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ABSTRACT

Relationship between growth rate and wood quality was investigated by physica and mechanical properties with
Quercus rubra (24 years old) from five different origin of apricot. In greenwood moisture content, sapwood had higher
moisture content than heartwood, and there was difference among different origin of apricot. There were different spe-
cific gravity of wood among different origin of apricot. Compared with higher growth rate with higher specific gravity
in sapwood, opposite trend was observed in heartwood. There were difference in shrinkage based on origin of apricot,
and higher growth rate wood had higher shrinkage and T/R ratio. Compression Young's modulus, bending strength,
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bending Young's modulus, and compact strength was difference among different origin of apricot. Higher growth rate
wood had higher tensile strength, and also there was difference amont different origin of apricot. In hardness, 3 differ-
ent directions had al difference among different origin of apricot, and higher growth rate wood showed higher hard-
ness than others. Based on overall physica and/or mechanical properties and growth rate, apricot from Bancroft was

best quality in current.

Keywords: Quercus rubra, Juvenile wood, growth rate, wood quality, physica and mechanica properties
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Table 1. Sample trees (Quercus rubra)

Average annual ring

Provenance Tga/eeaa)ge Hg'ng)ht D(cern;-' width t;?’gx
(mm)
Carleton Ontario Canada 24 16.5 175 4.61 22
Simcoe Ontario Canada 24 147 109 2.87 41
Chatham Ontario Canada 24 17.3 19.8 521 27
Bancroft Ontario Canada 24 20.2 135 3.55 40
Unknown 24 149 126 3.32 23
1950). 71 o]% FPArPTSIAN AL 197240 w]  Uhepyick
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Table 2. Green moisture contents and specific gravity (S.G.)

Provenance Green moisture Green S.G. Oven-dry S.G. Air-dry S.G.
contents (%) (Wy/Vg) (Wo/Vo) (WalVa)
Sapwood 73.03 1.01 0.67 0.73
Carleton .
Heartwood 85.98 a 114 0.70 0.74 ab
Sapwood 74.86 0.95 0.63 0.68
Simcoe
Heartwood 87.68 a 113 0.73 0.76 ab
Sapwood 68.75 0.99 0.68 0.72
Chatham
Heartwood 76.39 b 112 0.71 0.75 ab
Sapwood 66.13 0.98 0.63 0.72
Bancroft
Heartwood 71.46 b 115 0.70 0.77 ab
Sapwood 55.50 0.85 0.64 0.65
Unknown
Heartwood 64.57 c 1.16 0.76 0.79 a

" Duncan groping (Subscripts indicate significant effect a 0.05% level)

0s y=-0.0129x+0.8126
0.8 RE =042t
0.7
05 v=®o2a1x+ 05057
g R?=0.472
w05
=
'E 0.4 # Heartwood
4 03 W 5apwood
0.2
0.1
0 : : !
0 2 4 6

Average annual ring width{mm)

Fig. 1. Relationship between air-dry specific gravity
and average annud ring width.
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Table 3. Shrinkage of air-dry and oven-dry in five provenance

Air dry Shrinkage (%)

Oven dry Shrinkage (%)

Provenance
T R L T/R ratio T R L T/IR ratio
Sapwood 5.17 2.70 -0.90 191 9.44 270 0.12 3.49
Carleton .
Heartwood 410 a 242 a 0.29 a 169 b 651 bc 303 bc 044 a 235 a
Sapwood - - - - - - - -
Simcoe
Heartwood 393 a 3.86 a 1.04 a 102 ¢ 722 b 451 b 044 a 160 b
Sapwood - - - - - - - -
Chatham
Heartwood 4,78 a 292 a 054 a 164 b 1458 a 9.20 a 084 a 158 b
Sapwood - - - - - - - -
Bancroft
Heartwood 320 a 127 a 093 a 252 a 943 b 773 a 061 a 122 b
Sapwood - - - - - - - -
Unknown
Heartwood 4.29 a 250 a 0.96 a 172 b 36l c 175 ¢ 073 a 2.06 a

" Duncan groping (Subscripts indicate significant effect at 0.05% level)

7o) Ul AgEETL e e} AT}
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2 B 0.75%, HAIHEE Hpapak )\Zo]Hl—Eo]
T/R 7}& 1.02~2529] Hel=2 FHo 1.725 Ve
A 7Rl AeHEL AAYE 3.61~14.58%
o] HoR H 8.27%, WAPEF 1.75~9.20%= Ht
5.24%, Z1o]HsF 0.44~0.84%= H+t 0.61%, T/R 7k
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Fig. 2. Relationship between tangential shrinkage and

Fig. 3. Relationship between T/R ratio and average
average annual ring width.

annual ring width.

Table 4. Axial compressive properties in five provenance

Provenance MOR Proportional limit MOE
(kgflemd) (kgflemd) (kgfiem?)
Sapwood 471 328 33760
Carleton .
Heartwood 465 a 286 a 30825 b
Sapwood - - -
Simcoe
Heartwood 501 a 335 a 30238 b
Sapwood - - -
Chatham
Heartwood 455 a 273 a 20528 ¢
Sapwood - - -
Bancroft
Heartwood 484 a 343 a 40839 a
Sapwood - - -
Unknown
Heartwood 465 a 300 a 29009 b

" Duncan groping (Subscripts indicate significant effect at 0.05% level)

Axgee wao] A 47t glomz Fofa A HHRE ¥ PFGAS ¢S ek Zolth 957
=% WAzt g Ao Arert i AL 455-50L keflonel IR BT 474

kgf/cm?o| 1 BAjH= A& A7t 7HsalE Carleton
Abx|©] A7} 471 kgflem?e] Zhe Upeldich. ghE)
HFm AARIL 273-343 kgffem®e] M= Bt
307 kgffemPo]i WARE CarletonibA] o] 7|7}
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Fig. 4. Relationship between axia compressive and
average annual ring width.

328 kgifemte uERdh dEGAGE AR
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o)1, MR 7} Carletonit#] 2] 777} 33,760 kgf/cm®
o] Zke veRic.

Carleton, Smcoe, Unknowno] #7F 7F& yeElda
Chathame 7 whe ghe Uepiich. 57w}
Z7A)%0] AHx] 7} Zpoli= Table 19] Fi1%)7
o] Q= AT oA BHS T 4 U
T 7o) ¥-& Chatham (19.8 cm)o] I=73=9} ¢
SAToIA 22 g UERiaL FrAAo0] S
Simcoe (10.9 cm), Unknown (12.6 cm), Bancroft
(13.5 cm), Carleton (17.5 cm)AtA|E0] =& ==
oF FEGAG S etk Fg. 4= A 7 A%
I} Q& Eee] BAS ekl Aolnk ool Aot
A ATk TAClA EAS 2} o] o]
29 7% ghe AshEs Zlo2 Uehyth Fg 5:
A==} AZAASee] BAS vehd Zlolck.
Park 520042 @5bAF FHRILS] S EAle]
A FRUE 490 kgflont’, AF4Re] UL 534 kgffont’,

Fig. 5. Relationship between MOR and MOE.

Z2E 589 kgf/em?o.2 ¥ 1151931, Cho S(1990)
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1990)9] FHEPFhFFETE tha Sobch
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Table 5= FH e o] A2 7 #74, FHE|
ot 9 FgAle=E vebhd Zoloh F3es AR
7} 795~1240 kgflcm?e] W92 W3 989 kgf/cmPo)
I HARE 270 Abx|(Carleton, Chatham)e] o]l
A AEE AT = ASEdH o5y ®e=
926~931 kgf/cm’@ H+ 929 kgf/emPct. Fu) st
T AR5} 308~491 kgflem’e] HolZ By 382
kgf/omPo] 31 ¥R 312~351 kgflem’e] W& 3
332 kgflem’gich. FGAGE AARIL 61,531~
102,323 kgflem?e] #Hojz W 82,829 kgflem?, H
A E7) 67,566~73,678 kgflem?e] W92 Hat 70,622
kgflem? AT}, 4k 7ke] 2t i ghe] ajol S &hels)
71§l Qe AES AAS A3 F7E, FulEst
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Table 5. Bending properties in six provenance

Rk

Provenance MOR Proportional limit MOE
(kgflem?) (kgffcm®) (kgffcm®)
Sapwood 931 312 67566
Carleton .
Heartwood 814 b 315 b 64490 b
) Sapwood - - -
Simcoe
Heartwood 861 b 319 b 84943 ab
Sapwood 926 351 73678
Chatham
Heartwood 795 b 308 b 61531 b
Sapwood - - -
Bancroft
Heartwood 1240 a 491 a 102323 a
Sapwood - - -
Unknown(1)
Heartwood 1237 a 477 a 100860 a
" Duncan groping (Subscripts indicate significant effect a 0.05% level)
1400 120000
e y= 785811+ 5081
"'E 1200 100000 RE=UBETE A
<. 1000
E o~ 80000 *
= 00 hd .4 §
2] y=-1279x+ 14898 ‘E‘j 50000 3
€ oo R?=0.2925 Fret
i [=]
o Z 40000
5 400
=
& 200 20000
0 : . ) 0 . T 1
o 2 4 6 0 500 1000 1500
Average annual ring width({mm) MOR(kgf/cm?)

Fig. 6. Relationship between bending strength and
average annual ring width.
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v 3t o] 7<% Bancroft (491 kgf/cm?), Unknown
(477 kgflem?)7} =2 gk UhERAAL Simeoe (319
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kgflem?)7} WA UpERgTh @9ASE Bancroft
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Fig. 7. Relationship between MOR and MOE.
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Table 6. Properties of shearing strength and impact bending absorbed energy in five provenance

Shearing strength Impact bending absorbed energy
Provenance (kgf/em?) (kgf - m/em?)
Sapwood 22.60 -
Carleton .
Heartwood 2354 a 123 &
. Sapwood - -
Simcoe
Heartwood 2119 a 0.74 bc
Sapwood 18.42 -
Chatham
Heartwood 2318 a 0.68 ¢
Sapwood - -
Bancroft
Heartwood 22.86 a 1.17 abc
Sapwood - -
Unknown
Heartwood 1813 b 150 a
" Duncan groping (Subscripts indicate significant effect at 0.05% level)
25 16
, *
T 20 + v =14522x+16.099 =
g s RPz03964 £ 12 * *
b, s E
Z 15 - T 1 V= 00913+ 14213
= = =
B E %05 R? = 0.0648
g z = +
70 2 Bos *
£ -
g s E Y o4
- 0.2
0 : : : : r ) 0 T . )
0 1 2 3 4 5 6 0 2 4 6
Average annual ring width{mm) Average annual ring width{mm)

Fig. 8. Reationship between shearing strength and
average annual ring width.

oleich. Fig. 72 #7wo}
o=, BAEI} F7V4
£ A4S B9l Cho

2 HEO) JuS Holtky ehgon, of ghe
T AR B7Ee} Kol 7k gl Ao Uebltt,

Fig. 9. Relationship between impact bending ab-
sorbed energy and average annua ring width.

18.13~23.54 kgflcm’® H4+2 21.78 kgflem’= e}
ok HARo] Ao 18.42-2260 kgf/lem’o] w9
2 3t 2051 kgflenm’& LFERGTE AHA] Zholli= A4
Ho] Ao Unknowno] 18.13 kgf/cm’2 ¥ 7S U
EFWal Carletono] 2354 kgflcm?, Chathamo] 23.18
kgf/cm?, Bancroft7} 22.86 kgficm?, Simcoe7} 21.19
kgffem’E LERH O o] & 7ol S92t = A
o= yepych Fig. 8 AT Aditzele] i
S Yetd Zog & AHHAE HolA kA
A&7 wepe] wet gEdEet FdEeks
27 dHmolME AXEe AFE UElch
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Table 7. Hardness properties in five provenance

ey

1z
oft
>
o
ok
fu

Hardness (kgf/mm?)

Provenance
Cross section Tangentia section Radial section
Sapwood -
Carleton .
Heartwood 6.40 c 245 ¢ 223 b
! Sapwood -
Simcoe
Heartwood 564 c 2.58 bc 203 b
Sapwood -
Chatham
Heartwood 9.25 a 336 a 265 ab
Sapwood -
Bancroft
Heartwood 891 a 320 ab 293 a
Sapwood -
Unknown
Heartwood 734 b 3.04 abc 289 a

" Duncan groping (Subscripts indicate significant effect a 0.05% level)

Cho 5(1990)2 FHePRROl A=y 147
kgffem’etT Biale] B ZAM= w@e zjo]E H
o]aL Qlth. o|Aof e = & T AL Qlofof &
Aog AzEt.

ZA7 = AR5 0.68~1.50 kgf - micm’<]
W2 B 1.06 kgf - mem ). AR 7hols &
°]x2 B9 om Unknowno| 1.50 kgf - mlenm’o.2 7}
Z; =orow, r}go& Carletone] 1.23 kgf - mient,
Bancrofto] 1.17 kof - miem®, Simcoe (0.74 kof -
micnt), Chatham (0.68 kgf - m/cm?)<=©.2 UrebTY,
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Fig. 10. Relationship between hardness and average
annual ring width. CS: cross section, TS: tangential
section, RS: radial section.
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