Journal of Korean Society of Steel Construction - k’f’ ISSN(print) 1226—363X  ISSN(online) 2287-4054
ecK Tor

Vol.26, No.1, pp.55-68, February, 2014 updates | DO http://dx.doi.org/10.7781/kjoss.2014,26,1.055

= = = — n = = RIyI=L= =
S| ELIEST 263 7IS-E TeiFel FI6is £
L, Agdisha, AEsha Py, Aedista, AFsh g, ANAREE) ‘e, (P Uz Yold

Cyclic Loading Test for Beam-to-Column Connections of Concrete
Encased CFT Column

Park, Hong Gun', Lee, Ho Jun®*, Park, Sung Soon®, Kim, Sung Bae*

'Professor, Dept. of Architecture & Architectural Engineering, Seoul National University, Seoul, 151-744, Korea
’Graduate Student, Dept. of Architecture & Architectural Engineering, Seoul National University, Seoul, 151-744, Korea
3General Manager, SHINSEGAE E&C, Seoul, 100-391, Korea
4Manager, The Naeun Structural Engineering Co. Ltd, Seoul, 150-105, Korea

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 BC1 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” (kKN-m) 591 843
— - ) 1166 1688
Positive plastic moment”’ (kN-m) 1179 1491
Section dimension (mm) [1-670x670
Tube dimension (mm) [1-450x450 (¢ =8mm)
Concrete strength (MPa) 35 435 39.2 (43.5%)
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%

DCalculated using actual material strengths
IConcrete strength of the bottom PC cover
HPrecast concrete was considered and nominal yield strengths were applied for longitudinal bars

YRatio for negative plastic moments of the beams
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Table 2. Cyclic loading program

02 8-D29(SD500) Hi|8}al AT OR 6—

- Number of cycles | Drift ratio (%) |Displacement (mm)
D29(SD500)2 Hi2|5}3ict, WhEstEAsh gt 2 33 6 cycles + 0375 13.18
wel HEE WASP] fiste} 2ARE SnilEax 7| 6 cycles + 0.5 17.58
Zo| wet 3FHZ DI3@100mm(SD400)E K 2] 2ujel 6 cycles o o3
1,400mm 3ol AAHA wiAsrgint. defut S A 4 cycles + 1.0 35.15
& 93 ARLERol= v gttt 7 wEEAe 2 cycles £ 15 52.73
E9] g2kl HIx|atal Ho| AteES bl AA Adsly) 2 cycles L 20 703
Aste] AEE 4715 ol §7g8te] PCRY] YRES g 2 cycles +3.0 105.45
EQl JA45l9t; AETO AHzlHo|A ZIEE 2H 9 2 cycles + 4.0 140.6
He2 WAB] fIte] A4 AEE ZolE 250mm, SH 2 cycles + 5.0 175.75
2HE Zol5 200mmE kA AASIch 2 cycles + 60 210.9
A A o] AHEE A, B, 23 E0 ARAY A} 2 cycles £ 7.0 246.05

S22 es] =8 A26d AS(EA A128%) 20149 29 59



SAMENESH A7 711 AR Fsks A

3ttt Fig. 29} o] LVDTE 0|83} sh5Aishd w9
e Wy, AAA W9 55 ASSeih B WFE
AOIAE dAste] 4, AR, d 5o HIES A5

stiet,

3. A%

(1]

T}
3.1 515-49 @

Fig. 62 AR 2 whio|x o] 47 5157} B o
99] PAS UehiiTk, o] B g el sl 4
welzsE A Holqo] AANYE AAT gholch
SAZhe B G WgRRE B A2 3180mmS vt
golch. prot Pt MO) ANBHES IAR A4
o)A o Z7moln, of W T A a4 BT
A 7k Agls AR AHoIAE 2,680mme] 1L, PC

Aol A= 38,180mmolth, BC1, BC3, BC4= &34

4
>R

ST G I

Bt R

Envelope curve

075P | ... &
0.80P, [--------f---

'
.

! 1
! I
! '
|

'

'

|

|

|

! 1
Yield stiffness \
1

i
A, A, Displacement

Fig. 7. Definitions of yield displacement, maximum displacement,
and stiffhess

& Z2ele sk e 9oH BC2E A5l
ngRich, BC1 BC2= 37 3%olA Hdjstgo] =2
stgon BC1E A7 4%7H] 54ES FAE
BC3%} BC4= 3177} 3%l FEHES] Ftfslzol =g
gt & sgAste ol A8 Aastglen, YRHE B
Fo R 3H7 5%7HA] slgo] WolAA] Mottt BC2E

Displacement ratio (%)

700 5c1 700
600 - 500
500 A A =4351 500 4
400 400 A
300 300
200 - 200
100 - 100 A
0 0
-100 4 -100 A
200 A 200
300 A -300
-200 A -400
-500 A 500
600 A 600
_. 700 : r -700
Z 250 -200-150-100 -50 O 50 100 150 200 250
;u 8 6 -4 -2 0 2 4 6 8
8 700 700
600 1 500
500 500
200 4 400
300 300
200 200 4
100 100 4
0 1 0
-100 A 100 A
200 A 200
-300 A 300 A
-400 -400
500 A 500 -
600 600
700 — 700 — —_—
-250 -200-150-100 -50 0 50 100 150 200 250 -250-200 -150 -100 50 O 50 100 150 200 250
Displacement at beam end (mm)
Fig. 6. Load-displacement relationships of specimens
60 et xsts] =y A0l A1S(FTH A128F) 20149 2



Ao BE AR ExnulEZ o] QAR 31
7t 4% WS WP Y-S Bt 53] PCEE 2§
3} BC3%} BC49] AL AZg Hxog olalo] oty =2
A2 EQ] Fatuty|of B E Fo] ARt o]l dnkzql
ZAYE Hof djgste fd HEsEY At

g5 e

Table 39 &2 Wl @ o HY7} et ¢
7o 4] Aol ujo} Zho] = W] A e
A3 2jel5 P, 75% 4
Aol Zstgol =E= H‘JH oz Aot Z
W9 A L HeE v T s2Asks o] 23w
9] 80%Y wjo] Hjoltt, AE pe= zqqq B 9]0}
o] g2 A yERdtt, ZAjE FgHEel BCL, BC2:
B 3]H7t0] 1,7~2.2%%.0 0 PCH 3¢l BC3, BC4

g L

r_>z

Fig. 7
ol A

o

g
S
417

529 BE e T

N

o
2=

8 8|Mzto] 1.2~1. 7%t}
B3/} 4.97(RD), 615 2
B2t 8147} %ol SIS o]
£ L95((H) W), 2.00()FHE 71
Fig, 88 2 3170014 Wa7lsk5e ojg A
H310] 74 AsheI cheiich 2+ s121219) 5 90 ol
SolA o] FEE B 8lze] A HA Aol ZelA e B
2 U goex] En|g Hojstent. Fig. 8ol et
glol, 2R R ARHl BCL, BC2 2L 847}
oA 7R} 1,00 AR, BOLE 812t 4%,
BO2% B2 %ol WA Ao| 29 SEAsHs o]
27 RS & 4 oleh pex A AR Bos,
BO4: B BT e E0) Bajuly) 9 podlo) sk
susme|E geog qlste] 7|51% 2715 4E A

1.2 12
L BC1
Tu' L BC.4 BC3
- A '
[ |
K] 1+
hd
[}
o L
© .~
- .~
g f
-]
< < 08 A
= ' ‘=
5 |::| BC4 BC3 [ {
& SL(#) dir < () dir. BC1
0.6 T T T 0.6 T T T
0 1.5 3 4.5 6 0 1.5 3 4.5 6

Displacement ratio(%)

(a) Positive loading direction

(b) Negative loading direction

Fig. 8. Cyclic strength degradation of 2nd load cycles at each displacement level

Table 3. Summary of test results

Load-carrying capacity Deformation capacity ) )
Predicted Max Yield Mo Yield stiffness
Specimens redicte axtmum e - aximum Dutility k,(=P,/A,), | Failure mode
strength P, | strength P, | displacement | displacement =A /A : N/
kN KN (%) | A, mm (%) | A, mm @) | T m
(+) dir. 435 448(4.3) 70.6(2.2) 170.1(5.3) 241 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) 4.97 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™)

Design formulas Note
_ (D, —t,)t? 7 resistance of vertical
v 1, us member in tube flange
_(2,-t,) resistance of horizontal
g l, us member in tube flange

resistance of tensile
member in tube web

T, —2{(t +iz )tf +htf,. }

resistance of continuity

TL=V2Wtf,, plate

l (D, —t,)(952 +81D,t2)
v 1902 + 108D,

D, —t,~b,

z f

length of vertical
member in tube flange

length of horizontal
member in tube flange

W, =min(w ,, v’ ,,w",)
f=——=(D,+b,4+2h,— 2D,
Wa 2\/5( s 0T e Va2 ") effective width of
continuity plate
(A in Fig. 14)

o'y =~ {V2(D,~2)- D}

2

+t,+h,)

b
’U)WA: \/5(3/

= width of beam flange

= diameter of opening in continuity plate

= width of steel tube

= tensile strength of continuity plate

= tensile strength of steel tube

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

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

Ultimate strengths of connection, kKN | Moment

Specimens capacity,
R A A
BCl1 1452

—F 139 128 | 1911 | 2709 | 2976 ———
BC2 1750
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