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Seismic design for pier and foundation
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Needs of seismic reinforcement

for existing foundations
Plastic deformation caused by the earthquake disaster

The Southern Hyogo prefecture EQ in 1995

The 2011 off the Pacific coast of Tohoku EQ
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Why do we design a footing?




JACKET FOUNDATION WITH INCLINED PILES

Offshore pile foundations for roads
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AXIAL LOAD DISTRIBUTION(STATIC)

Inertial force
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PILE FOUNDATION AND CAISSON FOUNDATION
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RESPONSE FOR ACCELERATION AND DISPLACEMENT
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Introduction

ODevelopment of "Integrated column by multiple steel pipes” (2004)

E | Shear link
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Steel pipe

Shear panel
made of

low yield
steel

A bridge column integrated by 4
steel pipes and multiple shear
panels interconnecting the pipes
has been proposed.

It is designed based on damage
control concept, in which the
vertical load is supported by the
steel pipes and the lateral load is
adjunctively supported by shear
links.

Shear panels are made of low yield
stress steel and have hysteretic
energy dissipation properties.

It intends to lead seismic damage
into shear panels and enables early
recovery by replacing only panels.

-~ HOKKAIDO UNIVERSITY



Introduction

ODevelopment of “"Integrated column by multiple steel pipes” (2004)

® Budget-pleasing prefabricated
material (ready-made spiral steel
pipes) are used.

® Anchor frame is NOT necessary
unlike a conventional steel pier
structure.

® Reduce 30% of construction cost

® Reduce construction time

® Rapid transportation open
NO Anchor frame

HOKKAIDO UNIVERSITY
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Cost analysis
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Introduction

OProposal of “Steel pipe pile foundation” for integrated column

® Each pipe of the column is

4 supported by a directly connected
steel pile without a footing
> difsni?;?r?on < ® Maybe rational & reasonable
foundation structure for "A
—2 L bridge column integrated column
\ by multiple steel pipes”
Footing ® Not impair the ability of the
3 x 3 2 % 2 integrated column structure
piles piles @ Reduce inertia force and sectional
force at the connected area
“ “ between piles and column
Conventional Way-out ® Reduce the cost of footing and
GP foundation Directly connected the number of piles
with Footing without Footing ®  Can employ the pile foundation in

narrow construction conditions

HOKKAIDO UNIVERSITY
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Purpose of Study

OShaking table test and Numerical simulation

® To compare the both seismic performance (footing type
vs footing-less type)
» Axial force acting at pile heads
> Lateral displacement at a pier top and pile heads
» Cross sectional force acting in a bridge column and
piles
® To confirm the yield order of the member for the
proposed structure
® To check the behavior of the proposed structure in
liquefiable sand
® To identify the structural issues of the proposed type
® To cross-check analytical model by simulating the model

tests
Q HOKKAIDO UNIVERSITY
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Outline of Shaking table test

I:IShakmg table and Large-scale rlgld box wu1'h 'remper'ed glass

Public Works Research Institute in Tsukuba
Large-scale 3-dimensional shaking table
Table size: 8m x 8m

Box size: 4m (W) x Im (L) x 2m (H)

See the ground through the tempered glass
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Outline of Shaking table test

ODetail of the model used in the tests
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Results of Shaking table test Dry sand

OResponse acceleration vs lateral displacement @ pier top
6
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The stiffness of Case-1-F (D-F) is bigger than that of
Case-1-S (D-5).

Case-1-F yields at earlier stage than Case-1-S.

Response acceleration and lateral displacement for Case-1-
F increase rapidly and brittle deformation is observed.
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Results of Shaking table test

OStrain on the structure at Step 3
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Results of Shaking table test

ODamage process of the member
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® The proposed substructure (Case-1-S) have advantages of strain
reduction of column by strain descentralization at footing point.

® It has high seismic performance and high toughness if the conditions
are right in view of the fact that the main member (columns and piles)
holds a large residual strength after yielding of the shear panels.
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Summary for model tests

23

® Based on the fact that the main members such
as the columns and piles yield after the shear
panels (secondary member) yield, the proposed
structure has a damage control performance by
energy absorption due to plastic deformation of
the shear panels.

® In particular, S-type has high seismic
performance because the main member (columns
and piles) holds a large residual strength even
after yielding of the shear panels.

Q@ (- HOKKAIDO UNIVERSITY
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My new pile foundations
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5.2 LNG receiving terminal and LNG tank

LNG tank need enough stability even if earthquake

Q
“

aa 45,000 m3

:: Double-walled metal tank

- 48 m

¥

Group pile foundation

(496 of steel pipe pile)
 EERERRRERRERRRRRERR

=can be used for loading test
AR R RRRRRRRRRRRRRRRRRREN 25/23

LNG tank




5.3 Experimental condition

demolished after
40 years service

3 x 1 group pile specimen _Reaction piles

7 x 9 group
pile specimen

18 m

Loading

direjion
4

:Slab

K —

Strain gauge,
® Displacement
transducer

O Inclinometer
5,000 kN jack

. Protective
concrete

Steel pipe pile
¢ 406.4

_ Thickness 12.7
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Prediction FEM analysis

to decide max. load




5.3 Experimental conditions

36000
32000
28000 Capacity|of jack = How to decide max. load?
= 24000 /
X 20000 . e
S 12000 a /A\ /ﬂ / to calculate the load
8000 ltimate behavior of
4000 /\/\(/ Voo to see ulti _ |
oV N N Y 63 of group pile foundation
o 1 2 3 4 5 6
Time (Hour)

o . 3D elasto-plastic FEM analysis
Unidirectional multiple-cycle  _ gimylating group pile effect

multiple-step loading (6 cycle)  elast-plastic approximate solution

: , = Conducted prediction analysis
Max. load is decided to 30,000 kN to decide max. load

27/19



5.4 Prediction analysis condition

Prediction analysis by 3 dimensional elasto-plastic FEM
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5.4 Prediction analysis model

The front of

. Beam element anchor piles
—— (Biliear model) 2
40cm AN — = 9
Practical pile| | A I = " eiiiini ssia "
(steel pile pile)
pp = i i le_ g t. : is=sas
— 0 T ?1?_ -mg"_ irection
l ) = S R e e dcead i e |
1/10 stiffness of [ A1 S niEmsaiaasa asa s e Ssas i
solid element 200 e
S e i
Is arranged around AN Sm’ AN = Z - AN v AY!
beam element Hybrid element 2 m =5d (d : pile diameter) T
14 m
Remaining pile around 9 x 7 group pile u X

Pile group effect depend on L/d

Only beam element model overestimate pile spacing L

and pile group effect is misesteemed
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Applied load (kN)

5.5 Results ~Load-displacement~
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Literal displacement at loading point (mm)

Even high load, remain stiffness =not reasonable

Actually, ultimate load was lower (25400 kN) bzlha:\tlif)r
=ductile deformation over yield load in design simulated

Simulate accurately at initial phase but not after yield 30/19



5.5 Results ~deformation of group pile~
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Load share

5.5 Results ~Load share of each pile~
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According to
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effect generate
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= over 0.9 load share
3% 1 group pile L/d =5

\

Specific to
large scale group pile
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