PHUONG PHAP PHO PHAN I’'NG NHIEU DANG DAO DONG VA TiNH
TOAN NHA CAO TANG CHIU PONG PAT THEO TCXDVN 375 : 2006

TS. NGUYEN DBAI MINH
Vién Khoa hoc Cong nghé Xay duwng

Tom tat: Trong tiéu chudn TCXDVN 375:2006, phwong phép phé phén rng nhiéu dang dao déng
khéng dwoc huéng dan chi tiét nhw déi véi phwong phép tinh lwc ngang twong dwong. Vi vay, bai béo
nay trinh bay co sé tinh toén déng dat déi véi nha cao téng theo phwong phép phé phén trng nhiéu
dang dao déng. Hy vong bai béo c6 thé giip ngwdi doc ndm dwoc bén chat phwong phép nay trong
tinh toan thiét ké khang chén. Mat khéac, do sw thuén tién va tinh dé kiém soat cla phwong phap phan
tich tinh Iwc ngang twong dwong, trong thwe hanh thiét ké, phwong phap nay cé thé van dwoc ap
dung khi tinh toédn nha cao tédng chju déng déat. Do vay, bai bao cing trinh bay céc tinh toan so sanh
gitra phwong phép phén tich tinh lwc ngang twong duong va phwong phap phé phan tng nhiéu dang
dao déng dbéi véi nha cao tdng. T do6, dé xuat cac céi tién dé cé thé van dung dwoc phuong phap
phan tich tinh lwc ngang twong dwong trong tinh toan nha cao tédng chiu dong dat nham tiét kiém thoi
gian, cdng strc cua ngwdi thiét ké va déc biét 1a dé kiém soét quy trinh tinh toan va cac két qué dau
ra.

T khéa: Pong dat, nha cao tédng, phwong phap phén tich tinh lwc ngang twong duong, phwong
phap phé phan trng nhiéu dang dao déng, TCXDVN 375:2006.
1. M& dau

Tinh toan két ciu chiu tac déng ngang do gié/bdo hay dong dat duwoc xem la mét trong nhirng
khau quan trong trong thiét ké nha cao tang. Trong thwc hanh thiét ké, tinh toan déong dat dbi véi nha
cao tang theo tiéu chuan TCXDVN 375:2006 Thiét ké céng trinh chju déng dét [1], tiéu chuan chau
Au BS EN 1998-1:2004 (Eurocode 8) [2] va tiéu chudn My UBC:1997 [3], c6 thé dwoc thwc hién theo
phwong phap phan tich tinh lwc ngang twong dwong. Quy trinh don gian xac dinh tai trong dong déat
tac dung Ién coéng trinh theo TCXDVN 375:2006 bang phwong phap phan tich tinh lwc ngang twong
dwong da dwoc trinh bay trong [4, 5]. Tuy nhién, TCXDVN 375:2006 va EN 1998-1:2004 quy dinh
phwong phap nay chi ap dung cho nha cao tang c6 chu ky dao déng riéng co ban T, nhé hon 2s (dbi
v&i dat nén loai B, C, D, E theo phan loai dat nén theo ddng d4t) hay nhé hon 1.6 s (d6i v&i dat nén
loai A), twong dwong véi nha cao tir 20 tang tré xudng. Tiéu chuidn UBC:1997 ciing quy dinh phwong
phap phan tich tinh Iwc ngang twong dwong ap dung cho cac nha cao tang cao dwdi 240 ft (73.15 m,
quéng 20 tang).

Tiéu chudn TCXDVN 375:2006 va tiéu chuan EN 1998-1:2004 déu khéng dinh phwong phap phd
phan &ng nhiéu dang dao déng (hay con goi la phwong phap ddng tuyén tinh) cé thé ap dung cho tat
ca céac loai két cAu khi thiét ké khang chan. Nhw vay, véi nha cao tir 20 tang tré 1&n, theo quy dinh
ctia TCXDVN 375:2006, khi tinh toan ddng dat phai ap dung phwong phap phd phan rng nhiéu dang
dao déng. Céac tiéu chudn My UBC:1997 va tiéu chuan Nga SNiP 11-7-81* [6] cling ap dung phwong
phap nay khi thiét ké khang chan dbéi vé&i cac két cdu cao tAng. Tiéu chuan SNiP quy dinh déi voi
céng trinh c6 chu ky dao déng riéng co ban T, > 0.4 s (twong dwong tir 5 tang trd 1€n), phai xét dén it
nhat 3 dang dao dong khi tinh toan ddng d4t. Khac véi tiéu chuan My, 1a tiéu chuan coi phwong phéap
phan tich tinh lwc ngang twong dwong la phwong phap tham chiéu (reference method) trong thiét ké
khang chén, tiéu chuan Eurocode 8 xem phwong phap phd phan tng nhiéu dang dao déng la
phwong phap tham chiéu [7]. Vi vay, phwong phap nay dwoc khuyén nghi 4p dung cho moi loai két
céu. Ngoai ra, trong tinh toan két ciu chiju tac dong dong dat, EN 1998-1:2004 con khuyén khich ap
dung phwong phap phd phan &ng nhiéu dang dao ddéng c6 xét dén anh hwéng cha cac dang dao



doéng bac cao khéng gian theo ca 3 phwong: ngang nha, doc nha va xoan theo phwong chiéu cao
nha.

Mac du la phwong phap tham chiéu, nhuwng phwong phap phd phan tng nhiéu dang dao déng
khéng dwoc hwéng dan chi tiét trong TCXDVN 375:2006 va EN 1998-1:2004. Trong tai liéu [5], tuy da
trinh bay quy trinh tinh toan theo phwong phap nay nhwng chwa néu ré co s& xac dinh cac khéi
lwong hru hiéu (hodc trong lwgng hiru hiéu) trong cong thirc tinh cac lwc cét day cia cac dang dao
dong riéng bac cao clha két ciu ciing nhw co s& thiét lap phwong trinh phan phéi lwc dong dat Ién cac
cao trinh tAng & cac dang dao déng riéng nay. C6 thé TCXDVN 375:2006 coi nguwoi st dung da rat
quen thudc véi phwong phap phd phan (rng nhiéu dang dao déng. Vi vay, bai bao nay trinh bay co
s& va cach tinh toan theo phwong phap phd phan (rng nhiéu dang dao déng ap dung trong TCXDVN
375:2006, v&i hy vong bai bao sé& giup cho nguwdi doc ndm dwoc ban chat cia phwong phap nay
trong thiét ké khang chan.

Do sy thuan tién va tinh dé kiém soat cia phwong phap phan tich tinh lwc ngang twong dwong,
trong thwc hanh thiét ké, khéng chi & nwéc ta ma con & chau Au [8], phwong phap nay van thwdng
dwoc ap dung trong tinh toan dong dat dbéi véi nha cao tAng nam ngoai pham vi ap dung ctia phwong
phap. Vi vay, bai bdo sé trinh bay céc tinh toan so sanh gil(ta phwong phap phan tich tinh lwc ngang
twong duwong va phwong phap phd phan rng nhiéu dang dao déng déi véi két cu cao tang chiu ddong
dat. Trén co s& do6, dé xuat cac cai tién van dung cho phwong phap phan tich tinh lwc ngang twong
dwong dé cé thé ap dung duoc trong thiét ké khang chan déi véi nha cao hon 20 tang. Nhw vay, viéc
ap dung phuwong phap tinh lwc ngang twong dwong cé cai tién sé thuan tién, dé kiém soat dau ra, tiét
kiém thoi gian va céng strc clia nguoi thiét ké so véi tinh toan theo phwong phap phd phan tng nhiéu
dang dao ddng.

2. Hé mét bac tw do va phwong phap phd phan ¢ng

Thye ra, phwong phap phé phan &ng nhiéu dang dao déng dwoc trinh bay rat chi tiét va dwoc
giang day trong céac trwdng dai hoc & My va phwong Tay [9, 10]. & Viét Nam, phwong phap nay ciing
da dwoc gidi thiéu trong cac tai liéu [11, 12]. Tuy nhién, viéc gan két gitra co s& ly thuyét cia phwong
phap nay véi tiéu chudn khang chan hién hanh (TCXDVN 375:2006) chwa dé cap cu thé. Phuong
phap phd phan &ng nhiéu dang dao ddéng ap dung khi tinh toan déng lwc déi véi hé nhiéu bac tw do,
khoéng chi déi vai tac ddng dong dat ma con dbi véi tac dong gidé. Vi vay, trwdce khi trinh bay phwong
phap nay déi véi hé nhiéu bac tw do, can thiét phai xem xét phwong phap phé phan &ng trong tinh
toan dong dat déi véi hé 1 bac ty do.

77 7
118 = ag(t)
Hinh 1. Dao déng cta hé 1 béac tw do dwdi tac dung
cua gia téc nén U, (t)
Xét hé 1 bac ty do chiu tdc dung cua chuyén dong dat nén cho & hinh 1. Theo nguyén ly
d’Alembert, phwong trinh dao déng ctia hé mét bac tw do theo phuwong x (hay u) dwoc viét nhu sau

[9]:



m(Gi(t) + d, (t) )+ cu(t) + ku(t) = 0 (1a)
hay mu+cu+ku=-muj, (1b)
hodc U+2&w U+w’u = -, (1c)
v&i diéu diéu kién daula: u(0) =0 va u(0)=0.
Trong dé:
m — khéi lwong tap trung, t — bién thoi gian;

u,Uva U- dich chuyén, van téc va gia téc twong &ng theo phwong ngang u tai diém tap trung
khéi lwgng m;

U, - gia téc dat nén (gian do gia toc nén ay(t));

¢ — hé sé can nhét, k — d6 cirng két ciu;

s . /k
Tan sO riéng (tan s6 vong) w = ,/— (cha thich: quan hé gilra @ v&i chu ky dao déng riéng T va
m

A X ~ A > ~ B T B 1
tan s dao dong rieng f ctahéla: w=— va T =—);
2r f
< c
& - hé sb can nhot khong thée nguyén, xac dinh nhw sau: & = > .
Mo

Nghiém ctia phwong trinh (1c) la tich phan Duhamel, dwgc biéu dién dwéi dang:

10 Cro(r)
u(t) = ——IUO(T)G 2 sin(w, (t—7))dz (2)
@y 9
Trong d6 @, = w+/1—E? 1a tan sb riéng co xét dén anh hwéng cta can dao dong.
Do gia tri & thwdng nhé (vao khodng 5% khi tinh toan dong dat) nén o, ~ .

Lwc dong dét tac dung lén khdi lwong m sé la:

F, = mx|u(t)| (3)
o d?u L X .
Trong do U(t) = prER u(t) xac dinh theo céng thirc (2).

Khi tinh toan thiét ké, can thiét phai quan tam dén lwc déng dat I&n nhét tac dung Ién khoi
lwgng m do ham gia téc nén U, (t) gay ra. V&i ham U, (t) cho trwdc, gia tri gia téc 1&6n nhat (dinh
gia téc hay phé) U, twong ¢¢ng v&i tan sb riéng o (hodc chu ky dao déng riéng T ) dwoc xac
dinh can c vao gié tri max cla tich phan Duhamel. Tap hop cac giéa tri U, twong rng v&i cac
chu ky dao déng riéng T chinh la dwéng cong phb phan &ng gia téc S.(w) (hay SA(T)) dbi voi gia
tbc nén U, cho tredc. Minh hoa vé phb phan ng gia téc S, cho & hinh 2 [7, 9, 13, 14].
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Hinh 2. B4 thi minh hoa vé phé phén (rng gia téc cla két céu [14]

Tl coéng thirc (2), cé thé xac dinh dwoc phd phan &ng dich chuyén, phd phan &rng van téc va phd
phan rng gia téc (tr day goi la phé gia tdc), xap xi nhw sau:

S . S ,
|u|max: d:a)_z ’| |max:a)sd:;a ;|u|max=a) Sd:sa
(4)
Nhuw vay lwc dong dat tac dung 1&én két cAu sé la:
) W |1, oltr) S, (v
F, = m><|u|maX = —X —J.Uo(T) e Isin(w(t-7))dr| =W x ()
g a) 0 max g

(5)

Trong dé: g — gia tbc trong trwvdng, W — trong lwong két ciu, S.(w) - phé gia tdc.
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Hinh 3. Phé dang 1 (Eurocode 8) [2] Hinh 4. Phé dang UBC:1997 [3]

Phé gia tbc xac dinh theo (5) la phé dan héi. Trong céac tiéu chudn khang chén, phd gia téc st
dung trong thiét ké thuong 1a cac dwong cong tron da dwoc chudn héa, thuan tién cho ngudi st
dung, dam bado an toan cdng trinh, c6 xét dén sy lam viéc ngoai mién dan héi (tinh déo cta két c4u),
cac dac tinh dia chan cla qubc gia hay khu vwc (dinh gia tbc nén, chu ky trdi ctia gian dé gia tdc, thoi
gian kéo dai cia déng dat, ngudn phat sinh ddng dat...) va loai dat nén theo diéu kién dong dét.
Nguwoi thiét ké, can c vao chu ky dao ddng riéng co ban cla cdng trinh, c6 thé xac dinh dwoc gia tri
cda phd gia téc twong wng. Tl d6, xac dinh dwoc lwc ddng dat tac dung 1&én céng trinh. Phd déng déat
dan hdi (chwa chia cho hé sé (rng x& q theo Eurocode 8 hay chwa chia cho hé s vuwot cwdng dd R
theo UBC:1997) duwgc thé hién trong cac hinh 3 va hinh 4.



3. Hé nhiéu bac tw do va phwong phap phé phan (rng nhiéu dang dao déng

Xét dao déng cua hé n bac ty do cho & hinh 5. Theo nguyén ly d’Alembert, hé phwong trinh dao
dong cua hé nhiéu bac tw do dwdi tac dung cla gia téc nén U, (t) theo phwong x (hay u) dwgc biéu
dién nhw sau [9]:

Mn

{io + (i
mi
m1

Hinh 5. Hé n béac tw do

[M](tu}+{u, )+ [e]{ul+ [k]ul=0 (ea)
hay [M]{af+ [cliul+[kJub=-[M T} (eb)
Trong d6:  {uf' ={u, u, .. u}, {Of ={o, o, .. o} {0} ={i G, .. G},
o =1u, u, .. Uk
U, = U, (t) - 1a gia téc dat nén (da trinh bay & muc 2 dbi véi hé 1 bac tw do),
u, U;, U;— chuyén vi, van téc, gia téc tai diém tap trung khéi lwong & tang thi i, U, (t) = %
d °u,
i (1) = i
u; (t) T
[M] — ma tran khéi lwong, [c] — ma tran cén van téc, [K] — ma tran dé clirng, xac dinh nhuw sau:
m 0 0 O Cy Cp .. Gy Ky, Ky, o Kk,
0O m 0 O Cyi Cp o Gy Ky, Ky oo Ky,
= ;lcl= ;K| =
M=y o ol kl=|
0 0 0 m, Cu Cpp - Cpp Ky Kp - K
m; — tap trung khéi lwong tai tAdng ther i, i=1, 2, ..., n.

Giai hé phwong trinh vi phan (6b) khé do cac phwong trinh phu thudc 1&n nhau khdng phai la cac
phwong trinh vi phan déc lap nhw bai toan dao déng clia hé 1 bac tw do.

Tuy nhién, dé bién hé phwong trinh vi phan (6b) thanh hé n phwong trinh vi phan déc lap, dung
phép bién déi modal (phép bién déi dang dao déng), véc-to bién {u} sé thay thé bang véc-to cac bién
mé&i {Y}, cu thé la:

uj=[@]iv} (7)

trong do:



¢ll ¢12 e ¢ln Yl
[(I)] _ ¢21 ¢22 ¢2n

- ma tran dang dao déng riéng cula hé, {Y}: 2 L. pién mai.
¢nl ¢n2 ¢nn Y n
Thé (7) vao (6b), hé phwong trinh (6b) tré thanh:

M@V §+ [l |+ [}y } = ~[m .} @

Nhan cé 2 vé cla hé phwong trinh (8) v&i [(D]T dan dén:
o Mol }+ [0 ol + o] [l ) = {o] (W] 0

Do tinh chét tryc giao cha ma tran dang dao ddng riéng va cac ma tran [M] va [k] 1a cac ma tran
déi xrng dwong, [c] & ma tran can truyén théng [9] nén cac ma tran [(D]T [M][(D] [(D]T [C][(D] va
[(D]T [k][(l)] chi la cac ma tran dwong chéo. Vi du [(D]T [M][(D] tré thanh:

m 0 0 0
0 m 0 O

ol IM]o]= 2

el Mol=| . T 0 0|
0 0 0 m

n

n
Trong do6: M, =ij ¢%,i=1,2,..,n
j=1
Hé phwong trinh vi phan (9) sé bao gébm n phwong trinh vi phan déc lap nhw sau:

Y| +2¢&; o Yi +a)i2 Y, :_M (1)

m.

Trongdd:i=1,2,..,n

{¢},T = {¢i1 iy ¢in} - véc-to dang dao dong cla dang thi i;
{m }T = {m1 m, .. mn} - véc-to khdi lwong tap trung tai cac tang;
& = - hé sb can dao déng twong (rng v&i dang dao déng thir i;

2m o,
o, — tan sb riéng th i cha hé.
Phuwong trinh (11), twong ng véi dang dao déng thi i, c6 thé viét dwdi dang sau:

) . [Z‘ﬁu m; J

Y +2& oY, + 0! Y, :_J:nl—
U
i1

Hé phwong trinh vi phan dao ddng cta hé n bac tw do (6b) sé twong dwong v&i n phwong trinh vi
phan ddc lap dang (12) twong (rng v&i n dang dao déng riéng cta hé (i =1, 2, ..., n).

xU, (12)

Phuwong trinh (12) twong rng véi dang dao dong riéng the i, gibng nhw phwong trinh (1c) déi voi
hé 1 bac tw do. Day la phwong trinh vi phan tuyén tinh nén phd gia toc caa Y, (t) sé la:



Sgim

=5——S.(®) (13)
Zm ¢|I

Cong thirc (7) vé quan hé gitra {u} va {Y}, viét dwéi dang ma tran day dd sé nhw sau:

\A

!max

L.jl ¢ll ¢12 ¢ln Y]_ ¢ll ¢12 ¢li ¢nl
2 — ¢21 ¢22 ¢2n 2 — ¢21 Y1+ ¢22 Y2 + .+ ¢2| Yi + .+ ¢n2 Yn (14)
L.jn ¢nl ¢n2 e ¢nn Y"n ¢nl ¢2n ¢2i ¢nn
Nhw vay, sy tham gia clia cac dang dao dong trong dao ddng tdng thé ctia hé sé la:
L.‘I‘l ¢11 Yl ¢12 Y”Z ¢1i YI ¢n1 n
Zn“ ¢21 Yl + ¢22 Y2 +.+ ¢2i Yi ] ¢n2 n (15)
L.‘I‘n ¢n1 Yl ¢2n YNZ ¢2i YI ¢nn Yn
Trong do: {ii,}' ={u, ¢, .. G,} (16)

Gia tbc tai cao trinh diém j cGa dang dao dong thir i sé xac dinh nhw sau: L’Iij ¢U YI (do
¢; =¢;) (A7)
Thay (13) vao (17), dan dén:

¢| i¢|l mI
u max :¢ij X[Y' |

‘.ij _—S (@) (18)
Zm ¢|I

Va lyc dong dat tac dung tai cao trinh diém j ca dang dao déng i sé la:

¢ij Zn:¢i| m,

By = mi iy, =Sa(@)xm; x—3=——q9)

Z ml ¢|f

Lwc doéng déat Fy, xac dinh theo cong thire (19), con duoc viét duwdi dang sau:

max

a. Theo dang céng thirc st dung trong SNIP 11-7-81*:

Fi =S, (@) m; X77; (20)
;i Z¢il m,
Trong d6: 1; = —=—— (21)

S

n; dwoc goi la hé sb dang dao ddng.

b. Theo dang céng thire str dung trong TCXDVN 375:2006 hay UBC:1997:



Zn:(bil mlj
F, = S.(@) o { - 5, (@) P, @)
Z¢il m Zml (15||2 Z¢il m,

m; é; m; é;

Hay: F; =S, (@) *xM;x— =R, x— (23)
Z¢i| m, Z¢i| m,
= =
] 2
{Z(bn mlj
Trong d6: M, =~~~ (24)
Zml A
=
Fi = S.(@)xM; = 5a(T) xW, (25)

g

Trong cac cong thirc (24) va (25), M; va W; duoc goi la khéi lwong va trong lwong hivu hiéu cua hé
twong &ng v&i dang dao déng th i, Fyi 1a lwc cat day rng v&i dang dao déng thir i. Do tinh chat tryc

n n

giao clGa cac dang dao dong nén: M =ZMi va W =ZWi , trong d6 M va W la khéi lwong va trong
i=1 i=1

lwo'ng cla hé.

Lwc cat day F, xac dinh theo cong thirc (25) ciing dwa trén phdé phan rng cia hé 1 bac tw do
nhwng &ng v&i chu ki dao dong riéng T;.

Sau khi biét cac lwc dong dat Fij thc dung Ién cao trinh th& j cla dang dao déng th& i, hé qué tac
dong dong dat E; (ndi lwc: mé-ment, lwc doc, lwc cat trong cac ciu kién, chuyén vi, d6 véng v.v.) cé
thé xac dinh theo cac phwong phéap cia co hoc két cdu dbi véi bai toan tinh hoc thédng thuwéng.

Phuwong phap da trinh bay & trén dwoc goi la phwong phap phd phan (rng nhiéu dang dao déng.
4. Té hop cac dang dao dong

Do phd phan &ng (hay dinh) cha cac dang dao dong thr i (i = 1, 2, ..., n) khéng xay ra déng thoi
nén viéc xac dinh phd phan (rng tbng thé cha hé két cdu nhiéu bac tw do cé nhiéu cach gan dung
kh&c nhau.

Céach don gian nhét 1a céng cac gia tri tuyét dbi cha hé qua tac dong dong dat E; (’ng véi dang
th i) clia tt ca cac dang dao dong lai:

£, = i\Em\ (26)

DPay chinh |a cac gia tri trén cla té hop cac dang dao déng can xét. T6 hop nay goi la té hop tdng
cac gia tri tuyét déi hay thuong goi la phwong phap ABSSUM (the absolute sum of modal
combination rule [9]). Té hop tdng cac gia tri tuyét d6i ABSSUM thwérng qua thién vé an toan.

Phwong phap té hop the hai la phwong phéap |4y can bac hai cac tbng binh phwong clia cac hé
qua tac dong hay con goi la phvong phap SRSS (the square-root-of-sum-of-squares rules):

k
Epgc = /z E? (27)
i=1

Phwong phap nay do E. Rosenblueth [15] kién nghj trong luan an tién sy (Ph.D. thesis) ctia minh
nam 1951. Phwong phap SRSS dwoc st dung trong TCXDVN 375:2006, Eurocode 8, UBC:1997 va
SNiP 11-7-81* khi phan (rng clGa hai dang dao déng ivajla doc lap v&i nhau.



Phan rng cla hai dang dao déng i vaj dwoc xem la ddc 1ap véi nhau (nguwoc lai 1a phu thude 1an
nhau) néu cac chu ky T; va T; théa man cac diéu kién sau [5, 7]:

Ti/T; <0.9 hoac T;/T; >1/0.9 (28)

Trong trwdng hop phan tng cla hai dang dao déng i va j la phu thudc 1an nhau (cac chu ky T; va
T, la rat gan nhau), thi gia tri I&n nhat cla hé qua cla tac dong dong dat Eg sé lay bang:

Trong cbng thirc (29), rj dwoc xac dinh nhw sau: I, = a 2)28 (4\/5?1 )Ef. +/z)§j)-4/z§2 : 2) - (30)
—p ) Tageipd+p)+ale +65)p

Trong d6: p=T;/ T, & va &; 1a hé s6 can nhét lay bang 0.05 (5%).

Phwong phap té6 hop dao déng lay theo cong thirc (29) dwoc goi la phwong phap té hop binh
phwong diy da CQC (the complete quadratic combination). Phuwong phap nay do Der Kiureghian [16]
kién nghi nam 1981.

5. Phwong phap phan tich tinh lwec ngang twong dwong

Tiéu chudn TCXDVN 375:2006 va UBC:1997 st dung phwong phap tinh lwc ngang twong dwong
dé tinh toan déng dat déi véi hé nhiéu bac tw do nhwng han ché déi véi nha thap hon 20 tAng. Muc
nay sé trinh bay co s& cla phwong phap nay.

Trong hé nhiéu bac tw do, tdng lwc cat day xét dén anh hwédng cla tat ca cac dang dao dong sé
nhé hon téng lwc cét day lay theo phwong phap td hop téng céac gia tri tuyét déi ABSSUM:

S
f< D fRl= 2w

Trong do: W; - trong quyng hiru hiéu cla toan hé twong rng véi dang dao déng thi i, tan sé riéng
o, dwoc thay bang chu ky dao dong riéng thir i la T,

(31)

Theo [9], néu cac gia tri S,(T,)déu bang nhau va bang S, (T,) thi gia tri tdng lwc cat day sé xap xi:

F, :Zn:MXWI =Mxiwi :S""S—l)xW (32)

i=1 i

Tiéu chudn My UBC:1997 s dung cong thirc (32) cho phwong phap tinh lwc ngang twong
dwong. Trong tiéu chuan chau Au va TCXDVN 375:2006, gia tri W & cong thir (32) dwgc nhan thém
hé sb hiéu chinh A (A = 0.85 néu T;< 2T v&i nha cao hon 2 tang hodc A=1.0 v&i cac trwdng hop
khac). Béi v&i nha cao hon 20 tang, A thwong ldy bang 1.0, nén cong thirc (32) ciing 4p dung cho loai
nha nay trong Eurocode 8 hay TCXDVN 375:2006.

Tuy nhién, trong cac nha cao tang (rng v&i dang dao ddng riéng thie i (i > 1) thi Sy(T;) luén Ién
hon Sa(T1). Vi vay, viéc ap dung phwong phap tinh lwc ngang twong dwong dé tinh toan dong dat cé
nhitng han ché nhat dinh nhw da trinh bay [1-3].

Phan bé Iwc ddng dat F, I1én tang th k xac dinh theo cdng thirc (33) véi gia thiét dang dao dong
co ban lay gan dung bang cac chuyén vi ngang tang tuyén tinh doc theo chiéu cao nha:

AL (33)

ZZW

Trong d6: z va z; la d cao cua trong lwong Wy va W, so v&i diém dat lwc cat day Fy.



Khi tinh déng d4t theo SNiP 11-7-81*, t6 hop dao ddng |y theo phwong phap SRSS. Déi véi nha
c6 chu ky T, < 0.4 s, néu chi xét 1 dang dao déng co ban thi lwc cit day hay hé qua tac dong cia hé
nhiéu bac tw do Iy gan bang céac gia tri twong (rng clia dang dao ddng thir nhét:

E.=E2+EZ+..+E2 ~E =SaT(r1)W1 (34)

Trong d6 W, 1a trong lwong hiru hiéu cha hé &ng véi dang dao déng th& nhéat va ludn nhé hon
tbng trong lwong ciia hé W.

Trong cbng thirc (34), cac gia tri E, Es... bd qua vi v&i Ty < 0.4s, theo SNiP anh hwéng clia cac
gia tri nay dén phan &rng tdng thé ctia hé bé.

Tl (32) va (34), c6 thé thiy rang tinh toan déng dat s dung phwong phéap tinh lwc ngang twong
dwong chi ké dén 1 dang dao déng riéng theo tiéu chudn My va Nga c6é sw khac nhau. Lyc ddng dat
tinh theo (32) ludn I&n hon (34) vi trong (32) da xét toan bd trong lwong cla hé.

6. So sanh giira hai phwong phap tinh lwc ngang twong dwong va phé phan (rng nhiéu dang dao
dong

Phwong phap tinh lyc ngang twong dwong trong TCXDVN 375:2006 c6 thé ap dung dbi véi nha
cao dwdi 20 tAng nhwng phai thda man céac tiéu chi vé tinh déu dan theo chiéu cao, nguwoc lai phai ap
dung phwong phé phan ng nhiéu dang dao déng khi tinh toan déng dat. Vi vay, muc nay sé trinh
bay cac vi du tinh toan ddng dat déi v&i nha cao tang cé tinh déu dan theo chiéu cao (dd cirng phan
bd twong dbi déu theo chiéu cao nha, khdi lwgng cac tdng xem nhw xap xi bang nhau) theo phwong
phap tinh lyc ngang twong dwong va phwong phap phd phan rng nhiéu dang dao déng. Cac so sanh
va nhan xét vé cac két qua tinh toan theo 2 phwong phéap ciing dwgc trinh bay trong muc nay.

Céc théng sb dau vao va két qua ra clha céc vi du tinh toan déng dat nhw sau:

- S6 tAng N = 20, 30 va 40 tang trong d6 tri sb 40 tang la sb tdng I&n nhat cé thé ap dung dwdng
cong phd gia téc thiét ké trong TCXDVN 375:20086, tri s6 20 tang la sé tAng cho phép chap nhan trong
tiéu chuan déi véi phwong phap tinh lwc ngang twong dwong;

- Tiéu chuén ap dung: TCXDVN 375:2006;

- Tdng trong lwgng céng trinh: W (vé&i gia thiét khéi lwong tap trung tai cac tang xap xi bang nhau).
Dé don gian, xem dod cing (El) clia nha khéng déi theo chiéu cao;

- Chiéu cao tang: h, vi du nha cé 30 tang thi chiéu cao nha H = 30 * h;

- Binh gia toc nén thiét ké: a, (gia tbc nén chi theo phwong x hay u);

- Hé sb wng x& két cdu q = 3.9 (rng v&i hé két cdu bé tdng co6 d6 déo trung binh (Ductility class
medium — DCM) va la hé khung-18i-vach nhiéu tang, nhiéu nhip, hé khung kép

- Chu ky dao ddng riéng xac dinh nhw sau (theo phwong phap giai tich va kiém ching lai bédng
may tinh dbi véi dao ddng cda thanh consol chiéu cao H, dd cirng El va khéi lwgng tap trung tai cac
tdng bang nhau): T, = 0.1n, T, = 0.160T,, T3 = 0.057T;, T4=0.0291T;, Ts = 0.0118T; va Te = 0.0084T;;

- Céc dang dao ddng riéng dwoc xac dinh chinh xac bang chwong trinh may tinh;

- Phwong phap phan tich: SRSS — phwong phap phd phan (rng nhiéu dang dao déng té hop lay
can bac hai cac tdng binh phwong cla cac hé qué tac dong, SEM — phwong phap tinh lwc ngang
twong dwong (SEM — Static equivalent method), SEM_MODIFIED - phwong phap tinh Iwc ngang
tuong dwong cé céi tién;

- S6 dang dao dong xét trong tinh toan: 6 dang dao ddng, téng trong lwong hiru hiéu xap xi 95%
tbng lwong cha két cau;

- Két qua ra la: lyc cat day va lwc cét tai cac tAng, mé men day va mé men tai cac tang.



Phwong phép tinh luc ngang twong dwong cé céi tién & day la phwong phap tinh lyc ngang twong
dwong trong TCXDVN 375:2006 v&i phan bd Iwc dong dat 1én cac cao trinh tAng xac dinh vai gia thiét
dang dao ddng co ban |4y gan dung bang cac chuyén vi ngang tang theo ham bac 2 doc theo chiéu
cao nha gan giéng nhw khuyén nghi trong tiéu chudn My ASCE 7-05 [17] vi dang phan bd nay thich
hop véi teng x& cha nha cao tAng hon va thién vé an toan hon so véi dang phan bé tuyén tich:

2
Zk Wk
. 2
ZZjo
j=1

Biéu d6 mé-men (M), lyc cét (V) tai cac tAng cta cac nha 20, 30 va 40 tAng cho trong cac hinh 7,
8 va 9. Pé don gian, biéu dd lyc cat trong cac hinh nay dwgc vé theo duorng cong tron doc theo
chiéu cao nha |4y theo gia tri lwc cét tai cac tang. Truc hoanh trong cac hinh 7-9 |a gia tri khéng tha
nguyén M /(W xh)*(a,/g) va V/W*(a4/g), truc tung la cao trinh cac tang.

F.=FK (37)

Bending momentin 20 story building (4=3.9, ground type B) Shear in 20 story building (q=3.9, ground type B)
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Hinh 8. Nha 30 téng: (a) mé-men tai cac tang, (b) luc cét tai céc téng



Bending moment in 40 story (q =3.9, ground type B) Shear in 40 story building (9=3.9, fround type B)
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() (b)
Hinh 9. Nha 40 téng: (a) mé-men tai cac tang, (b) luc cat tai cac tang

Két qua tinh toan cho thay, khoang tlr 1/2 dén 2/3 chiéu cao nha xubéng méng, mé-men va lyc cét
tai cac tang tinh theo phwong phap tinh lyc ngang tvong dwong I&n hon so voi két qua tinh theo
phwong phap phé phan &rng nhiéu dang dao dong, trong d6 mo-men tai dwdi chén céng trinh I&6n hon
khoang 40%. Ngwoc lai, tv 1/3 chiéu cao nha l1én t&i dinh, lwc cat va mo-men tinh theo phwong phap
pho phan rng nhiéu dang dao dong I&n hon so v&i phwong phap tinh lwvc ngang tvong dwong. Ung
x&r ctia nha 20, 30 va 40 tang dbi véi 2 phwong phap nay la twong déi nhw nhau.

Tinh toan theo phwong phap tinh Iwc ngang twong dwong céi tién cho két qua an toan hon so voi
phwong phéap tinh lyc ngang twong dwong va phwong phap phdé phan (rng nhiéu dang dao dong.
Phan (rng cha két céu tai khu vwc 1/3 chiéu cao tinh tir dinh nha sat véi phwong phap phé phan rng
nhiéu dang dao déng hon so véi phwong phap tinh lwc ngang twong dwong.

7. Két luan va kién nghi

Bai bao da trinh bay co sé ly thuyét cia phwong phap phd phéan &ng nhiéu dang dao ddng ap
dung trong tiéu chudn TCXDVN 375:2006 hay UBC:1997. Co s& dé dwa ra cac cdng thirc xac dinh
tdng khéi lwong hay tdng trong lwong hivu hiéu cta két cdu (rng v&i cac dang dao déng riéng va td
hop cac dang dao ddng khi thiét ké khang chén ciing da dwoc trinh bay cu thé. Nguwi doc ¢ thé dé
dang ndm dwoc ban chét cia phwong phap phd phan (rng nhiéu dang dao doéng. Bai bao ciing trinh
bay rd, phwong phap tinh toan ddng dat trong tiéu chuan Nga SNiP 1I-7-81* vé mat phwong phéap
luan (ly thuyét) ciing twong tw nhw phwong phap phé phan rng nhiéu dang dao dong s dung trong
céc tiéu chuan Au, My.

Ngoai ra, bai bdo cling giai thich co s& cia phwong phap tinh lwc ngang twong dwong ap dung
trong cac tiéu chudn Au-M§. Cac vi du tinh toan déng dat theo TCXDVN 375:2006 dbi v&i cac nha
cao tang co tinh déu d&n theo chiéu cao v&i sb tAng 20, 30 va 40 tAng da dwoc thwc hién theo
phwong phap tinh lwc ngang twong dwong, phuo’ng phap phd phan &ng nhiéu dang dao dong va
phwong phap tinh lwvc ngang twong duwong cé cai tién. Cac nhan xét va so sanh vé lyc cat, mé- men
tai cac cao trinh tang cho thdy phwong phéap tinh lwc ngang twong dwong cho cac két qua thién vé
an toan so vé&i phuong phap phé phan (rng dbi véi cd md-men va luc cét tdng (bao gébm ca lwc cat
day) & khu vwc khoang 1/2 chiéu cao nha tré xuéng (méng). Te khu vwe 1/3 chiéu cao nha tré 1én
(dinh), chénh léch vé mé-men tai cac tang it, nhwng lwc cat tinh theo phwong phap tinh lwc ngang
twong dwong nhd hon so véi phwong phap phd phan (rng. Diéu nay xay ra véi ca nha 20 tang la
nha ma phwong phap tinh lwvc ngang twong dwong dwoc phép ap dung trong TCXDVN 375:2006
va nha 30 va 40 tang (cac nha khéng duoc phép ap dung). Can ct vao cac két qua tinh toan, co
thé st dung dwoc phwong phap tinh lwc ngang trong tinh toan dong dat déi voi nha cao tang, trong
do6 khu vuee phia trén (1/3 nha) c6 kha nang nguy hiém vé Iwc cét so v&i tinh theo phwong phap phd
phan (rng nhiéu dang dao déng thwdng dwoc bl lai dbi voi trwdng hop tai trong khac hodc nén
xem xét bu lai bdng cau tao khi thiét ké (do lwc cét & khu vwe bu nay thuwdng nhd).

Bai bao ciing da kién nghi phwong phéap tinh lwc ngang twong dwong cé céi tién dbdi véi nha cao
tr 20 tng trd 1&n (dén 40 tang) véi phan bd lwc dong dat Ién cac cao trinh tAng xac dinh véi gia thiét
dang dao ddng co ban Iy gan dung bang cac chuyén vi ngang tang theo ham bac 2 doc theo chiéu
cao nha do dang phan bd nay thich hop véi (rng x& clia nha cao tang hon so véi dang tuyén tinh. Két
qua tinh toan so sanh gitra phwong phap phé phan &ng nhiéu dang dao ddng, phwong phap tinh lwc



ngang twong dwong va phwong phap tinh lwc nhgang twvong dwong co cai tién cho thdy phwong phap
tinh lwc ngang twong duwong cé cai tién cho két qua an toan nhét trong 3 phwong phap va phan tng
cla cong trinh tai khu vuwc ph|a trén 1/3 chiéu cao nha sat vodi phwong phap phé phan ung nhiéu
dang dao ddng. Cac két qua tinh toan dong dat véi cac loai dat nén khac nhau, hé sé ung xtr khac
nhau da dwoc thwe hién bdi tac gia ciing cho cac ing xr twong tw (do han ché vé dd dai cda bai nén
khéng trinh bay trong bai b4o nay). Vi vay, déi v&i nha cao hon 20 tang c6 thé kién nghi phuong
phap tinh lyc ngang twong duong co cai tién trong tinh toan déng dat néu khéng ap dung phuong
phap pho phan rng nhiéu dang dao dong.

Cubi cung, trong tinh toan dong dat dbéi voi nha cao tAng mac du da thyc hién theo phwong phap
phé phan (rng nhiéu dang dao déng theo quy dinh ciia TCXDVN 375: 2006, can thiét phai kiém tra lai
theo phwong phap tinh lwc ngang twong dwong dac biét déi VoI phan nén- mong (do tai tac dung 1én
coc &nh hwdng do mé-men udn tai chan nha Ién), cac két cdu va clu kién & cac tang tr 1/2 chiéu
cao nha tré xudng.

TAI LIEU THAM KHAO
1. TCXDVN 375:2006. Thiét ké& két ciu chiu ddong dat, Nha xuét ban Xay dung, Ha N&i, 2006.

2. BS EN 1998-1:2004. (Eurocode 8) Design of structures for earthquake resistance. British Standard institution,
April, UK, 2005, 229 p.

3. UBC:1997. Uniform Building Code, Vol. 2. International Conference of Building Officials, Whittier, CA, USA.

4. NGUYEN DAl MINH va NGUYEN HOANG ANH. Xac dinh tai trong dong dat tdc dung 1én céng trinh theo
TCXDVN 375:2006: Quy trinh don gian, Tap chi KHCN Xay dung, Vién KHCN Xay dung, Ha Néi, 2008.

5. Vién KHCN Xay dwng. Hwéong dan thiét k& nha cao tdng bang bé téng cét thép chju dong dét theo tiéu chuén
TCXDVN 375:2006, Nha xuét ban Xay dwng, Ha Néi, 2008.

6. SNiP 11-7-81*. Xay dwng trong viing c6 dong dat (tiéng Nga), Nha xuét ban Stroizdat, Moscow, 2001.

7. Fardis, M. Carvalho, E., Faccioli, E., Pinto P. and Plumier, A. Designers’ guide to EN 1998-1 and EN 1998-5
Eurocode 8: Design of structures for earthquake resistance — General rules, seismic actions, design rules for
buildings, foundations and retaining structures, ThomasTelford, UK, 279 p.

8. Pinho, R. and Crowley, H. Revisiting eurocode 8 formulae for periods of vibration and their employment in
linear seismic analysis, Proc. of Eurocode 8 perspectives from Italian standpoint workshop, E. Cosenza (ed.),
Napoli, Italy, 2009, pp. 95-108.

9. Chopra, A. K. Dynamic of structures, Prentice Hall International, US, 2001, 844 p.

10. Clough, R. W. and Penzien, J. Dynamics of structures, Computers & Structures Inc., USA, 2003, 730 p.

11. Key, D. Thyc hanh thiét ké chéng dong dat cho cong trinh xay dwng, Nha xuét ban Xay dung, Ha Néi, 1997,
266 trang.

12. NGUYEN LE NINH. DBoéng dat va thiét k& cong trinh chiu ddng dat, Nha xuét ban xay dwng, Ha Néi, 2007,
513 trang.

13. Penelis, G. G. and Kappos, A. J. Earthquake-resistant concrete structures, E & FN Spon, An Imprint of
Chapman & Hall, London, UK, 1997, 572 p.

14. Bungale, S. T. Wind and earthquake resistant buildings — Structural analysis and design, Marcel Dekker,
USA, 2005, 892 p.

15. Rosenblueth, E. A basis for aseismic design, Ph.D. thesis, University of lllinois at Urbana, USA, 1951.

16. Der Kiureghian, A. A response spectrum method for randam vibration analysis of MDF system, Earthquake
Engineering and Structural Dynamics, 9, 1981, pp. 419-435.

17. ASCE/SEI 7-05. Minimum design loads for buildings and other structures, published by American Society of
Civil Engineers, Virginia, USA, 2006, 338 p.



