5. Deep Foundations GEEHE)

Applicability of depth factors for the shallow foundations i1s
limited to a certain depth, because bearing mechanism changes as
the embedment depth increases. How??

Shallow Foundation i> Deep Foundation

D/B <1 D/B>1
D 4 D
ey :1+0-4§ F,=1+0.4tan 1(8)
F =142t n¢(1— in¢)22 . )2 (D
gd — d 5 B F, :1+2tan¢(1—sm¢) tan (Bj
I, =1 F, —1

Hansen’s depth factor for shallow foundation
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5.1 Classification of deep foundation

S.1.1 Classification of deep foundation

Pile foundation -displacement or non-displacement
(FLEHE) -hollow or solid
-material (concrete, steel, timber)
-preformed or cast-in-place (bored pile, drilled pile)
-purposes (bearing pile, reinforcement,stabilization)
-conditions of pile (end bearing pile, friction pile,
lateral loaded, uplift, negative skin friction)

Caisson Foundation (&r—Y > £&HE)

Diaphragm wall foundation (GEEEE )
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5.1.2 Examples of use of piles  ©07¢ of the most common
foundation structure
-

s

Tower Brldge pier Anchoring Buil ding,Tank
Piered quay wall dolphin
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5.1.3Types of bearing pile

(Displacement piles : BF T 1) precast reinforced (RC)
e driven pile {hollow -concrete precast prestressed (PC)
-steel
economical '-solid -concret epile driving method
easy to construct {steel -dropping weight
noise timber -explosion
vibration -vibration
limited diameter -jacking against reaction

e driven cast-1n-place
a tube 1s driven L—concrete (closed end tube filled with concrete)
steel T closed end tube filled with concrete
WCasing method,retrievable
tube was removed after filling
concrete with reinforcement
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5.1.3Types of bearing pile
(Non-displacement piles : #EHE T 1)
«cast-in-reinforced concrete pile (3F5AT$TH41)
drilled pile all casing method
bored pile earth drill method
reverse circulation method

low noise

low vibration

large diameter and flexible cross section (enlarging base)
relatively hard to construct

*Pre-boring pile installation

*Cement grout mixing with core material (Steel pile)
Soil cement —hybrid steel pile
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Bored pile (all casing method)

reinforcement cage

(EAHD)
first tube

water pumping
concrete
water
casing tube/
rotating/ .
i : «—tremie
jacking
pulling
hammer
grab
cleaning slime at base Withdl.‘awal
(AT LAnIE) of casing
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Bored pile (earth drill method)

bentonite

a1 sl
ea@;ﬂl SHrry reinforcement cage

e

tremie concrete

top casing

mud cake
+

head
difference

-

stabilizing vertical hole surface .
cleaning slime at base
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enlargement of base diameter

Under-reaming tool

closed position open position
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Bored pile (reverse circulation method)

bentonite

slurry reinforcement cage concrete removing

top casing

tremie

/.

top casing

standpipe _—

excavation by hammer
grab until the depth,
where standpipe can
be accommodated.

excavation by drill bit and
pumping out soil with bentonite T

cleaning base using suction pumplng
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5.1.4 Types and loading conditions of pile foundations
Das:

Soft soil

Rock
(a) End bearing pile (%##X%#%) (b) Friction pile(gz) (c) Laterally loaded pile

(d) Pile in expansive (e) Pullout pile(513k)  (f) Pile against possible

or collapsible soil loss of bearing capacity
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Behavior mode of a pile subjected to six different axial conditions

(after Fellenius, 1984) Down-drag | Up-rag
push uplift N.S.F.
ground S > pile S |-
ground S <0
due to swelling
pull push
from at
toe toe
pile
deformation
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5.2 Vertical load - settlement relation
Q:load acting on pile top

load Q
(kN)
Q
pile shaft friction
T.| 1O, =7, Q,

pile tip (point)
bearing load

2
Q2 _ ﬂ q, Idealized load settlement response
q, 4
forces acting on axially loaded pile
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5.2 Vertical load transfer mechanism

\

pile shaft friction

Q Q
p S
pile tip (point)bearing load  point bearing capacity  friction resistance
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_A0(2)
f(2)==== (1)

I f
perimeter of pile
Cross section

point bearing capacity
Unit frictional resistance mechanism: local shear
=f(0, c’,, relative displacement)
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Load transfer functions for distributions of shaft resistance
(Vesic,1970)

0 /(2)
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Load transfer curves for a pile (Woo and Juang)

Full mobilization of shaft friction:
at relative displacement of 5-10mm

Full mobilization of point bearing capacity:
at the settlement 0.1-0.25 of pile diameter (over 100mm)
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5.3 Estimation of pile capacity against vertical load
Q,

steel
0,=9,70, (@
soil plug
Qs
L=L, o
(b) Open-end pipe pile section
, steel
q
soil plug

(c) H-shape pile section
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5.3.1 Point bearing capacity, Qp

Bearing capacity equation similar to that of shallow foundation:
. . %k ' %k %k
Q,/A,=q,=cN_+q'N,+yDN, ()

N',N°, N, bearing capacity factors which include the shape and depth factors

Pile:circular or square shape

D<<L = yD << yqu’
3= 0, = Ap(cN: +q'N;) (4)

Many method to evaluate the point bearing capacity,
Meyerhof (LEM, N-value:Das text book p 585,586)
Vesic (cavity expansion theory considering compressibility of soil
> :Das text book p 587,589)
Janbu (LEM:Das text book p 589,590)
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5.3.2 Friction resistance, Q0

\)
From the equation of unit friction resistance (eq.(1)),

fioy=0',tano  (6)

O: surface roughness, ¢’;: lateral stress o', =Ko'

0 and o’, may be affected by several factors, what is proper K?

pile type:
pile installation method: the higher displacement, the higher o,
soil conditions:the higher density, the higher ¢ and o7,
the larger OCR, the larger K,
time:consolidation

many proposals both for sand and clay :see Das text book
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time effects

variation of Q, with time

R

.. . . ng. 20
Variation of ¢, with time ©



5.4 Other important evaluations for pile foundation

1. Settlement = settlement of pile tip + compression of pile

2. Negative skin friction: large settlement of surrounding ground
due to consolidation => direction of relative displacement
becomes negative and AQ, <0

 Pull . : .— | net resis.tance: o
3. Pullout resistance I, =1,*W | adhesion or friction
4. Lateral resistance: load elastic solution for deflection
-active pile plastic theory for ultimateload

(external load from superstructure by wind and earthquake)
-passive pile (large lateral movement of the surrounding ground)
5. Pile group effect: interaction between piles => group efficiency
= (contribution of one pile in group pile) / (single pile)
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Diagram of load and resistance and of settlement showing dependence
of settlement on the location of neutral plane. (After Fellenius)

rigid
fontina

Negative skin friction

flexible
footing

Q: design load
Q : axial force caused by shaft friction
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5.5 Confirmation of bearing capacity of pile:

Pile load tests: Das text
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Typical load settlement relation in pile loading test ¢ (.

Defining Q,
‘ /liner
. 1ncrease
Net settlement: s,,, =5, —§,
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Other pile loading tests

Static test (conventional, Osterburg sampler)
*Stanamic test (using explosion)

*Dynamic test (1impact force)
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Expansion of Cavity in infinite soil
by Vesic (1972)

Elastic zone: E, v

_ Plastic zqhe

st

-Equilibrium(1)

So o.—O
rio=r ()

or r

=0

-Failure criterion (2)
(0, —0g)=(0, +0g)sing +2ccos¢

-Stress Boundary Condition+(1)(2)

o, =P, forr=R,
4sin ¢

R .
o, =(p, +ccot ¢)(—”j (sing) _ . cot @
r

¢—=0=> o.=p, _4cln——

U

-change of cavity volume=>

3 3 p3 3 3 3
RI-R' =R —(R,-u,)’ +(R —R)A

Problem of spherical cavity

-radial displacement at P-E B. u, =>

Lame’s solution “ =1+—VR (c,—9q)
PToop PRt

Stress increment/
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4sin ¢’

b [Rp (+sind) 3(g + ¢ cot ¢)(1+sin @)

— . —ccotg
R 3—sing’

u

u

insignificant error

14—3\/1+A =1, (3—sing)/3cos¢p~1 = .
< <Pp<
P = cF +qF, (A<0.15 and 0<¢p<45")
E G
., ny I = G
F, = 3(31 i S.m¢, ) (I r )3(?+sif¢') 2(1; erquang) s e Index
—sing I, =—*—: Reduced rigidity index
F,=(F,—1)coty '
0=0, (A=0)
P, = cF, +qF, P=f@AL)
F, =1 ¢, A, G are all stress dependent
4
F, =2 (nl,+]) <
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