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Test and Simulation Optimization of Dome Greenhouse
Based on Branching Structure

YU Haiye GUAN Shujie LIU Shuang SUI Yuanyuan
(College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract; Upper three layers load values of the horizontal and vertical beams were based on the
proportional distribution of bearing surface area from scaled model of optimal dome greenhouse, which
were stage-by-step static simulated in ANSYS software and compared with snow-loaded simulated strain
test. The results showed that micro-strain was linearly related to the loading mass, correlation coefficients
in tests was in the range of 0. 9932 ~0. 999 9 and in simulation was in the range of 0. 994 8 ~ 1, relative
errors of micro-strain between simulation and test were in the range of 1.840% ~ 8.386% , which
indicated that the simulation method was reliable. Static simulations on one layer with the mesh size of
10 mm, 12 mm, 16 mm, 18 mm and 20 mm were carried out, the results showed when radius was 0. 24 m,
most appropriate mesh size was 16 ~ 18 mm. In ANSYS, 12 schemes of 6 m greenhouse were analyzed
step by step through primary selection, linear buckling and mechanical verification ( stiffness, strength
and stability ) by using the same simulation loading calculation method, and optimal scheme was
obtained, that was four layers, the first layer had eight beams and mixed bifurcation structure. Buckling
simulations on optimal structure of dome greenhouse with radius of 12 m and 18 m was carried out, which
obtained the first-order initial modal defects were obvious under horizontal loads, and under vertical and
horizontal loads, non-linear buckling loads were 0.37 and 0.57 times of linear buckling loads on
average, which was necessary to carry out nonlinear buckling analysis for long-span dome greenhouse in
order to ensure sufficient structural stability. Mechanical verifications were all qualified, stability values
of 6 m, 12 m and 18 m greenhouses under combination 2 are 1.89, 2.26 and 2. 33 times of that under

combination 1, respectively,and there was little difference in strength under two combinations. Compared
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with 1 152 m® Venlo multi-span glass greenhouse, steel consumptions per unit volume of three size

greenhouses can be saved by 40. 11% ~59.34% .

Key words: dome greenhouse; branching structure; finite element analysis; buckling analysis;

mechanical verification
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Fig.1 Model and method of snow-loaded test
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Tab.1 Regression analysis of micro-strain and loading quality in tests
JlE=E
28 1 2R $32
1 2 3 4 1 2 3 4 1 2 3 4
P56 0 25 &/ kg 0.310 0.619 0.929 1.239 0.974 1.947 2.921 3.894 1. 693 3.385 5.078 6.770
’ . % ik -21.0340 -40.7159 -63.3891 -73.1294 -27.1246 -63.0969 -94.7188 -122.6994 -29.6900 -62.1303 -75.2397 -107.4152
Lk g -26.5334 -53.8016 -77.4245 -108.8223 -164.8796 -317.2571 -479.9645 -646.4134
- EIEy y= -60.894x -1.9309 y=-32. 1475 +1.070 7 y=-15.383x-2.8190
LIS 31 0.9935 0.9990 0.993 2
N 6 15 75 7 y= -86.696x +0.378 8 y= -165.150x 0. 120 6
o X R B 0.9992 0.9999
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Tab.2 Simulated loading values
k=S5
2 12 22 32
1 2 3 4 1 2 3 4 1 2 3 4

RIS /kg 0.310  0.619  0.929  1.239  0.974  1.947  2.921  3.894  1.693  3.385 5.078  6.770
PiEInEk i /kg  0.304  0.608  0.912  1.216  0.788  1.575  2.363  3.151  0.897 1.794  2.691  3.588
B f 2k /N 0.0365 0.0730 0.1095 0.1460 0.0569 0.1139 0.1708 0.2278 0.0167 0.0335 0.0502 0.0670
b fi 2 /N 0.1861 0.3723 0.5584 0.7445 0.1918 0.3837 0.5755 0.7673 0.1483 0.2966 0.4448 0.593 1
S S of /N 0.1063 0.2126 0.3190 0.4253
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Tab.3 Simulation results of the first layer loading at different mesh sizes

P [ & B IC K B/ mm
10 12 16 18 20
) 1 -0.002 68 -0.002 10 -0.001 52 -0.00152 -0.001 51

2 i/ mm .

- -0.006 36 —0.005 00 -0.003 63 -0.003 63 -0.002 82

K % - 178.466 7 —140.2000 -101.3333 -101.5333 -100.3333
N AR

% 2% -135.796 7 - 106. 8347 -77.4455 -77.4242 -60.209 3
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Tab.4 Relative errors of micro-strain between

simulation and test %

m#E H1)R H1ZE #2)2 W27 H3E
P i ez i Iz Iz
1 4.535 8.003 5.749 3.055 3. 608
2 5.931 4. 895 5. 040 5.514 7.014
3 1. 840 8.386 5.396 5.191 4.197
4 6. 882 5.902 6. 128 2.225 6.439
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Tab.S Test factor levels and design schemes

K = IE ﬁl Bt %
A BREB B C
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Tab.6 Steel dimensions and minimum steel consumption quantities
Wit % B2 LA RRKBEAME KB/ mm /MR /mm R AT /N BB kg
A, B,C, 1-3-2 52 R gRe T 2 493. 62 33 193.8 443.31
A,B, C, 1-3-3-2 ERWES 2296. 10 30 197.1 515.99
A,B,C, 1-2-4-2 o2 R 4242. 64 55 194.6 812. 13
A,B,C, 1-3-2-2 i3 R Rk 2162. 88 29 192. 4 461. 51
A,B,C, 1-2-4-2 o552 R 3247.18 42 196. 3 721. 55
4;B,C, 1-3-3-2-2 552 R BOK- R E 1926. 30 26 192.3 524. 66
A;B,C, 1-2-4-2-2 22 )23 3526.71 46 194. 1 807.09

2.1.2  ZAEJE b

455 ) R U] i e o S X AT 44 B {1 o R A i i A
AR, 7E ANSYS 15.0 Mechanical % i X} i 7
52 )7 S AT LV il O B4 A, 45 L0l e AR
B i ik B R, HEBR B0 46 SR A BRI T R . S

I AT A TR AR 6 m i E TR 5 1P
(9 A% B OG0 20 mm x 20 mm, #1KL y Q235 il
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Tab.7 Linear buckling results of five structures

it B KEH
T 7 B ARN KRR/ mm i i 7 TATR/N AR mm
A B,C, 640. 965 640. 965 0.144 1 254. 537 254.537 0.2285
A,B,C, 767.739 767.739 0.1013 313.911 313.911 0.1355
A,B,C, 561.908 561.908 0.0869 228. 680 228. 680 0.1270
A,B,C, 2511.030 2511.030 0.0512 900. 856 900. 856 0.0689
A;B,C, 668. 056 668. 056 0.067 8 -270.557 -270.557 0.097 2
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Fig.5 Linear buckling modes of five structures
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Tab.8 Structural parameters and simulation loading values
EZRE 211 T A /N
Wit & O R (5 ) SR AL/ =33 HE 1 M4 2
ShAE/mm HBL/mm® KA @ W/mm? kg e B3R 3 7
1 78.502  106.191  45.351  61.346
A, B,C, 40 231 158.8 0.214  38102.17 541.72 2 37.837  57.955  53.838  82.463
3 10.754  15.127  30.274  42.585
1 74.586  76.045  41.566  42.380
A,B,C, 32 183 185.2 0.161  18960.83  552.20 2 62867 67.043  36.829 60.603
3 23.381  37.845  40.926  66.244
4 5.576 8.746 19.245  30.188
1 60.870  81.087  33.498  44.623
A,B,C, 29 165 192.4 0.195  13905.83  461.51 2 40-008 03145 41838 39,194
3 19.385  22.656  34.694  40.548
4 4.022 4. 462 14.544  16.135
1 62.257  82.935  34.885  46.471
2 62.644  50.925  58.061  47.200
A,B,C, 42 243 196.3 0.144  44347.50 721.55
3 37.028  60.831  62.671  105.094
4 5.977 9.376 19.580  30.714
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HE VIEM, KRB B KBEI/NE A,B C A B,C, .
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e A, B, CoRAR A 3 A, B, € fie KA RS IXIRAE 2 Fl 4
AERATENE 2 ZREBPAB,C, i KRBT

RO RO
4708%%59052 mm

NG J U TN
45687 w7 35646 mm

LRI NE2 ZRR HE 2SI ER
82 A, B, C B R ALAS X B A T 45k A
T o

TE ANSYS 45 54 b $i BURE 21 fe KA ) V25 00 M die
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Tab.10 Structural parameters of dome greenhouse with radius of 12 m and 18 m
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Fig.7 Nonlinear buckling load — displacement curves of dome greenhouse with radius of 12 m and 18 m
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Tab.11 Mechanical analysis of dome greenhouse with radius of 12 m and 18 m
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Fig.8 Maximum displacements of dome greenhouse with radius of 12 m and 18 m

R PE A 5E JZ B /N T 205 MPa, 5 45 B3 2K
(F£11) 45549 A,B,C, 7% ,6.12 18 m (YR E 1
EAAEHG 2 TN R, R NS 2 EH
oA 1 AE TR 1.89.2.26 2,33 %, i AE
2 PP G 22 AN K3 Rl T A R I R (E %2
AN K, 2 WL AR BT J5 15 A 6 2 W BE 2R 1F T R
A5 B2 5 T A 5 2R L URUE o

3 #

(1) X Fr P10 55 Tt = 44 RO Y R A7 3 0 &5 23 488
EY A A R A TN TR A s R R e N i
JERTR I 6 R A N 4 2, 7E ANSYS o BE 47 i HON
Lo, A5 H Bl 78 A 7 ECA IR IR TR A R R 22
1.840% ~8.386% , HAWUN A48 5 )i 280 5 4 1 2k AR
KRAR MK RTON 0.994 8 ~ 1,505 2 J2 25 R fg 2
TR A 8 e K, U A 55 2 2 X 5 M 7 e A 5 X 1
JZE B TR R S I, S ROAN ] A S T el b A

LR AR A 0. 24 m B, WS RSF oy 16 mm dx oy
I

(2)7E ANSYS o iz 455 70 7% F7 187 16 B LG 4] 3 55
U7 BN R A, X212 6 m 5 TR 2= AN [ BT ik
TTWIHE R L ) 2 R B (NI BE 5 B e )
N B G AR AR T R 4 2 R 1 R R
8RB/ A, MR TE42 N 12,18 m
1055 003 =5 B L 45 44 , Pl 2 P et i ) 2 mT0 , E 7K
PR AE R 1 B a5 5 2 A R, A
A BB, 20 0 R AT A 2Rk e o A5 30 8 0 Rk
S EAE R AR T A 4O 38 0 £ v e it A
B 0.37 F5H 0. 57 £, U BA A7 06 BEXE K 5 B 5 T
s PEAT AR LR M 05 35 Ty E R R A R A S
R, 51152 m* Venlo B 3% 5 B 38 i % 40 1,3 Fh R
SR A R AR R AT Y 2 40. 11% ~59.34%
Hor A2 0 12 m 2544 A9 5 S50, 0 IS T A 2

2 £ x #

(U] MRONEL TR B, A8 7 0 040 B o it o A 289 59 43 A 484 it In J7 36 [T ] FUBR A2 2% 41 ,2010,46 (1) 122 - 127.
LIN Xiaoxia, ZHANG Shuyou, CHEN Jing, et al. Method for asymmetric distributed loads on curving areas in products
simulation analysis[ J]. Journal of Mechanical Engineering, 2010,46(1); 122 - 127. (iin Chinese)

(2] BB, 2= 0 /NS, 45 ol T 8 BB A 7 0 00 AT P B 7 vk (0] B 7R H0R ,2011,19(4) ¢ 246 - 249,254,

XU Xindong, LI Jianchen, CAO Xiaojuan, et al. Method for imposing discrete loads on curved surface in simulation analysis
[J]. Torpedo Technology, 2011,19(4) ; 246 —249,254. (in Chinese)

[3] ZHOU Xuanyi, ZHANG Yunqing, GU Ming, et al. Simulation method of sliding snow load on roofs and its application in some
representative regions of China[ J]. Natural Hazards, 2013,67(2) :295 —320.

[4] MAJOWIECKI M. Snow and wind experimental analysis in the design of long-span sub-horizontal structures[J]. Journal of
Wind Engineering and Industrial Aerodynamics, 1998,74 —-76(1) :795 - 807.



340 /I I N A 2019 4
[5] sk R,JE0ge, fF5R, 2. BAr 00 m iR = Woe R tEaE i [J]. DL ZERES TR RN 1R ,2018,26 (1) :47 - 59.

(6]

[7]

(8]
(9]
[10]

[13]
[14]

[15]
[16]

[17]

[18]

[21]
[22]
(23]
[24]

ZHANG Zhonghao, FAN Feng, FU Qiang, et al. Stability of two-way grid cylindrical shell greenhouse with tension members
[J]. Journal of Basic Science and Engineering,2018,26(1) :47 —=59. (in Chinese)
EER . HOGIR = e R S [T ] AL AL A 4 ,2005,36 (9 ) :86 - 88.
LI Xiaohuo. Simulation and study of loads of a sunlight greenhouse[ J]. Transactions of the Chinese Society for Agricultural
Machinery, 2005,36(9) :86 - 88. (in Chinese)
Tt WA, S W L. XL Im) P A R 4 2 ST 502 TR T 0 58 28 4 1 SR M ARUE M A AT L C D 7 58 1 i 4 R BRAR A5 # AR 2R
fifit 2, L, 2015.
2R 3R R B MR R R A S S A R [T A0l TR ,2017,37(34) 110 - 19.
TRFE. A 22 R B B AR & BRTE R E YA [T Rolk TR A ,2017,37(34) 228 - 30.

TLLHE. B R B R S A R R B AR SE LD ] REE L Tk R4 ,2015.

YU Hongyan. Study on new-type large-span greenhouse structure systems and joints [ D ]. Tianjin: Hebei University of
Technology,2015. (in Chinese)

ZHOU Changji, WANG Yingkuan. Modern greenhouses and their performances in China[ J]. Transactions of the CSAE, 2001 ,
17(1):16 -21.

R TLEE S 1) B 2R, 5. RS X PR T B R 2 B S OB IR RE A A LT . A AL 4R ,2005,36 (1) 2112 ~ 115.
SONG Weitang, ZHANG Shuge, HUANG Zhidong, et al. Structure design and illumination performance of 3-span
asymmetrical roofing glass greenhouse[ J]. Transactions of the Chinese Society for Agricultural Machinery,2005,36(11) ;112 -
115. (in Chinese)

WA, BRARAE M 5. B RURE I R SRR IM]. Jbat: & 18 H kL, 2014,

TR, IR B . B T2 L ik 43 A5 R 1S TIOR3 i 5 138 [ 1/ OL . Al AL 241 ,2019,50(3 ) :300 - 308.

YU Haiye, GUAN Shujie, SUI Yuanyuan. Design and test of dome greenhouse based on Euryale ( Euryale ferox Salisb. )
venation branching structure[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(3) :300 - 308.
http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20190333 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2019.03.033. (in Chinese)

JA s AR = CRRIM . Jb a0 SR Dl A ,2003.

Wit , Bl il , TE A, 2 WA RUST Ol 31 o B 2 B 2 A 5 R0 4 A TR T RS B2 2 i [0 ] AR 2 2% 4R, 2002,23(2)
33 -35,39.

CHEN Junmei, LU Hao, WANG Jianhua, et al. Effect of mesh sizes on welding deformation prediction precision of-Buicks
underframe assembly[ J]. Transactions of the China Welding Institution, 2002,23(2) : 33 —35,39. (in Chinese)

PR E a0y, BT, S5 PR RS0 BEI AR R0 g 23 A B ma [T ] 7K 1 241 ,2004,35(9) :83 - 87.

LI Tongchun, CHEN Huifang, ZHANG Hanghui, et al. Effect of mesh size on analysis of arch dam equivalent stress[J].
Journal of Hydraulic Engineering, 2004,35(9) :83 - 87. (in Chinese)

PARK S J, EARMME Y Y, SONG J H. Determination of the most appropriate mesh size for a 2-D finite element analysis of
fatigue crack closure behaviour[ J]. Fatigue & Fracture of Engineering Materials & Structures, 1997,20(4) :533 - 545.
IV L oK. R TR R Bt 50 (M ] KA 3 MO iR, 2011

Hh A N B A ] ] 5 i M B R R e N R A B IR & R S GBS0017—2017 B 25 44 ¢ A
(ST dbat: v E g 5T Tl AL ,2017.

PP E .MM BT TGS LML AR HLB D AL ,2015.

FRW P R = BT i SeA Ty 1k (=) — MANR ST R[] Rl TR AR GR=ERZ)) ,2006(11) ;15 - 18.
CHESH BT T ) B & Bl BRI Bt T0T [M 1.2 i JE5t . b [ 2 5T 00l i iiAd: ,2006.

ATKAE, £GP, B SOR. R % HE 45 5 8 T 00T W BRR E O r A A BR T4 BT [T]. Al TR 2 4, 2007,
23(3).:158 - 162.

YU Yonghua, WANG Jianping, YING Yibin. Nonlinear finite element analysis of the bearing capacity of arch structure in
plastic greenhouse on snow load working condition[ J]. Transactions of the CSAE, 2007,23(3) :158 - 162. (in Chinese)

E L T I B BT AR R 5 R R PR BFSE [1). ABLAL R 201133 (12) 140 42,50,
WANG Xinzhong, MA Xingchao, SUN Fei. Stability research of multi-span plastic greenhouse on snow load condition[ J].
Journal of Agricultural Mechanization Research, 2011,33(12) :40 —42,50. (in Chinese)



