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Solving for H and W, we obtain
X

H = N(sina + pcosa)

W = N(cosa — psina)
(b) Simulated shearing of a dense array of particles
@) Dividing Equation (10.6) by Equation (10.7) and simplifying, we obtain

Y H _p+tane  tand’ + tana
0 / wo1- ptana 1 tan¢’'tana
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tan¢’ + tan
b LY (a6 + )
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Table 1 Comparison of results from direct shear and triaxial compression tests reported in the literature
Soil P — D () References
Dense sand 4 Taylor (1939)
Loose sand -1 Taylor (1939)
Sand 5 Hennes (1952)
Dense sand 4 Nash (1853)
Loose sand -2 Nash (1953)
Sand and gravel 2-7 Bishop (1954)
Sand 8 Peltier (1957)
Dense fine sand (low pressure) 2 Lee (1970)
Dense fine sand (elevated pressure) 0 Lee (1970)
Mine spoils 5.2 Superfesky and William, Jr. (1978)

Table 4 Values of angle of internal friction from triaxial and direct shear tests

Angle of internal friction from

Sl. No. Soil Triaxial test (%) Direct shear test (°) Difference (¢}, — ¢}, (°)
1 Kaolinite 295 21 -85

2 IIT clay 28 20 -8

3 Sitty soil 26.5 25,5 -1

4 Sand 42 445 +2.5

5 Sand + plastic disc 45.5 35 -10.5

O Sizio olSisls

Failure plane

5 Likely failure plane and particle orientation in (a) Direct
shear and (b) Triaxial compression tests
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Soil Test number Vertical force (N) Horizontal force (N)
A Test 1 250 150
Test 2 500 269
Test 3 750 433
B Test 1 100 98
Test 2 200 175
Test3 300 210
Test4 400 248
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Horizontal Horizontal Vertical Horizontal Horizontal Vertical
displacement (mm) force (N) displ: (mm) displ (mm) force (N) displacement (mm)
0.00 0.00 0.00 6.10 988.29 —0.40
0.25 82.40 0.00 6.22 988.29 -0.41
0.51 157.67 0.00 6.48 993.68 —0.45
0.76 249.94 0.00 6.60 998.86 —0.46
1.02 354.31 0.00 6.86 991.52 —0.49
127 425.72 0.01 mm 999.76 —0.51
152 488.90 0.00 737 1005.26 —053
178 538.33 0.00 775 1002.51 —0.57
2.03 571.29 —0.01 787 994.27 —0.57
2.4 631.62 —0.03 8.13 944.83 —0.58
267 663.54 —0.05 8.26 878.91 —0.58
3.30 759.29 —0.09 8.51 807.50 —0.58
3.68 80717 -0.12 8.64 791.02 —0.59
4.06 844.47 -0.16 8.89 774.54 —0.59
4.45 884.41 -0.21 9.14 766.30 —0.60
4.97 928.35 —0.28 9.40 760.81 —0.59
5.25 939.34 —0.31 9.65 760.81 —0.59
5.58 950.32 —0.34 9.91 758.06 —0.60
5.72 97772 -0.37 10.16 758.06 —0.59
5.84 982.91 -0.37 10.41 758.06 —0.59
597 988.29 —0.40 10.67 755.32 —0.59
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0 0.00 0.0
0.152 0.02 61.1
0.228 0.03 94.3
0.38 -0.09 124.0
0.76 —-0.50 201.5
1.52 -1.29 257.5
2.28 -1.98 2929
2.66 -2.24 298.9
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8.36 -2.63 2243
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Test no. o (kPa) o — o3 (kPa) o' (kPa) o4 + a3 (kPa) ¢ =sin"'(352)
Test 1 100 2478 3478 2478 33.6° (peak)
Test 2 180 362 542 722 30.1° (peak)
Test 3 300 564 864 1164 29°
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A, = 1134 mm®
Az (mm) & =4 AV (em?) ep=4Y A (mm?) q = P,iA (kPa)

0.00 0.00 0.00 0.00 134 0

0.15 0.20 0.02 0.02 1136 53.8
0.23 0.30 0.03 0.03 137 82.9
0.38 0.50 -0.09 -0.10 141 108.7
0.76 1.00 -0.50 -0.58 1162 174.9
152 2.00 —-1.29 -150 175 219.2
2.28 3.00 -1.98 -2.30 1196 244.9
2.66 3.50 -2.24 -2.60 1206 247.8
3.04 4.00 —2.41 -2.80 1215 245.3
3.80 5.00 —-2.55 -2.97 1229 227.1
456 6.00 —-2.59 -3.01 1243 215.9
5.32 7.00 -2.67 -3.10 1257 200.8
6.08 8.00 -2.62 -3.05 1270 187.3
6.84 9.00 —2.64 -3.07 1285 178.7
7.60 10.00 -2.66 -3.09 1299 171.8
8.36 11.00 -2.63 —~3.06 1313 170.7

& Jbe ‘

S 5o gl ol ) Teg Ty polie

(0 —05), 2478 (01 — a})es _ 1707

B S~ = 124KPa, 7, = ST = S0 = 854K
300
E, 2,
250 T
E 200 / 2::.\
< —
o 150
100 s
o
50
0
0 2 4 6 8 10 12
g (%)

G e ol i 5 St o
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Tase Sloas 5, b i 9 B Jlaie JSo sl st puiS' 0 e LE'S 9 E7 ¥ 4l

4 B - .. s
E' = [)?)02 = 27,000 kPa Y R l) E s )|.\.u 2 Tp b olaise
, 2478
E;. = 0035 7081 kPa

)L"’{'\“C""L;Sl:10%39»)IW"’M9@I)’“‘MM‘{L§°U¢'¢’GI) (p,CS :f roK
(673)cs =100KPA 5405 o3kl @’ g puans 51,0 €1 = 11% asns )l Olgs oo dwny 0

(05)es = 100 kPa, (a)),, = 170.7 + 100 = 270.7 kPa

Py £ Tkl A W 170.7 ): .
bes = sin (u’iJru'S)u sm (z70.7+100 274

.[,gf@o.:ﬁ;dl)(lp :0 rslf
o = b — bl = 336 27.4 = 62°

O Sizio olSisls
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Ao yo 2 30 i g Gialo 3T plonil Jo1 5o
2995 e 561 o8

Aay >0, Au=0
R

Aoy = Aoy = Ao = Aol

o p B Y flf

Agy; >0, Aoy =0; Ac|= Ao, — Au, Aci= —Au
Ao Ag
Bp =% Ag=do, =3
A
Ap'=Ap—Au=%—Au
Agq Aoy 3
Ag = A — = =
1= 80 3 T By 3Au
Aoy

3

O Sizio olSisls

olwilxo

g, =€ +263=0

e B
3 2
81=AZ/HD

€
(sz)max =€ —E€83F & — (21) N 1.581

(01 = 03); (P
S = =
u 2 24
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CU islojT 40 (pid gwwno

Aoy = Ac') = Aoy = Acy

Aoy = AGY
Au=0

P,
Ao, = Ao
0= 80 +

(a) Stage 1: Consolidation phase (b) Stage 2: Shearing phase

q

Stage2 |

stage 1 —_ |
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120 Normally consolidated cla

100 |~

o3= 207 kPa
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Axial strain (%)
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Au (kPa)

10 15 20 25 30 35
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- N d e o = s 7S]
CU byl 4 SKiduwd yigd e
420 . dt
1 (kPa) Normally consolidated clay b
280 b =2

il P ~
! i A\
s, =234 kpa| 140 - 7 \
u td ~ A
famhs A \
0 R & - -
1400280 420 5¢ 0,700 840 980 1120 1260 1400
S \ !/ 6 6" (kPa)
-140 ¥ P rai
" \"-. -’/

_280 Effective stress T Tess
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P MW&AM)J‘)LQM\ raLf
j = (ay); — (03); = 160 kPa

P,
(o1)e = — T 03 =160 + 150 = 310 kPa
(o)) = (01)s — Aug = 310 — 54 = 256 kPa

(03)es = 150kPa, (03)s = (03)ss — Altes = 150 — 54 = 96 kPa

(su)ﬂ — (al)c: - (0'3).':: _ 160

Sy = 2 = T = 80 kPa
s
a 7S]
. - 2 Z
S oS L@ s ¥ el
singr, = e = (03)o 160 _ 0
¢ (‘Tl)('s + (03)51 256 + 96 ’
bes = 26.7°
- |)-\*-‘ W(}f‘“m‘;lsa ) |) )9A o).llb :f rbLf
b =27
(54)es = 80 kPa
T
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& & o 4vaf . & N Se S
(UU) Oww)ulgmmﬂb)' 30 (W) gawnd ‘.3%{.’
g, =0 +£ q4 P
1= 74 L2 TSP
’
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r
s |3
L4
f/ '
(53 ”
Auz=0 >

(a) Shearing stresses

O Sizio olSisls

(b) Stress path
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1
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(c) Mohr's circles
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O gmeSwi (510 i T 4Lid by ol by

Au = B[Ac; + A(Acy — Aos)]

L glsl az)s a8 cunl (oo o B (sl i il AGp-AGs (osls ol Giis Gl sl Aoy ol s &
Slros ) by bl sasSs ol B oo il @l oy O Hlid adlsl oo A g sase olis
A.?)slgm.&;...o),bg‘(s>90%) 3y gLl sla 4z, )5 5> @ B aul .cwl Jio pl, Sis slass

._\)l.\swa@l

A -p—:)‘-’ SBenS o >
g
A=A;=—2
f (Aol — Ao‘;)f

Sl s Sbuis 3 Sl Sl b sl o O HLas ailal 53 Luis Sl cwl o le Alg 0T s o
el 03 0315 VLS S Ao gz 3wl 0ol L1 (140F) OgeSnl g o5 Ap o0 2k cwl

ol 005 000

g 16

O gmeSwi (510 2> T 4Lid by ol by

TABLE 10.5 A;Values

Type of clay As
Highly sensitive 0.7510 1.0
Normally consolidated 05to1
Compacted sandy clay 0.25t0 0.75
Lightly overconsolidated clays 0to 0.5
Compacted clay-gravel —0.251t0 0.25 19
Heavily overconsolidated clays —05t00
0.5 4
A
0 10 100
-0.5 -

Overconsolidation ratio
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o = P _ 500 x 107
A (0.05)?

o = P _ 375 %107
A (0.05)?

T 150x 1073

M= =
TA (0.05)?

ol =o, — Au =200 —

oy, =0, — Au =150 —

O Sizio olSisls

Y Jte

.M@Mb)ﬁyg&gshui}s:\ rslf

= 200 kPa

= 150kPa

= 60 kPa

60 = 140kPa
60 = 90kPa

A R]

N

i
e

a 7S]
500 N v Ju ' . Of
P
150N
— 150 N
“«—375N —nd
.l' Equation (7.27): (0})s = M (1402 90) + 60> = 180kPa
150
tion (7.28): (0%). = 190 +.20; (14090 2+6OZ—50kP
120 Equation (7.28): (0}), = 2 2 = a
0 Pole /“ ool ()= =il —203),, = —1802_ 0 _ 65kPa
60| 7= 54 kPa 1140: 69 (300- 60)
\\ ! - H -
30 o A i L= sin“("‘ “’) = sin"(lso 50) =344°
] \ o' + o} 180 + 50
s LA Tt R
= 30 90 120 150 180 210 240 270 300 . Tax 60 5
L 0 [ . [} o okea) Equation (7.29): tan{y = e r—— = 180 - 9% =0.67; ¥ =337
., = 34.5 N 0 ol
. L e 140 + 90 140 — 90
B0t = 79 KPa e (150, 50 Equation (7.32): (o) = —5 + 5 c0s40° + 60sin40°
_90 | -
= 172.7kPa
-120 140 — 9
150 Equation (7.33): 7y = 60cos40° — —sin 40° = 29.9kPa
o e o5 iy 55 T
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Movable /
plate
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{a) Plan view

o (E])

(b) Stresses and strains measured in true triaxial test
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37,
Tz0
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O Sizio olSisls
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Assumed cylindrical
< shear surface with

Vane Height H
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SPT o yiwilut 39& sslo T ot
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O Sizio olSisls

SPT &1t 34 Liabo3T 23

iim
Standard Penetration Test (SPT)
0533 drop Per ASTM D 1586
hammer
i repeatedly I
falling 0.76 m
t Need o Correctto a Reference
At i Energy Efficiency of 60%
(ASTMD 4633)
Borehole
— /
Drill rod
[— (N"or
A" Type
Split-barrel

||

1
.
L

lu!:mlms mlavsm |
Hollow in
ooy ol

N= N blows
Fer0.3meters  seating

Firstincrement } SPT resistance (N-value)
or ‘Blow Counts” is total

" ! Second increment blows. per foot).

Third increment
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oo (53250 311 S yiol 4 sSPT iale)T

N = CrCpCsCrN
0= 0,60

100

(N1eo = Nepy | ——

0

O Sizio olSisls

=
=
I

DHD
L

20
i1

SPT N value corrected for 60% of the
theoretical free-fall hammer energy

= hammer efficiency
= borehole diameter correction

sampler correction

= rod length correction

measured SPT N value

corrected Ng;, considering the overburden stress
overburden stress at a depth of interest (kPa)

1A

ouw (5 50 jIwl S gl 41 SSPT o 3T

Effect Variable Term Value

Energy ratio Safety hammer Cy 0.6-0.85
Donut hammer 0.3-0.6
Automatic hammer 0.85-1.0

Borehole diameter 65-115 mm Cp 1.00
150 mm 1.05
200 mm 1.15

Sampling method Standard sampler Cy 1.0
Sampler without liner 1.2

Rod length 34 m Cr 0.75
4-6m 0.85
6-10 m 0.95
10-30m 1.0

Ol Sizio olKisls
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owwod $SPT &b)‘i— el

Cubrinovski and Ishihara (1999)

0
x 100% D, = mean grain size (mm)

D, = 9

1.7
Ny (0.23 +0.06/D50) ™ ( 100
o_f
z0

0.5
)O‘Sl a; = effective overburden stress (kPa)

Kulhawy and Mayne (1990)

0.34
¢ =tan”! Neo
12.2 +20.3 (0%/100)

O Sizio olSisls

Sumod :SPT ilo 3T

Wolff (1989)
¢’ = 27.1° + 0.3(N, )¢ — 0.00054(N}),

‘7;0 = effective overburden stress (kPa)
D5y = mean grain size (mm)

Kulhawy and Mayne (1990)

E; = KpNg

E, =elastic modulus (MPa)
Ky =0.5 for sands with fines, 1.0 for clean NC
sands, and 1.5 for clean OC sands

Ola s 3o olSduls Ax8 pulugy S Silo "
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Sowwod $SPT sislo T {:}

i
e

TABLE 10.6 Correlation of N, Ng,, v, D,, and ¢’ for Coarse-Grained Soils

N Ngo Compactness + (KN/m?) D, (%) ¢’ (degrees)
o4 0-3 Very loose 1-13 0-20 26-28
4-10 3-9 Loose 14-16 20-40 29-34
10-30 9-25 Medium % 17-19 40-70 35-40*%
30-50 25-45 Dense 20-21 70-85 38-45*
>50 >45 Very dense >21 >85 >45*

*These values correspond to &/.

TABLE 10.7 Correlation of Ny, and s,
for Saturated Fine-Grained Soils

Neo Description sy (kPa)
0-2 Very soft <10
35 Soft 10-25
6-9 Medium 25-50
10-15 Stiff 50-100
15-30 Very stiff 100-200
=30 Extremely stiff =200

)]
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9disn 04006 0950 b CPTU OT HLid Hgmitas iz b S by by,50 ¥/
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By o S il T

Cable to computer

Electric cone

penetrometer
with 60° apex:
d =36 mm (10 cm?)

1. Saturation of cone tip cavities and
placement of pre-saturated porous
filter element.

2. Obtain baseline readings for tips,
sleeve, pore water transducer, &
inclinometer channels

or
d =44 mm (15 cm?)

il

o

Cone Penetration Test (CPT)
Per ASTMD 5778 procedures

Inclinometer

f.= sleeve friction

ASSISES

u,= pore water pressure

ay= net area ratio (from triaxial calibration)
q.= measured tip stress or cone resistance

q= corrected tip stress = q. + (1-ay) u,

O Sizio olSisls

Continuous hydraulic
push at 20 mm/s; add
rod every 1 m.

Cone rod

(36-mm diameter)

Readings taken every 10 to 50 mm
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(o 11 g o 398 il 3T e

cone factor N, =19 — y PI > 10

Robertson and Campanella, 1983
by = 35 + 115 10g( e ) 25° < §y, < 50°

300},

O Sizio olSisls

Yy
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