120 Jehy

®. 7 M Hgd vias

kw = 22X107%cm/sec  kn =107 cm/sec

dydw = 1.5 Cn/Cy = 1 kn/ks = 5

AA AZIIE(IE 119 BMAN JE 27D e L F ML Hansbo] ol&dl 2§ Felax
2} Onoue®] o|&el AF FH3t AAVt dAEe AFS Vel AL FAZARA b8 g4 2
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4. d 8

vertical drain &2 o]l2 % Hansbo? ©|&3 Onoue?] °l&-& AL FAL AR, AAld &4
H W FGASARTE ol 43l wim - EAF AF gL B2 4288 Utk

1) Hansbo?) ©]24]3 Onoue?d ©]&4lel ¢Ax zlolx 2wujojdore] AFol= A9 Qli, well
resistance o & wAH= A2 & F Utk

2) AAuAlel E4A4e et 1 ol AR AwrA o2 Onoued] A4 o] Hansboo] At4|
no Gdwst A AT dFuEAR oA BFG 210 cm/sec)E AHEE A gE=s) dl
g 10%A%E 2olS B FodA" $alrt dok £3 AAuEA7E Fdel 2H(107%em/ secol )Y
o] wBETo] 2% g3ke] AulHoln well resistanced] A3 YUK A A= vl e AL F A
gral ol oty A4t Aol o3 & 4 Uk

3) well resistance®] G3Fo] M WS+ Hansbod] A|¢t2le] & whE-E BN, wFEH thg
Z=E Onoue?l Aol AA Yetva Uth
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