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Assessment of Incipient Decay of Radiata Pine Wood
Using Stress-Wave Technique
in the Longitudinal Direction’

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

ABSTRACT

This study was performed to investigate the feasibility of using sonic stress-wave technique in the
longitudinal direction for the assessment of incipient decay of radiata pine wood. Decayed bending
specimens by Tyromyces palustris and Gloeophyllum trabeum for varoious periods were tested nonde-
structively using stress-wave technique in the longitudinal direction and destructively.

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. stress-wave elasticity) measured by stress-wave technique in the
longitudinal direction and their percent reduction due to decay.

Keywords © Stress-wave technique in the longitudinal direction, incipient decay assessment, radia-
ta pine, stress-wave parameter. Tyromyces palustris, Gloeophyllum trabeum
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Table 1. Effect of decay on sonic stress-wave parameters.

Weight Wave Wave Stress wave

Fungus loss velocity impedance elasticity
(%) (m/sec) (kg/m® - sec) (kg/cm?)

Tyromyces 0.00 4490 7 A 2,066,831 A 95,779 A
palustris 1.44 4336.1 AB 1.876.442 AB 84 217 AB
2.56 4361.3 AB 1.845 254 AB 81.823 AB

4.33 4353.7 AB 1,707.000 B 76,028 B

9.73 4070.6 B 1,560,872 B 65,370 B

Gloeophyllum 0.00 4490.7 A 2,066,831 A 95.779 A
trabeum 0.89 4334.7 AB 2.019.392 A 90.210 AB
1.99 4282.9 AB 1,858,444 AB 81,388 AB

6.48 4231.6 AB 1.711,500 BC 74,219 BC

11.66 4104.3 B 1,462,337 C 61.586 C

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

Table 2. Effect of decay on changes in sonic stress-wave parameters’'.

Weight Average percent reduction in

Fungus loss Wave Wave Stress wave
(%) velocity impedance elasticity
Tyromyces 0.00 0.00 A 0.00 A 0.00 A
palustris 1.44 2.04 B 3.40 B 5.31 B
2.56 2.39 B 4.87 B 7.11 B
4.33 3.97 C 8.77 C 12.90 C
9.73 6.57 D 16.53 D 22.79 D
Gloeophyllum 0.00 0.00 A 0.00 A 0.00 A
trabeum 0.89 1.87 B 2.75 B 4,56 B
1.99 3.31 B 524 C 8.34 C
6.48 4.27 C 10.45 D 14.22 D
11.66 7.45 D 18.19 E 2419 E

*1 Values followed by the same letter are not significantly different{a {0.05) using Duncan’ s multiple range test.
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Table 3. Result of regression analysm for prediction of percent weight loss using percent reduction

in stress wave parameters'’

Fungus Predictor Regression equation Correlation Standard error
(%) coefficient of estimate
Tyromyces VL WL = 0.438+0.948(% V1) 0.83 1.97
palustris ZL WL =-0.147+0.562(%ZL) 0.96 0.96
EL WL =~0.102+0.387T(%EL) 0.93 1.30
Gloeophyllum VL WL =~0.312+1.329(%VL) 0.85 2.36
trabeum ZL WL =~ 0.533-+0.649(%2ZL) 0.98 0.99
EL WL =-0.651+0.474(%EL) 0.95 1.45

*1 VL. ZL. EL. and WL represents percent reduction in wave velocity, wave impedance. stress wave elasticity.

and weight. respectively.
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Fig. 1. Regression of percent weight loss on per-
cent reduction in wave velocity of radi-
ata pine sapwood beams decayed by two
brown-rot decay fungi.
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Fig. 2. Regression of percent weight loss on per-
cent reduction in wave impedance of
radiata pine sapwood beams decayed by
two brown-rot decay fungi.
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Table 4. Correlation coefficients in regression of stress wave parameters for prediction of bending

strength™.
Predictor(s)

Fungus ;

\% 7z E VL 7L EL VL+VL? ZL+7ZL* EL+EL?
Tyromyces 0.57 0.70 0.73 0.71 0.81 0.79 0.78 0.87 0.85
palustris
Glocophyllum 60 075 071 075 0.83 0.82 0.77 0.87 0.85
rabeum

*1V, 7. E VL. ZL. and EL represents wave velocity. wave impedance, stress wave elasticity. percent reduction in
wave velocity. percent reduction in wave impedance. and percent reduction in stress wave elasticity. respectively.
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Fig. 3. Regression of bending strength on per-
cent reduction in wave velocity of radi-
ata pine sapwood beams decayed by two
brown-rot decay fungi.
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cent reduction in wave impedance of
radiata pine sapwood beams decayed by
two brown-rot decay fungi.

=
_ 2 o
zo] 7hest Ao ey, T B Al 48§
AU A PNL Ageiel AAE A FRel 48 B

7

ol7] Wigal. #& 0% ¢Y UHE 728 2‘8%0“"1
AHgEh] flalde eg Selolld FEel Aol
wet A vteA] dajsle] 2 2ge] datE YSeted

4.2 B

war 22wt el o7 ehrleletant el 7]
FE L FEAE ) A S48 ¢ dtel 3
LHB] 2= olr;]_



3

N

T o
4

i

:

oz 239 $4% W4Es Wl o)
g AUY $7h YU SR £E 7

o e FuAe 2A2ET TD o
IoIckzag} $23 Brlde) o] Slaln e

8] 2719596 B 4 Aok 29

25 WMo Bagol ARNE FRULE 1
~2SAE He F27] $EE O £+ Ut 2
o2 vehgeh,

LT WEE T REAY REES IS
of e PAel FBBAT} S S5 2
stef o3 VLSt Wolgont S Wsge
WAEI FRULE L PR JBE FTS
A RN ole Zagel sl 2Fae] ¥3
£9 RELEE 5T 47} 2gich

A 2aB0] 24 - BAE ZA NN £
gaish wgel o) 2] AMEFe WAL 7

}, A

o

N
T
X

i

Lol oft B P

o Lo

o

o|f

ke £ Agel dabe vy nRAoH, dow
& S e @l B30} elilse
FEFA Agdlr] A AddHE 2t

B Ad B3 A dge Sl & d8e H
Xy

1. Galligan. W.L. 1982. Comments on presen-

tation by M.P. Ansell. In : Proceedings of
Structural Use of Wood in Adverse Environ-
ments. R.W. Meyer and R.M. Kellog. eds.
Van Nostrand Reinhold. New York, NY.

2. Gerhards, C.C. 1975. Stress wave speed and

MOE of sweetgum ranging from 150 to 15
percent MC. Forest Prod. J. 25(4) : 51~57

3. Goodell, B.S.. and R.D. Graham. 1983. A

survey of methods used to detect and con-

10.

11.

trol fungal decay of wood poles in service.
Int. J. Wood Preservation 3(2) : 61~63

. Hoyle. R.J. 1968. Background to machine

stress grading. Forest Prod. J. 18(4) : 87~-97

. Kim., G.H. 1989. Detection of incipient

decay and assessment, of residual strength of
wood using nondestructive techniques.
Unpublished Ph.D. dissertation. Dept. of
Forest Products. School of Forest Resouces.
Mississippi State University. Mississippi
State. Mississippi : 105

. Kim. G.H.. H. M. Barnes. and D.E. Lyon.

1991. Decay detection using Pilodyn and
ultrasonic techniques. Wood Protection 1(2) :
61~68

. Kim. G.H.. H. M. Barnes. and D.E. Lyon.

1993. Estimation of the residual strength of
decaved wood. Wood Protection 2(2) : 47~55

. Pellerin. R.F. R.C. DeGroot, and G.R.

Esenther. 1986. Nondestructive stress wave
measurement of decay and termite attack
in experimental wood units. The Int. Res.
Group on Wood Pres. Document No. IRG/
WP/2256

. SASInstitute. 1988. Statistical AnalysisSvs~

tem(SAS). User s Manual. Cary. NC.
Shaler. 3. M. 1982. Nondestructive evalu-
ation of wood properties by stress wave
spectral analysis. Unpublished M. S. thesis.
Dept. of Forest and Wood Sciences. Colorado
State University, Fort Collins, Colorado
GAsFk - EIR - FEEEAT. 1996, W AR
w2 griolel Avhel 8 WY WY SXNF
& 24(1) - 81~86



