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Study on Composite Damage Index of Bridge Pier based on Shaking
Table Test
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Abstract: To describe the damage of reinforced concrete rectangular hollow pier more accurately, a
composite damage index considering displacement and energy was proposed. Based on the shaking ta-
ble test results of nine reinforced concrete rectangular hollow pier specimens, the displacement dam-
age index, elastic-plastic energy dissipation difference damage index and composite damage index of
each specimens were calculated, respectively. The applicability of the composite damage index was
verified through the comparison of three damage index results and the statistical analysis of the results
under the action of multiple seismic waves. Furthermore, the influence of stirrup ratio, axial compres-
sion ratio and reinforcement ratio on damage performance of hollow pier was investigated by using the
composite damage index. The results show that the composite damage index values are between dis-
placement and elasticplastic energy dissipation difference damage index values, and compared with

the single damage index, the composite damage index has smaller discreteness. The parameter analy-
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ses of hollow pier damage using composite damage index show that the damage degree of piers de-

creases with the increase of stirrup ratio when the axial compression ratio and reinforcement ratio are

constant; the damage degree increases with the increase of axial compression ratio when the stirrup ra-

tio and reinforcement ratio are constant; the damage degree decreases with the increase of reinforce-

ment ratio when the axial compression ratio and stirrup ratio are constant. The results show that the

composite damage index can reflect the influence of parameters on the damage performance of piers,

and it has good applicability.

Keywords: rectangular hollow pier; shaking table test; composite damage index; applicability; dam-

age performance
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Table 1 Displacement value of the index limit point of

M3 pier
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Table 3 Limit ranges of different damage indices
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Table 7 Pier specimen parameters
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M1 1440 0.1 8 2.7 4 50(X0) 4.0
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Table 9 Loading conditions
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Table 10 Relative displacement and D, values corre-

sponding to each peak acceleration of El records
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Table 11 D, values corresponding to each peak accelera-

tion of El records
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Table 12 D values corresponding to each peak accelera-

tion of El records
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Table 13 Damage assessment of piers under El records

W .

0.25 0.5
Tk R/ g

0.75 1.0 1.2

¥ IR I B IR AT 30 B AR 7 J2 T4 RAER R B R AR R K, R

BRI L2 P2
e ENFLAEAR NS 2

M W B ik WEMIEALE PR SR e
DAFMRRA  RBMBEA  PEROR T 5 R 5 IR
DAFfRE BRSO T jiET 2 e s
DIFfRE AR RBEIE AT A R

JE T O S PR A 3 1 0, R = AR 4 4R AR O
Al 45 JE X5 Fe R R0, DX B B0 45843 VA 45 R A T
o DA D VAL &5 R AL, 5 52 BR  OIR S B
AEE
2.1.3  Taft K AEA T 69 45 45 47 & M AT 45 A7

(D) 1) DB

R T 5515 3] 09 B0 A R AR XL B I 1H L D R
R AL B8 o, W3R 1, A (D) 8 5 AR B Dy (.
W3 14,

R 14 Taft i & I (& I03E B X3 57 B9 48 34 L % E#1 D, (B
Table 14 Relative displacement and D, values corre-

sponding to each peak acceleration of Taft re-

cords
WE(E M /g T0.25 TO0.5 T0.75 T1.0 TI1.2
AHXF RS /mm 4.9 10 15.02 2252 28.24
D, 0.177 0.362 0.543 0.814 1
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Fig.9 Curves of D; values varying with time
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Table 15 D, values corresponding to each peak accelera-

tion of Taft records

WE{E fnsE /g T0.25 TO0.5 T0.75 TI1.0 TI1.2
D, 0 0.224 0.313 0.505 0.529
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Table 16 D values corresponding to each peak accelera-

tion of Taft records

WEE NS /g T0.25 TO0.5 TO0.75 T1.0 T1.2
D 0.093 0.296 0.433 0.667 0.775
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Table 17 Damage assessment of piers under Taft records
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Table 18 Seventeen seismic record names and stations

i PR b

BO1 Parkfield COSDWN
B0O2 San Fernando LOIDWN
B03 Friuli, Ttaly A-BCS000
B0O4 Tabas, Iran BOS-LL1
BO5 Victoria, Mexico H-PLS045
BO6 Whittier Narrows SHP280
BO7 Whittier Narrows A-JAB207
BO8 Whittier Narrows A-LOS000
B09 Cape Mendocino A-OAKO080
B10 Cape Mendocino EURO000
B11 Cape Mendocino FORO090
B12 Landers PSA000
B13 Landers BAK140
B14 Landers FTI000
B15 Northridge WBAO000
B16 Northridge BADO00
B17 Northridge WIL090
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Table 19 D, values under the action of seismic waves
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Table 20 D, values under the action of seismic waves

el /g b 5= %

0.25 0.5 0.75 1.0 1.2
El 0.182  0.438  0.503  0.658  0.683
Taftd  0.177  0.362  0.543  0.814 1
2N 0.079  0.289 0475 0.613  0.835
BO1 0.091  0.122 0.198  0.319  0.333
B02 0.123  0.216  0.401  0.771 1
BO03 0.218  0.686 1 1 1
BO4 0.189  0.362  0.653 1 1
BO5 0.326 1 1 1 1
B06 0.109  0.322  0.494  0.548  0.596
B07 0.119  0.27 0.4 0.596  0.775
BO8 0.104  0.195  0.278  0.404  0.503
B09 0.072  0.126 0476  0.65 0.824
B10 0.114  0.275  0.369  0.514  0.589
B11 0.155  0.352 0.6 0.958 1
B12 0.11 0.339  0.583 1 1
B13 0.159  0.291  0.459  0.659  0.937
B14 0.152  0.258  0.349  0.403  0.42
B15 0.2 0.633  0.756 1 1
B16 0.173  0.386 1 1 1
B17 0.256  0.572 1 1 1

B ¥ 12 7] LLE Y, D (B AR HE 22 1Y % sl 4% 0 5 3L
by 9 o B AH LL b T AR N B 2 5 0F B
I TE U (BN 3 B 0.25g 7 TR LA, D 78 H 4 W AE fin
AR R X6 I 0 A i 22 48 BUE 3 /N T DAL DX
JOE B s 7 22 8 B, PRI D (R B9 B T B A

HH T 7E 20 2% U5 45 A n o B A R T, 43 30l ) i
B =Tl 43 45 46 A A8 19 7 RO [, Ry 2 — 20 338 B 45
P48 br 19 A8 S AR B, R bR o 22 5 7 8000 LU (8
THRFRBCVERER, M CVAEILE 23,

M 3R 23 a2 )t 4 400 10 48 s XoF 1 1 28
SEREBCVEZ, nE 1357w
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Wit /g Mo
0.25 0.5 0.75 1.0 1.2
E1J% 0 0.1 0.35 0.5 0.61
Taft % 0 0.224 0.313 0.505 0.529
==k 0 0.386 0.336 0.423 0.573
BO1 0 0.3 0.348 0.422 0.485
BO2 0 0.278 0.488 0.525 0.452
BO3 0 0.376 0.483 0.542 0.574
B0O4 0 0.273 0.264 0.282 0.293
BO5 0 0.13 0.163 0.19 0.205
BO6 0 0.135 0.257 0.406 0.477
BO7 0 0.393 0.56 0.687 0.72
BO8 0 0.336 0.5 0.7 0.77
BO9 0 0.566 0.639 0.704 0.706
B10 0 0.53 0.59 0.659 0.693
B11l 0 0.217 0.265 0.218 0.16
B12 0 0.14 0.396 0.332 0.352
B13 0 0.4 0.575 0.638 0.641
Bl4 0 0.586 0.685 0.72 0.762
B15 0 0.187 0.235 0.318 0.38
B16 0 0.123 0.262 0.388 0.448
B17 0 0.153 0205 0.27 0.307
*21 BUMWEREATHWDE
Table 21 D values under the action of seismic waves
el Ho 2
0.25 0.5 0.75 1.0 1.2
E1J 0.095 0.277 0.43 0.583 0.648
Taft % 0.093 0.296 0.433 0.667 0.775
22k 0.041 0.335 0.409 0.522 0.71
BO1 0.047 0.207 0.27 0.368 0.406
BO2 0.064 0.246 0.442 0.654 0.738
BO3 0.114 0.538 0.753 0.781 0.797
B0O4 0.1 0.319 0.467 0.657 0.663
BO5 0.17 0.585 0.6 0.613 0.621
BO6 0.057 0.232 0.381 0.48 0.539
BO7 0.062 0.329 0.477 0.64 0.749
BO8 0.054 0.262 0.384 0.545 0.63
BO9 0.037 0.336 0.554 0.676 0.767
B10 0.059 0.397 0.475 0.583 0.639
B11 0.081 0.288 0.44 0.605 0.599
B12 0.057 0.244 0.494 0.681 0.691
B13 0.083 0.343 0.515 0.649 0.796
Bl14 0.08 0.414 0.509 0.554 0.583
B15 0.105 0.42 0.507 0.674 0.704
B16 0.091 0.26 0.648 0.708 0.737
B17 0.134 0.372 0.621 0.652 0.669
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Table 22 Standard deviation and mean of damage index
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B i 14~16 & o

16 D, D, D
B frdfEzz M ARdfEE MM ARdEE MM
0.25 0.0631 0.1554 0 0  0.0332 0.0812
0.5 0.2096 0.3747 0.1519 0.2917 0.0984 0.335
0.75 0.2501 0.5769 0.1572 0.3957 0.1075 0.4905
1.0 0.2380 0.7454 0.1726 0.4715 0.0905 0.6146
1.2 0.2247 0.8248 0.1831 0.5069 0.0962 0.672 1
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Fig.12 Standard deviation analysis of damage index values
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Fig.13  Curves of coefficient of variation contrast
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Table 23 CV values corresponding to each damage index

Ei=R el
0.25¢g 0.5g 0.75¢g 1.0g 1.2¢
D, 0.406 0 0.5594 0.4343 03194 0.2725
D, — 0.5209 0.3972 0.3662 0.3613
D 0.4085 0.2938 0.2191 0.1472 0.1429
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Table 24 D values of piers under El seismic wave
WEAE /g

E10.25 El0.5 EI0.75 EI1.0 Ell.2
M1 0.063 0.242 0.323 0.614 0.539
M2 0.093 0.277 0.424 0.455 0.49
M3 0.095 0.277 0.43 0.583 0.648
M4 0.102 0.448 0.546 0.644 0.785
M5 0.132 0.605 0.691 0.764 0.856
M6 0.06 0.342 0.385 0.492 0.634
M7 0.082 0.335 0.429 0.456 0.668
MS8 0.106 0.405 0.544 0.645 0.689
M9 0.1 0.321 0.402 0.501 0.637
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Fig.17 Curves of D values with the stirrup ratio
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Fig.18 Curves of D values with the axial compression ratio
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Fig.19 Curves of D values with the reinforcement rate
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