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TOM TAT: Bai bdo nay trinh bay cdch xdc dinh vi tri va chiéu sdu cdc vet nitt trong dam cong
xon bang thudt toan di truyén (TT. DT) trén co s¢ a’au hiéu chan dodn vét mirt la tan s6 dao dong riéng
ciia dam. Ma trgn do cung cua phan t dam c6 vét mit dugc xdy dung dua trén gia thuyét do mém cuc
b¢ tang lén do su. xudt hién ciia vét mit. Vi tri va chzeu séu vét nirt duege xdc dinh bang cdch cuec tiéu héa
ham muc tiéu biéu dién sw chénh léch giita tan sé riéng tink todn va do duoc. Két qua nhdn duoc cho
thdy phieong phdp ndy cho gid tri chéan dodn c6 dé chinh xdc va tée do héi tu cao.

1.G101 THIEU

Khuyét tat céng trinh 1a mot van dé ma
chung ta phai dbi mit trong subt quéa trinh ton
tai ciia cong trinh. Pay la mot vén dé can duoc
quan tdm. Ching ta s& tiét kiém rét nhiéu nhén
luc, vét luc khi phat hién va ngan ngua kip thoi
cdc hu héng cé thé gdy nguy hai cho céng
trinh. Viéc sir dung céc dir liéu dao dong dé
phét hién vét nit da dugc nghién ctu rong rai
trong nhiéu nam va thu dwoc nhimg budc phat
trién quan trong [1-7]. Rizos va cac ddng su 1]
xdy dung ma tr@n d¢ clmg tai tiét dién nurt bing
cach xem vét nut nhu la mét 106 xo tuong
duong. Qian va cac ddng su [2] dua ra phuong
phép phat hién vét nut trong dim dya vao su
thay ddi cia tin sb riéng va dang dao déng.
Patil va Maiti [5] dua ra phuong phép dua trén
cach tiép can gén ding ciia Hu va Liang [6] két
hop véi mé hinh dao déng ngang ciia dam c6
nhiéu vét nit bing phuong phiap ma trin
chuyén va mo ta vét nirt nhu 1a mét 16 xo xoay.
N. T. Khiém va T. V. Lién [8] mb phong ddm
¢6 nhiéu vét nit bing phuong phap ma tran d6
ctimg ddng luc va giai bai toan chén doan bing
phuong phap quy hoach phi tuyen Horibe [9]
chin doan ddm c6 mét vét nut bang phuong
phdp giai tich két hop Thuat tén Di truyén
(TTDT).

Bai bao nay trinh bay mot cach xac dinh
moi vi tri va chiéu séu cac vét nit trong dim
cong x6n bang phuong phép Phén tir Hiru han

(PTHH) két hop TTDT, duya trén co s dau
hiéu chan doan vét nut 14 tn s6 dao déng riéng
cua ddm. Ma trén d6 cimg phan tir dim co vét
nit dwoc thiét 1ap voi gia thuyét d6 mém cuc
b6 tang 1én do su xudt hién ciia vét nirt. Thong
qua vi du ddm c6 hai vét nut, dua vao két qué
cla bai toan thudn - nghién ciru anh hudng cua
cac vét nit dén tn sb riéng cua dam, ta lya
chon mét bd céc théng so thich hop cua TTDT
cho bai toan ngugc - chin doan vét nit trong
dém, tir 6 xac dinh vi tri va chiéu sdu cua cédc
vét nirt trong dam.

2. MO HINH PHAN TU HUU HAN
(PTHH) CUA DAM CO VET NUT
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Hinh 1. M6 hinh phin tr dim phing co vét nit

Gia sir phin tir ddm Euler- Bernoulli c6
vét nirt ngang chiju tic dung cia mément udn
va luc cit (b6 qua luc doc) nhu trén Hinh 1,
diéu kién can bing ctia phan tir c6 vét nut dugc
biéu dién nhu sau:

(T M T1+1 M1+1) [T]( i+l i+l)-r (1)

i
‘
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S— Hinh 2. So db khéi bai toan tim tén s6 dao déng riéng

(Bitduw)
T Trong d6 [T] 1a ma trén chuyén doi:
| Duduo | -1 -1 1 0o
| EupLbh | [T]=[ }
| Towgssvecrs | 0 -1 0 1]
: Ap dung nguyén ly cong a0, ma tran do
! Chia luff pHéntir 1 cling cla phén tir ¢6 vét nut dugc Meirovitch
Xacdinhvi tri cac ptéin [4] dinh nghia nhu sau:
I b Vét nlit va Kidng ¢ Vet nit ! K¢
[ [ ¢1=[TITIC]-1[T] 3).

Céc thanh phan ciia ma tran d6 mém [C]:

 — :

i Xac laprm iandp citng ‘ Xic Iipmtn ) cig Ct, =—— + 2B,[9’B, + h’B, ]
vamitnkigiing | v ma tan K g 3EI ;
| pindrkingcowtnit | | pHéndrcd winin ]2'
‘ ]
?Gcrapnnuin(i‘)dnwgﬁ'mgﬁ;‘ C= 1 +72B,B,
Xacpma tfn ki lupng Gng “ Bl (4)
Trong dé:
_n(1-v?)
= ,Bz = _EsF,(s)ds,

B, = ['sF,(s)ds

®)

Tir phuong trinh (3) thi ma trdn d6 cimg
cta phan tir c6 vét nit trd thanh:

(o i)
2 Cal-C3 -Cx G
K%)= 1 C5,1-C5, nglz -Gul-CRl+Cy, -C,1+C, C3l-Cj
nCs —CiHCy| -Cy -Col+Cy, Cs -G,
C;i C;ll_clel _‘C]ez Cfi (6)
~Matran dg cimg ctia phén tir khong c6 vét ME = M®
nit [10]: ¥ =
12 61 -12 6l 156 221 54 -131
Ke]= EI| 61 41> -6 21 ml| 221 41 131 -3P°
TP|-12 -6 12 -6l 420| 54 131 156 -221I
A 2 -131 =31 =221 4I°
61 21 . 6.1 41 ) ) x ‘ ©)
Ma trén d cimng tong thé: Ma trén khoi luong tong thé:
DK +YK: DM+ Y M;
Ko & W ‘ (8) M= e e
Ma tran khéi lugng ctia phan tir ¢6 vét nirt o , (10)
dwoc xem nhu khéng thay déi so véi phan tir Téan so riéng ciia dam coéng x6n c6 vét nut
khéng c6 vét it [10]: duoc tinh dua vao céng thirc:
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det(K—sz)z an

So db khdi bai toan tim tin s6 dao dong
riéng xem Hinh 2.

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

Céc ddc trung hinh hoc, vét liéu st dung
cho bai toan thuén dugc chon nhu sau: modun
dan héi cua vat liéu E = 2.8x10'° N/m?, trong
luong riéng cuia vat ligu p = 2350 kg/m’, hé s6
Poisson v = 0.3, chiéu dai cAu kién dim Ly, =
10 m, chiéu rong cua tiét dién b = 0.2 m va
chiéu cao cla tiét dién h = 0.6 m. Sau khi mé
phong két cu dam cong x6n c6 mot vét nirt
bang phuong phép PTHH va sir dung chuong
trinh viét trén Matlab, ta tién hanh khao sat anh
hwong ciia vi tri va chiéu sdu clia cac vét niit

+ _PAY’

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

dén tin s6 riéng cia dim. Dat p , ta

Bing 1.So sanh két qua tan sb thir nhét

x1=01L : : Tén s6 thit hai (pL)
d1=0.1h Vi tri vét mit thir hai x2/L (d2=0.1h)
011 | 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 56 (%) | 0.3019 0.1731]0.4053]0.4809]0.2331

Bang 3. So sanh két qua tin s6 thir ba

L x1=0.1L — Thn séthf:nh.i.t"ﬁpl:): :
~d1=0.1h ﬁi-m‘ vét it thir hai xzd, gdi=o.1h)
o111 02 | 04| os]os
Patil, Maiti | 1.8468 | 1.8504 |1.8564]1 85951.8604
PTHH 1.8641 | 1.8656 |1.8679]1.8691(1.8694
Saisﬁ(%) 0.9368 | 0.8214 [0.6195/0.5163|0.4838

Bing 2.So sanh két qua tin sé thu hai

1005 T T T v 1 v T
1 el =) _ oy ,: ——
et P S T i i i
R s A ;
- & A
0235 - b £
T & A
= ¥ b
é. 0o3b );’\’... "
§ /
'l
s -
2 3 : ;
g 0% - _”_f. il venssassressanintrars aguons apaied - XNRLINN S, ]
& i y 3 ~2 - 32=0.10h |
/ : : | =+—a2=0160
F
097 : T

0 01 02 03 04 05 06 07 08 09 1
Vi tri vet nut 2 (x2/1)

Hinh 3. Tan sb thir nhét (ddm c6 mét vét nit)

-"x-1_=0.1L' oo Ténsmhuba(pL)
d].:{)lh :. Vi tri vét nint thu]m x2/L (d2=0.1h)
011 | 02 | 04| 06 038
Patil, Maiti | 7.3488 | 7.8373 | 7.8322 | 7.8278 | 7.8199
PTHH | 78523 | 7.8481 | 7.846 | 7.8443 | 7.8415
Sai 56 (%) | 0.0446 | 0.1378 | 0.1762 | 02108 | 02762

Két qua khao sat anh huéng vi tri, chiéu
sdu cia vét nit dén cic tn sé riéng cia dim
cong x6n thé hién & cac Hinh 3-10. Khi vét nat
xuét hién, d6 mém cuc bo cuia dam tai vi tri vet
nut gia tang lam giam gia tri tin s6 riéng. Khi
chiéu sau vét nirt ting, tan s6 riéng giam di, anh
hudng vét nirt dén tan s riéng ciing phu thudc
vao dang dao ddng.

Két qua tinh tir m6 hinh PTHH phu hop
v6i két qua thuc nghiém, sai sé nhd hon 1%.
Nhu vy, ddy 12 md hinh déang tin cdy, c6 thé
sir dung dé md phong dam c6 nhiéu vét nit dé
khao sat anh hudng ctia vét nirt dén tan sé riéng
va sir dung trong bai toan chan doan vét nit.

; - a2 05h
o : — g aul} 10
# : i —+=2a2=0 15h

Tan so thu nhat (w1/w01)

O A I T, O : :
0 01 02 03 04 05 06 07 08 09 1

Vi tn vet nut 2 (x2/L)

Hinh 4. Tén sb thir nhdt (vét nit thir nhat: x1 =0.05L, d1
=0.1h)
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Tan so thu nhat (wl/w01)

0985}
G| —e—a2=005h ] .. |
~& —a2=0.10h [:
| =+ —a2=015n |}
e e OER
0a7 . i i L i i L i i
0 01 02 03 04 05 06 07 08 08 1
. Vitivetnut2 (L) g Ny
Hinh 5. Tan s6 thir nhét (vét nitt thr nhat: x1 =0.95L, dl1 Hinh 6. Quy ludt bién doi cia tan so thir nhat trong dam c6 hai
vet nirt

=0.1h)

-

—_—
gu.sss 1
‘8 o}
gu.aas
-t
k-1 3
| 1 i i . E i i ;
O'B?SIJ 01 02 03 04 05 08 07 08 09 1
Vi tri vet nut 2 (x2/L)
Hinh 7. Tén s6 thit hai (dim c6 mét vét nirt) Hinh 8. Quy ludt bién ddi cua tén s6 thir hai trong dim ¢ hai
vEet nirt
1.005 T T - T T
—_ ; o :
I
g ,/ I\\ § \\ér’
N : {
?uggs.d,r .‘ e ,r“ =
= T L O
o i: | : /
g I ) ]
gwf ; ..‘\ Vo H
H HE: \:/
/
]
[-a- 1 : ¥ :
L CRIIT S ey ey s 1
‘T i ~@—a2=010h|:
1 { =+ —a2=0.15h | :
pal BB G4
ji] 01 02 03 04 05 06 07 0B 09 1
Vi tri vet nut 2 (2/L)
Hinh 9. Tin s6 thir ba (ddm cé mét vét nirt) Hinh 10. Quy luat bién déi ciia tén s6 thir ba trong dam c6 hai
vét nirt
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4. XAC PINH VET NUT TRONG DAM SU
DUNG TTDT

Muc tiéu clia bai todn la xac dinh vi tri va
chidu su ciia cac vét nut trong didm bing
TTDT. So db khéi bai toan xé4c dinh vi tri,
chiéu sdu ciia cac vét nirt xem Hinh 11. Dé don
gian qua trinh tinh toan nhung khéng lam mét

tinh tong quat ctia bai toan, ta gia sir dim chi co
2 vét nirt; do d6 bai toan khao sét s& c6 4 bién

X; voi i=1 + 4.
Ham muc tiéu cua bai toan tbi wu duoc
thiet 1ap nhu sau [9]:

1 [& %
fitness = — 1-=) (12)
n VZI f

Trong dé: n = 6, f; la cac tan s riéng tinh
toan, f 1a céc tan sb riéng dau vao. Bing cach
cuc tidu héa ham muc tiéu, dam bao cho céc

tan so riéng tinh todn sau mbi I4n lap tién dan
dén tin sb riéng diu vao, tir d6 ta co thé xic
dinh vi tri va chidu sau vét nut trong dim mot
cach chinh xac.

Cic diéu kién rang budc

Vi y nghia co ban cua bai toan khong phai
la thiét ké két cau, ma dua vao tinh trang thuc
té ciia két cdu dang ton tai dé khao sat, phan
tich, danh gia va chén doan vét nit nén mic
nhién cac diéu kién vé tmg suét, én dinh cua
két cAu da thoa man. Néu xét & khia canh nay
thi céc didu kién rang budc cho bai toén la
khong cin thiét. Nhung dé thu gon pham vi
khao sat cho bai toan t6i wu, nhim thu duoc két
qué chinh xéc va tbc d6 hoi tu nhanh, ta dua
vao céc rang budc cho céc bién tinh toan.

0<x()<L “Hhs=d 0<x2)<02h o | XP=0
M5 S 10@y-L, <0’ FIEY %(1)—0.2h <0’
0<x(3)sL,, < ~“HRE0 ,0<x(4)<0.2h & B ,
x(3)-L,,. <0 x(4)—0.2h <0

x(D<x(B) < x(1)-x3)<0

Thiét 13p cac thong s6 hop Iy cho TTDT
Sau khi khao sat va phan tich sy anh
hudng ciia cac thong sb trong TTDT dén két
qua tinh todn, ta qhon mot by cac thong sb
thich hop dem lai két qua tot nhat cho bai toan:
s6 ca thé trong quén thé: 30, sb thé hé tinh
toan: 100, khoang chénh léch ban dau: [0 0 0
0;0.1 0.01 0.1 0.01], s6 ca thé duoc chon loc
tinh hoa: 3, huéng di tra: ‘forward’, sb thé hé
sau 1 I4n di tru: 30, danh gid d thich nghi:
theo phuong phap xép hang (rank), lua chon ca
thé: vong quay Roulette, lai tao: rai réc
(scattered), xac xuét lai tao: 0.8, dot bién:
Gaussian vagi Scale = 1 va Shrink = 1.
Xir ly céc rang budc: phuong phép ham
phat dang
ncon

+mu Y con; voi
i=0

cons(i) > 0 (14)

Trong d6: mu = 10: thong sb phat thay ddi
trong qua trinh tinh todn, mugg.;) = MU X
Pstep, mu = mm[mu{ctﬁl), mumax], Pstep =
100, mumax = 10°, ncon: sé rang bugc bi vi

fval, . =fval

(ctr) (ctr)

(13)
Qham, con; la rang budc thir i bj vi pham, ctr: sb
lan lap.
Piéu kién hoi tu:
fval ., — fvalfcl,_,,’ <pTol vincon = (15)

Trong do: fval(ctr), fval(ctr-1): gid trj thich
nghi & lan lap thi ctr va (ctr—l} pTol: sai s6
danh gia do hoi tu, bang 107° ncon: sé rang
budc bj vi pham.

Két qua chin dodn vét nut bang TTDT
duoc thé hién trong Bang 4. Tu két qua nhédn
duoc, ta thdy do chinh xac cia nghiém chén
dodn so voi gia tri thuc cua vét nut co sai sb
16m nhét 1a 2.62%, bai toan hoi tu vdi s6 lan lap
t6i da 1a 10 vong lap. Sir dung 6 tin sb riéng
déu tién cia dim lam théng sé chan doan, két
qua hoi tu ciia bai toan kha tét (bao gém tdc do
héi tu, sb lan Iap, d0 chinh xdc cua nghiém) ma
khong cin quan tim nhiéu dén d6 nhay cam
ctia céc tin s riéng khi vét nit thay dbi. Day
chinh 1a wu diém ndi bac cia TTDT so vdi cac
phuong phap phén tich nguoc cd dién (gradient
based). Bai toan thudn c6 sai s6 nho so voi (5]
(nho hon 1%) va trong bai toan nguoc, sai so
giita két qua chin doén va sb liéu thuc cling rit
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nhé: 2.62% dbi voi vi tri va 2.39% dbéi voi

chiéu sdu vét nit (trong khi céc sai s6 tuong

ctr=ctr+1
mu=min[muxPstep; mumax]

A

|
|
|
|
!

CBdtddu
e
Y
Thiét ldp hé théng
théng s¢ ddu vdo

v

Khdi tao
qudn thé ban ddu

T
v

Thuc hlén A 1

| thudttodn ditruyén E

(*)
| —— o

Y

Wghiefm Xipli=1+4,

gid tri thich nghi fval
I

Y
Ki€m tra
cdcring budc

Yes

Ki€m tra l

| No

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

Ap dat
hdm phat

diéu kién hdi tu
!Yes

CKétthie)

— —_—

ot
S

5 ) E

A

| Xdc dinh d6 thich nghi T
-

| cia cdc cd thé trong qudn thé

Thé hé k€ tiép

] Qudn thé mdi |

Y

[ cd métivu ket thue)

No

! Chaon loc ]
v
| Laighép |

v

| Pgtbien |

[] 1
L ]

Hinh 11. So db khéi bai toan xac dinh vi tri, chiéu sdu cia cac vét nit
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Bing 4. Két qua chin doan vét nut trong dAm céng x6n

S’IT | & sanh v . Thong 59 vet nirt (m) e : éf?ap

o i di x2 d2 :
Thuc té 0.10000 0.00500

1 Chin doén Khéng c6 0.10045 0.00500 4
Sai 56 (%) 0.45200 0.00580
Thuyc té 0.50000 0.01000

2 | Chin doan Khéng cé 0.50000 0.00999 5
Sai sb (%) 0.00060 0.09330
Thyc té 0.90000 0.01500

3 Chén doan Khéng co 0.90042 0.01502 10
Sai s (%) 0.04689 0.11733
Thuc té 0.10000 0.00500 0.30000 0.00750

4 | Chéndoan | 0.10052 0.00500 0.30017 0.00752 5
Saisb (%) | 0.52400 0.07400 0.05600 0.28960
Thuye té 0.10000 0.00500 0.50000 0.01000

5 Chén doan | 0.09975 0.00500 0.50047 0.01001 5
Saish (%) | 0.25250 0.07860 0.09440 0.05900
Thuyc té 0.10000 0.00500 0.70000 0.01250

6 | Chindoan | 0.10084 0.00503 0.70004 0.01249 3
Sai sb (%) 0.84200 0.61860 0.00529 0.09920
Thuyec té 0.10000 0.00500 0.90000 0.01500

7 | Chéndoan | 0.09882 0.00497 0.90008 0.01501 9
Saisb (%) | 1.17920 0.55620 0.00844 0.09667
Thye té 0.30000 0.00750 0.50000 0.01000

8 | Chindodn | 0.29978 0.00743 0.49720 0.01003 5
Saisb (%) | 0.07367 0.89587 0.56000 0.32900
Thyc té 0.30000 0.00750 0.70000 0.01250

9 | Chindoan | 0.30786 0.00768 0.70267 0.01245 4
Saisd (%) | 2.62033 2.38880 0.38157 0.39120
Thyc té 0.30000 0.00750 0.90000 0.01500

10 | Chindoan | 0.30149 0.00753 0.89914 0.01493 9
Saisb (%) | 0.49733 0.35693 0.09589 0.45333

11 Thye té 0.50000 0.01000 0.70000 0.01250 6
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Chén doan 0.50000 0.01001 0.69992 0.01248

Saisé (%) | 0.00080 0.14900 0.01214 0.14480
0.90000 0.01500

Thuc té 0.70000 0.01250

12 | Chéndoan | 0.70086 0.01253 0.90275 0.01515 3
Saisd (%) | 0.12300 0.24880 0.30533 1.00867
= o Ph hé ca duoc kiém chimn
5. KET LUAN UURg phdp Dy oo bt

Bai béo da gi¢i thiéu phuwong phap xac
dinh vi tri va chiéu sau vét nut trong dim cong
x6n bang TTDT trén co s6 m6 hinh PTHH cua
phén tir ddm c6 vet nirt duoc xay dung dua trén
gia thuyét 46 mém cuc b tang lén do su Xuét
hién cia vét nit. Qua céc két qua phan tich, ta
nhén thdy nghiém thu dugc cua bai toan thuan
va ngugc déu c6 do chinh xac cao vai toc do
héi nhanh. Cho nén, c6 thé néi so dd giai
nay rét hiéu qua.

bing thuc nghiém dé co thé ung dung chin
doan vét nut trong két céu thuec. Nén tu dong
hoé qua trinh thiét lap bo théng s6 di truyén dé
c6 thé img dung duoc trong nhiéu bai toan khac
nhau; phét trién bai toan don voi céc két cdu
phic tap hon (khung, dan, tam, ...) va nhiimg
loai vt liéu Khong ding hudng (vét liéu
composite, bé tong cot thép, ... ) dé c6 thé mo
rong pham vi img 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 berween natural frequencies calculated and measured.
Results show that this method helps to make prediction with high accuracy and converging speed.
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