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Evaluation of Influences of Artificial Defect of Wood Deck Using
Non-destructive Ultrasonic Testing'
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ABSTRACT

Non-destructive ultrasonic testing was applied to evaluate the performance of wood deck material with hole as artifi-
cial defect. Ultrasonic velocities and modulus of elasticity were measured according to different diameters and numbers
of holes, and comparative analysis to each data were done. From the results, ultrasonic velocities and modulus of elas-
ticity decreased with an increase in the hole size and showed a negative linear correlation with the size of hole,
respectively. As the hole size increased, ultrasonic velocities decreased, but their difference was small in the case of
the hole size under 15 mm. Also, ultrasonic velocities and modulus of elasticity decreased with increasing the number
of holes and showed a strong negative linear correlation to the number of holes. As the number of holes increased,
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ultrasonic velocities decreased to 3.5%, but modulus of elasticity decreased to 27%. Therefore, the number of holes
showed greater influence to modulus of elasticity than ultrasonic velocity. Overall, the size and number of holes influ-
enced to ultrasonic velocity and modulus of elasticity, and their influence will be greater as the size and number of
holes increases. These results suggested that several ultrasonic parameters rather than a single ultrasonic velocity should
be applied to detect small defects in wood decking materials.
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Table 1. Characteristics of tested materials

Material Size (mm) Density (kg/m®) M.C. (%) No. of specimens
Merbau 19 x 90 x 3300 9.3 10
(Intsia spp.)
BEOmm
90mm C : 20mm
S 19 § | |
Actual specimen with three holes
220mm 220mm
EEDmm
EEDmm
90
e ] ﬁ 0rmirm ] O Q )
19 [ ]
i I — e 19mm I | |
——— e I —
3 10, 15, 20mm 230mm 220mm

Single hole in the middle position along the longitudinal direction

20mim

Multi holes along the longitudinal direction

Fig 1. Configuration of hole (s) size and location in the tested materials.
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Fig 2. Schematic view of testing of material with
holes using ultrasonic device.

ol T AR Fig 29k P Zzte] 28w} &
%8 s 4 APl BE Ague Ass

10742 3t om ARgE 25ut7]7]9] BTN =
Tpsl 54 KHZO|H HAZL 93 pusdich
283 HYSEL AZ/|2NE AFoR 24
slom Ao BAAFEE the Aol uet 44
Blieg



Ly

Table 2. Test results of ultrasonic test according to hole size (diameter)

Hole size R )
; Velocity (m/sec) Ratio” MOE (x 10° Pa)
mm %"
5682
0 - (5.2 1.000 27.36
5634
5 5.5 .7) 0.992 26.66
5606
10 11.0 (5.8) 0.987 26.40
5589
15 16.6 6.0) 0.984 26.25
5568
20 222 (5.9) 0.980 26.05

1) % ratio of hole diameter to material width, 2) coefficient of variation (COV, %), 3) ratio of materials with hole to clear material
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Table 3. Comparison of ultrasonic wave path length and velocity

This study Raquel et al. (2013)
Hole size Velocity e Path length Hole size Velocity . Path length
%) (m/scc) Ratio (mm) (%) (m/sec) Ratio (mm)
0 5682 1.000 880.00 0 1670 1.000 390
55 5634 0.992 882.85 5 1604 0.960 426
11.0 5606 0.987 885.70 10 1600 0.958 427
16.6 5589 0.984 888.55 15 1480 0.886 447
222 5568 0.980 891.40 20 1470 0.880 449
N.A - - - 25 1470 0.880 449
1) % ratio of hole diameter to material width, 2) ratio of materials with hole to clear material
60 q m/s
— ) - - - 5900
5 | ¥=-27 35+ 5697.8
—Hl=Velocity(x100 m/s) 5700 L\i\I\;i
40 - 5500
30 4 5300
L - k- -A s100
20 1 == MOE(x1049 Pa)
4500
10 A
4700
0 T T T ] 4500 T : T
0 5 10 15 20 o 5 10 15 20

Hole diamter (mm)

Effect of hole size (diameter)

Hole diameter{mm]

Correlation between hole size and ultrasonic velocity

Fig 3. Effect of hole size to ultrasonic velocities and elastic modulus.
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Table 4. Test results of ultrasonic test according to
number of hole (s)

A%

No. of hole (s) Velocity (m/sec) Ratio® MOE (x 10° Pa)

5682

0 (5.2)" 1.000 27.36
1 f5569§ 0.978 26.03
2 fSS(;i 0.968 20.66
3 f;‘f;; 0.965 20.04

1) coefficient of variation (COV, %), 2) ratio of materials with hole
(s) to clear material
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