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Evaluation of Out-of-Plane Shear Strength of Reinforced Concrete Plate Seismic-Retrofitted
with Post-Installed Reinforcement
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Table 1 7T — & Ol

WH DD X, TV EM RIS L0 L7 A TR E (Study Data Range)
O AR R OFHEE O 25EIC, WS AWHHITR {CIassiﬁcati;‘; specimens
D A WTHRBR N B A A5 843 C A\ i AT SR AT & 77 Humber of specimens Authors'3) : 24 specimens
B Yamanobe et al.'s 2) : 10 specimens
LT u T@ iy 5 ﬁlngﬁﬁj LTWs ° Concrete strength [GB](N/mmz) 25.2~63.1
T AMTOOEIN & 4246 T 5 BTt A WA 4 %5 2 72 1, Shor 273
AW O OVE U 2N HE R A W RS O SEu L 0 Bled D 4 Tensile main rebar raio [a/bd](%) 1.05~1.60
Diameter of PSR D13~D29
BlE, HEERE AR AN N R BT 2 LR TET, Yield strength of PSR [,,,,](N/mm?) 329.0~406.8
— 7, BT AR G SRR 5 B B R 1 DL LRI i ey
lﬁ ﬁ:‘li‘/u[i‘ﬁ’oo%”ﬂ 75§ 3?) 5 %/EI\ Li ) fyfﬁ% @H‘%@ﬁgﬁgd‘ H Shear reinforcement effectiveness ratio [y,] 0.67~1.00
DXJFIZ LD EELRPHAINTND EE X B, HEE Effective section ratio [Lye/(D-du)I* 0.77~1.00

*1No.7, No.8: Le/D, Other: L/D.  *2No.7, No.8: Lye/(D-dy) Other: L,/(D-d;)

Table 2 sl Z bRk —&

(Specimens Program)

Shear reinforcement
Exsisting shear . .
. . Post-installed shear reinforcement
Type | Width | Depth Effective | Shear | Shear 23’;?;? Tensile Vield strese reiforcement (PSR)
Ref. | Name of b D degth span sp?n o Main rebar Socciicat (Standard hook) |
. a ratio B _ pecification Oy p Ty nsertion
loading | (mm) | (mm) mm) | mm) | ad | (mm?) [p=a/Bd] (Nimm?) | Reinforcementratio | Reinforcement ratio | length
Lp/D
[Pu] [Pw] Lp
(mm)
No.3 26.2 329 454 | 091
No.4 275 D13-CCb [Standard type] 329 201 3[322:?/05]@1 69 406 0.81
No.5 27.8 329 - 351 | 070
2-D16SD295@169
No.6 - » 280 | 40 5o spago | D16-CCb [Standard type] 342 10.30%) 351 | 070
o7 - 269 [p=1.60%] D13-Standard hook + 29 1-D13SD295@169 | 1-D13SD295@169 | 351 | 0.70
i - D13-CCb [Standard type] [0.125%] [0.125%] @o1)" | (0.78)?
454 | 091
D13-CCb [Standard type] 2-D13SD295@169 + +
No.8 1000 271 L,/D=0.91+0.70 329 - [0.25%] 351 | 070
(403)" | (0.81)*
No.9 326 342 381 | 076
No.10 63.1 342 2'D13[§DZ§§/5]@169 381 | 076
25%
No.11 29 | 10 oo sous0 D13-CCb [Standard type] 342 351 | 070
No.12 600 | 500 233 | 287 [p=1.50%] 342 - 2D1 ?OS ?225,2]@338 381 | 076
430 -
No.13 296 342 g 479 | 096
D16-CCb [Standard type] 2 D16$D2?5@169
3) |No.14| TypeA 28.1 342 [0.39%] 381 076
No.17 275 | 8-D22 SD490 342 g 479 | 096
500 1.16 =1.00° D13-CCb [Standard type] - 2 D13$D2§/5@169
No.18 29.8 [P=1.20%] 342 [0-25%] 381 0.76
No.19 268 D13-CCb 342 351 | 0.70
10-D22 SD490 | [Both tip anchor type] 2-D13SD295@169
No.20 252 =1.609 342 - o 454 | 091
[p=1.60%] D13-CCb [Standard type] [0-25%]
No.21 255 342 351 0.70
403 | 1000 | 248 X
No.23 25.2 Both E; 2nscﬁ:r iypel 342 454 | 091
No.24 255 1O-D-212 580[:/490 D16-SCb 342 - 201332@35@169 351 | 070
) i [P=1.60%] [Both tip anchor type] [0.25%] )
No.25 253 D13-SCb [Standard type] 342 351 0.70
No.LB 309 | 12-D22 SD685 342 2-D13SD295 954 | 095
500 | 1000 | 875 | 2000 1 067 D13-CCb [Standard type] - @200
No.LC 280 [p=1.06%] 342 [0.25%] 750 | 0.75
229
2-D22 SD685
No.SB 257 342 E 479 | 096
250 | 500 | 437 1000 2-D16 SD685 | D13-CCb [Standard type] - ! 91332235@200
No.SC 257 | [p=1.07%] 342 (025%] 375 | 075
6-D38 SD490 X
No.1-3 685 | 590 | 1640 339 D22-CCb [Standard type] | 407 _ 2-D228D345@325 | g3 | g3
65 [p=1.41%] [0.29%)

No.2-2 800 | 705 | 1960 o |FOPCLA L cob [Standard type] 389 - 2D20SD3AS@325 | 75) | (g4
i g [p=1.05%] P [0.48%] :
No.3-3 424 389 430 | 086
No.3-4 426 389 g 408 | 082

D16-CCb [Standard type] - 2 D16§E;C;§/5@200

2) |No35| Typen 278 | 429 389 [0.33%] 408 | 082

No.3-6 w0 L soo | a0 | 1105 426 | 4p355D490 389 392 | 078

No.4-1 340 [p=1.48%] 390 408 | 082
D16-CCb

No.4-2 343 [Both tip anchor type] 390 3 2.D16sD345@200 | 208 | 082

No.4-3 335 390 [0.33%] 392 | 078
D16-CCb

No.4-4 339 [Both end anchor type] 390 500 | 1.00

*1: Lpg, *2: Lye/D
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Table 3 #x KM /7 S2BRAE K OV AT /)

AR

(Test Results and Calculated Value)

Maximum
shear i Calculated shear strength
strength Failure 11 o | Ly/D-d) .
Name mode “ . T Remarks
eQmax " PSRQJSCE eQmax PSRQm\M eQmax PSRQmmz EQ"‘EX PSRQAIJ EQ"‘EX
(kN) (kN)  [psrRQusce | (KN) | psrQmint [ (KN) | psrRQminz | (KN) psrRQal

No.3 513 ST 0.91 1.00 0.96 377 1.36 374 1.37 374 1.37 290 1.77 _ |D13-CCb [Standard type]

No.4 450 ST 0.81 0.94 0.84 360 1.25 371 1.21 358 1.25 278 1.62__ [D13-CCb [Standard type]

No.5 382 ST 0.70 0.82 0.69 334 1.14 358 1.07 317 1.21 240 1.59 [D13-CCb [Standard type]

No.6 361 ST 0.70 0.82 0.67 404 0.89 393 0.92 352 1.03 275 1.31 [D16-CCb [Standard type]

No.7 486 ST 0.78 0.91 0.69 359 1.36 368 1.32 348 1.40 266 1.83  [D13-Standard hook+ CCb(Lp/D=0.70) [Standard type]
No.8 469 ST 0.81 0.94 0.96, 0.69 356 1.32 366 1.28 352 1.33 273 1.72  |D13-CCb [Standard type](Lp/D=0.91+0.70)
No.9 427 ST 0.76 0.84 0.74 375 1.14 429 1.00 384 1.1 293 1.46  [D13-CCb [Standard type]

No.10 534 ST 0.76 0.84 0.74 433 1.23 596 0.90 524 1.02 397 1.35  [D13-CCb [Standard type]

No.11 447 ST 0.70 0.77 0.67 355 1.26 406 1.10 346 1.29 261 1.71  |[D13-CCb [Standard type]

No.12 373 ST 0.76 0.84 0.74 294 1.27 363 1.03 321 1.16 265 1.41  |[D13-CCb [Standard type]

No.13 622 ST 0.96 1.00 0.95 512 1.22 476 1.31 476 1.31 391 1.59 |D16-CCb [Standard type]

No.14 437 ST 0.76 0.84 0.72 439 1.00 439 0.99 398 1.10 316 1.38  [D16-CCb [Standard type]

No.17 726 SC 0.96 1.00 0.97 390 1.86 624 1.16 624 1.16 498 1.46  [D13-CCb [Standard type]

No.18 624 SC 0.76 0.84 0.74 352 1.77 625 1.00 548 1.14 428 1.46  [D13-CCb [Standard type]

No.19 419 ST 0.70 0.82 0.69 336 1.24 356 1.18 316 1.33 238 1.76  |D13-CCb [Both tip anchor type]
No.20 548 ST 0.91 1.00 0.96 381 1.44 373 1.47 373 1.47 287 1.91 [D13-CCb [Standard type]

No.21 408 ST 0.70 0.82 0.69 333 1.22 349 1.17 310 1.31 234 1.74 |D13-CCb [Standard type]

No.23 508 ST 0.91 1.00 0.96 381 1.33 373 1.36 373 1.36 288 1.77__|D13-SCb [Both tip anchor type]
No.24 364 ST 0.70 0.82 0.69 333 1.09 349 1.04 311 1.17 234 1.56 [D16-SCb [Both tip anchor type]
No.25 365 ST 0.70 0.82 0.69 333 1.10 349 1.05 310 1.18 233 1.56  |D13-SCb [Standard type]
No.LB 958 ST 0.95 1.00 0.98 615 1.56 725 1.32 725 1.32 593 1.62  |D13-CCb [Standard type]
No.LC 636 ST 0.75 0.81 0.75 529 1.20 662 0.96 584 1.09 460 1.38  |[D13-CCb [Standard type]
No.SB 221 ST 0.96 1.00 0.97 161 1.37 169 1.31 169 1.31 139 1.60 [D13-CCb [Standard type]
No.SC 187 ST 0.75 0.82 0.73 141 1.32 159 1.17 142 1.31 114 1.64 [D13-CCb [Standard type]
No.1-3 1082 ST 0.93 1.00 0.96 881 1.23 827 1.31 827 1.31 634 1.71  |D22-CCb [Standard type]
No.2-2 1598 ST 0.94 1.00 0.94 1323 1.21 1107 1.44 1107 1.44 963 1.66  [D29-CCb [Standard type]
No.3-3 563 ST 0.86 1.00 0.89 510 1.10 482 1.17 482 1.17 379 1.49 |D16-CCb [Standard type]
No.3-4 570 ST 0.82 0.95 0.83 492 1.16 476 1.20 461 1.24 359 1.59 [D16-CCb [Standard type]
No.3-5 531 ST 0.82 0.95 0.83 493 1.08 477 1.1 463 1.15 360 1.48 [D16-CCb [Standard type]
No.3-6 526 ST 0.78 0.91 0.78 480 1.10 471 1.12 446 1.18 344 1.53 [D16-CCb [Standard type]
No.4-1 532 ST 0.82 0.95 0.82 474 1.12 436 1.22 424 1.26 329 1.61  [D16-CCb [Both tip anchor type]
No.4-2 535 ST 0.82 0.95 0.82 475 1.13 438 1.22 425 1.26 330 1.62  |D16-CCb [Both tip anchor type]
No.4-3 546 ST 0.78 0.91 0.78 460 1.19 428 1.27 407 1.34 314 1.74 |D16-CCb [Both tip anchor type]
No.4-4 661 ST 1.00 1.00 1.00 525 1.26 456 1.45 456 1.45 355 1.86 |D16-CCb [Both end anchor type]

*1 ST: Shear-Tension failure, SC: Shear-Compression failure.

*2No.7, No.8: L,e/D, Other: L/D.
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Evaluation of Out-of-Plane Shear Strength of Reinforced Concrete Plate Seismic-Retrofitted

with Post-Installed Reinforcement

Yoshikazu Takaine and Takashi Okayasu

Recently, with the progress of research on earthquake ground motion, it has become necessary

to increase the out-of-plane shear force used in the design of reinforced concrete flat plates such

as foundation slabs and underground outer walls. There is a concern that out-of-plane shear

failure will occur in the flat plates of existing buildings with an insufficient amount of shear

reinforcement. However, effective seismic retrofitting of foundation slabs or underground outer

walls 1s difficult because the construction work can be completed only from the inside of the

building. To deal with this problem, a post-installed shear reinforcement (PSR) method was

developed. In this study, out-of-plane shear strength evaluation formulas are proposed using

past test results.



