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NHAN DANG TAN SO DAO DONG RIENG CUA KET CAU
BANG PHUONG PHAP KiCH PONG CUONG BUC
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Hoc Vién ky thuat quan sy

Tém tét: Tan sb dao dong riéng la mét déc trung
dong Ilwc hoc quan trong cta két cdu cong trinh.
Céc két cu cong trinh cang tr& nén phuirc tap véi
nhiéu loai véat liéu khac nhau lam cho co ché dao
déng cua nd cing phirc tap va khoé xac dinh. N6 cé
thé bi thay dbi trong qué trinh lam viéc cua két céu,
do dé dé xac dinh tan sé dao dong riéng ctia két cau
céng trinh theo ding thuc té lam viéc gap nhiéu khé
khan, thwong dwoc xac dinh theo phuwong phap thuc
nghiém. Bai bao trinh bay cach nhan dang tan sb
dao déng riéng ctia két cdu bang phuong phép kich
déng cuwdng buec.

Tw khéa: Két céu, tén sb dao dong riéng, nhéan
dang, ham phén (ng tan sé.

Abstract: Natural frequencies are important
dynamic characters of the building structures. The
building  structures nowdays become more
complicated with many different types of material.
Hence, there vibrationmechanismswill also be more
complicated and difficult to be determined. The
building frequencies can be changed during the time
when the structureaare in use, thereby
determination of the actual natural frequencies of
building structure is very difficult and offen be
determined by experimental methods. This paper
presents the method to identify the natural
frequencies of the structures by the forcing vibration
method.

1. Mé& dau

Céc dac trung riéng clia két cAu nhw tan sb dao
doéng riéng, dang dao déng riéng va ty sé can la ba
tham s c6 &nh huéng 1&n téi phan rng dong cla
cong trinh. Trong d6, tan sb dao d6ng riéng cla két
cau la tham sb quan trong trong ca phan tich, thiét
ké 1an kiém dinh coéng trinh. Hién nay, cé hai
phwong phap dé& xac dinh tdn sé dao dodng riéng
cla két cdu, do la phwong phap ly thuyét va
phuwong phap thwe nghiém. Ngoai ra nhiéu nghién
clvu & nwdc ngoai trén co s& cac két qua thuc
nghiém tai hién truong va cac két qua ly thuyét da
dwa ra cac cong thirc kinh nghiém dé xac dinh chu
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ky dao dong riéng va tan sb dao dong riéng cla
cong trinh [1]. Phuwong phap ly thuyét dwa trén co
s& cac tham sb vé mé hinh nhw ma tran do cirng
[K], ma tran khéi lwong [M] cha két cu. Theo do,
tan sb dao dong riéng khoéng can o clha két ciu
duwoc xac dinh theo phwong trinh sau [2]:
det((K]-w’[M]) =0 (1)

Phuwong phap thwc nghiém dwa trén co s& cac
phép do dao dong, x& ly tin hiéu do va ky thuat
nhan dang dé xac dinh tan sb dao déng riéng cua
két cAu. Phuong phap nay khéng can st dung md
hinh ly thuyét véi ma tran dé cing [K], ma tran khéi
lwong [M] cia hé. Phwong phap thwc nghiém xac
dinh tan sb dao déng riéng cla két cAu ngay cang
tr&@ nén phd bién, d&c biét 1a trong cong tac kiém
dinh va giam sat trang thai ky thuat cong trinh.

Ngay nay, cac két cAu cong trinh cang tré nén
phirc tap véi nhiéu loai vat liéu khac nhau lam cho
viéc mé hinh hda né ciling khé khan. Mat khac, trong
qua trinh sir dung, do tac dong cua tai trong lap va
méi trudng, cac dic trwng cla vat liéu, két cu cod
thé bi thay dbi lam suy gidam dd clrng va gidm tudi
tho clia cong trinh. Do do6, nhan dang cac dac trwng
dong luc hoc cta két ciu trong doé cé tan sb dao
dong riéng 1a moét van dé nghién clru c6 y nghia
khoa hoc va thuec tién.

Phwong phap thuc nghiém xac dinh tan s dao
doéng riéng cla két cAdu bao gbm nhém céc phuong
phap nhan dang mién th&i gian nhw phwong phap
mién thoi gian Ibrahim [5], phwong phap binh
phwong téi thiéu mi phirc [3] va nhédm cac phwong
phap nhan dang mién tan sé nhu phwong phap
phan tich mién tan sb [4], phwong phap phan thirc
[7], phwong phap phan thic tdng thé [8]. Trong céac
phwong phéap trén, phwong phap nhan dang mién
tan sb thwdng duoc st dung phd bién. Do d6, bai
bao trinh bay thi nghiém do dao déng cwdng blc
cla két cAdu dam thép va nhan dang tan s dao
doéng riéng cla két cAu bang phwong phap mién tan
s6.
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2.Phwong phdp nhan dang tan sé dao déng riéng
2.1 Ham phan trng tan sé cta hé 1 bac tw do
Phwong trinh vi phan dao dong clia hé 1 bac tw
do [2] c6 dang:
Mx(t)+ Cx(t) + Kx(t) = f(¢t) (2)
Chuyén sang mién tan s6, dat x(t) = X(o).e", f(t)
= F(oa).ei“’t, thay vao cong thirc trén, thu duorc:
(~-Mo* +iCo+K).X(0).e” =F(0)e” (3)
Suy ra, ty sb gitra chuyén vi va luc tac dung
trong mién tan sb:
H(@) =22 L @)
Flo) K-Mo +iCo
goi 1a ham phan (rng tan sé (Frequency Response
Function - FRF)cta két cau [4].
2.2 Ma trdn ham phan (ng tan sé cua hé hiu
han béc tw do

Phwong trinh vi phan dao déng hé hiru han bac
tw do [1] c6 dang:
M50} +[CHXO}+ KX = (1)) (5)
Bién ddi phwong trinh vi phan dao dong cua hé
hiru han bac tw do (5) sang mién tan so, thay

(0} ={X(0)}.€” va {f(1)} ={F(w)}.e" vao

phwong trinh vi phan dao dong cta hé hiru han bac

tw do, thu duoc:
([(K1+io[C]l- 0’ [M)){X(0)} = {F(w)} (6)

Suy ra:
X (@)} = ([(K]+io[Cl-o'[M]) " {F(@)} (7)
bat:

[H]=([K]+io[C]-w’[M])" (8)

Trong thuwc nghiém, khi kich thich va do lan luot
ho&c dong thdi cac tham sb dau vao-dau ra cla tat
ca cac bac tw do, sé thu dwoc ma tran sé liéu do

FRF thwc nghiém gém céac phan tr H(w) dwoc tinh
theo cbng thirc sau:

X (w)
Hy (o) = F. (@)

Voi, X (o)- bién dbi Fourier cla tin hiéu dau
ra twong wng v&i bac ty do th i;

F, (®)- bién db6i Fourier cta tin hiéu luc tac
dung dau vao twong &ng v&i bac tw do thiy k.

Theo [4], ham phan (ng tdn s6 FRF cé thé
duwoc biéu thi dwé’i dang nhw sau:

H,(0)= Z (10)

= w’ co+z17a)

(j,k=12,...,n) (9)

trong do: A, 1a cac hang sb,m la hé sb tiéu tan.

Tw (10) thay rang, khi két ciu cé cac tan sb dao
dong riéng kha tach biét va can nhé thi ham phan
&ng tan sb FRF dat cuc tri tai cac tAn sb dao dong
riéng os (s = 1, 2,..., N). Do d8, cac tan sé dao dong
riéng cla két cAdu dwoc xac dinh tai cac diém ma
bién d6 ham FRF dat cwc dai [4].

3. Thwe nghiém nhan dang tan sé dao déng riéng

3.1 Muc tiéu thi nghiém

Thi nghiém nhdm muc tiéu thu dwoc cac phan
&ng déng cuia két cAu dam thép tai cac nat theo thoi
gian. S dung két qua do dao dong thu dwoc dé
nhan dang tan sb dao doéng riéng cta két cAu cong
trinh.

3.2 Két c4u thi nghiém

Két chu thi nghiém dé nhan dang tan sb dao
dong riéng la dam thép mot dau ngam. Thong sbé vat
ly ctia dam duwoc thé hién trong bang 1.

Bang 1. Bang thuédc tinh vét Iy ctia dam thép

Ki hiéu

Giatri | Bonvi

L 710 mm

7850 | kg/m3

8 mm

STT Thoéng sb
1 Chiéu dai
2 | Khéi lugng rieng
3 Mu dundan héi
4 Chiéu cao
5 Chiéu rong

4
E 2.03E5 | Mpa
h
b

60 mm

3.3 Thiét bj thi nghiém

Céc thiét bj dung trong thi nghiém dwoc liét ké trong bang 2.

Bang 2.Danh sach cac thiét bj thi nghiém

STT Tén thiét bi Ma hiéu

Hang san xuat Dai do (d6 nhay)

1 B thiét bi do dao déng

NI SCXI-1000DC

National Instrument Pa kénh
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2 Bua tao xung

PCB 086C03

PCB Group +2224N (2.25mV/N)

3 Cam bién gia toc

PCB 352C68

PCB Group 1+50g (100mV/g)

Hinh 1. (a) NI SCXI-1000DC, (b) Cam bién gia téc PCB352C68 and (c) bua luc PCB086C03

3.4 So' dé thi nghiém

So d6 thi nghiém nhan dang tan sé dao déng
riéng cla dam thép dwoc bd tri nhw hinh 2. Trong
dé, cdm bién gia téc dwoc gan vao dau tw do cla

dam, bd thiét bj do NI dwoc két ndi véi cdm bién
gia téc, bua lwc va may tinh. Sé liéu do dwoc thu
thap va hién thi thong qua phan mém NI Signal
Express.

KET CAU THI NGHIEM

DAY DANTIN HIEU e

PCBOGRCO3

an

NI SCXI-1000DC

e

r_

)

t

MAY TINH

Hinh 2. So dé thi nghiém

3.5 Phwong phap thi nghiém

Thi nghiém dwgc thwe hién tai phong thi nghiém
thuéc béo mén Co s& Ky thuat cong trinh thude Vién
Ky thuat céng trinh dac biét — Hoc vién Ky thuat
quan su.

Tao dao dong cho két cAu bang cach st dung
bua lwc kich déng Ién ddm theo phwong thang
dirng. Sé liéu do duoc ghi lai bao gdm lwc tac dung
dau vao va phan &ng gia tbc dau ra tai nat theo thoi
gian.
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Thuc hién nhiéu lan do twong tw nhw trén thu
duwoc bo sb liéu do lyc tac dung va gia téc twong
¢ng ctia dam.

3.6 Két qua thi nghiém

Thi nghiém do dao déng cla két cau thu
dwoc lwc tac dung dau vao va gia téc tai cac
nat trén két cdu dam thép theo thdi gian. Sé
lidu cia modt 1an do dwoc thé hién nhw trén hinh
3, hinh 4.
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Gia toc (g)

1.1 12 13 14 15 16 17 18 19 2
Thoi gian (s)
Hinh 3. Gia téc thu duoc tir dém

150 ]

100 - ]

Tai trong (N)

1.19 1.2 1.21 122 123 124 125 1.26
Thoi gian (Hz)
Hinh 4. T3i trong tir bua lwc tac dung 1én dam

Vé&i mbi sb lieu do gia tbc va lwc twong 'ng  ham FRF cho ca bo sé liéu do thu dwoc dd bién
thu dwoc tir thi nghiém, thwe hién bién déi Fourier ~ d6 thi ham FRF trung binh va két qua nhan dang
sang mién tan sb va st dung codng thirc (9) dé thu 5 tan sb6 dao doéng riéng dau tién duwoc thé hién
dwoc ham FRF twong tng. Ly trung binh cac  nhw hinh 5.

Bien do (m/s2/N)

100 200 300 400 500 600 700 800

i Tan so (Hz)
Hinh 5. Két qua nhan dang tan sé dao déng riéng
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So sanh céc tan sb dao dong riéng thu duwoc theo phwong phap thir nghiém dong va két qua tinh toan
tan s6 dao dong riéng theo ly thuyét duwoc thé hién trong bang 3.

Trong d6, dd sai léch trong két qué nhan dang tan sb dao déng riéng cta két cAu bang phwong phap
kich ddng cudng birc so véi véi phwong phap tinh toan bang giai tich dwoc thé hién & cong thire sau:

Jo—J,
A(%) =241 x100 11
(%) I (11)

t

Vi, f, -tan s6 dao dong riéng clia két cdu dwoc nhan dang bang phuong phap kich déng cudng birc;

f, - tan s6 dao dong riéng clia két cau dwgrc tinh todn bang phwong phap giai tich 0.

Bang 3. So sanh gid tri tdn s6 dao déng riéng giira thurc nghiém va ly thuyét

Mode Theo thyc nghiém (Hz) Theo giai tich (Hz) Sai léch (%)
1 12.8 12.9 0.8
2 79.8 80.9 1.4
3 228.6 226.5 0.9
4 446.1 443.8 0.5
5 735.6 733.6 0.3

T bang 3 thay rang, két qua nhan dang tan sé
dao doéng theo phwong phap thwc nghiém rat gan
so v6i két qua tinh toan bang giai tich va cé sai léch
nhd.

4. Két ludn

Bai bao da thyc hién thi nghiém do dao déng
clia két cidu dam thép bang phwong phap kich dong
cwdng blrc va st dung k¥ thuat phan tich mién tan
sb6 dé& nhan dang céac tan sb dao dong riéng cla két
cau.

Cac két qua nhan dang tan s6 dao dong riéng tir
thwec nghiém phi hop véi tAn sb dao dong riéng thu
duoc tr ly thuyét va cé sai sd kha nhd. Biéu d6 cho
thdy do tin cay cGa phwong phap thi nghiém va
phwong phap nhan dang.

Phuong phap thwc nghiém cé thé dwoc tng
dung dé nhan dang cac dic trung dao dong riéng
cta két cAu, cong trinh trong qué trinh khai thac, st
dung hodc khi cé sw cb xay ra nham kiém soéat va
danh gia trang thai ky thuat cong trinh.

TAI LIEU THAM KHAO

[1] Vién Khoa hoc Cong nghé Xay dwng(2012), Tiéu
chuan quéc gia TCVN 9386:2012, B6 Xay dung.

Tap chi KHCN Xay dung — sb 1/2017

[2] Pham Dinh Ba, Nguy&n Tai Trung (2010), Béng luc
hoc cang trinh, Nha Xuat ban Xay Dung.

[3] Rown D. L., Allemang R. J., Zimmerman R., Mergeay
M.(1979), “Parameter Estimation Techniques For
Modal Analysis“, SAE Technical Paper Series, No.
790221.

[4] D. J. Ewins (2000), Modal Testing: Theory, Practice
and Application, Imperial College of Science,
technology and Medicine London.

[5] Ibrahim S. R. and Mikulcik E. C.(1977), “A Method for
the direct identification of vibration parameters from
free response”, Shock and Vibration Bulletin, 47, Part
4, pp. 183-198.

[6] Allan Piersol, Thomas Paez (2009), Harris' Shock and
Vibration Handbook, Mcgraw-hill.

[7]1 Richardson M. H. & Formenti D. L.(1982), “Parameter
Estimation from Frequency Response Measurements
using Rational Fraction Polynomials”, Proceedings of
the 1st IMAC, Orlando, Florida, pp. 1-15.

[8] Richardson M. H. & Formenti D. L.(1986), “Global
Frequency and Damping from Frequency Response
Measurements”, Proceedings of the 4th IMAC,
California, pp. 1-7.

Ngay nhan bai:19/2/2017.

Ngay nhéan bai stra 1an cubi: 22/3/2017.

31



