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Effect of bolt pre-tightening force on the strength of

transmission line tower
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Abstract: By means of ABAQUS software, the finite element model of a section of a real transmission line
was set up, and the stresses and the deformations of the line under typical cases were numerically
analyzed. According to collapsing details of the tower, a three dimensional solid finite element model of the
local structure, in which the details of the structural link, bolt pre-tightening force and the clearance
between bolts and screw holes were considered, was established, and the model was connected with the
other portion of the tower discretized by beam and truss elements to obtain the integrity of tower.
Moreover, the effects of the bolt pre-tightening force on the slipping of the bolt and structural stress were
numerically investigated. It is concluded that insufficient bolt pre-tightening force gives rise to obvious
slipping and large structural stress. Therefore, insufficient bolt pre-tightening force is probably one of the
main reasons leading to tower collapse.
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Fig. 1 Collapsing of dead end tower No. 65
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Table 1 Physical and mechanical parameters of tower structure and conductors

a2 HAERE L/ GPa Poisson Lt W/ (kg e m ™) VF IR J1 /MPa
12 (6.8 ) 206 0.3 7 800 300
Q235 f 206 0.3 7 800 215
Q345 ¥ 206 0.3 7 800 310
Q420 F4 4 206 0.3 7 800 380
G4 63 0.3 3090.54 223
£k 181.4 0.3 7 960.48 1270
St 162 0.3 6 787.47 680

B2 BXRBAERERITER
Fig. 2 Finite element model of tower—line system
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Fig.3 Finite element model of tower discretized by 3D solid, truss and beam elements
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Fig.4 Definition of contact relation between a

bolt and connecting plates
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Fig.5 Global and local stress distribution of tower No. 65
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Fig.6 Deformation of the bolt with maximum Mises stress
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Table 2 Stress comparison of tower No. 65 under typical cases with different models

% K Mises i J1/MPa

T R
Q235 ¥ Q345 FF Q420 #F
A Y 18.09 89.35 72.06
i vk
SRR B IR A A Y 203.10 155.30 182.80
FF ALY 33.24 166.0 107.1
2
SEARFOAT IR A 390.30 279.7 323.3
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Fig.7 Effect of pre-tightening force of bolts on slipping distance
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Fig.8 Slipping and deformation of typical bolts
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Fig. 9 Effect of pre-tightening force of bolts on Maximum stresses of various structural elements
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