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Abstract

The super-degree-of-freedom element, which is an element of beam-column joint of reinforced
concrete frame structures, is developed to be suitable for dynamic analysis of reinforced concrete
frame structures. The element is called dynamic-super-degree-of-freedom element. According to
UEL interface provided by ABAQUS platform, the element is applied to ABAQUS dynamic analysis.
By means of comparison with the results of a shaking table test of 3-story-3-bay reinforced con-
crete frame building under minor-moderate, moderate-severe and severe ground motions, relia-
bilities of the user subroutine and the element were validated. The results show that the subrou-
tine can well reflect strength and stiffness degradation of reinforced concrete frame structures
produced by earthquake loading. The subroutine and the element are widely applicable to refined
dynamic simulation of concrete frame structures.
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Figure 1. (@) Node and degree of freedom in the element; (b) degree of freedom in the internal node
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KE)FIG) 1 o F1 g & ABAQUS B HEILIMSEL, AUAIAIIEE, (t+At)NYRTIED, tar—nf
20, KANIBEHERE, M OARERRE, FORRIGIEP, F oA,

¥ LFLAGS(3) =2 iif: AMATRX =K.
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4 LFLAGS(3) = 4 Itf: AMATRX =M.
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MR HE R (4B, LFLAGS(3) =1 15, it5 RHS i, #0(4)# o L 0; ifi LFLAGS(3) = 4 #1 6 I,
AMATRX SEBR 2 BRI, N7 BB SR, o MIZBUR/NE, A3 0.001m,
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ZAREE — LR T = AN [FI M FE SR R A2 R N, b R s I 4378 0.05 G. 0.2G & 0.3G (G
NESIIERE), RET/NE. FEMEERE.

RIS 55 3048 mm, PIMRHEZEAE 2 6] ] #E 1828.8 mm, —HAHEZE (AL FE /2 1828.8 mm, 4F/EAE%
7 1066.8 mm, FZREE 152.4 mm, $E9% 76.2 mm, HJE 50.8 mm, TN, 4K 101.6 mm. &
Bt TR N 26.9 Mpa, FEIPEARE A 26,890 Mpa, U§{E N J1% SR AE A 0.0021. i44E i ERAD 2
R4 S, JRHE 2 5 S5, TR LEE 3 AR 4 S, RS 2 MR 4 SN HETRC 4 4R
4 S . 4 SN EAR 5.7 mm, JEIRGREE 468.84 Mpa, L E 214,000 Mpa. 5 549/ 4% 6.4 mm,
JE AR SR FE 262.01 Mpa, 3fitEfEE[R 4 5.

RIS TN T AR SEBR AR B 1R, ARG =20 2 — [ Ee o6 RAERE A R E T RCE . A
R Z R EEHE: SRR 423 KN, R 21.48 kKN, JR#E +ACHE %% 53.376 kKN, #i1% 33.94 kN,
AR HES AIATE 4.89 kN, ~F354rBC R 8 AMFETH ) Jii 5494 1.47 ton.

5.2. ABAQUS 4y #rissy

AR ARHESL R SR, MEALAE AN ZER) A PR OGIE B21 BERA T, AR A ST 70k E
JEH TG, HZMACEE mass G, &2 mass B E THERKTEN. Kb, H7rfoosimgme,
PHITA A T A, T RURZ 90 600 mm (F1 24T 2 MAESLIRIEE ) =20 2 —). EH TR RS
FEZr 8 NG, MR 3 SR SR E)S, mass BLocHI B EZI N 1.4 ton. XK rebar (17
o R A SC[LL] A R R, 4 SAN 1 3 M AS A 2.14E5, 468.84, 0.0011; 5 SHNH I NS HL
N: 2.14E5, 262.01, 0.003. Vi &E -4 K SC[12]f9 F1-CON AT F2-CON, JiEEHAER ) 6 MaASEUN:
26.9, 0.2, 0.017, 0.01, 26890, 0.0021.

B4, X iR ABAQUS R BUBEATARER S, AR E - A (1 VR sk LA RS AT Reighlay
FHJE . V&AL F1-CON I, 133 RS MHT 3 MZ /508 1.7391 Hz, 5.6272 Hz F1 9.7105 Hz.
% F2-CON I, 133 R4iHT 3 ML M N: 2.2027 Hz, 6.4789 Hz 1 10.036 Hz. HISC[9]RT %0, 46
BHEZR S — SRR 1.76 Hz, [, F1-CON VR A5 R o5& & A/ i Al

RGBH e AR T R Z94E 0.02~0.05, AR#E FR A2 AT LU 1T Rayleigh BHJE i & 500 R HAI7E
0.33 3 0.83 [/ 4k, ASCik+% 0.33.
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W, s E B ERICES ot EAMBRIRDL, 0 H, Y Rayleigh BHJE 15 & 2 m RN
0.33, 0 A] DLBEASH i 2 IR
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B EAAFTEAW) G BB, UL ABAQUS 43 M B 1L 1y I AR AV E 1 s [1) BE P 5 S B i B ASE 28 110 ) 5 A%
WA—F, WTE 13 s 5, HHTEs BRIV XK SR SE T —80 LU 23 B A2 (¥ 191 B P U RS
FORLBRAERL NI EE o [ 2 FIIE] 3 (g SR T /NGRS DL T 3 /i B B EE e 3 J0 R LU AT SE

4 FIE 5 bR IE(E R 0.2 G B RIEIL T, TUEMXALH AR ZHEET /1) ABAQUS 7 #T4h
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Figure 2. Third floor displacement time history for 0.05 G
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Figure 3. First floor shear force time history for 0.05 G
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Figure 5. First floor shear force time history for 0.2 G
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Figure 7. First floor shear force time history for 0.3 G
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