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! Chemical Composition of Reinforcement
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Applications of Longitudinal Reinforcement
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Surface Geometry of Reinforcement
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| Standard Specification for Reinforcement
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BDevelopment Length of
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\ Objectives

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

Straight Development length in tension (unit : Sl)

f
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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”]_<_.2.5 |\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 @



\ Development Length of Bars
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Development length in tension  Limitations for
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\ Development Length of Bars
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8.1.2 (R =7 &%)
Development length in compression

following ACI 318 code (unit : Sl)
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\ Parameter of Threaded Rebar
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_} Experimental Program
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1. Concrete Failure Measurement
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!Design Variables of All Speumens
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Design variables
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' Design Variables of Specimens (I)

= I BV )
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Design variab

1. Bar size : D25, D32
2. Number of bars : 1, 2-(3d,)

3. Ld,test / I—d,dem :
_
5.f. : 70 MPa
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0.6,0.8,1.0




Design Variables of Specimens (Il)
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Design Variables of Specimens (lll)
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Actual Concrete Strength

Specimen

BE1~BE3
BE4
BE/~BE9
BE10
SP1
SP2
SP3
SP4
SP5
SP6
SP7
SP8
SP9

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

Specimen

SP10
SP11
SP12
TD1
TD2
D25C4F56
D25C4F8-V
D25C5F10
D25C7F8
D32C4F56
D32C4F8-V
D32C5F10
D32C7F8

f.', Testing
Day (MPa)

106.4
91.4
102.3
71.8
71.8
61.2
72.0
92.0
78.0
61.2
72.0
92.0
78.0

Specimen

D35C4F56
D35C4F8-V
D35C5F10
D35C7F8
D38C4F56
D38C4F8-V
D38C5F10
D38C/F8
D41C4F56
D41C4F8-V
D41C5F10
D41C/F8

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



Series

(I1)

Series

()

BE7-BE10

SP1-SP2

SP3-SP4

SP5-SP6

SP9-SP10

SP7-SP8
SP11-SP12

TD1-TD2

D25 Type
D32 Type
D35 Type

D38 Type

NA1 Tainno

Relnforcement Strenath

Bar
Size

D25

D32

D32

D39

D32

D25
D32
D35

D38

na1

Tvpe
fJrrY

SD685

Hot Roll

SD685

Hot Roll

SD685

Hot Roll

SD685
Milled
SD490
Plain
SD490

Hot Roll

USDG685

Hot Roll

USDG685

Hot Roll

(m m)

1.44

1.50

1.56

2.21

2.21
X
2.37

2.22

2.03
2.28
2.46

2.72

Sy
(mm)

10.00

11.90

11.88

12.06

12.01
X
14.80

12.34

10.44
13.27
14.00

15.24

1R OR

Relative

of Area, R,

0.143

0.126

0.131

0.183

0.184

X

0.160

0.180

0.194
0.172
0.176

0.178

Nn177

Yield
f,a(MPa)

738

742

710

716

777
503
534

693

694.4
671.8
676.9

679.3

RO2 2

Ult. f,,
(MPa)

932

966

924

933

971
698
701

925

X



I:,Max / I:,ya

CE .

Test Results - Strength

X#10-SD490-Rr= 0
WH10-SDBBG-Rr = 0.132
@#12-SD480-Rr = 0.160
+#10-USD885-Rr = 0.180

A#10-SD68BS-Rr = 0.184
A#10-USDBES-Rr = 0.172
+#12-USDE85-Rr = 0.178

1.4

W#10-SD685-Rr = 0.126
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0.2 -
0

%
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Limit for f/ = 70 MPa

0O 02 04 06 08 1 12 14

o#B -SD6B5-Rr = 0.143 (fca’ < 70MPa)
o#8 -SDB8E-Rr = 0,177 (fca' < 70MPa)
A#I0-SD685-Rr = 0.183

B#8 -USD685-Rr=0.194
O#11-USDGE5-Rr = 0.176
¢#14-USDB85-Rr = 0.177

1.4

1.2 -

¥ <
0.8 -
0.6 -
0.4 -
0.2 -

"

PMax / Pya

0

02 04 06 08 1
Ld.testll-da.unlmt

No Limit for f” < 70 ME#)
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Test Results - Strength

R —Re h
ot =R R =—>0.17
L
u: 1.9 Sr
@
D‘.’ 1.4 Average
= RER ot o i 120 ==
O 1.2 | standard Deviation, 0.061 ===========
e |
I:‘E 1.0 :
i
h 0-3 :
O <Rr= 0 mRr=0126 |
c 06 mRr=0.132 #Rr=0143 |
@ ®Rr=0.160 oRr=0177 |
T 0.4 +Rr=0.180 ARr=0183 |
Mo ARr=0.184 m#8 -USDEEE-Rr:= 0.194
= 02 A#10-USD685-Rr = 0.172 @#11-USD685-Rn= 0.176
LLI 60 +#12-USD685-Rr = 0.178 ¢#14-USD685-RA= 0.177

0 0.05 0.1 0.15 0.2
Relative Rib Area (R)) @



Bond Stress (MPa)

320N

Bond Stress

test utest/udem
10.0 1.8
9.0 A 1.6
8.0 é 1.4
. -
e 8 g E 12
6.0 s |5
5.0 & 1=
4.0 @ s “Rr=0 wRr=§.126
3.0 5 0.6 | =Rr=0132 oRr = §.143
E @Rr= 01860 ©Rr= 0177
20 % 04 | +Rr=0180 ARr= 0.183 -
X ARr=0.184 m#8 -USD685-Rr = 0.194
1.0 0.2 A#10-USD685-Rr=0.172  ©#11-USD685-Rr = 0.176
___________________ +#12-USD685-Rr = 0.178  6#14-USDE85-Rr = 0.177
0.0 T PPl weraenialuriey iows wtard
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2 0.25
Relative Rib Area (Rr) Relative Rib Area (R,)
. - (c-*—K}
ca ’
u — Ab X fS . 4 S = db . (1 o 25) fca
. = — —
= mad ool 0.9f xd, 3.6 3.6

7Z'><db><

f : Cb + Ktr
ca db
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Bond Stress

utest , udem

1.8
1.6
1.4
j I
1.0
0.8
0.6
04
0.2
0.0

Average
Reff for Rr > 0.17

1.229

-
—
—

| J__,---f"‘}' = 4.9263x + 0.3332
Rt R*=0.9038 |

0

R =0.17

0.05 0.1 0.15
Relative Rib Area (R,)

I
I
I
i
|
|
|
I
'
I
|
I
I

0.2
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| Test Results — Splitting (1)

cp + K¢
Specimen dp
(np=1) Top Side Top Side
cover cover cover cover

Splitting

R, £0.143 BE1-BE3 ,3.64 4.22 ]
R, £0.126 BE7-BE9 [294 329 ] ]
BE1 - BE BE7 — BE9
TR
sa B, e 2 \. e

—_— 1 65
ity
4 ;
| 4
|

§ —
Cp, + Ky, . o
~3.65 Is aupper bound for splittin
m [ J o Pliting - ¢

b



| Test Results — Splitting (I)

K
| C":lr tr Splitting
Specimen b
(M6=2) Sid B
opP ae al Top Side
cover cover spacing
R, £0.143 BE4 4.64 4.63 4.03
R £0.126 BE10 3.73 3.65 3.58
BE4 - BE10




‘ Test Results — Splitting (1)

Cb + Kt]‘

d, Splitting
Specimen : _
Top Side Top  Side
cover cover cover cover
=0.13,0.18 SP1-SP6 3.36 3.43 O O
_ SP7 — SP8
%7018 gpp1_gprp 272 278 W =

SP7-SP8, SP11-SP12
yal

A is a upper bound
' for splitting

&




| Test Results — Splitting (1)

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

=0.18 TD1-TD2 3.34  3.41
TD1

Splitting

Specimen

=




| Test Results — Splitting (Ill)

+ K, -
C"d : Splitting
Specimen - :
Top Side Top  Side
cover cover cover cover
D25C4F56 3.84 4.21 [ ]
R, = 0.194 D25C4F8 3.84 4.21 ]
D25C4F10 3.84 4.21 [ ]
D25C7F8 5.04 4.21 ]
D25C4F8 D25C7F8




| Test Results — Splitting (Ill)

D32C4F10

Cp + Ktr
Specimen :
Top  Side
cover cover
D32C4F56 3.11 3.29
R, =0.172 D32C4F8 3.11  3.29
D32C4F10 3.11  3.29
D32C7F8 4.05 3.29

Splitting

Top  Side
cover cover
L] ]
L] []
]
]

D32C7F8



| Test Results — Splitting (Ill)

Cb + Ktr
dp

Splitting

Specimen

D35C4F56
R =0.176 D35C4F8
D35C4F10
D35C7F8

D35C4F10

Top Side Top  Side
cover cover cover cover

289 3.01 ] H
289 3.01 ] N
289 3.01 N
3.74 3.01 [

D35C7F8

ppe



| Test Results — Splitting (Ill)

K
cb; = Splitting
Specimen - :
Top Side Top  Side
cover cover cover cover
D38C4F56 2.70  2.77 O ]
R, =0.178 D38C4F8 2.70  2.77 O ]
D38C4F10 2.70  2.77 O ]
D38C7F8 3.49 2.77 H
D38C4F56 D38C7F8

"l‘-"
.




Summary

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

f
|, =09t !

d
ﬁ(cwktr) ’ 1.os(cb+K”jgz.5$
d d,
b

(f, < 685 MPa )
. £, < 420 MPa
« f. =< 100 MPa

§ R, v =%zo.17
m Y




Design Variables of Specimens-2016

5 1400 mm 5
At i . Lyregion 1
255 mm | ., Bonding Zone ||
I | it
450 450
mm ©0O OO wm! || [
oof| |loo | | o
Nacinan vwvarinhlae = 941 cnte |
UCD'Ull valiaAuiltTo . £44 OTCT Lo

J3ON

1. Bar size : D25, D32, D35

Cb,t + K

2. Geometry : Thread, Plain
3.f. : 80 MPa

d,

T _-253.65.4.04.5

I(tr
= 3.65,4.0,4.5,5.0,5.5

s



1

Design of Specimens-2016

Spec.

Bar
Type

D25C5F8-U
D25C8F8-U
D25C9F8-U
D25C5F8-S20
D25C8F8-S20
D25C5F8-S10
D32C6.5F8-U
D32C10F8-U
D32C11F8-U
D32C6.5F8-S20

D32C10F8-S20
D32C6.5F8-S10

Thread

Cb,top

Cb,top + Ktr / db

2.50

3.70

4.10

3.51

4.71

4.53

2.53

3.63

3.94

3.32

4.42

4.11

2 5N

. JIYJ

3.64

3.93

3.22

D25C5F8-UP
D25C5F8-S20P
D32C6.5F8-UP
D32C6.5F8-S20P
D35C7F8-UP
D35C7F8-S20P

Plain

4.37

3.95

2.50

2.50

2.53

2.53

(mm) Cb,top / db
50 2.50
80 3.70
90 4.10
50 2.50
80 3.70
50 2.50
65 2.53

100 3.63
110 3.94
65 2.53
100 3.63
5 2.53
70 2.50
110 3.64
120 3.93
70 2.50
110 3.64
120 2.50
50 2.50
50 2.50
65 2.53
65 2.53
70 2.50
70 2.50

2.50

2.50




Outlines

BDevelopment of Standard Hooks
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I Development of Standard Hooks

Section  Development length In tension
8.1.3 following ACI 318 code (unit : Sl)

fw A
Iy =024 4 >0.043 d,
V fC Limitations for

Bond Equation
(+ f, < 685 MPa)

|
|
' ed
| -

| ghee . ., < 420 MPa

S | 90 549 |  D19-D25 — 907 ¥4 y’ <
i - I = o f
et o Do R L . = 100 MPa

|

6d, for

I

I

I

: | 6d,, for D43~D57
I |

I

I

D19~D25 - ( %{5 i"!] Z «%J— % @ )
' [@ﬁ 5+ R

#+Ep 2 483 J G

—_—— —_———— I_
I /7 /
I ’ /
I ,
I N3 ///
1 7 "~ ——
| 4dy|= 6.5cm
m .

180 ¥4

135 § 4



Outlines
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§lDevelopment of Headed Bars
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Introduction of T-Head Bars

BREGUTAS ARIS S TR

FRRT G UTH T BN FH TN

(P *DHF)




Related Provisions for Headed Bars

ACI 318-14 (2011, 2014)

25.4.4 Development of headed deformed bars in tension

25.4.4.1
(a) Bar shall conform to ASTM Rebar;

Normal weight
Concrete

(b) Bar fy shall not exceed 60,000 psi; ,_

(c) Bar size shall not exceed No. 11; Max. fg = 42 MPa

(d) Concrete shall be normal weight; < 420 WIPa
(e) Net bearing area of head Aprg shall 3 ¢ < 411

not be less than 4Ay; C./
(f) Clear COYGI’ for bar shall not be less ® ® ®
than 2d,;
(g) Clear spacing between bars shall |

not be less than 4d,, . = 2d, (3§d)b = 5A,
b

18.8.5.2 (Earthquake-Resistant Structures, 2014) =13
clear spacing between bars shall be permitted to be at least 3d, or grefE”

J3ON
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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_..!éﬁﬂﬂm]

Abrg shall not be less than B
9A, (ASTM A970-97). =3 1

(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.



‘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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Development of Headed Bars

(a) fy shall not exceed 6850 kgf/cm?;

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

(c) Net bearing area of head Apg shall
not be less than 4Ap;

(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 1000 kgf/cm?;

In Tension (£ z 7+~ 22 %)

Normal weight
Concrete

Max. f. = 100 MPa

< 685 VPa
< #14

Y

vV
N
o

O A
v
N
o

O

>

©
v
ol
>

O



Lo (£ 3%)

L, (F %3 A% ¢,2007)

0.19

Ly (B 7R)

f
d,, 8d , 150mm

C
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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#4@10)
IT] Units : mm (0.04, 0.08, 0.10)

|~—]
Spacing

P



=1=131NI

_!Design Variables of Specimens (11

| CCT Node for Hooked

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

EE -

"TN1 AN

U144

CCT Node fo_r Headed

f, (MPa)

685
685
685
685
685
685
685
685

for
(MPa)

785
785
785
785
785
785
785
785

f.’
(MPa)
70
70
70
70
70
70
70
70

Confine
(mm)

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



~ | Anchorage Strength — Head Ratio (1)

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

4 Hook =180--D32-U

I
I
I
I
1
I
I
I
I
I

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

Benelit : Hook > T liead
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,



! Anchorage Strength (lIl)

D25-Unconfined mD25-Confined BD32-Unconfined ®D32-Confined
160 ;

140

129

120

100
80
60
40
20

90oHooked Plate Nut

Specimen @

J3AON  re/P%)
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Faillure Modes

D32 — Unconfined

uHooked
Strut Failure
/ P =87/ %

test

Flexural Failure
/ P =117 %

teSt



5

Faillure Modes

D32 — Confined

RS -

Hooked
Strut Faillure

Prest / Py = 115 %

Headed
Flexural Failure

Prest | Py = 124 %



Precast Beam-Column Joints

Horizontal
Hook type splice type

o Vertical
IR splice type




Interior Beam-Column Joints

JEFZ + § ° 2-2010 + 2012

. Development
Beam Bar - Materials Member Length
Conne |Spacing . Strength -
) ; of Design Actual Design
Specimen Name Seat ction | popar
Type
d YPel @y | £ | f, | £ f. |EM /| V,/| L Ly /
Num | b1 p (%) " |oMbay|(MPa)| (MBa) | (MBa) | =M, | ¥ [ iy |
Top. I 650 | 25.6
]

IX5 4D 1II M Bot. 5 125 1.2 i 4.0 432 | 469 | 1.47 | 0.87 E58 1208
Top. [ 650 | 25.6

JX5 4D 1II M Bot 5 125 12 T 4.0 423 | 469 | 1.47 | 0.87 300 T 122
Top. I 650 | 25.6

JX6 2D II H Bot. 6 | 25 15 i 2.2 40.5 | 469 | 1.24 | 1.08 E58 1208
Top. I 650 | 25.6

IX6 2D III H Bot 6 | 25 15 T 22 (412 | 412 | 463 | 469 | 1.26 | 1.01 200 T 127
Top. I 650 | 25.6

X4 2D 11 L Bot. 4 1251 1.0 i 22 448 | 489 | 1.83 | 0.51 E58 1208
Top. I 650 | 25.6

X4 2D III L Bot. 4 1251 1.0 il 2.2 444 | 489 | 1.83 | 0.64 300 T 122
4 : Top. 8 2.0 11 309 | 12.2
JX8 2D III Uni Bot. 7 25 To il 2.2 544 | 465 | 1.26 X 200 T 127




| Exterior Beam-Column Joints

RFcZ ~ F < 2-2010 ~» 2012

. Development
Materials Member
Beam Bar Spacing Strength Length
, Connection| of Design Actual Design
Specimen Name Seat
d Type oy Rebar b e e | e (s v | L
b d c ca a nc jh,u d
Num |y | P (%) )| oy | (vba) | (viBay | viBay | M, || (i |/
Top. v 528 | 20.8
JIl6_TB528 1V Bot. 6 25 1.5 % 2.2 46.8 | 445 | 2.64 | 0.59 E58 | 208
Top. A% 528 | 20.8
JT6 _TB528 V Bot 6 25 1.5 v 2.2 49.4 | 445 | 2.66 | 0.58 E58 | 208
! Top. v 309 12.2
JT$¢ T309B216 IV Bot. 6 25 1.5 v 2.2 412 | 412 | 50.2 | 465 | 2.51 | 0.61 16 5
! Top. v 450 17.7
JT¢ T450B380 IV Bot. 6 25 1.5 v 22 53.8 | 465 | 2.51 | 0.61 380 50
Top. v 309 12.2
JIt6_TB309 1V Bot. 6 25 1.5 v 2.2 50.0 | 465 | 2.51 | 0.61 309 5

.



for BC Joints Tests

Results

15

e 7 ;
| & E T
= ,
| §s E |
_m vy W
2 W g L1
2
Jis
g
o
=1 IR
- mm
I
23
o = ow
-~ =]
(““N/N)
ONEey JUBWO POZI|EWION
1 0
™ - L=

JX5 4D 11 M

East

Bar Spacing
4.0d,

JX5 4D _1I_M

5

"W w)
Oljey JUSWO pazijewIoN

Total Drift Ratio (%)

Total Drift Ratio (%)

Bar Spacing : 2.2d,
Shear Ratio at Joint : 1.08
Reinforcement Ratio : 1.5

= (JX6_2D_Il_H)_Splice

= (JX6_2D_Il_H)_Straight

1.5
Drift Ratio (%)

1

(W /%W 104 %) weog isel
USWOW JO UoHINpPIY

I_H

—

East Beam

JX6_2D

Bar Spacing
2.2 ¢y

JX6_2D Il H
West Beam

Total Drift Ratio (%}

Am:E\E&«EV
oljey JUSWON pazijewloN

NCREE



Normalized Moment Ratio

ment Ratio

Results for BC Joints Tests

Total Drift Ratio (%)

-8 6 4 -2 0 2 4 6 8
A — " . .

J<=JX5 4D _I_m 40d,

|4 2oL 224,

1=JX6_2D_ LK 22d,

Type of top bars : % i
Type of bot bars : === |
-1 -5 T L] T L] T L] L L] T L} L Elas.! Blea-r‘..
-8 6 -4 -2 0 2 4 6 8
Total Drift Ratio (%)
Total Drift Ratio {%)
-8 -6 -4 -2 4] 2 4 6 8
15 li!-iifar.enl.iyp;s a;’hm: bar‘s " X :
1 1e-ume_TBS28 W=
0.5 - =
1~ JT6_TB528 v ——
0 =
0.5 Bars spacing=2.24d,|
: Shear ratio = 0.58
-1 - g= 1.0%
45 : East Beam

Lyt = Lgn = 528 mm

15

0.5

0.5

1.5

("W W)
OBy JUSLWOY PAZ||BWLLION

oney JUSLUOL PAZI[ELUION

Normalized Moment Ratio

Total Drift Ratio (%)

8 6 -4 -2 0 2 4 6 8
1.5 z '] L ;s- ' '] X M z '
1 4—=Jdx540_m_m 4.0d,
o5 | 42D ML 224,
1=JX6_2D_ M H 224,
Q
0.5 '\ Type of top bars :% - 0.5
-1 \\ T % Type of bot bars :%_ L 1
East Beam
1.5 —t— -1.5
-8 -6 -4 -2 (¢} 2 4 6 8
Total Drift Ratio (%}
Failure Mode
@ Plastic Hinge at beam
A Pullout of Rebars
1 -5 L) I H
|
a |
o .', °
= ® o
Z 4
S a i
= a
: --- ACl 352
b —-ACI 318
M2! (123 { 148 - AlJ 2010
0.5 L] L] L] n | | ll lI L I | L n L] n | L] L I | L]
5 10 15 20 25
"# f' d&

"W/ m)
ONEY JUSWON PAZIBWION



\ Interior Beam-Column Joints
(/% £ &— 2015)
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Interior Beam-Column Joints

_ Field cast Pre-cast
Specimen
FC1 FC2 FC3 PC1 PC2 PC3
b x h (mm) 500 x 600 500 x 600
Top Bar 4-#10 3-#12 3-#12
Beam Bottom Bar 4-#10 3-#12 3-#12
Strrups #4 @ 150 mm #4 @ 150 mm
Cover (mm) 40 40 60 40 60 40
b x h (mm) 800 x 800 800 x 800
Column -
Main Bar 12-#10 12-#12 12-#12
—N—r —N—r N —No—r —No—r — N
I == | — - — —
C tion T ’ 7 ’ 7
onnection Type { _ % 1 - o 1 £ ——<
N —N— N —N N N
L (mm) 458.2 560.6 560.6 560.6 560.6 560.6
o dp 14.23 14.23 14.23 14.23 14.23 14.23
Steel Spacing 2.752 3.598 3.081 3.598 3.081 3.598
P 0.0123 0.0139 0.0144 0.0139 0.0144 0.0139
(1 2.56
. 2(M,), 2.15 2.56 2.68 2.56 2.68
(M), 3.01




Normalized Moment Ratio

Normalized Moment Ratio

AT A 7>+t A~
. Cieig-.ast an
East Beam
I e s cee o e o o g - i - - - -
0.5
Eg 0 ' lLdt =lnonel
\5 ——\__J
2 o5 BET A
Cover 4cm
1 Cover 6¢cm
—— FC2 —— (3
-1.6
-10 -8 -6 4 2 0 2 4 6 8 10
1.5
East Beam
T S I P,
0.5
“3 Ly = none
E 0 } ' }
g / L
2 05 | ' T %
Cover 4cm
Cover 6¢m
T S /A
- PC1 =®8-PC2
-1.5
-10 -8 -6 -4 -2 0 2 4 6 8

Total Drift Ratio (%)

10

Normalized Moment Ratio

Normalized Moment Ratio

recast Joints
15
West Beam
T U g .
0.5
L4 = none
0 } ¥ ¥
| [rrrenl
05 Bis LA
Cover dcm
1 Cover 6cm
—-— F(C2 —+ FC3
-1.5
10 8 6 -4 2 0 2 4 & 8 10
15
West Beam
1F---"-"-"— -« e} O ——— - —
0.5
L4 = none
0 4 t 4
0.5 TEE T &
Cover 4dcm
Cover 6cm
A b ——— = - ..
-@- PC1 -8 PC2
-1.5
10 8 6 -4 2 2 4 6 8 10

- 0
Total Drift Ratio (%)



\ Exterior Beam-Column Joints

Connection Type

Specimen A318S1 | A318S2 | A318S3 | A352S1 | A352S2 | AAlS1
b x h (mm) 400 x 600 (777 £ 2015)
Top Bar A4+4-#8
Beam | Bottom Bar A+4-#8
Stirrups #4 @ 100 mm
Cover (mm) 40
bxh(mm) (550 x 600|650 x 600|750 x 600|550 x 600|650 x 600|550 x 600
Column
Main Bar BF )

. e e

¥ — H —

o k-

=l H f
le 70

L (mm) 358 358 358 323 323 440
dt d, 14.108 14.108 14.108 12.713 12.713 17.321
Steel Net Spacing 2.0 2.0 2.0 2.0 2.0 2.0
p 0.0204
2.28 2.44 2.59 2.28 2.44 2.28




Faillure Modes for Joints

.

YRS SOA%:

EAT
i

v AAI§JS1
S
|_L r‘
.l |
\ |

A318S3

N
(3
-
i
P

ESNR e |

£ |
ko 1

Bl -

A318S2
|
A35282

1
N

A318S1
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Results for L,

Normalized Moment Ratio

_ A352S1 4% %>
REISAEL
BHIG=3E NPE -

-8 -6 -4 -2 1) 2 |, 4

|
To?al Drift Ratio 1%)
 3%ET
| TRMEE
v v
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PZ Relationship between

Shear Stress and Strain

1.2
1 —a— A31851
—— AJ18S2
0.8
2 A318S3
% 0.6 e A35252
|
%= 0.4 —— ASL
::;\ i=0.025%
=== yj=0.
n"': 0.2
2 - - - - j=0.25%
- U
l-' 0 0.5 _ 1 1.5
7 (%, rad)

e



\ Exterior Beam-Column Joints
P-deffect (4 i —2015)
LAHV LAMV HAHV HAMV
(11/2) (11/5) (11/19) (11/24) &
F. (MPa) 938 812 898 841 | f
F, (MPa) 710
Vi,/V, 0907 0729 0928 0.716

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

Variables

J| ZEH#4@100 ZE#4@100

400 400
o 00 of|LAHV ~ HAHV LAMV - HAMV
F5716-#8 S F5512-#8 S | E£5716-#8
HEATH#HA@100 ™~ TEEHA@100 © q |5 Fn#4 @100




'lfests Results for P-é effect 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 (%)
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‘ Failure at 8%
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