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Abstract. This paper focused on a novel cross-type non-destructive reinforcement technique aimed at addressing member buckling
failure, which was a primary cause of transmission tower collapses. Through a combination of static loading tests and finite element
analysis, a comprehensive assessment was made of the damage modes, load-bearing performance, and stress distribution of the
reinforced members. The research further investigated the effects of key parameters, such as member slenderness ratio, width-to-
thickness ratio, number of fixtures, and the specifications and strength of the reinforcing materials on the ultimate compressive load
capacity of the reinforced members. The findings revealed that the proposed reinforcement method significantly enhanced the load-
bearing performance, with the ultimate load capacity increasing by over 14% after reinforcement. Additionally, it was found that
higher slenderness ratios were correlated with lower ultimate compressive capacities of the reinforced members, though the
reinforcing effect became more pronounced. As the width-to-thickness ratio of the main reinforcing material decreased, the
improvement in ultimate load capacity also diminished. Moreover, increasing the number of fixtures to a certain threshold stabilized
the ultimate compressive load capacity of the reinforced members. Lastly, while the specifications and strength of the reinforcing
materials did exert some influence, their overall impact was relatively limited.
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parametric analysis
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Fig.1 Schematic diagram of the non-destructive
reinforcement programme
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Fig.2 Schematic diagram of some test components
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Table 1 Specimen size information table

eI BOME EES RO EA K /mm S A K/ mm T RHE K4 it/ kg
SPE1-1 L140x10 1 668 30 35.8
SPE1-2 L140x10 2224 40 47.8
SPE1-3 L140x10 2780 50 59.7
SPE1-4 L140x10 3336 60 71.7
SPE-2 L140x10 1 668 1 468 3 30 67.4
SPE-3 L140x10 2224 2 024 3 40 91.3
SPE-4 L140x10 2 780 2 580 3 50 115.2
SPE-5 L140x10 3336 3136 3 60 139.1
SPE-6 L140x10 3336 3136 4 60 139.1
SPE-7 L140x10 3336 3136 5 60 139.1
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Table 2 Test results of material properties

WfFg%s  f/MPa  f/MPa 8,/ % E/GPa
Q10-1 473.76 651.89 22.7 206.21
Q10-2 464.39 672.90 26.3 201.32
Q10-3 491.37 693.81 27.1 202.51
-4 476.51 672.87 25.4 203.35
T12-1 474.77 624.38 23.3 207.95
T12-2 494.83 705.13 24.7 204.63
T12-3 497.34 694.84 21.4 202.79
Yy 488.98 674.78 23.1 205.12
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Fig.12 Influence of width-to-thickness ratios on ultimate
bearing capacity
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Table 3 Comparison of ultimate bearing capacity for different number of fixtures

¥ g5 K4t Je B JeHMEEE/mm  ARINEAR AL /KN SRR T /KN KR TR %
F60-3 3 1 068 1 000.48 29.8
F60-4 60 4 645 770.89 1011.41 31.2
F60-5 5 434 1.035.30 34.3
F80-3 3 1623 842.25 38.3
F80-4 80 4 1015 609.00 876.35 43.9
F80-5 5 712 906.19 48.8
F100-3 3 2 180 663.83 55.5
F100-4 100 4 1387 126,90 723.17 69.4
F100-5 5 990 759.03 77.8
F100-6 6 752 772.90 80.8
F120-3 3 2736 513.66 67.3
F120-4 4 1757 594.10 93.5
F120-5 120 5 1268 307.03 630.95 105.5
F120-6 6 974 642.70 109.3
F120-7 7 779 651.90 112.3
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Table 4 Reinforcement specification

Mg K4 e e B & B E 4 S Jin & B 75 i & A4 4R G
F60-L12-Q4 60 3 L140x 10 L125%10 Q420
F60-L14-Q2 Q235
F60-L14-Q3 60 3 L140x 10 L140x10 Q355
F60-L14-Q4 Q420
F60-L16-Q4 60 3 L140x10 L160x10 Q420
F80-L12-Q4 80 3 L140x 10 L125x10 Q420
F80-L14-Q2 Q235
F80-L14-Q3 80 3 L140x 10 L140x10 Q355
F80-L14-Q4 Q420
F80-L16-Q4 80 L140x 10 L160x10 Q420
F100-L12-Q4 100 L140x 10 L125%10 Q420
F100-L14-Q2 Q235
F100-L14-Q3 100 3 L140x 10 L140x 10 Q355
F100-L14-Q4 Q420
F100-L16-Q4 100 3 L140x 10 L160x10 Q420
F120-L12-Q4 120 3 L140x 10 L125%10 Q420
F120-L14-Q2 Q235
F120-L14-Q3 120 3 L140x10 L140x10 Q355
F120-L14-Q4 Q420
F120-L16-Q4 120 3 L140x 10 L160x10 Q420
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Fig.13 Bearing capacity of members under the influence
of different reinforcements
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