Kol TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.37 No.19
Oct. 2021 243

FEi31E O F1oMW
2021 4 10 H

|
i

a7 = Venlo Bim EEMR LR

%E““%E’ 3# iﬂx

(PR E A [E e TREER AR AR, L 200063)

Al

B . N 7O SCH R AR KR R 22 AE BT Venlo R E S A TER R, % T AT 22 A R BT L AR Venlo
ROR B, FIAABRTTHAE MIDAS Gen, SR FHRMY 738 S 2 R X BB B 20l 7 & (0.10 )+ 7% (0.15 g). 8
fE (0.20 g) F18 5 (0.30 @) IR = AR MFAT RIS, XM A IRAL. ROTARL RS AT T /iRt . 25
TR, IEBEANEKARBIN 175 s, RIWNBEZHEMLSEWER, 812 RIS Yo X mEFREs), 782 AN FHT
) BT PR R, ANRIRBIZIEE T, G586 1R S iR KA 216.96 MPa, BR800, SRR A1/ T4
JEMRGREE . MRBIZIEEA 8 BE (0.30 g) B, X A EAE XM ARIRL. R 78R, 435008 211.95 #1196.02 MPa. TGl
ES SRS X AR A AL AR, TEF) 31.80 mm. EHIE S SRS T, HTHR KA N 61.84 mm,
SEAAR T B2 M BRI, Y 1l FE AR A R T X AR AR 4 11.6%. S503RE, SIHEMAT 2R =R
WRIZUEAE T 8 B (0.30 g) I, FUPRAGLAAL T #PEVERE A, R RNEEEK, (HER KA Y T b [ @ SUP0R Bk X 3

PEZBALRE A 1/250 (IESR . fiea, 2300 i EAR O = S5 B TR R g il 3 ) T — L8

KGR BT, 4 WE; RBAE; AMT; Venlo
doi: 10.11975/.issn.1002-6819.2021.19.028
FESES: S625.1 XEARERD: A

XEHRS: 1002-6819(2021)-19-0243-07

T, BB 7= Venlo BB ELEMMEMREDHT[J]. KA TIEZFIR, 2021, 37(19): 243-249.

doi: 10.11975/j.issn.1002-6819.2021.19.028

http://www.tcsae.org

Li Yizhe, Pian Chao. Seismic performance analysis of Dutch Venlo greenhouse structure[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2021, 37(19): 243-249. (in Chinese with English abstract)

doi: 10.11975/j.issn.1002-6819.2021.19.028
0 51 &

Bt & o A I U A ATk, A IR
SIEEAIEE I LAar 22 9402 ) Venlo Y BUACAL A VIR = o 4o
£ Venlo B = L2 oy I THAR I K Bl e . B
M) BRI KRR % et 3 BRI 3
R RN E XTI = S5 R DA
A, CA hRHE R 22 AT AR HE BRI R AR HE, 47 KR
FEM B I E SRR 5 A 2205 R I %
S PEANE P E 4 SR P 1 G,

HATR TR E S 2 e g B EEPENR. F
AT, X HPUR MR IR TR D . X TR E A
B, BEAMBOONEBAEL 8 H NS 32 R )
MR/ T AT 81, R B AE R R ot B A
H, BHIEEE 2500t 50 b P A B R R A R AL . DR
HRR DRI, gz BRI R Venlo
= AT 2B R R I3 IR AT, 45 R RN TE SEbR
AR R AR BRI R M 2R S8R, AR A R
B FMTARF B RAT, (ARRAELA IR . Bxpsl
B R IR AT RS R A T, IR RZ Y R

R H I 2021-07-06  BITHW: 2021-09-13

HETH: AR E SISO E (192007308000
&N 22—, W7 AR BT A PRI T
Email: liyizhe@ctiec.net

MIEEEE: PO, 4, 07 oy TR PR B

Email: pianchao@ctiec.net

http://www.tcsae.org

PR PERER AT BT AR REAT W 7T, &5 SRR W 7 7
T RE S A AR T ) AR A BT RR P RE s 2R e
SPHRH T R ESMBUBAAEEAL S H AURGE
LA R IE R, R RZ T PR R A A IR TR
PEREATAITIT, SRR W BT RO FERE BE 77 W A T1%
GAONPAR T R, BT RIFIPURTERE: 25 AP
T MR R PR A, F i g R UG E
PR SR AT LR S R R U AR s Dova SIS
ME B B 5 R0 RS Venlo B = 34T B AEFH 7
B, aE SRR AT PR R i, R R R S
RV T LSRR AL BRI R A S A, 98 H AR R =
FUE DX HEAT IR 3 A5 R BT I I 4 2% R M R A . X
Bk 7 2 DAL 10 57 A 2 1) B33 #9819 AR D E 0 2,
FEARI BEUR E A PURVEREREAT R FE . BUAh, A5
() 45 R 2R TRT AL T T B AR E SR i, G 1 2 [ R Y
HE ELAT MV 5 REGS B4R 5 R W B2 B A RIS .
SESHEN S Venlo YR % 45 M T IR ALBEAL L 2]
HE SRS 2 ) 5% B 5570, 3BT 17 AR KT 38N 8 L
T A A4 5 5 B R S R i, 25 R
B ROV BOE R = R A BRI R A, WA RER
PRI, JFRANE A . a5 S T ! Ry
Venlo Y = 4540 (1 ki i 0. AR 2L, BRE U o
MR RS A7 3 00N B0 #r 45 RIE A -

T E IO, R E AL TR AR (7
JEULED 3 BT BEA 22 BT A 5 BRI 22



244 A TFE2A3 Chttp://www.tcsae.org) 2021 4

TR, fATEHbREAE R BOR B s M 2 2k, JFE
] Py L 1 7R i R i 5 153 ) R R o, B g )1 e
iR 5 IR E MR Fik, ASCRAARIT
A MIDAS Gen X i 2% A & % 1H 1 1 R 5: Venlo B =
WIREAR R BEAT HURR TR, 25 RE T a5 MR 56 B 5N )
SERINIEEIRE, SHR = I o R R DL AEAN ]
b B I B RE T G5 R 00 B KN T R e KA B HEAT 40 AT
TR FE 45 TS RGN . H B RV e 1 BRAE HE AT bR A%,
Sy AR Y IR = S A LT A SR YE [ g SR S %

1 Venlo By B E4EHy

Venlo B 45 NI/, 52K T AFE M
KPPV B R S 22 5] 3EE N Venlo AU = TN A15
Fna Y, B AER N 15 2, K 8.0m, JF
8] 5.0 m, HrZ& 0.5 m, ¥EE 6.0 m, E2H R 6.8 m.
2SR A R ICTHH BE MIDAS Gen, DAL 3% i
AV = B AR, S K 265 m, BE 240 m,
DABHE AN E o BRI XL Y 7 5 B0 A 3
RS A & RKIVA AT B 71, H B 2% 7 55 R 4R ST A A T
[ T B 10 mm 3%, (BT RESFIWAK, WimzEl
LR E PN o R B T SR L AT A
RS B P I 55— S =TT EAT B, DARIE IR = )
AR M. RN A B 1 TR,

o i) i
Middle road
a. ik b. Jsyis
a. Whole b. Partial

LANSIEE 20758 3RV 44856 5508

1.Steel column  2.Truss 3.Gutter 4.Purlin 5.Glass

e Xo YRR MR RV A BT 1]

Note: X and Y represent the arrangement direction of truss and gutter
respectively.
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Fig.1 The structural model of the Dutch Venlo greenhouse
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Fig.2 The structural model of the gutter
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Table 1 Type, size and material characteristic of main member for greenhouse structure

e E3tl A A R HPE A N4 B
Material Type Member Cross-section size/mm__ Elasticity modulus/MPa _Poisson's ratio Yield strength/MPa
o [H] 57 A 140%60%3
HPIL AL 140x60%4
S$235JR BUp RN TR L N TTAYAY = 140x60%5 235
ekl P L B8 A 180x180x5 5 1x10° 03
Structural steel SLEAT 25%x25%1.5 . .
RN 10
ERSZAT 120x60x3
SR SCEESEAE 60x30x2 275
HE S K PSR 145%100x2 7.0x10" 0.3 260
Aluminum alloy > AbRAS . .
TR - .,
Float glass ) 21 5 7.2x10 0.2

e -7 RERENETEIT

Note: “~”” means unknown or no item.
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Fig.3 Comparison of response spectrums under frequently
occurred earthquake
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Table 2 Load combination for greenhouse
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Load Source of
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combination No. specification Combination formu
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Note: S represents value of the relevant load effect. Gy means permanent load,
kN; O means wind load, (kN'm™); Ok, means snow load, (kN'm™); Oks means
crop load, (kN-m'z); Ow means concentrated vertical load and Qs
incidentally-present installation load, kN. y and ¥ represent the partial factor and
combination coefficient of the load, respectively.
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Fig.4 The first six modes of the greenhouse structure
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Table 3 The combined stress value of load under different seismic precautionary intensity

MPa
P IT f K HiM /) Maximum tension stress ¢ KJER /) Maximum compressive stress
E% : . - - - Yoy — - - -
Load combircllation 5B 2% Seismic precautionary intensity 5B Z1 % Seismic precautionary intensity
0.10 g 0.15¢ 020 ¢ 030¢g 0.10 g 0.15¢ 020 g 030¢g
al(wx) 213.12 149.67
al(wy) 87.05 75.85
a2 185.67 156.12
bl(wx) 216.96 118.74
bl(wy) 169.83 72.61
cl 138.22 134.90
c2 139.28 135.79
dI(Rx) 123.02 127.53 132.05 141.08 103.24 107.71 112.87 157.42
d1(Ry) 114.64 115.09 115.55 116.45 97.84 99.79 101.74 109.33
d2(Rx) 193.89 198.41 202.92 211.95 168.91 175.68 182.46 196.02
d2(Ry) 185.32 185.78 186.23 187.13 155.69 156.02 156.35 157.01
f.4% Envelope 216.96 216.96 216.96 216.96 168.91 175.68 182.46 196.02

e owxy wy 2 RIRE XL YRR S 54 S Re. Ry K X0 Y RGBS SMEA S BSRERBASGH X, ¥ Z i RAas
RKRME, TR

Note: wx and wy represent the wind load which participate in the load combination in X and Y directions respectively; Rx and Ry represent the load combination of the
seismic action in X and Y directions respectively. The envelope represents the combined maximum value of the X, ¥ and Z directions in the load combination. The same

as follows.
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Fig.6 Comparison the stresses of seismic action and wind load
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Table 4 Maximum displacement of column under different

seismic precautionary intensity

mm

ke Wi Z1E Seismic precautionary intensity

Load combination 0.10g  015g  020g  030g
al(wx) 31.80
al(wy) 222
a2 14.05
bi(wx) 31.03
bi(wy) 21.63
cl 12.04
c2 12.10

d1(Rx) 18.92 26.75 34.66 50.61

di(Ry) 2154 3104 4095 6104

d2(Rx) 23.52 31.08 38.88 54.66

d2(Ry) 24.49 33.19 42.46 61.84

414 Envelope 3180 3319 4246 6184
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Seismic performance analysis of Dutch Venlo greenhouse structure

Li Yizhe, Pian Chao™
(China Triumph International Engineering Co., Ltd., Shanghai, 200063, China)

Abstract: A Venlo-type greenhouse has widely been introduced from Netherland for modern agriculture in China at present.
This type of greenhouse is also the largest, most commonly-used, and state-of-the-art glass structure with advanced equipment
and control systems for super greenhouses in the world. However, few national standards are released for the structure design
of modern agricultural greenhouse, although most industry or group standards in China. Furthermore, the combination of
earthquake load other than wind load cannot be usually considered for the structure design in most studies, due to the
light-weight components and covering materials in the greenhouse structure. If the greenhouse that designed by the
Netherlands was directly introduced to adopt the Dutch structural standards in China, there is a safety hazard of seismic action
for the damage of main structure, particularly for nearly half of land areas in high-level zones of seismic intensity in China,
even above 7 degrees. Taking a Venlo-type greenhousedesigned by a Dutch company in Shandong province as an example,
this study aims to explore the impact of seismic action on structural safety according to the Dutch code, considering the stress
diaphragm of covering material on the structural stiffness. A finite element software MIDAS Gen with the response spectrum
modal was also selected to simulate the whole structure of the greenhouse with the seismic precautionary intensity of 7 (0.10 g),
7 (0.15 g), 8 (0.20 g), and 8 degrees (0.30 g). A systematic analysis was made on the mode periods, vibration patterns, the
maximum stresses, and displacements for the structure. The results showed that the longest period of natural vibration was
1.75 s in the greenhouse structure, indicating a relatively flexible performance of the structural system. The first and second
vibration patterns were the flat motion in ¥ and X -direction, especially a similar seismic performance in the 2 principal axes.
Additionally, the maximum bearing capacity of the structure was 216.96 MPa for different seismic precautionary intensities
under the wind load. The maximum stress was still less than the yield strength of components. When the seismic precautionary
intensity exceeded 8 degrees (0.30 g), the maximum tensile and compressive stresses of components were 211.95 and
196.02 MPa for the X-directional seismic action, respectively. In addition, the maximum displacement was 31.80 mm under
the X-directional wind load without considering seismic action. The structural deformation was also mainly influenced by the
seismic load. Specifically, the Y-directional seismic action was about 11.6% than that in the X-direction under the same load
combination. Consequently, the greenhouse structure introduced from Netherland can always be expected to fully meet the
code requirements within the elastic range of components, when the seismic intensity was lower than 8 degrees (0.30 g).
Nevertheless, the maximum deformation exceeded the standard requirement of 1/250 of the elastic inter-story displacement
angle, according to the code for seismic design of buildings in China.

Keywords: greenhouse; structure; earthquake; seismic precautionary intensity; finite element; Venlo



