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NHAN DANG CAC THAM SO PONG HQOC CUA TOA NHA
BANG PHUONG PHAP FDD

IDENTIFYING A BUILDING’S STRUCTURE PARAMETERS VIA FDD METHOD

Nguyén Vin Phuéc
Truong Pai hoc Sw pham Ky thudt Tp. Ho Chi Minh; vanphuocspkt@gmail.com

Toém tat - Nhixng nam gan day, phan tich Modal hoat dong duoc
biét dén vai tén goi la phan tich chi v&i ngd ra, da dwoc siv dung
de woc lwgng cac tham so cla cac cong trinh nhw cac toa nha,
cau, tda thap va cac ciu tric co khi. Thuan loi cia phwong phap
nay la nhirng thiét bi kich thich dat tién c6 thé dwoc thay thé béng
cac ngudn rung dong tlr mdi trwdng xung quanh, chang han nhw
cac rung dong tir gid, song va lwu thdng xe cé dwoc st dung nhw
la ngd vao voi bién dd khéng quan tdm, ching dwoc mé hinh héa
nhw nhidu trdng trong cac giai thuat nhan dang modal. Bai bao
nay trinh bay tbng quan vé ky thuat khong tham sb dwa trén viéc
phan giai trong mién tan s6, mé hinh déng hoc clia tda nha n tang
va phwong phap nhan dang cac tham sé modal s dung FDD.

Twr khéa - FDD: phan gidi trong mién tan s6; SDOF: hé thdng
mét bac tw do; OMA phan tich dao dong; EMA:hé thong phan tich
thwec nghiém; MDOF: hé thong da bac tw do; SVD: phan giai gia
tri don

1. D3t vén dé

Nhan dang cac mode dao dong cua mot cbng trinh
bang thuc nghiém c6 thé duoc thuc hién theo mot trong
hai cach: phuong phap phén tich modal thyc nghiém
EMA doi hoi phai biét ca ngd vao va ngd ra dé xay dung
nén mot ham truyén mo ta cho hé thong cong trinh d6 va
phuong phap phan tich modal hoat dong OMA. Tur nhitng
ndm dau thé ky 20, gisi ky thuat dan dung c6 su gia ting
vé sb lugng cac ung dung 6 st dung phuong phap OMA
cho nhiéu coéng trinh nhu nha cao tang, ciu, cac gian
khoan xa bg,...[1]. Phuong phép nay chi doi hoi do cac
ngd ra cua hé thong cong trinh. Trong FDD, ma tran mat
dd phé cua hé théng da bac tw do MDOF dugc phan giai
thanh mot tap cac mat do pho riéng lé tmng voi cac hé
thdng mét bac ty do modal SDOF. Phuong phap nay dugc
minh hoa bing viéc do ludng trén mot md hinh toa nha
hai ting vé&i ngudn kich thich dwoc tao ra béi mét bla
nhya ciing nhé va mot déng co tao rung. Thuan lgi la viéc
st dung phan cing thu thap dir liéu NI-USB 9234 cua
National Instruments dé do ludng mot cach dé dang céc
dap ung gia toc dugc lap dat doc theo chiéu cao tda nha
trong moi truong cua phan mém LabVIEW 2011. Dit ligu
do duoc phan tich trong méi truong Matlab véi su hd trg
ctia cac cong cu xur ly tin hiéu nang cao. Két qua, ta thu
dugc céc tham sb modal cua toa nha nhu cac tan sé cong
huéng, cac dang mode. Ngoai ra, o cng mdi tang ciing
duoc nhan dang dudi gia thiét mé hinh lyc cit dam cua
mo hinh toa nha hai tang.

2. Vit liéu va phwong phap nghién ctru
2.1. Phan gidi trong mién tan sé (FDD)

Céac ma tran mat do phd cong suét cua cac tin hiéu ngd
vao va ngd ra, la cdc ham theo bién tan s6 gdc w cd thé

Abstract - In recent years, Operational Modal Analysis, also
known as Output-Only Analysis, has been used for the estimation
of the parameters of structures such as buildings, bridges, towers
and mechanical structures. One advantage of this method is that
expensive excitation equipment can be replaced by ambient
vibration sources such as wind, wave, and traffic whose vibrations
are used as input for unknown magnitude, and are then modelled
as white noise in modal identification algorithms. This paper
presents an overview of the non-parameter technique based on
Frequency Domain Decomposition (FDD), the dynamic model of
an n-story building and the method of modal parameters
identification via the use of FDD.

Key words - FDD (Frequency Domain Decomposition); SDOF
(Single-Degree of Freedom); OMA (Operational Modal Analysis);
EMA (Experimental Modal Analysis); MDOF (Multi-Degree of
Freedom); SVD (Singular Value Decomposition)

dugc dinh nghia lan lwot 1A X w va Y w lién két véi
ma tran ham dap Gng tan s6 H w thong qua phuong
trinh sau [2, 3, 5, 6, 8, 9]:
Yw=Huw X wHuw' 1)
_ Trong do: r 1a 6 ngd vao va m la s6 tin hiéu ghi nhan
dong thoi, tai moi tan 6 w kich thuéc cua cac ma tran
X w,Y wva H w lan luot Ia rxr, mxm va mxr.
Trong phan tich OMA, thuong gid thiét ngd vao la nhiéu
trang, ma tran mat do phoé cong suat cia X w dugc biéu
dién:
X w=C 2
Trong d6: C la ma tran hang sé.
Matran H w c6 thé dugc viét dudi dang cuc () ) va
phan du (R, ) nhu sau:

Hwot @ 5o R R 3)
1 Jw—X

X w
2. O . T.
de:‘%k\/l_§ka<k:_w PR =donaAk =

Ok

jo—X
—Oy T Wy

Trong do: \,, 0, Wy Sy trong tng la cuc, giam
chan modal, tan s6 ty nhién c6 giam chan, giam chan téi
han va tin sb tu nhién khong giam chan cua mode tht k.
Véi ¢, 1a vecto dang mode, 7, 1a vecto tham gia modal, cac
ngd vao dugc gia dinh 1a nhiéu tring c6 mat o phd cong
suit phang trén toan bé dai tin, phuong trinh (1) dwoc

viét lai nhu sau:
LT T
Jw=XA Jw=X

Nhén céc h¢ s6 ciia hai phan thic riéng timg phan va
tng dung ly thuyét phan thirc riéng phan Heaviside, ngd

H

*

R R
jw=X

n n

o=y

k=1 1=1

(4)

Jo=N
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ra mat do phd cong suét viét nhur cong thirc sau:

=S A A L B B g

Y

R T e e e
R " R,
A]=R.C Z Aik +7AKS*A5 (6)
R C|R
Véi:[Ak]:kTM;)\k =—0, + jwg,
k
lim [Ak]: R, C[Rk]T :dk¢k¢kT ()

damping —light

Trong do: d, la mot hang sé vo6 hudng. tan sé riéng
biét w gidi han bai s6 lwong xac dinh cac mode (thuong la
1 hoac 2 modes). Ky hi§u céc mode la Sub(w). Tryc‘yng
hop toa nha c6 giam chan yeu, ma tran mét do pho déap
ung duoc viét dudi dang nhu sau:

di AP

ke;b(w-) Jw—X N

Phan tich ma tran Y (w) thanh mét tap cac gia tri ky
di va cac vecto ky di bang giai thuat SVD.
2.2. Phan gidi gia tri ky di (SVD)

Phan giai gia tri ky di cua mot ma tran s6 phirc Anhur

sau:
€

X

et (8)
Jo—2X

Y (w)=

A =UxSxVvH
=diag(s,,...... S,);r = min(m,n) (10)
Trong d6 UV 1a cac ma tran dong nhat, S 1a ma tran
chéo chira cac gia tri ky di thyc:
si goi la c&c gid tri Ky di va tuong (thg Vi c&c vecto ky
di duoc chira trong cac ma tranU vaV . Phan tich~ c@c gi@
tri don duoc thuc hién trén n]éi tap da liéu tai m@i tan so
xac dinh. Ma tran mét do pho Ia ma tran dugc xap xi véi
biéu thuc (11) sau khi da phéan giai SVD:
Yw=®5 "
V6i: & o = |
Trong d6 S 1a ma tran gia tri ky di, ® la ma tran dong
nhat chira cia cac vecto ky di:

(11)

ss 0 0. . 0
0 s, O
. 0 . s . (12)
S =diag(s;,......, S,) = 0
.5 0
o . . 000
O=|¢ & b . b | (13)

Xay dung lwu dd thuc nghiém bing phwong phap
FDD dugc minh hoa qua 4 giai doan nhu trong Hinh 1

2.3. Md hinh toan hec cia tda nha n tang

M6 hinh hinh héa thanh mot hé n bac ty do. Toa nha
s& rung dong khi no chiu tac dung bai cac ngoai luc bén
ngoai nhu gio, kich thich do giao thong xe c¢g, do con
nguoi gay nén, tham chi dong dét. Gia thiét xay dung mo
hinh toan cho toa nha n tang dudi tac dung ciia dong dat
lam toa nha rung dong, nghia 1a hé n bac ty do dugc mé
hinh hoa tir toa nha cling dao déng. Xét dao dong n bac ty
do ¢6 dang nhu Hinh 2 [2], [5]. Xét dich chuyén chi theo

mot hudng theo dinh luat 1l Newton va nguyén ly
D’Alembert, hé phuong trinh dao dong ciia hé nhiéu bac
tu do dudi tac dung cua gia toc nén X, (t) theo phuong
ngang x duoc dién ta nhu sau [2, 5]:

—— M x(; (14)

M xX +C x + K x

- Ghi nhan ddng thoi dép & ting.
- Vit dat cac cam bién: nén, san tang
1, san tang 2.

37Tin hieu gia toc do duoc

Gia toc nen
Gia toc tang1
Gia toc tang2

Thoi gian [s]
L
pett it - Bién d6i Fourier cac dép tng do
gg g b= dwoc: xac dinh cdc thanh phin thn s
= I = o _
e o ¢ o o 4 o o - Tinh céc ma tran mat d6 pho cong
-W;'ZI'Z r‘“’; - suat: PSDy(@,;):k=1:n
= s
5 —JL[—A— £ A i - Tinh céc ma trin mét d6 phé chéo:
3= | N l“é L CSDyg(@)yprq
oo of 0 9 Pq\@i):P*q
reeny 2Ty (]
et

- Tirma tran dap tmg:

e |:PSD1 o) CSD12(1v,i)i|
- "] CSDy4(e5) PSDyp(w;)

value)

- Phan giai gia tri ky di (singular value
decomposition) V)= IS IT;T

Vecto ky di thir nhét tai tan s6 4.625 Hz
(1% singutar vector at frequency 4.625)

4

Tang2
(Floor 2)

Cac tham sé modal
(modal parameters): ;. @;

Tang 1
(Floor 1)

Nén .
(Ground)”" Biéndd
(Ampitude)

Hinh 1. Luu do6 thire nghiém FDD

T W T e .
X =% X X o X ;X :[x1 X, X xn}
X =X X X xn}; X, :[x0 X, X oo X
Trong d6: X (t) X (t) X; (t)va Xo (t) lan luot I dich
chuyen van téc, gia tc tai diém khdi luong tap trung tai
tang tha i, matran M , C, K c¢o kich thudc (nxn) co

phuong trinh

m 0 0 0 Ci Gy o Gy ky Ky oo kg
M — 0m 00 C = Cu Cp o Cpp, K — Ky Ky o Ky
0 0 .. 0f |
O 0 0 mn Cﬂl cn2 ' Cnn knl an knn

Trong d6 m, 1a tap trung khdi luong tai tang thu’ i,

i=12.n

2.4. Xay dung ma trgn dé cing tir cac tham sé modal
M0 hinh lyc cat dam gia sir chuyén dong tai mot tang

& trén va bén dudi. Gia thiét do cung cua cac san nhé la

I16n hon cac bire teong. Ma tran d6 cing K dugc viét lai
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nhu sau:
K, + ks, —k, o o
—k, Ky + kg  —kg : :
o —ks :
K A o (14)
: . —kKey koo +k, —k,
o o —K, K,

Trong d6: w;, ®; lan luot 12 tin s6 modal va vecto

k, +k, —w?m, —k, (0]
—k, K, + Ky —wizmz —ks
K = ? s '
0
@i — PG Khi j=2-=n
A = 17
Zml(ﬁli
Vie[ln, k, =w?1
: ¢J’i _¢(jfl)i
Zml¢li
—Vjelln], k, =w? =
J A¢ji

Gia toc tai tang thir j bang w’¢;. Luc quan tinh cua
tang thijm,w’¢;. Tong lyc &p dung Ién ting thir j la
> wimey,. Do xé dich tang th j thi bang quan hé
I:J 2 N - N -
chuyeén vi giira tang thtr j va tang ther j —11a ¢;; — ;4
Do cing cua ting 1 (k1) va ting 2 (k2)'

kK — u)i2m1¢1i +wi2m2¢2i K — 2¢2| ‘4 =0
1= 1Ky = oi =
¢1I _¢0i (b d)ll
Lt

Hinh 2. M6 hinh todn cua toa nha n tang diedi tdc dung ciia
nén dat theo phuong ngang X

3. Két qua va thao luan
3.1. Nhgn dang céac tham sé modal va dé cirng tda nha

Nguyén liéu dugc 1am 1a toan bo tda nha bang thép
cacbon.

Téc @6 1dy mau fs=2048 Samples/s, thoi gian 1dy dix
liu la 4,8828125*10 4 (s). Thoi gian thu thap dix liéu 15

gidy, s mau cua mdi kénh 1a 30720 mau. Thi nghiém 1:
m;=m,=11,9737 kg. Luc kich thich dwoc tao ra boi mot

dang mode thi i twong (ing. mdi quan h¢ gitra tham s6 vat
Iy va c&c tham s6 modal cia toa nha dugc biéu dién nhu

phuong trinh sau:
K —w M &,

=0 (15)

Tir phuong trinh (15) tim dugce do cing tir tang 1 dén tang
n ta viét phuong trinh (16) tong quéat hoa hé thong tuyén tinh.

(.) o 0
: Dai 0((16)
o : :
Pn—ni 0
n—1 kn 1+kn_wm 1 _kn i/)_l) 0
_kn kn - <"le m, "

bla cao su cing nho vao tang 2 theo phuong ngang x véi
mét lyc ngau nhién. Két qua do dac va nhan dang cua lan
do thir 4 trong 10 tap dit liéu thu thap dwoc thé hién tur
Hinh 5 dén Hinh 12.

Hinh 3. M6 hinh
hinh hoc cua toa nha
2 tang dwoc vé bang

ARTeMIS trong

khéng gian 3D

Hinh 4. Hé thong thiee nghiém thu thdp
ddp vmg ciia mé hinh toa nha hai tang
bang phan cirng NI-USB 9234 trong
moi truong LabVIEW 2011

Két qua cho thiy phd cua gia téc nén khong cong
huong véi ting 1 va 2. Nén gan nhu khong dao dong. Vi
vy xét dén su twong quan giita tang 1 va tang 2. Mat do
phé cong suit cua hé théng duoc tinh theo ham tan sb vat
Iy dugc thé hién trong Hinh 9; model: tang 1 va tang 2
dao dong cuing pha, dich chyén ting theo chiéu cao, tang
2 dich chuyén gan gap 1,5 lan tang 1, c¢6 tan s6 10.6060
rad/s; mode2: tang 1 va tang 2 dao dong nguoc pha, Xuat
hién mot diém ndt. Tang 1 dich chuyén gan gap 1,5 lan
tang 2, c6 tan s 29.0597 rad/s.
Acceieration

[ Acceleration Ground

2.5
oo I

_Floorl [~ Accelerstion_Floor2_ [~ ] |

el
T

Acceration [m/s"7]

00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Time [s]

Hinh 5. Ddp vng gia ‘térc theo phuong ngang x do dioc trén
nén, tang 1 va tang 2

[ velecity_Ground [~] Velocity_Floorl  ["-] Velocity_Floor2 [ |
AN ]
0o J\H n“ N] nn.\ 1] .pl Flvsﬂvum ﬂ i gy Al l M

i NI EAE

. ﬁ” U”‘U W U“U
-0a
00 10 20 30 40 50 60 7.0 80 90 100 110 120 130 140 150

-0.2
Time [5]

Yelocity [rmfs]

Hinh 6. Pdp img vdn téc theo phwong ngang x do dwoc trén
nén, tang I va tang 2
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Hinh 7. Ddp vmg chuyén‘vi theo phirong ngang x do dugc

trén nén, tang 1, tang

Single-Sided Amplitude Spectrum of y . (0.y;®.y,(®)

05
0.4 ‘
03
02

o1l
I

o

o1l

02 . : L : : : : :
o 5 10 15 20 25 30 35 a0
Tan so Hz

:
a5 50

Hinh 8. Phé bién dé mot phia cua dap vmg gia téc nén,

tang 1 va tang 2

psd11 csd12
1 ’ 1
s
]
s oft otk
. ]
1 1
0 20 40 60 80 100 0 20 40 60 80 100
Tan so [Hz] Tan so [Hz]
csd21 psd22
1 1
HE il
5
. [
El El
0 20 40 60 80 100 0 20 40 60 80 100
Tan so [Hz] Tan so [Hz]

Hinh 9. Mdt dé phé céng sudt cua dap vmg gia téc xét

trén tang I va tang 2

Céc tham sb modal dugc nhan dang thé hién trong

Bang 1.

Bing 1. Dang mode, dg citng nhdn dang duoc khi dung bua cao
su cung kich thich ngau nhién vao tang 2 theo phuwong ngang x

Mode i 18t 2nd
f (Hz) 1,688 4,625
{dn} -0,55406 -0,83570
{d2} -0,83247 0,54917
D¢ cang trung binh cua | i . .-
te}ng ;I., téng 2 [N/m] va |§1.3317,091 51.3414,902
tan s6 trung binh cua hai | k,:1326,64 | k2:3949,381
dang mode cua 10 lin do = . - .
A f,:1,688 f,:4625
d k1:1,758 | d ki:7,374
Do léch Chuén(d) d_k2:0,0 d_k2: 2,669
d_f1:0,0 d_f2:0,0

P thi phac hoa do cung (stiffness) va do trf)i dat
(inter storey drift [m/m]) giita cac tang dugc thé hién

trong Hinh 11, Hinh 12.

z z
y
x
VA4
Floor 2 ‘ vy
Floor 1 “
Ground ‘ L

1,688 Hz

Floor 2

. |

4,625 Hz

R |

Hinh 10. Hai dang mode bién dang doc theo chiéu cao

toa nha dwoc nhan dang

Longitudinal from 1% mode

e Longitudinal from 2™ mode
Fl 2
Floor 1 \/
Ground
o1z s s P ©
Kg/s? hay N/m X10°
Hinh 11. B¢ cirng cdc tang
ohgitudinal from 15 mode
e |_ongitudinal from 2" mode|
- \&
Floor 1
Ground
o 1 2 3 4 5 6 7 8 9 10

Hinh 12. B¢ xé dich ting

D6 xé dich tang (Inter-storey drift) [m/m]

X10%

Thi nghiém 2: m;=m,=11,9737 kg, tda nha chiu mat
kich thich rung dong tir mot dong co DC gan chat trén
nén toa nha. Két qua thé hién tir Hinh 13 dén Hinh 16.
Phé bién d6 mot phia va mat d6 phd cong suat duoc vé

trong Hinh 13 va Hinh 14.

3 Tin hieu gia toc do duoc

40
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-a0
o

5

Thoi gian [s]

10

15

Hinh 13. Pdp iing gia téc ciia nén, tang 1 va tang 2 vmg
voi kich thich la dong co kich rung

Single-Sided Amplitude Spectrum of y, . 1)y, ®).y,(t)

0.2 T T T T
Pho bien do cua yO
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|
s o1 I 4
=
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|
0.05 H w ‘
N |
Al Td
obd_L e
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Hinh 14. Pﬁ(f bién dg mét phia ciia ddp vmg gia toc nén, ting 1
va tang 2 wng voi kich thich la dong co kich rung

x10° psd1l X 10 csd12
4 4
g 2 ‘A 2
g o A -l °
@ 2 2
-4 -4
0 10 20 30 40 o 10 20 30 40
Tan so [Hz] Tan so [Hz]
x10° csd21 X 10° psd22
4 a
o 2 204
8
50 0 P
@ 2 2
-4 -4
0 10 20 30 40 o 10 20 30 40
Tan so [Hz] Tan so [Hz]

Hinh 15. Mdt d3 phé céng sudt ciia dap iimg gia toc tang 1, tang 2
Bdng 2. Dang mode, do cing nhdn dang cfu’g’c khi dung
dong co rung kich thich vao nén

Mode i 1st 2nd
f (Hz) 1,688 4,625
{%u} -0,55406 -0,83570
{42} -0,83247 0,54917
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Do cing trung binh cia | Ky:3303,395 | ki: 3620982

tang 1, tang 2 [N/m] va | — . =

tan sb trung binh caa hai EZ + 1326,644 Kz :3917,751

dang mode ctia 10 lando | f,: 1,688 f,: 4,625
d_k1:21,3642 | d_k1: 304,2966

Do lech chuan(d) d_k2: 0,0 d_k2: 15,0906
d f1: 0,0 d f2:0,0

4. Két luan

Két qua nhan dang giira hai truong hop dung bla cao
su ctng kich thich rung va dong co tao rung c6 su sai lech
nho, chip nhan duoc. Tan sb dao dong riéng khong sai
léch cho ca hai dang mode. D¢ ciing tang 1 ciia mode 1 c6
do sai léch 13,69562 N/m, do cing tang 2 caa mode 1 c6
do6 sai léch 0 N/m; do cung tang 1 ciia mode 2 c6 do sai
léch 206,07993 N/m; do ciing ting 2 ciia mode 2 ¢ d sai
léch 31,62963 N/m. Phéan tich modal véi ky thuat FDD
nhan dang dugc tham sé modal nhanh va chinh xéac. Diéu
nay da dugc thuc hién chi véi viée do cac dap ung cua toa
nha khi chiu tac dung béi cac luc ngd vao khong quan
tam dén bién d6, khdng can xét dén lyc kich thich.
Phuong phap ndy cung cip cho ta cac mau bién dang. Tuy
nhién, n6 khdng anh huong dén két qua tinh toan do cing
theo céc dang mode. Phuwong phap FDD dugc 4p dung
thanh cong trén mo hinh toa nha hai tang duoc thiét ké va
thi cong theo mo hinh lyc cit dam da nhan dang dwoc céc
tham s6 modal va d6 cing cac tang. Két qua nghién ctu
da minh chting cho kha nang st dung phuong phdp FDD
vao thyc tién cho céc toa nha dan dung hién nay 1a mot
dong goép hitu ich va thiét thuc gép phan vao cong tac

"Phong ngira, tng phd va khac phuc hau qua dong dat",
bao vé tinh mang va tai san ctia nhan dan.
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