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Determination of True Modulus of Elasticity and Modulus of

Rigidity for Domestic Woods with Different Slenderness Ratios Using
Nondestructive Tests'
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ABSTRACT

This study examined true modulus of elasticity (MOE) and modulus of rigidity (G) for domestic woods with differ-
ent slenderness ratios (L/D) using the static bending and stress wave tests. Bending properties of small clear wood
specimen of three domestic wood species were determined at 12% moisture content. The results of this study indicated
that both MOR and MOE of domestic woods were affected by the slenderness ratio. As the slenderness ratio increased,
MOR and MOE increased. G and true MOE of domestic timber beams were obtained at different slenderness ratios by
flexure test and stress wave test. The values reported here can be useful if these species woods are used for structural
purposes. However, the reported values are only indicative and do not represent the true average of wood species due
to the limited number of specimens tested.
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Table 1. Summary of characteristics of Modulus of Elasticity with different slenderness ratios from bending tests

. Moisture . bending-Modulus of Elasticity
wood species Content (%) SG Slenderness ratio (kN /cmz)
8 506.0 (38.2")
. . . 11 721.8 (73.5)
Pinus koraiensis Sieb. et Zucc 12.1 (0.5) 0.39 (0.03)
14 803.2 (81.4)
18 900.3 (75.5)
8 581.5 (85.3)
11 793.4 (86.3)
Pinus densiflora Sieb. et Zucc 12.0 (0.6) 0.51 (0.05)
14 986.5 (109.8)
18 1097.4 (165.7)
8 591.3 (71.6)
11 840.4 (109.8)
Larix leptolepis Sieb. et Zucc 11.5 (0.3) 0.50 (0.04)
14 977.7 (89.2)
18 1070.9 (97.1)

" standard deviation

Table 2. True Modulus of Elasticity for domestic species of wood determined by different slenderness ratios

true Modulus of Elasticity (kN/cm®)

Wood species by Regression stress wave test
Standard test (E')

Average Difference (%) Average Difference (%)

. s 896.3 865.9
Pinus koraiensis Sieb. et Zucc 803.2 (18.7*) 11.6 (53.9**) 79
. , . 1122.9 1055.2
Pinus densiflora Sieb. et Zucc 986.5 (20.5*) 13.8 (107.9”) 7.0
. . 1068.9 1035.6
Larix leptolepis Sieb. et Zucc 977.7 (18.3*) 9.3 (147.1**) 5.9
" maximum slenderness ratio
" standard deviation
he HolEm AW EE A AUl 148t Table 2 SATAPORNE Pok BAASE
93~138% & g MolF: gtk EE WA=M  HelF: ek Ano] o3t Hel ol gl A
Aol o3t B dAt AARAAST Bt Zol= AdATE 7+ HolA gHez ss2 7Iste &
11.6%2 QMo R ALGEL 10%Hcks ofh 2 FrEAdgonte AWS 2kl 78 4w ok
& Hola Qi E3F Ae-gEo] FFFel gl SHARE = Sk A AtolollA AHE AHEgE E4S
A7} ek o g el 200 ok e g 98] BuE Fo7h apEth B 44T A% 2
2 wolEm glrk. ol ATHE AW 4ok o B o] Ak 9% Aol o8 AWSAASE 7
Al7ge]of] thet Aol dagt Hos wehEy, A4 T AR, AHE 1 Foll ZA7F Qe oEt
AT e Al st Ad-gEo]l EAsHA olfFEE IIHSHA HAFY 4 Sl SEIEEeR
U= Z1EQ} 759 A AAitel o]&-E|ojof gt HE 5 AR E AR ASE ot A
A& Holzeh AekAsE etk Qutdoz Sentugos



1]

TE A=
ARl 10% A=
59~7.9%%2 Hit
k. ol= Algke *1
TekEo] SIS
A= o 2 Aljaoi
gt}

o
o ox T

>

1

(N
1T TR 1

rO

N

%

% jo 10 &

2

T CIEFA]

—_L—- - O

3.2.

Aol 2%

A= A7 14 ) A=A R
‘ézﬂ*% ol-g-3to] Atgict & Aol gt
APy =y + ysi Yoi= -4°ﬂ -46‘} Yo' yy =
PL®
A8IE

2
Fﬂ' ri

)

e AlgHI7E 14
75“—,—(E )¢} Table 2
A—]7;“/\(E) u o

07414(5)% Z¥zk A (Dol

ox o

[<)

2717

(1986)2] % AFRFIT) ZAZH Ho| A
el WaE0l Sl S AE )54(
s ofefel 2ok

o

[

Table 3-&
E : GO= Hojzrh A (el &Jsff AtE E : G=
12.1~17.12 Bodig?} Jayne (1982)2] S =9 <t
of itk SHAITE 4] (2)o sl 3t E @ GO H|=
A (Dol st gh& Bt ot & 15.1~21.38 Hof
Z1 9t AR B9 E : GO H|: 2130=2
Bodig®} Jayne (1982)9] 7} & H]l 20.95 T} oFzk
23S Ho]ZA|uk, Biblis (2001) AFATHe] W9
groll qdek. A (DT 4] )l oJsl Alite At
Ag= 7] 2ol 4] ()04 Kgkoll & Zpolk
F oY Ae= #ddHEny KeE FHIRIAER
Harrison} Hindman (2007)9] 5 / 65 AM-FA|4L,
ol Hlof wal Kgk& AR&sfjoF girh shA|Rt =
W ol tigh ol vjo] k2 A g A A
otk et FARRY B U2 o] 8-& fleiA= 7]
2 A=l Wig AAAJ] dt=o] 8= §lot

Table 4= SEIAFOoRHE L3 SAASLE
ARESEe] Aikd AdeAdAeE Holal ok %
S AT ES A=A RRE A5
e ﬂlTi ALte FERT E gEE B
I, E : G9| H]&= Bodig®} Jayne (1982)2]

Al &
=22

A1 Z]

=
o
A

jeﬁr_ﬁflr_h

=2

Tl
T:

e

H
=

crol Sick, o] T Aol Table 2014 5
AF S Atolo] AAegASe] Hol7t ¢al
oltt.



A T AAHle] oist vakR AE o S o)

A3

At A

@A 2

ox

Table 3. Modulus of Rigidity for domestic species of wood using MOE determined by bending test

Modulus of Rigidity (kN/ecm®) and E/G

Wood species

by Eq. (1) by Eq. (2)
Pinus koraiensis Sieb. et Zucc 55.9 16.0 45.1 20.2
Pinus densiflora Sieb. et Zucc 65.7 17.1 53.0 21.3
Larix leptolepis Sieb. et Zucc 88.3 12.1 70.6 15.1

Table 4. Modulus of Rigidity for domestic species of wood using MOE determined by stress wave test
Modulus of Rigidity (kN/ecm®) and E/G
Wood species
by Eq. (1) by Eq. (2)
Pinus koraiensis Sieb. et Zucc 79.4 10.9 63.7 13.7
Pinus densiflora Sieb. et Zucc 122.6 8.6 98.1 10.7
Larix leptolepis Sieb. et Zucc 1344 7.7 107.9 9.6
Table 5. Summary of characteristics of MC, SG and Modulus of rupture with different slenderness ratios
(specig/l:l?rf:i?:ilscss ratio) MC (%) SG Modu(lllclls\l/(c)rfng)upture
8 12.2 (0.64") 0.39 (0.03%) 6.24 (0.46")
11 11.9 (0.30) 0.40 (0.04) 6.37 (0.50)
Pinus koraiensis Sieb. et Zucc
14 11.6 (0.83) 0.37 (0.02) 6.46 (0.37)
18 11.8 (0.75) 0.38 (0.03) 6.57 (0.32)
8 12.0 (0.51) 0.47 (0.05) 7.02 (0.75)
11 11.8 (0.56) 0.51 (0.05) 7.82 (0.91)
Pinus densiflora Sieb. et Zucc
14 11.5 (0.56) 0.49 (0.06) 830 (0.82)
18 11.4 (0.66) 0.50 (0.07) 8.65 (0.92)
8 11.4 (0.29) 0.49 (0.03) 7.19 (0.47)
11 11.2 (0.60) 0.51 (0.02) 771 (0.79)
Larix leptolepis Sieb. et Zucc
14 11.6 (0.71) 0.48 (0.04) 8.17 (0.92)
18 11.8 (0.51) 0.50 (0.07) 8.54 (0.88)
" standard deviation
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