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Evaluation of Static Bending Properties
for Some Domestic Softwoods and Tropical Hardwoods
Using Sonic Stress Wave Measurements™!

Do-Sik Lee* - Jae-Sung Jo*® - Gyu-Hyeok Kim*?

ABSTRACT

Stress wave velocity, wave impedance, and stress wave elasticity of small, clear bending speci-
mens of five domestic softwoods(Pinus densiflora, Pinus koraiensis, Chamaecyparis obtusa, Cryptomeria japonica,
and Larixleptolepis) and four tropical hardwoods{Kempas, Malas, Taun, and Terminalia) were corre-
lated with static bending modulus of elasticity(MOE) and modulus of rupture(MOR).

The degree of correlation between stress wave parameters and static bending properties was depen-
dent on wood species tested. Stress wave elasticity and wave impedance were better predictors for
static bending properties than stress wave velocity for each species individually and for softwocd or
hardwood species taken as a group, even though elasticity and impedance were nearly equally cor-
related with static bending properties apparently. Based upon the correlation coefficient betwsen
stress wave parameters and static properties, stress wave elasticity and wave impedance were found
as stress wave parameters which can be used for the purpose of the reliable and successful predic-
tion of bending properties. The degree of correlation between static MOE and MOR was also ddif-
ferent according to wood species tested. Static MOE was nearly as well correlated with MOR as was
stress wave elasticity.

The results of this research are encouraging and can be considered as a basis for further work
using full-size lumber. From the results of this study. it was concluded that stress wave measure-
ments could provide useful predictions of static bending properties and was a feasible method for
machine stress grading of domestic softwoods and tropical hardwoods tested in this study.

Keywords © Sonic stress wave measurements. nondestructive test, stress wave velocity, wave impe-
dance, stress wave elasticity, modulus of elasticity, modulus of rupture, domestic soft
woods, tropical hardwoods
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Table 1. Correlation coefficient*! between stress wave parameters and static bending properties using

the simple, linear model*2.

Stress wave parameter

Species Velocity Impedance Stéizz%?; ®
Pinus densiflora 0.35 0.69* 0.70**
0.12 0.34 0.36
Pinus koraiensis 0.42 0.85™ 0.79**
0.40 0.78** 0.73**
Chamaecyparis obtusa 0.93* 0.72** 0.89**
0.65*" 0.34 0.55*
Cryptomeria japonica 0.96** 0.96™* 0.95**
0.47* 0.53" 0.43*
Larix leptolepis 0.36 0.81™ 0.79*
0.38 0.73*" 0.71**
Koompassia malaccesis 0.03 0.28 0.15
0.09 0.02 0.05
Homallium foetidum 0.91** 0.87"" 0.90™*
0.68** 0.55" 0.611
Pometia pinnata 0.28 0.94** 0.93**
0.21 0.88"* 0.85™*
Terminallia spp, 0.39 0.92"* 0.93*
0.22 0.87*" 0.83**
All domestic softwoods 0.78™ 0.87* 0.92**
0.58" 0.79** 0.79*"
All tropical hardwoods 0.50% 0.94*" 0.94"
0.30 0.92™* 0.87**
All species 0.48% 0.95** 0.95**
0.30 0.93** 0.88™

*1 First row indicates correlation coefficient with MOE, and second row with MOR,
*2* and ** represent significant difference at 0.01% and 0.05%. respectively.

— 10 —



A8 o7 Hrletget. V1M sEE2 AYE &
Aot WSER YAAT] BAE §Y ST o3 &
HE T deA A8 FEHEN o8 ZF s
<o AFEN BT 4T BAE Y ExR
8o W 9 fdae] Armk(ERRBL g Al
&, A Aol o3 A M3 F, gt Ao 23
A, ZE S8 HFE 0|83 SREFE A=ty
ot 2 BAME = B4 #7124l Statistical Analy-
sis System(SAS Institute, 1987)& o] &3tad A4
3t

3. 20t H 1

g ootk 2 S5 gdAlSE Table 114 B
F A%<l KempasE Astne fedAset 43
AHg Byt 22y Agdnel YA A
2 P A Malas® Astne B3siich. 8
el g8t siFEel AT PeAAgete] At
vjsle Eatg ot ARt Arele] el ¥EF &
Zo Prwse] Aww vpA gFasiAd Jesich o
% oot 2 gl u g Aol 3 AdEe At
% 994 Terminalia, Taun& A#AF7H0.71~
0.8824 ofzIzhel Atgto] Blmd 43t ot v
Al AR Malas, Kempasel 2% 4Alzte] 4
Fo} BaFalA velwdth. meiu 239 dAgsne 3
Aol Aye Hulul MalasE Al9stne A
Sk ety S8 Ay 9HE doidkas
S8 Ad4T B ohlel BAle] 4448 A3
2 gaFshe Eae) Uxe) Felo] gly] wiio] &
Agdrc) Al Juto] 243 AL A F
ety & 5 Uk an 5o OE 2y dSED
P27 Ao WHole £33 B 2372 Ao|rt
A el &2 gte] Mg oj|l P3kg v|A]7] wFol
g Ags e, o oo tig 43t gasitin £
o} 22w Ry Pgzke] A8 ANME 2o
2 g S e 2 P wenig o3l 3
AgH, ¥ u v4e| 230 FA, BEE $HR AFE
ol &3t cEEF Ay e M3 viE o Fx
FRARY Frhe BEE 5 AALY PR g
AA MAsAE Zatdct

ol BERA GE4EQ sugar maple. yellow
birch. white ash, red cak?l 2% - &% AdHE
£ Uhe) 2Foz BUE 9, o5 ¥ ddEHn
o AF, I Yuids, 2=a B Re HedA e

2L PREze] ARASsL 22 0.89. 0.87. 0.937%
0.69, 0.88, 0.85%}3 & Smulski§1991)9] Rms} &
AYelA dolil 4BASE vind] & 9, 9% Jud
29} S0 GAASLE MR |58 FRASE 1Yo
v 8 E Adg e ol @ 4BASFE Ve
Gerhards(1982)7} 127f 438 nel A3E gofF o
B3 vl ofEd $¥u grPHd o8 E¥E $¥s
BAdA e AARE(FAA - 28 AEAT AgA)) ==
o] et AStel FBAISIE 0.87~0.990) 8k
=], o] dA] £ 4A¥e] Aus} ulL3igy B A
el dojA g8ln edASse YAEe] ABAS
= James(1964)7} Douglas-fir 324 - 48 899
€ e s & A% da dojd 283 ehdAS 3
Zrtel FEAFsETE 4 ¥t 22l3 James
(1964)7F AFFNZ B APMe 55 dugrrt &
g3 gAY ot 2% AR dSAsYel
A=), Porter %(1972)% Hem-fir ¢+ western
white spruce Atile] ¥z Hrt An &¥nt &
A} Frherel A@AS7E 0.729 0,582k B
AT o)Fe B AoA dojR AeASFHTE ¥
e ol Adizje] EAlghs Folut Hel7 e o
A A4 7ZFragle] Exel 7ozt

A FAR 9] v Aj o] i B2 AT AREE F
3 B guAdAded Ao vlgaiA e AuA
7} 0.90 ol4(Pellerin, 1965), 18]z 7% 73
S vlgyA getel 4AASTE 0,70 o4 (Hoyle,
1968) elojo} gre] wimkAlSol <3t [EREMESlE 84
AE dFo] hesitin k. B AT T 44713 7)
Z& AR Y W, LE $8d AR A A
obz|et Hutde g B u 22w ehdA4o v oy
Gart §AFEE AF8A A ASE - dE 2
2 veldel Table 2= $542 13 $35¢ 3
B9t BRFHER FUE o, IS NEUA o
28 £ e 289 HLES BoEh

7z e A4 eu A 994879 A
2 54 32 o8 ZEE & gleA] dRE 3
B ofg) 48 A0S Table 3o Uehisd], 84
Aol olepd vk omgae Frieie] HAE A
slae S0 s fAEd BAglel RE 55 8
g Fede A2 F47) 9lgo] vebgct

RE A AGFEL shile] a§o2 FojAd AAd
aFEHY 23 §Yu AEEE, 3T g, a9
@ 85 el 3R AS 2 A0 AT
%71 742} 0,78, 0.87. 0.929} 0.58, 0.79, 0.792 1}

11 =



Table 2. Stress wave parameters which can be used for the purpose of the successful prediction of

bending properties™.
Species Bending property

MOE MOR
Pinus densiflora None None
Pinus koraiensis 7., ESW*2 Z, ESW
Larix leptolepis 7. ESW Z, ESW
Chamaecyparis obtusa v, Z, ESW None
Cryptomeria japonica v. Z, ESW None
Koompassia malaccesis None None
Homallium foetidum v, Z, ESW None
Pometia pinnata Z, ESW Z, ESW
Terminalia spp. Z. ESW Z. ESW
All Softwoods v. 2. ESW Z, ESW
All Hardwoods Z. ESW Z, ESW

*1 Rasis for the successful MOE and MOR prediction: r = 0.90 for MOE and r = 0.70 for MOR,
*2 Underlined stress wave parameters have somewhat lower correlation coefficient than that for successful
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Table 3. Analysis of covariance for all species for testing heterogeneity of the nine simple regression
equations bewteen stress wave parameter and static propertires™.

De%p e_nc}ent ! ndependent Slope Significance mter;cept Significance
variable variable I K
MOE Stress wave velocity 0.0985 NS 1.5502 NS
Stress wave impedance 0.0160 NS 0.0497 NS
Stress wave elasticity 3.3280 NS 3.0980 NS
MOR Stress wave velocity 0.1436 NS 1.7424 NS
Stress wave impedance 5.1497 * 0.5448 NS
Stress wave elasticity 0.0394 NS 0.2020 NS
Note: *1 NS: No significant diffrence at « = 0.01%.

+ : Significant differenceat e =0.01%.
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