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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing
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Creep: Gradual downhill movement under the force of gravity after
consolidation

Secondary consolidation: Soil compaction due to soil particle
rearrangement caused by soil creep (cohesive soil &&=, organic

soil 771 &E)




Field Survey and Testing

e Settlement Calculation

x|
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— Calculate settlement of the clay soil when the field void ratio = 1.4, LL. =
60%, the soil depth = 3m and the effective loading changes from 10t/m?
to 15.2t/m?.
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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing

* Boring: In site sampling

— Disturbed sample (et SEHR AlZ): D{RHFAEHAY A L
A2 AUSANE SHSAMY, BHSAE S

O, 21

A7t ele 22| 542 Ttest=0 AHEE.
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Field Survey and Testing
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Field Survey and Testing
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Field Survey and Testing

* Standard Penetration Test (SPT, 2=3#JA %)
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Field Survey and Testing

* Plate Bearing Test (PBT, maxsiAd)
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Foundation Methods

* Foundation: Part of a structural system that supports and
anchors the superstructure and transmits its loads to the earth

Footing FD Isolated
T E|7|X %EJEEIjZC_
| Shallow FD (F271=) (FEFE7|x)
(L X T|X)
: Mat FD Combination
Foundation | (M| X) (2SI E 7| %)
(71=)
: Continuous
] Ij)legp FD PIEI.:e FD (@LmE7| %)
(H271=) EEES
_ _ _ | Pier FD
Shallow Pile . Caisson Pier HES
YYVYY Y. - /
” / vt | Caisson FD
| | (0127 %)
Bedrock - 54 zla} - ':':L L.

SO|I Ground



Foundation Methods

* Generalized foundation design steps

Calculate loads from structure, surcharge, active and passive pressure, etc.

Characterize soil: Hire a firm to conduct soil tests and produce a report

that includes soil material properties

Determine footing location and depth: Shallow footings are less
expensive, but the variability of the soil from the geotechnical report will

drive choices

Evaluate soil bearing capacity: The factor of safety is considered here

Determine footing size: These calculations are based on working loads

and the allowable soil pressure
Calculate contact pressure and check stability
Estimate settlements

Design the footing structure



Foundation Methods

* Shallow Foundation
— Solil ground has suitable bearing capacity for direct slab foundation

— Easter to be built than deep foundation

* Type

— Spread footing: a single column bears on a square, rectangular, or circular

pad to distribute the load over a bigger area, simple to build and economical,
soil should satisfy required bearing capacity

— Continuous footing: a continuous wall bears on a wide pad to distribute
the loads

— Combined footing: multiple columns (typically two) bear on a rectangular

or trapezoidal shaped footing

Circular

Rectangular



Foundation Methods

* Type
— Mat foundation: a slab that supports multiple columns. The mat can be
stiffened with a grid or grade beams.
« Z7|Z=EHO| A|SHHO| 2/30| k| = 7| =, X[ FZ=AHO0] FX| pn £SHSHIL
2dot?| ¢l2 X, FE2=2| of 77} XSt Ot of 2{X|5tal RO Kp==Lt
et S2AE 9, oA A= W X512 f12=

Combined Footing Mat Foundation
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*q,— q : ultimate bearing capacity of soil only under the foundation structure
q=Dsxr

Foundation Methods

D,

o E27|EL| X[X|H (Terzaghi theory)
— Foundation bed width B > Foundation depth D,
— Ultimate bearing capacity of normal soil (F8tX|X[&, q,)

Qu = @CN + priBN; +12D¢Ng -m

af:712] A4 1+0.3B/L
Ne, Nr, Ng: A A 3 A4

o B 0.5 0.4 0.3 0.5-0.1B/L
B:71z9 £
A:71z 9= r—mwm—
Dy 7128 2ol B g
V171235 okl e Ak Bl F3 Do -
7272859 HFol Qe A B P
(a)
D . ).
(@)ry =1y — D—W (ry — rgyp) (insertr,’” instead of r,)
f ST r
D
(b) Ty =Tsup + ?W (TZ - rsub) >krsub =gt — rw(l'Ot/mg) 72 &
Y
Allowable Bearing Capacity (AEX|X|&): q, = q,/F (Safety Factor) t nle—B D,,,:‘
B ==
Net Allowable Bearing Capacity (=& X|X|H): g = (q,—9q)/Fs ' Tour

*q=D; * 1, (b)



Foundation Methods

* Por continuous foundation construction, calculate (1) ultimate
bearing capacity and (2) allowable bearing capacity. (c = 1.6t/m?,
r=1.8t/m> r_, = 2.0t/m> F =3 N_=17.7, N, = 5, N, = 74)

sat

“““““““

—

1.5m '1.0m

[ = {

B=3m



Foundation Methods

* For square shape foundation construction, calculate (1) ultimate
bearing capacity and (2) allowable bearing capacity, and (3) net
allowable bearing capacity. (F, = 3, N_=17.7, N, = 5, Nq =7.4)

N7 ANY 7 AN Y/7ANY 7 AN

y=1.7t/m?
c=1.0t/m?

1.5m

v 2.0mX 2. 0m
y $=20°

s \V4 -
GWwW T %sar=2.0t/m?

0.5m




Foundation Methods

* Shallow Foundation: Cutting Methods

— Open cut: for wide ground having good soil conditions

— Island method: excavate the center of foundation structure and build
foundation like 1sland. Support retaining walls by the built center and
excavate remaining soils

— Trench method: opposite to the island method. Excavate and built
foundation edges first, use it as a retaining wall and move to the center

position

D ®




Foundation Methods

* Heaving

- Gt HEZ AEE =282 Wl ERS HIH 52| 0| =2H 0[5}
Algro| 3ot XX HELDH 37 £[0] H{H EAVF ERSO| LSS 2ol
A 20 =25 MHO| YYo= vy

=
7&0ot7| Al&std] 0

— Safety to heaving

Q

* Driving moment of heaving (M)

My =W X 0.5R + qR X 0.5R
=71.H R X 0.5R + 0.5qR*
= 0.5R?(r;H + q) " .
* Resistance moment to heaving (M,)

s

M, =nRC, xR+ HC; X R
= wC,R?* + HC{R

e Safety factor (F) = M, / M,
— Need to F, > 1.2 to be safe




Foundation Methods

* Estimate safety to heaving

W n=1.5t/m?
H=14m [} Ci=1.3t/m?

A

R=5m \L / C,=2.5t/m?

W Lo




Foundation Methods

* How to prevent heaving
— Set up the retaining wall deeper
— Change cutting methods (e.g,, open cut to the island method)

— Increase stability of foundation ground by cement grouting (injection),
chemical 1njection, underground water drainage, compression, etc.

— Technically increase stability of the retaining wall (e.g,, bracing, anchoring)

* Boiling
— E2fX|EHO| M X|St=2| O[3tE =41 M
EFHO| 7|z 40|0f H|5{A HH| 2|7}
HF =W =2 | 2l /A7t X|Sh4=2f
=0 &=5t0 =2 50| OrX| E0| B+=
SENQr E0| E|l= oy




Deep Foundation

Footing FD Isolated
T E|J|X E2IZE|J|X
Shallow FD (F871%) (FEFE7IE)
(2, AT 7| x)
- Mat FD Combination
Foundation (HH7|X) (SFEET|X)
(712) c
. ontinuous
I:j)legp FD P':I:e FD (GLmE 7| %)
(Z27|X) (H=7|x) =T e
The strata of good bearing capacity is not | Pier FD
: (|0 7| =)
available near the ground
The space is restricted to allow for shallow | caisson FD
foundation (A O] &7|X)
The foundation structure has to be taken
deep with the purpose of attaining a bearing shallow ~ Plle. ~_ .Calsson Pier
stratum which is suitable and which ensures TR L /
stability and durability of the superstructure o |5 | BN
The depth of the foundation is very large in ALl R | | X
comparison to its width Bedrock %" ex A ||

Not constructed by ordinary methods of
open pit excavations

2. Soil Ground - - :




Pile Foundation

* Column driven into the soil to support a structure by transferring

loads to a deeper and stronger layer of soil or rock

e Provide a common solution to all difficult foundation site
problems

* Can be used for any type of structure and in any type of soil

* Situation for pile foundation

Heavy and non-uniform loading from the structure
For saving time and money
Soil is compressible and firm hard bearing strata is located at a large depth

Structures are located on river-bed or sea-shore having high likelithood to be
scoured due to action of water

Large fluctuations in sub-soil water level, Canal or deep drainage lines exist
near the foundations



Pile Foundation

* Classification based on bearing capacity (X|X| 2o 2|st

CC

B =
)

— End bearing pile( EFA[X|25): driven into the ground until a hard

stratum 1s reached. Piles do not support the load rather acts as a medium

to transmit the load from the foundation to the resisting sub-stratum

— Friction pile(OH&# ) driven at a site where soil 1s not economical or
rather possible to rest the bottom end of the pile on the hard stratum,
Load 1s carried by the friction developed between the sides of the pile

and the surrounding ground

(to determine a depth = skin friction = load coming on the pile)

CC

— Bearing or supporting pile (St X[ 0] 2|t X|X[Z=): driven into the

ground until a hard stratum and passes it to get further friction



Pile Foundation

* How to increase the load carrying capacity of friction pile
— Increase diameter of the pile
— Drive the pile for larger depth
— Group several piles

— Make surface of the pile rough

shEX| hoj o3t = =
x| x| 2




Pile Foundation

* Classification based on usage purposes (AF&FH0| 2|$t £7)

Compaction pile(CH Z=): to improve compaction while piling, good to

be used for loose sandy soils

Stabilizing pile(%F2=): to stabilize and protect slopes

Batter pile(Ate, ZAHEE): to compensate horizontal weakness of piles and

resist large horizontal and inclined forces

Lateral resistance pile(=8 X 255): batter piles, retaining piles, fender
piles (protect dock walls, decks), etc. that provide horizontal supports

Ir
rl>




Pile Foundation E

e C(lassification based on functions (7|50 2|$t %)

— Single pile(tte): underground stresses of two or more piles are
independent, piles are located far

D,>1.5Vr L

(D,: distance between piles, r: pile radius, L: pile penetration depth)

— Group pile(#2): underground stresses(X| 58 3) of two or more piles
affect each other, piles are closely located, reduce bearing capacity of piles

D, <1.5Vr

* When piling into clay sotls or clay soils exist under the pile end,
should consider effects of group piles on bearing capacity reduction
and possible settlement

* Normally 70-80% of single pile’s bearing capacity



Pile Foundation

e (lassification based on functions

— Efficiency of bearing capacity (Group piles, *&2| X[X|H 22

(n—Dm+(m-"n 3 = i n: number of rows of group piles
} Y = tan s m:number of piles in one row
D: diameter of a pile
S: distance between pile centers
(*if different, take smaller S for
calculation)

E=1-Y
90 mn

— Allowable bearing capacity of group piles (& 2| 5{8X|X| H)

R ag = E N - Ra N: number of piles, R,: allowable bearing capacity as a single pile
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® Gl'Ollp pileS G242 (2.0m)
— Is following pile foundation a single pile or group piles? (L. = 15m)

Pile Foundation

4/‘ 2.0m)

— There 1s group piles consisting 20 piles. If the allowable bearing capacity
as a single pile 1s 20t, calculate the allowable bearing capacity of the
foundation.

30cm

130cm

120cm



Pile Foundation

* C(lassification based on materials (*{ 20 2|st &)
— Timber piles
* Untreated (last only couple of years — only temporarily used)
* Treated with a preservative (salt or creosote)
— Concrete piles
* Precast concrete piles
* Cast-in-place concrete piles
— Steel piles
* Steel H sections
* Steel pipe piles
— Composite piles
* Concrete and steel

* Plastic with steel pipe core



Pile Foundation

* Timber piles

Advantages:

More popular lengths and sizes are
available on short notice

FEconomical in cost

They are handled easily (light) with
little danger of breakage

After driving, they can be easily cut to
any desired length

Can be extracted easily in the event
removal 1s necessary

*In these days, less used except for temporary
construction

Disadvantages

May be difficult to obtain piles
sufficiently long and straight

Can be difficult or impossible to use
in hard formations

Difficult to splice when increased
lengths are necessary

Usually not suitable to use as end-
bearing piles under heavy loads:
better for friction bearing piles

Usually require treatment with
preservatives to maintain structural
capacity over required duration:
possible environmental impact.



*kip: 1,000 pound force
psi: pounds per square inch

Pile Foundation

* Concrete piles: Precast concrete piles

— For projects with a large quantity of piles, transportation costs from
existing manufacturing plants may be significant. Thus, it may be cost-
etfective to set up a casting facility on the job or in the general vicinity of
the project. The establishment of such a facility requires a substantial
investment in specific equipment and casting forms as well as a sufficient
amount of space for the casting beds, curing area and storage yard.

(1) Prestressing strand will be as long as the casting bed

(2) Bulkheads will be placed in the forms as determined by the
desired pile lengths

(3) Utilizing stressing jacks, each strand will be pretensioned to
between 20 and 35 kips prior to the concrete placement

(4) Immediately following the concrete placement, the piles are
covered with curing blankets and steam is introduced

(5) The curing continues and the prestressing forces are released
when the concrete has attained a minimum compressive strength
of 3,500 psi




Pile Foundation

* Concrete piles: Precast concrete piles

Advantages:

— High resistance to chemical and
biological attacks

— High load-carrying capacity
— Simple quality control

— In the case of hollow cylinder piles, a
pipe can be installed along the center

of the pile to facilitate jetting

Disadvantages

Difficult to reduce or increase the
length: necessary for good site
investigation during planning

Large sizes require heavy and
expensive handling and driving
equipment

The inability to quickly obtain piles by
purchase may delay the starting of a

proj ect

Possible breakage of piles during
handling or driving produces a delay
hazard



Pile Foundation

* Concrete piles: Cast-in-place concrete piles

— Cast in position inside the ground

— Driving a metallic shell and leaving it in the ground and then filling the
shell with concrete (cased) OR Driving a metallic shell and filling the
resulting void with concrete as the shell is pulled from the ground

(uncased)

Raymond step-taper concrete pile: installed £

by driving a spirally corrugated(FE %) steel
shell. After a shell i1s assembled to the desired
length, a step-tapered (BHE 7t=0{%| =) rigid-
steel core is inserted and the shell is driven to
the desired penetration. The core 1s removed
and the shell is filled with concrete.
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Pile Foundation

* Concrete piles: Cast-in-place concrete piles

— Augered cast-in-place pile: do not require a shell or pipe.

(1) A hollow shaft auger is rotated into the soil to a predetermined tip
elevation

(2) As the auger is withdrawn from the hole, grout 1s injected under
pressure through the hollow shaft

(3) Concrete can be placed to the ground elevation and then cut off

228

IEHO) XA/ 2 Sk EY 2, X} PEEC YH|B E2
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Pile Foundation

* Concrete piles: Cast-in-place concrete piles
— Franki driven cast-in-situ pile
(1) 'The drive tube 1s driven to the desired depth
(2) Concrete is dropped into the drive tube and compacted
(3) The drop hammer expels concrete from the tube

(4) Additional steps complete the footing



Pile Foundation

* Concrete piles: Cast-in-place concrete piles

Advantages:

The lightweight shells can be handled

and driven easily

The length of a shell can be increased
or decreased easily

The shells can be shipped in short
lengths and assembled at the job site

The danger of breaking a pile while
driving is eliminated

Additional piles can be provided
quickly if they are needed

No pile splicing

Disadvantages

A slight movement of the earth
around an unreinforced pile may
break it

Require careful placement of the
concrete to ensure a structurally
sound shaft

Installation of reinforcing steel can be

difficult

The bottom of a Franki pile may not
be symmetrical



* Steel piles

— In constructing foundations that require piles driven to great depths with

higher bearing capacity, steel piles probably are more suitable than any
other type

Easy to be welded: Because the steel piles can be driven in short lengths
and additional lengths then welded on top of the previously driven
section, they can be utilized more readily in situations where there are
height restrictions that limit the length of piles that can be driven in one
piece

Steel H section piles: the great strength of steep combined with small
displacement of soil permits a large portion of the energy from a pile
hammer to be transmitted to the bottom of a pile, 20-30% cheaper than

pipe piles

— Steep-pipe piles: better engineering performance than H section piles




Pile Foundation

* Composite piles
— Usually developed and offered to meet the demands of special situations

* Situations that cause problems are hard ground at the project site:
cause problems with applying the energy necessary to drive the pile
and at the same time being careful not to destroy the pile

* Warm marine environments: subject the pile to marine borer attacks
and salt attacks on metal, therefore special piling protective measures
are usually specified *Marine borer: &)l QEX 2 2

— Concrete and steel composite piles

* When extremely hard soils or soil layers are encountered
* Top portion of the pile = prestressed concrete pile
* the tip = steel H pile embedded into the end of the concrete pile



Steel Core

Pile Foundation

* Composite piles

HDPE Plastic

— Plastic with steel-pipe core piles

* Immune to marine borer attacks, eliminating the need for creosote
treatments or special sheathings in marine environments

* Their abrasive resistance makes them excellent for fender system use

* Selection of pile types
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Head block

Pile Foundation =

* Pile Driving

_~Catwalk

_-Pile

| — Ram

Drop Hammer: Stream/Air Hammer:
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Lifted by a hoist line Ram lifted by steam or
compressed air
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""" water
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Anvil

Diesel Hammer:
Self-contained driving unit within cylinder

Sheet pilings
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J High-pres- o« g,
sure la ] 2

l |____Nozzle

Wt g

Water Jetting: Water jettlng to assist in

driving piles by reducing friction and
loosing soils with high pressure

Vibratory Hammer: Reduce friction b/w
soils and a pile with vibration, for
water-saturated/non-cohesive soils
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Pile Foundation

* Pile-Supporting Strength
— Many pile-driving, empirical equations

— Engineering News equation: most popular in the U.S.

* Drop hammer 2WH
S+1.0
* Single-acting steam hammer . 2WH
- S+0.1
* Double/Differential-acting steam hammer oF

R: safe load on a pile in pounds

W: weight of a falling mass in pounds

H: height of free fall for mass W in feet

E: total energy of ram at bottom of its downward stroke in foot-pounds
S: average penetration per blow for last 5 to 10 blows in inches




Pile Foundation

* 'The falling ram of a drop hammer used to drive a timber pile 1s
5,0001lb. The free-fall height during driving was 19 in., and the
average penetration for the last eight blows was 0.5 in. per blow.
What 1s the safe rated loading using the Engineering News equation?



Pier Foundation

* A reinforced concrete column (D=750mm) constructed below
the ground surface to transfer the load down to a stronger layer

* Characteristics
— Good resistance to horizontal moment due to the large dimension
— Can use one piler instead of group piles
— Less notse and vibration: good for construction in urban areas
— Machine excavation technique: applicable when piling 1s difficult
— Less opportunity of heaving and soil vibration
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Tremie pipe: efficiently deliver
fresh concrete to the bottom, 48

Pier Foundation

* Risks during pier foundation

— Poor concrete quality: tremie pipe, quality control (Et2
— Hollow wall collapse, Drilling difficulties: stabilizer liquid, good casing,
appropriate drilling plans

— Rebar dislocation: installation of grid rebar(m2 B = ZX HEX) at the

bottom, reinforce tying, slow down concrete placement speed

— Drilling plan changes
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Caissons Foundation

* Wiater light structures made up of wood, steel, or reinforced
concrete constructed in connection with excavation for
foundations of bridges, piers, abutments in river and lake dock
structure for shore protection

* The caisson remains 1n its pose and ultimately becomes as
integral parts of the permanent structure

F7| HEE

ol 2(717h)

(a) open caisson (b) pneumatic caisson (¢) box caisson
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Caissons Foundation

* Open caisson (well foundation)
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— Good for bridge piers/columns (used for Seohae bridge)
— No limit to drilling depth
— Relatively economical and easily operated
. . . F—H=38E
— Can disturb adjacent soil structure —— e
— Can incline due to settlement J:l/] KQ +H RO =
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Caissons Foundation

e Pneumatic caisson
— K| MO A H|ZtEl AHO|&S S0 2Bt H XA 7] 20f #|0]|& SHE0f X =
AN X|Stgfof AE0le 557 E 57|61 XIOP—’F'—f S0 A=
HEX|SFHA Q1A ZAHAH| 2 X|HH2 Z &S A 0|&2 XS0 HEA 7| = 5 H

— Bridges, tunnels, subways, roadbed

— Good workability in dry working conditions
— Good to check underground conditions

— Stable with less movement and inclination Lok
I LOC

— Heaving/boiling protection - JERTY

—

— Difficult working in a deep depth (35-40m) s AT
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— Increase labor cost
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— Cause of caisson disease
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Caissons Foundation

e Box caisson
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— Harbor dock, breakwater(2 It X))

— Made by reinforced-concrete, concrete, iron

— Good lateral resistance

— Good for quality control during manufacturing v

— Cheaper

Ik

— Horizontal leveling before settlement
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— Consider underground scouring(M=) it A
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