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Stress conditions in some common soil tests

Special .
conditions Name of test Diagram
al
0, ¥ 0, 0, True triaxial 0,
oy | X
0‘
oL =0.=0 Cylindrical compression
b Te T The ‘triaxial’ test o, o
al
€ =0 Plane strain or biaxial g
¢
€ =0 /
a‘
g, =0 Plane stress o
4
0p,.=0 X
0‘
=e e =0 One-dimensional compression
b e The oedometer test =0
€ € = 0
%,
0. =0 Uniaxial compression or
0p ¥ O =0 unconfined compression
op =0 0. =0
0

0,50,=0,=0 Isctropic compression







T 7 n sity drained
shear strength

e Wiy - —_ .

{al Embankment constructed very slowly, in layets,
over a soft clay deposit

1K

7 ~ dratned shear stren: th
of clay core

T =0 sty drase
shear strengt:

i)l Excavation or natural slope it clay

Fig. 11,28 Some examples of CD analyses for clays (after Ladd, 1871b).

Oliw 5> Gcal.igulo o> Jle oos90l dnge = (6 plae pxe



7; ~ in situ undrained shear
/ strength after consolidation
8l

under layer 1
SIS ST/ N/

ta} Embankment raised (2] subsequent 1o consolidation
under its original height, {1}

0@
= 7, of core corresponding
to consolidation under

SR NG steady state seepage prior
fi \N SR " _g_@ 10 drawdown
. -/ Core PN =
Ao/ LA/ VIST/S

{b} Rapid drawdown behind an earth dam.{_l}lo drainage
of the core. Reservair level falls from (13 = (2}

1, = in situ undrained shear
strength of clay in natural
slope prior to conslruction
ot Hll

{e) Rapid construction of an embarkment on a natural
slope.

Fig. 11.37 Some examples of CU analyses for clays {ater Ladd, 1971b).

Oliw 5> Gal.i;;;.;b o> Jle oos90l dnge = (6 plae pxe



T, = in s.tu undrained

clay she.r strength

{a) Embankment constructed rapidly over a
soft clay deposit

P
- s .
Py 1, = undrained hear strength
Rl e of the compacted clay
- - ' r
_ P “:// core
ey Core S P -

R T R T S N ST ST T SIS INTT ST

{b} Large earth dam constructed rapidly with no
change in water content of clay core

i ‘ | Gunn

]
‘L |T l LONLON LA NLATEE NGO ATy
i /

g, = the ultinate bearing

\ / pressure, a function
N of 7,
.-r/fl

T——

&%%w%%wx«

{c) Footing placed rapidly on clay deposit

Some examples of UU analyses for clay
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Representation of octahedral stress

nrm = ol + oL+ o)),

2 = H(of— oyt (o, P+ (o~ o 6zl + 13, + T b

in terms of principal stresses,
oy = Yoy +ogt AN
Toot = i[(ﬁ"“z)"l'(ﬂn'”;l'i‘(ﬂa“’lﬂm-

The cormesponding octahedral ‘total stresses are, similarly,
Tt = $(01+ 0+ 03)s

ot = Jor— ) +(¢=-—a,)’+(a,-a,}tpn

TR

Representation of octahedral stress



p-q Stress Path (Lamb, 1964)
- Do

Siress point

0y~ 04

e R o ey e |

i
|
!
1

2

A Mahr circle of stress and corresponding siress point,

—
2]

Oliw 5> Gcal.igulo o> Jle u‘b)'j.o'l dgo = (6 porn unsxo



p-q Stress Path (Lamb, 1964)

T 4

o, increasing

0,

{a)

u

o

45°

{b)

(a) Successive Mohr circles; (b) stress path for constant o

Oliw 5> G:al.i&.;b o> Jle u‘b)'yfl dgo = (6 porn unsxo



1. Initial conditions: — g s 9
r, = a,, {hydrostatic compression} 0y, a, ‘3\
3
0 %
¥ 9
2
‘ R
JrJ' —:)_’
. ; : o %
2. During toading {or unioading} v 3.
ﬂr'nh 0.., oh 'ﬂa‘h j’)
e —t i el




3. Stress paths

HT

—Gy

Path A: Ao, = Ao,
B: Ag, = %M.,
C: Aay, =0, Ao, increases

Oliw 5> Gcal.i;;;.;b o> Jle u‘b)'yfl dgo = (6 porn unsxo
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Example Prained loading test

STRESS PATHS WITH «):a; AND o,:0, AXES

- . oy, oy u '7;. -D';
600 oy ! T —
300 00 100 200 200
400 300 100 300 200
500 500 300 100 400 200
i Total N 565 300 100 465 200
stress pa
(drained and 590 300 100 490 200
{ undrained tests)
400 + 9 - All stresses given in kiloMewtons per squarc metre.
{:‘ Dﬁined o': = qs
€ fest r 4 a!l '-'-d'],
4
< 300 - . -
= Effective /
é" stress paths ”
200 | §
Undrained
: test
100 + / . Example
, —
- H i
¢ 106 200 300 200 % % u % o
(9305 (kN m™T) 30 300 100 200 200
' 350 300 165 185 135
380 300 200 180 160
396 300 224 172 76
358 300 232 166 68




Stress paths for (a) drained and (i) undrained loading tests

’7,]: oy i £ . 5 " f
300 300 100 0 300 0 200
400 . nG 100 0 350 30 250
500 300 100 100 400 100 300
565 300 100 133 433 133 333 200
359G 300 100 145 445 145 345
b .
Al stresses given in kiloNewtons per square melre. é () _. E-t:;i“
. = 0D
- path
™~ Total stress
- pith
ok L = i
100 200 300 400
5. 5" (kN m~ 1)
200
'l (b)
E
Z 100}
Undrained loading test -~ Effective stress path
N x ‘)DQF otal stress path
a0y Oy u 4 5 t s 0 ’ py |
100 200 300 400 :
300 300 100 0 300 0 200 ’
350 300 145 25 323 25 160 . 2,5 (kN m2}
380 3040 200 40 340 © 4] 1443
396 300 224 43 348. 48 124
398 300 232 49 349 49 117

Al stresses given ia kiloNewtons per square metre.
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t=(o-0n)/2
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B
ESP
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Rheology models for plasticity
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(a) Rigid —Perfectly Plastic
' Ideal or perfect plasticity, no hardening
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(¢) Rigid—Linear Weork Hardening
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(d) Elastic— Linear Work Hardening
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o = force/Initial area

Johnson’s limit ... 50% of Young modulus value

}o Engineering stress / b

Yield point
Yield stress
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No Hardening:
F(o)=0
Isotropic Hardening:

Flo)— k=0
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Isotropic Hardening:

F(o)— k=0

Kinematic Hardening:

Flo—a)=0
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Mixed Hardening: Flo—a)—k=0
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1. Perfect plasticity — no hardening 2. Isotropic hardening

3. Kinematic hardening 4. Isotropic-kinematic



Different Types of Hardening in Yield Functions

F=F(o;) --- perfectplasticity

means no hardening, material starts to flow and is inclided to do so forever.

It practice it is stabilized by the'healthy' material structure which exists

around the plasticity region.
Plastic material flow is caused by motion of dislocations.

Definition of dislocations...
Generally, the hardening depends on blocking the motion of dislocations (free flow)

which depends on the permanent plastic strain gif.

F=F(o;—¢;) - kinematic hardening

P .
where ¢; = C &; and C s a constant.

F=F(oy, gif .-+ non - 1sotropic hardening

hardening depends on every component of &; in a different way

F =F(o;, K) --- 1sotropic hardening

ij 2

. . P . .
where K = K(gi})) is a scalar function of ¢&;;, usually an invariant.

Generally, which is not general at all, we could have
F=F(o,,¢ ,K)

ij> <ij »
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