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ABSTRACT

keywords : mechanical splice, splice of steel bars, reinforced concrete

1. Research goal

The regulations for the use and fabrication of mechanical couplers have been
used for more than five years in Taiwan. It is time to review and revise the
regulations. In this project, the regulations were reviewed and revised. In addition,
the feasibility of using reduction-of-diameter of steel bar as an index for ductility of
the mechanical splice was investigated. And, the use of mechanical splice in the
plastic hinge zone of RC columns was also studied.

2. Methods and procedure

Both theoretical and experimental works were carried out to study the behavior
and characteristics of reduction-of-diameter of steel bars. A total of 79 reinforcing
bar specimens and 29 set of reinforcing bars spliced by coupler were tested to their
failure under tension. Large scale column specimens were loaded under cyclic loads
to study the hysteretic behavior of the columns with their steel bars spliced by
couplers in the plastic hinge zone. Based on the experimental results obtained, the
regulations for mechanical splices were revised.

3. Major achievements

The use of reduction-of-diameter as an index for the ductility of the mechanical
splice of steel bars was found applicable. The reduction-of-diameter is suggested no
less than 5% and 6% for Grade 60 and Grade 40 reinforcing bars respectively for SA
Class splices. In addition, the reduction-of-diameter should be no less than 1% for
both Grade 60 and Grade 40 reinforcing bars for B Class splices. It is found from
the tests that use of mechanical splices in the plastic hinge zone of RC columns has no
negative influence to the hysteretic behavior of the columns. The regulations for the
use of mechanical splice of reinforcing bars were revised as can be found in
Appendixes A and B, respectively.

4. Suggestions
1. The regulations should be inserted in the design and construction codes for
concrete structures respectively to implement these regulations to practical

practices.

2. The regulations should be publicized to the engineers and architects by
holding conferences.

3. Certification and experimental units should be established to certify the
products for coupling steel bars

XII
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202-1 s

W R

sy | SDA20W | SD420W | SD28OW | SD420W
Bopan -l B B2 | B a | R AU g 8
#6 5 — 4
#7 5 — —
#8 12 5 5 —
#9 — 5 — —
#10 12 5 5 —
#11 2 5 — —
&3 38 30 10 4
22 FHEFL2FHRE LGS
SD420W | SD420W | SD280W | SD420W
Bt -1 A -2 B S | kg S
(Fo)ave | 4.9~8.4% | 5.2~8.0% (6.6~ 16.22%| 4.7~5.4%
(Y d)necking|1 3.1~ 28.8%|18.1~32.6%|20.3~30.5%26.8 ~ 31.2%
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3 2-3 SD 420W v g 55 -1 F 5h B 22 IR B 2 R
n L T
S Gk Aiest | Atheory| Qtest T 32 1B | Atheory T 32 & §
% 1 (%)
Al 0.478 10.462
D19-L-2.1|B] 0.488 |0.460
Al 0.522 |0.455
o g D122 B[ 0.523 [0.461 O
e 0.455 0.495 0.459 7 8%
Al 0.478 |0.453
D19-L-2.3| 299
Bl 0.493 |0.464
0.525
0.540
D22-1-2.1 N[ 0.484 |94%7
0.487
Bl 0.493 |0.453
0.533
0.470
D22-1-2.2 | 0.469 | 400
G HT 0.469 0.490 0.456 4%
Bl 0.464 [0.459
0.576
0.539
D22-1-2.3 "\ 0.516 |0 4%7
0513
Bl 0.485 |0.450
AT T —
D22-L-2.4 /87 0.557 |0.458
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% 2-3(F)  SDA20W 4ebogy $5-1 F B B &I 2 R

Ty

5Lk kiR Atest a-theory Aeest T 32 & atheory T g 22 ¥ (%)

0.487
0.493
A 0.455
D25-L-2.1 0.516
0.562
B| 0.497 |0.461
0.490
0.528
A 0.449
D25-L-2.2 0.521
0.472

B - -

0.370 |0.413
0.504
0.512 0.488 0.451 8.2%
A 0.461
D25-L-2.4 0.504
0.483
Bl 0.531 |0.455
0.433
0.426
A
D25-L-2.5 0.451
0.437

B| 0.565 |0.457

& #8| D25-L-2.3

@ P

0.454

0.479
o 0.486
ARy A 0.454
D25-L-1.1 0.481

#8
0.515

B| 0.441 |0.449

=
&
N
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% 2-3(4) SD 420W ¢ 44k -1 9 %

|

g

F

B S

Eaki R R

atest

atheory

Aiest T 2 1B

% & #10

D32-L-2.1

0.456

0.502

0.487

0.471

0.456

0.477

0.460

D32-L-2.5

0.465

0.457

0.485

0.491

0.486

0.455

0.468

0.456

D32-L-2.6

0.512

0.497

0.481

0.458

0.456

0-680

> |

0.480

0.457

D32-L-2.7

(o8]

0.512

0.456

R

#10

D32-L-1.1

0.443

0.429

0.430

0.437

0.451

0.439

0.449

D32-L-1.2

0.468

0.465

0.442

0.450

0.449

0.513

0.454

0.475

0.455

4.4%

A

#11

D36-L-1.1

0.410

0.425

0.440

0.440

0.445

0.458

0.457

0.436

0.456

0.429

0.457

6.1%
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% 2-4  SD 420W v 4dp 55 -2 F %k B 2 IR A B 2 W R

S

R ECE

atest

a-theory

Aiest T 32 (B

atheory T o

T

2 1 (%)

“ & H6

D19-F(H42)-2.1

0.454

0.476

0.474

0.476

0.487

0.448

0.445

0.438

0.454

D19-F(H42)-2.2

0.447

0.403

0.440

0.469

0.471

0.476

0.434

0.428

0.454

D19-F(H42)-2.3

0.539

0.548

0.508

0.493

0.516

0.566

0.620

0.547

0.459

0.470

D19-F(H42)-2.4

0.479

0.498

0.483

0.520

0.495

0.455

0.467

0.422

0.452

D19-F(H42)-2.5

0.445

0.442

0.448

0.475

0.451

0.450

0.434

0.435

0.446

0.453

3.8%
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%

3 2-4() SDA20W 4ehodp -2 F S B WA B 2 1 R

S

R ECE

atest

a-theory

Aiest T 2 B

atheory T o

T

2 1 (%)

GO HT

D22-F(H42)-2.1

0.452

0.474

0.448

0.447

0.471

0.474

0.489

0.404

0.435

0.491

0.463

D22-F(H42)-2.2

0.455

0.487

0.427

0.464

0.467

0.429

0.393

0.385

0.460

D22-F(H42)-2.3

0.484

0.493

0.498

0.451

0.470

0.490

0.482

0.418

0.460

0.450

D22-F(H42)-2.4

0.395

0.398

0.460

0.497

0.492

0.442

0.462

0.466

0.459

D22-F(H42)-2.5

0.410

0.377

0.497

0.473

0.460

0.459

0.511

0.482

0.457

0.460

2.1%
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4 2-4() SD A20W 4cbodp -2 F S B B WA B 2 1 R

S

R ECE

atest

a-theory

Aiest T 32 (B

atheory T o

T

2 1 (%)

“ & 48

D25-F(H42)-2.1

0.404

0.406

0.459

0.449

0.453

0.454

0.416

0.413

0.449

D25-F(H42)-2.2

0.415

0.393

0.427

0.465

0.482

0.467

0.429

0.408

0.455

D25-F(H42)-2.3

0.453

0.453

0.439

0.413

0.434

0.452

0.451

0.483

0.452

0.442

D25-F(H42)-2.4

0.496

0.520

0.503

0.462

0.451

0.488

0.468

0.455

0.457

D25-F(H42)-2.5

0.448

0.446

0.435

0.445

0.441

0.445

0.424

0.412

0.455

0.454

2.5%
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%

3 2-4() SDA20W 4ehodp -2 F S B WA B 2 1 R

S

R ECE

atest

a-theory

Aiest T 32 (B

atheory T o

T

2 1 (%)

4 & #9

D29-F(H42)-2.1

0.353

0.424

0.393

0.415

0.455

D29-F(H42)-2.2

0.459

0.418

0.418

0.456

0.461

D29-F(H42)-2.3

0.477

0.445

0.465

0.442

0.439

0.445

0.445

0.465

0.459

D29-F(H42)-2.4

0.383

0.436

0.435

0.465

0.446

0.462

0.456

0.442

0.455

0.440

D29-F(H42)-2.5

0.479

0.479

0.489

0.427

0.497

0.486

0.454

0.475

0.457

0.457

3.8%
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4 2-4() SD A20W 4cbodp -2 F S B B WA B 2 1 R

S

R ECE

atest

a-theory

Aiest T 2 B

atheory T o

T

2 1 (%)

& #10

D32-F(H42)-2.1

0.424

0.447

0.448

0.459

0.454

0.418

0.453

D32-F(H42)-2.2

0.473

0.497

0.496

0.502

0.481

0.466

0.454

D32-F(H42)-2.3

0.427

0.458

0.450

0.435

0.442

0.426

0.451

0.455

D32-F(H42)-2.4

0.459

0.464

0.456

0.473

0.458

0.446

0.459

D32-F(H42)-2.5

0.459

0.461

0.466

0.452

0.441

0.405

0.451

0.454

0.3%
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F

3 2-4() SDA20W 4ehodp -2 F S B WA B 2 1 R

S

R ECE

atest

a-theory

Aiest T 2 B

atheory T o

T

2 1 (%)

Hoa#ll

D36-F(H42)-2.1

0.427

0.457

0.459

0.446

0.424

0.416

0.454

D36-F(H42)-2.2

0.472

0.447

0.447

0.475

0.464

0.460

0.461

D36-F(H42)-2.3

0.437

0.471

0.483

0.483

0.450

0.440

0.457

0.444

D36-F(H42)-2.4

0.404

0.450

0.461

0.439

0.427

0.406

0.451

D36-F(H42)-2.5

0.401

0.408

0.408

0.451

0.435

0.459

0.454

0.455

2.6%
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4. 2-5 SD 280W #u & 4k 55 F 5k B 27 12 3

B

atest

a-theory

T 3o

2 1 (%)

o #8

D25-F(H28)-2.1

0.467

0.389

0.367

0.527

0.488

0.412

0.407

0.477

0.443

D25-F(H28)-2.2

0.393

0.450

0.460

0.418

0.433

0.444

0.419

0.415

0.445

D25-F(H28)-2.3

0.460

0.431

0.471

0.470

0.386

0.361

0.479

0.517

0.449

D25-F(H28)-2.4

0.450

0.447

0.428

0.446

0.463

0.433

0.402

0.400

0.448

D25-F(H28)-2.5

0.339

0.330

0.323

0.337

0.363

0.358

0.318

0.347

0.446

0.426

0.446

4.6%
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3 2-5(4) SD 280W #: #* 4k 5 F o &

%

%S

atest

a-theory

T Tl (%)

“ & #10

D32-F(H28)-2.1

0.443

0.436

0.453

0.450

0.422

0.407

0.436

D32-F(H28)-2.2

0.495

0.517

0.499

0.444

0.427

0.422

0.441

D32-F(H28)-2.3

0.368

0.416

0.455

0.455

0.422

0.441

0.429

D32-F(H28)-2.4

0.363

0.384

0.417

0.436

0.428

0.413

0.431

D32-F(H28)-2.5

0.400

0.404

0.409

0.441

0.451

0.449

0.439

0.423

0.435

2.8%
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%S

B

atest

a-theory

Arest T 32 &

T £ (%)

D19-F(Q42)-2.1

0.415

0.457

0.466

0.439

0.454

0.483

0.492

0.468

0.463

D19-F(Q42)-2.2

0.406

0.443

0.452

0.488

0.437

0.413

0.417

0.385

0.459

D19-F(Q42)-2.3

0.387

0.480

0.499

0.422

0.440

0.465

0.445

0.371

0.459

D19-F(Q42)-2.4

0.411

0.367

0.454

0.517

0.459

0.472

0.420

0.431

0.464

0.434

0.461

6.0
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%\’ 2'7 atest l:’i, a-theory Z Mi‘ ;‘L
SD420W SD420W SD280W SD420W
‘f%; bogogy -1 dedly B2 B S kb
C
atest atheory atest a-theory atest atheory atest a-theory
#6 0.495 0.459 0.470 0.453 — — 0.434 0.461
#7 0.490 0.456 0.450 0.460 — — — —
#8 0.488 0.451 0.442 0.454 0.426 0.446 — —
#9  — — 0440 0457 — — - —
#10 0.475 0.455 0.455 0.454 0.423 0.435 — —
#11 0.429 0.457 0.444 0.455 - — — —
# 2-8 SDA20W 4egodpy $0-1 2L 55 % 2 g F &
—%FLqT’ X2
. B 3t 2 Epeak w3 2. (M) demend
G S5l | Bl PR P .
(%) (%) (%)
#6 12 10 5.0
#7 12 10 4.9
#8 14 12 5.9
#9 14 12 —
#10 14 12 5.7
#11 12 10 4.3
% 2-9 SD420W 4v sy 55 -2 2 4;‘ lq'ﬁ O i Ea ‘fﬁ & E4 +
g R L2
. % 3t Z Epeak [ (rd)demend
4 55 B #ic B W OE X P
0)
#6 12 10 4.7
#7 12 10 4.5
#8 14 12 5.3
#9 14 12 5.3
#10 14 12 5.5
#11 12 10 4.4
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% 2-10 SD28BOW #i 4“4 & 2L 55 % & e 5 &
bR T2 »
by 55 B i &T W OE & B3tz Epeak i (rd)demend
G 55 o 4N = 5
(%) (%) (%)
#8 18 16 6.8
#10 18 16 6.8

% 2-11 SD420W 3 ¢ # A% 4 S 2L R B AL F g R
(%) 9% ) (%)
#6 12 10 4.3
# 2-12 FHEFAWZ Fwk
7B — S B
45cm+45cm
SD420W+#6 Lab 3 95,96,97
SD420W#7 Lab 3 92,93,94
SD420W#8 Lab 3 98,99,100
SD420W#10 Lab 3 107,108,109
TR 5 SD420W#8(fy1 v.s. fy0) | B 2 84,85
SD420W#8(fy, v.s. fy3) |% B 2 87,88
SD420W#8(fy1 v.s. fy3) |% B 2 89,90
SD420W(#8 v.s. #10) |Lab 2 105,106
SD420W(#8 v.s. #7) |Lab 2 101,102
SD420W(#6 v.s. #7) |Lab 2 103,104
H SD420W#8(fy1 v.s. f,1) |% B 3 81,82,83
W OHMHEE | SDA20W#8(fy1 ves. o) B B 1 86
i SD420W#8(fyy v.s. fy3) | & 1 91

-56-




%

£2-13 FRPUWICRHEILEHREFE ¥ AR
A #8(Fy1)-#8(Fy1)|  #7-#7 #6-#6 #8-#8 #10-#10
SE B 81 |82 |83 |92|93|94|95|96|97 (98|99 |100/107|108/109
@ |1[7.0/6.5|8.5|8.5|8.6|6.918.5[18.3120.5(7.4(8.6 7.7 |6.1[10.5/6.7
o % 12(15.5(15.4|12.4|5.8|8.5|4.6|3.9(4.3|4.3|6.1|4.6|6.1(6.0/6.5|7.4
% M 13042342403]2701.0/6.4-0.4/1.4]2.0]-03 1968|4640
TSk HE 22 14120026032 (1.3/1.0/1.5/2.0/-05/2.1(35(0.9]-0.1/4.6/5.2|2.0
F ) |
2 5|7.4110.1/ 9.8 |8.8(5.2/6.9/8.5(3.6|6.6|5.0/5.1/5.8|4.5(5.6|4.5
# |6/7.0/89(84|7.6(6.0/58|7.8/4.8(8.8/4.3/4.6|3.1|5.4/5.8|5.0
g |1[7.6|7.1(8.7|8.7]9.314.8/19.6[24.0127.9(8.6 (9.9 7.4 |8.7 [14.9/7.2
P % |2114.7/117.5/15.0/6.2|8.7|7.3|2.6 |4.4|5.2|7.0|7.5|6.7|5.9|6.0|7.8
s-o | M ol3l42l35(30[17]23]26| - |-1.92.3/1.9/2.0/6.8]6.1]4.9]|3.7
DAEfRHR 22 14 - |22]39]09(16/1.8[-07] - |1.2]3.1]00]| - | - |45/ -
F ) |
2 5| - |11.4]10.1]8.7/5.9(6.1| - | - |4.9/55/6.0/6.0/55| - |6.2
@ |6/8.1]89(81]95[72/53] - |- |8.2(58[52| - |- |- -
— B+ & (%)|15.5|15.4]12.4|8.5 8.6 | 6.9 [18.5(18.3(20.5| 7.4 | 8.6 | 7.7 | 6.8 |10.5| 7.4
T35 (%) 8.9(8.4|7.7/48(6.6(4.1]9.6|7.4/8.7/5.1/4.3/5.2/6.3/7.2/6.0
e gy B % E(%)]7.4]10.1] 9.8 |8.8/6.0]6.9/8.5]4.8(8.8/5.0|5.1|5.8|5.4|5.8|5.0
2L 87 2 )
T35 (%)|55(7.2|7.2/59|4.1/4.8|6.1|2.6(5.8/4.3/3.5/2.9|/4.8/5.5/3.8
Tya £ % (%) [15.8|16.6(16.6(12.5/10.4[10.1/26.227.0[23.4[15.1/14.813.5[11.1/10.7/10.1
g B - 5
ﬁ?i“-ﬂ~?j* OO 10| x| O]|OlO]O|O]|O|x|x|x|x|0O
DA S 2
ot PR TP g A d FME AR Y - BlL R EfEHF

2

R REd g 5

‘)
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* 2-14 ﬁ%ﬁ%ﬁﬁﬁﬁﬁiﬁ%%*ﬁkﬁ¢&$%
XA M B 84 | 85 | 86 87 88 89 | 90 | 91
# | 1 ]10.9| 6.5 | 7.8 | 8.6 8.8 |15.5|16.0| 5.3
2 2 | 82|78 |81 | 7.4 7.8 | 7.1 | 7.4 |15.0
Foere W 3 T 40 1809 21 | 25 |17 |20 27
BT "
0 =1 4 12|25 |26 | 1.2 1.8 | 1.2 |-03] 1.3
(%) .
.
5 |25 |44 |38 3.1 42 | 2.4 | 21| 2.4
2
® | 6 |25 |48 | 44| 36 49 |26 |18 | 2.2
g | 1 |11.6| 6.3 | 8.8 | 12.3 | 11.8 |17.8(24.6 | 7.7
A 2 |80|85 |94 | 7.0 6.9 | 7.7 110.9]19.4
L3 F-F= | @
TLEET IR g 151013 30 | 42 |42 | 46 | 42
R SRS
0 =1 4 |26 - 3.4 | 15 2.3 - 1.1 | 1.9
(%) i«
.
5 | 2.7 - 5.1 | 4.8 - 3.4 | - 2.6
Z
® | 6 [ 25| - | 47| 4.8 - - 127128
< 1@ (Y
& 2 ) ©(%)109| 7.8 | 8.1 | 8.6 8.8 |15.5(16.015.0
T3mwE (%) 7.7 | 5.3 |56 | 6.0 6.4 | 81|85 | 7.7
< & (¢
P (%) 25| 4.8 | 44 | 3.6 49 |26 |21 |24
T3aE (%) 2113936 2.6 36 [211]1.2] 20
Tiaw £ (%) 14.0(13.0|13.2| 13.8 | 13.2 |12.2|14.0|13.5
78 =% B F
N x O | O O O O | O | O
ol R T LR A S RS A RL Y - R B R
(% B 5 97 Rl BT dE )
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% 2-15 ﬁ%ﬁ@ﬁﬁ%ﬁﬁiﬁﬁﬁ%@ﬁﬁﬁ)
FEaN #7 -#8 #6 -#7 #8 -#10
=X 101 102 103 104 105 106
g | 1 8.7 9.7 18.9 7.4 6.6 8.7
2 2 6.7 10.8 5.3 4.8 | 20.6 | 27.1
e W g 95 | 35 | 06 | 00 | 19 | 08
B "
%) =1 4 0.2 -0.8 -06 | -0.4 | -0.3 | -0.3
%7
5 0.4 0.7 0.7 0.5 0.8 0.1
3
o | 6 -0.1 0.5 -1.0 0.6 -0.7 0.1
g | 1 8.7 11.3 | 23.9 7.4 8.0 9.1
I ) 6.6 | 11.2 6.6 5.7 | 19.5 | 16.1
LB F -4 [
ErEodn e M g ] 36 | 33 | 04 | 20 | 47 | 11
LA 1zﬁﬁ4 o
(%) = 4 -0.9 - - - - 0.2
%7
» 5 0.6 - 0.0 -0.3 | -0.3 0.5
Al
| 6 0.7 - - - -0.4 | -0.4
. = (0
& 7 B / ® (%) 8.7 10.8 18.9 7.4 20.6 | 27.1
T (%) 6.0 8.0 8.3 4.0 9.7 12.2
< 1@ (9
S A B+ E(%) 0.4 0.7 0.7 0.6 0.8 0.1
T3aE (%) 0.2 0.1 -0.3 0.2 -0.1 -0.1
Tiaw £ X (%) 6.6 7.8 4.3 9.0 13.2 | 14.0
A -y AT
Mﬂ‘:r o | O | O x | O | O
€ IR ¥

mrd T 2B e s AR Y - RIZE BT
(% BT 5 872 fpl 2 B S e )

-59-
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% 3-1 #FHE &

B E g FHR-E fa 8 kg R
R-Y1 — — Y1
L1-Y1 > R [i= Y1# Y1
L1-Y2 N b= S Y1 Y2
L1-Y3 N = S Y1# Y3
L2-Y3 ER-ah I e EETRR e d Y14 Y3

L1/2-Y3 | 2 &8 | el da d Y1# Y3

2 32 FIL#FHIAR B R FHREF

R-Y1
] 33 18 5 5 F1 | F2 | F3 | C1 |C2 | C3 | C4
4o 3% 48 FL 56 & (kg/cm®)|531.2/545.3(396-7/517.6/485.2/523.4[507.8
T 333 B (kg/em?) 538.3 508.5
L1-Y1
IR F1 | F2 |F3 | Cl1|C2|C3]|cC4
7 45 3% 48 FLR 56 & (kg/em®)|556.3542.2/579.8/518.7/537.8/463.3/557.1
T 323 B (kg/cm?) 559.4 519.2
L1-Y2
32 88 5 5 F1 | F2 |F3 | Cl1|C2|C3|C4
P4 3% 48 FUR 5 & (kg/cm?)|495.0(511.1/524.5(474.3[508.4/563.2/513.1
T 3255 & (kg/cm?) 510.2 514.8
L1-Y3
IR F1 | F2 |F3 | Cl1|C2|C3]|cC4
7 45 3% 48 FUR 55 & (Kg/em®)|442.2|458.31419.7/300.6/448.0/405.8/414.2
T 323 B (kg/cm?) 440.1 392.1
L2-Y3
T3 8 % 5 F1 | F2 |F3 |Cl1|C2|C3]|cC4
B 43 48 F0 B 55 & (kg/cm?)|455.7/413.9/451.5/402.6/409.9/409.3/430.4
T 323 B (kg/cm?) 440.4 413.0
L1/2-Y3
432 18 % 5 F1 | F2 |F3 | Cl1|C2|C3|C4
) 4o 3% 48 FL 55 & (kg/cm®)|331.0421.5/447.4|444.8/461.2/409.5(343.9
T 3455 & (kg/cm?) 400.0 414.8
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% 3-3 MY - A kB AFYL)L $3E% %%

FY1 1 | FY1 2 | FY1 3 | FYl1 4 | T3 @
1 v kL (tf/em?) 4.15 4.17 4.21 4.18 4.18
T o5 ik g (tf/em?) 4.09 4.12 4.18 4.14 4.13
f (tf/cm?) 4.12 4.15 4.19 4.16 4.15
R % (%) 0.18 0.20 0.19 0.20 0.19
® A A2 k% (%) 1.55 1.61 1.62 1.65 1.61
f (tflcm?) 613 | 616 | 620 | 6.18 | 6.17
B~ 4 R%(%) | 16.10 | 16.35 | 15.95 | 15.95 | 16.09
B s 4 (tflem?) 4.38 4.48 4.46 4.35 4.42
B % (%) 24.25 | 26.37 | 26.93 | 24.32 | 25.47
% 3-4 gy - A RuRFY2)L S@3%8 %
FY2 1 | FY2 2 | FY2 3 | FY2 4 | T35 &
%% ik g (tflem?) 4.81 4.72 4.85 4.76 4.79
T i ik gk (tf/cm®) 4.78 4.69 4.82 4.72 4.75
f (tflcm?) 480 | 471 | 484 | 474 | 477
R % (%) 0.23 0.18 0.27 0.22 0.22
A A4 % (%) 1.45 1.42 1.49 1.44 1.45
f (tflcm?) 667 | 661 | 673 | 6.64 | 6.66
Bk % (%) 12.35 | 1256 | 12.64 | 12.76 | 12.58
BLIF G 4 (tflem?) 5.47 5.41 5.12 5.18 5.30
Bk % (%) 20.37 | 13.78 | 21.32 | 14.23 | 20.84
% 03-5 B H ¥ = 5% ks A (FY3)i & 2% %%
FY3 1 | FY3 2 | FY3 3 | FY3 4 | T @&
v ik gk (tf/em?) 5.21 5.16 5.16 5.15 5.17
T 5 ik g (tflem?) 5.17 5.14 5.12 5.11 5.14
fo (tflcm?) 5.19 5.15 5.14 5.13 5.15
R % (%) 0.27 0.28 0.25 0.26 0.27
A A2 k% (%) 1.97 1.88 2.01 2.06 1.98
f (tficm?) 664 | 661 | 6.45 | 6.45 | 6.54
B4 % (%) 12.60 | 1259 | 12.74 | 12.61 | 12.63
B s 4 (tflem?) 4.67 4.70 4.63 4.62 4.66
B % (%) 24,12 | 21.47 | 20.95 18.52 | 21.27
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%36 FREFTUHFATER RS

SERY Y BE 81 82 83
ok KB fy Vs Ty
f, ¥4 3 & (tflem?)| 6 4 6.3 6.4
f,o " %5 & (tflem?)| 49 492 4.2
£, "% Rk % (%) 0.19 0.19 0.19
f
/fy 1.54 1.52 1.55
(8s)osr, HF £(MM)| 0073 | 0.082 | 0.085
£, 4 B 12(%) 4.9 4.8 4.8
20, 3.8 3.8 3.8
(8),. F# 2 (mm) | 0.102 | 0.198 | 0.081
(8),,, B 2(mMm) | 017 | 0.242 | 0.138
(&), 0.001 | 0.002 | 0.001
(8),, F B &(mm) | 0408 | 0.409 | 0.413
(&) 0.003 | 0.003 | 0.003
237 FREP I RS L L
SE B 4 5L 84 | 85 | 86 87 88 89 90 91
;4%‘ ’Eg #l—; i 1:yl VS. fy2 fy2 VS. fy3 fyl VS. fy3
fo¥edes & (tflcm?) 62 | 62 | 6.4 | 6.6 6.6 6.3 6.2 6.6
fo ' %3 & (tflem?®)| 40 | 42 | 4.2 4.8 4.8 4.2 4.2 4.2
€' RER(%) 019019019 ]| 022 0.22 0.19 0.19 0.19
f
7t 1.49 | 1.50 | 1.53 | 1.38 138 | 153 | 1.48 | 1.60
(85 )osr, F 8 £(MM) (0 064 0.0650.049| 0.059 | 0.072 | 0.073 | 0.09 | 0.117
g 1 B 12 (%) 4.7 5 4.9 4.6 4.7 4.6 4.8 4.3
20e,, 38 | 3.8 | 3.8 45 4.5 3.8 3.8 3.8
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% 3-8 e HET R k&

F

R-Y1 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
025 | 0.08 | 0.02 | 0.08 | 0.04 | 0.06
0.5 0.12 | 0.16 0.1 0.18 | 0.14
0.75 | 0.22 0.3 0.18 | 0.28 | 0.25
1 0.2 0.38 | 195 | 2.05 | 1.15
1.5 299 | 266 | 355 | 3.03 | 3.06
2 322 | 429 | 3.78 | 464 | 3.98
2.5 3.93 | 487 | 468 | 507 | 464
3 587 | 532 | 406 | 554 | 5.20
35 6.49 | 7.84 7.17
L1-Y1| 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
0.25 | 0.06 | 0.06 | 0.06 0.1 0.07
0.5 024 | 0.26 | 0.26 | 0.64 | 0.35
0.75 1.3 125 | 152 | 151 | 140
1 171 | 203 | 167 | 197 | 185
15 211 2.7 2.08 | 2.82 | 243
2 251 | 353 | 291 | 3.63 | 3.15
2.5 3.78 | 494 | 505 | 542 | 4.80
3 509 | 559 | 544 | 465 | 5.19
35 428 | 464 | 6.88 | 507 | 5.22
4 5.95 4.7 5 6 541
4.5 7 8 9 5 7.25
L1-Y2| 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
0.25 | 0.08 | 0.16 0.1 0.12 | 0.12
0.5 022 | 014 | 022 | 0.74 | 0.33
0.75 | 0.83 1 089 | 141 | 1.03
1 1.25 1.6 1.6 1.8 | 156
15 213 | 231 | 231 24 | 2.29
2 3.7 3.11 4.5 3.62 | 3.73
2.5 438 | 438 | 4.21 52 | 454
3 5.6 573 | 6.81 | 6.52 | 6.17
35 6.42 | 6.22 6.1 5.25 | 6.00
4 6.97 6.97

L1-Y3| 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
0.25 | 0.08 0.1 0.1 0.1 | 0.10
0.5 069 | 0.85 | 1.16 | 0.76 | 0.87
0.75 | 144 | 097 | 127 | 0.89 | 1.14
1 138 | 114 | 149 | 125 | 1.32
15 258 | 276 | 229 | 275 | 2.60
2 3.22 | 402 | 403 | 392 | 3.80
2.5 6.03 6.7 6.24 | 6.64 | 6.40
3 718 | 711 | 7.28 | 7.73 | 7.33
35 744 | 9.45 74 110.88 | 8.79
4 759 | 9.34 | 8.76 8.56

.1/2-Y3 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
025 | 0.04 | 0.04 | 0.04 | 0.06 | 0.05
0.5 0.16 | 0.16 | 0.14 | 0.16 | 0.16
075 |1 068 | 0.79 | 0.81 | 0.69 | 0.74
1 1 118 | 115 | 137 | 1.18
15 261 | 228 | 242 | 267 | 250
2 3.69 | 443 | 437 | 554 | 451
2.5 579 | 6.22 | 6.02 | 582 | 5.96
3 6.53 | 6.75 | 653 | 6.04 | 6.46
35 736 | 6.05 | 7.77 | 836 | 7.39
4 8.5 8.50

L2-Y3| 1st Cycle 2nd Cycle |Average
0 0 0 0 0 0.00
0.25 | 0.08 0.1 0.14 | 0.08 | 0.10
0.5 045 | 0.76 | 0.61 | 0.82 | 0.66
075 |1 077 | 076 | 0712 | 131 | 0.89
1 135 | 131 | 147 | 133 | 1.37
1.5 293 | 292 | 286 | 3.33 | 3.01
2 413 | 486 | 3.83 | 451 | 433
2.5 458 | 6.02 | 475 | 6.21 | 5.39
3 575 | 6.92 | 6.02 | 562 | 6.08
35 789 | 877 | 936 | 8.01 | 851
4 8.46 8.46
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£03-9 R L2-Y3FRET S HUT R L

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

A A (mm)]  0.69

0.78

0.97

1.10

1.78

2.47

291 |/

% 3-10 #48 L12-Y3 § 12 2

1.0%1.5%|2.0%

2.5%

3.0%(3.5%

4.0%}4.5%

5.0%

6.0%7.0%

FEREY S HET AR (mMm)

0.22|0.27|0.31

0.40

0.53|0.55

0.58|0.71

0.62

0.18

0.40

FERET S TR (Mm)

0.18/0.39/0.54

0.42

0.68)0.63

0.78]0.59

0.26

0.38

0.11
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24-1 2 - w BER AP LA F

*

R-Y1

f e
(tf)

¥ 5 (1/cm)

12.7

2.7

24.2

7.3

29.9

10.2

38.1

13.4

49.5

25.4

54.3

43.1

55.5

65.0

56.1

79.2

55.8

94.0

54.8

104.3

54.4

123.2

53.5

130.8

fe
(tf)

w & (1/cm)

-14.0

-3.1

-21.7

-5.4

-28.4

-8.7

-33.0

-11.4

-41.6

-25.1

-4

-4

4.2

4.7

-45.0

-64.3

-4

-7

6.2

9.2

-44.7

-101.2

-43.9

-116.5

-43.8

-127.0

-43.2

-132.9

L1-

Y1

f
(tf)

¥ (1/cm)

14.2

3.

3

23.7

6.

2

31.8

9.

0

40.0

11.9

49.4

20.0

53.

30.

3

0

53.8

52.3

55.

67.

0

0

S7.

82.

0

695.

58.5

57.9/58.0

71110.7122.6

58.5

147.2

e
(tf)

# % (1/cm)

-16.1

-4.1

-23.3

-7.5

-30.0

-11.4

-1

-37.1

5.0

-42.3

-28.8

-44.4

-43.9

-45.3

-47.4

-46.0

-54.2

-47.2

-62.1

-46

-72

.6/-45.5/-45.5

.1-81.9/-96.3

-45.9

-110.7

L1-Y?2

e
(tf)

¢ & (1/cm)

16.0

3.9
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14.

7153

827.

4

2
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61.9

52.9
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77.9
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93.5

63.4

110.1
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124.9]147.0
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66.6 | 59.4
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o
(tf)
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-9.2

-32.9

-13.0
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-17.1

-44

-28.1
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0
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-63.8
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30.4
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26.3
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56.7
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54.6
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L2-Y3
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(th 20.031.1/40.2149.1/57.2|/58.5/60.1| 60.7 | 60.8 | 60.6 | 57.6 | 53.5 | 46.3
¥ % (1/cm) 5.8 | 8.8 /10.8/11.9/11.9/40.6 65.5| 82.2 | 86.1 | 90.8 |110.2|142.1/199.9
L
itf) -17.5-27.7-35.6-40.7-44.7|-44.6 -44.0 -43.8 | -42.8 | -39.4 | -36.6 | -33.8 | -30.1
¥ % (1/cm)|-6.8 -11.2-13.8/-16.9-34.0-59.6-82.8-102.3-132.5-156.7-197.1/-204.8-200.1

L1/2-Y3
e
(th 16.2|25.0/33.1/41.4|54.0 60.4|63.7 64.4/63.8/62.3| 61.5 |60.9 61.6 50.7
¥ F(1/cm)| 2.7 | 5.2 | 7.7 |10.5/20.6 /35.2 50.8/69.8/83.5103.2 125.5148.5/181.0 241.3
3
itf) -16.1-24.5-31.2-36.7-42.7|-45.4-45.8|-46.8-46.4-46.5 -46.5 |-46.3|-46.5 -42.8
¥ F(1/cm)|-3.4|-6.5-9.7 -12.9-24.7-40.3-60.3-80.4/-98.5-94.3|-101.8/-98.0/-95.1 -127.6

#4-2 2F MR
R-Y1 |L1-Y1|L1-Y2|L1-Y3|L2-Y3|L1/2-Y3

(P/Py) max 0.98 | 1.01 | 1.00 | 0.98 | 1.04 | 1.01
(Ductility),.. | 624 | 7.32 | 8.15 | 6.67 | 5.64 | 6.72
e
(7 RYL 5 4 %) 1.0 | 1.17 | 1.31 | 1.07 | 0.90 | 1.08
A e 7 £ (tf-mm)|104866(142772(166261(131252(92227|127713
o ow B
(7 RYL 5 &%) 1.0 | 1.36 | 1.59 | 1.25 | 0.88 | 1.22
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Displacement (mm)

Cycle NO.| Drift Ratio(%) |Displacement(mm)| Loading Rate(mm/sec)
1,2 0.25 475 0.026
3,4 0.50 9.5 0.053
5,6 0.75 14.25 0.079
7,8 1.00 19 0.106
9,10 1.50 28.5 0.158
11,12 2.00 38 0.211
13,14 2.50 475 0.264
15,16 3.00 57 0.317
17,18 3.50 66.5 0.369
19,20 4.00 76 0.422
21,22 4.50 85.5 0.475
23,24 5.00 95 0.528
0
100 — 5%
N 0
20 4%
B 0
60 — 3%
| 2%
40 — °
20 | 1%
1 0.5%
O _
~0.25%
20 — 0.75%
] 1.5%
40 — °
| 2.5%
-60 —
§ 3.5%
-80 —
. 4.5%
-100 T 1 T 1T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22

CYCLE NO.

W] 3-14 40§ fr A2
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