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Fig. 1 Schematic of the implementation process for carbon fiber
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Fig.2 Test plan of the “building block”
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Fig.3 Tensile performance testing of carbon fiber composite plates
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Tab.1 Material performance of the carbon fiber composite board

s 35t F WO SR
1 Y\l R /M Pa 5 1828.03
2 Y\l LA R /GPa 5 148.36
3 H ) LA 4 B /M Pa 5 56.5
4 Rl F 5 /G Pa 5 8.23
5 THFALE 5 0.35
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Tab.3 Adhesive shear strength at the joint
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Tab.2 Design of the controlled test 5 1651
i &)@ F b F 7 2 ZHL W 6 17.4
1 AU — 5 7 17.08
2 P URFT I 60 H 5 8 W ART IS 20.82 18.45
3 TR b B 0.3 mm L 5 9 20.55
4 WOGAE B 200 W Iy 5 10 16.4
11 13.95
12 15.46
13 M b 2L 15.64 15.29
14 16.33
15 15.08
16 12.64
17 18.46
18 HOGAb 12.64 15.07
19 18.98
20 12.64
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Fig. 4 Test specimens of metal-carbon fiber connectivity with four
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different surface treatment methods
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Fig. 5 Truss type high-rise structures
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Fig. 6 Test loading fixture
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Fig. 7 Location of strain and displacement measurement points
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Fig. 8 Physical images of four typical specimens
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Tab.4 Comparison of yield load of the structure before and after

reinforcement
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Fig. 9 Displacement-load curves of four typical components in four

point bending tests
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Fig. 10 Load-strain diagram of L-shaped section beam and

reinforced L-shaped section beam
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Tab.5 Comparison of strain of L-shaped section beams before and
after reinforcement
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Fig. 11 Tensile testing equipment for truss type high-rise structures
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Fig. 12 Reinforced truss type high-rise structure and testing field
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Tab. 6 Strain test data of main load-bearing components before and
after carbon fiber reinforcement
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1 383.95 261.27 -31.95
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Tab.7 Displacement test data of top of structure before and after
carbon fiber reinforcement
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Multi-level test study on carbon fiber reinforcement of truss type high-
rise structures

CUI Rong' GAO Weijian® NIU Yinjie’ ZHANG Xiaowen*
(1. China Tower Corporation Limited Gansu Branch, Lanzhou 730000, China)
(2. Shenyang Aircraft Design and Research Institute, Shenyang 110066, China)
(3. College of New Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102627, China)
(4. Dalian Yuchen High-Tech Materials Co., Ltd., Dalian 116023, China)

Abstract: [Objective] To address the issue of stability degradation in truss type high-rise structures caused by material
aging, dynamic loads, and extreme environments, this study systematically evaluates the enhancement effects of carbon fiber
reinforcement techniques. [Methods] A multi-level test approach encompassing “material-component-structure” was employed.
In material-level tests, the bonding shear strength and composite properties were measured. In component-level tests, four-point
bending experiments were conducted on L-shaped beams and joints to verify the overall reinforcement effect. Finally, tensile
testing was applied to a full-scale 25 m truss structure test to analyze the strain and top displacement of the main load-bearing
components. [Results] The results demonstrate that sandpaper grinding increases the bonding shear strength by 29.98% at the
material level. At the component level, the yield load of reinforced beams improves by over 15%, while local strain decreases
by 65% to 75%. At the structural level, the strain in primary components decreases by 28.52% and the top displacement is
reduced by 15.58%, indicating significant improvements in structural stiffness and strength.

Key words: Carbon fiber composite material; Truss type high-rise structure; Mechanical test; Multi-level testing;
Ultimate strength
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