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Abstract; Four kinds of skeletons ( no branching, two “one divided two” and “one divided three
structures ) were designed based on the branching structure of Euryale veins and the stability
characteristics of the triangle. Static and linear buckling analysis were carried out by ANSYS finite
element analysis software, the static analysis showed that there were significant differences among the four
greenhouses under the load combination two ( wind load combination) , the values of displacement and

strength were reduced by 98.92% and 86.46% with the increase of bifurcate series, respectively, and

& ”

‘one divided two-all triangle” and “one divided three” met the strength requirement and their
mechanical properties were similar, but “one divided two-all triangle” saved more material; buckling
analysis showed that under vertical and horizontal loads, the buckling loads were 63.52 ~ 26 737. 22
times and 26. 86 ~ 11 300. 97 times of the allowable loads (limits based on the element lengths) , which
illustrated the four greenhouses all satisfied the stability requirement and significant response to vertical
loads (the buckling load was increased by nearly three times due to bifurcation structure). Therefore, the
one divided two-all triangle was the optimal structure. The number of groups which had no significant
difference with simulation results accounted for 75% and 25% existed slightly deviations among the 12
groups of strain tests in scale model that was made according to 1:25, and the test relative errors were
0.18% ~ 0.69% , which showed the simulation process was accurate and reliable. The response of
horizontal beams to combination one ( snow load combination) was obvious, and the strain mean of each
group under combination one was 5. 6 times of that under combination two, and the combination two had
significant effect on vertical beams, which was characterized by the strain mean of each group under
combination two, and it was 6.2 times of that under combination one.
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Fig.1 Euryale veins venation and design basis of bionic greenhouses
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Tab.1 Total beam lengths of four kinds of

greenhouses and load combinations
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Tab.2 Max displacement and equivalent stress of four greenhouses under two load combinations

o ANGF 3L — I — =M —=
Hix 1 Hiz2 i1 Hiz 2 el M2 a1 HE2
e KA E/mm 5.776 912. 164 9.188 36.235 11.300 14.454 5.749 9.818
e R EEALT F1/MPa 85. 148 1 196. 700 78.226 298. 490 94. 440 162. 000 100. 450 170. 960
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Tab.3 The largest displacement zones in four

kinds of greenhouses
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Tab.4 Linear buckling results of one divided two-all triangle structure at different unit lengths

2 B K B/ mm
10 20 40 80 100 200 1 421

EEES 366. 27 732.74 1 468. 49 2943.17 3677.16 7565.32 36. 63 15 420. 05
UG M /N 366. 27 732.74 1468. 49 2943.17 3677.16 7565.32 36. 63 15 420. 05

KA B /mm 0.329 1 0.164 6 0.0827 0.041 4 0.033 4 0.0165 3.290 8 0.007 8

EEIES 116. 45 233.08 466.71 936. 22 1167.48 2389.38 11. 64 4902. 50
AKOF-far T i /N 116. 45 233.08 466.71 936. 22 1167.48 2389. 38 11. 64 4902. 50

KN /mm 0.6116 0.305 8 0.1535 0.0767 0.0618 0.0305 6.1157 0.0145
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Tab.5 Linear buckling results of four kinds of greenhouses when unit length was 10 mm
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Fig.4 Linear buckling modes of four kinds of greenhouses under two uniform loads
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Tab.6 Mechanical characteristics comparison between two shapes in the first level of scale model
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Scale model and strain testing system
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Tab.7 Single sample : test for test and simulation
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- N AE St AR R AR 7S OB Sig. B F
¥i{E e S g E OB K
R TR 14 7 A
B /mm
HE1-1 2 -58.186 -58.000 —58.400  y=0.4752x - 60.470 4.5 -58.332 -58.332 0.295 FREXAR
WA 1-2 Rk -296.157 -297.594 -294.720 y=2.183 lx —308. 000 5.0 -297.085 -297.085 0.205 JTREXER
Ho1-1 2 -27.269 -27.107 -27.430  y=0.229 6x -29.539 9.5 -27.358 -27.358 0.278 JTREXER
Ho1-2 Ry -33.315 -33.170 -33.460 y=0.267 5x - 34.499 4.0 -33.429 -33.429 0.123 TR EXR
HE2-1 2RBBEDO  32.754 32.531 32.530  y= —0.247 7x +35. 627 12.5 32.531 32.531  0.050 FHEXF
HAE2-2 2HBQ 30088 30. 327 29.849  y= —0.221 2x +30.733 2.0 30.291 30.291  0.097 kKERFEER
HA2-2 2RPG)  193.938  195.402  192.474 y= —1.404 1x +194. 930 1.5 192.824  192.824  0.136 TR EXF
WE2-2 ZRP@D  62.498 62. 870 62.126  y= -0.504 1x +67. 019 8.5 62.734 62.734  0.212 TEEXR
HE2-32RPGE 103.989 104.517  103.461 y= —-0.7850x+109.130 6.0 104.420  104.420 0.110 TR EXF
HAE2-3 2R PG  299.457  300.717  298.197 y= -2.461 9x +301. 000 1.0 208.538  298.538 0.152 FREXR
HA2-3 2ZRPD  110.442  111.190  109.694 y= —-0.8353x+116.050 5.0 111.038  111.038 0.118 FLhEEXS
HA2-32RP@ 514.991  516.897  513.086 y= —4.075x +532. 200 4.0 515.900  515.900 0.349 FTREXR
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Fig.7 Test and simulation results in scale model
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