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Table 12.1 Typical Values of Drained Angle
of Friction for Sands and Silts

Soil type ¢’ (deg)
Sand: Rounded grains

Loose 27-30
Medium 30-35
Dense 35-38
Sand: Angular grains

Loose 30-35
Medium 3540
Dense 4045
Gravel with some sand 34-48
Silts 26-35

Shear stress, T

Mohr—Coulomb failure criteria

Effective normal stress, o’
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Dimension of specimen in the direction of shear force
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Clay-size Residual

fraction friction angle,
Soil (%) ¢', (deg)
Selset 17.7 20.8
Wiener Tegel 22.8 25.1
Jackfield 354 19.1
Oxford clay 41.9 16.3
Jari 46.5 18.6
London clay 54.9 16.3
Walton’s Wood 67 13.2
Weser-Elbe 63.2 9.3
Little Belt 77.2 11.2
Biotite 100 7.5

0.0

(After Kenney, 1959. Gl o saad 59alll 3 ae SIN @ 5 12,12 (S0
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Plasticity index, PI (%)
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60 80 100

® Undisturbed soil ™ Remolded soil

With permission from ASCE.)
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[[] Foundation material [2] Soil
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Relative density, D, (%)

100 75 50 25 0
| | | | |
Normal stress o’ = 100 kN/m?2 (14.5 Ib/in2)
50 4
40 A
=
5 30 H
_ ©
o
Es
a
£ 20 H
., 2
____ i
_ 10 4
€min = 0.51 emay = 0.716
T T T T T T l 1 0
2.0 1.9 1.8 1.7 1.6 1.5 14 1.3
l/e
® Sand ®™ Concrete © Wood 4 Steel

1/e mtan ' stan @' s 12.15 |
' =100 kN/m?(14.5 Ib/in?) aaldl foles = € 12k>5)
(After Acar, Durgunoglu, and Tumay, 1982.

With permission from ASCE.)

Shear stress,

[70y. o] .

0.5

Mohs fail ure envelope in sand

T T T
1.0 2.0 4.0

MNormal stress, o' (3 102 kN/m?2)

T 1
6.0 8.0 10

® Sand ™ Concrete © Wood 4 Steel
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(After Acar, Durgunoglu, and Tumay,

1982, With permission from ASCE.)
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Normal Shear force at Residual shear
Test force, N failure, 5., force, S, .cigual
no. (N) (N} (N}
1 150 157.5 442
2 250 199.9 56.6
3 350 257.6 1029
4 550 363.4 144.5

(Ty) 3 jad) dogliny (Tp) (0l ) odinll Lol doglie SUDe s>

!
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o T 50
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Residual
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Normal Normal Peak shear ~_ _ Zpeak force, = Stesidual
Test force, N stress, o’ force, Sp . f A S, esidual ’ A
no. (N) (kN/m?) (N) {kN/m?) (N) (kN /m?)
1 150 76.4 157.5 80.2 44.2 225
2 250 127.3 199.9 101.8 56.6 28.8
3 350 178.3 257.6 131.2 102.9 524
4 550 280.1 363.4 185.1 144.5 73.6
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Axial load

Loading ram

Flexible tube

Sealing ring

— - EE [e7e)

| 1=}
sl

|—_'TU cell pressure control | )

Connections for drainage or pore pressure measurement —

O] water [ Porous disc [ Specimen enclosed in a rubber membrane

(After Bishop and Bjerrum, 1960. With i1 5 jaill 24 oiael bbe 12,19 (S
permission from ASCE.))
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(Skempton, 1954) Ll izl Skempton sl = B e

Al o 51055 B i 0 et anldl O ol a8 e ol gl L Bt bl sl O T
3 mdgn oodl) odn A6 gLi] Brys e O gll il J*‘ o B Jaki s Black and Lee (1973) o
12.2 Jaud
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o S Bl s Lt e 3y (AV;) il bt 3 5 il o1 3.0 ) sl et e U
St shsp aall e« Al @pteidl sl Y LY (12,21 el ) Grall oled) el s I3 e et
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- (Aug = 0) Ju s Sl Lo sy b 2

12.20 yLad
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. ‘f—‘ Sl sz Yl ek (D) ) o il
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(a) (b)

Table 12.2 Theoretical Values of B at Complete Saturation

Theoretical
Type of soil value
Normally consolidated soft clay 0.9998
Lightly overconsolidated soft clays and silts 0.9988
Overconsolidated stiff clays and sands 0.9877
Very dense sands and very stiff clays at high
confining pressures 0.9130
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Table 12.3 Triaxial Test Results for Some Normally Consolidated Clays
Obtained by the Norwegian Geotechnical Institute”

Drained

Liquid Plastic Liquidity friction angle, o
Location limit limit index Sensitivity? ¢’ (deg) A¢
Seven Sisters, Canada 127 35 0.28 19 0.72
Sarpborg 69 28 0.68 5 25.5 1.03
Lilla Edet, Sweden 68 30 1.32 50 26 1.10
Fredrikstad 59 22 0.58 5 28.5 0.87
Fredrikstad 57 22 0.63 6 27 1.00
Lilla Edet, Sweden 63 30 1.58 50 23 1.02
Gia River, Sweden 60 27 1.30 12 28.5 1.05
Gta River, Sweden 60 30 1.50 40 24 1.05
Oslo 48 25 0.87 4 31.5 1.00
Trondheim 36 20 0.50 2 34 0.75
Drammen 33 18 1.08 8 28 1.18

"After Bjerrum and Simons, 1960. With permission from ASCE.
“See Section 12.13 for the definition of sensitivity
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Table 12.4 General Relationship of Consistency and
Unconfined Compression Strength of Clays

qu
Consistency kN /m? ton /ft?
Very soft 0-25 0-0.25
Soft 25-50 0.25-0.5
Medium 50-100 0.5-1
Stff 100-200 1-2
Very stiff 200400 24
Hard =400 =>4
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