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Flexural Pinching and Energy Dissipation Capacity
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ABSTRACT

Pinching is an important property of reinforced concrete member which characterizes its
cyclic behavior. In the present study, numerical studies were performed to investigate the
characteristics and mechanisms of pinching behavior and the energy dissipation capacity of
flexure-dominated reinforced concrete members. By analyzing existing experimental studies
and numerical results, it was found that energy dissipation capacity of a member is directly
related to energy dissipated by re-bars rather than concrete that is a brittle material, and
that it is not related to magnitude of axial compressive force applied to the member.
Therefore, for a member with specific arrangement and amount of re-bars, the energy
dissipation capacity remains uniform regardless of the flexural strength that is changed by
the magnitude of axial force applied. Due to the uniformness of energy dissipation capacity
pinching appears in axial compression member. The flexural pinching that is not related to
shear force becomes conspicuous as the flexural strength increases relatively to the uniform
energy dissipation capacity. Based on the findings, a practical method for estimating energy
dissipation capacity and damping modification factor was developed and verified with existing
experiments.
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Table 1 Properties of Test Specimens

) Shear Depth or Longitudinal | Axial |Compressive| Yield
Test Specimen M;’y“: g;‘ca‘;‘;{} Span Ratio ’le"fm”’ (Diameter) Zv‘dni Rebar | force | Strength |Strength
I |° WD), mm| 0, % PlAgfa| fu MPa | f, MPa
88-32-RV10-60 | Beam R 500 1524 35 152 | 43141 000 4 317
88-35-RV10-60 | Beam R 500 | 154 305 152 | 431449 000 3 317
66-35-RV10-60 | Beam R 500 1524 35 152 | 2464-#6) 0.00 Y] 317
OIN Columm| R 455 1000 20 20 | 106D | 0B % 97
M Courm| C 300 50 0 20 | 20005-D7) | 010 2 414
5 Courn| C 300 750 50 x0 | 20005-Dn | 020 % 414
N6 Colum| C 600 1500 250 20 | 200025-Dn) | 010 2 414
Al Coum| R B | BB 610 30 | 22008-m19) | 010 317 448
A2 Columm] R 8 | B85 610 30 | 22008D19) | 024 272 “8
Bl Courm| R 38 | BB 610 330 | 22008-D19) | 009 297 448
B2 Coumn| R 8 | BB 610 30 | 22008D19) | 03 281 48
BG-3 Colurm [R(Type A)| 470 1645 30 30 | 19%@D) | 020 A 460
BG5S Column | R(Type O){ 470 1645 350 X0 | 204(12-D20) | 047 ¥ 460
BG6 Column |R(Type B)| 470 1645 30 0 | 22004-D) | 046 A 480
BG-7 Column | R(Type )| 470 1645 30 ¥ | 20402-D20) | 047 U 460
BG-8 Column |R(Type O] 470 | 166 30 30 | 20412-D20) | 024 k7 460
RW1 Wall R 312 10 120 102 (1110643, &2)| 010 k7] 4
RW2 Wall R 312 | 310 1220 102 1110643 82| 007 4 3

1) R : rectangular cross-section, C : circular cross-section
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Fig. 3 Column Tests Performed by Han and Lee®, Cheok and Stone”, and Wehbe, Saiidi and Sanders®
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Fig. 4 Column Tests Performed by Saatciogiu and Grira®
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Fig. 5 Structural Wall Test Performed by Thomsen and Wailace'™
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Fig. 7 Numerical Results for Wail Model
Table 2 Properties of Models for Numerical Analysis
Reinforcement Ratio, % Axial  {Compressive| Yield L, .
: . Dissipated | Ratios of
. Length| Depth | Width Ratios of |Compressive| Strength of | Strength Ener L
Specimen| oot || Toal| Ends | Web 2 0 [ et o Re-bar e D;S;’;;‘;d
Py Pel Pul trebarst | PlAfu | foMPa | f,MPa| P
Wi 4400 | 4000 1 160 | 1.02 | 430 | 020 1.00 0.00 24 400 2.3 1.00
W2 4400 | 4000 | 160 [ 056 | 196 | 020 054 0.10 24 400 133 060
W3 4400 14000 | 160 | 1.02 | 430 | 0.2 1.00 0.10 24 400 24.2 1.09

! Ratios of the amount of re-bars to that of W1
2 Ratios of dissipated energies to that of W1
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2430 92149 998 FReT, B @70l 78 2EE Yo 2k

Table 3 Comparisons Between Experimental and Analytical Results

h $ 4, é 1 M Ratio of

Test Ou b{or| s o XlO"‘; Hy b | Analyses |Experiment| Analysis to

Specimen % b mm| D, s1| X10 mm kN~ Experiment

mm /o Al D S| P 24| ta mm Ep! x | En| x| Ep| x

&-2-RVI0-60| - | - [153]208]170] 0883|139 84 | 6026|3543(68.21]40.10] 70220 |13940( 0691 | 12710{0.693! 1.097 | 1003

8-35-RVI10-60{ - | - (1531208 170[ 0883 | 174 | 1157607 |4943|86.10|55.95| 70220 |18430]0.693 | 16850(0.752| 1:084 {1078

66-35-RV10-60| - | - |153|208|170] 0883|143 | 87 |6:207|3.678|70.26{41.64] 41780 | 8115 | 0.654| 8086 |0.751] 1.004 1129

OIN - { - [110]|200{212| 1913 346 2843 148 | 41260 | 1511 {0314( 1500 {032} 1.00711.025

N4 - | - [15120(2358196] 43 4627 2378 | 37000 | 4179 |0510] 4560 [04981 6916 {0976

N5 - | - {15]20]2%6]196] 411 4488 2306 | 42880 | 4044 [ 0439 4784 [0.460| 0845|0954

N6 -1 - lisl20{23|196] 61 3163 1626 | 37000 | 2760 | 05031 3220 [05361 0857 109

Al 171 [07R{ 35536 [ 212] 07m| 121 1662 21.20 163300057070} 0434 5388010450) 1egA | 1086

A2 171 [0778] 305 | 5% | 212] 0701 101 132 1743 ]726000{45900] 0.406 | 46000]0.404] 0988 10988

Bl 171107 3686|212l 09} 137 1897 2437 | 658500]66000] 0.452 | 66340]0.480] 0896 10924

B2 171 |0.778{ 30553 [ 212{ 07| 130 L7 2802 |734400[62090] 0.404 | 66770|0426| 0939 | 0.948

BG-3 148 10750] 175 | 264 212| 138 | 675 2108 1513 | 220800( 10600 0.348 | 11810]0.345! B8R | 6991

BG5S 197 0667|175 | 224 (212| 1383 | 663 2064 148 [276100{16110{0.433| 17040|0.413} 0945 1 0552

BG-6 -1 - 132121464 662 2045 1406 | 274300{15860 0:435 | 15860}0.359} 1,600 | 1212

BG-7 197 10667| 175|259 1212| 138 | &8 2083 14% | 278000(16420| 0.434|17910{0418! 6917 10962

BG-8 197 |0667{175| 260 |212] 138 | 663 2064 148 | 284800]16260] 0424 | 138000361 | 14781 L.175
RWI 033 [0293] 610 [1030] 200] 0356 | 732 026 8028  [507200111860! 0.
RW2 033 ] 0293] 610 ]1030] 2001 036 | 732 0.2% 8028 |514900/11860] 0.

1) Maximum Curvature ¢?= [A,‘— 43L o1~ z,)z]/ [1,(1—@L 1,,)] (Reference 9)
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4) AW FANM TSk FUYL 2P| HEFE, MGG elN dFYol TS E FeAA e

o b, Ee Fele EAel avkA] E L vAA g

9] A7AFe 2%t dZEAYE A9 AU 2430 FHEAATE Y1 & Qs A4 i )
R on, 71E 49 vag Foo AFANT. & ATAN AdE FrhEe B39 audy glo) g A

Bo2 o) 25} ZAVYAFE TE & YOBZ, IV 4TAS0) 4 AT & 31 Aoz Buar
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