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Stochastic Deviation Method of Reckoning
Geometric Shapes of Existing Spatial Structures

LUO Yongfeng, LIU Jun
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: According to the uncertainty and the inherent
randomness of un-measured nodal positions, a stochastic
deviation method (SDM) was proposed to reckon the
geometric shapes of existing spatial structures. In a
consideration of the characteristics of spatial structures, the
sampling principle and the minimum sample size calculation
approach in SDM were given. Based on the probability and the
statistics theory, the procedure for inferring the random fields
of nodal position deviations was built. In addition, the prior
information concept was introduced into SDM, and approaches
for inferring the stochastic parameters with prior information
were put forward based on the Bayesian statistics theory.
Finally, the proposed SDM was adopted to reckon the
geometric shape of reticulated shell structures, and the
nonlinear static stability analysis was carried out using SDM-
determined structural spatial positions. It is shown that SDM

can give realistic results and be used for the appraisal of
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existing spatial structures.
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Fig.1 Single-layer lattice shell model
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Tab.1 Deviations of nodal position in each direction

ey IR {8 /mm e {R2E{E /mm e fW22{E /mm
X 1A Y [f] Z X 1A Y [f] Z X 1A Y Z
1 —0. 10 —0. 60 2.25 35 —7.33 —0. 84 —2.39 72 26. 10 10. 35 0.55
2 —1.90 2.30 10. 93 36 —6. 56 —0.91 —1.79 73 19. 64 9. 94 1.15
4 1.95 —1.41 2.23 39 —1.10 —1.06 1. 68 76 12. 57 16. 96 2.05
6 3.55 —1.71 5.73 43 13.54 —4.70 0.18 78 2.17 23. 34 2.75
7 —1.45 —1.49 2.43 50 4.40 14. 00 —1.82 79 1.08 17.03 —0. 35
9 —2.55 —1.89 3. 83 53 —10, 86 13. 34 0. 98 80 —5.07 24,21 —0.85
13 —0. 10 —4. 38 3. 86 54 —21. 80 7.13 4. 08 83 —22.87 12. 20 2.05
15 3.90 —2.56 2. 06 55 —15.14 8. 30 —0.92 84 —9.15 5.14 1.95
18 2.70 0.62 4,76 57 —15.16 5.50 —1.02 85 —12.85 3.64 4.75
19 —1.50 0. 28 0. 86 59 —9. 84 —6. 96 —0.72 86 —11.13 —0.80 5.75
25 8. 34 —1. 30 —0.79 61 —31.10 —8.34 —7.52 88 —12. 94 —9.64 2. 25
26 9.03 2. 34 —1.39 66 3. 77 —24.56 —2.55 90 —14.78 —9.77 —0.25
28 6. 49 7.99 0. 61 68 16,07 —18.30 —3.35 91 —20.27 —26.16 —0.45
34 —7.44 1.10 —2,19 70 14,45 —12.14 0.15
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Fig.2 Deviation distribution histograms
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Tab.2 Results of goodness-of-fit tests Tab.5 Results of independence tests
pAG 1B 6,95 (6) 75 1) K 1H 6,95 (1) LESS 9
X 1. 366 12.592 X mFY [ 31. 976 3. 841 0. 089
Y 11. 463 12.592 Y [[F1 Z 16. 366 3. 841 0.191
YA L] 8. 854 12,592 Z X [ 12. 463 3. 841 0. 068
*3 HEREILBER £6 EBOHFSRBIFSH
Tab.3 Results of hypothesis tests of expectations Tab.6 Parameters of prior distribution parameter and
PG J{H to. 975 (40) posterior distribution
X [ 1.195 2.021 et
Y[ 0. 659 2.021 7 o 10 ) %
Z I 1. 063 2.021 X Al 10 0. 37 96. 73 9
Y 10 2. 49 18.98 9
R4 HEEWER Z 1 10 1. 65 14,19 9
Tab.4 Results of inference of variances JE WA
J7 1] Ve PEE o o/L il Kn n ok U
X m 223. 94 14, 96 1/535 X | 41 —2,27 148. 41 40
Y 180. 75 13. 44 1/595 Y 41 1.13 119,79 40
YA L] 14,48 3.81 1/2 102 Zm 41 0. 51 9. 60 40
5.3 EWER3IA ZH p WAETHE 0 =0 BHE IR L3 7. &/

APIEE 10 A EEEENNBRHESZ FRXR K AR TR 7 5, KR
BEWERGE. I I TR EFRBIEAREAR BT 9500, RUBER 1=0 KUK 2B/, HER55. 2
FR BRI S B ILE 6. TR R AR —B T EMEREIR IR 8,5 5. 2
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Tab.7 Results of hypothesis tests of
posterior expectations

T FREAER  B/MNERXE ABE AR/ Y
X 161. 39 156. 22 96. 8
YA 127. 36 126. 09 99.0
ZmH 10. 36 10. 10 97.5
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Tab.8 Results of inference of posterior variances

) A
XA 223. 94
Y 180. 75
ZM 14.48
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Fig.3 Frequency histogram of overall stability factors
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AEH AR P2 AE o B 12
mm, H AR AR SR R 22, BEALYE B 5, B R 22
oA DT LI 5) Adbla A R 45 R (L 9)
AT LA i 22 A A IE S 3. BHL =0 R TS
GERIER 10,772 o WHEBTEE R IR 11. BEAT7
1) i 22 9 AH 56 44, 45 B A 1R 7 1ol s 22 o3 7 40 51 A
X~N (0,3.50*). Y ~N(0,3. 92°),Z~ N (0,
3. 867D » LAREAR o ARI 1Y i 52 B 22 B R A

0.4 0.4 0.3

. 0.3 . 0.3 . 02
ER 0.2 L,’:?\ 0.2 Q‘:g

0.1 0.1 5N 0-1

0 0 0

-9-6-30 3 6 9 -9-6-30 3 6 9 —9—6—‘3 03609
W Z/mm R/ mm RZ/mm
a X bY c Z I

5 WESTHEFAE(RY 2)

Fig.5

Deviation distribution histograms( case 2)
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Tab.9 Results of goodness-of-fit tests(case 2)

pAG 1B 6,95 (4)
X 6. 001 9. 488
Ym 4. 727 9. 488
Z W 1. 461 9. 488

=10 HERZRBEE(RMH2)
Tab.10 Results of hypothesis tests of
expectations(case 2)

J7H JE to, 975 (21)
X 1) 0. 157 2. 080
Y 0. 667 2. 080
A 0. 150 2. 080

x11 AEHRER(EH]2)

Tab.11 Results of inference of variances(case 2)

J7la) J# o i o o/L
X 1) 12, 246 3.499 1/1 028
Y 15. 387 3.923 1/918
A 14. 902 3. 861 1/932
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Fig.6 Frequency histogram of overall

stability factors(case 2)
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