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(Total Principle

2
2.1 ( )
Terzaghi (1920)

Stress) € G2 G3

1 (Pore Pressure, )
2

(Effective stress, G)

G =G+u

G = Effective Stress

G =Total Stress

= Pore Pressure

(G)

(OCR)

2.1.1 Undrained Shear Strength

1954 1Bishop Skempton

() uu (undrained test)

2.1)



stress)

(maximum shear

= ((G1 -CI3)/2) fnax (2.2
1960 Hvorslep ()
(shear stress) "
TH = ((ai - G3)/2), .cos 9) (2.3)
4> =0
= ((CL - C13)12), (2.4
Bishop and Henkel (1964)
(triaxail) (drain
test) (undrained test)
25
X, = cu+ Crftan(ju (2.5)

. undrained shear strength

cohesion intercept

= total normal stress on the failure plane at

failure

angle of shearing resistance



2.2 ' ( )

(Undrained shear strength in term effective stress)

1 -
(Mohr-Coulomb strength envelope)
(soil  shear
strength) ’ - (Mohr-Coulomb failure criteria)
Th = C + Gfftan () (2.6)

= (shear strength on failure

plane at failure)

Gf =
(effective  normal stress on failure plane at failure)
c = (effective cohesion intercept)
GO = (effective angle of shearing resistance)
2.3 (Pore Pressure Parameter)

Undrained shear strength 1 Skempton (1954)
(Au) normal shear stress
Triaxial
1 principle stress
(magnitude) principle stress (Ac 1l Ag3d Skempton and Bishop

(excess pore pressure,Au)

(total stress) triaxial undrained

Au B (Ag3+A (AG, - Ag?d (2.7)



A.B = Skempton (pore pressure
parameter)
Au = (excess pore pressure)
Acth (magnitude) major principle
stress
Ag3= (magnitude) minor principle
stress
A.,B Skempton pore pressure parameter (magnitude)
(total pore pressure) Triaxial
1)
Isotropie state of stress (Alla)
2)
(deviator stress, Aud =Actl- AQj) shear stress
2.8
Au = Aua + Aud (2.8)
Skempton (1954)
(undrianed)
void
Isotropic material Skempton

Au/Ag3 29



Aua/Ag3= 1/1+ .CviCc) (2.9)

Cv/Cc Aua/Ag3=B=1.0

Ag3= (change in the all
around pressure)
Au3 = A g 3(change
pore pressure due to Ag3
B = pore pressure coefficient B (pore pressure parameter B)
= (porosity of the soil mass)
Cc = (compressibility of the

soil skeleton)

(compressibility of the pore fluid)

B Cv/Cc
fully saturate soils pore pressure coefficient B
deviator stress (AarAG3 Aud
2.10
Aud = a (AgtAg?d (2.10)
Isotropic Stress deviator stress  Au

Au = B Ag3+ A (ACTr Ag3 (2.11)
Au = B(Ag +A(AGr Ag?3) (2.12)

A AB
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A
A
1.0 1.00 (highly
sensitive  soil) bond contract
(heavily
overconsolidated soil)
(Av = 0) (Au )
A A
void ratio
(OCR » 1.0
24 (Stress Path)
Taylor (1949) Casagrande & Wilson (1953) Lamb & Whitman
(1960)
(total stress)
(effective stress)
) 45* (a))
(maximum shear stress) 1
q= (G, -G3/2 (2.13)
- (normal stress) 45%
p=( CIL+ CRB)/2= p-u (2.14)

- (normal stress) 45*



P- (C7, + CB)/2

scale

(P)

ratio , OCR)

g strength envelope)
P q
1960 Whitman

q1 =

q;
Pf

a =

= (Gra3/r2

( 0+

(2.15)

P ) g ( )

triaxial

45

(overconsolidation

(af)
(shear strength)
Mohr Coulomb
P q

(2.16)

(@



Shear stress, or g’

2.1 Mohr-Coulomb envelope p-q strength envelope
P q
Mohr
Coulomb (Mohr-Coulomb  strength envelope)
Tf=1c¢c+ cvian P (2.17)
d = ccos () (2.18)
fan et = sin () (2.19)
a= o) p=0



a - ) (p)
uu
triaxial applied
) =0
cu* - (of- 0F)2 0 C
Mohr Coulomb (
)
@ () = 0 concept (
)
24.1 stress  history (Effect of
stress History on Stress Paths)
Stress history (effective
stress paths, ESP)
(A )
(OCR)
2.2
(TSP) Isotropically
Consolidated Undrained Triaxial Compression
1 (heavily overconsolidated clays)

strain Au
(dlilate) ESP TSP



2 (soil skeleton)

Au strain
ESP TSP
3 ESP (slightly overconsolidated
clays)
(Au lexcess pore pressure)
(positive) (strain)
(negative)

(ESP 1Effective Stress Path)

2.4.2
(Stress Paths for Different Types of
Tests)
1
KO (KO line)
( 23 2.4
(
. — a2= Oz = cro
23 . cn
= "h . crv>= "m0 25
v= KO0 -1 -3
g tan (3 (2.25)

p \ +K



14 tald eclav
ESP Normally consolidated clay
OCR = 1.0
Shape III
&% o

Overconsolidated clay

2 7
S ’
&* #/ ESP OCR<4 g e
/ 7/
Shape II Br i
Heavily by //
Shape I w N
Over consolidated clay // //
7 £
» - 7% 45°
OCR>4 7 45
/ =~
' ' E_>'=":(51.—53), B

After WISSA and LADD (1%64)

(Effecftive Stress paths)

2.2
(Total Stress paths) Isotropically Consolidated Undrained Triaxail Compression Test
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K = " (Coefficient of lateral stress)
25 ESP ( ) K
K=1 <XV (Jh
KO 2.6
(ESP) 2 PO,qo
ESP 1
KO (KO consolidation)
ESP 2A
(inward lateral strain) ESP
2B PO,q0
(outward lateral strain)
2 ;
( )

(Henkel, 1960)
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v, =0 do, >0
AU{]<0 A\u}'l“U P
N v
N\
, .
N7
Oy “h"'o
e p— — —
D P
1
2.3 (Total Stress Paths)
.Gy —G1 .6y >6h>0
h i | Ve l
(0}
7
s/
/
q :
N« Effective Stress Path
Total Stre'ss Path
p = q¥C3
g3 = OC . P, P
2.4

(Total & Effective Stress Paths)

(isotropic)



undraine d

Total

strength

F‘~,___———————h~
\
(S
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A
Ko
oy=0o;= 0 K loading with
K=1 > onlov =K
> >
)4
25 <wv=0n=0
Additional shear stress Qe versus Pg

\ developed during

undrained e SRS

shear

A
Shear stresg

developed
during K,
consolj

Path 1

Path 2A

2.6 Theory for undrained shear starting from K0 condition (Lambe &

Whitman,1969)

o | V
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25 (triaxial)

Bjerrum & Simons (1960) , Hotz (1947) Kenny (1959)

2
L (maximum deviator stress),
(Gra 3max 1((ar CI3/2)max
2. maximum principle effective stress ratio, (G1C 3Jmax

maximum obliquity

(drained test)

(undrained test) sensitive normal consolidated clay slightly
overconsolidated KO consolidation
axial strain maximum obliquity

(stress deviator)

()I’ C y qf
)=0

1948 Taylor ()

TF = (i12)(ara3f*Ccos(E (2.26)



T =

(GrG3f =
0 =
Mohr- Coulomb (T-G plot)
(stability)
total stress () = O analysis) @)=0
()
= (1/2) (Gr G3f maximum shear stress (2.27)

26 : '

2.6.1 ' Lambe (1960)

Lambe (1960)
(shape of compactive curve) Surface Chemical Theories
Flocculated
electrolyte Osmotic Repulsion
Flocculation ( )
electrolyte (double layer)
Dispersed

dispersion (slip)

Lambe (1960)
(Lubrication)

2.6.2 ! (effective stress)

Hilf (1956), Olson (1963), Barden and Sides (1970)
(compaction curve)

(lubrication) (viscous)
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(capillary) (deform)

Barden and Sides (1970)

(Maximum Dry density)

(Optimum Moisture Content)

(Pore Air Pressure)

2.1 - : | :
I
1960
(Pore Pressure) (Effective Shear strength)
(moisture content)
271
Mitchell (1956)
remold
Kneading Compaction dry of optimum
Flocculated structure wet of optimum
Dispersed structure (soaked)
(shearing) 21.6%
106.3 106.6 2.7

2.7

Dispersed  structure



deviator stress 20%

Flocculated
Structure deviator stress 2%
final strength
Dispersed structure failure plane
( 27)
shear strain Dispersed Structure
2.8 2.9
(molding moisture content) (strength)
Seed Chan (1959) 2.8
Dispersed
Structure
Flocculated structure 2.9
Flocculate structure
Dispersed  structure
(wet side) static Compaction
Vibratory Compaction, Kneading Compaction
(Shrinkage) Kneading
Compaction Vibratory Compaction, static Compaction

2.9

5%
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. Poretiel |» 0

.

T
)

JR=EK:
*- A/ .
Ve

0 74 M 5 B 2 22 24 26
Molding Water Content - percent

2(0)-INFLUENCE CF MOLDING WATER CONTENT ON

PARTICLE ORIENTATION FOR COMPACTED SAMPLES
OF BOSTON BLUE CLAY.

( A*f 3.QPva, )

A

COMPACTED DENSITY —o—

"
l | Ctow

Compoctive
I £ tlort

MOLDING WATER CONTENT ——

2 (b)-EFFECT Of COMPACTION ON SOIL STRUCTURE
1

(molding water content)

Boston Blue Clay
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Ory of oprimum  Water  wet of cptrmum
—————— Content ——————>—

Optrmum

N

Strength or Deviator Stress Required
toCaouse 5% S I‘:am ~kg persq

~

Q

3

N

N
Y

N
<

Ory Density - 1b percuft

3
S

2.9

-

% 8 20 22
Molding Water Conlent- percenl!

Optrmum :
Dry of cpts e worer wer of optimysm|
———————1— Content ——————
5

R &

Auxiol Shrinkoge - percent
w

110

g

8

Dry Density =Ib par cuft

2

N o)

Silty :lb; x2r

2 M s

18

20 22 24

Molding Water Conlent -percent

(Method of Compaction)

(Shrinkage)

Silty Clay

(Strength)
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