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Abstract

The main purpose of this research is about experimental and analysis study of
Reinforced Concrete shear wall. The objective of the test is to compare the cyclic
loading behavior and the crack width control. The parameters include different
strength of materials and openings. This research design four RC wall specimens,
normal-strength RC shear wall, high-strength RC shear wall, normal-strength RC
shear wall with an opening and the last one is high-strength RC shear wall with an
opening. We discuss the observations of the tests, establish a model to predict the
peak crack width by combining the concepts of CEB-FIP[9] and Softened Strut-and-
Tie model[6,7]. Than we modify the peak crack width to the residual crack width by
using experimentally observed ratio between these two widths of this research.
Moreover, we evaluate our value of proposed method and experimental data by
perspectives the code of Architectural Institute of Japan, AlJ 2004[10] and AlJ

2010[11].

Keywords: high-strength reinforced concrete, shear walls with openings, crack

width control, performance evaluation
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PR AR T E LAY T b A HET A W

2ls (2-3)
sz &-(x) dx
0
BB & » TE 0 R3S (2-3) BiB &
w=2xIXeg, (2-4)
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VERERES Y R

AClACZ

=K 2-10
ls,eq (Acldbl + Aczdbz) ( )

By (2-10) 2 el 4e EETE s he(2-11) o

doi:10.6342/NTU201703299



1 Andp | Acdy
ls,eq KAclAcz KAclACZ
dp; | dp
KA., KA
_ 1,1
lsp Lo
1 -1
ls,eq ( + _) (2'11)
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# 2-3AIJ2010[11]z- R L E e FHF B ERE

L9 % 4 (Mpa) el 3 (Mpa)
PR | bk Ft B RN
' R I U £ 8 R LY RT R
§fc mln{%c’(. +m o)} B4 28 42 158

4 2-4 A1) 2010[11]2 & A% dn 63 £ s w5 25 4 2R B

£ ¥ 7 3 &4 (Mpa) B FF &4 (Mpa)

wHaAlR || PR e A | R p
SD 295 195 195 295 295
SD 345 195 195 345 345
SD 390 215(D29 v_+ 2~ 195) 195 390 390
SD 490 215(D29 v_+ 7~ 195) 195 390 490
SD 785 580 580 785 785

%25 R 4T [12]5 A xR A B A HETRERSHLT R Efo s
e i
Crack Width Ratio Drift Ratio (%) | Crack Width Ratio Drift Ratio (%)
W 5.2 -0.50 6.0 0.64
WB 4.0 -0.44 4.0 0.67
WO 6.7 -0.29 5.7 0.43
WBO 3.0 -0.54 2.0 0.29
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WA

15cm

15cm

190 cm x 240 cm

190 cm x 240 cm

g4 SD280W #3@30 cm

Bt SD280W #3@30 cm

B4 SD280W #3@30 cm

B4t SD280W #3@30 cm

6- SD420W #8

6- SD420W #8

28MPa

28MPa

.

45cm x 60 cm

15cm

15cm

190 cm x 240 cm

190 cm x 240 cm

g4t SD785W #3@30 cm

gt SD785W #3@30 cm

g+t SD785W #3@30 cm

gt SD785W #3@30 cm

6- SD685 #8

6- SD685 #8

70MPa

70MPa

.
H
H
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PR %
- (%) RERE R (i%f; T (%;_
305 276 325
NSW 50 203
323 281 306
305 292 332
NSWO 59 ",
359 320 284
781 739 722
HSW 90 760 757 681 782
653 657 681
704 746 823
HSWO 83 710 888 822 715
472 667 571
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3 4-2 L EchE SShb iRz %

fy fu . N £l ;
(MPa) (MPa) A
383 482
D10 | 367 | 378 | 475 | 482 | 2.33x 1073 | 223.3x 1073 | 1.28
385 489
338 455
SD280W | D13 | 387 | 363 | 450 | 478 | 3.54x 1073 | 208.6x 1073 | 1.32
363 530
470 674
D25 | 463 | 465 | 670 | 672 |2.48x 1073 | 192.0x 1073 | 1.45
464 671
478 675
SD420W | D19 | 481 | 482 | 680 | 679 | 3.40x 1073 | 176.2x 1073 | 1.41
484 6380
882 1083
D10 | 917 | 915 | 1108 | 1086 | 4.27x 1073 | 90.9x 1073 | 1.19
944 1066
SD785
899 1071
D13 | 886 | 889 | 1068 | 1068 | 4.17x 1073 | 88.8x 10~3 | 1.20
882 1064
715 925
SD685 | D25 | 713 | 715 | 924 | 923 [3.27x 1073 | 115.8x 1073 | 1.30
716 919
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343 LMz R : HEREH 4

WAy =HEmMmM) | FHEMM) | FEEHE 5 & 2-(KN)
-10.52 -0.15 -0.480% -1274
NSW
13.61 0.15 0.630% 1398
-10.61 -0.10 -0.489% -1040
NSWO
7.94 0.09 0.365% 1038
-15.94 -0.20 -0.732% -1947
HSW
16.04 0.22 0.736% 1982
-10.57 -0.11 -0.490% -1583
HSWO
14.49 0.07 0.670% 1795
ZA4ANSW M E B b2 2L E
NSW 1 +
PB4 4(%) | 0125 | 0.25 | 0.375| 05 | 0.75 1 15
F w4 & (%) | 0.121 | 0.243 | 0.367 | 0.489 | 0.741 | 1.005 | 1.502 | 2.004
B E(kN) | 621 | 968 | 1242 | 1344 | 917 | 722 | 594 | 409
NSW §
P4 &£ (%) | 0125 | 0.25 | 0.375| 05 | 0.75 1 15
F i 4 (%) | 0115 | 0.234 | 0.359 | 0.48 | 0.743 | 0.979 | 1.473 | 1.971
B E£(KkN) | 599 | 939 | 1157 | 1274 | 902 | 669 | 601 | 407
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% 45NSWO i ¢ o b2 L £ 8

NSWO = =&

P4 &£ (%) | 0125 | 0.25 | 0.375 | 0.5 0.75 1.0 1.5 2.0

F i & (%) | 0.119 | 0.241 | 0.365 | 0.493 | 0.744 | 0.992 | 1.488 | 1.983

#wAL £ (kN) | 595 | 865 | 1038 | 831 | 619 | 505 | 433 | 238

NSWO §

P4 &£(%) | 0125 | 0.25 | 0.375| 05 | 0.75 1.0 15 2.0

FE M & (%) | 0.119 | 0.239 | 0.364 | 0.489 | 0.744 | 0.994 | 1.492 | 1.990

# £ (kN) | 589 877 | 1028 | 1040 | 762 555 371 279

ZA46HSWRRHE-# iz 2R EE

HSW 1
AR
0125 | 025 [0375| 05 | 075 | 1.0 | 15 | 20 | 3.0 | 40
# & (%)
TR
0.119 | 0.241 | 0.365 | 0.493 | 0.744 | 0.992 | 1.488 | 1.983 | 3.184 | 3.988
# & (%)
fmag
796 | 1201 | 1536 | 1735 | 1982 | 1634 | 1469 | 1146 | 1018 | 530
£ (kN)
HSW § #
i ghd
0125 | 025 [0375| 05 | 075 | 1.0 | 15 | 20 | 3.0 | 40
# & (%)
gl
0.119 | 0.239 | 0.364 | 0.489 | 0.744 | 0.994 | 1.492 | 1.990 | 3.012 | 3.996
# & (%)
fwag
£ 0N 736 | 1162 | 1566 | 1682 | 1947 | 1661 | 1587 | 1392 | 1175 | 911
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% 4-THSWO 2 ¢ o b2 L £ 8

HSWO = =

P4 &£ (%) | 0125 | 0.25 | 0.375 | 0.5 0.75 1.0 1.5 2.0

F M & (%) | 0.120 | 0.245 | 0.366 | 0.494 | 0.748 | 0.996 | 1.491 | 1.981

& £ (kN) 727 | 1102 | 1377 | 1661 | 1278 | 711 576 332

HSWO §

P4 &£(%) | 0.125 | 0.25 | 0.375 | 0.5 0.75 1.0 1.5 2.0

F =4 4 (%) | 0.120 | 0.241 | 0.366 | 0.491 | 0.751 | 0.998 | 1.501 | 2.162

&3 £ (kN) 708 | 1104 | 1346 | 1583 | 1085 | 705 468 181

%4-8 FMALERT M &2 0B M AT ERPH LT

Unit:mm NSW NSWO HSW HSWO

i Max | Residual | Max | Residual | Max | Residual | Max | Residual

0.125% | 0.3 0.15 0 0 0.25 0.10 0.55 0.15

0.25% 1.0 0.25 0.35 0.10 0.90 0.10 0.95 0.50

0.375% | 2.5 0.40 1.00 0.15 1.10 0.15 0.80 0.25

0.5% 2.5 0.75 1.50 0.55 1.40 0.15 0.90 0.55
0.75% - - - - 1.30 0.30 - -

Unit:mm NSW NSWO HSW HSWO

o Max | Residual | Max | Residual | Max | Residual | Max | Residual

0.125% | 0.45 0.15 0.45 0.15 0.4 0.15 0.7 0.15

0.25% 1.3 0.5 1.4 0.65 0.6 0.2 0.9 0.3
0.375% | 1.2 0.5 2 1.4 0.8 0.25 1 0.6

0.5% 2 1.5 4.8 3 1 0.4 1.1 0.4

0.75% - - - - 1.5 0.9 - -
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% 5-1 EW2 A R g

R

Unlt V V V V + |Vtest+| V - |Vtest_|
KN y mn SST test Vest test VSST
NSW 1529 1910 997 1398 1.40% | -1274 | 1.28%
HSW 2628 3028 1816 1982 1.09% | -1947 | 1.07%
Uniit Vssr | +| " |

nit; |/ _ -
v /- Veest™ | o | Veest | =
kN SST SST
B4 >

524 684 350

NSWO 687 1038 1.51% | -1040 | 1.51%
524 684 350
846 1338 628

HSWO 1257 1795 1.43% | -1583 | 1.26%
846 1338 628
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%52 FHL iR EBLATE

I =R % B Bk 35 8.
#l4 (KN) | =#cm) | #14 (kN) | =#cm) | #l4 kN) | =% cm)
NSW 428 0.09 1148 1.27 230 3.80
NSWO| 327 0.08 687 0.89 0 1.28
HSW 657 0.14 1816 1.47 418 4.30
HSWO| 516 0.13 1257 1.17 0 1.54
p o CRAET % % B 0 g
#l4 (KN) | =#cm) | #14 (kN) | =#cm) | #l4 kN) | =% cm)
NSW -428 -0.09 -1148 -1.27 -230 -3.80
NSWO |  -327 -0.08 -687 -0.89 0 -1.28
HSW -657 -0.14 -1816 -1.47 -418 -4.30
HSWO| -516 -0.13 -1257 -1.17 0 -1.54
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# 5-3NSW % B R 2 mARH WA E 2 H b b

NSW
% i
Ratio AR R A F L R R A B st
0.125% 0.3 0.15 2.0 0.45 0.15 3.0
0.25% 1 0.25 4.0 1.3 0.5 2.6
0.375% 2.5 0.4 6.3 1.2 0.5 2.4
0.5% 2.5 0.75 3.3 2 15 1.3
4 5-ANSWO 4 % /8 2 AR AR EEE Bt 6
NSWO
R i
Drift KB | AN | XA | XY AR | X ER
Ratio R R A E) vt i R A Z) vt
0.125% 0.35 0.1 3.5 0.45 0.15 3.0
0.25% 1 0.15 6.7 1.4 0.65 2.2
0.375% 15 0.55 2.7 2 14 1.4
0.5% - - - 4.8 3 1.6
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. 5-5HSW 2% B 2 A4A PR E s 3 5

HSW
s i
Drift KR | AR | X BA | AR | AR | RE R
Ratio R R ARAR R TR | A
0.125% 0.25 0.1 2.5 0.4 0.15 2.7
0.25% 0.9 0.1 9.0 0.6 0.2 3.0
0.375% 11 0.15 7.3 0.8 0.25 3.2
0.5% 14 0.15 9.3 1 0.4 2.5
0.75% 13 0.3 4.3 15 0.9 1.7
4 5-6 HSWO = % % B 2 AR HpRE 2 210 6
HSWO
T g
Drift WM | AR | K E | XEHE | RN | X BER
Ratio WA R | AR [ R C N A
0.125% 0.55 0.15 3.7 0.7 0.15 4.7
0.25% 0.95 0.5 1.9 0.9 0.3 3.0
0.375% 0.8 0.25 3.2 1 0.6 1.7
0.5% 0.9 0.55 1.6 11 0.4 2.8
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4 57 12 AlJ2004[10]% NSW & & @4 2 {0 2242
NSW
Drift | EECREAZ AR !
Ratio %) R 2 4 5 (mm) o
(4 *HFm F 21 47)

@) | an | 5w pe | pw

0.125 | 44% 47% 24 A 0.15 | 0.15 E

0.25 69% 74% 24 S 0.25 | 0.50° XYM
0.375 | 89% 91% 24 S 0.40 | 0.50° XK ell

0.5 96% 100% | #Eicd]E | FRAE R | 0.75 1.5" £ >

% 5-8 1 AIJ 2004[10]4%f NSWO & & =4 2 H a0 37

e
NSWO
. Eho A2 7 AR
Drift (%) AT S
Ratio A Rl i 5 (mm)
(4 457 ¥ 2 47)
) | as | e io | fa
0.125 | 57% 57% 247 SH 4 01 | 0.15 #
0.25 | 83% 84% a4 SHM 015 | 0.65° | 41
0.375 | 100% | 99% 2 43 WA K | 055 | 147 PRl
0.5 - 100% | #=HcHE | WA E K - 3 S YEx
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% 5-9 11 AlJ 2004[10]% HSW t 2 45 2 iy 3277
HSW
2 E X 3% 7 N Hf' ‘
Drift Eh R St S LR
Ratio (%) R L (mm) T
(¢ * 7 ¥ 2 4)
@) | se | ge pwo | fw
0.125 | 40% | 38% 2 47 H 0.1 | 0.15 ® M
0.25 | 61% 60% 2 47 SH 0.1 0.2 M
0375 | 77% | 80% 2 47 SE 4 015 | 0.25° | @4pi 1
0.5 88% | 86% 2 47 S 0.15 | 04" i3 4 |
0.75 | 100% | 100% | #=icdis SHH 03 | 0.9 i34 1
% 5-10 4 AlJ 2004[10]%F HSWO % & =4 2 i i3
HSWO
EhLBR2 R FARY
Drift Eh < RR2Z AR e s
Ratio s (%) b b 55 (mm) v
(4 7 % 2 8)
®) | ze | e i | e
0.125 | 40% | 45% 243 3H 4+ 0.15 | 0.15 i
0.25 | 61% 70% 9 47 SE 05* | 0.3 i3 45 14 |
0375 | 77% | 85% 9 47 SE 025 | 06" X Rel
0.5 93% | 100% 245 WA R | 055 | 04 %40 1 1
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4 5-11 12 AlJ 2004 =7 A 4 5] STE Rl G4 2 4 4 B L (8 %)

R NSW HSW NSWO HSWO
o LR 66% 65% 59% 48%
iR 95% 96% 86% 86%

SR NI RS - - 96% 96%

% 5-12 11 AlJ2004 3215 A 4 B S FE R B T 2 8 4 B F ()

NSW HSW NSWO HSWO
i * L 54% 49% 60% 52%
AR R 70% 67% 2% 69%
2 4g 1R 90% 88% 83% 82%
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Direction of
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Direction of
earthquake forces
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Edge 4,

of wall—
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7Required

<> horizontal
reinforcement

Fig R18.10.8—Required horizontal reinforcement in wall
segments above and below wall piers at the edge of a wall.

Bl 2-6 ACI 318-14 S = [L3]$#b 4 1 ~ T & 2 fe i1 %

HRERTS (B Al 7
—

Eﬁ%ﬁﬁﬁ% - 7K¥$EJ§%ZEUJ

— -
%’\\

u —
1)

B 2-7 B v gk T 4w 6 (5% 7 R, 5]

88

doi:10.6342/NTU201703299



o <0.15¢£;

gpzega?::oundary p 5400”1
element required Ties not required
< Develop for £, past opening, o <0.15¢,
fop and botiom p > 400/ f,
kTS — Ties per 18.10.6.5
Hy o0s0.2f
1 H [ >400/1,; o>0.2f; Special boundary
Ties per 18.10.6.5 bai /18 Seme mauyed,

See Notes.

[ ]

Notes: Requirement for special boundary element is triggered if maximum extreme
fiber compressive stress o 2 0.2f,. Once triggered, the special boundary element
extends until & <0.15#,. Since h,, /£, < 2.0, 18.10.6.4(c) does not apply.

(b) Wall and wall pier designed using 18.10.6.3, 18.10.6.4, and 18.10.6.5

Fig. R18.10.6.4.2—Summary of boundary element require-
ments for special walls.
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