Journal of the Korea Concrete Institute
Vol. 25, No. 6, pp. 631~639, December, 2013
http://dx.doi.org/10.4334/JKCI.2013.25.6.631

stojEz2|E mE2JHAE H-TI|S

23

Vgoplstan 7% F o}

o

V. gsn

Analytical Study on Hybrid Precast Concrete Beam-Column Connections
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ABSTRACT Non-linear finite element analysis for newly developed precast concrete details for beam-to-column connection which

can be used in moderate seismic region was carried out in this study. Developed precast system is based on composite structure and

which have steel tube in column and steel plate in beam. Improving cracking strength of joint under reversed cyclic loading, joint area

was casted with ECC (Engineering Cementitious Composites). Since this newly developed precast system have complex sectional
properties and newly developed material, new analysis method should be developed. Using embedded elements and models of
non-linear finite element analysis program ABAQUS previously tested specimens were successfully analyzed. Analysis results show

comparatively accurate and conservative prediction. Using finite element model, effect of axial load magnitude and flexural strength

ratio were investigated. Developed connection have optimized performance under axial load of 10~20% of compressive strength of

column. Plastic hinge was successfully developed with flexural strength ratio greater than 1.2.
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(a) HPHC system with slabs

(b) HPHC detail
Fig. 1 HPHC (high performance hybrid connection) system
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Fig. 2 Uniaxial behavior of concrete
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Fig. 3 Uniaxial tensile behavior of ECC
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(b) O-ECC25-H

Fig. 4 Details of tested specimen (unit: mm)
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Table 1 Details of test specimen & material properties

. . f/(: i v; v; IU"n
Spec Specimen | Connection |Hoop bar of] ECC Co!umn Bfam Axial o= ‘ Z ‘ W Vy
pecimen type method Joint arca | 2T€? size size PC ECC | load T N Vo
(mm) | (mm) | (mm) |element|element| (KN) (kN) ]by
1| -ECC25 fnner y 250 1286 964 | 628 |1.53

. connection (0.7d) 350 350 )
Interior o 250 x x 275 | 40.5 | 0.1 | 1.6
2 |0-ECC25-H uter 0 0 1350 | 400 1286 | 964 | 886 [1.09
connection (0.7d)
f'.: compressive strength of concrete and ECC by material test; axial load: 0.1f".A4,; gM": strength ratio predicted by ACI
1,

352R-02; 1V, V].Z: type 1 and type 2 shear strength of joint predicted by ACI 318-11"7,

Vi
. potential shear capacity (V—>l

Jby

bar yields,
Vﬂfy

Fig. 5 Finite element model for specimen with element
details and boundary conditions

(a) Composite section plan

(b) Ply-stack view

Fig. 6 Composite section and ply-section
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(a) I-ECC25

(b) O-ECC25-H

Fig. 7 Comparison of FE analysis results with experiment
results (load-displacement)
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(a) I-ECC25 (test results)
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(c) O-ECC25-H (test results)

(d) O-ECC25-H (analysis results)

Fig. 8 Comparison of FE analysis results with experiment
results (failure pattern)
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Fig. 9 Comparison of FE analysis according to the variation
of axial load

(a) Axial load ratio 0.1

(b) Axial load ratio 0.2

(c) Axial load ratio 0.3

(d) Axial load ratio 0.5
Fig. 10 Crack pattern by axial load I-ECC25-0.2
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(a) Moment strength ratio 0.1

(b) Moment strength ratio 0.2

(c) Moment strength ratio 0.3

(d) Moment strength ratio 0.5

Fig. 12 Stress distribution according to moment strength ratio

638 | =232 ESlS| ==& X257 6= (2013)

B Zolth 14 A mE APAL 929 FEe A
dstglon BgEnt 4o AR 49 Aol $9

B AE H =A vEde ZE @l ¢
==
T

1o

A Park!V9] A Tk PNE o] g W] FHw
oA Fe] gEe APT £ e WAL F AU
k =

o] AFtoll = AlFerdA W HER ok HE
WE S 93] JldE HPHCY v)AE §3e 4sA Wy
S AT B1AE Fete s 9 AFEAS
o 71E AT Aol HES] oH Y gl
g3t HEES Sy v 2 48 =5
4 QJSlth

HPHC®] frdtazsfde] QlojM dxddAe 24
E Ao 8] mpa AR E 7] ATellAl Aljbstar 319l
0257} A3tst Zlow vElgkom ECCE REE S F
MM ANtEIEES] SH-HEE AAE, ANA
bi-linear A= A5 bdAdo] RAdH, Astst s

{Y\é RS Y o _X_"]
A9 B2 5 ol o ety wy
I3

WY ofo it 2 30 o X {0 2 orfr v o

g a4 At A% Astel e A} 35 9 olel
A WY QRdskA ASse Zow teson, B
Ayo] A3 Ausk | 2A ekl 22 g S
gtk o)t 7% 3} B AlololA o] B Aol tiF =
bRk AP oRE sl FHEA o} Ay
Aoz wasv, o g5k shao] Bad A% 3%
FAYE B BT @Yol ehd & YES sof @
o

NI
o

2o oo mxopx IR ¥ N

A Qo] 15l AgsHE Helol J1F &
14 283 A9 sE Al o

ot
]

\

0
dlo
o
i)
rO
st g,
.

oo 30

)
(98]
S
X
i
BX
K
ot
o (o
L
rlr
o
ot
-z
N
N
K
bl
]
jincs
o

AAe o] 5 Hkgdsfjof
A7) Astelal Qe FAEH] 128

o 3o o o
o rr o ull

=
3 5 Q= Ao® Uehgth Wi 24319 A Al
o] '%57&501] :\}71(;]3]'7‘” 6‘]—7] A= A En 7]_ 1.6
o|Zefof sH= RO Yehdt, AFAAE
= ukdste] AR RS Aol & Aow AodAT)

A=



AR =2

=2 20139 R(IEHY] Adoew d=d
“H(No. 2013R1A1A2010717)A Q3 74 E3K117]
F3H07-0)A S AQor A

o]
2

-
=3

References

1. ACI TI.1R-01, “Commentary on Acceptance Criteria for
Moment Frames Based on Structural Testing,” ACI Manual
of Concrete Practice, ACI, 2002, pp. 1-7.

2. Paulay, T. and Priestley, M. J. N., Seismic Design of
Reinforced Concrete and Masonry Buildings, A Wiley
Insterscience Publication, 1992, pp. 250-263.

3. Ha, S. S., Kim, S. H., Moon, J. H., and Lee, L. H., “An
Experimental Study on the Structural Behavior of the
half PC Beam-Column Interior Joint with Strand,” Journal
of Architectural Institute of Korea (AIK), Vol. 23, No. 9,
2007, pp. 3-11.

4. Restrepo, J. 1., Park, R., and Buchanan, A. H., “Test on
Connections of Earthquake Resisting Precast Reinforced
Concrete Perimeter Frames of Buildings,” PCI Journal,
Vol. 40, No. 4, 1995, pp. 44-61.

5. Abdel-Fattah, B. A. and Wight, J. K., “Study of Moving
Beam Plastic Hinging Zones for Earthquake Resistiong
Design of RC Buildings,” ACI Structural Journal, Vol.
84, No. 1, 1987, pp. 31-39.

6. Choi, H. K., Yoo, C, H,, Choi. Y. C., and Choi, C. S.,
“Structural Capacity Evaluation of Hybrid Precast Concrete
Beam-Column Connections Subjected to Cyclic Loading,”
Journal of the Korea Concrete Institute, Vol. 22, No. 3,
2010, pp. 325-333. (doi: http://dx.doi.org/10.4334/JKCI.2010.
22.3.325)

7. Choi, H. K., Choi. Y. C., and Choi, C. S., “Hysteretic
Behavior and Seismic Resistant Capacity of Precast Concrete
Beam-to-Column Connections,” FEarthquake Engineering
Society of Korea (EESK), Vol. 14, No. 4, 2010, pp. 61-71.

8. Hawileh, R., Rahman A., and Tabatabai, H., “Nonlinear

11

12.

13.

15.

16.

17.

19.

. Priestley, M. J. N,

. Fu, J. P., Chen, T., Wang, Z., and Bai,

Finite Element Analysis and Modeling of a Precast Hybrid
Beam-Column Connection Subjected to Cyclic Loads,”
Applied Mathematical Modelling, Vol. 34, No. 9, 2010,
pp. 2562-2583.

“Overview of PRESSS Research
Program,” PCI Journal, Vol. 36, No. 4, 1991, pp. 50-57.

. Camarena, D., “Finite Element Analysis of Precast Prestressed

Beam-Column Concrete Connection in Seismic Construction,”
Chalmers University of Technology, Master’s Thesis, 2006.
Han, T. S., Feenstra, P. H., and Illington, S. L.,
“Simulation of Highly Ductile Fiber-Reinforced Cement-
Based Composite Components Under Cyclic Loading,”
ACI Structural Journal, Vol. 100, No. 6, 2003, pp. 749-757.
ABAQUS Theory Manual: Karlsson & Sorensen, Inc.

Lee, J. and Fenves, G. L., “Plastic-Damage Model for
Cyclic Loading of Concrete Structures,” Journal of Engineering
Mechanics, Vol. 124, No. 8, 1998, pp. 892-900. (doi:
http://dx.doi.org/10.1061/(ASCE)0733-9399(1998)124:8(892))

. Mittelstadt, J., Numerical Studies on Composite Action

with Concrete Filled Hollow Section Columns, Studienarbeit
of TUHH Matr. Nr. 30978, 2008, pp. 7-12.

NZS 3101: Part 1, Concrete Structures Standard (NZS
3101:1995), Standard Association of New Zealand, Willington,
New Zealand, 1995, pp. 133-136.

ACI-ASCE Committee 352, Recommendations for Design
of Beam-Column Connections in Monolithic Reinforced
Concrete Structures (ACI 352R-02), American Concrete
Institute, Farmington Hills, Mich, 2002, pp. 1-37.

Lin, C. M. and Restreop, J. 1., “Seismic Behaviour and
Design of Reinforced Concrete Interior Beam-Column
Joints,” Bulletin of the New Zealand for Society Earthquake
Engineering, Vol. 35, No. 2, 2002, pp. 108-128.

S., “Effect of
Axial Load Ratio on Seismic Behaviour of Interior Beam-
Column Joints,” 12th World Conference on Earthquake
Engineering, Auckland, New Zealand (12WCEE), 2000,
pp- 1-5.

Park, R. and Paulay, T., Reinforced Concrete Structures,
John Wiley & Sons, 1975. pp. 11-47.

O 5 =) e} =)
Tl_zs]_o }\OH)H |= =1 R %
=
=

Fglee selssn,

1 B &gR, oEE oZE

=T, [

W A9 dae] fAAG neE o 97
Y EREES e EE

43 37 AGeNA ALg b5
= BerRE e s o2 )% Ui 4ue
o e maelEsh AR ohle BCCebe AE e e
IS MY fResRae 8 feesdy =
BAQUSSIH A Z3He BEUES ALSSGITh MY fete k)
HHgoeH MR A F US Ao Bus

3 1ae o) 9%, Baenle GEel ois BAs g5 A5
L 1020%eI 18 F A SR 5 Agen, DR 12 oleld 71Fe] 2% o] 3

o

3 2L ZTIIAE ZIAYE

HA-3h

O

Fick %
7

ﬁ
F%
ox, -
o
R

slo|EZ|E Z2F|AE HU|s 1639





