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Assessment of Incipient Decay of Radiata Pine Wood
Using Stress-wave Technique in the Transverse Direction’

Gyu-Hyeok Kim™ + Woo-Guen Jee™ - Jong-Bum Ra™

ABSTRACT

The feasibility of using stress-wave technique in the transverse direction for the assessment of
early stages of decay was investigated using compression test specimens having different annual ring
orientations subjected to decay by Tyromyces palustris for various time intervals.

Decay detection. quantitative assessment of decay, and the prediction of residual strength of
decayed wood with less than five percent weight loss can be feasible using stress-wave parameters
(wave velocity. wave impedance. and stress-wave elasticity’ and their percent reduction due to decay,
measured by stress-wave technique in the transverse direction. The use of stress-wave technique in
thetransverse direction for the application of this technique to structural members in service is desir-
able. when considering the easiness of attachment of accelerometers of stress-wave measuring device
on the surface of members and also accurate detection of localized decayed areas. In stress-wave
technique in the transverse direction. stress-wave parameters measured were different according to
the angles between wave propagation path and annual ring, due to the anisotropy of wood struc-
ture. Therefore. it is recommended to use percent reduction in stress-wave parameters instead of
stress-wave parameters. This evaluation method using percent reduction in stress-wave parameters
is ideal when it is impossible to observe annual ring orientation on the transverse surface of wood.

Keywords © Stress-wave technique in the transverse direction. incipient decay assessment, radiata
pine, stress-wave parameter. Tyromyces palustris ring orientation
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Table 1. Effect of decay by T. palustris on sonic stress-wave parameters’.

Annual ring Weight Wave Wave Stress wave
angle loss velocity impedance elasticity
(degree) (%) (m/sec) {kg/m? - sec) (kg/cm?)
0~20 0.00 1.102.52 A 451,119 A 5.073.6 A
4,17 997.20 B 388,601 B 3,956.6B

6.69 979.67 BC 377.970B 3.780.2 BC
9.29 969.54 C 361.917C 3.584.4C

14.23 923.59D 324.886 D 3.070.7D

35~55 0.00 1.040.97 A 422,190 A 4,507.5A
4.34 950.38 B 367,991 B 3.572.5B
7.18 941.56 B 358,956 B 3.464.0 B
10.29 901.74 BC 323.856 C 2.999.6 C

13.55 864.86 C 301.475C 2.680.2C

70~90 0.00 1.639.54 A 618,399 A 10,358.2 A
3.46 1.522.30 B 556,014 B 8,650.3B
5.47 1,448.72B 527.995C 8,034.8B
9.20 1.434.15C 480.598 D 7.047.3C

13.96 1.355.12 D 448 933 E 6,231.8D

*1 Values followed by the same letter are not significantly different @ (0.05) using Duncan’ s multiple range test.
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Table 2. Effect of decay by T. palustrison on changes in stress-wave parameters’.

Average percent reduction in

Annual ring Weight -
angle loss
Wave Wave Stress wave

(degree) (%) velocity impedance elasticity

0~20 0.00 0.00 A 0.00 A 0.00 A

4.17 9.43 B 13.20B 21.36 B

6.69 10.96 BC 16.91C 25.97B

9.29 12.36 C 20.51D 30.31C

14.23 16.14 D 28 06 E 39.62D

35--55 0.00 0.00 A 0.00 A 0.00 A

4.34 7.44B 11.46 B 18.05 B

7.18 10.32C 16.75C 25.31C

10.29 14.03D 22.87D 33.64D

13.55 16.45E 27.79E 39.63E

70~90 0.00 0.00 A 0.00 A 0.00 A

3.46 7.25B 10.45B 16.92 B

5.47 9.64C 14.59C 22.74C

9.20 13.54 D 21.48D 32.05D

13.96 17T47E 28.99E 41.37E

*1 Values followed by the same letter are not significantly different (a {(0.05) using Duncan s multiple range test.

Table 3. Effect of the location of decay pocket relative to wave propagation path on the detection of
decay by stress-wave technique™.

Wave velocity Reduction in

Weight loss

(m/sec) wave velocity (%)
(%) -
Start Stop Start Stop

0.00 1,040.97 A® 1,040.97 A 0.00 A 0.00 A
3.78 960.71 B 946.45 B 8.05 AB 9.49B
6.07 954.01 B 944.10 B 9.02B 9.89C
14.07 910.82C 925.00 B 16.09 B 14.80C
20.95 821.92D 836.14 C 18.47C 17.05D

*1 The location of decay pocket of START is near start accelerometer, and that of STOP is near stop accelerometer.
*2 Values followed by the same letter are not significantly different {« {0.05) using Duncan’ s multiple range test.

AHet A7 Table 30 Bod&Erh F7a8&0] 3,789 ter $-2H5-9} QR0 gl7] Wl £ HPe AnEN

AeQ) BEgd 2dul £57) dTFe &9 vln He 27 F3UR3e g3y whio)] os) 248 & gl
o SAIEA oz foi(a (0.05)0] AFEE Aol oglgt Als ¥t

7} Slolx] gy} Autse Bl B3E7) slolx &E

3b o) olsfl 1 2FRe) Eart EAHYCHE T 3.2 BES| %

& 2o £59 7hAhge] A4k §Y) HIE E 4 sau W4 A 2 g wgo gagy S
Yol AL&E AJHH R (3x18cme] HE H F A&7te] de 2437 A3k Table 40l Beojfe 3l
BY Z 23 2 5cm ol A #3F AAD e sehidt g uhy ol 451] HExale RIS °1l
7h EWBFTE opyx ]9t 81897} start acelerome- 23 4= 9 Ao Vet 83 de 8N &

—



Table 4. Result of regression analysis for prediction of percent weight loss of decayed wood by T.
palustris using stress wave parameters’™.

Annual ring angle Predictor Regression equation Corre}apion Standar.d error
(degree) coefficient of estimate
0~20 \Y % WL = 84.45—0.07860(\) 0.75 2.68
Z % WL =50.54—0.00011(Z) 0.86 1.94
D) % WL =37.23-0.00799(E) (.85 2.14
VL % WL =-0.6299+0.751(% VL) 0.88 2.34
ZL % WL =-0.9248+0.491(%Z1.) 0.96 1.42
EL % WL =-1.0000+0.331{%EL) 0.93 1.86
35~55 \Y %WL =42.09--0.03616(V) 0.66 2.81
Z % WL = 34.70—0.00007(Z) (.80 2.22
B % WL =24.52—0.00488(E) 0.76 2.42
VL % WL =-0.0278+0.734(% VL) 0.91 2.05
ZL % WL =-0.3115+0.470(%271) 0.95 1.51
EL % WL = -0.4077+0.323(%EL) 0.94 1.70
70~90 v 2% WL =55.77-0.03310(\) 0.70 2.90
Z %WL = ?q 21-0.00006(Z) 0.80 2.42
E %WL = 27,87~0.00268(E) 0.78 2.55
VL %WL =-0.4221+0.699(% VL) 0.91 2.01
ZL % WL =~0.6785+0.465(%ZL) 0.96 1.25
EL Z%WL =-0.7924+0.314(%EL) 0.94 1.61
All degrees VL WL =-0.3436+0.729(% V1) 0.90 2.14
ZL % WL = -0.6403+0.476(%271L) 0.96 1.40
EL %WL=-0.7371+0.323(%EL) 0.94 1.72

1V, Z, E, VL, ZL, EL, and WL represents wave velocity, wave impedance, stress wave elasticity, percent
reduction in wave velocity. percent reduction in wave impedance. percent reduction in stress wave elastic-
ity, and percent weight loss, respectively.
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Table 5. Changes in compression strength perpendicular to gram of radiata pine sapwood decayed by
Tyromyces palustris after various incubation periods™.

Annual ring angle Weight loss Compression strength(kg/cm?)
(degree) (%) Mean STD
0~20 0.00 50.24 A 1.98
4.17 41.94 {(-16.5)°B 2.85
6.69 38.47 (-23.4) BC 3.39
9.29 35.99 (-28.4) C 2.08
14.23 29.32(-41.6) D 3.85
35~55 0.00 41.38A 3.03
4.34 35.34 (-14.6) B 3.90
7.18 31.09(-24.9) C 2.65
10.29 28.57(-31.0) CD 2.40
13.565 26.21{-36.1) D 2.67
70~90 0.00 54.97 A 3.00
3.46 49.45 (-10.0) B 3.14
5.47 43.34 (-21.2) C 4.91
9.20 40.97 (-25.5) C 3.46
13.96 29.56 {-46.2) D 4.97

*1 Values followed by the same letter are not significantly different (e { 0.05) using Duncan s multiple range test,
*2 Values in parenthesis are percent difference from controls.
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Table 6. Result of regression analysis for prediction of compression strength perpendiculat to grain
of decayed wood using stress wave parameters’.

Aol risale  praior  Remesioncawtion gt Sapdarderrr

0~20 Y CST =-61.82-+0.1011(V) 0.90 2.68
Z CST =-19.45+0.0002(Z) 0.94 1.94

E CST =1.827+0.0094(E) 0.93 2.14

VL CST=49.71—1.1340(% VL) 0.89 2.34

ZL CST =49.65—0.7070(%7Z1.) 0.93 1.42

EL % WL =50.02—0.4884(%EL) 0.92 1.86

35~55 \% CST = -28.62+0.0650(V) 0.83 2.81
Z CST =-7.667+0.0001(Z) 0.90 2.22

E CST =7.542+0.0072(E) 0.89 2.42

VL CST = 40.65--0.8456(% VL) 0.79 2.05

ZL CST =41.22--0.5525(%Z1.) 0.84 1.51

EL CST =41.31—-0.3784(%EL) 0.83 1.70

70~90 \ CST =-56.60+0.0679(V) 0.81 2.90
7 CST =-21.31+0.0001(2) 0.89 2.42

E CST = 3.807-+0.0050(E) 0.86 2.55

VL CST =56.19 —1.2312(% VL) 0.82 2.01

AR CST = 56.59--0.8150(%7Z1.) 0.87 1.25

EL CST =56.76—0.5484{%EL) 0.84 1.61

All degrees VL CST =~0.3436+0.729{% VL) 0.90 2.14
Zl CST =-0.6403+0.476(%Z1.) 0.96 1.40

BEL CST =-0.7371+0.323(%EL) 0.94 1.72

*1 Same as Table 4
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Fig. 3. Regression of compression strength per-
pendicular to grain on wave velocity. 7.
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