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_! Scope of New RC Materials
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| Critical Issues
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Mechanical Properties of Reinforcement

f, f,
N/mm? N/mm?
490~625 620 2}
490~625 615 2 |
550~675 690 2 |
685~785 86017 ¢}
78511 ¢+ 93012

5

. A
47.1

i%‘;_.;
> s F @]fw&? ¢ AWS D1.4 (AWS, 2011)4 %_

7% £ (CE)# 4i80.55 -

TR A S R TS
1S g A F X AR

Ge e T TR Rap Rt B4 F ) 30125

— \l

15.3.5 it A 2 48
153.5.1 AUAZIEGI R EE RN ZHEREM R EEGZETBG  LEHRFS
CNS 560 % SD 420W & SD 280W 2 % & » CNS 560 ¥ SD 420 B SD 280 48 # 75 T
R EEFETHRT
(1) FRI R R 38 B R348 th 40 5 IR 38 [ 3k 1,200 kgflem’ S E o
(2) F PR MR AL 38 B SR A IE AR 38 B 2 LE A R AT/ R 1.25
153.52 H&smih Q46850 5 2 f,, FAFAR8 4,200 kgflem’ °

'ua

f

ya

1.2512 4
1.2512 ¢
1.2512 ¢

7 B AR

18000 psi

21.1.5.2 — Deformed reinforcement resisting earth-
quake-induced flexure, axial force, or both, shall
comply with ASTM A706, Grade 60. ASTM A615
Grades 40 and 60 reinforcement shall be permitted if:

(a) The actual yield strength based on mill test
does not exceed f,, by more than 18.007 psi: and

(b) The ratio of the actual tensile strength to th
actual yield strength is not less than 1.25.
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Applications of Longitudinal Reinforcement
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Surface Geometry of Reinforcement
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~ | Standard Specification for Reinforcement

HEEAN GHARLET

Tc
C Taiwan Concrete Institute

Tuiwan Conerese Fraiine

48 R L A S
Steel bars for Conerete Reinforcement
—SDS50W ~ SDa6S85 ~ SD785
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4 R P84 LEH £ 4
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22T o SRERAR A RS Z ERRAE
22 k% ’."' g A5 = M <
i E %pr-?iDZZ r o A&z g RTE
PN 2 PN - ° AL
B 7 7] A H et i”na 10% ; R & ¢
> £5 v - N 2 o N
A 5% f.P_%{DZZ ks HEzz 3 R ILIEE A
/E’ AL 2 N ‘
F@op v ST 35E 2 18% (17%) -
#4 EOEEH BT BUEE - BREEERSCIEE
i Hfr | B | mmm | FE B
R | EE | EW | BR |—
gt B2 e () B
# (W) (d) (5} (F i{E : Bl
7 mhE | ®mVE B )
. ® (h) EH) i
B W | kem mm mm? mm mm mm mm
DI3 | 4 | 0884 | 127 | 1267 40 6.4 0.8 13 5.0
DI6 | 5 | 156 | 159 | 1986 50 BD 1.0 17 6.2
Dlo | & | 225 | 181 | 2365 50 o6 2 20 75
D22 | 7 | 304 | 222 | 3871 70 111 13 22 8.7
D25 | 8 | 388 | 254 | 5067 80 127 1.6 16 10.0
Do | @ | so8 | 287 | 6469 20 14.4 1.7 28 13
D32 | 10 | &30 | 322 | 3143 101 16.1 19 32 26
D36 | 11 | 780 | 358 1007 13 17.9 22 i6 4]
D3 | 12 | 857 | 384 1219 124 18.7 2.4 40 155
D43 | 14 | 114 | 430 1452 135 1.5 25 42 160
D50 | 16 | 155 | s02 1979 158 15.1 30 50 19.7
D57 | 18 | 202 | 573 2579 180 8.7 £ 58 225
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»Straight bar



\ Objectives

~ ACI 318-11, 14 and Taiwan (2011) Codes

Straight Development length in tension (unit : Sl)

f
- 5 F ,=09—2 1 4

T i, d ﬁ(cbw)

Limitations for Equation db
« f, = 420 MPa ’—_ZO_A[ __________ \
. f,, < 420 MPa 'K, == (ACI318-11) |
. f. < 70 MPa | |
| A, f |
§ c + K”]sz.S |\Ktr 10,35 = (Taiwan, 2011) !
25.4.1.4 The values of used to calculate development
m length shall not exceed]a/[]_pﬂ From 1989 @
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_} Experimental Program
= - / Stopping Criteria ~ Foree

M Data
1. Concrete Failure Measurement
2. Bar Fracture
3. Bar Pullout
= > Step
Reaction I Loading Protocol
Frame * Loading Procedure
1400 mm Qil
L i Jack -02d
Ut 2 Cell
by
Specimen | |
- | Ly

N I L --\

450
e ‘
FA e ",.-;!'»"f ? f/f;ﬁﬁ';/ﬁ-" e .;,.:5 7
, 1130 mm ! @

1000 mm ]| 1000 mm
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!Design Variables of All Speumens

& 2§ -2012~2016 :v | 14 Il_J Terglon | :/
| I d o
[ |
160 ~ 260 mm i ., Bonding Zone :/i
| f A
| __I L
I == O -
450 450
mm ©0 m ]
©0 ]

Specimens : 72 (4 batches)

Design variables

1. Bar size : D25, D32, D35, D38, D41

2. Geometry : Plain, Thread (R, =0.12 — 0.19)
3.f. : 56, 70, 80, 100 MPa

4.1, : 280, 420, 790 MPa

Cht + Ktr rave —
: =2.3—5.2
5. g 3-5

J3ON
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Actual Concrete Strength
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Specimen

BE1~BE3
BE4~BEG6
BE7~BE9
BE10~BE12
SP1
SP2
SP3
SP4
SP5
SP6
SP7
SP8
SP9
SP10
SP11
SP12
TD1
TD2
Test-1

— PR N

f.’, Testing
Day (MPa)
64.3
62.7
90.9
91.8
80.4
110.6
84.8
110.7
90.7
106.2
93.8
109.0
86.6
106.4
91.4
102.3
71.8
71.8
42.3

aa =

Specimen

D25C4F56
D25C4F8-V
D25C5F10
D25C7F8
D32C4F56
D32C4F8-V
D32C5F10
D32C7F8
D35C4F56
D35C4F8-V
D35C5F10
D35C7F8
D38C4F56
D38C4F8-V
D38C5F10
D38C7F8
D41C4F56
D41C4F8-V
D41C5F10

N A A AT

f.’, Testing
Day (MPa)
61.2
72.0
92.0
78.0
61.2
72.0
92.0
78.0
61.2
72.0
92.0
78.0
61.2
72.0
92.0
78.0
61.2
72.0
92.0

—_—rN N\

Specimen

D25C5F8-U
D25C8F8-U
D25C9F8-U
D25C5F8-S20
D25C8F8-S20
D25C5F8-S10
D32C6.5F8-U
D32C8F8-U
D32C10F8-U
D32C6.5F8-S20
D32C8F8-S20
D32C6.5F8-S10
D35C7F8-U
D35C9F8-U
D35C10F8-U
D35C7F8-S20
D35C9F8-S20
D35C7F8-S10
D25C5F8-UP
D25C5F8-S20P
D32C6.5F8-UP

D32C6.5F8-S20P

f.’, Testing
Day (MPa)
79.5
81.1
81.1
79.5
81.1
81.1
78.4
79.5
81.1
78.4
79.5
79.5
79.5
79.5
78.4
78.4
78.4
78.4
81.1
81.1

81.1 @

81.1



Actual Reinforcement Strength ™

Group Specimens B_ar Type h, S Relative Yield | UIt.f,,
Size (mm) | (mm) | of Area, R, | f,.(MPa) | (MPa)
Series BE1-BE6 D25 | spess | 1.44 | 10.00 0.143 © 738 932
0) BE7-BE12 D32 | HotRoll | 150 | 11.90 0.126 742 966
SP1-SP2 spess | 1.56 | 11.88 0.131 710 924
SP3-SP4 Hot Roll | 2.21 | 12.06 0.183 716 933
SP5-SP6 D32 f/l[i)lffg 2.21 | 12.01 0.184 777 971
Series (ll) SP9-SP10 Sptl)gigno X X X 503 698
Sffﬂ:ggfz D39 HSO?‘I';?(?” 2.37 | 14.80 0.160 534 701
TD1-TD2 D32 | usDess | 2.22 | 12.34 0.180 693 925
Test-1-Test-2| D25 | HotRoll | 1,75 | 9.90 0.177 730 X
D25 Type D25 2.03 | 10.44 0.194 694 X
_ D32 Type D32 2.28 | 13.27 0.172 671 X
Szrl'l;es D35 Type D35 ggtDsgﬁ 246 | 14.00 0.176 677 X
D38 Type D38 | | 272 | 15.24 0.178 679 X
D41 Type D41 2.83 | 15.96 0.177 693 X
D25 Type D25 1.98 | 10.73 0.185 710 X
: D32 Type D32 | U°P98S o8 [ 1341 0.168 688 X
Series Hot Roll
(V) D35 Type D35 | | 2.76 | 15.08 0.183 686 X
oo [ R0 ) x| x| me |




! Test Results - Strength

X#8-Rr=0 X#10-Rr=0 +#11-Rr=0

O#10-Rr=0.126 B#10-Rr=0.132 @B#8-Rr = 0.143 (fca' < 70MPa)
O#12-Rr=0.160 @#10-Rr=0.168 e#10-Rr=0.172
A#11-Rr=0.176 A#8-Rr=0.177 (fca' < 70MPa) A#14-Rr=0.177
O#12-Rr=0.178 ¢ #10-Rr=0.180 ®#10-Rr=0.183
O#11-Rr=0.183 O#10-Rr=0.184 A#8 -Rr=0.185
O#8-Rr =0.194
1.8 1.8 -
1.6 - 1.6 -
1.4 1 1.4 -
D.>, 1.2 . = ﬂ.>‘ 1.? ’ ‘I-Z__I] §
-~ 1 o ~ - o O
2 038 o A ¥ | & o8] A X
O 0.6 L+ X % 06 - 0 L+ X
1 ® 4 . e X
0.4 - % 0.4 : ){ X
0.2 0.2
0 LJ 1 L L] L L} LJ L] L L} L] L] L ] L] L] L 1 0 LJ L] L] L] L) ] L) L L] L] L) ) L) L] L) L) L) I
0 02040608 1 1.2 1.4 1.6 1.8 0 02040608 1 1.2 1.4 1.6 1.8
Ld.testl Lda.dem Ld.test I I-dal.unlmt
I'FIE Limit for f = 70 MPa No Limit for f/ = 70 MPa,
. NS5



Test Results - Strength

Efficiency Ratio, R

e B AW B W W

Average
= Refffor Rr>0.17, 1.232
- 9Standard Deviation, 0.143

unconfingd
XRr=0 XRr=0 +Rr=0 ORr=0.126
BRr=0.132 8Rr=0.143 ORr=10.160 .le|= 0.168
@Rr=0.172 ARr=0.176 ARr=0.177 ARn=0.177
ORr=0178 ®Rr=0.180 oRr=0183 ORr=0.183
ORr=0.184 ARr=0.185 ©Rr=0.194 :

0 0.05 0.1 0.15 %17 9.2
Relative Rib Area (R,)




! Test Results - Bond Stress

e test e utest/udem
A
< 10.0 14 |- Reﬁ=1.22h:59::?'ﬁﬁ,> 0.17
o 12 b e e
= §
; 8.0 =.g 1
7
o 6.0 =~ 08
- s 1
7y 4.0 £ 06 | xRr=0 XRr=0 +Rr=0 ORr§ 0.126
T > BRr=0132 BRr=0.143 ORr=0.160 oRrk o168
g , 0.4 @Rr=0172 A&Rr=0.176 ARr=0.177 ARrg0.177 |
m 20 0.2 oRr=0.478 Rr=0.180 ¢Rr=0.183 ORr{0.183 |
iio ORr=0184 ARr=0.185 oRr= 0.194 :
I e e T e e T [ J I TR S T S T .
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
Relative Rib Area (R,) Relative Rib Area (R,)
ﬂdbz _I: f ' m :
il . - 4 il
S sl sel) 0.9f xd, 3.6 3.6
D mdo X
f : Cb o Ktr
m ca db
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Test Results - Bond Stress

utest I udem

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Average R = 1.225 for R, > 0.17

Standard Deviation = 0.06

y = 4.4349x + 0.4175
R2 = 0.8768

0

0.05 0.1 0.159-17
Relative Rib Area (R))

0.2



Test Results — Splitting (1)

K
| Cb:; d Splitting
Specimen b
(Mo=2) 3 Side B
opP \ae ar Top Side
cover cover spacing
R, £ 0.143
BE4-BE6  4.64 4.63 4.03
BE10-BE12 3.73 3.65 3.58
R, £0.126

BE4 BE10




| Test Results — Splitting (1)

Cb+KtT
dp
Top Side Top  Side
cover cover cover cover

=0.18 TD1-TD2 3.34 341
TD1

Splitting

Specimen

=




| Test Results — Splitting (Ill)

Cb + Kt]‘

a, Splitting
Specimen : _

Top Side Top  Side
cover cover cover cover

D25C4F56 3.84 4.21 N H

R, = 0.194 D25C4F8 3.84 4.21 ]
D25C4F10 3.84 4.21 N H
D25C7F8 5.0 4.21 H
D25C4F8 D25C7F8




Test Results — Splitting (1V)

Top Cover Splitting

ound to occur splitting

o Confinement Spiitting
Specimen Index (co+Kir)/db Occurrence
P Top Side Top Side
R_r —- 0168 Cover | Cover | Cover | Cover
D32C6.5F8-U 2.50 3.63 o o
D32C8F8-U 2.81 3.63 o o
D32C10F8-U 3.28 3.63 o
D32C6.5F8-S20 3.45 4.42 o o
; D32C8F8-520 3.60 4.42 o ®
E0
F D32C6.5F8-S10 4.55 5.21 ® ®
' IS aupper

Side Cover Splitting




Summary (1)

Development length in tension  Limitations for
following ACI 318 code (unit : SI) Bond Equation

f
|, =09

d
ﬁ(cwktr) ’ 1.os(cb+K”jgz.5$
d d,
b

(cf, < 690 MPa )
. f, < 420 MPa
e f. < 100 MPa

§ R e =%zo.17
m r /




! Summary (1)

@ AFEZFET 2 pH T FREN A
0.126~0.1602_ 3% 5 &4k 5% > ¥ EHk o N
B RS %R MEXT0 MPaz 1 4] >
TR P EIEHZFERMEN o

Ot AR FR EZ0.1717 2 AR

Sk R SRR e AN LY
B 70 MPa_t 22 %24 o

r\J ivil

f
=09t g g ( j
\E Cb-l_ktr
3
m




Summary (III)
BN EHN PHTFHREEERRS 2

‘ LR o

o [
g [T ; A, x T A, x T
2 s Uy . wxdyxly  #wxd x/,
3 : - _ :
= :j, © [y = 4.4349x + 0.4175 ' udem f ' (Cb T Ktr ) (1 - 25) \ fca
35 R = 0.8768 : ca d . 3.6
M e oes 01 o150T o2 3.6

Relative Rib Area (R,
&y ﬁ}*i 7( )utest / Udem B IR 0 BR X a4 st
~wﬁ%mﬁRi;Qﬂu¢ﬁ,gﬁgﬁ
TEChig J'\’\* ERF R s P E
ﬁﬁ?”’*” * XRS5 RET70MPaz R
m 4 I



! Summary (V)

© 41,50 4 2 3L 1L 45 H(Cp+K,)/dy * #HACH
318-1148. 2.2 2.5F "2 L4] » £ T 1525 »
CE L EREERANES -5 I

R25.4.2.3

reinforcement. A limit of 2.5 13 placed on the term (&, + KW
dy. When (o + K Wy 13 less than 2.5, splitting failures are
likely o occur. For values above 2.5, a pullout failure is
expected, and an increase in cover of transverse reinforce-

ment s unlikely o increase the anchorage capacity.

30N

@



\ Development Length of Bars

—Section =

312 (REFEAEH)
Development length in tension  Limitations for
following ACI 318 code (unit : SI) Bond Equation

f t e‘[/sﬂ‘

Id :Olgﬁ v;v: ) /f < 690 MPa )

c ( bd tr) o f S 420 MPa

b * f é 100 MPa
1 0= (Cb .
' AR d,
Spacing of 2R ANOC O

rib s . A[r fyt




\ Development Length of Bars

—'Sp_m“inn

8.1.2 (A FH2M )
Development length in compression

following ACI 318 code (unit : Sl)

f
|, =0.24—=d, >0.043f d, Limitations for

f Bond Equation

sy )
s (- 7, = 690 MPa

Spacing of
rib s
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Outlines
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BDevelopment Length of
Reinforcement in Tension

>»Hooked bar



! Development of Standard Hooks

Section

Development length in tension

8.1.3 following ACI 318 code (unit : Sl)

— i 903 %49

|

: | 4d, for D10~D25
I«—MSd for D29~D36
6d for D43~D57

|
|
|
| 4dy|= 6.5cm
|

180 % %47

6,

D10~D16
12d,
D19~D25
D= 4d, for
D10~D16
6d, for
D19~D25

135% $ 43

Bond Equation

* 1,
f
f

g
F4 A EER

< 550 MPa)
. < 420 MPa
100 MPa
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BDevelopment Length of
Reinforcement in Tension

§ »Headed bar
m
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Introduction of Headed Bars

BREGUTAS ARIS S TR

BRHE GRS BRSNS e L

(P #DHF)



J3ON

38

Related Provisions for Headed Bars

18.8.5.2 (Earthquake-Resistant Structures, 2014)

ACI 31814 (2014)

25.4.4 Development of headed deformed bars in tension

25.4.4.1
(a) Bar shall conform to ASTM Rebar,
(b) Bar fy shall not exceed 60,000 psi;
(c) Bar size shall not exceed No. 11;
(d) Concrete shall be normal weight;
(e) Net bearing area of head Aprg shall
not be less than 4Ay;
(f) Clear cover for bar shall not be less
than 2d,;
(g) Clear spacing between bars shall
not be less than 4d,, .
3d,,_for seismic design. (18.8.5.2)

Normal weight
Concrete

Max. f, = 42 MPa

< 420 VIPa
< #11

@@C-/@
N

€ <
<> <

> 2d, = 4d, A, = 5A,

C (3dy)
G2
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Related Provisions for Headed Bars

ACI 352-02 (2002)

4.5.3 Headed bars terminating in the connection

(a) Net bearing area of head 2 in. (50 mm)
Abrg shall meet ASTMA970 |~
standard. = 3dy,

(b) Bar heads should be located
In the confined core within 2
In. (50 mm) from the back of
the confined core.

(c) Clear cover for bar shall not
be less than 3d,,, otherwise
transversely restrained
stirrup or hoop leg is needed.
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Development Length of L, and L,

'|'_dh ACI 318'14 r
; f
= 124, SRAL
Jr_dh IR [ f
, : N 4, = max; 0.19%% ,8d, ,150mm ¢
;.l L C
oty 22—l ot - trouaR . 8 L, =08L, (ACI318-14)
’ Sdy No. 9, No. 10, and No. 11
| &d, No. 14 and No. 18 Ly =0.75 Ly, (ACI 352-02)
dh o
- . ACI 352-02 - 1

f
= max{O.lG\/%db ,8d, ,150mm ;
C

Idt 5> [ f
|, = max{0.12—=d, ,8d, ,150mm

N

4

— Critical section

30N
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Force Mechanism of Hook

CCT
Node

C : Compression
T ¢ Tension



! Force Mechanism of T-Head

CCT
Node

C : Compression

J3ON

T : Tension @



_!Ex_perimental Program (CCT Node)

I

’ CCT

| /“

CCT node CCT node

test test

Im Units : mm @



! . CCT Node Test

- Force Loading Procedure

A Data
Measurement

Loading Protocol




' Design Variables of Specimens (I)

Stirrup for
confinement

Main Bar

- 400 (600 for 90° Hook)

Number of Specimens:

43

Variables:
_ Hook9o°,1800)
Type Head (no, yes) E
"Main bar #8,#10,#11 Cg
A A, 1,3,5,7 S
'No.of bar | 1,2,3 S
‘Spacing | 1.5d,,4d, §
f./(MPa) 42,56,70 Lo
‘Confine no

Y €S (#3@20#3@10,#4@10)
IT] Units : mm (0.04, 0.08, 0.10)

|~—]
Spacing

P



_!Design Variables of Specimens (1)

| CCT Node for Hooked

EF -

"TN1 AN

U144

CCT Node fo_r Headed

=1=131NI

Spec.

CCT-1
CCT-2
CCT-3
CCT-4
CCT-5
CCT-6
CCT-7
CCT-8

Width B
(mm)

150
150
150
150
160
160
160
160

Depth D
(mm)

700
700

700
700
700
700
700
700

Bar
d, (mm)

25
25
25
25
32
32
32
32

Anchorage
Type

90° Hook
90° Hook
Plate Nut
Plate Nut
90° Hook
90° Hook
Plate Nut
Plate Nut

f, (MPa)

690
690
690
690
690
690
690
690

for
(MPa)

790
790
790
790
790
790
790
790

f.’
(MPa)
70
70
70
70
70
70
70
70

Confine
(mm)

X
D10@100
X
D10@100
X
D10@100
X
D10@100

b



~ | Anchorage Strength — Head Ratio (1)

—a—D32-U
-e D32-#3@100mm!
¢ Hook =900.-D32 4U

4 Hook =1800-D32-U

I
I
I
I
1
I
I
I
I
I

1 2 3 4 5 6 71 8
Head Ratio (A, /A,)

Benecill | Hoolk D I e oyl
Suggestion : T head ratio = 4 @

J3ON



e e B W B 9 W

1.6

P T Py

Pmax / Py

0.4

Ajnchorage Strength — Spacing of bars (l)

1#:
@
- Q
=)
S
3
Lo

-#3@100mm
-U
-#3@100mm

Benefit : break 4d, limit

SL

3
Spacing (d,)

ggestion : Spacing = 2d,
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_!Exterior Beam-Column Joints (l)

End Type:
\Y

§V  Hooke
m

PRFF g2 R

77 & £ - 2010 ~ 2012 ~ 2014

I

Jea

h e ad e d JT8_TB358_IV_M

L K Column Beam Joint
[ . Sy J ya b h .
Specimens MPa) [MPa)| 5, | 5 | Main | s |End | le [ Vo
(mm) |(mm) bars | (ds) | Type d& Fn,_:r”u
i 42 | 468 | 650 |400 |[T648|22] IV | 211 ]
JI6_IB528 IV L 420 | 445 | 650 | 700 |[B6#8|22] v |211| O
22 | 494 | 650 | 400 |T6#8|22] V | 211
- r
J16_TB528_V_L 220 | 445 | 650 |700 [Be#s|22| v |211| O°8
42 [s00 | 650 |00 |Te#s|22| v [124] . .
JT6_T309B216 IV.L 1 55T 445 | 650 |700 [Bo#s|22| v | 86| °S
, 42 | 502 | 650 | 400 |[T6#8/22] IV |12.4
JT6_T309B216_IV.L 2 ™50 465 | 650 | 700 [Bo#s|22| v | 86 | °O!
, 42 | 538 | 650 | 400 |[T6-#8|22] IV |18.0
JI6_T450B380_IV.L ™20 T 465 | 650 | 700 [Be#s|22] v |152]| OO
] 42 | 500 | 650 | 400 |[T6#8|22] IV |12.4
T6_TB309_IV_L 420 | 465 | 650 | 700 [B6#8]22] v |124| OO
o 22 | 415 | 550 | 400 |T828| 2 | IV | 143
TT8_TB358_IV_H 420 | 456 | 600 | 600 [Bs#s| 2 | Iv [1a3]| O
42 | 478 | 650 |400 [Ts#8] 2 | Iv [143] .o
420 | 456 | 600 | 600 [BS#8| 2 | IV |143|
. 42 | 446 | 750 | 400 |[T8-#8] 2 | IV | 143
. 220 | 456 | 600 |600 [Bs=zs| 2 | v |1a3| O
42 | 426 | 550 | 400 |[T8-#8| 2 | IV | 129
-
J18_1B323_IV_H 420 | 456 | 600 | 600 [Bs#8| 2 | v [120] U
42 | 475 | 650 | 400 |T8#8] 2 | IV | 129
A
TT8_TB323_IV.M 420 | 456 | 600 | 600 [Bs#8] 2 | v |129]| °%
. 42 | 388 | 550 | 400 |T8=%8| 2 | IV |17.9| .
JT8_TB440_IV_H 220 | 456 | 600 |600 [Bs#s| 2 |v [176] '




Faillure Modes




domparisons of Headed and Hooked

.2 1_5 lllllllllllllll g o-a
© § J==0mg _Thaig IV 1. X E 0.7 { --JT6_TB528_IV_L
B o5 |-ITE-TBS28. VL § 0.6 - I,
EE: 5 1 G (.5 {*JT6_TB528.V_
= 0 “ 04 -
2 -
BE .05 S 03 -
= - € 0.2- s
g -1 i .g‘ 0 1 ’tesr = 528 mm
S 1 ) e =21.1d,
2 : o 0 . .

0 1 2 3 4 5 6 T 8
Total Drift Ratio (%)
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Normalized Moment Ratio
(Mtest/ Mna)
o

J3ON

{ - JT6_T216B309 IV L_2 .-

-+ JT6_TB309_IV_L fd

1 =JT8_TB358 IV L
JT6_T450B380_IV_L
©-JT6_TB528_IV_L

4 2 0 2 4

Total Drift Ratio (%)
15 o

! Different Shear Demand at PZ

1 -

o
a1
1

e
1+3T8_TB323_IV_H

{ =JT8_TB440_IV_H

{+JT8 TB398 IV H

(Mtest / Mna)
o

O
6]
'I 1

Normalized Moment Ratio

B
ol -

.5
1+JT8 TB323 IV. M
- \‘: 1
- - 0.5
| +JT8 TB358 IV_M
0
- -0.5
_ Shear [ |
DCR
— .. . =+ -15
8 6 4 -2 O 2 4 6 8
Total Drift Ratio (%)
————— 1.5 _
\\;1 High
s ohear
- DCR
0
05 3000
B '1 /- _‘., N K¢
_1511.%#‘#‘@



_! |, and Shear Demand at PZ

o 1.5 —t— S 1.5 L EE— 1.5
- 1-+-JT8_TB358 IV_H - 1 -
1'4 1 - N 1 {-+JT8_TB323_IV_H L 1
= 1 +JT8 TB358 IV.M N - -
@78 0.5 1 “_- 0.5 - - 0.5
Es {=JT8_TB358 IV L - JRdiig_TBazd v :
=3 0 0 0
T 2 - i
8= .05 - L .05 - L .0.5
E L
€ 11 3= lose = 358 mm| -1 . lost = 323 mm [ -1
g 1 =14.3d, | i =12.9d, [
'1.5 T T T T T T T T T T T T T T '1.5 T T T T T T T T T T T T T T '1.5
8 6 -4 -2 0 2 4 6 3 8 6 4 -2 0 2 4 6 8
. L BACI 3183 E L, SEACI 3525
=JT8 TB358_IV_H ®JT8_TB358 IV.M =JT8_TB358_IV_L =JT8 TB323 IV H =JT8 TB323 IV M
= 100% = 100%
S 90% - © _ 90% -
€3 80% -E=-- 3 oM 2 CEEEEEEEE E 3 80% - 3 B = EE OER OB SR PR EEEEEEEE
S = 70% A S= 70% A
w S, 60% - — o 60% -
c s 40% A = 40% -
22 30% - S8 ;|
SR 20% A S 20% -
B 10% 1 2 10% -
o 0% - x 0% -
0250375 05 075 1 15 2 3 4 6 8 0250375 05 075 1 15 2 3 4 5 8
Total Drift Ratio (%) Total Drift Ratio (%) B
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Flexural Strength

. ACI318

2 © Low Shear Ratio
® Low Shear Ratio (Pullout)
B Medium Shear Ratio
Eg 15 - A High Shear Ratio
U N N @——n
-~ \
. e
2 11— :
E ® Average II‘“‘[:naak"'l Mna 1
=1.180 7
0.5 T T T T T T T T T T T T T
0.5 1 1.5 2

’test ” Idta.318

SH

OS
1.77x 1.084 =1.28 > 1.25

ACl| 352

2 © Low Shear Ratio
® Low Shear Ratio (Pullout)
B Medium Shear Ratio
1.5 - A High Shear Ratio
o —— ————— .Q.\
o R
1 :
o Average My, | M, |
€ =1177 ;,
———————————— -
0-5 L] 1 L] 1 T T 1 T T T T
0.5 1 1.5 2

’ test " ’ dta.352S
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\ Exterior Beam-Column Joints

P-o effect (A e — 2015)

LAHV LAMV HAHV HAMV

(11/2) (11/5) (11/19) (11/24) "

F. (MPa) 93.8 812 898 841
F, (MPa) 710

Vi/V, 0907 0729 0.928 0.716

L, (mm) 390 (ACI 318-14 Code)
P/A,f; 010 010 045 044

Variables

400 400
.o oo |LAHV » HAHV LAMV - HAMV
T 5716-#8 = T H712-#8
N~ EAH#H4A@100 ~ 5 AH#4@100
ol J| Esm#4@100 E5#4@100



'lfests Results for P-Seffect of BC Joints’

— 2000

7 A W
77/
] T

-10-8 6 4 -2 0 2 4 6 8 1010-8 -6 4 -2 0 2 4 6 810@
Drift Ratio (%) Total Drift Ratio (%)



iests Results for P-Seffect of BC Joints

J3ON

Column Shear (kN)

Column Shear (kN)

1000

(3)]
o
o

-500

T----Beam Moment
+ — P& effect

-

—Beam Moment + P35

84 6 4 -2 0

Total Drift

2 4 6 8

Ratio (%)

LAMV

----Beam Moment
—Pd effect
—Beam Moment + P&

Tt~ M.lfs

2 4 6 8

D adlia /07 )

8 6 -4 2 0 2 4 6 8
Total Drift Ratio (%)

84 6 -4 -2 0 2 4 6

Tadal MLl D aalo /10N
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‘ Failure at 8%
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Summary (1)
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Summary (lll)
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Development of Headed Bars

64

In Tension (£ z 7+~ 22 %)

(a) fy shall not exceed 690 MPa;

(b) Bar size shall not exceed No. 14;

(c) Net bearing area of head Aprg shall
not be less than 4Ay;

(d) Clear cover for bar shall not be less
than 2d,;

(e) Clear spacing between bars shall
not be less than 2d,;

(f) Concrete shall be normal weight;

(g) f.’ shall not exceed 100 MPa;

Normal weight
Concrete

Max. f. = 100 MPa

< 690 V1Pa
< #14
® @® \@
> 2d, = 2d, A, = 5A,

&



‘ Development Length of Ly, ©

i Ly ()

| Ly (p &2 A% ¢,2007) |

Ly (F3R)

e f 3
§ L. =max50.19—=d, , 8d, , 150mm
m

" | &
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Outlines
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BSplices
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%251 MHEESHEBENESBAR
IXELIA B SA & B &
e LR E f, | 21L25/,H=>2/, | 21.25/,H 2/,
o af\(Ha ; 5 3 <03
Jr ) 2R e <0.3mm <0.3mm
ft k% e, >0.06 >0.02
A ke | PULRAE S, 2125 H2f,
B EH | FHE(S),, --- <0.3mm
BERR | Exe > (.02
Ak | PUBRE £, | 2125/, H>7,
BUHRE | B8E(S),, <0.3mm -
BHEAR | wExe >0.06
LR E f,. | 2125/, H = f,
BAEAE | F (0, <0.3mm
AHRIAE | 5
S ERE | 2 ( H) . <0.9mm
k% e, >0.06
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