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Tém tét: Bai bao s dung phuong phéap thuc
nghiém dé do dao déng va nhan dang céac tan sé
dao déng riéng va cac ty sé can cua két cdu dém
thép. Sau do, cac ma tran can nhot Caughey va
Rayleigh duoc xac dinh tir cac ty sé can da nhan
dang. Céc tén sé dao déng riéng dwoc nhén dang
tee thi nghiém duwoc so sanh véi mé hinh phén ti
hitu han, cac ty sé can duwoc nhén dang va so sanh
theo cac cong thirc khac nhau. Cudi cung, so sanh
quan hé giira ty sé can va tan sé dao doéng riéng
theo cac ma trdn can Caughey va Rayleigh da nhan
dang duorc.
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Abstract: This paper uses experimental methods
vibrations and identify
frequencies and damping ratios of steel beam
structures. Then, the Caughey and Rayleigh viscous
damping matrices are determined from the identified
damping ratios. The identified natural frequencies
from the experiment are compared with the finite
element model, the damping ratios are identified
and compared according to different formulas.
Finally, compare the relationship between the
damping ratio and the natural frequency according
to the identified Caughey and Rayleigh damping
matrices.
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1. Dat van dé

Can nhét 1a moé hinh can phd bién nhét trong
phan tich déng Iwc hoc cong trinh. Md hinh can
nhét gia thiét lwe can ty 1& véi van téc chuyén dong
5, 6 va phwong trinh vi phan dao déng cua hé hiru
han bac tw do (BTD) véi can nhét c6 dang tdng
quat nhw sau:

12

[MKX@O}+[CHXWOF+[KKx®Y={f O} (@)
trong dé, [M], [K], [C] 1&n lwot 1a cac ma tran khdi
lwgng, do clrng va can nhét clia hé.

Khéng gibng nhw ma tran khéi lwgng, dd cirng
c6 thé xac dinh theo cac céng thirc ctia phwong
ph&p phan t& hiru han, ma tran can [C] cta két cau
thwc rat phire tap, khé xac dinh trwdc va thuwong
dwoc xac dinh bang thwe nghiém. Mac du c6 moét sé
phwong phap thwc nghiém cho phép xac dinh ma
tran can tryc tiép nhw phwong phap cta Chen 4,
Arora 1 va Vi Dinh Hwong 11 nhwng cac phuong
phap trwc tiép déu chi nhan dang dwoc ma tran can
c6 kich thwéc gidi han bang sb lveng bac tw do do
dwoc trong thi nghiém do dao dong két ciu. Do dé,
trong thwc hanh phan tich két ciu thwdng st dung
gia thiét can nhét Rayleigh [17], ma tran can la to
hop tuyén tinh cGa ma tran khéi lwong va ma tran
dod clrng voi cac hé sé td hop a va g twong Gng.
Cac hé sb can Rayleigh (a va f) duwoc xac dinh tr 2
tan sé dao doéng riéng va 2 ty sb can twong &ng.

Hién nay, c6 nhiéu phwong phap dé xac dinh
cac hé sb can Rayleigh. Tuy nhién, mdi cach thic
tinh toan cho cac hé sb can khac nhau va do dé,
dan dén cac két qua phan tich phan trng doéng cla
cbng trinh cling khac nhau. Nam 2003, Chowdhury
7 s dung quan hé tuyén tinh cta tan sé dao dong
riéng va ty sb can dé xac dinh cac tham sb can
Rayleigh. Nam 2007, Kandge 14 da dé xuét phuong
phéap mién con va phwong phap phu hop duwong
cong dé tinh toan cac hé sé a, 5. Nam 2014, Tao
Zhang va cong su 22 da s dung tan sé dao déng
riéng co ban va mot tdn sb bac cao hon dé tinh
toan cac hé sb can Rayleigh. C4c phan tich chi ra
rang, viéc lwa chon tan sé bac cao khac nhau dan
dén cac hé sb can Rayleigh khac nhau va phan &rng
dong clia cong trinh cling khac nhau. Nam 2016, Vi
Bbinh Hwong 13 s dung phwong phap binh
phwong téi thiéu d& xac dinh cac hé sb can
Rayleigh va phwong phap nay cho thay sy phu hop
nhét dinh véi phan tich dao dong két cdu nhiéu bac
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tw do chiu tai trong xung tic thdi va két cau cé muie
do can nho.

Mac du dwoc st dung kha phé bién nhuwng mo
hinh can Rayleigh ciing ton tai han ché la ty sé can
chi phu thudc vao 2 tn sé dao dong riéng nén khi
nhan dang dwgc nhiéu mode (tan sb-ty sé can) thi
ma tran can Rayleigh xap xi khong tét sy phu thudc
cla can vao cac tan sb dao doéng riéng bac cao.
Trong trwong hop nay, ma tran can Caughey 2, 3
duwoc dé xuét thay thé va la sy phat trién cta mo
hinh can Rayleigh. Caughey cling st dung phwong
phéap gian tiép xac dinh ma tran can nhét theo ma
tran do cing va khéi lwong nhwng véi gia thiét tdng
quat hon, ma tran (IM]™'[C]) 1& m6t ham da thirc bac
p ctia ma tran ((M][K]) nhw sau:

p-1
[MI[C] = a, (IM]'[K])" (2)
k=0
trong do, cac hé sb cua da thic a (k=0, 1, ..., p-1)

dwoc xac dinh tr p cap tan sb dao dong riéng va ty
sb can twong rng (w, &).

Cac hé sb cha c& 2 md hinh can Rayleigh va
Caughey déu dwoc xac dinh tir cac cap tan sé dao
dong riéng - ty sb can twong ng va céc ty sbé can
nay dwoc nhan dang tr thi nghiém do dao dong cla
két cAu.

M&c du c6 nhiéu phwong phap nhan dang céac
ty sb can nhw phwong phap vong tron diéu chinh 9,
phwong phap tich phan 10, phwong phap phan thirc
18, phwong phap mi phc 19 va phuwong phap dé
réng dai tan sb téng quat 12 nhung phwong phap
do rong dai tan sé nira cong suét (HPB - Half Power
Bandwidth) 15 van |a phuwong phap don gian va phd
bién d& nhan dang tan sé dao déng riéng va ty sb
can ti thi nghiém do dao dong két ciu. Theo do, ty
s6 can nhét dugc wéc lwong tlr sb liéu thi nghiém
do ham phan (ng tan sb (FRF - Frequency
Response Function) cta két cdu badng mot nira do
réng dai tdn sb (ng véi cong suét (hodc nang
lwong) tin hiéu do FRF bang mét nira cong suét
(hoac nang lveng) cwe dai.

Cong thirc co ban wéc lwgng can theo phwong
phap HPB thuong dwoc st dung khi két clu cé ty
sd can rat nhd so v&i 1. Khi xem xét hé 1 BTD,
Wang | 23 d& chi ra réng, dé sai s6 wéc lwong can
nhd hon 5% thi ty sé6 can phai nhé hon 0,15 khi st
dung FRF chuyén vi va twong trng 0,11 khi st dung

FRF gia tbc. Wang | 23 da s dung phwong phap
HPB va dua ra cong thirc bac 3 dé wéc lwong ty sb
can nhot cia hé 1 BTD. Phwong phap HPB voi
cobng thirc bac 3 dé wéc lwong ty sé cadn nhét cho
hé hiru han BTD cho thay, khi cac tan sé riéng cang
tach biét thi sai sé wéc lwong can cang nhé va khi
ty sé can cang I6n thi wéc lwong can cang khong
chinh xac. Nam 2015, Wu 24 da dé xuat cong thirc
xac dinh & bang cach chi b di vo cuing bé bac 6 cia
. Phuong phap ctiia Wu cé wu diém la cong thirc
woce lwong can don gidn va cé do chinh xac cao voi
sé lieu do khoéng c6 nhiéu.

Thi nghiém do dao déng va nhan dang cac dac
trung dao déng clia két cAu nhw tan sé va dang dao
dong riéng da dwoc nghién ctiu kha nhidu trén thé
gidi. Tuy nhién, thi nghiém nhan dang can con gap
khong it khé khdn do két cau thyc c6 sé BTD Ién,
co ché can phirc tap va sb liéu do cé nhidu. O Viét
Nam, thi nghiém do dao ddng va nhan dang cac dac
trung dong lwc hoc (mode) cla két cdu ngay cang
dwoc quan tam nghién clru. NGi riéng, nhém tac gia
da thwc hién nhan dang tan sé dao déng riéng cda
két cAu dam thép theo cac phwong phap khac nhau
nhw phwong phap (céng huéng) kich déng cuwdng
birc 20, st dung nén tang Arduino 21 hay phuong
phap phan tich mién tAn sb 8. Thi nghiém nhan
dang cac dac trwung mode khac nhw dang dao déng
riéng va ty sé can van duoc tiép tuc nghién clu va
phat trién.

Bai bao nay st dung phwong phap thi nghiém
do dao déng va ham phan ng tan sb cua két cau
dam thép dé nhan dang céc tan sé dao ddng riéng
va cac ty sb can twong rng. T do xac dinh cac ma
tran can nhét Caughey va Rayleigh trén co sé& céac
ty s6 can nhan dang tlr thwc nghiém. Cac tan sb
dao ddng riéng nhan dang tw thi nghiém dwoc so
sanh véi md hinh phan t& hiru han, cac ty sé can
dwoc nhan dang va so sanh theo mét sé cong thire
khac nhau. Cudi cling, so sanh quan hé gitva ty sé
can va tan sb dao ddng riéng theo cac ma tran can
Caughey va Rayleigh da nhan dang duoc.

2. Cac dang ma tran can nhét
2.1 Ma trdn can ty 1é téng quat

Goi [@] la ma tran cac dang dao dong riéng
chudn hoa cta két cau. Dat {x(t)} = [®}{u(t)} va nhan
trai hai vé ctia phwong trinh (1) véi [@]" thu dwoc:

[O] IMI[@HU®}+[@T [CIIPKU®}+ [T [KI@Hu®)} =[] {f 1)} ®)
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Do tinh chét tryc giao cta cac dao dong riéng,
ma tran [®]'[M][®] 1& ma tran don vi va
[@]'[K][®] 1& ma tran dwdng chéo chira cac tan
sb dao dong riéng:

[@] [MI[®]=[1], (ma tran don vi) (4)
o> 0 0 0

erKiel-ml-| 0 % 2 | @

0 0 O a)ﬁ
DPé st dung dwoc phwong phap phan tich theo
cac dang dao dong riéng, phwong trinh (3) phai tach
dwoc thanh n hé phwong trinh 1 bac tw do. Khi dé
ma tran can [C] cling phai tric giao v&i cac dao
dong riéng 6, 16, tirc 1a ma tran [@] [C][®] ciing &
ma tran dwdng chéo, c6 dang:

[T [CI[®] = o[ @] [M][®] + AT [K][®]

a+ Bt 0 0 0
0 a+ pa; 0 0

0 0
(@, & VA o, &) 1a 30 3é xac dinh 2 hé s6 can Rayleigh:
{a + ,Bwiz =250,
2
a+ Po; =280,

2.3 Ma trdn can Caughey

(9)

Tr (4) taco: MI[@]=(®])" = [@]=[M]"([®]')"

Bién ddi (5) va chu y dén (11), suy ra:

[KI[®]=([@])"[D] = [MI'[K][®]=[M]"([®]")"[D]=[®][D]

260, 0 0 0
0 25w, 0 O

[OT [Cl[®] = (6)

0 0 0 20

Md hinh can nay dwoc goi la can ty & toéng
quét v&i o la cac tAn sb dao dong riéng va & la cac
ty s6 can twong ng (i=1, 2,..., n).
2.2 Ma tran can Rayleigh

Theo gia thiét can Rayleigh 17, ma tran can |a
td hop tuyén tinh clia ma tran dd cing va khéi
Ilwgng theo cdng thirc sau:

[C]=a[M]+ BIK] (7)

Bién ddi (7) va chu y dén céac cong thic (4),
(5), suy ra:

8

M& hinh can nhét Caughey 2, 3: La md hinh
can téng quat hon can Rayleigh, trong d6 ma tran
cén Caughey [C] dwoc xac dinh nhw sau:

[C1=IMIY. &, M1 “IK)* (10)
(11)
(12)

Bién ddi (10) va cha y dén céac cong thirc (12), (4) thu dworc:

[©]' [Cl[®]=[®]' ([M]pzak (IMI'[KD" J[q?]

-1 p-1
0

k=]
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= zak[D]k

a[@]" IMI(M]™' KD (MI ' [K][®])
a [T [MI(IMI"[K)[@][DT = a[@T MI(MI™[K])* (IM]"[K][@])[DY

a [T [MI(M][K])*[@][DT* =3 a,[®] [MI(M][K])**([M] " [K][®][D]’

a [@] [MI(MI[K]) [®][D]** =pZ::ak[‘D]T [MI(IM] ' [KI[@][D]**

Tap chi KHCN Xay dung - s 2/2022



KET CAU - CONG NGHE XAY DUWNG

.
a, o 0 0
k=0
&
0 a, 0
Suy ra: [@]'[C][®] = kz;‘ o
0 0 0

So sanh (6) va (13) suy ra quan hé gitra ty sb
can v&i cac tan sb dao dong riéng:

f —ipz_la a)2k
i 20) k™i

i k=0

(14)

Cac hé sb a, (k=0,..., p-1) dwoc xac dinh tir p
mode twong wng v&i p phwong trinh sau:

a,+ay@ +..+a,,0" =20

2 2p-2
a +a,0; +... 42,0, =2w,8, (15)

2 2 _
A +t,0, +..+2a,,0,"" =2w,&,

Khi p=2, hé phwong trinh (15) tr& thanh hé
phwong trinh (9) va mé hinh can Caughey tré& thanh
md hinh can Rayleigh. Nhw vay, moé hinh céan
Rayleigh la mét trwdng hop riéng ctia moé hinh can
Caughey. Pé thu dwoc cac hé sb cla ma tran can
Caughey va Rayleigh can wéc lwong dwoc cac cép
tan sé dao dong riéng va cac ty sd can bang thuc
nghiém.

2.4 Trinh tw nhan dang cdc ty s6 can va xdc dinh
cdc ma tran can tw thuwe nghiém
a)

[H|
A

(13)

Trong thwc hanh thi nghiém do dao déng két

clu, sb ligu do ham phan &ng tan sb FRF thuc
nghiém Hj(») dwgc tinh theo cdng thirc sau:
X; (o)
F (@)
trong d6: X;(w) la bién ddi Fourier cta tham sé dau
ra (’ng v&i bac tw do thi j; Fi() & bién dbéi Furrier
cta tham sé lwc dau vao rng véi bac tw do th k.

ij (w) =

(j,k=12..n)  (16)

Sau khi tinh toan FRF, tAn sb dao dong riéng va
ty s can nhét cha két cdu dwoc nhan dang s
dung phwong phap HPB. Phuwong phap nay duwa
trén gia thiét dwdng cong FRF cta hé hiru han BTD
(hinh 1a) c6 thé tach riéng tirng “peak” cdng huéng
(hinh 1b) va coi gan dung nhw FRF cGa hé moét
BTD. Anh hwéng cla cac mode khac téi mode can
nhan dang dwgc bd qua trong moét pham vi nhét
dinh xung quanh diém cwc dai cia mode do.
Phwong phap nay c6 wu diém 1a don gian va phu
hop v&i két ciu c6 cac tan sb dao dong riéng tach
biét.

b)

[H|
A

|H|max

Hinh 1. Phwong phap HPB

Xung quanh peak céng hwéng, ham FRF do
duogc (hinh 1-b) c6 dang nhw ham phan &ng tan sb
cta hé 1 BTD va ty sé can nhét dugc wéc lwong
theo céng thirc co ban sau 9, 15:

b
== 17
¢ > (17)
v&i b 1a do rong dai tan sb nira cong suét:
b= "% (18)
)

r
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trong do: o, - tAn sb &ng v&i bién dd peak cong
hwéng (tan sb dao ddng riéng cltia hé); w,, o, - 2 tan
sb (rng v&i bién dd bang ]/\/E bién d6 peak céng
hwéng.

Trinh tw nhan dang céc ty sb can va xac dinh
cac ma tran can tir thwe nghiém nhw sau:

- Thi nghiém do dao déng két ciu thu dwoc cac
ham phan tng tan sb H;(w);
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- Tinh trung binh sé liéu do cia méi ham FRF va
clia cac ham FRF dé khir nhiu ngau nhién;

- Xéac dinh cac tan sb dao doéng riéng, twong
&ng véi dinh méi peak cong hwéng trén db thi bién
do FRF trung binh;

- Trong pham vi méi peak céng hwéng, xac dinh
ty s6 can nhot theo phwong phap HPB;

- Xac dinh cac hé sb can Rayleigh theo (9) va
cac hé sb can Caughey theo (15);

- Xac dinh ma tran can Rayleigh theo (7) va ma
tran can Caughey theo (10).

3. Nhan dang tan s6 dao dong riéng va ty sé can
clia két cdu dam thép bang thwc nghiém

3.1 Két cau thi nghiém

Két cau thi nghiém & mo6t dam thép mot dau

ngam, mét dau tw do cd cac dac trung sau:

Bang 1. Kich thuwéc va vat liéu cda ddm thi nghiém

STT | Tham sb Gia trj Pon vj
1 Chiéu dai, L 710 mm
2 Chiéu réng tiét dién, b 60 mm
3 Chiéu cao tiét dién, h 8 mm
4 Mb dun dan hdi, E 2,03E+5 N/mm*
5 Khdi lwgng riéng, p 7850 kg/m®

3.2 Thiét bj thi nghiém

Thi nghiém st dung cac thiét bi 1a may do dao
dong da nang NI SCXI-1000DC va phan mém
LabVIEW 2011 cua National Instruments, bda Iwc

tao kich dong dau vao PCB 086C03 va cadm bién gia
tbc dau ra PCB 352C68 cuia PCB Piezotronics. Cac
thiét bj thi nghiém va phan mém do dac dwoc liét ké
trong bang 2.

Bang 2. Céac thiét bj thi nghiém va phédn mém do dao déng

STT Tén thiét bj M4 hiéu (Hang san suét) Dai do (d6 nhay)
1 Bla lwc PCB 086C03 (PCB Piezotronics, Inc) +2224N (2.25mV/N)
2 Cam bién gia toc PCB 352C68 (PCB Piezotronics, Inc) +50g (100mV/g)
3 May do dao ddng NI SCXI-1000DC (National Instruments) Pa kénh
4 Phan mém LabVIEW 2011 (National Instruments)

3.3 So’ do va phwong phdp thi nghiém

So dd thi nghiém dwoc thé hién trong hinh 2.
Trong d6, may tinh s& dung phan mém do dac
LabVIEW két ndi véi may do NI SCXI-1000DC, may
do dwoc két ndi véi bla lwc PCB 086C03 va dau do
gia téc PCB 352C68 — dwoc gan tai dau ty do cla
dam.

Bua luc PCB 086C03

Két cAu dam dwoc chia thanh 4 phan t&, 5 nat
(ké ca nat tai ngam). S dung baa lwc kich déng lén
trng nat 1, 2, 3 va 4 mot sb 1an. Sb liéu do lwe va
gia téc theo thoi gian dwoc tw dong do va ghi lai
trén may tinh badng phdn mém LabVIEW. Sé liéu do
FRF cling c6 thé tw dong tinh toan trén LabVIEW
ho&c st dung cdng cu bién déi Fourier nhanh trong
Matlab.

—

NI SCXI-1000DC

VW
A

.

Hinh 2. So’ d6 thi nghiém do dao dong két cdu ddm thép
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4. Két qua thi nghiém

4.1 Uoc Iromng tan sé dao dong riéng va ty sé can
Tai mbi diém kich déng bang bla lwc, cac

sb lieu do FRF dwoc tinh trung binh va thé hién

Bién do (dB)

trén cac hinh 3 va hinh 4. Trong d4, hinh 3 thé
hién do thi bién dd va pha cta cac FRF, hinh 4
thé hién d6 thi phan thwc va phan do cia cac
FRF.

FRF H11
FRF H12
7 - - - - FRF H13
i ——me FRF H14

Tan sb (Hz)
Hinh 3. B4 thj bién dé va pha cda cac FRF

20

o

3

o OFff

-Ecs- f

.20

5 FRF H11

< 40 ~ FRF H12

~———FRFH13
M 3 |- FRF H14
00 100 200 300 400 500 600

5

300 400 500 600

Tan sé (Hz)
Hinh 4. B4 thj phan thuc va phén do cia cac FRF

D6 thi hinh 3 va hinh 4 cho thdy c6 4 peak
céng hwdng twong &ng véi 4 tan sd dao dong
riéng trong dai tan sé tr 0 dén 600 Hz. Dé xac dinh
cac tan s dao dong riéng va céc ty sb can, thuc
hién trung binh bién d6 4 FRF do dwoc. Két qua do
thi bién d6 FRF trung binh dwoc thé hién trén hinh
5. Trong d6, 4 tan sb dao doéng riéng duwgc nhan

Tap chi KHCN Xay dung - s 2/2022

dang tlr 4 peak cong hwdng va 4 ty sb can dugc
wéce lwong theo codng thirc co ban cla phuwong
phap HPB (17). Két qua so sanh tan sé dao déng
riéng nhan dang ti thwc nghiém véi md hinh phan
t¢ hiu han (PTHH) va két qua nhan dang ty sé
can theo cac cong thirc khac nhau dwoc cho trong
bang 3. Theo d4, sai s6 nhan dang tan s dao
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dong riéng kha nhé cho thdy cac sb liéu thuc
nghiém do dao déng két cdu dam thép cd do tin
cay. Két qua nhan dang 4 ty sb can c6 chénh léch

khéng dang ké gitra coéng thirc co ban véi céac
cbng thire wée lwvgng can cha Wang 23, Wu 24 va
cbng thire tbng quét 12.

14 T T T T

S 12f \ 1
~ |[f.=12,9 Hz f =80,2 Hz f,=229,5 Hz f,=446,5 Hz
210t " 2 3 4 J
£ |=0779% £,=0523%  £,=0,603 % £,=0,283 %

c -
<

S

()] 4
c

2

o d
o

c

@ |
m

0 100 200 300 400 500 600
Tan s6 (Hz)

Hinh 5. B4 thj bién d6 FRF trung binh va két qua nhan dang tan sé dao déng riéng, ty sé can

Bang 3. Két qud nhan dang tan sé dao déng riéng va ty sé can theo phuwong phép HPB

Tan so s &
Mode dao déng riéng (Hz) i Ty so can (%)
Thyc M6 hinh Sai so Céng thirc Cdng thirc Theo Theo
nghiém PTHH (%) co ban (17) tbng quat 12 Wang 23 Wu 24
1 12,9 13,0 0,77 0,77907 0,77837 0,77898 0,77898
2 80,2 81,7 1,84 0,52307 0,52332 0,52304 0,52304
3 229,5 228,8 0,31 0,60283 0,60287 0,60279 0,60279
4 446,5 448,3 0,40 0,28275 0,28283 0,28275 0,28275

4.2 Xac djnh cdac ma tran can

TW cac cap tan sbé dao dong riéng va ty sé can
da nhan dang dwoc trong bang 3 va hinh 5, giai cac
hé phwong trinh (9) va (15) thu dwoc cac hé sé can
Rayleigh (v&i 2 mode dau tién) va Caughey (v&ip = 3
va p = 4) twong (rng. Cac két qua tinh toan hé sb can
va cong thirc xac dinh cac ma tran can Caughey va

Rayleigh theo ma tran khéi lwong va ma tran d6 cing
dwoc cho trong bang 4. Cac ma tran khéi lwong va do
ciwng dugce xac dinh theo phwong phap PTHH tay
thudc sb lwong phan t&r. Xac dinh dwoc ma tran can
c6 y nghfa quan trong trong phan tich két ciu chiu tai
trong déng thay ddi theo thdi gian va nghién clu sy
tiéu tan nang lwgng trong hé.

Bang 4. Gia trj cAc hé sé can Rayleigh theo cac phuong phép

STT Mé hinh can Céc hé sb can Ma tran can
. . a=1,156355118
1 Can Rayleigh B=1,620372249€-05 [C]=a[M]+ BIK]
Caughey - 3 ao= 1,1486575331 )

2 (-3 a;= 1,7405733689¢-05 [C]=a,[M]+ a,[K]+ a,[K][M][K]
a,=-4,6143108384e-12
ao=1,1470217974

5 Caughey — 4 a1= 1,7661947568e-05 [C]=a,[M]+&,[K] +a,[K][M]"[K] +

(p=4) a,=-5,7176919048e-12 -+-a3|:K]([|\/|]’1[K])2

as= 4,7156372443e-19
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Hinh 6. B4 thj quan hé gia ty sé can va tdn sé dao déng riéng theo cac mé hinh can

Db thi sy phu thudc cta ty sb can vao tan sé
&ng véi cdc md hinh can dwoc thé hién trén hinh 6.
Theo d6, mé hinh can Rayleigh chi xap xi téi da 2
mode da nhan dang, md hinh can Caughey-3 xap xi
dwgc 3 mode da nhan dang va mé hinh can
Caughey-4 thda méan ca 4 mode da nhan dang.

5. Két luan

Bai bao trinh bay thi nghiém do dao déng va
nhan dang céc tan sé dao ddng riéng, cac ty sb can
nhot cta két cdu dam thép. Céac két qua nhan dang
tan sé dao dong riéng phu hop véi mé hinh phan t
hiru han cta két ciu. Cac ty sé can nhan dang theo
mét sbé cong thirc cla phwong phap HPB cho thay
sw chénh léch khéng dang ké.

Trén co s& thi nghiém nhan dang céac ty sb
can, cac ma tran can Caughey va Rayleigh dwoc
tinh toan phu thuéc vao ma tran khéi lwgng va ma
tran dd cing. So sanh cAc md hinh can cho thay,
mé hinh can Caughey phi hop véi nhiéu cap tan
sb-ty sd can thwc nghiém hon mé hinh cén
Rayleigh.

Cac ma tran can Caughey va Rayleigh xac
dinh dwoc cé y nghia quan trong va dwoc (rng dung
trong phan tich két ciu chiu tai trong déng thay déi
theo thoi gian va nghién ctru s tiéu tan nang lwgng
cla hé két cAu.
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