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Gradient variation of longitudinal mechanical properties and
fracture characteristic of Moso bamboo
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Abstract: [Objective] The research was done for better understanding of the mechanical properties of
bamboo in air-dry condition. [Method) The longitudinal mechanical properties of Moso bamboo were inves-
tigated accurately by Instron tester equiped with advanced video extensometer. [Result] From outer to in-
ner parts of bamboo culm, the values of average longitudinal elastic modulus and tensile strength reduced
rapidly from 25. 41 GPa and 297. 21 MPa to 5. 78 GPa and 65. 80 MPa respectively, which presented a gra-
dient-decreasing tendency. The fracture of Moso bamboo thin slice was brittle. However, the fracture ap-
perance was disparate. In the outer part,it split along the longitudinal direction. In the middle part,it split
and jagged. In the inner part, it presented very even transverse fracture. [Conclusion) Bamboo is natural
polymer composites with distinct mechanical properties derived from its gradient design of content of dif-
ferent tissues.
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Fig. 1 Samples of the thin slices of Moso bamboo
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Fig. 2 The stress-strain curves of thin slices of Moso bamboo in air-dry condition
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Table 1 Lognitudinal mechanical properties of thin slices of Moso bamboo in air-dry condition
i H %6 /mm JEJE /mm 5 #/mm W 45 4%/ mN AL/ GPa P E / MPa
Item Width Thickness Span Break load MOE Tensile strength
S {H Mean 3.93 1. 34 24. 25 831.47 12.82 153. 31
i KAH Max 4. 38 1.58 26.11 2 106. 64 30. 71 393. 90
f/IME Min 3. 54 0. 60 22.60 99. 66 1. 38 40. 62
P2 S, D. 0.23 0.15 0.53 547.09 7.99 94. 39
AR 2R C. V. 0.057 6 0.108 6 0.021 8 0.658 0 0.623 1 0.615 7
2.2.2 EHEEELHERGAFRAE ET  FA PR E TR BT R 83147 mN(E D
PE BT I E MR R R 2, R 2 2 5L L SF H BB RN SRR S L o ok

AR B DR B SF- ¥ 98 O 3. 99 mm, - 2 JR

297.21 MPa il 25. 41 GPa, i & B4 5 K {H 4 3 ik 3

g 1.43 mm, FR RN 24, 23 mm, = F TR R 393. 90 MPa fil 30. 71 GPa, 2% % Z ¥ 4> % H
BOIgE S YT . W RM4 0 168735 mNL & 19. 17% A1 11.20%.
xk2 EMBERNEBEEMNHERANA@AZER
Table 2 Lognitudinal mechanical properties of thin slices of outer part of Moso bamboo
i H 6 BE /mm JEJE /mm B/ mm W R A 2/ mN R/ GPa YU 58/ MPa
Ttem Width Thickness Span Break load MOE Tensile strength
SEH#1{H Mean 3.99 1.43 24.23 1 687. 35 25.41 297.21
R KAE Max 4.33 1.52 26.10 2 106. 64 30. 71 393.90
% /IME Min 3.74 1. 34 23. 80 935.41 21.04 149. 24
FrifE2E S.D. 0.19 0.04 0.61 307. 62 2.85 56. 97
AR REC.V. 0.048 0 0.031 4 0.025 2 0.182 3 0.112 0 0.191 7

2.2.3 EAHHAPERGIFRR WHE3HR,.B
AR R Y T N 3. 94 mm, SEHEE N
1.34 mm,FEHENE R 24, 22 mm, =& HWT 5 EZK

715. 85 mN, Fx KW 24 1 2% 5 B /)N W 24 Fp 2% A 22 55
824. 59 mN;Hihr iR BE K 89. 68~256. 74 MPa, F#
{4 136. 05 MPa; 54 ) A5 fb L #5 K, ol 6. 21 ~

YN BT R R W R Ty 19,26 GPa, P10 10,35 GPa,
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Table 3 Lognitudinal mechanical properties of thin slices of middle part of of Moso bamboo

i H %6 /mm JEJE /mm 5 B /mm Wi 475 4/ mN 345/ GPa YU B/ MPa

Item Width Thickness Span Break load MOE Tensile strength
I {H Mean 3.94 1. 34 24.22 715. 85 10. 35 136. 05
% KAH Max 4. 38 1.48 24.73 1 248. 81 19. 26 256.74
#%/IME Min 3.55 1. 24 23.82 424. 22 6.21 89. 68
brifE2: S. D. 0.23 0.06 0.25 192.46 3.23 39. 36
AR 2R C. V. 0.057 7 0.043 7 0.010 5 0.268 9 0.312 2 0.289 3

2,24 SHHMFLEBEHERANFHRRT BEA4
AL AT BB AT 0O 1 98 B RO 1 R
BIRAR 43 5 3. 88 1 1. 26 mm, HJE B (45 7 &

B (18. 54 %) SF- ¥ B5 HE Ol 24, 32 mm; 3T 47 8
A B A IR 1Y) 1 247 BT 4 A 2R, O 331. 76 mN, H:

R /N R AN 99. 66 mN S ST I R 5
BB, 43990 h 65. 80 MPa #1 5. 78 GPa, Hix /)
{6435} 40. 62 MPa 1 1. 38 GPa, 4 7 R &

o

Iz

R4 EMMENEENEROARDOEER
Table 4 Lognitudinal mechanical properties of thin slices of inner part of Moso bamboo

HH P B /mm JE /mm 5 HE /mm W7 217 28/ mN Wit /GPa BLHrsm EE / MPa

Ttem Width Thickness Span Break load MOE Tensile strength
SEI{H Mean 3. 88 1. 26 24.32 331.76 5.78 65. 80
B K{H Max 4.32 1.58 26. 11 523.76 7.90 96. 77
% /ME Min 3. 54 0. 60 22.60 99. 66 1. 38 40, 62
FrifE2: S.D. 0.25 0.23 0.77 124.11 1.84 16. 09
AR REC.V. 0.065 0 0.185 4 0.031 6 0.374 1 0.319 3 0.244 6
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Fig. 3 Lognitudinal fracture of thin slices of outer part of Moso bamboo
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Fig. 4 Fracture of thin slices of middle part of Moso bamboo
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Fig. 5 Transverse fracture of thin slices of inner part of Moso bamboo
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