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Table 1 The characteristics of different models
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Fig. 1 Interval and ellipsoidal intersection model
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Fig. 2 Two specific cases of the interval and ellipsoidal intersection model
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Fig. 3 Flowchart of the semi-analytical method for determining the upper bound of structural response interval
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Fig. 4 The reduction dimension for determining

the structural response interval
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Fig.5 Three models under different sample cases
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Table 3 The first sample data
NO. F](kN) Fz(kN) NO. Fl(kN) Fz(kN)

1 1. 808 5.576 1.456 5.376
2 1.376 5. 540 8 1.676 5.424
3 1.428 5.648 9 1.216 5.092
4 1. 204 5.268 10 1.912 5.492
5 1.872 5.468 11 1.712 5.836
6 1.564 5.704 12 1.016 5.436
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Table 4 The second sample data

No. F, (kN) F, (kN) No. Fy (kN)  F, (kN)
1 1.352 5.092 7 1.422 5.436
2 1.092 5. 243 8 1.223 5. 345
3 1.603 5.734 9 1. 403 5.365
4 1. 341 5. 836 10 1. 356 5. 548
5 1.413 5.624 11 1.301 5.213
6 1.213 5.435 12 1.323 5. 714
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Table 5 The structural response interval of the cantilever beam
. 55— 4R A o0 T REA
Pl
M 87 X [A] (kN + m) M 7 X 1] (kN + m)
X [i] A5 Y [17.3080,21.3320] [17.4600,20.7140]
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X [R] A 3K 2 A A 70
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CE AR

X i) A Bk 52 A A5 1R
3 B Jal i)

[17.5435,21. 0965 ]

[17.5058,20. 6716 ]

F 6 FF O R AR R R R AT R I R &R BOE AN R B
Table 6 The evaluation times of response function for

the SQP method and the semi-analytical method
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Fig. 7 Truss arm structure of a crane
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Fig. 8 Finite element model of the truss arm structure of a crane
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Table 7 Uncertainty sample data of the truss arm structure of a crane

F5 R, (mm) R; (mm) R; (mm) R, (mm) F5 R, (mm) R, (mm) R; (mm) R, (mm)
1 85.05 79.93 45. 00 37.99 31 84.94 80. 07 45.01 37.99
2 84. 94 79.98 44,93 38.05 32 84.99 80.02 45.00 37.96
3 85.06 80. 02 44. 96 37.99 33 84.99 79.96 44. 90 38. 07
4 85.03 80. 18 44,95 38.04 34 85.08 80. 07 45.15 37.99
S 84. 85 79. 85 44. 89 37.90 35 84.99 79.91 44,91 37.97
6 84.99 79.93 44. 97 37.98 36 84. 85 79.90 44. 89 37.99
7 84.99 80. 15 45. 04 37.96 37 85.08 79.99 44,96 37.96
8 84.98 80. 04 44.99 37.92 38 85. 06 80. 02 45.01 37.94
9 85.00 80. 00 45. 04 38.03 39 84.99 80. 02 44,97 38.13
10 85.00 80. 04 44,96 38.01 40 84.92 79.96 45.02 38.08
11 85.04 79.99 44,93 38.00 41 84.98 80. 00 44,97 38.02
12 85.08 80. 18 45.15 37.93 42 84.99 79.99 45.02 37.94
13 85.02 80. 07 45.02 38.06 43 85.01 80.03 45,04 37.96
14 84.99 80. 07 44,99 38.02 44 84.99 80. 05 45.09 37.99
15 85.03 80. 07 44,99 37.99 45 85.02 80. 06 44,99 38. 04
16 85.01 80.03 45.07 38.00 46 85.02 79.96 44. 89 37.93
17 84.95 79.94 45.01 37.99 47 84.94 80. 00 44,96 37.88
18 85.05 80. 04 45.01 37.91 48 84. 85 79.94 45.07 37.93
19 85.02 80. 08 45.08 37.99 49 84.96 79.94 44,95 38.02
20 85.01 80. 02 44,96 37.96 50 84.97 80. 00 45.05 38.02
21 85.08 80. 18 45.03 37.95 51 84.98 80. 08 45.01 38.02
22 85.10 80. 04 45. 04 37.94 52 85.08 79.96 45.15 37.99
23 84.95 79.98 44,99 37.97 53 84. 85 79. 85 44. 89 38.01
24 84.99 80.01 45.01 37.90 54 84. 85 79.92 44,99 37.98
25 84.99 79.96 44,94 38.05 55 85.06 80. 06 44,94 38. 04
26 84.97 80. 04 44,94 38.03 56 84.95 79.95 45.15 37.93
27 85.08 79.94 45.01 38.00 57 85.05 80. 00 45.04 38.02
28 84. 96 79.95 45.04 38.00 58 85.02 80. 03 45.07 37.96
29 84.98 79.96 45.13 37.96 59 85.00 80. 06 44,95 37.98
30 84. 96 79.85 44,97 38.05 60 85.01 80. 08 44.98 38.03
0 (R, .R,.,R;.R,)=2367.317956802192— —+0. 00178331057700534R, R, +0. 00016166744197363A, A,

1. 9844540612674R, —2. 98896620367422R, — +0.00281258507211812R, R, +7. 21978044483389E

0.10579304284663R; —2. 21142699202888R, + —5R, R, +0.0012421307208183R, R,

0. 00719928850594296R? 4-0. 0127444459217391R% +0.00286890364958407R; R, 42

—0. 000689639898253754 R +0. 0164333852069488 R? MR 2R 7 FE A KA A A 1 X 0] A BR A AR AL AR Ny
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Table 8 Uncertainty propagation analysis results for the

truss arm structure of a crane
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Table 9 The evaluation times of response function for the
MCS method, the SQP method and the semi-ana-

lytical method
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Table 10  Uncertainty propagation analysis results for the roof truss structure
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A New Type of Non-probabilistic Convex Model for

Structural Uncertainty Analysis

Xinzhou Qiao Jiahui Li Xiurong Fang Peng Liu

(College of Mechanical Engineering , Xi’an University of Science and Technology, Xi’an, 710054)

Abstract The non-probabilistic convex model requires only the boundaries of structurally uncertain
parameters, making it suitable for dealing with engineering problems with limited samples. However, ex-
isting convex models primarily focus on regular mathematical models, potentially leading to an excessive
expansion of the uncertainty domain. This paper introduces a new type of convex model, namely the inter-
val and ellipsoidal intersection model, to more accurately constrain the uncertainty domain, and examines
its application in structural uncertainty propagation analysis. Firstly, the interval and ellipsoidal intersec-
tion model is proposed to describe the uncertainty domain, which is constructed by taking the intersection
of the interval model and the ellipsoidal model. Subsequently, the proposed model is applied to structural
uncertainty propagation analysis with two cases of nonlinear response functions. For the weakly nonlinear
response function, a linear approximation is derived using the first-order Taylor series expansion, and then
a semi-analytical method is developed to predict its structural response interval. For the strongly nonlinear
response function, a nonlinear approximation is achieved using the second-order Taylor series expansion,
and the sequential quadratic programming (SQP) method is adopted to predict its structural response inter-
val. Finally, results from four numerical examples indicate that the proposed model generally offers a
smaller uncertainty domain and narrower structural response interval compared to the traditional interval
and ellipsoidal models. Additionally, the semi-analytical method is more efficient than the SQP method and
the Monte Carlo simulation (MCS) method.

Key words non-probabilistic convex model, interval and ellipsoidal intersection model, uncertainty

propagation analysis, semi-analytical method
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