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Design and Verification of Confinement and Shear Strength by
Using Highly Flowable Strain Hardening Fiber Reinforced

Concrete (HF-SHFRC) in New RC Exterior Beam-Column Joint

Wen-Cheng Liao' Yo-De Wang® Wei-Ru Su® Kai-Yueh Chang’
! Associate Professor, National Taiwan University
* Master student, National Taiwan University

Abstract

The New RC Project conducted by Japan in 1988 mainly used high strength materials to
reduce the section sizes of members and to save the consumption of materials. However, the
brittle nature of high strength concrete should be considered compared to ductile response of
normal strength concrete. Therefore, ACI 318-14 requires denser transverse reinforcement
while using high strength concrete (f;>70MPa) in column members to assure its toughness.
For special moment frames, beam-column joint is a key element to transfer shear and moment
forces. Nevertheless, beam-column is an intersection of longitudinal reinforcement of beams
and columns along with transverse reinforcement of columns. The heavy reinforcement
arrangement may result in construction difficulty and poor construction quality. This issue
could be severer in New RC members since their section sizes are smaller. Addition of steel
fiber in beam column joints may be an alternative to transverse reinforcement since its

validity has been verified in columns.

This study investigates the seismic performances of high strength fiber reinforced exterior
beam-column joints. Estimation of shear strengths and quantification of confinement
efficiency are also discussed. Three full-scale high strength fiber reinforced exterior
beam-column joints with 1.5% volume fraction steel fibers were subjected cyclic loading
under low and high axial loading levels respectively. The high axial load specimen was
designed to verify the fiber confinement efficiency in terms of toughness ratio. The test results
show not only toughness ratio can properly quantify fiber confinement efficiency in
beam-column joint, but 75% of transverse reinforcement can be eliminated owing to steel
fibers under high axial loading. The other specimen was designed to obtain its shear capacity
under low axial loading level by joint shear failure. The test results show that its shear
strength is 1.91 times of that suggested in ACI 318, even there is no any transverse
reinforcement in the joint. Additionally, the specimen ends up with shear failure, but it still

can keep the good shape and satisfy all the criterions of a qualified beam-column joints



required in ACI 374. In summary, application of high strength fiber reinforced concrete in
New RC beam-column joints offers opportunities to significantly simplify the design and

construction work, while ensuring adequate ductility and damage tolerance.

Keywords: Steel fiber, Exterior beam-column joint, New RC, Toughness ratio, Shear
strength.
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SD550W 4 2= R 2 F R B R 3

# &

K fosh 48+ Fl B i% 38 $F SDA490 #1455 chF 732 A ARG 5 43 Mn 7 £ T4
e £ A2 AR L A SDSSOW Hfdh s AP TRBEAT SRRV RY
A ooxd 3N e L e B BIRGE 70 RERE 0 2 B 017 % & CNS560 ¥ k%
SD550W & 5 o #X SD550W 4k & cnfi A A V5% AEa FREH G Y S FR BT
o BBRATRBAAINRE LY BEAIFS N S FRELL o @
PORRERE S GO - AR LG - BB FI HEERE . B A
Bh S G E T ABEERFEFIL VEFEA AR R R LB RS FRTE
FERAAREGDEF > HPINRAGEG S DI REFN > GG 2K AL
AR R R PR A SR BB ST ] ORI ek @
D F R S E B4 kB p g

Abstract

Tung Ho Steel Taoyuan Factory through the practical production of SD490 hot rolled steel
production base that the appropriate increase in Manganese content and the use of low-alloy
production technology to produce SD550W hot-rolled steel, is to improve the strength of the
building with a more cost-effective way. Tung Ho Steel Taoyuan factory conducted a trial
production, to meet the standard of the CNS 560 SD550W products. However, the
continuation of the SD550W reinforcement is basically based on the use of friction welding
protector and thread joint for the continuation of the reinforcement, friction welding the basic
principle of the use of friction heat way, so that the combination of steel and sequestration.
The use of friction crimping, different from the general welding, there is no general welding
of the pores, cracks and other issues, the formation of non-gasification layer, combined with
the reinforcement due to heating friction time is not long, access to the same strength with the
base metal joints. The threaded section of the reel, which requires the production of the
threaded section of the sleeve, has its internal lines similar to those of the rebar of the rebar
but leaves a gap so that the injected mortar can be conveyed between the sleeve thread and the
rebar thread, Mechanism, can be smooth to the reinforcement of the tension to continue to

contact the opposite side of the steel, to force the effect and purpose.
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® 4% ;% § 3 (Mechanical splices)
A BRI R R GFER (AR R ER)

A fogm 4B e BB SDSSOW 48 552 H ~ 4w S R B2 FRI1Z2BF 454 6
PR (RRADE) 7 UL FA SRR S0 TR BHITE S &85 B R EHF
B o

= ~ SD550W 4 $5 cre= 4

I #% F(CNS560 £ 7% %)
AR

ER WYY TR g0

v B2
ma | e S .
C Mn P s si | CE
SD280W
SD420W | 030 | 150 |0.035: 004512 050 | 0.55
gy | SDAOW | T N Tl
T | spssow
0.060 1
SD6%0 | - : o : : :
it CE(E )= [ CHMn/6+Cu/40+Ni/204Cr/10-Mo/50-V/10 ) %

22 S A2 LB AR

LB
C Mn P S Si C.E.
SD280W
SD420W 0.33 1.56 0.043 12 | 0.053 2 0.55 0.55
SD490W T MTF - - T Va3
oy
SD550W
-5
0.075 12
SD690 - - - - -
s
! CE(BF )= ( C+tMn/6+Cu/40+Ni/20+Cr/10-Mo/50-V/10 ) %
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CNS560 SD490-SD550W-SD690 2% v #i

2.1 B AR

24 A SRR VB S D R

| C Si Mn P S CE.
SD490W
030 1 0.50 1T 1.50 == 0.035 1 F 0.045 1™ 055 7+
SD550W
SD690 - 0.060 14 7* - _
A 55 B Fe2o T4 B A b i
] C Si Mn P S C.E.
SD490W
033 uF 0.55 1 1.56 0.043 1 F 0.053 1 055 2™
SD550W
SD690 - 0.075 1 - -
22, R
B S 4H 2 BT
'3 R S TN it _E Y
s FRER | b R - | F% $u
N/mm? N/mm? 2 ¥, 14A %,
SD490W | 490~615 | 620 rz} 1.25 ¢+ 13 2} 14 1} 180°
SD550W | 550~675 | 690 rz} 1.25 12 2} 13 12+ 180°
D10~D36
180°
SD690 690~815 | 860 r4 } 1.15 2+ 10 2} 10 12+
D39 1 ¢
90°
SD550W L #p = 7 22 B % KEY POINT
3.1. SD490XD25 3.7 4 A PR P &
% 6 SD490-D25 # # 2. #‘-ﬁﬁ*t}_?
BZ 1k 2% BSOS RPN % EV
it fan FRRAE | ERA P Ty £y
N/mm? N/mm? 180°
SD490 D25 544 709 1.30 16 OK
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J'ﬁi&ﬁ% 120 »E T Yp—H R e R & H R - FiEsE s 150mmx 150mm/2t/ £ 4% "2

@ 12~14 28 3§48 4 @ = D25mm/D32mm/D36mm % 5% & 4% 5 > & T 2 -
%ws$/MHF*%HHwkﬁﬁwﬁk%““#ﬁ]Wﬂ BT A A
1050~1150C -

B

25



# 7 SD550W/D25 #5148

% ik ag Fd 5

g E bl
T B i fh TR . B B FUE £ F%

T2 % 180°

N/mm? N/mm?
U504004 | SD550W D25 0.25 607 764 1.26 16 OK
U504004 | SD550W D25 0.25 612 769 1.26 17 OK
U504004 | SD550W D25 -1.00 605 769 1.27 18 OK
U504004 | SD550W D25 -1.00 601 763 1.27 16 OK
U504004 | SD550W D25 -0.25 602 769 1.28 18 OK
U504004 | SD550W D25 -0.50 606 766 1.26 18 OK
U602943 | SD550W D25 -2.26 582 740 1.27 17 OK
U602943 | SD550W D25 -2.01 582 741 1.27 16 OK
U602943 | SD550W D25 -1.51 584 741 1.27 16 OK

# 8 SD550W/D32 4 4+ 5

5k 5e Fp o

o g
-k 4 fd b5 R ) B )i 4 FE WL X%

E2O4% 180°

N/mm? N/mm?
U503565 | SD550W D32 -0.62 586 764 1.30 16 OK
U503565 | SD550W D32 -1.02 592 765 1.29 16 OK
U503565 | SD550W D32 -0.65 585 769 1.31 17 OK
U503566 | SD550W D32 0.31 580 755 1.30 17 OK
U503566 | SD550W D32 -0.16 580 747 1.29 16 OK
U503566 | SD550W D32 -0.94 578 748 1.29 16 OK
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3 9 SD550W/D36 4 145

"5 K5 Fd 5

g E bl
T8 i fh TR . B B FUE WL X%

T2 % 180°

N/mm? N/mm?
U602314 | SD550W D36 1.26 594 758 1.28 16 OK
U602314 | SD550W D36 1.26 590 763 1.29 16 OK
U602314 | SD550W D36 1.14 593 761 1.28 18 OK
U602315 | SD550W D36 -0.13 587 743 1.27 16 OK
U602315 | SD550W D36 -1.26 584 741 1.27 18 OK
U602315 | SD550W D36 0.13 588 746 1.27 17 OK
U602315 | SD550W D36 1.64 577 735 1.27 18 OK
U602315 | SD550W D36 1.01 577 737 1.28 17 OK
U602315 | SD550W D36 0.89 577 730 1.27 19 OK

72. F.0 B

& 1 U504004

Gies -DuwEw- Ues s -

Egx s us u» 22 % &n =5 %
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% 10ADI % JIS £2 ASTM ¥ e 2 B 4R 4
. P k| FRRBAR
b S WY | #FE] | AR HB
Mpa Mpa
FCDA 900-4 | >900 >600 >4 >100 -
FCDA 900-8 | >900 >600 >8 >100 -
FCDA
>1000 >700 >5 - -
1000-5
JIS
FCDA >340
>1200 >900 >2 -
1200-2
FCDA
>1400 >1100 >1 - >400
1400-1
850/550/10 >850 >550 >10 >100 269~321
1050/700/7 >1050 >700 >7 >80 302~363
ASTM 1200/850/4 >1200 >850 >4 >60 341~444
1400/1100/1 | >1400 >1100 >1 >35 388~477
1600/1300/- | >1600 >1300 - - 444~555
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B &u €u=20gy €u=10gy
5% R fuc >1.25fy ¥ = fu
e bR i # £ (3s)
e <
WL R 30¢ =0.3mm
B g gu=10gy
5 B fuc =>125fy & =fu
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3.4. SD550W-D25-D32 Er#'s %3 % 4 (SA &)plR 2%

# 15 SD550W-D25-D32 A% 3 F 4% % ¥ [2(SA 5)plE % &

B B 4% L (A Bkl
D25 D32
PR SA &
fie=1.25fya 1.394 1.381
ELE il 2
=fu 766.6 759.8
(8s)16¢ (mm) =0.3mm 0.076 0.127
(8s)24¢ (mm) =0.9mm 0.165 0.160
R L
=l1.5gya 0.067 0.055
FE g (es)24¢ (%)
(8s)32¢ (mm) =1.8mm 0.183 0.227
Ty
=3eya 0.074 0.078
(es)32¢ (%)
= 20 eya
zt & 4 ede (%) - —
2 = 0.04
i £ & guc (%) = 6.0 10.2 8.5
BEE - % #F 4 E Sem #F T 6.5cm
AR EERER eya =
0.295 %

P W O BB (A Bk
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3.5. SD550WXD32 & g 6% 5 £ 3218 SA 53 £ 12 F R LRSS

# 16 SDS50WXD32 ¥} %4k 5 5 & 34 SA 5.3 #4417 R £ RR %

LR A 55 0 B3R B 1(SA B)RlE
= D32
Fadal e SA &
fuc=1.25fya R R 58.12(Kgf/ mm2) 1.289
i s & fuc
=fu it & 76.37 (Kgf/ mm2) 74.93
(8s)16¢ (mm) =0.3mm 0.076 0.273
(8s)24¢ (mm) =0.9mm 0.165 0.491
TR X
=1.5gya 0.067 0.384
FE g (es)24c¢ (%)
(0s)32¢ (mm) =1.8mm 0.183 0.538
R LY
=3gya 0.074 0.422
(es)32¢ (%)
= 20 eya
@ B 1% ede (%) — -
2 = 0.04
i £ guc (%) = 6.0 16 9.2
AR B F4EE 10cm
*HF KRR eya =
0.295 %
T~ 5

® SD550W 8 A E i1

Fpredr A fomdlensy 5% BT E2RA S £ 15% 0 @ 2 ¢ 3 $4% 5 (SD420)
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Lol R 8 85%(rd 17) -

# 17 SD550W 3p 8 g i 5 3% 1%

el
&R 103 104 105 P
P3| 149,517 (16%) 137,037 (15%) 126,376 (19%) | 137,643 (16%)
% 3| 780,209 (84%) 758,037 (85%) 553,401 (81%) | 697,216 (84%)
&3] 929,829 (100%)| 895,178  (100%)| 679,882  (100%)| 834,963 (100%)

H i ooeg

ik &t 0 PRt IR F Ak SD280 ~ SD420 & SDS50W ! vt b 1:4:16 o (36 A

ARB S H R G RRE ) BT B Ao e SR 2R S R 15% o
BIH 3 Jo k-4 2 10%e K fodh 485 New RC 248 2 5@ S AL # 2 SDS50W 4k 41 4138 77
AR FERFRBABFEL > UT AR NS THRESAL R LMBEH 0 T

£
A S8 % 5% R (SD690 ~ SD790) A & g 4 A& BE 0 5 5 % A New RC 46 4
LR R

[1] # =X FE 7% CNS 45 5502 % 4% 85 Steel bars for concrete reinforcement
CNS 560:2017 A2006 ¥ % o

[2] + * 401-86 *dre i o
[3] TCI #% 5 & 4% # & 4+ B&&m TF R45(2014 # 08 7 % 09 %) «

[4] ¢ RHEREE § OB EE S AR B
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A0 CNS 560 M4 52582 % 4w 85 ) 2. 1337 > A B RAA XS4 S » > TR L 7 54 52
- B LR E AN A S 2 SRR S B A3 05d, 0 VERFE S &N SRR 2 EREN -
¥ b 373 SD 550W 22 SD690 4 55 647 > SD 690 4 & F 4 ¥ R Y HH > T & Kfia/fiot
B4 125, R F4 S AP AT E IS > L3 VHEY A8 o A% RV > ERE
x ASTM A615 £2 A706 52 2 A > 22 R4k 324302 fho 7 (8 B 2 1 L4k 53 8% AR
XEPIFE 2 phe A o

Mt MRS~ SPHE P HF HBIVEF > B L

o

Ly

Revision of CNS 560-2017R for Steel Bars Standard
Ker-Chun Lin

Research fellow, National Center for Research on Earthquake Engineering and
Professor, Department of Civil and Construction,
National Taiwan University of Science and Technology,

Abstract

In this new revision of CNS 560 “Steel bars for concrete reinforcement”, the threaded bar is
covered and regarded as one of deformed bars. The maximum spacing of rib for the threaded bar
should not be larger than 0.5 times its diameter in order to obtain a bond performance same as the
traditional deformed bars. Moreover, two types of steel bar of SD 550W and SD 690 are added in this
revision of CNS 560. For SD 690 steel bars used in seismic members, the ratio of f,,/f,, larger than
1.25 is able to be requested. Welding is not allowed for the SD 690 steel bars due to no limitations on
compositions of chemical elements. During bend test of a steel bar, it is suggested that the ends of
steel bar should not be fixed according to the spirit of ASTM A615 or A706 to prevent from the steel
bar subjecting to additional axial stress.

Key words: threaded bars, relative projected area of rib, uniform elongation, total elongation
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¢oE R R R CRIE® CNS 560 4w 55 R 5824 % 4k 55 (Steel Bars for Concrete
Reinforcement)» % BN 2 Az EA % 4 652 B fL R4 S 2L P o AR 1955 £ 5 2
21 P+ A’/‘F"# A ﬁﬁ'iﬁaﬁﬁ'ﬁ:ﬂ\"“" 22:'21"5“;”"%':‘ 2014 #2 % 5p 2% (CNS»2014) -
FrigivHR A 2016 £ 72 20 P LB L 2 45 0 B3 FIERISAILISE 0 e T
%’si“# r-'c*“ﬂ\? PR AL s “CNS 560 2017R” o A= 18 3TIE R AL 4 > 4 B 3T
WP o4t (DA SHA S ad R QMBI REHS IR e S0 R
s T Erﬁﬁv Shih- A (B)BRTIRG A P2 B AR & RE A BHRALE o

"ia*‘.%’ﬁ%’*'ﬁi?ﬁ“@ﬁ’“’?T %iéé‘ﬁ#?i”)iéﬁﬁl BT R RH 7 R
ERYF L&a @R R TN SRR *f#ﬁn‘fmrsn)i“’ﬁﬂ T2 44
TEM RPiE2 AF R ASGSRRIPFTCFAASEDFL 0 RET S P d N
R4S A % SD 490 % s ("R R A B 2T 490 MPa) 2 % R A4k 50 B B RIRE -
i+ ;u—Fl%l—’l’l,&l""%jﬁ”‘Vk’kiliﬁf%%'#\’ﬁ?'ﬁ%T'\-Lf- ir‘]%_r’%’hﬁllaﬁ@ E
AR LA E PR 7 AZE CNS 560 k2 § 5 R dw 58 A7 F A % gl
BEL XS FELAFHRARBI Y oL @thich > RiE2 RPN BRYEE L L
B i ol R et A SRR SR AR “‘”ﬂﬂP\ SRS O P R L
AR b RS H F AR R TR > F RN < 300 4 50 2 R R 0k B RAR I
5%1‘*‘?4 Ao od BRI R TG AR end A DR o Rt B R4K 55 1R CNS 560 737

TLEMF mﬂﬂ\.‘rﬂﬁiﬁr@ EAV; gy W/ JRNE R O L RES: IS IR AL X e A PO a
*ﬂl_ﬁ-mb;\m# , 4 B4 3N R h é%mgz;? "’h’f. 137> % ':’\'flt%#iamzjm—@?‘i"

B2 A RFFRAT RS By ey o (T “RaY <" ) p 2007
#4003 T B 5 &4k R 2 (New RC). *f;,, en g ;Lé F F" IREHp g B E (1R
voig, 2015) 0 J_ 2009 EAzR4e (T Y 0 @ R PG LS T o AT w R S

wa *fﬁﬂ’?J 3+4 0 & 4L 5 “Taiwan New RC Project” » w4 PF A g;fuj;pv‘- o
FH2ZRPE D RAARFEMY G- P22 FEAF (2013 2016) 4% - ¢ B
%ﬂﬁ}iéﬁﬁ%/w/j{‘lfﬂwfl "llﬁgﬁlﬁj ’Qﬁ%\:)\‘lﬂxif’rffbﬁﬂ”;‘ b1 iR e YR AP NI N

HRELAE (2016~2019) 2. % - # - RypR ATWT L WAL L F ¥ = P LA
’*% (2019~2022 ) > & {7iF * 3t A § 5 R4k S5 RS *ﬁé KR ) ISR e A Ll
MAe KPR T o %A Y B R R S 2 %R K44k CNS 560 %‘"*-?* RS 4
% WASTM A706 z_ 80 ksi 4k 53 (ASTM, 2015a)2 p ~ & ¥/ — 4@ * 2. USD 685A,B %
USD 785 4k 55 244 (Aoyama, 2001) » 4] 2 3% & 1% 55 B 4k & MR8 (TCI, 2014 ) » 3%
R SRR K5 A L 115 690 MPa % s Ji SHHR ALY KGR 1 P S 790 MPa ¥ e 3
bR E B T EAE  ERF T T B MR RO T SRR 1Y
FEFZAF SHE 22 B AAER > B2 AERIAR - £ %m’—@W1£%¢
FTATHAL R > HAN RPN ARB hA FAIFTE PR A G g et

» CNS 560-2017R 2 37

& = CNS 560 4 5% ;8 5% 4 F gL R BT RBITHP A ;yg—éf%;gﬁﬁg‘
p\»‘iﬁl irqﬂ”\y A 55~ 13 TTIR (T4 'giﬁé%\gingg%ﬁg Fé%@&%:’i\ z @«:‘;1—55,3@' €§5§
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REE e SRR B TLARN BE F - AR T EHB D

,—

2.1 H374n 585

AVRAPNFZEAFEFFHNRRAEH S DT E > P 2015 £35%2 ASTM AG15 %
#(ASTM, 2015b) = 4] %_Grade 80 ( & -] *# k3x & 5 80 ksi & 550 MPa) 22 Grade 100 ( %
)] "8 R5g B % 100 ksi ¢ 690 MPa) 2 4% 55 » ASTM A706 (ASTM, 2015a) ~ :#- Grade 80
5e R B2 4k 55~ > Flpt sz 3k CNS 560 152 2 12 37273 SD 550 &2 SD 690> # & SD 790

(B " Rag B 5 7T90MPa 2« 115ksi ) 55 & & %z 4% 85 - e Tl R 4 & 2 4 SRR & &
4o~ SD 790 4p Fe 3 Ja5i B 2 4k 55 > g A=t CNS 560 2 i3 374 = ¥ 273 SD 550W £ SD
690 4k 55 » :+4 SD 790 4 53 - H ¥ ASTM A615 &2 A706 » %] 5 B4k &7 1 & & 4w+ T2
G AR S P AR R 2 4 B E R A

(1) *% k3 A& (yield strength)*L 2_: ASTM A615 - & W3 ¢ '8 KRg R T "Lie > 7 &
PUiE 2 *AF]» ASTM A706 1578 R T hAmse A2+ T *LE sk £ 5 18000 psi (125
MPa or 1260 kgf/cm?) -

(2) %4 % A& 227 (k5 & v (ratio of actual tensile strength to actual yield strength)
fualfya - ASTM ABLS 53 ¥ @ g vt B 2R T ; ASTM A706 153 & Rt vt B i =
v 1.25 -

(3) % # £ Z(total elongation)*T+] : ASTM A706 2z ¥ £ & 3 % i& i A615 %%i%;ﬁ B
3 5 o o>t Grade 80 4% 55 @ % - ASTM A615 . 7_%A & 7_& A& (gauge length)
87 (200 mm)z £ 5 > A ] A H8 T 2 455 E [T T% 0 #9 1 b 2 45 5 A )30
6% ; ASTM A706 4 %_# & %_& A& (gauge length) 8” (200 mm)2z %75 # £ o & 4
WOE s A u] BHIL XL 2 A 5 R 12 12% o #14 22#18 4% 55 A o] 3t 10% o

(4) =% % & (carbon equivalent, CE)& = : ASTM A706 .z H & ¢ & # < 0.55% -
s AWS D14 (AWS, 2011)¢ - 4% #5454 2 IRz s £ LR K
ASTM AB15 # & st ¢ £ eht "4 & & fiv & =~ % gi(phosphorus) 2 = » % +
A2 0.06% > F]pt > [ & PR E 2 4y 5B T AN S 4RARPF > S & AWS D14 2 3
BALR o

$0 40 B IR KR A 3 0 1945 ACI 318-14 (AC, 2014) R 2 ¥ 20.2.2.5 &4
o AP B LA RAEE Y 0 ML L R G Sk & ASTM AT06 12 2 4 55
S & ASTM ABLS B8 2 & 51 > frf® S af B 2 4 & 5 W 86 BIE P B & T
FIZ (a5 kR 2 1 T IUBE A 4 2 18000 psic (b)F w4 R 2 E k5
B fialfya s 30 1250 (O)F * %2 4o 2 5247 2#1L 4 5 0 200 mm % E A

TR R F A A 12% P2 ER A BER TS BRER AT FRE

ASTM AT06 2 4 5 % % af B2k 25 % 4 55 o
BRRRN RS SRR (N A S 0 2011) 2 AR PR B RR

50 ACIBI8 P2 A it & F = 5 - CNS560 i 2 45 8% L ik & 1 &
B JIS G 3112 (JIS, 2010)2 fa%Fze 35 4 7 » ¥ 45 ASTM AGL5 &2 A706 2 5 A % &4
F7(% SD 490 5 & ¥ mdh 513~ JISG 3112 H)edw 54 PELIEF R W 4 ¥R & ASTM
AB15 2 4 BHIE R - BEHARF T MO HHPEREET WE > TE L ASTM
AT06 2. 4 B PR % L AR 2 3 % 5L AWSDLA TFHARSE 7 42422 44 & -
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CNS560 © #hir i “Fé&i” & “wRipH*”

CNS 560 #712 3715 2 4% 53 fdsg 4o 1 #7151 » R73 SD 550W £2 SD 690 4% 5% » H ¢ ¥
i@ﬁ%ﬁ%bm@ﬁﬁﬁﬁ“’Eﬁﬁﬁ%ﬁﬁﬂﬁﬁfﬁﬁﬁﬁﬁﬁ“’ﬁ%%’
#4137 SD 550W > # 41| 2_SD 550; @ SD 690 4% 5% Fli& 7 A& 2 "] a3 wiF4E >
EHEFITEMBERT ST e A BT FFE KRB R G 490 MPa 5 B E &2
A 55 fE5E > [E - SD 490 :x i SD 490W » pt % Ff F K- IR 74K SR G Lﬁa% it B
HEH S o d F kAR 420 MPa 2 % 490 MPa 2 2R o L4k BB B TS 4 8
P hed 295 0 BB R 4o

(1) "2 R r: ?Lﬁrf%?}:gi? Ay §a;f§_¢\;73’wﬁ ke B 4] o @ SD 690 4 55 BE Y
51% ASTM ABLS 12 41 %o fe pU 4 55 FEAF 2 & F] 5 403740 % 56 B 4 5300 8 2 4

o wt R NT R DT wERE KR U g T et 125 MPa
|} F o
(2) 7 #4 %ﬁfif'}""*"""‘iﬂﬁ)ﬁ

Lo ozh F}:;J‘?ﬁhnafétk\ﬁl ‘LFLLFL (R Jf_’EJ';’
BAKEE 4y SRR B 0 S 125 vl @ & 1.25 2 SD 690
%gzag CBEARP A T REAT AR R EAYZEE (7 USB 685B 4 5
(Aoyama, 2001)) » Mﬁ?~€ﬁ4ﬁﬁﬁfﬁwaMmﬁb v TEA 0 T
w3 ASTMABLS & pt it B2 RF o P ¥ Rp s S W v BB rEE
s I F g E s 115 2 4k 5484 (T USD 685A 4% 55 ) iz 5 i SD
690 4 55 it M * RPN A BaE H2 H] TP 3 F 4o “F Hip TR Fin
FrRaplgmrgikg a2 TEL 1257 2 g Tt A KER B Y Taiwan
New RC & # % 4.2 SD 690 4 &5 5 & Hfyq/fyat EF ~ ¥ 1.25 ¢

(3) ®E F 1T CNSB60 =&z K Fg* i £ F o> £02JISG 2113 2 &% 4]
TR FI AR IE 2 Gyt L P%AﬁMAmﬁﬂT’*“*ﬂﬁaﬁ7
i 372 139 ASTM A706 2 %2 i3 37> & F] CNS 560 &2 ASTM A706 2_ 1% € _&
REOH e o PG E M o B {2 ¥R R T 3 SD 490W .'JTLﬁ*ﬁwsv
FARE > 54w S %-gl;e R R FEIRILGT A A 2 4k 55 32a (2 & 0 Pt SD 550W £ SD
690 4 55 fAuF> T SRS E(F i 2017)%? $F|-F1 7 & % GCR 14-917- 30
(NIST, 2014) &% » F "F4h 552 5 2 F £ 0 B * b R T2 ¥ &
?(ﬁxihgdni’WMmemmm)&?pﬂ %ﬁlwf’vééﬁ
- f;gﬂ,ﬁm ;@i&;@%ﬂ m75%’f;ﬂkmﬂ‘)ap‘i?'*§ﬂw%ﬁl—‘
8%z =3 W £ F RV K 4 o F30 @, w%::’* z_ % W E & (total elongation) &\ %74)
W R & ﬁmdwedmmmm)’ﬂ ﬁﬁﬂ@%@ﬁf@%ﬁﬁwﬁ#ﬂﬁ “<®ﬁ¢
FpRgh s F ET R IR 4 o A BT FXANEP AP VR K2
HHRFEE S maFR NIV E P RT3 o

(4) S50 ;252 %54 & B 1 IL{7 CNS 560 5x & ¢ » 8" SD 490 4% 55 2. o 225 o
£ REEFISG2UIBHIEL Q0 & » A=k 375 — B0 £ RB35 180 & >
® SDA490 4 5222 B s g S fAME 3 - Rep¥d RHEFE -

2.2 33T R 4 55
B R A S ET AR B S 1 DI E IR R R BT T S L RS
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BLAER RO FRET S REME E R K2 x5 SD 690 4k 553 (7 i ¢ Ard
B 4o ’é’ztbfﬁ%ﬁﬁfﬁﬁé%’* A S PR EA) S I 82 R ey T "
BOERE NI RS RS /Ejﬁ g ir«:kv“lzf*”‘i;;#ﬁ o MR XK H 4 S5 . E_ 54 5

(deformed bar) e— & » @ %2)4% 55 % 6 2 & 3 e ids S8R FHERS i L %
e A AR BRI ERS A BN S A G Fl"mleiﬂb R A S

B EEgE Eenip i g fF (relativeribarea) Ry M > A 2LE B & F & SRR o
A2 wra s U E A 2 A G &) 4o B) 2(0) 2 (d)FF R 0 B - B E A 5 hE )

(4] 2(a)—55?(b)) SR B E I S S 20 W 3@)2 M) - J W 2(d)
RS2 B é,.in,;;g;w B R - A W 2 B 5 ¥ d Bl 2(C)b R & 2
BEG T RELARETFG NS TR AFTER BRI EF ‘?i%’i?fiﬁf*f'?“
j*]igg,,, iz xé’lg Y RAR R S S IE RN PF ﬁbﬁl/ﬁ‘m @Kﬁaniﬂ-/fﬁt'ﬂﬁf{’! ’
FIpb 0 50 IR S S EEE S S S B s iy SIE RN 0 H TR E 4 5
2.8 B B SRR RGE R I B o4k S eniE RS T %4 ASTM AT22 42 ( ASTM, 1998)
“rif 2 & 4p 44 F5 & A (relative projected area of rib, A, mm?/mm) ( dw & & £ B &
BER ) BT EAA)

A, = Aa/p = mdya/p 1)
HY DAL E Ldhe > o R o as B SR o pi S EEE dy 54 SRR
EAHSZ S AN D e e BT S End, k& BaRF o &
FHRFEHHE LI o RHTIIREH S A S RETIE RF S FANAE
PR EHES R - L0 A K SR ifp}%?fﬂr‘é 2 ; TR S A E G AR R
%ﬁﬁmttT,m%$%Mﬁ%ﬂﬁbﬁ% A e AR R R
BE > T RS 4 S e 2 Gﬂpéﬂ;\%aﬁaxifﬂ‘a% #e¢ > CNS560 151 ¢ 2+ & 4

bﬂ_l
.

SSend R BT 0 A 3o A iEARAT

a.
¢

SR RTINS AR VWY B VR LR e AR W

_ Ad
Arg =31 (2)
A
Art - P_Z (3)

B o palipe A Bl R A ES S ERR S EEE 0 AgRA A Y G S SRR
+ =1
EF

- =B

B 852 8 bk S e 2o B G A 0 4ol 4@) 2 (b)frT 0 LR E S F RN
ndbad~ndbat FB o agBas B A S EIRR SIS FF o il o R T

SRt Y E T A D192 4 ot B S 1 E 4 S 9Bo] § 3 5 agmn = 0.05d
ﬁ,n' G pg =0.7d (3% 3)-

A

rd 0.721, 4)
A

A = P_z (5)
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GEESE AR VP T R B e et ( 23(1) v BEALE 2d), = 25mm
Bl GRS A REE Y SR TG B R E S - P AT RSN 3
¥ 2 gt £0.125mdy 0 B A(D) o o B 4@Q) 7 4 5 hdo] BE B e A (Bdo] 8 3
Gamin = 0.05d2 A R F 5 ) Ag = 103.1mm? > B 4(b)IR & & 4% & b | & BB o 7
(Amin = 0.05d2 BT 5 ) A, =702mm? » A 22 Agevt 85 0.681 o F ik &4 5
ﬁﬁ@ﬁ%$%ﬁﬁki&mﬁﬁﬂu’rﬁii$ﬁﬁ%mmf$@wi”4@
BOhNpE S TR w2 Ay B A E .-]"’\%.fr'pt °

Ag _ﬁ
0.7dp - Pt
p =2t £0.7d, = 22.0.7d, = 0.477d,, (mm)

ﬁiﬂl‘ﬂ';ﬁéﬁisvb%TTW{[ﬁiﬂvfmrsb%E/{ I’LI/E"_ﬁ]L(ﬁ\ %V'JéO.OS)EE?’Z‘F\?%U&—L
t/Ad"'L B 5 TE o Rt iR R ey 5 g b FFiEp, B+ 0 0.5d), °

\":,L

FlAZ AL R E s i B4 5 §T2L #a TP e RES RS PR E
k{ﬂﬁx%%kﬁ FRARGFEAGHL2Z 85 T4 FPt > SR B @iﬁﬁ
24 oA 55 Ay 3 ﬂm%w£¢Wk¢&m%&Mu’fPﬁi%w;ﬁ”?&%L
* “ﬁﬁ‘“%%%ﬁﬁéﬁﬁﬁﬁihi1@wﬁ@mﬁ FRIBEEIEG T
R EFEEERMT O RER - IR EAE S GIETTES o A P2 JEER
EHYE 3 RIS S E S §EE L 05d, (2% S S E 4 §507d,7 k)
ﬂd”?WOP’T”%Tﬂ%T AN B ARG o7 0 XA 3T o
Pra ot AR TiE 2 % 1 & T R P A MR S 5 E g 85 b

o

x

ETIRS

)

N (

Bz

ﬁ‘a TR A PR ag s

234K 5P W BRI

B CNS 560 4% 550 58 3 * 4% 5528 3 & £+ ASTM 615 &2 ASTM 706 28 4137
F10¢ CNS 560 2_ 4% 55 4% o 225 B B+ 7% it BB ASTM 615 & ASTM 706 2_ %% o 225k & F o
ASTM 615 22 ASTM 706 {3 ¥ 2_ % 10.2 £ 10.3 & 43 | dcit 4% 55 $4 0 2% 2 & $ R A >
P F e

10.2 Edhimtha MErrE RS > ELUe RS Z5atkm 2 » HEfEaeieft MyIE0R
10.2.1 SR EEE T - JEEE Ak -

10.2.2 sABatkan s iR A REE) - Hin—@iFH hieEEd -

10.2.3 {EEHERFEBET » Zalbatkan BEALER -

10.3 Feat{E ISR /5 AB290F L 2 HM S i stEa 7% Wi Es R o s i i o] B
FEEHIEIY oK - HURTERE S-Sy EEBPARINE i 17 - ESHe R 25
ZEfliE A o E HMTE I AR MR - feaTE S5 10. 2800 E Z st Ba s A Bl -

Bty 102 & ¢ R FHR2ZA ARG w24 BRI FBERERS
BRF BRI W IHE 2 pRE S }'@T PEARAE S50 > H 0 Ry SRR R L -
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VR T K a8 AP RREARY M Bt o F 103 &Y 52 Fik e
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0=3.142xd
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42 A E S A5 p=0.5xd
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D10 # D13  : L oxd
D16 A3 4
100
5
D19 & D57 : L oxd
BE7 BAE-HEREEmMmM), KRTILAXFE  BEEZPHIBUTE 14,
b=0.125x/
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Lower Yield Stress

Bound
Yield
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: >
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Strain of Yield Elongation (%) ;I;Z:al Elongation
Plateau

B 1 323 #® £ F(uniform elongation) £ 4, # £ I (total elongation) (NIST, 2014)
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Study on Straight Bond Behaviors of Threaded Bars in

Reinforced Concrete

Kai-Ning Chi! Ker-Chun Lin? Chien-Kuo Chiu®
! Assistant Researcher, National Center for Research on Earthquake Engineering

2 Researcher, National Center for Research on Earthquake Engineering and Professor,
National Taiwan University of Science and Technology

® Professor, National Taiwan University of Science and Technology
Abstract

The bonding properties between the reinforcement and concrete are the most basic and
important mechanical relationships. In order to promote Taiwan New RC, the bonding
performance between high strength reinforcement and concrete shall be well. This work
focuses the bond behavior between high-strength threaded bars and concrete by using 66
groups of straight bonding tests to investigate the surface geometry characteristic of threaded
bars, material strengths and bonding factors. Additionally, this study proposes the appropriate
surface geometry properties and design models for straight development lengths of threaded
bars in tension.

The test results show that when the concrete strength is limited to 70 MPa by ACI 318-14
recommendations, all sets of threaded bars can provide the expected bond strengths. However,
when the concrete strength is not limited to 70 MPa, only the threaded bars with relative rib
area exceeding 0.17 can provide the expected bond strengths. In addition, the correlation
between relative rib area R, and the effectiveness of the bonding performance is
approximately perfect. Finally, this study also provides the detailed and simplified equations
for calculating the straight development lengths in tension for threaded bars, and the upper
limitations of reinforcements and concrete strengths can be adjusted to 690 MPa and 100
MPa, respectively.

Key words: threaded bars, straight bonding, surface geometry properties, bond strength.
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Minimum Column Dimension for High-Strength Reinforcement

Extending through a Beam-Column Joint

Hung-Jen Lee* Hsi-Ching Chen?
! Associate Professor, National Yunlin University of Science and Technology
2 Former PhD student, National Yunlin University of Science and Technology

Abstract

Where high-rise buildings use special moment frame system to resist earthquake loading,
beam plastic hinges would be developed at the faces of frame joints, which results in a
demanding bond stress demand along the straight beam bars extending through the joint. If
the column dimension or joint depth is relatively short, during the formation of plastic hinges,
the yield penetration and bond deterioration along the beam bars in the joint could enable the
bars to slip almost freely, resulting in very pinched hysteresis behavior, and thereby reducing
the energy dissipation capacity. Such bond deterioration would not lead to collapse but is
difficult to repair and therefore should be avoided in the seismic design at the drift demand
from the design basis earthquakes. To avoid excessive slip of beam longitudinal bars at the
joints of a special moment frame during a design earthquake, ACI 318 Building Code set a
minimum column dimension of 20 times the diameter of the longitudinal beam bars, which is
based on prior experimental verification of beam-column joints with Grade 420 MPa
reinforcement. In view of that the 20-bar-diameter criterion cannot be simply extended for
frame joints with higher grade reinforcement, this study recommends the minimum column
dimension should be the larger of 20d;, and dbfy/(S.Z\/E MPa). The applicability of the
proposed equation is assessed using a test database of beam-column joints made with Grades
490, 590, and 690 MPa reinforcement. Hysteresis performance in terms of strength
degradation, residual stiffness, and energy dissipation capacity of each joint test at 3.5% or
4% drift ratio is evaluated according to ACI standards for special moment frames. Cruciform
beam-column joints with column dimension meeting the proposed equation can demonstrate
acceptable hysteresis performance up to a limiting drift ratio of 3.5% at least.

Keywords: beam-column joints, high-strength steel reinforcement, seismic design, bond slip.
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Study on Deformable High Strength Fiber Reinforced Concrete

for Civil and Earthquake-resistant Applications

Chung-Chan Hung® Hsian-Hui Hung? Fuo-Yao Hu® Ping-Lun Hsieh® Cheng-Hao Yen?
Kuo-Wei Wen® Ai-Chen Tai®
! Professor, National Cheng Kung University
2 PhD student, National Cheng Kung University
¥ Master student, National Cheng Kung University
Abstract

Deformable high strength fiber reinforced concrete (DHSFRC) is a new highly potential
construction material. It is distinguished from conventional concrete materials by its tensile
ductility, which is over a hundred times greater than that of conventional concrete. It also
possesses crack-control ability, which allows it to show only narrow cracks under large
deformation. It has been shown that the use of DHSFRC in earthquake-resistant structural
members is able to greatly enhance the members’ ductility and shear resistance while reducing
transverse reinforcement and simplifying construction. The present study reviews the
characteristics and international applications of DHSFRC. It also investigates the potential of
combining DHSFRC and high strength steel in structural walls for earthquake engineering
applications. The test results of structural walls under cyclic loading show that the use of
DHSFRC in structural walls is able to delay damage in earthquake events. It also considerably
increases the strength of the wall by more than 15%.

Keywords: high strength concrete, fiber reinforced concrete, shear walls
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(@) Yielding of boundary (b) Yielding of web vertical (c) Yielding of web horizontal
element(0.5%) steel(1%) steel(1%)
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(@) Yield of boundary
element(0.5%) steel(0.75%) steel(2%)

(b) Yield of web vertical (c) Yield of web horizontal
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Not yield

(b) Yield of web vertical steel
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(@) Yield of boundary (b) Yield of web vertical (c) Yield of web horizontal
element(0.75%) steel(1.5%) steel(2%)

(f) Failure state—back side (3%)

(d) Max force(2%)
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element(0.5%) steel(0.5%) steel(1.5%)
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Simulation of the Flexural Behavior of New RC Columns with
Proposed Confined Concrete Model

Kuang-Yen Liu® and Chen-Yang Wu?

! Associate Professor, National Cheng Kung University
2 Master student, National Cheng Kung University

Abstract

The study presents the seismic evaluation of columns based on the proposed stress and strain
model for confined concrete used in New RC column. The nominal compressive strength of
the concrete is 70 MPa. The yielding strength for longitudinal reinforcement is 685 MPa. For
transverse reinforcement, the cross-sectional area should be provided by ACI 318-14, and the
yielding strength is between 420 MPa and 785 MPa. The load and displacement relationship
of New RC column with flexural failure mode can be analyzed by conducting the
moment-curvature analysis first, and followed by the integration process of moment-area
method, as well as the contribution of plastic hinge length, to obtain the element behavior
from elastic to inelastic state. The cyclical loading test of three New RC columns were carried
out, and the corresponding backbone curves are compared to the simulated pushover curves
with good accuracy. Some stress and strain models of high strength concrete are selected to
investigate the difference in the prediction of lateral strength and ultimate displacement.

Keywords: High-Strength Concrete, Column, Confinement, Stress-Strain Model, Flexural
Behavior.
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The Development Status of Precast Construction Method in

Mainland China

Tzu-Liang Wu' Yen-Liang Yin? Yao-Yu Chan®
! Vice-president, Ruentex Engineering & Construction Co. Ltd.
% CEO, Ruentex Group
3 President, RT-PRECAST ENGINEERING Construction(Shanghai) CO. Ltd.
Abstract

There are 2 billion m* floor areas of building built in Mainland China, equivalent to 535 101 sky
buildings. The architecture building market in Mainland China is the biggest one arround the world. The
conventional construction method is less industrialization, less technology, easy to design and
construction, less quality, less efficiency, labor tight, more waste, more energy dissipation and not a
sustainable development engineering. Due to two policies, Development of the West Regions and The
Belt and Road, are executing, the movement of labor from west region is getting slower. Therefore,
under the support of precast policy in 2015, precast construction method will catch everyone’s attention.

Keywords: precast concrete, precast construction method, production line
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Shear Strength Prediction for Reinforced Concrete Short

Columns Using High Strength Materials

Yi-An Li
Assistant Researcher, National Center for Research on Earthquake Engineering
Abstract

The usable land is quite limited in Taiwan now, so that the construction of ultra high-rise
residential building using high strength reinforced concrete materials is inevitable. In practice,
short columns are often resulted due to openings and their shear strength prediction is very
important. Observation from experiments shows that shear failure of short columns is caused
by concrete crushing at the ends of diagonal strut. Therefore, in this paper, it is suggested to
use Softened Strut-and-Tie model to predict the shear strength of short columns using high
strength materials. Reasonable predictions can be obtained by the proposed model as
compared to the test results from Japan. In this paper, the shear strength formulas of
Architectural Institute of Japan (1990) and New RC project were evaluated by the test results.
Their accuracy and predicted failure mechanism were also reported.

Keywords: high strength reinforced concrete, short columns, shear strength, high-rise
building.
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Mh A om0 5 HAREE KT 2 & & (R D) -

V. _tan@
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d
kd/3

Bl S i BRI et 2 G4

M REEI K 2 @i ¥ 4 R 238 AR 6 47m o AR M Sl R B R
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711 3 1 7/\) 3

= 1 = 1
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1—0.2iyh+7h ) 1—0,2‘}/v+}/v )
v

FL = 7h1?hé7;,As'lr COSH ; F:; = )/vaé’fc'A sin 0

str

K, =1+(K, —1) iy <K, K =1+(1?v—1) sz?

K=K,+K, -1
v
=K{f/ A, cos@

Bl6 =t Rz cEina

% Maruta [S]#riRlzd 2 ¥ ? ¥ BET] > hdhd 2 G EEPR 2 FT 0 Flis i3
FAR o BB R FPHEDI R 2 JEt(H Series) P BB TR Ji e b 4R s 2 41 (HS
Series) » 4o 7 A7 o TR RE TR ﬁ%‘&ﬁ&?’iﬁ%;’f&ﬁi;’f& SEApE 0 Y E};}mﬁh ;o 5}& 55
BRT 4 2§ ok EATY

ek

o

B R ACT L B4 AT o BB BT S o SR kel 8 5 -
B g R Y B E R hE S o a2 okl
AN R T L o WY R SR BT
% = o dpfe > s 5 »eft 5 100%(R] 8) > @ éf,l:]ﬁfz SN FEFE 2 A AL T 3
T ARk #ﬁgfﬁgii?éﬁ%ﬁ:ﬁ BH AT 3 52 akd M Ay AT P

A, =4, sina (2)
#2e o4 .«ﬂﬁ%&é G2 BR o r Rl ESNEREEhed FP w2 foRaT
w32 &k o v SR G4 P LT e 2 4R (HS Series) > H iR JaAR 5 245 2 5 %
FARENQ LAY RSB RS RIER G M A fﬁ* FRR KA BRR
imﬁfm"a&%$Wﬂ%k%*EMﬁj@§L%%T’ﬂﬁﬁ%%%&31$
Pl hF A oo ARt 130 MPa % fih4 0.6Pp 2 348 » H 5 s 5 70% 5 @ R
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H-0.6-0.3 H-0.6-0.6  H-1.2-0.6 CN-0.6-0.3
HS-0.6-0.3 HS-0.6-0.6 HS-1.2-0.6 CK-0.6-0.3

B 7 et il itz 34 5k & v 1 [5]

P ABEARMNARI BT BAER LR

EPAEHNFRAEASREIAZ TS BRI T DLES AL 5 1990
e (Architectural Institute of Japan, AlJ-1990)*4-[10]¥r New RC 3*% = i2
[11] - i@ a3 2 H 3 RPAdpl > R a0V Sl Bz E* Y21 v5 £%9 > 4
e s W FLP Ao o

41 k2 A § 24 (A1J-1990)

pAEAF ERFE(AN-1990)[10]2 F 4 55 R3TH 25> A &5 A BiA > $- B3
f7 2% @ 4 454/ (Truss Mechanism) » H 53 & kiR 2 94 fa & %= B 42 04 448 @f—‘r
B 4 %4 (Arch/Strut Mechanism) » # 35 & & iR 2 $H & R 553 R4 > 4phf B 4 %42
B > 4eB 9417 o 3T A ERRE V) 2N AT
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HE o TR SRl a2 S RIS A S 2 BEAE 0 py B R B G Sy B e B
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2 %k o HisAph S E4oT a5t o

1.70
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W UM @)
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2
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HY R AR FHEE A 2 Eiy S Hd ERB LTS R &R =0 o

RERET R ESHA Lo
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cot¢:min[ Jo_ | e —1,2.0—50RJ ®)
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— wd y 9
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™
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(b)3 1% 1
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42 B+ NewRC 3+ %

New RC 3+ 2 1 4 3 & 250[11] » 5% P A2 RS € 2Li5(A-1990)[10]2 # ¥ =
L @ boiEhLu Ao New RC & [11]5 sltths 2 BEFT > T4 255 A

(Vn-New RC)L ey 3\: 4o o

Vn—NewRC = bjtpwfyt cot ¢ + a(l_ IB)bh m’

v0=170a+2@

Sfc'

Yoo on ik b n=N/A S

[ <125Jv, 1

VOf c!
2

pw](yt S

143

(12)

(13)

(14)

(15)



SOEENOFEEEE TS FRETE

a:ll LEJ +1£] (16)

21V h h

cotg = mln[ J /L—l 2.0-3n— SORJ (17)
Zah pwfyt

P NewRC % 4 5 & 2 3¢ [11]4 e fbbd 2 B F Sdic(n) B AL A 3
f2 6% phd R 0 AHE PP EENER o d ST 4o B 4o fiphd ton B
vo B8 v EAREZHF 0 BT RGBT S AL Tk e d A7) T e B R
Y2 B cotg FIUE S (2-3n) 0 2§ Flghd B ed ARSI TR o A
e P4 3@51?:‘/’?%1 AR RET & 40T o

Y 1 20-3m (18)
pwfyt

F(18) i 4p v 2 [(2.0-3n)" +1]p, f,, P> BT 4 R T oo Tk d 34(18)

v pA New RCF 4 g & 25V [11]5n 2 » Fliighd 2 18% - ol s £ &7
4R o

I~ RHREHRELSFEIZ R

g —ﬁérﬁﬁg}iﬁ;m,yb,}{i 7""*77 g 4 53@ o N E ﬁ&—%’%’d Maruta [5] £
LD At o

5.1 i B 4% #3(SST)

BES B 1R P BT, 8] B h B dw SRS MR A2 L ACI
318-14 [1]#* ¥ 4 s AFR L AT T 4 3 4" R R 7 181 ¥ 426 420 MPa (74 47 o

BT R A2 G685 B ERK 5 0.0020 00 G - A sk R A T E ReE R 5 420
MPaUﬁs K% st A ¢ ACI 318-14 L4 [1]4p 4

BL O A A R EHCA Y [7,8] 0 L4 85 BT 4 g sk TR o 5 A 2 2
AT % o B at(H Series o FM R 1-11)2 RIGE-4 4T R T E L 1760 #E %
#c i 0.11 o i e 81 43 85 2 @4 (HS Series » @8 S5t 12-23) » H RIGF-~ 4758 R T2
BER S 1660% R G#cs 010 2 Ak hRRBI8 R Q)T F R 2B o
%’#‘g‘ﬂﬂiﬁb §§#ﬂ,}laﬁ§fﬁfﬁ, -k ko TR L_;fH’ 55 Fz'n&ﬁﬁ'f]ﬁ]]\ » B4 ')k;}l'ﬂ’ SELF re2_ T 4
$5 o YRR §d 4o 81 4@ 55 2 4B 41 (HS Series) > Hpld-4 47a R T E S 157 # R ik
%009 d p7 iy 2 RS A IFR T > H T30 E AP RO JF 4 (H Series) 0 P A iR 4
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&%ﬁiiﬁﬁ’fﬁﬁﬁﬁiﬁﬁﬁﬁ%$%%&,uﬁ%%%ﬂﬁﬁ%ﬁ%ﬁgr
RIE o o gt 2 ¢ o 4395 S BcdR[S1% T (R 7) - H fa o2 3848 (H Series) » H % & P A7
A fi e b U g6 2 4 (HS Series) > @ R vk FURjE 8 BET 4 2 G R E G AL o 0
o R RS EE AR o HIT 82 BT 4 ot R IE B L @ AT
BlrE T 4 SRR > AT LR 2 RA o

d & 22 A% @ it B RCA[7, 8] T i B4 4 e R R 5 420
MPa =™ » FREBIE-A 472 5 Ry L@ L 1720 %8 fadkch 0120 p A 4r8 % A
N BREHESRAIZTARELS T B ETERHKERES L o A EANBETZ AT
o BT B ERBE BIA TR 24 S5 R TR o

ot o Ao SFERIRF 6 R S R PE BT, 8] B 4w A T pE L
ﬁ%m@ﬁ@;Au3B4¢ﬁ%m5ﬁﬁkﬁm%ﬁ$1%&ﬁ§%0M%‘%ﬁ&
& 552 B4 B 785 MPa 22 57 M54k 55 ' KRB R - e > Al BERER AERZME
RHO LR ESERERA20MPa FEP BT A A F AP RRe 5 00052 KT
I R SRR 2 B Gl o T FRT S ESBRAERE BT H el T
*ﬁﬁ*miK@@#%%ﬁrﬁkﬁ#é%ﬁ?*£%W@%%ﬁ&%’ﬁ$ﬁﬂ
Grlfc g ME2 1 s i Tl 2 REF AT E o T 4 4y 57 iRsg & 550 MPa~ 785 MPa
Ve 0 IR R 2 R A w9 5 0.003-0.004 2 0.0055 e tiEtr il 4 4] ¢ (B 5)
ggaﬁﬁﬂiéﬁ¥%ﬁﬁ§iﬁ%&”&fﬁiﬂ@aiﬁi%%wﬁﬁﬁﬁ;’
HAA2 gy S BH] o P12 B LD AR (2 85) % v adF & 0.002 2 A B o
aklvfﬁgwaawzwm&%b’a?zk B R o BEREIM G
i ~qiph¥e,

B 10 Agom e it B 0A)[7, 8] A * 2 2 J@ bR R AR T o H A e % LR
BEofTER 2 M RCERF[HART BRSSPI A R BT LA PR
IRRFIEHF M SRR BT P RTS 2 F R e Ry R
~FMZ AP, e F oon REGT R E M o T it RP [T, 8]
ﬂiﬂ%ﬁ”;ﬁib&*@ﬁﬁﬁ’wu’ﬁaw%%Km&ﬂ*”4m&~i%z
ME-THRRIRDUHERETRELL 2 2500 BRERHEI[7, 8RR * 3 F
SSTE R R T 2ZPRE-A TR R o B :}Eﬁ%&gfip 550 MPa » H pliE-4 472 5 R T
$oie 4 1.68 %ﬂﬂﬁpouo@*wwm&p7%M%’ﬁﬂ$¢ﬁa A
164 %P G 013 e s R A H RIS T LR TI0E G 163
REGEL 014 BRRFFPHERALT A odTRE Y HRT o d 20 ACI 318-14 []]
WYY 0E R R AT 7 @R AZE 420 MPa TEAFT > Tl AT E RN F R R
SRR B2 A st i&#v Bz o KM o BHBRASHINT A GRE2 B
ﬁ’/‘%:‘*é% R A5 —L:\;ubag—r P TP TEAE o I R SR RKRE I FAK
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%2 FEHEFE L TERZ VR
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] Ves IV cate
SST #-al(izfass it * 5 & f,)
ot 8 - AlJ-1990 | New RC
420 MPa | 550 MPa | 785 MPa | /i cua
Maruta [5](Hoops)
1 H-0.6-0.15 2.01 1.93 1.79 1.79 1.18 1.19
2 H-0.6-0.3 1.74 1.69 1.58 1.59 1.17 1.11
3 H-0.6-0.6 1.58 1.55 1.46 1.41 1.20 1.19
4 H-0.3-0.6 1.58 1.60 1.59 1.57 1.50 1.09
5 H-1.2-0.6 1.72 1.61 1.71 1.71 1.16 1.46
6 H-1.8-0.6" 1.69 1.69 1.69 1.69 1.17 1.40
7 H-0.3-0.3 1.96 1.97 1.95 1.90 1.61 1.33
8 H-1.2-0.3 1.92 1.87 1.87 1.87 1.17 1.14
9 H-1.8-0.3" 2.07 2.07 2.07 2.07 1.25 1.06
10 CN-0.6-0.3 1.66 1.58 1.54 1.54 1.15 1.29
11 CK-0.3-0.3 1.47 1.45 1.40 1.33 1.23 1.17
AVG 1.76 1.73 1.70 1.68 1.25 1.22
cov 0.11 0.11 0.12 0.12 0.12 0.10
Maruta [5](Hoops+Spiral
12 HS-0.6-0.3 1.78 1.76 1.69 1.60 1.11 1.06
13 HS-0.6-0.6 1.55 1.54 1.47 1.40 1.15 1.09
14 HS-1.2-0.6 1.54 1.46 1.45 1.45 0.97 1.12
15 U-0.4-0.6 1.59 1.58 1.54 1.45 1.24 1.12
16 U-0.7-0.6 1.64 1.60 1.50 1.61 0.97 1.14
17 CK-0.6-0.3 1.51 1.46 1.35 1.42 0.98 1.09
18 CS-0.6-0.3 1.57 1.52 1.41 1.38 1.01 1.13
19 CK-1.2-0.3 1.51 1.53 1.53 1.53 1.05 1.01
20 CK-1.8-0.3" 1.96 1.96 1.96 1.96 1.42 1.08
21 CK-0.6-0.0 1.89 1.81 1.69 1.80 0.73 0.93
22 CK-0.6-0.15 1.89 1.83 1.70 1.77 1.01 1.16
23 CK-0.6-0.6 1.54 1.48 1.37 1.37 1.10 1.46
AVG 1.66 1.63 1.56 1.56 1.06 1.12
Ccov 0.10 0.10 0.11 0.12 0.15 0.11
Sakaguchi et al. [6](Hoops)

24 C1° 1.57 1.57 1.57 1.57 2.10 1.17
25 C2 1.48 1.51 1.54 1.56 1.40 1.06
26 C3 1.89 1.81 1.70 1.70 0.78 1.03
27 C4 1.72 1.69 1.62 1.62 1.01 1.13
28 C5 1.60 1.59 1.55 1.45 1.08 1.09
29 C6 1.57 1.56 1.51 1.44 1.07 1.15
30 Cc7 1.66 1.61 1.49 1.67 1.01 1.12
31 C8 1.65 1.58 1.52 1.52 0.98 1.08
32 C9 1.87 1.77 1.77 1.77 0.78 1.08
33 c10’ 2.35 2.35 2.35 2.35 0.87 1.21
AVG 1.74 1.70 1.66 1.67 1.11 1.11
cov 0.14 0.14 0.15 0.15 0.34 0.04
AVGial 1.72 1.68 1.63 1.63 1.14 1.15
COVyota 0.12 0.12 0.13 0.14 0.22 0.10

Note: 1. ;]usp BAzEmE ;]usp B A R

2. AfeE fi i
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| f,=420mPa | 1, =550MPa [l f, =785MPa

Vlest /V calc.
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52 p *E AL § 24 (A1J-1990)
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Design of High-Strength Reinforced Concrete Columns

Yu-Chen Ou'

! Professor, Department of Civil Engineering, National Taiwan University

Abstract
This article introduces the column design provisions of the Design Manual for High-Strength
Reinforced Concrete Members. The provisions include scope, axial and flexural strengths,
shear strength, and confinement design. Compared with the existing reinforced concrete code,
the provisions differ in the following aspects: (1) the change of the equivalent stress block for
flexural strength; (2) the change of the concrete compressive strength and stress limit of
compression reinforcement for axial strength; (3) the change of maximum probable moment
strength for shear design; (4) the change of the upper limit of yield strength of shear
reinforcement for shear strength; (5) the change of the upper bound detailed shear strength
equation; (6) the change of the minimum shear reinforcement; (7) change of the amount and
details of confinement reinforcement to consider the effects of axial load, effectiveness of
hooks, and concrete compressive strength and the change of the upper limit of yield strength

of confinement reinforcement.

Keywords: columns, high-strength reinforced concrete, axial load, moment, shear,

confinement.
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Seismic Behavior of High Strength RC Beams with Limited

Plastic Hinge Zone

Yung-Chih Wang' Kai-Shang Yu? Chia-Lung Kang®
! Professor, Department of Civil Engineering, National Central University
2 M.E. & ®Graduate Student, Department of Civil Engineering, National Central University

Abstract

In the report, a topic focusing on how to design the plastic hinge and the hinge relocation was
presented. This is because the traditional plastic hinge where occurred at the column face
could damage the beam-column joint. The method of hinge relocation referred basically in
according with seismic design specifications of ACI 318-14 and New Zealand Standard NZS
3101-2006. Thus the study performs the cyclic load testing on RC cantilever beams to verify
the plastic hinge relocation design method for the New RC beams.

Totally four 350 mm wide X 450 mm deep New RC are tested, in which two are 2.4 meters
and the other two are 1.9 meters long. The longitudinal bars are arranged with three SD690 #8
in the top section and three SD690 #10 in the bottom. Three extra t-headed bars (3-SD690 #8)
are placed at the top lower and bottom upper layers, respectfully. The transverse bars are
arranged with SD790 #3 and SD790 #4. The design concrete compressive strength is 50 MPa.
To relocate the plastic hinge a distance away from column face toward the beam middle span,
an extra beam bars setting at the beam end are used. That is, the extra steel bars with t-heads
at ends were embedded into beam center and beam-column joint. The extra t-headed bars
extended a length normally equal to beam depth from column face. The extra flexural strength
according to the sectional analysis is increased up to 40%.

Test results indicated that all the specimens satisfied the minimum seismic performance
required by ACI 374.2r-13. The load degradation of all specimens happened at the drift ratio
to over 6%. However, the plastic hinge length, shear strengths and diagonal shear cracks of
the beams with plastic hinge relocation are larger than those of the traditional beams. The
shear crack pattern at the hinge region presented non-smear x-shape and sliding shear like in
the plastic hinge zone when the specimens were loaded until drift ratio reached 6%. Therefore,
it is recommended for designing such RC beams with relocated plastic hinge zone where is
away from column face. (1) The critical moment capacity has to be raised at least to 40%. (2)
The anchored end of the extra bars is located a distance not less than the beam depth or the
developed length of the extra bars. (3) It is suggested for RC beams with limited hinge
relocation that the design shear be 1.20 M, /1, x and the plastic hinge region be 2.0h,,.
Keywords: new RC beams, seismic design, plastic hinge zone, hinge relocation.
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[3] ACI Committee 374, Guide for Testing Reinforced Concrete Structural Elements under
Slowly Applied Simulated Seismic Loads (ACI1374.2R-13), American Concrete Institute,
2013.
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R B HR-YO-L “ HR-Y450-L H HR-YO-S H HR-Y450-S
%o B R by, 300 mm
7 OOTIER d 400 mm
RIS EBAE a 2400 mm 1900 mm
BiEr a/d 6 4.75
T Rlf 53 MPa 59 MPa 65 MPa 65 MPa
(2% 2* f/=50MPa) (28 %) (64 =) (97 =) (120 %)
L FE R 3-#8
e 4 55
R R 3-#10
TENME | T EAH & 3-#8 & 3-#8
e
e TR A F 3-#8 o 3-#8
o 3-leg #3 2-leg #4
FA R 2-leg #3 @90 2-leg #4 @80
¢ by SD790@80 | SD790@100
P e A 55
L 2-leg #3 2-leg #3 2-leg #4
2 4 R 2-leg #3 @80
@150 @100 @100
KPR BER
" ¢ 0 450 0 450
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SD690 4 5%
. a 1.20
2R % R T+ a,
S RE R
600
(MPa)
4l £ 9 97 % 8 {r#10 L SD690 LT K &4k 55 0 #3 foHd L
T
’ SD790 + & 4 &

Fo 2 AP R E
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o EALG A | FRBA | RERA | Uil | HRER o
Ag(cm?) (MPa) (MPa) (GPa) £(%)
#3-SD790 0.71 860 1050 247 0.38 1.22
#4-SD790 1.27 860 1060 237 0.40 1.23
#8-SD690 5.07 720 950 197 0.38 1.32
#10-SD690 7.94 720 940 186 0.38 1.31
% 3 FEM AR TR




P .+ % P ,,
wr | pe e O I I
T A A DY 4 .
sy | A Fip
© e Prax w4 PR Ay K; (%)
(kN) DR, (%) (mm) | (kN/mm)
271
LS 5.39 42.5 5.66
(=1.9V;)
HR-YO-L 52.5
-199
i -5.95 -30.8 -5.29
(=1.4V,)
339
it 4.74 41.8 6.11
(=2.41;)
HR-Y450-L 50.6
1199
i 471 39.7 413
(=14%,)
357
it 6.41 37.7 8.48
(=2.21;)
HR-YO-S 54.6
-221
i -5.92 -28.8 -7.07
(=1.4V,)
431
it 4.25 31.6 10.31
(=3.01;)
HR-Y450-S 52.5
-266
B -5.56 -21.5 -9.67
(=1.8V;)
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»h:;“—%r‘;b i w B L B
1.20P,, o (kN) 294 -193 377 244
1.20P kN
MR (‘ _ ) 362 244 494 -309
(BRI
P, oqice (kN)
predict
317 -203 414 -265
(£4 P #3EE H5Y)
DR,=4%p5 & jp| 5 #
328 -193 420 -264
Vmeasure (kN)
1.20P,. / Vmeasure 0.90 1.00 0.90 0.92
1.20P 174
R / measure 1.10 1.27 1.18 1.17
(FRE > 2)
P, ogice | V.
predict measure
0.97 1.05 0.99 1.00
(4 BT HSY
i % ¥ 3y L i e S
e YA B e I
/mm) [B~¢,,,=0.006] ;I;Jeg_ Ay FRRaEERL
HR-YO-L | 1.45x107%> | 495x 107> 56 mm 360 mm 0.8h
HR-Y450-L | 1.80 x 107> | 3.53x 10°° 56 mm 600 mm 1.3h
HR-YO-S | 1.45%x 1075 | 554 x 107> 46 mm 410 mm 0.9h
HR-Y450-S | 1.76 x 1075 | 3.72x 1075 51 mm 690 mm 1.5h
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Displacement, mm
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Drift ratio (DRr), %
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Lateral force, kN
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Bl 11 HR-YO-L (/& 2] 2 )22 HR-Y450-L(3 4z *h # 32) » 5% % 1 % (DR=5%)2 5| 4.4 i

ABEE 4R A7 Erdp 1.20Mn = 101 tf m — (#10 % 4)
BB B EMn=84tfm EHERE
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v
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W EERZEE
T 1
# & 2400 mm A I e
B 12 HR-Y450-L 3 6]+ § % 4 v 45 3 5 B (& $°4B)7F 7 & %
Displacement, mm Displacement, mm
S8R fa4 420 86 72 48 24 © 24 a8 72 96 120 144 188 !924“ son-!s;l -114 95 .78 .57 -8 .19 o 12 38 57 7E @5 T4 ‘3!5n
(Rt FiE) 1.20P,
(R HE) 1.20P, & — |
P . Lo . Pyredic: e -
predici W - 400 N rd -
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i ‘ S
/ 300 I 30
/ /
/ “ /
/ o0 / .
Powsice = M predict / 200 }[ 0
Png =12 / w = [
P .w o g Z 100 Pag =72 ./ 10
T 2 p ol /
s 8 i
° 3 = — o
/ 2 /
/ 5 /
/ -100 / -10
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/ opte2 / U
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Lataral force, tf
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21 MR FK

=3 cB2-1 | cB22 | cB23 | cB24 | cB25 CB2-6
SR EE 2
@ﬁ@(cmz) 30x50
$hiH (kgf/cm’) - 2500 (A36)
$ft 5 (kgf/cm”) 4200
SR T (kgf/em?) 420
EfE B~
At [C 5% 8#8,4#4 | 8#8,4#4 | 8#8,4#HA | 8#8,4HA | 8#8,4HA | 8#8,AHA
SR (cm?) - 1x32 1x32 1x32 0.5x32x2 | 0.6x32
iR A RSE (cm) - 75(1.5h) | 25(0.5h) 0 25(0.5h) | 25(0.5h)
ESil 3 #4@10cm
Sl 7 [ & (cm2) 45.6 (3%)
SbR i (cm2) - 32 (2.19%)[32 (2.1%)]32 (2.1%) |32 (2.1%) [19.2 (1.3%)
L 0.0174 0.0174 0.0174 0.0174 0.0174 0.0174
Mn(kN-m) 364 496.6 364 364 364 364

-
o

-
<

Drift Angle(%)
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< : e 3 cycles at each drift angle
spontodeptn: 2| 25 378 | 5 | 78 | 10 |16 |20 | 30 | 40 | s0 | 60 ) 80 | 100
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s 4 IR F]p ARIGER A s T A AH AR A A2 0 SRR
B A RIREAY ¥ L AFREY R R RY v 12 8 F 4 BT Rt 7K
B-PVC FAF2I R RS B 23 BT 6.9cm chbi 4% KRR g Ao 4
R SRR S R A R ’M‘J* PRAPPOTRFMRE 2 LAMmFERL 2
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Abstract

This paper evaluates cyclic behaviors of RC squat wall specimens using conventional and
high-strength materials. A total of 9 specimens were tested under lateral displacement
reversals. Test parameters include specimen aspect ratio (4,,/4,,), steel grade, and concrete
strength. Test results indicate specimens using high-strength steels exhibited comparable
strength and deformation capacity as specimens using conventional Grade 60 steels with
equivalent steel area force, i.e. total steel area times the steel yield stress. Specimen drift
capacity decreases as the normalized shear demand increases. The use of high-strength

concrete reduces normalized shear stress demand and results in larger specimen deformation

capacity. The maximum shear stress demand less than 7.0 /fc(psi) or 0.58 ’f'C(MPa) is

suggested for specimens to achieve a minimum drift capacity of 1.50%.

Keywords: strength; deformation; squat wall; high-strength
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Introduction

A reinforced concrete (RC) squat wall typically refers to a structural wall having an
aspect ratio (h,,/%,,) of 2.0 or less, where the aspect ratio is defined as the specimen height,
h,,, divided by the specimen length, #,,,. Previous test results (Cheng et al., 2016) showed that
squat wall specimens using high-strength steel with specified yield strength, fy , above 100 ksi
(690 MPa) exhibited comparable strength and deformation capacity as specimens using
conventional Grade 60 steel, providing that specimens were designed with a similar shear
stress demand associated with development of the flexural strength at the wall base. In that

study, however, all test specimens had an aspect ratio of 1.0 and concrete strength, fC , of

around 6 ksi (41 MPa).

This study aims to extend the existing test results. Focus is given on walls with shear

stress demands approaching 10 / fc (psi) or 0.83 / fc (MPa) because walls with such high shear

demand appear to be more critical for strength and deformation capacities (Cheng et al.,
2016). The high-strength materials considered in this study include concrete with strength (fC )
exceeding 10 ksi (69 MPa) and steel with yield stress (fy ) exceeding 100 ksi (690 MPa). A
total of 9 specimens were tested under lateral displacement reversals. Primary test parameters
include (1) specimen aspect ratios, (2) steel grade, and (3) concrete strength. A test matrix
that illustrates these key test parameters in each test specimen is summarized in Table 1. In
which, V,; and V,, is the nominal shear capacity determined based on Eq. 1, and Eq. 2,
respectively, per ACI 318-14 (ACI Committee 318, 2014). In which, 4., is the wall cross

section area determined by wall width (b,,) times the wall length (¢,,), and p, is the horizontal

web reinforcement ratio.

Vi =Au ( 3\/]7;+ptfy)§ 10\@4% psi Eq. (1a)
Vir = Aoy (025 |f4p, f,) <0.83 \/;;ACV, MPa Eg. (1b)
Vi =0.64,/f, <min (0.2£.A,,, (480 +0.08f.)4.,,,16004,,), psi Eq. (2a)
Vo = 0.64,.f, <min (0.21.4,,, (3.3 +0.08/.)4,,,114,,), MPa Eq. (2b)

Each specimen is labeled in 2 segments. The first segment consists of 3 letters. The

letter, from left to right, represents the material strength level for longitudinal
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reinforcement/web reinforcement, confinement, and concrete, respectively. Letter C and H
refers to conventional- and high-strength material, respectively. The second segment starts
with a numerical value that indicates the specimen aspect ratio, 4,,/%,,. For some specimens,

the second segment ends with a letter D that refers to the use of dowel reinforcement.
Test Specimens

Each specimen consists of three parts including a top concrete block, the wall section,
and a concrete base block. The top concrete block was designed for lateral load application,
and the concrete base lock was designed to provide the fixed boundary condition at base of
the wall. Reinforcement layouts of the wall sections are presented in Fig. 1. Longitudinal

reinforcement of all specimens, except for those using high-strength concrete, were designed

to have shear stress demand, V,,,./A,,, close to 10 / fC (psi) or 0.83 ’ fC (MPa), as shown in

column (7) of Table 1. In which, V,, is calculated using the probable flexural strength, M,,,
divided by the specimen height, /,,. For specimens using Grade 60 and high-strength
(USD685 or USD785) steel, M,, is determined based on 1.25 and 1.20 specified steel yield

strength, respectively. Dowel reinforcement was not considered in the estimation of M,,.

Horizontal web reinforcement was provided such that the shear capacity per Eq. 1 is

approximately equal to the shear demand, i.e. V,,; = V,,,,, as shown in column (8) of Table 1.

Specimens using high-strength concrete with f, " of 10 ksi (69 MPa) was designed to have the
same reinforcement layout as specimens using high-strength steels as vertical reinforcement
in the special boundary elements and web reinforcement but with conventional-strength

concrete of 6 ksi (41 MPa). As a result, the normalized shear stress demand, i.e.
Vinpr / (Acv \/Z >, is slightly reduced. Please note, reinforcement layout of specimen HHH 1.0

is based on that of specimen HI115 from the previous study (Cheng et al., 2016). Dowel
reinforcement was provided in 4 out of 5 specimens with aspect ratio of 0.5 to provide
sufficient shear friction capacity, i.e. V,, = V.

All specimens had No. 3 confinement reinforcement spaced at 2.5 in. (65 mm) in the
special boundary elements to satisfy the required spacing controlled by one-third of the wall

thickness and required area per ACI 318-14.
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Table 1 - Design Parameters for Test Specimens

) Vertical Web Confinement | Specified | _Vmer , psi v v
Specimens ﬁ Reinforcemenf Reinforcement | Reinforcement f., psi Ay \/E Vr:pl)r Vr:sr
Grade in SBE Grade Grade (MPa) (MPa)

(D ) 3) 4 ) (6) (7) (8) 9)
CCC_0.5D 0.5 Grade60 Grade60 Grade60 6,000 (41) | 8.98 (0.75) 1.05 1.04
CHC 0.5D 0.5 Grade60 Grade60 USD785 6,000 (41) | 8.98(0.75) 1.05 1.04
HHC 0.5D 0.5 USD785 USD785 USD785 6,000 (41) | 8.99 (0.75) 1.01 1.06
HHH 0.5D 0.5 USD785 USD785 USD785 10,000 (69) | 7.26 (0.61) 1.06 1.01

HHH 0.5 0.5 USD785 USD785 USD785 10,000 (69) | 7.26 (0.61) 1.06 0.54
HHH 1.0 1.0 USD785 USD785 USD785 10,000 (69) | 7.27 (0.61) 1.07 1.13
CCC 1.5 1.5 Grade60 Grade60 Grade60 6,000 (41) | 9.28 (0.77) 1.02 1.80
HCC 1.5 1.5 USD685 USD785 Grade60 6,000 (41) | 9.69 (0.81) 0.94 1.82
HHH 1.5 1.5 USD685 USD785 USD785 10,000 (69) | 7.78 (0.65) 0.99 1.75

* SBE: special boundary element.
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Experimental Setup and Instrumentations

The experimental setup is shown in Fig. 2. This setup intends to impose in-plane single-
curvature deformation to the test specimens with negligible axial force. History of the lateral
displacement reversals is illustrated in Fig. 3. In which, drift is defined as the lateral
displacement of the actuators divided by the specimen height, /,,, measured from center of

the load application to the base of the wall.

W Top Concrete Block

3 Actuators / 4 Actuators

L
W‘OO Q000000000000 O0OOLO0OO

Steel Spreader Beam

Steel Transfer Beam \

hw

y) High-Strength Threaded Rod @=2.7"
w

il o a, d Reaction Wall

-
.
‘
.
74

\'\ Concrete Base Block Strong Floor

Fig. 2 - Test Setup (1 in.=25.4 mm)

)| 2.00%

|

1.00%
0.50%

Drift (%)
(=)

0.3759
O3 oas

Cycle
Fig. 3 - Loading History
Deformation of the specimens was recorded with linear variable differential
transformers (LVDTs) and an optical system that tracks the movements of multiple points
using “markers” attached to those points. The location of LVDTs and markers is
schematically presented in Fig. 4. One LVDT was used to measure the lateral movement of
the top concrete blocks at the height of load application and the other at mid-height of the
concrete base block. Markers were attached to the specimen typically with a 12 in. (300 mm)

grid pattern. Some markers were fixed to the concrete base block to record the rotation of the
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concrete base block. Steel strains were measured using 44, 47, and 57 strain gauges for

specimens with aspect ratio of 0.5, 1.0, and 1.5, respectively.
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(c) Specimen with 1.5 Aspect Ratio
Fig. 4 — Instrumentation (1 in. = 25.4 cm)

Overall Response

Inclined and horizontal cracks developed in all test specimens during the 1% cycle at
0.25% target drift level. For the three specimens with aspect ratio of 0.5 and dowel
reinforcement, during the 0.75% target drift cycles, concrete cover spalls slightly in the web
region where two inclined cracks intersected (approximately mid-length of the wall) and at a
height where dowel reinforcement was terminated. During the 1.00% target drift cycles,
spalling of cover concrete progressed horizontally for specimen CCC_0.5D and CHC 0.5D,
and a major horizontal crack across the whole wall length developed at a height where dowel
reinforcement was terminated. For specimens HHC 0.5D and HHH_0.5D, during the 1.00%
target drift cycles, spalling of concrete progressed both horizontally to the wall edge and
diagonally to the upper corner of the wall. During the 1.50% target drift cycles, a major

horizontal crack at a height where dowel reinforcement was terminated became also apparent
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in specimens HHC 0.5D and HHH 0.5D. The relative deformation above and below the
horizontal crack became clearly visible for specimens CCC_0.5D, CHC 0.5D, HHC 0.5D
and HHH_0.5D in the repeated cycles of 1.50% target drift.

For specimens with aspect ratio of 0.5 but without dowel reinforcement, specimen
HHH_0.5, cover concrete spall-off was not apparent throughout the test and the loss of lateral
load appeared to be associated with the sliding between the wall base and the concrete base

block. Final states of wall specimens with aspect ratio of 0.5 are presented in Fig. 5(a) to 5(e).

Spalling of concrete cover for specimen HHH 1.0 was first observed at the extreme
compression fiber during the 1% cycle of 1.50% target drift. In the 2™ cycle, some spalling of
cover concrete was also found at lower part of the web region close to the edge of special
boundary element. After that, damage continuously accumulated at lower part of the wall
within a distance of 12 in. (300 mm) approximately from the face of concrete base block.
During the 2.00% target drift cycles, severe concrete deterioration resulted in apparent sliding

at the wall base.

For specimens CCC 1.5 and HCC 1.5, only a small portion of concrete cover within the
lower part of the special boundary element (not at extreme compression fiber) showed signs
of distress after completion of the 1.00% target drift cycles. At the same target drift level,
concrete distress was not that clear in specimen HHH_ 1.5. During the 1.50% target drift
cycles, severe concrete deterioration in the lower part of the wall was observed in specimens
CCC 1.5 and HCC 1.5 but in different ways. As can be seen from Fig. 5(g) and Fig. 5(h),
concrete deterioration in specimen CCC 1.5 was concentrated at edges of the wall while
concrete deterioration in specimen HCC 1.5 was concentrated at the lower web regions close
to the special boundary elements. Due to this concentration of damage, a triangle piece was
gradually formed at base of the wall and this piece appeared to reduce the sliding deformation
in specimen HCC 1.5, Fig. 5(h). For specimen CCC 1.5, however, sliding was very apparent
in the 2™ and 3™ cycle of 1.50% target drift. For specimen HHH 1.5, only slight spalling of
cover concrete was observed at the end of 1.50% target drift cycles. Concrete deterioration at
lower part of the wall became gradually severe during the 2.00% target drift cycles for
specimen HHH_1.5. Despite that concrete deterioration at the wall base was observed at
different drift level, as can be seen from Figs. 5(h) and 5(i), specimens HCC 1.5 and

HHH_ 1.5 appear to have a similar failure mode.

194



T

d) HHH_0.5D

(

(e) HHH 0.5

(g) CCC 1.5

(h)HCC 1.5 (i) HHH_1.5
Fig. 5 — Final States of Test Specimens
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Table 2 - Summary of Concrete Cylinder Strength and Reinforcement Properties

] ) Concrete
) Vertical ) Dowel Confinement )
Specimen ] ] Web Reinforcement, ] ] Cylinder
Reinforcement in ] Reinforcement, Reinforcement, ]
name . ksi (MPa) ] _ Strength, psi
SBE, ksi (MPa) ksi (MPa) ksi (MPa)
(MPa)

No.5 | 67.3 (464)
CCC 0.5D No.d | 67.4(465) | No.5 | 67.3(464) | No.3 | 67.0(462) | 5,330 (36.7)
No.d | 67.4 (465)

No.5 | 67.3 (464)
CHC 0.5D No.d | 67.4(465) | No.5 | 67.3(464) | No3 | 124(853) | 7,150 (49.3)
No4d | 67.4(465)

HHC 05D | Nod | 125(859) | Nod | 125(859) | No4 | 125(859) | No3 | 124(853) | 7,160 (49.4)

HHH 05D | No.4 | 125(859) | Nod | 125(859) | No.4 | 125(859) | No3 | 124(853) | 10,690 (73.7)

HHH 0.5 | Nod4 | 126(870) | Nod4 | 126(870) | - - No.3 | 126 (868) | 12,690 (87.5)
HHH 1.0 | No.5 | 127(877) | No4 | 128(883) | - - No.3 | 132(908) | 10,910 (75.2)
CCC_15 | No.dl | 67.1(462) | Nod4 | 67.4(465) | - - No.3 | 69.6 (480) | 6,270 (43.2)
HCC 15 | No9 | 103(707) | No.4 | 126(870) | - - No.3 | 69.6 (480) | 5,760 (39.7)
HHH 1.5 | No9 | 103(707) | No4 | 126(870) | - - No.3 | 126 (868) | 14,690 (101)

* SBE: special boundary element.
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Test Results

Material test results are listed in Table 2. Hysteretic responses of all specimens are
presented in Fig. 6. Please note that the drift presented in Fig. 6 and later in this paper
deviates from the target value due to adjustments for lateral movement and rotation of the
concrete base block. Key test results are summarized in Table 3. Ultimate drift ratio d, is
defined at the point when one of the following two criteria is first met: 1) the drift where the
load drops 20% from the peak on the envelope curve; or 2) the drift where the load drops
more than 20% in the repeated cycles and the load in the 1% cycle of the next drift level is
lower than the load in the 3™ cycle of this drift level. The loading direction in which d, is
determined is consistent with that of V.., the larger peak strengths from the two loading

directions.

-Strength

As can be seen from Table 3, V,eur for specimens with aspect ratios of 1.0 or 1.5 can be
satisfactorily estimated by V,,, the shear demand associated with development of the nominal
flexural strength (M,) at the wall base, i.e. V,,,= M,/h,,. In addition, V. corresponding to the
probable moment strength, M,,, achieved at the wall base, i.e. V,, = M,/h,, provides a
satisfactory upper bound for V.. Please note, M, is determined using tested material
properties, while M, is determined using concrete cylinder strength with 1.25 and 1.20
specified yield strength for Grade 60 and high-strength steel (USD685/USD785), respectively.
However, shown in Fig. 6, the peak strength was not sustained very well for specimens with
aspect ratio of 1.0 and 1.5. Shear capacity appears to be exhausted simultaneously as the

specimen achieved its peak strength.

For specimens with aspect ratio of 0.5 and dowel reinforcement, specimen strengths
were evaluated at two critical sections (1) where dowel reinforcement was terminated, and (2)
at base of the wall. Shear demand associated with development of the nominal flexural
strength where dowel reinforcement was terminated and at the wall base is denoted as V4
and V,,, respectively in Table 3 and Fig. 6. Considering that dowel reinforcement was
provided with a development length both above and below the wall base, V,, in Table 3 and
Fig. 6 is estimated including the dowel reinforcement. Regardless of the material strength or
presence of dowel reinforcement, none of specimens with aspect ratio of 0.5 achieved the

designed nominal flexural strength either at the wall base or at the tip of the dowel
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reinforcement. However, strain gauge readings indicate that vertical reinforcement in the
special boundary element exceeded the yield strain at a few locations after completion of the
0.50% target drift cycles, i.e. before the specimens (with and without dowel) achieved the

peak lateral strength.

Therefore, shear demand associated with the development of yield flexural strength is
further calculated for specimens with aspect ratio of 0.5. The yield flexural strength refers to
the moment when the outmost layer of vertical tensile reinforcement is at yield strain,
determined using the tested f, divided by modulus assumed as 29,000 ksi (200,000 MPa).
Material properties to determine the yield flexural strength use elastic-plastic behavior for
steel and Mander’s unconfined model for concrete (Mander et al., 1988). For specimens with
dowel reinforcement, two values are provided. As shown in Table 3, shear demand
corresponding to yield flexural strength achieved at the tip of the dowel reinforcement and at
the wall base is denoted as V,,,sand V,,, respectively. Analytical results suggest that peak
strengths of all specimens with aspect ratio of 0.5 (with and without dowel reinforcement)

can be reasonably estimated by yield flexural strength at base of the wall, V.

Specimen peak strengths are also evaluated using four shear strength models. The first
strength model is based on Eq. 1 per ACI 318-14 and its value is denoted as V. The second
strength model denoted as V,,, is based on Eq. 2. The third strength model denoted as V3 is
based on research work of Hwang and Lee (2002), also known as soften-strut-and-tie model.
And the fourth strength model, V4, is based on research work of Gulec and Whittaker model
(2011). Ratios between the peak strengths and the shear strength models for each specimen
are summarized in Table 3. As can be seen, V,4 by Gulec and Whittaker (2011) provides the

most conservative estimation for all test specimens.

Specimens using high-strength steel (either USD685 or USD785) exhibited comparable
Vyeak as specimens using conventional Grade 60 steel, providing that the steel area force, i.e.
total steel area times the steel yield strength, in the specimens is equivalent. Increasing
concrete strength increases Vyeq slightly only for specimens with aspect ratio of 1.0 and 1.5.
Peak strengths of specimens HHC 0.5D and HHH_0.5D appear to be not positively
correlated with the concrete strength, likely because the specimen strength is limited by the

shear that is more related to the steel strength.

-Deformation
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Previous researches indicate that the wall deformation capacity increases as the
normalized shear demand decreases (Cheng et al., 2016; Athanasopoulou and Parra-
Montesinos, 2013). The normalized shear stress demand versus ultimate deformation capacity,
d,, for all specimens is presented in Fig. 7. Test specimens from the current study and the
three specimens from the previous research (Cheng et al., 2016) are collectively presented in

the figure with a superscript asterisk. These three specimens all had normalized shear stress

demand of around 8 / fC (psi) or 0.67 / fc (MPa) and aspect ratios 1.0.

As can be seen from Fig. 7, the trend appears to agree with the findings of previous
studies (Cheng et al., 2016; Athanasopoulou and Parra-Montesinos, 2013) and clearly show
that specimen deformation capacity increases as the normalized shear demand decreases. A
linear regression analysis is conducted and the result minus one standard deviation along the

y-axis is presented in Fig. 7 as well. Based on the results, shear demands associated with the

development of the nominal flexural strength at base less than 7.0 / fc (psi) or 0.58 ’ fc (MPa) is

suggested for specimens to achieve a minimum drift capacity of 1.50%. Please note, dowel
reinforcement for specimens with aspect ratio of 0.5 is included for the estimation of nominal

flexural strength.

Increasing concrete strength to reduce the normalized shear stress demand improves
specimen deformation capacity. Specimens using high-strength steels (either USD685 or
USD785), on the other hand, exhibited equivalent deformation capacity as specimens using

conventional Grade 60 steels with equivalent steel area force.
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Fig. 6 — Specimen Hysteretic Responses
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Table 3 - Summary of Test Results and Shear Strength Evaluation

Voeuc | Vostk ® ® @ ) ) ©) )
S . . . . du Vpeak Vpeak Vpeak Vpeak Vpeak Vpeak Vpeak Vpeak Vpeak
pecimen name kips A, [f.(psi) v v
¢ (%) my myd | Vin Vinnd Vmpr Vi1 V2 Vi3 Vs
(kN) (MPa)
dowel end 431 9.52 - 1.23 - 0.83 - 1.68 1.60
CCC 0.5D 1.18 0.89 086 —F—
- interface 1917) (0.79) 1.03 - 0.65 - 0.60 0.86 1.14
dowel end 457 8.72 - 1.29 - 0.86 - 1.79 1.59
CHC 0.5D 1.08 0.91 078 —————
- interface (2033) (0.73) 1.07 - 0.66 - 0.60 0.91 1.16
dowel end 470 8.96 - 1.08 - 0.79 - 1.78 1.52
HHC 0.5D 1.02 0.98 079 +———
- interface (2091) (0.75) 1.03 - 0.71 - 0.66 0.94 1.20
dowel end 437 6.81 - 1.00 - 0.71 - 1.65 1.29
HHH_0.5D 1.51 0.85 063 +—F——
- interface (1944) (0.57) 0.94 - 0.61 - 0.57 0.87 1.05
330 4.72
HHH 0. 1. 1.11 - . - 72 .62 1.2 44 1.1
0.5 (1468) (0.39) 56 0.78 0.7 0.6 3 0 3
436 6.68
HHH_1.0 1.93 1.26 - 1.02 - 0.95 0.83 0.75 0.85 1.45
- (1939) (0.56)
423 8.61
CCC 1.5 1.46 1.18 - 1.02 - 0.84 0.85 0.47 1.19 1.35
- (1882) (0.72)
414 8.80
H 1. 1.45 1.18 - 1.00 - 0.90 0.8 04 1.24 1.34
CC.L3 (1841) (0.73) ? ? 7 3
468 6.23
HHH 1. 1. 1. - 1. - . . . . 1.
1.5 (2082) 0.52) 96 30 08 0.96 0.85 0.53 0.93 36

(1) 7,,and ¥, ,is the shear demand associated with development of nominal flexural capacity at the wall base and at tip of the dowel reinforcement, respectively, using tested material properties.

2) V,pr 1s the shear demand associated with development of the probable flexural capacity, M,,, at base of the wall using concrete cylinder strength and 1.25 specified yield strength for Grade 60 steel but 1.20
specified yield strength for USD685 and USD785 steels.

(3) Vats Vias Vi, and V4 are determined based on tested material strength.
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Fig. 7 — Normalized Shear Stress Versus Deformation Capacity

Preliminary Conclusion

This study extends the experimental work from a previous research (Cheng et al., 2016)
by testing another nine RC squat wall specimens using conventional and high-strength
materials. Test parameters include specimen aspect ratio, steel grade, and concrete strength.

Based on test results, the following conclusions are drawn:

(1) Specimens using high-strength steels exhibited comparable strength and deformation
capacity as specimens using conventional Grade 60 steels with equivalent steel area
force, i.e. total steel area times the steel yield stress.

(2) Peak strengths of specimens with aspect ratio of 1.0 and 1.5 can be reasonably estimated
by the nominal flexural strength. Peak strength of specimens with aspect ratio of 0.5 can
be reasonably estimated by the yield flexural strength at base of the wall.

(3) Specimen deformation capacity decreases as the normalized shear demand associated
with development of the nominal flexural strength increases. The use of high-strength

concrete leads to lower shear stress demand and larger specimen deformation capacity.

Test results suggest maximum shear stress demand less than 7.0 ’fc (psi) or

0.58 ’ fc (MPa) for specimens to achieve a minimum drift capacity of 1.50%.
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(4) Among shear strength models evaluated in this study, the model proposed by Gulec and

Whittaker (2011) provides the most conservative estimation for all test specimens.
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A Design Method of Crack Control for High-strength

Reinforced Concrete Members

Abstract

This study conducts two full-size simple-supported beam specimens and seven full-size
cantilever beam specimens, and investigates twenty full-size simple-supported beams.
In addition to high-strength reinforced steel bars of specified yielding stresses of 685
MPa and 785 MPa, these specimens are all designed with the high-strength concrete of
a specified compressive stress of 70 or 100 MPa. The purpose of this study is to
investigate the flexural crack development of high-strength reinforced concrete beams
(HSRC). The experimental data is used to verify the application of the flexural crack
control equations recommended in ACI 318-14 (2014), A1J (2010), JSCE (2007) and fib
Model Code (2010) on HSRC beam members; then, this study concludes the design
equations for the flexural crack control based on ACI 318-14 (2014). Additionally,
according to the experimental data, to ensure the reparability of an HSRC beam member
in a medium-magnitude earthquake, the allowable tensile stress of the main bars can be

set at the specified yielding stress of 685 MPa.

Keywords: high-strength reinforced concrete, beam members, flexural crack control

206



_\ﬁ’?/}

B %L4p 558 4% 3 (Reinforced Concrete, RC)ig 22 8 » d »t X A ~ @t A M3 ~ 53t
ED P E-BRALEAYIR > AW oBEY B F b AN o e Tl IR R
IHFZECERRA D RARMBRI DL EAGHESFLF R UERIET &
ARG T 28 1 42 MPa RS 2 420 MPadk 515 & s ERBHY M hEE
PRHRAESRIRE T > E AP AE BTG5 30 B o S 8F B A fE “’Ké‘é\:?’
FI* 2 2R T REBR S A AR A SR LS RAER @ r,,%m“'fi'n‘ R
PASE P MR R RM SRR EAGHE[N]E TR O ’F'Fmrﬁp
WL RTZ H A

® 5% R SRS B A 2012 E4e @)’%" s 2 AR BE B %§—*ﬁ & 1T
A S AATA B R R R RS SHAEF L BN S X RAE T SEATA R R S
R RS By 8 SIS ﬁﬁ;NWRC RE? w7y Bigrigs e i
R VR ARG AR R A E SRR F R 12§ 5% R4 55 (490 MPa
<f[<T8 MPa)yr Hpe i R W BFAE »AB%BA ~ Find 2 gatA L2 R
G et gt e MR 5 R T iE 100 MPa e IF R HBEFAF 2 EE LA
Ao e o TS A e R SR R AR SRS BTN 0 R VR TR W AR
AR AR IRE  FHEEFRLI LRI ERES F 22 EF L 2T
ARG R o RE AN R P REE -

ﬁ%&%&&ﬁﬁ{ﬁw%awﬂﬁ,uL?;NWRC BEL i R T

%*Tﬁ% PR A AR bR MM R BAE S 2 RN
o p NewRCJf#x- pﬂ“?mﬂ‘-ﬁ"’ﬁ PP AR OB SIREIERE 1A S

oy B2 AT 2 R SotpE piet s R LE R FE R 3 gtk e AR

+

VR R e R ARG chipip it > Bl R R R > VR Ee 2
i
5

P RC 2 2 Bzl % 507 & 5 0 4 JLalip o e Bl abindl = o o

,5€’ﬁéﬁi [3]10 % 4 H¥s < T A& 03 mm 3 54 &
€I¢“5€F.f=§5—%? o sjﬁiw? TAFRA G5 98.8 MPa(s 5 0.125 I;Lafwéf,%a“i R4 ) miR
P FFRA PGSV NER R R 58 ACI AR -2 3 Hair 4] 25N F P - it
ﬁﬁOAmmE§WW—ﬁ@\ﬁwvgﬁ@4?7ﬂ;H30Mﬂiﬂp015¢Lﬁwwﬁ£¢
R4 ) o gk Erip R AL € AI2010[S]E k2 ¢ | R HH B 1EY T g E Y
Ak~ 5 R 1.0mm 540 & Blﬁ*i%féssa\a%}a,sa[@;%?, % 162.9 MPa (5 % 0.20
I~L;Im=a%%«g"§ REA ) a BRI 3FRAPIGEEIT S 2R 60 % AF7F #12
e SRS P2 N fJ‘g;,;ﬁét » I AEER S R 2 T h 2 2k 3R

AT HEFR T oRFEER% TR AL Lo ee BirE [ 2 Bids%ki 3Rk

207



RER RS 1 T B B8R SCRTE KRB R 5 685 MPa)Eie 3 5 & fi 5 (LT
k3 A 5 785 MPa) » RS R ISURBA S 70 2 100 MPa o B i F 58 B4k 55 R E
2R e e My d] o %k ACI318-14[4] ~ AIJ-2010 ~ JSCE-2007[6] ~ Eurocode 2
% CEB FIP Model 2010 3 R *t e % H i 4p B A7 7 22k 2 el ) sbdy ] o 58 chg # 4
o X ACI318-14 5 A i F 50 R 4 SIR R AR 2 Jpd A 2Rt -

S o g AE-ERY ALY

AR SR SRR PR 2 e B e AR S AR A T
21 R R g *ﬁ.fﬂ (ACI 318-02 2 ACI 318-14)

B % B ACI 318-14 2z Hew ) %dr #4112 Frosch[7]#7# 12 #4138 A4 TR » 4o
B LATom > 1Y Bk 8re X4 BTG R G SRS LR
RrHAATREAMRMEZES A4S 2 HETR w T ARL HEFEE S 24 5
Mo o5 22 A o Aot (D)#rm e

r |

Pk b fa B

/ L / L Im |
2
% 4% F4 BESc WM E
ReELE

Bl 1w BT R8T

W.=€uS, (1)

FaRERLA BRAI A Z B SHETRE W BB S R TR wo R
R R %A Gl frdos8 Q)T MR R R R pLTAEY ST B22103)
BV R R[T] 2Bk (A L e

wmax=ﬂwc=ﬂ8ssc (2)
p=2="2 3)
£=1.0+0.03d, 4)

208



Bl 2 B#EPET LR

T2 R P R T AR S TR SGREBFI  RT R ()5 R(5)
O L5 T 2 5 (7 R 2 B TR 3 ) By B 2GR
% -

/ (%)

wmax=/»’Schss
PR E2 320G > K * @%&[7]1%5@:@;% PR REERT O HETIERE Ly
8 4 2 ) 140-210 MPa 6 » T AR TR 5 > B AR EEAR & 30 Bt Bl 4 5350 3
PRl BRERg T EEEZE Box RS B 5 B HEFEZ 1582 25
FTREBIHREEUNO)VE T B P VL HETIEFF o B » T2 G X BT EA B
Bo1.0~ 152 203 d 58RI 50 1SR 5 2 gl Bord c GRA ¥ A
e (7) > 5 (8)% B 3 T o

Y
A~

%

S.=¥.d (6)

- (7
d1= dc2+ds2
- ®)
* 2 E
dy= / d.*+(3)

‘ O
S8 0up
Y
d ﬂ S/2 |
D S

- -

B 3 47 % B

209



B3 ACI 318 Bk dy~ *0d; » &7 -#-38(6)% N(8)™ » 58(5)% » ¥ T4 * Hew A4
TR2ZFE N 4o (9)975F 0 #38(9)3e L X (10) 4 om0 T T 4K 5 R CTH] N 5 o
LgEd BT R P IR 041 mm o 124K 55 AR TE K55 B 420 MPa 5 b 0 4K 554 R
ACI-318 2 £ 3k B~ 0.6f, » ¥ 9 4% 5 R EE U] 5> oM 4 977 o 5 1ARFF2 2 [ &% >
PRS2 R R C BNk 575 1 PR A X - WP E AN FTH Y AR K
b SAe (112 (12)%77 » ¥ 5 ACI318-02[8]2 2 3% 4 » 3 ACI318-05[9] » *c %
4o (13)2 2 (14)#77 » 0% 3 ACL 318-14 « 4 S EE £ ACI T8 £ 7
B Y T RS 041 2 053 mm

P ; )
—opts |g24(2
Va2 |4+ (3)
— (10)
= (Zfs-/f) e
250 (11)
s<380( —)-2.5C.
A
300x252 (12)
§<—
A
280 (13)
s<380( —)-2.5C.
1,
300x280 (14)
§<—
1,
500
[=420MPa
400 =

Reinforcement Spacing , s (mm)

0 —
0 20 40 60 80 100 120 140 160
Concrete Cover, d.(mm)

Bl 4ACI318-14 4% 53 P REFIH] 2 K H e &

210



22 B 44 ALJ-2010

B 4w 55 R R 24 jl_ggﬁ-_fii e )'J %t 1IN ﬂ\f“:)ﬂﬁ g %%(AU 2010);\ B4R
BT R ER PR TR AR SR BB E L
24027 2 RA 0 TR HET RIS Y S E N 02-025mm £ % ¢ 0.3-0.4 mm

3 1AIJ-2010 2 58 2 2 % 3 s 4

LW EFRA ' FE R
PR i ¥ FUR Fd Y
£ R F EY R
1 .
gfc - mln{ f 049+100f}
2208 2. 1.5%

fow RS R TR % R (MPa)

% 2 A1J-2010 4k 55 2. % ¥ Jis 4

s + % 7+ (MPa) ) FF 4 (MPa)
FURZ fp el FUR 2 g T
SR 235 155 155 235 235
SR 295 155 195 295 295
SD 295 195 195 295 295
SD 345 215 (*195) 195 345 345
SD 390 215 (*195) 195 390 390
SD 490 215 (*¥195) 195 490 490

3L ¥D29 0k 2 Ak S S () 23k iE

Rofe? KRB RIAHER 2 A FR Y R RA L TR TR Y TR
o ﬁﬁpg\.g-—riﬁ; E‘);_E’H' 7B X HEd iJ iﬁ*}i)‘l—a A K&KT%ﬁ;X@;J s
P E R BB SRR B R SR WA EE RS SRR RS 2 R A

Eo P oNTaEr NEURS R B 60-100 MPa 2- B 52 RR S o

211



Bt HET R W 2335

d-xn (15)
wmax:D-—x,, wp=1.5w,,

—,ﬂ\i“ s d f—;»’ﬁ SRR 5 D ;'ﬁ’?\i ey s Xn ;:; ¢ .}iﬁé—,/;ﬁi S Wp ?éﬂﬁgiff_ﬁéﬂ“iﬁ’}i : Wa
TR MR R -

<1

J‘ij;‘l MR we 23 ENG 0

wavzlavgs,av+lav8sh (16)
B Ly b T ARIE S s 2T 08 R S o B RS FORRR -

lij’\l iFﬁﬁE’ av@ —;;\“ .

_ SN, 0 (17)
He e ZREEER > FRIEFHEE ¢, EREFEE o, 2 FFF > c 7B (citep)/2 5 s
e SR F R AT R EPF k=00~ KA T R E P £=0.00025¢ 0 t %
J‘-bE}%.’__E.' k—z ‘\’vj\ol’ ¢b ﬁéﬁi&v'ﬁ_‘,{g_,peé_ﬁ i’;;}j_:! %;E,LL ,pe‘:As/Ace’Agf‘;#iJ ﬁiﬁ;-”;

W 7 A RS 7 X Fom o
23 p ﬂ‘*\ﬁ.f‘a JSCE-2007

Pk AF § R SCE2007)E 3k 5 (18)3 B e HAT A wo ¢ 4 2 %k
PAEAN ST S B R ER B R RRD R A B E T b s
% {Eﬁi ’;2 }é] ﬁ’{_ﬁj}. o

w=1. 1Kk k3 {4¢+0.7(cy-4))} If;_< O'pé) +£csdl (18)

EP
B ok asm s dm AR A R2ZR %"’f‘ﬁt’—ﬂ’f’ﬂéﬁfcﬁié'@% 1.0~ kG 2 3¢ 4
BB 130k a BRI SFHY AT AZ P 0E 2381938 ks Sk
B2 BE T R]Q0)FE on R A S kB e S FERLER (mm) o FA ST S
BB (mm) ; ¢, & 4 53 2 /5 (mm) ;5 &, » dc: ﬂﬁ)ﬁﬁ%m%" RRIIER S 0 8 0pe &7 5] 5 5
Sl SR ED RN FE & TER  RLP TR # 4 £ (N/mm?) -

k,= +0.7 (19)
c
_S(n+2) (20)
5 In+8

A a0 e B TS A SRR TRRL BTk AT LY A

212



WA BPHNERS LT A kR BRES BAMERY LT RE
FHARET R AAT AR kT 090 5, B2 SERTORRH A AL P
o g ETHEREG R RRFEE b ERE SHI P ABREEF A o
Bz at A BB P2 ERE o

AR WM AR - R RET A2 A RrUplE s AR
,ﬁﬂﬁﬁ03mm°ﬁﬁ}§#@@%%@%éwﬁ%ﬂSﬁﬁmﬁhéi%ﬁﬁm%xmﬁ’
FRsS &8 A 303 200 % 0 BEEZR 5 300-450%x10°° ©

ERE LS L

3.1 R

AFFRFETERAFRFN UREELERZ BEFIES L& Rl XA 44178
L2 0 EHARENE 3 ERFEEE L RES FHOTIE S EK A
Y 5 RS IEMEBIE R A S E T3 R T B B R RS (R R R < 3 T0MPa)
T % as A SS(A 85 K5 R L 685MPa) o 2RREA N 32 o A u|d BRE EE 4 [10]:E
10 2385k ~ HRF B[] 17 10 o dsk ~ S 3K[11]:8 17 2 2% M2 AT 9787 7 &
FHe o UTF ERAEIC R ST 0 AT RREETR K AR S T o

% 5 F rEck

Spec. |N* ¢ ( S ) % S I a/d p p: (%)
cm
(paen) left | FF LT B | right (MPa )] (MPa)](Mba) (%) left |right
2C158 | 6 | 20 15(5 57 7EY) 70 685 785 |35 194 | 042
2C20T | 6| 20 20(% 57 JIEY) 70 685 785 | 35| 1.94 | 041
3C158] 6| 30 155355 J7E%) 70 685 785 | 35| 198 | 042
3C20T | 6| 30 20(ZHTFIEY) 70 685 785 | 3.5 1.98 | 0.41
4C158 | 6 | 40 15(5 57 7EY) 70 685 785 | 3.5 201 | 042
4C20T | 6 | 40 20(% 57 JIEY) 70 685 785 | 3.5 | 2.01 0.41
5C158 6| 50 155355 J7E%) 70 685 785 | 35| 2.04 | 041

HAFE e 28
2C100 |12] 20 [20 | 30 30 | 100 | 685 | 785 |3.33] 2.42 |0.32/0.21
3C100 |12| 30 [20| 30 30 | 100 | 685 | 785 |3.33] 2.45 |0.32/0.21

8H70 | 8] 40 | 20 30 30 70 685 785 13.33| 1.45 ]0.32]0.21

8HI100 | 8| 40 |20 30 30 100 685 785 13.33| 1.45 10.32]0.21

8N70 | 8] 40 | 20 30 30 70 685 420 |3.33] 1.45 10.32]0.21

213




8N100 | 8| 40 |20 30 30 | 100 685 420 13.33] 1.45 [0.32]0.21
8NS100| 8 | 40 S A A E 100 685 - 333 145 | - | -
12470 |12] 40 | 20 30 30 70 685 785 |3.33] 2.17 0.32]0.21
12H100]12| 40 | 20 30 30 | 100 685 785 |3.33] 2.17 0.32]0.21
12N70 |12] 40 | 20 30 30 70 685 420 13.33] 2.17 0.32]0.21
12N100] 12| 40 | 20 30 30 | 100 685 420 13.33] 2.17 0.32]0.21
12NS10 .

0 12| 40 SR A B 100 685 - 333 217 | - | -
6W70 | 6| 40 | 20 30 30 70 685 785 |3.33] 2.02 |0.32]0.21
6H70 | 6| 40 |20 30 30 70 685 785 |3.33] 2.02 |0.32]0.21
175R70]| 6 | 40 30 70 685 785 |1.75] 3.5 [0.24]0.24
200R70]| 6 | 40 30 70 685 785 2 | 3.5 [0.24]024
275R70| 6 | 40 30 70 685 785 |2.75] 3.5 |0.24]0.24
325R70| 6 | 40 30 70 685 785 |3.25] 3.5 [0.24]0.24
175R10

0 6| 40 30 100 685 785 |1.75] 3.5 [0.24]0.24
200R 10

0 6| 40 30 100 685 785 2 | 3.5 [0.24]0.24
275R10

0 6| 40 30 100 685 785 |2.75] 3.5 |0.24]0.24
325R10

0 6| 40 30 100 685 785 |3.25] 3.5 |0.24]0.24

xS

T

P T s

T4

=2

INFARA SRS ST A S R e SERERER S 5
2 "ERBR e

532 "R R R S a/d RFERBIFEY S p FRP S B

214




360 360
l—-—‘

TR b
-;:C:’él 4 : ??ﬁf;}unm) ..._T]:};?;_uunn)
oo |20 =3[=3]
S T - ==
= =101 ~|\S vy
\f?o —5D78% 1:{;(_«_«)
- @] fe) \‘YS; = 1 __:‘
' 9] fa) L\_ o 2 1 § I _t
S
4007 | _ 4009
(a) 2C15S (b) 2C20T
340 340
| I
1 —,
RN ERE
“\_sDess “_sD68s
‘GPG . 124 D32(610) ‘CPG 124[1 D32(#10)
S1gka 130 SEEEIEL
—~ & v ~— oW
4)70 A : SD785-D10(#3)
e o gl|=: e. °of\v9
i r { =
VT i My |0 WRE
o =]
L4007 4007
(a) 3C15S (b) 3C20T
320 320

l [ —
[s]
r 5\\ = OO O
e " _sDess \snsss
4 [~ 128! D32(#10) 1248 D3X(#10)
& @ ™
ool V|40 ol | 40
fe e — K Ol — - K
o ~po [ sp7ssp10ey)
% %
o] 0 g
1 po 5; o e} >
Loy O [ 1 v
1 %— — E— —

i 307 | {ﬁj

(a) 4C15S (b) 4C20T
300
]

T

124§ D32(#10)

50
%
o [m] [m)
@_EG 3
207

(a) 5C15S
Bl 5 AR %5 X3

700

600

495
&

SRR S SRR Rk B A% LR B SRR B

215



Bl 8B O AT o S EEBAE NE 2 NREFER O FHTIVREL B EREF
PR R EE S BRI T IR FHAEY 10 Bt o Y L4I9E 4 4y
oo F AR 4 50 BEZ TR A 0 BBRE IR A R o SR A g S b A e
dEREE RS R PIRRF TR R T o R SES i R
P IGRGE Y FAG R BERE T Bnp 4 @R E KEA RN R 2 2 B ey
Lo RESE AR RIEBBH 2 KT E > UHHRRAR KR T4 PR X4 F L o

Q Q o
) o
=
= -
©
=
o o &
*
= s
o c =
-
=
= o 1400 o
=S
(=] T T [=] T T (=] T T [

W6 R AP 2 3R M4 2% - AL )

5550

5
- - i) s ”%ﬁ
=] FR. ] . —
L
700 2
g 350 _ =
% ’; s L
2
s . -
g =
7
e - o - -
| | | | | | | | | |
| 500 | 500 | 500 | 500 | 500 | 2000 ‘ 1000 ‘ 1000 | 1000 | 150
I N N N \ \ | |

W7 AR 2 R 2 - AR

216



3.3 @& 5

RET L RERALA A N B AR 22§ & (Drift
Ratio)#tid%_ > B ¥ 354 5254 22 KT HBEZT S L2 00 Mgkos Bud
$25 4 4w 5 0.25% ~ 0.375% ~ 0.5% ~ 0.75% ~ 1% ~ 1.25% ~ 1.5% ~ 2% ~ 3% ~ 4% ~ 6%
% 8%(4e B 10 9757 ) A S U TR E R L RIS A T R
BRZ dpReicdro At 1 F (Mt B PiE R o EAF R 1 1F e

10
9
8-
7
6 =
5
4
3
2
1
0

Drift Ratio (%)

NP VAVAVA

o 1 2 3 4 5 6 7 8 9 10 1 12

Experiment Step

8 &5k % {42 B )

R L

4.1 T 395 W FF EEV R

B & B3y HABEIER O 7 A a0 0 B SRR NEFE
23R ATV RF ERHRTE L TS LRRFEF DL L RARF L
g**%%6%%°'%ﬁﬁ% grgpd MBS TRZMGA T > d B 117§
’J HERBSE )06 mmPF xS RA M HBETERBE A S ,ﬁi;ﬂﬂr}%ﬁ

R R o

Ay d BAZRM SRR BAEEM L PH L R R REY THY
FREL § k2 Mk o B 12 ¥ ov s T EM2 Rl K 5 A2 FOFIET b EF R
A TG LEA R R SR AT g TR IR T
ERAES W R IEERE 2Ry R R

217



i

Vet B REd Mk TR 2

P
NG

Bl 4w

1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
B T P Ry S S
wn [T
wn ' ' ' ' '
1 huiat Rl el i o Ty
1 1 1 1 1
C ] ] ] ] ]
e 1 1 1 1 1
1 1 1 [} 1
1 1 1 1
1 1 1 1
||I.|||.|||_III_IIIﬂII|I
1 1 1 d 1
1 1 1 1
1 1 1 1
1 1 1 1 1
1 " 1 1
— 1 T 1 1
(3 (=4 (=4 (=3 (=3 (=3 (=]
[ w (=3 w > w)
en (o] (o] — —
(wrux) Surdeds yoead Igerday

2C158

S

50 4------
0

Drift ratio (%)

Drift ratio (%)

1 1 1 1 1
1 1 1 1 1
1 1 1 | 1
1 1 1 d 1
R [ — R
wn [T (T
wn ' ' ' ' '
1 il Bl bl o TrTsT T
1 1 1 1 1
C ] ] ] ] ]
[7p) 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
|||_|||.|||.I I.Illﬂllul
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1
1 1 1 1
— 1 T 1 1
(3 (=4 (=4 (=3 (=3 (=3 (=]
[ w (=3 w > w)
en (o] (o] — —
(wrux) Surdeds yoead Igerday

B il S
|
|
e
[
|

1
|

4C15S

S

[ ———

1

Drift ratio (%)

Drift ratio (%)

218



= =
5300 : : : 5300 : : :
50250 o - R DR bommee- 50250 |-  EEE EEEEEE bommee-
= ] ] ] .E ] ] ]
2200 3%----- R REEEEE R 2200 4} ----- B R R
(=3 ' ' (=3 ' ' 1
] 1 1 ] 1 1 1
VT L je--n-- Fom-m-- 2150 1%%- - EEREEE SEEETE Fom-m--
9 1 1 [>] 1 1
E | | E | | |
S1004------ e R Po----- S1004------ N\ Aseoe- Pooooe-
g)n | g)n | | |
50 - S R e o504 SRR R SRR
s 1 1 1 s 1 1 1
> 0 | | | > 0 |
< I I I < I I I
0 1 2 3 4 0 1 2 3 4
Drift ratio (%) Drift ratio (%)
z 4C20T
£ 300 , : ,
%0250 4 - it R bomoooe
-E 1 1 1
2200 4\----- ARREEELEEEEEE RREREE
Q 1 1
@ ' '
22 150 = =75 T AN - 1------ r------
9 1 1
] ' 1
5100 oo A P .
g)” | | |
o504 e e SRR
s 1 1 1
> 0 i i i
< I I I
0 1 2 3 4
Drift ratio (%)

BI12 3ed B W TR Ed 254 2 B %

GRSV E L SN B EEE Lt I o
P AN L RGRRER R R R R R A R 0 A AT R SRR R T 0
RLES £ A4 R SR R R RS S L
B2 5% o T30 MRS bR 4 T 2 58 4B 12 #7 > 00§ & 0 £ 2s
2 TR W R b AR 2 R (T R o

m & B P P& JSCE-2007 ~ % ' EuroCode 2 2 CEB-FIP Model Code 2010 *t#%
Bz a2k o8 5 B MR EETE R At 0 B ACI-318 P o+ 22 T35 R W [ jETF] S
2oV B (=2.0/1.5) 1% 5 3 & (RBc i BT R0 W RS 4o B) 13-17 Bl AT e

%6 :RRPFERL LTI S

el o G EHE S
2
% F ACI-318-14 Tya 1.5 dﬁ+(f)
2
C,+C, s ¢
Pk AD-2010 44 | T z( _ +E> 01
p & JSCE-2007 Bt 1.1k kok3{4c+0.7(ci-6)}
@:}"L"I EurOCOde 2 B fE_ k3C+k1k2k4¢/pp,eﬁ
% CEB-FIP Model 1
! ﬁ’\_r‘ ]/E'—_ Z(k.c_i__.jﬁ.&)
Code 2010 4 Toms Py

219



H AR R R

AAEAE A

| | | | |
| | | | |
1 1 1 1 1
1 1 1 1 1
| | | | |
e G e e . T
' | | | |
1 1 1 1 1
1 1 1 1 1
| | | | |
| | | ] |
I S U E Rt R
1 1 1 1 1
1 1 1 1 1
| | | | |
| | | | |
! 1 ! 1 L
1 1 ) ._ ‘_
1 1 1 1
1 1 1 R _A..
| | | | |
1 1 1 | |
e e 44- - - -
1 1 1 \ o !
| | | | |
| | 44 |
' ' ' ' '
| 1 | |
TTTTTTTITTAT T T T TN PHEE
1 1 1 1 1
1 1 1 1 1
| | | | |
| | | | |
I I I I I
= = S (=4 > [ 0
< y— 0 w N =)} =
[\ N — — —

(wrur) Surdeds ageadae yudwrrddxy

90 120 150 180 210 240

60

Average spacing (mm)

| B (B R

7

8

)

SN
E

2.
I

¥

Y WL pEaE

o5

®l13 ACI318-14-T %

H bt 5 AR

ESCEA SN

| | | | |
1 1 1 1 1
| | | | |
1 1 1 1 1
| 1 1 1 1
R L I e
h 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 e 1
| 4 | | |
I e il Bt i
1 1 1 1 1
1 1 1 1
1 1 1 1 A‘
| | | | |
[T SR "W AN SRR B
1 1 ) U
1 1 1 AKAA.A.
1 1 1 4
| | | | |
1 1 1 | 1
B S B
1 1 1 | 1
1 1 1 1 1
| | | | |
1 1 1 1 1
1 1 1 1
I e e e . -
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
. . . . .
| | | | |
S > [—3 S > (=4 (=
< - -] wn o (=) o
~ o~ — — —

~_~

wur) Sureds dfesdAe yudwLdd Xy

90 120 150 180 210 240

60

Average spacing (mm)

LT

B L BRI R

=)

Bl14 AlJ-2010% *

S
B

R

H AL T

HH A

S
ER

AR R

|
|
|
——_——— g ———— =
|
|
|
|
|

i
ok
i

180 —f-----
120 -----

(wrur) Surdeds ageadae yudwnrddxy

90 120 150 180 210 240

60

Average spacing (mm)

| B (B R

7

P’Es

7

L
B

P
|

=

BI15 JSCE-2007-T 325 ¥ [ jeid

220



@ KRR A HubmiRp
A240 1 1 1 1 1
£ | | | | |
é 1 1 1 1 1
o0 210 =y ----- |- === +t-=-=-=-- ----- A= === - - - =
£ : : : : :
1 | | 1 ! 1
2180 4----- e EEDY CETEL EERee
g | | | | |
8150 <o - -eod ool
L
S 1 1 A 1 1
= o |1 o A A A L___.__
g 120 ARk
- ALY S
£ 90 4--- SEREEEEEEEE e R
g 4| | @ | |
I ' @ ! ! !
ol T T T T T

60 90 120 150 180 210 240
Average spacing (mm)

B16 Eurocode 2-T 355 4 fF s 2% B 87 F Bk B V- 2

@ AHMEREE A HimriRp

A240 1 1 1 1 1

E 1 1 1 1 1

é 1 1 1 1 1

50210— ------ 1= - === +--=-=- -—-=-=-- - - - - - - - -

£ : : : : :

< 1 1 1 1 1

E180 o ----- Rl B R D e E EEEE

o ! ! ! ! !

F1s0 - oo e GORREREEEED IRREEE

g 1 1 1 1 1

< 1 1 A 1 A' 1 (]

5120 T T A & S
1 1 1 1 A 1

R B R B T

@ 1, 1 1 I. 1

% A 1 |. 1 1

=60 | | | | |

60 90 120 150 180 210 240
Average spacing (mm)

B17 CEB-FIP Model Code 2010-T 2% % ¥ jEi2 3k B 20 9 24 @

b i i % ¥ a0 AIJ-2010 ~ Eurocode 2 ~ CEB-FIP Model Code 2010 23+ 5 % % %
ST A ITARIREP R T 2 ACE318 0 F R Y [T 0 B d; e d,) 2
BB D BB A AR R A B B
CE AT R R EHET 2 d) 8 R £ AT AT e 4o 18

J sz REMBEY EET

e
N

EY

N

nl

1]
#Er

‘?E“\‘f‘“

K

F R B
/\‘

=

221



@ AHEAE A HHERAMN

2 240 : :
£ : : : : :

o0 210 =y ----- |- === +t-=-=-=-- ----- A= === - - - =
£ o 2

2 1 1 1 ) 1
S180 4 - -- L e . L LT
«» 1 1 1 1 1

g‘] 1 1 1 1 1
150 e
%)

> 1 1 A 1 1 1

St =4 ----- e AL 8 R
5120 | | “| | |

: P

2 90 = ---- e T R et
g- AI 1 . 1 1 1

% 1 1 . 1 1 1
=60 | | | | |

60 90 120 150 180 210 240
Average spacing (mm)

BI18 2 1 2. ACI318-14-T 355 G pEs2 R B &2 F % B+ &

42 v HE TR VR

TV FER Y T W PR o SUSTER P XV PR o ST S ERTE
LB B B E S Mok T ot R R 4o B] 19 - B 23 45 o

27 A RAPERL R ARTRTY A5

KEIATE A
£ WACI-318-14 w225 a2+ ()
max ES C 2
P& AIJ-2010%44% wp=1.5(egavee)" {2 (c+ i) +k£} B
' 10 p,
Oge O-pe '
B+ JSCE-2007 wo =11k koks{4c+0.7(co-6)) [f (or f) +gcsd]
% ' EuroCode 2 W= (kscHhikokglp ) CEon-ecn) B
]
U Som . @5
CEB-FIP Model Code Wina=2 | ket =2~ (EsmEcm€cs) P
Toms Py ef
2010

222



Lot 73

N

A

2.
E

]

@ AHE

=0:903

Stress ratio>0.4 , Average crack width ratio

(dpoHpudwrrddxy)
onel YIpim yoer)

02 03 04 05 06 0.7 08 09

0.1

Stress ratio

B 19 ACI318-14 B %% B 2 2%

@ KM A HimEs

Ad

0.9

=0.70
A A
A a @O i
VAL PSR

< __

P

1
|
.
I
w -

2
| Awverage crack width ratio
A | | |
g
'S |‘ 1 1 1
] R

1
| |
1 1
| |
. .
I I
en (o]

(dpoHpuswrrddxy)

onel YIpIim yder)

02 03 04 05 06 07 08

0.1

Stress ratio

B 20 AIJ-2010 2 &5 & 22 3%

R 28

R %

7

(]

@ KA A Humis

J 1 1 1
1 1 1
IR .
1 1 1
1 1 1 A
| | « o
S T NP I | _
1 1 1
1 1 1
1 1 1 A
1 oo | 1
||||| S M- -
| = | LY
1 o) 1 1
A=) <
R s
1 1 1
= | < A
(=T |
——--k-B-t----1--¢ - -
1 v’ 1 1
LR e
I TS S . -
1 [N 1
1 MD_ 1 A
| 5 | [)
S - . -
1 1 1
1 1 1
S L.
1 1 1
« R b
gt — - mim g - - =
1 1 _A
! AA"A "AA
] ] ] J
T} - e a —
(dpoHpuswrrddxy)

onel YIpIim yder)

02 03 04 05 06 07 08 09

0.1

Stress ratio

JSCE-2007 2. % &% R i+ 3%

®l 21

223



@ KM A HumiEs

5 A 1 1 1 1 1 ' ' '
| | | | | | | | |

R I S S N SO S S S I B
o2 : : _ : :
= 2 a I Awverage crack width ratio=1.02 I I o
=9 —---I---I----l----n—---o—----o----|----I----I---
=%3 I | | . . . | "
= 9 1 1 1 | | | | | |
;E 1 1 1 1 1 1 1 1 1
ER2 g ala o be e
g& | 1 1 1 1 1 1
G@,l A | ' | |

0

0 01 02 03 04 05 06 0.7 08 09 1
Stress ratio

B]22 Eurocode2 2 MM T RZEREL T &% BV K&

@ KM A HimEs

5
A, : : | | | | | |
A 1 1 1 1 1 1 1 1
4_l____.:.___-:____I____I____I 1 1 1 :_
P B R e e . TR mm -
2] 1 1
2 2 ' ' Awverage crack width ratio=0.95 | |
No A 1 1 g 1 1
B T T T [ T T o --
egs TA -: 1 1 1 1 1 : :- |
TEE A | | | | | | |
EE g Ma b
g = | . ' : : : : LA
C\m./] A An‘ i A 1 1 1
|AA ! .‘. _.An ® T
1 1 ‘
1 1 1 1 1 ) 1
0 | N IR N N R R B E R

0 01 02 03 04 05 06 0.7 08 09 1
Stress ratio

B 23 CEB-FIP Model Code 2010 2. 2 3. % & 1234 822 F 2 B i

A % éW%#ﬁﬁﬁ‘wﬁ%%uﬂmmo lbé%f%?’ﬁﬂ%%%i

HAER RIS A 24 ¢ ACI318-14 ik 2 et AL BEIE (7 3 1 12> 5 % 4o 24 577

ﬁ@%%miﬁgp@:ow4’ mﬂ*%“*%w. B m AR FE A o
- ,

<
'Et
n\?—

¥ ¢ PRSI g FlEed HMREY AARRE L A S LR
307 K fJ iﬁ}i? Mo o kPR }E&”Lr:,h% 2 M4 BTN A SR ) 04
Pro P04 TR RS EE AT R LYY > L HACI 381427 1 > B % 4cH
25 4 0 B HET AT B(RRELRFEFE B E)E 072 0 FHEE
Ao T o

224



@ KA A HmiRAH

5 - 1 1 1 1 1 1 1 1
| | | | | | | |
1 1 1 1 1 1 1 1
| | | | 1 [ | |
B T (Rl el Sl Sl Sl et e e S q
b B AI Stress ratio>0.4 | Average crack width ratio=0.811
;%3—\-‘--# ----------------------------------------
= = <! 1 1 1 1 1 1 1
=~ D 1A 1 1 [} [} [} [} [}
';E A |} ] ] ] ] ] ] ]
= B )
< | -K A [ [ [ A |
gg- |A | | | | |
i A [l [l [l [l
UEI A | | |
0 |
1

0 0.1 02 03 04 05 06 0.7 08 09
Stress ratio

W24 ACI318-14 AT AR F E(HALRIEE TR 1 )HF % e )

@ KM A HimEs

S [ [ [ [ [ [ [ [ [
T
™ [ |
o 2 ' ' ' ' ' ' ' ' '
g2 A
h(\)3—----4----|-- . — e — -k - - -
= B ) \ Average, crack width ratio=0.72 , ,
= Y 1 1 1 1
;E | | | | | | | | |
T R s S
- 1 1 1 1 1 1 1 1 1
ex 1 1 1 1 1 1 1 1 1
U\m_/] | | | | A A N ) ® A |
YO S Aﬂ
o 1 Apss .
] ] ] ] ] ] ] ] ] 1

0 01 02 03 04 05 06 0.7 08 09 1
Stress ratio

B 25 ACI318-14 MW F A8 E2 MBI KA T BFkiE i’k

(21)
<<o4 E, (1270 2)” 1270

25 s

-8

Q

8

d fro s 2 W BNTE A 2 12 CoFr o Bz o) v P B ACI-318-14
PrERZL N @ s 1533&;@1.%:«2 B CoPF o PGB SN QDZ RS gk 5 R T
Flo 2 bR E o RA FH A LY 044 PF 0 BRI 04f R 2 T 25 o

ol
o T
,‘m
gl
4

G54 A NS 0463 0.66 5 blpE > d B 267 4ro F ikt 2 T BT L 4
§ R R A A 0.4-0.5mm 2 B FIR 0 2P NQDT 5 N(23) 0 8 % oWl 27 4
fw:wu‘@cm £04-05mm 2 FRP  FE L BE AP SRS e %135;“7#' I3

ci(22)F 23T o U AR Y P ET 2 R ed HET R DU 2] B
5 0.4f, -

225



s < max {min I380— —-2.5C,,

280 300%280 (22)
A

C.<192-124 xj;s (23)

I

y
500 500
- Crack width = 0.4mm 0.5 mm - Crack width = 0.4mm. 0.5 mm
17041, J57086,

400 = 400 =
g 0.5mm 1,7685 MPa z 1,7685 MPa
if, e, (e 5’ ] =2d -
% "u.,.‘.‘ . 5 §= c/ .
£ £ 30 -
& & -
= =
@ <
£ 200 £ 200 ’/,
2 e 2/
: : 27
g g S

100 o 100 &7

iy Zone Il £
S 3 VA
0 T T 1 T T 1 T 0 T 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
dc (mm) de (mm)

[y

g 4L
i NS

-%g\?

(a)dw 52 i * P~0.4f,

Concrete cover Cc (mm)

AEY REF-

WA R R R R

PSR ,r
—L.fz‘:—r‘é{’m;'li\."—r

7 s Ap B

o Sl

B %

(b)ﬁi ;Z }I@E 3 3’\06]()‘,
R265ed 2 i) = 5

400
300 +
200 +
0.4mm =-124.2x + 192.24
100 +
0 2 ; L 2 ; 2 : L

0 0.2 0.4 0.6 0.8 1
11

B127 CoU4]d 2 f it

HY FRAE R TAAAI 22wt BEME 3 D RAFE
SR GBS L BB AR AR 2 e

PR SRR B L e A AL R e A S e

226



FPAran o R LRG| R T PE T 2 5K Bl AT R - DU 25 B S 0410

< { . l380280 5 5C 300x280 }
s < max {min — —=2.5C,,——|,2C,
Jq Jq
CCSI92—124><£
/y

54 < e

[1] Hwang, S. J. and Lin, K. C. (2010) Research and Development of New-RC System in
Taiwan, NCREE, Taipei, Taiwan.

[2] AlJ. (2004) Guidelines for Performance Evaluation of Earthquake Resistant Reinforced
Concrete Buildings (Draft), Tokyo, Japan , Architectural Institute of Japan.

[3] ERER~HhF A M UHE B VR Q015) T RHEET 4 BRI B B %R0 R
B2 BT g B 42 0 30(3) 0 pp.5-26

[4] ACI. (2014) Building Code Requirements for Structural Concrete and Commentary,

Farmington Hills, American Concrete Institute (Committee 318).

[5] All. (2010) Standard for Structural Calculation of Reinforced Concrete Structures,
Tokyo, Japan, Architectural Institute of Japan.

[6] JSCE. (2007) Standard Specifications for Concrete Structures, Design, Tokyo, Japan,

Japan Society of Civil Engineers.

[7] Robert J. Frosch (1999) Another Look at Cracking Control in Reinforced Concrete, ACI
Structural Journal, May-June., Title no. 96-S49.

[8] ACI. (2002) Building Code Requirements for Structural Concrete and Commentary,

Farmington Hills, American Concrete Institute (Committee 318).

[9] ACIL. (2005) Building Code Requirements for Structural Concrete and Commentary,

Farmington Hills, American Concrete Institute (Committee 318).

[10] B2 F ~ AR ~ ¥ AR 2 22§ (2014) F 24 3 A4 RS B2 ¥4 A
7R BHa1 4R 29(4) > pp.19-43 -

[11] 4> R (2014)° B % R4w 5 R L R2 T4 A2
PHASY SR A 240 o

PAS

HEFE T L o R LR

[12] B3k (2015) = 3 5 4 34352 2 2 5

L=

REFIE ] AL o B S pp R

227



CEFEIRELN AT

[13] 2R (2013) B B4k SR B2 ¥4 HUFaimy Al o Rz o
PEAFFEIEFL A S0P o

[14] % /£35(2014) - B o R A 3R R RIpd a3 P T4 B3N T AR LS,
i, Az o P HE A2 /F L9 S o

[15] P 4p % (2017) B 56 B dh 3R 83 B2 iyl c ALk~ o B2 S pH
SBEFEIRETT ST

228



	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面
	空白頁面



