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Curved beam stiffness matrix model for the longitudinal wind
resistance analysis of arch roof greenhouse

GUO Weitong', ZHU Dan', MI Lin®, JIANG Xiugen'"
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Construction and Campus Planning Office, Tsinghua University, Beijing 100084, China)

Abstract In order to study roof arch structure in the longitudinal wind resistance analysis of arched greenhouse, its
torsion angle and bending deflection control equation considering bending-torsion coupling were developed based on the
geometric equations, equilibrium equations and physics equations of curved beam. The analytical solutions of torsion
angle and bending deflection expressed by primary function vector and integration constant were derived. The
displacement coefficient was then obtained according to displacement boundary condition,and the stiffness equilibrium
equation in matrix was established in line with equations of internal forces. After matrix transformation, stiffness matrix
model and equivalent nodal force vector for the bending-torsion coupling analysis of curved beam were achieved. The
model was constructed based on the stiffness equilibrium equation and accurate analytical solution. Nodal displacement
and force were expressed in matrix according to this model. By using this model, the longitudinal wind resistant
performance of arch greenhouse could be analyzed.
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AT 8 i A BT TP R B IR R AR RS R KU R RO A A L R TR A 2% A5
B B KO R A S AR T A S WIBE/N S AR TR XA A R 5 R R L e
FR I SO R O E R AR BUXURE S0 WEES R B R Ak A ) L K
2 AT B T R S S N R ST B RO T RS A 2 (AW T AR A S A R A
DIIEARERL A KR BB i R R B R D .

kR H . 2016-12-20

FEATUH AR AR M B it 45 #4 TR ANSE I T O (201502) 5 B K A ARBL B4 T H (51279206)
H—EE . FFAL W 5T A E-mail : guoweitong(@ cau. edu. cn

WIRAEE . B HR B, FENFEEH LIS . E-mail : jlangxg@ cau. edu. cn



114 R S N

2017 4 5 22 %

PRI o 2 v i 28 05 4 B 0 XU E a0 20T DA 42 1y
PRESHIVERE A . 0 S My AT B AR B 5 e i . ok
SEAE TR 2 A 7510 - i i 4 A A A A iR A
JEE 5 A 0T 3tk 2 2 AR A 1 B R A B I A A S ) K
IO 43 HIT B R BE 0

PP R i I % A I A R K ) YR a5
Z— ELE A B IR R L H G A XU i MR R
= PP R R R 1 22 R 2R AT 5 X
UEENITR i RS NS LW D E <O NNEN B L 4
T F) 2R G ROCR AR G 5 BT REBCR 4 L AR IR R B R
P SR B A TR A R 1 52 R TR T AE
i TR iz R

TE T3 AR v S RS R 32 8 1) i 28 AR )
17 48 52 T3 A8 B B 2 M S i R R T ST 4 A5
PR Z A HESE Y s T 7R 32 DN 1) K L 52 A8 T8 B
B ARG MBI 2 1 S HE S5 A FR 2 O il R 2 A
w2 iR A2 T i — R E5 T 5

ARSI B 1 - 11 Sh 52 7L R LB Ay 3O 22
H L35 ABEAR O T S AR 4 T2 i AR A5 A 8 L 1 R Ay
B Jm LRIl R Al R — AR RO R
(45 Fa - 75 20 Fr v i B B A2 2 LA 05 7 L A
il 24 oy S A R A B A A AR 6 TR R B A9 il
2R SE IRk gy AT ORG f L S T A T SR Y L BT
DA SE B B A 52 TR b a3 il 2 A
— > B A 15 SICZEL o A [ 2R g A TR gy 2
74 o T B 5 o A58 HT IR it 32 o 3
R4 Tl it £ T2 1) J22 T S 45 4

ARG R A S, DA B R T
I L M BE B 0705 e T A B B TR
(1 i 2% P 7 B SRS T B R o A2 A T L A 2 i
TR S5 R 0 A« 5 05 R RE B VA 2 J0 1 A9 B0 A
T A RS B 1Y 32 1 AT oy B, A BT B
TS RBE TR IR A ROCIrE R R I —
PiRCEL T S3T7 1 2 TR ik phe 4% 2JS il 22 46 A [ 47 2
RIS 32 1A o M Bl L RO k. TESEPR
Sr AT R iR 2 R R o3 A R R R B R
JEHER B IR A RS A VR T B BT RCR AR R 5 5
SR P {ELIE BRS040 3 B9 i 2% B0 L 3 28 B T T
K AL RS TE eR K15 i 38 52 B (6 4% 22 53 K AN
FEor R W ith B 2 1 AR . R 3B R A7
T B TUNE JE B AR A [ 8T 3ok A A A TR 7 3k W 7 0
B4 53 85 22 1) 00 T RRCR B

DRIk B9F 5 I At 5 6 T 0 3 9 T R R R 2

B v R T A N 1w T KB 23 A R B AT RO
WO 82 R Ik LR e 0 % 05 4 2 1) o AR 9l
GRA W BE 5 T B a3k B A AL AR T A
FIRERBY AR B R A5 —Fh oy k. WIS
Wik AE RB e 0L S5 A7 BROCIE 0L (H B A R AT 37
N CERLITIND) 8% 23 Al (3 L 2k 7 5 i B A 5
A BR TGV AH 1] A4 L 00 1 R 3 P o (H SCH. 95 B
SrHTRE

ABIE TN LA il 5 B A Ty A Oy B A L X R IR
I\ B X A R g 1 5 4 R AT 00 A o LS4 3
TR 1) 25 HH A gk BT (57 B Kt 52 P g 5 A G A B
i % 04 0 A58 AR LA T R L DT A ST 7 Rt
AT G 2L TR AR Y IR R A A

1 ERFE

1.1 HERHEYES
1.1.1 W U A4

LTSRN LS o el BN 1 51T M 1 BT
AR o WEDE M R EKE R [, F di=rdg,
i1 5% I 7K A7 IR o) i 28K o AN 2 T TET P R R 4
1.1.2 2KZEAAN

e R T I8 0L ) 2 LA bR &R il ) A AR o Oy
FEAF I ZR T 18] o 1] A7 iy XE oy il i T ot Al o T 15
) [a] bR AE . = BlE o o I TR AR,
i 1 0 R T AR AR A TR A v (B D), Rl E
X T N AR B T, A M.,
83V, Y AP 2T 6] 5 A AR O ) — B,
N 1€ SR 5 A R b O ) — BOR TE 5 >4 88 T Ah s £k
7 1] 5 A A il 1 1] AH BB S PN e SR 5 A ARl
I) AH B2 h £

2y y sz S AR D ) % O [ AR ) s T M 73 350 Sk 8
A AT E AN S HE LN« m;V, A3 S, N,

x, yandzare axis directions of the bar, vertical directions and
radial directions; T, M. are total torque and out-plane bending
moment,N ¢ m;V, is vertical shear force,N.
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Fig. 1 Coordinate system and internal force

direction of curved beam
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