Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé 2024, 7(1):2156-2166

Open Access Full Text Article

Bai nghién ciiu

Khao sat su thay ddi ctia cac dap ung dao déng cho nha cao tang

khi chiu déng dat

Chiém Héng Huan-2, V6 Kiéu Diém Huynh'2, Nguyén Thi Truc Ngan'-2, Nguyén Thi Thu Huong'-?,

Hé Puc Duy'-%"

'Khoa Ky thudt Xay dung, Trudng Dai
hoc Bdch khoa TP. H6 Chi Minh,268
duong Ly Thudng Kiét, quan 10, TP HO
Chi Minh, Viét Nam

’Dai hoc Quéc gia TP. H6 Chi Minh, TP.
Thi Diic, TP. H6 Chi Minh, Viét Nam

Lién hé
Hé Diic Duy, Khoa Ky thuat Xay dung,
Trudng Pai hoc Bach khoa TP, H6 Chi

Minh,268 dudng Ly Thuang Kiét, quan 10, TP
HO Chi Minh, Viét Nam

Dai hoc Quéc gia TP HE Chi Minh, TP. Tha
D, TP.HO Chi Minh, Viét Nam

Email: hoducduy@hcmut.eduvn

Lich su

o Ngay nhan: 01-01-2024

® Ngay chdp nhéan: 28-3-2024

e Ngay dang: 30-4-2024

DOI:
https://doi.org/10.32508/stdjet.v7il.1324

‘W) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma dugc phat hanh theo cac diéu khodn cua
the Creative Commons Attribution 4.0

"\_

VNUHCM PRESS

International license.

1

TOM TAT

Clng vai su tién bd khong ngung clia khoa hoc va cong nghé, cac cong trinh nha cao tang trén
thé gidi ndi chung va Viét Nam noi riéng dang phat trién véi su gia tang vé chiéu cao cing nhu do
phuc tap. Khi chiéu cao clia cong trinh cang tang thi muc dé phuc tap khi tinh toan thiét ké cing
gia tang theo, dac biét la viéc xac dinh cac dap Ung dao déng clia cong trinh trudc cac yéu té tac
dong ctia diéu kién bén ngoai nhu dong dat. Do do, viéc phan tich dao dong clia cac két cdu nha
cao tang dudi téc dong clia dong dat la mot van dé can dugce chd trong va can thiét dé nghién
ctu. Trong nghién cdu nay, cac ddc trung dao dong clia mot cong trinh nha cao tang trong thuc
té dugc phan tich dao dong tu do va dao dong gay ra bai séng dong dat. Bau tién, két cdu nha cao
tang bang bé tong cot thép dugc moé phong theo phuong phéap phan ti hitu han st dung phan
mém phan tich két cdu chuyén dung SAP2000. Sau d6, cac dap Uing dao déng (gia toc, tan sé dao
dong, dang dao déng) clia cong trinh dugc phan tich. Bap tng gia téc dugc trich xudat tir cac diém
khao sat doc theo chiéu cao cong trinh. Phuong phap phan tich mién tan sé (Frequency Domain
Decomposition: FDD) dudc st dung dé xac dinh cac dac trung dao dong (tan s6 dao dong, dang
dao déng) clia cong trinh bang cach phan tich cac di liéu gia téc gay ra bdi dong dat. Cudi cung,
cac ddc trung dao dong khi cong trinh chiu déng dat dugc so sanh va danh gia tuong Uing véi két

qud phan tich dao dong tu do.

Tu khoa: dao dong, tan sé dao dong, dang dao déng, nha cao tang, dong dat

GIGI THIEU

Trong giai doan hién nay, cung véi su phat trién ctia
kinh té nha cao tdng dang nd r tai cic d6 thi clia
Viét Nam, quy mo ciing nhu s tdng cao ngay cang
tang. DOi voi két cdu nha cao ting, Uing xU clia cao
trinh khi chiu dong dat la mot van d€ quan trong va
can thiét phai nghién ctiu. Dong dat la tai hoa thién
nhién v6 cung khting khiép, béi vi chi trong vai gidy ca
mot thanh phd 16n ¢6 thé bi sup d6 hoan toan, ca mot
khu vuc c6 thé bi syt lun va doi khi nhiing dong song
ciing bi d6i dong do hiu qua ctia nhiing trdn dong dat
manh. Diéu ddng quan ngai hon la cho dén nay khoa
hoc ky thuat duong dai van chua du bdo chinh xdc
thoi diém va dia diém dong dét sé xay ra. Do do, con
ngudi chua cd bién phap phong chdéng cha dong doi
v6i tiing trdn dong dit. Va nhu mot hé luy tit yéu,
khi dong dat xdy ra gay thiét hai rat 16n vé con ngusi
va tai san. Viéc nam bat dugc cac dép ting dao dong
ctia cong trinh nha cao ting gitp cho ta cé kha nang
du dodn dugc cic su b c6 thé xay ra trong tuong lai.
Céc nghién ctiu vé dao dong ctia nha cao tdng trén thé
gidi da xudt hién tu 1au, tuy nhién tai Viét Nam, vin
dé nay con kha méi mé va cting chua dugc chu trong.

Dic biét 1a cac nghién ctu vé dap ting dao dong clia
nha cao ting chiu dong dat.

Wei va cong su (2014) da phéan tich tinh kha thi ctia
viéc ting cudng trudc dong dat cho cdc tda nha dé bi
t6n thuong trong khu vuc dong dét vira phai. Nghién
ctiu nay da dua ra cdc phuong dn gidm thiéu ruai ro
cho cong trinh do dong dit'. Pnevmatikos vi cong
su (2018) da danh gida do moi ctia khung thép chiu
mot 8 tran dong dat. Udc tinh ring mot tran dong
dat chinh (gép doi so véi tran dong dit Aigio) cé thé
anh hudng ding ké dén tudi tho moi clia két ciu?.
Nguyen va cong su (2019) da phan tich cac dic trung
dao dong ctia mot thép tua-bin gié ngoai khoi duédi
cac song kich thich khac nhau. Nghién ctiu da chira
cac dap ting dao dong khong chi phan anh dugc dic
tinh dao dong ctia két cdu ma con phan anh dugc dic
tinh ctia séng kich thich. Khi tdn s6 ctia séng t6i xdp
x1 v6i tan s6 tu nhién ctia thap thi sy bién d6i tin s6 do
su hu hong sé bi lu m& béi sy bién ddi tdn s6 do song
kich thich. Nghién ctiu con dé cip dén anh hudng do
chu ky va chiéu cao ctia cac song dén viéc xac dinh cdc
dang dao dong ctia thap>. Sayed (2019) d4 dénh gi4
toan dién dap ting ctia cac toa nha cao tang dudi tai
trong dong dat tuin theo cac yéu cdu thi€t ké. Cac cau

Trich dan bai bao nay: Huin C H, Huynh V K D, Ngan N T T, Huang N T T, Duy H D. Khao sat su thay ddi
cla cac dap @ng dao dong cho nha cao tang khi chiu déng dat. Sci. Tech. Dev. J. - Eng. Tech. 2024;
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hinh toa nha dugc kich thich bdi song dong dat véi cac
gia toc cuc dai khac nhau. Lugng néng lugng truyén
vao céc két cdu toa nha dugc lién két duéi cdc chuyén
dong ctia dong dat bi anh huong béi chiéu cao cua
ciu lién két?. Sherif va cong su (2020) da trinh bay vé
ung xt dong clia mot toa nha bé tong c6t thép 13 ting
dudi sy rung dong cudng biic, rung dong xung quanh
va kich thich do dong dét giy ra. Nghién ctiu nay da
chting minh dugc tinh chinh xdc ctia moé hinh phin
tt htiu han d€ dy doan ting xtt dong thuc t€ cta toa
nha duéi cac luc kich thich khéc nhau®.

Tai Viét Nam, mdt s6 nghién ctiu ¢6 lién quan da dugc
thuc hién. D6 (2011) da phan tich tng xt dong luc
hoc cho két cdu khung c6é hé nudc, dugc dit trén hé
cao su 16i chi chiu dong d4t®. Pham (2012) da nghién
ctiu md rong phuong phap (Modal Pushover Analy-
sis: MPA) trong danh gid dia chan c6ng trinh cho mé
hinh khung phéng. Nghién ctu nay da dé xuit mé
rong phuong phdp MPA trong dénh gid dia chén, so
sanh dong thoi véi két qua ctia phuong phép ddy dan
chuén véi sy déng gép ctia mét dang dao dong va so
sanh v6i két qua chinh xdc ctia phuong phép phan tich
phi tuyén theo mién th&i gian”. Nguyén va Bii (2015)
da dua ra giai phdp giam chén cho két c4u chiu dong
dat dung g6i cao su 16i chi két hgp hé can khai lugng.
Mo hinh song tuyén tinh da dugc diing d€ mo ta tng
XU tré ctia gbi cao su 16i chi. Hé can khéi lugng dugc
gin & tang mai véi thong s6 dugce xéc dinh dya vao
dao dong riéng ctia két ciu chinh®. Nguyén (2016) da
phén tich hiéu qua gidm dao dong cho két ciu ctia bé
nudc méi dugc mo hinh nhu hé gidm chan chit 1ong
(TLD - Tuned Liquid Damper). Pdéng thoi, nghién
cttu da khdo sét cac yéu t6 nhu ti s6 khdi lugng (dung
tich nuéc) so véi tdng khoi lugng két cdu, ti s6 tin
s6 ctia bé nude so voi tAn s6 dao dong riéng ctia két
cdu nham tim ra cac thong s6 phtt hgp cho sy lam viéc
hiéu qua ctia bé nuéc®. Nguyén (2018) di nghién ctiu
vé linh vic chidn doadn hu hong két cdu st dung cac
dac trung dao dong. Sdu phuong phép chin doan hu
hong trong két cdu tdm tii két qua phén tich dao dong
da dugc so sanh va danh gia 0.

Muc tiéu ctia bai bdo nay 1a phén tich sy thay d6i cta
cac dép ting dao dong cho cong trinh nha cao ting
khi chiu dong dat. Pau tién, mot két cdu nha cao ting
dugc mo phong theo phuong phap phén tit hiiu han.
Tu d6, dao dong tu do va dao dong khi chiu dong dat
ctia cong trinh dugc phan tich. Tu cic ddp Gng gia
toc trén cong trinh, phuong phap phan tich mién tan
s6 dugc st dung d€ xac dinh cac dap tng dao dong
(tdn s6 dao dong va dang dao ddng) cuia cong trinh
khi chiu dong dat. Cac két qua gita dao dong tu do
v6i dao dong khi chiu dong dat dugc so sanh va danh
gid. Nghién cttu nay xdc dinh dugc cac dap ting dao

dong ctia cong trinh (gia tdc, tdn s6 dao dong, dang
dao dong). Cac dap ting dao ddng nay khong nhiing
phuc vu cho cdng téc theo doi stic khoe két cdu, chin
dodn hu hong két cdu ma con gitp t6i uu hon trong
viéc thiét ké két cdu cong trinh chiu dong dat.

CO SO LY THUYET

Phuong phap phéan tich mién tan sé

Trong nghién ctiu nay, phuong phap phén tich trong
mién tin s6 (Frequency Domain Decomposition:
FDD) dugc lya chon d€ xdc dinh tin s6 dao dong
va dang dao dong ctia két cdu tu tin hiéu gia tdc.
Phuong phap phan tich mién tin s6 dugc gidi thiéu
bai Brincker va cong sy (2001) 11 Theo mot nghién
ctiu so sanh ctia Yi va Yun (2004), phuong phap nay
cho két qua véi do tin cdy cao, thé hién sy don gian va
tiét kiém thoi gian trong tinh todn 2. Phuong phap
nay phan tich tin hiéu ti mién thoi gian (gia toc) sang
mién tin s6 (tan s6 dao dong, dang dao dong). Trong
phuong phap, mét ky thuit phan tich ma trdn ham
phd mét d6 nang lugng dugce stt dung d€ tao ra mot
tap hop cac hé mot bac tu do ti cac dap tng dao
dong, mdi hé tuong ting v6i mot dang dao dong riéng.
Phuong phép dugc tién hanh theo cac budc nhu sau:
Budc 1: Tién hanh thu thip cic dép ting gia t6c cta
két cdu tii n cam bién gia toc.

Budgc 2: Xac dinh ma tran mat d¢ phé nang lugng
chéo c6 dang nhu sau:

Si(®) Sip(w) Sin (o)
521 (a)) 511 (w) 52,, (w)

Syy (0) = : : N : 1)
Sn1 (60) Sn2 (0)) Snn (0))

Budc 3: Phan tich ma trin mat d6 phd nang lugng
chéo thanh cac gia tri don:

Syy (@) =U (0)" Z(0)V (o) @)

trong do, X (@) 1a mot ma trdn dudng chéo chiia cic
gid tri don vo6 huéng o; (@) (i = 1,2,...n) cta chinh
cdc ma tran mat d6 phé ning lugng, con U (@) va
V () 1a cic ma tran tryc giao.

Budc 4: Xéc dinh cic dinh tin s6 dao dong (w,) tu
céc gid tri don ddu tién oy (@).

Budc 5: Trich xudt cic dang dao ddng tii cac vecto cot
ctia ma tran U (@) tai céc tin s6 tuong tng.

Phuong phap danh gia su thay déi cha cac
dap ung dao dong

Phuong phdp ddnh gid su'thay déi cia tdn sé
dao déng

Su thay déi tuong déi cta tin s6 dao dong gilia hai
trang thai ctia két cdu dugc danh gid theo cong thic
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nhu sau:
Af (%) = (%) x 100%

trong d6, 14 tin s6 dao dong ctia trang thai dau va £*
14 tn s6 dao dong cla trang thai sau. Dya vao gid tri
phén trdm nay, sy thay déi cta tin s6 dao dong gitia
hai trang thai két cdu dugc danh gia. Phuong phap
nay c6 uu diém la nhanh va don gian, nhung khong
danh gia dugc sy thay d6i cia dang dao dong.

Phuong phdp ddnh gid su thay déi ciia dang
dao déng

Su thay d6i ctia dang dao dong gitia hai trang thdi ctia
két cau dugc dinh gid theo chi s6 MAC (Modal As-
surance Criterion). Chi s6 nay thé hién muc d¢ tuong
quan gitia hai vecto dang dao dong.

67 91’
— (4)
[¢iT M [¢iT¢i*]

trong d6, ¢;, ¢ lan luot la cac vecto dang dao dong

MAC(9,0%) =

clia trang thai dau va trang théi sau. Gia tri MAC sé
nhan céc gid tri ti 0 dén 1. Khi chi s6 nhén gia tri
tiém cén 0, c6 nghia la sy khong tuong dong hay su
giéng nhau cang it gitia hai dang dao dong dugc xem
xét. Ngugc lai, khi chi s6 nhan gid trj tiém can 1 chi
ra muc do pht hgp hay giong nhau gitia hai dang dao
dong dugc khao sat.

BAI TOAN KHAO SAT

Mé hinh phan ti hitu han

Trong nghién ctiu nay, mot céng trinh nha cao ting
dugc chon dé khio sat va danh gid sy thay ddi ctia cac
déc trung dao dong. Cong trinh dugc chon 13 Nha
lam viéc cac s6, nganh tinh Bén Tre (Hinh 1). Quy
mo cong trinh ¢6 01 tdng hdm, 15 tdng ndi va 01 ting
mai; tng dién tich san 1a 22791 m?; chiéu cao cta
cong trinh 14 61.3 m. Két c4u chiu lyc chinh ctia cong
trinh bing bé tong cdt thép. Céc dit liéu khac vé kich
thudc, vat liéu, tai trong dugc 14y theo ho so thiét ké
ctia cong trinh.

Mot mo hinh phan t& htiu han dugc thiét 14p cho
codng trinh st dung phdn mém SAP2000 (Hinh 2).
Cot, ddm sé dugc mo phong biang phan ti thanh
(Frame); san va vach ciing dugc moé phong bang phan
ttt tdm (Shell); nat khung la ndt cling; san tuyét déi
cling trong mit phing ctia san; cot va vach dugc
lién két ngam véi méng. Phuong thic phén tich tin
s6 dao dong va dang dao dong riéng (Modal) dugc
chon 1a theo phuong phép vecto riéng (Eigen-vector).
Phuong phéap moé phong va tinh todn tac dung cta
dong dit dugc chon la phuong phép phén tich lich
sti thoi gian (Time history).

M

fw
o

=

Hinh 2: M6 hinh phan t& hiru han

Dit liéu dong dat

Tac dong ctia ddng dat dugc lua chon méd phong thong
qua cic séng chuyén dong cta dit nén dya trén cac
bang ghi dii liéu gia téc trong c6 san qué khi. Trong
nghién ctiu nay, séng dong dat El Centro dugc chon
dé€ khdo sat. Trin dong dat El Centro xdy ra ¢ Hoa
Ky ndm 1940, c6 d¢ 16n 6.95 d6 Richter, khoang thoi
gian chuyén dong manh 24.2 gidy va cuong do Arias
la 1.6 m/s. Dii liéu gia t6c ctia trdn dong d4t El Centro
(1940) dugc thé hién nhu Hinh 3.

KET QUA VA THAO LUAN

Phan tich dao dong tudo

Céc dic trung dao dong (tan s6 dao dong, dang dao
dong) cta trang thdi dao dong tu do la cic thong s6
quan trong cho viéc phén tich dong luc hoc két ciu
cdng trinh. Trong nghién ctiu nay, tim dang dao dong
uén dién hinh, 4 dang theo phuong X (BX1, BX2,
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Hinh 3: D( liéu gia toc clia tran déng dat El Centro
(1940)

BX3, BX4) va 4 dang theo phuong Y (BY1, BY2, BY3,
BY4), dugc chon d€ khao sit. Gia tri tAn s6 dao dong
dugc tng hop trong Bang 1 va Bang 2; cac dang dao
dong tuong ting dugc thé hién trén Hinh 4 va Hinh 5.
Mode BX1 ¢6 bién d6 dao dong 16n nhit tai dinh cong
trinh. V6i Mode BX2, bién d6 dao dong sé 16n nhat
G gan vi tri 7/12 chiéu cao clia cong trinh. Dén véi
Mode BX3, cic bién d¢ 16n nhét ctia dao dong sé &
hai vi tri 14 3/12 va 7/12 chiéu cao cong trinh. Cudi
cung & Mode BX4, da c6 su xuit hién ctia bién d¢ l6n
tai dudi gan chén cong trinh va bién d¢ déu dan la
1/12, 5/12, 9/12. Tuy nhién, v6i dang dao dong udén
béc cao thi su anh hudng cta bién d¢ nay la kha nho.
Két qua nay ciing tuong tu cho cac Mode ctia phuong
Y.

Phan tich cac dap uing dao déng clia cong
trinh chiu déng dat El Centro (1940)

Déng ddt tdc déng theo phuong X

Khi dong dat El Centro (1940) tdc dong vao cong trinh
theo phuong X, dap ting gia tdc ctia cong trinh dugc
ghi nhén trong thoi gian T = 60 gidy, véi chu ky ldy
mau la 0.02 gidy (tdn s6 14y mau la 50 Hz), 3000 di
liéu dugc trich xuit cho 1an lugt ti diém thi 1 dén
diém thi 18 doc trén than cong trinh tuong tGng véi
18 tng cta cong trinh. Hinh 6 thé hién di liéu gia
toc cua cdng trinh khi chiu dong dat El Centro (1940)
theo phuong X.

Tu dap ting gia toc ctia cong trinh, phuong phép phan
tich mién tan s6 (FDD) dugc st dung d€ xdc dinh tin
s6 dao dong va dang dao dong ctia cong trinh khi chiu
dong dit. Hinh 7 thé hién mét d¢ phé ning lugng cua
cong trinh khi chiu dong dét El Centro (1940) theo
phuong X. Hinh 8 thé hién bén dang dao dong udn
theo phuong X, tuong ting v6i bon dinh tan s6 dugc
chon trén Hinh 7. Céc gia tri t4n s6 dao dong; su thay
d6i ctia tin s6 dao dong va dang dao dong khi cong

trinh chiu dong dét so véi két qua phan tich dao dong
ty do dugc téng hgp trong Bang 3. Hinh 9 thé hién
su thay d6i ctia tdn s6 dao dong; Hinh 10 thé hién su
thay ddi ctia dang dao déong.

Picking Peak Singluar Values

Gi trj don dau tién

Tén sb (Hz)

Hinh 7: Mat d6 phé nang lugng ctia céng trinh khi
chiu déng dat El Centro (1940) theo phuong X

Bending Mode Shapes

-
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w & o @
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Y |—©—Mode BX1
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=
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Hinh 8: B6n dang dao dong ctia cong trinh khi chiu
dong dat El Centro (1940) tac dong theo phuong X

0.8767
0.9

%)

Af (%

0.6

0.3 4 0.1923

Mode BX1 Mode BX2

0.1830

|

Mode BX4

0.0077

Mode BX3

Hinh 9: Su thay d6i cGa tan s6 dao dong theo
phuong X

Két qua cho thdy ring tin s6 dao dong ctia Mode BX1
c6 su thay d6i 16n nhat la gn 0.88%. Véi cac dang
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Bang 1: Tan sé dao ddng tu do ciia 4 dang dao déng uén theo phuong X

Dang BX1 BX2 BX3 BX4

Tén s6 (Hz) 0.4926 1.4864 2.8074 4.6302

Bang 2: Tan sé dao ddng tu do ciia 4 dang dao déng uén theo phuong Y

Dang BY1 BY2 BY3 BY4
Téan s6 (Hz) 0.4612 1.7575 3.6078 5.0299
Misde Shape BX1 ) Maode Shape BXZ
g ) — .
z \ £ .
= 5
E o
3 . 2,
= = f
=] ] L/ ']
3 _ B
| BEndSdeodéng . Bitndsadbng
(a) Mode BX1, f= 04926 (Hz) () Mode BX2, f= 14864 (Hz)
IMeShapesll ) ) i . _ Node Rape B4
E E
2" h o
8 L 8
& ]
|
] M s " P o " L i i o i
--Eié'l-ﬁ:;l.a:}ééng-- o .Eliér;:i:.‘}daed':.‘mg

Hinh 4: Céc dang dao déng tu do, uén theo phuaong truc X cia cong trinh

Bang 3: Tan s6 dao dong; su thay d6i cia tan s6 dao déng va dang dao déng theo phuong X

Dai luong Mode BX1 Mode BX2 Mode BX3 Mode BX4
Téan s6 dao dong tu do (Hz) 0.4926 1.4864 2.8074 4.6302
Tén s6 dao dong c6 dong dat (Hz) 0.4883 1.4893 2.8076 4.6387
A (%) 0.8767 0.1923 0.0077 0.1830
MAC 0.9999 0.9962 0.9981 0.9637
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Hinh 5: C4c dang dao déng tu do, uén theo phuang truc Y clia cong trinh
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Hinh 10: Sy thay déi cta dang dao déng theo
phuaong X

con lai thi sy thay déi ctia tdn s6 dao dong gidm dan,
lan lugt 1a 0.19% cho Mode BX2, 0.18% cho Mode
BX4, nho nhit 1a Mode BX3 vdi 0.01%. D6i véi cac
dang dao dong, gid tri MAC déu 16n hon 0.96. Diéu
nay thé hién sy anh hudng ctia séng dong dit dén cac
dang dao dong ctia cong trinh la khong dang ké. Dang

dao dong tai Mode BX2 va Mode BX4 cho ta gia tri
MAC thip hon 2 Mode con lai. Nhu két qua 6 Hinh 7,
mat d6 phé ning lugng phan bd & cac tdn s tling cép
Mode BX1 va Mode BX2, Mode BX3 va Mode BX4 la
tuong d6i déu din, 16n nhat la tai Mode BX1 va nho
nhdt 1a Mode BX4; ma gia tri MAC tai Mode BX4 lai
thip hon Mode BX2. Diéu nay chiing t6 Mode BX4
la dang dao ddng bi anh hudng nhiéu nhit boi song
dong dat, khé dat dugc dang dao dong nhu khi dao
dong tu do.

Trong nghién ctiu nay, hién tugng tuong tac gifia két
cdu cdng trinh va song dong dit ciing dugc khao sat.
Hinh 11 th€ hién cac mat 46 phd nang lugng ctia song
dong dit El Centro (1940) va ctia cdng trinh khi chiu
dong dit theo phuong X. Dau tién, ning lugng nhan
dugc ti tran dong dat c6 hién tugng khuéch dai 1én
trén két cdu. Do d6, phé ning lugng ctia két cdu cling
chinh 13 phé nang lugng khuéch dai ctia dong dét; dac
biét thé hién manh nhat 1a tai vi tri cic tin s6 tuong
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tdc, lam cho cdc dinh nay tréi 1én. Cu thé nhu sau,
tai tiing vi tri cic Mode thi dinh tan s tai day la két
qua hién tugng cong hudng, vi cic dinh tin s6 cua
séng dong dat 1an can véi vi tri tn s6 dao dong tu do
(dudng nét dit) c6 anh hudng dén tan s6 nay cta két
cdu. O phé ning lugng ctia dong d4t, xét Mode BX1,
tan s6 dao dong tu do cia Mode nay gan nhdt véi dinh
tan s6 song lan can véi no la dinh bén phai so véi tin
s6 tu do; do do, su cong hudng manh xdy ra véi dinh
tin sO nay. That vdy, & phd nang lugng cua két cdu,
dinh cong hudng chinh 1a dinh tan s6 viia chon tu
phuong phap FDD (dudng nét lién) sé nam gan dinh
song lan cén viia xét va tan s6 dao dong tu do ctia két
cdu ban d4u. Trong 4 dang dao dong dugc xem xét thi
tai Mode BX1, khoang cach gitia dinh sénglan cén va
tan s6 ty do 1a16n nhat, do d6 Mode BX1 ¢6 xu hudng
bi kéo vé dinh séng dong ddt manh nhdt; dan dén sy
thay déi tan s6 cia Mode BX1 1a 16n nhit. Tuong ty,
tai Mode BX3, khoang cich nay 1a nho nhét nén sy
thay ddi ctia tan s6 dao dong la khong dang ké.

DPéng ddt tdc déng theo phuong Y

Khi dong dat El Centro (1940) tac dong vao cong trinh
theo phuong Y, tii cac dép ting gia toc theo phuong Y
tai 18 diém tuong ting véi 18 tdng ctia cong trinh, cic
két qua tuong tu thu dugc nhu sau. Hinh 12 thé hién
mat d6 phd nang lugng ctia cong trinh khi chiu dong
dat El Centro (1940) theo phuong Y. Hinh 13 thé hién
bén dang dao dong udn theo phuong Y, tuong ting
v6i bon dinh tin s6 dugc chon trén Hinh 12. Cac gid
tri tAn s6 dao dong; su thay d6i ctia tin s6 dao dong
va dang dao dong khi cong trinh chiu dong dit so véi
két qua phan tich dao dong tu do dugc téng hgp trong
Bang 4. Hinh 14 thé€ hién sy thay d6i ctia tn s6 dao
dong; Hinh 15 th€ hién sy thay d6i ctia dang dao dong.
Hinh 15 thé€ hién cac mat d¢ phd nang lugng clia song
dong dat El Centro (1940) va cia cong trinh khi chiu
dong dat theo phuong Y.

Déi v6i trudng hop cong trinh chiu trdn dong dat El
Centro (1940) tac dong theo phuong Y, tin s6 dao
dong tai Mode BY4 c6 su chénh 1éch 16n nhat la gin
0.96%; d6i véi cdc Mode con lai, su chénh léch déu
gidm dan 1an lugt 1a 0.58%, 0.15%, nho nhét la Mode
BY2 v6i gin 0.02% (Hinh 14). Dang dao dong tai
Mode BY4 cho gid tri MAC thdp hon hén so véi 3
Mode con lai (Hinh 15). O phd mét d6 ning lugng
phén bd & cac tan s6 (Hinh 12), tling cip Mode BY1 va
Mode BY2, Mode BY3 va Mode BY4 la tuong d6i déu
din, 16n nhat 14 tai Mode BY1 va nho nhit 1a Mode
BY4. Gia tri MAC tai Mode BY4 lai thap hon nhiéu so
v6i Mode BY1; diéu nay chiing to Mode BY4 la dang
dao dong dé bi anh hudng bdi séng dong dat, kho dat

10°

Gi trj don dAu tién

Picking Peak Singluar Values

Tén s (Hz)

Hinh 12: M4t 6 phé ning lugng clia céng trinh khi
chiju déng dat El Centro (1940) theo phuong Y

Bending Mode Shapes

Chiéu cao (m)

—&—Mode BY1

Mode BY2 | |
—%—Mode BY3
—#— Mode BY4

i\ . J
-0.4 -0.2 0 02 0.4 06 08

Bién dé dao déng

Hinh 13: Bén dang dao déng clia cong trinh khi chiu
déng dat El Centro (1940) tac dong theo phuong Y

Mode BY1

Mode BY2 Mode BY3 Mode BY4

Hinh 14: Su thay d6i cla tan s6 dao dong theo

phuong Y
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Hinh 11: Hién tugng tuong tac gilta két cau céng trinh va séng dong dat El Centro (1940) theo phuong X

Bang 4: Tan s6 dao dong; su thay d6i cia tan s6 dao dong va dang dao dong theo phuong Y

Dai lugng Mode BY1 Mode BY2 Mode BY3 Mode BY4
Tén s6 dao dong tu do (Hz) 0.4612 1.7575 3.6078 5.0299
Tan s6 dao dong c6 dong dét (Hz) 0.4639 1.7578 3.6133 5.0781
Af (%) 0.5783 0.0178 0.1519 0.9588
MAC 0.9962 0.7901 0.7752 0.7377
KET LUAN
Trong bai bdo nay, sy thay d6i ctia cdc dic trung dao
09 dong (tn s6 dao dong va dang dao dong) ctia cdng
g trinh nha cao tdng da dugc khao sat tii viéc phan tich

0.7901
0.8 1 0.7752

07 . . -

Mode BY1 Mode BY2 Mode BY3 Mode BY4

Hinh 15: Sy thay déi cia dang dao déng theo
phuong Y

dugc dang dao dong nhu dao dong ty do. Két qua phé
phén bé ning lugng ctia ddng dit va phé nang lugng
trén két ciu (Hinh 16) cho thdy su tuong tac gitia két
céu va séng dong dat theo phuong Y tuong tu khi séng
dong dat tac dong theo phuong X.

dap ting dao dong (gia tdc) sinh ra boi tdc dong ctia
song dong dat. tu cac két qua phan tich, mot s6 két
luan dugc rut ra nhu sau: (i) So vé6i két qua phan tich
dao dong tu do, tdn sé dao dong va dang dao dong
ctia két cdu ¢ su thay d6i khi chiu dong dat. (ii) Ddi
v6i tiing dang dao dong, sy thay d6i cta tan s6 dao
ddng mang tinh chét ngdu nhién, phu thudc vao néi
dung tin s6 cta song dong dat. Khi tin s6 dao dong
ctia song dong dat xdp xi véi tn s6 dao dong tu do
ctia két cdu thi két ciu sé dao dong cong hudng. (iii)
Do tinh chat khong ddi xting cta két cdu, sy thay d6i
ctia tin s6 dao dong va dang dao dong ctia cong trinh
nha cao tdng theo cdc phuong 1a khac nhau. Két qua
ti nghién ciu nay lam nén tang cho viéc st dung cac
dac trung dao dong trong ky thuat theo doi va chin
doan két cdu cong trinh nha cao tdng chiu dong dat.
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Hinh 16: Hién tugng tuong tac gilra két cau cong trinh va séng dong dat El Centro (1940) theo phuong Y
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ABSTRACT

Along with the continuous progress of science and technology, the tall buildings in the world in
general and in Vietnam in particular have been developing with the progress of height as well as
complexity. As the height of the building increases, the complexity of the design also increases,
especially the work of determining the building's responses to actions such as earthquakes. There-
fore, the vibration analysis of tall building structures under the earthquakes is an issue that needs
attention and is necessary for research. In this study, the vibration characteristics of a real tall build-
ing are analyzed for free vibration and vibration caused by earthquakes. Firstly, the reinforced con-
crete tall building structure is simulated by the finite element method using specialized structural
analysis software SAP2000. Then, the vibration responses (acceleration, natural frequency, mode
shape) of the structure are analyzed. The acceleration responses are extracted from survey points
along the building height. The frequency domain decomposition (FDD) method is employed to
determine the vibration characteristics (natural frequency, mode shape) of the building by ana-
lyzing the acceleration data caused by earthquake. Finally, the vibration characteristics when the
structure is subjected to earthquake are compared and evaluated in accordance with the results of
free vibration analysis.

Key words: vibration, natural frequency, mode shape, tall building, earthquake
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