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A Simplified Method for Calculating Mass Moment

of Inertia of Stiffening Truss in Suspension Bridges

HUA Xugang’, YANG Kun, WEN Qing, CHEN Zhengqging
(Key Laboratory for Wind and Bridge Engineering of Hunan Province, Hunan University, Changsha 410082, China)

Abstract : The simplified “fish-bone” model is commonly employed for the analysis of wind-induced responses of
truss-stiffened suspension bridges, and one key step in establishing such a model is the calculation of the mass moment
of inertia for the stiffening truss. Due to numerous members in a stiffening truss section, the calculation process of the
moment of inertia is usually complicated and imprecise. Therefore, a new method is proposed based on the change in
torsional frequencies of a cantilever truss girder caused by attaching the additional mass moment of inertia on the truss
nodes, where the theoretical background is given, and the applicable conditions are also investigated. By taking a can-
tilever truss girder as an example, numerical simulation results show that the proposed method provides the best accu-
racy when the known mass moment of inertia is uniformly applied to all section nodes or to the nodes of chord joints,
and the slenderness ratio of truss girder exceeds 20. Finally, the mass moments of inertia of stiffening truss are ob-
tained by the proposed method, and are then used to establish the simplified “fish-bone” models for several selected
suspension bridges. The torsional frequencies obtained by the simplified “fish-bone” models agree well with those pre-

dicted by their detailed models, which validates the effectiveness of this simplified method.
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Fig. 1 Thin rectangular plate
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Fig. 3 Node cross section of the stiffening truss girder
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Tab.1 Mass moment of inertia of each node
WL I,,/(10"kg » m?)
1.9 0. 988
3,5,7 0. 349
2,10 0. 249
4,6.8 0.169
3 4.028
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Fig. 4 Finite element model of the stiffening truss girder
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Tab. 2 Position of additional mass moment of inertia
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Tab.3 L/D=10, calculation process
of mass moment of inertia
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Alwm/(kg+ m?)  fi/Hz (107kg » m?)  (107kg » m?) BE/%
0.310 8

10° 0.310 5 4,433 4,028 10.06

108 0.307 4 4,417 4,028 9. 660

107 0.279 4 4,207 4,028 4,440

108 0.1613 3,686 . 028 8.500

109 0.0517 3.501 4,028 13.08
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Fig.5 L/D=10, mass moment
of inertia calculation error
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Fig.6 L/D=20, mass moment
of inertia calculation error
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Tab.4 Comparison of 1st torsion frequency
between the cantilever of stiffening truss and the
cantilever of single girder

Al / (kg + m?) S/ Hz fi/Hz R/ Y
— 0.055 4 0.055 2 0.33
106 0.054 7 0.054 5 0.33
107 0.049 6 0.049 4 0. 34
108 0.029 7 0.029 6 0. 34
10° 0.011 0 0.010 9 0. 34
1010 0.003 5 0.003 5 0. 34
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Tab.5 Mass moment of inertia calculation results
with different additional mass moment of inertia

T B2 0 — A L E PN
fi/He I,/ (07kg+m?)  fi/Hz  I,/(107kg+ m®)
0 0.055 4 — 0.095 4 —
106 0,054 7 4,090 0.093 8 2,917
107 0,049 6 4,092 0.082 3 2.899
108 0.029 7 4,060 0.045 3 2.905
109 0.0110 4,096 0.016 0 2.911
1010 0,003 5 3. 964 0.005 1 2.928
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Fig.8 Comparison of the 1st torsional mode shape whether
with additional mass moment of inertia or not
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Tab. 6 Comparison of torsion related frequency between
full truss model and single spine girder model
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