21

(Embankment)
2 (Settlement)

1 (Side Slope Failure)
2 (Foundation Failure)

Foundation Failure

WL X,

Side Slop} Failure

_Z_—_]‘ﬁﬁ?}s_

Sliding Failure

21




(Soil Improvement)

(Soil Reinforcement)

Hausmann, M.R.0990)
4
1 Mechanical Modification

2. Hydraulic Modification
Preloading Prefabricated Vertical Drain (PVD)
3. Physical and Chemical Modification

(Grouting)
4. Modification by Inclusions and Confinement
Geosynthetic
( )
4
Modification by Inclusions and Confinement
22 (Soil Reinforcement)

Geosynthetic



10

Koemer, R.M. (1994) Geosynthetics.
Geosynthetic 1

Geotextiles.

Geogl'ids.

Geonets.

Geomembranes.

Geosynthetic Clay Liners.

Geopipes.

(Geocomposites.

Geosynthetic
Geotextile

2.2.1 Geotextile
Geotextile

L ( Separation of Dissimilar Materials )

Geotextile
Geotextile Geotextile

2 ( Filtration )

Geotetile
Geotextile

3 (Drainage)

Geotextile
Preload



Geotextile

222

2221

2.2.22

Geotextile

S L I S SR NN

21

Geotextile
ovens

Multifilaments
Tape

Monofilaments

( Reinforcement )

Geotextile
Geotextile Geotextile
Geotextile
(Physical Properties)
(Mechanical Properties)
Geotextile

Geotextile

(Tensile Strength)

(Tensile Modulus)
Geotextile (Siol - Geotextile Friction)

Geotextile [Hausmann.,1990]

Tensile Strength, kN/m.  Elongation (max load) %

20-80 5-35
40- 800 5-30
8-90 15-20



2. )

Geotextile

Nonwovens :

Melt bonded

Needle punched

Resin bonded
Knitteds:

Welf

Warp
Stich bonded

2.2

Application area
Description

Retaining Structure

Low height

Moderate height

High height
Slope Stahilization

Close spacing

Moderate Spacing

Wide spacing
Unpaved Roads.

CBR<4

CBR<2

CBR<1
Founaation

Nominal

Moderate

Large
Embankment over soft sails,

Str.* > 9.6 kPa.

Str.* > 4.8 kPa,

Str*>2.4 kPa.

Geotextile [Hausmann, 1990]
Tensile Strength, kN/m.

3-25
7-90
4-30
2-5
20-120
15-800

Elongation (max load) 26

20-60
50-80
30-50
300-600
12-15
15-30

(Geotextile) [Hausmann., 1990]

Fabric Strength

kN/m.

BB1- 175
17.5-21.9
21.9-26.2

13.1-21.9
17.5-26.2
26.2-52.4

13.1-21.9
17.5-26.2
21.9-52.4

26.2-69.9
43.7-81.4
69.9-175

81.4-262
175-350
262-524

Fabric modulus
kN/m.

35.0-52.4
43.7-87.4
61.2-175

26.2-61.2
35.0-70.0
43.7-175

52.4-81.4
87.4-175
175-525

175-350
350- 874
700- 1750

874- 1750
1750-3500
3500-6120



2.2( ) (Geotextile) [Hausmann.,1990]
Application area Fabric Strength Fabric modulus
Description kN/m. kN/m.
Mattress or Load Support (composites)
Modkrate 350-700 874- 1790
Heawy 700- 1050 1750-4370
Direct road support (composites)
Modkrate 87.4- 85 874-2620
Heawy 8752100 2620-7000
Strx =
Geotextile
Mohr Coulomb Mohr Coulomb
(Cohesion Intercept) (Internal Friction of Angle)
21
T=C+Cl tanp A2
Geotextile , '
22
R-¢ +0' tand ..(2.2)
*yq -
Tr €3+ Gntans
; T C+ 0 ntan(f
e 29
tan 0
. (24
Vit tan (J) ( )
e =
m =



Martin et al.[1984]
2.3 Kruse,T. and Voigt, T.(1992) 2.2
23
Geotextile Type Concrete Sand Rounded Sand Slllty Sand
(0=30) (§=28 ) (()=26°)
Woven , monofilament 26 (84%) . ]
Woven , slit-film 24 (1% 24 (84%) 23 (8%
Nonwoven , heat-bonded 26 (84%) - -
Nonwoven , needle-punched 30 (100%) 26 (9% 25 (%%
|- GV, NS S em x  soil / soi
t:m5 oo 3
e = tangZ i - ::\+_, ::;::\ .+ soil [ geciexil f soil
: 7 ¥7] “s<e soil | geolexi!
§ 06
E - Ly AT Om e 0 soil / geofextil / geotexlil / soil
Eg 034 eended e D--- - a geomembrone / geolextil / soi
v (]
GRl G GB QR
22 Geotextile
[Kruse, T.and Voigt, T., 1992]
22.3
Koemer, R.M. (1994)
Geotextile

23

14



Geotextile ——ﬂ>(:i S

N
—

2.3
L
2
Geotextile
Geotextile

Soil Foundation

So: Foundotion

Geotextile
24 5
Bearing Capacity
24
25

qal%w =;yH aﬂow >
b =
C =
NO = Bearing capacity factor
FS. =
Global Stability

24
TIW = e — s

RFid 1RFer IRFed IRFbd =

TN i Geotextile _
./( == \ — E
e — ;
= s
p—— —— .
) oo m o

Soil Fou-dation

[Koemer, R.M.,1994]

..... 05)

Geotextile

...... (26)

24



24

Application Area

Separation
Cushioning
Unpave roads
Walls
Embankments
Bearing capacity
Slope stabilization
Pavement overlays
Railroad(filter/sep.)
Flexible forms

Silt fences

3

RF10 RFer 1RFca , RFba [KoEMer,R.M.,1994]

Installation
Damage,
RF,0
11 1025
11 1020
1110 20
111020
111020
111020
11to 15
11to 15
151030
11015
15

Elastic Deformation

24 . .. Army Corps.of Engineering

£ _ Freqd.
£ Freqd.
0.10

m

E reqd
Treqd. =

Pullout or Anchorage

L= Le+LR

Rang of Reduction Factors.

Creep 1RFer

151025
12 1015
150 25
201040
201035
201040
201030
201020
1010 15
15030
151025

el =107, 4

Chemical
Degradation ,

RFCO
10 t0 15

10 1020
10 1o 15
10 t0 15
10 to 15
10 to 15
10 1o 15
10 to 15
151020
10 to 15
1010 15

Geotextile

1 Geotextile

24 .

7,00= 2TRLe =2.(ca & (JvtanS).Le

16

Biological
Degradation
RFbo
10 t0 12
10 t0 12
10 10 12
10 t0 13
10 to 13
10 to 13
10 to 13
10 to 11
10 to 12
10 to L1
1010 11

Geotextile

10%

-2

Geotextile

..... 28)



i

2(03+ (JVtanS)

29)
2.Tle(c + A Vtan (f))
L = Talow-¢-S-- L (2.10)
21116
L = Geotextile
Le = Geotextile
Lr = Geotextile
Thy = Geotextile
Tl = Geotextile
Te = Anchorage or Pullout efficiency 0.8 - 12
Lateral Spreading
Geotextile Geotextile
2.4
Pa=T.L
pa = (crV(avg)tanS)L
05yH2K3 -(0.5 y.H.tanS) L
3 p Sheddcrh i1 198 Y Y rCIN Al 89000 wmum (2.11)

tan  Kgd = 7 tan(j)(7/6 0.6-0.8)



18

Geotextile (GT)\
luluxuu

f. Bearing Capacity

f. Elastic deformation

Pﬂ
—_—
=17
GT =7
EAAKKXXXX X EREXXRXARAX XX AN XXX XXARARA
L. —|

9. Lateral spreading

4. Pullout or anchorage

24 [Koemer, R.M., 1994]

23

(Cement Column)
(Sand Column)

(Stone Column)

Geosynthetics.

25



NP —_—
- )

i ‘-'Embonkm e_n't

Piles.

Soft Scit

A

i T
//—.—’ G \
R | '
. T [ 0T

L LSRRI L
iU {i i1 1} i ifsene
mn RIS e
AU i e se
i n i i e

25
231

Additional resisting
moment = H R + H,e

26

Concrete Feoting

“_

o e o . Pile Ceps
. "7 * Embonkment .-\

Use Geotextile
or No: cse

Jse Gecisy: e-] 5
or Not sz 5

R _Em::c’*k'"e".‘
) 2 . ¥

{3 R 4 o | B W Iy ¥

L

il

o

(Lateral Resistance of Pile)

/{:rmul failure surface
/ (e.g, circular surface)
S
4

Disturbing force on pile, P
Resisting force developed
by pile, H, (H,=P)

[Poulos, H.G.1980]

19
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2311 Broms, B.B. (1974)

23111
(Laterall Resistance ofPiles in Cohesive Soils)

Broms, B.B. (1974)
2
1 (Free Head or Unrestrained Pile)
(Short Pile)
(Long Pile)
2 (Restrained Pile)
(Short Pile)
(Long Pile)

l’__b- P - £ _..-.‘
7 7NN L

2.1 [Broms, B.B.1964]

25

LATERAL 2¢

v
LOAD, P —, r APPROXIMATELY 3D

¥ T e T
£ g
—

.
8 1012 ¢,0 9¢,0

(o) DEFLECTIONS (b) PROBABLE (c) ASSUMED DISTRIBUTION
DISTRIBUTION OF OF SOIL REACTIONS
SOIL REACTIONS

28 [Broms, B.B.1964]



Aymou

vnenm
25 [Tomlinson,M.J 1991
. Soil Modulus
Pile Type . ,
Linear Increasing Constant
Rigid (free head) L<2T L<2R
Elastic (free hea) L>47 L > 35r
L - 7]
EI
T=s|— (2.12)
RZJ\/E o1
K
ket .14
5B
26 Subgrade Reaction (k1)
Consistency Stiff Very Stiff Hard
Undrained Shear Strength, (€ 11) kN/m2 50-100 100-200 >200
Range of A MN/m3 15-30 30-60 >60
Sail modulus (K) MN/m2 3-6 6-12 > 12
ngyc Loose h;‘:;g:’ Dease d\fn?;
451 -
40.._ -
354- —
Reese etal\

[
2

Coefficient of subgrade modulus variation n,, MN/m*
) &
T

— N
o
3

(5%
3

[}
Lo
I

—— T 1 | ! |

/ Terzaghi—_| / 7]
| !

!
T

(e}

0

29

0 20 30 40 50 60 70 80 90

Relative density Dy, %

1[Tomlinson, M.J.1991]



L (Free Head or Unrestrained Pile)
(Short Pile)

210 (P ul)
211 215 217

! 150
I Im iariianj W U /idJizjK ni mbrjir,
/ I f

A A9

210
[Broms, B.B.1964]
f : .15
9CUD
P = p(e+ 15D+ 051 ... (2.16)
i = 2250 g2 . 217)

ULTIMATE LATERAL RESISTANCE, Py,/t,D’

FREE~HEAD

1 1
0 4 8 12 16 20

EMBEDMENT LENGTH, L/D

211 [Broms, B.B.1964]



213

212

212

23

(Long Pile)

(PuLy)

EL/ 7 5

(I

PLASTIC | —
HINGE —y
=
2
L
(o) DEFLECTION (b) SOIL REACTION (c) BENDING MOMENT
Ioo’_lllllll = TR T LML\ YA LI
C
60 L RESTRAINED
4oL d

ULTIMATE LATERAL RESISTANCE, Pyy/c,D?

T NV 3T TN

1 | U A I B B

=

1 111 1 GO o M ] 1 1 | ]

3 4 6 10 20 40 60 100 200 400 60C

2.13

P

ult

3
YIELD MOMENT, Myiqq /€0

[Broms, B.B.1964]

(Restrained Pile)
(Short Pile)

214 (put)
211 218

= 9CUD(L-1.5D) (2.18)



24

Pm (0.5L + 0.75D) <

q l“’
R
A
&
N ©
/l,j

~...,nmﬂlllll“""N“

", I
S
[ Q.= B .

(o) DEFLECTION (6)SOIL REACTION  (c)BENDING MOMENT
2.14
[Broms, B.B.1964]
(Intermediate Pile)
2.15 (P ull) 2.15
2.16
M,:"“%DP
7/
,/,
1
{4
2.15
[Broms, B.B.1964]
(Long Pile)
Plastic hing 2
1 + 1
2.16 (p 1)
219
2M
yield , (2 19)

P 15D+ 05



Tauii
My, = P(1.5D+05()—M_> = M.,
ﬁp' Myield  Myletd
//
/I
(a) DEFLECTION (b)SOIL. REACTION (c) BENDING MOMENT
2.16
[Broms.B.B. 1964]
23112
(Lateral Resistance of Piles in Cohesionless Sails)
217
Heave
(Q)
Q = 3D/ZKp
- . 1+ si
kp = Coefficient of passive earth pressure = on )
— sin
D =

25



LATERAL LOAD, P

S5t T3 1 o

LR
DEPTH,h //uovsucm
oF SOiL

=

30yh Ky

(o) DEFLECTIONS Ul DISTRIBUTION OF SOIL
REACTIONS

217
[Broms, 1964)
Brom, 1964

1 (Free Head or Unrestrained Pile)
(Short Pile)
(Long Pile)
2 (Restrained Pile)
(Short Pile)
(Long Pile)

1 (Free Head or Unrestrained Pile)
(Short Pile)

2.18

ML—P(L-\-e)-\-R.a . (221)

Mr=0.5/DJ2%Kp e (222)

(M1=mr) (R)

0.5/DI?7K1
(e+ L)

22)



0.5yDI2K

L/D '

21

(R)
e (220)

YD3

Y

(o) DEFLECTIONS

2.18

3,0LK,

(b) SO REACTIONS () BENDING MOMENT

[Broms, 1964]

200 I

3

—J
20
-
RESTRAINED,

APPLIED LATERAL LOAD, P/K,D%y
P @
(o] o

o

219
(Long Pile)

2.0

|
12
LENGTH,L/0D

[ee) ol

16 20

[Broms, 1964]



Plastic hinge /
(M pz,) ]
f-08 —- —
\'r DK1
Lo UM Rk
M PS=P (e + 061f)+ Q.a
c(Mpr)
M) (9)
M ierd
f
e+ 054
\'r DKr
P/KIyD*
M yidd s b 22

(a) OEFLECTION (b) SOIL REACTION (c) BENDING MOMENT

2.20
[Broms, 1964]

...... (2.25)

2.20,

226)

28



:

100

FREE=~HEADED

ULTIMATE LATERAL RESISTANCE, P/Kp037

RESTRAINED
10 e
Re)
28N
'Lh
l ! & ¥ | !
10 1.0 10.0 100.0 1000.0 10000Q
YIELD MOMENT My o 0'yK,
221 [Broms, 1964]
2 (Restrained Pile)
(Short Pile)
(Yield)
2.22
p-\.5y o «p e (2.21)
P/K YD* L/D
219
MNI
Y 3yLDK,
(0) DEFLECTION (b) SOIL REACTION  (c) BENDING MOMENT
2.22

[Brom, 1964]

29



0

(Long Pile)
223
p=0.5yDLXp-M y@d .. (2.28)
P/KpyD2 L/D
219
E > Myiero
j
1 _ |
/ | ?
I e —
() DEFLECTION (b) SOIL REACTION (c) BENOING MOMENT
2.23
[Brom, 1964]
(Long Pile)
Plastic hing 2
/
2.24
Mo,
XL (229)

P/KpyD I
Myild/(D4y Kty 1 221



3

—D Myieo  Mviewo

ey |
R | Eanss Rut NSy S

340K,

(0) DEFLECTIONS (b) SOIL  REACTION (c) BENDING MOMENT

2.24
[Brom, 1964]

23.1.2 Hansen,J.B., (1961)

Hansen,J.B., (1961)
(Uniform  soil)

(Layered soil) X
2.25 2.30
PL-0 woK +¢K1 (2.30)
p_ =
K 1K = 2.26
X
IM = _Z:0p+—(e+ :)B —Zi(Ph—(e-\-z)B ..... (2.31)
(H1) X
Hi(et+x)—Zp —B(x~hzjt Z p.~B(1~x) .. (2.32)
0 X
|_ =
= element
e =



B - ) ’}--——Fixedheod

e Pomt of 8pplication of equivalent

/ free-heeded load

Iy

Max

.~ Shearing
force
Point of
virtual

foaty

=18 73 (c)
(a)
(a) Soilreactions  (h) Shearingforce diagram  (c) Bendingmomentdiagram

2.25 [Tomlinson,M.J 1991]

0 222 400
60

759
o s 1457 |
- x e e
- 1+ -
— o /__._—'8 4 200 / ‘ﬁ.’-’__._-pWZ
e 53 / ]
- ) — 106 - zs:____,..——-—b 18
T 3ol —x77|L // > il
10 o & 50 ~ 300 614
N g e e N 1/ P el I
5 5 /,——;’-: 588 X /’_ i
/ /-—"”‘_ il / 20° _:24_5-
15 1350 — 5= »176
| ] lo° 31132
27./_' - = 10 B s g:, 102
i / 5 /
52 > 0-62
" kolr ¢ =0 :
N 5 10 5 20 0 5 10 5 20
Z,
28 %8

2% | g .k c [Hansen, J.B,1961]

Kq KC 2.21

\ \z (forsoft day)
MSoftcJay 1

\
L (forstiffclay)

Stiffds

2.21

32
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2313 Ito. et al., (1975)
lto.et al, (1975)

2.28
2.29
1 2 AEB
A'E'B’ EB E'B' 0 X
Vi 2
2. AEBB'E'A’
Mohr Coulomb
Plane Strain
4, AEB A'E'B
AEBB'E'A’ ,
5. Rigid
. )
i
1 el
A 4=
stabriJIiiI%ing_ I . O plan
section
2.28 [Ito. étal, 1975]
g4 | ¢
R "
I E‘ : °"¥“‘z’\\ i ¢ +o*tan$ Y g 1
\ P R
dq | e (1o X e ?
1 AN / E //
e | pf ¢ vetans ®
AEBB'E'A’ . AEE'A’ . EBB'E'
2.29 [Ito. étal, 1975]

lto. et al, (1975)

233 234



(Cohesionless Soils)

D YWV MA-U 00 Mg i ot K4 D
= RS - )

NJ \ Dij

(Cohesive Soils)

34

239)

<
f \
R TP BT —Dz)}+}/z(DI-D 2) (234)
1 D2 81
D1
2 =
VA
C =
i f
N¢ - tan A
24
3
L , 1 ( Immediate Settlement 1p . )

2 ( Consolidation Settlement , p 7 )



3

3 (Secondary Compression Settlement)
2

L

2

3

4

5,

24 1

2411 (Loading on an Infinite Strip)
1
230 f o
2.30 [Poulos, H.G. 1967]
za Z cc tsincccos(cc t 20) (2.39)

:
P06 — sin cccos(cc T 20) (2.36)
71
— sinOCsin(0C + 20) (2.37)
71

Poulos, HG. (1967)

(Rigid
Base) 231 Actz

232 2.33

XMNG446'2 4
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Poulos, H.G. (1967)
Act. . ©, (239
71
Acrg = —ii2=A(J_+Aa +A(J . (239)
71 s X vy
A, — (AaxtAa_) . (240)
al - ( 2.3)
2 - ( 2-33)
2412 (Loading on an Embankment)



2.34 [Poulos, H.G.1967]

Ag. - b—](a Fe2)--al (241
7V oa
| 23

Act = ql 2482)

00! 4 5 01 3 4 10 2 3 4 56 8100
50 FLI ) -1 - Ag%
11 == T -
18 T 12 2
16 m— 1 b1 A A
= D27
2 ] = T A AL
1 ANV ALY
/r:10] 4+ Pa A 8084
1 = s { V l‘
09, > -7
0 40
i = ” VAVASS,
28 7 X 2771
o E ] - A ANV aVAVA 1
I=02 - A /I/J[ !
5 T 4 !
i 4 7 o 1 35
o 4 V42, 57 1
T A V=7:1)
L/
v/t :05) ]/
3¢
30 —
- 74
B V i
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251

(Immediiate Settlement, p . )

o) 2

Plane Strain Condition )

)

(Creep)

Undrained Settlement

39



40

252 (Time Dependent Setflement, PT)
(Consolidation Process) 1
(Local Yield)
1
253 (Secondary Compression Settlement, P'S)
2
(0 7)
PP/ AR N~ .. (243)
p.
Ps
() 1
L 1
Pr=Pc+Ps (244)
Pc
Ps (Secondary Settlement)
2 2 3
Pt=A +Pc ... wer (245)
26
245

(Immediate - Settlement)
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(Consolidation Settlement) (Secondary Settlement)

261

(Immediate Settlement )

D'Appolonia et a. (1971)

Flow

3 2.36
(Elastic Range,  OA)
( Elastic Theary )
AB (Local Yield)

(qu— 1) Plastic

(a> qm)

(Stability Analysis)

2.36

2611

FAILURE STRESS

e e o ——

2

RANGE OF CONTAINED
PLASTIC FLOW

A FIRST LOCAL YIELD 4+

&£

ELASTIC RANGE

APPLIED FOUNDATION STRESS, q

0 INITIAL SETTLEMENT , £ |

[D'Appolonia et al., 1971]

(Elastic Theory)

= (Net Bearing Stress)

= Poisson



= (Influence Factor)

21
£l = ( drained Modulus of Elasticity)
2.7 Influence Factor, 11
Center of Rigid Corner of Flexible Rectangular Area
HB  Circular Area (Strip
Diameter=B  LB=1 L/B=2 LB=5 LB=10
LB=1
0 =050
0 0.00 000 0.00 0.00 0.00 0.00
05 014 005 004 0.04 0.04 004
10 035 015 012 0.10 010 010
15 048 023 02 018 018 018
20 04 029 0.29 027 0.26 026
30 062 036 040 0.39 0.3 037
50 0.69 044 052 055 04 052
100 0.74 048 0.64 0.76 077 073
0 =03
0 000 000 000 0.00 0.00 0.00
05 0.2 009 008 008 008 008
10 040 0.19 018 016 0.16 0.16
15 051 027 0.28 0.5 025 0.5
20 057 032 034 034 034 0.3
30 0.64 038 04 046 045 045
50 0.70 046 056 0.60 061 061
100 0.74 049 0.66 080 082 081
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2612 Poulos, H.G. (1967)
Poulos, H.G. (1967)
Plain Strain
2.38
247 243
p * = N » ..448)
Pel =
P
h =
E =
13 = Influence Factor ( 239 240)
P/ ut
fitiJfiverlli
2.38
[Poulos, H.G. 1967]
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239  Influence Factor
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[Poulos, H.G.1967]
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240  Influence Factor

[Poulos, H.G. 197]

26.13 D’Appolonia et al. (1971)
Plastic Flow
, D’Appolonia et a. (1971)
(Settlement Ratio, SR)
249
Pi= -
SR
AULAL
Pe =
SR =
SR 1
1 -
B
H =
B =
2 (Initial Stress Ratio , )
A, {<il, -crl) QoK <,

f —
, 2 1 2S,

(249

250)
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(f) K0 OCR
241
£ ool R
é ail. % [LOW PI.
% of ‘L‘&ZZZZ
g HIGH P.1. ZZZZZZZZQ
r_—;_ -0.2
N I OVERCO;SOLIOATION ‘RATIO : ’ :
241 f OCR [NAVFACDM-7.1]
3
Applied Stress Ratio = — (25))
L = S"N ¢
Nc¢ = Bearing Capacity Factor
1 =
D'Appolonia et d. (1971) SR Applied Stress

Ratio 242
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q=applied stress H* thicass of slastic layer
Qut« utimate bearing copacity Br width of foundation
f = initiol shear stress rotio

51U 2.42 Amnlames SR (D’ Appolonia et al..,1971]

26.2 (Consolidation Settlement)
(P )

5 H . (252)

O
1

il =

2621 Terzaghi and Peck (1948)

Terzaghi and Peck (1948) P
p cf
1 1
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£yi-m viA a v
ml 1 243
Gv=G. Gv=Gyf
GVf—GW+AgV AGV—AGy

Ag,

™= Ac,
€y Ae : i € Ae
v b DA v T+eg Ey
Ao,

l Evo l Evf

243 Stress Strain
Terzaghi and Peck (1948)
Pcf- Zm"AGVtH1 e (253)
Bjerrum (1972) P cf Recompression Ratio,

RR  Compression Ratio, CR Gum
(Normally Consolidate Clay , OCR = 10)

o-1+Ag,
£ 1= CR.log
G\0
Pcf-IC R 108° - +A<T* H. e (254)
¢ \a

( Over Consolidate Clay )
G. -G 0+ A&v >Gum

f*] = RR. log—— + Ciil log
Gvo vmi
f I'N
Po=5 RR.Ig-  1CRIog— "1 M (255)
( Over Consolidate Clay )

G v —Gwo+ A Gv "AGm



1= RR.log-
Per = g, RRU0O— (256)
wo C\y
0.,0" . (A =
CR,RR.  ml =
26.2.2 ASAOKA (1978)
Asaoka (1978)
(consolidate)] 1
Asaoka (1978)
Asaoka Kobe Port
244

1968 '69 170 '71 172 . %73 .-%74 '75 '76 V9978

Reclamation
Elevation, m
1
=1
. \n

1 612612 6126 126 12 612 612 612 6 12 6 12 6 12
.10
é No.1l
K] No.2
g 20
No.3
30
244 [Asaoka., 1978]
Asaoka
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P 2D 7 e, P kti )
b K pk 1(k=123 «) 245
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- A (25)

1-Al
Asaoka Magman and Mieussens (1980) Cogfficient of
Consolidation, C,
5 2l
C, = ! 2.59
Hd = (Drain Path)
A -
21 (Stability Analysis)
211 (Bearing Capacity Analysis)
3 247
1 General Shear Failure
(Dense sand) (Stiff Clay)
247
(qm)
2 Local Shear Failure
(Medium sand)
(Medium Clay) 247 .
(Heave)i
3, Punching Shear Failure

(Loose sand)
(Soft Clay) 247 .



Load/unit area, g

9

Load/unit area, q

—

Qut)
L.

\
9. Settlement

Load/unit area, q

Gu(ry

\
9u W qu

Surface
footing

fl. Settlement

247
(Bearing Capacity Failure) [Vesic, 1973]

2711 Terzaghi (1943)
Terzaghi (1943)

218
Rigid Plastic Material
< 10
(Rough Base)
Plain Strain
3
Radial Zone
Triangular Zone

Two Triangular Rankine Passive

o



2.48

Terzaghi

Unit weight = «
Cohesion = ¢
Friction angle = ¢

Bearing Capacity Failure  Terzaghi (1943)

Qit —CNe +qN g +0.5YBNT

c

q

7
B

NC'NU'NT

Bearing Capacity Factor
2.49
000
/
/
7
///
s ,,7'/
§ 7
v 74
| 4
Q
2
§ e
S '>/ . //
514 - s Z = //
I 2
/ ,
10 20 30 <40 50
et #'(deg)

2.49 Bearing Capacity Factor [Meyerhof, 1955]

FSs= ——
Qallow

52
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F.S. 2.5-3.0
2.12 (Slope Stability Analysis)
250 2
L Side Slope Failure
2 Face Failure
Toe Failure 2
250 .
2. Foundation Failure
250 .
Face Failure Toe Failure
. Side Slope Failure

. Foundation Failure
2.50 (Mode of Failure)

(Factor of Safety, FS.)



" (Fs) =
(Method of Slice)
(Slice)
252
7= AL +N 1tan
S [c ()]
251
rRzVsin = TV,
=1 =1
ZIoAT(+ N, tan ()]
FS. - D—— s
izi sinot
R =

54

251
2.5

..... (2.62)

(zMo - 0)

..... (269)

..... (264)

Soil Layer

251



Ui 252

&aNt

2.121

[Lambe,1979]

1 1 2
Fellenius (1927) Swedish, Ordinary Method of Slice
Fellenius (1927) Swedish, Ordinary Method of Slice

(Slip Failure) (Arc)
(Slice)
(Slice)
' (Sice) 253

/ Resultant of all side

| forces assumed to

/ J/L act in this direction
b o] |
/ |
\
N found by /N i
summing forces \,. . |
in this direction Wi
\)’// Ti
o 2 KY.
B o [8, \ Ni
b\Ui A
Al -
\—

317 2.53 szvuusnsyimendaau luumazau (Slice)
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2.65

1122

(1956)

2.68

2.53 (XF =0)

NI 1= IcosO1
N1z ocost—itAL L (2.65)
2,62 2.64
X C.A/L+ X("loos 0. —MA [ )tan ().
— e A (2.66)
i)_(i Lsin "1
Simplified Bishop Method of Slice (1955)
Simplified Bishop Method of Slice Janbu et al.
(Slip Failure) (Arc)
Ej (Slice)
(Slice) 2.54
AXi
. found b
sur ming forces n Resultant of all side
in this direction i forces assumed to
i : act in this direction
g £
1 Wn
P
-
2.54 (Slice)
(XF =0) 2.54
1= Nloset+ cos@+7sn0, L (267)
T —-=—{cAl+ N.tan()» .. (2.68)
FS.
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o 1 u TR
W.=N, cos@i +U, cos@i +' —(EAli +N, tan¢) sz'ng‘.
Fo.

1—v10086, —((‘A)ﬂ éﬂ Q)/ Fs.

oos 0L [L+ (tan () tan 0)/Fs] (269
2.69 2.64
Z[Aiaqv. — A\ |[w. (0]
2.70)
V.sino1
Lfl"a M, @) = cos 01, (\I + 2l Qi el ¢7\ (271)
S

2.12.3
(Slope Stahility by Soil Reinforcement)

Fellenius (1927) Swedish,

Ordinary Method of Slice Koemer,
RM. (1994)
2.5
0 ey
R [ -
/SR e
/ ) | | f;'(*—t:
I ) i s s 0 A
N i B b B == X
2.55

[Koemer, R.M., 1994]

o, (Mr+Mc) on



FS=Fs. +~ (2.73)

° MD

FSr =

Fso =

Ma =

Z(N Hang)+ cAlL )R+ ZFyy,

FSR — — = — e ( Total Stress) ... (2.74)

Z( Sne1).R
Z(A ™ +cAL)+ zZFy,

fsr= ( Effective Stress) .....(2.75)
z( Sin1).R
1=

N, = . 0561

N = N —u.A,

: = hyt =

| =

0, =

Al S

Ac, =

R ES

M = Total and effective angle of shearing resistance

c.C =

F = (Geotextile)
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2.124
2.6 2.56

' O_i(:x.y)

L

gy

256 ~ [NAVFAC DM-7.1, 1987
Mr
263 2.64
Ve iI:,,(c.AI.!+YN A r.n_(/)).R + 'iz' lllll (2.77)
=1 Sine

FS
Mr - (Resisting moment)
md = (Driving moment)
P
L
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