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Preconsolidation ratio (R,) is the ratio by which the current mean effective stress in the soil was
exceeded in the past (R, = p//p,, where p/is the preconsolidation mean effective stress, or, simply, pre-
consolidation stress, and p,, is the current mean effective stress).

Compression index (A) is the slope of the normal consolidation line in a plot of void ratio versus the
natural logarithm of mean effective stress.

Unloading/reloading index, or recompression index (x), is the average slope of the unloading/reloading
curves in a plot of void ratio versus the natural logarithm of mean effective stress.

Critical state line (CSL) is a line that represents the failure state of soils. In (p’, g) space, the critical
state line has a slope M, which is related to the friction angle of the soil at the critical state. In (e, In p')
space, the critical state line has a slope A, which is parallel to the normal consolidation line. In three-
dimensional (p’, q, €) space (see book cover), the critical state line becomes a critical state surface.
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For many soils, k/A has values within the range 15 to 1.
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where p,, is the initial mean effective stress or overburden mean pressure and p; is the preconsolidation
mean effective stress or, simply, preconsolidation stress. The preconsolidation ratio, R, defined by Equa-
tion (11.3) is not equal to OCR [Equation (9.13)] except for soils that have been isotropically consolidated.

! JGo

C. 0.69

A= 23 23 0.3
C, 016

k=23~ 753 = 0.07
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1. During isotropic consolidation, the stress state must lie on the mean effective stress axis in (p; q)
space and also on the NCL in (p; e) space.

2. All stress states on an ESP within and on the yield surface must lie on the unloading/reloading
line through the current preconsolidation mean effective stress. For example, any point on the
semiellipse, AEG, in Figure 11.4a has a corresponding point on the unloading/reloading line,
O’G. Similarly, any point on the ESP from, say, F will also lie on the unloading/reloading line
O'G. In reality, we are projecting the mean effective stress component of the stress state onto
the unloading/reloading line.

3. All stress states on the unloading/reloading line result in elastic response.

4. Consolidation (e.g., stress paths along the p’ axis) cannot lead to soil failure. Soils fail by the applica-
tion of shearing stresses following ESP with slopes greater than the slope of the CSL for compression.

5. Any stress state on an ESP directed outward from the current yield surface causes further yielding.
The yield surface expands.

6. Unloading from any expanded yield surface produces elastic response.

e e

_
SG RS

7. Once yielding is initiated, the stress—stain curve becomes nonlinear, with an elastic strain compo-
nent and a plastic strain component.

8. The critical state line intersects each yield surface at its crest. The corresponding mean effective stress
is one-half the mean effective stress of the major axis of the ellipse representing the yield surface.

9. Failure occurs when the ESP intersects the CSL and the change in volume is zero.

10. The soil must yield before it fails.

11. Each point on one of the plots in Figure 11.4 has a corresponding point on another plot. Thus, each point
on any plot can be obtained by projection, as illustrated in Figure 11.4. Of course, the scale of the axis on
one plot must match the scale of the corresponding axis on the other plot. For example, point F on the
failure line, AS, in ( p; q) space must have a corresponding point F on the failure line in ( p; e) space.
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A clay soil was consolidated to a mean effective stress of 250 kPa. If M = M, = 0.94, plot the yield surface.
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A— Compression index, which is obtained from an isotropic or a one-dimensional consolidation test.

k—Unloading/reloading index or recompression index, which is obtained from an isotropic or a one-
dimensional consolidation test.

M —Critical state frictional constant.
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EXAMPLE 11.3 Calculation of M and Failure Stresses in Extension

A standard triaxial CD test at a constant cell pressure, 03 = o3 = 120 kPa, was conducted on a sample of normally
consolidated clay. At failure, g = o] — o} = 140 kPa.

(a) Calculate M..
(b) Calculate pf.

(c) Determine the deviatoric stresses at failure if an extension test were to be carried out so that failure occurs
at the same mean effective stress.

Ol iziso olSisls
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Step 1: Find the major principal stress at failure.

(o) = (o] — 03) + 05 =140 + 120 = 260 kPa

Step 2: Find py.

' 4 20 %
. (0'1 ag) _260+2x120 _ oo
3 ) 3
Step 3: Find ¢,
] o] — O3 140
' = - = {]_3'?
Snde = ot T 260 + 120
b, = 21.6°
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Step 4: Find M, and M..

6 sindy, _ 6x0.37

c=3 _sne.  3-037 '
6 sind!
- Sln-cb.:, _6x037 _ 0.66
3 +sind, 3+ 0.37
Step 5: Find g, for extension.
0.66 g 110
= —— X 140 = 110kPa; p;=—=——-=166.7kP
U~ 084 T PrT M, 066 ?

e

¥ Jke ,:';

EXAMPLE 11.4 Determination of \, x, and er

A saturated soil sample is isotropically consolidated in a triaxial apparatus, and a selected set of data is shown in
the table. Determine A, K, and ey

Condition Cell pressure (kPa) Final void ratio
Loading 200 1.72

1000 1.20
Unloading 500 1.25
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Step 1: Make a plot of In p’ versus e.

¥ Ik Sets

See Figure E11.4.
Step 2: Calculate A.
From Figure E11.4,
o Ae 120 — 1.72
1.7 . A= ; ~ = — =032
L L6 \\ In(p!) — In(p}) 691 — 53
T 15 : -
E 14 E \1—0.32
e : K—O.O)"A
1.2 : :
Mg 5 m 6 | 17
Inp' E
PI; P,
Ol s iiuo olKisls
¥ Jbe R
Weots
Step 3: Calculate k.
From Figure E114,
A 1.20 — 1.25
k== ' : N = 0.07
In(p) —In(p,) 691 —6.21
Step 4: Calculate er.

’

er=-e,+ (A — :c)ln%+ kInp)

1000
=125+ (0.32 — O.GT)MT + 0.07In500 = 3.24

e o i e
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Impossible stress states ESP = TSP
'
o .| (pe _ Pc
oo oy a- tMpJ(F—l) no(p; — p) = =Mp;, ([7 - 1)
! ¥

Failure line

| _ ., _ (Ml 2n0pl) + N (P, + 2n0p))” = anp (M + n7) (py)?
1 ; Py = Pp 2(M? + n2)

J ' [ ’ =

Dividing the numerator on the right-hand side of Equation (11.22) by p,, gives

' r 2
P (Mz‘lﬁ + 2n§) + \/ (sz—‘, + 2n§,) — (M + 1))
0 po

Py =

2(M? + %)

P (MR, + 2n2) + V (MR, + 22) — 4n’ (M + 1)
B 2(M? + n2)
The yield shear stress is

a4y _ nlpy — pi)

2 pe P For the standard triaxial test, n, = 3.
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...................

AV=0orAe,=0o0rde=0

e =e,=er — Alnpy
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pj=exp( =5~

Since g; = Mp}, then

er — €,
qr = Mexp X

sy = 2 = Mo %)
ulf 2 Xp A
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p'(In scale)
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e fan(m55)], T

For a saturated soil, e, = wG, and we can then rewrite the above equation as

(5u)a —e [Gs(wB - WA)]
s Pl A

Ol s Siziso olSisls

p'(In scale)

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology




8/29/2022

Advanced Soil Mechanics

DU (D § (59950 aw dlo 3T — (I sy I Juwo 31 o0l b ( Sidund’ o i (ot R

(5.)a —e [Gs(wB - WA)]
Goa Pl

A=0.15 5 G=2.7 U 15 &Y oy S5 sy 2055\ Oljes s gludl Capshy Gial3sl b Jbe sl

(su)a

=1.20
(SH)B

OalS 10,0 Ve 03101 4 0uid (S ) (b p Ceeglie Au0d SO Ul 4 glibl Cugb ), Olpae it b ol mls
b o

o 2l T

[AN]
O (D § (53950 dw wlo §T — S sy CIL> Juwo 31 oolaiwt b (g0 ya> T JLAS (ot :,"
q 4 5 _ ' L qf
T g Au; = Auj + Auj = (p, — pf +"_o
TSP
’ € €,
‘/ Aus=p, — pf + =p,t+ }(— 1) pf'=eXp(rA )
df [*---------2 {B ? ’ ¢
W Aup= Auft A
A R AN us=p — — 1 |exp
Py Py, ! ? o A

Ol s Siziso olSisls

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology

23



8/29/2022

Advanced Soil Mechanics

A
s, =€) urL Nowe, = e,, and thus
KT »
S > A2 = kmR,
A P
o IN o .
I | (- v M
Y v ¥ v yN~CSL . Aln= =«kIn—;
P, PfPspPsp. p'(Inscale) Pr Po

DU (S § (53950 dw wlo 3T — (I S Juwo 31 o3law! b slo yio> 0T Ui (ot

€4 P;
e, — e = Aln—

NCL Pa

!

e, — e.= Klnp—c,= kInR,

0

Ol iziso olSisls

e) ) ) ) )
NCL anZ amZ oA - ®
Do Pr Po Po
)tlnp—fr = (A — k) lnp—f
o Po
A
=e,= e_f C T | Substituting p; = % and R, = p—finto Equation (11.39) gives
1 I pﬂ
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A clay sample was isotropically consolidated under a cell pressure of 250 kPa in a triaxial test and then unloaded
isotropically to a mean effective stress of 100 kPa. A standard CD test is to be conducted on the clay sample by
keeping the cell pressure constant and increasing the axial stress. Predict the yield stresses, p, and g,, if M = 0.94.
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Step 1: Make a sketch or draw a scaled plot of the initial yield surface.

q, o
(0.94)2

(p')* — 250p, +

The yield surface is the same as in Example 11.2. See Figure E11.5.

160 s ‘
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140 ——
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120 /) y
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= 80
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20
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FIGURE E11.5 p' (kPa)
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Step 2: Find the equation for the ESP.
The equation for the ESP is

See Figure E11.5.

Step 3: Find the intersection of the ESP with the initial yield surface.

Let B = (py.q,) be the yield stresses at the intersection of the initial yield surface with the ESP (Figure E11.5).
At B, the equation for the yield surface is

@

(092 °

(p))* —250p; + €))]

Ol iziso olSisls

At B, the equation for the ESP is
py=pot )

Inserting Equation (2) into Equation (1), we can solve for g, as follows:

2
qy)z ( qy) qy
e+ =) —250(p+ =)+ =0
(p 3 P 3) 7 (00ay

2 2
:(1m+ﬁ)—250(100+ﬁ)+ qyzzo
3 3/ (094)

The solution gives g, = 117 kPa and —103.5 kPa. Since the test is compression, the correct solution is
gy = 117 kPa (see Figure E11.5).

Solving for p, from Equation (2) gives

117
Py =p{,+%= 100+T= 139 kPa

You can also use Equation (11.23). Try this for yourself.

Ol s Siziso olSisls

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology

26



8/29/2022

Advanced Soil Mechanics

8 Jo

Repeat Example 11.5, except that the clay was sheared under undrained condition. In addition, calculate the excess
porewater pressure at initial yield.

Ol iziso olSisls

8 Jto

Step 1: Identify given parameters.

100

p. = 100kPa, p=250kPa, R, =" =22 _

2.5

M =094
Step 2: Calculate yield stresses.

qy = Mp,VR, — 1 =094 X 100V2.5 — 1 = 115kPa
py = p, = 100kPa
See Figure E1L1.6.

160 .
140 TSP
120 B)‘—‘*-'
100 1 !

80 / ra 3
el / ESP| .1 N\

40 } { \
20 :

FIGURE E11.6 p' (kPa)

g (kPa)
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Step 3: Calculate the total mean stress at yield.

py2p0+%=100+%=138.3kPa

Step 4: Calculate the excess porewater pressure at yield.

Au, = p, — p, = 1383 — 100 = 38.3kPa

Ol iziso olSisls

S

S (o 0005 omani K 550 o> Jaoko 9 (G) (31 Jaoo (E') 50 SVl Joudw sl ol )y v

€ 4
A e=¢ —klnp'
Elastoplastic
dp’
A de = —k
L
Elastic p
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[AN]
6 o
dpr K dpr
N Elastoplastic K' ]- + Eﬂ Pr
A
Elastic
= K= p'(1+e,)
K B K

p' (In scale)
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[AN]
3p'(1 +e,)(1 =2V
o 3L+ e)(1=2v)
K
EF
T ()

_3p'(1+e)1—-2v") 15p'(1+e,)(1—2v")
B 2x(1 + v') B k(1 + v')

G

e o i I
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Randolf (1978) illae S i &l siol 4l RRY

1+e,

©

r —
chu: -

where p_ is the preconsolidation mean effective stress and e, is the void ratio corresponding to p..

r

e, =e, — nlnp—f=eo— kInR,
Po

_3pd1+e)(1-2v)

K

E!

1.5p.(1 +e)(1 —2v')
G =
k(1 +v')
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SE G 5l sl 2 iy S il

Sals o gz 5l 0sd 593 b Ui ,S lade .l 0.1% 31 208 Ygere S5 i, Jas y5V
9SS 38 S (Gt cal jh G5 )S Hlae 5T (g (S955 05 Jud et 4 9 Wb
il iy S5 KirguS 31 Jaio

0.001% I S sl i ;S 385 (5,503l Ol (S5 Jglaze alKislosT slavge)T 55
Tloel LUl Gogy 3l 05 S S 55 S (G et sobie 41 Judd (aed 4 9 3,51 3929
g oo 0Ll

Cas w9 g o0 Som| S5 )l ‘saaénhé.o.cl.;gc.hw)é eyiid daghg, ol }lé)a\/
sl dwlome (BB 55 abuly 5l (o 5 Jgde 390§ S 0511 OT L BLse (b2 Zoe

_ (Vw)?
4
where v is the bulk unit weight of the soil and g is the acceleration due to gravity.

G

Ol e Sisio olfisls

[ AN
S (ygia o T 31 03kt b (ol i 5 i 9 S oy Jgoo s BN
5 03lizul b Ygane olialosT 13 gml g L,S Zobw 15 S s sl el v/
9disn (585 0311 285 Ogir GlalesT
@x@dﬁc@xog)\c S b p Jodwe &5 dad 0 Yl LAl Ogiw &'LO)TGL:A v
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Jamiolkowski et al. (1985) for Clays
198

61'3

G (R,)" Vp' MPa

where G is the initial shear modulus, p’ is the mean effective stress (MPa), and a is a coefficient that
depends on the plasticity index, as follows:

PI (%) a
0 0

20 0.18

40 0.30

60 0.41

80 0.48

=100 0.50

Ol iziso olSisls
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Seed and Idriss (1970) for Sands
G = k;\/p' MPa

e K, D, (%) K
0.4 484 30 235
0.5 415 40 277
0.6 353 45 298
0.7 304 60 360
0.8 270 75 408
0.9 235 0 484
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EXAMPLE 11.15 Calculation of Soil Stiffness

The in situ water content of a saturated soil sample taken at a depth of 5 m is 37%. The groundwater level is at 6 m
below the surface. The results from a one-dimensional consolidation test on the sample are A = 0.3,k = 0.05, and
OCR = LIfK, = 0.5 and v' = 0.3, calculate the effective elastic and bulk moduli and the shear modulus.

Ol iziso olSisls

Step 1: Determine the initial void ratio.
e=wG,=037%x27=10

Step 2: Determine the initial mean effective stress.

Gote\ _(27+1\ , _ s
vmﬁ(1+ea )wwf( T )9.8718.1kN/m

Ol = YsmZ = 181 X 5 = 90.5kPa

,_(1+2K,)

. _1+2x05
Pi 3 =

UZﬂ 3

X 90.5 = 60.3 kPa

Step 3: Determine stiffnesses.

3p'(1 + e,)(1 — 2v")

E' =
K
K- pl+e) 905x(1+1)
- K B 0.05
B
G= 2(1 +v")
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3te
(SOF> g 35 Ao A%
Ag, = Agj, + Aej
Ae = ep — g \
C’D=fc+l<lllp_?
D r r
i Ae=(x—.<)1n(p?)+x1n(pf)
eg =eg + kln— Pc Pp
PE
€G=€C+)tlllp—?
ch
_ A 1 _ PG &}
Agp—1+eg—1+eo{()\ K)lnP(':-'-KlnPb
oo im0
3te
(SOF> g oS Ao Ve¥s
A 1 r ’
Ag, = —— = I()\—K)lnp—‘;+Klnp—‘f}
1+eo 1+eal PE‘ Pp
Ae ep — e E
Agy, = =2 E-_E% lnp—‘,E
1+e, 1+e, 1+e, pp
A—k), PG
Ae§=Aep—A£f,=(—)h1—,
1+e, Pc

orlple g Cowl Jao b ply J5 come (6,5 sulid (LS ) byl pd e v

:M.)L)

Ag, = —Ae)
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[ANR]
w3 S W i Ao RS
qz
F= (p’)zfp'pé+ﬁ=0
dF = 2p'dp' — pidp’ + 202 = ¢
=2p'dp' — pldp' +2q—— =
M
dq _ (pé/Z —p')
dp’ q/MZ
— 1 — _dp’
dqldp’ dq
Ol iziso olSisls
3ete!
w3 S W 5 awlno O
def,  dp’  q/M

det~ dg  py2-p’

q
de? = deb
© M~ pip2)
e 1
Ag, = 3GAq
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A sample of clay was isotropically consolidated to a mean effective stress of 225 kPa and was then unloaded to a
mean effective stress of 150 kPa, at which stress e, = 1.4. A standard triaxial CD test is to be conducted. Calculate
(a) the elastic strains at initial yield, and (b) the total volumetric and deviatoric strains for an increase of deviatoric

stress of 12 kPa after initial yield. For this clay, A = 0.16,k = 0.05, b/, = 25.5°% and v' = 0.3.

Ol iziso olSisls

. oJsle
Y Jbe R

Step 1: Calculate initial stresses, R, and M..

p.=225kPa, p,=150kPa

o*@fl.S

_ 6sind;  6sin25.5°
¢ 3 —sind, 3 —sin25.5°

=1

Step 2: Determine the initial yield stresses.

The yield stresses are the stresses at the intersection of the initial yield surface and the effective stress path.
2

Equation for the yield surface: (p')> — p'p. + % =0
Equation of the ESP: p’' = p; + g
o . . 9 4
At the initial yield point D (Figure 11.4): p; = p, + 3" 150 + 3

o im st
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Substituting p" = p;, ¢ = q,, and the values for M. and p: into the equation for the initial yield surface
[Equation (11.4a)] gives

2

q,\ qy 4y
150+—) — (150 + =225+ —==10

( 3) ( 3) 12

Simplification results in
q; +22.5q, — 10,125 =0

The solution for g, is g, = 90 kPa or g, = —112.5 kPa. The correct answer is g, = 90 kPa since we are
applying compression to the soil sample. Therefore,

90
=150 +

py =150 + 3" 180 kPa

Ol iziso olSisls

Jbo

Step 4: Determine expanded yield surface.
After initial yield: Ag = 12kPa

A 12
wBp' =Sl = = dkPa

The stresses at E (Figure 11.4) are pz = p, + Ap = 180 + 4 = 184 kPa, and
ge = qy, + Ag =90 + 12 = 102 kPa

The preconsolidation mean effective stress (major axis) of the expanded yield surface is obtained by
substituting pr = 184 kPa and g¢ = 102 kPa in the equation for the yield surface [Equation (11.4e)]:

2 2
pl=p,+ qz =184+21i=240'5k1""
. 12 x 184
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Step 5: Calculate strain increments after yield.

_ 1 PG pel 1 240.5 184 -
Ae, =1 go{(x K)lnp& + .unpé} =13 1_4{(0.16 0.05)In=2= + 0.05 In 130} =35x 10
N—«k . ps_ 016 —005 2405 —a

Agb = == In =31x10

T Tve "pt 1+14 " 225

qe s 102

Agh = Agf— =31 x 10— ————

T T Mip - (pd)ei2] 12(184 — 240.5/2)

=50x10"*

Assuming that G remains constant, we can calculate the elastic shear strain from

Aq 12

Equation (11123): Aeg = -~ = -~ — =

=11 x 107

Step 6: Calculate total strains.
Total volumetric strains: €, = Aef + Ag, = (38 + 35)107* = 73 x 10~*

Total shear strains: &, = Agj + Aef = [(82 + 11) + 50]10™* = 173 x 10™*

e

ok S ) 5314 — i 3 5 Saimly e S

SN abis Slaiss  oslaswl L |y (p'y,qy) “:"9',0'11“‘5 23 Byl i 9 buwgie HGe i -\
A9l Cwd 41 50 SIS pans 9 dulgl gl el
(M2, + 2n2p;) + V (MPp, + 2n2p})? — 4n2(M? + n2)(p,)?
2(M? + n2)

q, = n,(p, — p,)

:.\.gsm)i}.b.g|9)}|o.>'.53.w|QMrLﬁZA))bél;ﬂﬂﬂ,h,ﬁa;yﬁ—v

. h.p,
PF=
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ookl i 48— S 3 S Slaimly Al e

1059l Cawd ay g3 Al 51 coliiwl L1y G ooy Jgho -

3p'(1+e)d—-2v') 15p'(1+e,)(1—2)
- 2x(1 + v") - k(1 +v’)

G

p' = (p,+p)2

Ol iziso olSisls

Oud (S ) (5 3Lid — i 5 9 i S Gl Ao R

Cowd 43 25 Baly; Sleslizul b 1) adgl Sl (Jl,oul 415,57 5 adgl Sl oz iS5 -F

EVPTY
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A& =
1
Agy = -—A
&= 364
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[AN]
O (B ) (5 i — i o5 g i GG Ao

14 plowil ) 5 Jorl o (KisepuS abizdd U bawgio 350 (i3 903 50 sl
S dslonn 5 abal 5l ooliul U 903 50 sl 1 Pe (oouSous oy 15 -5

2

r r q
p.=p + -
sz

35S dgsalonn 25 dbly 5 03Mikol U 1) oz ST JS 5o -V

A l r r
Ae, = ——— = {()\—K)ln@+ Klnp—E}
P 14+e 1+e, pé Pb

e

AN
O (SR § (5 LS — gud 35 g i GG Ao
1S dawlma 45 abaly Sl osliiwl b 1) Sty (qom (15,57 905 -A
A—«k\, PG
P = —_ € =
Aep Aap Aep ( 1+ eo)ln P

S dmlone 13 bl 5l o3kl b 1y Katadly (3ol i ,S 903 -9

q
del = deb
q PMZ(pr _Pcr/z)
S dslons 2 absly 5l 050zl b 1y Ketas¥l 5120l 15,5 g —1 -
1
ez_a
Ag, 3G q
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DS g0d ke B A8 gaz o b 1) (o0l Sitadly 1,5 goi 5 Sita¥l (13,5 305 —1)
35 dlona JS 3120

S gez @ b e S Sl sei -1 Y
S @ez ma b (o p G165 slaged Y
:J..:),To.".aw.)‘t.g)g'} absly 5l ooliwl b 1y (s y9mme i ,S" Hlade -\ ¥

L )
3kl dsloe BB 55 Ayl 3l e ol sla i S S yge 5310
2
(ri=?q+p’ and U§=p’—%
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A =025k =0.05, by = 24°v' =03,¢e, = 115, p, = 200 kPa, p; = 250 kPa.
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6sind;;,  6sin24°
3 —sind; 3 — sin24°

Calculate M.: M, = =094
P: ,
Calculate er: er =e, + (A — K)ll’l? + klnp,

250
=115+ (0.25 — 0.05)1117 + 0.051n 200 = 2.38

For the standard triaxial test, n, = 3.

Ol iziso olSisls

(AR
& IO
A J'M e
Step 1:
_ (Mpi+ 2n3py) + N (Mpl + 2n5p;)° — 4niy(M° + 1) (py)?
’ 2(M* + n})
(0,947 X 250 + 2 X 9 X 200) + V/(0.94> X 250 + 2 X 9 X 200)” — 4 X 9 X (0.94° + 9)(200)
2(0.94% + 9)
= 224 kPa
g, = 3(p, — p2) = 3(224 — 200) = 72 kPa
3ps
2: F= :
Step Pr=3 "
3 X 200
P} =300 = 2913 kPa, g;= Mp} =094 X 291.3 = 273.8 kPa
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200 + 224
Step 3: P = — - 212 kPa

15p'(1 + e,)(1 — 2v' 15 x212(1 +1.15) X (1 —2 X 03

oo Lt e)1—2v) _ (1+115) x ( ) — 107 kP
k(1 + v') 0.05(1 + 0.3)
Ag 71.9
4: A€ ) imitial = — = ———— =57 X 1073

S‘ep ( eq)mma! 3G 3 % 4207

k Py 005 . 224 -
Ae€) K P 005 | 224 0
( EP)mn‘mI 1+ e, P¢; 1+ 1.15 200

Step5: LetAp' = 4kPa;thenAg = n, X Ap’ =3 X 4 = 12kPa.

First stress increment after the initial yield follows.

Step 6: p'=224+4=228kPa, ¢=719+12=839kPa
2 2
83.9
pL=p t 2 =28+ o =2629kPa
Mp' 0.94> x 228

Ol iziso olSisls

[AN]
& LJOCS
A J'*O L@
1 Ps Pk 1 262.9 228 3
T Ae, = A—k)n— +klh—}= 0.25 — 0.05)1 +005In==—7 =51 % 10
Step7: Ae, 1+ea{( K% '”'p;,} 1+1.15{( )In=% 224}
A—x . pc (025-005) 2629 i
: Agl="—"In~2 = =46 %10
Step & T Tve, tpl 14115 " 250
83.9
Step 9: Aeh = Aeh 1 46 x 107 45 x 107

M pif2) 0.94(228 — 262.9/2)
Step 10: Assuming G is constant,

Ag 12

Agl = — = =1.0x 1073
£973G6 T 3% 4207
Step 11: Ae, = Aef + Ak = (1.0 +45) x 1072 =55 x 1072
Step 12: €, = (AEE)iiia + AE, = (2.6 + 51) X 107 = 7.7 x 107°
Step 13: ey = (A€L)iiia + Ag, = (57 + 5.5) X 1073 = 112 x 107*
£ 7.7
Step 14: g1 =g, + ?‘J = (11.2 + T) X 107 =138 x 1073
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Given data

Calculated values

A
K
des
€o
Po
p:

r

v

0.25
0.05

24

1.15

200 kPa
250 kPa

0.3

P =

er
Ps
qs
Py
qy

0.94

1.25

2.38
291.4 kPa
274.2 kPa
224.0 kPa
71.9 kPa

Ap'
Aq
G

Ae,
Aeg

4 kPa*
12 kPa
4207.0 kPa
0.0026
0.0057

*Selected increment.

A Jbo

p ZAq q [ A Ae, e,=XAe, £ ey €Y Ae, Ae, = Ze, €4

(kPa) (kPa) (kPa) (kPa) x1073 X107 x107?* x10%® x10? x107? x1073 X103

0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
224.0 0.0 719 250.0 26 2.6 0.0 0.0 5.7 5.7 5.7 6.6
228.0 120 839 2628 5.1 77 4.6 4.6 1.0 5.5 1.2 13.8
232.0 240 959 2767 6.4 14.1 4.8 5.5 1.0 6.5 17.7 22.4
236.0 360 1079 2916 6.5 20.6 4.9 6.6 1.0 7.6 25.3 32.1
240.0 480 M99 3076 6.6 27.2 49 7.8 1.0 8.7 34.0 43.0
2440 60.0 1319 3244 6.6 33.8 5.0 9.1 1.0 10.0 44.0 55.2
248.0 720 1439 342.2 6.6 40.3 5.0 10.5 1.0 1.4 55.4 68.9
252.0 840 1559 360.8 6.5 46.9 4.9 12.1 1.0 13.1 68.5 84.1
256.0 96.0 1679 380.3 6.5 53.3 49 14.1 1.0 15.0 835 101.3
260.0 108.0 179.9 400.5 6.4 59.7 48 16.4 1.0 173 100.8 120.8
264.0 1200 1919 4214 6.3 66.0 4.7 19.3 1.0 20.3 1211 143.1
268.0 1320 203.9 443.1 6.2 72.2 4.7 23.1 1.0 24.1 145.2 169.2
272.0 1440 2159 465.4 6.1 78.3 4.6 28.4 1.0 29.4 174.6 200.6
276.0 156.0 2279 488.4 5.9 84.2 45 36.3 1.0 373 211.9 239.9
280.0 168.0 239.9 512.0 5.8 90.0 4.4 49.7 1.0 50.6 262.5 2925
284.0 180.0 2519 536.2 5.7 95.7 4.3 77.1 1.0 78.1 340.5 372.4
288.0 192.0 263.9 5610 5.6 101.3 42 1677 1.0 168.7 509.2 543.0
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g x 1072
300 0 100 200 300 400 500 600

250 /—.—_ 20

200 /
7
Q
” % 60 \
”&
100 80

50 100 m———

g (kPa)
@
o

0 100 200 300 400 500 600
£, x 1073
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wlxm‘wlgﬁb;&a)yoqw “cbnx})é}yﬂm‘ Sl ol yo as
(P',=P,)

r
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p = p, + q/n, where n, = 3.

09T s &3 JS 5 Sl Brvsia e G5 02903 S 1y 53k OT L5 10

o 2l I

q Jbe RS

SO slp oads S a9 dw Gl 9 K9 Sonl mSou GlaledT Sl 5 sla el
F e Sl L Llosal Cuws 4 S

So97e Y S gl 53 (Bl G (gt Hlages ¢
97 GRS Jalie 53 (slo iz O HLas jlages

A =025k =0.05, by = 24°v' =03,¢e, = 115, p, = 200 kPa, p; = 250 kPa.
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q Jte RS

S lp oS ARy (Go97m Aw L 9 K9l Mﬁa&' u‘b.:la)T S0 sl sl
Pw}&w,lb.o.bh.&d Cawd & Sl
Sag7e 5,5 il 53 Bl B (Pomie Slages

Go97e i S Jalie 53 (slo iz O HLEd Hlages

A =025k =0.05, by = 24°v' =03,¢e, = 115, p, = 200 kPa, p; = 250 kPa.

Ol iziso olSisls

q Jbeo ks
e '4

6sind;;,  6sin24°
3 —sind; 3 — sin24°

r

Calculate M.: M, = =094
P: ,
Calculate er: er =e, + (A — K)ll’l? + klnp,

250
=115+ (0.25 — 0.05)1117 + 0.051n 200 = 2.38

For the standard triaxial test, n, = 3.
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[AN]
| JGo :0‘.
[pt [250
: = Mp, -1=09 ——1=
Step 1 qy = Mp, o 1 = 0.94 X 200 200 94 kPa
. er — e\ 238 — 1.15) _
Step 2: pPf= exp( Iy ) = exp (70.25 ) = 137 kPa
qr = Mp;=0.94 X 137 = 128.8 kPa
1.5p"(1 + ¢,)(1 — 2v' 1.5 X 200(1 + 1.15) X (1 =2 X 0.3
Step 3: _ 15p0 + eo) ) _ ( ) x( ) 30692 kPa
k(1 +v') 0.05(1 + 0.3)
Aq 94
> e =1 -_ - @ = 9 X -3
Step 4 (A€Qmia = 36 = 3% 39392 = 70 %10
Step 5: Let Ap’' = 3 kPa.
First stress increment after the initial yield follows.
[AN]
| J&o REA

Step 6: p' =po,— Ap’' =200 — 3 =197 kPa

, , D k/(A—K) 200 0.05/(0.25-0.05)
Pec = (pc)prev( D > 250 m = 250.9 kPa

Pé 250.9
Step 7: = Mp'\[~5 = 1=094 X 197,/=—=—-1=97kP
ep q p & 197 a

K s j— 0.05 200 -
8: £ = = —=0.35x%x1073
s = 2 - pt 1 #0415 InTo7 ks

Step 9: Aeb = —Aef = —0.35 X 1073

ulA)J.uu R0 olduls 100

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology

50



Advanced Soil Mechanics

8/29/2022

[AN]
1 Jb R
Step 10: Compression is positive.
97
Ae? = Aeh——T = 035 x 10— — 054 x 107
M?*(p' = pl/2) 0.94%(197 — 250.9/2)
Ag 97 —94.1
: 6= =————=024x107
Step 11 Agg 3G - 3 % 39602 0.24 X 10
Step 12: Ae, = €5 + Aeh = (024 + 0.54) X 107° = 0.78 x 107°
Step 13: g, = & = (A8)initiar + Mgy = (7.9 + 0.78) X 107 =87 x 107?
97
Step 14: p=ph+ % =200 + - = 232.3 kPa
Step 15: Au=p—p'=2323 - 197 = 353 kPa
Ol iziso olSisls
[AN]
| Jl?.o REA

Undrained Triaxial Test

Given data Calculated values
A 0.25 M 0.94 Ap 3 kPa
K 0.05 R, 1.25 Aq 9 kPa
bls 24 er 2.38 G 3969.2 kPa
€o 1.15 pf 137.3 kPa €p 0
ph 200 kPa ar 129.2 kPa € 0.0079
Pé 250 kPa Py 200.0 kPa
v’ 0.3 qy 94.1 kPa
Auy 105.8 kPa
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q (kPa)

(AR
? Jbeo RS
NV
W
'3 Pe q Aep Aef Aef Aej Aeg £q= XAg, €4 p Au
(kPa) (kPa) (kPa) x107® x10%* x107%® x10% x107? %1073 x10™? (kPa) (kPa)
0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0
2000 2500 @ 94.1 0.0 0.0 0.0 7.9 79 79 79 2314 314
1970  250.9 970 —0.4 0.4 0.5 0.2 0.8 8.7 87 2323 353
1940 2519 997 —0.4 0.4 0.6 0.2 0.8 9.5 95 2332 392
1910 2529 1023 —04 0.4 0.6 0.2 0.9 10.4 104 2341 431
188.0 2539 1047 —0.4 0.4 0.7 0.2 0.9 n3 1.3 2349 469
185.0 2549 1070 —04 0.4 0.8 0.2 1.0 12.3 123 2367 507
182.0 2560 1092 —0.4 0.4 0.9 0.2 1.0 13.3 133 2364 544
1790 2570 M2 —04 0.4 1.0 0.2 11 14.4 14.4 2371 58.1
1760 2581 1131 —04 0.4 1.1 0.2 1.2 15.7 15.7 2377 617
173.0 259.2 1149 —04 0.4 1.2 0.2 13 170 170 2383 653
170.0 2604 1166 —04 0.4 1.3 0.1 15 18.5 185 2389 689
1670 2615 1182 —04 0.4 1.5 0.1 17 20.2 202 2394 724
164.0 2627 1197 —0.4 0.4 17 0.1 1.9 22,0 220 2399 759
161.0 2639 1211 —04 0.4 2.0 0.1 2.1 24.2 242 2404 79.4
158.0 2652 1225 —04 0.4 2.4 0.1 25 26.7 267 2408 828
155.0 2664 1237 —04 0.4 2.9 0.1 3.0 29.6 296 2412  86.2
152.0 2678 1248 —05 0.5 35 0.1 36 333 333 2416 896
149.0 2691 1259 —05 0.5 a6 0.1 46 379 379 2420 930
146.0 2705 1269 —05 0.5 6.3 0.1 6.4 44.3 443 2423 963
1430 2719 1278 —05 0.5 9.9 0.1 9.9 54.2 542 2426  99.6
140.0 2733 1286 —05 0.5 21.4 0.1 215 75.7 757 2429 1029
138.0 2743 1291 —0.3 0.3 574 0.0 575 133.2 133.2 2430 105.0
Ol iziso olSisls 103
(AR

4 Jts R
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