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ACI-ASCE Committee 352
“Joints and Connections in Monolithic Concrete Structures”

Meeting Agenda
ACI Spring 2016 Convention
Sunday, April 17, 2016
2:00 pm —5:00 pm
Meeting Room “C-102 D”, Wisconsin Center
Milwaukee, Wisconsin

10.

11.

12.

13.

Welcome and introductions (All)
Approval of meeting agenda (All)
Approval of minutes from the Fall 2015 committee meeting in Denver, CO (All)
Membership and Chair updates (M. Hueste)
Ballot Results — Errata to ACI 352R-02(10) (M. Hueste)
Update from Task Group 1 (352-TG1): Slab-Column Joints and Connections
e Status of report updates (D. Fick)
e Status of examples (R. Lequesne, M.-Y. Cheng, D. Fick, J. Dragovich)
e 352-TG1 Meeting: Monday, 3:00-4:30 pm, C-101 D (Wisconsin Center)
Update from Task Group 2 (352-TG2): Beam-Column Joints and Connections
e Status of report updates (M. Hueste, J. LaFave)
e  Working group reports (T. Kang, S.-J. Hwang, J. LaFave, H.-J. Lee, G. Parra-Montesinos)

e 352-TG2 Meeting: Monday, 1:30-3:00 pm, C-101 D (Wisconsin Center)

High-Strength Reinforced Concrete Frame Connections: Test Results and Proposed Updates to
Design Recommendations (H.-J. Lee and S.-J. Hwang)

Ongoing ACI technical committee activities related to slab-column connections (M. Hueste)
e ACI-ASCE Committee 421 - Design of Reinforced Concrete Slabs (Mustafa Mahamid, Chair)
e ACI-ASCE Committee 445 — Shear and Torsion (R. Lequesne)
Update on ACI Structural Journal article (M. Hueste and D. Fick)
Barrier Wall-Slab Joints in Parking Garages (M. Igbal)
Update on Activities of Subcommittee ACI 318-) “Joints and Connections” (G. Parra-Montesinos)
Technical sessions and educational activities

e Special Publication for Technical Sessions held in Washington, DC, Fall 2014 -- James K.
Wight: A tribute from his students and colleagues (G. Parra-Montesinos)
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14.

15.

16.

e Proposal for Technical Sessions for 2017 Fall Convention in Anaheim (T. Kang)
e Suggestions for future technical sessions or educational activities

Other business / presentations / new business (please notify M. Hueste in advance of any items in
these categories)

Schedule for the next committee meeting

Adjournment

20f2



Presentation at Joint ASCE-ACI Committee 352, Joints and Connections
/ in Monolithic Concrete Structures. 2016/4/17

High-Strength Reinforced Concrete Frame Connections:

Test Results and Proposed Updates to Design
Recommendations

s

Hung-Jen (Harry) Lee Shyh-Jiann Hwang

NI
SN

YUNTECH

National Taiwan University

W An NCREE report to be published in 2016.
V0 B R R RS

Structural Design Guidelines for High-Strength Reinforced Concrete
(in Chinese)
Contents
Chapter 1 — Introduction

Chapter 2 — Notation and Terminology
Chapter 3 — Material Properties
Chapter 4 — Requirements for Beams
Chapter 5 — Requirements for Columns

» Chapter 6 — Requirements for Beam-Column Connections

Chapter 7 — Requirements for Walls
Chapter 8 — Anchorages and Splices
Chapter 9 — List of Proposed Modifications to Current Codes

& Tech

Chapter 10 — References

ﬁ Scope

Reinforced concrete special moment frame joints
Normal-weight concrete and f.” < 100 MPa (14,500 psi)

Specified yield strength of longitudinal reinforcement f,
shall not exceed 690 MPa (100,000 psi )

Specified yield strength of transverse reinforcement f,;
shall not exceed 800 MPa (116,000 psi )

& Tech

2016/4/25

W, Acknowledgements
Ministry of Science and Technology, Taiwan New RC Project —
sub-project f
Behavior, Design, and Modeling of New RC Frame Joints Subjected

to Seismic Loading
Grant No. MOST 104-2625-M-224-002 -

@ Outline

6.1 Shear Strength

- Design shear force V,
- Nominal shear strength ¢V,

6.2 Joint transverse reinforcement
6.3 Development and Anchorage

= Minimum column depth for beam bars passing through the joint
- Development length for beam bars terminated within the joint

& Tech

w, Design shear force V,, ;’;‘:‘lﬁ ° ;1:275

Beam yieldingl Beam yielding
Ve
Vool
I
7= &
Mo Agaf, G=Tg
6 (l[ ]D vt v
Mort R
G=Ts B
T, =
—= At
Vool
- + —
=y, Men Mo Vi =Ta+Cy Ve
col
le & Tech
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= ~ Beam bending tests
@ Over-strength factor for bar f, @ g

Grade, ksi [MPa] | Grade 60 [420] |Grade 80 [550] | Grade 100 [690] * 15 cantilever beams made with 100-ksi [690 MPa] bars
+ Positive and negative bending moment strengths, 30 data
Overstrength Factor a=1.25 a=1.20 a=1.15
M ~ 1.14 in average
af, 75 [525] 96 [660] 115 [794] M g
af,-f, 15[105] 16 [110] 15[104] b |
160 E g éﬁ;;;r;:ﬂ e
F 140 % | e S
120 I iL s
L g 7 1 MN Load el
Leo 2 %
60 % & E
40 g
140 o] {20 B fz0000y
0 T T T T 0 0 T T T 0 T
0.00 0.05 0. 103"3‘:.15 0.20 0.25 0.00 0.01 OvOZS“a“?.OG 0.04 0.05 . 1000 mm
Stress-strain relations for 60, 80, and 100-ksi bars & Tech LTI & Tech

Setup at NCU, Taiwan

@ Outline @” ACI 318 Code !

Nominal Joint Shear Strength
6.1 Shear Strength

- . )
- Design shear force V, Vo =vVIA s

- Nominal shear strength ¢V, Joint configuration V;, for £/ in psi Qualified Disqualified
6.2 Joint transverse reinforcement Confinement | Confinement
For joints confined 20/1!A;
6.3 Development and Anchorage by bjeams on all four ' %
= Minimum column depth for beam bars passing through the joint face_s - "
For joints confined 15./f/4;

- Development length for beam bars terminated within the joint
by beams on three
faces or on two

opposite faces

For other cases 12/174;
% Tech

" JEE

Example

Case study, b; and y-value per ACI 318

« Column depth h, =24 in. ; Beam width b, = 24 in.
« Column width range from 24 to 48 in.

Trans.
beam| 48",

25 o 3'xe"

5
2 Loading [24"x24') Loading | |, ..
\5 beam [Column beam | | 7
€.
p & |
2 X
e_\)e' Trans.
B Vo ¥ \,\(b(\ ‘é\"‘_ beam
D:] 8640 . \‘4\\ >
y=127 15
i agaa
- Glg Without trans. beam i
) AN i z . | Loading [24"x24') Loading | |, ..
24in. 24 28 32 36 40 a4 48 52 beam  [Column| beam ™
Column width, b (in.)
Ci4 I
g - o
= Bec .
b S Plan view of . ; :
Blue Ocean, 150-m, 38F residential connection - be=32in Plan view of connection
building in Taipei, Taiwan. — =



Case study, b; and y-value per ACI 318

« Beam width b,= 24 in.
« Increasing square column section from 24x24 in. to 48x48 in.

Trans.
beam | - 32"32"

48"xa8"

Loading| |, ..
o Ihb—u

Loading
beam

Without trans. beam

1 Loading|
576 1024 1472 1920 2368 beam

Column sectional area b xh, (in.?)

I T vz
L 48"xa8"

Beyond b xh. = 32x32, %‘: < 0.75 > both y values drop to 12 Plan view of connection

Loading.
beam

by=24"

@ Unconfined < Transition —» Confined
3 224

i: 20 pr—|Nterior Join
IS i
O 18—
s J
£ 16
c =—————o Exterior Joi
£ 144 "
7] i /
8 12
2 i
n 104
0 W T T 1 T
0 0.5 0.75
Transverse beam-to-column width ratio
& Tech

@se study, b; and y-value per ACI 318

* Column depth h, = 24 in. ; Beam width b, = 24 in.

» Column width range from 24 to 48 in. e
—dghaa"
- 32"x24"
25 i
Y Loading 24"x24') Loading | |
& ) beam |Column| beam | | ™~
o\
& ¢
2 Yo
o
Va & A
8640[f. ‘*&*\ >
15
—48'x24"
Without trans. beam 3
1 * Loading [24"x24'| Loading | |, _,
24 28 32 36 40 44 48 52 beam |Column| beam b
Column width, b, (in.)

Plan views6f conhettion

2016/4/25

@ Nominal Shear Strength v, = v/f/4; es)
. Va

=0083yf/4; (MPa)

Joint with continuous
transverse beams

but 1
Y by < Fhe

Joint without continuous
transverse beams

Exterior

st (&>
il

generating shear

Interior
Joint

Fereirgsheas s = 15 it

@ Effective Joint Area A; =D;-h;

Effective joint width

b]':b+ x; + xZSbcol
Joint effective area

where x; and x, < he, /4

Joint effective area

(b) Beam bars anchored in the
joint, hj=¢

Unless the provided development length
of the beam bars is not less than 3/4 of the
column depth, hj=he,

(a) Beam bars passing through
the joint, hj=hg,

&e study, proposed b; and y-value

» Beam width b,= 24 in.
« Increasing square column section from 24x24 in. to 48x48 in.

Trans.
o D beam | ~32"x32"

48"xag"
/,’\7— Loading Loading | | 4
v beam beam | | *°

Vi

8640f¢

Trans.
beam

Without trans. beam

1 - . Loading|
576 1024 1472 1020 2368 beam

Vluadlng T
beam
Column sectional area,b.xh, (in.?) by=24"
=
T 322"
—_—
< 0.75 » y value drop down one category Plan view ofi.con jon

ber
h,

o



@e study for eccentric joints
A 100.in. Colurn Joint effective area

+ Beam width b, = 24 in.
« Eccentricity range from 0 to 12 in. ‘ f

15 - < y 5 .
" N>
-
Cl ,_1‘ p
Ysls WA
o,
1382415 0——0—0—0\'\‘\. where x; and x,
should be the lesser of
h./4 and the edge
| 2 _ distance between beam
° s 8 2 and column faces.
Joint eccentricity,e (in.)
[ i =
Loading Loading "
L b +loading loading+ Ibﬁw
e 4w beam beam | ™ & YunTech
48"x24" Column 48"x24" Column

@ Database construction

» 357 test data published in Japan, US, NZ, and Taiwan

« Unified database for normal-strength and high-strength RC
* Beam-column joints without trans. beams/slabs, eccentricity

N ko

Column bar f, versus f; g r‘*
1200 -
] * A
1000
800 | b
~ . 2
§ 600 | A Sl Cd
S 07 g New RC ﬁﬁ é]
> 400 o
1 ol Type|Int.(202) [Ext(155)
200 RC e L
0 Bl [ + B
—————— S °
0 50 100 150 200 Bl + o
fec (MPa) & Tech

Joint Shear Strength-Ductility Trends

Aperimemal joint shear force, normalized to effective joint area and « fbl in MPa
« There is no J failures below the y-value of 15 for interior joints, but quite a few
below the y-value of 12 for exterior joints. (To be evaluated later)

25 A
o Tyg’e '"‘-:76) Tpre Ext.(145)
Bl | + | R
J + s ©° J .
th.m 125 J QE+ - \/thm 1 | -%
bh [fe %Eﬁ"«ﬁ o4 b, h,[F e, o,
% & 2Ry
Y B & LIP eV
v=15 Y )
0+ 0 ;
0 2 4 6 8 10 0 2 4 6 8 10
Ductilty 0,/0, A g Ductility 0,6,
3ql-
i “ {Pa ] =
1

he 3 0 hie

2016/4/25

@ Exterior beam-column joints

y:12 ’Y:12 y=15

k TE -IV
= — =|
- LB nes >
___\_J J_,,\__l :
(a) Hooked reinforcement (b) Headed reinforcement {c) Stub beam

Ficure 9.24  Elevation views of typical reinforcement for exterior beam-column connections witt
joint transverse reinforcement.

tecn
Source: Jack Moehle, Seismic Design of Reinforced Concrete Buildings ®

@ Failure modes and ductility

9 Joint shear capacity Joint shear capacity Q"] 8 £ % Beam floxure
capacity
G o
a = J*Qf Beam Sau 5 Joint shear
n £Q.flexure 2D capacity
3q, 7 e Q
! capacity KY—C"’DEC"Y A
A 20,0, U.éu 9 0 6,0 " %en 0,01 ) 0
B-failure BJ-failure J-failure
B B I
Q- Qv - &
B B
-Q -—Q
n n - Q)
Definitely well Okay with ductility Not acceptable
& Tech
ﬁ\ Change of Effective Joint Depth
» Obviously improved, but...
. 2
25 Type] Int.(176) ° Type[Ext.(145)
+ 4+ [B| & .o B o
BJ | + 199" 9@ BJ o
J - . 'S J .
MLEPPrS 2y Vi, N 02 Doju
b.h.[F. b (ly)Ife @@%@Q )
Fi o °®
v & CHl v (o}
y=15 y=12 °
0 0
0 2 4 6 8 10 0 2 4 6 8 10

Ductility 6,/6,

Ductility 0:/0,
be A H ﬁ
=P ] »
lae

& Tech



http://accessengineeringlibrary.com/browse/seismic-design-of-reinforced-concrete-buildings

@ Change of Effective Joint Width
+ All test data are concentric joints 1, _p, +Zmin(l,xi] <b,
« b,=b, for the majority of the data " 4

. 2
25 Type| Int.(176) TypeExt.(145)
B B

3 o
+e B | & BI| o
M 7 + e © J .

Vin 125 4

LT

0 2 4 6 8 10
%ﬂa Ductility 0,/0, Ductility 0:/0, ﬂj

& Tech

w Seismic Testing for Interior
%" Beam-Column Joints (2013)

West face
& YunTech

North face

2016/4/25

W, Change of Effective Joint Width + Conditions

« Joint shear strength is quite sensitive to anchorage length

* Add a condition of ¢, ., >0.75h, 145 — 43 = 102 joints herein

InL(176) 2 Type]Ext (102
B [}
BJ | [
R N v
Vinm 2
& 149 o o
P By N [ 3 °
& W o ey
o
o
y y=12

Ductility 6,76,
i by| [ A

he he

Ash,ratio <<

10 0
Insufficient
confinement, ﬁﬂ
b A
0
1

W Seismic Testing for Interior
% Beam-Column Joints (2015)

@ Standard Loading Procedures

Axial Load

bohbhbomamm

L L L e s s
9 12 15 18 21 24 27 30 3B
Cycle

(Ref. to ACI 374.1-05 report) ¥ YunTech



%

Instrumentation

* Transducers for measuring

joint deformation

Joint Shear
Deformation

002 000

002 004

Drift Component of Joint Shear 0; (rad)

?\ Test matrix

Prior Tests in 2013
C19

R

~20,/f . psi
2126

M,

Goox6o0-mm Col.
16032

5004600 MM
6032 top & 6-D32 bot

500600 mm
8-D25 top & 6-D25 bot.

15,7 psi A24B
M, A
=116 r A1
) [ ﬂ
Goaxboo-mm Col. I ~
16-D25 ¢

gl est and analytical results (y~20)

4 120 /C198 150 G198
1200 |BI-failure 0 1200 [B-failure 0
w00 w0
g o s Eow 0s
o M0 P 4
é o 00 § E 0 Lo g
300 S U
£ s § oo o5
o w0
e TR, ‘ ety |10
oot
4 e - Aoy
1500 019 6 4 2 a 2 4 [ L
1200 |J-failure. 0 Sy D )
o
g
& " specimen cl9  c19s Cl9B
gmz- 08 Exp. v, 19.4 19.3 19.0
gwu s Analysis | - - =
- P Analysis Il 15 15 20
a0 — Analysis |1l 15+3 183 2043
1800

Interms of \/£7 in psi.

Cylinder compressive strengths

2016/4/25

Material Properties

Bar tensile tests

484
901 905 1020 687
14 13.5 15 21

Specified f'c= 100 MPa (14,500 psi)

122) (119) 117 116
(129) (132)

109 104

(122) (122) o 108
(121) (121)

Note: the concrete strength measured at 28 days and testing date (in parenthesis

Prior Tests in 2013
C19

Ashratio = 0.90

A24

Asnratio =0.90

Goox6oo-mm Col.
16032

s00x600 mm

Connection parameters

Test
Parameters

(=)

Agpratio = 0.4

P runiecn

Asn,ratio= 0.4

(=]

GOy top tr6-OT bt

A248

461116
" =126

6ooxGoo-mm Col.
16025

500600 mm
8-D25 top & 6-D2 bot.

Ash,ratio = M

A24B

Asnratio= 0.40

-
# .0 A24S
w00

1200 [BI-failure

50

Stary Shear, O {kN)
£

1200 A24B
BJ-tailure

Story Shear, @ (kN)
.8

@ﬂest and analytical results (y~15)

800 47
500 500 10
1200 1200
v [y

1500 1500 PR o e

1800 & 5 4 oz 4 5 &

. ‘Story Drift (%)

a0
g Specimen A24 A24S  A24B
g
7ol EXp. Vjy 14.0 15.7 17.6
B a0
3 Analysis | = = =
& e

800 Analysis Il 15 15 20
e Analysis Il 15%3 1813 2013

o 2 4 8 &

Story Drift (%)

In terms of \/f7 in psi.



Analysis | : Beam-Column Centerline Model
@ Beam plastic hinge
Q« -> [ ) Column plastic hinge

Column—0.7E.|,
Beam— 0.3E I,

I
Condition Modeling parameters
P
W a b c | O
<01 0.015| 0.03 | 0.2 | 115

Ref to ASCE-41, ACI 369-11

Modeling parameters for diagonal struts
@* gp g

1500

o | A24 available fo &% 3rd |- 15 T evaisiee o3| |
o0 10
i 05
5 0
i 00 g
& s
50 40
1200
. 45
004 002 00 00z 004 am oaz ano ooz a4
% Joint Shaar Deformation, 7, rad) Joint Shaar Daformation, 1, (rad)
Shear deformation Axial plastic hinge
a b c y@ €| a b c
£
e 0.015 | 0.03 0.2 " 0.0075 | 0.015| 0.2
7 i
Ref to ASCE-41, ACI 369-11 tan260 = ==
faté 265 gy unTech
7. =2¢.xtan20
1% Outline

6.1 Shear Strength
- Design shear force V,
- Nominal shear strength ¢V,

- 6.2 Joint transverse reinforcement
6.3 Development and Anchorage

= Minimum column depth for beam bars passing through the joint
- Development length for beam bars terminated within the joint

& YunTech

Analysis I

2016/4/25

: Joint modeling by diagonal struts

T

Column—0.7E |,
Beam— 0.3E1,

X =\ o

Axial plastic hinge

Two compression struts

Vi, = y/fIA; = Cancose
7 -values for special frame

. joints
3 % y=20

ﬁﬂa v=15 tan2g-—2 -0
&g+e, 28,
_ =2¢, xtan 26
ﬁ y=12 %‘. Ederh
Analysis Il : Degraded Strength Model
fl | My, - Mnb
_______________ Beam flexyral Vin=—""7"" jd l(l,,f ho)
g
°> Joint shear capacity : (y +3)/f4;
g’ . 2
£
7] 9 Cd<——qh—>
B C
O© V> +3fa, :> spe | @ Egd} G
|
2,7¢
®@ (v —3)/feA; < Vi < (v + 3)/feA; BJ-type P
B @ .1

® Vin <y =3)fe4;

%

Ca

ﬁ'
) Bae b |
[ Mg

Ay /sb, for rectilinear hoop

Consecutive crossties engaging !
(ACI 318-14) the same longitudinal bar have 03 A_H _ c (a
their 90-degree hooks on A
opposite sides of column — ch f yt )
/
60, extension / Agn f;
o] R A =t 0.092% ®
[Ohsiy | | sh, f " )
t L QI
/ x
O D & bey
¥ X P, >0.3Af or
Asnt e o lo o o) o - — f.'> 10,000 psi (70 MPa)
: h
x L/ . £
b, kf=o7——+06210
= = 25,000psi
The dimension x; from centerline to centerline of laterally n
supported longitudinal bars is not to exceed 14 inches. kn =
The term h, used in Eq. (18.7.5.3) is taken as the largest n—2
value of x; . )
Allow the use of crossties with  —f57<-100;000-psi-(700-M-Pa)—

90-degree and 135-degree

hooks for HSC columns FEEIGI00U/sd(800IMAL)



ACI 318
@ Where beams frame onto all four sides of the joint
2 and where each beam width is at least % the
column width, the required amount of transverse

reinforcement shall be permitted to be reduced by

50%... L
Where beams frame onto two opposite sides of

the joint and where each beam width is at least %
the column width, the required amount of
transverse reinforcement parallel to the framing

Story Shear, Q (kN)

Story Drift (%)

Probable bond stress along the beam bars passing
through joint (Bond index, Kitayama et al.)

(@h+65)" (2 +pYfyd,
up= -

Assume (a +f) = 2

mdpheoy 4 heor MmN

Bond stress— ]
By

%

I

T

Pinching effect

— u, = p0.7£** MPa

2016/4/25

Outline

6.1 Shear Strength
- Design shear force V,
- Nominal shear strength ¢V,
6.2 Joint transverse reinforcement

» 6.3 Development and Anchorage

= Minimum column depth for beam bars passing through the joint
- Development length for beam bars terminated within the joint

& Tech

ACI 318 AlJ.G.L.1988
Bond strength in the joint
2fydy _ 7
- < u,=16Jf MPa

up

B 4‘hcol
= hea 2 b __ b
dy ~ 4 16Jf] 32/f
AlJ.G.L.1999
nydb Bond strength int;;joinl
u = — 1
BTy heot u, = p0.7f, MPa
=) @>E.—fy N
dp ~ 4 pp07f%P wprag
P, 1+—I7 <125
Axial load fact = o<1
xial load factor ¥p A

" JEE
Cyclic Response of Reinforced Concrete Beams-Column Joints with
Different Values of h./d,, Kaku and Asakusa, ACI SP 123-5, 1991.

s AlJ-G.L-99
s i
21 up = 1.6y/f MPa AlJ-G.L-88
g
> 10 -
&
5 T T T
20 80 10
Concrete compressive strength fc, MPa
<40
AlJ-G.L-88 E AI-G.L99
fo g Fy
§
60 2, 600
550 3 550
420 £ 10 420
MPa  E Pp =12 MPa
—— fo ———
20 40 60 80 100 20 100

Concrete compressive strength fc, MPa

Concrete compressive strength fc, MPa

= Vg o
col col col 7
= = =375
dy 18.8 ; @ 28 4,
= =
e = [
Aropadiaan] Napecimen Gspecimn
A-specimen N-specimen O-specimen
3% 4% 3% 4% 3% 4%
Eeq 0.13 0.10 0.20 0.28 0.23 0.34
ko /Ky 0.02 0.01 0.10 0.07 0.14 0.11
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L] p l.. heot N fy heot N fy
Axial load factor ¥p =1+ <1.25 dy, = w1423 dy = 03]
Our proposal P VrL4f; U3V
025 025
< — u, = Pp1.5/f MPa s A
s = > % i
515 be kK 0.125 4 ky/k 0125 *
Z .
¢ _2hd L i
5104 uB_4-h. = n %"ﬁ## * #ge +
H col ” o] ey # 0 L )
s T T T heoy _ 2 fy fy jhm g 0 1 2 0 1 z oy
sz - uglu, gy, jhm
5 et P |y 24 ST iR WE . <15
2w but not less than 20 }iﬁ . a8,
a0 Proposed £ £,,0125 4 ﬁﬁ & £.,0125 4 . 3
g 7 g%‘ * B %’
£ 201 690
3 550 . .
£10] 420 T i
¢ Jye=12 Pa Cw Lo
= T T L) _ ,2/3 _ 7
*Concrets cmpressie sengih fc Wpa un =Yp0.7f"" MPa up = Ppl.5yf MPa
n
o — Anchorage and Bond
Recommendation for Minimum column depth b £
— >——=— ,and 20
dy — y,3f]
heot > b but not less than 20 Yp=1+ P <125 Lae pove
dy ¥p3 fZ inMPa Agfc' |

| s | s | soes ] HEAHRTL

MPa  o,=10 =125 =10 @=125 «,=10 @=125 f

EIEIG I

£
4000 iy 26 21
| 5000 [ECTINNNEYY 20
2 2 20 28 23
9 20 20 2 21
56 20 20 24 20 31 24
63 20 20 23 20 29 23
70 20 20 22 20 27 22
84 20 20 20 20 25 20
100 20 20 20 20 23 20
Elevation Elevation
(sectionA-A) (sectionA-A)
Development length for Headed Deformed Bars AnChOI‘age
2
(ACI 318-14) .
1,0 001622 (¢ i psi) or 019222 (17inMp .- : ‘
«=0. \/?( - inpsi) or 0. \/? (f.in MPa) v, wioe o i 04 o, &
c c W1 S5 o i
T BiTses
« fy <420 MPa » 690 MPa Ll Sl SR
* Minimum bar spacing 3d, > 2d, Modified 0 o152

Tge EX77 0 041 02 03 04

* f’c<42MPa » 100 MPa L |
O 1OLZ2 B d"‘lfc

Abrg

Headed bars

T oI T

f.d
Required ¢, >0.192 2>

N

53 *liberate fy & fc’ limits Masuo, K.,Adachi, M.,and Imanishi, T. (2006)
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Seismic Testing for Exterior
Beam-Column Joints

55

Test results (1/5)

q'.'. o
A5
DI3@125mm

Story Drift (%)

400 {@Maximum load"
@Joint distorsion ¢

70 (70) MPa

213
(2.05)

9.45
(10.21)

0.99

1.20

BJ-Failure

—_— I
Remark : Agp rario Use

Laad, P (44}

Load, P kM)

;

4w

e

<4E

6% Story Drift

and analvtical results (y~12)

Test results (1/5)

2016/4/25

DI3@125mm

F. | 70(70) MPa

213

Mz (2.05)

9.45
v (10.21)

0.99

A
A 1.20

BJ-Failure

240 B0 130 60

Displacamant {mm)

B 120 10 20

1800 “les 2000
v 110 -fallure o rem
o
- o w?
0¥ s o 3
1000 7 v
e el g
|y (6
0 Yy ey g S g E
Cispacomant mm) [
™
o Specimen A5 B5 C5
H
- EXp. Vj, 10.2 14.4 14.0
.-.'mE Analysis | - - =
[e— Analysis Il 12 12 12
prtist] Analysis 11l 1243 1243 213
In terms of \/f, in psi

Remark : Agp rario Use

Load, P (kN)

aam Barswan 11

Story Drift (%)
-8 6 -4 -2 0 2 4 6 8
600 L L L L L 1 |
A5 i 1 20 3} 4 [1500 F
@Yielding of joint ties P
400 |@Maximum load 1| o
@Joint distorsion | B
200 H500 E
z
=
[ o =4
Q
2
o
200 T LA S i F-500 = |
P Drift
mﬂn: - «N) (%) * --1000
Yield 348 1.73 1.00|
p! Max. 386 4.00 2.31
: Failure 309 6.18 3.57[ -1500
-600 t t T T T T
-240 -180 120 60 O 60 120 180 240
Displacement (mm)
! .
dt,provided __ =
=104 | e 24,
dt,required pg;”ﬂ_'_r—]—‘\
i 2si Eiine Clear
. = T X
A= C ) spacing

a5

o Bar Gt (1091

Strain Profiles of Beam Bars

BT est
e

L Siory Dt (%)
i
] s
oo 2
1500 c5
—~
- o M-faliure
00 280y et
z £
) s
T s
. oo -
. prsrie]
Al

0o

0

Losd, P (k)

g

A |
Asabs I
Acayss

240 180 420 60 0
Cisplacement {mm)

500

1000

5 120 w0 w40

240 180 420 60 0

B0 120 w0 20
Cisplacemant {mm)

Specimen A5
EXp. Vj, 123
Analysis | -
Analysis Il 12
Analysis I 123

Momert (xhm)

o )

2000

B5
17.3
12
1243

Distance fram Colum Face (e}

]

st0

and analytical results (y~12)

12
1243

In terms of /7 in psi.
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@ Effective Joint Area Aj = bj 'hj

Effective joint width

bj=b+ x; + x3 < beo
Joint effective area

where x; and x; < heo /4

Joint effective area

(b) Beam bars anchored in the
joint, hj=¢

Unless the provided development length
of the beam bars is not less than 3/4 of the
column depth, hj=hg,

(a) Beam bars passing through
the joint, h=hg

? Test matrix in 2016, to be tested in June
s

' B by
Connection =06 h—' =0.75
Parameters ot ol
- C5
500x500mm Col
12.025
4032
400x600mm
9-025top
9025 bot
1857 psi B5
500x500mm Col
16-025
400x600mm
7-D25t0p
7025 bot
& YunTech

@ Frame Mechanisms
o “strong column — weak beam”

he (c) Beam Mechanism

+ Avoid story mechanism
+ Avoid joint failure
Pl M

Inadequate
confinement

& YunTech

2016/4/25

? Unconfined < Transition —% Confined
L’ Pos

i: 20+ pr—— | terior Join
IS i
O 18
Y J
£ 16
c =———=—=—— Exterior Joi
8 144 "
2] i /
8 12
2 i
» 10
0 W | T 1
0 0.5 0.75
Transverse beam-to-column width ratio

&& YunTech

w Thanks for your at’tenﬁ'

£

igh-strength
T
1}

Semi-Prec
constructic

Save labor, time, and materials
Total cost down!

w Laboratory Specimen under Cyclic
Deformation Loading
6

m

Axial Load v
%]
. 1 4P|
RH U
B q
i & A
gh B 4
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i
i
i
i
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