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Abstract: In view of uncertain factors difficult to avoid in real-world engineering structures, such
as inhomogeneous materials, unclear boundary conditions, testing and modeling errors, a method
based on modal interval analysis was developed to solve the damage assessment problems of
beams with uncertain parameters. Firstly, the calculation models of a steel box beam and a
reinforced concrete beam were established in which the uncertainties of the geometric and material
parameters were defined by intervals. The intervals reflected the possible fluctuation ranges of
the parameters. Then the beam statics equations were extended to their interval forms, which
were further interpreted and expressed by the modal logic. After that, the interval working states
of the critical strain points of the beam were calculated under certain concentrated loads. In the
analysis the damage was simulated by decreasing elastic modulus of the beam elements. The

analysis results given by the deterministic method, the classical interval algorithm and the modal
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interval analysis were compared to find the difference. The results show that different to the

deterministic method, interval analysis allows the involvement of uncertain parameters and the

strains within the intervals are regarded as rational values. On the contrary, the strains beyond

the interval envelope imply the damage occurrence of the beams under the specific loads.

Meanwhile, the interval envelope given by the modal interval analysis is obviously smaller than

that given by the classical interval algorithm, which means that the former can effectively avoid

the interval expansion during the calculation process. Furthermore, the modal interval analysis

can early detect the beam damage, as well as the corresponding external load, which can avoid the

further deterioration of the damage.
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Fig. 1 Schematic Diagram of Steel Box Beam (Unit:mm)
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Tab.1 Strain Values of Steel Box Beam
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1 950 | 1050| 933 | 2165| 1131| 1930| 1490

2 1900 | 2100| 1865 | 4329| 2262| 3861 2 980

3 2850 | 3150| 2798 | 6494| 3393| 5791 4470

4 3800 | 4200] 3730 | 8659| 4524| 7722 5 960

5 4750 | 5250| 4663 |10824| 5655| 9652 7 450

6 5700 | 6300] 5595 |12 988| 6 786 |11 583 9 411

7 6 650 | 7350| 6528 |15153| 791713 513 | 11 590

8 7 600 | 8400| 7460 |17 318| 9 048 |15 443 | 14 024

9 8 550 | 9450| 8393 |19 483|10 179|17 374| 16 763

10 9 500 |10 500 | 9 325 |21 647 |11 310|19 304 | 19 868

11 |10 450 |11 550 |10 258 |23 812|12 441 |21 235| 23 415

12 |11 400 |12 600 |11 190 |25 977 |13 57223 165| 27 509

H 2 1 Al 0L, CTA T 55 i B A% X ) A 2% 26 4 &
T MIA X A AL 48 26, 30 W] T MIA A R0 5k 5 T
KRS XEY KM, hIE 2 A5,
CIA 1 MIA fi 4k (1 BRDY 2051 S J7 15 BB A5 25 148 19
B K AH 0 A /NE S B 2 PR AR 2 7E 8. 7 kN AN
10. 5 kN B 43551 5 455 25 X [ L IR 22 i X 1= FR i
LA AT LA N TE i 4 N 45 M B T 8t . W
ZATH A T 5 6 faf k5 H T 45, 8. 7
kN &b T2 8.9 fif 228 Z 0], B W] MIA B —E iy
TR S A0 5 3 A T O R A 5 A R E R — A
DXCTR] o S P2 i 00 0 A PRt o e it 42 5 IXC 1)

Methods(Steel Box Beam)
AL e — B N A A TG . 5
i CIA LRSS 10, 11 fif 220 A & BBt . T WL
MIA fef% $2 17 T CIA I B 2 s, Sk b,
FT T DX A] B30 32 48 W 5 P 2 508 R X 1) L R VR B A
TR AR — 5 0 R PN 8 3 T P th 2k 5 DX ] |
FRAH 22 - 37 OB 1 IXA] 380k 2 19 3 R, gl 2 IR
I
3 WAERETREL
A SC R — AP 2R FH — M A A9 1 16 - T S % i
BT B 3 Fron . A IR Bk LR A UK
JE (=3 m, M =0y midb 2B — L ) F AR
(@=1m). KM C30 &+, #PER & E =30
GPa; 4\ i 4 HRB335 8 fffi . 5 ¥4 B & E. = 200
GPa, Wil& 3 A5 B RWM T EMHTE W=
L.75X10 * m’ . iSRG M GAL BRI €5
_ My _all—a)F

T WE . IWE 12)
P My NI
a F
e , AN
(=
= g
2 B
200
E3 NHRERtRREE(LA mm)
Fig. 3 Schematic Diagram of Reinforced
Concrete Beam (Unit: mm)
e AP Ry X ) ik =, B
My; _AWL—AF 13)

“TWE  LWE



58 AEHAFE TRFIR

2018 5

K, X [a A=[0.95,1.05] m,E=[28,32] GPa,
W=[1.7,1.8]X10"% m’,
T B AT B RE SUR R A D
XTI R AR 285 51 51 TR 2,
*2 WHERLRNTE

Tab.2 Strain Values of Reinforced Concrete Beam

e(MIA) /106 e(CIA) /1076 T 52 P
fif#g 2 | F/kN

TR R TR R e/107°
1 1 11.3 14.3 10.7 15.1 12.7
2 2 22.5 28.7 21.4 30.2 25.4
3 3 33.8 43.0 32.1 45.2 38.1
4 4 45.1 57.3 42.8 60. 3 50. 8
5 5 56. 4 71.7 53.6 75. 4 63.5
6 6 67.6 86.0 64.3 90. 4 76. 2
7 7 78.9 | 100.3 75.0 | 105.5 88.9
8 8 90.2 | 114.7 85.8 | 120.6 | 101.6
9 9 101.4 | 129.0 96.3 | 135.7 | 118.2
10 10 112.7 | 143.3 | 107.0 | 150.7 | 138.5
11 11 124.0 | 157.7 | 117.7 | 165.8 | 161.2
12 12 135.2 | 172.0 | 128.4 | 180.9 | 186.6
13 13 146.5 | 186.3 | 139.1 | 196.0 | 215.3
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