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Rigid Domain Optimization of Steel Truss Joint with Reference to Multi-Scale Model

LIU Gaocheng, LIU Jian, DONG Chuangwen, LT Chuanxi

(School of Civil Engineering, Changsha University of Science & Technology, Changsha,Hunan 410114, China)

Abstract: The rigidity enhancement effect of the integral gusset plate is often simulated in the calculation of an
integral nodal steel truss bridge by using a beam element with a rigid arm to improve the calculation accuracy. By
taking Zhongshan Lianshwan Bridge as the engineering background, an optimization method based on a multi-scale
truss model for nodal rigid domain simulation was proposed and verified. Five consecutive standard sections were
selected as the study objects, and the beam element model with rigid arm and the multi-scale model of gusset plate
substructure were established by using Ansys. The same boundary and loading conditions were applied. The
deflection of the main truss of the multi-scale model was used as the target deflection, and the deflection of the main
truss of the beam element model with a rigid arm was fitted to the target deflection by changing the length of the
nodal rigid arm. The length of the nodal rigid arm was substituted into the whole bridge model for subsequent
calculations after the deflection was fitted, which optimized the length of the nodal rigid arm. The three models
before and after optimization were calculated and analyzed for the construction process and bridge state. The
comparison between the finite element calculation results and the measured data shows that the theoretical deflection
after optimizing the nodal rigid domain is always in good agreement with the measured data, and under the
maximum cantilever condition, the theoretical maximum deflection of the nodal domain is only 26.6% of the rigid
domain, while the theoretical maximum deflection without considering the influence of the rigid domain is 124.1%
of the measured value. The error is smaller than that under the overestimated rigidity, which indicates that the

optimized model simulates the actual rigidity of the bridge better, while the error caused by the inaccurate
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simulation of the nodal rigidity enhancement effect may be larger than the error of ignoring the rigid domain.

Keywords: steel truss; nodal rigid domain; multi-scale finite element model; simulation optimization; main

truss deflection
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Figure 1 Bridge type arrangement(unit:cm)
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Figure 3 Steel truss section and joint number
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Figure 5 Division of rigid arm of integral node
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Figure 6 Z7-Z11 section model with rigid arm
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Figure 7 Multi-scale model for Z7-Z11 sections
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Figure 9 Comparison of deflection of deck center
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Table 1 Comparison of deflection of upper chord of main truss of local model

o B IR X EMTHEE /mm (@/0)/ (@/D)/ (@®/®)/
T 5
B/m  ZREO ax;@ ay,® ay;@D % % %

Y1 92 —5.6 —4.4 —5.4 —6.0 78.6 96.4 107.1
Y2 95 —7.7 —6.2 —7.6 —8.4 80.5 98.7 109.1
Y3 98 —9.8 —7.9 —9.7 —10.6 80.6 99.0 108.2
Y4 101 —11.3 —9.1 —11.1 —12.2 80.5 98.2 108.0
Y5 104 —12.2 —9.8 —11.9 —13.1 80.3 97.5 107.4
Y6 107 —13.2 —10.7 —13.0 —14.2 81.1 98.5 107.6
Y7 110 —13.9 —114 —13.7 —15.0 82.0 98.6 108.0
Y8 113 —14.1 —114 —13.9 —15.1 80.9 98.6 107.1
Y9 116 —13.8 —11.1 —13.5 —14.8 80.4 97.8 107.2
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Table 2 Comparison of deflection of lower chord of main truss of local model

F B IR 5% EMTBE /mm (@/®)/ (@/D)/ (@/®)/
LAE R

B/m ZREO @ ax,® axs® % % %
Y1 92 —12.6 —10.5 —12.6 —13.8 83.3 100.0 109.5
Y2 95 —13.4 —11.0 —13.3 —14.5 82.1 99.3 108.2
Y3 98 —13.7 —11.0 —13.4 —14.6 80.3 97.8 106.6
Y4 101 —14.2 —11.6 —14.1 —154 81.7 99.3 108.5
Y5 104 —14.2 —11.8 —14.2 —15.5 83.1 100.0 109.2
Y6 107 —13.5 —11.1 —13.5 —14.7 82.2 100.0 108.9
Y7 110 —12.5 —10.1 —12.2 —134 80.8 97.6 107.2
Y8 113 —11.7 —9.6 —11.6 —12.7 82.1 99.1 108.5
Y9 116 —10.4 —8.6 —104 —114 82.7 100.0 109.6
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Figure 14 Hoisting and positioning of main truss
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Figure 15 Deflection comparison of main truss

under condition 1
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Table 3 Comparison of joint deflection of upper chord under condition 1

B FERE S/ TR /mm (BERIA/52 (BEAIB/9:  (BEAL C/5
PEE/m  mm BOIA BB ERC )/ % )/ % /%
C1l 7 —3 —3.7 —4.9 —4.5 122.6 161.8 151.3
C2 20 —8 —5.0 —9.6 —8.7 62.0 120.5 108.9
C3 32 —12 —88 —149 —145 73.6 124.6 121.2
C4 44 —23 —13.7 —229 —233 59.6 99.6 101.3
C5 56 —29 —19.3 —31.6 —33.1 66.4 108.9 114.2
c6 68 —35  —249 —39.8 —42.8 71.2 113.7 122.4
c7 80 —44  —30.5 —48.5 —52.2 69.3 110.2 118.5
R4 TR2EZMTRBEILL
Table 4 Comparison of joint deflection of upper chord under condition 2
i F T SHNE/ RS /mm (BT A /5 (BERIB/ 58 (BEAE C/ 5
FEES/m mm BIRA  BIRIB AEAIC m)/ % )/ % )/ %
C1l 7 —4 —3.3 —4.4 —4.2 82.8 110.3 104.6
C2 20 —7 —4.0 —8.7 —8.1 57.1 124.7 115.3
C3 32 —15 —6.9 —134 —13.5 46.0 89.4 90.3
C4 44 —23 —10.6 —20.8 —22.0 46.0 90.3 95.9
C5 56 —30 —15.1 —29.3 —32.1 50.2 97.6 107.0
C6 68 —39 —20.3 —38.7 —432 52.1 99.3 110.8
c7 80 —50 —26.4 —49.2 —55.2 52.7 98.4 110.4
C8 92 —59 —33.0 —60.3 —67.8 56.0 102.2 114.9
C9 104 —71 —40.0 —71.1 —80.4 56.3 100.2 113.2
C10 116 —78 —47.1  —83.0 —92.9 60.4 106.4 119.1
RS TRILZFTRBEEILL
Table 5 Comparison of joint deflection of upper chord under condition 3
. F T JHNE/ HHHEZ R /mm (BRI A/5: (BRI B/5E (AL C/55
FEE/m  mm BRA  BRB  FAEIC W)/ % /% )/ %
C1l 7 —4 —3.1 —4.0 —3.8 77.6 100.0 95.5
C2 20 —8 —3.0 —7.6 —7.3 37.0 94.8 90.9
C3 32 —13 —4.2 —10.9 —11.9 32.2 84.1 91.6
Cc4 44 —17 —5.4 —16.5 —19.3 31.6 97.2 113.5
C5 56 —21 —6.6 —22.9 —28.1 31.3 109.2 133.9
C6 68 —29 —7.9 —30.0 —37.9 27.2 103.5 130.8
Cc7 80 —35 —9.3 —37.9 —48.7 26.6 108.3 139.2
C8 92 —50 —11.0 —46.5 —60.4 22.0 93.0 120.8
C9 104 —56 —13.1 —56.0 —73.0 23.4 100.0 130.4
C10 116 —63 —15.6 —66.4 —86.6 24.8 105.4 137.5
C11 128 =175 —18.7 —77.7 —101.2 24.9 103.5 134.9
Cl12 140 —92 —22.3 —89.9 —116.7 24.2 97.7 126.8
C13 152 —100 —26.3 —102.9 —133.1 26.3 102.9 133.1
Cl4 164 —110 —30.5 —116.6 —150.2 27.7 106.0 136.5
C15 176 —131 —34.5 —129.7 —167.3 26.3 99.0 127.7
C16 188 — 149 —39.7 —144.6 —184.9 26.6 97.1 124.1
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Figure 16 Deflection comparison of main truss

under condition 2
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Figure 17 Deflection comparison of main truss

under condition 3
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Figure 18 Center line deflection comparison of upper

deck under condition 3
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Figure 19 Center line deflection comparison of lower

deck under condition 3
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