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TOM TAT: Bai bdo nay trinh bay cdach xdc dinh vi tri va chiéu sdu cdc vét mirt trong dam céng
x6n bang thudt todn di truyén (TTDT) trén co s¢ ddu hiéu chan dodn vét nirt la tan s6 dao dong riéng
ctia dam. Ma trgn dé cing cua phﬁn i dam ¢é vét nirt duoc xdy dung dwa trén gia thuyét dé mém cuc
bé tang lén do su xudt hién ciia vét nist. Vi tri va chiéu sdu vét nirt duoc xac dinh bcing cach cue tiéu héa
ham muc tiéu biéu dién su chénh léch gitta tan s6 riéng tinh toan va do duwoc. Két qud nhan dwoc cho
thdy phirong phdp ndy cho gid tri chan dodn c6 ¢ chinh xdc va téc dé hoi tu cao.

1.GIOI THIEU

Khuyét tat cong trinh la mot van @& ma
chung ta phai d6i mat trong sudt qué trinh ton
tai cua cong trinh. Pay 1a mot véin d& can duogc
quan tdm. Chung ta s& tiét kiém rat nhiéu nhan
luc, vat luc khi phat hién va ngan ngtra kip thoi
cac hu hong co thé gdy nguy hai cho cong
trinh. Viéc st dung cac dir liéu dao dong dé
phat hién vét nirt da dugc nghién ctru rong réi
trong nhiéu nam va thu duoc nhimg budc phat
trién quan trong [1-7]. Rizos va cac dong su [1]
xdy dung ma tran d§ cting tai tiét dién nut bz‘“ing
cach xem vét nit nhu 13 mét 10 xo twong
duong. Qian va cac ddng su [2] dua ra phuong
phép phat hién vét nut trong dim dya vao su
thay ddi cua tan sb riéng va dang dao dong.
Patil va Maiti [5] dua ra phuong phép dua trén
cach tiép can gan dung ciia Hu va Liang [6] két
hop v6i m6 hinh dao dong ngang cua dam c6
nhiéu vét nut bang phuong phdp ma tran
chuyén va mé ta vét nut nhu 1a mot 16 xo xoay.
N. T. Khiém va T. V. Lién [8] m6 phong dam
¢6 nhiéu vét nirt bang phuong phap ma tran do
cting dong lyc va giai bai toan chan doan bing
phuong phdp quy hoach phi tuyen Horibe [9]
chén doan dim c6 mot vét nut bang phuong
phap giai tich két hop Thuat tén Di truyén
(TTDT).

Bai bao nay trinh bay mdt cach xac dinh
moi vi tri va chidu sdu cac vét nit trong dim
cong xon bang phuong phap Phan tir Hiru han

(PTHH) két hop TTDT, dua trén co sé diu
hiéu chan doan vét nut 14 tin s6 dao dong riéng
clia ddm. Ma tran d6 cimg phan tir dam co6 vét
nit duge thiét 1ap véi gia thuyét do mém cuc
bd ting 1én do su xuét hién coa vét nut. Thong
qua vi du dim c6 hai vét nut, dua vao Kkét qua
cta bai toan thuan - nghién ctru anh hudng cia
cac vét nut dén tan sb riéng cla dim, ta lya
chon mot bd cac thong $6 thich hop ctia TTDT
cho bai toan ngugc - chidn doan vét niit trong
dam, tir 46 xac dinh vi trf va chiéu siu cta cac
vét niit trong dam.

2. MO HINH PHAN TU HUU HAN
(PTHH) CUA DAM CO VET NUT

i

Hinh 1. M6 hinh phén tir ddm phéng c6 vét nirt

Gia st phan tir dam Euler- Bernoulli c6
vét nirt ngang chiu tac dung cia mément uén
va luc cét (b6 qua luc doc) nhu trén Hinh 1,
diéu kién can bang ciia phan tir c6 vét nirt duoc
biéu dién nhu sau:

(T| Mi Ti+1 Mi+1)T:[T](Ti+1 |+1) (1
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Hinh 2. So d6 khéi bai toan tim tan s dao dong riéng

Trong d6 [T] 12 ma tran chuyén ddi:

Disfet e -1 -1 1 0
EupLbh [T] { }
Thofg sovetnit 0 -1 01 @)
! Ap dung nguyén Iy cong do, ma trdn do
Chaléiipreats ciing cua phan tur c¢6 vét nit duge Meirovitch
Xaofhvotri caapheaté [4] dinh nghia nhu sau:
- et K
| [ ¢]=[TIT[C]-1[T] 3.
‘ ‘ Céc thanh phan ctia ma tran d¢ mém [C]:
3
s XetlghrratreA ity Cj, = L, 2B,[91’B, +h”B;]
vapratraa kol 6oy vapratraa kol 6oy 3EI ,
hentikFoAgoNetr it S ’
C;, =C5, =—+36IB,B
‘ ‘ ‘ 12 27 5E] 2Dy ’
Xevlmaired vy toégthea ce. -l L 7BpB
2 152
El (4)
Trong do:
)
"= "EpE B: = SF(9)ds
Galteptcantimirtrietg s ’ ’
K-ml=0 B, = fo sy (s)ds
()
| Tasiborcigricigastes | Tir phuong trinh (3) thi ma trin do cling
cla phan tir c6 vet nat trd thanh:
an
Co Col-C5, -G, G
[Ke] — 1 ngl - C;l nglz - C;ll - Clezl + Cle] - ngl + Clez C;ll - CTI
CICL -GGy | -G, —-CLl+Cj, Ch -G
C;l Cgll - Clcl - Clcz Clcl (6)
Ma trén d6 cimg cua phan tir khong c6 vét M® = M°®
nut [10]: c -
12 61 -12 61 156 22| 54 13l
ceq EL 6l 417 -6l 217 mi| 22 4> 131 -37
K= 50 g 12 e 420 54 131 156 22
C— 2 -131 =317 221 4I?
61 21 7 6} 41 ) . 7 ” ©)
Ma trin do cimg tong thé: Ma tran khoi lugng tong thé:
DK+ KS DM+ M
Ko @ M=e
Ma tran khoi lugng clia phan tir ¢ vét nut (10)

dugc xem nhu khong thay ddi so voi phén tir
khong c6 vét nit [10]:

Tan so riéng cua dam cong x6n cod vet nut
duoc tinh dya vao cong thuec:

Trang 38



TAP CHI PHAT TRIEN KH&CN, TAP 12, SO 18 - 2009

det(K -’M)=0
o .U
So d6 khoi bai toan tim tan s6 dao dong
riéng xem Hinh 2.

3.ANH HUONG CUA VET NUT DEN TAN
SO RIENG CUA DAM

Céc dac trung hinh hoc, vat liéu st dung
cho bai toan thuan duwoc chon nhu sau: moédun
dan hdi cua vat liéu E = 2.8x10' N/m?, trong
luong riéng cia vat liéu p = 2350 kg/m3, hé s
Poisson v = 0.3, chiéu dai cdu kién dAm Ly, =
10 m, chiéu rong cia tiét dién b = 0.2 m va
chiéu cao ctia tiét dién h = 0.6 m. Sau khi mo
phong két cdu dam cong x6n co mot vét nit
bing phwong phap PTHH va sir dung chuong
trinh viét trén Matlab, ta tién hanh khao st anh
huéng cta vi tri va chidu sau cua cac vét nit
pAw’

EJ
so sanh gia tri pL tinh dugc véi cac két qua
trong tai liu [5].

X A A oA ? A < 4
dén tan so riéng cia dam. bat p* = , ta

Bing 1.So sanh két qué tdn s6 thu nhit

x1=0.1L Tén 8 thir nhét (pL)

d1=0.1h Vi tri vét nitt thtt hai x2/L (d2=0.1h)

0.11 0.2 04 [ 0.6 | 0.8

Patil, Maiti 1.8468 | 1.8504 [1.8564[1.8595|1.8604|

PTHH 1.8641 | 1.8656 [1.8679[1.8691|1.8694]

Sai 56 (%) 0.9368 | 0.8214 ]0.6195[0.5163|0.4838

Bang 2.So sanh két qua tan sb thir hai

x1=0.1L Tén s6 thir hai (pL)

d1=0.1h Vi tri vét nitt thtt hai x2/L (d2=0.1h)

0.11 02 | 04 | 06 | 08

Patil, Maiti | 4.6707 |4.6807|4.6634|4.6577|4.6763

PTHH 4.6848 |4.6888|4.6823|4.6801|4.6872

Sai s0 (%) | 03019 [0.1731]0.4053]0.48090.2331

Bing 3. So sanh két qua tin sb thir ba

x1=0.1L
d1=0.1h

Tén sd tht ba (pL)

Vi tri vét it thir hai x2/L (d2=0.1h)

0.11 0.2 0.4 0.6 0.8

Patil, Maiti | 7.8488 | 7.8373 | 7.8322 | 7.8278 | 7.8199

PTHH 7.8523 | 7.8481 | 7.846 | 7.8443 | 7.8415

Sai 50 (%) | 0.0446 | 0.1378 | 0.1762 | 0.2108 | 0.2762

Két qua khao sat anh hudng vi tri, chiéu
sdu clia vét nit dén cac tan sd riéng cua dim
cong x6n thé hién & cac Hinh 3-10. Khi vét nut
xuét hién, d6 mém cuc b cua dﬁm tai vi tri vét
nut gla tang lam giam gla tr1 tan sb riéng. Khi
chidu sdu vét nurt tang, tan s6 riéng giam di, anh
huéng vét nirt dén tin sb riéng ciing phy thudc
vao dang dao dong.

Két qua tinh tir mé hinh PTHH phu hop
voi két qua thyc nghiém, sai $6 nho hon 1%.
Nhu véy, ddy 1a mé hinh dang tin cdy, c6 thé
st dung dé mé phong dim c6 nhidu vét nit dé
khéo sat anh huong cta vét nirt dén tan so riéng
va sir dung trong bai toan chan doan vét nut.
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Hinh 4. Tan s thir nhit (vét nut thir nhit: x1 =0.05L, d1

=0.1h)
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Hinh 7. Tan s6 thir hai (ddm c6 mot vét nut)
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Hinh 9. TAn s6 thir ba (dAm c6 mot vét nirt)

T,
Hinh 6. Quy ludt bien doi cua tan so thir nhat trong dam ¢6 hai
vet nit

x1/L 0o <L

Hinh 8. Quy luat bién ddi cia tan s thir hai trong dam c6 hai
vet nit
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Hinh 10. Quy luat bién di cua tan s6 thir ba trong dam c6 hai
vet nurt

Trang 40



TAP CHI PHAT TRIEN KH&CN, TAP 12, SO 18 - 2009

4. XAC PINH VET NUT TRONG DAM SU’
DUNG TTDT

Muc tiéu cua bai todn la xac dinh vi tri va
chidu sdu cia cac vét nut trong dim bing
TTDT. So db khdi bai toan xdc dinh vi tri,
chiéu sdu cia cac vét nat xem Hinh 11. Bé don
gian qué trinh tinh toan nhung khong lam mat
tinh tong quét ctia bai toan, ta gia sir dam chi c6
2 vét nirt; do d6 bai toan khao sat s€ c6 4 bién
X; v6i i=1 + 4.

Ham muyc tiéu cta bai toan tdi wu duge
thiét 14p nhu sau [9]:

>(-

i=1

fitness=1
n

) (12)

||

Trong do: n = 6, f; 1a cac tan so riéng tinh
toan, f 1a cac tan so riéng dau vao. Bang cach
cuc tiéu hdéa ham muc tiéu, dam bao cho cac

tan s riéng tinh toan sau mdi lan lap tién dan
dén tan sb riéng dau vao, tir d6 ta co thé xac
dinh vi tri va chiéu sau vét nut trong dam mot
cach chinh xac.

Cic diéu kién rang budc

Vi y nghia co ban cta bai toan khong phai
1a thiét ké két cAu, ma dya vao tinh trang thyuc
té cua két cAu dang ton tai dé khao sat, phan
tich, danh gia va chdn doan vét nit nén mic
nhién cac diéu kién vé ung suét, én dinh cua
két céu da thoa man. Néu xét & khia canh nay
thi cac diéu kién rang budc cho bai toan la
khong can thiét. Nhung dé thu gon pham vi
khéo sét cho bai toan tdi wu, nham thu duoc két
qua chinh xéac va tdc @6 hoi tu nhanh, ta dua
vao cac rang budc cho cac bién tinh toan.

-x(1)<0 2)<0
0<x(<L,, i W L 0<x(2)<02hes ] X2
X(1) =Ly, <0’ x(1)-0.2h<0’
-Xx(3)<0 4)<0
0<x@=L,, «l O <x(4)<02hes | XD
X(3)—Lg,, <0’ X(4)-0.2h<0’
x(1) < x(3) < x(1)-x(3)< 0 (13)
Thiét 13p cdc thong s hop 1y cho TTDT {):\hail:l’ con; 1a rang budc thtr i bi vi pham, ctr: sb
an lap.

Sau khi khao sat va phan tich su anh
huéng ciia cac thong sé trong TTDT dén két
qua tinh toan, ta chon mdt by cac thong )
thich hop dem lai két qua t6t nhét cho bai toan:
sé ca thé trong quin thé: 30, sb thé hé tinh
toan: 100, khodng chénh léch ban dau: [000
0;0.1 0.01 0.1 0.01], s6 céa thé dwoc chon loc
tinh hoa: 3, huéng di tra: ‘forward’, sb thé hé
sau 1 lan di trG: 30, danh gia d6 thich nghi:
theo phuong phap xép hang (rank), lwa chon ca
thé: vong quay Roulette, lai tao: rai rac
(scattered), xac xuit lai tao: 0.8, dot bién:
Gaussian véi Scale = 1 va Shrink = 1.

Xt ly cac rang budc: phuong phdp ham
phat dang

ncon
fval g, =fval o, +mu ) con? véi
i=0
cons(i) >0 (14)

Trong d6: mu = 10: thong s6 phat thay doi
trong qud trinh tinh todn, mugy+) = Muey X
Pstep, mu = mln[mu(mﬂ), mumax] Pstep =
100, mumax = 10°, ncon: sb rang budc bi vi

Piéu kién hoi tu:
fval (o)~ fval (arn| <PTOl vancon=(15)

Trong do6: fval(ctr), fval(ctr-1): gia tri thich
nghi & lan lap thir ctr va (ctr-1), pTol: sai sb
danh gia d6 hdi tu, béng 10", ncon: sb rang
budc bi vi pham.

Két qua chdn doan vét nit bing TTDT
duge thé hién trong Bang 4. Tir két qua nhan
dugc, ta thiy do chinh xac cliia nghiém chan
doan so v6i gid tri thuc cta vét nut c6 sai sO
16n nhét 13 2.62%, bai toan hoi tu véi s6 1an lap
t6i da 1a 10 vong lap. Sir dung 6 tan sd riéng
dau tién ciia dAm lam thong so chan doan, két
qua hoi tu cua bai toan kha tdt (bao gém tde do
hoi tu, sb 1an 1ap, d6 chinh xac cia nghiém) ma
khéng cin quan tim nhidu dén d6 nhay cam
clia cac tan sb riéng khi vét nut thay doi. Day
chinh 13 wu diém ndi bac caa TTDT so vdi cac
phwong phap phan tich nguoc ¢b dién (gradient
based). Bai toan thudn co sai s6 nho so véi [5]
(nh6 hon 1%) va trong bai toan nguoc, sai s6
gita két qua chin doan va sb liéu thuc ciing rat
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nhé: 2.62% dbi véi vi tri va 2.39% dbi véi

chiéu sau veét nut (trong khi cac sai sO tuong

ctr=ctr+1

mu=min[muxPstep; mumax]

Thie&lapg he&hoag
thoag sodiaa vao

v

Khoitad
quaa thedan fiaa

v

Thot hiea

= thuaétoan di truyea

(*)

v

Nghieén x,,i =1 +4,
giattrothich nghi fval

v

ung cua Patil 1a 10% va 15%).

Kieén tra
cat ramg buoé

AD fiaé
hae phat

Yes

Kieén tra

Hinh 11. So d khdi bai toan xac dinh vi tri, chiéu sdu cua cac vét nirt

Thedekediep

fiiea kied hoétui

Yes

Keéthua

i

Xag inh fio&hich nghi

cua caa catthedrong quaa thea

Catthe&o#du |5 »(Keathud

No

Choh lot
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Bang 4. Két qua chan doan vét nut trong dam cong xOn

Thong s6 vét it (m)

STT | Sosénh 1&5(135;)
x1 dl x2 d2 .

Thue té 0.10000 0.00500

1 Chén doan Khéng c6 0.10045 0.00500 4
Sai s6 (%) 0.45200 0.00580
Thuyc té 0.50000 0.01000

2 | Chén doan Khong ¢6 0.50000 0.00999 5
Sai s6 (%) 0.00060 0.09330
Thyc té 0.90000 0.01500

3 | Chan doan Khéng c6 0.90042 0.01502 10
Sai s6 (%) 0.04689 0.11733
Thuye té 0.10000 0.00500 0.30000 0.00750

4 | Chéndoan | 0.10052 0.00500 0.30017 0.00752 5
Sai s6 (%) 0.52400 0.07400 0.05600 0.28960
Thue té 0.10000 0.00500 0.50000 0.01000

5 | Chandoan | 0.09975 0.00500 0.50047 0.01001 5
Sai s6 (%) 0.25250 0.07860 0.09440 0.05900
Thuye té 0.10000 0.00500 0.70000 0.01250

6 | Chandoan | 0.10084 0.00503 0.70004 0.01249 3
Sai s6 (%) 0.84200 0.61860 0.00529 0.09920
Thue té 0.10000 0.00500 0.90000 0.01500

7 | Chandoan | 0.09882 0.00497 0.90008 0.01501 9
Sai s6 (%) 1.17920 0.55620 0.00844 0.09667
Thyc té 0.30000 0.00750 0.50000 0.01000

8 | Chindoan | 0.29978 0.00743 0.49720 0.01003 5
Sai s6 (%) 0.07367 0.89587 0.56000 0.32900
Thye té 0.30000 0.00750 0.70000 0.01250

9 | Chandoan | 0.30786 0.00768 0.70267 0.01245 4
Sai s6 (%) 2.62033 2.38880 0.38157 0.39120
Thuec té 0.30000 0.00750 0.90000 0.01500

10 | Chéndoan | 0.30149 0.00753 0.89914 0.01493 9
Sai s6 (%) 0.49733 0.35693 0.09589 0.45333

11 Thuec té 0.50000 0.01000 0.70000 0.01250 6
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Chan doan 0.50000 0.01001 0.69992 0.01248

Sai 56 (%) 0.00080 0.14900 0.01214 0.14480

Thuc té 0.70000 0.01250 0.90000 0.01500
12 Chén doén 0.70086 0.01253 0.90275 0.01515 3
Sai 56 (%) 0.12300 0.24880 0.30533 1.00867

5.KET LUAN

Bai bao da gidi thiéu phuong phap xac
dinh vi tri va chiéu su vét nit trong dam cong
x0n béng TTDT trén co s mo hinh PTHH cuta
phén tir dAm c6 vét nut duge xay dung dua trén
gia thuyét d6 mém cuc bd tang 1én do su Xuét
hién cua vét nit. Qua cac két qua phan tich, ta
nhan théy nghiém thu dugc cla bai toan thuan
va nguoc déu c6 d6 chinh xé4c cao véi tde do
hoi tu nhanh. Cho nén, c6 thé ndi so dd giai
nay rat hiéu qua.

Phuong phép nay can duoc kiém chimg
bang thyc nghiém dé c6 thé ung dung chin
doan vét nit trong két chu thuc. Nén ty dong
ho4 qua trinh thiét 1ap bo thong s6 di truyén dé
¢6 thé g dung duoc trong nhidu bai toan khac
nhau; phat trién bai toan ddi voi cac két cau
phirc tap hon (khung, dan, tm, ...) va nhiing
loai vat liéu khoéng ding huéng (vt liéu
composite, bé tong cot thép, ... ) dé c6 thé mo
rong pham vi tmg dung trong thuc té.

ANALYSIS AND PREDICTION OF MULTIPLE-CRACKED PLASTIC BEAM

Le Xuan Hang, Nguyen Thi Hien Luong
University of Technology, VNU-HCM

ABSTRACT: This paper presents a method for identification of location and depth of a crack in
a cantilever beam by means of a genetic algorithm based on the signs of crack identification are beams
natural frequencies. The cracked element stiffness matrix is based on the theory that local flexibility
goes up because of the appearance of cracks. Crack location and depth is identified by minimizing
fitness function, which performs difference between natural frequencies calculated and measured.
Results show that this method helps to make prediction with high accuracy and converging speed.
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