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Internal force analysis and structural optimization of
anti-hail nets in the orchard

XU Kailiang"?, HE Fen'*, HOU Yong"?, LI Yan'?, ZHANG Lingfeng'?, LIU Long®
(1. Academy of Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs, Beijing 100125, China;

2. Key Laboratory of Farm Building in Structure and Intelligent Construction, Ministry of Agriculture and Rural Affairs,
Beijing 100125, China;
3. Shaanxi Yisheng Jianlong Agriculture Co. , Ltd., Yan’an 716000, China)

Abstract Aiming at the problems of non-standard construction and poor safety of orchard anti-hail nets, based
on the loads such as snow and hail in Yan’an of Shaanxi Province, an anti-hail net with a plane size of 30 mx90 m
was selected as a control unit. The model was built using the finite element analysis software Sap2000 to calculate
and analyze the internal forces of the structural members under the most unfavorable load combination
conditions. Under the condition of ensuring structural safety, the effects of deducting wind and snow load,
increasing the wall thickness of the end truss steel frame columns, tilting the end truss steel frame columns
inward, and changing the length of the end gap on the magnitude and distribution of internal forces in the

structure were analyzed. An optimization method for the anti-hail net structure was obtained. The results show
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that: 1) When designing the anti-hail net, the hail load can be enveloped by the roof live load for design; when

deducting wind and snow loads, the overall structural stress ratio significantly decreases, and all except the

end truss steel frame columns meet the bearing capacity requirements; 2) When the wall thickness of the end

truss steel frame column increases from 2. 5 mm to 4 mm, the elastic critical force is increased by 50%, and the

stress ratio is reduced by 36%. The main structure meets the safety requirements; 3) The inward inclination of

the end truss steel frame column reduces the load on the column. When the steel frame column is inclined at

12° and the bottom of the column moves inward by about 1. 0 m, and the axial force is reduced by about 15%;

4) When the length of the single-sided end gap is reduced from 20 m to 15 m, the axial force of the corresponding

end steel frame column decreases by 7%, and the axial force of the other end steel frame column decreases

by 3%. When the length of the gap at both ends is reduced by 5 m, the axial force of the end truss steel column

is reduced by 10%.

Keywords anti-hail net; load; finite element analysis; structural optimization
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Table 1 Stress ratio and axial force of steel frame column

S M 4K A2 1
End truss steel

o ) A 9 42 2
. Middle truss steel
S

o] R 2R 3
Middle truss steel

r ] A 2R 4
Middle truss steel

Ui M AN 24 5
End truss steel

Col frame 1 frame 2 frame 3 frame 4 frame 5
olumn
Number | BAHC HUN/KN BAE SN BUK MOB/KN RIE BOA/KN BAK /KN
Stress Axial Stress Axial Stress Axial Stress Axial Stress Axial
ratio force ratio force ratio force ratio force ratio force
DA
s 0/S 49.42 0. 894 21.07 0.946 21.05 0. 894 21.07 0/S 49.42
Column 1
SLRE2
. 0/S 42.12 0.907 20.5 0.941 20.49 0.907 20.5 0/Ss 42.12
Column 2
SHE3
. 0/S 40.97 0.862 19.77 0. 889 19.76 0.862 19.77 0/S 40. 97
Column 3
N4 L ]
. 0/S 40.97 0.862 19.77 0. 889 19.76 0.862 19.77 0/S 40.97
Column 4
%EE 7 0/S 42.12 0.907 20.5 0.941 20. 49 0.907 20.5 0/S 42.12
Column 5
MAE6
. 0/S 49.42 0. 894 21.07 0.946 21.05 0.894 21.07 0/S 49.42
Column 6

TE - O/ S A S A il ) 8 8 S7 AR S I 50 K, S OB S TR 4 R R I i RO R R

Note: O/S refers to that the axial force of the column exceeding the elastic critical force of the column, resulting in abnormal calculation of the

coefficient of the moment amplification item in the stability calculation.
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Table 2 Stress ratio and axial force of steel frame column under the condition of deducting wind and snow load

S A AP 2 1

End truss steel

FE] A A2 2
Middle truss steel
AT R52

H 18] i 4 22 3

Middle truss steel

H 18] A 0 22 4

Middle truss steel

Ui i M 24 5
End truss steel

frame 1 frame 2 frame 3 frame 4 frame 5
Column
Number WAL EUJI/RN R R/RN S R BEG/RN S ikl BJi/kN R B /kN
Stress Axial Stress Axial Stress Axial Stress Axial Stress Axial
ratio force ratio force ratio force ratio force ratio force
A
N 0/S 36.82 0.599 14. 39 0.608 14. 38 0.599 14. 39 0/S 36. 82
Column 1
A2
. 1.354 31.33 0.605 13.95 0.621 13.95 0.605 13.95 1. 354 31.33
Column 2
SLHE3
1. 307 31.02 0.576 13.43 0.589 13.43 0.576 13.43 1. 307 31.02
Column 3
SIAE 4
%H 1. 307 31.02 0.576 13.43 0.589 13.43 0.576 13.43 1. 307 31.02
Column 4
SIAES
%1:{ 1.354 31.33 0. 605 13.95 0.621 13.95 0.605 13.95 1.354 31.33
Column 5
SAE6
SLH 0/S 36. 82 0.599 14. 39 0.608 14. 38 0.599 14. 39 0/S 36. 82

Column 6
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Table 3 Stress ratio of end truss steel frame column when the wall thickness increases from 2. 5 mm to 4. 0 mm

STRE G iy A 54 42 1 o [) A A9 52 2 H [ A B9 42 3 H I A B9 42 4 i il AW 4R 5
Column End truss steel ~ Middle truss steel Middle truss steel Middle truss steel  End truss steel
Number frame 1 frame 2 frame 3 frame 4 frame 5

%H ! 1.029 0.599 0. 608 0.599 1.029

Column 1

SEAE 2

%H 0. 867 0. 605 0.621 0. 605 0.867

Column 2

%H 3 . 0.843 0.576 0. 589 0.576 0.843

Column 3

w4 0.843 0.576 0.589 0.576 0.843

Column 4

SFE S

izt _ 0. 867 0. 605 0.621 0.605 0.867

Column 5

L6 1.029 0.599 0. 608 0.599 1.029

Column 6
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Table 4 Axial force and axial force change rate of end truss steel frame column under different inclination angle

SRR a=0 a=6

a=12°

a=18"

Column  #47 /kN 75 Al 2R % 1 /kN A5 Al R

number  Axial force Change rate  Axial force Change rate

4 #1/kN

Axial force

A%

Change rate

477 /kN

Axial force

A%

Change rate

L] 36. 87 0 33.65 0.087
Column 1

L2 31.34 0 28. 59 0.088
Column 2

It 3 31.04 0 28. 34 0.087
Column 3

LA 4 31.04 0 28. 34 0.087
Column 4

s

AL S 31.34 0 28.59 0.088
Column 5

JLHE 6 36. 87 0 33.65 0.087
Column 6

31.30

26.58

26.37

26.37

26.58

31.30

0.070

0.070

0.070

0.070

0.070

0.070

29.60

25.13

24.94

24.94

25.13

29.60

0.054

0.055

0.054

0.054

0.055

0.054

TE = o S 3 M 509 B 7 A A0 A1 B2

Note: ais the inclination angle of the end truss steel frame column.

RS 2WABKEREELTHLEHS

Table 5 Axial force of steel frame column under the condition of changing the length of two end bays

kN

ity i X 42 1 o)A AR 2R 2 F R AR A 2R 3 o] A AR 2R 4 it i R4 5
I, End truss steel Middle truss steel Middle truss steel Middle truss steel End truss steel
SLHER S
< frame 1 frame 2 frame 3 frame 4 frame 5
Column
number FEA  HEB  HFEA  FEB O FEA FEB OHFEA FEB OFEA HFEB
Plan A Plan B Plan A Plan B Plan A Plan B Plan A Plan B Plan A Plan B
DA -
. 34.43 33.17 12.68 12.68 14. 39 14. 39 14. 39 12.68 35.80 33.17
Column 1
SHE2
. 29.06 28.05 12.27 12. 26 13.95 13.95 13.95 12. 26 30. 49 28.05
Column 2
SHE3
i 28.85 27.83 11.79 11.79 13.43 13.43 13.43 11.79 30.18 27.83
Column 3
SR 4
. 28. 85 27.83 11.79 11.79 13.43 13.43 13.43 13.43 30.18 27.83
Column 4
SEAES
%ﬁ 29.06 28.05 12.27 12.27 13.95 13.95 13.95 13.95 30. 49 28.05
Column 5
A6
34.43 33.17 12.68 12.68 14. 39 14. 39 14. 39 14. 39 35.80 33.17

Column 6




459 1

TRIT 524« SR 5 B2 R 58 N 20 B S5 R A 239

SERE S 7980/ 306 5 24 2 A i A 49 22 29 15 D9 00 G 7%
I, i A B9 28 S AT i g 35980/ 1070

4 & it

AHIE 5T LA 1 RS R 30 m X 90 m B B 2 1) 45
il BT A F 75 X 4, FF Sap2000 38 A A7 BR IG5 #r
Qe 0 I o T a7 N 1= £ W T N )
B3 75 190 25 R K 8 TN 00, 0 T A 405 0 22 4 Y 251 R 4%
BT 00 XU o7 28 1 K i A B9 2 N7 R BE R ) Y
05k ity AV B0 4 7 A A i 3 O D K B A X 4 4 N
FI RN G A5 (R 5, 45 4 T 2598

1) B 85 35 1, UKCRL far 2% AT R J T8 3 ey 4
FTALER BT 5 2 B LSS fi 20 B, 4 0 45 ¥ 2 g L
HH T B 83 i A 09 2 57 A A1 38 R 3 T R

)V A AL ST AR BE IR R 2.5 mm B &£ 4. 0 mm
I SR I S AT 4R T 50 %, B 7 H RN 36 %,
TR 25 K 6 2 A oK

30 iy i 4 48 57 A AT AT 98 20 ST A AT AN 4R ST
FEARE 127, A ] 9 SF- B8 29 1 m i, il g sk 2 24
15% .

4 BRI 3 355 T[] 4 BE 20 m 2> & 15 m A
XoF I B A B9 48 7 AT il T e 7 06, S — i e R 4
7R il 7 2 306 5 AN i 3 R] K BE 40820 5 m
R, it i 40 42 57 A il 3530 10 %4
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