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The influence of higher mode shapes on dynamic responses of multi-storey building
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TGM TAT

Rai bao nghién ciu nh heéng cia cac dang dao dang cao |én
irmg xir dong cia ket cdu nha nhiéu tdng chiu gia tdc nén cia
dang dat. K&t céu nha nhiéu tdng duoc chon khao sat [a ma hinh
cla cac toa nha 40 tang, al tang vai mat bing chir nhat va chir
| dwge rivi rac haa bing phuong phap phan tir hitu han trong bai
todn phan tich ang xir dang bai phan mém ETABS vai céc gia tdc
nén cia tran dang dét Elcentro, Santa va Lucerne. Phuong phap
chiing chat dao dang dugc ap dung dé tim ang x{r dong thang qua
céc dai lrgng chuyén vi dang, ma men chén cat va luc cat day
trén toan mién thai gian. K&t qué s cho thdy réng phan ing
dang van gia tang khi co su hién dign cia nhigu dang dao ding
can.

Tir khda: K&t cdu nha nhiéu tang; phan tich dang lyc hoc; gia tdc
nén dong dat; dang dao dang cao.

ABSTRACT

The objective of this paper is to study the influence of higher mode
shapes on dynamic responses of multi-storey building structures
subjected to ground acceleration of earthquakes. The selected
structure in this investigation is a analytical model of a 40-storey,
a0-storey building with variuos plan discreted by finite element
method in dynamic analysis by ETABS software and the ground
acceleration of the Elcentro, Santa and Lucerne earthquakes used
to dynamic analysis. The method of modal superposition is applied
to derive the dynamic response as displacement, bending moment
and shear force in the time domain. The numerical results show
that the dynamic responses are still increasing in higher mode
shapes considered.

Keywords: Multi-storey building structure; dynamic analysis;
ground acceleration of earthquake; higher mode shapes.

1. GIGI THIEU

Nha nhiéu tang ngay cang dugc xay dung phé bién va hau hét
tai cac thanh phé I6n trén thé gidi. Truc hét, ciing véi su phat trién
kinh t& dan dén nhu cau ché &, van phong lam viéc, khach san...
cling tang theo. Mét s6 cong trinh nha nhiéu tang con la biéu tugng
thinh vugng cla viing dé. Bac trung chl yéu cda nha nhiéu tang la
s6 tang nhiéu, chiéu cao I6n, trong lugng nang, do vay chiu tac dong
cla tai trong kha I&n do anh hudng clia trong lugng ban than va tac
déng clia moéi trudng tu nhién. Bai toan thiét ké két cau cho nha
nhiéu tang ludn la dé tai thu hit sy quan tam cha cac ky su thiét ké
két cau va ké ca cac nha khoa hoc. Mét phan rat quan trong bai toan
nay khi nha c6 sé tang tuong déi nhiéu, két cau clia né chiu tai trong
ngang do gié bao va déng dat la rat dang ké va tai trong nay trd
thanh quan trong trong thiét ké [8,10,11]. Trong thuc tién, dong dat
hay gi6 bao thudng cé tinh chat tac dung dong va viéc thiét ké quy
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d6i sang dang tai trong tinh ngang tuang duong cé xét dén cac
thanh phan tuong tng chi la dong tac lam gan dung do ciing chi
xem la tac dung tinh. Do vay, bai toan két cau nha nhiéu tang chiu
tai trong ngang c6 y nghia ca vé thyc tién va hoc thuat va su phan
tich déng luc hoc nén dugc thuc hién dé thu dugc 1i giai gan hon
V@i Uing xUr that cla két cau. Tac dong clia cac tai trong ngang doi
VGi ing xt dong luc hoc két cau nha cao tang luén la dé tai dugc cac
nha khoa hoc trong va ngoai nudc quan tam nghién ctiu [2,4,5,7] ca
vé vat ly |a tim ki€ém mé hinh phu hgp dé mo ta két cdu va nguyén
nhan thi phuang phap tinh ciing rat dugc quan tam nhiéu.

C6 kha nhiéu phuong phap giai trong phan tich dong luc hoc
nha cao tang chiu tai trong ngang, moét trong nhiing phuong phap
dugc st dung tuong d6i phé bién d6 1a phuong phap chéng chat
céc dang dao dong riéng ctia két cau dugc dung dé gidi quyét bai
toan nay. Trong dé, két qua cudi cung la do téng hop cla nhiéu



dang dao déng riéng va vi vay s6 lugng dang dao dong riéng cé anh
hudng dén két qua ing xir déng luc hoc ctia hé khi chiu cac tai trong
khac nhau [1,3,6,9]. Hién nay, chi c6 mét s6 lugng it dang dao dong
riéng thap (mode co tan s thap) dugc quan tam trong bai toan
nay... két qua ung xr dong luc hoc thu dugc chi la gan dung dac
biét la cac két cau co s6 tang nhiéu va tai trong tac dung nhanh thi
cac dang dao ddng cao c6 thé tham gia dang ké vao két qua cudi
cung. Hon nifa, s6 lugng dang dao dong dugc quan tam tly thudc
vao sy chd quan clia ngudi phan tich hodc l1dy gan ding theo cac
tiéu chuén... nén c6 thé chua that su day du.

Do dé, huéng nghién ctiu clia bai bao nay la khao sat anh anh
hudng clia cac dang dao dong cao lén tiing x&r déng cla két cdu nha
nhiéu tang chiu gia t6c nén clia dong dat la rat can thiét, gép phan
lam ré anh huéng cuda tai trong ngang déng tac dung lén cong trinh
nha nhiéu tang. TU d6 khéng dinh hodc b8 sung viéc tinh toan s6
lugng cac dao déng riéng phai xét trong bai toan két cdu nha nhiéu
tang chiu tai trong ngang. Két cau duoc lua chon c6 s6 tang tir 40
dén 50 tang va dang mat bang chir nhat va chir L, dang quy mé vé
s tdng va mat bang nay do su phé bién tai nhiéu d6 thi I6n & Viét
Nam.

2.COSOLY THUYET

Phan nay gidi thiéu vé sg dé két cdu nha nhiéu tang, dir liéu dau
vao clia gia téc nén dong dat, phuong phap phan tich (ng xi déng
Iuc hoc va cach khai bdo trong phan mém ETABS dé thuc hién bai
toan nay. Két cau nha cao tang khao sat la hai dang mat bang phd
bién hién nay la dang mat bang hinh chit nhat cao 40 tang va mat
bang hinh chii L cao 50 tang vai két cau bé tong c6t thép dugec mo
ta nhu hinh 1 va hinh 2. Cac théng sé hinh hoc cia nha dugc moé ta
nhu bang 1va 2.
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Hinh 1. Két cdu bé tong c6t thép 40 tang

Gia toc nén El-centro
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Hinh 2. Két cdu bé tong c6t thép 50 tang véi mat bang chit L
Bang 1. Chi tiét hinh hoc va tiét dién ctia két cdu dang méat bang
hinh ch nhat (dai 56m x rong 32m) nhu hinh 1

TANG COT NHA 40 TANG DAM VACH SAN
1DEN 10 C800X1000B40  |D500X800B30 V500840 5200830
11 DEN 20 C600X800840 DS00X800B30 V500840 5200830
21 DEN 30 C400X600840 DS00X800B30 V500840 $200830
31 DEN 40 C300X500840 DS00X800B30 V500840 5200830

Bang 2. Chi tiét hinh hoc va tiét dién cta két cdu dang mat
bang hinh ch L (dai 56m x rong 48m) nhu hinh 2

TANG COT NHA 50 TANG DAM VACH SAN
1 DEN 10 C1000X12000B40 |DS00XE00B30 VS00B40 5200830
11 DEN 20 C800X1000840  |DS00X800B30 V500B40 $200830
21 DEN 30 C600X800840 D500X800B30 V500840 $200830
31 DEN 40 C400X600840 D500X800B30 V500B40 S200830
41 DEN 50 C300X500840 D500X800B30 V500840 $200830

Vé gia toc nén déng dat, dong dat la hién tugng vé trai dat rung
dong dot ngot. DO manh yéu cda tran dong dat dugce xac dinh bang
dé Richter do su dich chuyén cua cac dut gay hay cdc mang thach
quyén dudi mat dat va truyén qua cac khoang cach 16n. Tran déng
dat thudng kéo dai vai phut, thudng it khi qua 3 phut. Tac hai do
déng dat gay ra co6 thé ké ra nhu: tdc ddng truc ti€p gay ra su rung
cudn mat dat, gay ra sat 15 dat, 16 tuyét, gay ra nit v, sup dé cac
céng trinh xay dung; Pha hlly cac dudng day dién, hé théng 6ng dan
khi gay ra hda hoan; Lam 1& dat, bién dang day bién gay ra séng than
c6 thé tran qua cac dai duong va tan pha dat lién; C6 thé kich hoat
cac nui la hoat dong... Khi déng dat xay ra, sy phan (ing cla cac
cong trinh xay dung vai chuyén dong clia dat nén chinh la nguyén
nhan chd yéu gay nén su mat an toan...

Dudgi goc nhin clia ngudi thiét ké két cau céng trinh xay dung,
dac trung quan trong cua tran dong dat la ghi nhan bang gia téc
nén; dai lugng nay quyét dinh dén luc quan tinh ngang tac dung Ién
két cdu va lam cho két cdu chiu thém tai trong ngoai, dan dén noi

Gia toc nén Lucerne
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Iuc va chuyén vi cé thé ting theo va gay nguy hiém han cho két cau.
Gia t6c nén dugc may gia toc ké hodc cac thiét bi lién quan dugc sur
dung dé ghi nhan lai trong mét tran déng dat. Cac thiét bi nay ghi
lai gia t6c nén chuyén dong theo thai gian bang céac gia tri rdi rac
vGi budc thoi gian nhat dinh théng thudng la 0,02s, tan s6 50 Hz, réi
sau do tap hop lai thanh béang gia t6c nén dugc nghién ctru va su
dung trong nhiéu linh vyc trong d6 c6 phan tich tng x déng cda
két cdu. Bai bao dung gia t6c nén cda hai tran dong dat dugc ghi
nhan sé liéu rd rang va c6 doé 16n viia phai la Elcentro ndm 1940 va
Lucerne. Dé thi theo thai gian cla gia téc nén tu hai tran dong dat
nay dugc cho trén hinh 3.

Khi két cdu chiu dong dat, xem két cau nhu hé nhiéu bac tu do
chiu tac dung cua tai trong déng thay déi theo thdi gian. Phuong
trinh vi phéan chi dao tinh toan déng luc hoc cho khung nha nhiéu
tang chiu tai trong déng nhu sau

Mv+Cv+Kv =P,

(M

trong dé M 1a ma tran khéi lugng téng thé, C Ia ma tran luc can,
K 1a ma tran dé ciing cta két cau, cac vector i, ¥ va v phu thudc thoi
gian, d6 la cac vector chuyén vi, véan t8c, gia téc clia két cdu va P, 1a
vectad luc téng thé gay ra. Day la ly thuyét téng quat, thuc té khi két
cdu phuc tap vé s6 lugng phan tl thi viéc thiét lap phuong trinh
chuyén déng nay thudng rat cong phu va khé khan. Phuong phéap
dung d@é phan tich phan (ng déng dugc dung la phuong phap
chéng chat dang dao déng (modes). Néi dung chinh clia phuong
phép nay la bién déi phuang trinh (1) 1a mét hé n phuong trinh vi
phan lién hé (coupled equation) thanh dang hé c6 n phuong trinh vi

phan tdch roi (uncoupled equation), méi mét phuong trinh vi phan
chiia mot an s6, méi dn s do tuong Ung v6i mot dang dao dong.

Vi2 Vis

rrrr T

vy = Sbj\rj

VE ¢1 Y V= ¢\YJ

Hinh 4. Chuyén vi toan phan cla hé duoc tach thanh téng cla tat c& cic dang dao dong

Dé dung phuong phap trén ta phai tim hiéu toa dé chuan la toa
d6 suy rong cuia cac dang dao dong, sau do thiét lap phuong trinh
chuyén doéng tach r&i clia hé Vecto chuyén vi [v] clia hé N bac tu do
¢6 thé tao ra bing cach t8 hgp tuyén tinh ca N vecto co s& da biét
nao d6. Tuy nhién, néu chon céc vecta co s la cac dang chinh (Mode
Shapes) clia dao déng tu do thi sé cé nhiéu uu diém do tinh truc giao
clia ching. Cac dang chinh déng vai tro tuong tu nhu cac ham lugng
giac ca chudi Fourier, va chuyén vi cGa hé c6 thé xap xi kha tét véi
mot s6 s6 hang clia chudi nhu trén hinh 4, hau hét cac tai liéu tham
kh3o vé déng luc hoc déu cé trinh bay [6,7]. Vects chuyén vi ing vai
ham dang [@x] la [,,] xac dinh bdi cong thic sau

[V,] =[@n] Ya(t)

trong do6: Ya(t) la toa d6 suy rong Ung véi ham dang [¢n].
Chuyén vi toan phan [v] dugc phan tich thanh téng cac dang
chinh nhu sau:
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Hinh 5. Chuyén vi, luc c3t va mé men theo thdi gian
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Hinh 6. Két qua kho sat chuyén vi dinh
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Hinh 8. Két qua khdo sat Luc it déy

[v] = [01]Y1 + [@2]Y2 + - + [0,]V, = Zgzl[wn] [¥,] (3)

Dang ma tran: [v] =[¢ ] [Y(t)] v6i[¢ ]: ma tran vudng clia cac dang
chinh va [Y] : véc to cac toa dé suy rong, cling dugc goi la cac toa do
chuén. Cac thanh phan Y, cla vecta [Y] ¢é thé tim nhd tinh truc giao
cla cac ham dang bang cach nhan 2 vé cta (2) véi [¢""[M] dugc

[@n]"IMILV] = [@n]T IMI[][Y] 4

ap dung tinh truc giao [@1"IM][@;] = 0 v&i i = j, v€ phai (4) dugc
trién khai thanh

[@nl TMI[@]LY] [@nl "TMI[@ 1LY 11+ [@n] TMI[ @21 Y2]
[@n]"TMIL@nllYn] = [@nl TM 1@n 1[Y0]

+ +

(©)
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Phuang trinh chuyén déng tach rdi clia hé c6 can dugc thiét
lap tur (1) bang cach bién déi va 18i dung tinh truc giao
(8,17 IM1[Y](0] + [0,]"[C1[Y][2] + [2,]"[K][Y1[0] =

[0.]"[p(0)] (6)
Phuong trinh (6) tr& thanh:
Mnyn + Mnyn +M,Y, = Pn(t) (7)

Giai phuong trinh (7) 1a phuong trinh chuyén déng tach roi
(uncoupled) va téng hgp cac dang dao déng tim dugc 15i gidi clia
phuong trinh (1) ban dau. Phép bién déi sang toa d6 chudn da
bién hé N phuong trinh vi phéan lién quan véi nhau thanh N
phuong trinh tach biét. D6 chinh 13 uu diém co ban cla phuang
phép chéng chit cac dang dao dong. Ngoai ra, do tinh héi tu cao
nén thudng dung chi cdn chéng chat mét s6 mode ¢6 tdn s6
thdp. Trong phan mém ETABS, bai toan nay dugc gidi quyét toan
b6 khi khai bao ddc trung két cau va gia téc nén va phuang phéap
giai phuong trinh (1) theo co s& ly thuyét cia phuong phap
chéng chat céc dang dao dong nhu vira trinh bay. Tuy nhién, sy
héi tu cda loi gidi tuy thudc vao s6 lugng cac dang dao dong
tham gia va su hoi tu cia nghiém it dugc quan tam. Bai bdo dung
co sé ly thuyét nay va ap dung phan mém ETABS dé€ danh gia két
qua va lam ré su tham gia clia cac dang dao dong cao vao phan
ung déng cla hé.

3.KETQUA SO

K&t cdu nha nhiéu tdng dung dé phan tich la hai so d6 mé ta
nhu phan 2, hai dang mat bang khac nhau, chit nhat va chir L va
dit liéu déng dat la gia téc nén Elcentro va Lucerne, s8 lugng
dang dao déng dugc khai sat lan lugt ti 1, 2, 3,..., cho dén 40
dang. Cac théng s6 hinh hoc cia nha dugc mé ta nhu bang 1 va
2. Dai lugng danh gia la chuyén vi dinh, luc cit ddy va mé men
chan cot. Nhiing dai lugng nay bién thién theo thai gian do gia
téc nén gay ra trong két ciu va cac d6 thi dién hinh nhu trén
hinh 5. Phan Gng dong I6n nhat théng qua ba dai lugng nay
dugc loc va thé hién theo s6 lugng dang dao déng dugc vé trén
céc d6 thitrén hinh 6, 7 va 8.

Dé dat két qua nay, bai bao da phan tich 240 bai toan cho cac
truong hgp khac, cho 02 dang két cdu va 02 tran déng dat véi s6
dangdaodénglanlugtla,2,3,...,40; ton kha nhiéu tai nguyén
may tinh va thai gian phan tich vi qui mé két cau 16n. Danh gia
két qua tir khao sat nhu trén cho thay rang:

- Chuyén vi dinh cla ca 02 két ciu hoi tu tét véi mot vai dang
dao dong ban dau, mot cach s bd cé thé phan tich khoang 10
dang dao dong la dd,... nhu trén hinh 6.

- M6 men déng hdi tu nhung cham hon chuyén vi nhu trén
hinh 7, m6é men van con tang khi khao sat khoang 10 dang dao
dong... va xem nhu héi tu khi sé dang xap xi 20; diéu nay cho
thay néu chi quan tam dén it dang dao déng thi chua du an toan.

- Luc cdt déng hoi tu cham hon chuyén vi rat nhiéu va sé
lugng dang dao dong phai hon 20...

Tinh dinh tinh ca cac nhan xét nay cé thé suy doan dugc
nhung thudng cho bai toan tinh vai sé lugng dang dao déng kha
it, khodng 3-5 dang... tuy nhién bai toan (ing xt d6ng thi két qua
nay cho thady phai quan tam nhiéu dang dao déng hon dé thu
duoc két qua phu hgp hon.

4. KET LUAN

Bai bao da khao sat anh hudng clia cac dang dao déng cao
Ién tng xU& ddng cla két cdu nha nhiéu tang chiju gia t6c nén
dong dat. M6 hinh nha 40 tang va 50 tang c6 dang mat bang phé
bién la hinh ch nhat va hinh cht L dudi tac dong cta tran dong
dat Elcentro va Lucerne. Két qua cho thdy rang su anh hudng cua
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cac dang dao déng cao Ién ting x ddng cla két cdu nha nhiéu
tdng chiu dong dat la dang ké va cé anh hudng I16n dén gia tri
néi luc nhu luc cat day, mé men chan coét tang 1... s6 lugng dang
dao déng can khao sat du nhiéu lén hang vai chuc dé 15i giai c6
thé héi tu. Diéu nay cho thay can c6 su quan tdm hon dén cac
dang dao dong cao trong qua trinh thiét k& két cdu nha nhiéu
tang chiu tac déng cta dong dat. Tuy vay, pham vi bai bao nay
mai khao sat 02 mo hinh két cau va 02 dir liéu gia toc nén doéng
dat da ghi nhan nén can cé thém cac nghién cltu & nhiéu mo6
hinh két cdu khac cing nhu nhiéu di liéu dong dat khac dé c6
thé khdng dinh manh hon vé anh hudng nay.
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