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Behavioral Characteristics and Energy Dissipation Capacity of Short
Coupling Beams with Various Reinforcement Layouts
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ABSTRACT The cyclic behavior and energy dissipation mechanism of short coupling beams with various reinforcement layouts
were studied. For numerical analysis of coupling beams, nonlinear truss model was used. The results of numerical analysis showed
that the coupling beams with conventional reinforcement layout showed pinched cyclic behavior without significant energy dis-
sipation, whereas the coupling beams with diagonal reinforcement exhibited stable cyclic behavior without pinching. The energy
dissipation of the coupling beams was developed mainly by diagonal reinforcing bars developing large plastic strains rather than
concrete which is a brittle material Based on this result, simplified equations for evaluating the energy dissipation of coupling
beams were developed. For verification, the predicted energy dissipation was compared with the test results. The results showed
that the simplified equations can predict the energy dissipation of short coupling beams with shear span-to-depth ratio less than
1.25 with reasonable precision, addressing various design parameters such as reinforcement layout, shear span-to-depth ratio, and
the magnitude of inelastic displacement. The proposed energy equations can be easily applied to performance-based seismic eval-
uation and design of reinforced concrete structures and members.
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6,.0, :Rotations of coupling beam and wall
1,.1.. :Lengths of coupling beam and wall
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Fig. 4 Cyclic behavior of coupling beam with conventional reinforcement arrangement: (a) dimensions and truss model, (b) cyclic
load-displacement curves, (c)~(f) cyclic stress-strain relationships of concrete and re-bar elements
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Fig. 5 Cyclic behavior of coupling beam with diagonal reinforcement arrangement (X-type): (a) dimensions and truss model, (b)
cyclic load-displacement relationships, (c) cyclic stress-strain relationships of concrete and re-bar elements
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Fig. 6 Cyclic behavior of coupling beam with diagonal reinforcement arrangement (Rhombic type): (a) dimensions and truss model,
(b) cyclic load-displacement relationships, (c) cyclic stress-strain relationships of concrete and re-bar elements
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Fig. 10 Typical cyclic behaviors of test specimens used for energy-evaluation.
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Table 1 Properties of coupling beam test specimens

Dimensions Conc. Diagonal reinforcement .

, W Shear reinf.

Researchers | Specimen | Type A Hp b h ? Jok 5 AD_‘2 Reinforcing bars | ratio (%)

(mm) | (mm) | (mm) | (mm) | (°) | (MPa) | (MPa) | (mm")

P07 X1 242 220 | 540 314 4-D10 0.39
P08 X1 242 220 | 534 314 4-D10 0.39
Galano and |11 1 %o | s00 | 218 | 150 | 400 | 200 | 399 | 567 | 314 4-D10 031
Vigol P12 X2 218 200 | 416 314 4D10 031
P14 R 300 450 | 450 157 4-D10 0.55
No.N1 540 | 476 804 4-D16 021
NoN2 510 | 459 804 4-D16 0.32
No.N3 540 | 476 804 | 4-D16(debonded) 021
. 4 | NoN4 510 | 459 804 | 4-DI16(debonded) 0.32
Shimazeki” NoNs | X 1000|315 200 | 860 | 1% 510 | 459 804 | 4-D16(debonded) 0.64
No.N6 64.0 386 804 4-+€16(debonded) 0.64
NoN7 480 | 380 | 1134 | 4-€19(debonded) 0.64
No.N8 320 | 383 804 | 4-+€16(debonded) 0.64
No.l 800 185 | 422 | 523 774 2-D22% 0.235
No.2 800 185 | 459 | 523 | 116l 3-D22% 0.235
No.4 800 185 | 482 | 523 | 1161 | 3-D22%with slab) | 0.235
Ishikawa and| No.6 800 185 | 512 | 523 | 1161 3-D22% 0.845
Kimura'® No.7 Xl 800 261 A 430 185 | 517 | 523 1161 3-D22% 0.235
No.8 800 185 | 453 387 1148 4-D19% 0.235
No.9 800 185 | 458 724 1148 4-D19" 0.235
No.10 1125 133 | 517 | 724 | 1148 4-D19" 0.235

“Diagonal reinforcement details (see Fig
® Average yield strength. Actual yield strength of reinforcement varies in the range from 528 to 611 MPa

. 10)

“The Young's module of D22, D19, and D19* measured from the test are 190, 193, 209 GPa respectively'm

Table 2 Comparison of the predicted and test results

Transverse Load-carrying capacity Energy dissipation Equivalent damping ratio
, displacement Vi (kN) Ey(kN-mm) Cay (%)

Researchers | Specimen |u+| (= Iu_) - - 3 -
red. Test Ratio Pred. Test Ratio Pred. Test Ratio
(mm) @ ® /@ @ ® ®@ @ ® O/@

P07 15.1 195.9 231.0 1.18 4094 4380 1.07 0.270 0.249 0.92

P07 253 1959 221.0 1.13 8155 7376 0.90 0.312 0.260 0.83

P08 11.0 195.9 232.0 1.18 2434 2474 1.02 0.230 0.205 0.89

Galano and P08 15.0 195.9 214.0 1.09 4057 4239 1.04 0.269 0.260 0.96
Vignoli” P11 13.8 184.3 237.0 1.29 3102 3064 0.99 0.244 0.199 0.82
P12 14.4 184.3 240.0 1.30 3338 3217 0.96 0.250 0.198 0.79

P14 15.6 152.0 193.0 1.27 4607 3880 0.84 0.359 0.255 0.71

P14 26.2 152.0 196.0 1.29 8611 6830 0.79 0.394 0.262 0.66

No.N1 15.0 366.2 333.0 0.91 4629 3665 0.79 0.184 0.167 0.91

No.N1 25.0 366.2 328.0 0.90 11536 10248 0.89 0.251 0.249 0.99

No.N2 15.0 353.0 384.0 1.09 4661 4684 1.01 0.190 0.179 0.94

No.N2 25.0 353.0 384.0 1.09 11321 11094 0.98 0.254 0.234 0.92

No.N3 15.0 366.2 337.0 0.92 4629 3777 0.82 0.184 0.169 0.92

No.N4 15.0 353.0 376.0 1.07 4661 4374 0.94 0.190 0.173 0.91

Shimazaki® No.N5 15.0 353.0 378.0 1.07 4661 4346 0.93 0.190 0.172 0.90
No.N5 25.0 353.0 377.0 1.07 11321 11580 1.02 0.254 0.246 0.97

No.N6 15.0 312.7 331.0 1.06 4632 4971 1.07 0.207 0.209 1.01

No.N6 25.0 312.7 345.0 1.10 10233 10596 1.04 0.258 0.246 0.95

No.N7 15.0 389.2 366.0 0.94 6512 5161 0.79 0.228 0.200 0.88

No.N7 25.0 389.2 369.0 0.95 14288 12090 0.85 0.284 0.259 0.91

No.N8 15.0 3123 318.0 1.02 4625 4255 0.92 0.207 0.192 0.93

No.N8 25.0 312.3 325.0 1.04 10183 9487 0.93 0.258 0.236 0.92
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Table 2 Comparison of the predicted and test results(Continued)

Transverse Load-carrying capacity Energy dissipation Equivalent damping ratio
. displacement Va (kN) Ej;(kN-mm) Cag (%)
Researchers | Specimen |“+|(= IM’|) Pred Test Ratio Pred T i i
. : est Ratio Pred. Test Ratio
(mm) @ ® /@ @ ® /@ ® ® ®/@
No.1 16.0 408.9 465.2 1.14 6691 7730 1.15 0.213 0.215 1.01
No.1 24.0 408.9 467.1 1.14 12856 11850 0.92 0.259 0.218 0.84
No.1 40.0 408.9 482.8 1.18 25187 | 21960 0.87 0.295 0.231 0.78
No.2 16.0 676.3 655.6 0.97 10036 7880 0.79 0.198 0.170 0.86
No.2 24.0 676.3 624.5 0.92 19284 14910 0.77 0.239 0.208 0.87
No.4 16.0 693.3 739.4 1.07 10036 9050 0.90 0.194 0.172 0.89
No.4 24.0 693.3 701.8 1.01 19284 16370 0.85 0.234 0.205 0.87
No.6 16.0 723.8 735.0 1.02 10036 9050 0.90 0.188 0.172 0.92
Ishikawa No.6 24.0 723.8 711.8 0.98 19284 15240 0.79 0.227 0.192 0.85
and No.6 40.0 723.8 737.3 1.02 37780 | 35700 0.94 0.258 0.243 0.94
Kimura'” | No.7 16.0 7243 | 6954 | 096 | 10036 | 7950 | 0.79 | 0.188 | 0.164 | 0.87
No.7 24.0 724.3 671.8 0.93 19284 14850 0.77 0.227 0.197 0.87
No.8 16.0 572.4 556.5 0.97 9024 8750 0.97 0.207 0.206 1.00
No.8 24.0 572.4 549.2 0.96 15791 15440 0.98 0.233 0.236 1.02
No.9 16.0 818.3 825.2 1.01 9536 7540 0.79 0.166 0.141 0.85
No.9 24.0 818.3 812.9 0.99 22195 15430 0.70 0.230 0.176 0.77
No.10 23.0 5914 646.4 1.09 6416 8470 1.32 0.125 0.141 1.13
No.10 34.0 591.4 647.3 1.09 19036 | 19200 1.01 0.201 0.189 0.94
No.10 51.0 591.4 657.5 1.11 38539 | 31860 0.83 0.253 0.201 0.79
Average = 1.06 Average = 0.92 Average = 0.90
Standard deviation = 0.11 Standard deviation = 0.12 Standard deviation = 0.09
? Average = 0.92 H 2ol ofte] AT
§ Standard deviation = 0.12 3) ztE o] A2AksleE oURHFeE HZo JE=
g o F71AF Bt Aol Adste AW B Hx
§ 1 Q 0o MRE Aol 27l WA BT, G AT 5
. 3 ° ot tiAze] APt WHE oPL AEH
W wge Qane 7158 welsA W oA
j R AR S 3
Oy 2 3 4 5 SR TR T R
S B QdlAe dad) dstel ddnst 25
(a) Energy dissipation = BT = == Al
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Fig. 11 Comparison of predicted energy dissipation and 1. Paulay, T., “Coupling Beams of Reinforced Concrete Shear

equivalent damping ratio to test results
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