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Experimental study of flexural performance of raw bamboo
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(a. School of Civil Engineering; b. Key Laboratory of New Technology for Construction of Cities in Mountain Area,

Ministry of Education, Chongqing University, Chongqging 400045, P. R. China)

Abstract: In order to study the flexural performance of bamboo member, 40 groups of bamboo standard wood
strips from 10 raw bamboos were tested to obtain their failure modes and flexural strength. Then, the 24 raw
bamboo beams with diameters of 90 mm and 120 mm making the spans of 3 000 mm and 3 600 mm were
subjected to bending collapse tests. And the load-displacement curves, initial bending stiffness, ultimate bearing
capacity, deflection and failure modes were analyzed. The height of compressive zone and edge stress of tensile
zone of the raw bamboo beams were deduced theoretically. The results show that the influence of span change
on deflection of bamboo beam is greater than that of diameter at breast height. The larger diameter at breast
height and the smaller span, the greater the initial bending stiffness of the bamboo beams. According to the test

data and the classical elastic theory, it is calculated that the compressive zone height of the bamboo beam is
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about 3R/2 height of the cross-section. Under the condition of small deflection, the bending of Phyllostachys

pubescents beam conforms to the assumption of flat section, while under the condition of large deflection, the

height of compression zone of section moves up, and the calculated tensile stress of failure edge is inconsistent

with the calculated result of the assumption of flat section. It is suggested that the bending moment of

Phyllostachys pubescents beam should be calculated according to the maximum compressive strength of the

upper edge along the grain.

Keywords: moso bamboo; flexural performance; ultimate bearing capacity; failure mode; flexural rigidity
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1.2 EMHZERRE

1.2.1 #&#&#+ AMRENER BEEXEMD
ez vereny s XA RHE TR R T4 a HE
B i B 1 B AT 244 R AR A 90,120 mm AR
LS , 5 FE PE$E 3 000.3 600 mm; MLE BIVEEAT,
JEHECF AR EMITER B 45, W
B90-3600-1 £ 7 55 1 i BATHF A2 K 90 mm 5 55
3 600 mm ; 24 AR F AT AT 23 9 3 2 B90-3600 & 41 |
B90-3000 % 1] . B120-3600 % %1 \B120-3000 % %] 4
R 6 . MR R T S Eoe B AT AT
IR 2 bR RE i S R W 1. 15 m
A ERBEWE 2R, S B R B /=1 200
mm, B Ry BAT R B K

1.2.2 mEHRE KPR E AR BITAT
s IR 5, BT I A AT A R AR v A B
5 8 B A )y L an 18l 3 i

1.2.3 A3 AE R A AT H % 0050 2% X
PEIEFT I, a4 PR, EEAAHE AR ORE T
JT 00,30 t F7 4% I R R 5% = W S e 3 4o R 0
JES R TR UNORTH DESE 8 R WL g1 - BT e S T 31 L B D

P
l WS
Etrip KR |
1 L1 I I I T
S
TR
L 1=1 200 mm 4

i L(3 000 mm/3 600 mm) ;

2 REEETREHE

Fig. 2 Schematic diagram of test device

|j BRI |j

L2 ) 7]

(a) I 54
B3 MeHE

Fig.3 Measuring point arrangement

(b) fi 2 X Fe 1t

0.5 kN NNk gk 22 , 4 Gar 20 28 58 U 15457 1 min,
LRI 3, B B BRI LA A P il 4, A 5 mm {32 %
BRI ARG 22, K IR A 2T B AR A
A 8000 I 5 11K, IF AR AT AR S0 K

Fig. 4 Diagram of loading device for bending

performance of Moso bamboo pole
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Table 1 Bending strength test results of bamboo standard parts

WA RS/ mm TR T/ B /(Nemm %)
T e oy kR mR (ﬁyk%mz% SR B
JERE A R 5 I oo w/% P./kN Y £, e

B1-1 7.96 15. 655 1. 559 1.394 11. 84 1.436 110. 41 110. 34 IR 2
B1-2 10. 06 15.325 2.089 1.862 12.19 1.795 113. 96 114.11 IR 3
B1-3 11.63 15.765 2.106 1.871 12.56 1.637 84.95 85.23 R 2
B1-4 11. 54 15.730 2. 544 2.262 12.47 1. 602 84.16 84.39 WA 3
B2-1 8.30 15. 280 2.166 1.926 12. 46 2. 380 184. 22 184. 74 WL 3
B2-2 8.45 15. 360 2.710 2.411 12.40 2.225 167.41 167.82 R 1
B2-3 10. 00 15. 740 2.594 2.316 12.00 2. 800 169. 53 169.57 IR 1
B2-4 8.55 16.235 2.662 2.372 12.23 2.360 157.08 157.32 WA 1
B3-1 10.77 14.710 2.491 2.211 12. 66 1.746 112.38 134.43 IR 4
B3-2 9.72 15. 495 2.391 2.134 12. 04 1.879 120.77 185. 95 IR 2
B3-3 9.47 15.815 2.431 2.167 12.18 2.120 134.26 112.81 SRR 2
B3-4 9.13 15. 450 2.553 2.267 12.62 2.692 185. 28 120. 83 WL 4
B4-1 8.05 15. 585 2.398 2.074 15.62 1.376 105. 56 107.17 W RAE K 1
B4-2 8.66 16. 330 2.588 2.255 14.77 1. 860 120. 81 122. 34 R 1
B4-3 9.93 15. 295 2.324 2.019 15.11 1.316 84.98 86. 14 SRR 2
B4-4 9.25 15.675 3.288 2.838 15.86 1.036 68. 37 69.47 IR 1
B5-1 8. 47 15. 450 1.882 1.669 12.76 1.280 94.96 95. 38 MR 3
B5-2 8.96 15. 440 1.858 1.651 12.54 1.575 110. 60 110. 96 WIRFL 3
B5-3 9.54 14. 875 1.758 1.542 14.01 1.217 86. 48 87.33 SRR 2
B5-4 9.37 15.185 2.078 1.827 13.74 1.557 108.10 109. 04 IR 3
B6-1 8.52 15. 600 2.095 1.842 13.74 1.745 126. 24 127.34 IR 3
B6-2 8. 62 15. 055 1.858 1.635 13. 64 1.816 139. 42 140. 59 IR 2
B6-3 10. 35 14. 825 2.261 1.988 13.73 1.528 100. 76 101. 64 WSR3
B6-4 10. 15 15. 445 3.106 2.728 13.86 1.721 106. 62 107. 60 SRR 3
B7-1 6.77 15. 310 1.594 1.422 12.10 1.131 106. 91 106. 99 MR 2
B7-2 6.90 15. 400 1.468 1.308 12.23 1.223 112.11 112. 28 IR 3
B7-3 6.87 15.010 1.935 1.725 12.17 1.186 114. 94 115.08 IRFL 2
B7-4 7.25 15. 440 1. 268 1.129 12.31 1.325 114. 90 115. 22 SRR 2
BS§-1 5.86 15. 395 1.312 1.168 12.33 0.932 100. 66 126.45 W BE 3
BS8-2 5.77 15. 380 1.322 1.173 12.70 0.978 107.55 107.13 IR 4
B8-3 6.22 16.165 1.385 1.231 12.51 1.366 126. 07 100. 87 IFL 2
B8-4 6.06 15.235 1.286 1.144 12.41 1.002 106. 86 107. 99 SRR 3
B9-1 7.72 15.760 2.568 2.267 13.28 2. 639 206. 44 207. 84 WAL 3
B9-2 7.87 15.835 2.668 2.355 13.29 2.535 192.69 194.01 MR 3
B9-3 8.6 14.915 2.799 2.474 13.14 2.257 176. 96 178.05 IR 4
B9-4 8.53 15. 820 2.869 2.538 13.04 2.685 188. 66 189.73 IR 4
B10-1 7.42 15.720 2.366 2.096 12.88 2. 382 194. 86 195. 82 IR 1
B10-2 7.67 15. 820 2.435 2.173 12.06 2.348 183.48 183.58 IR 4
B10-3 8.93 14. 980 2.670 2.372 12.56 2.431 181.97 182.57 IR 4
B10-4 9.30 14. 705 2. 700 2.383 13.30 2.453 182.97 184.23 R 4

S5 {F 132.51

P2 38.65

Ap S R 28.80%
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Fig. 5 Bending failure modes of bamboo standard parts
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standard parts
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Table 2 Flexural capacities and initial stiffness of the specimens
Fosk NS RREE S Sk T
Wrgs  HER AR B/ wWE @R RE - Poo/ Pum! NPy /P, ~ L R
D;/mm D,/mm  mm  #/mm A/mm® u/mm N 200N (Nemm )
B90-3000-1  90.3 76.8 9.2 6.2 1836 128.46 197 667 4490 14.9% 31.3 IR 1
B90-3000-2  90.3 74.7 11.6 6.5 2089  112.59 126 388 2932 13.2% 17.5 IR 2
B90-3000-3  81.9 69.7 8.6 6.4 1604  177.90 112 317 3813 8.3% 13.7 IR 3
B90-3000-4  80.0 60.8 8.4 6.2 1447  151.30 103 351 3253 10.8% 16.5 IR 4
B90-3000-5  86.4 68.6 0.2 6.4 1803  181.14 170 502 4583 11.0% 22.1 IR 4
B90-3000-6  92.6 67.7 9.2 6.4 1777 153.81 141 401 3728 10.8%  19.3 IR 4
X E 3800 11.5%  20.1
T 1HE 22 0.598 0.021  5.65
B90-3600-1  89.9 69.9 8.3 6.0 1624 217.9 92 303 3167 9.6%  11.7 MR 4
B90-3600-2  77.4 65.0 9.5 6.3 1575 218.0 76 249 2 850 8.7% 9.6 IR 1
B90-3600-3  89.8 75.1 10.5 6.8 2008 239.0 97 367 3311 11.1% 15.0 IR 3
B90-3600-4  87.1 75. 4 10.5 6.8 1977 251.3 90 575 4428 13.0% 21.4 MR 4
B90-3600-5  86.8 71.6 10. 1 7.0 1894 267.0 94 315 3299 9.5% 12.3 WERFEL 2
B90-3600-6  88.7 67.7 9.6 6.8 1805 314.4 81 219 2 870 7.6% 7.7 R 2
LN 3321 9.9% 13.0
T i 2 0.528 0.017  4.41
B120-3000-1 116.5  103.2 1.2 9.1 3175 94.9 620 1630 7625 21.4%  67.3 IR 4
B120-3000-2 118.0  102.7 1.0 7.8 2973 97.9 577 1700 8708 19.5% 74.9 BRI 1
B120-3000-3 121.0  102.5 12.6 9.3 3462 102.0 711 2045 10937 18.7% 88.9 IR 2
B120-3000-4 117.7  104.6 1.0 8.7 3135 96.6 610 1850 8880  20.8% 82.7 R 4
B120-3000-5 122.2  105.9 12.0 8.8 3376 94.3 447 1438 8437 17.0% 66.1 R 2
B120-3000-6 116.5  106.3 11.3 8.3 3132 94.0 455 1583 9174 17.3%  75.2 ERBE 1
LN 8960 19.1%  75.9
b ifi 2 1.007 0.016  8.03
B120-3600-1 116.6 97.0 12.8 7.1 3033 123.7 224 900 6367 14.1%  37.6 R 4
B120-3600-2 119.9 98.3 10.2 8.0 2 858 185.3 413 1274 7209 17.7% 47.8 IR 2
B120-3600-3 121.2 98.9 13.2 10.1 3591 130.8 258 894 4716 19.0% 35.3 IR 4
B120-3600-4 119.3 96.9 1.5 8.3 3060 162.1 325 1189 7788 15.3% 48.0 R 4
B120-3600-5 113.7 99.8 1.2 9.2 3097 178.2 219 887 6637 13.4% 37.1 R 1
B120-3600-6 112.0 92.1 13.8 9.5 3305 179.3 265 944 7042 13.4%  37.7 WAL 1
RSk 6 627 15.5%  40.6
T 1 2 0.964 0.022  5.24
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Fig.9 Comparison of load-displacement curves of specimens
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beam
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Table 3 Trial balance of compressive zone height

RN G e R/mm t/mm M,—,/(Nem)  M,_p;/(Nem)  M,_/(Nem) M, _sr/»/ (Nem) M, /(Nem)
B90-3000 39.0 8.0 791.6 1117.2 1424.1 1542.4 1710.0
B90-3600 39.4 8.2 978.8 1157.0 1478.2 1598.3 1992.6
B120-3000 55.7 10.1 1978.7 3014.3 3800.1 4095.4 4032.0
B120-3600 53.6 10. 4 1924.3 2803.2 3555.2 3836.7 3976.2
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Fig. 15 Bending calculation diagram of bamboo beam
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Fig. 16 Sectional stress distribution of neutral axis of
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Table 4 Comparison between the test results and the bending theoretical bending moment of the bamboo beam

RN G R/mm ¢/mm 6/MPa h=3R/2 M/(Nem) M,/ (Nem) M/M,
B90-3000-1 41.78 7.71 9.49 62.67 1752.37 1.02
B90-3000-2 41.24 9.06 12.95 61.86 1.909. 85 1.12
B90-3000-3 37.90 7.48 10.78 56. 85 1373.60 0.80
B90-3000-4 35. 22 7.30 11.76 52.83 1142.04 Lo 0.67
B90-3000-5 38.75 8.30 12.41 58.13 1556. 52 0.91
B90-3000-6 40.07 7.82 10. 57 60.11 1611.29 0.94
B90-3600-1 39.96 7.10 8.78 59. 94 1490.53 0.75
B90-3600-2 35.61 7.93 13.22 53.41 1240. 64 0.62
B90-3600-3 41.23 8.67 12. 04 61.84 1849.71 o 0.93
B90-3600-4 40. 62 8.68 12.37 60. 93 1789.79 1o 0.90
B90-3600-5 39. 60 8. 54 12.55 59. 40 1668.58 0. 84
B90-3600-6 39.11 8.21 12.01 58. 67 1577.70 0.79
B120-3000-1 54.93 10. 14 9.49 82.40 3983.16 0.99
B120-3000-2 55.18 9.38 7.96 82.77 3794.79 0.94
B120-3000-3 55. 87 10. 94 10. 63 83. 81 4375.95 1.09
B120-3000-4 55. 57 9.86 8.75 83.35 4002.75 o 0.99
B120-3000-5 57.01 10. 37 9.22 85. 52 4 405. 54 1.09
B120-3000-6 55.71 9.82 8.63 83.57 4014.32 1.00
B120-3600-1 53. 40 9.98 9.73 80. 10 3692.01 0.93
B120-3600-2 54. 57 9.10 7.61 81.85 3616.61 0.91
B120-3600-3 55.03 11.62 12.13 82. 54 4412.06 1.11
B120-3600-4 54.05 9.93 9.40 81.07 3779.73 8T 0.95
B120-3600-5 53. 39 10. 21 10.18 80. 09 3755.08 0.94
B120-3600-6 51.022 11. 64 13.73 76.53 3711.57 0.93
T {H 0.92
T 1 2 0.13
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