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Abstract

To analyze the cracking condition and structural response characteristics of the concrete tower and
foundation of a wind turbine tower project, this study employed in-situ inspection of structural mem-
bers, crack detection and monitoring, deformation and natural frequency measurements, strain
measurements, acceleration measurements, and settlement observation to investigate the influence
of cracking in the concrete tower and foundation on structural safety. The results indicate that the
local compressive strength of the foundation concrete satisfies the design and relevant code require-
ments, whereas the reinforcement spacing and concrete cover thickness at certain tower segments
and foundation locations fail to meet the design or code requirements. The average crack width of the
inspected tower did not exceed the allowable limit, while the average crack width at some measuring
points on the foundation exceeded the limit; the average crack depth in both the tower and the foun-
dation was less than the design value of the concrete cover thickness. The deformation and frequency
tests show that the deformation of the wind turbine tower varied only slightly between the shutdown
and operating conditions, and the measured fundamental frequencies were all higher than the design
fundamental frequency. The strain and acceleration results demonstrate that strain variation at the
critical connection zones was minor, and the peak vertical vibration acceleration under operating
conditions complied with the requirements of the relevant standards. No abrupt or sudden drops
were observed in the settlement records. Based on the available inspection and monitoring results,
the cracks in the concrete tower and foundation exhibited no significant development during the ob-
servation period and tended to remain stable overall, suggesting that the cracks exert only a limited
influence on the safe and stable operation of the wind turbine tower.
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Figure 1. General view of the wind turbine tower site
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Table 1. Summary of compressive strength test results of foundation concrete
= 1. AR R IEEERNERTR

5 F B X S AEE fF (MPa)
1 FREAt R X >60
2 FERHIIX >60
3 S IIX >60
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Table 2. Summary of reinforcement spacing and concrete cover thickness
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Table 3. Summary of crack width and depth of concrete tower segments
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T1 0.23 0.136 121.8 87.2 P P8 AR T 0.20 mm
T2 0.20 0.120 129.7 86.1 P P8 AR T 0.20 mm
T3 0.26 0.190 117.1 88.3 ST 3495 B R 0.20 mm
T4 0.18 0.100 130.6 99.3 3495 B R 0.20 mm
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Table 4. Summary of crack width and depth of foundations
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T1 0.251 0.289 260.9 145.2 2 AN P4 R S 0.20 mm
T2 0.218 0.163 194.5 116.1 PE5E R 0.20 mm
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Figure 2. Variation trend of the tower crack width at T1 after power restriction removal
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Figure 3. Variation trend of the tower crack depth at T1 after power restriction removal

Bl 3. T1 IR EIERRERE L LIS

R

14.00

12200 T e

10.00 ©-__ e T ——r N

8.00 - -

6.00 T

4.00

2.00

0.00
O OODOD@ODOOODODHODODONODNODOOOOOIOIOIDIDIDIDINDIDIDIDDLDNDNDODONNOOOOOODIOIDIIDI
R o - N I I I O i S o SN A i
MIemmebe;eeoe@@@ERELRERRRTRRIRERTDRTRRDERRRRERERTRREEDR 5999999 ¢@ENKNKRKRTR
=% R I I - - - - TESSRER

o PR E

Figure 4. Variation of wind speed
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Figure 5. Schematic diagram of the measurement point layout
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Table 5. Measured fundamental frequencies of selected wind turbine towers
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T1 0.375 0.27 KT B0
T2 0.342 0.27 KT Bir 40
T3 0.357 0.27 KT BEUH A0

Figure 6. Strain measurement sensors
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Table 6. Summary of strain test results
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Figure 7. Vibration measurement sensors
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Table 7. Summary of vertical acceleration test results
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