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Table 1 Test Specimens

(a) Specimen P-10 {b) Specimen P-14

. |Dimension . Main Reinforcement Hoop Reinforcement 5
Speci— of the  |Effective |Shear — — n - — Stren, Axial
men | Cross | Helght | gpan |\ erar | g | Rermination |Reinforcement Ratio pt (%) |y it | ang | HEoR REzs | Conete |00

(cm) (MPa) |Base hc (cm) Base Termination (MPa tio pw (%)| (MPa) |(MPa)
P-10 - 313
P-14 250 5.4 308 110 272 321 1 o
P-15 50 X 50 135 326
P-16 ¢ ) SD295 160 2,03 1.01 SR235 0.10 319
R | Savare D13 180 69 ‘ 421
R-2 460 | 99 346 205 285 401 | 10
R-3 230 38.2
R-4 |0/ 4167 49 364 103 443 173 336 028 34 | 21
R-8 . 357 245 285 11
R—12 | 50 X 50 90 1.31 063 421 *
R-13 | (Square) | 250 | 56 sDngs 400 SR235¢ | au 005 37 23
R-14 100 0.86 0.40 - 374 | 11
R-15 (“,‘V"mx! 160) 7.1 367 80 0.76 0.40 357 353 | 10
%) External / Internal diameters
D= 500 500 l 500
Loading Loading Louding - Loading £
— ;; 2 o
z 3 x
2 3 o x ofd 8 <]
= = 2 Sl vz 3
8 & ~ e ] =2
8 % " -8 5
ze a ] o =
g &5 Si= 2 a 2 . 2 2
& wio o — 3 o
..oen ~l T (=1 i e y =4 o
o S = ] S n > (=] 5 8 )
5 =9 " gls © Sl °© B
s = " - 3 M B (Y - D
g & = 2 = F = & o P
T2 =] 29 £ R
= k3 —
[22] fad =]
= (=]
v
o~
Dy
~

(¢) Specimen P15 (d) Specimen P—16

Fig. 1 Specimens Used for Loading Test
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Photo 1 Setup of Cyclic Loading Test
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Table 2  Failure Mode and Seismic Evaluation
Factors for Test Specimens

Speci— | Failure | Safety Average Location
men Mode Factor |Shear Stress of
Factor S| F,' (MPa) Failure

P-14 0.78 0.90 0.39 Termination
P-15 | 091 | 105 039  |Baseand
P-16 1.10 1.27 0.39 Base

R-1 0.90 1.12 0.25 ‘Termination
R-2 | 098 | 122 025  |Raseand
R-3 1.07 1.33 0.25 Base

R-4 0.69 0.73 0.86 Termination
R-8 0.80 1.08 0.29 Termination
R~12 0.79 1.05 0.34 Termination
R-13 0.88 1.19 0.40 Termination
R-14 0.38 1.17 0.25 Termination
R~-15 0.84 0.99 0.19 Termination
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Fig. 6 Envelopes of Lateral Load vs. Displacement
Hysteresis Loops
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FAILURE MODE Shin-Eai Br.
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Fig. 8 Evaluation of Failure Mode in Terms of Failure Mode Factor S
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Fig. 9 Evaluation of Damage of Model Pier after 5 5y Loading in Terms of Safety Factor FyT
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Fig. 10 Seismic Evaluation Method Proposed
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Table 3 Bridge Piers for Analyses

Cross Circular Elliptic
Sectional
Shape Damaged Undamage | Damaged Undamaged
. ) Yoda Br. .
Kushiro—oki Matsunoe Br. . Takadai Br.
Earthquake Hatsune Br. Sensho Br.|Shintawa Br. .
Gojukkoku Br. Tsurumi Br.
Akangawa Br.
Hokkaido . . Motoe Br. Shin—shiriuchi Br.
Nangei—oki |Shin—shiriuchi Br. - - (New Pier)
Earthquake Q1d Pier)
Motouriya Br.

Table 4 Analytical Parameters

Bridge o | Amlyed | e | i
8 Pier Direction eﬁﬁ fl en (N[Ill;;):h Rei norcement
Yoda Br. P1 Transversal 020" 20.6 SD295
Matsunoe Br. P3 Transversal 0.20 17.7 SD235
Hatsune Br. P4 Transversal 0.20 20.6 SDC390
Shintawa Br. P2 Longitudinal 0.20 20.6 SD295
Gojukkoku Br. P1 Transversal 0.20 20.6 SDC390
Akangawa Br. P1  /Transversal 020" 20.6 SD345
Sensho Br. P4 Longitudinal 0.18 20.6 SD295
P5 Transversal 0.18 20.6 SD295
Takadai Br. P2 Longitudinal 024 20.6 SD295
Tsurumi Br. P5 Longitudinal 0.24 20.6 SD295
Motoe Br. P3 Transversal 0.20 20.6 SDC390
Shin—shiriuchi P3 Transversal 0.15 20.6 SD295
Br. New P2 | Longitudinal 0.14 20.6 SD295
Motouriya Br. P1 Transversal 0.15* 20.6 SR235*

X) assumed from the past records

Photo 2 Shin— shiriuchi Bridge
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Photo 3 Damage of Shin— shiriuchi Bridge (P3)
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Fig. 11 Seismic Evaluation for Shin— shiriuchi Bridge

Table 5 Damage Degree Predicted by Fig. 10 and Actual Damage Caused
by Kushiro— oki Earthquake and Hokkaido— nansei— oki Earthquake

Yielding Bendin,
. . Moment (tf-m)g Safety Factor Failure
Bridge Pier — — Mode Damage Degree
Base |Termination | Base |Termination | Factor
M,® M, F,? F,7 S
Ist 148.9 0.87 0.70 - |[No Damage
Yoda Br. P1 ; -
2183 1.24 Rupture and Serious Bucklin;
2nd 1119 0.74 0.60 | Eongitudinal Reinforcemen%
Matsunoe Br. | P3| 9624 | 7607 | 196 2.01 103 |PHEht Bucking of ement
Hatsune Br. P4 6574 433.8 151 1.15 0.76 |Diagonal Crack
Shintawa Br. P2 358.6 201.3 1.02 0.92 0.90 |Horizontal Crack
Gojukkoku Br. Pl 915.8 634.4 126 1.12 0.89 |Slight Horizontal Crack
Ist 7729 1.00 0.77 iNo Damage
Alangawa Br.| P15 41 11611 555 | 10 0.87 0.67 |Slight Horizontal Crack
Sensho Br. P4 2193.8 1387.6 1.09 1.34 1.23 {No Damage
T P5 1174.6 790.3 1.08 1.31 1.21 |{No Damage
Takadai Br. P2 1179.8 599.9 1.33 1.83 1.38 |No Damage
Tsurumi Br. P5 |11113.8 6089.5 1.59 1.79 113 |No Damage
Motoe Br. | P3 | 4251 | 2049 | 100 0.82 082 |Poros g O cement
Serious Buckling of
Shin—shiriuchi | P3 Ist | 5622 408.7 119 1.02 086 [ sngitudinal Reinforcement
hﬂr. 2nd 325.6 0.96 0.81 [{No Damage
New P2 530.2 4075 1.02 1.17 1.15 |No Damage
Motouriya Br.{ Pl | 1847 | 1410 | 108 101 094 |Perious Buckling of ement
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Fig. 12 Effectiveness of Failure Mode Factor
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Fig. 14 Effectiveness of the Seismic
Evaluation Method
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Fig. 15 Seismic Evaluation for Piers with Inadequate
Anchoring Length at 2 Points
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A SEISMIC EVALUATION METHOD FOR REINFORCED CONCRETE
BRIDGE PIERS WITH INADEQUATE ANCHORING LENGTH
AT TERMINATION OF MAIN REINFORCEMENTS

Kazuhiko KAWASHIMA, Jun—ichi HOSHIKUMA and Shigeki UNJOH

To evaluate seismic vulnerability of existing reinforced concrete bridge piers with inadequate anchoring length
at termination of main reinforcements at mid—height, a series of cyclic loading tests were conducted. A seismic
evaluation method by means of the failure mode factor S and the safety factor FyT was proposed based on the
test results. To show the effectiveness of the seismic evaluation method, seismic vulnerability was analyzed for
14 piers damaged/undamaged during the Kushiro—oki earthquake of January 1993 and the
Hokkaido— nansei— oki earthquake of July 1993. The analytical results show that the piers vulnerable to cause
shear failure at the termination zone can be satisfactorily predicted by the seismic evaluation method proposed
in this paper.
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