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Abstract: The nonlinear three-dimensional finite element analysis of five through-beam-type interior RCS
beam-column connections is performed by the finite element software ANSYS and the analytical results are
compared with experimental results. The effect of material nonlinear constitutive relations and concrete cracking
and crushing is all taken into account. A series of numerical simulation technologies is studied, such as selecting
element type, defining material model of steel and concrete, establishing global finite element model with discrete
reinforced bars elements and stirrups elements, applying loads to the specimens, and setting solution controls
option and solving. The investigation shows that ANSYS finite element software may simulate the behavior of
RCS beam-column connections under static loading through reasonably selecting parameters, and the analytical
results agree well with experimental ones.
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Table 1 Import parameters of concrete material
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Table 2 Import parameters of steel

“'ZJ& - AR R
W M L /MPa /MPa
Ey e, (%) &%) e (%) f,  fu
HE FBP 0 1.8 360.6
1—» AR 1843.1 1.9 2.2 75 3855 4933
#9 Y\ j 0 2.1 4285
#3 i 5 0 2.1 428.5
e 0 1.7 348.6
B 2082.7 1.2 21 875 2494 3879
X 4 FBP 0 15 299.0
34,7 R 7FBP 0 2.0 405.8
#10 Y\ F55 0 2.3 452.7
#3 46 0 2.2 4479
#4 i 0 2.1 424.4

33 EuiRE

1) & X TAE X4 (Jobname). #5/i(Title).

2) TERTALEEZS(PREPT)H i L HIGRAL, Hog
SEHS B B T

3) A JUAAT SE PR I K 43 I A 15 2145 BR I
R FFGTARYE, BU 1/2 BEAY . S S r AN A s
AL, 5 LIRS R SRR . 7RI A
I 5 (7 B AP T O) BRI A S, DU
SR HEAT BT R oy . [EIRS, DIEERREZ . IER
T FBP, DA ATREE BT R — 5 S
UG B 70 R R 7 e o MR 4 75 A0 0 557 B o



T ®

71 41

FGT Rt ot fa BEENR R IT R R
SR PR e BB R DX TR, AR AT
RX RS ICHON — 2 T B X T RS
BEBOR, DR REERE . K 5 2 SR AT IR
I St

KI5 A R B TR Y
Fig.5 Typical finite element model
3.4 HMEANGErE KR

1) #EN ANSYS Rfif2.

2) JEX MR, FER R AT B .
WHUNA TG 134, FTIF BB a2, e fif 2
B TR GE R . TP R,
BCE RO ATEARE, SR AT 58 A R - 2 IR
o BCEWSUEN .. H TR RN, AAE
K, RABLFWSIAE AR S, HeR FH e shink
e GEHC =z L WA 5%.

90 :
80 | —
=) P ;
= L1
7 2 ol
B I I
g ﬁy —— kR
= 300 — g
2k 20 //
10
0
0 05 1 15 2 25 3 35
J2 ) AR A2 /(%)
€Y
100 3 I |
Z 8 P —_——
@
& 60
P
® 40 / —— I LE R
b= / oL
K 20
0
0 1 2 3
JZ AR X 2/ (%)
(©

3) Hihner k. AUREARR, 7R PR H]
PRI AE T B2 X 7R Y J5 1A RIS
TR X TTIE S Y JTIAAN Z J5 RIS o LEXSAR
SPETHT P Bt IR BR LI R (UY=0) 0 FEANZE IR Bk L2 5t
ARG Xy YA Z =ANT7 PR H B .

4) DRAFEE SO, THIRR

4 ARTHESERMALLERILK

P 6 & 25 T = TR X U8 AN 2 i 28 4204
ISR R 2k, B 6 rb 2 AR X RS 3 1 i A 0
M SHEBKEZ W, MmN EL, e%T
S i N 28 1) A X B 17 2 2 55 R N8R TR
PRt mERT S, A BRI A R
TR EHEARRK, —HYERIE. b
TARBEFBP, WAfF 1A 3 78RR Ak LU W5
MRAK, BT AR, BRI S PR ARE L IR
THEATI AT AGREEBEAT , T 751 2- AR 7 it 2 A 45
REW SR, EARE . Wt 2. W
fF 4. B 7 #BA FBP, Al AR EEL 2 B,
FERE AR A DA R e AT A B s, 5
S BCA 5, P 3- 22T - G ARG - ERE
Frif sl R, X 1F#R > 5 B R A AN
BB IR AE L. THREREN], il 1—
B 4, AT &R e T T 545 R (B R R )
Palie Zm R 2 o mxal i 7(1& 6(e)), %5 h& iRk

120 ‘ T T aaed
100 7 wa |

80 i

Z
o
Ly
£ —— s
4 s
g;}% 40/
=Y
x
00 1 2 3 4 5
JZ AR X 2/ (%)
(b)
mm—ﬁﬁf E—
é 120 A
o /V
ﬂ
Z 80 —— s
= // — R
3
2 40
00 1 3 4

2
SRR N2 (%)
(d)



42

wlft 7

T EKN

100

NI

ity fiif

50

7

—— s R

THREER A EIRR

T EER BB

1
2

3 4 5

J2 TRVAR Y RS/ (%)

()

6 AR TE 2 R L 4R

Fig.6 Comparison of load-deformation response for all specimens

TR e R R, TR R ZEA R K
Ko AL LA, £ N 0.7%—2%H, A
X iR R S R R s i, HAhw
AR BRRIRE LR BRI A R . TTRE
JRPE A 7 WH FE 1 FBP, X N R IR S 4R
PERRROR, TREE LM SEbRat B s, AR iy 5
TCAXT Al a6, W 1= 2 R
F Solid 45 #.56, HAMRK{F K Shell 181 #oc, #
Fh BT E AR IS W) A BT

5 Z5ip

AT RERY] . B AP ESH, ANSYS
A7 PR TR AT BE 5 A DU 2 - A0 73 VR R T AT A T
FE 8 I BAE R T R RE, IR A IR 45 R W) &
Bt

SR
(1]

Shiekh T M, Deierlein G G Beam-column moment
connection for composite frames: Part 1 [J]. Journal of
Structural Engineering, 1989, 115(11): 2858 —2876.

Deierlein G G, Shiekh T M. Beam-column moment
connection for composite frames: Part 2 [J]. Journal of

Structural Engineering, 1989, 115(11): 2877 —2896.

[2]

[3] Shiekh T M. Moment connections between steel beams
and concrete columns [D]. Austin: The University of
Texas, 1987.

[4] Deierlein Gregory Gerard. Design of moment

connections for composite framed structures [D]. Austin:
The University of Texas, 1988.

Ryoichi Kanno. Strength, deformation, and seismic
resistance of joints between steel beams and reinforced
concrete columns [D]. New York: Cornell University,
1993.

The ASCE Task Committee on Design Criteria for
Composite Structures in Steel and Concrete. Guidelines
for design of joints between steel beam and reinforced

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

concrete columns [J]. Journal of Structural Engineering,
1994, 120(8): 2330—2357.

Parra-Montesinos G, Weight J K. Seismic response of
exterior RC column-to-steel beam connections [J].
Journal of Structural Engineering, 2000, 126(10): 1113—
1121.

Parra-Montesinos G, Weight J K. Modeling shear
behavior of hybrid RCS beam-column connections [J].
Journal of Structural Engineering, 2001, 127(1): 3—11.
Gregory G Deierlein, Hiroshi Noguchi. Research on
RC/SRC column systems [C]. 12WCEE, Auckland:
1AEE, 2000.

Gregory G Deierlein, Hiroshi Noguchi. Overview of
U.S.-Japan research on seismic design of composite
reinforced concrete and steel moment frame [J]. Journal
of Structural Engineering, 2004, 130(2): 361—367.
Joseph M Bracci, Walter P Moore Jr, Michael N Bugeja.
Seismic design and constructability of RCS special
moment frames [J]. Journal of Structural Engineering,
1999, 125(4): 385—392.

Michael N Bugeja, Joseph M Bracci, Walter P Moore Jr.
Seismic behavior of composite RCS frame systems [J].
Journal of Structural Engineering, 2000, 126(4): 429—
435.

Lang Xuemei, Parra-Montesinos. Seismic behavior of
reinforced concrete column-steel beam subassemblies and
frame systems [J]. Journal of Structural Engineering,
2004, 130(2): 310—319.

Hiroshi Kuramoto, Isao Nishiyama. Seismic performance
and stress transferring mechanism of through-column-
type joints for composite reinforced concrete and steel
frames [J]. Journal of Structural Engineering, 2004,
130(2): 352—360.

Luis B Fargier-Gabaldon, Gustavo J Parra-Montesinos.
Behavior of reinforced concrete column-steel beam roof
level T-connections under displacement reversals [J].
Journal of Structural Engineering, 2006, 132(7): 1041—
1051.

(B SCHR[16] — [24]% 55 48 T0)



48 r ® Jh %

MRS IEI]. TS, 2003, 33(6): 10—13. fir BRAHI R[] LAEPUE S5nE ks, 2006, 28(3):
Zhang Qin, Lou Wenjuan, Chen Yong. Objective 73—78.

functions and their implementing method of location Bei Weiming, Li Hongnan. Study on the optimal
optimum of viscoelastic dampers [J]. Industrial placement of magnetorheological dampers In structural
Construction, 2003, 33 (6): 10—13. (in Chinese) control [J]. Earthquake Resistant engineering and

[12] *Bf%, WA, EEL. ETEEEERNSZEH MR IE Retrofitting, 2006, 28(3): 73—78. (in Chinese)

Je 2R A AT B [J]. TLFH# HUK % (B AR, [14] YeI5¥%, FAETR, BOCL. HE B L5 H)TH AL SCHE 8RR
2005, 21(6): 606 —611. A T[], 1 AR TR, 1999, 15(2): 49—55.
Zheng Wei, Yan Shi, Mo Juhua. Optimum installation of Xian Qiaoling, Zhou Fulin, Cheng Wenshan.
the MR dampers for the high-rise structures by genetic Optimization of energy dissipation braces in frame
algorithm [J]. Journal of Shenyang Jianzhu University structures [J]. World Information of Earthquake
(Natural Science), 2005, 21(6): 606 —611. (in Chinese) Engineering, 1999, 15(2): 49—55. (in Chinese)

[13] DUFRBA, 225555, Mhin A2 BH Je 25 18 245 #e) Yo = 4% i o 1)

(LF5E 42 )

[16] ML, MEZE. MR- HRE LAY R ERARE [21] Hiroshi Noguchi, Kazuhiro Uchida. Finite element
g AE T =2 A RE R I L [0]. A LE R, 2001, method analysis of hybrid structural frames with
31(7): 35—42. reinforced concrete columns and steel beams [J]. Journal
Yang Janjiang, Hao Zhijun. Experimental study on of Structural Engineering, 2004, 130(2): 328 —335.
behavior of steel beam-RC column joint under the [22] JEEAR, #h K. REELEMTENGTEIM]. i
reversed load [J]. Building Structure, 2001, 31(7): 35—42. [F)35F K2 A AL, 2002.

(in Chinese) Gu Xianglin, Sun Feifei. Calculator model of concrete

[17] BHKE, (oK, HA. @B - IR g AT structure [M]. Shanghai: Tongji University Press, 2002.
HAT HMPUEMEREN]. Tk#E R, 2005, 35(11): 1—A4. (in Chinese)

Mao Weifeng, Wu Yuntian, Xiao Yan. Experimental [23] kKA, WhIEGE, PMBERS, B O 5 SOIN5ER S B9
research on seismic behavior of bolted steel beam to RC VRE L AT D) RE Y 4R BR T T[], @R
column connections [J]. Industrial Construction, 2005, gE K244, 2005, 26(3): 98— 106.

35(11): 1—4. (in Chinese) Zhang Dachang, Han Liting, Sun Weimin, Ye Koubo.

[18] ANSYS Element Reference. Electronic release [M]. SAS Studies on shear performance of reinforced concrete
IP, Inc., 1998. beam-column joint strengthened by a new method with

[19] ANSYS Theory Reference. Electronic release [M]. SAS two-dimensional finite element analysis [J]. Journal of
IP, Inc., 1998. Building Structures, 2005, 26(3): 98 —106. (in Chinese)

[20] YL UL, BEHCAE, WHF0SE. JREE LS5 A BRIT AT [M]. [24] Liang Xuemei. Seismic behavior of RCS beam-column

JE5t: HHER A RRAL, 2005.

Jiang Jianjing, Lu Xinzheng, Ye Lieping. Finite element
analysis of concrete structure [M]. Beijing: Tsinghua
University Press, 2005. (in Chinese)

subassemblies and frame systems designed following a
joint deformation-based capacity design approach [D].
Michigan: The University of Michigan, 2003.



