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Parametric analysis of static stability of prefabricated wooden
reticulated shell composed of plate members

WEI Yue', GE Hui-bin'?, LUO Yao-zhi'

(1. Space Structures Research Center , Zhejiang University , Hangzhou 310058, China;
2. Future City Laboratory s Innovation Center of Yangtze River Delta s Zhejiang University s Jiaxing 314100, China)

Abstract: The prefabricated wooden reticulated shell structure composed of plate members is a new
structural system, which uses spatial curved wooden plate members to build curved-surface reticulated
shell structure. In this paper, to investigate the stability and failure mechanism of this structural system,
finite element models of two types of spherical wooden shells and four types of cylindrical wooden shells
were established, followed by a full structural nonlinear analysis. The static stability of the wooden
reticulated shells was examined by parametric analysis, and the influences of mesh size, rise-span ratio,
load distribution, initial imperfection and node stiffness are analyzed. Research shows that there are three
types of failure modes of the prefabricated wooden reticulated shell composed of plate members: overall
instability damage, local instability damage and strength damage. The overall instability mode shows a
symmetrical waveform with alternating “bulge” and “collapse”. The ultimate load capacity of the wooden
shells increases with the decrease of the mesh size and the increase of the rise-span ratio. The influence of
node stiffness on the ultimate load capacity of wooden shells is relevantly large. This research can provide
a reference for the analysis and design of new wooden shell structural system.
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Prefabricated wooden reticulated shell composed

Fig. 1

of plate members
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Fig. 2 Conceptual diagram of prefabricated wooden reticulated shell composed of plate members
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Fig.3 Semi-rigid joint simulation
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Table 1 Mechanical parameters of glued timber

E./GPa E,/GPa E./GPa Pr,, Pr.,. Pr,. G., /GPa G,./GPa G../GPa
12. 00 0.61 0.61 0. 40 0.03 0.03 0.92 0.73 0. 22
W EPr G 43 5 A ST A L BT D) R

2 KAEKNEREESFMEE (LA :MPa)
Table 2 Yield strength characteristic value of glued timber (Unit: MPa)
F. F,, F.. F,, Fy. F.
41.0 12.5 12.5 6.5 6.5 6.5
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Table 3 Parametric modeling scheme for typical shell
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2.3 MEWFYE
M P 2H G BP0 T 7 10 R AR R PR O 2 B
WA IR X 2 — s M A PR 7 52 Bk 1 0 A T



%14

AL F . ERAARA AE KM M H AT AR R 7

B oy KRGS R 25 R AR T 5 O A AL M)
FEAEA R R R R AR WA R M eSS R L TR
B B SIE R RE A 2% 45 M R R A 4vr 20 A R 3 5
AR RBEIA . AR 3 AR LRI S M IR
e e UM R AL 45 A I 58 25 4 T RE K A 1 IR X
ERMNIE 7 PR R B AR 2 K R e g Al B oA
SRS A B B IR 2 HARREAE AT

(c) MREEBIR

B7 WX
Fig.7 Failure modes

1) B AR RGN - 7E fr 24 T T 8 4k 25 0 52 3
W RIS L HE 1T 2 A B R R AR IR | A0 45 % (R 25
AY o R NG O e S TR O N
15 0L

2) JR TR R AR IR « 4l A vp B8 o3 A B kA ke AR R
55 5 25 i 2R AR, S B Al R A R TR AR R A A A
G371 RUAL I B e AR 5 TR A DX R Al R ) A T AN
PR PR A L.

3) 3R BIR < A A E R L BB AR AT
7 AN 25 1k 7 A= ik BE T IR 5 R RO — i kAR
TEAR ALY 48 T 45 DR L A 38080 R AR ) e 5 4y v
it DR 2 0 5 45 g e 187 g AT AN X B AT K X e
ANE ) 1 O

3 R MWC AR A 21 5 K A ) 5 AR E
ZH At

R 2 TS AR A 4G R 58 45 4 A R E T
RE S 1 A4 ol it 5 R T ) 5 25 4 119 AT BT AR A < B
SRR BRI R A, P 8 iR S EUb o i O 2L
#* 4.

-

AT
LOET> COXNR
4?,(55¢VAV¢‘§§\§}
2 AVAVAS Ny
LAVAVAVAVAS

(a) BUEHER

o e ~—
- ‘VAV‘

A
2 VATAVISS

V.55 S VAVAVAY 2\

(b) FIFRLHY

8 IKEAMTHRITEE
Fig. 8 Finite element model of spherical wooden reticu-

lated shell
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Table 4 Parametric modeling scheme for spherical wooden
reticulated shell
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Fig.9 Effect of mesh size on ultimate load
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Fig. 10  Effect of rise-span ratio on ultimate load
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Fig. 11 Comparison of load-displacement curves for
spherical wooden reticulated shells under differ-

ent load distributions
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tion on ultimate load
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Table 5 Parametric modeling scheme for cylindrical wooden

reticulated shell
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