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Damage Diagnosis of Space Grid Structure Based on Natural
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Abstract: Natural frequency is one of the main dynamic characteristics of damage diagnosis methods, which is
not only related to the stiffness change of the structure itself, but also easily affected by environmental factors
such as temperature. A natural frequency clustering analysis method is proposed, which is used for damage diag-
nosis of space grid structure under environmental changes. First, the influence of the natural frequency of the
structure on the environmental temperature is derived. based on this analysis, a grid is used as the research ob-
ject to simulate the natural frequency data under the condition of temperature changes and damage; then the
principal component analysis (PCA) of the natural frequency is developed, and the structural damage diagnosis
was realized by using fuzzy c—mean (FCM) clustering based on principal component reconstruction residuals. The

research results show that the ambient temperature affects the natural frequency by causing thermal deformation,
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changing the material properties and generating temperature internal forces; the daily fluctuation of the natural

frequency with temperature will directly affect the accuracy of damage diagnosis, and the PCA-FCM clustering

can be used in the damage diagnosis process which can effectively eliminate the interference of environmental

temperature factors, judge whether the damage occurs when the health baseline is unknown, and accurately judge

the degree of damage.
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(a) Structural state at initial temperature
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Fig.1 Euler-Bernoulli beam subjected to temperature
changes diagram
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Tab.1 Component type and dimensions

Component type Dimensions
Prestressed anchorage P12
Lower rod P159%10
Diagonal rod D114x5
Welding ball of lower chord D350x14
Welding ball of upper chord D500x10
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Fig.4 Site map of the space grid structure
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(a) Grid plan (b) Top chord and rib
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Fig.5 Schematic diagram of the grid structure
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Fig.6 Photos of field vibration tests
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Tab.2 Material parameters of the initial FEM

Concrete  Steel cable

3.25x10*  1.5x10°

Parameter type Steel

Young’s modulus E/MPa  2.06x10°

(C)1994-2021 Chma Academlc Toumal Flectl onic By

Poisson’s ratio v

Density p/(kg/m*) 7 850 2 400 7 850

(¢) 3rd order (10.198 Hz)

(d) 4th order (11.968 Hz)
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Fig.7 The first 4 modes before being updated
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Fig.9 The relation Ship between the Young’s modulus
and temperature
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Fig.10 Temperature data of structural health and damage
state
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Fig.11 The position of the simulated damage element
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Fig.16 Clustering results and precision of multiple damage conditions before PCA using FCM
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Fig.17 PCA residuals of reconstruction data of multiple damage conditions
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