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Structural System Reliability Analysis of Semi-rigid Connected Frame
— Focused on Plastic Greenhouse —
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ABSTRACT

Recently, the trend in structural analysis and design is moving towards the development of reliable system. The reliability-based method defines various
limit states related to usability and failure, thereby enabling multiple levels of design according to the importance of a structure. Meanwhile, an actual
structure is composed of a set of several elements, and particularly, a frame type is composed of a system in which the members are connected each
other. At this time, the actual connection between members is in a semi-rigid condition, not in complete rigid or hinged. This semi-rigid is found in
several structures, especially in agricultural facilities designed with lightweight materials. In this study, a system reliability analysis technique for frame
structure was established, and applied to an analysis of the semi-rigid connection. Various conditions of correlation were applied to reflect the
connectivity between members, and through this, the limitations of existing structural analysis method and the behavioral characteristics of structure were
analyzed. The failure probability of the frame member component and the overall structure system was significantly different in consideration of the
semi-rigid connection. In addition, it was evaluated that the behavior of structure can be more accurately analyzed if the correlation according to the
position of members in a system is further investigated.
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ggof 982 u|x]A| Hr} (Liu and Kiureghian,, 1986; Kim
and Ok, 2011). wheba] -220] Aol glo] 2t a4 8 a4
I HEo] MA| ALl wet AlFA sfjAo] Hasith
(Adduri and Penmetsa, 2009). FE3F L2590 X5 A A E]
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FORM (first-order reliability method), SORM (second-order
reliability method), MCS (Monte-carlo simulation), MSR
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(a) Rafter frame component in front view
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(b) Greenhouse structure system in side view

Fig. 1 Specifications of target facility
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Table 1 Material property of standard structural steel for plastic greenhouse

T Tensile strength Yield strength Plastic section
Code number Steel symbol Specification (mm) (N/mmd) (N/mmd) modulus (mm®)
KS D 3760 SPVHS @25.4<1.5t 400 295 857.9

2. FxM=Y sl

TFRAIRA S FE0] 4 ad B AlLgof wet
St Ao g4 mEls ZAsk] AEE Yol
T1)8ES H71sk= 7]Holtt (Ang and Comnell, 1974;
Rackwitz and Fiessler, 1978; Chojaczyk et al., 2015; Ang and
Tang, 2006). o|uf A/ Sel= E47E A 8 ARtol et
2olw, petA oz FA/SHEAA (X)) 2 A
olof we} apjghE Pi= g(X) < 0 24X FER £
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olEo] W3t FEWE x = {2, 7y, - 1, )" &} A o
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Po= | fi (x)dx

=/ o
Q

Q={yx <0} 5

where, F; : Failure probability

: Joint probability density function (joint PDF)
: Failure domain

. Limit state function

Tt RO A fi(x) 9 QO] Aol ofe]em, B
o MBS 93l HE shhh ZAEH Sch (Hobenbichler
et al., 1987, Der Kiureghian, 2005). ¥ut ofye} 371 o]A+9]
O] SEMaTL 24T A9 AU AR g
Ao 2] Fjt eAIZF Qlek. ofof A-gAor de o] &u= o
A2 712l FORM (first-order reliability method)= 2] (3),
(@)} 0] TARER AL T3 (sandard normal) 71
Sz wglstol 7518k 2|23} A= FolshA| Ht (Fig. 2).
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u*=argmin{ | ull|G(u) =0} “4)
where, u : Standard normal random variables
G(w : Limit state function in the standard normal
space
¢, (@ : Joint PDF of n standard normal random
variables
u* : Design point for the linearization of the

limit state function

U,
A
B—au=0
s FORM
G(ID\ N a
Failure
u* domain
B
= > Uq

Fig. 2 Design point of first—order approximation for component
reliability problem
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P =d(-p) ™
where,  G;(0) : First-order approximation of G(u)
VG : Gradient row vector of G(u)
Ié; : Reliability index
« : Normalized negative gradient row vector
at the design point
@ : Cumulative distribution function of

standard normal distribution

shgo] Tt WgE 54 %\*% M st 2
. veese] 2 3
Bgelat e LA

M,=0,Z, ®
where, M, : Plastic moment capacity (N * mm)
o, : Yield stress (N/mm?)
Z, : Plastic section modulus (mm’)

D

ol GE-S o] Tl BT A A= EX 7} oAkl 7}
w7} SHEEE FAT 9lon (295 Nmm? o)A, KS D
3760), olof| whe} 322 Fal 74WEIL e 1 HE
o] Aad B4 9 BUNE neld) 21 T
2 7R = dEHERE AAT E} Chojaczyk et al., 2015;
Zhang et al., 2019). E‘ J= ko) HEAL 1Esh] YsiAls
FE-SE ek AmA e, adTHA ] Bt 7
shaka WEAS vl oHo]: sttt 7o) SR bwo] Thah v
F A4 (coefficient of variance; C.0.V.)= 0.014~0.107, &4+
o T3t MEAlg== 0.0132~0.0364 =2 AAIE v} 9lom, o]
St 7] EEAAS S Wrs) | e WEAlTE A
A3FAt} (Groth and Johansson, 1990; Leffler, 1990; Gunn,
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rok

1997; Outokumpu, 2005; Afshan et al., 2015). E3t, 3}L;9]
FA Woll A= oF A9 whi)= thE A9 st g
o3 A HEz 2HE FEte] AuEAE skt
(Der Kiureghian, 2005) (Table 2).
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nefalct. vldeto] 2ot el AN o)
U= (Lee and Chung, 2018), A7}l 7+A-S aejs)] ot
o] AT

o

w=dXpxD ©
where, w : Snow load (N/mm)
d : Snow depth (mm)
P : Snow density (N/mm’)
D : Distance between rafter frames (mm)

ofuf el 4 MABHE A o] EAol wek AHAE A
_]
=

4
FREE AL SR YSTh E, TR 24
2709 TSRS BrP] U AU FRehe
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gtk
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Table 2 Distribution parameter of random variables in the greenhouse system

M | Coefficient of vari
Variable Symbol Unit ear(1 \;a ue oethicien ( 50) vanance Correlation coefficient | Type of distribution
o
Plastic mpment M; N-mm | 2531x10° 0.2 0.3 Log-normal
capacity
100, 125, 150,
Snow depth d; mm | 175, 200, 225, 0.1, 0.2, 0.3 0 Normal
250
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Fig. 3 Description of random variables in the rafter frame

a) Original
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Fig. 4 Failure scenarios and limit states of the rafter frame
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9y (X) = M, +2M, + M, — 2l cos Ow,

g5 (X) = M +2M, + M, — 2l cos Ow, (10)
9, (X) = M, + M + My 420, + M, — 21 (w, +w, cos0)

g5 (X) = M, + 2, + My + M + M, — 21 (w, cos0+w,)
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(Hendawi and Frangopol, 1994; Liu and Tang, 2004; Der
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Q= U{gk <0} for series system (1)

Q=[{g,(x) <0} for parallel system (12)
X

oY a4 AN g, o] HAEH

9. (%), k=1, olof wha} AT FLtol
A% Gylw) k=1, - 3} o] ]
linearization points”} ZA5}A Hc} (Fig. 5 (a)). |52 kA
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u*=argmin{ | ull |G, (W) =0,k=1, ---,m} (16)
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(a) Series system

=4@msm]

P series =Pn series =
1
A =) an
=1-o_ (B,R)
Pf parallel 7Pf1 parallel PLO] (ﬂ/\ = Y)k)]
m 18
7 < -5 (18)
k=1
=& (-B,R)

The m-variate standard normal CDF

where, &, (B,R) :
evaluated at the thresholds

=(8,, -~ 8,) with correlation
matrix R = [pkl}
Py : First-order approximation of P

7h I 2 AlAH

2 o] gjAA AL 31 Al AH (lower-scale system)o]
A A EE (Fig. 1 (a), A Fig 4 2 4] (10)0]14] 2l
SAVIEES 47 she] gute s ) FA A9
skl Zespl Sich web ofe] AN F 4 s
S} 429 S oplshe Ad AxdoR Hold
2= oh:]_. = 5709] stAATEHE A Z( ),i=1,2, - 5oﬂ S
3t Lo HR) A A" u1dE Py wsa A5 0,
Jot Adsks 20l et 2aE =&315lTh o5 fIsk

o
A 94 AFA a0 2 A EER =29 AgA
A Bi=1, -, 59 ZF 247k AFAls

=000 j=1,-,55 ol 83k3irk.

G ) =0 |~

GZ(“) =0 G3(u) =0 I

(b) Parallel system

Fig. 5 First—order linearization points for system reliability problem
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Snow depth (mm)

Fig. 6 Component failure probability of each limit state according to various snow depth in log scale: the red and blue lines represent

04 of 0.1 and 0.2, respectively
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Table 3 Failure probability of frame system according to various snow depth

Mean value of snow depth C.0.V. of snow depth C.0.V. of snow depth C.0.V. of snow depth
iy (mm) d, =01 5, =02 5, =03
100 1110107 1.965%107" 4557x1071
125 2.909x 107 2.586%x10°8 3.900%10°®
150 2.009%10°6 3.318%x10° 7.263x10™*
175 5.362x10™* 2.700%10°3 1.550x107?
200 1.741x1072 3.890%x 1072 9.200%x 1072
225 1.385x107" 1.865x 107" 2.571x10"
250 4.319%x10" 4.452 %10 4.609% 10"

Table 4 Failure probability of greenhouse structure system according to connecting conditions with i

=200 mm and J; =0.1

Py, ., With p,=1.0 Py, With p,=0.0

Py with p, =05

P,

fih—sys with Pri

=7, (z)

0.0176 0.1000

0.0756

0.0565
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02 2838k skl s,
o Zo]— Ah:,_]-_,_ﬂ Z = Q3
k] ¢lo] B9l g, 150 mm o]5te] HA4lo] A=
HE 940f4] 3317x10° 031 wj$- 22 o] skEo] et
ok 3L 200 mm o]AFe] A 4lell A 1741107 o)4fe] 1}
7|8Hg0] LERgon, oo w}a} 1 ole] 31 AN &
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o
s
>
o
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flo
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I,
oo,
—LI
N o '
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S o
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2. NAH M2l offAdZAnt
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design pointof A12] ©¢] 7]&7] ¥WEl (normalized negative
gradient row vector)7} AP E|} o, E3] 1, =200 mm, &, =
0.19] 2200 A= 4] (23)1} o] E&Egic) E3), chof
B2 oSS ol Zald BA) Az )
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B, = 2.1104 [-0.262 -0.192 -0.474 -0.063 -0.387

-0.337 0,041 -0304 0,067 0.061 0401 0373 )
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By, = 7.4608 [-0.248 -0.181 -0.448 -0.548 -0.286
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