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Logging age for the Bambusa rigida culm based on physical-mechanical

properties

LI Feng, QI Jingiu, XIAO Hui, CHEN Yuzhu, XIE Jiulong, HUANG Xingyan
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Abstract: To optimize the logging age of the Bambusa rigida culm, physical-mechanical properties of bamboo
culms aged from 0.5 to 4.5 years were sampled by age with sample size of 10 for each age bamboo culm and e-
valuated according to national standards from Testing Methods for Physical and Mechanical Properties of Bam-
boos (GB/T 15780-1995) and the radial bending test method. Data from different bamboo ages were statisti-
cally analyzed with ANOVA. Results showed that (1) the moisture content of green bamboo and volumetric
shrinkage decreased with an increase in bamboo age from 0.5 to 4.5 years; whereas, the basic density increased
overall. Also, (2) compression strength parallel to the grain, modulus of rupture (MOR), and modulus of elas-
ticity (MOE) reached a maximum at 3.5 years of age, and shear strength parallel to the grain had already lev-
eled off at this age. (3) From the base to the top portion of the bamboo culm, moisture content of the green
bamboo and volumetric shrinkage decreased; whereas, the basic density, compression strength parallel to the
grain, shear strength parallel to the grain, MOR, and MOE all increased. Noteworthy was that shear strength,
MOR, and MOE decreased at the top portion of the bamboo at age 4.5, which reflected the aging phenomenon
of bamboo culms. (4) The 3.5-year-old bamboo culms had a moisture content of green bamboo, 60.67%; basic
density, 0.72 g-cm™; volume shrinkage, 12.54%; compression strength parallel to the grain, 82.41 MPa; shear
strength parallel to the grain, 11.99 MPa; MOR, 237.13 MPa; and MOE, 18.32 GPa. Comprehensively, a ma-
tured 3.5-year-old Bambusa rigida culm was recommended as the optimal logging age. [Ch, 7 tab. 27 ref. ]
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Table 1  Moisture content of green Bambusa rigida at different bamboo ages

PrAFE R S Pri/a K EI PIAFE L 5 A Prit/a Sk 1%
0.5 227.06 = 13.23 a 0.5 196.30 = 12.77 a
1.5 104.13 = 10.14 b 1.5 6393 £6.17b
HEF 2.5 90.99 + 9.54 b JickiY 2.5 4799 + 57.03 b
3.5 7645 + 752 b 3.5 4527 £+ 501 b
4.5 7399 £ 831 b 4.5 44,06 = 4.13 b
0.5 203.37 = 11.35 a 0.5 20891 = 16.11 a
1.5 75.18 £+ 8.19 b 1.5 81.08 + 20.74 b
H s 2.5 64.42 + 6.87 b YI{E 2.5 67.80 + 21.70 b
3.5 60.29 £ 597 b 3.5 60.67 = 15.59 b
4.5 58.82 + 6.84 b 4.5 58.95 + 1497 b
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Table 2 Variation in basic density of Bambusa rigida with respect to bamboo ages

PrAT # A 5 (H 1 /a B L (g em™) A FFEBAL 5 48 i /a HAE ] (g om™)
0.5 035 +0.02a 0.5 037 +£0.01 a
1.5 0.59 + 0.04 b 1.5 0.79 £ 0.07 b
B 2.5 0.58 = 0.03 b HH &8 2.5 0.81 + 0.06 b
3.5 0.62 + 0.02 b 35 0.83 £0.02 b
4.5 0.66 + 0.04 b 45 083 £0.11 b
0.5 0.36 £ 0.01 a 0.5 0.36 £ 0.01 a
1.5 0.69 + 0.02 b 1.5 0.69 + 0.10 b
g 2.5 0.69 + 0.03 b YIE 2.5 0.70 £ 0.10 b
3.5 0.71 = 0.04 b 35 0.72 £ 0.10 b
4.5 0.74 = 0.01 b 4.5 0.75 £ 0.10 b
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Table 3 Volumetric shrinkage of Bambusa rigida as a function of bamboo ages

Py FF R AL 5 1) {E Trife/a PRRT 46 %1% PR AL S 3 Trie/a TRBUT 45 51%
0.5 3581 +1.30 a 0.5 30.76 = 1.56 a

1.5 1621 £ 042 b 1.5 11.96 + 0.56 b

B 2.5 1577 £ 1.83 b R 2.5 11.26 = 1.58 b
3.5 1490 £ 1.20 b 35 929 £ 045 b

4.5 11.76 £ 191 b 4.5 887 +0.81b

0.5 3395+ 132a 0.5 3351 £2.56 a

1.5 14.14 £ 0.54 b 1.5 1410 £ 2.77 b

i 2.5 14.64 £ 0.30 b PIH 2.5 13.83 £ 248 b
3.5 1343 £ 1.84 b 35 12.54 £ 2.74 b

4.5 11.01 £ 0.62 b 4.5 10.50 £ 1.49 b
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Table 4 Compression strength parallel to grain of Bambusa rigida at different bamboo ages

PrAT B A 5 (. i /a ML 0 56 2 /MPa || AR RS A5 2 it /a M SCAC I 58k K /M Pa
0.5 46.37 £ 2.37 a 0.5 44.81 £ 298 a
1.5 6791 +3.62 b 1.5 79.40 £ 2.61 b
B 2.5 71.93 £ 7.04 b HHHB 2.5 89.13 + 5.00 b
3.5 73.34 £ 6.06 b 35 90.34 £ 2.62 b
4.5 7391 £ 531 b 4.5 90.72 £ 6.29 b
0.5 4638 £ 1.92 a 0.5 45.86 £ 091 a
1.5 7220 +£3.61 b 1.5 7355 £5.73 b
rh 2.5 81.52 +2.57b I 2.5 80.86 + 8.62 b
35 84.45 +230 b 35 82.41 £855b
4.5 81.97 +327b 4.5 82.20 + 841 b
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Table 5 Shear strength parallel to grain of Bambusa rigida with respect to bamboo ages

R SASE SR i /a JRSCAT By 58 BE/MPa. || AT FF B 5 2 {E it /a MRS AT 5 58 BE /MPa
0.5 841 +0.12 a 0.5 7.56 = 1.65 a

15 10.11 + 0.24 b 1.5 12.64 + 0.48 b

S 2.5 10.46 + 0.51 b ik 2.5 13.07 = 1.31 b
35 10.66 + 1.07 b 3.5 12.78 + 0.98 b

45 11.09 + 1.75 b 45 11.49 + 1.94 b

0.5 8.15+0.35a 0.5 8.04 + 0.44 a

1.5 11.84 +0.93 b 1.5 1153 £ 124 b

i 25 12.42 097 b o] 2.5 11.98 £ 135 b
3.5 1252 +0.79 b 3.5 11.99 + 1.31 b

45 13.48 = 1.08 b 45 1202 + 1.28 b

YL : [R]85 B A [ 3 SRR MR A 0.05 KF- 22 5 A 3

24 MTEERERMTSHEMEKRE

T Sk B ATPL A SR B AN 6 B . PTit 3.5 a (WA L AT HT 4 98 (MOR) fie K, ik 237.13 MPa, 4.5 a
W2 (215.50 MPa), 0.5 a fz/N(151.42 MPa), 774 3.5 a By 66 L 847 4 25 Bk 46 B (MOE ) fi &, 35 18.32
GPa, 4.5 a it FRE#] 15.30 GPa( 7). Tl 0.5 a (UM R RS, PSR/, W5, 2746401 Bk = 5
FERINT ) AR, PUA R 50D A R B K AT 4.5 a (AT R AN i BE K B AL R I
PIMFMEPE DR, PUAs s B R RERY, JUILFFASAL P M RE T B B (P8 9R E BRARGR 9.12%, P25 Skt it
WK 16.48%)  BEFF R BE TN, ATy 0.5~3.5 a BT M BT SR EE | HU25 SPE R A Wi ok, R S A
5 NORDAHLIA %"/l KAMRUZZAMAN %5 " (B 58 25 W) 6 o A0 b0 25 e S5 W 477 FF il ) 19 28 S 5 4
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Table 6 Modulus of rupture (MOR) of Bambusa rigida at different bamboo ages

PrAT H A 5 Trie/a T2 38 /MPa AT A 5 3 i iy/a 025 58 /MPa
0.5 128.62 £ 23.48 a 0.5 187.54 £ 9.90 a
1.5 153.26 £ 13.37 b 1.5 208.94 + 4.29 b
B 2.5 186.61 + 14.30 ab LR 2.5 221.13 £ 5.68 b
3.5 191.46 + 20.31 b 3.5 277.86 + 14.95 ¢
4.5 180.44 + 39.87 ab 4.5 22395 +33.71b
0.5 138.10 £ 12.42 a 0.5 15142 + 31.63 a
1.5 20401 +1.73 b 1.5 188.74 + 27.31 b
R 2.5 216.13 £ 2.73 ab YIE 2.5 207.95 + 17.88 be
35 242.07 £ 19.07 b 35 237.13 + 4341 ¢
4.5 240.17 + 14.50 b 4.5 215.50 + 31.47 be

VLW - [R5 R [ 5 2R S £E 0.05 K- 255 A

3 Hib

BE T AT i BE 3, AT 0.5~3.5 a BB S BAT, ABE EOK R G4 R B H AR, BEAEE
RSO R 50 BE | MRS BT 5 B | HUAS 0 S R HUAS SR A AT R AT 4.5 a IO AT RE R L B AL B
G, EMMSCHTET SR | HUE 0R E R DT R (IR AR . PTHY 3.5 a MURE Sk BT AR S OK R L FEA W
B RBUT AR | ISy o B A IR BIASE , AT B . U o B e Hu &S s PR ik Bl e k.
B, A5 3.5 a B AR R AL AR B Sk AT RAT RIS S
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Table 7 Modulus of elasticity (MOE) of Bambusa rigida as a function of bamboo ages

AT A 5 1 Frie/a P25 A BL/GPa AT A 5 it /a P25 A BL/GPa
0.5 10.84 + 1.73 a 0.5 16.41 + 1.08 ab
1.5 12.47 + 2.00 a 1.5 16.54 + 0.84 ab
B 2.5 15.50 + 1.09 b A B 2.5 18.35 + 1.16 be
3.5 1597 +2.14 b 35 19.82 + 1.22 ¢
4.5 1573 +1.76 b 4.5 13.57 + 1.88 a
0.5 12.46 + 0.62 a 0.5 13.24 + 1.90 a
1.5 1532+ 1.02b 1.5 1495 +2.15 a
R 2.5 17.70 £ 1.19 be g 2.5 17.18 £ 149 b
3.5 19.19 + 1.01 ¢ 35 18.32 +2.90 b
4.5 16.60 + 1.96 b 4.5 1530 + 1.56 a

LT . [ 81 5 B AR [ 2 2R BB TE 0.05 kP22 5 R 3%

4 5FXH

(1] Wiude, Frfmtk, BXEZ, & AREFHEBR DAL LW B2 B [T] Aok K 2 24 4
2012, 30(1): 46 — 49, 81.
XIE Jiulong, QI Jingiu, HUANG Xingyan, et al. Culm form structure and physico-mechanical properties of
Neosinocalamus affinis in growth process [J]. J Sichuan Agric Univ, 2012, 30(1): 46 — 49, 81.

(2] SFEEk, WARE, W Ule, 2. 3 ARAR AT AT AT AN R AR AL A A SRR AE [T ], PO AL RAMRRE I 27 (A AR B2 1D
2014, 42(2): 1 -6.
QI Jingiu, HU Yao, XIE Jiulong, et al. Anatomical properties of three-year old Neosinocalamus affiniss stalk at differ-
ent heights [J]. J Northwest A & F Univ Nat Sci Ed, 2014, 42(2): 1 — 6.

(3] WJule, Srimpk, WA, 5. BBtk et s ] AT T erSEIn ], 2011, 30(4): 30 - 34
XIE Jiulong, QI Jingiu, ZHOU Yawei, et al. A study on bamboo physico-mechanical properties of Neosinocalamus
affiniss [J]. J Bamboo Res, 2011, 30(4): 30 - 34.

(4] QI Jingiu, XIE Jiulong, HSE C Y, et al. Analysis of Phyllostachys pubescens bamboo residues for liquefaction: chemi-
cal components, infrared spectroscopy, and thermogravimetry [J]. Bioresources, 2013, 8(4): 5644 - 5654.

[S] FFftk, FIOE, KRG, % AT LG4RS HORERERE A [T]. AR Tk, 2012, 26(6): 1 -3
QI Jingiu, YU Wenji, YU Yanglun, et al. Effect of bamboo nodes on crushed bamboo-mat composite properties [J].
China Wood Ind, 2012, 26(6): 1 - 3.

(6] FFtk, FTICH, #EZ, % R EA AT N RO S KA RER R [T ] AM Tk, 2013, 27
(6): 25 -28.
QI Jinqiu, YU Wenji, HUANG Xingyan, et al. Effect of bamboo scrimber density on vascular bundle morphology and
properties [J]. China Wood Ind, 2013, 27(6): 25 — 28.

[7] QI Jingiu, XIE Jiulong, HUANG Xingyan, et al. Influence of characteristic inhomogeneity of bamboo culm on mechan-
ical properties of bamboo plywood: effect of culm height [J]. J Wood Sci, 2014, 60(6): 396 — 402.

[8] QI Jingiu, XIE Jiulong, YU Wenji, et al. Effects of characteristic inhomogeneity of bamboo culm nodes on mechanical
properties of bamboo fiber reinforced composite [J]. J For Res, 2015, 26(4): 1057 — 1060.

[9] XIE Jiulong, QI Jinqiu, HU Tingxing, et al. Effect of fabricated density and bamboo species on physical-mechanical
properties of bamboo fiber bundle reinforced composites [J]. J Mater Sci, 2016, 51(16): 5780 — 7490.

[10] XIE Jiulong, HUANG Xingyan, QI Jinqiu, et al. Effect of anatomical characteristics and chemical components on mi-
crowave-assisted liquefaction of bamboo wastes [J]. Bioresources, 2013, 9(1): 231 — 240.

[11] SATTAR M A, KABIR M F, BHATTACHRJEE D K. Effect of age and height positions of muli (Melocanna baccifer-
a) and borak (Bambusa balcooa) bamboos on their physical and mechanical properties [J]. Bangl J For Sci, 1990,
19(1): 29 - 37.

[12] NORDAHLIA A S, ANWAR U M K, HAMDAN H, et al. Effects of age and height on selected properties of



B34ABHSH A R TR K BT L S O3 BT Y AT AR IR 855

[13]

[14]

Malaysian bamboo (Gigantochloa levis) [J]. J Trop For Sci, 2012, 24(1): 102 - 1009.

KAMRUZZAMAN M, SAHA S K, BOSE A K, et al. Effects of age and height on physical and mechanical properties
of bamboo [J]. J Trop For Sci, 2008, 20(3): 211 - 217.

Nl X0 B Sk AT AT R Wy By A Bt S () ). AT IR, 2012, 10(3): 19 - 22.

HE Chuan, LIU Yu. A study of physical-mechanical properties of Bambusa rigida Keng. [J]. World Bamboo Bat,
2012, 10(3): 19 - 22.

HUANG Xingyan, QI Jinqiu, XIE Jiulong, et al. Variation in anatomical characteristics of bamboo, Bambusa rigida
[J]. Sains Malays, 2015, 44(1): 17 — 23.

HUANG Xingyan, XIE Jiulong, QI Jinqiu, et al. Effect of accelerated aging on selected physical and mechanical
properties of Bambusa rigida bamboo [J]. Eur J Wood Wood Prod, 2014, 72(4): 547 - 549.

HUANG Xingyan, XIE Jiulong, QI Jinqiu, et al. Investigation of the physical and mechanical properties and chemical
composition of Bambusa rigida before and after accelerated aging [J]. Bioresources, 2014, 9(2): 3174 - 3184.

Bl R B W S GB/T 15780-1995 744y By A VE A 36 5 TA [S 1. Jbat: w FEARHE i filAt, 1996.

National Technical Supervision Bureau. GB/T 15780-1995, Testing methods for physical and mechanical properties
of bamboo [S]. Beijing: China Standards Press, 1996.

TRAN V H. Growth and Quality of Indigenous Bamboo Species in the Mountainous Regions of Northern Vietnam
[D]. Gottingen: Georg-August-Universitit, 2010.

WAHAB R, MUSTAFA M T, SULAIMAN O, et al. Anatomical and physical properties of cultivated two-and four-
year-old Bambusa vulgaris [J]. Sains Malays, 2010, 39(4): 571 — 579.

WAHAB R, MOHAMED A, MUSTAFA M T, et al. Physical characteristics and anatomical properties of cultivated
bamboo (Bambusa vulgaris Schrad.) culms [J]. J Biol Sci, 2009, 9(7): 753 — 759.

LIESE W, WEINER G. Ageing of bamboo culms: a review [J]. Wood Sci Technol, 1996, 30(2): 77 — 89.

LYBEER B, van ACKER J, GOETGHEBEUR P. Variability in fibre and parenchyma cell walls of temperate and
tropical bamboo culms of different ages [J]. Wood Sci Technol, 2006, 40(6): 477 — 492.

JE 55 4. AT RE B ) 2R R ST L) . i mUMO™ Tolk “ e 4, 1981(2): 1 - 32.

ZHOU Fangchun. Studies on physical and mechanical properties of bamboo woods [J]. J Nanjing Technol Coll For
Prod, 1981(2): 1 - 32.

ALVIN K L, MURPHY R J. Variation in fiber and parenchyma wall thickness in culms of the bamboo Sinobambusa
tootstk [J]. IAWA J, 1988, 9(4): 353 — 361.

WL, BUNKE, Rz, . RARATA Y BAE BRI DR 5E ] B stMol 224 (A 8 BF = R0, 2007, 31
(2): 42 - 46.

SU Wenhui, GU Xiaoping, ZHU Ruyun, e al. Study on physical properties of Bambusa wenchouensis wood [J]. J
Nanjing For Univ Nat Sci Ed, 2007, 31(2): 42 - 46.

eI, R L ATA RO i BT SRR SE R [T . AT T FSEIE T, 1990, 9(3): 10 - 16.

XIAN Xingjuan, XIAN Dingguo. The relationship of microstructure and mechanical properties of bamboo [J]. J Bam-
boo Res, 1990, 9(3): 10 - 16.



