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Abstract - In this study, the beam-to column connections of concrete-encased-and-filled steel tube columns were tested under
cyclic loading. Two specimens using steel beams and two specimens using precast concrete beams were tested. The dimension
of the column cross section was 670mmx>670mm. The beam depths were 488mm and 588mm for the steel beams and 700mm for
the precast concrete beams. The longitudinal bar ratios of the precast concrete beams were 1.1% and 1.5%. For the connections
to the steel beams, continuity plates were used in the tube columns. For the connections to the PC beams, couplers were used for
beam re-bar connections. The test results showed that except for a specimen, deformation capacities of the specimens were
greater than 4% rotation angle, which is the requirement for the Special Moment Frame. Particularly, specimens using precast
concrete beam showed excellent performances in the strength, deformation, and energy dissipation.
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Table 1. Properties of test specimens and materials
Specimens BCI \ BC2 BC3 \ BC4
Type Steel beams (H-section) PC beams (U-type shell)
Section dimensions (mm) 488x300x11x18 | 588x300x12x20 500x700
Yield strength of flange (MPa) 382 406 -
Yield strength of web (MPa) 437 409 -
Yield strength of continuity plate (MPa) 421 -
43.5 (Precast)
Beam |Concrete strength (MPa) - - -
39.2 (Cast-in-place)
Upper re-bars - - 6-D29 (SD500) |[8-D29 (SD500)
Bottom re-bars - - 4-D29 (SD500) [6-D29 (SD500)
Yield strength of re-bars (MPa) - - 543
Negative plastic moment"” (kN'm) 591 843
- _ 5 1166 1688
Positive plastic moment’ (kN-m) 1179 1491
Section dimension (mm) [1-670x670
Tube dimension (mm) [1-450%450 (¢ =8mm)
Concrete strength (MPa) 35 435 39.2 (43.57)
Column—
Yield strength of steel tube (MPa) 430
Longitudinal re-bars 4-D25(SD500), 8-D16(SD400)
Flexural capacity” (kN-m) 1745 1858 1779
Column to beam moment ratio 2.99 2.20 3.02Y 2.39%

YCalculated using actual material strengths
IConcrete strength of the bottom PC cover
PPrecast concrete was considered and nominal yield strengths were applied for longitudinal bars
“Ratio for negative plastic moments of the beams

drzete] =2 AW AS(EH A1285) 20149 29

57



o] 271515

5 A

7

(¢}

FavEnuEd 7}

Fof AISC

1 o

7|

FAH(Fig. 3).

5

~O

el
o

st

are

SEERIE

-
2=

oF BA 2ol

i

=0

Nlo

=
4qr

o]

9’]

Hn

3,180

RRRRRRNRS

Section A-A

i | (i =] - .ll!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂ!ﬂy-&l/

m [=] 0o| = 20 %mm

2 g 8 Qo /7

T \_7 T _M P o o0 %WM

M - /////////////// /ﬂ

- | /W

S 2 & b | /m.m

v 2 2 & | "/,,.”M
- p— | g} i H

L ans & w. \ %/V/;/V%%M
T il & o R =
AN B

2
= Oy iy
= (=)
.m; @_u_,mwv i I i
: wff# 5 c/g
= 0 600
Y s 38 °0 0o
O| s £ 00y o loo
g g i I
= e (=]
@ 3 T i T i

E A =

E o g 3 18 = o

[ =2 N I Sy 1 B TR ~ -

m, /: = 2 N ] w M
EE " S B a
g6 N\ g2 L e
el \ g 2 & LR
3 5 VAl

< I ] [

RNl L - %

i = -]
1T T = 3 m "
e 2
e C8
T T i T —
i
! “< 000’z

Section C-C

Section B-B (BC4)

Fig. 4. Dimensions and details of BC3 and BC4

)
5 9 £
la— o @ ﬂ _.
"m 1
L I
LTI - = [
-7 ™ !
K s
g . _
[6@® oo 0w 3 1
Rl e i sl 3 4
u >
= b~
gl /%
=)
g =1 3 1 E
o~ n Q ' M
=
i 2 T
[} 5
E|l E
]
=) £
I =
] r r A v
® . - ©
A 3 3 3 3
w or
- =) '
Q £ .
L] =
& 2 /
= . ...u._ I
LTI L '
L {\ o
s ) = i
] v
e | & =
X 15 ..M
w |8 ' 8
= a -]
H = m -
- 2 = ) =
E=1 =
a 1 @
£ 1 E
] ) ]
= P =
- ._
>
[ 5 3 i - 3
e JUSLIOW PRZ||BULION

300 600 900

0

900

600

Distance from the column surface (mm)

300

Fig. 5. Expected plastic hinges of BC1 and BC2

A A128%) 20149 2¥

=
°©

(

e

A26d A1



Ashgict.
BOL, BC2OIAE 143he SHaate] 715 Hel A 500mm
U HolXEE neple wEglon SUAL g0

AR A
AA AR A BOA B HEe) Eages A4
oA EEL, matd AN E 2AES He) A
slo] Akalolny, ®e| PC REI 87 ARAE 7)5
gEgae|E RE WA B 1 Rl o
B2 e)E0] Uz HES EAl] EA@AE) ST,

gz SPe pednt 715 0] maje]d] HAHES x5
H

7OP
o} skttt Ug pedle] Aol 3

Ao gt B EFAE 123to] 40mmoltt,

=

BC3& AMEZZTo R 6-D29(SD500)S HiA|5H3 o
SHEATO 2 4-D29(SD500)< HiAISFGIT, BC4+= g+
1o g 8-D29(SD500)S viA|sFaL FHEHLOR 6-
D29(SD500)< HiA|sFoiTt, RHEsksAst= Qg B 3
29 F= WAE] flote] E2YE EFRHEDE 7
Zo]| Wt 3H 2 DI3@100mm(SD400) S H =9] 2ufel
1,400mm H7kol| AR A vjR|sHle}, v S fET
= 3 A=AEelE wjX|stA] it 7l TEEAY
EO] gerE WhA|shal Ho] HueS e A5 Adgsh
fleto] AHE 470 o] &45to] PCHO Wi E2e
EQo} A5yl AB TS Ao FAYE 29
e WAB7] flsto] A AHE ZolE 250mm, SHF-
AEE Zo]E 200mmE THEA AA 5Tt
AdA o AHEE A, A, 2AEY ArAH dt

+ Table 19 UEfL; itk dRbA o2 WHFZ0f| A= vl

e MEsET &

409MPa
ojct, X

]

A

o] oy A& 28 SN/SHN 7%

& 22.9%, 25.9%
T SM490)
Q1 A7} %= 507MPa,

o)
s

555MPa, PA1% 28.5%, 25.8%0|th, ATl ALG-E 25T

ZF2H(SM490)-& 3= 71w 421MPa,
A& 29.7%0]tk, A D13(SD400)

Q1A T 542MPa,
3} D29(SD500)& 7HzF

FEE 479MPa, 543MPa, 1474 599MPa, 676MPa
olth, BC1, BC29] 7|50l AHEH EAEY U&=
7o) Wels FUstA| 217k 35MPa, 43, 5MPacltt,
3t v} o BC3, BoAE 2AE F Ao A sy
o EZEE 1AERde] 43, 5MPa, 22/EHd0] 39, 2MPa
ojcy, AR = A= :=X|1/(86 joule@0C)ghS 1t
%3} FCAW 44| YFW-C50DRS ARg-3tich,

7} A8 KBC 20097¢] 7tz H-7|ERENT

50) 7}

el

Table 25 Wit B ghtol A 2|dj-g5f

2,000kN, HYAERT £950mm?] olZo|o|E|2 A5

of ¥kl e, mol Hmme(

AR EAA W B

WP7H Y whe] HFHFE A O Ak, Wt
A BRI BERo] WS g Hol FH2E 47|

Table 2. Cyclic loading program

Number of cycles

Drift ratio (%)

Displacement (mm)

6 cycles + 0.375 13.18
6 cycles + 0.5 17.58
6 cycles + 0.75 26.36
4 cycles + 1.0 35.15
2 cycles + 1.5 52.73
2 cycles + 2.0 70.3
2 cycles + 3.0 105.45
2 cycles + 4.0 140.6
2 cycles + 5.0 175.75
2 cycles + 6.0 210.9
2 cycles + 7.0 246.05
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Table 3. Summary of test results

Load-carrying capacity Deformation capacity . .
Prodicted Mo Yield Mo Yield stiffness
Specimens redicte axtmum e v aximum Dutility k,(=P,/A,), | Failure mode
strength P,, | strength P,, | displacement | displacement (=A./A) N/mm
KN KN (%) | A, mm (%) | A, mm @) | T o
(+) dir. 435 448(4.3) 70.6(2.2) 170.1(5.3) 2.41 6.35 Failure of
BC1 . continuity
(-) dir. -435 -455(3.3) -63.2(2.0) -163.0(5.1) 2.58 7.20 plate
(+) dir. 630 521(3.2) 55.6(1.7) 108.2(3.4) 1.95 9.37 Failure of
BC2 ) continuity
() dir. -630 -539(2.7) -59.2(1.9) -119.2(3.7) 2.01 9.12 plate
BC3 (+) dir. 370 409(3.3) 46.2(1.5) 229.6(7.2) 497 8.85 Buckling of
(-) dir. -186 -242(4.4) -38.3(1.2) -235.4(7.4) 6.15 6.32 upper re-bars
BC4 (+) dir. 469 528(3.3) 54.5(1.7) 241.5(7.6) 4.43 9.69 Buckling of
(-) dir. -256 -340(3.4) -54.1(1.7) -209.7(6.6) 3.88 6.28 upper re-bars
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Table 4. Ultimate tensile strengths of connection (Fukumoto[gl)

Design formulas Note

(D=t resistance of vertical
v l, us member in tube flange

~@,-t,) resistance of horizontal
v l, us member in tube flange

1+Y
+ ll/)tif‘ll.ﬁ +h t(ju(}

resistance of tensile
member in tube web

resistance of continuity

T =2W,t

¢ f A cf'uc plate

, (D, —t,)(951 +81D,t2) length of vertical

v 190 +108D,t, member in tube flange
[ = D, —t,—b length of horizontal
v 2 member in tube flange

W, = mln(wA,w ow”y)

’

w = D+b+2h

2\[ V2D,

po_ 1

w A = g{ﬂ(Ds 72t5>7 Z)(}

effective width of
continuity plate
(A in Fig. 14)

+t,+h,)

b
wmA _ ﬁ(?f

by = width of beam flange
D, = diameter of opening in continuity plate

D = width of steel tube

f.. = tensile strength of continuity plate

fug = tensile strength of steel tube

h, = extension length of continuity plate from steel tube
t, = thickness of beam flange including weld thickness
t, = thickness of steel tube

Y= yield ratio of steel tube
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Table 5. Ultimate strengths and moment capacity of connection

Ultimate strengths of connection, kKN | Moment
Specimens capacity,

|| % T T

BC1 1452
139 128 | 1911 | 2709 | 2976 ———

BC2 1750
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