8/29/2022

Advanced Soil Mechanics

)m.ucju.s Qs TV |

f _ﬁ!ﬂ rr’Jé

oy 18 Loy e

Or o ginino oK1 = O o soskign 0SS Ll

[AN]
elele
i

F

s

03,50 cacly g sdal 3929 4 S sa¥ ;5 6 lid sl is b WG LV
Nigd oo O QL

s Oads 0l (S Oy gluls 9 s lid JKi uds Hl (S0 S5 (Sa,88 v
Ll ;5 Julge 9 S Ol 3l ol

S Hline Gl 5Kon 398 Julge Jl olams b g O yogay S S s Y
sl abls

debss O G9s 3 @ly ol Cais ol S gad 03,88 a5 HlxTsl v
39S o0 SIS G 0 ol Ay i Ak |

oy ko Sl Ay S s

© Ali Reza Ghanizadeh, Phd

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



8/29/2022

Advanced Soil Mechanics

S Comind £l ot

Fgdion w2 09,5 dw 4 S sla Cunds JS Sl s

Ly Kis S Sl YKo uis (S0 a5 ¥l b ST cis
Sluwloes . Casl OT Oljse 53 (6085 4555, U9k gldl 9 Lgb o SSS
313 51,5 Atcin¥] (5,595 1 ol Cawady bulyy 4L, Ygoro ST Coit

oMb oily cle 4 gLl S e i Sl (GBU & Ayl oo s
Ll Ol i 50 39290 slac]

I (WU 9 dgd e sdaline gLl odiamz LSS o &5 4l P.:.i‘:ﬁ A | §
Al Sty S S uw Cle 4 S Oy sase GiolyT s

O Sizio olSisls

oo CRl
S| ol

i

Bl S Cugb)y o ,udd U9 9 ,.5)'.1\5)[4. Jleel 51 juo alolBM Sl S
535l s

Cawd 43 515 Olud b 4 dxgi b S5 0355 55 Gl @1)g8 6l 0 Sy jgr OYslas
Ry

dgdige Josl o) g 595 206

3515 dalsl Colgin B OT Gos 5 Sl «Karg 593l 1 lgishy & jgu0 4 S5 1
(3ol (o) Cowl s yOlbsl 5135, b 11

T TSI

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology 2



8/29/2022

Advanced Soil Mechanics

093 Sl T Taw S5 i g (3 ) 30 W R)9

Contact pressure distribution

Contact pressure distribution

awlo g1 SB Thaw JSKG i 9 (3 993 99 i Q)9

Contact pressure distribution

«— Settlement profile

(a)

Contact pressure distribution

T TS

© Ali Reza Ghanizadeh, Phd

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



8/29/2022

Advanced Soil Mechanics

S Goulst ot 3 9 Sl Jaho coutd

i

3 455 )ke 4" Gl Ly 05 B Ao ¥l Jgdo duw IS o055 31 v

gy 3] digmsio¥] Jg ke -\
n : 9] Alaunny 9
%‘ 4 / Ly & ew - .
% £ ,."’ . 7 RS il o ewlos At Jgso - Y
= Ce e s .
§ K ] E.// L Vg K Sl Al Jose Y
! =
/ ,"|E, Jode 5l Ypars Comid Sluslxe sl v
’/1 ol s b Jolee ColSw il
e s oo 03wl ESTas 8l ol
I
L/

Auxial sirain, €,

i s

. [ZR]
gl o 90
9 ABlgad ST poro el b5 2SR5 GIIS,L Sl 5 gluil ailsyy, G @l
S92 dalgs < /0Ll gy o pd lade (a2l

sl 25 D0 4 Bl @SS oy (05 SIS (uslyy w1 et Sl (275 Al V
v=0.25+0.00225(PI) Wroth (1975)
:l"!')b aildcui s slass s v
Soil type Range of Poisson’s
rane o —25°
Loose sand 0.2-0.4 v=01+0.3 45° — 2§50 ) Trautmannand Kulhawy (1987)
Medium dense sand 0.25-0.4
Dense sand 0.3-0.45 . . . . L .
Siley sand 02-04 ¢, is the drained friction angle in the triaxial compression test.
Sand and gravel 0.15-0.35
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Table 10.1 Variation of P with plasticity index : DS (S ) il Jg e
and overconsolidation ratio Ul J ?
OCR Pl range Range of p
| Pl <30 1500-600
30<PI<50 600-300
Pl > 50 300-125
2 Pl <30 1450-575
30<PI<50 575-275
Pl > 50 275-115 E == BSU
4 Pl <30 975-400
30 <PI<50 400-185
Pl > 50 185-70
6 Pl <30 600-250
30 <PI<50 250-115
Pl > 50 115-60

Source: Compiled from Duncan, J. M., and Buchignani, A. N.,
Department of Civil Engineering University of California,
Berkley, 1976.
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E(kN/m?) = 766N (8.11)
:.\33),." Cawds |y 5 M (VAYA) ol,)lKen o yezenl iline job 4

E=2.5q. (for square and circular foundations) (8.12)

E=3.5q. (for strip foundations) (8.13)
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Janbu et al. (1956) S Length=L

Sc(average) = Wity qf (v=0.5) jPi— f
v
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(v=0.5) ELJA oY) ‘53,,@@?1&“&4 oJsle

Al

iy is the correction factor for finite thickness of elastic soil layer H, as
shown in Figure 10.1

Mo is the correction factor for depth of embedment of foundation Dy,
as shown in Figure 10.1

B is the width of rectangular loaded foundation or diameter of circular
loaded foundation

E is the modulus of elasticity of the clay soil

uniformly loaded flexible foundation
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A flexible shallow foundation measures 0.67 m x 1.34 m (B x L)
in plan and is subjected to a uniform load of 200 kN/m?. It is
located at a depth of 0.67 m below the ground surface in a clay
layer. The undrained shear strength of the clay is 150 kN/m.. A
rock layer is located at a depth of 5 m from the bottom of the
foundation. Estimate the average elastic settlement of the

foundation. Use § = 600 in Equation 10.2.
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L_134_,
B 0.67

D _0.67 _,
B 0.67
H_ 5 74
B 0.67

E=BS, = (600)(150) = 90,000 kN/m?
1y & 0.92
W= 0.9

From Equation 10.1,

) qB (200)(0.67)
S = itte 12 = (0.9)(0.92) 2O0O-67)
ctaverage) = Hiklo (0.9)(0.92) 90,000

=0.00123 m=1.23mm
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Terzaghi and Peck (1948, 1967), Meyerhof (1956, 1965),
Peck and Bazaraa (1969), Burland and Burbidge (1985).

s Oldlhs 9 Glawe Olaalin 51 oS 5 5l lagbyy ool (ooides slaghy, -¥
S o vl S (S S 2
Schmertmann (1970), Schmertmann et al. (1978), and Akbas and Kulhawy (2009).
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Terzaghi and Peck (1948)

39( B Y
8,{mmj= Gy Cp =1
(mm) = Cy DNSO(B+O.3)

Ngo is the field standard penetration number for an energy ratio of 60%
g is the bearing pressure (kN/m?2)

B is the width of foundation (m)

C, is the ground water table correction

Cp is the correction for depth of embedment = 1 - (D;/4B)

Dy is the depth of embedment

600 (—

Very dense

I

2

S
T

]
5
T

Dense

—m

w

2

3
T

Allowable bearing capacity (kN/m?)

Cw=1.0 if the depth of water table is greater than or equal to 2B below the foundation,
C, =2.0 if the depth of water table is less than or equal to B below the foundation
Nevalue should be the average value of Newup to a depth of about 3B to 4B measured
from the bottom of the foundation.

w
S
3

Medium

wo- T~ Mt 4

Footing width (m)

ErETT TS

Terzaghi and Peck’s recommendations for allowable bearing capacity for
25 mm settlement variation with B and N.
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Meyerhof (1965)
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1.25¢g

60

Se(mm) = CW CD

(forB<1.22m)

NGO

B+0.3

2 B Y
Se(mm)zcch—q[ ) (forB >1.22m)
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Peck and Bazaraa (1969)

2
2q B
S.(mm) = Gy C _—
() S o (B+0.3)
Coy = 0 at 0.5 B below the bottom of the foundation
w= oy at 0.5 B below the bottom of the foundation
Néo = “‘?ﬁ {for o5 <75 kN/m®)

J

N = ﬁoﬂ)ma (for & > 75 kN/m?)

S. is in mm

q is in kN/m?

Bis in m

N’¢o is the standard penetration number, N60, corrected to a standard effective overburden pressure of 75 kN/m

0y, is the total overburden pressure

0’y is the effective overburden pressure

y is the unit weight of soil.
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Field tests on load-settlement behavior: L1-L2 method - Akbas and Kulhawy (2009) :ﬁ‘.
N
-
o _ S./B
On,  0.69(S./B)+1.68
1.ForB>1m: C(ZQLZ T
’ M _/' Final linear region
L an : Fl :
O = O+ 01 = S VBN Ry + N, B Rufye LN
T - Y Transition region
Y g )
2. ForB<1m: o . k! J
_ QZ g Qf-l i Initial linear region |
Qn, ==+0 &
2 H
B
N,, N, are the bearing capacity factors
F, B are the shape factors
Flq, Fyy are the depth factors 0 .
.., P, ate the compressibility factors 0 ety Sen) Setry
Settl t
In order to determine QF and 7, see Vesic (1973) or a foundation engi- erremen
neering book (e.g., Das, 2011).
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Field tests on load-settlement behavior: L1-L2 method - Akbas and Kulhawy (2009)

Equation in Previous slide was further refined by Akbas and Kulhawy (2009) based on the modulus of elasticity
Eviof soil. Eviis based on Quiand Sio1, which is the initial linear region shown in Figure

For 11> 500,
Q,

Pa
P
Q _ S./B Qr g o - Lo X
O, = m ' /' Final linear region
=1 - e - L 1 I
v N
i+ ;- Transition region
For500>i>250, E it
a 5 4
Q _ Se/B ]
O,  0.72(S./B)+1.59 Q, Initial linear region
E
For — <250,
Pa
0 . .
0 Se,) Se(my Ser)

S./B
Settlement

Q _
O, 0.75(S/B)+1.95 p-is atmospheric pressure (=100 kN/m2).
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Consider a shallow foundation of granular soil. Given:
Foundation: B=1.5m; D;=1m
Unit weight of soil: y=16.5 kN/m?

Equation 10.38 was solved to determine Oy, as
O, =0l + 01

with Of = 333.8 kN and O = 1136.6 kN.
Estimate the following:

a. Sy

. Sc[Lz!
c. Settlement S, with application of load Q =800 kN

O Sizio olSisls

A R]

N

i
e

Y Jbo J>

(0.23)(1.5 % 1000)

Solution

a. Sz, =0.23B (%) = o =3.45mm
b. S.1, = 5.39B (%)ZWZSO.SSH}HI
c. B>1m. So Qp, =333.8+1136.6 = 1467.4 kN. From Equation
10.37,
i o, o
1467.4 = Sc/B (%) .21 467%
0.69S./B (%)]+1.68° B

1.5x1000

S, = (1.457)(
100

JzzZlm
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Foundation - -
 BXL

1—
“E,

s

S, = Ac(aB)

. Ao = net applied pressure on the foundation

 Rigid " “Flexible

e R s = Poisson’s ratio of soil
foundation - . foundation' |- E, = average modulus of elasticity of the soil under the foundation measured from
2 settlement H z = 0to about z = 48

. settlement

B’ = B/2 for center of foundation
= B for corner of foundation
I, = shape factor (Steinbrenner, 1934)

M= Poisson’s ratio o0k
- E; = modulus of elasticity - | -

"~ Sail

5,7 Rock :

L

Padlhani! o) S S| Comid dawloo

1 -2,
L =F+ ™ g

s 1= p

1
E= ;(Ao"' A;)

»

Fy= 2 14,
27
n 1+ Vm?+ 1)Vm'? + n?

m(l+ Vm?+n?+1)

n (m' + Vw2 + )V1 +n?

Ay=m

A =
m?+n?+1
’
Ay = - m
PVmt+a?+l
I, = depth factor (Fox. 1948)—]‘(& and£)
f epl 5 g M B

))b‘;W‘W|WQTJ)MWWJM4SL£‘)|&Q4J&;~M
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padlani! o) S S| Comid dawlono R8Y
a=4
L
- )S)a »ne X - BH
" (3)
2
a=1
_ . L
@' @,S J) - & . m = E
. H
n=—
B
w . .o [N
G0 o 30 O gk K8
k
L/B D/B =03 p, =04 p. =05
1 0.5 0.77 0.82 0.85
0.75 0.69 0.74 0.77
1 0.65 0.69 0.72
2 0.5 0.82 0.86 0.89
0.75 0.75 0.79 0.83
1 0.71 0.75 0.79
5 0.5 0.87 091 0.93
0.75 0.81 0.86 0.89
1 0.78 0.82 0.85
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0.90
091
050 LIB=5
2 0.8+
0.70 4 ~
0.7 1
0.50 4
0.6
0.50 v=0 v=03
0.45 T T — | 05 T T — 1
01 0.2 04 0.60.81.0 2.0 0.1 0.2 04 0.60.81.0 20
Dy/B (b) DyIB
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I

(©

v=04 v=0.5
0.5 T T —T T 1 0.5 T T T T 1
0.1 0.2 04 060810 20 0.1 0.2 04 060810 2.0
Dy/B (d) Dy/B
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S L gio i Y1 J 500 danwlno e
2E Az
E = ——
Z

E,;y = soil modulus of elasticity within a depth Az
7 = H or 5B, whichever is smaller

O Sizio olSisls

age as [
o (o3 3 (il S| i R

Se{rigid] = 0-93Se(ﬂcxible, center)
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¥ Jbe R3Y
N
A
— B=lmandL =2m —
T Z=5m=5B
y SEnAz
o ‘ Ao = 150 kN/m? E, = ;7
[ | Imx2m E, (kKN/m?) 10,000)(2) + (8,000)(1) + (12,000)(2
J_ 3 3 5 | :( )2) + ( 5)() ( )():10,400kNlm2
: a=4
- 4-1().000—" , L 2
1y =03 m=—=— =72
: g1 ) L
. H 5 o= _
| n= = = 10 B 1 er 2, ps =03
ol (,) (1)
I 2 2 ¥
3l P
I ;=071
| F, = 0.641 and F, = 0.031
-—12.000—-: 3
27
[ I-F+—"F
= p
2-03
= 0641 + 0.031) = 0.716
1- 0.3( )
. A R]
¥ Jlo actof e

1-
E
1

4 X —
2

2
I
LI,
)( 1—-03°

10,400
S.(rigid) = (0.93)(13.3) = 12.4 mm

S (ttexible) = AO'(O‘B,)

= (150)(

Ol Sizio olKisls

)(0.716)(0.71) =0.0133m = 13.3mm

i
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i Ao (51 99 ABL O gugd olro

o ko 38,8 B s 1
o O Ogde Goe i8S B s 2
R Got 4 4255 b Sl Ugne ol 39l 5,8 i > .3
l . l.f? l l L e e g e g ki 4
Comﬁmib; I PN
o I E=Eorke Mavyne and Poulos (1999)
' T

Depth, z

O Sizio olSisls

i Ao (51 99 ABL O gugd AOlro

i (5138 )b Uslas b
4BL
B,= =
T
where
B = width of foundation

L = length of foundation

For circular foundations

B.=B

where B = diameter of foundation

ErETT TSI
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i Ao (51 99 ABL O gugd olro
where I; = influence factor for the variation of E with depth

Iz = foundation rigidity correction factor
I; = foundation embedment correction factor

foundation rigidity correction factor can be expressed as

Eﬂ
: AT IF=%+ .
Compressible 4.6+10 EF E
salier 1 per,he ' E,+%k/\B
E o
v l Similarly, the embedment correction factor is
Rigdlayer |0 L=1- 1 .
Depth, 2 3.5exp(1.220 — 0.4) (D7 +1.5)

O Sizio olSisls

050

ol e [31’
B+ ek |LBe)
L 2

= Flexibility factor
075 -

0 Lo 1l bl el 070 L 1
10 100 012 4 001 01 1 i) 100 o 5 10 15 20

T TSI
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For a shallow foundation supported by a silty clay as shown in Figure 8.7,

Length=L=1.5m
Width=B=1m
Depth of foundation=D;=1m

Thickness of foundation =¢=0.23m

E,
Load per unit area = g = 190 kN/m” 2 I
E; =15 x 10°kN/m?
Compressible
soil layer H
= k:
The silty clay soil has the following properties: E E=borle
' l
H=2m
v=03 ) Rigi(:l 13ye‘r T
E, = 9000 kN/m?* v
Depth, z

k= 500kN/m?/m

O Sizio olSisls

F Jbe Jo>

4BL (4)(1.5)(1)
Bez\/ﬂ_ :\/ p- =1.38m

E 9000

P= e, = oojag ~
and
g = 1.2—3 =145
for B/ =13.04 and H/B, = 1.45, the value of I; = 0.74.

ErETT TSI T
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f It Jo lete

1

g=;+
4.6+10 - EfBE (g)
k) N
=;+ _ ! =0.787
4.6+10 5 a ;26 [(2)1(03-§3)]’
| 9000+ (T) (500) '

O Sizio olSisls

¥ b U

1

I;=1- 3
3.5exp(1.22v—0.4) (4+1.6)
D
1
. = =0.907
3.5exp[(1.22)(0.3) = 0.4] (T n 1.6)

qB Il 2
Se=——"7—(1-v
E ( )
So, with g = 190kN /m?, it follows that

5 _ {190){1.38)(0.74)(0.787]{0.907){1_0_32) —0.014m~ 14mm

° 5000

T TSI TR

© Ali Reza Ghanizadeh, Phd

Associate Professor, Deprtment of Civil Engineering, Sirjan University of Technology 20



