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Abstract. The current test and load-carrying test of bridge mainly receives the natural
vibration frequency, deflection and strain of the bridge structure. This result immediately used
to assess the current state of the bridge structure or stored to assess the bridge condition in the
future. Of the above three results, only the natural vibration frequency of bridge is the
parameter independent of external loads, so it is convenient to assess the bridge condition.
The natural vibration frequency is made up of two main parameters which are the modal
participating stiffness of the structure and the modal participating mass in that frequency. In
order to better understand the behavior of beams, the paper proceeds to determine the actual
modal participating stiffness, the modal participating mass of the beam and the mode shape
function corresponding to this vibration case. The paper using Rayleigh method analyzed for
simply supported beam case, the results modal participating mass and stiffness obtained by
the proposed method are compared with the original assumptions and received high reliability
results.

Keywords: natural vibration frequency, modal participating stiffness, modal participating
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Tom tiit. Cong tac kiem dinh, thir tai cau hién nay chi yéu thu dugc két qua tan s6 dao dong
riéng, d6 vong va bién dang cua két cdu cau. Két qua nay dung dé danh gia ngay hién trang
cua két ciu cau hoac duge luu trit dé danh gia tinh trang cau sau nay. Trong ba két qua trén
chi c6 tan s6 dao dong riéng cua két cau 1a thdng sb khong phu thugc vao tai trong bén ngoali
cho nén thuan ti¢n trong viéc danh gia tinh trang cua két cau. Tan sd dao dong riéng dugc cau
thanh tir hai tham s6 chinh d6 1a 6 ctiing cua két ciu dao dong ¢ tan sé d6 va khéi lugng tham
gia vao tan s d6. Bé hiéu rd hon vé su lam viéc cua két cau bai bao di tién hanh xac dinh d6
cting thyc té cua két ciu, phan khéi luong tham gia khi két ciu dao dong voi tan s6 do va ham
dang mode tuong wng véi dao dong nay. Bai bao sir dung phuong phap Rayleigh tién hanh
phan tich vai truong hop dam gian don, két qua khdi luong va do Cu’ng tham gia dao dong thu
duoc bang phuong phap dé xuat duoc so séanh voi gia thiét ban dau va cho két qua co do tin
cay cao.

Tur khéa: tan s dao dong tu nhién, do cing két cau tham gia, khdi lwong tham gia, ham
dang, phuong phap Reyleigh.

© 2019 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Trong cong tac xép hang tai trong cau, viéc xac dinh céc tham so thuc te cua két cau la
rat can thiét vi giGp gop phan danh gia dung hién trang cia két ciu cau. C6 rat nhiéu tham sé
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cua két ciu nhung trong d6 cac tham s6 dao dong cua két cau phan anh dugc khé chi tiét diéu
kién 1am viéc cua két ciu. Xac dinh nhiing tham sé dao dong cua két ciu dong vai tro quan
trong trong giam sat stc khoe két cau, quan ly va thiét ké cau. Véan dé nay da thu hut rat nhiéu
su quan tadm cuaa cac nha khoa hoc trong nuéc va trén thé gioi. Nam 2003, Jann N, Yang
cuing cdng sw [1] giGi thiéu st dung bién ddi Hilbert Huang cho xac dinh tham sb cua két cau,
trong phuong phép nay, tac gid da xt ly két qua do phan tmg dong luc hoc sau d6 phan tich dé
xac dinh nhiing tham sb két cau. 'Cung ndm do, T. Kijewski va A. Kareem [2] da gi6i thi¢u
phuong phéap bién ddi wavelet dé xac dinh tham sb két ciu. Nam 2004, J. Chen va céng sw
[3] str dung phuong phéap EMD-HT x4c dinh tham s6 modal cho cau treo day vang Tsing Ma.
trong bai bao cua ho, ho so sanh phuong phap EMD-HT véi phuong phap FFT truyén thong
Nam 2005, Joong Sung Kang va cong su [4] da sir dung két qua do gia tdc trong mién thoi
gian dé xac dinh tham SO két cdu. Nam 2006, B.F. Yan cung céng sw [5] xac dinh tham sé
modal trén co s& bién d6i wavelet. Trong mot bai bao khac [6] Yan di so sanh kha ning xac
dinh tham s6 modal ciia hai phwong phap dwa trén co s bién d6i wavelet va bién dbi Hilbert-
Huang. Trong bai béo cua minh, dng ciing cho biét uvu nhugce diém cua ting phuong phap,
nhung s& 14 kho dé c6 thé két luan phuong phap nao hiéu qua hon. Nam 2007, M. Feldman
[7] da gi6i thiéu cach xac dinh tham sé hé dao dong phi tuyén yéu trén co s& bién doi Hilbert.
Nam 2008, P. Frank Pai ciing céng sw [8] trinh bay xi ly tin hiéu phi tuyén trén co sé bién
d6i Hilbert Huang dé xac dinh hé dong luc hoc tham sé va khéng tham s6. Nam 2009, M.
Feldman cung cdng sw [9] str dung bién ddi Hilbert két hop véi dao dong cudng buc va dao
dong tu do dé xac dinh tham s6 hé phi tuyén. Nam 2010, H.A. Nasrellah va C.S. Manohar
[10] d& str dung hudng loc phan tir & xac dinh tham sé két cau tir két qua phan tmg dong luc
hoc cuia twong tac dam-xe. Nam 2011, Te-Yu Liu cling cong su [11] st dung bién doi Hilbert
Huang dé xac dinh hé két cau cau.

Nhu vay viéc dinh tham sé dao dong két cau thu hat rat nhiéu su quan tdm cua cac nha
khoa hoc trén thé gi¢i nhung phan 16n st dung phuong phap chinh xac trong phan tich va cac
ky thuat xir ly két qua dao dong tién tién, cac phuong phap d6 gip kho khan khi két cu c6 do
cimg thay doi hay ¢6 cac khdi lugng tap trung phan b6 trén keét cau. B vuot qua nhitng kho
khan trén bai bao str dung phuong phap gan dung (phuong phap Rayleigh) dé thiét lap moi
quan h¢ gitra tan 30 cua két cau do duoc ung véi cac truong hop khéi luong chat thém trén
dam. Théng qua mdi quan hé dé lan lugt di xac dinh duge do cimg tuong dwong (dé cing cua
két cdu trong tan sé dao déng thir nhat) va khbi luong twong dwong (khéi lirong tham gia vao
dang dao déng thir nhat), tir 6 xac dinh khéi lugng trén don vi chiéu dai cua két cau, El cua
két cau va ham dang caa dang dao dong tha nhat.

Bai bio budc dau phan tich cho bai toan dam gian don, khong xét dén can cd khoi
lugng trén don vi chiéu dai (M) va d¢ ciing chdng uén (EI) 1a hang s6. Két qua phan tich theo
phuong phap dé xuat cua bai bao dugc so sanh véi cac s6 lieu gia thiét ban dau cho két qua
t6t. Ngoai ra bai bao ciing dé xuat phuong phép xac dinh ham dang thuc té cho dam, két qua

tinh cac tham sb khéi luong trén don vi ‘Chleu’ dai va El bang ham dang mai cho két qua co do
chinh xac cao hon so vai ham dang truyén thong.

2. COSO LY THUYET
Theo Rayleigh [12], tan s6 dao dong cua két cau co thé biéu dién dudi dang
-

D=3\ (1)

322



Tap chi Khoa hoc Giao thong van tai, Tap 70, S6 4 (10/2019), 320-329

trong d6 k™ 13 d6 ctrng suy rong (tong quét) va m* 1a khéi lugng suy rong phu thude vao
két cau va ham dang lua chon trong hé toa do suy rong

m =IOLm(><)[w(><)]2 dx+ Y mw(x)] + 23 [y 2)

K = joLk(x) (] dx+ LL ELO) [y (0] dx+ 3k [w ()] @)

trong do:
2

w(x): ham dang c6 thé chon dang %{3—4(%) }; Xx<L/2 hoic dang Sin (”—ij :
hoac ham dang tu xay dung.

m(x): khdi lugng trén mot don vi chiéu dai;

mi: cac khéi lwong chat thém tai vi tri xi;

Ji- cac md men quan tinh khéi lugng chat thém tai vi tri x;;

k(x): d6 cing nén dan hoi trén mot don vi chiéu dai;

El(x): d6 ctiing chdng ubn cua dam;

ki: ¢6 cang goi dan hoi tai vi tri xi;

xi: Vi tri khéi lugng chat thém, mé men quén tinh khéi lugng chat thém (gdi dan hoi);

w"(x): da0 ham bac hai theo bién x ctia ham dang.

Trong truong hop dam gian don c6 1 khéi lugng tap trung thi cong thirc trén don gian
nhu sau:

m’ = _[()Lm(x)[g//(x)]2 o + m[z//(xl)]2 =m,, + m[l//(xl)]2 4)

K" = jOL EL() [y ()] dx =k, (5)

tu trén ta co

o= \/F* >0’ = e > (6)
m My +m[1//(xl)]

Néu v (X, ) =1(truong hop x; tai giita nhip) thi

k
m=—2_m 7
pcial (")
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Tir “phuong trinh (7)” ¢6 thé thady m va 1/&? s& c6 quan hé tuyén tinh véi nhau dang
phuong trinh y=a*x+b, nhu vay néu ta c6 cac cap sb liéu do ngoai thyc té 1a mi va 1/ thi s&
c6 thé xac dinh dugC keq VA Meq thong qua dudng quan hé tuyén tinh cua ching.

Sau khi x4c dinh keq VA Meq néu biét dugc ham dang cua két cau thi c6 thé xac dinh dugc
EI(x) va m(x) tuong ung, theo cdng thic sau:

Néu EI(x)=EI (hing sb); m(x)=m (hing sb) khi d6

k m
El=—f—""—— . M=f"— (8)

[TvreoTax " [ [w(0] ox

Trong bai bao nay trudc tién xét truong hop sir dung ham dang y(x) truyén théng va di
xéac dinh El va m . Tiép @6 bién d6i “phuong trinh (6)” ¢ thé xac dinh céc gia tri ham dang
w(x) roirac tai cac vi tri o bo tri tai trong chat thém theo phuong trinh sau:

k

€q

2 - meq
of =) 7 )

m(x;)

Trong cdng thic trén néu m(xi) 1a tham sé xac dinh, chi co w(xi) thay ddi tng vai cac vi
tri dat khdi luong chét thém, chinh sy thay ddi ndy tao ra cac gia tri ¥(X) ciia ham y(x) .

3.ViDU SO

3.1. Cac thong so dau vao

Thuc hién vi du sé véi dam gian don (dam tinh theo ly thuyét dam Euler—Bernoulli) c6
cac théng sb sau: chiéu dai nhip L=30m. Vat liéu bé téng c6 cac thdng sb sau: trong lugng
riéng y=23,5631KN/m?; khéi lugng riéng p=2,4028KN/m?/g; mé duyn dan hoi E=24.855.578
KN/m?2. Mat cit ngang dam chit | cao 1,65m c6 cac dic trung hinh hoc: dién tich mat cit
A=0,6533 m?; 1=0,2232 m*.

Hinh 1. M6 hinh dam duwa vao phdn tich.

Dé thiét lap duoc cac cap sé lieu (khai hwong chdt thém mi va tan sé dao déng twong
1#Ng i) bai béo tién hanh phan tich dao dong véi cac truong hop dam cé khéi lugng chit thém
khac nhau, cu thé 1a 50KN/g, 100KN/g, 150KN/g, 200KN/g va 250KN/g tai vi tri giita nhip (vi
tri ham dang c6 gia tri bang 1). Bé két qua sat véi truong hop do ngoai hién truong, két qua
gia toc s& duoc Iy tai vi tri gitra nhip va phan tich FFT dé ra duoc tan s dao dong tu nhién
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cla cac truong hop, cach lam nay twong ty nhu viéc chat tai 1én cau sau d6 do dao dong cua
dam bang dau do gia tic.
Dé kiém tra duoc sy phu hop ciia ham dang y(x) bai bao s& di tinh toan tham sb Gng

. 5 ] . X XY ) TR 2.9
véi ba dang ham dang khac nhau, dang 1 1a n 3-4 o0 X<L/2, dang 2 la sin T v
dang 3 12 ham dang xay dung tir cac két qua do dac.
3.2. Cac két qua phan tich

~ Tién hanh phén tich (do) dao dong ctia dam Vi cac truong hop: khdng cé khoi luong
chat thém va c6 khoi lugng chat thém 50KN/g, 100KN/g, 150KN/g, 200KN/g va 250KN/qg tali
vi tri gitra nhip.
Két qua nhan duoc sau d6 bién doi FFT dé thu dugc két qua tan sé dao dong cua dam
nhu sau:

Két qua phd tin sé Két qua phd tan so

150 1500
X:3.25
Y: 1024
100 1 1000 t N
> >
> >
a9 [aW
X:1.823
Y:48.17
50t - ] 500 |
0 : ‘ : : 0 ‘ M
0 1 2 3 4 5 0 1 2 3 4 5
Tan s6 (Hz) Tan so (Hz)

Hinh 2. Tan sé cia trieong hop 6 chdt thém 50KN/g va khdng chdt thém.

Két qua phé tin sd Két qua phd tin sd

500 500
400 ] 400 |
X: 1.19

300 ¢ Y: 270 1 300 ¢ 1411
2 " = v:2237
-4 ~

200 200

100 f 100 ¢

0 ! 0
2 3 1 2 3 4
Tan so6 (Hz) Tan so (Hz)
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Hinh 3. Tan sé cuia trwong hop chat thém 150KN/g va chdt thém 100KN/g.

Két qua phd tan sb Két qua phd tan sb

500 500
400 + 1 400 +
X: 1.045
300 X: 0.946 | 300 1 Y: 258.8
Q Y:232.7 Q
-9 [ ] -9
200 1 200
100 1 100
0 0
0 1 2 3 4 5 0 1 2 3 4 5
Tan so (Hz) Tan so (Hz)

Hinh 4. Tan sé cuia trong hop chat thém 250KN/g va chdt thém 200KN/g.

Tur két qua phan tich trén tong hop két qua nhu sau:
Bdng 1. Tong hop két qua do dao déng.

f (Hz) 325000  1,82300 141100  1,19000  1,04500  0,94600
1/f2 0,094675  0,300903  0,50228  0,706165  0,91573  1,117423
1/w? 0,002398  0,007622  0,012723  0,017887  0,023196  0,028305
m (KN/g) 0 50 100 150 200 250

Tir két qua trén c6 duoc quan hé giita khdi luong chat thém va tan s nhu sau:
Quan hé khoi lwong va tin so dao dong

y =9645,8x- 23,113
R#=1

0 0,005 0,01 0,015 0,02 0,025 0,03
1/@n2
Hinh 5. Quan hé giiza khdi luwong chdt thém va 1/ .

Tur trén cho thay phuong trinh tuyén tinh phl hop nhat tir cac b s6 lieu c6 dang
mM=9645,8(1/»?)-23,113 nén c6 thé uéc tinh keg=9645,8 va Meq=23,113.

Coi m(x)=m va El(x)= El Ia hang sd, sau d6 xac dinh M va El theo cac ham dang khéc
nhau nhu sau:
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m,=[,mefy (] o ke =[ BN 00T o)

2
+) Vi truong hop W(x):%{s—z{fj }

Thay vao cong thtrc trén c¢6 dugc

Mgy = IOLm(x) [:,//(x)]2 dx = %mL (11)
Ko = [ ENOO[p ()] dx = EI 4f§ (12)

Tur phuong trinh trén xac dinh dugc M =1,586KN/m/g; E1=5.425.762,5 KN/m? sali sb so
véi thuc té (1,570; 5.547.765) 1a 1,0% va 2,2%.

N2
+) Truong hop v (X) = Sln(Tj

thay vao cong thuce trén c6 dugc

Mgy = joLm(x) [z//(x)]z dx = %n‘wL (13)

4

ke = [ ENOO [y (x)] dx = EI 2’13 (14)

Tu phuong trinh trén x4c dinh dugc M =1,54087KN/m/g; E1=5.347.275,03KN/m? sai
0 S0 V&i thuc té (1,570; 5.547.765) la 1,8% va 3,6%.

Két qua trén cho thay két qua xac dinh tham s6 s& phu thudc nhiéu vao ham dang duoc
lua chon. Trong truong hop st dung ham dang’lé da thac bac ba s€ thu dugc két qua chinh
xac hon so v6i ham dang 1a ham lugng giac. Tiep theo bai bao s& di xdc dinh ham dang thuc
te cua két cau va sau do xac dinh cac tham so m, El caa két cau theo ham dang dugc xay
dung tir ket qua do dac tan so cua két cau.

+) Xac dinh ham dang thyc té cua két ciu va m , El theo ham dang thyc té

Bién ddi “cong thuc (6)” dwa dugc vé dang quan hé giita ham dang va tan sé caa két cau

k

€q

,_of(x)

I= m(x;)

cac vi tri cach dau dam 3m, 6m, 9m, 12m va 15m. Tién hanh phan tich thu duoc céc tan s dao
dong va tinh ra duoc cac gia tri y(xi); xi=3,6,9,12,15 tuwong ttng

nhu sau: [y(X) tir cong thirc trén néu tién hanh dat khdi luong 150KN/g tai

Bdng 2. Két qud xdc dinh ham dang y(xi).

Xi (M) 3,00 6,00 9,00 12,00 15,00
fi 2,48 1,72 1,38 1,23 1,19
i 242,6025 117,4199 75,62682 60,06242 55,89411

[w(x)]* 0,105823 0,35454 0,643221 0,877336 0,996398
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(i) 0,325304 0,595433 0,802011 0,936662 0,998197

Tir cac gia trj y(xi) c6 thé xay dung ham dang I ham phu hop nhat véi bo s6 ligu trén,
nhu thé hién bén dudi

1/2 ham dang

1,2
y = -5,17E-05x*- 0,0026x + 0,1167x
1 RZ=1
&
S o8
g
2 0,6
T 0,4
o
0,2
0 .
0 2 4 6 8 10 12 14 16

Toa do x
Hinh 6. Ham dang xay dung tir s6 liéu do.
Nhu vay c6 thé thdy ham dang c6 thé chon theo dang da thirc bac ba phu hop nhat nhu
sau:
w(X) =-5,17*10°x3 - 0,0026x2 + 0,1167x véi (x<L/2) (15)

Dé kiém nghiém sy hiéu qua caa ham dang méi tim duoc, bai bao tién hanh tinh toan
m va El theo “cong thuc (8)”

m 23,113
M= —= ! =1,55946 KN/m/g (16)
2*7 41058
[ 00T dx
k
el K 90458 _5.503.002,296 KN/m2 (17)

S () P :2*0.0008764125
[ VRCRC

Két qua tinh toan trén sai s so véi thyc té (1,570; 5.547.765) 1a 0,7% va 0,8%. Két qua
thu duoc cho thdy st dung ham dang xay dung cho két qua xac dinh tham s6 két cau c6 do
chinh xac cao hon so véi sir dung cac ham dang truyén thong chung cho tit ca cac dang két
CAu.

4. KET LUAN

Bai bao da di xdy dung phuong phap xac dinh tham s dua trén phuong phép phan tich
dao dong cua Rayleigh. Bai bio da xac dinh dugc cac tham sé chinh anh hudng dén viéc phan
tich dao dong cua dam d6 1a khdi lugng trén don vi chiéu dai m, do cung El va ham dang cho
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dang dao dong tha nhét cta dim. Bai bao d3 xac dinh tham s M va El theo ba ham dang
khac nhau (hai ham dang duoc sir dung phd bién va mot ham dang do tac gia xay dung 1én)
cho két qua sai s6 dudi 5% so véi gia thiét ban dau. Két qua cta bai bao htra hen giup ich cho
viéc xac dinh M va El cua két cau thuc té béng cach do dao dong theo cac kich ban nhu trong
bai bao dé xuat.
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