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Large-scale Shake Table Experiment on a Component Model
(C1-6 model) Using E-Defense

— Experiment on a Polypropylene Fiber Reinforce Cement Composite Column —
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Large-scale Shake Table Experiment on a Component Model
(C1-6 model) Using E-Defense

— Experiment on a Polypropylene Fiber Reinforce Cement Composite Column —
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Abstract

E-Defense shake table experiments on a 7.5 m tall, 1.8 m by 1.8 m square bridge column using polypropylene fiber-
reinforced cement composites (PFRC) at the plastic hinge region and part of the footing is presented. The column
was excited using 80% of the original intensity of the near-field ground motion recorded at the JR Takatori Station
during the 1995 Kobe, Japan earthquake. Use of PFRC mitigated cover and core concrete damage, local buckling of
longitudinal bars, and deformation of ties even after six repeated excitations. The damage sustained was much less
than the damage of regular reinforced concrete columns.

Key words: Bridges, Polypropylene fiber-reinforced cement composite, E-Defense, Shake table experiment,
Seismic design, Seismic response
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Table 2.1 The objectives of the C1 experiment and the C2 experiment.

1) The failure mechanism of RC columns which failed during 1995 Kobe earthquake

2) The effectiveness of standard seismic retrofit measures for existing RC columns

The C1 3) The seismic performance of RC columns designed in accordance with the current design requirements

experiment

4) The seismic performance of RC columns designed based on the current design requirements under stronger
than the current code specified ground motions

5) The effect of new damper technology

joints, bearings, restrainers and columns

1) The progress failure mechanism of bridge system due to combination of poundings and rupture of expansion

The C2

2) Seismic performance of advanced and critical columns

experiment

3) Effectiveness of advanced dampers and energy dissipating units

4) Effectiveness of advanced unseating prevention devices
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Table 5.1 Evaluation of C1-5 and c¢1-6 Columns based on JRA 2002.

Columns Cl1-6 C1-5
Deck mass M (tf) 307 307
Flexural capacity P, (kN) 2,547 2,347
Yield displacement u,, (m) 0.042 0.045
Capacity
Ultimate displacement u,, (m) 0.30 0.23
Design displacement u,; (m) 0.22 0.17
Design displacement ductility factor u, 5.09 3.77
Standard seismic coefficient k; 1.75 1.75
Force reduction factor R 3.03 2.56
Demand | Seismic coefficient 4, 0.58 0.68
Weight W (kN) 3,425 3,451
Force demand k;, W (kN) 1,977 2.347
Drift (%) Drift (%)
ﬁ30'f‘.'..0.2..1.6. A30["?‘.0.2..‘?‘6,.§.
£ u £ u
E i AT | E o ul /U |
< y0 d u = v0 d u
2 10F i 2 10f -
kS 3
2 0 2 0
Z -10f . Z-100 -
2] E Experiment | & anl — Experiment |
B 20re- a4 | _o.2002 IRA §'20 - --#--2002 JRA
E _30 I 1 1 1 | 1 1 _30 1 1 1 1 I 1 1 1
-0.2 0 0.2 0.4 -0.2 0 0.2 0.4 0.6
Lateral Displacement (m) Lateral Displacement (m)
(a) C1-6 column (b) C1-5 column
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Fig. 5.6 Computed moment vs. displacement skeleton in the longitudinal direction.



E-Defense % f 1/=3. 7 RC #E1(C1-6 *éﬁq)%‘?ﬁ FEEY- YE 3 -9 T E,

6. E-Defense Z '/~ C1-6 fﬁﬁ@*?ﬁ?ﬁ?ﬁ
6.1 &) J &It

E-Defense {2 &% Cl1-6 i‘.ﬁ#ﬁ”@ﬁ%bi?ﬁ 6.1, 6.1
WATRETH bz, IR WizEkTEs 2 &AL
HOx HEXEFCISHEFEIES CThsD. 2208 FF
Himt Cl-6 M X > TH &x 2 Tx B3, 7%
W8 x AR T A ROWREAEITL TR H
INTNVWS. =L, A ROFEE IS 2
& TR ZET BT 5025 >THD, oy
WWHRRLBWEDIZEF TN TS, £k, IHE
A S5 ZHFVEIETLHENEESTHD, 4
BDHGE L TOHITIIRWNWAY, T 2T E FravicHr
ER,

5'E 6.1 E-Defense 2tz kI 417z C1-6 HfET
Photo 6.1 Experiment set-up of C1-6 Column on

the E-Defense shake table.
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Fig. 6.1 C1-6 model set-up on E-Defense shake table.
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Table 6.1 Condition of Excitations in C1-6 experiments.

(a) C1-6 3.3
Loading Sequence Mass of deck IZ:;IiltS;Iiyogf
1-100% (1) 307t 100%
1-100% (2) (3,012 kN) 100%
2-100% 100%
2-125% (1) 372t 125%
2-125% (2) (3,649 kN) 125%
2-125% (3) 125%
(b) C1-5 3.3
Loading Sequence Mass of deck Inter?sit.y of
excitation
1-100% (1) 307t 100%
1-100% (2) (3,012 kN) 100%
2-100 % 100%
2-100% (1) (3;;; lt<N) 125%
2-100% (2) 125%
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Fig. 6.2 E-Takatori ground motion.
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Fig. 6.3 Acceleration response spectra of E-Takatori ground motion at {=5%.
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Fig. 6.4 Variation of fundamental natural period with progress of excitation.
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(b) NE corner

(a) SW corner
GE 6.2 1-100%(1) FUFRICH N TR ELE 38, £725 722 (6.78 5) D if
Photo 6.2 Damage of C1-6 column during 1-100% (1) excitation at the peak displacement (6.78 s).
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(b) NE corner

(a) SW corner
SE 6.3 2-100% ﬁ?%b:%blfﬁug@ i V8 S & 75 7B (6.825) D
Photo 6.3 Damage of C1-6 column during 2-100% excitation at the peak displacement (6.82 s).
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Photo 6.4 Cracks of C1-6 column during 2-125% (3) excitation at the peak displacement (7.07 s)
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Photo 6.5 Cracks of C1-6 column after 2-125% (3) excitation.
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Fig. 6.5 Surface cracks and location of opened sections.
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(c) Crack on cover concrete
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(d) Cover concrete block
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Photo 6.6 Longitudinal bar buckling and damage of PFRC cover concrete at the NE corner after 2-125% (3) excitation.
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Fig. 6.6 Neutral axis location at the instance of peak response displacement.
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Fig. 6.7 Response acceleration and displacement in the principal direction of C1-6 column.
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Fig. 6.8 Response acceleration and displacement in the principal direction of C1-5 column.
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Fig. 6.11 Axial strains of longitudinal bars and tie bars at the SW corner of C1-6 column during 1-100% (1),
2-100%, 2-125% (1) and 2-125% (3) excitations.
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Fig. 6.13 Axial strains of a longitudinal bar and a tie bar at the SW corner of C1-5 column
during 1-100% (1), 1-100% (2), 2-100% and 2-125% (1) excitations.
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