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Study on the Cyclic Seismic Testing of U-shape Hybrid Composite
Beam-to-Composite Column Connections
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ABSTRACT : This study that is a successive secondary study right after the primary bending strength test of a new form of
U-shape hybrid composite beam is a cyclic seismic test of U-shape hybrid composite beam and column conncetion. Three
specimens are built for the variables which are kinds of columns, depth of beam, continuity or discontinuity of upper plate
of beam, and a number of steel bars of end-beam. Kinds of columns are a reinforcement concrete column and a ACT column
of CFT shape, and beam depth are 300, and 500 mm. Detail of connection is bolt connection with using a short bracket that
is commonly use. As the result, deformability of 2~4% is ensured the floor displacement angle. If it is the negative moment,
the maximum moment shows that its capacity is above the nominal moment.
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Table 1. Specimens for Seismic Test

Beam Column Slab
No. | Specimen Beam(mm) | Top Rebar stud(mm) | Column | Wide Flange | Main | Width [Thickness Material Strength
P (2-¢16) | (mm) (mm) Rebar | (mm) | (mm)
o1 | Hra-s-6 [ 005T0 6mp25 | 130 |800xs00 [0 1 12125 ‘Steel * SM490
F,= 325 MPa
HF-500%270 H-414x405x18 ‘Rebar
02 | HF5-8-8 [, 0 ces™|  8-HD25 100 [800x800 vog 12:HD25| 2000 | 150 [P oy
‘Reinforced Concrete :
03 | ips-a-s [T O002T0 snmos | 100 [e1sxe1s| OO fo= 27 MPa
HF5 - 8- 8

T AFY UF PPE7L AREElen, 715 uidd
&A715(SRC71%, HF3 : H-350x350x12x19, HF5 :
H-414x405x18%28) 2 48715 (CFT7]%, [-618%618
x10.5)0] ARt Ko £Zol(,)= 2,880 mmo|H,
dFollole o] ZIEAAMTE 715 FAAY Zol(L)&
3,280mm, 71% Fski-el AH7E A”e 2,500mmeltt.
SYH 22 f8 5 ¥3sle] 2,000mm °|x, EHE F
e 150mmelth. Ed8e AFHE HAZYES A&
o, S} FAYE SHH e AEHEAYEE
ARt 2HEAYHE R} B AR AT Y
o] ¥ FHAdHE APslEs Aoz FHA
2Tt gk 4 2AEd ogk 45 o] 3
ofgh QI W} AA, M AV} 495 HEE AEA

6-HD10

T .

Number of Top Rebar : 6 — 6-HD25, 8 — 8-HD25
Species of Column : S — SRC Column, A — CFT Column(ACT Column)
Beam Depth : HF3— 300mm, HF5 — 500mm

Z93} shnete] BEZAE F10T M20 500mm 4
o AAdgTh BEUAS 13 Fdd ¥ 8 A3ds
600mm A% Aohfeel plAE 9 gl Ao &)
Hglort, /15 B AT Aege BEIZ0] Agd o
2 WA e 500mm o ddn”. e
7% Ao R MRS JHES siglon], i v
Wt kg TR 1 o 3 Bl Ul BUE 34
o FYuE W3] A5E A 2 BIS

e 2E HAIIAE V)T Ay 2

HF5-S-8:193mm) < & 7|5Hd dgslsion, Bl
of sy FdAe PR Hoh & S SVMIZa, A2
= =]

£ P ST IS 0|3k CFT 7150 A1
AES15] B Y dololzye Rstgon, st ol

;O
T

r B > A ® '
’ A-A'CHH
! | 2,000
l B2 HF3-8-HD10, HF5—6-HD10
e ¥, A m e 5%
ST
wle HAEHOE \_ 8-HD25
o HRAgc(-016) L-50x50x4@500
b5 HF3-@130 5 & M20@500(F10T)
o e 1p32

HF5—@100

B-B'EHE 3 B

4050 85 5041
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4,280

(a) HyFo Beam-SRC Column Connection (unit : mm)
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Fig. 3 Detail of test specimens
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Table 2. Loading Program for Seismic Test

HeA = Fig. 49} o] & 8709 WHAA(LVDT) 2 178 No. Story drift ratio Cycle Displacement
o E7E ol gele] Adze WY B v WY, B (hrad) (mm)
ool HiEbgwY AEA 9 SRS ASSiach T 1 *0.375 6 t12.3
Fig. 59} #Zo] W¥& Alo|A& Fslo] HyFok 7-#e] ® 2 0.5 6 16.4
3, sdiE 2o Wy, Beple] iy 55 ASlth 3 £0.75 6 £24.6

7HE A% 2 000kN, HH2EZA +250mm¢S! < 4 +1.0 4 +32.8
Frollo|HE olgsted M7k siien, sks AlEe Fig. 5 115 9 9.2
67t #o] Seismic design manual $6.2"7¢ Cyclic 5 2.0 5 65,6
Loading Programel 23l 7}ait}. Table 2= & A% - 50 5 954
dxel 7+ 7HEgAE 7SS v Zlolth B e
BA8 ZAgAEE A AARAS Felsion, 7 ° =0 - oL
golze ) dFdolE] tRel 2= A(Load Cell)dl ’ .0 2 $164.0
o8 =BT 10 6.0 2 +196.8
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Fig. b Location of Strain Gauge
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Table 3. Concrete Proportion

Table 7. Strength of Specimen

Design | w/c | Maximu Air | salt |Compres
oS .| m size of | Slump -sive
Criterion | ratio content | content

Strength | (%) aggrilsaete (mm) %) | (ke/md) Sfﬁgi‘gh

M,,.,(MPa) M0, (MPa)
Specimen
MM M| M| M| M

271MPa [43.4| 25mm | 150 |4.5¢1.5/0.30°]8}| 22.1

HF3-5-6 [535.6| 542.8 | 794.4 | 806.2 | 700.8 | 634.5

40MPa |37.5| 25mm | 120 |4.5+1.5|0.30°]3t 37.6

HF5-5-8 1759.0|1,133.2]1,071.2|1,831.2|1,048.8|1,331.3

Table 4. Tensile Test Results of Reformed Bar

HF5-A-8|667.8| 916.1 | 908.2 |1,464.5|1,048.8|1,331.3

Yield Tensile | Elongation Applicat;
Specimen| Strength Strength | percentage ppsli(‘:ui 1on
(MPa) (MPa) (%)
HD10 468.2 553.5 16.5 Slab
HD25 | 462.1 592.9 979 | Beam and
Column
HD32 506.7 630.5 20.2 Beam
Table b. Tensile Test Results of Plate
Yiled Tensile | Elongation Apolication
Specimen| Strength | Strength | percentage ppsicti 0
(MPa) (MPa) (%)
PL-6 355.0 529.1 23.4 HyFo Beam
PL-10.5 420.9 527.2 20.8 ACT Column
~ Bracket Top
PL-12 518.6 570.0 16.8 Shear Plate
PLA19 | 3400 | 4912 978  |SRC Column
Flange
PL-28 | 3394 | 556.5 939  |SRC Column
Flange

Table 6. Nominal Strength of Beam and Column

Specimen HF3-S-6 | HF5-S-8 | HF5-A-8
Plastic
Positive
Moment A, 700.8 1048.8 | 1048.8
Composite | (kKN * m)
Section |Plastic
Negative
B Moment 17, 634.5 1331.3 | 1331.3
e (kN * m)
a Plastic
m Positive
Moment A 301.3 796.6 796.6
HyFo N - m)
Beam -
soion 1t
Moment. 7 380.5 922.7 922.7
(kN - m)
Compressive Strength of
¢ |Concrete (fe. MPa) 22.1 36.7
o |Tensile Stength of Rebar B
1 |(f,. MPa) 462.1
U |Tensile Strength of Plate
m (Fy, MPa) 340.0 339.4 420.9
n M t Performance
omer 2137.9 | 2981.4 | 2813.0
(kN * m)
Be?ijOlumn Moment 3.05 994 211
Performance ratio

H2 s=z7pxsts =27 M5 15(EH 1225) 20134 24

A/[y*, M, Yield Moment of Specimen
M, M, Maximum Momnet of Specimen
MY, M ¢ Plastic Moment of HyFo Beam
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Fig. 7 M-© Curve of HF3-S-6 specimen

4% 3| H2o] A
si% B20|E 2% XF Wy
(7|15 MM 165mm EL&)

Fig. 8 Failure Shape of HF3-S-6 specimen

Fig. 9 Failure Shape of HF3-S-6 specimen : Local Buckling

Table 8. Inter-story Drift angle of Specimen

Inter-story drift angle (radian)

+ - + -
9, 0, 0, 9,

Specimen

HF3-S-6 0.010 0.009 0.030 0.039

HF5-S-8 0.009 0.009 0.021 0.048

HF5-A-8 | 0.010 0.007 0.030 0.050

0, . 6, : Inter-story Drift angle of Yield Moment
0, 6, Inter-story Drift angle of Maximum Moment
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Fig. 10 Concrete Slab Crack of HF5-S-8 Specimen
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Fig. 12 Failure Shape of HF5-S-8 specimen

Fig. 13 Failure Shape of HF5-S-8 specimen
. Local Buckling and Bearing Failure

3.2.2 HF5-S-8 234

AgE HF3-S-643A1¢ Fhap dfrollolelE B71e A
(gR=wE) o2 ARSIt AR § 51191 0.00375rad
2cycledA EEjBe] o] 7] A&

Fig. 103} o] &ejre] #d& HF3-S-648A9} nlzt
TR dAZEY 0B AR e vds] Skt
A= Fig. 113 Zo] 0.02radolM FEEHE o
sl 2 BRE(M, )9 102%7}F FE =2, 0.03radel
A AAEHE(M, )9 88.7%7F HHEITE. B8 0.05rad
7] BEEME el sheitie UehbA] gdskon
M, 9] 137%7} 2R, WHH (M) M) = 0.8°1=
HEEgITh, HEA 0 HyFol A3 R =¢koz 9l
gk w7} wAsle] A9 0.05radellM 28-S R8I
Fig. 12, Fig. 132 A8 T8 & A3He] ggFidolnt.

3.2.3 HF5-A-8 434

AP & F7H7E 0.00375rad 2cycledl ] SHfE
o] o] AFH7] ATt ERlHe TE- Fig. 149
ol FAZE Y R TtEaddo] Yepkdth Huhud
& Fig. 159 #2°] 0.03radolA ZEZAE(M, )l thate]
0.87(az,)7F =N eH, 0.04radolA sHi-ZH | ES]

h4 szz7pxsts =27 HMosA 152 1225) 20134 24

I

At 2 Wol Zaeiint. o] e =2
3] X& o= Fig. 173} o] ahiEdiA] ol5ae] =
gk ol el o3t x|qiu] e e sk 2ER 1
HEA ot ARMES FRd| AFeta| RI] Mo &
et B3 SRC7IE= 283 AgA wal olewat 1
HEE7}t eEHo] FIRE 759 ofdt WHI/kE &
2537 e AdEn. FEEMEE 0.05rad7H k5
HATF YRR odskom, 2ARHIE(M, )9 110%7} 29
=213, 0.04rad ©4 2 20mme] shi- mlEHe] WA

o -I-—*.—- -
s
|"[ -
|
A
1,000

ACTZ| B

r "r ==
“ 2 Lé

|-5.08%, -1.10)

Megative

6% =A% 2% 0% 2% 4% 6%
Inter-story drift angle({radian)

Fig. 15 M-6 Curve of HF5-A-8 specimen

- “

ooy

4% 8|3 ZHol M
S @0 E-0|FE O|@E
A (20mm)

Fig. 16 Failure Shape of HF5-A-8 specimen



N UE sto|S2|s BBt 7IS FEtEel M) Bet HF

Fig. 17 Failure Shape of HF5-A-8 specimen
. Slip and Bearing Failure
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Table 9. Result of Seismic Test

Specimen _ HF3-S-6 | _ HF5-S-8 ‘ _ HF5-A-8 .
Positive Negative Positive Negative Positive Negative
Nominal Strength A7,, kN'm 700.8 634.5 1048.8 1331.3 1048.8 1331.3
Yield Strength A7,, kN'm 535.6 542.8 759.0 1133.2 667.8 916.1
Maximum Strength A4, , kN-m 794.4 806.2 1071.2 1831.2 908.2 1464.5
ML/]WP ratio 1.12 1.25 1.02 1.37 0.87 1.10
Mu/My ratio 1.48 1.49 1.41 1.62 1.36 1.60
Yield Displacement d,, mm(%rad) 32.8(1.00) 30.5(0.93) 29.6(0.90) 29.1(0.89) 33.8(1.03) 23.9(0.73)
Maximum Displacement 6,,, mm(%)| 98.7(3.01) 129.2(3.94) | 67.6(2.06) 158.9(4.84) | 98.0(2.99) 162.5(4.95)
Ductility 5u/5y ratio 3.59 5.35 3.26 5.46 3.94 6.70
Stiffness A, kN/mm 4.98 5.43 7.82 11.87 6.02 11.69
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