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Structural Analysis and Vibration Characteristics of Scaffolding Structures
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ABSTRACT

This paper deals with structural analysis and vibration characteristics of scaffolding structures with a
hoist according to payloads. In order to analyze the vibrational and structural characteristics for 20-step
scaffolding structure, structural and vibrational characteristics for 2-step scaffolding structure were
compared with some experimental results. The numerical results for natural frequencies of scaffolding
structures have a good agreement with experimental ones. Through the numerical analysis, firstly, it is
shown that the maximum stress of scaffolding structures is lower than von-mises yield criteria when four
persons with total weight of 280kgf are working at the top of the scaffolding structures. Secondly,
vibration characteristics including natural frequencies and modes for scaffolding structures are shown in
case of various kinds of moving masses.
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Fig. 1 Schematic diagram for scaffolding structure
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Fig. 2 FE model for 2-step scaffolding structure

Table 1 Specifications of materials for scaffolding

Materials Steel

Young's modulus Pipe 200
E(GPa) Beam 205
Density p (kg/m’) 7,860
Poissoin's ratio v 0.29
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Fig. 3 1st bending mode for 20.938 Hz
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Fig. 4 2nd bending mode for 57.72 Hz
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Fig. 6 Photograph of modal
scaffolding structure
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Table 2 Comparison theoretical results with experi-
mental ones for natural frequencies
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Modes Theoretical Experimental | Error
frequency(Hz) | frequency(Hz) (%)

Ist (bending) 20.938 20.79 -0.71
2nd (local) 29.324 28.99 -1.15
3rd (local) 32.568 33.63 3.16
4th (local) 35.622 36.22 1.65
5th (local) 44.897 46.98 3.80
6th (bending) 57.729 58.70 1.65
7th (local) 65.996 65.62 -0.57
8th (local) 79.900 79.01 1.13
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Fig. 9 Stress distribution of 20-step scaffolding struc-
ture under static load
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Fig. 10 1st bending mode(1.515 Hz)
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Table 3 Comparison natural frequencies of no moving
load with ones of moving load at position

0.52m

No 50 kg 100 kg 150 kg
load(Hz) | load(Hz) | load(Hz) | load(Hz)

Ist bending 1.515 1.577 1.577 1.577
Ist twisting 4.339 5.2598 5.2591 5.2584
2nd bending | 7.101 7.5808 7.5799 7.5788
2nd twisting | 12.183 14.821 14.769 14.235
3rd bending | 14.753 15.789 15.631 15.038
3rd twisting | 19.114 22.082 21.148 21.114

Table 4 Comparison natural frequencies of no moving
load with ones of moving load at position

10.02 m
No 50 kg 100 kg 150 kg
load(Hz) | load(Hz) | load(Hz) | load(Hz)

Ist bending 1.515 1.5457 1.5156 1.4867
Ist twisting 4.339 5.1698 5.0721 4.9681
2nd bending 7.101 7.1118 6.7318 6.4212
2nd twisting | 12.183 14.341 13.964 13.689
3rd bending | 14.753 15.734 15.657 15.587
3rd twisting 19.114 21.555 21.297 21.178

Table 5 Comparison natural frequencies of no moving
load with ones of moving load at position

19.52 m

No 50 kg 100 kg 150 kg
load(Hz) | load(Hz) | load(Hz) | load(Hz)

Ist bending 1.515 1.3965 1.2645 1.1633
Ist twisting 4.339 4.9261 4.7197 4.5851
2nd bending | 7.101 6.9939 | 6.6586 6.4461
2nd twisting | 12.183 13.480 12.838 12.503
3rd bending | 14.753 14.740 14.232 13.949
3rd twisting | 19.114 21.352 21.214 21.164
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