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Physical and mechanical properties of introduced American
red oaks juvenile wood

BI Yujin' , WANG Hui' ,PAN Biao' , HUANG Libin”

(1 College of Materials Science and Engineering s Nanjing Forestry University , Nanjing , Jiangsu 210037 ,China;

2 Jiangsu Academy of Forestry,Nanjing,Jiangsu 211153 ,China)

Abstract: [Objective] The physical and mechanical properties of introduced three varieties of Ameri-
can red oak were systematically determined to increase the resources of high quality furniture and interior
decoration timber in China. [Method] The wood physical and mechanical strength indexes including air-dry
density.,dry shrinkage,impact ductility,compression strength parallel to grain, bending strength and modu-
lus of elasticity in static bending of 14 years old Quercus nuttallii , Quercus shumardii and Quercus nigra
were investigated,and the relationship between them were comprehensively evaluated and compared among
the three American red oaks. [Result] The air-dry density, volume air-dry shrinkage rate,impact bending
strength,compression strength parallel to grain, bending strength and modulus of elasticity were 0. 725 —
0.767 g/cm®.9.650% —10.622% ,216. 58— 255. 14 kJ/m*,45. 57 —54. 44 MPa,104, 24—105. 40 MPa,and

7.11—7.77 GPa,respectively. The differences in wood tangential oven-dry shrinkage rate among the three
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red oaks were extremely significant, while the differences in radial oven-dry shrinkage rate and bending
strength were not significant. The air-dry density of red oaks juvenile wood was extremely correlated with
bending strength. The compression strength parallel to grain was extremely significantly correlated with
modulus of elasticity and it was significantly correlated with bending strength. The bending strength was
significantly correlated with modulus of elasticity. Comprehensive evaluation based on subordinate function
showed that wood physical and mechanical properties of Q. nuttallii and Q. shumardii were better than
Q. nigra. Most physical and mechanical strength indexes of juvenile red oak wood were close to other ma-
ture Quercus woods. [Conclusion) All the three species of American red oaks had high strength and wood
quality,and they could be used as furniture or interior renovation wood.

Key words: America red oak;juvenile wood;wood physical properties; wood mechanical properties
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WREE, 12 40 cm, $% 88 GB 1927 —2009¢ A # 9y
P 238k SR A 7 B VAT GB 1929 —2009¢ A 44 4 B
15 B i SR A R ) A T HBORE AR

R1 SIMABEKRNERER

Table 1 Basic information of the introduced red oaks
i A [ 4% /cm B 5 /m AR /m
Species DBH Tree height Clear bole height

WNEERE Quercus nuttallii 19.2840. 98 8.48+1.08 2.3040.18

KR Quercus shumardii 15.20+2. 45 11.70+1.63 1.93+0.15

IKBE Quercus nigra 15.38+1.07 10.68+2. 74 2.29+0. 26
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Table 2 Comparison of juvenile wood density among three species of red oaks

ST % Airdry density FLA % Basic density

4T % Oven-dry density

Gk F 25 Vi F i/ 5t i R R e
Species (gecm ®) R/ % &5/ % (g+cm ?) A/ % FBE/ % (g+em™®) RE/ % 8%/ %
Mean cv P Mean cv P Mean cv P

AP IR .. 0.767 aA 3.998 1. 255 0. 730 aA 4,061 1.275 0.617 aA 4,087 1.283
Q. shumardii
g(m‘:ligra 0.749 bAB 5.807 1. 981 0.709 bAB 5.769 1. 968 0.607 bAB 5.962 2.034
a1
Rk .. 0.725 bB 4.118 1. 902 0. 690 bB 3.996 1.752 0.580 bB 4. 385 2.062
Q. nuttallii

BB G AR A /NG TR OR 22 5 8 3 (P<T0. 05) Wb AN ) K5 8 R 22 Sl i 3% (P<<0. 0D, 4 [,

Note: Different lowercase letters indicate significant difference at P<C0. 05,and different capital letters indicate extremely significant differ-

ence at P<C0. 01. The same for Table 4.
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EREE I,
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Table 3 Comparison of juvenile wood air-dry and oven-dry shrinkage rate among three species of red oaks
s WEEME Q. nuttallii KR Q. shumardii K¥E Q. nigra
R o ¥ [ys—y_ o ” [y——— o ¥ [ys———
Index T E TREAK WK T E TREAK MWK T E BRZRE IR
Mean cv P Mean cv P Mean cv P
SA T /0
E:al?i;lﬁ 2.052 bB 10. 957 4.802 2.686 aA 13.537 4. 249 2.683 aA 16. 390 5.592
T T4 % W %
Air-dry shrink- 7277 7 7.225 bAB 8.622 3.779 7.681 aA 6.758 2.121 6.851 bB 8.938 3.049
Tangential
age rate
B/ % .
9.650 bB 11.919 5.224 10. 622 aA 7.709 2.420 9.761 bB 8. 687 2.964
Volume
ATID
garg]i'/llﬁ 4,389 a 6.222 2.874 4,336 a 10. 631 3.336 4,396 a 12.714 4,338
2FT4% WY
Oven-dry JARIn 11.567 A 4.632 2. 140 10.948 B 4.676 1. 467 9.952 C 6.459 2.204
) Tangential
shrinkage rate oy
k878 15.985 aA 1. 985 2.303 15. 444 bA 1. 769 1.497 14.347 bB 5.909 2.016
Volume
BT T4 2.645 aA 7.580 3. 714 2.553 aA 12. 390 4,227 2.297 bB 13.403 4,573

Oven-dry shrinkage ratio difference

T AT B 5 AR R IRl /NE B 36758 28 5 38 (P<C0. 05) WA AN i) K5 - BE 380% 28 Bl i 3 (P<C0. 01)

Note: Different lowercase letters indicate significant difference at P<Z0. 05,and different capital letters indicate extremely significant differ-

ence at P<C0.01.
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Table 4 Comparison of juvenile wood mechanical property among three species of red oaks

i 20 475 58 % Compression strength parallel to grain

P4 5% ¥ Bending strength

Sfifis -1/ MPa A5 RE % HE A % 4 {E/MPa 5 RE % HEW A 50/ %o
Mean Ccv P Mean cv P
WIERE Q. nuttallii 52.72 aA 8.90 3.18 105. 40 a 11. 09 4. 44
KR Q. shumardii 54. 44 aA 4. 81 1.72 104.54 a 9.02 3.47
KHE Q. nigra 45.57 bB 5.10 2.89 104.24 a 6.12 2.23
. P25 PRI R Modulus of elasticity i P Toughness
Species FHE/GPa  BRAK/%  WWIRE/Y%  FHE/ (I -m D ARREK/ % MR %
Mean cv P Mean cv P
HIEERE Q. nuttallii 7.77 aA 13. 24 5. 30 221.95 bB 13.78 3.78
FFI KR Q. shumardii 7.11 bA 14. 81 5.69 255. 14 aA 12. 65 4,38
KEE Q. nigra 7.71 aA 14.08 5.13 216.59 bB 14. 40 3.91

YN IE KR BT I AR RN K BR A B 1 25 45 58 BE 43 ) ok
158.12,158. 98 F1 149. 81 MPa, 34 J& T & 58 & A #1
(107.9~166. 6 MPa)"" s KM 1 25 A il o5 22 5005331
h 272.62,257. 66 Fl 246. 81 MPa » em®/g, ¥ J8 F
B Y K b Y ] (> 215. 6 MPa + em®/g)[

U ZEAR AR A SUEAT B 1) T 2450 B 38 FLAT LA
A B MIAE S I 58 H AR RT3 A A8 1 R0 o
FABFETT S AR TS LR A I b Y 0 S S A A AR
A% R W HZ 50 Ty Ik 25 5 A5 i AR R SR
AT, 4l BB B0 A SR P R S A B A
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Table 5 Correlation of physical and mechanical properties of juvenile red oak wood
wEaet  mmaet  EREeT
e e T4 % T 45 % T4 % IESE . i
= T s
LD . T I Radial oven- Tangential =~ Volume T o A ?EJE A b B
Air-dry . . Bending
Index densit dry oven-dry oven-dry Compression streneth Modulus of Toughness
sty shrinkage  shrinkage  shrinkage strength ) g elasticity
rate rate
T HE |
Air-dry density
e oo
Radial oven-dry shrinkage rate o
I K Comse 0057
Tangential oven-dry shrinkage rate : :
B T 4K sl ool s
Volume oven-dry shrinkage rate : : :
MR S 47T 58 i _ e cox
Compression strength 0.108 0. 085 0.548 0. 559 1
i
gt?dffﬁmnglh 0.344** —0.086  —0.172  —0.248" 0. 245 x 1
> I e A
%tijﬁlr?f?iliticity 0.083 —0.108 —0.012 —0.109 —0.355*" " 0.611** 1
e B A —0.012 0.183 0.129 —0.070 —0.130 0. 081 0. 081 1

Impact bending strength

T o« RBMOCHEMR R » REBMRIERE.

Note: * % . The correlation is very significant; * . The correlation is significant.

2.4 3MLABRAKHMYENFHEHESITMN
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SR, GBS BRANET I BR AR B 10 5 9 R TN ZE A il T
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Table 6 Comprehensive evaluation of physical and mechanical properties of three kinds of juvenile red oaks wood

e , i 250 g i FiE i 25 ot “E R T .
i skwp g VEURRE g UT RTRBTE L HE 4
Species Basic density  Toughness Compression MOR P4+ Shrinkage ratio S Rank
opecies as1c ensity ughness strcngth M()E diffCl’ChCC oum an
WEEHE Q. nuttallii 0.396 0. 600 0.467 0. 482 0. 485 0. 466 2.895 1
SPHLME Q. shumardii 0.419 0. 484 0.501 0.435 0. 360 0.691 2.890 2
K Q. nigra 0.431 0.556 0. 485 0.474 0.482 0.431 2.859 3

2.5 3 MR RN 5 HRE H b Zh
I bE 32
INIENR T D BR LK BRI I B 55 AR T R b
PP Ty MR BRI R 7. R T
R s 5 1 Ja AR b AR A EE L AR BT 5 P S [ 21 AR v

kA2 S T A R B AR A A AT fE S
FEARUE 14 AR LA M A 5. T3 80,3 FRELAR A ke
A ST 4 BRI ST s 5 249 3% 3 J L At A o
JEEARE B T BT 25 R AR
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Table 7 Comparison of wood physical and mechanical properties between red oaks juvenile wood and

other mature Quercus wood

e SFEE | ATERTH WAGEEE MP:  BiE RAAEE T
Species (g+em %) Oven shrinkage Compression 0% i /MPa fi4 /GPa (k] * m™2)
pecies Air-dry density ratio difference strength MOR MOE Toughness
MEEKE Q. nuttallii 0.73 2.65 52.7 105. 4 7.8 221.9
MR Q. shumardii 0.77 2.55 54. 4 104.5 7.1 255. 1
KR Q. shumardii 0.73 — — 123.0 14.9 —
IKER Q. nigra 0.75 2. 30 45.6 104. 2 7.7 216.6
IKER " Q. nigra 0.73 2.20 46.7 114.6 14.0 —
A% Q. acutissima 0.93 1.85 52.1 128.6 16.8 122.3
LK Q. liaotungensis 0.77 1. 88 56.5 119.0 18. 6 110. 2
WHAEYER Q. laurina 0. 81 2.25 48.5 127.1 20.0 145. 6
JEIKE Q. crassifolia 0.75 2. 14 42.9 89.5 14. 6 121.6

W ox Bk A https://www. wood-database. com/,

Note; * Data from https://www. wood-database. com/.
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