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A study on prediction of consolidation settlement of soft soils

Cheol Ho Park

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

Abstract

This work reports results of our study on the consolidation effects due to
the wvertical drains. The feed-back analysis based both on the in-situ
measured values of the settlement of the embankment and on the soil
properties of soft clay under the embankment is carried out in this these for
the vertical drains, such as the GCP and PBD. The feed-back analysis is
performed with the (K-embant) program which has generally been used to
estimate the average degree of consolidation and the final settlement of soft
clay under the surcharge.

Hyperbolic, Hoshino and Asaoka method are also used to predict the final
settlement of the embankment for the vertical drains. The hyperbolic method
shows 284.57cm of the final settlement and 92.28% of the average degree of
consolidation in the GCP section whereas Asaoka methed shows 277.32cm and
94.69%, respectively. The results in the PBD section are
423.11-617.20cm(average 517.60cm) of the  final settlement and
71.14-91.61%(average 78.74%) of the average degree of consolidation in the
hyperbolic method, Asaoka method shows 380.77-575.28cm(average 473.66cm),
76.33-93.37%(average 85.09%), respectively. The final settlements by Asaoka

_|X_



method appears to be lower than those by hyperbolic method. We can also
find that the Hoshino method could not be wused in feed-back analysis in
case of obtaining the data which show the inclination of decreasing

settlements with time in the early stage.
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Hu)= A= (SU)
0.0 2.0 4.0 6.0 8.0 10.0
0.0 I
@ o & & il ol
>0 oA - ez |
10.0 Seal o o AgE w4 AV E(t/m)
' e DEDENE
15.0 Su = 0.09 - Z+ 066
' & ° s AFHAEAE U0
S 20.0 A ° S. = 008 - Z+ 118
T J 2 9°% BT RRL!
—J 250 Py o Sy = 012 Z+ 044
O = oN% * CES L
Ui 30.0 3’°. o © Sy = 0127+ 021
A DS, oAH WM AUFE 24F
35.0 » o 9 _=©° Su = 0.12 - Z+ 0.65(tt/m)
: o I o o
Sed ®\°
40.0 R
o o \o o °©
45.0 S
S,=0.12-2+0.65
50.0 L L

<a9 217> A= A A E BXE 2 odjalae A

2) M AUPE Zrpg (DU
copHE Aube] 1] ZBIAW A7l whe) 7hE4r) ujgeE A
et 27 HH Aot R e ARE FEEUReE o] 88te] A3

AEAFAH(CU)S s osk Fd(CIU) 2Hdolnz AAzxz
=7

Hr} He Hols= vbi dEdESAE S Az U AR 5
o7 v Fr= wolt

% . Su___sin®
CUAHY J 1+ sin® (NC, K=0.5, A1)

Skempton : 0.11+0.0037PI (PI > 10)
Hansbo : 0.45LL (LL > 40)
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Zzte] el ol A 7H A
0.8 1.0
e ERET
400 « ' I:II '
o Skempton 0.191~0.331| 0.27

Hansbo 0.189~0.415| 0.33

A (UY) | 0.135~0.881 | 0.33

H d A FE [0.161~0518] 0.28

4 Skempton; oJZetEA | 0.071~0.796| 0.26
X Hansbo

o Aol

"UIRWE 1w baze weale) BEske 008 A4
o QI=0lx=

="

Pressuremeter TestZ A] 33}
Al AT} A EZNA AWBHEAG= 1444 ~ 74.65kgf/cne] X HY =
ME=7F Qoo wel F7kehs A4S Holal 7|Nktol Aol Xt E Al

F3ke] Are wet vhEv 4492 ~ 35807kgf/cife] W 9ol F3E ST

rr
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<3 211> A AFEAHHLES)
A SEF K, (kg/cm) D, (kg/cm) E, (kg/cr) Hl 31
HE = 3.64~17.89 14.44~74.65 -
A < 868~ 2,077 4,492 ~10,424 9,306 ~ 20,892
%! <F 2,739 ~7,.453 13,336~ 35,807 39,255~ 60,000

) kp @ AREEAG D, - ARPAGEA S | E, 0 AR A S

oo A et o] HAE tist EAEAXE 2o <19 212>9F 7t
<E 212> EFHEAN B4
T B 7l & o 9 A HE B4 2] "
H] = Gs - 2.71
g 4 | Wa % 67.9
F= e - 1.890
SRRk Ysat tf/m’ 1.590
A5 Ce - 0.96
PG Cs - 0.129
bl A 4=(Cy) Cy an/sec 0.39x10°° Ch=2-Cy
AR K,) Ky cm/sec 2.50%10® Kn = 2Ky
= A9} = Sy tf/m 0.12 x z + 065
ARSE Sv/p’ - 0.28

2277 ANEES EFAEA
1) F
AP ES] FARES gifE Ader F4HEM A (Quartz) ]
H 5 & <% 213>9F #Zo] 2659 #s zZtevh E3 <i 214>
2ol EEAY HlF RfNA APEES H[FTo] 265 ~ 2689 ® ¢
(“AgkzzAL Aol s A 8l o] 87 pdds, e ANEEEI])E H

wel, o] E melstel FI APYWAL REHH Y ALES
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= v F ZE 9 v 5
Quartz 2.65 Serpentine 2.2 ~ 2.7
K-Feldspars 254 ~ 257 Kaolinite 2.61%
Na-Ca-Feldspars 262 ~ 276 2.64 £ 0.02
Calcite 2.72 Halloysite 2.55
Dolomite 2.85 Illite 2.84%
Muscovite 217 ~ 31 260 ~ 2.86
Biotite 28 ~ 32 Montmorillonite 2.74°
Chlorite 26 ~ 29 215 ~ 2718
Pyrophyllite 2.84 Attapulgite 2.30

) a : Calculated from crystal structure (Soil Mechanics, p30. Lambe & Whitman)

<% 214> gx EAE 5

EAd LI E A4 H =
2 2 265 ~ 2.68 A4 EGF7IE) 268 ~ 272
AL 260 ~ 2.68 q EBE(F714) 262 ~ 2.66
A E 260 ~ 2.68

AFAES] gk F5H] AEg e XRkRAL AdE o] &ate] <3 2.15>9]
“AAES] EZ4(Hunt, 1984)"0 wel F5H(e)E 0742 A48t om,
FHHY T F (Y obee] Aol wet yo = 20t/m ez A

(G, +ar,

1+e

A7, Year @ EZEH T,
v, s =8 9T
Gs @ H]ZF(2.65)

o =
¥ sat

O&i

(1.03tf/m®)
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0.22
0.28
0.36
0.33
0.39
0.47
0.43
0.49
0.57
0.52
0.60
0.65
0.62
0.74
0.80
0.80
0.90
1.00
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25
75
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o/l M et o] AbAE 3 EASAHAE aokshd <3 217>

<3} 216> YA FAE N- o2l &4 (Dumham)

T Cl W% w @ 7
Bt 2w 944 » =vV12 N+ 15
B4t 523 JEREs 22 o =VI2- N+ 2
Edast mua #de 949 o o =VI2-N+ 2
EdA7t Bua R TS} & 0 o =VI2- N+ 9%

<E 217> BEASAY BAARCIEES)

T 2 N o 9] 44 W3
Eﬁ—%-ﬂ %_%]: Ysat tf/m‘ 20
W R w2 7 ¢ deg 29

2 ATHAAG LS AA ko] =R ZES] AA S A H

7] ZA]
319931, A5+ G.CP(Gravel Compaction Pile) 38 483} th
SCP¥HE A% 9F 83m~55.9m9| Z *], P.B.D(Plastic Board Drain)

Preloading Draing 2.0m tA4°2% A% ¢ 7.0m~46.5mol
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3
v

® 4 2= B [l @ vi=Y F5) 4 9]

+ SEALOCK 3%, 6% 717

4
v

_25_



M T7] () ‘%*(L(WSﬁm %EH

_26_



3.1.1 3¢

ki3

o

Au % FEE At AL 5

s

A REo| o

)
-

3=

N

rvgel

Y

N

X
B

Jo
# (very loose

7%~ Table 2.200 A

ok
=k

(consistency)® YWEATE Table 2.13 o] Athd =7} 35% o]

oy

3ol

sand), 10°]

A E(soft clay)=

B0l AdEHAFAE(,)7F 050kg/en ©]8H] HEE= A
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< 31> A= NA 9 #A(Terzaghi & Peck, 1948)

N AdEE (%)
0~ 4 3] == (15)
4 ~ 10 = = (15 ~ 35)
10 ~ 30 %= 7+ (35 ~ 65)
30 ~ 50 & & (65 ~ 85)
50 o] gigs] &% (85 ~ 100)

<GE 32> A=Ak NA 9] A (Terzaghi & Peck, 1948)

Z2 7 N # A5USFAE, 4 (kg/ar)
ks3] Aok < 2 <0.25

A oF 2 ~ 4 0.25 ~ 0.5

= ZF 4 ~ 8 0.5 ~ 1.0

sl I 8 ~ 15 1.0 ~ 2.0
gets] Ax 15 ~ 30 2.0 ~ 4.0

a A > 30 >4.0

Ao ubgel 4 WATE o FARoRE A 1

aly

SAl, AetEAl, Fri R Ea, GasEa ol ol

dzol et AEREE o] sabgel os vt A= A

JAow AA AR AFL A dZard A8 do| ohun A%
AT 4 Y BEe NFATE B due) 99 pRel Aol
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Al gexdex19) G5 259 @ 248 A4 0 Bo] A4%F

omwt 32t kA4S Darcye] WA ot =o] & £& zE=

o] 8ad FYte FEFHN FEI= FFY Aol
A v,
g = —|v.+ oz dz)dx+ v ,dz
= g,
z
=kt ‘; élagcdg (3.1
ot

820 AL gexdex] Ol A=) AAL o] aao) AHd I=ES

kgt (chXdz)T_;Le7} g o] a4 AH e AHRl ke,

oV _ 4 _ e
ot [(‘M) l+el = 1+e o (32)
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o8| A (33)F,

I@Zue 1 de
Y2 it o (35)
a9,
_ ___de
a,= —"5y (3.6)

2 Aot o] Ao Feo 7|EE Sl Frtel dig k=HY TAE
gu gt A71M [, & A5 (coefficient of compressibility)el gttt

aEH A (35),

k0 u, 1] i@(_jo_,av)

¥ w 822 l+e ot oe
__a, 00—u,) ou,
l+e ot SEFY 57
9 Ao o= AR golme g oleh Aol Folshelok wk
o1 7] A,
_ 4y
1 (38)

¥ w” y (92 2 82 2 (39)

o] 7] A

pp— (3.10)
voXm,
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ghal £ A (3.9)+,

0 %u, _ Ou,

o = (3.11)
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7bo "l o7 o5 RIS (Coefficient of consolidation)ehal 3hH,
49 = oi/sec v m'/year® YERWHTE 2311 1A e 7]

] 3 4] o] e},

3312 949 =
Terzaghi 12t vl &g Ao sl 8 wxo w4 21S 17
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T A]ﬂﬁl#(:%f) (3.13)

o7l TS A 7HA4(Time factor)zbx 3t FxY AFzA o
o] AS 2 (312)% 2 (313)Y w4 Aol He I F9 779 &
I, vl A9 1 5 FA o] Ht)

HEZS ol Zo| zM9 FA% Uy B3 2ol P

o

e g

X

o

Uzzuzl_ Ue (3.14)
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uet S ATGEAEJ]IZ AGEHERI A wek AE ved #
% %7 vk
D ATEL BEL Ao, =0
o, +A0
Ae=C xlog— 57— (3.22)
0
C o° 4+ Ao
S. 1_|_eOXH><log o
2) Tty AEY A0 S0,
o ,+Ao, o 4 AT
o’ Ao
Ae=C log ”g—'— - (3.24)
w
C o" 4+ Ao
= r —__vo == v
Sc 1+eo X H ><10g 10 g’ " <325)
o’ vo<o’ c<o) vo+AO v %—] 73%
o o Ao
Ae=Clog“+Clog—"— (3.26)
B , 0, C. o” 4+ Ao
S.= lte, x H xlog S + lte, X HXlog—“;uo, )
(3.27)
7M. g AR o s HagEgE, o AARESE
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b=8] AR ALES A8 ot thed 2
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