CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE

1 Total Stress (o) at Point A
l O = HJ/W + (HA o H)ysat

Hy | v ' ' )
= from Water from Soil
AR S e
CONGIERITI K AG S H = Height of water above Soil
) e : H, = Depth of Point A below

Saturated Soil Column (Figure 6.1. Das FGE (2005))
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CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE

_ ! Total Stress (o)
B l can be divided into 2 Parts:

1. Portion carried by water in

D o s - __ void spaces. THIS IS THE
ST PORE PRESSURE (u).
~L 0 L e 2 Portion carried by soil

solids at points of contact.
THIS IS THE EFFECTIVE

Saturated Soil Column (Figure 6.1. Das FGE (2005)) STRESS (G )'
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
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Saturated Soil Column (Figure 6.1. Das FGE (2005))
Revised 01/2020

NO SEEPAGE

O

ay

Cross-sectional J
arca=A

Forces acting at Soil Particle Points of Contact

at level of Point A (i.e. along Line a-a)
Figure 6.1. Das FGE (2005)

Effective Stress (') along
Line a-a

. By 5y T By T+ By

A
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Effective Stress Review

EFFECTIVE STRESS CONCEPT

NO SEEPAGE

Effective Stress ()
- s “ along Line a-a

Lo Lo Lo
> [ € |
Lo Lo

._: | -, - b “I'\ , IDI(V) +P2(V) +I)3(V) ++PI’I(V)

el ) ,< ---------- - A
R S

o " Where:
-sectional .
‘* Cross sectiona >‘ P, = Vertical Component of P,
Forces acting at Soil Particle Points of A = Cross-sectional Area of Soil
Contact at level of Point A Mass Under Consideration

(i.e. along Line a-a)
Figure 6.1. Das FGE (2005)
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE

Total Stress (o) along Line a-a

| | | | o i<_ M(Z a )
-9 Q.- 7mo T s
7 *\7 """""" 3T ‘f\é ] " Where:
P, P P4 Py

a, = Cross-section Area of Saill

Cross-sectional J ContaCtS — a1+a2+a3+_ ) .+an

area=A

Forces acting at Soil Particle Points of A = Cross-sectional Area of Soll

Contact at level of Point A Mass Under Consideration
(i.e. along Line a-a) , _ .
Figure 6.1. Das FGE (2005). a (= a/A = Fraction of unit cross-

sectional area of soil mass
occupied by solid to solid
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE .

A
H

- -

]|«

ss-sectional
area=A

3 Total Stress (o) along Line a-a

spi N " o Z
CIVRTIEDS oo+ AT o' +u(l-al)
| A

~ \ , 4— Solid particle
Y *_*fi-ww . a =0 (i.e. very small), so therefore:
U =o' tu e o' =0—u
« Cross-sectiona >
| ira =7 THE EFFECTIVE STRESS
EQUATION Slide 6 of 28

Figure 6.1. Das FGE (2005)
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Effective Stress Review

EFFECTIVE STRESS CONCEPT

NO SEEPAGE
K THE EFFECTIVE STRESS
EQUATION

1 o' =0c—-u
vé O-’:[H7/W+(HA_H)7/Sat]_HA7/W

“ e CD (A
R s
o 4 /% Pore water

) s
L “?;"R ‘;?t 18 ()’; 4 c = Total Stress  _
n \i Q0 e u = Pore Pressure

]|«

e, 0= () 1)
SRS TIE S 2 e's NGy~ 1) =7
‘( J JJ‘ 7sat 7/w 7/

Cross—secti_onal 5 T = S b d t
area=A Height of soil column ! Welijgmi;g:o”um

Figure 6.1. Das FGE (2005)
Revised 01/2020 Slide 7 of 28
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE: EXAMPLE PROBLEM

GIVEN SOIL PROFILE (NTS): FIND:
4 Total and Effective Stresses
e | ™ at Pts. A, B, C, & D.
vy=102 Ib/ft3 A e oft
Yo = 105 Io/ft3
B
. Y
T A
6ft
SM l
Vet — 115 Ib/ft3 Co 12ft
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CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT

NO SEEPAGE: EXAMPLE PROBLEM

FIND:

GIVEN SOIL PROFILE (NTS):

Total and Effective Stresses

A at Pts. A, B, C, & D.
Ysat = 105 I0/ft3 . | O, =V XZ, =102F(5ﬁ)
T A
m 6ft o, = 510%
Yeur = 115 ID/ft3 © o : R
I u,=0
s o Ib
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE: EXAMPLE PROBLEM

@ Point B:
GIVEN SOIL PROFILE (NTS): 6y =0+ (7 o X4 fD)
I
CL ISft o :Slol—b3+1051—b3(4ﬁ)
y =102 b/ft2 A o7 9t Jt Jt
_ 3
Yoa = 105 /S | 5,=930 L)
. i /i
6t 5 =5l
SM =7 x4 t:62.4£x4 t=250£
Ysar = 115 I/t © o l 12ft s =7 XA f / a
Cp=0,—U, =930[—b2—2501—b2
St ft
® . Y Ib

ol =680 —

Revised 01/2020 ﬁ Slide 10 of 28



CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE: EXAMPLE PROBLEM

GIVEN SOIL PROFILE (NTS):

CL

y=102 Ib/ft3 A 7

Yoot = 105 Ib/ft3

SM

Yeur = 115 Ib/ft3 © @

Revised 01/2020

@ Point C:
Oc =0+ Va5 X 0.1)
o= 9301—193+1151—b3(6ﬁ)
Jt Jt
c7(1~:16201—b2
Jt
Or=0,—U,
Uu.=y, ><10ﬁ‘:62.4l—b3><10ﬁ‘:624l—b2
It It
Cr=0,—U, :162Ol—b2—624l—b2
Jt Jt
623:9961—[?2
Jt

oL = IOOOl—b2 (round to nearest 5 psf)
l Slide 11 of 28
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
NO SEEPAGE: EXAMPLE PROBLEM

GIVEN SOIL PROFILE (NTS):

@ Point D:

CL

y=102 Ib/ft3 A 7

Yoot = 105 Ib/ft3

SM

Yeur = 115 Ib/ft3 © @

Revised 01/2020

Op=03+ (7/sat,SM x12 ft)

o, = 93Ol—b3+1151—b3(12ﬁ)
Jt Jt
c;D=23101—b2
Jt

’ _— —
Op=0p—Uj

u, :ywx16ﬁ:62.4l—b3><16ﬁ=9981—b2
Jt ft
ol =0, —u, =2310Z—b2—9981—b2
ft ft
(;;):13121—1’2
ft

o, =13 IOl—b2 (round to nearest 5 psf)
ft Slide 12 of 28
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EXAMPLE PROBLEM

NO SEEPAGE

PORE PRESSURE EFFECTIVE STRESS

TOTAL STRESS

()

(u)

(o)

2000

0

2000

0

2000

Depth from Existing Ground Surface (ft)
o Yo o

25

25 25

10 10 ¥

25 25

R R —— .

25 25

CL

102 pcf

y:

Yeat = 105 pcf
N o
SM
1 Ysat = 115 pCf ~

|
0 o 0 o

-~ -~ (q\]

(33) @2eyINg punolig Bunysixg wouy yydag

25
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CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT

UPWARD SEEPAGE

T— Stresses @ Point A:
Oy = Hlj/w

\ Z’tA:[_[ﬁ/w

g e pEE st
-\.' . -‘\.' .'."‘\l. .'.‘ =
b '--.- \.::":.’-J.:'::E:.:J\. - GB H17/W + H27/Sdt
P L] TN
RO ug=(H,+H,+h)
LIS B 1 2 Vw
e

H; ro_ _ —
" cy,=0,—-uy,=0

L] ol 3 [ Fa - ra o

’a..._.';‘~ ,.l."‘"\,\ ’q-.:_\‘\ ’a|. '-\-‘ ’nl..:

-~ * i.* ‘~- (bt a (it .h' [ .~- 1

|.t“\ 1.‘-“\ /. .,N\ J.'.‘h\ J.‘.‘ -

Yot RS b Stresses @ Point B:

| S .gi"\‘\.’gi'\‘\.fn"-\'s""

H2 L

') Op=0p—ug
op=(Hy, +Hyy)—(H +H,+h)y,

{ Inflow — O-’B:HZ(ysat_j/W)_hyW

Figure 6.3a. Das FGE (2005). r_ r__
| g (2005) op =H,y'~hy,
Revised 01/2020
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Effective Stress Review

EFFECTIVE STRESS CONCEPT

UPWARD SEEPAGE

Stresses @ Point C:

h GC_Hlyw_l_Z]/sat
l(l%)z" u- =(H -I—Z-I——h zZ)y
C 1 H2 w

H;
04‘.’;'* a® w®" g ‘.'n' i“.'u' I“.' ,
. s e & T P AN e T o] —_—
,‘l'u.-"\,'l'-.-\\,' .b-'\\"l.h—'\\’.l.h— GC - GC uC
o |""~ » |_"‘~ |,".~ » |.".~ . |
LR LN CREY (] . .
U St e R e s S il
Se e r Ju =, L =aw Ve T e Ja
b a? et g a? e 1_7 *fun hg ot gt
LR S Rl S A R S L R
| 2 . Y £ a 5 la S L) S s .
IA{\:

P A T e i DAL 4
- " - ffpir? - Vo (S I - ® | —Z __Z
i, ‘\' C ~\'J. ~\ 'J.'. h\ .J.‘.
BECRY ARSI AW MRS R IR Oc sat — /w w
3 L -;~ ” L -;~ .; 2

s g LN )
s ’l I'
= » e e l.\.h'l.: -
) A 30 ., i,
_‘:./.‘: 4. -..:.J_ -2 et h
o T w T awm " * wm, T oA
1o a?nt o oflan b ofus bl Voo?
f - . - . - - - . ”
e LU e o = Zj/ ——2zy

L ] L] L]

BHAUCOV: IR SAUEOMIS ~ ¢ H, "

_ ChangeinHead
H, Length of Water Flow

NOTE: =

{ Inflow —

Figure 6.3a. Das FGE (2005). gé — Z?/' — iZ]/W
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
UPWARD SEEPAGE

{ Inflow —

Figure 6.3a. Das FGE (2005).

Revised 01/2020

CRITICAL HYDRAULIC GRADIENT
(ic,)

r ro. .
Oc =2y —1,2), =0

NO EFFECTIVE STRESS!
Known as Boiling or Quick Condition

For Most Soils:
I, ranges from 0.9 to 1.1,

with an average of 1 Slide 16 of 28
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
UPWARD SEEPAGE

Total stress, & Pore water pressure, u Effective stress, ¢~
0 - 0O - 0 -
Hyy, 0
H, W LN
Hle + Tsat (Hl +2Z+ iZ)Yw PR
Hi + 7 r— — — — — == — — — — —f— = ———— 2’ — iz
H+H —— SN
-~ :—! g -;!
HiYy, + HyYu (Hy+ Hy+ Yy, Hyy'— Iy,
Y Y Y
Depth Depth Depth

Revised 01/2020 Figure 6.3b. Das FGE (2005). Slide 17 of 28



CIVE.5300 DRIVEN DEEP FOUNDATIONS

Effective Stress Review

EFFECTIVE STRESS CONCEPT
Dow[\lyvARD SEEPAGE

Inflow Stresses @ Point A:

£ i(h)z uy=Hyy,

e
=
.

,_ —
c,=0,—uy,=0

dret y \'- : Op = Hlyw + H27sat
e R G _
DR Rt ug =(H,+H,-h)y,
[ “—- B M e J/ G,B — O-B _ MB
, —
op=WHy, +Hyye)—(H +Hy—h)y,

{ Outflow <— r_ _
Op _H2(7sat 7w)+h7w
Figure 6.4a. Das FGE (2005).
Revised 01/2020

H
+ * . 7
,".'h'\_\,“."-'\";T-‘—'\_\;“."—'\_\/“.‘—
.;‘ o/.;-_:oJZ-_:- .;-_‘0/.;- -
Aw e T sw, e T LR SRV T B R -
D IO P O Stresses @ Point B:
H R AT S

023 :H27/’+h7w
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
Dow[\lyvARD SEEPAGE

. Stresses @ Point C:
Oc :Hlyw +Zysat
] h

h _
Moo =(H, +z——2)7,,
(Hg) H2

=]

{ 4 {
S AR DAY AR, h
P -..\.,_a -_-.-\‘, -_-_ \‘,-l -—'.'\h,-ll-— [ _ . .
= Yﬁ-g::"“ ROy SV Oc = Hlyw T ZY sat (Hl Tz H Z)yw

Rom i e e '

"-.L'\ \,‘J.l-_"‘\: -h—'\\"l.h—-\ \,‘l‘-_ G —_— G _u
e e i C C C
s \ * " 8 * 8 e LN A, N ¢ .,

s =] @ o ‘:. Bl ) « =" 8 . ™

N - A" N w7 = A, T e

H2 \w,Ts - T oyw, e A wm, e P o
b o We® 3 p "t by o = b a® et by ,W*
Eaa ""a.'\"l.'\'l.'\"a-' 2
U L TR T L L I S TR T L TR e
. - '.--‘h - |."‘~ - |""-. - |"'.-. -
L] - a - L] - - A Y L]
:O\h.l:l\~.J:l‘....j:l\h.":l‘
\-._:-'\-_7-'\-‘,7-'\-~:--\~~.‘ , ,
b 2? v J o o?nt b o n® by a? 2 Ly,
- - LY - Fa - Fa - re | — +_
‘l‘k'\\“i.k'\\ ‘I‘k'\\ ‘I‘k'\\ ‘I‘L G Z Z
» - - - - W
e T Bt it T J
D ‘7- et 0P e e R e / 2

NOTE: i h  ChangeinHead
(open) ' H, Lengthof Water Flow

{ Outflow <—

Figure 6.4a. Das FGE (2005). .. Gé’ — 27/’ T iZJ/W
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
DOWNWARD SEEPAGE

Total stress, ¢ Pore water pressure, u Effective stress, 67

Y

[
' ot

Hle

H 17w T Tsat

BN e 2y’ + iz,
H{+H, —
Hle + H2Ysat (Hl + H2 - h)q{w H2Y’+ hYW
Y Y Y
Depth Depth Depth

Revised 01/2020 Figure 6.4b. Das FGE (2005). Slide 20 of 28
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Effective Stress Review

EFFECTIVE STRESS CONCEPT
PARTIALLY SATURATED SOIL

e U o' =0 —u, + y(u, —u,)

r / Solid particle
\ _ _ Where:

u, = Pore Air Pressure
u,, = Pore Water Pressure
v = Fraction of unit cross-sectional
Salid parfiele area of soil occupied by water.
4 | v = 0 for dry soil; 1 for saturated soil.

v depends on degree of saturation (S).

Figure 6.6. Das FGE (2005). Also influenced by soil structure.
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Effective Stress Review

CAPILLARY RISE IN SOILS

Summing Forces in
P Vertical Direction

7T
| Zd* |hy, =mdT cosa
<«—— Atmospheric pressure 4 ¢/ w
o <« Iy, >
h o 4T cosa
.=
Capillary tube —>| | £, dj/ w
Free water surface Wh ere:
X ||y ' S e, T = Surface Tension
T o = Angle of Contact
i d = Capillary Tube Diameter
e ———————+ |
< > T, a, y,, remain constant
Figure 8.19. Principles of Geotechnical h oc l
Engineering, Das (2006). & d
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Effective Stress Review

CAPILLARY RISE IN SOILS

<_
-
<« =
-
S
|

|
o
N

Water

Figure 8.20. Principles of Geotechnical
Engineering, Das (2006).
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Effective Stress Review

I

CAPILLARY RISE IN SOILS

i

Screen

Revised 01/2020

(a)

-] Sandy soil

A
-~
" Hazen (1930)
H ho— ¢
v 4 - 1 —
Doegree of saturatiolno?%) eDl O

Where:
D,, = Effective Size (mm)
(b) e = Void Ratio
[ water C = Constant (ranging from
10 mm? to 50 mm?)
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Effective Stress Review

CAPILLARY RISE IN SOILS

Table 8.2 (Das, PGE 2006). Approximate Range of Capillary Rise in Soils.

Range of Capillary Rise

Soil Type - P
Coarse Sand 0.1-0.2 0.3-0.6
Fine Sand 0.3-1.2 1-4
Silt 0.75-7.5 2.5-25
Clay 7.5-23 25-75

EFFECTIVE STRESS IN CAPILLARY ZONE

r Saturated: u=—h7/W
O —0O0 —U

Partially Saturated: u =—/ S Vo
100

Revised 01/2020 Slide 25 of 28
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Effective Stress Review

SEEPAGE FORCE

WITH NO SEEPAGE
1 (i.e. STATIC CONDITIONS)

H

Vo= (Hm H) V1)
1 (V‘f ){ x’% A sat w
Hfj> R ,‘,V\ \(7/sat_7/w):7/’

1|«

v~ = Submerged unit
weight of soll

Effective Stress: 0’ =z}’

Effective Force: F, =zy'4

Where:
A = Area

Figure 6.1. Das FGE (2005).
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Effective Stress Review

SEEPAGE FORCE: UPWARD SEEPAGE

EFFECTIVE STRESS EFFECTIVE FORCE

/ /
NO SEEPAGE: O =2zy P'=zyA
WISEEPAGE: O =z)' —izy, P, =(zy'—izy,)A

DECREASE OF TOTAL FORCE DUE TO SEEPAGE:

' P
})1 o PZ — ZZ7/WA

SEEPAGE FORCE PER UNIT VOLUME:
P -P izy,A

(Soil Volume)  z4 —
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Effective Stress Review

SEEPAGE FORCE SUMMARY

‘-‘:\.1:. ._s‘.J:._
™4 P N M Py
el et 4
=" b e \’

NO SEEPAGE  Volmeor [Z ] |
soll=zA [~28. o = 8f.]
'.;u' & .:- -l,‘

I.-_'\ L Y ] -_'\r\ ,' i
i ".’o‘ .":’l‘;.

L < T 4 ik 3 i & F 4 SRR 4 e 4
.- ... \t_‘_... e _‘_... \t_‘-..- & = ..- \t_‘-.'- 3
-;s-'r.la .;~‘,.io '-;--,.ia o;‘-"..d Jo;--',.io o;~',_l
LR NS N LA L N AR RN S N
Volume [N < [ S o |
(ep—iod |- A o+ et UPWARD SEEPAGE
Of o R w . = -, ™ S e N .-,,-- - \.b,-- -
":.“.r.." .:h-'..‘ '.:l-'.l .;-'r.l‘ ‘.:-" b .;h" ]
. - + ’ o - ] a * # a & ¢ a s
soil =74 [ | B
! \‘J b, “,{'a‘_ " g“l“. .\‘1 Vs bt g“l ’,* :\‘J'
T iV A =
seepage force
e T8, e T e ] P e« T, = T a = 7
n_-.\.\k’.l .;_-‘\.\“"i. .| .;_..\-\“ .l. T..\.\h’. L, I m lZFYWA — ‘."
- L L

P s T s e So e by v," L
: ’ 2 = < -:‘ -. A "(\- .'-: Seepage .'J\.
DOWNWARD SEEPAGE @ tiewi’ |- piiara 7, [l
LR L WL ey R N s Or?’,e.'-n .,
.i.: - |':'-.- | :'-. .i':-‘ni -.| “"-.v|_:"s.
“..J:i". ‘(.a '.,,-..J:l‘.. J'a :‘.,-.J '.,-.J:
I T ' b, T ooy, T oy i 'l-..." LY
.‘s.'l‘.‘-.'rl‘_ '.‘s.rl .‘s.'i‘ & ot I‘.'s.'i
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