
K^TQUANGHieNCOU VA ONG DUNG 

TAG BANG GIA T 6 C N^N TU' P H 6 PHAN U'NG 
GIA T 6 C DAN H 6 I SLF DUNG CHU6l FOURIER 

Tom tat: BSng gia tie nen nhSn tao dugc sir dung IS dir lieu diu vSo ein thiit eho 
phSn tich kit eiu ding phi tuyin theo thdi gian trong trudng hgp thieu eSc du ligu 
ghi chip dgng dat BSi bSo nSy trinh bay mdt phuong phSp sir dung ky thuat biin 
doi chuoi gin dung Fourier di tao gii cSc bSng gia toe nin ed bien do pho phin 
ung gia toe dSn hoi sSt vdi pho phin img gia toe dupc qui djnh trong tieu ehuan 
thiet ki TCXDVN 375:2006 vS cd gde pha dao ddng bien doi khSe nhau. Phuong 
phSp nSy dS dupc xSy dt/ng thSnh ehuong trinh tinh vS duge minh hoa qua vi du 
xdt den eSc diiu kign dja chin vS nin dit a HS Nil. Kit qui nghiin eiru dS cbl ra 
ring eSc bSng gia toe nen nhSn tao dugc sir dung hieu qua trong phSn tieh kit cau 
dgng phi tuyin theo thdi gian. 

Summary: Artificial ground accelerations are used as required input data for the 
nonlinear inelastic dynamic time-history analyses of structures in the case of lacking 
of real earthquake records. This paper presents a method using the Fourier transform 
techniques for generation of artificial earthquake ground motions whose elastic 
response acceleration spectra are identical to those specified in the design code 
TCXDVN 375:2006 and phrase angles are varied. The method was programmed and 
reflected by examples taking into consideration of the seismic and geoglogical 
conditions in Hanoi. The results show that the generated motion accelerations were 
effectively used for nonlinear dynamic response analyses of structures. 

NhSn ngdy 12/8/2011; chinh sira 25/8/2011; chap nh$n dSng 30/9/2011 

1.M6dlu 

Tieu chuin TCXOVN 375:2006 [1], dugc bien sogn theo Tieu chuan Eurocode 8 [2], cd 
quy djnh trong mgt sd trudng hgp rieng biet d n dp dyng phugng phap phan tich ddng phi 
tuyin theo thdi gian eho thiel ke khdng chin k i t d u nha nhieu ting. Phugng phap phdn tieh 
dgng phi tuyen la mpt edng cy htj-u hipu de xet d in mirc dp biin dang deo, kha ndng hap thy vd 
phan ldn ndng lugng khdc nhau eua cac d u kien ki t d u ; dgc biet ddi vdi cdng trinh cd hinh 
dgng khdng deu dgn trong mgt bang vd theo chieu cao, cd mire dp biin dang phi tuyen ve vat 
li#u Idn, chju anh hudng dang ke ciia cdc dgng dgo ddng bac cao vd duge xay dyng tren n in 
d l t ed cudng dd y iu hogc cd c lu tgo djg chit phirc tgp [3-8]. 

Tuy nhign, v in d i khd khdn khi thyc hien phdn tich ddng theo thdi gian d n phai d d c 
bdng gia tde n in Id cdc du- ligu dau vdo sif dyng eho tirng vi tri xay dyng edng trinh. Trong khi 
dd d nydc la cdc du- ligu ghi chep dugc tir cdc Iran ddng d l l xay ra trong qud khip Id r l t hi im 
[9]. Do v§y, d i phyc vy cho Ihyc hanh linh loan thi i l k i eung nhu cho nghien ciru khao sdt thi 
vigc xdc djnh cdc bdng gia tde nen nhu the ndo eho phu hgp vdi dac diem dja chin lai ngi xdy 
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dyng d n g frinh la d n thiet. Trong tnj-dng hgp may mln n iu vj fri xdy dyng d n g trinh cd d c 
ddc frung nin dl t (tinh chat eg ly, d u tao, dp sau) vd ddc trung dja chan (dp ldn, khoing d c h , 
eg che phdt sinh) tuang ty vdi mpt vj tri nao dd d nude khdc da d s in d c dO lieu dpng dat 
dugc ghi chep thi ta d the sQ- dyng tm-c bip cdc du- lieu dd. Tuy nhien, dieu nay rat khd dgt 
dugc vi linh chit phirc tap cua sdng dpng d l l va ngay d ddi vdi ciing mdl vj fri xay dyng, cdc 
ki t qu i ghi chep dugc cung thudng khdc nhau nhiiu. Vi dy, cd the dac trung ve dinh gia tdc 
nen (PGA) cda sdng ddng d l t duge lya chpn Id dam blo, nhung cac dac trung quan trpng 
khdc Igi khdng dugc dam bao nhu dinh van tdc n in (PGV), khoang thdi gian anh hudng, ngi 
dung tan sd dao dpng, d c bien dp phd phan Ong cua he mdt bgc ty do... 

Hgn ntf-a, ngay d tivdng hgp d c bang gia tde nen cd cae gid tfj bien dp phd phdn irng 
g in tugng tfr nhau, nhung ki t qua phan tich phan irng dpng phi tuyen cua k i t d u nhd nhieu 
l ing theo chiiu cao Id khdc nhau ddng ke; chang hgn ehuyen vj tugng ddi giu-a hai t ing l i in k i 
d ttie d gid tii Idn nhit d cdc vj tfi l ing dudi, l ing tren hoac t ing giu-a cua nhd [8]. Ket qud 
phdn tich khao sat da chi ra ring sy bien ddi khdc nhau v i gde pha dao ddng eua sdng ddng dl t 
Id mgt tfong nhu'ng nguyen nhan ehinh Idm thay ddi dang ke phdn bd biin dgng phi tuyen cua 
d n g trinh Iheo chieu cao. mac dii bien dgng tdng d n g ciia d c lang nhd ddi vdi d c trudng hgp 
Id khdc nhau khdng ddng ke. Tieu chuin thiit k i qui djnh sd lugng d c bang gia tde n in eho mdi 
vj tfi xay dyng d n dam blo tdi thieu Id 7 de tir dd d the sir dyng dugc gid trj u-ng xit trung binh 
tip cdc ki t qu i phdn tich k i t d u dpng phi tuyen dudi tdc dung cua d c bang gia tdc nen [1,2], 
Nhu vgy, vigc tgo ra d c bdng gia tde nen d cdc dge trung thoa man d e y§u d u thiet k i Id d n 
thii l . v i n de ndy dang Id mdl thdch thire ddi vdi d c nhd nghien ciru vd ky su thiit ke nhim 
eung d p cdc du- ligu d iu vdo phu hgp cho vipe phdn tich kit d u dpng tiieo thdi gian. 

2. Phu-vng phdp tgo bang gia toc nen nhan tgo 

Cdc bdng gia tdc nen d the duge tgo gia bing each dieu ehinh Im-c tiep cdc bang gia tdc 
thyc dugc ghi chep d cdc vj tri cd cdc dge trung nen dl t g in gidng vdi vj tri xay dyng cdng 
trinh, chlng hgn d d n g loai nin dl t dugc qui djnh trong tieu chuin thiel k i [1,2] nhung Igi 
khdc nhau ve dp Idn tac dgng eua ddng dlt . Cy the, ta ed th i dieu chinh bang cdch nhdn bdng 
gia tde nen thyc vdi mpt he sd nao dd d i sao cho gid trj PGA cua nd bing gid trj PGA duge sir 
dyng trong thi i l k i . Node lugng ty ta ed the dieu ehinh dya theo gid trj PGV hay theo gia trj gia 
tdc phd phan irng dan hdi lai chu ky dao ddng eg b in ciia k i t d u cdng trinh. Cd the ndi 
phygng phdp ndy khd dgn giln va ehi ed the phan ndo dam bao dugc mdt trong sd ede ddc 
trung chinh cua sdng ddng d l t so vdi yeu d u thiit k i ; khdng the dam bao eiing liic mpt sd dgc 
trung quan trpng cua sdng ddng dlt . 

Phugng phdp thir 2 duge thyc hien bang each lao mdi d c bang gia tdc nen vdi ede 
bien dp phd phan irng dan hdi vd gde pha dao ddng tudn theo nhO-ng qui luat nao dd. Trong 
Irudng hgp niu lai vj tfi khdo sdt cd s in cdc du- lieu thyc te thi ta d the sir dyng phd phan irng 
eiia sdng dpng d l t thyc nhung gde pha dgo dpng dugc biin ddi, hoac d the sir dyng cdc phd 
gde pha dao dpng eua cdc sdng dpng dat thyc nhung cac bien dp phd phin irng dugc lay theo 
qui djnh trong tieu chuin thiit k i [10,11,12]. Ngodi ra, eae bang gia tdc n in d n d the dugc tgo 
ra bang d c h md phdng eg ch i phdt sinh cua ddng d l l vd dudng tnjyen cua sdng ddng d l l den 
d c dja diem xay dyng dugc khao sdt. Tuy nhien phygng phap nay kha phirc lap vd khd khan, 
ddc biet ddi vdi d c ky su xdy dyng vi nd lien quan d in nhieu yeu td khi md hinh hod vd sd­
dyng nhiiu khdi niem trong finh vyc dja chin hpc. Hien nay, phugng phdp nay dang dugc mpt 
sd nhd nghidn ciru d Nhdt Bin, My... quan lam de md phdng nhung tfgn dpng d l t r l t manh d 
the xiy ra trong tygng lai. 
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Bdi bao ndy trinh bdy phuang phdp tao g i i bang gia tdc nin bing each sir dyng ky thuat 
bien ddi chudi g in dung Fourier vdi bien dp phd phan u-ng gia tdc dan hdi dugc dam bao sal 
vdi gid trj qui djnh trong tieu chuin thiet ke [1] va gde pha dao ddng duge thay ddi mdl d c h 
ngau nhien. Phugng phdp nay da dugc xdy dyng thanh chugng trinh linh su- dung chudi gan 
diing Fourier viet dudi dgng sd phtpc. Bai bao eung tfinh bay mpt vi dy minh hog viec tgo bang 
gia tdc nen nhdn tao trong di iu kign d Ha Ndi nham lam rd kha ndng irng dyng cua phugng 
phdp tgo gia. Kit qu i nghien cipu sir dyng bang gia tdc nen nhan lao da dugc trinh bdy trong 
mpt sd nghien ciru khdc cua tdc gia [5,6,7]. 

3. Chudi gan dung Fourier de tao bang gia too nen 

3.1 Phuang trinh chuoi Fourier 

Nhd todn hpe ndi tieng ngudi Phdp J.B.J Fourier (1768-1830) da Hm ra chudi Fourier 
dugc irng dyng r l t thdnh cdng trong nhieu ffnh vyc khoa hpc khde nhau. Y nghTa eg b in cua 
chudi Fourier Id vdi mpi hdm sd cd linh lap cho dii phirc tap nhu th i ndo thi d iu cd the dugc 
bi iu dien bang tdng eiia nhO-ng ham lugng giac cos va sin ed bien dp, tan sd vd gde pha dao 
dpng khdc nhau. Trong dd hdm sin duge bat d iu tir gid trj bing khdng va ham cos duge bat 
d iu tir mdt gid trj ndo dd tuy tirng trudng hgp cy th i . Phugng tfinh chudi lugng giac Fourier 
dygc bi iu dien theo thdi gian t nhu sau: 

ao 

x{t)=^[Ai^ COS kwt-i-Bi^ sin ko)t\ (1) 
* = 0 

oo 

x ( 0 = X "^k^os k^t-\-B^s'm k ^ t (2) 
, 2;r „ . , 2;r 

At cos k 1 -I- B. sm k / 
T, T, 

trong dd k = 0, 1, 2,...oo; o) Id t in sd gde; Tj =27ilco; Ai, va Bi, Id ede he sd Fourier ed y 

nghTa Id cdc bien dp Idn nhit irng vdi thdnh phin dao ddng thu- k vd dugc xde djnh nhu sau: 

A^ = — \ ' x(/)cos kcot dt , B^ = — j ' x(/)sin kcot dt (3) 

Trong phugng trinh (1), thanh phin IhO- k cua hdm x(t) vdi t in sd gde tugng u-ng la keo 
dugc bien ddi nhu sau: 

.Vj (/) = Al, cos kojt -I- 5( sin kcot = ^^," -i- B^ (cos kat • cos ̂ j - sin kcot • sin ^^) 
I r ^^'> 

= ^A^ -I- S ; cos{ko}t -I- ^ j ) 

Ak ^ . Rk - J . 
trong dd , = = cos p^ va . = = - sm ^^ 

^Al + Bl ^Al + Bl 

Gpi X* Id bien dg dao dpng; 

X,=4AI+BI (5) 

vd ^^ Id pha dao dpng: 
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^j = arctan ' RA... 
I A 

Vd\ - TT <(j>^ < 71 . 

Nhu vdy phuang tfinh Fourier vd cdc he sd Fourier dugc viet nil gpn nhy sau: 

At)=Y.^k<^''^{ko}t + rt>,) 

(6) 

(7) 

(8) A^=X^cos^^ ; B,=-X^s\r4, 

3.2 Chuoi gan diing Fourier 

Trong phuang trinh (2) niu T^ld ky hieu khoang thdi gian anh hudng, nhu vay thdi gian t 
bien ddi tir 0 d in T .̂ Ta ehia khoang thdi gian T^ thdnh N khoing nhd bang nhau Af vdi diem 
bit d iu ky higu Id 0 vd diim ki t thuc Id N. Nhu vay long cdng ta d N+l diem tren tmc thdi gian 
va tgi mdi diim d gid trj thai gian Id f = mA? vdi A/ = T^/N va gid trj cua hdm chudi tuang 
irng Id Xm vdi m = 0, 1, 2,... W-1 (Hinh 1). Nhu vdy phugng trinh chudi Fourier d (2) vd d c hg 
sd g (3) dugc viet g in dung cho diem thir m ed thdi gian t = mAt nhu sau: 

= 1 
Irrkm „ Irrkm 

.4, cos 1- a . sin 
N ^ N 

2 •^„-> 
-rrLx„ cos 
•^ m=0 

Irtkm „ 2 -l^' . iTckm 
I OL = — > x„ Sin 

(9) 

(10) 

trong ddm = 0, 1,2,... A/-1 va;f = 0, 1,2,... A//2. 

Hinh 1. Chudi gin dung x^ 

Trong phugng trinh (9), khi /c = 0 la ed A^ cos 2nkm/N = AQ va B^ sin 27tkmlN = 0, d 

nghTa Id khdng d dao ddng khi fc = 0 va gid trj ciia x^ tgi mpi diem duge tjnh l i in mdt khoing 

bdng /^. Khi k = A//2 tg d 5 , , sin.OTj = 0 va ^v : cos2r[{NI2)m/N ^ 0 . 

Phugng tfinh (9) d the duge vi i t g in diing theo thdi gian nhu sau: 

•v(')=I .4^ cos 
2;rkt „ . 27rkt 

-I- .»t sin 
NAt NAt 

(11) 

Trong phugng trinh (11), tan sd va chu ky dao ddng cua thdnh phin thir k Id: 
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/ * = - = — ; ? ; = - = - 02) 
7; NM f, k 

vdi fc = 1, 2,... A//2. T in sd dao ddng thu- nhat Id fi = M(NAt) va ehu ky tugng irng Id Ti = Td = 
NAt (Hinh 1). T in sd eua thanh phan dao dpng bde cao nhit Id fe = 1/(2 At) va chu ky lugng 
irng Id TM2 = 2 At (Hinh 1). Dieu ndy d nghTa Id nhti-ng thanh phin dao ddng bdc cao han A//2 
thi khdng dugc ke den trong chudi g in dung (9) vd (11). Trong thyc hdnh tinh lodn ddi vdi eae 
k i t d u d n g tfinh dan dung, gia tri cda At thudng dugc l iy bang 0,01 giay, tugng irng vdi tan 
sd INIZ = 50 Hz vd ehu ky TNI2 = 0,02 giay. Cd the ndi nhu-ng gid trj t in sd dao ddng ldn han 
khoang 50 Hz hay chu ky dao dpng nhd han khoang 0,02 giay thyc te khdng anh hudng den 
k i t d u edng trinh va cae thiet bj mdy mdc ddt frong d n g frinh. Phd bien dp Fourier la quan he 
giu-a t in sd fi, hay chu ky r* dugc djnh nghTa d (12) vd bien dp X^ dugc xdc djnh theo (5) trong 
dd hg sd Ak va B^ duge xdc djnh theo (10). Tugng ty phd pha dao ddng Fourier Id quan he giu-a 
fk vd gde pha ^̂ ^ dugc xae djnh theo (6). Cac dudng phd Fourier la ea sd de ddnh gid pham vi 

d bidn dd dao dpng vd pha dao dpng trpi eiia chudi x„„ hay cy th i la cua bang gia tdc nen 
dygc su- dyng trong phdn tich tinh todn ki t d u chju ddng dat. 

3.3 Chu8i so phirc Fourier 

Trong linh lodn, vigc bieu dien cdc hdm sd dudi dgng sd phirc thudng dem lai nhieu 
thuyin tipn. Cdng thirc Euler biiu dien ve sd phu-c nhu sau: 

e*'^=cos6'±/sin6' (13) 

cos e = -(e-'+e-'"); sin^ = - - / (e '^-e- '^) (14) 

trong dd / Id sd do dugc djnh nghTa Id i = V - 1 hay i^ = - 1 . Thay 0 = 27rkm I N vao (14) 
rdi t h i vdo (9) vd biin ddi ta dugc chudi g in dung Fourier vi i t dudi dgng sd phirc nhu sau: 

X . = } i : ' ( A - / 5 j e ' < ^ ^ * " '^ (15) 
2 * = 0 

vdi m = 0, 1,2,... N-1 va fc = 0, 1, 2,... A/-1. Phuang trinh (15) dugc viit gpn lai nhusau: 

x^-'tCke'^""^'"^ (16) 

trong dd C* duge gpi Id bien dp sd phu-c Fourier: 

c ; = ^ ^ ^ (17) 
2 

Trong phugng trinh (17), A^ Id phin thyc va S* Id phin ao. Thay he sd A^ va BK d (10) 
vdo (17) rdi sir dyng edng thirc Euler (13) ta dugc; 

C. = ^ Z - . - - ^ ^ ' " " ' ^ (18) 
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vdi fc = 0, 1, 2,... W-l. Khi fc = 0 thi Co = 0. Hgn nti-a, gid trj luygt ddi cua bien dg C* ddi xirng 

qua tmc di qua diem A//2. Oiem nay duge gpi Id diem g lp (folding point) vdi \^N-k\ = | Q | ''"°"9 

dd fc = 1, 2,... A//2. Thay (8) vdo (17) ta ed: 

Q = — A't (cos ^ t -I- i sin ^^^) (19) 

vdi fc = 1, 2... A//2. Phugng trinh (19) cd the duge viet nhu sau: 

C , = - ^ ( c o s (/),-Hzsin (!>,) (20) 

trong dd F^ Id bien dp phd dao dpng Fourier: 

F.-'fX.-'^X, (21) 

Trung binh ciia long binh phugng cdc gid trj x^ dugc gpi Id nang lugng trung binh eiia 

chudi. Tir dd, djnh ly Parseval dugc viet nhu sau: 

trong dd gid trj tuygt ddi cua bien dp phd sd phu-c: 

|C,|= V^* + 5; 
T, 

(23) 

Sir dyng tinh chit ddi xirng qua diim g lp tgi fc = A//2 la ed: 

^ z - ^ = i c o r + 2 Y ' i c * r + ic. , . r (24) 
• ' ' 1 7 1 = 0 t = i 

Thay T^ = NAt vdo (24) ta duge phugng trinh: 

N -I ^ A- / 2 - 1 

(25) 
m = 0 * = 1 

Phd ndng lygng Id quan hp giu-a v i ben phai ciia (25) vd t in sd dao ddng / ^ (Hz) hogc 

t in sd gde (Ô  vdi 

f, = A-A/ ; <â  = 2;rA:A/ ; A/ = — (26) 
NAt 

vdik= 1,2,... NI2. 

3.4 Phuong phap bien doi nhanh chuoi Fourier 

Oe tinh cdc hp sd Fourier Ĉ  d (17) vdi fc = 0, 1, 2,... A/-1 tip hdm x^ ta d n phli thyc hi^n 
ff phep tinh. Tuang ty d i biin ddi ngugc C* thanh Xm d (16) ta cung d n thyc hign tf phdp 
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tinh. Nhu v^y khdi lugng vd thdi gian tinh todn yeu d u r l t Idn, dde biet khi sd diem phan chia 
N d n g Idn. O l giam thdi gian tinh toan, Cooley vd Tukey [13] da thanh edng trong vide phat 
trien mpi phuang phdp de biin doi nhanh dud i Fourier (Fast Fourier Transform - FFT). Theo 
phuang phap ndy chi d n thyc hign iogzN phep linh lap de s lp xep cae sd lieu tinh todn theo 
thip ly ehan hay le vd eudi eiing ehi d n thyc hien d c phep linh edng dan gian. Tdng cdng khdi 
lugng phdp linh Id NiogzN, bing khoang 0,15% d in 0,3% so vdi phugng phap tinh loan thdng 
thudng. Chii y, de dp dyng phugng phdp ndy dugc hieu qua thi gid trj N yeu c lu l iy bing IQy 
thira eua 2, chang hgn la 2^^ = 4096 hay 2 ' ' = 8192. Cd th i them vao phia sau day sd cdc gid 
trj bing khdng d i ddm blo dieu kien tren. 

4. Chvgng trinh tao bang gia too nen 

Sip dyng ngdn ngu- ldp trinh Forlrgn, tdc gia tiin hdnh xay dyng chygng trinh lao bdng 
gia ldc n in tir phd phdn irng gia tdc ddn hdi duge qui djnh trong tieu ehuin thiet ke TCXDVN 
375:2006 [1] sir dung chudi g in dung Fourier. Chugng trinh tgo gia bdng gia tdc nin cd ten 
G E M A vd gdm ede budc ehinh sau: 

Budc 1: Xdc djnh dudng phd phan irng gia tdc ddn hdi Se vdi he sd can nhdt ^ = 5% 
cho vj tri xdy dyng edng trinh theo TCXDVN 375:2006, duge gpi la dudng phd mue lieu (tgrget 
spectrum). Oudng phd myc beu ed the sir dyng dudng phd phan u-ng van tdc ddn hdi hode phd 
ndng lugng. 

Budc 2: Gi l thiet dudng bao eiia bang gia tdc nen d n tgo E(t) nhu a Hinh 2, trong dd 
thdi gian tt,, tc vd t^ cd th i dugc xde djnh phy thude vdo dp Idn eua ddng dat vd khoang each tir 
vi tri khio sat den chin tam hay den v i t dirt gay [10]. Dudng bao E(t) cung cd the dugc gia 
thi i l Id mgt hdm mQ trong todn khoang thdi gian tip 0 d in td [14]. 

EXP[a.(f-fc)] 

a = ln(0,1)/(fd-fc) 

tl, tc td 

Hinh 2. Dudng bao eua bSng gia toc nen nhSn tao 

1,0. 

0 EE(p) 1,0 

Hinh 3. Dudng phSn bo xSc suit tich luy eda gde leeh pha dao ddng 

Budc 3: G i l thi i l hinh dgng phan bd cua dudng bao gde leeh pha dao ddng A^^ gidng 

vdi dudng bao cua bdng gia tdc nen duge gia thiet d Bude 2, vi theo ki t qu i phan tich ddi vdi 
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cdc bdng gia tdc nen thyc da chi ra ring hinh dang eiia hai dydmg bao ndy thudng khd sdt 
nhau [10,11]. Tiep theo, xdc dinh dudng phdn bd xac suit t i d liiy ££^0 ddi vdi gde l^ch pha 
dao dpng vdi gia tii ldn nhat d a EE(t) duge qui bang dan vj, nhu vdy EE(t) d gid tii tir 0 d in 1 
(Hinh 3). Tif dd, xdc djnh gde lech pha A^^ dya theo bien sd xac suit ngdu nhien phdn Ix) deu 
frong khoang (0,1) va xde djnh gde pha d gia trj frong khoang (0, + 2 ; r ) nhu sau: 

<l>,,, =<t>,+A<l>,;Ail>^= 2JI EE{P) (27) 

vdi fc = 0, 1,2,... A//2-1. Cd the sir dyng gde l e d pha hay gde pha d a d c sdng dpng dat thyc 
khi d sdn cdc dO ligu phii hgp. 

Buoc 4: Xdc djnh hp sd phirc Fourier theo (20) vdi bien dp phd F* Id tung dp phd phdn 
irng gia tdc ddn hdi thiit ke So,* xac djnh d Budc 1: 

C,=^{cos^,+ismi^,) (28) 

trong dd fc = 1, 2,... NI2 vd 7^ = NA/ . Do phd phdn irng gia tdc dugc qui djnh frong tieu chuin 
thiet k l Id Iran b\i nhdm md Id ede tdc ddng dpng dl t Idn nhit d the len k i t d u d n g trinh 
trong todn tip phgm vi chu ky dao dpng xem xet nen cdc bdng gia tdc nen nhan tgo d dudng 
phd myc tieu Id phd phdn irng ddn hdi S^.k Ihudng d xu hudng Idm ldng ndng lugng tde dpng 
ldn d n g frinh (xdc djnh theo (25)) so vdi tirng trydng hgp bang gia tdc nen thyc rieng re. Dieu 
ndy Id do phd phdn img d a bang gia tdc nen thyc ehi xult hien diem cyc dgi a mdl vdi vj tri 
nh i l djnh. Tuy nhidn, niu xdt xdc suit vdi nhieu bdng gia tdc nen d cae dge trung khdc nhau 
d the xul l hign tgi vi tfi xay dyng thi g i i thiit su- dyng d (28) d th i phu hgp han trong thyc 
hdnh Ihiel k i k i l d u d n g trinh. 

Budc 5: Sit dyng phugng phdp FFT de bien ddi ngugc hg sd Fourier thdnh chudi 
Fourier: 

.\ / ; 
-'̂ i, = I [Ck cos {koit + rpi, )] (29) 

vdim = 0, 1, 2,. . N-1. 

Budc 6: Xdc djnh bang van tdc vd bdng ehuyen vj nen tir duo i x^ (bdng gia tde nen) 
nhgn dugc d Bude 5, chlng hgn theo phugng phdp gig tiiiet gia tde Id luyin tinh trong khodng 
thdi gian At va sir dyng chudi gin dung Taylor. Oiiu chinh Igi cac gia trj cua x„ de thda man 
d c dieu kien bien d a bdng vgn ldc vd bang chuyen vi luang irng. 

Budc 7: lit bang gia tde nin x^ sau khi dugc di iu ehinh d fren, sip dyng phugng phdp 
FFT d i tinh he sd phtPC Fourier C/, vd ddng thai xdc djnh dudng phd phin u-ng gia ldc tuang 

irng S vdi he sd d n nhdt f = 5%. 

Budc 8: Tinh ty sd sai leeh giu-a d c gia trj phd phin u-ng gia tdc trudc vd sau khi dugc 

diiu chinh lugng u-ng g Budc 1 vd Bude 6; R* = Se.klS^j,.Dong thdi dieu ehinh bien dd Fourier 

tuang ung cho b>ng diem: C»= d , x R,, trong dd C/, dugc xac djnh a Budc 7. 

Budc 9: Kiem fra mirc dp hdi ly so vdi dudng phd myc tieu: 
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(30) 

N lu di iu kidn (30) khdng thoi man, d n quay lai Bude 5 de thyc hien phep tinh lap den 
khi di iu kign (30) dugc thoi man vd tugng irng xae djnh dugc bang gia tdc nen x„ d n tao. 

5. K i t qua tinh todn minh hpa 

Vi dy minh hog sau se cho thiy ro hgn muc dich sir dung eua chugng trinh GEMA trong 
di iu kign d Hd Npi. Vj tri xay dyng d n g trinh xel d in d cae dgc diem sgu [1]: dinh gia tdc nin 
tham chiiu trgn nin dd gde (loai A) agR = 0,1 l g vdi g = 980 cm/s^ Id gia tde trpng trudng; dgc 
di im n in d l t logi D vdi hp sd nen S = 1,35; cdc gid trj chu ky phd gia tdc nen TB = 0,2 giay va 
Tc = 0,8 gidy; hg sd l lm quan trpng cua d n g frinh ;', =1,25. Nhu vay, dinh gia tdc nen thiet k i 

Id flg =/ ,a^=0.186g. Hinh 4 md ta dudng phd phan irng gia tde dan hdi eua he mpt bae ly do 

duge xay dyng theo beu ehuin thiet ke [1]. De dan gi ln, dudng phd phan tpng trong khoang Tc 
vd Tp dugc coi la ty Ip nghjch bdc nhi l vdi chu ky dao ddng T. Pham vi chu ky phd dao dpng 
dugc xem xdl tir 0,02 den 5 giay, hay phgm vi tan sd dao dpng la 0,2 d in 50 Hz. 

2,5 Sg 

as / 

. 2,5^Tc/T 

^ ^ » v ^ . ^ ^ ^=5% 

T(s) 

TB TC TD 

Hinh 4. Duong phi phan img gia toe dSn boi thiet ke 

a =0.186g, ^f = 0.01 s 

35 _ (amis) 

-35 

10 20 30 

a) BSng gia toe nin nhSn tao 

<:tf = O.Ol s 

40(8) 

:^V^vv^/WVM/v^'' -c^ 

0 10 20 30 40(8) 

b) BSng vgn tic nin nhan tao 

Hinh 5. Vi dg bSng gia tic vS bSng vgn toe nen nhan tgo 
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Oudng bao d a bdng gia ldc nen d n tgo dugc gia thiit nhu a Hinh 2 vdi d c gid trj thdi 
gian ft, = 5, fc = 25 vd fo = 40,96 gidy (N = 4096, At = 0,01 giay). Khoang thdi gian f* - fo = 20 
gidy ldn hgn gid tii nhd nhi l (10 giay) dugc qui djnh trong tieu chuin [1]. 

5 10 
Frequency f^ (Hz) 

a) Phi bidn di dao dgng (tin so) 

° ' ' Period r^(s) 

b) Phi bidn di dao dgng (chu ky theo ty Id logarit) 

3 4 5 

0 7̂  271 

c) Gde Idch pha dao ddng A^^ (rad) 

Hinh 6. Phd bien do va gde leeh pha dao ddng Fourier cda mdt bSng gia toe nen nhan tgo 

Sir dyng chugng trinh GEMA, Hinh 5 chi ra k i t qua bang gia tdc nen va bang vgn tdc 
nin duge tgo g l l . Cd the nhdn thay bang gia tdc nen nhdn lao d sd lugng vdng lap khd ldn vd 
nhu vgy chira dung ndi dung ndng lugng tieh luy ldn hgn so vdi cdc bang gia ldc nen thgc. 
Diiu ndy la do eae bang gia tdc nin nhan tao phai dam blo v i bien dp phd phan u-ng sat vdi 
dudng phd myc beu trong loan bd phgm vi t in sd dao ddng duge xem xel. Hinh 6 biiu thj k i l 
qu i cua phd bien dp dao ddng Fourier, F/,, (theo tan sd vd chu ky dao dpng) va gde l$eh pha 
dao dpng Fourier, A^^ , tuang irng vdi Irudng hgp bang gia tdc n in nhdn lao d Hinh 5. 
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^ ^ Target spectrum 
20 generations 

. Mean 

1 1.5 

Period T(s) 

Target spectrum 
20 generations 
Mean 

1 1.5 

Period T(s) 
2.5 

a) Phi phin img gia tic dSn hii b) Phi phin dng v$n toe dSn hol 

Hinh 7. Phi phin img gia tic vS vgn toc dSn hoi cua 20 bSng gia tic nen nhan tgo 

Hinh 7 ehi ra k i t qu i cua d c dudng phd phin irng gia tdc vd phd phin ung vgn tdc dan 
hdi vdi hg sd d n nhdt f = 5% dugc linh theo chugng trinh GEMA, trong dd cac dudng net 
nhgt Id cdc gid trj cua 20 bdng gia tdc n in nhdn tgo vd cdc dudng ndt mdnh dgm Id gid trj trung 
blnh cug chiing. Ki t qud dd chi ra ring d c dudng phd phdn u-ng cug cdc bdng gig tdc nen 
nhdn tgo khd sdt so vdi dudng phd myc tidy (dudng ndt dgm Irgn) dugc qui djnh trong tieu 
chuin Ihiit k i , vdi tdng sgi sd trong todn khoing chu ky xem xet Id nhd hgn 5%. Niu sd lugng 
d e bdng gig tdc nen tgo gid edng nhiiu thi gid trj trung binh eua chung edng sdt vdi dudng 
myc Hgy. Tuy nhidn diiu ndy se Idm ldng ddng ke khdi lygng va thdi gian tinh loan khi sii- dyng 
phugng phdp phdn tich dpng irng xip phi tuyen theo thdi gian ciia hp ki t elu. Ki t qu i khao sat 
dd chi ra ring n6n sir dyng sd lugng bang gia tde nen nhan tgo tu-10 d in 20 Id ed th i d im b lo 
eho k i t qud phdn lich irng xif chip nhgn duge. 

6. Ket lugn 

Phugng phdp tgo gid bdng gig tdc nen tu- phd phin u-ng gig ldc ddn hdi dugc qui djnh 
trong tidu ehuin thiet k i TCXDVN 375:2006 [1] sif dung ky thugt biin ddi chudi g in diing Fourier 
vdi gde pha dao dgng biin ddi khdc nhau da dugc trinh bay mpt each he thdng vd dugc Ihiit lap 
thdnh chugng trinh linh GEMA. Cdc bdng gia tdc nen dugc tgo g i i nhim cung d p dO- lieu dau 
vdo cho phdn lieh dpng phi tuyin theo thdi gian ddi vdi k i t c lu cdng trinh. Dieu ndy la kha d n 
thiet trong di iu kign hipn nay cdn thieu cae du- lieu ghi chep v i ddng dlt. Ki t qua nghien ciru da 
ehi ra ring cdc bdng gia tde nin nhdn tao sir dyng hieu qua trong phdn tieh kit c lu ddng phi 
luyin theo thdi gian vd da duge trinh bay trong mdt sd nghien ciru cua tac gia [5,6,7]. 
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