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Reliability analysis of cable-strut tensile structures
based on response surface method
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Abstract; In order to better understand the reliability of cable-strut tensile structures under limit states, the Re-
sponse Surface Method ( RSM) was employed to analyze the reliabilities of cable-strut tensile structures, and results
by RSM were compared with the ones by Monte Carlo Method in software ANSYS. The results show that RSM has a
high enough precision in the calculation of reliability for cable-strut tensile structures, and the reliability index of
stress relaxation in cable cannot meet the requirement stipulated by GB 50068—2001, which will become a primary
failure mode for consideration in practical application.
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Table 1 Sections and prestress values of Levy cable dome

s E*g ?&? (m%f‘x*gn/lm) S/mm*>  m/kg P/kN
1 0.032 2 37 x5 726 75.40  321.7
2 0.0138 37 x5 726 68.65 137.9
3 0.019 8 37 x5 726 65.13 197.5
4 0.050 4 61 x5 1197 115.18 503.9
5 0.0133 37 x5 726 68.74 133.1
6 0.0055 37 x5 726 66.78  55.4
7 0.2156 283 x5 5555 355.86 2155.7
8 0.062 1 85 x5 1669 54.24 620.6
9 -0.0188 140 x6 2526 60.00 -188.2
10 -0.0051 117 x5 1712  54.00 -51.3
11 -0.0203 159 x7 3343 145.20 -203.1

R2 HBNEESITHE

Table 2 Statistic characteristics of the random variables

WEPLAE R ARdEH K 8 Vel
E,/MPa 185000 1.0  0.06 IEX/F
E,/MPa 206000 1.0  0.06  EF4H
A,/mm’ 726 1.0 0.05 IESHH
A,/mm’ 726 1.0 0.05  IEXME
Ay/mm’ 726 1.0 0.05  IE&SF
Ay/mm’ 1197 1.0 0.05 IESHH
As/mm’ 726 1.0 0.05 IESHH
Ag/mm’ 726 1.0 0.05  IEXME
A,/mm’ 5555 1.0 0.05  IE&SF
Ag/mm’ 1669 1.0 0.05  IE&Sf
Ay/mm’ 2526 1.0 0.05 IESHH
A,/ mm’ 1712 1.0 0.05 IESHH
A, /mm’ 3343 1.0 0.05  IEXNA
Fo/(m-s?) 9.8 1.06  0.074  TFRST
F/(KN-m™) 0.45 1.139 0.225 fRf{EI1%
Fy/(KN-m™) 0.56 1.109 0.193  #&fH 1%
fu/MPa 235 1.08  0.08  FEXRSA
fo/MPa 1570 1.083 0.047 XS

H, K HFEHLE BAR L 5 I LA ; 6 Bl
P RERREG E, HRBRGHEEE, Bk
MPa; E, FR EAFROBAERBIRE, B0 MPa; 4, ~
Ay A9IRE 1 ~ 11 EFHRRE R, BAh
mm’; Fo FoRgst AEIEM, LIEHmEE S RE
m, BAA n/sy Fo RoREFMBRIEM, BN
kN/m*; Fy FaRGEIER, #0008 kN/m’; f, 3%
TRPLRMRIREEE, B MPa; f,, FREFFBOM
BIBREEME, B MPa.
2.3 REMEHEZHR

AR 30 TR RS TRE AR B 7 A% FRBR 25 IE 6 4
FIRBRRAS T RS, RBEE N RRRE T %18
5 F TR BB 2R ORI R O RA B SR 205 T 9 (8 AR BR
AT BB ETE .

SR PE KRBT ThRE KB
K
g = max(o) 1.0 (6)

Her, £, AEEMPIBEDRRREE; max(o) HFEE
WELIESS , SSHIRIN R ME (B E/ME) -

LNy @I A )

g = min(T'P;cable) _1.0 (7)
Hrr, min(P,,,.) AEEEIMEE, SHHEHAR
FIN 18/ IMB 5 To B R JERF 518 500 5 NI BE 1) B
INBIEK Sy, MRYESCER[20], T, AT TR

W( LLcos a + iwsin a)

T, = 4 4 ~ 20Wcosa (8)
2w

B R ThRe sk

8 = Uyn — [A] 9)

HA, wp AEHF B LI ERAME; [A] HER
FARATE AL E LR AU BRE, ABTFSER L7400, L
NRE TR/ MEE.

3 EREGA

3.1 BEXH

| PO 7 T8 32 B Matlab 725 T 3H58 43 AT
TE R A7 B S5 7T T 588 B2 SR AR K T SR 9 AR B AR 2K
R p,, WK 3 MK 4 PR,



28

B, 4F. TN IS RAT I S R AT SRR S 183

x3 REHTRERVTEESH
Table 3 Reliability analysis in strength failure mode
under wind load

s B I
1 12.6357 6.709 6 x10™7
2 16.328 7 3.084 2x10°%
3 13.990 7 8.8827x107%
4 14.742 8 1.711 5x10™%
5 17.725 4 1.3350x107"
6 18.904 3 5.256 3 x107%
7 15.145 2 4.0753 x10 >
8 15.099 1 8.207 9 x10°%
9 9.214 6 1.562 2 x107%
10 11.090 3 6.990 9 x10 7%
11 8.379 8 2.650 9 x107"

F4 EERHTERERYTRESN
Table 4 Reliability analysis in strength failure mode
under snow load

s B Py
1 14.975 5 5.308 3 x10 ™™
2 18.322 0 2.7622 %1077
3 17.677 6 3.119 8 x1077°
4 13.734 1 3.1720x107*
5 17.718 1 1.5200x10°7
6 19.251 2 6.896 5 x10°%
7 14.423 5 1.840 9 x 10~
8 15.096 2 8.576 9 x 10~
9 8.150 5 1.8121x107"
10 11.015 6 1.606 9 x 10~
11 10.225 4 7.629 8 x107%
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Table 5 Reliability analysis in the failure mode of

stress relaxation in cables under snow load

G B Py
1 13.397 0 3.1478x107"
2 2.692 1 0.003 6
3 2.394 2 0.008 3
4 - -
5 _ _
6 8.728 2 1.293 8 x107"
7 _ _
8 - -
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