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B FrLoY

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)
"H—V—U_‘

Shake table

» C2. System experiments (progressive
collapse)

Shake table

Bridge Program in 2005-2009

02005 & 2006: Analyses, design, and
preliminary experiments
©2007-2009
¥v'C1-1: 1970s flexure failure dominant column
v'C1-2: 1970s shear failure dominant column
- Seisri .
v'C1-5: Column designed based on the current
code
v'C1-6: Next generation ductile column

Flexural Failure Dominant Columns

C1-5: A Typical Column
based on Current Code
D35mm@37

bars

C1-1: A Typical Column
Built in the 1970s
1 g DR9mm@32 bars

135 degre
Lap splice

=390mm

Longitudinal bar ratio

Volumetric tie bar ratio

CLIERI D EE
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C1-1 & C1-5 Model

e L LT T -

L LR T

— r— ——— s T .

LRI N ALY
)

Near-field ground acceleration recorded at
JR Takatori Station during 1995 Kobe,
Japan earthquake &
10 £
0 NS =t
. % 40
©10% 5 10 15 20 830
E10 3
§ 0 EwW 220
© Q
oS- n 10
% 1% 5 10 15 20 5 o hﬂ\N
g 10 U ¢ 012345
O it @ Natural Period (s)
1% 5 10 15 20
Timao ()

Seismic Excitations

307ton (M) | 372ton (1.2M) |
| |

gttt |
L L
100% 100% 100% 125% 125%

= Mass —
30zt

Acceleration
(m/sec?)

The 1970s Deign Current Design
1st 100% Excitation

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

The 1st Excitation The 2nd Excitation

20

g 10

\2_/ 0

= -

g 10 c1-1
g -20 C1-5
s

-0.2-0.1 0 0.10.2-0.2-0.1 O 0.1 0.2 0.3

Displacement at the top of column (m)

Progress of Failure of C1-5 under Stronger
than Code Specified Ground Motion
Under mass 100% JR
increased from 15katori
307t to 370t

First Second
125% JR 125% JR
Takatori Takatori
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0, 0,
100% GM 30100% GM g0 100% GM Lateral ~40 Concrete Yield
£ g2 £ 20 Confinement <30
z 10 Zz 10 z 10 . < H
g o S o g o of a Cylinder (20 oop
5-10 £.10 £.10 ) 219
g—zo 2 £ 20 Axial Stress {3
g s? Vs. Axial %5105 0 5 10 15
~-0.10.00.1 _—?). Concrete Concrete  Hoop Strain(
Displacement (m) Displ Strain Strain( )
125% GM 125% GM Sakai, J. and Kawashima, K., J. SE, ASCE, 132(1), 2006
30 30 ~
~ 20 S 20 Hoop strain i
£ 10 Z 10 E - 5
A S o £ 5 Yield
£.10 g-10 51
E-20 £-20 "
<] ] Q
=30 45 00 02 04 06 B2 00 02 04 06 84
-0. . . . . -0. . . . . -15-10 -5 0 5 10 15
Displacement (m) Displacement (m) = T Concrete Strain( )
Concrete i C1-5@3) Scale Effect by Aggregate Size on
Strain vs. ¥ 3 the Failure of a Column
Hoop Strain B 5 Q 1/6 Scaled Model
«— )
2 1 C1-5(2) Prototype Model Micro aggregates
= 0 = e — - . .
® Jr‘-_ Longitudinal bars Block
C1-5 Column 59 C1-5(1 - ? y JL size
0 215 -Clo -5 So 5 10 15 Ties Aggregates ~ 25mm * aftor
oncrete Strain v
—~ ( ) 3mr§?ock m‘;.;P failure
5 I size after
o 4 2 failure
.21"_, 3 Yield -
Concrete Cylinder = 2 e &
° 1 @
-% 0 ey Ductility capacity is
£ 4 .
55 10 5 0 5 10 15 . overestimated in the
Concrete Strain( ) @’ scaled model??

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?
®l ateral 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

7.5m

Can we know the failure mechanism
from small scaled models?

2m

D35@3 D22 ctc 150mm

1/5 model

-l o

0.5m
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] 6/35 Scaled-Model of C1-5 Column
Geometrical Scale of the Scaled- c1-5 Col 6/35 del
Models was Set to 6/35 olumn patiegt- vﬁp ©

Center of Bgarlng i
Parameters (a) (b) Scaled (b)/(a) | Ratio 9 5 5 Qi Center of
model o | © eq Actuator
Main bar diameter| 35mm 6mm 6/35 1.00 5‘ g 5‘{:2'
Number of bars [36@2 36@2 1.00 1.00 g-. 'l’n @ 2 Q
OIS 3 QO e
Tie bar diamter | 22MM (3 8mm->4mm| 4/22 | 1.06 B Q S B8
7T [
Tie bar interval |150mm |26mm->28mm 26,150, 1-09 % g 33
Volumetric tie | 950, 0.92% 100 | 1.00
ratio 2
Aggregate size | 22mm B.4mm->14mm 14/22 | 3.71 3 g

6/35 Scaled-Model of C1-5 Column Mea;ured C1-5 column response dlsplace_ment
was imposed to the scaled-model by scaling
C1-5 Column 6/35 Scled-Model down the displacement by 6/35
S— 350mm 100 C1-5(1)-1 Excitation
e EY
‘g_'l%% — o7 SaaiMode
f 2 ‘2‘88 C1-5(2) Excitation
B o
_(05—200 :Gllzglsl Ssccjjeed Modd
40
2800 C1-5(3)-2 Excitation
D400
b 30 —Full Scale
D35@36bars ; D6@36bars ‘ -400 ——6/35 Scaled Model
D22 ctc 150mm D4 ctc 28mm -800, 0 15 20 25 3
Time (s)
C1-5 Column 6/35 Scaled Model Can we evaluate the flexure strength of
3rd Excitation C1-5 column based on 6/35 scaled model?
] 30 30
20 Full-size
10 7 / model T
= 0 2 / 6/35 scaled
> -10 s model =
= -20 (11 (-2
= '3&0 $ 0P @ B Nk
£
o 30 -
/7 ¥
10 o7
0 7 / ’ // //
-10 .10 10 4
_20 (3) 1 20 (3) 2
B 0\,@1@?@3 &53 P P (P B 0 D PP
3( splacement (mm)
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Upp
7.5

Lowe

Hybrid Loading Dependence of Failure Mode on the

Near-Field Ground ; %ﬁk% s )Otions

Motion at JR Takatori
during 1995 Kobe
earthquake

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

=

Tokyo Institute of Technology

E& 600mm®
AT —I)LETILE
B -ikg&EE

E&

Shear Failure Dominant Column: C1-2

() L ABERR. &
s RiE—
T [ 7
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C1-2 Column
which fails in
Shear

L]

3.95m

How is the column designed based on the
current code (C1-5) enhanced than the
shear failure dominant column in the

1970s (C1-2)? Collided with the
s 3 supporting
s frame
< 2
8
E 1
© 0
g 4 C1-2
g ) C1-5

-0.2 0 0.204
Lateral Displacement (m)

Strains of Ties

\
/1]

Concrete Shear Reached the Maximum
before Ties Started to Resist Shear

Total shear Concrete shear

shear carried by ties strength normalized by

shear carried by concrete

0.2
Maximum capacity 0.1 0.103
of concrete shear
8 M
g0 . VA -0.1
§ Ties started to resist 0.160
&2 1 0 1
T|me sec) Drift (%)

Size Dependence of Shear Strength of
Concrete under Dynamic Loading

0.30
025  PWRbno et al(1996)

0.20 E:Defense
0.15

% ‘
0.10

J wghstitu e
0.05 of Technolo
JSCE(% 07)

0.00

0 05 10 15 20
Effective Depth W (m)

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.

- 31 -
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Brittle Failure of Concrete Can be
Mitigated by Mixing Fibers

RC

Compression

Fiberreinforced concrete

Tension

=0.002-0.003

=0.005

Property of Steel and Polypropylene Fiber

Steel Fiber Polypropylene
FRC Reinforced Fiber Reinforced
Concrete (SFRC) | Concrete (PFRC) |
Concrete E H
matrix | m
Fiber Type | P i |
Diameter 0.55 mm 0.0426mm
Length (mm) 30 12
Tensile
strength 1100 482
(N/mm2)
Volume by 1.0 % 1.5%
weight

Preliminary Experiments

Polypropylene
Column for

Capacity

Constant Load
Steel Fiber

Effectiveness of

Enhancing Ductility

Bilateral Cyclic under a

Fiber i

Polypropylene

High Strength RC (60MPa)

* |

Fiber

RC Column based on
the Current Code: C1-5

D35@37&
(Outer,
Inner)

C1-6 Column and C1-5 Column

High Ductile Column:

C1-6 1.8m

135 degree bent
| ap splice of 40 ¢

Axial bar ratio
Volumetric tie ratio

73 -\i‘a

N
Pa
R

Ties
D22@150
mm at

RC Column based on
Current Code (C1-5)
The 1st Excitation by 100% E-Takatori GM)

- 32 -
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RC Column based on
Current Code (C1-5)

The 4th Excitation by 1

Polypropylene Column
(C1-6)

Cracks developed at the surface did
not propagated into the core concrete
NE Face

Response of C1-6(2) and C1-5(2)
under 125% Intensity Excitation

Orbit of Bilateral Response Displacement

— C1-6(2) 125%(3)
...... C1-5(2) 125%(1)

Displacement (m)

Transverse

Longitudinal Displacement (m)

Strains of Axial Bars are much smaller in
C1-6 than C1-5

— C1-6(2)-100%

--- C1-5(1)-100%(2) = 20
10
0

-10

Corner at N and E Faces
0.60m from the Base

2 0.30m from the Base

10
0
-10

Bar Strain (X 1000

10 Column Base
o
-10
0 5 1

10 15 20
Time (sec)

Strains of Tie Bar at 400mm from the Base

2
— C1-6(2)-125%(2)
--- C1-6(2)-125%(3) o N
-1
2 Face
N § 1
¥ 3 o
(< \ = ;1 1 E-
\: <, Face
=
w E E1
aN A ® 0 S-Face
3 E -1
WD AE; 2
1
0
s o We
0 5 1Face 20

10
Time (sec)

Analytical Correlation

®Fiber elements for
column hysteretic
behavior

®Separation &
contact of deck &
column at sliders

®Energy dissipation
at movable
bearings

®T-DAP Il program
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Analytical Correlation for the First
Excitation (C1-1)

Core Concrete Longitudinal
Cover concrete 0.3

Hoshikuma et

Idealization of the ¢ a.
Plastic Hinge in

the Columns 0.2 Analysis
Experiment

e o1 P Eo.2
Sakai & < 0.0 bt
. : = o

3D Fiber ®Hoshikuma, J. et al, J. Agggass'TthiaS(S), 1997 S -0.1 o @ 0.0
Element ®Sakai, J. and Kawashima, K., J. ASCE, ST. £.0.2 4 g
132(1), 2006 o 8o

g Transverse 22 5

go1 €27 02 0.0 0]
€ 0 0.0 =0 Longitudinal
0.1

Reinforcement Displacement (m)

Menegotto-Pinto

o
N

Model 10 20 30
Time (sec)
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 canacitv of cancrete
= T3k \[ <. = — =
SRR RAM 7R ROSN ORI EEREHhEOKIL ?
. o EREDREIS ?
VM8YSADTL—MERE PRy — VB W THoEBREDORER/ LR EE)
gﬁgﬁ%g&éqﬁilﬁd)ﬁﬁ N = VIBHIZRDET ST EBERMOLAKTRE
= = I FEh 8 (BBLY) L s o — o
,ﬁﬁgﬁaﬁb@( B 5 I 7888 (72 Ofif BERET DS AT LICREREIE A o F= by ?
% ) L WA (R VAROFR—LAVE B TEEEARSR
¥ = VBRI NERHERN DR N ENT:

057 IHES (FRTE K RI71HERE rei AR AT FRAREILE
BI) & oiit, TSI MENRAT HARMICRA
YM7HSAOHREE T 5 ; REETACTE ) . =
BloLOWBAENE) =B 20— o~ vVERIE—RIZLMT, #IZTES5&. AR T
VRS RA VG L\ AR BT f—— BORRFECONENLD
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