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AISC 341 (2022)

Chapter G COMPOSITE MOMENT-FRAME SYSTEMS (C-SMF)
6b. Beam-to-column connections

(a)The connection shall be capable of accommodating a story drift angle of at
least 0.04 rad.

(a)The measured flexural resistance of the connection, determined at the
column face, shall equal at least 0.80Mp of the connected beam at a story
drift angle of 0.04 rad, where Mp 1s determined in accordance with Section
G2.6

Commentary G3.2

Other provisions are intended to limit or prevent excessive panel zone distortion,
failure of connectivity plates or diaphragms, column hinging, and local buckling
that may lead to inadequate frame performance

in spite of good connection performance.

iff] 22 B SRC 13 432 BA a1l A

50% Less Transverse Hoops (NEHRP)

A Sllasiit] __J(

yh kAch Pnc )

-4 ) 0 2 4

Vertical Doubler Plates for Shear Strength Ll

Chou, C. C, and Uang, C. M. (2002), Cyclic Performance of a Type of Steel Beam to Steel-Encased Reinforced Concrete
Column Moment Connections. J. Constructional Steel Research.

Chou, C. C., Uang, C. M. (2007). “Effects of Continuity Plate and Transverse Reinforcement on Cyclic Behavior of SRC 4
Moment Connections.” J. Structural Engineering, ASCE.
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Chung, P. T., Chou, C. C.* (2022). “One-Sided Shear Retrofit of Reinforced Concrete Beams in Existing High-Rise 7
Buildings,” Engineering Structures, 252, 113634.
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Old RC Building Retrofitted by all-Steel SBRBs

Construction: Fast Assembly and Low Cost than Conventional BRBs

Roof Drift Angle (10-* rad)

4 3 2 -iflo 1 2 3 %
800 : : =

.
-400 200 0 200 400
Roof Displacement (mm)

FiamE | SN S e

Dec. 2nd, 2022 Test (PGA=1.05 g)

Chou et al, (2023). Shake Table Tests of a Three-Story Dual Frame with Moderately Ductile Steel Columns and
all-Steel SBRBs under the 2022 Chihshang Earthquake, Taipei, NTU, NCREE. 10
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B. FEER-0.03rad KEERRERBHREERNETREE200KN - ‘”M¥;
C. HEER+0.03rad FREGREERRLYE  HEMBLTRIMESH -
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+0.02 rad (A)

-0.06 -0.04 -0.02

Drift Angle (rad)
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Actuator Displacement (mm)

=0.03 rad (B)
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RREEIFEIERIEME
S REBEITIREIIR .
. BRI EERRAREIEERAERS RZE
2. HEEZHNIERABZIE
3. IO LEZEINEERSZE
4, BEEIRATHESEERITEE a

[

B E TR (EEE= RCARIER)

AE=RREHEREBUER 0.03 rad KASHRBBRADERIISKN - 00

A. BIRENR+0.04 rad 5—EIR AR L HFE R B & BRiE A ) EH450kN
PEZE400kN - a0

B. FAESHR-0.04 rad FER THEEMEMBARTEHMEERNETREISOKN |, «
C. HEER +0.04 rad B EREREEREER L HEREELNERH, -

2 Time History ~ 006 -004 002 0 002 0.04 006 006 -D.04 -0.02 r‘f 002 004 006

g 004 o Z 600 9 z 24 s
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BRI BT BRI IR

1 495 x 495 x 19 mm - 22 H 600 x 200 x11 x17 mm (RBS=160 mm)
SN 490B ' Fy=330 N/mm2 : Fu=490 N/mm?2
P FH 4#10 (D32) - SD 420W - Fy=4.2 tflcm?2 - Q=1.25 (BEFE1E)
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EEAACFTARE S - WRREEET mm - FiE 410 (032)
EEREE16 mm - BRBEHEEAREHERR - T | R
AR AR AR 2 R E A - r - Eﬁﬂi%
PULUIRNE |2
o PEHUMBMEIR I’”J_ o e
REEEZSSS/AEV,E'I'E ! %Eﬁ%‘#'lo (D32) ’ Fﬁﬁﬁgg 2 H 600 X," %141 x 17 mm
REE19 mm - EEREEREEE A EE2E(L (RBS=160 mm)

Q=1.25% -

SEVE  BARBESRG 2012 "2/ ) — bRIEREEERST A RT v Y 1 Architecture Institution of
Japan (AI]) - &= -

Br®z: 2vy - MREAKMER - #5REESHBEHLOHEUMIRICET 2K —AEA 7T LK
RNRCHEL XA 775 LEHOBSHE—ERRHGETIL— « BABREZASEIEZRMHXE  No .617 * pp.177
~184 ~ 2007.7 25

HAEEEBSE 2021) - "HMEEHESIEETEET L - Architecture Institution of Japan (ALJ) - BRER °
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e
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alis— &M (0.04 rad55 —[#)

alfsd4 (WIth RBS in SRC beam RIF5EH)

| -~ Ramaviani R ™
- 0.04 rad L~ THEERRRGILE ﬁﬁﬁiﬁﬁﬁﬁ%ﬁ]ﬁi&ﬂ/

uitﬂ"1 (No RBS in SRC Beam - ERIKZH)

-0.04 rad EERHETRE 0 WRCERED
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T =P
BIS(INTRODUCTION) 1/2
L ﬁﬁﬁﬁ%wwﬁ%i?i/\ﬁﬁﬂid?ﬂ%}ﬁ' RN RS BRERR LA
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mREEH TS XEMY 0 B o ke s A EAR DS 1 B P 1B
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B AASTAETFCRANATREERE & hT & SRR
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WAR A RBREERN > FMaORELTEEKRER  TRAEHLAE
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Work |Rebar
>
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28days
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1ddays

Epackachi et al. 2015 Fukumoto et al.1987

AIS(INTRODUCTION) 2/2

R EBTH AR X Ry X
RENSERK » RdsnfoRBESR
SRR SRR LRE > MERAE X
i 3 8 W L -

m A R4 A A1 6 o #5358 (BATS) TR M
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ARIEF /RS R

B AEE (0, 0.1, 0.3, 0.5)
st EE10cm, 15¢cm)
51 N ETREIEE(24cm, 20cm)
fe O &) E N &L e =R
(0.003rad/sec, 0.3rad/sec)

o

=3, 5% 57, B= Test Specimens

12 specimens having the same aspect ratio of 1.0 with size of
1200X1200 mm were constructed and tested.
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st BRzi A2 Test Specimens

Shear € Shear Provided Required
loading P | thickness 2tp/T | studs slenderness | slenderness
(em) : : . X

rate (%) | spacing ratio ratio
(P/Pu)|(rad/sec) S (cm) (s/tp) (sltp)
(Hy4&Z8W O 0003 08 16 138 24 30 31.6
(N V. %2rW 03 0.003 08 1.6 138 24 30 3.6
W:y&ZW 0 0003 08 16.6 9.6 24 30 31.6
H:7. &7 0.3 0.003 08 16.6 9.6 24 30 31.6
H:1%1 0.1 0.003 038 16.6 9.6 20 25 283
(N:¥: %W 0.3 0.003 0.8 16.6 9.6 20 25 25.3
LBA-TC k] 0.3 0.8 16.6 9.6 20 25 253
LBA-ND JX] 0.3 0.8 16.6 9.6 20 25 253

Required slenderness ratio:
Fy

E

g_l

tix < 1.0, s/tp=44.7
=

Required slenderness ratio:

J% < 1.0, s/tp=31.6

s
- X
tp

Required slenderness ratio:
= X \/E < 0.8, s/tp=25.3,
th E

]

Stress-
strain

low yield
steel
faceplate

curve for

200

150 4

400 |
350 |
300 |

S0 ...

200

-—————

.............................

150 4+

100 -
50 4

......

! — = A572 Gr.50
] —R LYPIOD oo
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350
300

250 1
200
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100 1
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0
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. Al BaziBS Test Specimens

Axial
load
ratio rate

(PIPu)|(rad/sec)| (€™

Shear
loading

Shear
studs
spacing
S (ecm)

Total
thickness
T
(cm)

Provided Required
slenderness | slenderness
ratio ratio

(s/tp) (s/tp)

0.003 08 11.6 13.8 20 25 5.3
0.3 0.8 11.6 13.8 20 25 25.3
WioN 0s¥ 1568 "0 D0 25 253
(ol 0.5 0.3 0.8 16.6 9.6 20 25 253
|
Required slenderness ratio:
5 Fy e
= X \/; < 0.8, s/tp=25.3
9
s |
EUyaEA = mvAT] )|
{ 1900 ] B hET R EE
| T T = - Shear Studs Configuration
/ 240 ovowww—Jaw
( e e ————— g e s U e T el el
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@ 240 T TR 20 ‘ %—'zwj o . ‘m_[ r 17
Lo o o 20—
240 | oo o F';O 98 o— ﬁEDBL:ﬁ'"_‘ - 1Infillcnr‘ncrete
i g,,ar y %o L 1 z+o =
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(4] ¢
\ | i
‘ i Ham [ Fann s | ‘ =
T i [ = | Side View Frant View
200m ﬂ o ﬂ o I—L a ﬂ o i OLJPL . meJ
—A  twe 000000000 o s i 'S 5 -
gl b LA 0 wapes =— LA w5
m[ocoecaneces] $=20 cm |
b, U Slbiy o
+—=.x 1 © 000 00 r:\slﬁr;uﬁmaummm
ol I e
mom{ 100um 10
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Bi-Axial Dynamic Test Systems(BATS)

Hold-down actuators

Reaction frame

Hardline

Horizontal force: +4 MN
Velocity:+1 m/s
Stroke:+1200 mm

HEERF
- Loading Protocol

Station Code : TCUOS4
Instrument Type : AS00A

e
e

 Ma 422703
a5
o 3; »mu\mmw“yw.-:—qnwﬂ o
o
55
Ium-,.m_ -

,ﬂmmmﬂnhmwmmw e

Acssleration
s

LBA-TC (TCU-084)

h b s awo

=]
o
=}

Core Strain Rate (% sec’) Core Strain (%)
8830388 & b2

15 20 25 30
Time (sec)

LBA-ND (Lanning et al. 2016)
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AL ARAG R
TEST RESULTS

- m RS Failure Mode

= 71{11#% H 4R Load and Displacement
Hysteric Performance.

w 1=[0) 58 2 B4 §]) £ Strength and

Ductility Comparison

38 0 B B AR AR T

Drift (rad) 10cmiz 8t + 48 28 S=24cn% 8 Hh HF

=005 -0.03 -0.01 0.01 0.03 0.05

=60 =40 =20 0 20 40 60
Displacement (mm)
Drift (rad)
=0.05 =0.03 -0.01 0.0l 0.03 0.05

w| LNA24 | o= 2555kN

126



5% 4% 3% 2% 1% 0% 1%

4000
3000
2000
1000

0

Force [kN]

-1000
-2000
=3000

-4000

4000

2023
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Displacement [mm]
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15cmiR 3 L 28S=20cn ¢ & 1 H
LBA-20

Drift [rad]
5% 4% -3% 2% -1% 0% 1% 2% 3% 4% 5%

60 48 36 24 -12 0 12 24

Displacement [mm]

Drift [rad]
%

1%

Farce [kN]

Displacement[mm]
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Force [kN]
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ARIBEEVE

Drift (rad)

Global Buckling

Displacement (mm)

Drift (rad)

-0.05 -0.03 -0.01 0.01 0.03 0.05
4000 T g T T
i 891 kN
“1LBZ24
? 1000 | g
o o M
8 L1000 | //I/I// //
2000 - 1
=l A
000 F 2948 T2
4% =60 -;0 =20 0 20 4‘0 60
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WASTRELE
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4000
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WheTMELE

Drift (rad)
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g 8
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_ Local Buckling
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Initial Yielding Strength Peak Strength A Duciity
; Stiffness Displacement
Specimen |
(kN/mm) Force Ay Force Amax Au Ay
(kN) (%) (KN) (%) (%) .

LNZ-24 542 +1253/-1369  +0.27/-0.20 +2744/-2674 +1.96/-1.94 | +2.47/-2.47 9.2/12.4

>+3.45 =97
<-3.45 =128

LNA-24 481 +1167/-1362  +0.24/0.11 +2555/-2558 +1.35/-0.99 | +1.65/-1.67 7.0/15.3

LBZ-24 510 +1474/-1376  +0.36/0.28 +2891/-2948 +2.42/-2.46

LBA-24 608 +1048/-1527 +0.25/0.12  +3029/-3014 +1.29/-0.96 | +1.60/-1.64 6.4/13.3

LBL-20 620 +1252/-1402 +0.21/-0.14 | +3369/-3218] +1.89/-1.86 | +3.71/-3.84 | 17.7/27.4

LBA-20 660 +1367/-1603 +0.27/-0.08 |+3478/-3467) +1.94/-1.31 | +3.56/-3.34 | 13.2/41.8

>(+3.39) <(16.1)
<(-3.99) >(23.5)
>(+3.57) <(13.2)
L=<(204) | >(14.6)

LBA-TC 824 +1507/-1769 +0.21/-0.17 | +3616/-3658) +2.04/-2.41

LBA-ND 603 +1674/-1643 +0.27/-0.14 | +3611/-3577} +1.65/-1.03
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Test Results

Ultimate
Displacement

Initial Yielding Strength Peak Strength

Ductility
Stiffness

(kN/mm)
Force Ay Force Amax Au
Au/Ay
)

Specimen

+1154.4/ +0.191/ +2683/ +1.430/ +3.505/ 18.35/

N ; -1272.1 -0.173 -2764 -1.402 -3.204 18.52
LNA-EQ 554 +1261.1/ +0.225/ +3170/ +2.541/ +4.607/ 20.48/
-1270.8 -0.255 -3028 -3.011 -5.331 2091

+1591.4/ +0.209/ +3504/ +1.317/ +3.264/ 15.62/

LBHE i -1674.4 -0.160 -3472 -1.317 -3.456 21.60
+1438.8/ +0.172/ +3759/ +2.503/ +4.246/ 24.69/

LEIRER £ -1498.3 -0.204 -3788 -3.252 -5.010 24.56
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