Shear Strength of Soil

Shear
stress

N 1
s=c'+ o'tan ¢'

Effective
7 5 - normal
g 92 73 %4 stress, o

|
|
|
|
!
!
i
|
!
|
|
|
l
7

{a)

© 2004 Brooks/Cole Publishing / Thomson Learning™

Direct shear test in sand: (a) schematic
diagram of test equipment; (b) plot of test
results to obtain the friction angle ¢’
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Triaxial Test Equipment
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Deviator
stress, Ao
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o3 = cré = constant

» Axial strain, €
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Plot of deviator stress vs. axial strain-drained triaxial test

Triaxial Testing

Application of cell pressure (sigma 3):

= UNCONSOLIDATED (U) —
No drainage allowed
e constant (fixed) if Sr =1
- CONSOLIDATED (C) —
Drainage allowed when applying cell pressure
e decreases due to sample consolidation.




Triaxial Testing

Application of deviatoric stress (c,):

Deviator stress = o, — o3

= Undrained (U)
No drainage allowed
e constant (fixed) if Sr =1
- Drained (D)
Drainage allowed when applying cell deviator stress
e decreases due to consolidation.
Stress applied so slow no excess pwp

Triaxial Tests

UU — Unconsolidated Undrained
UD — Unconsolidated Drained
CU - Consolidated Undrained
CD - Consolidated Drained




Undrained Soil Strength
Parameters (Su, ¢ = 0)
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Skempton’s Porewater Coetficients
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Peak- and residual-strength envelopes for clay




Skempton’s Porewater Coetficients

Developed “A” parameter for
indication of sample OCR

= 7Aﬂl e
(01-03);
where :
Api = (i — Ho)
Mo = initail pore pressure

Hi = pore pressure at point of interest e i
(01 — o3)j =deviatoricstress at point of interest

What about negative values of A;

Soil Strength

M-C Failure Envelope

Test 1 Failure Circle \

Sample will fail at intersection
with envelope

«—— Test2 Failure Circle
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NOTE: all stresses are effective

Each test is performed at a set void ratio




Drained Soil Strength Parameters (c’, ¢”)

er

Shear Shear
siriess
shress
Effective
. stress
& failure
envelope
&
_ci‘- " j’
X [ : 4
LA 7 Effective g} a al Effective
normal atres normal stress, o

Consolidated-undrained test

Consolidated -drained test
(b}

(c)

Soil Strength Envelope

T
A
slopes 7= ¢’ + 0 tan ¢, -
-~
shallow foundations -7
-
deep foundations ,/’
-~
. ] ”
true’ curved .{ik
's fi envelope -~

Cou]o;nt;s fitted P . envelope for

stralg|| tline Pl normally consolidated soils
envelope ; 7

4 & % =0} tan 6
P Zr
_t el laboratory tests
-~ ’ -~
/l c - o+,
e - ﬂ ¢p vy ”ﬁ ¢ 1 1 1 1 1 1 - G;
0 100 200 300 400 500 600




Soil Strength

‘ sing’ = tana.’
(o,-09)/2=t
Radius of Circle

t=d +Stana'

d=c'cos ¢'
tan v = sin ¢'

Stress Path of Samp

s s= (o, +03)/2
Centre of Circle

Unconfined compression test in progress (courtesy of Soiltest, Inc., Lake Bluff, IL)
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Variation of friction angle ¢’ with plasticity index for several clays
(after Bjerrum and Simons, 1960)
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