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Super DOF element of RC beam-column joint

FANG Zihu, LI Xiangpeng, JIAN Xuyang, HONG Bokai

(College of Civil Engineering,Shenzhen University , Shenzhen 518060, Guangdong,China)

Abstract; To analyze the nonlinear hysteretic behaviors of RC frame structures under reversed cyclic loading, a
new element of reinforced concrete beam-column joints, super DOF element, was presented. The element edges
were divided into “joint plane” and “beam-column plane” at the joint-column interface and joint-beam interface.
The inelastic mechanism of joint core was represented by the four-node plane stress element. The anchorage failures
of beam and column longitudinal reinforcement embedded in the joint were determined by eight springs between
“joint plane” and “beam-column plane”. The proposed element has four exterior nodes and four interior nodes.
There are two degrees of freedom on each interior node. There are three degrees of freedom on each exterior node,
coinciding with ones of typical beam element, so the element is suitable for use together with typical hysteretic
beam-column line elements in two-dimensional nonlinear analysis of reinforced concrete structures. The element is
implemented as a four-node twenty-degree-of-freedom element through moving the degrees of freedom on the interior
nodes to ones on the exterior nodes. The simulated data were compared with tests, and the results indicate that the
ultimate strengths and hysteretic pitching behaviors analyzed by the element are well agreement with the test ones
and the computer time is short. It concludes that the proposed element is suitable for use in simulating response of
building joints under cyclic loading.

Keywords: beam-column joint element; reinforced concrete; frame structures; reversed cyclic loading; non-linear

analysis; hysteretic behaviors
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Fig.1 Nodes and degrees of freedom in the element
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Fig.2 Element of joint core

2 RAEEEE T REEREY KR

A S R AR 2 B S e R WA 3,
Hrrr(i=1~4) NEYIAIE,S,(i=1~8) HHHS



5 6 1]

TiHE, 55 AR EE L BT U A T .55

TRBE T Z [AIRRG 25 1 B A2 T8 | 28 TR A 2 A ALY
SE A SRR Y A
BRI S S A EZ AT R,
r,=4, - (v, +v,)/2,
r,=A, = (u, +uy)/2,
ry =Ag = (v, +0,)/2,
r,=A,, - (u, +u,)/2.
f5E £, F £ 435300 R 9% BT AT [ R R AT: - 7
AN 75 T B 5 A T v B2 1 LOAEL, B £ by, Chy, DL 2)
ok S CTTEST SR

(3)

3 WEEZENLBXR
Fig.3 Displacement relationship between two sections
%0, =0.5hf, B.=(14/,) /2y, = (1-.) /2, H
WLH) o, B, Fly, DU A TAR ¢ B b AT, )
SRR S R A AR R
S, =4, + oAy - By, — v,

S, =A, - A, —yu, - Bu,,

S, =A +a s - B, — V.05,

S, =45 —adg — v, ~Bos, (4)
S; == A, + oAy +Byu; +yv,u,,

Se == A, — Ay +yuy + By,

S, ==A, +a A, +Buy, +7y.u,,

Sg=—A4A,, —a A, +ywv, +B.uv,.
3 FHEXR
LTSRS E Al L)

F=\fi f. fi fi}" (5)
KXof={F F, Fo X Y| SR8 1
R B D, WP I, A 3 AT A
PrA AR F, 5 3 SR A, AR
X, fy, S5 2 0 S u, Flo, FAXTR ;8 HRKGLE
WIS P, T, P, S5IK 3 B MK S, X
o7 B E BT V) A T Y 4 AR TR Q. FoR, 0,

5 3 BTUILRS r, AN
LR E 2 SIS SRR WA E VRS PN
B

F, =P +P,,

F3:(P1 - P,)hf,/2,
F,=P,+P,,

Fg=(Py - P,)hf/2, (6)
F, == Ps - Pg,
F9=<P6_P5>hbfb/2’

F, ==P; - Py,

F12=(P8 _P7>huf‘(‘/2'

L CRIIEL S SRS DI E DSt WA Ed VR S PS

Fy== (Y, +Y,)=0,,
F, == (X, +X3):Qz,
_ _ (7)
Fs __(Y3 +Y4)—Qs9
F,=- (Xl +X4)=Q4'

4 XA

AT RSAAAE 4 FORH I ELOC R . (1) P
JCHYTREE T AP ; (2) T BT N A AL RL, 4245757
JUPA Y A RO B A SR A T RN I 32 ) B
(3) A2 1N 5515 AL X TR B T 22 18] ) Rl
51 (4) AR 5 1 R 2 8] 1Y 8 U)AR P
PRESC AR o, (1) F(2) iR &E AP BER F MCFT
e IR7o S VAL /L O SERRIE T I S
Ramberg-Osgood 2> 2 HE 37 14 ¥iF [a] 44 fif5 455 780230 i
FhAFRE R SE & ABAQUS |1y UMAT £ 1 F
B2 B A 5070 (3 ) H ARG 45 e R B G
TR ITE MR R R B gl
OpenSees K F ARG S6, BE, 72419 05 1 B #
RFZARHEAL T 3R (4) BB R A
SCHYEE SORTE TS AR I Y DDA AR | PRt 74 SC
AR 2 B R P B T K 2R R 1Y

5 [ E
I 2 7% 1T T B T 1 4

K. = EN: EV“ B'DBW(£)W(n,)V/4  (8)

SN BRI L W(E ) W () A A
SR £, il m, 50 A 1 SR e b,V R A
B, D AR B MCFT B 15 B (R £ A
AT A ) KR 5 4 1 0 5 15 200 1 g
5 A R 2 7 H A BRIV ) S R T L
WES) | B R AT A SR, W12t (9) B,



. 56 - WOk E T M k% % R 549 %
B=[B, B, B, B,], (9) B RGN, #1075 EoR g T X,

X K-8=P-F. (18)

(1 =n)/h, 0 K. K RIS (8) L (12) A1 ( 14) SKASHY Y i g 2F

B -l 0 C(sem | oy TR 5 AR, P i

2l vem (1 -mm TR F R (15) . (16) FI(17) 3k

HAR 3 A ZRHET A5 20 (8) 7 4 W B8 e Sy %
BT R NS L ERRE R A3, T BTG 1Y) A P A
BTG 8 AURGAE T AL SR 4 AR BT OIS R AY
WIEE .

KGR SRS W FE R R, LSS 1 0], A iR
WEHE MG (4) hif s 1 AR S, B UE B
£ A

S, =B,A,, (11)

:Tit':F':lez[l a, —B, _'be,AsliEll:ml VA8 uz}T-
WGy S I EEIC R D, UL H M B2 AR Ay

K,=B'D,B,. (12)

)2 K20 (3) A BT DD 3 2 B U MR 2

PAry 4], A
rn=B,4,, (13)
£f.B,=[1 -05 -05],A 1A, v, v}
A B UIRIEE LA D, DOLH: R B F oy
K,=B.\D, B, (14)

B(8) L (12) F(14) LA, BRI A5 2]55 5 2AoT

PR D R

6 WAIHEE

P T (P 2) AR SR PR TR R
[ 5

X= Z 2 B'oW(E)W(n,)V/4  (15)

ﬁ‘:fj:X:{Nl Nz N3 N4}T,N,- Eﬂﬁﬂéxl Yi}vr,
o V- T TC wR H  N g ) a8 AR LS 5 R A Y
MO AR 1 ], i (4) A, A aE
MACIR AR HE S R Py, W H S 6935 85T W)
N

F, :B:‘IPI‘ (16)
A F 2IF F, X, X' B AR (11).4 48
SYY)AR L i S B P m i, DL, S B
A

F,=B0,. (17)
KL F R F, Y Yo U0 Q, SRR ST Ay 4
H3(15) . (16) FI(17) BV AT 15 2 805 fib Sy 1) 2t

7T HEMHXE
e 9 4 R COR et e, X A

T4 $50 77 ) ik
8 I if

AR PR PIHE ST 4 UNITL® | s flE 28 7 4
UNIT3" R A AESR AT 4 KIS 3 6 235 SR R 50 E B
JCHYA . S AN A TR AT ABAQUS 1)
B21 BEHATE A B rebar JE X, RN % R 24
(RIS 5 TRE - RD R 25 0 R 0T R BT R FI 43 2%
% IREE LM BLER H OpenSees H1 concrete01 £ Y |
R 720 W TR 5 - 17 g A A i [T A R SR ] Veechio
R
8.1 Hfl1-MHEZRT = UNITI

B D BAICAE OpenSees ¥ & K HIE
BB, AH 3R 56 B0 HE 7T T OpenSees W] 3l 1 75
SIAT TR SRR AL AR 2 10 D ETT, Horp gt |
far BN S BT 522 84 4 550 (ABAQUS 354
BRI ULIE 4).

T HIC

{1

El4 UNIT1 5 #ii%E
Fig.4  Analysis model of UNIT1
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Fig.5 Comparison of load-deflection responses for UNIT1
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Fig.6  Comparison of load-deflection responses for UNIT3
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