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Static analysis and structure optimization of the skeleton in
the solar greenhouse with flexible insulation rear wall

XU Jing', HU Haonan', LIAO Zhengming', DI Shaohan®, ZHAO Shumei’

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract Aiming at the safety and economic issues of a new type of solar greenhouse with flexible thermal
insulation rear wall, the mechanical performance and optimization of a 16 m-span greenhouse with flexible
thermal insulation rear wall are studied by utilizing ANSYS WORKBENCH. The finite element model of the
greenhouse framework is established based on the existing structural dimensions of the greenhouse in
Miyun District, Beijing. Various loads acted on the greenhouse are analyzed and calculated, and 8 kinds of
load conditions are identified. The internal forces and deformations of the greenhouse framework under
8 kinds of load conditions were simulatedstress and deformation nephogram of greenhouse skeleton. To
further optimize the greenhouse framework while ensuring its safety, the static characteristics of greenhouse
framework are analyzed by modifying the chord cross-section or adjusting the layout of the belly bar. The
results show that: 1)Among the 8 kinds of load conditions, the load condition “dead load+180° wind load +
front roof insulation is put away” induced the highest stress and deformation in the greenhouse framework.

And the maximum stress was 175.3 MPa and the maximum total deformation was 25. 46 mm, which were
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both within the limits specified in the specification. 2) Based on the two optimization schemes, the steel

usage for the trusses of the greenhouse was reduced by 12. 3%, or the rebar usage for the belly bar was

reduced by 18.23%. Additionally, the light transmission rate for crops through a single steel pipe increased

by 6.25%. The two optimization schemes reduce the construction cost of the greenhouse and improve the

lighting transmission for crops.

Keywords solar greenhouse; truss structure; load condition; structural optimization; finite element analysis
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1. Upper chord with circular tube; 1. Lower chord with circular tube; III. Web member with rebar.

a,,a, and a; represent 0°, 180° and 90° wind directions.

A and D are the foot points of the left and right columns of the greenhouse structure. B is the 1/4-span point of the front roof. E is the 1/2-span point

of the front roof. C is the point of the roof apex. G is the position point of the rear roof slot, and its horizontal distance from the roof apex is 1 m.
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Fig. 1 Structure drawing of solar greenhouse with flexible thermal insulation wall and the labeled members
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Table 1 Coordinates and radii of each arc of greenhouse with

flexible thermal insulation wall

(5] .C> A AR

B F42/m Center coordinates
Segmental arc Radius
X/m Y/m
A
Wi E TR 5.800 5.712  —1.007
Lower arc of front roof
i{i]
i 2 E L B 32.000 17.916 —24.191
Upper arc of front roof
i

= TR 1. 500 12.505 5.825
Arc of roof
Jei 2 T (3 R

11. 000 5.000 0. 000
Arc of rear roof
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Fig. 2 Crop load distribution
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Table 2 Load value of greenhouse with flexible thermal insulation wall

iy 2 2 31 i # 2 A -2 K i 7 1)
Load classification Load type Characteristic value of load Load direction
YT 2 Bork f it i B W R

TR IR 7R 2 0.0014 kN/m? EcNLY

16 T 2% i 2 TR I T 0.0174 kN/m? BT
Dead load 2 1A TR B AR 0.262 5 kN [CSEAEEN
A S IR TR AN A A AR 0. 0623 kN LAY

S T AR T AT 3 0. 0348 kN/m? B W

V9 10 A7 48 Crpr [ 8 ) 0.546 kN B

Y s 4 4 2 COK P 1)) 1. 356 kN K7 18]

VE ¥ 113 HE 17 48 (9 i 155 1) ) 0.273 kN =S

ERCE- 0. 124 kN/m? A=A

AE B ¥ 7 0.172 kN/m? (EaEy|

] CHETT) 2.387 8 kN 2 1] ] b

0" R fif 2

G AT 0.339 2 kN A2 1) ) Ah

D ity 0.100 3 kN A 18] ) Ah

] A5 7 2% AR 0.449 8 kN T 1 [y A
Live load BRI 1.255 7 kN A2 1w 1) A1
90° R far k.  CaEgET 0.949 2 kN A8 1) ) Ah

GRAET I 0.745 5 kN A8 1) ) Ah

D STy 0.602 2 kN A2 1] ] Ab

A BAER T 0.749 7 kN % 1 1) Ak

BEsER T 2.898 6 kN % 1 1) Ak

180° M  C pifEH h 1.343 1 kN % 1 1) A

CG B ) 0.311 kN/m’ (OO

GD Be¥ i 71 0.424 kN/m”’ % 1) ) Y

TE:A B.C.D.EF G BAENELE L
Note: The positions of points A, B, C, D, E and G are shown in Fig. 1.
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Table 3 Load combination of greenhouse structure corresponding to different load conditions

T4
Load condition
T4 1 Load condition 1 fH 1 2% + 07 XU 4% + Aij )& 1 O8I 4% OR + 1B 9 0 4 1 4%
T4 2 Load condition 2 {8 faf & +0° XU #% + 17 & I 08 I 4% Bl FF + 1E 1 0 4 o 4%
T4 3 Load condition 3 8 if % + 90" RUfar 2 + 11 2 17 £ IR B OR + 1B H 1 HE 77 4%
T4 4 Load condition 4 8 i % + 90" KUfiT 2k + 11 2 10 £ IR 9 5 IF -+ 1B 9 1 HE 47 4%
T.# 5 Load condition 5 8 fif 2k + 180° A far 4% -+ Hif 2 i £ I 9 W2 + 1 ) f i 2
T8 6 Load condition 6 fH fif % + 180° XU faf % + T /2= A7 {2 ifi B 5 - + 1 2y i 1 o 2
T8 7 Load condition 7 18 faf 2% + 180" XU faf 2K —+ 1ij J== 1 £ I B i A
T.# 8 Load condition 8 H fif 2k + Aif J& T8I P Wi 45 4 JT +0. 7} 1. 2 ()= 10 25 17 28+ 1R 9 i 7 20

17 3 2 45

Load combination

= o= = = = = = =
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Table 4 Maximum load values and the corresponding positions of greenhouses under different load conditions

iy NPl SN ] R 5N
TR Maximum stress Maximum axial force Maximum bending moment Maximum shear force
Loadcondition e/ g mhfe/  feE AKE(E/ frE WA R
MPa Position kN Position (KN-m) Position kN Position

TH 1

.. 115.45 [5%53-55 17.155 5% 1-3 0.187 3 5% 53-55  1.5267 3% 55-57
Load condition 1
L2

.. 129.31 5% 53-55 17.933 5% 1-3 0.2103 9% 55-57  1.6715 3% 55-57
Load condition 2
T4 3

.. 77.741  TE%8-10 5.014 5% 84-86 0.134 Ti%8-10 0.8268 F3%8-10
Load condition 3
TH4

. 75.888 5% 8-10 4.891 T 5%84-86 0.1328 T5%8-10 0.8077 TF3%8-10
Load condition 4
TH5 ) ) ) .

. 173.03 5% 19-21  23.919 5% 84-86 0. 265 F5%19-21  1.5792 [5%19-21
Load condition 5
TH6

.. 172.13  13%19-21  23.775 5% 84-86 0. 265 F5%19-21  1.5785 E35%19-21
Load condition 6
TH7

.. 175.3  F3%19-21  24.507 5% 1-3 0.263 F5%19-21  1.9317 FE35%57-59
Load condition 7
T8 .

. 77.649 5% 57 7.163 T5%2-4 0.0857 5% 57 0.7379 TF5%58-60
Load condition 8

x5 SILATEREENEREEE
Table 5 Maximum deformations of greenhouses under different load conditions mm
T BARTE IKAVAB I U2 AR Y
Load condition Total deformation  Horizontal deformation  Vertical deformation

[#% 1 Load condition 1 11. 345 8.470 7.563

T.#% 2 Load condition 2 12. 248 9.904 8. 220

T.#% 3 Load condition 3 1. 408 0.894 1.179

T.% 4 Load condition 4 1.394 0. 847 1.230

T. % 5 Load condition 5 19. 333 13.990 13. 397

T.#% 6 Load condition 6 18.431 13. 360 12.742

T.#% 7 Load condition 7 25. 460 18.075 17.974

T. % 8 Load condition 8 7.254 4.130 5.969
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Table 6 The strength value of the most unfavorable bar in greenhouse under load condition 7

T 1 28
iR i} KIERE A M,/ A M,/
. R/ BB AU wppn BEMS O EEMS L
FE14 4 10°mm* 1 B HE /mm X Plastic Axial (N'm) (N-mm) MP
Member number Inertia  First moment mm adaption e Bending Bending ‘
Area o force Stress
moment of area coefficient of moment moment
cross-section
83-84
il 1.018 169.70 113. 100 1.20 4.997 5 954. 150 1. 508 48.873
Web member 83-84
% 1-3
3.230 2018. 56 313.374 1.15 2.450 3 98 459 14. 540 120. 606
Upper chord 1-3
5% 19-21 .
3.230 2018. 56 313.374 1.15 1.4046 2.630X10° 21. 950 158. 118
Lower chord 19-21
xR7 IRTTERAFMANBEEITE
Table 7 Stability calculation of the most unfavorable bar under load condition 7
ARG F3%1-3 Ji AT 83-84 L3 19-21
Calculating parameter Upper chord 1-3 ~ Web member 83-84 Lower chord 19-21
4%
e A /mm 10. 089 3.000 10. 089
Radius of gyration
1+%:{.<E/m 0. 349 0.330 0.578
Effective length
KAt . 34.592 110. 000 57.290
Slenderness ratio
S E R K
e R 0.922 0. 493 0.823
Stability coefficient
AR AR N T .
3 Al/(Nm) 98 437 948. 05 95 921
End bending moment
i 25 %H M,/ ( N-m )
Y 25 7 M/ (N 48 489 80. 373 74 049
End bending moment
St gy A "
BRI 0.797 0.634 0.908
Equivalent moment factor
EAls N/kN
Wi l,mﬁ.jj. N/ 443.723 15.837 161.773
Euler’ s critical load
%ﬁ/kN 24.503 4.931 14. 046
Axial force
B 71 /MPa 125. 946 74.160 184.014

Stress
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Fig. 3 The optimized greenhouse structure and

its rod number
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