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Evaluation of corrosion status and flexural capacity of metal nails in
timber structures based on ultrasonic wave velocity
WANG Yun, LEI Jia, JIN Chenyang, JIN Baolei, QUE Zeli "

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract ; This study focused on the hidden corrosion of metal nails in timber structures, which led to a reduction in
bending resistance. A quantitative relationship among nail corrosion degree, ultrasonic wave velocity, and residual
bending resistance was established, and optimal measurement methods were recommended for different nail
penetration depths. In the experiments, iron nails were driven into spruce, pine, and fir (SPF) timber at depths of 40
and 50 mm. Accelerated corrosion was induced by wet-dry cycles (soaking in a mixed solution of 1.0% NaCl and
0.5% acetic acid, followed by air drying). After 1, 3, 5, 7, 10, 13, 16, and 18 cycles, ultrasonic wave velocities
were measured using direct, semi-direct, and indirect methods. The nails were then extracted, derusted, and
subjected to three-point bending tests. The mass retention rate (C;) and corrosion grade (0-5) were recorded. The
ultrasonic wave velocity generally decreased with increasing corrosion. A turning point was observed at a mass
retention rate of approximately 95. 1% ; below this threshold, the velocity initially increased slightly before declining
again. The direct method gave the most stable measurements ( coefficient of variation <10% ). The indirect method
showed the best correlation with changes in bending resistance. The bending resistance initially increased slightly (up
to 5. 84% at mass retention rate of approximately 98. 0% ) , which can be attributed to a dense rust layer filling surface
micro-cracks. It then decreased (reaching a maximum reduction of 6.82% at mass retention rate of approximately
95.1%) , due to rust spalling and cross-section loss. The choice of measurement method depended on nail penetration
depth. At a depth of 40 mm (nail not fully embedded) , the direct method was preferred for corrosion assessment,
followed by the indirect method. At a depth of 50 mm ( fully embedded) , the indirect method was most suitable for
grading corrosion, supplemented by the semi-direct method for evaluating the bending strength. The velocity change

ratio ( corroded velocity/intact velocity ) is recommended for field applications to reduce the influence of testing
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conditions. In summary, ultrasonic wave velocity can effectively characterize the corrosion status of nails. By

selecting an appropriate measurement method according to penetration depth and adopting the velocity change ratio, a

non-destructive evaluation framework can be established to estimate corrosion grade and residual bending resistance,

providing a practical tool for safety assessment of timber structures.

Keywords ; ultrasonic wave; sound velocity ; nail; bending resistance; degree of corrosion
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Fig. 1 Schematic diagram of specimen preparation
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Table 1 Nail corrosion assessment criteria
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Table 2 Description, grade classification, and mass retention rates of nail corrosion in each cycle
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Fig. 8 Correlation between nail corrosion and ultrasonic velocity at a depth of 40 mm in wood
under different corrosion degrees and measurement methods
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Table 3 Speed of sound-based rust level assessment table for nails ( driven 40 mm)

£ 5 3% PR LR Xof o7 TR ARATER C MR
0.971" +0.079 ** ~1.000 98. 9% <C<100% , 4% 2% .0~1.5
Bk 0. 855+0. 100~0. 915+0. 077 93.8%<C<98. 0% , 45 %4 .2~3.5
0.915+0. 077~0. 943+0. 117 93. 1%<C<93. 8% , 45 %4.3. 5
K H I 1. 082+0. 212~ 1. 127+0. 200 97.5% <C<99. 5% , =555 . 1~2
0. 887=0. 244 ~1. 000 96. 2% < C<100% , 45544 .0~2. 5
)4k 0.7180. 194~0. 858+0. 234 93. 8%<C<96. 2% , 4K %54:2.5~3. 5

0. 858+0. 234 ~0. 887+0. 244

93. 1% <C<93.8% , 44555 3. 5

Tiew =V, Vo, % = /Ch+Cly , + N HASLER , = « 7S B LRI PRUE RS (RSB A RIS ) , V, il ¢ RIS, v, ok
AR, Cy, N | R A S R B, Crp AR R R SRRV, 5V AE ST
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Table 4 Speed of sound-based rust level assessment table for nails (driven 50 mm )
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