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Purpose :

* Development of new seismic retrofit method

« Establishment of design & construction manual

Research Period : 1999-2001
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Loading test of High Capacity Micropile (vertical, horizontal)
Horizontal loading test of group piles(existing piles & micropiles)
Shaking table test of group piles

Centrifuge loading test of group piles

Analysis for group piles (simulation for the horizontal loading tests)
Loading test of a connection part of pile head and footing
Examination of design method for group piles

Numerical analysis considering finite deformation of piles

Examination of quality control & quality assurance by integrity test

Design and Construction Manual o
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Spacing between Existing
Piles Center and

Inclination Angle of

Case Number of Piles Micropiles Center Micropiles  (°)
(mm)
1 [Single Existing Pile — —
2 |Single Micropile — —
3 |4 Existing Piles — —
4 |4 Existing Piles and 6 Micropiles 200 0
5 |4 Existing Piles and 6 Micropiles 400 0
6 |4 Existing Piles and 6 Micropiles 200 10
7 |4 Existing Piles and 6 Micropiles 200 20
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— Simulation Analyses for Loading Tests by
Ductility Design Method

Non-Linear Model
 Ground Properties
" Flexural Rigidity of Piles
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ki = abiky

Pru ~ apbp Pu
a;, a, : Correction Factors of a Single Pile
by, b, : Correction Factors of Group Piles

To consider the group effects...
ab = 1
a, (Cray Ground) = 1.0
a b (Sandy Ground) = S/D (=3)

To consider the group effects of trailing piles...
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* Results of horizontal loading tests

— Micropiles have a large reinforcement for existing
foundation.

— Spacing between existing pile and micropile has
little effect on reinforcement.

— Inclination of micropiles increase horizontal
resistance of existing foundation.

* Results of simulation analyses

— Ductility design method for new foundation 1s
available to retrofitting design with some
modification.
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* The dynamic response characteristics of the
foundation reinforced with micropiles are
proved free from problems.

* Micropiles are effective in reinforcing the
existing foundation.

 Inclined micropiles can decrease the response
of the existing foundation.
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Part 1 : General

Part 2 : Design
— Chapter 1 : General
— Chapter 2 : Material
— Chapter 3 : Surveys
— Chapter 4 : General Instructions
— Chapter 5 : General Instructions for Seismic Retrofit
— Chapter 6 : Elastic Design for Ordinary time and Level Earthquake
— Chapter 7 : Ductility Design for Level II Earthquake
— Chapter 8 : Detail
Part 3 : Construction
— Chapter 1 : General
— Chapter 2 : Construction Procedures
— Chapter 3 : Quality Control & Quality Assurance
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Name of Bridge : RYUSENII Viaduct
Construction period : Oct., 2001 - Mar., 2003

Number of micropiles : 95 piles (L=12.8 - 14.3m)
Total length of micropiles : 2418 m
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Enlarged footing < Bridge Pier
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Construction Example 2 (Electric Pylon)
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Name of plant : Kameido Water service plant
height : 7. 7Tm

Width : 104m x 104m

Volume : 60,000m?
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L=35 -48m
D600mm

Existing piles

* The number of existing piles are 1696.
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Caisson Type Pile

Micropile
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Caisson Type Pile

Micropile

Structure
®7m@16m ®0.17m@12m
@1 piece @49 pieces
Amount of digging(m?) 615 115
materials 39% 43%(+4%)
é‘ labor 43% 21%(-22%)
S | machine 6% 22%(+16%)
E incidental facilities 12% 4%(-8%)
Total 100% 90%(-10%)




Steelpbe
Soft G round
Couplr forDeform ed Bar

Steelpipe
C entralzer

psue puog

D rillng B it

<«— Deformed Bar —

Bond Length

<+«— Grout——

Standard New Type

* New Type HMP

— Diameters are

larger than
standard HMP.

— Total length 1s a
bond length.

75



76



| | |
yield load;1800kN ultimate load;1980kN

\ » New-HMP

Design load

30 40

Displacement(mm)




.__,_ |
W W W
c e s s
W :
W W W
L , |
A \ \ ' l
N\ Y \ 3 \ .
| -
Y B h \ A | _
L W \ : :
Y, e \ . ..
* N \ " : |
N N Y i . .. |
S % hy X \ | .
T, W Y % ,_._, y _.
// .f.. ..._, ._._f y : |
4 %, y .
| | i
___ __ ._ ._ Ny g ..... 5 4 ......,

(.




1. Introduction (Background of Research)

2. Joint Research
A) Model test 1(horizontal loading tests of group piles)

B) Static analysis for group piles (simulation analyses
for the horizontal loading tests)

C) Model test 2 (shaking table test of group piles)
3. Construction examples 1n Japan

4. Development in the future

79



80

=75t




Thank you for your
kind attention!!



