2.1 ?

(Soil particle)
(Void) ? ?

(Incompressible)
(Soil Skeleton)

(Low Coeffi-
cient of Permeability)
?
Total Head
(Consolidation Process)
?

(Undrained Movement)



3
1) . (Immediate or Undrained
Settlement, J) 1)
2) « (Primary Consolidation, j)c)
3) (Secondary Consolidation,/" )
1
2.2 ?
)
1,
2.
Lambe (1964) Q4

2.1



TABLE 1.—COMPONENTS OF A SETTLEMENT ANALYSIS

Determination of Subsoil Section. []

1. Vertical and lateral extent of soils—location of compressible soils, drainage
surfaces and any special boundary conditions, (
2. Variation of Initial pore pressure with depth.

Stress Analysis.
1. Initial effective stress versus depth.
2. Magnitude and distribution and time rate of application ofsurface load—Including
any shear stress between ground surface and applied load.
3. Stress distribution theory compatible with boundary conditions—effect of rigid

boundaries or layers.
4. Variation of 4j, 02’ an"C3with consolidation—Influence of arching, change In

Polsscm's ratio. R |

Selection of Soil Parameters (my, E, Kj, KO, Kf, AJ, Ay, cecm, cv).

1. Representativeness of samples tested
2. Sample disturbance

Environmental factors
4. Testing technique

Estim ation of Settlement and Pore Pressure.

Method of analysis

Rotation of principal planes

Variation of mV, k,Cy with consolidation
Secondary compression

2.1 !

&N e

(Oedometer)

: Oedometer

Terzaghi (1923) Terzaghi
1 (One-Dimensional Consolida-

tion Theory)
1

Taylor (1948)

! (Oedometer)
mv, CR RR, Cv



10

2

3
Oedometer
2.2.1 Terzaghi Peck (1948)

1
(Excess Pore Pressure)
(U =Ucv )

2.1
9r = K £ (ffiv-a¢ V.H>1 (2.1)
2.2.2 Ladd (1975)
Ladd ! Terzaghi
Peck
Terzahgi Peck my
Ladd CR RR
' Log 2.1 2.2, 2.3, 2.4
1 WE>vm>3vo
A “ft *f H[RR foqf t CRioq( ME . (2.2)

i*1 tiVO <?vrn %



a

1+e

Ae

1+e
(o]

1+e

1+e

(Linear Scale)

2.1

Q|

o
vo v

e (Log Scale)
10g. ov

(A i (Recompression Index)

c fltWrnvdmiuVj  (Compression Index)

11



2 dyrt>6y1)6y0
t.o-fc -} Ho My i <'d
n o
3 3ey0|

e 12 TR oI
I

gvo

P

- 215 | 01"
rH -
Coefficient of Volume
Compressibility
RR = Recompression Ratio
CR = Compression Ratio
cvm = Maximum Past Pressure
. of = . Final Effective Pressure
2.3 ? Schmertmann
CR, RR
Oedometer Schmertmann
Schmertmann  (1955) New York

Post-glacial marine river deposit of organic silty clay

22 ft.
« 2.2 2.3

12



2.6
s\
24 \\
2 |\
<
22 |— % 10\‘ : -
% \ Computed geologic (lield)
22 consolidalion
%15 ‘
2.0 %/, \
' % 20
/3 25\
18 e % 30%
[ 7 o, 35

\HLEO' e

1.4 \
Laboralory consolidalion
(sample depth=22 1)
1.0 T TS BT
0.8
42% ¢,
0.6
0.01 0.1 1.0 10.0

2.2

Pressure, in lons per square lool (log scale)
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Aveoages:
w- o
PL=123Y,

Undslurned
+g=0410

Sevarely drlurbed
" ampiag

-.-oml

(o) Notlhern
Michigan

- 02 1
O Voud -t -1edution patien
s oe
g ] ! Undisiurbed
L LL=28% PL=18%
w2687,
® Pl drving sample
st LL-J4s, PL= BT,
os 197 .-208% —f
v
i
e
v
| 38
LE
53
.o t \'\\
1 (4 Chicago l ar, A
| ey s, i
= [
02
Vo ral-1a0ucion pellern l
ol 10 10 100

2.3

Pranture, b0 10ns per yousce fool

Saturaied watee content, n %

Vikeole

Y Avenagey
Wensg
0 b & 5 ; —rl-ll’.‘-‘
c-2€2
bt
Trigen?
corynhonten
Compiarely tevaragr ol 17)
40 b= femoies =
(vngrol 31
(e) Mu-wiuT\
/1/ =379, inat w
20
Y] ~
I
. . 1
Vosd-nitw-reoucion patiern
° I
24 r—o-\’
\ \.[\ =768
20
. s L _Ung-giurdee
l w-8687,
Compreiely
16 }— ¢ =
wTTAT,
12
(8) New York
ot _—/ |
"t
|
Yord - 1a10-1a0ut1on Datier
0t . J
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0.42 eo

(Effect of Sample distur-
bance) Rutledge (1944)

Void ratio
Stress History

(Remold)

Void Ratio Reduction Pattern

Void ratio
log
Void-ratio-reduction
S
R L -V voig-ratio-
reduction
Rebound
slope (Van Zeist) ,
2 (Schmertmann)
(Schmertmann)

(normally consolidated stage)
(Rebound) 2.4

016404
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E’{IGEAU QV
»Qr30.0 .:xlav OV
VoISSadwoday
r
td
s e e R o
UOI|ePIIOSUDDa.g
~Q >
0d = uapinQiano \\

BulSixa paNOWo)

Laboratory rebound

Laboralory virgin

Geologic rebound
Laboralory recompression

;e ]
|
|
|
|
|

42% ¢,

Pressure (log scale)

2.4

ones piop
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eo
(Computed Saturated Initial void ratio)
(
2) E
? eo (Initial void ratio)
E
3) (Pc)
Casagrande ,
XX Pc
4) (Geologic rebound)
E K-y P
J
0.42 eo0 i
P -
6) E-p-i p-i

Void-ratio-reduction Pattern



Void rate reduction «
Void-ratio-reduction ?
!
? RR, CR
Ladd (1971) V) |
Log 0.58 el
1+ g0
2.4 ?
7
|
2.5
A« 6 (2.5)
Pt t
= (Degree of
Consolidation)
h =
(Time factor Tv)
2.6
Vo O-t (2.6)

Hi

18
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C = ,
tV - «
HI =
Cv ' 117
Piezo-probe Cv
2.4.1 (Coefficient
of Consolidation, Cv)
7 Oedometer ?
2
|
? (Coefficient of permeability)
7 (Void Ratio)
Cv
1. Il Taylor (Taylor’ Square Root of
Time Method)
Cv ?
90% 2.5 2.1
cv = 0.84¢ Hd <2.7)
t9)
2. Casagrande (Casagrande* Logarithm
of Time method)
Cv ?

50% 2.6 2.8



a _a

£

P i0

R a o d in j

D io)

20

o.848 &
(15 xInifrol slope ® -—If';;—

Vg

1/7/'/‘/6/
J/oAJd
-
YE n Smin,

717 2.5 3§n19mIAn €, wed Teylor

2.6 Cv Casagrande
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¢, -0.137 Ha (2.8)
19
Hd

I (Rate of Discipation of Excess

Pore Water Pressure) ;
Terzaghi (1923) ;

Schiffman (1958) ;

2.4.2
(Condolidation of Soil Under time-Dependent Loading)

Framework of Condition

L
2. Darcy instantaneously valid ’
2.9
v . Ktfh omw|+%1+wJ (2.9)
3. ,

n
Volume(V) -
)
Surface(S)

Arbitary colosed volume within soil mass
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| ) ()

| ()
M1 (2.10)
5
= J-Qdy (2.11)
V1l
. (V)
Jv-UArs +JQdV :f[V'V + 0] dv (2.12)
i v J[v(kvh)+Q]iv <2-13)
(2.14)

V

(2.13) + (2.14) =0

\J/[v-Cth) +Q +ay] dV«o,vcWh)+Ch aw =0 <2,i5)
ht -t

Kean stress [0 =/*+ +( ]

dilitation Modulus of Compression m = Teév
0 = + (like effective stress)
40 “
Wt
2.15 W = - Ty - h
v-[kvu] +QL m tiw ay
ht
NN

VK-TU -+ KV*U + Qiw =



One-dimensional Consolidation
k constant Vk = 0

ivu 4 t M
L m
One-1 dimensional ~ Cofy + P - Ml
ms=-X g =
]
Q R =
tn
"9 el R M
57 + M
0t) =0 01 *
a&ll—l)t)*o
(2,0) 1A

1 3 2JJ <o o
. U(Z,t)zﬁ';[]o o(z) Sm;Tz dz] Sm;ﬁz et
1A o ( 211
55 i [ [ 0 o

M = -c 2Tl

2.117

23

(2.16)

(2.17)



Vi

(z.,7)

IG?/0 NTA 1

>
=

Vi
2/7 ]0 U[Z,T) dz

S f

71T 2f1 _/>-(>1W 1) 7]

1

e-In*r*/<iri

1
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25

Prl)

«( R=10

—fi-OWMW (M ("1
an<IfPg 5 g NI BT (2.20)

15,= ik VL [Lemnr 1 (- 40N) (2.20)

X 100

2.8 2.9
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Area)

29

( (Reclamation
2

2.5.1 Slip Circle Method {(

{(

(Rotation)

«

2.10

2.5.1.1 Fellenius (  Swedish)

Fellenius (1927) ! =
(Factor of Safety)
#
| 2.11

Fellenius — {(
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s L :
- AN,
_ = BN,
= \U, = ualf
'\\# ) ,2\\ \\
\ 1 /n
i bl

\./

Complete sysicm of forces acting on a slice.

] " 2
Eﬂﬂ 2+10 H.R’ﬂ\'mT\THﬂiﬁﬁ'IﬂU?uﬁ}?uﬁﬂ\?au

Resultant of all side
forces assumed to
act in this direclion

ﬁ.- found by
summing forces '
in this direction

s1n 2.11 L P BN 1T 117 SUTP-
L |

] ¥ = < W
uuqaﬁuquﬂaun Fellenius



\Resultant of 2ll side
{orces assumed to

:
§ act in this direction

}7,- found by'
summing forces
in this direction .

simplified Bishop
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Total Stress Analysis

FS - ¢'li+ ;o3 Un$] (2.22)
L SiTo-
Effective Stress Analysis

B Z[dil H{;es0- ;h) A (2.23)

1 ?

D

e

=
1

» 1

2.5.1.2 Simplified Bishop Method of
Slices

. 195, Bishop .
Janbu et al.,
(1956)
! , Nt N]
2.12
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Total Stress Analysis

- ZNCi 2 + ;ion < (VM (0) X (2.24)
|JWi -re,
aM (61) =Cos 01 ( 1+ tan “dtan 01 )
FS

Effective Stress Analysis
v
F.s = ’T‘[(CiAxft(\ﬂ;- CAG) A L)) (2.25)

D)

A8

kT
MABj) = CosGj ( 1 + tan "ltanBj )

FS

Total Effective Stress
Analysis Trial and Error

Whitman Bailey (1967)  «
1 Simplified Bishop
6%

2.5.2 Translational Failure Analysis
2 «

«( Translation Failure Analy-
Sis ' 2.13
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1) 17 (Central Wedge) x
p
=45 + 6/ =45 - 6/ 2
2) Pa Ph 17
7

gD = tan 1(tanf?) ch=c¢
FS FS
Pa = CW-COLsin™-Pw coscOtan  0)- CmtcosiZ-Pw Sinc>E]

PB = OMCj-sinf-PwcospDtanl)+ CDlcosB+Pw sinfl

tan (0-*0) = ‘tand - tan?
14 tan . tan. "

tan 0) = farifi +tan
Fi
i-. temp tam. $

3) L Pa = Pb
Pa Pb FS

Pa = Ph
4) 9 = 0 A Pa Pb

Pa

tan o( - Cp.L
Cos of

tan £ + CP.L
Cosp

=]
1
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CEANTION G- TERVB

A3 " RESLLTANT HRZONTAL FORCE FRAN ACTME (RCENTRAL VEDE AOG
ROTEIIAL SIDNG SREAE & e 0 % |

i A, FORE RRAPASNVE VEXEADGROBNTAL J

O G
CRBLERIG FRCTION AL G MEERA.

Av - RELLTANT RREE DUE TORCRE WATER PRESSURE (N FOTENTIAL SLIDING S RFACE
CN_GJ.ATE)AS'P [ »+hw|
W=

2 Jtutr)
ébg FRCTION AGE CF LAYER
. ONCE A (]

JIONGIRFACE

PROCEDLRES

1) EXCEPT FORCBNTRAL VEDGE WHERE a 1S DICTATED BY STRATICRAFHY
UE a 43°+ 1€ =45°—1— KR ESTIVATING FAILLRE S RFACE

2) + JE AR RADpy FCRECHWEXE INTERV CF THE SAFETY FACTCR (F5)

: THE SAFETY FCTRR IS APRLIED TO
NCBILIZED STRENGTH PARAVETERS AFE THEFEFCFE CONSCERED/S 4mi TAL (-TANA)
A\D CTM N*x « F‘

RO'[ -QnLSNa-p, 08y N[ ! - [cmLOXSa- p,3Noj
Fi> [+ CAL SINE-P* cos £][aN(E +£,,,)] *[Crricos £iPwSN

INVHCH THE FCLLOAING EXPANSICNS ARE TOBE USED:

™Na-12.& . tno+
TN - ) »mmi 2 ™in+e- -2
O-Fp)> 1+ TN ) D) TP A

3) FOR BEULIBRUM | Pa-1 pg. SUM Pa anp g FRORCES i TERVE (FES' HLECT TRAL F,
EAT. ALOT Pa anp Pg \S

CACUATE | AI\DIFI’A%S.IF%I’C_I*IPI_L.
UFHOENT TRALS 1O ESTABLIH THE ROINT G- INTERECTI

FSWa Ipg), WHCH IS THEOCRRECT SAHETY HCTCR

4) CEPENDING QN STRATICRAPHY ANOSCIL STRENGTH THE CENTER VEDGE MY ACT
TO MANTAIN (R UPSET BEUILIERWM

3) NOTE THAT KR 70, ABOVE BQUATIONS REDUCE TO

PC. WTAN, |<<|I_ \

) THE SAHETY FACTCR FCR SEVERAL POTENTIAL SLIDING SLRFACES MY HAE TOEE
COVRUTED INCROERR TOAND THE MNIMUM SAFETY FACTCR KR THE GVEN STRATICRARHY.

Stability Analysis of Translational Failure

1 10301677
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/'—I

_k v NE\ 1/<P01[N1’IAL
‘ FIRM BASE B2

STRATUM (3)

ACTIVE PASSIVE
WEDGES CENTRAL WEDGE WEDGES
77777770 /r/77
T
S — H
\| o
STRATUM (D P Y
: o /\ | - ———
1 e
TA777 777777 4
STRATUM b\‘ ! i | | ’7
a
JANRE : (B
< 1
1
v y '

POTENTIAL SUDING
SURFACE

SLIDING
"E\é—‘ SURFACE
4

P
—¥— —|: W .
. “
Pl I | Y
1 |—~r,

M a-dp
hwyy ( e W
o 3
a a

RESULTANT HORIZONTAL FORCE FOR A WEDOE
hw|| Yy  SLIDING ALONG obcd e (Pg).(A GENERAL CASE)

Pg

RESULTANT HORIZONTAL FORCE FOR A WEDGE
SLIDING ALONG « g (Pg).(A GENERAL CASE)

2.13 Translational Failure Analysis



hw

(Active Wedge)
abode

]
(Passive Wedge)

e f g
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2.6

2.6.1 (Cohesionless Soil)
(Undisturbed  Sample)
C iy
A 1
Dutch Cone Test
Schmertman (1975) ! '
SPT *N\* (Effective
Overbunden Pressure)
2.14
/ LA
i' 40__.,?/ // >
§ ""‘7 .;a/ //
§ 20 / /AO/
§ //// > 30
: {égz:f]:

. EFFECTIVE OVERBURDEN . tsf

=

2.14 SPT "N
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Trofimenkov (1974) A «

Cone Resis-
tance ( ) 2.15
0 -
z
63} NS — \\
PPN G i L2
S AV ANAN IR N N S
e sl AN K KN
N
% \ \x N No
R
3 S
Q o.8 “‘S\:’, \(\@\\ o N
i \
o LA N
0 100 200 300 400

CONE RESISTANCE, tsf

2.15
Cone Resistance

2.6.2 (Cohesive Soil)

(Undrained Condition)
| (Drained Condition)



1954 Bishop
(Maximum Shear strength)

M

4 n

Hvorslev (1960)

1972 Blerrum
field vane
(Correction factor, /i
Index, P.1)
Anisotropy,
Bjerrum

1974 La Rochelie et al
"USALS"

Strength at Large strain)

skempton

)

Vane

Bjerrum

|
(indrai

AJ

40

(Plastiicity
«
1
ned shear
M

(Undrained Residual strength)



i 1

Compression, uu )
'USALS’

4
*USALS’
tf

(Unconsolidated " Undrained ’Triaxial

15%
. (Shear Distortion)

(Membrane)
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