KET QUA NGHIEN CUU VA UNG DUNG

LOAI BO ANH HUONG NGAU NHIEN TRONG DU’ LIEU
DO DAC NHAM XAC DINH HIEU QUA HON CAC THAM SO
PONG HOC CHO CONG TRINH CAU

Nguyén Birc Phic', Khiuc Pang Tung? Nguyén Hwéng Dwong?®

Tém tat: Tan sé giao dong va ti s6 giam chén la céc tham sé déng hoc cta két cdu déng mét vai tro quan
trong trong linh vurc danh gia strc khde cong trinh. Méc du day la céc tham sé co ban cua két céu, viéc xéc
dinh cac tham s nay ctia cong trinh cau gap mot s6 khé khan. Hién nay tai Viét Nam, phuong phép xéc dinh
chu yéu duwra trén viéc phén tich di¥ liéu do dac khi cdu bi déng va duing céc xe thir téi dé lam Iuc kich thich.
Diéu nay thuong gy dnh huéng dén giao théng qua lai trén cdu. Ngoai ra di¥ liéu do dac ciing hay bi tac
déng béi nhiéu loai tac déng ngéu nhién khac nhau géy dnh huéng dén két qua tinh toén cac tham sé. Bai
béao nay gidi thiéu phurong phép gidm luong ngéu nhién, mét phuwong phép don gidn va hiéu qué nham loai
bé céc téc déng nay trong di liéu do dac cho viéc xéc dinh hiéu quéa hon céc tham sé dong hoc ctia céu str
dung phuong tién giao théng lam luc kich thich. Phuong phép cing duoc (ing dung dé phan tich mét cong
trinh cau thuc té va so sanh véi sé liéu phén tich tir phuong phép phan tir hivu han.

Ttr khéa: Loai bé nhiéu; ki thuét gidm liong ngau nhién; déc trung dong hoc; quan tréc strc khée cong trinh.
Random decrement technique for effectively determining dynamic parameters of bridges

Abstract: Natural frequencies and damping ratios are parameters that play a crucial role in the field of
Structure Health Monitoring - SHM. Despite they are fundamental parameters of structures, the
determination of these modal characteristics of a bridge faces difficulties. Currently in Viet Nam, the primary
methods for determination of modal parameters of bridges are based on analysis of data acquired in its
inoperative conditions. Those methods also require testing vehicles as input exciters that commonly stop
traffic on the bridges. This paper presents Random Decrement Technique - RDT, a simple and efficient
technique diminish these effects in data calculating to determine modal parameters of bridges, which only
uses ambient excitation. The required dynamic characteristics are compared to results from FEM analysis
that confirm the method reliability.

Keywords: Data noise discarding; random decrement technique; modal characteristics; structural health
monitoring.
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@ 1. Gi&i thiéu chung

Céc c6ng trinh cau ludn dwoc xem |a thanh phan quan trong bac nhat cia hé thdng giao théng quéc
gia. V&i sy tang trwdng rat nhanh clia khéi lwong van chuyén nham dap tng cho nhu cau phat trién kinh
té, hé thdng giao théng néi chung va hé thdng coéng trinh ciu néi riéng dang phai chiu mét ap lwc rat 16n ca
vé luvu lweng cling nhw cwdng dé tai trong clia cac phwong tién qua lai. Didu nay dan téi mét nhu cau cép
thiét vé& cong tac danh gia kiém dinh cong trinh cdu nham muc dich ngan ngira sw cd, ddm bao sy thong
subt clia hé théng giao thong.

O Viét Nam hién nay, viéc danh gia kiém dinh céng trinh ciu thwong diing cac phuong phap thir tai
tinh két hop véi cong tac do dong dé xac dinh tan s6 dao dong cla cac két cAu chinh, vi du nhw dadm cha
va tru cau [1]. Cong tac kiém dinh nay phai diing cac xe thir tai déng vai trd nhuw tai trong kich thich lén két
clu két hop vé&i yéu cu dong cau gay nhiéu anh huéng téi giao thong. Hon niva, viéc ding xe thi tai chay
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qua cu v6i thoi gian rat ngén (thwdng chi vai gidy) sé dan dén két qua phan tich tAn sé thuwdng khéng chinh
xac. Hau nhu két qua do dac chi co thé xac dinh duoc tAn sb dao dong co ban. Trong vai trwdng hop, phan
tich di¥ liéu do dac tham chi con khong thé xac dinh dwoc tAn sb dao déng nao, hodc tan s dao déng xac
dinh dwoc la tAn s6 nhidu gay ra bai chinh xe thir tai.

Trong cong trinh cdu, phwong tién di chuyén trén ciu cé thé xem nhuw 14 tai trong kich thich [&n két ciu
thay vi st dung xe th( tai. Tuy nhién, loai tai trong nay la tai trong ng&u nhién do téc do, vi tri va trong lwong
clia phwong tién khong thé xac dinh. Dé st dung loai tai trong ng&u nhién cho viéc xac dinh cac tham sb dong
hoc clia cong trinh cau, cac phwong phap phan tich mé hinh hién truwdng cé thé dwoc st dung, chang han
nhw nhém cac tac gia thuéc Triwong Dai hoc Giao thdng van tai da st dung phwong phap SSI (Stochastic
Subspace Identification [2,3]) d& nhan dang dao déng clia cau day vang My Thuan [4]. Gan day, cac tac giad
clia Treong Dai hoc Xay dwng da dung phan tich EFDD (Enhanced Frequency Decomposition Domain [5])
dé xac dinh dwoc cac tham sb dong hoc ciia mdt mé hinh cau trong phong thi nghiém [6]. Méc du cac nghién
ctru trén co thé xac dinh dwoc kha day dd cac tham sb dong hoc clia cong trinh cau, cac phwong phap nay
thwéorng doi héi st dung nhiéu dau do gia téc cling nhw cac thuat toan phan tich phirc tap, doi héi kién thirc
chuyén gia. V&i muc dich nghién ctvu va thir nghiém mét phwong phéap cho ngudi it ¢ kinh nghiém vé phan
tich md hinh va d&c biét c6 thé ap dung dwoc véi dir liéu tir mot dau do dac (s6 lwong dau do dac thwdng kha
gi&i han & Viét Nam), phwong phap gidm lwong ngau nhién (Random Decrement Technique [7]) duwoc cac
tac gia lwa chon d& &ng dung cho céng trinh cdu. Muc tiéu dwa ra clia nghién ctru la cé thé (ing dung dwoc
phwong phap ra ngoai thwc té véi ndng lwc may méc han ché, dé dang hd trg cho cong tac kiém dinh cau
nham xac dinh tan sb ciing nhw ti sb can ctia két cAu str dung tai trong kich thich 1a phwong tién giao théng.

@ 2. Co’ s& ly thuyét ctia phwong phap giam Iwong ngau nhién

Ky thuat gidm lwong ngau nhién (Random Decrement Technique- RDT) (Hinh 1) [a mét phwong phap
don gian va dic biét hiéu qua trong viéc tach phan dao déng tw do clia két ciu tir phan (rng dong ctia ching
dwéi tac dung clia cac tai trong ngau nhién duoc gidi thiéu béi H. Cole [8]. Y twéng cla phwong phap xuét
phat tir thwc té rdng: Néu ta cong don vé sb cac trng x&r dong X ctia két cAu gay ra chi béi cac tai trong ngau
nhién thi s& dwoc gia tri trung binh béng khéng (0).

Phan &rng Lwa chon s6 | cacdoandi | Trung binh Phan dao

ngu nhién lwong d¥ li€éu | Jigu phan ¢ng ddng tw do

Hinh 1. So dé xw ly di¥ liéu trong ky thuat gidm lwong ngéu nhién

Trong thuc t&, (rng xt&r déng clia mot két cAu X (vi du nhw chuyén vi dong, gia tbc) dwéi kich thich
cla tai trong ngau nhién & thoi diém ¢ + ¢, bao gdbm 3 thanh phan: (1) phan ¢ng cta két cdu dwdi tac dung
clia chuyén vi ban dau a & thoi diém ¢; (2) thanh phan do tac dung ctia van téc ban dau a' 1én két cau & thoi
diém t;; (3) phan (ng cta két cdu dwdi tac dung cda tai trong ngdu nhién F trong khodng thoi gian ¢, dén
t + t,. Ba thanh phan nay c6 thé dwoc ky hiéu nhw trong cong thire (1).

X(t+ty)= Xt +1)] 5, T X(t+1) a.(,a)+R(t+t0)|F(,) (1)

Ky thuat gidam lwgng ngdu nhién dwoc thwe hién don gian bang cach lay cac doan phan (rng cla két
céu voi s6 lwong diém dir liéu bang nhau va co twong tw gia tri ban dau x,. Hinh 2b thé hién hai doan di
liéu dwoc Iay ra tir div liéu phan ing cta két cau. Doan dau tién bat dau & thoi diém t, va két thuc & thoi
diém (t,+ 7), ky hiéu X (t, + 7) trong do 7 la chiéu dai ctia doan dir liéu. Cac doan di liéu s& dwoc cong va
Iy trung binh nhw céng thirc 2 va khi cac doan di¥ liéu du 16n két qua thu dwoc 1a phan (ng tw do clia két
cau nhu Hinh 2c.

5, (c) = %;xo(t, 1) )

Phan trén chinh 13 trinh tw thwe hién cha ky thuat giam lwong ngau nhién. Tuy nhién, co s& ly thuyét
dé& giai thich cho k¥ thuat nay nhw sau: dwéi sw kich thich clia tai trong ng&u nhién, tai trong nay c6 thé dwoc
gia thiét nhw nhiéu ly twéng (white noise), dan dén cac phan tng clia két cdu duéi tac dung clia van tbc ban
d4u va luc kich thich d&u la ngau nhién. K&t qua 1a khi cdng trung binh da 1én cac doan di liéu phan trng
clia k&t cAu gay ra béi hai thanh phan nay sé béng 0 theo nhu mé ta tai cdng thire (3) va (4). Nhw vay, thanh
phan con lai clia cong thirc 1 sau khi da cong trung binh sé chi con 1a phan (ng tw do ctia két cdu dwéi tac
dung ctia chuyén vi ban dau.
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Hinh 3. L4y trung binh cia céc doan di¥ liéu; (a) Céc doan di¥ liéu va két qua céng trung binh; (b) Thanh phan
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Co s& ly thuyét ciia ky thuat gidm lwong ngdu nhién ciing dwoc thé hién rd dwdi dang dd thi nhw
trong Hinh 3.

@ 3. Ap dung phan tich dir liéu cdu Tan An

Cau Tan An c6 két cAu dang ddm chinh dang hdp bé tong cét thép dw (ng lwc nhip lién tuc véi so dd
(70.05m+110m+70.05m) va cau dan dang Super-T nhip 38m nam trén quéc 16 1A thudc tinh Long An. V&i mat
d6 giao théng qua lai day déc, viéc cAm lwu thdng trén ciu dé do dac la khdng kha thi va do dé day la cong trinh
phi hop dé str dung phuong phap duwoc gigi thiéu trong nghién ctru nay nhdm muc dich tach dao déng tw do
clia cau. Sé liéu st dung trong bai bao nay duoc do dac tir phan cau dan Super-T clia cAu Tan An (Hinh 4).

Hinh 4. C4u Tan An, nhip lién tuc (tréi), va nhjp dém Super - T (phai)

Trong qué trinh do dac di¥ liéu tai trong qua cau la xe c¢d chay ngau nhién trén ciu. Thiét bi st dung
dé& do dac 13 ddu do gia toc ba phwong duwoc gan & trén mat ciu gan 18 lan can d& dam bao khong can tré
sw lwu théng qua lai clia phuong tién giao thong (Hinh 5). Phan tng gia téc clia cAu dwéi kich thich clia xe
¢c6 dwoc thu lai théng qua thiét bi SDA-830C, sb liéu thu thap trong khoang théi gian 140 giay va tbc do ghi
dir liéu 14 200 Hz. Két qua do dwoc thé hién trong Hinh 6.
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Ap dung ky thuat gidam lwong ngiu nhién cho
dir liéu gia tbc (Hinh 6) vé&i chidu dai ctia cac doan di
liéu (Response Segments) dwoc Iwa chon la 7.5 giay
twong dwong 1500 gia tri di¥ liéu va gia tri ban dau
(triggering level) x, lay bang 0.5 lan d6 léch chuan. Két
qua thu duwgc dwoc goi la ham giam lweng ngau nhién
(Randomdec Signature), day la phan ng ty do cla
cau duoc té hop tir nhiéu dang dao déng (Hinh 7).

Chuyén dir liéu cla ham giam lwong ngau nhién
t&r mién thdi gian sang mién tan sé bang thuat toan FFT
(Fast Fourier Transform) két qua cac tan sé dao dong
dau tién cda cau dwoc thé hién rd a cac dinh cta dd
thi Hinh 8. Két qua nay ciing dwoc so sanh véi két qua
bién di FFT truc tiép tlr dir liéu do gia téc dwoc thé hién
trong Hinh 9. M&c du ca 2 phuong phép van cho ra két
qua twong ddi gibng nhau; tuy nhién, viéc bién déi FFT
trwe tiép div liéu do cho ra dd thi twong déi nhidu véi rat
nhiéu dinh tan sb. Hon niva, két qua nay sé lam cho viéc
xac dinh cac tham sé déng hoc khac nhw ti s can tré
nén khé khan va cé thé cho ra két qua kém chinh xac.
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Hinh 8. Ham gidm lwong ngau nhién trén mién tan sé
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Hinh 9. Bién déi FFT truec tiép ter di¥ liéu do dac Hinh 10. Xéc dinh ti s6 gidm chan ctda két cau
Béng 1. Két qua xac dinh déc trung déng hoc Tw ham gidm lwong ngdu nhién, viéc xac
cta cau Tan An dinh i s6 can cua két ciu cé thé duoc thwe hién
T T i b&ng nhiéu cach. Tuy nhién, mét trong cac cach
Dang | Tansodao Tan so6 dao Tiso don gian nhét la tach cac dao ddng trong Hinh 8
dao | dongsirdung | dong phan tich | giamchan |  thanh cac thanh phan dao déng riéng theo tirng tan
dong | ky thuatRD (Hz) | theo FEM (Hz) |  {(%) sb, tiép theo d6 s dung khai trién Hilbert dé tim
; 7 “) 5 dwong bao ciia ham thanh phan nay. T d6 ching
: i ta c6 thé tim mot dwdng bao logarit - e“rét véi  1a
2 2.67 2.603 2.13 ti s6 can va w, 1a tan s6 dao dong riéng cia két cau
dé thé hién gan ding phwong trinh ctia dwdng bao,
3 4.0 4.053 4.24 chi tiét dworc mé ta trong Hinh 10.
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Két qua ti s6 giam chan twong (ng v&i cac tn sé dao dong khac duoc thue hién twong tw. Dé kiém
chirng d6 tin cay cla két qua phan tich, mét mé hinh phan t& hivu han (FEM) cia cdu Tan An s dung phan
mém Midas/Civil 2011 da dwoc st dung dé phan tich dong. Két qué dang dao dong va gia tri tAn s6 dao
déng riéng ctia két cAu thé hién trong Hinh 11 va Bang 1.

Hinh 11. Dang dao déng thir nhét va thir hai khi phén tich trong Midas/Civil

Két qua phan tich dang dao dong tht hai va thi ba st dung k§ thuat gidm lwong ngéu nhién duoc so sénh
v6i hai dang dao dong dau tién phén tich bang Midas/Civil cho thay phwong phap gidm lwong ngiu nhién cho két
qué kha tin cay. Tuy nhién, mot diém dang chu y & day 1 khi phan tich bang phuong phap phan ti htu han (FEM)
khéng cho ra duo’c tan sb dao dong nao trung khO’p véi tan s6 dao dong dau tién xac dinh dwoc tir phwong phap
gidm lwong ngau nhién. Tan s6 nay co the la modt két qua nhidu hosc 14 tan sé dao dong clia mét xe tai nang ngau
nhién ndo dé chay qua cau khi do dac sé liéu. Nhin vao Hinh 8 ciing cho thay day ciing 1a dinh tin sb thip nhét
d& mot 1an niva bd xung théng tin rang day co 1& khong phai 1a tn sé dao dong clia két ciu. Két qua nay ciing chi
ra réng khi phan tich dao déng ctia két cAu str dung phwong phap RDT nhirng dinh tan sé c6 bién dd thap can
duoc xem xét cAn than truwde khi dwoc dwa vao cac phan tich khac nhw moét tn sé dao dong riéng cla két cAu.

@ 4. Két luan va kién nghi

Bai bao da gisi thiéu co s& ly thuyét cta k§ thuat gidm lwong ngau nhién ciing véi d6 1a mét vi du
ap dung k¥ thuat nay vao trong phan tich di liéu do dac ctia mét cau thuwe té. Két qua phan tich st dung ky
thuat gidm lwong ngau nhién dwoc so sanh va kiém chirng véi két qua mé hinh phan i hiru han cho thay
két qua cho ra tlr viéc str dung k¥ thuat gidm lwong ngéu nhién la dang tin cay. Nhwoc diém cla phwong
phap nay yéu cau phai cé lwong dir liéu da Ién dé co thé loai bd dwoc nhixng anh hwéng ngau nhién trong
dir liéu do. Tuy nhién, véi viéc khdng can tré giao théng qua lai trén cau va khéng can dung xe thir tai trong
khi do dac di liéu, phwong phap nay hira hen sé la mét trong nhirtng phwong phap cé hiéu qua trong twong
lai g&n trong linh vuwc danh gia strc khde cong trinh.

Mé&c du day la mét phwong phap don gian, viéc lwa chon cac théng sé trong k¥ thuat gidm lwong
ngau nhién nhw chon chiéu dai ctia cac doan di liéu dung dé 1y trung binh, lwa chon bién dd ban dau ciing
la mot van dé can dwoc nghién ciru. DAy ciing 1a hwéng di tiép theo clia nghién clru trong viéc phan tich téi
wu hoa céac tham sé cha k¥ thuat gidam lwgng ngau nhién.

Tai liéu tham khao

1. B6 Giao théng Van Tai (1998), Quy trinh kiém dinh céu trén duong 6 t6 - 22TCN 243-98.

2. Van O.P., Moor B.D. (1993), “Subspace algorithms for the stochastic identification problem”, Automatica,
29(3): 649-660.

3. Van O.P., Moor B.D. (2012), Subspace identification for linear systems: Theory - Implementation -
Applications, Springer Science & Business Media.

4. Nguyén Hiru T!'luép, Bui Tién Thanh, Ngé Van Minh (2016), “Do dac thuc nghiém va mé phéng sé nhan
dang dao déng két cau nhip cau day vang My Thuan”, Tap chi Giao théng Van tai.

5. Brincker R., Ventura C., Andersen P. (2001), “Damping estimation by frequency domain decomposition”,
19" International Modal Analysis Conference, 698-703.

6. Nguyén Burc Phuc, Khiic Dang Tung (2016), “Tinh toén tan s6 dao dong, dang dao déng, va ty sé giam
chén két cu cau st dung di¥ liéu do gia téc”, Tap chi Khoa hoc Giao théng van tai, Trweng Dai hoc Giao
théng van tai.

7. Cole Jr., H.A. (1973), On-line failure detection and damping measurement of aerospace structures by
random decrement signatures, Nasa Report.

8. Cole H., J.R. (1968), “On-the-line analysis of random vibrations”, 9" Structural Dynamics and Materials
Conference, American Institute of Aeronautics and Astronautics.

TAP 1250 2

TAP CHi KHOA HQC CONG NGHE XAYDU'NG TR TITE




