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Abstract

It is of practical significance to study the impacts of low-temperature rain, snow and freezing
weather on agricultural production in 2024, establish meteorological early warning indicators for
disasters caused by different phases of precipitation on steel-structured greenhouses in Caidian
District, and explore countermeasures against greenhouse collapse induced by winter low-temper-
ature rain, snow and freezing disasters. Taking the Caidian District of Wuhan City as the research
area, this study adopted the finite element modeling method and introduced the concept of safety
coefficient based on daily meteorological observation data from meteorological stations, steel frame
greenhouse parameters and disaster data of crops and plastic greenhouses. The results show that
the maximum wind load bearing capacity of Q235A steel pipe greenhouses corresponds to Grade 9
wind, and the maximum snow load bearing capacity is equivalent to a snow depth of 9.6 cm. The key
disaster-causing factor during this rain-snow-freezing event was the formation of an ice layer cov-
ered with snow: freezing rain first formed a smooth ice crust on greenhouse surfaces that prevented
snow from sliding off, followed by snow accumulation. The resultant vertical load reached approxi-
mately 0.67 KN/m?, which far exceeded the ultimate bearing capacity of agricultural greenhouses
(about 0.28 KN/m?) and directly caused structural collapse of greenhouses. Field investigations re-
vealed that non-meteorological factors including unstable foundations, rusted steel pipes, thin-
walled slender pipes and unscientific installation methods greatly reduced the bearing capacity of
greenhouses. Combined with safety coefficient correction, the critical meteorological disaster thresh-
olds for plastic greenhouses were determined: 1 cm for freezing rain, 2 cm for ice accretion, and 5
cm for pure snow depth.
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1. 53|

2024 EH], WAEAE BT — VO™ E FRIR IN FHUKE R AR, AR H S B REL B RRANL
KT 2008 4, AT 53.7 14ot, HARAELERETHIE, AR ICIHAZ TN R T+ M 5E . 1
()3 P ORI Y 55 KR A, Y IR BRI AS, WS RIS Uik, WRE . 4%, IKE. &%
LA LU I VR A2 A K AL RGE — VO R BIE 2 H 1 H~6 H, R 9 E R, 5B )
TR AN DIORL ) 2 BE R, HUTTER LU o, A KM S 30 T BRI e, 5 S5t A T AN 122 s 55 T
KRS UG R IE 2 H 18 H~24 H, SEMISREHE K, HAERERAT MRS, IR W REEn,
() B, HEER IR . WG RE R BRI, BB 5 B0 fa) DR AR & R E Y 52 31 72 8K
RS ) XA AR A R AR R AE TR R, AR IR R — 2 RG], 421X 1.99 5 ALK
Wk 52 9, A X PR AN ZE KM 1.145 i E, XKW 57.7%; 25k sk 9500 /37T, HAHEeR
M5 253 8100 £ 37T

BT ANMRA S AR AR, SRR S UK 5 FH RS . S FRRHAT T 20 [1]-[4]. TEfRIR
R 55 UK R R A AV AR = IR 7 THT, 83977 (5] MRIEME[6]. AR [7]5 70 AL vE . Wb, Wi & T

DOI: 10.12677/ccrl.2026.155107 1003 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2026.155107
http://creativecommons.org/licenses/by/4.0/

L

AR TN 5 KR R SR SEEAT 1 A, o s 5 N [81HR U5 [ 2008 4F 1 H 28~29 HA12 H 1~2 H
PRGN T RS RS RS R AR, WD AN e 1T Bt B () Il S AR S5 IR B R TE
7~8 cm, XITIHESE N[O EE S U X 2 W A& 22 R S 25 ¢ R BV PAS Y 5 R R e I FR bR . TER
FEEN[L0RH S-W 56 . IEZS /A B X IRl 71777, #F9T 2018 S ARAMCIR M T vk R FExd gk A4
FERIRCIR, A TR A R KA S SR S G e bR, £33 T AT B M KA ECR B S IR AR AR A
5 cm.o ¥ RN [ P55 FN-H 00 200 25 AN (], AR 9 2R Aot 8 N T 72 [L 1 T 1) 35 58 B8 5 4F-(1951~2020 4E)7E 0.19
glem®, MR 2 BETE 0.9 glem®, 7 [RIRF JE P 4 20 5 R R T S ROl KM R S et AN TR 1, TR TR P
VR B A, ST RO ) s T Rl K

H A2 T AN [ B AR SO R I s it 74 2b, AR SCHE T 864a) X (B S GO B2 k), 456
R RAERIEE R, T 2024 AR R S UK R A0S A AE 7= (R REma, 4 7 A Hh XA 57 KAl
ANFAHZS T BRI R IR A R IUE SR bR PRI AR TN 55 VKR 5 O] 35 10 o 5 e

2. ZIRER*®
21. &R

R [ SR AR M8 SRR 5 R A 2 G HE ), KX 5 5 R i o Fbm e 73 il 1 4%
F 55 R VR R A0 R (0 KM o7 S KA 10% AT, 2 241558 10%~30%, 3 4155 4 30%~80%, 4 4
229 80% LA L.

HRAE T 1 HE R A X 1.99 5 B AN A I 52 5, 81 2 B, A IXKHSBCN 4 M 1.145 /i,
4 X KM 57.7%, HAHEER > 70%0L L1 8998 Bi; #1553 30%~70%[1 681 Hi; #EER < 30%LA
T 169 B . HEIHE, TTLAZESI 4 60%, %6000 4XHT, 40%FEIFERER. AKIER T 3 HinE,

A BURR A T e 4 ) X E KA R, G 2024 452 H 1 H~6 HIZHMBEKE, FHR
JE, BREEE. HHRRKGE. BERRUKI B, S goRRk B TIREE A w286 XN 28 BT Al
RAER T TGS B

AN FhHE BRI E 22 Ay TR . N EIRRE R A R E. MTTIR G WSS, A
SO TR AE A RS2 9 Tk R v i B R )32 AR 2 225 R R L R KA, R A1 R I 35 485 ) 4y B )
IGB/T 51183-2022, LRI KA BT Z5 v 10 45, S RAVGEFEH )RR 55 H I SR M 1 f K
ST BB NS i 4808, B2 BRI BRI RPN, BRERA IR S VKRR 2 e i (R
MR ZE A ERTE Y Bk, Wb S E R WA 1R, KIgiS8LE 1.

Table 1. Structure and configuration of greenhouse

%= 1 KRS MAEE

PN it GP-C832
5 5 (m) 8
Tt i (m) 3.2
JA =i (m) 1.8

T REAL oy =Fuil
— EAR 32
HEAE PR (mm) . L5
Ht A #E (m) 0.7

https://baike.baidu.com/item/gh%2Ft%2051183-
2016%20%E5%86%9C%E4%B8%9IAY%E6%B8%AIYESYAEYALYET7Y%BB%9I3%E6%IEY84%EB%ED%B7%EE%BD%BDY%ES%AT
%84%E8%8C%83/59759505?fr=aladdinM ?%E6%9A%AF%E8%88%8A|huhu
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PP (E) 3
R HE(iE) 4
AR (m) 0.5~0.8
AR A () 1.8
R () 4
Il P
B AT UL B A8 () 2

TR AR AT
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Figure 1. Schematic diagram of GP-C832 arch greenhouse
1. GP-C832 B~ EE

2.2. B ARTER

KABEM A RTTH AT CAE #57 GP-C832 RUHLHIIK =42 [a] 2 oo AL . MR dots T 2 5 i
Ji, 4~5 AR 1 AR R AN s gt M B = e R A I 2 o

Figure 2. Single arch model

B 2. ptiRRy
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2.2.1. MBXI4S
KH 1 5 mm x 5 mm DU TE 5% 9 % B gt iR 4T X% K1) 43, GP-C832 F B e 5 H 48,600, i 451 48,620,

222, MR R
GP-C832 K Q235A, #RIFEASHTE K 2,

Table 2. Basic parameters of Q235A material
2 2. Q235A MRIME RS

B IR TAALE B e IR i b
(MPa) (kg/md) (MPa) (MPa)
Q235A 2.11 x 108 0.3 7.9 %108 306.51 390

223, IBREBHSEE
AW XS KM HE 20K SPCo MR HE A BRI 4R KM 22 A R TE ) 2, GP-C832 HE ML
N 40 cm, CAE IR RS rp At NSt R RS 5 2047 X, y, 23X 3ANJ5 1A B A 2R

Fy

/ \

Figure 3. Wind bearing capacity of greenhouse

B 3. RHRE R AR

H 1 3T, PRk IA) R BT XU AR Sa= BtIAIEE x HEEfeE, A X)) Fr = Sax Pwe Py i
RUE, Fu 330 B R 52 0370 i, WA A 32 00755 jURTT R

N

Figure 4. Snow bearing capacity of greenhouse

Bl 4. R#RRYSAED

R 400, PIRgtA B S I Sy = #EAE x BERE, FH I F=S,xPs. PsTEEE,
Yoy B LR Z A A, RS S S BT RKN

Figure 5. Constraints and stress of single arch of greenhouse

5. KtR#HLIRIMZN

?hitps://www.renrendoc.com/p-20814600.html

DOI: 10.12677/ccrl.2026.155107 1006 SR TR


https://doi.org/10.12677/ccrl.2026.155107
https://www.renrendoc.com/p-20814600.html

L

P2 IR MNEL S s . BT R AL BT SARR M A K, St B A P AR T, KAt

AR E LR .
Xof T R A XU Y 5% 2R 2
Ry :£><p><v2 (1)
2
vV RGE, AL mis; p ATAERE, HL1.25 kg/m®; Pw AT, A Pa, KURFIR) SRS 3
B
T EESNEFEERKR:
P, =9.8x p; xh 2

Ps AT, HALN Pa, ps MR HE, MM AR EE N RO 78 [11] s T (5 % 1 % 45 (1951~2020
FE)AE 190 kg/m®, h AR JEREE, HA7h m.,

2.2.4. BRTAHEAR NSRS EHRKE

£ Hyperwork [¥] Load Collector I AEL 7301, L2 50HT, 2 REIA R 5 Q235A BV JE Ik
PR 306.51 MPa i, F4LATI[]5Z /7 580 N.o HETH AT S5 = B 2.9 m, #L[AEE h 2 0.7 m, HERRAMIT 13
FHE BRI R B2 KRR N: Sa=2.9%x0.7=2.03m?, HPLFTAZXE N P =580 +2.32=285Pa. H# 3 &5
9 FM.

20 M, MEHILF|ES Ny Q235A BN i kil fR 306.51 MPa i}, HLHksE B 7] 52 /) F21065.4 N,
PP 7.4 m, HEAEE 0.8 m, MM R REE FBE T HEAA: 0.8 x 7.4 =5.92 m?2. HUEHR
KW 2S5 5N Py = Fo+ S, = 180 pa, MR ARQB)HTEE h=9.6cm.

AR T R R AN N 9 B, I KA RS R E N 9.6 cm.

Table 3. Wind pressure and wind force grade

F 3. REMRIIFR

e RN BARE o
(FIRAE) (LIRIRE)
0 TR 0.0~0.2 0 0.02 JUT T
1 BOA 0.3~15 0.06 1.38 EESF iR
2 BIR 1.6~3.3 1.57 6.68 HEIR N
3 HUR 3.4~5.4 7.09 17.89 L RN
4 HRA 5.5~7.9 18.53 38.24 Gy
5 THEIN 8.0~10.7 39.2 70.1 N K
6 (A 10.8~13.8 71.42 116.76 24 PR
7 PR 13.9~17.1 118.07 179.36 ERUERS]
8 KA 17.2~20.7 180.69 262.16 Y SiVAPN
9 Z 20.8~24.4 264.6 364.56 Vg2
10 R 24.5~28.4 367.66 494.93 WA
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3. ZRMEBKEFTIEREIBERERES
3.1. MEXSKIEHR

2 H 2~7 HEMX H I — XK B BRIR N 0K RS, 2 H 08 IR BI Lk vk, 3 H 05 I
UKk, 2 H 08 N~3 H 05 VAR &y 22.3mm, BA HIAE, HARIKEER 4.6 mm, 4 H 04 I 55
R, 4 HPEIRE, 5 HBR, WA/AEFE, 6 HREIKE, 7 HHBZ =, £ 4 N X E R
(R A PR

Table 4. Weather process
F* 4. RRIE

i 18] PRaRIES Bk (mm) RO UREE BV (mm) KR (m/s)
2 H08H~3 H 05  ALZAIKA W) 223 4.6 5.9
3 H 05 i~4 [ 04 Irf VKL 24.3 5 43
4 HO4m~7 HO8I  KFIFRE ST 17.9 10 4.6

32. HREMERNEE@ERE)

Figure 6. Snow sample (Including freezing rain mixed layer)

6. REHKR(RFEAR)

sz R e 6 o, BUE K X R S REAR (S WIR S )R TR AW T 545 2000 &
s AH0.04m? JEE hN014m AT RES m A 2.715 kg, A4 FA7 AR E 55 P .23l
_ mxg

Pt =75 ®

m=2715kg, s=0.04m? g=9.8m/s? P . =0.665 KN/m?,
33. HEAEHANEE

= (4)

h=0.14m, v=0.04 x0.14 =0.0056 m®.

2.715

=" =484.8kg/m*=0.48g/cm®
Ps = 0.0056 o/ o/
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MR BR 5 A BOREFE[11], ERIN T 1961~2020 45 % 5 0.19 glem3, ARYEREIES N HIWF7T[12])%
B AR KV I U 7R T 3 AR5 0 7 K [ A I 31 AR 0 R 5 UKV R R R R T35 % 2 9 0.86 glem®,
UKKLZ % 0.42~0.63 glem®, 1EILIZ S VK HIRA VIS N 0.48 glem®, izt T R TP H %,
SCAR TS0 HS (A R TR (P 3502 1, At BRI UKoRL 1 sl S UK AR m R TR A 5 T

P SN ER o, B 9 X AR SRR AR (R N TR & 2) 7E S B 14 om I}, LTI % B 5174 0.67 KN/m?,
IKF RGP IFEAE LIRS 0.48 g/lem®, RS % 1 2.5 50 Fo AR AHERIKE RGN E 1
28 2 RV RS T FE A T 1R(0.30 kKN/m?), EE S EUL 2.2 %, vKE R -GS E 2 3 EOUN S 14 v
BRI BRI .

4. SKHBE P L IR H Ath (5]

FEARRFF VKRR, ) T RAAGHRR, BEFEARE . KIIE R DL A5 U,
PURHAt N SR A S B 185, i W EE VIO T, RANEER IR A LUR LA, BrbUR RS B A
RAEN— NS HBIME, X3 BOM SE bR B TR E L THS RN 9.6 cm BTG £,

4.1. BEiiR=E

EVTRET, BUVEARE, AERMNERAER, WL 7RG, Xptig M 1
G SRS A G N PN ik 4 (A

4.2. EHMEES

W 7 s, BOMERIRIA Y, AN HBL T 0, S0Us iR R BOIRT R NE, &
BURHIR 5B A AL -

0 10 20 30 40 50

—— REFUN)  —— (N

Figure 7. Load-displacement curves of corroded and uncorroded steel pipes

B 7. AR FHAOMEETE - (5L

43. EMESE

PRERVE ) ERE S 1.5 mm, FEEK N 32mm, SEHUG IR E BN 1.43 mm, & EEK N 31.41
mm, KT RHE, & Y0REES 3T bR KM AR 3 IE A B AR AE .
4.4, BEFNEPE

FESEHFE VT TP A B I B i B 2, S TR B LR, XN AR H
PG, PRI R o ULEGERRA U BR 224043, oA 1845, SBOMNSE bR A BOR T BitE.
WA RAERCD, BEE > 0.8 m, FECMIISLbRAE I TR,
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5. KRS RIEF HE

KIRWELFEF R BN, BEX 3~4 9, EB5 355 FIE & B TUK SR &Y 3800 S BT KMk
PR J), Q235A HRAE 1L H J Al PRI )l A6 /0 . B3T3 P = 180 pa, p (¥RF) = 0.86 g/cm?, ps =
0.48 g/cm?, p (%) =0.19 g/cm?

51. FRIESTHSRIGFHE
5.1.1. FXHAEERE
MR IR e = HENOKE)E &
W 180 N/m?
#7860 kg/m? x9.8 m/s?
KFZIS KM, H RIS SMAENKE, BEEER 20 mm B, RWESE 18 mm, BPAJiAF| K &
WER, 5IRFEIER . ARWE RS RZS5 K, X2 A2 H—REiE4iAE] 23mm FEm &, &3
7R B IR BR o

5.1.2. XEREYEERME
PR R AE VK S IR A 5

~0.0213m =21 mm

180 N/m?

h‘u}(%‘?ﬁé% = 280 kg/m3 0.8 m/52 ~0.0382 m~3.8cm

5.13. AiEWEEHRE

180 N/m?

~0.096 m =~ 9.6 cm
190 kg/m* x9.8 m/s?

h, =

52. GFFEREMEHEEN

AR R GEREA A ANE B BE SN | TOIm I SC4%), SEbr TAR s 250 5] N\ 22 4 5 %5 (Safety Fac-
tor). JHH A Bt %2 4 R EUN 1.5~2.0, (B TEV PRI KIX KB KN BTEAEIR, HIBCR A E R
R 2.0 ESJERAGIRS S, TR 5 P AR IERE, SaRSHRER TS .

Table 5. Weather warning thresholds
=5 SEMERE

R /KARAS PR I FHE (5838 K M) R TR RME (5 P& 2 A T = B E)
2EVR N (FRUK ) 2.1cm <1.0cm
W+ VKRR & 3.8cm <2.0cm
Ef 9.6 cm <5.0cm

AR TUKFEE R P ORBECR I 7 “JRIKET” , ELbE PRERKEFRARZAT, AR
26pK, TS T RN O K (CRiETEE), BEERE . XRS5 % BN HJC 0 i U AT A 24
v . BT IRBME 5 om XAERBAE N[350 rE KA ECI AR E IR F A5 9 5 om AR

FEAZARIR M S RATUR S, RE I R B“UOR” 748, TR TR TR Z D, #RLA]
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JH B B DA BT, AN 1~2 JEK RO KM 4 BB -
6. {=FHFIRBRHIFEHE

e 3 0 4% i) DX K SOR MR (S Ty, KA B 3E AN B R B R BE 70 BB AHSG, @A
NFBL T LA BRI RIS ) R A

6.1 WHA “ERLZ” : BAHESKIMEESE

— HPHRA RRIBRRE, 1~2 BRI MUKE fe S8R . A EERIRFIREA 178, KT
“IRIKEE”, BRERKITEOE: e N RMIEBOGH KT (RiE ), HEGRRE . XA a5,
HICa R ORI A 2R T8 % -

6.2. RAT “FBiE" : EBAEHTRE

6.2.1. G IGET I
ERBR N ARG 2~5 KRG —MR TR, AR B EEEAT, BFIER AR 1, BRI B 5 4t e
LeaspEfi, FERP AR

6.2.2. INEERMSERES
R 2T MG 0 e a4l 2 AN SN, BRI . AT E AN, AT AR BT AT R
AN

6.2.3. HEMAFRE(ZIER)
FENI P 45 8 /N e B R . XMV BRI, B RS B S A, AR TR A 4

6.3. RP “REH" : BERESHR

6.3.1. RENRBRE
MW ERIGE, WOUE] “BEFRERE” . BRI, AESESE THA., YR EEE 3~5 FHX
i, AR RKATAE B HHES AR, AT — i ) 55— S BR A S

6.3.2. HEME
A TE ANUAENT IO 5 770 2l SR sk b Ak, (B TR E R Lk Eh /KR T R T e sl AR o

6.3.3. THAE{RHH
RIS R OB AR ERER, BB N TiEER, KIS I A48T, b UR Wi E AN TIGE 4 (7
B HEIAAE, BT .

7. &it5i1ie

(1) R PRICHT NSy Q235A BUHRAE AN AL RN T @A, S KR BRI 3 9 R, ek
T AN JE N 9.6 cm.

(2) AN T VKRS FE T BN T “JRIK LT, 2% RN SOLH ke b (EiRIE %),
FAEERT, hk AR EAEZAN 0.67 KN/M?2, S8 AV AHIRL R &% 11(2) 0.28 KN/m?), EH 53
KWREER 1 o

(3) IS IAREE VT, IERRBREEAAE  NEFHE M, FREE, 2507 AR RRBEICT K
WA Ty, 51 N2 4 8 (Safety Factor), 75 215RKMIE R A RIG FHBIE, VRIBIMEY 1em, RN
BIE N 2 cm, UKRLSES PR B SIE N 5 cm.
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