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Summary

To investigate the characteristics of shear strength and soil deformation in
soft grounds, in which various vertical drains were placed, two hundreds field
monitoring data of embankments performed in thirteen road construction sites
at west and south coastal areas of the Korean Peninsula were collected. At
first, the relationship between settlement and lateral displacement was
investigated into three stages, in which embankment construction works were
divided into initial filling stage, final filling stage and stage after complete
filling. And then, the relationship of surcharge pressures and embankment
heights with undrained shear strength of soft grounds were investigated. The
investigation on settlement and lateral displacement illustrated that the
increment of lateral flow to the increment of settlement was low during initial
filling stage, but increased gradually with filling and showed largest during
final filling stage. After complete filling, the Ilateral displacement was
converged, even though the settlement was increased continuously. Therefore,
most of lateral flow was occurred during embankment filling. The ratio of the
lateral displacement increment to the settlement increment was 20% for initial
filling stage, which coincided with the one presented by Tavenas et al.(1979),
but became 50% for final filling stage, which was half of the one presented
by Tavenas et al.(1979). However, the ratio reduced to 1% to 9%, which was
quite lower than the one presented by Tavenas et al.(1979). Shear
deformations, even shear failures, were predicted in soft grounds under initial
undrained shear strength, since the design heights of embankments were
higher than the yield height in all the sites. However, embankment
construction would be possible since the yield height became higher than the
design height due to improvement of shear strength of soft grounds with

application of the vertical drains. In order to perform safely embankments for

_ix_
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road constructions, the embankment loads should be designed not to exceed
5.14 times the initial undrained shear strength of soft grounds and to be less
than 3.0 times the undrained shear strength improved with application of
vertical drains in soft grounds.

In this study, the effect of the embankment scale on the lateral flow was
investigated. The thicker soft soils and the wider bottom of embankments
produced the more horizontal displacements in soft grounds. Especially, if
thick soft grounds were placed, the embankment scale, which was given by
the ratio of thickness of soft ground to the bottom width of embankments,
became larger and in turn large horizontal displacement was produced. And
also the higher filling velocity of embankments induced the more horizontal
displacements in soft grounds.

The other major factors effected on the lateral flow in soft ground were the
thickness and undrained shear strength of soft grounds, the soil modulus and
the stability number. The more maximum horizontal displacement was
induced by the less undrained shear strength and soil modulus of soft
grounds. Also the more stability number produced the more maximum
horizontal displacement. The stability number was less than 3.0 and the
safety factor of bearing was more than 1.7 when the shear deformation was
not developed.

However, if the stability number was more than 5.14 and the safety factor
of bearing was less than 1.0, the unstable shear failure was developed in
soft ground. 50mm can be recommended as a criterion of the allowable
maximum horizontal displacement to prevent the shear deformation in soft
ground, while 100mm can be recommended as a criterion of the allowable
maximum horizontal displacement to prevent the shear failure in soft ground.

Finally, some methods were proposed to predict lateral flow due to embankments for
road constructions on soft grounds, in which vertical drains were placed. For

analyzing the relationship between the safety factor of embankment slope and
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the horizontal displacement in soft grounds, it was reliable to apply the
maximum horizontal displacement in soft ground instead of the horizontal
displacement at ground surface. In safe fields where the maximum horizontal
displacement were developed within 50mm, lateral flow would not happen
since shear deformation was not appeared. On the other hand, shear failure
would happen in the fields where the maximum horizontal displacement were
developed more than 100mm. In such fields, embankments might be continued
after some appropriate countermeasures should be prepared. Safe
embankments can be performed on soft grounds, in which the stability
number is less than 3.0 and the safety factor for bearing is more than 1.7.
However, if the stability number is more than 4.28 and the safety factor for
bearing is less than 1.2, shear deformation would begin and even shear

failure would happen.
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Proposer Critical surcharge Ultimate capacity qm,/ Q1

Meyerhof q., = (B/2H+7/2)c, q,; = 8-30c, =

Tschebotarioff q.. =3.00c, q,; = 7-95¢, 0.38

JHI q, = 3.60c, g, = 7-30c, 0.49

Jahy q, =3.14c, q,; = 6-28¢, 0.50

Terzaghi 1 q, =3.8lc, q,; =5-Tlc, 0.67
Fellenius - Q. = 5-52¢, -

Terzaghi 2 q.. = 3.81c, ¢ = 5-30c, 0.72
Prandtl - g = 9-14c, -
Darragh 4 =4.00c, - -

Ao w Agko] mjuj¢ AES sk
Aoz 7143y, e FaA o] HEFolt. 1y dREe HEFHHSZS
A8t (snow load), 127 ZF-& (cementation), 74 Al & ¥ (aging effect), AFEZ A7
2lek=9l o] Wak 9 AZ2&(desiccation) ol 9&] A uke] AFHIF tha
FEHE EASA Ak webd AR As e el AR 7bgeta e
TR A T Aol thae] AolE HolA Hn
19 238 AAEAYY] HE A $EARE Ho Evh(Leroueil et al., 1990).
a9 23004 dtFol ZteiXE Z7]edE OP'Y $¥ARE wet 34y HES
Aes Hetdi=d, ojmje] 54 EERTE wheA| o Aol vl SRt
ul-- ZHA dEbdTh o7 SR AR ARk o Q1A

PN
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Ko tE7de e} fAFSE O'P'e] FA2E 2= o] FHETh
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olFo SHAPEE= FRZ o] Ho AYPASA-5(strain softening behavior) & /d-o]
LEbdTh whd Fibe| FALE Teketa FAIRE WX e (FEgto] AqbE WA

o)
sl Aol

_—

SHAAE A'B'E wel Auke kAU He=d ojue] = A =
Hl &) zFolzl T},
ol¢} & FHAS #2137 9all Tavenas et al.(1979)S & 217149 A E -7
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B
ENE I |
0.4 = 5
EH
03
R Zone of experimental data
After Marche & Chapuis (1974)
02 |
0.1 | l
Fs=14
0
0.4 0.5 0.6 0.7

a9 2.6 AAHAAEZ RFY #A (Marche & Chapuis, 1974)
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/
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0.20 = Q= = =
/
0.16
~
0.12
0.08 Tournier (1972) |
Measured values
0.04 - FEM 1
— - - Average line of
9g o | meastf.red values
00 0.5 1.0 15 2.0

H/B
a4 2.7 R¥% H/BY #A4(Oteo, 1977)
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Consistency index, I

Required (Fs),eq

1.2

1.4 16

18 20 22

Safety factor, Fy

a-ﬂaalﬁﬂaa
aa

a9y 2.8 AHHASHA &I} consistency index® #A (Franke, 1977)

Embankment height, h (m)

0 10

20

30 40 50

Undrained shear strength, ¢ (kPa)
a9 29 AWM AG R =S FAAEE

@ jeju

_18_

o] 9] & A (Tschebotarioff, 1973)



7

_ZTI

2.2 YERA wle} o] )

-
It

(Hong and Lee, 2009).

K

i

sl
%0
!
o

o
_XTI

o

!

% Tschebotarioff(1973)

~
o

(1994, 2001a)e] Al

=%
o

o

pa

=]

= ol A

ATEL FFH 22 Peck(1969)0] AFsH ¢HA4=(Stability number)E

|

Z] o
S|

o

7

|

0

)

TR

_XTI

Fod

o

ol FAtdEl EAME el 7

=]

Y

B3
B

Plo

K

_Z_O
or

g

o

W

_XTI

sl
o

o
o}

o
oF
)

™

15 duE 2Ago A,

o

uol—

_XTI

v
Mo

uul

—

0

BR
—_
file)
o)

—

el

o
o

jfaxe}

2

oo

3

220 UhEbd whek o] awgfel

(1981)¢]

-
It

ol
o
o

jfaxe}

2

oo

)

o)

Hle o 2 )

=

7570 adje] digk ARz

o
ﬁo

I o™, Bozozuk(1978), Walkinshaw(1978), Moulton et al.(1985)

5

20mm=E A ot

_19_

Collection @ jeju



¥ 22 2t SWols HAHH(Hong and Lee, 2009)

AAH 7= A 2k A} 7 W
JAES P (=~h)
Tschebotarioff(1973) P> 3c,: Ay A=
P > 514 ¢, : Avtuly] ukay
Cu 1
dE=Z I 2 GEAS F (= —xX—)
(AR &L 2 FA3] 1981) ) “he H
F <004 : S%ols 7tsd A&
A4 H b H~h
AR AMA E LA Sikol s RHAg AT IL(Z??TZ_)
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I, = 15: ZWol% 7154 g
h
S Al A S M(=a - )
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< 10mm : nthols -8 ¢S
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ol H. ar
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L) 9 < 25mm : A TE A EA¢S
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> 5lmm : A FA4 JS
Walkinshaw(1978) > 5lmm @ 7+F4<Q A3 9
« : B ol Ao o] A}
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