KY yéu Hoi nghi Sinh viéen NCKH 2007

UNG DUNG PHAN MEM TINH KET CAU
PE TINH CONG TRINH CHIU PONG PAT

Tdc gia: Nguyén Hoai Nam — X03A2
1. TOM TAT PE TAI

D¢ tai gidi thiéu 3 phuong phap tinh cong trinh chiu dong dat theo tiéu chuin Viét Nam

va tiéu chudn UBC 94 vdi sy trd gitip clia cdc phan mén tinh k&t cau.
2. PAT VANPE

Nim 2006, B6 Xay dung di ban hanh tiéu chuidn thi€t k&€ cong trinh chiu dong dat
375:2006. Trong d6, phan 16n ndi dung tiéu chuin yéu ciu tinh toin dua vio dudng phd phan
tng. Bén canh do, phuong phdp phan tich lich st thdi gian ciing khuyén khich dudc dung. Ca
hai phuong phdp nay con khd méi mé & Viét Nam so véi phuong phdp tdi trong ngang tinh
tuong duong. Hién nay, cic phdn mém tinh k&t cAu Sap2000, Etabs 12 nhitng phan mém rat
quen thudc véi cac ki su két cau va chiing déu c6 thé tinh dugc cong trinh chiu dong dat theo
ba phuong phép trén mot cdch chinh xdc va nhanh gon. Tuy nhién, cdc k§ su van gip khé
khan khi d4p dung vao tinh todn vi sy phiic tap ctia bai todn dong luc hoc khi d4p dung vao tiing
cong trinh cu thé. N&u khong hi€u 18 van dé c6 thé din dén nhitng sai s6t rat nghiém trong

trong thi€t k&.
3. PHUONG PHAP TiNH TAI NGANG TUONG PUONG
3.1. THEO TIEU CHUAN UBC 94

Trong pham vi dé tai, chi giGi thiéu cdch phan tich tinh luc ngang twong duong theo tiéu
chuin xay dyng thong nhat UBC 1994,
T4c dong clia dong da't dugc quy thanh lyc ngang tudng duong tai méng.

V:Z'I'CW

Ry
Trong dé:
e R, -1a hé s6 hiéu chinh phdn ng. Gi4 tri cia R,, dugc cho trong bing 2 cla tiéu
chudn UBC 94
e W 1 tdng tii trong tinh clia cong trinh va thanh phin tdi khdc c6 thé giy tic dung

dé€n cong trinh.
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e Z -1a hé sd dia chdn phin theo viing vé6i cdc gia tri tir 0,4 trong vung 4, 0,3 trong
vung 3, 0,2 trong vung 2B, 0,15 trong vung 2A, 0,075 trong vung 1 va 0 trong vung O.
Gi4 tri phit hgp cla Z dudgc dinh nghia cho Ustate bdi mot bin d6 phan viing dudc chia
thanh tirng viing bi€u thi 5 cAp do clia dong dat.

e C - 132 mot hé sd biéu thi mdi quan hé v6i chu ky dao dong cd ban clia két cau (T),
bao gdbm hé so ng st cda k&t cAu tai vi tri xay dung S, C dugc cho bdi mdi quan hé
sau:

1,25.S
C= T2

e Sla hé so cla vi tri xdy dung v6i gid tri 1,0; 1,2; 1,5 va 2 dudc dinh nghia trong tiéu
chuin UBC 94
e I -1a hé s6 quan trong v6i 4 thudc tinh clia cong trinh sau: tinh chat cdng trinh, sy
nguy hi€m ctia cdng trinh, sy dic biét clia cong trinh, va cip clia cdng trinh duge cho
trong diéu 305 va 306 cia tiéu chudn UBC.
e T -chuky dao dong cd bdn ctia k&t cau.

Luc cit tai méng s& dudc phan bd cho tirng tang clia cong trinh theo cdng thifc sau:

T S
i=1

Trong dé:
e W,, h, — khdi lugng va chuyén vi ngang clia ting x.
e W, h; — khdi lugng va chuyén vi ngang clia tAng i.
e V —lyc cit tai méng.
e F,—luc ngang phu thém § dinh nha. Ft= 0,007 T.V
M6 men xoin theo phudng ngang tai mdi ting dugc xdc dinh bing tich s6 clia lyc cit tai
mdi ting va k&t qua do 1éch tAm dudc tinh todn tir tim khdi lugng va tAm ciing clia mdi ting.
Do 1éch tAim ngiu nhién dugc 14y biing 5% bé rong clia cdng trinh ma né vudng géc vbi
phuong ctia luc cit.
Xem “tdi dong dat” nhu mot tdi trong va t& hgp v6i cdc tai trong khac nhu tinh t3i, hoat
tai.... H& s6 t6 hop phai tuan theo tiéu chudn UBC 94. Chi y ring, khong thuc hién t& hgp

gitta tai trong do gié va dong dat do td hop nay khong thuc t& va cho ra gid tri ra't 16n.
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1994 UBC Seismic Loading
Direction and E cocentricity Seizmic Coeffizients
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Bdng khai bdo cdc gid tri cho viéc tinh todn theo TC UBC 94
3.2. THEO TIEU CHUAN VIET NAM

Tdng luc cit tai méng Ft = L. S,(T).M
e ) —hé s6 diéu chinh
e S.(T) - gid tri phd thi€t k& gia toc gid tuong tng v6i chu ky T. Pudgc xdc dinh theo
tieu TCXDVN 375 :2006
e M —tong khdi lugng k&t cau
e T — chu k¥ dao dong cd ban ctia cong trinh BTCT c6 chiéu cao dugi 40m, xdc dinh

gin ding theo cong thic : T = Ct * (H)*"*

0 . . N sm.
Tong luc cat méng duge phin bd cho ting tang : E =F Z:ITIIT]
i

e s, si— lan lugt 1a chuyén vi ngang ty ddi tai ting thif i, j clia dao dong co ban
e m;, m;— lan lugt 1a khdi lugng clia ting thi i, ]
Sau khi c6 dudc lyc cit tai tirng tAng, ta nhap cdc lyc nay vao mo hinh trong phan mém
tai tim khoi lugng clia san cing. Tién hanh t6 hop “tdi dong dAt” vdi cic loai tai trong khac

vdi hé s6 t& hgp theo tiéu chuin.
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4. PHUONG PHAP PHO PHAN UNG

DPay I1a mot phuong phap du dodn phdn tng 16n nhit cia hé chiu tdic dong dong dat dua

vao s6 liéu cla cdc tran dong dat xdy ra trude do.

41. CACH XAY DUNG PHO PHAN UNG

T=24s

Ung xi ciia hé
Gichu ky Ti .

v o Ung xt clia hé

véi chu ky T2

Cdch xdy dyng phé phdn itng.

Phé phdn iing ciia 5 loai ddt nén
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Thong thudng, ngudi ta chi do gid tri cuc dai cia chuyén vi. Vi vay, chi thu dugc phd
phan @ng chuyén vi “that”. Tir “that” & didy d€ phan biét vdi tir “gid” cda phd phin tng van
toc “gid” va phd phdn @ng gia téc “gid”. Vi 2 loai phd nay dudc suy ra tifr phd phan iing
chuyén vi trén co s dao dong clia hé mdt bac tuw do. Phuong trinh dao dong cé dang:

U=u,sinat .
s e R A g N R 2 . 27
Gid tri pho van toc dugc suy tir pho chuyén vi: S, =S, hay S, = ?Sd
Gid tri phé gia tdc dugc suy tit phd chuyén vi: S, = @S, = S, .
4.2. LY THUYET TINH TOAN

Budc 1: xdc dinh chu k¥ va tan s dao dong clia mdi mode dao ddng

Budc 2: xdc dinh phdn ¢ng trng v6i mdi dang dao dong

Xdc dinh gid tri phd thi€t k& gia toc S4(T,) cia mode n Gng v6i chu ky dao dong T,
S,(Th)

_ n
max 2
n

Phdn ¢ng 16n nhit cia mode n : y(T )

Chuyé&n vi 16n nhdt ciia két cdu ing véi mode n: u, = y(T,) ¢,

¢, 1a mode Shape tht n.

C6 chuyén vi clia tirng di€m, 4p dung cdc cong thifc cda phan ti hitu han cho bai todn
tinh thong thudng, ta sé c6 dudc ndi luc clia phan ti.

Budc 3 : t6 hdp phan ting tir cic mode

Phuong phdap SRSS ( Square Root Of The Sum Of The Squares)

Pay 1a phuong phédp cin bic 2 tdng binh phudng cic tng xi clia cic mode d€ c6 dudgc

rng x{r ca k&t cAu trong mdt phuong.

F =\/ef+e§+...+e§

Phuong phiap CQC (Complete Quadratic Combination)
Goi e, va ey 1a ndi lyc dudce tinh todn Ung v61 mode n va mode m. NO1 lyc cuc dai sé€

dudc xdc dinh theo dang bi€u thitc ¢6 dang tdng kép sau:

F= ,Zzen'pnmem

Téng kép dugc thuc hién trén toan bd cdc mode dugc khdo sit. o, 1a hé sd lien két

gitta mode n va mode m. Phu thudc vao ty s& cdn va vao tin so riéng.
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8E(+r)r?
Prm = 2.2 2 2
(A=r*)* +4&%r(1+7)
Vi r=w,/®, .Ciché s6 déu duong va nhd hon hodc bing 1.
Bué6c 4: t6 hop phdn tng tif cdc phuong khic nhau

2 e =
max —\/Fo +Fy +F

F

Fo, Foo 1a cdc dap tng do tdc dong theo hai phuong ngang vudng géc nhau, va Fz l1a dép

ting do tdc dong theo phuong thing ditng
4.3. UNG DUNG TRONG CAC PHAN MEM TiNH KET CAU SAP2000, ETABS
43.1. TAIGIA TOC

T4i gia toc dugc dung d€ md td chuyén dong ctia dit nén va dugc dung d€ tinh t3i trong
cho cdng trinh trong phuong phdp phd phdn ng va phudng phdp lich st — thdi gian.

Khi dinh nghia tdi gia tc, chuong trinh sé& ty dong tinh todn cho cd 3 phuong phu thudc
vao dd 16n clia gia tdc nén.

b€ c6 dugc tai gia toc theo 3 phuong, phdi c6 khdi lugng tudng tGng theo 3 phuong my ,
my , m, d€ tao ra lyc quén tinh.

Khong thé tao ra tii gia tdc hudng tAim ma chi c¢6 thé tao ra tii gia toc thing vi ta dang
diing hé toa d6 thing vudng géc chit khong ding hé toa dd tru hoic hé toa dd ciu.

TAi gia tdc c6 thé tao ra vdi tat cd cac loai phan tif trif loai phan t& Asolid.

Trong hé toa d6 dia phuong clia phudng phdp phd phan ng phuong phap lich st — thdi

gian, tdi gia tdc c6 chiéu doc theo chiéu duong clia truc 1,2,3 thuoc U1, U2, U3.
4.3.2. HE TOA PO PIA PHUONG CUA PHO PHAN UNG

MObi phS phin ng c6 mdt hé toa dd dia phuong clia riéng né, dugc ding dé xac dinh
phuong clia luc do gia téc nén giy ra. Hé truc toa d6 dia phuong nay biéu dién bdi 3 truc 1,2

va 3. Pugc x4c dinh dua theo hé truc toa do tdng thé XY va Z.
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Global

Hinh. Hé truc toa do dia phuong ciia phd phdn itng
4.3.3. PUONG CONG PHO PHAN UNG

Pudng cong phd theo mdi phuong dudc thi€t 1ap tir cdc ham c6 sin trong Etabs hoic tir
ham do ngudi thi€t k& xAy dung. N&u dai chu ky ciia phd phdn tng khong dugc dinh nghia di
cho dai chu ky dao dong cdc mode clia k&t cau, dudng phd phin ting sé& ty dong dudc md rong
cho nhitng chu ky chua dugc dinh nghia. Gia toc tng v6i nhitng chu ky d6 1a hiing s6 va c6 gid

tri bing véi gia tdc tai di€ém dugc dinh nghia gdn d6 nhat.
4.3.4. TRINH TU KHAIBAO

Budc 1. Khai b4do khdi lugng

Chi y khi khai bdo ngudn tao khdi lugng (Mass Source)

From Shelf: khoi lugng dudgc tinh tir khdi lugng riéng p =v/g

From Load: khdi lugng dugc tinh tif trong ludng riéng y

From Speccified Mass: khdi lugng dugc nhap truc ti€p vao két cau.

N&u khong chon diing cdch c6 thé s& gay du hoic thi€u khdi lugng cho cdng trinh, dnh
huéng d&n gid tri chu ky dao dong 1am ngudi thi€t k& d& 1Am tudng cong trinh di thi€u hoic
da do cung.

Bué6c 2. Khai bdo s mode can dé phan tich dao dong.

Mdi mode c6 mdt su déng gép khiac nhau vao dao dong theo phuong dang xét.
TCXDVN 375:2006 quy dinh “Téng cac khdi lugng hitu hiéu cia cic dang dao dong dudc xét
chi€m it nhat 90% tong khdi lugng ctia k&t cau”. Xdc dinh tir k&t qua phan tich.

Xdc dinh tdng khdi lugng hitu hiéu ciia cdc dang dao dong dugc xét dén.
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| todal Participating Mass Ratios
Mode Period X Ly Uz SumUX SumUY

1 3423964 394537 39 4537 0.0000 39,4537 39,4537
2 3423808 39,4653 39 4653 0.0000 789195 789195

3 2910884 0.0125 00125 0.0000 T893 89321

4 1.108134 57142 R4 0.0000 a4 6463 a4 G462

5 1108128 57168 571649 0.0000 90,3631 a0.3631

= 0963123 0.0029 0.0029 0.0000 90,3660 90,3660

7 U.E22892 : 1.7990 1.7990 92,1650 ;

9 0563705 0.0031 00031 0.0000 93,9643 93,9643
10 0431461 0.9522 0.9522 0.0000 94 9165 94 9165
11 0431414 0.9434 09434 0.0000 95 8660 95 BRG0
12 0.393938 0.0030 0.0030 0.0000 95 3690 95 8690

Budc 3. Pinh nghia ham phd phan tng.

Trong Etabs c¢6 sin cdc ham phd phdn tng cla tiéu chudn mot s6 nude. Tuy nhién ta
khong thé dung dugc vi mdi phd phan tng dudc 1ap véi mot viing dat va nhitng diéu kién tinh
todn di kem. Pé tai di xay dung dugc 5 dudng phd phdn tng Gng véi 5 loai dat nén theo
TCXDVN 375:2006. Chu ky 0 < T < 4s dugc xay dung theo phd gia tdc, chu ky 4 < T <10s
dugc xay dung theo phd chuyén vi.

Dudi day 1a vi du dudng phd gia toc dé tai da xAy dung dudc theo tiéu chudn Viét Nam
v6i nén dit loai A. D&i chu ky tr 0 d&€n 10s. tung do clia dudng phd dugc chia cho a,. xem

TCXDVN 375:2006 d€ biét cdch dung dudng phd.

Hinh. Phé phdn iing ddt loai A theo TCXDVN
Buéc 4. Binh nghia trudng hgp tai
Vi tung do clia phd phdn ¢ng da chia cho a, nén trong dinh nghia trudng hgp dudng phd
phén tng (Response Spectrum Case). Ta phai nhan gia téc nén v6i don vi tuong Gng vao hé sd
khué&ch dai Scale Factor véi gid tri : “a,*g*hé sé khuéch dai theo phuong dang xér”. Vi du, tac
dong cia phd “A” 1én phuong Ul, U2 1a 100% (Scale Factor = 1). T4dc dong cia phS “A” 1én
phuong U3 1a 40% (Scale Factor = 0,4 ).
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[EIA 100 =T
Input Responsze Spectra m/s2)
Direction Function Scale Factor
phutdng 1 |a v ag*ag
ia
g:l‘, uz A w 981 *ag
toc -
nén Uz |& v | |0#gsitag

Hinh. Pinh nghia phdn tich phd phdn iing

Dinh nghia phuong phap t& hgp phan tng tir cac mode (Modal Combination)

Su t8 hop cdc dang dao dong theo mdt phuong nhit dinh dudc thyc hién bing cdc
phuong phap sau:

e Phuong phdp CQC (Complete Quadratic Combination)
e Phuong phdp SRSS ( Square Root of the Sum Squares).
e Phuong phip tdng tuyét d5i (Absolute Sum Method)

Phuong phap an toan nhit &€ xdc dinh chuyén vi hay noi luc cuc dai trong két cdu 1a 18y
tong gid tri tuyét d6i cdc ng X cda tirng mode. Phudng phdp nay gid thi€t ring cdc gid tri
phdn ting clia tit cd cdc mode x4y ra tai cing mot thdi di€m. Piéu nay thudng khong phu hop
véi thyc t€ va cho két qué qua 16n.

Pinh nghia phudng phip t6 hop phan tng tif cdc phuong (Directional Combination)

e Phuong phdp SRSS. ( Square Root of the Sum Squares).
e Phuong phdp tong tuyét d6i (Absolute Sum Method).

Hé s gidm chan c6 thé 14y 0.05 vdi bétdng va 0.03 ddi vdi thép. Xem phu luc clia dé
tai d€ tham khdo chon cdach hé s& gidm chan

TRINH TU TINH TOAN CUA PHAN MEM

Phan mém phan tich dao dong thanh cdc mode dao dong va tinh todn tin sd dao dong tur
nhién @, va ham dang ¢ . Gid tri gia t6c dung cho mdi mode trong mdi phuong s& dudc nodi
suy tir dudng phd phin tng di dinh nghia theo phudng dé ng véi chu ky dao dong riéng va
hé s6 gidm chan clia mode d6. Khi c6 dudc gid tri gia tdc gid ng v6i mdi mode, phan mém
s& tinh dudc chuyén vi cda tirng bac tu do, két hgp vé6i diéu kién bién va khdi lugng ma ta
khai bdo cho tirng phan tir, phin mém sé& tinh dugc nodi luc cla tirng phan ti theo cdc cong
thitc cia phan tf hitu han. Céc budc trén dugc tinh todn ddc 14p cho tirng mode dao ddng theo
mot phuong. Sau d6, phdn mém ty ddng t6 hdp nodi luc, Wng sudt va chuyén vi tir cic mode
theo phuong phdp ma ta di dinh nghia dé dudc gi4 tri tdng thé trong k&t cAu clia mdt phuong
(Modal Combination). P€ dugc gia tri ng x{t cia két ciu trong khong gian, phan mém séAfir

dong t6 hdp tir cdc phuong khic nhau (Directional Combination).
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Phan Iyc vi mdmen tai méng ludn tuin theo hé truc toa do6 dia phuong clia phd phin
ung.

Bu6c 5. T hop ndi luc véi cdc trudng hop tdi khac.

Ta dinh nghia cdc t& hdp tdi trong, xem trudng hdp tdi dong dit nhu mot trudng hop ti.
Hé s6 t6 hop phai tuan theo TCXDVN 375:2006.

44. KIEM TRA LAI LUC TAC PONG TAI CAC TANG BANG PHUONG
PHAP TINH TAY THEO PHO PHAN UNG

XuAt bidng hé s6 khoi lugng hitu hiéu tham gia clia cdc dang dao dong; chon nhitng
mode cé hé s6 tham gia 16n theo phudng dang xét d€ tinh. S& mode chon thda diéu kién cia
TCXDVN 375:2006.

Xd4c dinh hé s6 tAm quan trong y, hé s§ ng xif cia két ciu q

Xdc dinh loai dat d€ c6 S, TB, TC, TD d& tinh gid tri phd thi€t k& S,(Ty).

[z xm]

i=1

=]

Téng khdi lugng hitu hiéu cia mode n: M, =

M-

Il
e

X5M

I
Hoic My, = hé s6 tham gia khdi lugng*M

Tong luc cit cha mode n: F, =S, (T,) M

x1

L (si, si— chuy€n vi ngang ty ddi tAng i,j)

’ « m
Phéan phdi luc ngang 1én tirng tang: F =F Z?‘IS;’”
I

5. PHUONG PHAP PHAN TiCH PONG LUC HOC KET CAU THEO LICH SU -
THOI GIAN

Phuong phdp cong tic dung hoic phuong phdp phd dudc phic thdo & phan truSc rit hitu
dung cho phin tich dan hdi clia k&t cAu. N6 khong truc tiép dp dung duoc cho viéc phan tich
khong dan héi bdi vi nguyén tdc co bdn ciia céng tdc dung khéng con phit hop nita. Hon nira,
st phan tich khé tranh khdi sai s6 von cé clia phuong phap cong tic dung mo hinh. Xét cho
ciing, phuong phép t& hgp tng xit clia k&t cau tir cic dang dao dong khac nhau 13 mot ky thudt
c6 xdc sudt chinh xdc nhdt dinh. Va trong mot s§ trudng hdp, cé thé tao ra nhitng két qua
miéu ti khong tron ven tng xif thuc sy clia k€t cAu. Phuong phdp phan tich lich st thdi gian

khic phuc hai nhuge di€m nay. Nhung né doi hdi mot khdi lugng tinh todn 16n. N6 khong don
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thuan 12 mot cong cu d€ phin tich trong viéc thi€t k& ctia cong trinh. N6 c6 thé cho ta biét iing

Xt thyc t& cla cong trinh trong titng thdi di€m x4y ra dong dat.

Phuong phdp nay dya vao tich phan tirng bu6c ma pham vi thdi gian thi dugc xdc dinh
trong lugng so gia nhd &, ; va trong mdi khodng thdi gian, k€t qué cla phudng trinh duge gidi
trude d6 dudce dung nhu thdng s6 dau vao cho budc ti€p theo. Phuong phdp nay thich hgp cho
ca phan tich dan hdi tuyén tinh va khong dan hdi tuyé&n tinh. Vi né md ta dudc sy thay ddi do
ciing ctia k&t cau do sy hinh thanh khép déo. PO ciing cia két cdu sé dugc tinh todn lai sau

mdi budce tinh todn dya vao két qud cia budc trude do.
5.1. COSG LY THUYET

Ta c6 thé 1y tudng héa cong trinh N ting thanh hé c6 khdi lugng tip trung dit tai mdi
tang. Phuong trinh chuyén dong tong quit cia hé N tang.
m.u(t)+C.ut)+ Ku(t)=mpu

g (0)+ M, (0)+ M, (1)

Phuong trinh nay khong thé gidi truc ti€p dugc. Phuong trinh dao ddng cho dang dao

dong thtt n cda cdng trinh nhiéu ting da dudc 1y tudng hda:

V42 0Y + b Y =— ; 0,

n
N N 5
anzl“mjgzsjn va anzlmj¢ n
i= i=

Pay chi 1a phuong trinh dao dong cda hé mot bac ty do vdi tan s§ dao dong tu nhién w,

- , i Ly oo e A
va hé s6 giam chan & dudc kich thich ¢ bac (degree) M” bdi gia toc nén Uy (t).

n
Giéi phuong trinh trén ta dugc :

L
Y (t)=——
O=—9

.le]'g (r)exp[—&,@,(t—7)]sin[w,, (t—7)]d7r

n @np Y (%)

Wp = \/l_é:n2

Su déng g6ép clia mode n vao chuyén vi tai tAng thi j u;(t)
u,®=Y,®¢, ;j=123,...N. (58)

Bién dang clia tang trén so vdi tang dudi:

Ajn (t) = ujn (t) - uj—l,n (t)

Luc ngang tdc dung tai tifng ting clia mode n:
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f, () = Ku, () hay f (t)=KgY, (1) hay f,(t)=ma,”4Y, 1)
Luc ngang tdc dung tai tAng thf j cia mode n:
f,()=ma’g,Y, ()

Luc cdt tai méng va mdmen dugc tinh:
N N
VOn(t):zfjn(t) 5 MOn(t):zhjfjn(t)
j=1 j=1

Trong mdi budc thdi gian, tng x tong thé ciia két cau dude x4c dinh bing cich két hgp

tng X1 clia tit ci cdc mode dao dong.

r)=>r@

5.2. TRINH TU PHAN TiCH

M4y tinh s& md hinh héa k&t ciAu va lap ra phuong trinh dao ddng clia mdi dang dao
dong (mode). Ta c6 thé xdc 1ap hé s6 cdm tng véi mdi dang dao dong. Sy bién thién clia gia
tdc trong toan bo qua trinh ddng da't sé dugc chia ra tirng budc thdi gian nhé @€ phan tich. Po
16n ctia budc thdi gian nay dugc x4c 14p bdi ngudi thi€t k€. Trong mdi bude thdi gian, gia toc
xem nhu thay d6i tuyén tinh.

M4y tinh sé& tich phan tirng budc phuong trinh dao dong trong tirng budc thdi gian. K&t
qua clia budc truge sé 1a diéu kién ban ddu cia budc k€& ti€p. Budc tich phan nay c6 thé dién
ra theo 2 cédch:

N&u tich phan tric ti€p phuong trinh dao dong tdng thé thi goi 13 phuong phdp tich phan
truc ti€p (Direct Integration), chi c6 & Sap2000.

Néu tich phan phuong trinh dao dong cla ciac dang dao dong goi 1a phuong phap tich
phan dang dao dong (Modal). Etabs chi dung céch tich phan nay vi né cho ra két qud kha
chinh xdc véi nha cao tang.

Trong mdi budc thdi gian, tng xit clia k&t cAu sé& dugc tinh todn trong t't cd cdc phin td.
Sau d6 sé& dugc cong lai d€ dugc Wng x tdng thé cta k&t cAu cho dén thdi di€m d6. Pay
khong phdi 12 ¢ng x{t riéng clia k&t cAu trong budc thdi gian d6, vi sau mdi budc thdi gian thi
gid tri ng x& déu dudc luu lai va 14y @6 1am gid tri ddu vao cho budc k€& ti€p. Cach k&t hgp
nay loai trir hoan toan dudc cdch t6 hgp theo xdc suit ciia phuong phdp t6 hdp tir cic dang
dao dong trong phd phan dng.

NHAN XET
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Ung x& ctia k&t ciu v6i mdi bing gia téc s& khac nhau. PE c6 dugc gia tri thi€t k& cho
k€t cAu, ta phdi chay mo hinh véi rdt nhidu bing gia t6¢c khdc nhau. O diéu kién clia Viét
Nam khong cé diéu kién ghi lai dugc ti't cd cdc trin dong dat da x4y ra.

D€ khic phuc khé khin nay, ludn vin thac si ciia Th.s Pao Pinh Nhan da dua ra mot
phuong phdp mo phéng tai trong dong di't dugc st dung d€ phdt sinh cdc bdng gia téc, tir d6
s& phan tich mot k&t cdu cu thé nhim tinh todn phdn &ng clia né véi cic bing gia tdc dd mo
phdéng. K&t qua phan tng dugc bi€u dién dudi dang cdc bi€u db tin sut tich luy.

Ngoai ra, ta c6 thé tham kh3o cdc bing gia toc ghi lai dugc tir cdc trin dong dat xdy ra

trén th€ gidi trong dif liéu phAn mém Etabs hoic trén mang Internet.

5.3. PHUONG PHAP TICH PHAN DANG DAO DPONG (MODAL
INTEGRATION)

Phuong phdp dya trén nguyén 1y cong tdc dung md hinh 12 mdt phuong phdp mang lai
hiéu qué cao va chinh xdc cho phén tich lich st thoi gian. Phuong phdap nay cling phin tich
dua trén ciac mode dao dong nhung khac phudng phap phin tich trong phd phan ting & chd: n6
thuc hién viéc tich phan khép kin dong thdi cho ti't cd cdc mode dao ddng dugc xét trong tirng
buGc thoi gian. Va ti€n hanh k€t hgp ng xit cia két ciu lai ngay khi ching dugc tinh todn
xong d€ cho ra ng xit tdng thé clia k&t cAu cho dén thdi di€m do.

Ta thira nhan ring trong mdi budc thdi gian, gia toc thay ddi tuyén tinh. Va néu budc
thdi gian xuit ra nhd hon budc thdi gian dau vao thi gia tri gia téc & giita hai diém thdi gian
diu vao s& dugc ndi suy tuyén tinh. Ngudi ta thudng 14y budc clia thdi gian xuat ra khodng

1/10 chu ky ctia mode cao nhat (1/25 — 1/50s)
5.4. TRINH TU KHAI BAO
54.1. PINH NGHIA HAM THOI GIAN ( TIME HISTORY FUNCTIONS)

1) Chon Browse... va chi dudng din dén thuy muc chia file ham thdi gian.

2) Chon View File ¢€ xem hinh thifc trinh bay cta File phuc vu cho viéc khai bdo.

3) Né&u File c6 dang gid tri va thoi gian tuong tng thi chon Time and Function Values.
Néu File c6 dang gid tri do cdch nhau mét khodng thoi gian nhdt dinh thi chon Values at
Equal Intervals of. Va nhap budc thgi gian doc dugc tir file dit liéu.

4) Xem k¥ file dit liéu va khai bdo 2 thong s& quan trong sau:

Header Lines to Skip: s6 dong du tién chii thich cho bdng dif liéu.
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Number of Points per Line: s& “cot dif liéu” yéu cAu may doc. Cot dit liéu & day 1a s6
cot né€u bdng cho & dang gia tri cich nhau khodng thdi gian nhat dinh; S6 cot dit lidu 1a s cidp
cot bao gdm mot cot thdi gian va mdt cdt gid tri n€u bang cho & dang thdi gian va gid tri.

5) Display Graph dé xem gidn do ctia gia tri.
5.4.2. PINH NGHIA TRUONG HQP PHAN TiCH

Né&u trong bing gid tri gia toc tinh theo cm/s” ma ta mudn tinh theo m/s” thi ta nhan hé s6
chuyén d6i 0,01 vao Scale Factor.

Téng thdi gian ma chuong trinh sé& phan tich va xuit ra k&t qui bing tich ctia budc thdi
gian va s0 budc thdi gian phan tich.

Start from Previous History: Piéu kién ban diu ctia budc tich phan diu tién. C6 thé dé
trong hodc chon mdt trudng hdp phan tich da dugc dinh nghia trudc d6. Nhd d6 ta c6 thé tic

dong nhiéu bing gia toc 1an lugt d€ tham khio két qua.
5.4.3. BUGC THOI GIAN

Trong mdi budc thdi gian, gia tdc xem nhu thay ddi tuyén tinh va gi4 tri clia gia toc dugc
ndi suy tir hai diém. K&t qua tng xit cia két cAu sé dugc tinh todn § cudi mdi bude va 14y dé
lam diéu kién ban dau cho budc tich phian k& ti€p. Tai mdi budc thdi gian clia gid tri diu vio
(input time) ng x{t cia k&t cAu chi dudc tinh todn chit khong dugc luu lai. Chuong trinh chi
luu lai ¢ng xt cia k&t cAu sau mdi budc thdi gian clia gid tri ddu ra (output time). Vi vy, ta
c6 thé bi€t dudc tng xit ctia k&t cAu sau mdi budc thdi gian ma ta di dinh nghia.

Dbé dat dugc su ddng nhat va c6 két qua chinh xdc, mot 15i khuyén dudce dua ra 13 nén

chon buéc thdi gian xui't ra bing vdi budc thdi gian cda dit liéu diu vao.
5.4.4. PINH NGHIA TO HQP V61 CAC TRUONG HOP TAI KHA C

Xem phan tich theo lich si thdi gian nhu 13 mot trudng hdp tai trong, thyc hién t6 hgp

“tai trong” nay v4i cdc tai trong khdc nhu tinh tai, hoat tai...
6. XEM KET QUA TiNH TOAN
6.1. XEM KET QUA PHAN TiCH PHO PHAN UNG

Ta c6 thé xem cdc thanh phidn ndi luc giong nhu trudng hdp tdi tinh. Chd ¥ ring gid tri
d6 1a dy dodn ng xit 16n nhat clia k&t cAu chit khong phai 1a gid tri that sy khi xdy ra dong

dat.
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Mot luu ¥ rat quan trong, d6 13 gid tri cia phd phan ng ludn duong. N&u ta dinh nghia

mot phd phan tng theo phuong X, phadn mém sé ty dong tdc ddng 1én cong trinh theo huéng X
va huéng —X. Vi vdy nén ndi li'c mot phin tif ludn cé 2 gia tri, mdi gid tri dai dién cho mot
huéng tdc dong. Ta khong thé thi€t 1ap d€ phan mém chi xuat ra gid tri theo mot hudng tic
dong nao d6. Vi vay, gid tri ndi luc cia phudng phap phd phan ng thudng 16n hon gia tri ng
xt that cta két cau.

N&u ta t& hgp vdi cdc trudng hop tai khdc (vi du tinh tdi), gid tri t8 hdp dudc s& 1a “tinh
tdi + X v “tinh tdi — X”. khi d6 sé& cho ta hai k&€t qua ciia t& hgp va ta khong biét 14y k&t qua
ndo la thyc t&€ nhat va nguy hi€m nhit. D€ an toan, ngudi thiét k& thudng 14y ¢4 hai gid tri noi

luc @€ tinh todn.
6.2. XEM KET QUA TINH PHAN TiCH LICH SU - THOI GIAN

Pay 1a lich st tng x& theo thdi gian ciia k&t cidu (chuyén vi, bi€n dang, ¢ng sudt, noi
luc) duge thé hién dudi dang bang bi€u hodc @b thi. Cho phép ngudi sit dung thdy dugc tudng
tan tng x{ clia k&t cAu trong thdi gian x3y ra dong dat.

Ta c6 thé xem tng x& clia k&t cAu cho dén thdi di€ém ma ta mudén xem. Thdi gian dé
phai nim trong khodng thdi gian ma ta dinh nghia.

Chu y, ttng x{¥ nay clia k&t ciu chi 1a ¢ng x d6i v6i mot bing gia tdc, mudn cb gid tri

thi€t k&, ta phdi tinh v6i nhiéu bing gia tdc khic nhau.

P Time History Function Display @

Fil=

rF Time

FrameB3

[9.97 , 4.000E-02 ]
—

1.0 20 30 40 B0 BO 70 80 30 100

Hinh.Mémen thanh B3 theo thoi gian
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7. VIDU TINH TOAN

Mot cong trinh bing bétong cot thép 18 ting, 1 tAing ham cao 62,9m. Nén méng coc
khoan nhdi tua trén nén loai C theo TCXDVN 375:2006. Gia tdc¢ dinh dat nén tham chi€u tai
dia di€ém xAy dung (TP H6 Chi Minh) c6 ag, = 0.0848g (tuong dudng viing IIA theo TC UBC
94 hay cip VII theo thang MSK — 64). Gi4 tri trong lugng cdc tang dugc thé hién trong bang
dudi. So sanh tinh todn Ivc dong dit tic dung 1én cong trinh theo TCXDVN 375:2006 bing 3
phuong phdp: phin tich tinh lyc ngang tuong duong; phin tich phd phan tng tinh bing tay va

tinh biing phan mém Etabs 9.04.

BANG SO SANH (PON V| LUC TAC BONG: T)

o e PHO PHAN NG
TANG | LUONG | TUONG TiNH TAY ETABS
(T) DUONG o s w g
TANG18 168.22 84.3 110.43 112 134 120.77
TANG17 222.90 105.5 117.30 121 157 150.94
TANG16 222.77 98.8 91.30 94 118 112.34
TANG15 222.77 92.2 73.49 76 84 74.87
TANG14 224.30 85.8 68.86 70 58 45.02
TANG13 225.81 79.2 74.39 74 42 28.39
TANG12 230.06 734 83.95 85 35 21.39
TANG11 234.33 67.0 92.48 94 34 22.83
TANG10 234.33 59.1 97.00 100 36 28.65
TANG9 234.33 51.3 99.75 104 40 35.31
TANGS8 234.33 43.9 101.38 106 43 41.80
TANG7 234.33 36.5 102.44 107 47 49.06
TANG6 234.33 29.6 101.31 104 51 56.34
TANG5 236.91 22.9 96.59 99 54 61.10
TANG4 239.51 16.9 86.41 89 54 61.95
TANG3 241.00 11.6 70.24 73 48 56.42
TANG2 293.95 4.4 33.82 39 42 51.12
TANG1 289.17 8.6 59.18 63 25 32.22
HAM 316.87 1.2 11.10 10 8 12.92
DAKIENG 277.14 0.0 1.80 1 1 1.69
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8. KET LUAN

Thong qua 3 phuong phép tinh cong trinh chiu dong da't. Ta c6 thé rit ra mot sd nhan xét
sau.

Su chinh x4c clia 3 phuong phdp ting din tir phuong phap tdi trong ngang tudng duong,
phuong phap phd phan ng, phuong phap lich si — thdi gian.

K&t qua tinh todn trén mot s6 md hinh theo phuong phap phd phan ng, cho thay

+ Phuong phdp nay khong con chinh xdc véi nhitng dang nha c6 hinh ding batky vi két
qua tinh todn khong thé hién sy kh4c biét ciia hinh dang nha.

+ Phuong phap nay khong thé tinh todn dugc sy phian bd khong déu ctia khdi lugng trén
san. Vi khi c6 su phan bd khong déu khdi lugng trén san sé sinh ra mémen xoin cho két ciu
khi chiu tdi trong gia toc.

+ Khi ding phdn mém dé€ tinh todn theo phuong phdp ndy, su phan bd tdi trong cho cdc
tang sé& chinh xdc hon vi chuyén vi dugc tinh todn cu thé cho mdi tang.

Duya trén két qud tinh todn mot s§ mo hinh, nhin chung, k€t qua ndi luc 16n hon phuong
phédp phin tich tinh luc ngang tuong duong va khé c6 thé ki€m sodt d6i vdi cdc cong trinh ¢

hinh dang k&t ciu dic biét vi ta khong thé ki€m sodt va diéu chinh dugc két qua tinh todn &
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mdi buSc. Khi xem k&t qui, nén xem két qua luc cit tai mdi ting, gia tdc nodi suy tir mdi

mode, ndi luc mot s& phan ti dai dién cho ting d6 d€ c6 thé diéu chinh cho phii hgp

K&t qui chay mdt s6 md hinh v6i nhiéu hinh dang cdc bing gia tdc khac nhau cho thay:

Mic di ta khuéch dai gi4 tri cdc bing gia toc d€ gi4 tri cuc dai clia cdc bing gia toc nay
12 bing nhau nhung k&t qué tinh todn cho thdy tng xi clia k€t cAu van phu thudc rat 16n vao
hinh dang, dd dai clia cdc bing gia toc.

Nhu d3 trinh bay & trén, k€t qua ctia phudng phap phd phan ng chi mang tinh chit tham
khdo cho thi€t k& vi ddy 12 mot phuong phap du dodn phdn tng 16n nhi't clia hé chiu tdc dong
dong dat dua vao sd liéu clia cdc trin dong dat x4y ra trudc d6. Ta c6 thé phdi hop 3 phuong
phdp trén d€ c6 dugc gia tri phit hgp cho thiét k&

Tém lai, trong diéu kién clia nudc ta hién nay chua thé c6 dudc day di cdc bing gia toc
clia cdc tran dong dat da xay ra trong lich stt, nhung TCXDVN 375 :2006 da cung cip gia tdc
nén cida tit ca cac khu vuc trong ci nuéc va dé tai da xay dung dudng phd phan tGng clia 5
loai @4t nén. Ta c6 thé thdy ring phuong phdp phd phan ng k&t hgp phuong phap phan tich
tinh lyc ngang tudng dudng 12 nhitng phuong phap ddng tin cdy va phu hgp véi diéu kién cia
nudc ta hién nay. Tuy nhién, trong tuong lai, khi cdc chiing ta da c6 dugc ddy di cdc bing gia
tdc cla cdc trin dong dit dd x4y ra trong lich sk thi phuong phdp phan tich theo lich sit thdi

gian lai rat hitu hiéu cho viéc tinh todn.
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