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NGHIEN CUU - TRAO

I Mot thuat toan mdéi vé kiém tra

khuyét tat trén cau dua trén
phan tich Wavelet tin hiéu
dao dong, thuit toan KTKT-WL

(*) GS.TS.NGO KIEU NHI
(**) NCS. NGUYEN SY DUNG

Bai bao trinh bay mot thuat toan méi, mang tén KTKT-WL, dugc st dung dé
xac dinh sy ton tai, dlnh vi va xac dinh mic do cda khuyét tat trén cau giao
thong Thuat toan dugc xay dUng dya trén phan tich Wavelet tin hi¢u dao dong
clia cau theo huéng tiém can t0| uu toan cuc hé sé scale va dinh lugng trung
binh theo dudng cuc tri ciia hé sd wavelet tin hiéu dao dong ctia co hé. Tin hiéu
dao dong dugc sir dung la tin hiéu dao dong cudng bifc cta cau theo tai giao
thong, la ché dj tai trong dong do chinh ngudi va cic phuong tign giao thong
luu thong qua cau tao ra. Phuong phap da dugc ki€ém chimng trén nhiéu thi ng-
hiém dya trén cac tap so liéu do trén mot khung kim loai dang dam dao dong
cudng bic, thuc hién tai Phong thi nghiém Co hoc ting dung (PTN CHUD) ctia
tru0ng Dai hoc Bach khoa TP. H6 Chi Minh (DHBK TP. HCM), ciing nhu cac
tap so liéu vé dao dong theo tai giao thong cia cau Sai Gon, nhan dugc thong
qua mot he théng do dugc lap dat truc tiép trén cau Sai Gon va truyén thudng

xuyén vé PTN CHUD qua duong truyén Internet.

1. Dit viin dé

Nhan dang khuyét tit, xdc dinh dinh kh3 niing tai
clia cau & thdi d¢i€m hién tai, xdc dinh quy luat suy
gidm dd cing chéng bi€n dang clia ciu ciing nhu dy
bdo kha ning tdi cda ciu trong tuong lai 12 nhitng ndi
dung quan trong khong thé thi€u trong cdng tic quin
tri cAu. Nhd nim bit dugc quy luit suy gidm do cdng
chdng bign dang ciia cAu ma cd quan quan li ciu cé
thé chi dong trong diéu ti€t luvu thong, chi dong trong
viéc ki€m dinh cau khéng thudng ki, chit déng trong
viéc ngung khai thdc ciu d€ nang cip, sita chita hoic
thay th€. Trong céng tdc nay, Jam sao c6 thé ddnh gid
thudng xuyén v6i do tin cay cin thi€t vé tinh trang lam
viéc clia cau nhung khong 1am 4nh hudng t6i viéc luu
théng qua cau dién ra lién tuc hing ngay? Pay luén la
vin dé 16n dit ra cho cdc nha nghién cu.

Phédn tich Wavelet la mot cong cu todn dugc st
dung d€ gidi quyel nhiéu vdn dé lién quan t6i x\ li tin
hiéu trong mién thdi gian. Khi mét ¢o hé bj khuyé't tat
thi tin hiéu d4p ng dng luc hoc cia co hé cung s€
thay d8i theo, trong d6 mitc d6 va dic diém cla lugng
thay d8inay phu thudc vao vi tri vd mic d clda khuyét
tat. Chdng han khuyét tat sé lam thay ddi dang dao
dbng (mode shape), lam thay dd6i dic tinh chuyen vi,
lam thay d8i dic tinh gia t6¢c, dic tinh cha hé s gidm
chén,... so véi tin hi€u twong dng khi co hé con nguyén

ven. T4t ca nhitng sy thay ddi nay déu c6 thé dugc sir
dung d€ xac dinh sy tn tai clia khuy&t tat cung nhu
vi tri cia chiing trén cd hé thong qua viéc ki€m tra sy
xuat hién va dinh vi vi tri cua cac diém ki di (KD) trén
cdc dudng dic tinh hé s Wavelet. Uu di€m cd ban
clia ¢6ng cu nay la khd ning phén tich tin hiéu trong
trng vung hep, do d6 thdong qua phén tich Wavelet, ta
¢6 thé phat hién s xuit hién nhitng nét riéng biét nhd
clia tin hiéu trong titng mién dia phuong, diy la co s&
dé danh gia khuy&t tat trén cd hé [1-3][8][9]. Trong
[11, Castroa va céc cdng sy da khdo st anh hudng cla
dang dao déng t6i kha nang nhin dang khuyét tit cla
tin hiéu phan tich Wavelet tin hiéu dao dong cla cd hé.
Trong [3] J.-C. Hong va cdc cdng sy sir dung hinh nén
phan bd va dudng cuc dai d€ tim mdi lién hé giita mifc
d6 cha khuyét tat va s6 mii Lipschitz a.K&t qua khdo
sat cho thdy tai cac di€ém KD bién d6 hé s6 Wavelet
ting d6t bi€n 1am thay ddi Lipschitz a, dong thdi mirc
d6 hu héng va do 16n Lipschitz tuong ing la cdc dai
lugng dbng bi€n. Do d6, dua vao do 16n clia a sé ddnh
gid dudc mitc d6 hu héng thuc t€ cla cd hé. Trong (8]
cdc tdc gia st dung phén tich Wavelet tin hiéu gla 16¢
dé€ x4c dinh su tén tai khuyélt tat, dinh vi va xdc dinh
muc d6 khuyét tat. Trong d6 mic d§ khuyét tat dugc

(*) Trudng Pai hoc Bich khoa TP, H6 Chi Minh
(**) Trudng Pai hoc Cong nghiép TP. H6 Chi Minh
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xdc dinh dya vao mdi lién hé dong bi€n g1u’a muc do
khuyet tt va gid tri chin trén cia d6 16n hé s6 Wavelet
cla tin hiéu gia tdc.

Théng qua viéc phén tich Wavelet, cdc tap dif liéu
nhin dugc trén thi nghiém md hinh khi cho ¢d hé dao
déng cudng bic v8i nhitng ché d6 kich thich khdc nhau
ciing nhu phan tich Wavelet cdc tip s8 liéu vé dao
dong cda cau Sai Gon theo tai giao thong, st dung cdc
dudng cuc dai va thuat toan dLrOng bién ciia Mallat [5]
dé xdc dinh Lipschitz o va cdc gid tri chdn trén tuong
itng chiing t6i nhan thdy ring quan hé giita mdc d6 hu
héng trén co hé v6i s6 mii Lipschitz ciing nhu quan hé
giﬁ’a mifc d§ hu hdng trén co hé v§icac gid tri chin trén
cua do 16n Wavelet khong con ludn ddng bi€n nita khi
tan s6 kich thich dao déng thay déi.

Nham muc dich xay dung mét cong cu todn c6 thé
ung dung de ki€m tra thudng xuyén tinh trang lam
viéc clia cau dya trén tai giao thong, trong bai bdo nay
ching t6i trinh bay mot phu’ong phap méi vé xdc dinh
su ton tai khuyét tat, dinh vi khuyet tat va xac dinh
mitc d6 ciia ching trén hé thdng ciu thuc dua trén Ung
dung phin tich Wavelet tin hiéu dao ddng cda cau theo
hudng tiém can t6i vu toan cuc scale dé xay dung mot
dai lugng phan dnh dic trung Wng x& dong luc hoc cla
co hé, tuong d6i doc lap véi su thay d6i ctia ché d6 kich
thich dao dong cd hé - hé s0 Wavelet trung binh W(t).
Pic diém quan trong nay ctia W(t) cho phép phuong
phép dugc dé xuat c6 thé st dung tin hiéu dao dong
cudng bic clia cau theo tdi giao thong trong qué trinh
khao sét.

2. G0 36 li thuyét va co sd dii liéu
2.1. Cd s6 li thuyét
Muc ndy xin néu tom tit mét s& khdi niém dudc
Mallat va cdac cdng su trinh bay trong [4] va [5] Cac
ndi dung nay s& dugc st dung trong cac muc ti€p theo.
Bi&n d6i Wavelet: Goi f(t) 12 ham kh3 tich theo
bién t. Bi€n déi Wavelet cta f(t) dudc dinh nghia:
(n

Wf(a,b) = j/(,) % (—)dt abeR, a=0
Jlal

Trong d6, diu (*) thé hién lién hgp phitc cia
Wavelet ¢cg sd V(1) (W(r) con dugc goi la Mother
Wavelet); W dudc goi 1a hé s6 Wavelet.

Hinh nén phan bd: Gid st ¥ 12 ham Wavelet xdc
dinh trong [-C, C]. Hinh nén phan b6 tai v la tap hop
tit cd cdc di€m (a, b) trong khéng gian scale-vi tri théa
min bat dng thirc sau: Ib - vi < C a
Hinh n6n phin b6 dugc str dung trong dinh hudng qua
trinh tim ki€m hé sd scale phi hgp cla phép bién déi
walelet dua vao dic di€ém: cdc hé s6 Wavelet dat gid
tri cao ndm & trong hinh nén nay.

Dinh nghia cye tri: Pi€m (a. t)) dudc goi la di€m
cuc tri khi t bién thién qua t, n€u tal t=1¢,co
WS (ay,t) biém (a. t,) dLrOC goila dlem cuc

ot . . .
dai néu khi t thudc vé lan can phai hodc lan cdn trdi
cia 0 thi |/ (a,, ,)| - Pudng cyc dai 1a
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dudng nim trong khéng gian ti 1& (a, t) ndi cdc difm
cuc dai (a,, t)) trong 1dn c4n cta t.

2.2. Co s6 dif liéu

Hinh 1: Thi€t bi va md hinh thi nghiém

I: C&m bi&n chuyén vi

2: B6 do chuyén vi LAM-BRIDGE

3: M4y tinh

B: B6 bi€n tan

b: Pong cd dién xoay chiéu ba pha

M: Khé1 lugng léch tim

K: Khung sit thi nghiém

Cac ki€m ching trong bai bdo nay dugdc xdy dung
dva trén cdc tap so liéu do dao dong cudng biic clia mot
khung kim loai dugc do tai PTN CHUD PHBK - PHQG
TP. HCM (Hinh 1) va s& liéu vé& dao dong theo tai giao
thong cda ciu Sai Gon (Hinh 2).

DPong co dién xoay chiéu ba pha D mang kh&i lugng
1&ch tam M ¢6 thé dudc ga l3p tai nhiéu vi tri khdc nhau
trén khung sit K nhu trén Hinh 1. S& dung b6 bi&n tan
B d€ thay d8i t6¢c d6 quay n cia dong cd. Khéi lugng
M, d6 1éch tam d, t5c d6 quay n, toa dd Iap dit dong
cd z 1a nhitng dai lugng c6 thé diéu chinh. Do dé, dong
cd quay s€ tao nén dao déng cudng bic trén khung véi
nhing trang thdi dao dong (TTDD) khéc nhau. S dung
b6 do chuyén vi LAM_BRIDGE do PTN CHUD PHBK
- PHQG TP. HCM ché€ tao d€ do d6 vong cia dam tai
toa do z § thai di€m t dng v4i tirng TTDP.

Song song v4i tap dif liéu do dao dong trén md hinh
thi nghiém neu trén, trong nghién cifu nay ching to1
con st dung s6 liéu do dao dong cla cau Sai Gon khi
cu dao dong theo tai giao thong, nhin dugc thong
qua mot hé thong do dugc ldp dat trye ti€p trén cdu
Sai Gon va truyén thudng xuyén vé PTN CHUD cia
Trudng PHBK TP. HCM qua dudng truyén Internet.
Hinh 2 trinh bay mot phin giao dién clia chuong trinh
thu nhén dif liéu tai mdy tinh dit tai PTN CHUD. So
lugc vé hé théng:

Camera thu nhan Hinh &nh tinh trang giao thong
trén cau fif thuc t&.

Time Properties: chi ti€t vé thdi gian dang khéo sat.

DaqView - Trigger: dién bi€n clia thu nhédn tin
hiéu bi€n dang ctia dim ciu tai nhiéu vi tri do khdc
nhau theo thdi gian, bao gdm thdi di€m bt ddu (Trig-
gered at) va thdi diém két thuc (Acqumne unit), tan so
lay mau (Scan rate, Hz), va tono so lan thu nhdn tinh
dén thdi di€m hién tai (Total scans) - s6 nay coy nghld
ddcbiétquan trong, d6 1a s6 thd tw hing clia ma trdn $0

(5~
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liéu dugc thu nhan ngay tai thdi diém ¢ng v6i hinh 4nh
gnao théng trén cu, tif d6 ta s& bi€t rd vi tri chinh xdc
cla s6 liéu trong ma tran 4 liéu.

0 . St e

Hinh 2: Khao st gidn ti€p
I: Camera; 2: Time Properties; 3: DaqView-Trigger

- - > »n? -
3. Phiidng phap mdi vé kiem tra khuyet tat
3.1. Mot s6 khdi niém

Xin dugce dinh nghia mot s6 dai lugng sé dudgc sit
dung trong thuat toAn KTKT-WL trong cdc muc ti€p
theo.

- H¢ s6 Wavelet trung binh dia phuong: Chia co
hé dugc khdo sat thanh céc phan tl theo cdch chia cla
phuong phdp phan t& hitu han (FEM). Gi4 tri trung binh
hé s& Wave_let & 1an khdo sat tha t, t = 1..T, tai cac
diém cit mau clia mot phin td khi xir dung cung mot
gi4 tri hé s6 scale a = a, dudc goi la hé s8 Wavelet trung
binh dia phucng cla phan tlt, dugc ki hiéu 1a #! (k) Hé
s6 Wavelet trung binh dia phuong cda phan tl tha k
dugc tinh:

@) W0 =~ W k)
Q%

trong d6 W/(k) 13 hé s6 Wavelet trén phan tf thy
k & lan khdo satthd t, t = 1T, tai di€ém cdt mau
thtj,j=1.Q,khia=a;Q]la s6 diém cit mau.

- Vector scale a: Xel phép chuyén déi Wavelet
Wf(a,b) clia tin hiéu gbc f(t) tai mot diém khdo sit.
Vector scale a, ki hieu N, trong phép chuyén d6i nay
lrong lin cin cta di€ém cu’c dai tai t =t 1a vector c6
cdc phan tlf a dugc trich ra ¥ tdp cdc gid U‘l scale taora
dudng curc dai trong 1an cin cla diém nay.

-Hé sb Wavelet trung binh: Goi N 1a vector scale
a dudc st dung trong bién d8i Wavelet. He s6 Wavelet
trung binh ctia phan ti¥ thit k sau T 14n khdo sét, ki hiéu
la W(k), k =1..N, dugc tinh'

(3) W)=

TN Q k=1 i=1 j=1
Né&u két hdp vdi (2), W(k) c6 thé dugc viét:

Ry

..An.l

3.2. Thuit toan KTKT-WL

Thugt todn KTKT-WL dudc s& dung d€ ki€m tra sy
hién dién khuy€t tt va dinh vi khuy€t tit trén cdu. Tin
hiéu dugce st dung trong phudng phidp nay Ia tin hiéu
vé dao dong clia ciu theo tii giao thdng. C6 nhiéu tin

hiéu c6 thé duge sit dung trong khio sat xdc dinh su
hién dién va dinh vi khuyét i, ching han tin s6 dao
dong, mode shape, hé s6 gidm chan, bién dang hoic
chuyen vi cda cd hé... Trong nghién ctu nay chun<7 toi
st dung tin hiéu bi€n dang va tin hiéu chuyén vi dé
khdo sat.

Chia nhip cdu thanh N doan, mdi doan dugc goi la
mét phén tff;

J hai trang théi, trang thdi cd hé dugc xem la chua
bi hu va trang thdi cla cd hé & thdi diém kiém tra, thuc
hién cdc budc sau:

- Bugc 1 Bi€n ddi Wavelet Wf(a,b) tin hiéu dao
ddng theo tai giao thong f(t):

+ Po tin hiéu dao déng f(t) cia ciu theo tii giao
théng;

+ Chon khodng khdo sit clia scale a va bién dgi
Wavelet Wf(a,b) cta tin hiéu f(t) theo (1) trong khéng
gian (a, b) cho tdt c& cac phan ai;

- Budc 2 Xac dinh duong cye dai cho tirng phan t:

Dua vao tin hiéu Wavelet Wf(a,b) d€ xdc dinh
dlem cya dai va tr d6 xdc dinh mot dudng cyc dai cho
mdi phan t;

- Buéc 3 Xdc dinh vector cac hé s6 scale a t6i uu
cho tat ca cdc phan t trén cd he, N

Goi A, la vector scale a trén dudng cyc dai cta
phén td thi k, k = 1...N. Céc Ak c6 cung chiéu dai.
Vector dudc tinh:

) N, =Y} A

- Budc 4 Tinh hé s6 Wavelet trung binh W(k):

Dua vao N_, tinh hé s& Wavelet trung binh W(k), k

Wc(li) .N cho tlIng phan td theo (3);

- Budc 5 Nhan dang khuy&t tat:

Vé dic tinh W(k) cho co hé § hai trang thdi, trang
thdi cdu dudc xem la khéng hu va trang thdi cda cau
& thai di€m ki€m tra. Su khéc biét giita hai dugng dac
tinh 13 ddu hiéu nhan bi€t sy tén tai khuy€t tat trén
cdu. Khi da x4c dinh dude sy ton tai ciia khuy&t tat trén
cO hé, phan tir k théa min

6) W (k)= max (W ()

J=lN

12 phan t& y&€u nhi't trén co hé. Mifc d6 hu hdng cla

ciu cang cao thi W(k) cang lén.

4. Thi nghiém kiém chiing
4.1. Stt dung khung mé hinh

Hinh 3: Md Hinh todn cta khung thi nghiém
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(b)

Hinh 4: X4c dinh sy hién dién cta khuyél tat trén cg
hé ciing nhlr dinh vi vj tri cda chiing
(a) Hu1ai Y vdid cdp dp khdc nhau aa, bb, cc, dd; khung
dao dong cung Ian §6 f = 3,6 Hz trong czi bon truong hop. (b)
Tuong tu nhut truong hgp trén nhung tdn sé dao dong img voi
ting mitc khuyét tdt aa, bb, cc, dd theo thit tu la 3,4 Hz, 3,6
Hz, 3,1 Hz va 3,0 Hz. (c) Khung hu dong théi tai hai diém Y,
va Y, cung cdp d¢ aa, bb, cc, va dd; ung vdi ting cdp dp hL(
néu Iren la cdc 1dn 56" dao dong tuong ing 3.6 Hz, 2,9 Hz,
3,2 Hzva 4,0 Hz.

Khung kim loai trén Hinh 1 dugc chia thanh 12 phan
t c6 dd dai bing nhau bdi 13 di€m chia nhy trén Hinh
3. Tao ra cdc vét cit cd ti 1& dién tich phan cdt so véi
dién tich ti€t dién ngang ban dau, theo thif ty, 1a: mifc

aa = 1,56%, bb =4,9%, cc = 11,16 va dd = 23,4%. Cho
khung dao d6ng cudng bic vdi nhlrng tan s6 khéc nhau.
Po chuyén vi tai cdc di€m chia Y,i=2.12.S¢ dung
thuat todn KTKT-WL d€ ki€m tra su’ xuat hién khuy€t
tat trén cd hé, dinh vi vi tri cia chiing ciing nhu khdo
s4t méi lién hé giita hé s6 Wavelet trung binh véi mifc
do khuyét tat trén cd hé. Céc k€t qua khdo sat dugc thé
hién trén cdc Hinh 4 va S.

Hinh 4 cho thay:

- Thuit todn xdc dinh chinh xdc sy hién dién cda
khuyét tat. Ching han, n€u xem mic do hu hong aa =
1,56% 1a kh4 bé, c6 thé xem ddp ng dong luc hoc cla
¢o hé & mac khuy€t tit nay twong ty nhu ddp ting dong
luc hoc cua co hé khi con nguyén ven. Khi d6, so sanh
gid tri hé s Wavelet trung binh W(k) tai cac di€m do
véi gla tri tuong ng W(k) 6 mdc khuy€t tat aa ta sé
Lhay c6 su khdc biét 1o rét. Bay chinh la dau hiéu nhén
bi€t sy ton tai khuy&l tit trén cg hé.

- Trong trudng hop hu héng tai mot di€m Y, hé so
Wavelet trung binh W(k) tai ddy gia tdng rd rét va Ién
hon W(k) tai cdc diém khdc. Pay la ddu hiéu giip xdc

dinh chinh x4c vi tri cda khuyé&t tat trén co hé. Trong
trudng hop hur hong kép, chdng han hu tai Y, va Y nhu
trén Hinh 4c, tai Y, c6 bién d6 dao dong ldn hdn nén
d4u hiéu nhén blet khuyét tat tai day rd rang hon so
véitai Y.

- Hé so Wavelet trung binh khéng nhay véi su thay
d61 ch€ d6 kich thich dao d6ng, dic biét 12 tan s§ dao
ddng. Trén cac Hinh 4b va 4c, mic di tin s6 kich thich
dao dong thay d8i nhung W(k) vin ddng bi€n vdi sir
bi€n thién cia mic d6 khuyét tit. Pic di€m nay rat
quan trong, lién quan tdi kha nang @ng dung thuat todn
KTKT-WL trén c4c hé thdng cau thuc trong d6 sit dung
tai giao thong lam ché d6 kich thich dao dong

Hinh 5: P4 bi€n thién clia hé s& Wavelet trung binh
W(k) theo mic d6 cla khuy&t tat: Phuong phdp xdc dinh
muc 46 khuy&t tit dua vao W(k)

Dua vao Hinh 4a x4c dinh dugc hé s6 Wavelet trung
binh tai di€ém khuyét tit Y6 itng vdi bon cap do khuyét
tat aa, bb, cc, dd, tir d6 xdc dinh dugc duge dudng dic
tinh (1) trén Hinh 5. Pudng (1) thé hién m&i lién hé
gilta mic do khuyét tat va do 16n cia W(6). Hoan toan
tudng ty, dua vao cdc Hinh 4b va 4c¢ ching toi x4c lap
dudc cdc dudng (2) (3) va (4) trén Hinh 5, trong d6
dudng (2) thé hién d6 bi€n thién cia W(6) theo mic
d6 khuy€t tat tai Y, khi khung bi khuyé&t tit tai mot vi
tri Y, nhu trén Hinh 4b; cdc dudng (3) va (4) theo thd
tu thé hién d6 bi€n thién cia W(4) va W(6) theo mic
do khuyeltaltal Y, va Y, khi khung bi khuy#&t tit ddng
thdi tai hai diém Y va Y nhu trén Hinh 4c.

Két qua khio st tren Hinh 5 cho thay mdi lién hé
gilta do bi€n thién cda mic do khuyé&t tat va do bi€n
thién cla hé s& Wavelet trung binh 12 quan hé dong
bi€n. Do d6 st dung hé s& avelet trung binh sé x4c dinh
dugc mic do khuyét tat trén co hé. Pong thdi chinh
quan hé d6ng bi€n néu trén ciing nhu tinh doc 1ap cla
hé s6 Wavelet trung binh vao ché do kich thich dao
ddng cho phép st dung hé s6 Wavelet trung binh trong
bai todn du bdo mic d6 khuy€t tat theo chudi thdi gian.

4.2. Su dung s6 li¢u dao dong cda clu Sai Gon

Trong phan nay ching t6i st dung tin hi€u bi€n
dang tai 10 vi tri do khéc nhau cia mét dim cdu trén
cau Sai Gon, tir di€m do P1 dén P10, & nhi€u thdi
di€m khéc nhau lam di liéu khdo sat. S dung thuat
todn KTKT-WL d€ x4c dinh hé s6 Wavelet trung binh
trong ting trudng hgp. Cac k€t qud dugc trinh bay
trén Hinh 6.
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Hinh 6: Khédo sit d4p ¢ng dong lyc cla ciu Sai Gon dva vao
s6 liéu trong cdc ngay 9/4 d&€n 12/4/2009
Cdc hinh (a), (b), va (c) la tin hiéu bién dang ciia dam cdu &
ba lan do tai cung mét diém do P1. Hinh (d) la tin hiéu
Wavelet Wf{a, b) ciia (c). Hinh (f) la hé s6 Wavelet trung binh
W(k) tai ndm diém khdo sdt P1, P2, P3, P4, va P5 & cing
nhitng thdi diém trong cdc ngay 9/4 dén 12/4/2009. Hinh (g)
la hé 56 Wavelet trung binh W(k) tai ndm diém khdo sdt P6,
P7, P8, P9, va P10 trong cdc ngay 9 dén 12/4/2009.

Céc Hinh 6f, 6g cho thdy cdc dudng dic tinh clia hé
s6 Wavelet trung binh W(k) dit § nhitng thgi di€m do
khdc nhau (do d6 cdc ché d6 tai rong ddng cling nhu
ch&€ d6 kich thich dao déng kh4c nhau) nhung lai cé
dang gan gi6ng nhau, va khodng c4ch giita ching 12 rat
bé (khodng cédch trung binh gilta hai dudng ngoai ciing
khodng 3.10-4), mic du tin hiéu bi€n dang clia ciu tai
cdc thdi di€m do nay hoan toan khéc nhau - dugc thé
hién trén cdc Hinh 6a, 6b, va 6¢. Piéu d6 cho thdy cdc
dudng dic tinh clia hé s6 Wavelet trung binh trong cdc
Hinh néu trén phan dnh ding tinh trang thyc t€ cla cau
Sai Gon: cau dang lam viéc binh thudng. Péng thdi cdc
dic di€m nay con cho thi'y hé s6 Wavelet trung binh
W(k) it chiu Anh hudng clia ché d6 kich thich dao dong
clia cd hé. Pac di€m nay la quan trong, lién quan ti
viéc ing dung tdi giao thong cho thuit toin KTKT-WL

9. K61 lufin

Phuong phdp dé xudt dugc xay dung dya trén phan
tich Wavelet tin hiéu dao dong clda ciu theo hudng
ti€ém cin t6i vu todn cuc scale a va dinh lugng trung
binh theo dudng cuc tri ciia hé s6 Wavelet tin hiéu dao
dong clia cdu. Dya vao hé s6 Wavelet trung binh W(t)
ching t6i di xay dung mot thudt toin mdi mang tén

thuit toin KTKT-WL dudc sit dung dé xdc dinh su tdn
tai cda khuy&ttat trén cdu, dinh vi vi tri cda chiing cling
nhu xdc¢ dinh mic d9 khuy&t tit cia co hé. Cic két qua
ki€m ching cho thdy ring thuit todn dude dé xuit pha
hgp v4i tin hiéu dao dong cudng bitc cla ciu theo t3i
giao thdng, 12 ch& d6 tdi trong dong do chinh ngud; va
cdc phuong tién giao thong luvu thdng qua cau tao ra.
Phuong phdp dé xud't c6 khd ning phin dnh khi ning
tdi cda cdu vdi do tin ciy cin thi€t, déng thdi phuong
phdp nay khéng nhay vdi su thay d8i thudng xuyén
va khong ¢6 quy ludt cda ch€ dd kich thich dao dong.
Trong trudng hgp cau c¢6 mic d6 suy gidm dd cing
ch&ng bi€n dang cuc bd bé thi hé s6 Wavelet Wt(a, b)
c6 bién do rat bé va it thay ddi theo a va b. Do d6 giai
phép dua vao dudng cyc dai dé xac lap tin hiéu hé s&
Wavelet trung binh lam gia ting d6 nhay cia tin hiéu
W(k) so v8i Wf(a, b). Ngoaira, tin hiéu hé s Wavelet
trung binh W(t) hoan toan cé thé dugc st dung lam tin
hiéu du bdo trong cdc hé thong du bdo kha ning tai
clia ciu theo chudi thdi gian. Pay la cdc dic diém quan
trong md ra khd ning ng dung thuit toin KTKT-WL
d€ xdy dung cdc hé théng ki€m tra thudng xuyén kha
ning tdi cda cau ndi rieng va cla cac co hé 16n, phitc
tap néi chung. 3
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