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平成２３年度 SGST第１回定期研究会 議事録 
 
 
日時 ：平成 23年 4月 14日(木) 16：00～17：30 
場所 ：名城大学 名駅サテライト 
出席者：近藤，宇佐美，小塩，渡辺，葛（名城大），永田，奥村（名工大），鈴木，青木（愛工大），

木下（岐阜大），渡邉（岐阜高専），中野（愛知県），加藤（海洋架橋），野田（中日本ﾊｲｳｪｲ），澤

木，長谷川（ｾﾝﾄﾗﾙ C），岡本（ﾊﾟｼｺﾝ），森野（長大），岸本，戸田（創建），加藤（中日本Ｃ），川
瀬（日中 C），園部（JTS），嘉津（KTS），穐山（ｺﾍﾞﾙｺ科研），高橋（ｱｽｺ），藤澤（新三重技術），
小西（日橋），小枝（川田），神頭，吉嶺（日車），織田，森田，松村，中川，坂部，石黒，松原，

上田，菱川，鈴木，所，酒井（瀧上），藤井，窪田（日鉄トピー） 
以上 45名(敬称略)   

 

 

 

１．定期研究会（16:00～17:30）（近藤代表） 
講演者：東京工業大学 教授 川島一彦 氏 

講演項目：「E-Defenseを用いた橋脚の耐震実験」（橋梁の耐震設計と最近の話題） 
※土木学会CPDプログラム認定番号 JSCE10-1010 

 
講演内容 
講演「E-Defenseを用いた橋脚の耐震実験」（橋梁の耐震設計と最近の話題）： 

E-Defenseを使用したRC橋脚の耐震実験で、ＲＣ柱の崩壊に至る状況を説明いただいた。説明
には動画も織り込まれており、分かりやすく説明いただいた。また、ポリプロピレンを使用した

コンクリートの場合、耐震性が向上するとの実験結果であった。 
耐震設計に関する一般市民へのアンケート結果によれば、市民は橋梁の復旧に１週間以内を要

望しているが、実工事では２～３ヶ月かかるため、使用者の要望と供給側の実態に乖離が見られ

る。また、ダメージフリー橋の建設コストに関するアンケートでは、30～50％のコスト増を市民
が認めていることが分かった。 
また、東北地方の震災の調査についても講演いただき、現地での状況をご説明いただいた。 
本発表については，大震災の直後であり、耐震に関する参加者の関心も高く、活発な質疑応答

が行われた。 
 

以上// 
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1989 Loma Prieta, USA

1994 Northridge, USA

1995 Kobe, Japan1995 Kobe, Japan

Whereas bridges are a vital component
of transportation system, they are 
vulnerable to seismic effect…….

E-Defense Bridge Program based on 
NEES/E-Defense Collaboration

2005-2010
C1. Component experiments (single column)

C2. System experiments (progressive 
collapse)

Shake table

Shake table

Bridge Program in 2005-2009

2005 & 2006: Analyses, design, and 
preliminary experiments

2007-2009
C1-1: 1970s flexure failure dominant column

C1-2: 1970s shear failure dominant column

C1-3 & C1-4: Seismic retrofit

C1-5: Column designed based on the current 
code

C1-6: Next generation ductile column

7.5m

1.8m

D29@16 bars
(inner bars)

Hoops
D13@300mm

Flexural Failure Dominant Columns

%911.0s

%19.2lP

D29mm@32 bars
(outer & center bars)

C1-1: A Typical Column 
Built in the 1970s

Lap splice
=390mm

%02.2lPLongitudinal bar ratio

%32.0sVolumetric tie bar ratio

D35mm@37
bars
(outside & 
inside bars)

C1-5: A Typical Column 
based on Current Code

2m

1.8m Hoops 
D25@150mm
at Outside & 
D25@300mm
at inside

135 degree bent hock
Lap splice 997mm

C1-2

C1

135
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Total mass=1,069t

C1-1 & C1-5 Model
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The 1970s Deign Current Design
1st 100% Excitation
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The 1st Excitation The 2nd Excitation

How is the column design based on the 
current code (C1-5) enhanced than the 
column built in the 1970s (C1-1)?
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Prototype Model
1/6 Scaled Model

25mmm

Block 
size 
after
failure

Micro aggregates

Scale Effect by Aggregate Size on 
the Failure of a Column

Ductility capacity is 
overestimated in the 
scaled model??

150mm

Block 
size after 
failure

Aggregates
(13mm)

Longitudinal bars
Ties

What are the Scale effects?

There are a number of difference in responses 
between the full-scale models and the scaled-
models due to the scale effects;

When does local buckling of rebars occur?

Lateral confinement by multilayered ties?

Spilling out of crashed pieces of concrete 
blocks from rebar spacing. This would result 
in extensive underestimation for the 
deterioration of a scaled-model beyond 
ultimate stage 

…..

Can we know the failure mechanism 
from small scaled models?

7.5m
D35@36bars D22 ctc 150mm

2m

0.5m
1/5 model

1.5m

- 28 -



15

Geometrical Scale of the Scaled-
Models was Set to 6/35
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Measured C1-5 column response displacement 
was imposed to the scaled-model by scaling 
down the displacement by 6/35 
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Can we evaluate the flexure strength of 
C1-5 column based on 6/35 scaled model?
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150mm

Since 1995 (1980)Prior to 1980

300mm

Cut-off of longitudinal bars

Shear Failure of a RC Column which 
suffered Damage due to Insufficient 
Development at Cut-off Points

Shear Failure Dominant Column Typically 
Built in the 1970s: C1-2 Column

7.5m

1.95m
Lower cut-off

3.95m

Upper cut-off

1.8m

Hybrid Loading

Near-Field Ground 
Motion at JR Takatori
during 1995 Kobe 
earthquake

Middle-field Ground 
Motion at Tsugaru during 
1983 Nihon-kai EQ

Tokyo Institute of Technology
19951995

JR

Dependence of Failure Mode on the 
Type of Ground Motions

600mm Shear Failure Dominant Column: C1-2
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C1-2 Column 
which fails in 
Shear
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How is the column designed based on the 
current code (C1-5) enhanced than the 
shear failure dominant column in the 
1970s (C1-2)?
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Kono et al(1996)

JSCE (2007)
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Size Dependence of Shear Strength of 
Concrete under Dynamic Loading

E-Defense

Tokyo Institute 
of Technology

PWRI

Next Generation Ductile Column

C1-5 column which was designed based 
on the current design code performed 
without significant deterioration of flexural 
strength until 8% drift excitation.

However damage was extensive when it 
was subjected to repeated (long duration) 
excitation which was stronger than the 
design ground motion

More stable and ductile column which can 
realize “damage free bridge” is expected.
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cc=0.005

Compression

Tension =0.002-0.003cc

RC

Fiber reinforced concrete

Brittle Failure of Concrete Can be 
Mitigated by Mixing Fibers

FRC
Steel Fiber 
Reinforced 

Concrete (SFRC)

Polypropylene 
Fiber Reinforced 
Concrete (PFRC)

Concrete
matrix

Ready-mixed 
concrete

High-strength 
mortar with no 

aggregates
Fiber Type Steel Polypropylene 
Diameter 0.55 mm 0.0426mm

Length (mm) 30 12
Tensile 

strength
(N/mm2)

1100 482

Volume by 
weight 1.0 % 1.5 %

Property of Steel and Polypropylene Fiber
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1150
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SD345

36 D10
Axialbars
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f c=60MPa

SF

f c=60MPa
(SFRC)

f c=60MPa

PF

f c=40MPa
(PFRC)

f c=60MPaf c=60MPa

Preliminary Experiments

Steel Fiber Polypropylene Fiber

High Strength RC (60MPa)Effectiveness of 
Polypropylene Fiber 
Column for 
Enhancing Ductility 
Capacity
Bilateral Cyclic under a 
Constant Load

C1-6 Column and C1-5 Column

%47.2lP%19.2lPAxial bar ratio
%72.1s%911.0sVolumetric tie ratio

RC Column based on 
the Current Code: C1-5

2m

Ties
D25@150mm
at outer bars
D25@300mm
at inner bars

135 degree bent hock with
Lap splice of 4 997mm

D35@37
Outer, 

Inner

1.8m

High Ductile Column: 
C1-6
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PFRC

RC Column based on 
Current Code (C1-5)

Polypropylene Column 
(C1-6)

The 1st Excitation by 100% E-Takatori GM)

The 2nd Excitation by 100% Takatori Record 
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RC Column based on 
Current Code (C1-5)

Polypropylene Column 
(C1-6)

The 4th Excitation by 125% E-Takatori GM)

The 5th Excitation by 125% Takatori Record 

Cracks developed at the surface did 
not propagated into the core concrete
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NE Face
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20 mm 
wide 
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At 7.07 sec 

20 mm wide crack

Response of C1-6(2) and C1-5(2) 
under 125% Intensity Excitation
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3D Fiber 
Element

Reinforcement 

Menegotto-Pinto 
Model

Sakai & 
Kawashima

Core Concrete
Cover concrete

Hoshikuma et 
al.

Hoshikuma, J. et al, J. ASCE, ST. 123(5), 1997
Sakai, J. and Kawashima, K., J. ASCE, ST. 
132(1), 2006
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Summary
Four excitation experiments on C1-1 (a typical 

1970s flexure dominant column), C1-2 (a typical 
1970s shear failure dominant column), C1-5 (a 
typical column designed based on the current 
code) and C1-6 (a new-generation column which 
directs to implementation to “damage-free 
bridges”) were successfully conducted in 2007-
2010. 

The experimental data are very accurate, and 
they can be used as a benchmark data for a wide 
range of analysis.

Many new findings were obtained, including the 
lateral confinement by multi-layered hoops, 
flexural deformation at the plastic hinge, and the 
concrete shear capacity of concrete.
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