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Experimental study on bearing capacity of threaded sleeve
connection of steel tie rod
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(1a. Tianjin International Engineering Institute; 1b. School of Architecture, Tianjin University, Tianjin 300072, P. R. China;
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Abstract: As the core force transmitting component of large-span suspension structures, the reliability of the
sleeve connection nodes of steel tie rods directly affects the overall structural safety. To investigate the effect of
screw in depth and sleeve wall thickness on the load-bearing performance of connecting nodes, six sets of
specimens were set up with different screw in depth and sleeve wall thickness as variables for tensile
performance experiments. The typical failure modes and their evolution laws under different parameter
combinations were studied, and a refined numerical analysis system considering thread contact was established

based on the ABAQUS finite element model. The results show that both the node bearing capacity and ductility
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characteristics exhibit significant parameter sensitivity. When the screw in depth is less than 1.0d of the nominal
diameter of the member, uneven distribution of interfacial shear stress leads to thread pull-out failure. However,
when the depth reaches 1.0d or above, the failure mode shifts to ductile necking fracture dominated by the
member, and the maximum bearing capacity tends to stabilize. When the wall thickness ratio of the sleeve is less
than 0.225, the sleeve will undergo brittle fracture due to stress concentration. When the wall thickness ratio
reaches 0.225 or above, optimizing the stiffness of the sleeve will promote the failure mode to be plastic
deformation of the rod. By comparing theoretical models with experimental data, the critical condition equations
for three failure modes were verified, and the error rates were all within 4%. A dual control variable design
criterion was proposed based on this: the screw in depth should be = 1.1d and the sleeve wall thickness ratio
should be = 0.225, ensuring the safety of the steel tie rod sleeve node while having sufficient ductility.

Keywords: Steel tie-rod sleeve connection; Thread engagement depth; Sleeve wall thickness; Failure mode

evolution
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Table 1 Specimen specifications and quantity

AT G ERAIME/mm BEJEL I
1-24-0. 275 93 0.275
1-48-0. 275 93 0.275
1-54-0. 275 93 0.275
1-60-0. 275 93 0.275
1-66-0. 275 93 0.275
1-72-0. 275 93 0.275
2-72-0. 150 78 0. 150
2-72-0.175 81 0.175
2-72-0. 200 84 0. 200
2-72-0. 225 87 0.225
2-72-0. 250 90 0.250
2-72-0. 275 93 0.275
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connection specimen
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screwing depths
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Table 2 Parameters and failure patterns of specimens

WG 5 AR %ﬁ% REJEE 1 WIRIE &
& /mm  f&/mm

1-24-0. 275 24 93 0.275 W2 LR 1
1-48-0. 275 48 93 0.275 [ RS E IR, 387N
1-54-0. 275 54 93 0.275 LR E IR, F 87N
1-60-0. 275 60 93 0.275 P 251 45 1 3R
1-66-0. 275 66 93 0.275 GIRCSTERTEN
1-72-0. 275 72 93 0.275 GIRESTEREN
2-72-0. 150 72 78 0.150 BTSN
2-72-0. 175 72 81 0.175 BTSN
2-72-0. 200 72 84 0. 200 e A3
2-72-0. 225 72 87 0.225 LIRESTE TN
2-72-0. 250 72 90 0. 250 LIRE ST
2-72-0. 275 72 93 0.275 GIRESER 3N
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Fig.7 Load-displacement curves of specimens with

different screwing depths
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Table 3 Steel material properties
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(kg/m?) B GPa MPa MPa
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Fig. 13 Strain cloud image of specimens with different tube wall thickness
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