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Numerical Simulation Analysis of Damage Evolution Process of Steel Structure Beam Column Reinforced Joint Frame
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Abstract: To explore the effects of different factors on the damage evolution process of steel structure beam column reinforced
joint frames. Four steel structure beam column strengthened joint frame specimens were selected as experimental objects. On the
basis of Ceteris paribus, the axial compression ratio of the specimens, the thickness of the steel cover plate and the strength of
the concrete were changed. ABAQUS software was used to simulate the steel structure beam column strengthened joint frame,
observe the stress nephogram of the damage evolution process, and make statistics on the yield displacement and peak displacement.
Conclusion; During the damage process of the steel structure beam column reinforced joint frame, the axial compression ratio and
the thickness of the steel cover plate have little effect on the mechanical performance. The concrete strength has a significant
impact on the mechanical performance. Moreover, as the concrete strength increases, the bearing capacity of the steel structure
beam column reinforced joint frame also increases. In the design of the joint frame, the concrete strength should be appropriately
increased to improve the bearing capacity of the joint frame.

Keywords: steel structure beams and columns; reinforced node frame; damage evolution process; numerical simulation analysis;
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Fig. 1 Node connection diagram
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Fig. 2 Front view of precast concrete beam
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Table 2 Mechanical properties of steel used in test pieces

\ S s JEE PR Jat MR R rhag
WA E AR, TR O R, AR mbm ey e ppa
fff, SEE XS RN, Hrb, BEUAM 1 WA EE Q235 12 2.01 426.00 536.21
AR LE XS RO, B 2 AN R AR B 2235 14 2.0 426.13 321.34
- i s - N e HPB300 10 2.01 415.62 586. 15
LSRRI, Bt pRE -0 wee B
(R4 5 A EE B XTI o RSN 1 s, Y s HRB400 10 2.1 478.29 574.28
£1 AHMEIESY HRB400 16 2.0 398. 15 568. 14
Table 1 Main parameters of the specimen HRB400 14 2.0 381. 45 547.15
i HARmR  ARER T BRI L2 &%
(hxh) /mm /mm (hxh) /mm j] ﬁﬁ$ﬁ850 KN E/J'J”I"—J—H‘ﬁ %Ettﬁgo 4
SI-1 L150 x 160 x 20 450 x 450 300 x 400 B ” R E MR ’ -
SJ-2 L150 x 160 x 10 450 x 450 300 x 400 KGR RAEE AT, B9 1 mm, Nz 1
sJ-3 LISO x 160 x30 450 x 450 300 x 400 W, g EE W& 3 R A Az 48 ) BE AT 58
SI-4 1150 x 160 x40 450 x 450 300 x 400
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Fig. 4 Uniaxial load response image under compression
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Fig. 5 Constitutive model of steel
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Table 3 Concrete parameters
JERE )/ MPa SZ A5G 5 BRI S3/MPa SZ G F
41.470 0. 136 1. 080 0.502
42.985 0.213 0. 960 0.572
38. 056 0.304 0. 865 0. 624
34.074 0.399 0.788 0. 665
36. 837 0. 482 0.725 0. 698
25.427 0. 550 0.672 0.725
56.715 0. 604 0. 627 0. 747
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Fig. 6 Specimen simulation assembly
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Fig. 7 Stress cloud image with different coaxial pressure ratio
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Table 4 Displacement of specimens with different
coaxial pressure ratios

WUE Ji R 37 %/ mm ({37 %/ mm
iE i iE 7
0.4 7.22 7.21 16.23 16.23
0.6 7.20 7.21 16.22 16. 20
0.8 7.23 7.22 16.25 16.21
1.0 7.22 7.20 16.23 16. 26
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Fig. 8 Stress cloud diagram of concreate with different strength
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Table 5 Displacement of specimens with different concrete strengths

L Jitt IR A3 A%/ mm WA {37 #%/mm
iE i iE it
C25 14.23 15.32 40. 12 42.09
C35 12.36 12. 56 35.16 32.48
C45 10. 26 11. 26 33.29 30. 27
C55 9.56 9.91 24. 39 28.67
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Fig. 9 Stress cloud diagram of different steel cover thickness
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Table 6 Displacement of specimens with different

e Y50 JiE R A 5/ mm U4 (B 1y %/ mm
/em iF it iF it

6 7.69 7.68 21.23 21.22

8 7.68 7.89 22.31 23.15

10 7.67 7.78 21. 69 21.85

12 7.29 7.58 21.34 23.21
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