173541

TuifaqiuienddeduounnilddeyamsddsuudsiquaniBnudunamanfaalanainlunimemam
anuBonelulanad e RwiszAgiuwmanide nqwd) fea dedy wacdadrtauansraiueeny FnefinugatiuiAnm
- . PO ¢~ - - - - - -

wWisueAinmmamau@swielsznmeing 4 38 Rldun FBnnwdeuudssnnudstad ABnmulasuutasin

- - - - - . - - - - - : -
wanviind Bnsnlfsuulaspridssmanfiuasglintun wasAimnasulaananddadumind dednwdrlunsdn

oo - . ¥ - - \ o -
Wifimmaaiardaulunismadaisaondstsnafuasiliniunaude ABnmmmananudenedrzoniafiaiim
. . - z . & . ;
yunsiwnhuszssduanadawieidigndes TasRarsuianedududeyadiesduuasauulunanseddlunig
13 - v med - - - \ v o o 3
A RanuansAnsdsngdt Ainsudsuwlasandsssaafuazgliatuua e wuiua lunriunnniesign
o X o - - —~— : i - .
widniudealdfeyailevdulunisdAnuan@eameninign  FlAinrdsuulasraudisssuafuasguiluuan
o . . -~ ° J -- 0 -
118 NNLS (Non-negative least-squares) unlfufrzuusunindaduannsalddmeungndas tawddrszuuaunisdadu
¥ - o 2 (8 o Pu ' . - - - . da -
uasidmauanmmisandrdnudaulilineuy (under-determined system) tuuanansdl Ineniiwusaiutiduaueds
° . “ e . 1 H - X - -
madaanmagauARaudmiLEnE MUY under-determined system T 1ARIANNAZIL 2 aunAgiude (1) Wald
o o - X o Ay ver o el - v om0 v e
AmauluualunisAuaniiniy SHAmeuRtdFuaInmMeAmandaedd NNLS Marauuazuduinduuuuaniaiu Anew
Lo, ° - . P . Vo | X . o ma
tnhanfludmeuignsies uaz (2) bideuindunluualunisAuon whidsudaunisiaueiulmininmasenlediuas
. ATV A s - -

NNLS TnafAmeuainieassiznsaiu Aveutiuiasdudmeuigndes laanuammaseusunfgiunsass Tasldu
. o o ommdae X x x LY o .
ranalasedouds 2 RARTAwoUTUdIU 13 Fuuss 60 Fulu 17 nadlAnm Urn)IiiaeauNA AT TILATI9AaLIAN

maulunsdl under-determined system ¢

- - v - - . v - - e Y- -
unalfidnamsesiaauisrmumduazgliiunsedlanainealinnuaainnioullandiiuiaie
- P v A ey - - . v da
anaflanvpandygruruniuainanmwiadeviaaindnateoslenddaes Inenlinusaiiutid@nmuanssnuaes
- o - - ' f ' . ° ——t o
anuasIawdeulunIamAaiaassInTRua i luavieatwlnetnmilirananiminnaau@aadaeiive . 4
dsznndrediu FeanuanisAneningduuudsedasddends 2 57 Usngdr lunsdiifianuaainendeuanizlunimmaia
- - - - o o f o . .
Uintmue Ansuldsudasndissmaddiasansainneiuniussssiuanu@enislfatragniies  udazdesld
. d - . . , e e X 3 -
ulmaresaudssTNdlunrauudsudaan Ae edraieadesvindudaruaududiuianunaasianaiin Anen
o e X o o . - Y . ¥
fnusaiutidaausitandnuanivuaideslfluntsaunniieass lnsuwdinimvauieanu@avieilu 2 funeu Ae Juneu
. . . . 4, XX 4. oa .. . X dy e .
uInImTR AT LRI TudumazifinanRauie K ldanroandnuauiudiuifesinuiassiuanudeue
v,y o . . L I ;
mulutureunaas A rzduarudaalududauiinadifinanudaenin  TEanuamM MAARIRTIAMNIAINRE
° o a~n -~ |l o ° o , v v v v
winluwuudrsediasedeuds 2 BAM 4 nadl Uningddineuesmnsainnaiuwiiuazsziuau@amneldgnies Tneld

o - - | - o a - -
Aulwaresanulsredisandidsnirnlasuulaauisssuag LuumavInnTl



173041

Numerous methods to determine location and intensity of damage in structures from dynamic
properties have been proposed in the literature. They were derived from different approaches; thus, having
different advantages and limitations. This study compares the efficiency of four methods, which utilize
information about natural frequency change, stiffness change, both natural frequency and mode shape change,
and flexibility change, respectively, and compares types of required structural parameters. The efficiency is
measured by the number of modes needed in the calculation to obtain the correct damage location and
severity. It is found that the method using changes of natural frequencies and mode shapes requires the least
number of modes, but the largest number of structural parameters. In this method, use of non-negative least-
squares (NNLS) technique to solve under-determined system of linear equations can give the correct solutions
in many cases, while it is well known that the solutions of under-determined system is not always the correct one.
To verify the solution obtained, this thesis proposes two assumptions that the solution should be correct if (1) the
solutions obtained before and after increasing number of modes in calculation are the same, and (2) the newly
proposed method to solve under-determined system gives the same solution as NNLS. These two assumptions
were tested and are valid in all 17 studied cases so they could be used to verify the solution of under-
determined system of linear equations.

In practical application of damage detection method, the natural frequencies and mode shapes of real
structures can not be measured accurately, so this thesis investigates the effects of errors in measuring natural
frequencies or mode shapes, and both. It is found that the accuracy of damage detection deteriorates when
such error is present; however, the method of change in natural frequency is not affected by errors in measuring
mode shapes, but this method requires a large number of modal natural frequencies in the calculation, i.e., no
less than number of unknowns to obtain the correct damage detection. Therefore, this thesis proposes that the
number of unknowns be reduced by identifying the possibly damaged structural members using method of
change in natural frequency and mode shape prior to determining the damage severity by method of change in
natural frequency. Investigation in four cases shows that the proposed method is effective and the number of
modal natural frequencies in calculation can be reduced to less than that required in the existing method of

change in natural frequency.





