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Efficiency Improvement of the Structural System I dentification by Reducing
Singularity of the Response Matrixesin Inver se Solution of Equations of Motion

M. Ghasemi B. Taghavi S. Abbasbandy

Abstract This paper presents a method for identification of linear system physical parameters
(structural mass, damping and stiffness matrices) using the inverse solution of equation of motion in the
frequency domain, by focus on the reducing the illconditioning effect. The method utilizes the measured
responses from the forced vibration test of structure in order to identify the system properties and detect
the probable damages. Inputs and outputs data is gathered in an augmented matrix [A|b], that large
number of this data is caused to ill condition problem. Moreover, as an inevitable problem, there is a
noise in the measurement and makes discrepancy in result of identification. Il conditioning causes
instability in the result of identification, the instability and noisy result reduce validity of the results and
accordingly will be valueless statistic methods in the system identification (9). This paper is presented an
algorithm to improve the ill conditioning problem that is a special upper triagularization matrix method.
The proposed algorithm can identify parallel and pseudo parallel vectors in coefficient matrix of linear
equations. By removing these linearly dependent vectors and thus reducing singularity of the matrix,
stabilization is resulted which is a key objective in numerical linear algebra. In order to optimal
estimation of identification results, least-squares and penalty function methods is used. The validity and
efficiency of the reduce singularity of matrix method is tested on a eight non shear story frame structure
by using direct model updating method. Aforementioned structures have a non-proportional damped
matrix and subjected to sweep harmonic forces. The results show that the proposed algorithm improves
the stability of the estimation and the answer is quite useful.

Key words System Identification, Inverse Problem in Equation of Motion, IlI-Condition Problem,
Singularity of Matrix.
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T BOX 016 | 0.36 274 | 289 | -042 0.23 003 | 019
—100X4 ;
oA | g3 | 202 | 289 | 593 051 | -181 | -003 | -0.03
BOX i
o 100xf < 016 | 021 | -042 | 051 2.46 31 011 | 041
5 (KN/mm)
T BOX 0.16 -0.06 0.23 -1.81 -31 8.99 -4.50 0.10
100X5
4 / % 001 | -001 | 003 | -003 | 011 | -450 | 851 | -4.12
,3m ,4m 014 | 004 | 019 | -003 | 041 010 | -412 | 335
Mode 1 2 3 4 5 6 7 8
o
ol 0607 | 2027 | 2815 | 3919 | 5509 | 6379 | 7.895 | 9.662
(HZ)
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Storey 1 2 3 4 5 6 7 8
Mass of storey 69.44 54.40 39.60 53.90 39.44 56.88 59.04 54.40
(ton) (-080.1) | (-1.1,01) | (-1.0,05) | (-2008) | (-1414) | (-5219) | (-1622) | (-1.1,20)
491 -3.54 0.10 -0.05 -0.02 -0.02 0.00 0.10

3007 | (1403 | @510 | (1707 | (0508 | (0203) | (0204 | (1007)

-354 488 -1.03 -0.34 0.01 0.03 -0.04 -0.01
(1503) | (1107 | (1507 | (-0406) | (0.006) | (0506) | (-1.207) | (-030.7)

0.09 -1.03 213 -1.15 0.04 0.01 -0.05 0.06
(1.308) | (1107 | (0709 | (0305 | (-0508) | (0312 | (1412 | (0.908)

-0.04 -0.35 -1.15 2.78 -1.04 -0.30 -0.04 0.03
(-1506) | (-0605) | (-0405 | (-1110) | (0509) | (1.810) | (1315 | (-11,12)

-0.01 0.01 0.05 -1.04 1.95 -1.10 -0.09 0.04
(-0306) | (0005 | (-0408) | (0509 | (2614) | (2910) | (-3621) | (0.017)

) ) -0.01 0.03 0.01 -0.30 -1.01 3.30 -2.04 0.26
Damping Matrix | (0103) | (0506) | (0312 | (1810) | (2910) | (5139 | (5825 | (1622
(KN.sec/mm)
-2
x10 0.00 -0.04 -0.05 -0.04 -0.09 -2.04 3'(*_37 2,04
(0304) | (1207) | (1112) | (1315 | (8621 | (5825 | 119,44 | (0633
0.10 -0.01 0.06 0.03 0.04 0.26 2,04 1.66
(0806) | (-0206) | (0908 | (-1113) | (0017 | (1622 | (0633) | (0.224)
16.45 -9.43 -0.17 032 -0.16 015 0.02 0.14
(-21,04) | (1302 | (-0202) | (0201) | (0002 | (0201 | (0201 | (0.002)
-9.43 10.83 0.36 -1.99 021 -0.06 -0.01 -0.03
(1304) | (1502 | (0001) | (0402 | (0002 | (0000 | (0001) | (0.1,01)
-0.17 0.36 2.70 -2.82 -0.40 0.21 0.05 0.19
(-0202) | (0001 | (0602 | (0903 | (0301) | (0301 | (0303) | (0.00.1)
0.32 -1.99 2,82 5.77 0.48 171 -0.09 -0.02
(0201) | (0402 | (0903) | (2107 | (-0402) | (1304) | (-0803) | (0.1,0.1)
-0.16 021 -0.40 0.48 2.39 -2.96 0.06 0.43
(0002) | (0002 | (0301 | (-0402) | (-0902) | (1906) | (0703 | (0302
Stiffness Matrix 015 -0.06 0.2 171 -2.96 8.54 -4.28 0.07
(KN/mm) (-0201) | (0.000) | (-0301) | (1.304) | (1.906) | (-6117) | (2909) | (-0403)

0.02 -0.01 0.05 -0.09 0.06 -4.28 8.26 -4.20
(0201) | (0001) | (0302 | (-0803) | (-0703) | (2909 | (-3320) | (1309

0.14 -0.03 0.20 -0.02 043 0.07 -4.02 3.32
(0002 | (0101 | (0101 | (0101 | (0302 | (0403 | (1309 | (-040.9)
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Storey 1 2 3 4 5 6 7 8
Mass of storey 69.44 54.37 39.54 54.01 39.36 56.86 59.02 54.34
(ton) (-080.1) | (-1201) | (-1.0,04) | (-2008) | (-1401) | (5219 | (-1621) | (-1.220)
4.90 -3.56 0.06 -0.03 -0.02 -0.02 0.00 0.09

(3006) | (0903) | (0801 | (-1407) | (0507 | (-0203) | (0004) | (1.007)

-3.56 4.90 -1.04 -0.34 0.01 0.01 -0.03 -0.01
(1503) | (1007 | (1201 | (-0306) | (0.006) | (0206) | (-1206) | (-0.30.7)

0.06 -1.04 213 -1.15 0.04 0.01 -0.05 0.03
(09,08 | (-1805) | (0709 | (0305 | (0508 | (0312 | (-1.610) | (0.308)

-0.03 034 -1.15 2.78 -1.07 -0.34 -0.06 0.03
(-12,06) | (-0305) | (0305 | (-11,10) | (0208) | (1408 | (-1512) | (-1.111)

-0.01 001 0.05 -1.07 1.94 -1.06 -0.07 0.02
(:0306) | (0005 | (0408 | (0109 | (2810 | (LOLL) | (-3421) | (-04.11)
Damping Malrix -0.01 001 -0.02 -0.34 -1.06 3.28 216 018
(KN.sec/mm) (0103) | (0106 | (0512 | (0510 | (L009) | (5230) | (2424) | (0821
x1072
0.00 -0.03 -0.05 -0.04 -0.09 -2.16 3('_9 -2.08
(0104) | (1107 | (1412) | (1315) | (3920) | (2422 | 15750 | (0631
0.09 -0.02 0.04 0.02 0.03 0.24 211 157

0703 | (0405 | (0404) | (1103) | (0015 | (1222) | (0631 | (0319

16.46 -9.47 -0.17 0.32 -0.16 0.15 0.02 0.14
(21,04) | (0701 | (0102 | (01,01 | (0001 | (0001 | (0201 | (0002

-9.47 10.87 0.36 -1.99 0.21 -0.06 0.01 -0.03
(0801) | (-1402) | (0001 | (0303 | (0002 | (0000 | (0000) | (01,01

-0.17 0.36 2.70 -2.83 -0.40 0.22 0.05 0.19
(-0102) | (0001 | (-0601) | (0803) | (0201) | (-0201) | (0302 | (0.1,01)

0.32 -1.99 -2.83 5.80 0.49 -1.73 -0.06 -0.02
(01,02) | (0303) | (0803) | (-2006) | (0302 | (0905 | (-0503) | (0.1,0.1)

-0.16 0.21 -0.40 0.49 2.40 -2.98 0.07 042
(0002) | (0001) | (0201) | (0302 | (-0801) | (1610) | (-0403) | (0.201)

Stiffness Matrix 0.15 -0.06 0.22 -1.73 -2.98 8.63 4.32 0.09
(KN/mm) (0001) | (0000) | (0201) | (L003) | (1604) | (5916 | (231) | (0102
0.02 0.00 0.05 -0.06 0.08 -4.33 8.32 -4.03

0201 | (0000) | (0302 | (0503 | (0403 | (2308 | (-30,16) | (L10.7)

0.14 -0.03 0.19 -0.02 0.42 0.09 -4.03 3.33
(00,02 | (0101 | (0101 | (01,01 | (0208 | (0102 | (11,08 | (-040.8)
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