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Excess porewater pressure ~0 Not zero; could be positive or negative

Volume change Compression Positive excess porewater pressure
Expansion Negative excess porewater pressure

Consolidation Yes, fine-grained soils No

Compression Yes

so that the volume change is zero
Analysis Effective stress Total stress
Design strength parameters s (Or &, or b7) Sy

Yes, but lateral expansion must occur
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(b) Simulated shearing of a dense array of particles

z 3F,=0: H—Nsina — pNcosa =0

T .
@ 3F,=0: Ncosa — pNsina — W=0
+
Solving for H and W, we obtain
X

(+)
H = N(sina + pcosa)

-

z

W = N(cosa — psina)

Dividing Equation (10.6) by Equation (10.7) and simplifying, we obtain

(o,),
Y 2: p + tana _ tan¢’ + tana
0 / W 1 - ptana 1 — tand'tana
° By analogy with the loose assembly, we can replace H by 1-and W by (o7,);; resulting in)
,y tand’ +tana | )
T = (Un)fl " tand'tana (op)stan(d’ + @)

(a) Stresses on failure plane
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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
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Test3 300 210
Test4 400 248
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¥ Jts

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 Al 999.76 —0.51
152 488.90 0.00 737 1005.26 —0.53
178 538.33 0.00 775 1002.51 —0.57
2.03 571.29 —0.01 787 994.27 —0.57
24 631.62 —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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—A 0.1
a, = tan'l(ﬁ) = tan'l(ﬁ) =17.1°

, (1200 N
op =
1072

-
b, = tan_l(—f) = tan‘l(%) = 39.9°
o

n

Normal effective stress: ) X 107 = 120kPa

Also,

ap = dp — bl =399 — 323 = 76°
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Test number o3 (kPa) Deviatoric stress (kPa)
1 100 247.8 (peak)
2 180 362.0 (peak)
3 300 564 (no peak observed)
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sl p 95 (blunsil) 23023 OLES giio Caolhe sl 1) ygeo 4 ) GiulojT sl s gl
Az (mm) AV (em®) Axial load = P, (N)
1] 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
228 -1.98 2929
2.66 —-2.24 298.9
3.04 -2.41 298.0
38 —2.55 279.2
4.56 —2.59 268.4
5.32 —2.67 2525
6.08 —2.62 238.0
6.84 -2.64 229.5
76 —2.66 2232
8.36 -2.63 2243
I
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Test no. o (kPa) oy — o3 (kPa) o (kPa) o + o3 (kPa) ¢ =sin"'(552)
Test 1 100 2478 3478 4478 33.6° (peak)
Test 2 180 362 542 722 30.1° (peak)
Test 3 300 564 864 1164 29°
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& Jbe

Az (mm) eq=yid AV (em?) ea=4F A (mm?) q = P_/A (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 1152 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 2453
3.80 5.00 —2.56 —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
760 10.00 —2.66 -3.09 1299 171.8
8.36 11.00 —2.63 —3.06 1313 170.7
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)l’-"’“’c"-‘bgl:10%-’94’)|p’°’)¢t‘39£1)’“|d~‘3m‘5@w’5|) (P’CS :f ralf
(673)cs =100KPa 5405 o5lizwl @’ g pusns 51,0 &1 = 11% asess 5l Olgs oo dwwy 0

(6%)es = 100 kPa, (o)) = 170.7 + 100 = 270.7 kPa
Y £ L f 1707 )
L = Ll
bes = sin (u; ¥ ug)ﬂ o (270.7 + 100
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o9 'IP&’J'GA Gy
Aoy = Aoy = Aoy = Aoy Aoy >0, Au=0 TIXIRN! 4 f
R
‘= dp=Aoy Ag=0, L2 _,
Ap' = Ap = Aoy; Ag =0, A

Gop B Y B8
Aoy >0, Aoy =0; Ac}= Aoy — Au, Ach= —Au

A A
Ap =% Aq=Aa, A—z=3

Ap'=Ap—Au=%—Au
A
Ag=te, 3 __Bn __3
ap' Aoy, q_ 38
3 Aay
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P
__5
€3 = —E
€ = Az/H,

—€
(’sz)max =€ — &3 =€ — (21) = 1.581

(01— a3);  (P)max
2 24
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- 9 & o [
CU guilojl 30 Ll gwawo
il
A0, = A’ = Avy = Ac’y 80, = 8oy + 2

Ac'y = A~ Au
Au#0

Acy=0

Aoy = Ac)
Wi Ac’y= Acy - Au=-Au

Au=0

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

q

Stage 2

Stage 1 \‘ 4

(c) Stress paths
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(o1)es = — T 03 =160 + 150 = 310 kPa
(o)) = (01)s — Aug = 310 — 54 = 256 kPa

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

(cl)c: - (0'3)55 160
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AO’1=AO'3, Au#0
Ap = Aoy, Ag=0, —=0

&

(UU) oo S 3 4idld muSons g lo 37 g
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(o5 @5) 9 595l (S pid 56 2) al> 0
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(a) Shearing stresses (b) Stress path
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(c) Mohr's circles
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TABLE 10.5 A;Values

Type of clay Ay
Highly sensitive 0.751t0 1.0
Normally consolidated 05to1
Compacted sandy clay 0.25t0 0.75
Lightly overconsolidated clays 0to 0.5
Compacted clay-gravel —0.25t0 0.25 15
Heavily overconsolidated clays —05t00
0.5 4
A
1 lllll\‘ 1 IIIIIIlJ
0 10
0.5 - QOverconsolidation ratio
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Y Jto

oS 2 om ) Jige 9 IS slagiss ) o

P, 500x107?
g, = —4=2""""—_ = 200kPa
A (0.05)?
. x 107?
Ox == %= 150 kPa
T 150 x 1073
L =—=—"— = 60kPa
=T AT (0.05)

ol = o, — Au = 200 — 60 = 140kPa
ol = o, — Au = 150 — 60 = 90 kPa
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R L UV . 7S]
SPT é)‘&'aw' O gl qﬁ“to)‘i :}g{‘o
Standard Penetration Test (SPT)
kg dmp Per ASTM D 1586
i repeatedly I
ngdl8m t Need to Correct fo a Reference
Amdl i m;mvdw‘ﬁ
/ Borehole
_‘ Drillrod
(“N"or
A" Type.
Split-barrel
L~ (00.=50mm
1.D0.=35 mm
L= 760 mm)
— Hollow auger
JaEY
g f u_E-x E.E Firstincrement SPT resistance (N-value)
i< e ofovs o v
I S _5- §§ Second increment I m‘ﬁ?""’" o
Third increment
[ W
http://civil.sirjantech.ac.ir/~ghanizadeh
& P < - o & . [AS]
Odw 5};0)‘3\4‘ ‘slb,.obtg $SPT ,_,a“loﬂ
Ngy = SPT N value corrected for 60% of the
theoretical free-fall hammer energy
Ny = CeCpCsCrN Cp = hammer efficiency
0.60 Cyz = borehole diameter correction
Cg = sampler correction
Cy = rod length correction
N = measured SPT N value
100 (N))go = corrected Ny, considering the overburden stress
(N)so = Neo o' o = overburden stress at a depth of interest (kPa)

!
70
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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
g [ w ]
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P & g &
M $SPT vd”lﬂ)'
Cubrinovski and Ishihara (1999)

Neo(0.23 +0.06/D5) " s
D, = |7 P/ (g{o) x 100%

a;0= effective overburden stress (kPa)

Dy,= mean grain size (mm)

9 o

Kulhawy and Mayne (1990)

0.34
¢’ =tan™! Neo
12.2 + 203 (6%/100)
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Sowwod $SPT sislo T {351}

Wolff (1989)
¢ =27.1°+ 0.3(N)eo — 0.0‘()054(1’\/'1)%0
0';0 = effective overburden stress (kPa)

D5y = mean grain size (mm)

Kulhawy and Mayne (1990)
E; = KgNgy

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

penetrometer

with 60° apex:

d =36 mm (10 cm?) fiiter element.
or

d =44 mm (15 cm?)

inclinometer channeis

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

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

By o S il T

o)

Cable to computer

i

Per ASTMD 5778 procedures

Inclinometer

fs= sleeve friction

u,= pore water pressure

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

il it I

Cone Penetration Test (CPT)

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

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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1000

100

10

TG s 4 11 g 50 dg8 abo 3T

1000
Zone
1
100 2
3
4
g 5
6
Increasing .
OCR
10 8
9
3 Increasing
Increasing Sensitivity
sensitivity 1
1

Soil behavior type

Sensitive, fine grained

Organic soil; peat

Clay; clay to silty clay

Silt mixture; clayey silt to silty clay
Sand mixture; silty sand to sandy silf
Sand; clean sands to silty sand
Gravelly sand to sand

Very stiff sand to clayey sand

Very stiff fine grained

http://civil.sirjantech.ac.ir/~ghanizadeh

S s 4D 1L g 0 d9h sslo 3T

— qr — ozo . .

o= o c,, = total overburden stress behind the cone tip
= o., = effective overburden stress behind the cone tip

B = Up — Uy uy = hydrostatic water pressure behind the cone tip

q= q; — 0 u;, = measured water pressure behind the cone tip

: g, = corrected tip Ircsistqnce (apprO}fimat.ely equal to

F = measured tip resistance, g,,, if 1y, 18 not too high)

gy — 0y
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M:bsﬁoé,ﬂ wghﬁ :3%(‘0
Kulhawy and Mayne (1990)
D (%) = q, 100 g, = CPT tip resistance (kPa)
) = 305000, OCR%!® |/ o’ Q. = compressibility factor (ranging from 0.9 to 1.1)
¢ & o/, = effective overburden stress (kPa)
Kulhawy and Mayne (1990)
B | qc
¢’ =tan” [0.1+0381log | —
c
20
Salgado (2006
£ q (_ o ) 6, = total overburden stress
cl de 0 N, = cone factor.
Ny N,=10—12.
I
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Sumod 2L g w0 St yiwlo 3T

Kulhawy and Mayne (1990)

Do =033(q, = 0,9) v 55 Gy i3

Soil Elastic Modulus Estimated by CPT Tip Resistance

Soil Type E;

Sand (normally consolidated) (2-4)g,
Sand (overconsolidated) (6-30)g,
Clayey sand (3-6)q,
Silty sand (1-2)q,
Soft clay (3-8)q,

G e ol i i I

Department of Civil Engineering, Sirjan University of Technology

64



Advanced Soil Mechanics Lectures 9/28/2018

© Ali Reza Ghanizadeh, Ph.D

)

03 iy iloyT

[AD
FNY

4

o Cenglin cawlio Guts sl gl sbgisbe)T Aoz 510 b p a1V
Ll oy LSS i LiSa)

Cunglin (paiims b 4 4 Cawl Jomo )3 w55 GlaloiT 0 b a pielesT Y
AS (0 g 1y p 5 Sl pogas 4l pu) 0S5 (b 2

a2 3,lge Jalds o losT ol 339,

a3 )8 S g9l b o S 0

D9ab 833 3 033 3 S B Al o i3S )34z 0 F Fi Loy °

S Cabladly i > Jgb o 1) yolisS SSTlas o

o e il il it I

http://civil.sirjantech.ac.ir/~ghanizadeh

o i e &

Hollow auger Ground surface
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0. iy ialo T e

27,
. hp c, =
Slo oy “ xd2(L,+0.33d,)
0.31837;
. c —
e ‘1.354d,> +0.354(d,d,> — d,d?) + 0.2707d;

Ty = torque at soil failure

= vane length

d, = vane diameter.

d, is the diameter of the rod (typically 12 —22 mm).
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Cuc = lvcu

¢, = corrected undrained shear strength
¢, = measured undrained shear strength
A, = correction factor, which can be estimated by
the following correlation with plasticity index
of soil:
A, = 1.18 = 0.0107PI + 0.0000513 P2 <1

¢, =undrained shear strength of the undisturbed soil

. @
S Gl ! G ¢, =undrained shear strength of the remolded soil
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Gage
Pressuremeter Test
(PMT)ASTM D 4719
Tubing

Screw pump:
== Temporary casing 1. Each full rotation of piston
cylinder forces an
incremental volume of water
(or gas or Qil) Into the PMT

probe. Rubber membrane of probe
2. Measure corresponding expands as a right cyllTigag
Pressuremeter probe: pressure at each i 3 . pest
- 4=73mm cavity expansion theory.
L=44mm

|4— Drill rod (“N” or o
“A’ Type) ot pressure versus

volume change AV (or
alternatively, volumetric
strain or cavity strain) to
™! find pressuremeter

| 1 . parameters:
Lower probe into
! pre-bored hole and _»  Po=Liftoff pressure
<L— Pre-bored Hole expand with E = Elastic modulus
pressurized water Tma= Shear strength

-
—s  p. = Limitpressure
-

0t t

i i I
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OA: push the yielding
wall of the hole back
- Limit pressure C to the original position
o [ . e
'.é c E AB: represent the
5 | freeppressure  _______B ! Elastic range
s W ! :
'E ! H BC: represent the
3 ! ' plastic range
5 AP, ‘ | '
A I . H
8 1 E
—————————— |
g i | AV E E
! g y H
o ! i Injected volume
Vo \ Vi V=V, +2v,
! 1 v 4 Cavity volume
V. Vo=V tvg Vi 2V, +vp)
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i
e

OA: push the yielding
wall of the hole back
o | Limit pressgre C to the otiginal position
L
i AB: represent the
Creep pressure B ! -
pr [~k ’ ' Elastic range geomaterial pressuremeter modulus
i H
i H BC: represent the dpa
i H
i H plastic range Epyr =2(14+0)V,
Ap, J ! Av
' :
A i ! H
—————————— '
Po : AV E E
— 9
. !
o . i ' : > Injected volume
Vo | Vi V=V, +2v,
} i ¥ 4 » Cavity volume
Ve Vo=Vetvy Vi 2V, +vo)

il it I
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