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CHUONG 1: CAC KHAI NIEM CO BAN

Chwong]
CAC KHAI NIEM CO BAN

1.1 NHIEM VU MON HQC

Trong thue té cac cong trinh xay dung déu chiu tac dung cia tai
trong dong nhu gid, dong dit...tuy nhién cac phuong phap tinh
toan di dugc gidi thiéu & gido trinh Suc bén vit liéu va Co hoc két
cAu chi giai quyét cho cac tai trong tinh. Viée tinh toan két cau dudi
tac dung ctia cac nguyén nhan dong la mot van dé rat phue tap, tuy
nhién trén co s& cac gia thiét va moé hinh toan hoc hop 1y, mét
phuong phép phan tich phan tmg (ndi luc, tng suat hodc chuyén vi,
van tbe, gia toc...) trong két cau khi chiu tic dung ctia cac nguyén

nhan dong di dugce dua vao nghién ctru, d6 chinh la Dong lue hoc.

COHQC
co HOC CO HOC CO HOC
VAT RAN TUYET POI VAT RAN BIEN DANG THUY - KHI
\:TTNH HOC \isﬁc BEN VAT LIEU KHONG NEN BUGC
PONG LUC HOC COKET CAU NEN BUGC
Hinh 1.1 Linh viee co hoc

Pong luc hoc két cau 1a mot linh vyc cua co hoe, nhiém vu co
ban cua bai toan dong Iuc hoc 1a xac dinh ndi1 luc va chuyén vi két

cau dudi tac dung dong cua tai trong thay doéi theo thoi gian. Trén
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co s& do s& lua chon céac kich thude két ciu hop 1y, dam bao an

toan va tinh thyc té.

1.2 CAC KHAINIEM
1.2.1 Tai trong dong

Tai trong déng 1a tai trong thay dbi theo thoi gian vé tri sb,
phwong, vi tri va gy ra img sudt, chuyén vi... ciing thay d6i theo
thot gian.

Dic diém co ban cua bai toan tinh 1a néi luc dwoc xdc dinh tir su
cén bang véi ngoai lye, khong can dung deong dan hoi nén mang
tinh chat don gian. Ung suét va chuyén vi khéng phu thube théi

gian do su chuyén ddéng cua hé cham va luc quan tinh duge bo qua.

Dic diém co ban clia bai toan déng 1a ngoat luc bao gém hee
qudn tink phu thude vao dudng dan hdi. Vi vay, dan t6i phuong
trinh vi phan phirc tap vé toan hoc, khéi lrong tinh toan 1ém, phai
bit dau tir viée xac dinh phwong trinh dwémg dan hoi. Mit khac,
tng sudt va chuyén vi phu thudc vao thoi gian do hé chuyén déng
vé6i gia toe 16n va lwe quéan tinh lai phu thude vao gia tbe chuyén
déng nén khéng thé bé qua.

Néi chung bai toan tinh (bao gdbm ca bai toan én dinh) 1a truong
hop dic biét cua bai toan dong khi lwe quan tinh duge bd qua.
Ngoai ra yéu 6 lyc can d6i khi droc dra vao xem xét trong bai
toan déng v6i nhitng gia thiét phu hop, 1am cho bai toan cang gan

v thue té.

10
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1.2.2 Phin loai tai trong dong

Tai trong dong tac dung 1én ¢ong trinh rat da dang va phirc tap.
Theo cac dic trung tinh chat clia né, tai trong dong co ban duge
phan thanh tai trong tién dinh va tai trong ngiu nhién

a) Tdi trong tién dinh: (Deterministic Loads): 1 tai trong biét
trrde qui ludt bién d6i theo thoi gian P = P(1). Qui ludt bién ddi nay
co thé dang diéu hoa nhu hinh sin, hinh cos (hinh 1.2a) hodc ¢6 chu
kv, cir sau mdt chu ky lap lai hinh dang ban dau (hinh 1.2b) hodic tai
trong xung kich tac dung trong khoang thoi gian rt ngén, tai trong
tang 1én va giam xudng cuc nhanh theo qui ludt tuyén tinh nhu
trong trudng hop mét vu nd.

P(t) Pt

n oA |
VY, J_JH

DT
a) Tai trong may dang hoat dong  b) Tai irong bua ddp én coc
Hinh 1.2. Tai trong tién dinh

b) Tii trong ngdu nhién: (Random, Stochastic Loads): 14 tai
trong biét trude qui ludt xac sudt va cac dic trung xac suat nhu gia
tr1 trung binh, do léch chuén. ..

Vi du: tai trong gi6, séng bién, lwc dong dat. ...

11
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Hinh 1.3. Tdc dong tdi trong gi6 dén cong trinh

Bai toan dong luc hoc két cAu chiu ta1 trong nggu nhién duoc
giai quyét bing 1y thuyét dao déng nglu nhién (Random Vibration
Theory). Céc thdng tin can tim bao gdm ung suét, chuyén vi, cling
mang tinh ngdu nhién véi cac dic trung xac sudt gid tri trung binh,
d6 1ach chuan...

Néi chung, céc tai trong trong thuc té déu mang tinh chit nglu
nhién & muc d6 khac nhau, va duoc xac dinh bang phuong phap
théng ké toan hoc.

1.2.3 Bic tu do cuia két cau (BTD)

Béac te do dong luc hoc (Number of dynamics degrees of
freedom) cia két ciu 1a s6 thanh phan chuyén vi phai xét dé thé
hién duoc anh hudng cia tAt ca cac luc quan tinh.

Bac tu do duge dinh nghia trong sw l1én quan dén lue quan tinh
va do d6 lién quan dén khéi luong. S6 khéi lwong cang nhiéu thi

cang chinh xdc nhung cling cang phtre tap.

12
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Noi chung, mot két cdu 1ién tuc ¢6 vo sd bac ty do. Tuy nhién, ta
c6 the dua n6 vé hé ¢ it bac tw do hodc tham chi 13 hé mot bac tu
do dua vao céc gid thiét:

- Xem céc khdi lwong tip trung cia hé 1a cac chat didm (bo qua
chuyén vi xoay)

- B6 qua chidu dai co din do cdc bién dang udn.

Hay noi cach khac bac tur do dong luc hoc 1a s6 1ién két tira ta dit
vao cdc khdi luong ciia hé sao cho tat ¢a cac khéi luong nay déu bat

dong.

Vidu:

b)

d)

e V),
Hinh 1.4 Bdc tw do dong lyc hoc

13
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Chu y: Bac ty do ddng luc hoc khac vér bac tu do trong bai toan
tinh (sé chuyén vi nat cua két céu) va sb béc tu do ¢6 thé 1én hon,

nho hon hodce bf?mg s6 khéi legng cua hé.

Trong thue t€, cac két cau ¢6 khoi luong phan bo nén ¢d v6 han
bac tu do, viéc giai bai toan rat phire tap nén phai tim cach roi rac

hoa hé.

1.2.4 Phin loai dao djng

Dao dong duoc phén loai theo nhiéu cach khac nhau, tuy theo sy
lam viéc, kich thude, cdu tao... ciia hé hoiic tuy theo tinh chat va

nguyén nhén giy ra dao dong.

a) Phin theo biic tir do: cach phan theo bac ty do dua dao déng
ctia hé vé 3 loai sau:

- Dao dong cua hé mét bac tu do

- Dao dong cia hé hitu han bac tv do (s6 bac tv do lén hon
hodc bang 2)

- Dao dong cua hé v6 han bac tr do

b) Phin theo tinh chit va nguyén nhin giy ra dao dong:

- Dao dong sinh ra do tur ban than cua hé khi chiu tac dong tur
mot Iwe kich thich ban diu va hé van dao dong khi ngung luce kich
thich goi la dao dong tur do.

Vi du: dao dong day dan...

- Dao dong sinh ra do hé chiu tac déng tr mét luc kich thich
ban dau va hé ngirng dao déng khi lue kich thich khéng con nita goi
1a dao dong cudng birc.

Vi du: dao dong do tai trong didu hoa tir moto may dat trén hé...

14
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¢) Phin theo dang phwong trinh vi phin dao dong:
- Dao déng tuyén tinh: phwong trinh vi phan dao déng dang
tuyén tinh.
- Dao déng phi tuyén: phwong trinh vi phén dao déng dang phi
tuyén.

1.3 CAC PHUONG PHAP ROI RAC HOA
1.3.1 Phuong phap khoéi luong thu gon (Lumped Mass)

1M (z)

"5 P

Hinh 1.5 Phirong phdp thu gon khéi lvong
Thay thé hé ¢6 khéi lvong phan bb (Hinh 1.5a) thanh cac khéi
lwong tap trung (Hinh 1.5b) theo nguyén tic twong dwong tinh hoc.
Pay la phrong phap theong duwoe dung trong hé két cau phire tap.

Khéi lrong thuong droc thu gon vé diém nat

Vi du: hé dan 1y tuéng 6 khéi lwong va tai trong tap trung tai céc

nut dan

Hinh 1.6 Hé dan Iy tuong

15
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S4 bac tu do ciia hé tuy thude vao gia thiét vé tinh chat chuyén Vi
ctia hé va tinh chit quan tinh ctia cdc khéi lugng ;. Ching han, xét
hé (Hinh 1.5b) 14 hé phing;

- Néu co bién dang doc truc va khéi lwong m; cé6 quan tinh
xoay: hé ¢6 9 BTD (3BTD/khéi luong m,).

- Néu coi m; la mot chat diém (khong co quan tinh xoay): hé ¢
6 BTD (2 chuyén vi thang/ khdi luong m).

- Néu bo qua bién dang doc truc thi hé chi co chuyén vi dung:
hé ¢6 3 BTD (1 chuyén vi dimg/ khéi luong m,).
Chu y: D6 phue tap cua bai toan dong luc hoc phu thude vao sb

béc tu do.

1.3.2 Phwong phap toa do suy rong (Generalised Coordinates)

y (X.0)

= L W)
ﬂ

o

75 Y4 (x)
1N N
"N

Hinh 1.7 Phuong phdp toa do suy rong

16
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Gia sir duong dan hoi y(x,¢) 13 t6 hop tuyén tinh ctia cac ham xac

dinh y;(x) c6 bién d Z; nhu sau:
NEHEDWAGIACY (L.1)
i=1

trong d6: y,(x): Ham dang

Zi(t): Toa dd suy rong
Ham dang y;(x) dugc tim tir viée giai phuong trinh vi phan dao
ham riéng, hodic do gia thiét phi hop véi diéu kién bién. Khi tinh
toan thuong gift lat mot sb sb hang dau tién cta chudi (1.1) va hé

tr¢ thanh hitu han bac tu do (Z; dong vai tro bac tu do).

Vi du: duong dan hoi v(x,#) trén hinh 1.7 duoc biéu dién véi ham
v, (x)= sianx (i=1, 2, 3,...,n) nhu sau :

y(x,t)= Zsmﬂ. +Z, s1n2L+Z n3ﬂ+...+Znsinm
1 k L L

1.3.3 Phwong phap phan ti hitu han (Finite Element Method -
FEM)

bay la truong hop dic biét /% @
: : . ‘

GHG ,73;7
cua phuong phap toa do suy
7 W(b) o
rong, trong do: Z; 1a cac chuyén W NG |
vi nit (toa do suy rong) va wi(x) : } I _|_ N O :
la cac ham ndi suy cac phan tir W/\L
| |

(ham dang)

3
|
|

b |
)

Hinh 1.8 Phuong phap FEM

17



CHUONG 1: CAC KHAI NIEM CO BAN

Thudng cac ham ndi suy wi(x) droe chon gidng nhau cho céc
ph{fm ter (kng voi cung mét bac tr do) va 1a ham da thirc nén viée
tinh toan duge don gian. Pic biét, do tinh chét cuc bd clia cic ham
néi suy nén cac phuong trinh it lién két véi nhau lam giam nhiéu

kkhéi lwong tinh toan.

1.4 CAC PHUONG PHAP THIET LAP PHUONG
TRINH CHUYEN PONG

Su thay doi chuyén vi theo thoi gian cia mét hé duoc thé hién
bing céc bidu thirc toan hoc dang phuwong trinh vi phén. Céc
phuong trinh vi phén chuyén dong nay phan anh dic trung dao
ddéng cia hé. Vi vay, bai toan déng luc hoc dugce giai quyét khi cac
phuong trinh vi phan duoc giai. Viée thiét 1ap cac phuong trinh vi
phan chuyén déng hién nay dwa trén co s& nguyén 1y D’Alembert

va nguyén 1y bién phén ning luong.

1.4.1 Nguyén ly I’ Alembert

Nguyén ly D’Alembert duoc phat biéu nhu sau: Déi véi mét hé
bao gdém nhiéu chat diém mang khéi lwong, phrong trinh chuyén
déng duoc thiét 1ap bing cach viét phwong trinh ¢an bing tinh hoc
cac khéi luong va ké ca cac lwe quan tinh dit 1én chiing.

Cu thé, ta xét khbi lwgng m; (i=1,n) chiu tac dong cia luc P(7)
¢ chuyén vi vi(1) va gia toe Vi(1). Néu dit thém lyc quan tinh thi

khoi luwgng m; s€ can bang:

B(t)-mi,(t) =0 (12)

18
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Néu hé ¢6 n bac tir do thi s& ¢6 # phuong trinh vi phan chuyén
dong.
trong do :
e Pif) —bao gém tai trong déng, luc dan hdi va luc tit dan tc

dung vao khéi luong m;

e my.(t) - dang tong quat cac lwc quan tinh cia cac khéi lwong
m; theo dinh luat II Newton.

Tuy nhién nguyén Iy D’Alembert chi ap dung cho cac trudong
hop don gian. Céc bai toan phirc tap hon nhuw vat thé chuyén déng
vé6i gia tbe thay dbi dot ngdt... thi viée ap dung cac nguyén Iy bién

phén nang lugng t6 ra hi€u qua hon.

1.4.2 Nguyén ly cong kha di

Déi véi cac so db két cAu vdi luc tac dung lén h¢ dang phtc tap
thi viéc thyc hién phép can b@ing cac luc theo dai luong vector 1a vo
cung kho khin. Do d6, mét phuong phap thiét 1ap phrong trinh vi
phan chuyén déng hop 1y trong trromg hop nay da dwoc ap dung,
doé chinh 1a dua cac dai lwong vector vé dai leong vé6 hudng dudi
dang céng cua lyc. Phuong phap nay dua trén nguyén 1y cong kha
di.

Cho khéi lugng m; (i=1,1n) mét chuyén vi kha di dv;, cong kha di
SW ciia céac lue thc dung 18n my; (cAn bing) trén chuyén vi dv; phai

triét tiéu:
Y BE@-my,@®pv, =0 (1.3)
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Nguyén li ¢ong kha di thich hop cho hé phic tap gdm cac khébi
lwong diém va khéi luong ¢b6 quan tinh xoay. Néu cho hé cac
chuyén vi kha di v 1an luot theo cac bac tu do s& thu duoc n

phuong trinh vi phan cia chuyén déng.

Ky hiéu cong kha di ctia ngoai lue Pif) 1a SW, tir (1.3) ta ¢6 bién
phéan cong kha di:

SW =Y B()Sv, =Y my (1)dv, (1.4)

1.4.3 Nguyén ly Hamilton

DPéi véi hé phitc tap hon, cling vé1 muc dich dua cac dai luong
vector vé thanh dai lrong vé hudng, ngudi ta con diung mét phrong
phap ap dung nguyén 1y bién phan déng hoc Hamilton. Phuong
trinh vi phan chuyén déng duoc thiét 1ap tir cac bidu thirc bién phan
cac ham nang luwong cua hé.

Xét hé gdm cac khéi luong m; (i=1, 1) ¢6 cac chuyén vi vi(t) &
hai thoi diém 7 va £2 (hinh 1.9), chuyén vi ¢ cac tri sb viftz) va
vi(tz) trong mg véi hai duwdng bién dang (b) va (c). Pudng bién
dang (d) img v&i t = t; + At < 2. Dudng bién dang that tudn theo
dinh luat II Newton. Puong léch trung vé duong that tai hai tho
diém ;7 va to:

5V1(I1)=5V1(t2)=0 (1.5)

Dong nang cua hé tai thoi diém t:

20



CHUONG 1: CAC KHAI NIEM CO BAN
1 & ) g
T:Eijviz =T(v,) (1.6)
|

Bién phan ciia dong ning 67 twong (mg véi bién phan cia

chuyén Vi dv;
= 2—51/ Zmlv'ﬁv'z = Zm V5—= Zm v —51/ (1.7)
=1 z i
Mat khac, ta co d(”)ng nhét thie:

i(g&): VoV, +V, ic?vl (1.8)
dt dt

Hinh 1.9 Neuyén [y Hamilton
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Nhén ca hai vé (1.8) v6i m; va lay tong cho toan hé:

d ; ; . d
EZ(miVﬁVi) = zi:mivic?v_i + Z my, Eévi

%Z(myﬁvi) =5T +6W

Nhén hai vé (1.9) vé6i df va lay tich phén tir #; dén #:

1, t,

= (81 + 50 Yar

i 4

Zmivzﬁvi
i

(1.9)

Theo trén vi ovi(t;) = Sviftz) = 0 v6i moi i nén vé trai triét tidu:

i

[ (8T +ow )dt =0

L

(1.10)

Néu ngoai lyc tac dung trén hé gém luc bao toan (luc thé) va luc

khéng bao toan (thi du e ma sat) thi bién phén cua cong ngoai luc

SW duroc tach ra hai thanh phan:

SW = W, + W,

(1.11)

D61 vai lue bao toan thi cong cua lue bang dé giam thé ning cia

hé nén:
SW. = -8V
v6i 67714 bién phén cia thé ning
Thé (1.12) vao (1.11):

SW =—8V +6W,,
Thé (1.13) vao (1.10):

(1.12)

(1.13)
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[ i
[o(r-7)de+ oW, .dt =0 (1.14)
4 4
Déy 1a nguyén 1y bién phan cta Hamilton, trong do:
e 7 Dong ning cia hé.
e J7 Thé ning cia hé, gom thé ning bién dang dan hoi va thé
nang cua lye bao toan.
o [V, : Cong cia lyc khong bao toan (luyc can, ma sat, ngoai
lwe...)
Nhin xét:

- Céng thirc (1.10) dwgc viét lai:
IZ
S|(T+w)dt=0 (1.15)
4

Nhu véy, trong tat ca cac deong chuyén déng trong khoang thoi
I2

gian tit £; dén £, thi dwong 1am cho tich phén I(T +W)dt =0 cogia

4
tr1 ding (cuc tiéu) la duong chuyén déng tudn theo dinh luat
Newton
- Déi véi bai toan tinh, khéng ¢6 dong ning (7=0) thi biéu
thirc (1.10) tr¢ thanh:

t
[owdi=0 = 6w =0 =5V -w,)=0 (1.10)

i
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CHUONG 1: CAC KHAI NIEM CO BAN

Déy la nguyén 1y thé nang cue tidu trong bai toan tinh (Néu mét
hé can bﬁ”mg &n dinh thi thé ning cua hé cuc tiéu).

Chu y: Nguyén 1y Hamilton ciing la mét phrong phap nang
lwong, trong do khéng dung trre tiép dén lyc quan tinh va lyc bao

toan, dung thich hop cho hé phirc tap, khéi lrong phan bé.
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Chu’o’ngz
HE MOT BAC TU DO

2.1 THIET LAP PHUONG TRINH CHUYEN PONG
2.1.1 M6 hinh hé mét bac tw do

@)

Hinh 2.1 Hé mot bac twr do

Xét mot thap nude nhu Hink 2. 1a, néu bé qua anh huong lue
phén b6 doe true do trong luong ban than cua tru dimg thi day la hé
mét bac tr do. Khi dé, ta co thé xem hé nhu mét thanh cong xon cod
d6 climg twong duong &, khdi lwong tap trung m tai trong tam khoi
cau nude dudi tac dung lue ngang (gid) thay do6i theo thoi gian p(t)
(Hinh 2.1b). H¢ trén dugce don gian thanh mdt mo hinh cua hé mot
bdc tw do (Single Degree of Freedom system - SDOFs) duoc biéu

dién nhu Hinh 2.2. Hé b cac dic trung vit ly (Concentrated
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CHUONG 2: HE MOT BAC TU DO
Properties) sau: khéi lugong m, d6 cliing &, hé s6 can ¢ va luc kich

dong p(1).

U
/ ¢ i
A4 7

Hinh 2.2 M6 hinh hé mét bdce tir do

Trong qua trinh dao ddng, hé chiu tac déng cua cac luc rit da

dang. Cac lwe tac déng chu yéu 1a:

- Luec kich déng p(#): 1a lyc thay dbi theo th&i gian tac dung tir

bén ngoai 1&n hé nhu muc 1.1.3

- Luyc dan héi fs (Elastic force): 1a luc xudt hién khi tach hé khoi
vi tri ¢4n bang va c6 xu huedéng dua hé vé lai trang thai cén bing.
Luc nay phu thude vao d6 cimg & va chuyén vi déng u cia hé la
tuyén tinh hay phi tuyén. Véi hé dan hdi tuyén tinh thi:
Jfs=k*u 2.1)
Hay néi cach khac, lwe dan hdi chinh 1a lye trong ing chuyén

vi bing don vi gdy ra twong ting vdi pheong ciia bic tur do.

- Luc can nhét fo (Viscous damping). 1la lgc thuong nguoc
chidu véi chuyén déng va ¢6 kha ning khir dao déng cia hé do bod
giam chan ¢ 1am tiéu hao ndng lwgng trong qua trinh dao déng. Vi
mo hinh can nhaét tuyén tinh thi lye nay phu thude vao van tdc dao

déng u ciua hé
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f=e™4 (2:2)
- Luc quan tinh fr (Inertia force): 1a lyc ngwoe chidu véi chuyén
ddéng cia hé, phu thude vao khéi lwong m cua hé va gia the chuyén
dong ii cua hé
fr=m*ii (2:3)
Chu y: HE mot bac tu do ¢6 cac dic trung phan b vé m k ¢
p(t) déu b thé dua vé md hinh ¢6 céc dic trung vat Iy tip trung (hé

mét bac ty do suy rong).

2.1.2 Thiét 1ip phuong trinh chuyén déng
2.1.2.1 Nguyén ly D’Alembert

p l uft)
D 1

77272377

Hinh 2.3 Cdc luc tac dung lén hé mot bdc fir do
Céch thiét 1ap phwong trinh chuyén déng cho hé Hinh 2.2 theo
phuong phap ap dung nguyén Iy D Alembert hay phirong phdp tinh
dong cén phai bd sung vao hé luc quan tinh fp. Nhu vay, cac lyc tac
dung 1én mot bac ty do duge biéu dién nhu Hink 2.3, trong do fs, /o,
11 p(t) lan lwot 1a lvc dan hoi, luc can nhot, luc quan tinh va lgc

kich thich 1én hé. Phuong trinh cén bf?mg lwe tinh hoc:

pli)= e i =0 24)
hay mii +cu +ku = p(f) (2.5)
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2.1.2.2 Nguyén ly cong kha di
o
Jo !

-~ _f

S5 < Rasl

77772777

Hinh 2.4 Cac luc tac dung lén hé mot bdc tir do

Khi xay dung phrong trinh vi phan chuyén déng theo nguyén 1y
cong kha di ta cho khéi lwong m chuyén vi kha di mét luong Su.
Khi d6, cac lyc tac dung l1én khoi lrong déu thuc hién mot cong
trong tng véi chuyén vi kha di du (Hinh 2.4). Do d6, tong céng
kha di cac luc 16n hé phai bing 0

oW =p)du—fs ou—frou—foou=20 (2.6)

hay [-mv —cv —kv+ p()]ou=0 2.7

Vi Su tiry ¥ nén thu duoc phuong trinh chuyén déng gidng (2.5)
2.1.2.3 Nguyén ly Hamilton

Dé thiét 1ap phuong trinh vi phan chuyén déng theo nguvén Iy
Hamilton, ta cin xac dinh cac bidu thirc bién phan déng ning, thé
ning, cong do luc can va tai trong bén ngoai. Do d6, dong ning clia

hé duoe xac dinh nhw sau:

T = =y 2.8
5 mi (2.8)
Suy ra bién phan déng ning:
6T = mut Su (2.9)
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Thé ning cta hé duoc biéu thi bing ning lwong bién dang dan

héi ciia 1 xo:
1, ,
V= Eku (2.10)

Ta ciing thu dwge bién phén cta thé ning bién dang dan héi:
OV =ku du (2.11)
Hinh 2.5 m6 ta quan hé giita chuyén vi va lue dan hdi fs = ku,
dwa vao do thi ta thiy su trong quan gitra lwe va chuyén vi 1a tuyén
tinh.

Lue
fs = ku

Chuyén vi u
O i o

Hinh 2.5 Quan hé giita lire va chuyén vi
Ngoait luc p(#) va luc can fp la cac luc khong bao toan cia hé,
biéu thirc cong cia cac lyc nay la :
W =plu—f,u=plHu—cuiu (2.12)
Bién phén cong kha di ciia hai lwe nay trén chuyén vi kha di Su:
oW = p(t)ou—cu ou (2.13)
Theo nguyén ly Hamilton:

[[6@-vy+omw, ]dr=0 (2.14)

h
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CHUONG 2: HE MOT BAC TU' DO

b
Thay vao : j{é(%muz _%kuzj + p(t)ou —cu 5u}dt =0

4

h
Hay [ [miri — kudu - cii Su+ p(t)Suldt =0 (2.15)

i

Tich phan ting phan sé hang thir nhat phrong trinh (2.15), ta

duoc:

12
J.m'lj! oudt = mu du iz

p2 _‘\(‘_J
! 0

t, t,
—jmz;z Sudt = —jmii Sudt  (2.16)
h

h

Thé phuong trinh (2.16) vao (2.15) ta thu duoc:

f [—mii — cit = ku+ p()|6u dt =0 (2.17)

4

Vi Su tly v nén biéu thirc: —mii —cit—ku+ p(t)=0 ¢6 dang
oidng véi (2.5)
Nhin xét: Ca 3 phwong phap cho cing két qua vi cing dua trén
dinh ludt quan tinh ciia Newton. Trong truong hop cu thé nay
nguyén 1y D 'Alembert 1a don gian nhét.
Vi du 2.1: Thiét 1ap phwong trinh chuyén déng cho dam don gian
véi khoi lwong tap trung m = 100 kg dit & gitta dam, hé s6 can ¢ =
= 50 kN.s/m, chiu luc tac dung p(t) = 20sin10¢ (kN) nhu Hinh 2.6.
B6 qua trong lwong ban than dam, biét L = 4m; E = 2x107 kN/en?;
I=2500 cm”.
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a) p b) lP
m
i e b A e [F 3,
L L2 L2 L L2 L2

Hinh 2.6 Hé mdt bdc tir do
- D6 cing k cia dam:
Dé tinh d6 cliing dim ta can tao mot trang thai phu bﬁ”mg cach tai
vi tri dat vat thi dat mot luc P (Hinh 2.6b) va tinh chuyén vi tinh do
luc nay géy ra cho hé. Sau do6, dua vao y nghia vét 1y cua do cling
chinh 1a Iyc 1am cho hé chuyén vi bang 1 don vi theo phrrong

chuyén déng cia bac tu do can xét.

Chuyén vi tai vi tri dét lue P theo phuong phap lyc ta tinh duge:

Do do, d6 cliing dim :

_48L0 xy  A8EI x1 _ 48x2x10° x2500

k=P
B P 400°

=3750 kN /' m

Phuong trinh chuyén déng ciia hé theo (2.5):
1004 + 502 +3750u = 20sin 10t (kN)

2.1.2.4 Anh hwong ciia trong luc
Cho hé nhu Hinh 2.7, khi dén trong luc cia khéi lwong thi

phurong trinh chuyén déng cia hé:

mii+cu+ku= p(t)+W (2.18)
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Trong d6 : W - trong lwong ciia khdi cling ; W = kys

»

yhr

uft) Ty | uw

{p(t) P

Hinh 2.7 Anh hieéng cia trong hee

Chuyén vi toan phan u(z) gdbm tong cia chuyén vi tong tinh uy
(Static displacement) gy ra béi trong luc ¥ va chuyén vi déng
u(t):

u(ty=u, +u(t) ;u=u; ii=u (2.19)

Thay vao biéu thirc lic dan hdi ta co:

fo =k =ku, +kit (2.20)
Thé céc biéu thire (2.19). (2.20) vao (2.18) ta duoc:
mit +cti +k(u, +1) = p(t) +ku,,

Hay mit +cu +kit = p(f) 2.21)

Néu 14y vi tri can bang tinh hoc do trong lwong gay ra G = mg

ody ra lam mébc dé tinh chuyén vi thi phuong trinh vi phan van ¢

dang giéng (2.5). Nhu vdy, trong luong khéng anh hwéng dén
phurong trinh vi phén chuyén déng.
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2.1.2.5 Anh huong cita sw rung dong goi twa
Sw chuyén vi ciia nén dat do cac nguyén nhan nhu dong dat, cac
vu nb trong long dit giy ra sw dao déng cho cong trinh thi can phai
xét dén khi tinh toan céng trinh. Péc trung co ban cia tai trong
déng dat 13 chuyén vi ngang rat 1én clia nén clng véi gia tc cua
noé. Chﬁng han, xét hé chiu anh hudng cla sy rung dong géi tua hay
chuyén vi ctia mat dat nhu Hinh 2.8, véi gia thiét thanh ngang ¢6 dé
cltng vo cing, khéi lwong toan hé tap trung & thanh ngang m. Ta ¢6

phuwong trinh chuyén déng hé :

f.'l+fD+fS:0 (2.22)

U

T

m | -—
[}

A R P S

,r 0.5 fo 0.5fs

1
1
1
1
1
1
.
1
1
1
1
1
1

| Ug(t) |
Hinh 2.8 Anh huong cua trong luc dén hé

Chuyén vi toan phan cia khéi lwong: #, =u +u,
Suy ra: i, =i+, (2:23)

Trong dé : u - chuyén vi theo phuong ngang cua khéi lwong do

chuyén vi udn gy ra ; ug - chuyén vi ciia nén dat hay gbi tra.
Thé (2.23) vao (2.22), ta duoce:

m(+i, ) +cu+ku=0
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Hay mii+ cu +ku = —mii, = P, () (2.24)
Nhu véy tai trong tic dung giy ra dao déng ciia hé bang tich sb
gifta khéi lwong va gia te ciia nén. Dau 4m dé biéu thi cho luc
nguge chidu véi gia toc nén. Nhu vy, sy rung dong gbi fra cia
mit dit twong drong nhur lwe kich thich Py tac dung 1én khéi

lugng.
2.2 DAODONG TU DO
2.2.1 Nghiém ciia phuong trinh chuyén dong

) . u(l) b) . u(l)

4 1

ﬁ/,t - pft) JE—_‘_JE p)=0
f—
S s SO

Hinh 2.9 M6 hinh hé dao dong mét bdc tur do

Phuong trinh chuyén déng cua hé mot bac tw do c6 dang (Hinh
2.9aq):
mii +cu + ku = p(t) (2.24)
Néu hé khong ¢o lyc kich thich pt) = 0 (Hinh 2.8b) thi:

mii+cu+ku=0 (2.25)
Pay la phuong trinh vi phan thuan nhét, nghiém cia (2.25) ¢
dang:
tft) = (ze” (2.26)
Thé vao (2.25) ta duoc:
(ms’ +cs+ k) Ge' =0 (2.27)
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k .
Pat @® =— thi phwong trinh (2.27) dan t6i:
m

L+Z +?=0 (2.28)

Hy
Phuong trinh (2.28) 1a phuong trinh dic trung, nghiém s cia
(2.28) tuy thudc vao hé sb can ¢ va nghiém cé thé bidu dién dudi
dang phtrc (nghiém thuc va do) nhu Hinh 2.10

Nghiém ao|
1

ey
Q/l Nghiém thuc

Coéng thire Euler e = coswt i sin et

Hinh 2.10 Nghiém thuc va nghiém ao

2.2.2 Dao dong tu do khong cin (c =0)
Dao dbng ty do khéng can vén hé s6 can ¢ = 0, khi do (2.28) ¢o
nghiém: s=*iw do dénghiém ciia phuong trinh (2.27) la:
u(f) = G + Goe™ (2.29)
Phuong trinh (2.29) ¢6 thé biéu didn & dang ham luong gidc
thuan loi hon bang cach sit dung phwong trinh Euler trén :
e’ =coswt Tisinwt (2.30)

Thé (2.30) vao (2.29) ta dwoe:

u(t) = (G1 +G2)cosa)t +(G1 —Gz)ia)cosa)t (2.31)
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u(t) = —(G1 +G2)a)sina)t + (G1 — Gz)ia)cosa)t (2.32)
Cac hé”mg s6 G; va G» duoe xé4c dinh tir didu kién ban dau (t=0) :
{0
w(0) =G, +G,; M =G, -G, (2.33)
iw
Thé (2.33) vao (2.31) ta duoc :

ut) =20

sinof + w(0)cos ot (2.34)
hay u(t) = Asin ot + Beos ot (2.35)

véi A, B duoe xéac dinh tir diéu kién ban du: B = w(O)va A= @
w

Cé6 thé viét (2.35) duéi dang khac:

u(f) = pcos(wt - 6) (2.36)
trong do: p 1a bién d6 dao dong va 6 la pha ban dau duoe xac

dinh bon:

J[u(O)] {”(0)} 2.37)

6= tan’! c:;\f?g) (2.38)

Chu ky dao déng : ki hiéu 7', 1a thoi gian can thiét dé thye hién

mét dao déng toan phan. Ta ¢o :
T= —=— (2.39)

vl @ 1a tan s6 vong hay tan s6 tuan hoan cia dao dong tur nhién

va goi tat 1a tan s6 dao dong riéng. Puge xac dinh nhu sau :
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wz\/ng%:E (2.40)
trong d6: k 14 d6 cling ciia hé, g 13 gia tde trong trudng, uy 1a
chuyén vi ctia khdi lwong m twong tmg véi luc P = m.g tac dung
tinh tai vi tri khéi luong gdy ra.
Dé thi Hinh 2.11 biéu dién qua trinh dao déng tr do khéng can
vdi bién dd p, pha ban dau 0 va chu ky dao déng T cuia hé.

dug)

u(0)

Hinh 2.11 Dao dong tu do khong can

2.2.3 Dao dong tw do c6 can (c £ 0)
Dao déng tvr do c6 can vé1 hé s6 can ¢ £ 0, khi do nghiém cua

phuong trinh (2.28) 14 :

2
s= -S4+ [ij —@? 2.41)
2m 2m

Dang dao ddng phu thude vao tr s6 clia hé sb can ¢ hay phu

2
s 5 - 2 i 2 ik = c v R 5
thude vao biéu thire dudi dau can (2—) —®* ¢b dau duong, am
m
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hay bang khong. Dé thi Hink 2.12 didn ta dao déng tw do c6 can tit

dan theo thoi gian.

Dit P —.my © (2.42)

c 2mom

cr

trong do & 1a ti s6 can (damping ratio); c.» 14 hé s6 can ti han.
b
u(0) H

—i—

O t
Hinh 2.12 Dao dong tir do ¢o can

2.2.3.1 Truong hop lwc cin nhé (Underdamping) & < 1
Thé vao (2.42) vao (2.41), ta thu duoc:

s=-¢fotyEw) -w'=-Efo tiop (2.43)
Vo op = @41-& 12 tan sb dao déng c6 can. Ta c6 thé bién dbi

thanh biéu thire sau:

(@j +E2 = (2.44)

)
Dua vao biéu thiic trén cho théy s phu thude cia quan hé cac

Ao A ;. i ; A 5 A ; A . O 5
tan s0 dao dong riéng tinh dén va khéng tinh dén sy can —£ va

@
tham s6 ti s6 can & Biéu dé mé ta phuong trinh (2.44) 13 vong tron

¢6 ban kinh bing don vi nhu Hinh 2.13
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0.2 1 £
Hinh 2.13

Trong thuc té cac két cAu xay dyng théng thuong c¢6 & < 20%
nén wp ~ @ ( vé1 & = 0.2 thi wp = 0.98w), do do6 sy khac biét giita
tan s6 dao doéng riéng khi tinh va khéng tinh dén luc can la khéng
dang ké.

Phuong trinh chuyén déng cia hé dao déng ty do can nho:

u(t):G] e(7§MimD)t +G2 e(—fco—icoD)I = e-ﬁa)j (Gl eicoDI +Gze—icoDI) (245)

Biéu thirc trong ngodc (2.45) biéu thi cho dao déng diéu hoa
khéng can twong tir (2.29). Ta 6 thé viét lai sau :

u(f) = e (4Asinwpt + Beos wpf) (2.46)

i(t) = —Eou(t) +e " o, (—Bsino,t + Acoswpt) (2.47)

Tu diéu kién ban diu ta xac dinh cac h.':ing s6 A, B: t =0 véi bién
d6 14 1(0) va van tée 4(0). Thé vao (2.46) va (2.47), ta duoc

4= MO +ou®) 50 (2.48)

Py
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Suy ra:
u(t)=e {a(o) +o@ u(0) sin @, +u(0)cos a)Dt}
@, (2.49)
= pe " cos(w,t - 0)
trong d6: p = \/{”"(O) i ”(0)@’} +[uO)] (2.50)
a)D
=t [ 22+ 20)ce 2.51)
@, u(0) '

Db thi chuyén déng cua dao dong tv do can nho véi u(0) = 0,

1i(0)= 0 nhu Hinkh 2.14

u(t)

u(t)= pe “ cos(wyt — )

Hinh 2.14 Dao ddng tir do can nho
Xic dinh ti 56 cin &
Phuong trinh dao dong tu do theo diéu kién ban dau:

i(0) + o u(0)

@,

sin o, f + u(0)coswt 232

u(t)=e ™ {

40



CHUONG 2: HE MOT BAC TU DO
Chu ky dao dong cd can: 7p = w2 (2.53)
ON |

Dua vao biéu do Hinh 2.14 ta thdy bién d6 giam dan theo quy
luét s6 mi 4m pe‘gﬁ vand tiém can dan dén khéng. Ban chét cia ti
sO can trong cac két cdu xdy dung thuong rat phire tap va viée tinh
toan khéng hé don gian. Tuy nhién, ta ¢6 thé biéu dién sy tit dan
ctia dao dong cua hé thirc théng qua hé sb twong dwong dé xac dinh
s giam dan cua bién dé dao déng. Mudn viy ta xét ti sé gitra hai

bién d6 duong cach nhau mét chu ky 7p

— et 2722
u,  pe i
=T iy ¢ (2.54)
u,, pe
Dit S=ltr 2P ooge 2 - M 555
Ui Wy a)\/l—r:,"2 \/1—52

vo1 O la dg giam Loga, biéu thi cho tbe dé tit dan ciia dao dong.

Khi lyc can nhé (& nhd) thi dé giam Loga tinh gin ding:

O ~27& (2.56)
o]
hay &= S (2.57)

Véi sur gan dung cia dd giam Loga theo (2.56), ta biéu thi quan
hé trong biéu thire (2.54) nhu sau:

2
LR TN S 2.3 S S g (2.58)
un+1 2'
Do do: 5—% (2.59)
T
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r r 3\ A u I r
Chinh x4c hon tir quan hé —2— = "™ ta cé:

uner
- (2.60)
2mru,,

Céng thire (2.59) va (2.60) dung xac dinh ti s6 can & bing thuc
nghiém. Tu d6, hé s6 can ¢ duoc xac dinh theo cong thire:
c=2mos (2.61)
2.2.3.2 Truong hop lrc can tot han (Critical damping) & = 1
Khi cor =2me thi ta co:

2
c . ¢
T —wr=0 vas=-——"T=—@
2m 2m

Phuong trinh chuyén déng cua hé dao dong tur do can téi han la:
() = (G1+ Gaf) e®! (2.62)
Cac hé”mg s6 G; va G» duoce x4c dinh tir diéu kién ban diu:
D, =u(0), u(0)=D, —o u(0), Suyra D, =u(0)+ o u(0)
Thay vao (2.59) ta duge :
u(t)= [u(O)(l + ot) + ﬂ(O)t] gt (2.63)

Db thi cia dao dong ty do can té1 han c6 dang nhu Hinh 2.12,

khong c¢6 dao dong (Oscillation).

2.2.3.3 Truong hop lwc cin lon (Overdamping) & > 1
Nghiém cua phuong trinh dac trung (2.28) 1a

s=—(otid Vo A=a\& -1
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Nghiém ctia phwong trinh dao dong tu do can 16n la:
u(t)y=e " (Ge” +Ge )= Ade*sh(At+y)  (2.64)
Dua vao diéu kién ban diu tai thoi diém ¢ = 0, ta xéac dinh :

u(0) = 4 shy, w(0) = —A&w shy + A4 chy

e J—[u(O)]2 B [a(O) +ja> u(O)}

1[ Au(0) J
¥ = tan
#(0) + Eo u(0)

Chuyén déng ctia hé trong treomg hop can lém 1a chuyén dong

Vay : (2.65)

khéng tudn hoan. Twong tir khi ¢ = cer cang 16 thi chuyén déng vé
vi tri cAn bang cang cham.

Vi du 2.2 Xac dinh d6 cing, tan sb dao déng tu nhién cua hé nhu
Hinh 2.15a, b6 qua trong lwong ban than cia hé. Biét a = 2m:; b =
3m, m = 1 tin, dim lam bf?mg thép I co s6 hiéu N%4a ¢o6 E =

2.1x10% kN/m?, 1 = 37331078 m?.
— DJ cirng k cua dam tai vi tri dit khoi lirong

Trude tién ta can tinh chuyén vi tri dat khéi lwong m twong tng
vé6i lue P (phuong phap luc trong Co hoe két chu) bing cach nhan

biéu db Hinh 2.15b va Hinh 2.15¢, két qua chuyén vi:

1|1 Pab 2ab 1 Pab 2 ab Pa’h?
—_ ——t——xbx—— | = (m)

e — X a x X b x =
Er 2 L 3L 2 L 3 L BT x3L

D6 cimg & cia dam chinh 13 lre twong tmg véi chuyén vi Aq = 1,

tire 1a:
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k

ET x3L
SEL XA

_EIx3L _ 2.1x10°x3733x10° x3x5

242 T 242
ab : ab

= 3266 kN /' m

— Tdn s6 dao dong riéng cua hé:

a)—\/E—J%—ﬂ(md/s)
m 1

2% x3*

44

Hinh 2.15 Dao déng tu do khong can

Chu ky dao dong riéng cua hé:

27r_27r

w

=011 (s)

Phuong trinh dao dong tur do khéng can cua hé:

i +3266u =0

u(t) = pcos(wt — )

Nghiém ciia phirong trinh chuyén dong:

= pcos(wt - 6)
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véi p_\/[u(o)]%{u(o)} . 0= tan"! v(0)

0} av(0)

Vi du 2.3 Xac dinh cac dic trung déng hoc va bién d6 dao dong
sau 4 chu ki cia hé dao ddng tu do tat dan nhu Hinh 2.16. Biét
khoi legng m chiu tac dung lyc kich thich P tirc thdi va sau do
khong tac dung nita. Trong thor gian tic dung luc P = 100kN
chuyén vi cia khéi luong dat 0.4 em. Khi ngung tac dung luc P,
chuyén vi cuc dai diu tién cia khbi luong dat 0.35 ecm. Thoi gian
chu ky twong tmg véi hai chuyén vinayla7=1.5s

P
m

I 2

Hinh 216 Dao d‘éng tw do ¢o can

— Xdc dinh do citng cua hé:

k=2 =29 25000 (kN / m)
u, 0.004

st

— Xdc dinh khoi luong cua hé:

T=2—7r=27r\/E
@ m

TY 1.5y kN s
Suy ra m=(—] *k=(—j *25000:1425[ i J

2z 2 m
— Tdn 56 dao dong riéng cua hé:

=2_”=2—”=4_189(md/s)
r 15
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— Xdace dinh cac tham sé can:

u, 0.4

Do giam loga: § =1In =In——=0.136
U, 0.35
Ti s6 can: & _ 0 0136400
2 2m

— Xdc dinh tan s6 khi dao dong co can:

o = oyf1-&E* =4.18941-0.021" =4.187(rad / s)
— Hé s6 can:
¢ =¢&c,, =2meoé =2*1425%4.187*0.021 = 250,592 (kNs/ m)

— Bién do sau 4 chu ky dao dong:
4 0.35Y'
wo=u,| L | = 0.4('—] = 0.306cm
U, 0.4

2.3 DAO DPONG CUONG BUC VOI TAI TRONG PIEU
HOA

2.3.1 Dao dong cudng birc khong co6 luc can
(14 st lye kich thich tac dung 1én dao dong khong can (c=0) cb
dang sau:
p(t) = p, sin ot (2.66)
trong do6 : po 1a bién dé cia tai trong ; @ 14 tin sb vong cia luc

kich thich.
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p(t) = p,sinot

)

Hinh 2.17 Hé¢ dao dong cudng birc khéng can

Phuong trinh dao dong cua hé dao dong khoéng can:

mii(t) +ku(t) = p, sint (2.67)
Nghiém thun nhit (quéa dé) cia phuong trinh (2.67) trén 1a:

u, (1) = Asinwi + Beos wt (2.68)
Nghiém riéng dang (én dinh) ciia phwong trinh (2.67) trén la:

u,()=Gsinwt (2.69)
Thé cac nghiém trén vao (2.67) ta rit ra:

G="e ! Vol fi=

k1-p4

(2.70)

E

Viy nghiém téng quat:

P

u(t)y=u, () +u,(f) = Asinwt + Beoswi + >sinwt (2.71)

trong d6 cac hﬁng s6 A, B duoc xac dinh tir diéu kién ban diu.

Néu tai thoi diém =0, u(0) =0, #(0)=0, dé dang tim duoc:

A=—M%, B (2.72)
K 1-p

Thé vao (2.71) ta duoc:

u(ty=Le

PR (sin f — £ sin wf) (2.73)
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Ta thiy phuong trinh (2.73) ¢6 hai thanh phan: mét thanh phén
dao dong (mg véi tan s6 cha tai trong diéu hoa @ va mét thanh
phin tmg véi tAn s6 ciia dao déng tr do @. Trong thuc té, cac dao
déng déu chju anh huong cia lye can, lye can du nho cling s€ lam
cho dao dong tu do tit dan sau mdt thoi gian dao dong. Sau do hé

s& chuyén sang dao déng 6n dinh véi chu ky cta tai trong diéu hoa

p, 1 . _
u(t) === sIn axt 2.74
=215 (2.74)

Hinh 2.18 dién ta dao dong cudng birc ciia hé chiu tai trong diéu

hoa vai tan s6 luc kich nhd hon tan s6 dao dong riéng (@< @)

u(t) | p, |
2(0) R R _ (k15

any, nu-o-.-. m O \/:
@ i

Hinh 2.18 Dao dong cudng birc khéng can

Ti s phan ng (Response Ratio): 1a ti s6 gitta chuyén doéng (g
voi trang thai chuyén dong cuia hé va chuyén v1 tinh do bién d6 tai

trong dbng tac dung tinh gay ra cho hé:
Rpy="D_*D _ 1 o psinon (@275)
ty  Po 1=

Hé sb dong (Manification Factor): 1a ti s6 giita chuyén déng cuc

dai véi trang thai chuyén doéng ctua hé va chuyén vi tfinh do bién d6

tai trong dong tac dung tinh gy ra cho hé:
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M =M _ - (2.76)

e

]
I
2
I
2
%
2

Hinh 2.19 Quan hé gitta hé s6 dong MF va ti 56 tan s6 &/ o

Dua vao dd thi Hink 2. 19, ta nhan théy:

CKhi L1 thiMF <0
(1))

CKhi 0<Z <1 thiMF2> 1
]

+ Khi @ =w thi MF = o llc nay xuét hién hién trong cdng
huéng (chuyén vi ciia hé s& 16n v6 cing).
2.3.2 Dao dong cudng birc co lue cin

Phuong trinh chuyén déng hé véi lue kich thich p(t)=posin @t ¢6

xét dén anh hudng cua luce can:

mii(f) +cu(t) +ku(t) = p,sinot (2.77)
Thé (2.42) vao phrong trinh (2.77) ta dwoc

(1) + 2Ean(0) + o u(t) = Lo sin &t (2.78)
n
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Nghiém téng quat (qua dé) ciia phuong trinh (2.78) la:
u, () =e * (Asinw,t + Beosaw,t) (2.79)
Nghiém riéng cua phuong trinh (2.78) 1a:

u,(t) =G, sin@i + G, cos it (2.80)
Thé vao (2.78) va dong nhét 2 v&, thu duoc:

" 1-p°
Lk A=y ey 2.81)
_P —250

G =to
Tk =F) +QEP)

Vi nghiém qua dg tit rat nhanh, nén hé chi dao dong theo nghiém

riéng. Ding vector quay trén gian dd Argrand & biéu didn dao dong nhur

Hinh 2.20, ta tim duge gia tri:

]
P=%[(1—l5'2)2 + 20y (2.82)
=tg" 2§ﬂ2 (2.83)
1-p

va phuong trinh dao déng én dinh (Steady state):

u(t) = psin(@t — 0) (2.84)

1 Nghiém ao
Ng{tiém thire

p, 2P | = 7

i
2
: po 1-B

K (1P H2EB) b e

Hinh 2.20 Biéu dién dao dong bang vecto quay
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Dé thi trén Hinh 2.21 dién ta mbi quan hé gira pha dao dong 6
va ty s6 dong fimg véi cac ty sb can & khic nhau va méi quan hé
dwoc thiét lap trén phwong trinh (2.83).

- Hé s6 déng (Dvnamic Magnification Factor) dwoc xac dinh
boi:
__P _ L
Poy A=)+ 258Y

Khi @>>@ thi D ~ 0 , nghia la hé hau nhu khéng c¢6 chuyén

D (2.85)

dong.

180 £=0
© F=0.05—1b> ——
& E=02 —
S £ =0.5—f
S f=]
b 900

0 1 ) 3

Ti 56 tdn 56 f3
Hinh 2.21 Ty 56 dong

* Sw cong huong (Resonance)

Khi f===1 thi xay ra céng huéng. Lic nay hé sé dong theo

g |8

(2.85) la:

B, = (2.86)
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k : & : m
1 : :
Ikt
3 : e
D 5 5/\}65_ §
lé:/_/_,{; 4=07

—
o)
8]

Hinh 2.22 Su cong hirong dao dong

Db thi Hinh 2.22 dién ta mbi quan hé gitra hé sé dong D va ty sb
d6 B img véi cac ty s6 can & khac nhau. Dya vao d6 thi ta thay khi
£ =1 thi gia tr1 ctia D dat cuc dai. Néu hé khong can, tte la £ =0
thi Dp-1 —>o0. D1 v6i hé ¢6 can & # 0, thi Dmax x4y ra khi:

D 0= =128
ap
D= 1

g 1- 2

Nhu vay: Dmax khac vér Dp=1. Tuy nhién, vér hé co ti sO can &

(2.87)

bé thi c6 thé coi:

D =D I

- et = E (2.88)

Vi du 2.4 Xac dinh bién d6 dao dong cudng bilrc 16n nhat cho hé
cho hé tai vi tri dit dong co nhu Hinh 2.23. B6 qua trong lugng
ban than dAm. Cho biét trong lugng dong co m = 2 tan, dong co co

s6 vong quay # = 500 vong/phiit. Déng co khi quay phat sinh ra tai
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trong déng theo phrong dirmg P(t) = 50sinot (kN). Cho biét dam
chit T c6 s hidu N30 ¢6 E = 2. 1x10"N/em?, T = 8880cm?, 1. = 4m,

bo qua anh huoéng luce can trong hé.

iP(t)=lOsinoot
L g B

|_L2=2m | L2=2m |

Hinh 2.23 Hé dao dong cudng birc

Gidi:

— Do cling & cua hé tai vi tri dat khéi leong:

_48FT  48x2.1x107 x8880

k
E 400°

=139860(N / cm)=13986 (kN / m)

— Tan s6 dao dong tu do cua hé:

= JE= "% = 83.62(mdfs)
7] 2

— Tén s6 dao déng cudng birc ciia hé:
w=2mn= 52.36(md / s)
— Hé sb dong cua hé:

MP=— 1 164

— Bién d6 dao dong cudng birc 1én nhét:

p 50
u =u MF="2MF = x1.64 = 0.0059(m
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2.4 PHAN UNG VOI TAI TRONG XUNG

2.4.1 Khai niém vé tai trong xung (Impulsive Loads)

Tai trong xung 1a tai trong tic dung trong thoi gian trong doi

ngén, dot ngdt. Hinh 2.24 Mb ta

dang tong quat cia ta trong xung.

— Phéan Gng 16n nhét ciia hé (bao
gém chuyén vi, van tbc, gia
téc,...) 1én nhét caa hé dat duoc
trong thoi gian rat ngén.

— Luwe can ¢d vai tro nho, hép thu
it ndng lrong cia két cau. Vi vy
chi xét hé khéng c6 can dé don

gian hoa.

il

O ]
Hinh 2.24 Tai trong dang xung

2.4.2 Dao dong vai tii trong xung hinh sin

Xét tai trong nira séong hinh sin
dugc moéd ta nhv Hinh 2.25. Phan
ung cua hé duge chia ra hai pha:
Pha cudng biurc ¢ sy duy tri clia
tai trong déng va pha ty do khong

co su ton tai cua lyc bén ngoai.

- XétPhal 0<t<i,

Trong pha nay két cdu chiu tac

dung cua tai trong diéu hoa. biéu

54

p(t)
p(t)=p sinw t
Po
7[ e
O v | 7 t
UV Phal 1 Phall
wT, =T

Hinh 2.25 Tai trong dang
xung hinh sin
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kién ban dau: u(o)=1(0)= 0 (trang thai nghi). Nghiém phan tmg
gom hai s6 hang (qua d6 va én dinh) cho béi (2.82) :

_ Lo
"R

- Xét Phall: 1=1-120

(sin f — £ sin wf) (2.89)

Diéu kién ban dau cta hé : u(? = 0) = u(tl) va 1,2(? = 0) = Ll(tl)
Theo phuong trinh (2.34), ta cé:

u(t) = MSinao { +u(t)cosw { (2.90)
@

Tuy thude vao ty sb 1/ T ma phan img cwe dai thude vao Pha I

hodc Pha II.

Néu #max thude Pha I, nghia 1a ¢ < = g thi phwong trinh (2.89):
w

=3 ) "y 71 1 (@ coswt —mcosmt) =0 (2.91)
dt k1-p
hay cos @t = cos @t
Do dd: wt=2zntwt<rx (2.92)

trong d6:n =0, £ 1, 2, ...
Thé (2.92) vao (2.89) tim duoc tme . Cha ¥ ring khi @ = w
trong (2.92) ta lay ddu (-) van =1 tacod:

ol = (2.93)

«
1+—
1y
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£ x - . o o g1 2E .
Néu tmae thude Pha II: khi @ > @ (@ canglén thi ¢, =— cang
o

nho). Dung didu kién ban déu u(z;) va (), ta c6 bién do dao déng
tu do duge xac dinh tir phuong trinh (2.37)

) Po b
=\/{@} +[ut)] = / (2+2cos J (2.94)
) b
Hé sb dong:
Dot = /6‘2 /2+2005£ (2.95)
Po/k 1-p yii

hay B — o (2.96)

2.4.3 Dao dong véi tii trong xung tam giac

Hinh 2.26 md ta tai trong tac dung 1én két cau ¢6 dang xung hinh

tam gic p(t) = p, [1 - —} Xét cac pha dao dong:

4

P |

Po
p)=po(l —t/i1)

1
Phal |  Phall

O t | Tt

Hinh 2.26 Tai trong xung dang hinh chit nhdt
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- Xét Phal: 0<t<t, taconghiém riéng cua hé:

Py !
w()=—1-—— 2.97
(1) . [ ” J (2.97)
Ung véi didu kién ban dau nghi, nghiém téng quat ¢6 dang:
w(ty= 2o I _ s —L 41 (2.98)
k' o 4

Xac dinh gia tri 16n nhat cia chuyén Vi, ta léy dao ham (2.98) va
cho bang khéng. Két qua nhu sau:
Thoi diém dat chuyén vi cue dai:

. 2tan” (at))

(2.99)

w

Chuyén vl cue dai:
-1
u —obef ) B0 (@h) (2.100)
k of,
Hé s6 dong trong treong hop nay:
=1
D:mn_m:Q[l_m—(@tl)J (2.101)
Pofk 2

Diéu kién dé xay ra chuyén vi cyc dai trong Pha I 1a thoi gian
tinh theo (2.99) nhoé hon hodc b.':ing t1. T diéu kién nay, ta xac dinh
duoe: £ /T =20.371

- Xét PhalIl: 120

Phuong trinh dao dong tv do dugce xac dinh tir diéu kién ban dau
(g véi thoi diém cudi Phal, tirc 1a 7 =0, hay ¢ = ;. Nghiém cua

phuong trinh:
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u(t) = u(t )cosmt +

#h) iy oF (2.102)
o

trong do:

sin et

u(t) = Lo| SN _ cosar

1 k y 1
1

(2.103)

; | coswt g 1
u(z‘l):p0 [—1+sma)t1——
k o1 ar

Bién d6 dao dong tu do trong Pha II duge xac dinh theo (2.37)

\/[u(t ) {“(t )} (2.104)

Py \/(1 —Cos cotl)2 + (cotl —sin cotl)2
- 7 wt,

H¢ s6 dong:

u__ \/(1 —cosof )2 + (a)tf1 —sin of )2

) = TR (2.105)
Po/k oh
Bang 2.1
;—1 0 0.1 02 03 0.371 0.4 0.5 0.6 0.7 0.8
D 0 0.31 0.60 | 0.85 1 1.05 1.20 1.31 1.39 1.453
tl
7 09 1.0 1.25 15 1.75 2 2.5 3 5 o0

w)

151 | 155 | 1.63 | 1.69 1.73 1.76 | 1.81 | 1.839 | 1.91 2
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Diéu kién dé xay ra cuc dai trong Pha II nay la %1< 0.371. T

cong thire (2.102) va (2.105) ta ldp dwoc bang xac dinh hé 0 dong
theo %1 dudi dang tai trong xung hinh tam giac nay (Bang 2.1)

2.4.4 Dao dong véi tii trong xung chir nhat

Xét dao dong chiu tac dung

cla tai trong xung hinh chit nhat  p(t) A
trong théi gian ngén #; nhw Hinh
2.27 po
pt)=po khit <y
pit) =0 khi t >4 o
O 1 T t
- Xet Phal: 0 <t<i Phal Pl Il

Tai trong dat dot ngdt va gitt  Hinh 2.27 1'di trong xung dang
nguyén khéng doi trong Pha I hinh chit nhat
Nghiém riéng cho tai trong béc thang (Step loads) 1a chuyén vi tinh:

P
u, = ra (2.106)
Nghiém téng quat chita cac hing s6 xac dinh tir didu kién ban

dau nghi (vest) bang khéng la:

u(t) = %(1 —cos o) (2.107)

Dé xac dinh gia tr1 lon nhét cia chuyén vita léy dao (2.107):
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i) = f]’; @sin ot (2.108)

. & . U A— o gl
Suy ra: @f =nz va t:na voin = I; I:E.\htsn nén diéu

. 2 ; {
kién dé€ xay ra cuc tri trong Pha I 1a ?1 >0.5
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. ) T T
Ung véi t=— thi u, =u|— 2P0
2 2 k

H¢ s6 dong:

u
D=—12.=2 (2.109)
p/
k
Xét Phall: t =t-1, 20
Phuong trinh dao dong tu do theo (2.90)
u(t)=msina) f+u(t)cosw (2.110)
@

Bién d6 dao dong tu do trong Pha II duge xac dinh theo (2.37)

\/[u(t i {“(f )} @.111)
= &\/sinz(%]+(l—cos[2m1 D
k T T

D: umax

2
k

H¢ s6 dong:

. I ;
—2sin 2L vei L<os 2.112)
T T
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Nhur vay hé s6 dong thay dbi theo qui luat hinh sin phu thudc vao

quan hé ;—1 nho hon 0.5. T cong thire (2.112) ta tinh duge hé s6

déng nhu Bang 2.2

] 0 001 | 002 | 005 | 0.1 (0167 | 02 0.3 04 | =05

0 005 | 013 [ 031 062 1.00 | 1.18 | 1.62 | 1.90 | 2.00

2.4.5 Tinh toin gin dung phin vng do luc xung

Gia xir  p(#) la lyc xung trong thoi

: , . p()
gian #; rat bé, hé c¢6 chuyén vi ut) (Hinh
2.28). Dung phwong trinh ¢an bang lue:
dit
mii =m— = p(t)—ku
-~ P
) 4 O t .}
i = J;[p(t) ~ huJdt Hinh 2.28 Luc xung

Vi u(t7) la luong bé bac 2 so véi 1, nghia la u ~ (tl )2, nén ta co

thé bé qua. Do dé:

At =ijp(z)dt=a(tl)—a(0) = i(t,) (2.113)
m Q

Trong d6: u(f7) = 0 va #(f) dong vai tro diéu kién ban dau cua
Pha II.
Dao dong tur do sau khi lye théi tac dung c6 phurong trinh:
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u(@) - 14

—L=sin®! + u(t ycoswt (2.114)

w(?) N—{jp(t)dt}m T (2.115)

Vidu 2.5:

Ding céng thirc gan dung, phéan tich phan tng cia hé két cau
mét bace trr do chiu tai trong dang xung p(#) nhu Hinh 2.29. Biét cac
dac trung vt Iy cua hé két cAu nhu sau: do ciing k = 201 kN/m,
trong luong W = 200 kN.

o)

po= 50 kN

_O1s | Ols O.1s

- - o} -

Hinh 2.29 Tai trong dang xung hinh thang
Giai:
Ik i
— Tén sb vong: o = %g =3.14rad /s va Ip(t)dt =10kN s .
0

— Chu ky dao dong ciia hé: T = o _ 2s.

()

; i @ : I
Vi ta1 trong tac dung trong thot gian ngén (?1 =0.15), nén ding

(2.115) phan tng xép xi duoc tinh:
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_ 981
W)=
200x3.14

trong do gia tde trong trrdng cho béi g =9.81m /s

x10sinwf =0.156sin wf

— Phan Grng dat cuc dai khi siner =1, nghia 1a: #ue=0.156 m.
— TLue dan hdi cuc dai:
Lo = Kt =20160.156 = 31.4kN
(Gia tr1 chinh xac cia chuyén vi cue dai duge xac dinh tir phuong
phap tich phén trye tiép 13 0.156 m.
Nhin xét: Nghiém thu duge tir phirong phdp xdp xi kha thich hop,

sai so6 nho hon 2%.

2.5 PHAN UNG VOI TAI TRONG BAT KY

2.5.1 Tich phian Duhamel cho hé khong cian
Xét tai trong bat ky p(f) ¢o dang xung tac dung 1én két cdu nhu
Hinh 2.30a. Xét thoi diém ¢ =17, theo phrrong trinh (2.115) ta ¢o:

ey = P it ity — (2.116)
mom
VOl t>7 f=t—1
p(1)
7~ [/\ /N
o P / ‘ O \/ g
f
.|l = }dﬂ- Phdn iing du(t) sau khi chiu xung p(P9T
h) Luc xung a) Phan ung cia hé sau khi chiu xung

Hinh 2.30
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Day la dao dong tr do cua hé sau khi chiu xung lue p(r)dr; du(t)
khéng phai 1a d6 thay dbi caa chuyén vi u trong thoi gian dr .

Toan bd lich st tai trong co thé xem nhu bao g@)m s nbi tiép cua
chc xung lire ngdn, mdi xung lrc tao ra mot phan Gng vi phén theo
(2.116). Phan trng thu duge ciia hé sau khi chiu xung luc tac dung
duoc bidu dién nhu Hinh 2.30b. Phan tmg toan bd 14 do chdng chét

clia cac xung luc tao ra, nén:
1 it
u(t) =—— p(z)sin w(t - r)dr 2.117)
mo

u(t) trong (2.117) duge goi la tich phan Duhamel cho hé khéng

can. Ky hiéu:
A= i) 2.118)
mo
thi phueong trinh (2.114) ¢6 dang:

u(t) = j.p(z')h(t —g s (2.119)

u(t) trong (2.119) dugec goi la tich phan cudn (Convolution
integral) va ham h(r—7) duoc coi nhu phan ing vér xung luc don
V1.

Néu & thoi diém ¢ = 0 (luc bit diu tac dung), két cAu co didu
kién ban diu khac khéng: u(0)#0, 2(0)£0 thi (2.117) phai ké
thém dao dong tur do:

u(o)

w

u(t) =

t
sin @t + u(o)cos of + LJ.p(z') sin @(f —7)dr (2.120)
mo
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2.5.2 Tich phin bing phuong phap s6 cho Duhamel Integral
Dung cbéng thire lugng giac:
sin( @f — w7T) = sin wf COS @T —cOS Wi SN VT

Phuong trinh (2.117) ¢6 thé viét lai:
1 1
u(t) =sin a)r—jp(r)cos @TdT —CO8 a)t—j p(t)sinwrdr (2.121)
e Mo

Hay w(f) = A(r)sin ot — B(f) cos ok (2.122)
Néi chung cic hé s& A(f) va B(t) duge tich phan bing sb. Ching

han, ¢6 thé viét lai:

A(r)——jp(r)cosa)rdr——jy(r)dr (2.123)
¥(7)
* Phuwong phap Simpson

Chia f ra z phin (22 chdn): Az - LAY phurong phap niy duoc bidu
n
dién nhu Hirh 2.31, khi dé:

jy(r)dr—/_;( +4y, +2y, +4y, +2y, +..... +1yn) (2.124)

y(t) |

0 P il
At =L J
H

Hinh 2.31 Tich phdn bdng phitong phdp s6
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2.5.3 Phin Gng cta hé co cin

Trong (2.116) ding diéu kién ban dau do xung lwe p(r)dr tao ra:

w(0) =0, #(0)= p(f)df . ta cb:

du(r)=e 5" Msm%(t—z) .tz (2.125)

ma,
t
u(t) = Lj.p(r)e‘fw(”) smm@,(t—7)dr (2.126)
m

Do
Twong te hé khong can, ta co:

1 .
Wit—1)=——e " sinw, (t-7) (2.127)

mao,,
u(t) = A(f)sin ot — B(t)coswpt (2.128)
trong do:
é’m
At) = jp(r)—cosm w1
maq o
s (2.129)
B(t) =

Céc hé s6 A(?) va B(r) duge tinh bang sb, ching han phuong
phap Simpson.
Vi du 2.6:
Cho hé mét bac tu do dao déng khong can nhw Hink 2.32 chiu tai
trong nira bude song hinh sin. Tinh toan lyc dan héi fi(t) trong thoi
gian 0 < £ < 0.6s bing phrong phap s6 v6i tich phan Duhamel bing
cach dung phrong phap Simpson véi Az = 0.1s.
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@) u) b)
' Pty 100kN
r 1 U
4 .k iy $6.6 6.6
:;—’\N; m =N ' '
5’: 9 9 50 50
)
k= 1250 kN/m .
m= 2 tdn | 6x0.1=0.65 s

Hinh 2.32 Hé¢ chiu tdai trong bdt ky
Giai:
Ap dung phuong phép Simpson véi £ = 0.65 va At = =0.1s, khi
n

do:

0.6 AT

[ P)dr === (py+ 4P+ 2p, +4p,+ 2p, + 4P + 1)

]

—%(0+4><50+2><86.6+4><100+2><86.6+4><50+0)

= 38.213kN.s

Tan s6 dao dong tu nhién cia hé:

a)=JE=J@=25(md/S)
m 2

Bién d6 dao dong 16n nhét cia hé:

1
A(r)=ijp(r)a’r = 1 x38.213=0.764m
maw 2x25

Luc dan héi trong thoi gian 0 < t < 0.6s:

F(£) =k *A(f) =1250*0.764 = 955kN
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2.6 HE MOT BAC TU DO SUY RONG (GENERALISED
SDOF SYSTEM)

2.6.1 M6 hinh hé mot bac tw do suy rong

Xét hé co dac trung vat 1y phén bd (m, EI...) nhue Hinh 2.33,
thue chit ¢6 vé han bic tu do. Néu coi hé chi dao dong vo1 mét
ham dang nao d6 thi hé tré thanh 1 bac ty do. Can tim cac dic treng

vat 1y tAp trung cho hé 1 béac ty do do.

Z(t
x 4 N
u'(x,1) L/ e(t)
i
u(x,t)
[
mix) |
El(x)
0O s :h . .
_bug(t) chuyén vj

Hinh 2.33 Hé mot bdc tu do suy rong

2.6.2 Thiét 1ip phuong trinh chuyén déng
Gia sir hé chiu rung déng ngang wue() ciia gdi trra, rung dong co
thé do déng dit hodc lyc kich thich bén ngoai tac dung. Ding
nguyén Iy Hamilton dé thiét 1ap phuong trinh chuyén doéng. Diat:
ux,t) = yx) Z(t) (2.130)
trong d6: yrx) 1a ham dang (Shape Function) va Z(t) 1a toa dd

suy rong (Gerneralised Coordinate)
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Béng nang ciia hé duge cho bot:
1 2
oy T -t
T= Zim(x)[u (x,t)] dx

8T = [ m(xyi’ (x,0)5i' cbx (2.131)

Thé nang ubn cia hé:
17 2
V, = EIEI(x)[u"(x,t)] dbx
0

I
SV, = | EICou"(x.H)du" dx (2.132)

D6 congin cua thanh:

e(t) = % [[wie.n] dx (2.133)

Chon vi tri ban diu cta lyc doc N cé thé ning bﬁ”mg 0, ta c6 thé

nang cua lye doc la:

Vy=—-Ne= —%j[u )] dx

0
)
hay 8V, =-N j u'\(x,)Su’' dx (2.134)
0
Vi hé khong co luc khéng bao toan (luc can va lyc kich thich)
nén ta co:

]2'5(1’ ~1dt =0 (2.135)

1
vor V=Vt VnN
Thé (2.131), (2.132) va (2.134) vao (2.135):
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Ll i ) )
j { j m(x)it' (x, )51 dx — j ET(Ou"(x,0)5u"dx — N j w'(x,)Su'dx |dt =0

n Lo

(2.136)
Du i¢ lién hé:
- 5Z ungcac 1cn ne
A 0= i iy va S’ = Sii
i ut 1|_ ')[/"Z Va 51/["7 "é‘Z
—_———————
. V=7 va Su'=y'6Z
U ou

n=wZ vadu=ySZ  (2.137)

Thé (2.137) vao (2.136) ta thu duoe:

Ul ///ﬁ/

Ug
Hinh 2.34

T{ZﬁZi m(x)y dx + 6Z'z'¢g(t)j. m(x)ydx — Zé‘ZjEI(x)w"z o

1
i
+NZSZ[(w') dx}dt =0
(2.138)
!
Chu ¥ ring tich phan I f{x)dx khoéng phu thude £, nén dong vai
0]

trd 1a cac hing s6 khi thue hién tich phéan theo bién ¢ Dé lam xuat
hién céc thira sé 87 trong 2 s6 hang dau, ta tién hanh tich phan timg

phan:

.4 B b
jz&zcit jZé—tdt—jZE(éz)dt=25Z‘ —!ZéZdt:—;!'ZéZdt

4

(2.139)
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t, 1,
[, ()67t =i, (052" - [ii, (1)5 7 (2.140)
[ ' [
Thé (2.139) va (2.140), phuong trinh (2.138) tré thanh:
) .
' Z+kz—k.z - plozde - 0 (2.141)
4
I r
trong do: m" = J-m(x)i,uzdx : Khéi luwgng suy rong
5}
= jEI (™) dx : D& cing suy rong
0
{
k. =Nj(y'") dx : B§ cting hinh hoc suy réng
0

i
()= —il, (t)j m(x)ydx: Tai trong trong duong suy rong
0

Vi 67 bat ky nén luong trong dau ngodc triét tiéu. Ta thu duoc

phuong trinh vi phan chuyén déng ciia hé mét bac tr do suy réng:

m Z(O) v k' Z(t) = pl(t) (2.142)
véi kT =k -k : D6 cimg suy rong két hop
Khi lre doc N dat tri s6 61 han N = N, thi
k7 =0. Ttr @6, suy ra cong thirc tinh lyc N, ’
la:
i
[EI(x)(y")* dx p(x1)
N, =t (2.143)
[y ax
] c(x)
77

Phuong trinh (2.143) 14 cbéng thirc cua
Hinh 2.35
phuong phap Rayleigh. B chinh xac cla luc

doc té1 han N, phu thudc vao su lga chon cia ham dang. Théng
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thuong ham dang duge chon 1a gﬁn diung va lye td1 han thu duge
16n hon gia tr1 chinh xac.
Chu y:

Néu thanh chiju luc kich thich phéan bd p(x,t) va lue doc N(x) nhu
Hinh 2.35 thi cong thirc tinh lyc kich thich suy réng (lyc tap trung)
P (t) va d6 clng hinh hoc k' lan luot 1a:

P (0= plrwp(dx (2.144)
K, — [Nl (o) d (2.145)
C' = j'c(x)[l,y(x)]2 dx (2.146)

2.6.3 Vi du ap dung
Vidu 2.7:

Thiét lap phuong trinh vi phan dao dong cua hé mdt bac ty do
suy rong véi cac dat trung vat Iy (khéi leong, d6 cing) phén bd déu
theo chiéu cao nhu trén hinh v&. Cho biét phwong trinh duong dan

hoi (ham dang ) dugce chon nhu sau:
m
= ]_ —_ S
w(x) cos e (a)
Giai:

Ap dung cong thirc trén ta ¢6 khéi lwong va do cirng suy réng;

* & 2 “ X 5
m' = [my) dx=ﬁj(1—cos—] dx=0.2287L (b)
0 0 2L
k" —fEI( ")2dx—E]jL' i cos = za’x—ﬂ—‘1£ (c)
0 d o\ 417 21 32 I}
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~ ’
_chuyén vi

O —7777
ugl(1)

Hinh 2.36 H¢é mot bdc tir do suy rong
Tai trong trong dwrong suy réng (bé qua dau trir):
* i r - —w r wXx ey
P (ey= i, () iyt = i, (1) | 1- cos—— |abx =0.3647Lii, (1) (d)
0 0

Bé qua lyre doc true, phuong trinh cin bing dao déng;

4
0228717 (1) + :—Z%Z(z) = 0.364mLii, () (e)
Néu xét luc doc truc N thi ta c6 do cltng hinh hoc suy réng:
L & 2 2
. T . Nm
ki =N|{yVdx=N||—sin— | dx="——
s Nflra=nf{ Zan X a= R @

D6 cling suy rong két hop:

4 2
Bt =k k=T N

321 8L ®)
Vi vay tai trong té1 han mét 6n dinh thu dwoc khi cho do cling

lét hop bang 0 1a:
_#Z'EISL _x* EI

= == h
o3 7 40 ®)
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Day la tai trong mét &n dinh that sy cho cdt consol chiu tai trong
phan bd déu, b&i vi ham dang duge rut ra tir (a) 1a dang mét &n dinh
that ciia két cau. Thay (h) vao (f) ta ¢6 thé biéu dién d6 cimg hinh
hoc boit:

. m'EI N
ke = T
3200 N,

)
thay vao (e) ta ¢6 phuwong trinh can bing bao gdm anh huéng cua

lwe doc truc la:

4
0.208mL7 (1) + 2L (

N . -
= 1_N_Jz(t)=o.364mLug(z) 0

CcFr

Do dé, bét ky hinh dang nao théa man diéu kién bién hinh hoc
ctia két cau déu duge rut ra tir ham dang w(x). Néu ham nay dwoc
2

cho boi dang parabolic y(x) = z—z

Khi nay do cirng dan hdi suy réng tré thanh:

L 2
K= EII(%) i =2
L L

va dd ctirng hinh hoc suy réng:

L 2

. 2 4N

k. :NI(;] dr=—2
0

Trong trudng hop nay, tai trong téi han duege ratra tr & =k, la:
_4EI3L 3EI
T4 r

(Gia tr1 nay 1on hon 21% so vén gia tri tir (h).

)
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BAI TAP CHUONG 2
1. Xac dinh tin s6 dao dong ty nhién cua hé & Hinh 2.37.

TORET
Tml’
2. Xac dinh tan s6 dao dong ty nhién ciia hé & Hinh 2.38. Cho biét

Ddp s6: w=

dim co6 do cing EI = oo, d6 cing dan hdi ciia 10 xo tai B 1a k = 50

kN/m, bé qua trong lrong ban than cta dam.

Dip s6: o = 2 1k
3¥m
4 FEl n A El=w B m
: & »
A
A k
!‘ L2 ’! L2 > | T L2
Hinh 2.37 Hinh 2.38
3. Xdc dinh tin sb dao dong tu nhién fffff!f,f
cua hé & Hinh 2.39. B qua trong lugng 5
ban than cac thanh dirng, thanh ngang c¢6 il £
do cimg v6 cung va thanh dimg c6 d6 == i
cimg £1. Hinh 2.39
¢ 24E7
Ddp sé: o=
dp 50 @ s

4. Xac dinh tan s6 dao dong riéng clia hé c6 mot khéi luong tap
trung cho nhw Hinh 2.40, bo qua trong lwong ban than dim. Cho
biét ddm AB ¢6 dé cirng E7 va thanh CD ¢6 dé ctng 2E7, 16 x0 ¢6
d6 cing k = EI/SLS

i el { STEI
ap s0. =
? 388mI>
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5. Cho hé mdt bac ty do dao dong tw do nhu Hinhk 2.41 véi khi
lwong m = 200kg. Cho biét tai théi diém ¢ = 0 chuyén vi do duoc la
1.2cm, tai thoi diém ¢ = 0.64s chuyén vi cua hé dat gia tri cuc dai la
0.86¢m. Hay xac dinh:

a) Do cling cua hé £.

b) Hé sb can c.

¢) Ty sb can &.

Hinh 2.40 Hinh 2.41

6. Cho h¢é mot bac ty do dao dong tu do véi khdi lugng m = 2 tén,
dé cimg k = 4000kN/m. Cho biét tai thoi diém 7 = 0 chuyén vi do
duoc 1a 0. 7cm va van toc 13 5.6¢cm/s. Hay xac dinh chuyén vl va van
clia hé tai thoi diém 7= 1.0s khi:

a) Hé khoéng can ¢ = 0.

b) Hé c6 can ¢ = 280 kN/m.
7. Cho hé mét bac ty do dao dong chiu tic dung tai trong xung
hinh sin nhu Hinh 2.42. Cho biét khéi luong hé m = 2tdn, d6 cing k
= 1000kN/m. Cho biét t; = 0.15s va po = 15 kN. Hay xéc dinh:

a) Thoi diém xay ra chuyén vi 16n nhét trong hé.

b) Luc dan hdi 1ém nhét trong hé.
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Y . Ul b)
s ¢ : »1)
E—WE m _/\,_>P(U pt)=posina t
e
fa
O ti T ;

L L
1 Phal 1 Phall
Hinh 242

8. Cho hé mot bac ty do dao dong cd can chiu tai trong bat ky nhu
Hinh 2.43. Tinh toan luc dan héi fi(2) trong thoi gian 0 < 7 < 0.72s
bang phuong phap sb véi tich phan Duhamel bing cach dung
phrong phap Simpson véi Az = 0.12s. Cho biét hé s6 can ¢=0.4
kN.s/m, m= 02 kN. s°/m; k=8 kN/m.

a) b)
o0 - YAON 9 ~IkN

k 4

L 6x0.12=0.72s
Hinh 2.43 Haé chiu tai trong bat ky
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Chwo’ng3
HE NHIEU BAC TU DO

3.1 THIET LAP PHUONG TRINH CHUYEN PONG
3.1.1 Lwa chon bac tr do

Thue té két cau thudng 1a he phan bé va ¢6 vé han bac tu do.
Pua vé so &6 mot bac tu do chi thich hop trong mét 6 treong hop
dac biét, khi hé hau nhw chi dao déng véi mét dang nhat dinh. Vi
vay, dé thu dwoc két qua chinh xac hon, ta phai dwa hé két cau vé
hé r&i rac nhicu bac tw do. S6 bac tw do duge chon dwa vao tung
bai toan cu thé. Théng thuwdng ¢6 hai cach chon & bac tw do cho
hé:
— Chon bién d6 dao dong tai mét s6 diém rdi rac: bao gf’im
phwong phap dén khéi lwong va phwong phép phdn tie hitu han
(Finite element method) dé rixi rac hoa.
— Chon toa d6 suy rong la bién d6 cua mét s6 kiéu bién dang cua
hé.
3.1.2 Phuong trinh cén bing déng

b 4
p(x,t) i Py

AR T

chiéu duong chuyenvi ﬁ 1
o | [T e
27)% Vi) Vo) Vil Vil WSQ)W

Hinh 3.1. Hé nhiéu béc tw do va cac lyc tde dung
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Dé don gian ta xét hé lién tuc nhu Hinh 3.1, vé1 cac bac ty do la
chuyén vitai cac diém 7, 2, 3, ... N.

Tai méi diém nit ¢ cac lue tac dung: tai trong p, (¢). luc quan
tinh £,, luc can £, va lyc dan héi f, . Ta ¢6 phwong trinh cn
bang tai niit i:

St o+ s = pl¥) .1
trong d6 i =1,2.3,...n.

Phuong trinh (3.1) ¢é thé viét lai dudi dang ma trén:

f,+1,+f,=p(?) (3.2)
In S Ssi ()
trong do I, = j%’g CIy= f’?z = fS2 va p(t) _ Pzz(f)
I S S p,(0)

a) Lurc dan hoi
Dung nguyén li cdng tac dung, ta co:

L= Bkt etV (3:3)
trong d6 i=1...n va k, la lyc tai nat s do chuyén vi v, =1 gly ra.
Chu ¥: lre dan héi trong trrong hop ndy cin bang véi lwe nut
nham duy tri deong dan hdi, nghia la ngwoe chidu véi e nut.

Dang ma trén cia phrong trinh (3.3):

f S1 kn k12 kln i
f%z _ k21 k22 e k2n " v'z (3.4)
fSn _knl knl T knn u vn
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hay f; =Kv (3.5}
trong do: K droc goi 1a ma tran dé cing cua két cau (Stiffuess
matrix).

b) Lirc cin - cling twong tw nhur lve dan hdi, ta ¢6 phuong trinh:

fDl Ci1 Gy Oy ‘-)1

C € e v
f).DZ — 21 22 2n >< .2 (36)
.fDn _Cnl Cn2 T CI’H’EJ ‘}n

trong dé ¢, la luc tai nat i do v, =1 gy ra va duge goi la hé sb
anh huong can.
Phrrong trinh (3.6) ¢6 thé viét thanh:
f,=Cv (3.7)
trong d6 C la ma tran can (Damping matrix).

¢) Lrc quan tinh

Ju my, Mmoo My, V

m m e om V
ff'z _ 21 2 | -2 (3.8)
.fln _mnl mn2 e mnn _ ‘.}n

trong dé m, la lgc tai nit 7 do ¥, =1 gy ra va dugc goi 1a h¢ sb
anh huéng khéi luong.
Phuong trinh (3.8) ¢6 thé viét thanh:

f, = Mv (3.9)

trong d6 M 1a ma trin khéi lvong (Mass matrix).
Thé phuong trinh (3.5), (3.7), (3.9) vao phuong trinh (3.2) ta
thu dwge hé n phuong trinh vi phan chuyén déng viét dudi dang

ma tran;:
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MV +Cv + Kv = p(1) (3.10)

Phrrong trinh trén 13 phwong trinh mang tinh chat téng quat cia
bai toan déng luc hoc, trong do p(z) 1a vecto tai trong ngoai, tuy
thudc vao p(z) ma ta cé cac trwong hop phan tich déng lwe hoc
ctia hé: phan tich dao dong tur do, phén tich phan tng ctiia hé véi

tai trong déng nhu tai trong gio, déng dat, séng bién...

3.1.3 Anh huéng ciia luc doc nén
Luec doc lam ting thém chuyén vi nat, nén sé& ¢6 vai tré nhu luc
nut tac dung theo chiéu cia chuyén vi nut, ky hiéu béi ma trén f, .
Khi nay phwong trinh can bing nut (3.2) tr& thanh:
f,+f,+1 -1, =p(s) (3.11)
Luc nut f, twong dwong voi vai tro cua lue doc, dugce biéu dién

béi céc hé sb cting hinh hoc (Geometric stiffness coefficients) nhu

sau:
Ja _an kois ke | ¥
fi;z _ szl szz e kG2n " v‘z (3. 12)
f Gn _anl anz r ann J Vo

trong d6 k,, la lyc tai nit § do v, =1 gly ra va co xét dén anh
hudéng cua luc doce.
Phrrong trinh (3.12) ¢6 thé viét thanh:
f.=K,v (3.13)
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trong d6 K, 1a ma trin d6 clrng hinh hoc (Geometric stiffness

matrix).
Phuong trinh (3.10) tré thanh:
MV +Cv +Kv -K,v =p(7) (3.14)
hay My +Cv + Kv =p(7) (3.15)

trong d6 K=K -K_ 1a ma trin do cling tbng hop (Combined
stiffness matrix).

Nhu vay, lrc doc lam giam d6 ciling cua két céu, nghia la lam
cho két cdu mém di.

3.2 XAC PINH CAC MA TRAN TiNH CHAT CUA HE
KET CAU

3.2.1 Tinh chat dan hoi
3.2.1.1 Pp mém ciia két ciu

Goi f, la chuyén vi tai ; do p; =1 gy ra. Tap hop cac f,
(i=1...n) tao nén duong dan héi do p, =1 gy ra va dugc minh

hoa trén hinh 3.2. Chiéu duong cua chuyén vi va luc theo chiéu

duong cua truc toa do, nghia 1a hudng 1én.

Hinh 3.2. Puong dan héi va cde lue tai nit
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Chuyén vi tai diém i do cac luc p; (j=1...n) duge xdc dinh

theo nguyén 1y cong tac dung:
V, = faby + foabDy oo+ [Py (3.16)

volri=1...n.

Phuong trinh (3.16) c6 thé viét duéi dang ma trén:

41 _fn Jig A fln_ F4
v, Ly o A, y P (3.17)

vn fnl fnl fnn_ pn

hay v=1p (3.18)
trong dé: f 14 ma tran d6 mém cua két cau (Flexibility matrix).
p la ma trén tai trong nut, ¢6 cung chiéu dwong véi
chuyén vi nut.
Luc dan hdi can bﬁng vél lue nat p=f, va duoc minh hoa trén
hinh 3.3, khi d6 phueong trinh (3.18) tré thanh:

(3.19)

1 2 3
E) & 4 4 E;
b r ?s

Hinh 3.3. Luc dan héi va cde luce tai nitt
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3.2.1.2 Pé cirng ciia két ciu

Hé sb d6 cing k&, duge minh hoa trén Hinh 3.4 1a cac luc nit
do chuyén vi v, =1 gly ra (cic chuyén vi khc v, =1 véi i# 7).
Ngoai ra, &, chinh la phan lgc tai nit néu dit thém céc lién két.

ij:k i
Pk |, rk, BH

EEEN
ST

K K k_ k

1j ij Ii Nj

Hinh 3.4 Hé 56 dp cirng va cdc lfuc tai nit
Thoéng thudng ma tran d6 cing K duoc suy ra tr ma tran d6
mém f hodc ding phrong phap phan tir hiru han.
3.2.1.3 Cac khai niém co sé
Thé ning bién dang;
U=lzn:pivi =lpTV=%VTp (3.20)

Thé phuong trinh (3.18) vao (3.20) ta thu dwge phrrong trinh:

U =%prp (3.21)
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hodc thé phwong trinh (3.5) vao (3.20), véi cha ¥ ring p =¥, 18
co:

U= %VTKV (3.22)

Vi thé ning bién dang U > 0 nén suy ra:
vIKv>0 va p'fp>0 (3.23)
Ma tran K va f théa phuong trinh (3.23) véi moi v, p#0
nén la cac ma tran xac dinh duong (Positive definite), khong suy
bién va nghich dao duoc.
Thiét lap mbi quan hé gitta K va f, tir phrong trinh (3.5), ta ¢d
f, =Kv hay K ', =v. Mit khac, tr phwong trinh (3.19), ta ¢
v=1f,. Suy ra:
f=K"' hay K=f" (3.24)
Thong thudng ta xac dinh ma trén d6 clirng thong qua ma tran
mém theo phwong trinh (3.24).
Pinh ly Betti:
“Céng kha di ctia lic & trang thdi (a) trén chuyén vi ¢ irang
thai (b) bang cong kha di ciia lyc & trang thdi (b) trén chuyén vi

o trang thai (a)”.

[p.] v =[p] v (3.25)

T
hay [p.] tp, =|[p] tp. | =[p.]"t", (3.26)
Suy ra: f =7, nghia la ma tran dbi ximg. (3.27)

Mot cach twong tr ta cling ¢6 ma tran do cling doi ximg:
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K=K’ (3.28)

Hinh 3.5 minh hoa cho ¢ong kha di cia lyc ¢ trang thai (a) va

(b).

Trang  thdi

W, %, W [rang  thdi

2; 8 P P “g““

Hinh 3.5. Cong kha di ciia e ¢ trang thdi (a) va (b)

3.2.1.4 Thiét lip ma trin dp cieng bang phwong phép phin tie
hitu han

Hé¢ duoc quan niém gcA)m nhiéu phén t ndi v6i nhau tai mot sd
hitu han nat. Tinh chét cia hé dvoc tim be‘“mg cach oh(A)ng chit céc
phén tir mdt cach thich hop. Xét phan tir dAm thing c6 hai nit nhu
hinh 3.6. Mdi nit ¢6 hai bic ty do bao gom chuyén vi thing va
g0OcC Xoay.

Ham dang w,(x) chi gdy ra chuyén vi v, =1, con cdc chuyén vi
nit khac déu bang 0. Ham y (x) phai théa mén diéu kién bién
nhung thudng chon ham chuyén vi trong dam ¢ do cling E7 1
hing s6 do chuyén vi nit v, =1 gay ra. D6 1a cac ham da thuc

Hermit bac ba nhu sau:
x Y xY
=1-3|—| +2| — 3.29
Vfl(x) [L] [LJ ( )
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V(x) V1v v, ¥
a I3 )ﬁ b_x_
El(x) Wgw
| L N

[ T T l(x)
v, = =1 7\
Yo%)
qa:V3 :I/\l/_\

Hinh 3.6. Phdn tir dam va cdc chuyén vi nit

vy (x) = 3[%)2 —2(%}3 (3.30)

ws(x)=x(1—%J (331)
y/4(x)_xf[%—1} (3.32)

Dung bon ham ndi suy nay, chuyén vi cua dam duge xac dinh
theo cac chuyén vi nit:

v(x) =y, (x)v1 +y, (x)v2 +y; (x)v3 +y, (x)v4 (3.33)

trong do:
vl va
Y Ve
= 3.34
w7 e, (3.34)
V4 6,

Hé s6 clng cua phan tir 1a cac phan lyc nit do chuyén vi nat
giy ra. Dé don gian ta xét phan tor dam nhu Hinh 3.7. Hé sb k.

trc 1a phan luc p, trén Hinh 3.7 duge xac dinh nhu sau:
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)=y (x)dvy
(chuvén vi khé di)

dva—dvq 1
ga—a :/E/T ks = p

Hinh 3.7. Hé s6 do cimg cita phan tir dam

o

Dung nguyén li ¢cong kha di, ta co:

W, =pov =k,;oy
Momen nd1 luc do 6, =1 gdy ra la:

M (x) = E1 () (x)

Cong kha di cha nd1 lye:
L
W, = 5vJE](x)w§ (x ), (x)dx
0

Cho W, =W, ta suy ra:

L

iy = [ B (x)y () () e

0

L
Téng quat hoa: k, =jEI(x)t//z'(x),uj"(x)dx la d& cirng suy
0

rong, vi & =k _ nén ta co ma tran do cirng doi1 xung.
EJ‘ J‘l

Vi dam ¢6 dd clirng ET 1a hang so, ta co:

S 6 -6 3L 3L ](v
Jso| _2EI-6 6 3L -3L||v,
f.l Pl -3z 22 ||y
Sfaa 3L 3L L' 20 ||v
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Néu dam c6 db cting £l (x) thay déi thi phuong trinh (3.39) la
gin dang. P6 chinh xac s& cao hon néu ta chia ddm ra thanh cac
phan tir nho hon.

Hé sé do cing k, cua két cu bing tong cac hé sb6 do cimg
trong ng cia cac phan tir ndi vao nut. Chiang han, néu cic phéan
t¢ m, n, p cung ndi vao nit i thi hé sb clrng cua két cAu tai nlt i
la:

k=™ 44V 21 2 (3.40)
trong d6 k™, kY, k2 1a cac hé sb d6 clmg cia phan tir da bién
doi sang hé toa d6 chung tir toa dia phrong.

Vi du 3.1: Xét hé khung phing nhu Hink 3.8, gbm ba phan it ndi
tai hai nut. B6 qua bién dang doc truc, hé ¢b ba bac tr do: v,, v,
va v,. Xac dinh cac hé sb do cling.

V2 V3

r-\ r\ ij
El
& ET EI
Tir mr
L

le |
I~ o\

Hinh 3.8. Hé khung phing
Giai:
Céc hé sb do cirng ctia hé duge xac dinh bﬁng cach lan luot cho
cac chuyén vi cudng buc don vi v =1 duogc biéu dién nhu Hinh

3.9 va lgc nut trng vo61 cac phan tir.
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Ma tran do clrng két cau:

24FE7 6ET | 6FET
kl1: IE 7k21: I vak31: 2
8L
k33 = kzz = T
6EI
k,=—
32 I
‘—
12E7
IE
% ka1

AT 4r7
) L

Hinh 3.9. Hé 56 dé ciimg kh
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Viét lai cac hé so trén dudi dang ma tréan, ta co:

fa 12 3L 3L](v

= v .
. 2? 3L 412 3% |{v, (3.44)
fes 3L 32 4L ||y

Chu y: Bai toan déng lue hoc ciia hé phén bd thuong doi hoi
nhiéu béc tu do hon so v&i bai toan tinh, do anh huong cua luc
quan tinh. Tuy nhién, khi di chon cac bac tur do cho bai toan dong
roi thi viée xdy dung ma trin cirmg giéng nhu trrong hop bai toan

tinh.

3.2.2 Tinh chit khéi luong
3.2.2.1 Matrin khéi lirgng thu gon

Ta xem khdi lwong phan bd cia cac phin tir duge thu gon vé
cac niit theo nguyén tic tinh hoc, ta ¢6 hé gdm cac khdi luong tap

trung duoce biéu dién nhv trén Hinkh 3.10.

m m; m;
V_ SV WY AVl U e W U

e tan s an

Hinh 3.10. Ma trdn khoi luong thu gon

Ma tran khbi luong thu gon 1a ma trdn dudng chéo:

'ml 0 -« 0]
0 m, :
M= (3.45)
: .0
0 o 0 my |

trong do m, =0 vé1 i # j, vi gia tbe tai khdi lvong nao chi gay ra

Iwe quan tinh tai khéi lrong do.
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3.2.2.2 Ma trin khoi luwong twong thich (Consistent mass matrix)
Xét phan tr dam c6 hai bic tw do méi niut nhw Hinkh 3.11. Ding

cac ham ndi suy y/l.(x) nhu trong ma trin d6 cing. Gia su dam

chiu tac dung clia gia the gbe bﬁ”mg don vi tai nut «, ¥V, =0 =1,

gia toc chuyén dong ngang ctia dam sé la:

i(x) = i, (x) (3.46)
Lwe quén tinh ¢6 tri s6:
J1(x) = m(x)V(x) = m(x)Vyy;(x) (3.47)
v(x) y 5

. e
A ‘m(x) wéw
|

| dv(x):yl(x) a’vl |

(chuyén vi kha dr)

l(ia:i}g,:l)/T m=p

137 a

Hinh 3.11. Phdn tir dam véi hai bdc tw do méi niit
Cho dim chiu chuyén vi kha di Sv(x)=y,(x)Sv,. Can bing
cong kha di cua luc nut va lge quan tinh, ta ¢6:
L
PudVa = [ £1(XD¥()lx (3.48)
0

hay

my = [ mCOw, (s ()dx (3.49)
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L
Téng quat: m; = Im(x)y/i(x)l//j(x)dx 1a khéi lrong suy réng. Vi
o

m,; = n; nén ma trn khoi lvong twong thich doi xing.

Néu dam ¢6 khéi lrong phan bd déu thi ta co:

Jn
S| ML
I 420
Jia

156
54
22L
131

54
156
13L

—22L

22L
13L
417

317

~13L]

—22L
-317
AL}

oo

S

(3.50)

Rt

45:

Ma tran khoi lugng cia két cau cling duge “chéng chat’ tir ma

trén cua phan tir, trong t nhu ma trn cung.

Vi du 3.2: Thanh lap ma tran khoi lwong cho két cAu nhw Hink

3.12 theo hai phwong phap. Qua trinh tinh cac hé s6 khéi lwong

duoc chi 16 trén cac Hinh 3.12va 3.13.

1.5mL 1.5mL
V2 V3
r\ r\ 5 V]
0.5mL 0.5mL
0
0.5/mL 0.5/L
nm nm

A% Vi
¥\ ™ v,
1.5/ i
my, =4ml
T _ o
m m My =My =
i mr
2L
I‘ LI
™ |
Hinh 3.12. Hé khung phding
Giai:

Ma tran khoi luong thu gon:
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840

)
210
0

5 =0 vi g1a thiét ring khdi lrong thu gon khéng

trong d6 m,, =
cb quéan tinh xoay, tirc 13 cdc gia tbe gbe tai nut khéng gy ra

mdmen quan tinh.
m. N\ Mz mm—e - Mz
r{ e V) :‘1 m;; - s"'-____r\ miz

i H v !

] ! b

] ! 1, =1

] ' ]

i ! H

I, ;' !

4 F) I
I3 f] 1

rir rtr nr i
Hinh 3.13. Hé s6 ma trdn khoi luong ciia khung
Céc hé sb cia ma tran khoi luong
= ~ _
my, =——(156x2) +1.5mx21. = —768 (3.52)
210
ml.
my, =m,, = (22L) = %1 1L (3.53)
my, =my =L g2 JIOML opse ML o6 (35
420 420 210
(3.55)

15mx2L< 3Ly ——( 18L)°

m32 4
Do dé, ta thu duwoc ma tran khéi lugng trong thich
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_[78e 1
M="2011L 260> —1812 (3.56)
210

11 181 2617
Nhin xét:
Bai toan ddng luc hoe ing vé1 ma trén khoi leong thu gon don
gian hon vi:

- Ma tran M thu gon dang dudng chéo, trong khi ma trin M
trong thich ¢6 nhiéu hé sé khac 0 & ngoai duong chéo. Céc hé sb
clia ma trdn M thu gon trng véi cac chuyén vi xoay cling bang 0,
cang lam cho bai toan don gian hon.

- Dung ma trdn M thu gon ¢6 thé loai bo cac chuyén Vi Xoay,

nhung ding ma tran M trong thich thi khéng thé loai bo dwoc.

3.2.3 Tinh chit cdn
Hé sb can ciia phan tir droc xac dinh béi phrong phép phan tir

hitu han va dugce cho boi cong thire:

C.g'j:

ey, () ; (x)dx (3.57)

[=R s s 1]

1a hé s6 can suy rong, trong do c(x) 1a tinh chét can phén b cua
phan tir.

Ma trén can két cAu cling dugc chéng chét tir ma trdn can cua
phén tr, trong tr ma trdn d6 cing hodc ma trin khéi luong. Tuy
nhién, dé xac dinh ham c(x) trong thue té thi khong lam duge.
Thuong tinh can cia két cau xac dinh bai thue nghiém bing ti sb

can &.
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3.2.4 Tai trong
Néu tai trong tac dung trén phan tir thi phai thay thé bing tai
trong nit twong duong, dung khai niém luc suy rong. Co6 hai
phuong phap:
3.2.4.1 Tii trong nit twong dwong tinh hoc
Hinh 3.14 md ta hé dim c6 mit truyén lue chiu cac loai tai
trong téng quat. Ta ¢6 thé xem nhu tai trong dit trén ddm phu ¢o
méit truyén lre dit tar nut. Luc truyén vao nut s&€ thay thé cho tai
trong dat trén phan tir. Nhu vy hé khéng truyén mémen tip trung
vao nut.
£(1) p(x,) q(x.t)
e
c — &
=

R VS

| P | pi)

I

Hinh 3.14. Tai trong nit tuong duong
3.2.4.2 Tii trong niit twrong thich
Tai trong nut trong thich mé ta trén Hinh 3.15 duogc tinh theo
nguyén li chuyén vi kha di, dung cac ham néi suy w,(x) ddnoéi &
trén.
Vi du:

L

pi(0) = p(x0)w (x)x (3.58)

0
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p(x,1)

%ﬁ W%D

P

- -
Av{x)=y 1(.76)61’\)1

Tai trong suy rong

Hinh 3.15. Tai trong nut twong thich

Téng quat:

L
§2 (1‘) = Jp(x, Hy . (x)dx 14 ta1 trong suy rong (3.59)
0

Néu tai trong ¢6 dang phén ly (trwdmg hop nay thudng gip

trong thwe t&) nhu sau:

p(x,t):g(x)g(t) (3.60)

thi lyc nit suy rong tréd thanh:

P, (1)=& ()| 2w () (3.61)

Chua y: vdi cac ham nd1 suy i, (x) (i = 1+4) ta ¢6 hai lyc nut va
hai m6émen nit tai hai diu dam.
3.2.5 Do cumg hinh hoc

D6 cirng hinh hoc thé hién khuynh huwéng lam ting chuyén vi

udn cialucnén N. Hé sb do ctrng hinh hoc chinh la lge nut do N
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tao ra. Gia thiét rang luc nén N do tai trong tinh giy ra 1a chi yéu
va phan do lre déng gy ra ¢6 thé bé qua duoc. Vi vy, coi N
khéng déi trong qua trinh dao déng. Néu N thay déi theo thoi
gian thi K. ciling thay dbi theo thdi gian va bai toan tré nén phi
tuyén.

Xét hé dam chiu luc nén N duoc biéu dién trén hinh 3.16 va
dung X.'flp Xi tuyén tinh vé1 mot bac tv do trén mot nat.

v

N T Vi vj X
> . . —
o i j i

Hinh 3.16. Ddam chiu hic nén

Tach mét phéan tir trén dam va xét cac thanh phan lvc tac dung
duoc biéu dién trén Hinh 3.17. Gia st luc doc trong phﬁn tr i 1a

N,. Ta ¢6 thé xem phan tir 7 thing thi lyc nut £, va Jo duge xée

dinh theo luc nén N, .

H

s P i
fq; - Li Ni
V. —v.
fGI = i = Ni T
L L
/ N
— vf
NI VI
L
. e

Hinh 3.17. Phdn tir dim

Viét lai cac luc nit dudi dang ma tran ta co:
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i |11 =1||v
Gl ee

Ma trén d6 clrng hinh hoc cia két cau dam:

Jon B, + LA ] 0 0 v,
lO ll ll

P B A VR T " |

ll ll l2 12
= (3.63)
o Na Na NN ||
fGi l.i—l l.i—l li li i
N N, N
fG 0 0 _ TN n-l ST 3
” L n—1 Ln—l Ln _ "

c¢6 dang ba vét chéo. Viét phuong trinh trén dudi dang ma tréan:
f.=K,v (3.64)
Do cueng hinh hoc twrong thich:
Xét dAm don gian chiu luc doc N(x) bién thién theo truc thanh
nhu Hinh 3.18.
Biéu dé N(x)

'__‘1___1”__{_/
P
G3 < IR DY 7__5' )P@z

Hinh 3.18. Ddm don gian

Dung khai niém phﬁn t hitu han, ta thu duge cong thire:
L : :
ks = | N ()9 () () ke (3.65)
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Néu phan tir ¢6 lre doc N(x) =N 1a hing s6, dung cac ham

nd1 suy trude day, ta thu duwge ma tran dd clirng hinh hoc phﬁn tr:

[ £ 36 36 3L 3L |[y

fo| N |-36 36 3L -3L||v, 3:66)
fus| 30L| 3L 3L 42 -I*||v '

oy 3L 3L -’ 4L ||v,

36 -36 3L 3L ]

., N |-36 36 -3L -3L
K, =— A, (3.67)
30L| 3L 3L 41 -L

3. 3L -I' 4r’

vél K7 1a ma trdn dd cig cia phan fir va la ma trdn do1 xtmg.
Ma trdn K cta két cau suy ra tr K; twong ty nhu ma trdn K va

M.

3.2.6 Lua chon cach thiét 1ip ma trin tinh chit két ciu

Co hai cach tinh g.’fm ding cac ma tran khéi leong, ma tran 46
ctirng hinh hoc va ma trén tai trong:

- Phwong phap so cip chi xét dén chuyén vi thing.

- Phuong phap turong thich ¢ xét ca chuyén vi thing va chuyén
Vi Xoay.

V& nguyén tic, phrong phap trong thich cho d6 chinh xac cao
hon, vi xét diy du va hé théng hon cac phan ning lwong lién quan
dén sy lam viée dong cla két cau. Tuy nhién, trong thuc té thi do
chinh xéc ctia phrong phap twong thich khéng tréi hon nhiéu so

véi phwong phap so ¢ip, nhung khdi lwong tinh toan thi 16n hon
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nhiéu, vi bac tw do xoay déng vai trd kém quan trong so voi
chuyén vi thing. Ngoai ra, phwong phép so cip dé dang hon, vi
cac ma tran xuét phat dé tinh hon va sb bic tw do phéi xét ciing it
hon.

Néu phurong phap thu gon khéi lwong droc dung véi ma tran do
cting thiét 14p bang phuong phap phan tir hitu han (tirc 1a ké dén
bac tu do chuyén vi Xoay) thi co thé loai trir cac chuyén Vi Xoay
nay trong phwong trinh chuyén déng. Khi d6 ma tran dé cimg
cling duge rat gon lai, hay con goi 1a Static condensation (kich
thude ma trdn d6 cing thu nho lai). Dé minh hoa, ta viét lai
phurrong trinh (3.4) trong d6 da sip xép lai cac chuyén vi thanh hai
nhom: v, 1a thanh phan chuyén vi thing va v, la thanh phén
chuyén vi xoay.

Phuong trinh chuyén dong duoc viét lai dang ma trén chia khéi

hay con goi 1a ma tran con:

[ tt t ]{ I} { } { St}

trong d6 ma trén f,, =0, tlrc la cac mémen nut dan hoi bf?mg 0,
néu tac dong trén hé chi 1a luc chir khong c6 mdédmen tip trung dit
ngay tai nit.

Trong phuong trinh (3.68), ta ¢6 thé bidu dién cac chuyén vi

xoay v, theo chuyén vi thing v,

v, =K, 'K,v, (3.69)

ool
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Phuong trinh thtr nhit cia ma trin con suy ra tir phuong trinh

(3.68):

K,v,+K, v, =1, (3.70)
| K, - K, [K, 'K, |v, =1, (3.71)
hay
Kyv, =1, (3.72)
trong do
K =K,-K,K,]'K, (3.73)

1a ma tran dé cimg twong img véi chuyén vi thing hay con goi la
ma trdn dé cing rit gon.

Nhu véy, cac chuyén vi xoay trong phwong phéap phéan tir hitu
han ¢o6 thé loai trir va sd bac tu do thuc su phai giai quyét giam
xubng. D6 1a vu diém 16n cta phrong phap khdi lwong thu gon.

Xét lai vi du 3.1 tinh toan véi hé khung phing nhw Hinh 3.19

duogc vé lai, ta co:

v v
_ ;'\ hy}
EI
L g EI
Frii T

L

. .

Hinh 3.19. Hé khung phding
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£ 12 3L 3L (v
2E] s an
/s == 3L 40 3L 1w, (3.74)
£ 3L 3P 4L ||v,
Ngoai ra:
2FI 417 37| 2EI|4 3
“TTE |3 4| L |3 4 (3.73)
L[4 -3
K, '=—— 3.76
Kol 14EI{—3 4} (3.70)

Biéu dién chuyén vi xoay theo chuyén vi thing tir phwong trinh

(3.69):

. 4 32 [3L 1
DT R 22 el P | O R (0
v T TE -3 4| E 3] T 7L

Ma trén cltrng rit gon theo phuong trinh (3.73):

3
2E] 7L 132E7
K = 12 - [3L 3L - 378
t L3 [ ] i 7L3 ( )
7L,

3.3 DAODPONG TU DO KHONG CAN

3.3.1Phén tich tin s6 dao déng
Tt phuong trinh (3.10), phén tich dao dong tir do nén vecto tai
trong ngoai p(t) =0, ta co:
MvV(@) +Cv(t)+ Kv(t) =0 (3.79)

Bé qua thanh phan lyc can C=0, ta ¢6:
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Mv(7)+Kv(t)=0 (3.80)
Do tinh chit tudn hoan nén chon nghiém cé dang:
v(t) = vsin(wi + ) (3.81)
trong d6 v(7) thé hién dang dao dong va [¥] 1a bién do dao dong.
V(t) = —@ Vsin(awt + 0) (3.82)
Thé vao phwong trinh (3.80) trén ta ¢o:
—o " Mvsin(ot +0) + Kvsin(owt +0) =0 (3.83)
hay
[K—wZM]fr =0 (3.84)
Vi v# 0 nén dinh thitrc ciia ma tran vuéng N x N phai triét tiéu:
det|K—a)2M|:0 (3.85)
Day 1a phuong trinh dai s6 bac N, do d6 c6 N nghiém 6012,
w:, @:, ..., @ . Ly thuyét ma tran chitng minh: ma tran vuéng
thue, dbi xtrng va xdc dinh dwong thi ¢6 cac tr1 riéng thuc va

duong.

Vecto tan s0 riéng nhu sau:

o = (3.86)
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T @, ta sé€ tim dwoc chu ki hay tin s6 dao dong ty nhién cua

két cau:

727 ya poL (3.87)
w T

Vi du 3.3: Tinh tin s dao dong riéng ctia khung ba ting san cing
c6 cac khbi luong va do cung cho trén Hinh 3.20. Cac hé s6 do

cling ciing durge dién ta trén hinh.

].O T vl = ]_
—— -} ] ) l\—’ s 4
6000 kN/m J i =i s Fo =600 K =0
15 ¢ i
————— - 1/ = v —
by =—6000 | fn =18000] £ = ~12000
12000 Y \
20 I’ \\ V3 :].
——— — 1 o '—> :—’
ky =0 k32 =-12000 1 kyy, = 30000
18000 /,
-

Hinh 3.20. H¢ khung phdng ba ting
Giai:

Cac ma trén cua khung:

1.0 0
M =10 1.5 (kg) (3.88)
0 2.0
1 -1 0
K=6x10°|-1 3 -2|(N/m) (3.89)
0 -2 5

Phuong trinh dic trung (3.85):
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1 -1 0 1.0 0
K-o'M=600[-1 3 -2|-0 1.5
0 -2 5 0 2.0
(3.90)
1-B -1 0
=600 -1 3-1353B =2 |=0
0 -2 5-2B
2
volL B=—.
600
Rut gon phuong trinh (3.90), ta thu duge:
B —55B*+75B-2=0 (3.9
Nghiém ctia phuong trinh (3.91) la:
B =0.351
B,=1610 (3.92)
B, =3.540
Do d6, tin sb dao déng cla hé:
@, 14,5
@y =y 3 1,1 (rad/s) (3.93)
@, 46,1

3.3.2 Phan tich hinh dang mode ciia dao dong

Tir phrong trinh (3.84), ng véi mdi tin sé @, ta cb6 mét vecto
riéng v, . Nhung vi dinh thirc (3.85) triét tiu, nén hang ciia ma
tran chi con N -1, do d6 chi ¢&6 N —1 thanh phén cia v doc lap.
Thuong chon thanh phin dau tién v, =1, khi d6 vecto chuyén vi

tré thanh:
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Aln 1
v v
Vo= M= (3.94)
{)Nn {}Nn
Dit ma tran:
E” =K-&'M (3.95)
Phuong trinh (3.84) duogc viét lai:
[, () (m ]
1? 2; eutf 1 0
(n) () (n) 3
82}; 62; e eZ?V VZI’J = 0 (3 96)
(n) () (n) 3
_ef\?l s e;\};r\r_ Vam 0

Viét lai phwong trinh (3.96) dang ki hiéu ding ma trin con:

(n) (n)
E | 0
el(ln) o |2 " = (3.97)
E 01 E 00 v [4}7] 0

Twong duong véi1 hai phuong trinh:

EY + EXv, =0 (3.98)

e + EWv,, =0 (3.99)
Giai hé phuong trinh (3.98) va (3.99) trén ta thu dugc:

Vo = EGTEY (3.100)
Dang dao déng thtt n dugc dinh nghia bo1 vecto khéng thi

nguyén nhu sau:
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qoln ]'
v"
¢, = ¢?” = nl - (3.101)
3 vh i
qun {)Nn

vol v, 1a thanh phan chuyén vi mbe dé so sanh.
Ma trén dang dao déng (Mode shape matrix) 1a tdp hop cia N

vecto dang dao dong:

_5911 B @1N_
P=0,XQ, X...XQ, = qp:zl q0:22 %:N (3.102)
P P " P

Nhu vay khi xac dinh duoc ¢, thi ta s€ biét duoc hinh dang dao
dong cua mode thtr .
Vi du 3.4: Tim cac dang dao déng chinh cia khung ba ting trong
vi du 3.3 da xét, 14y chuyén vi trén cing bing 1.

Hai chuyén vi ting dudi cia mode n dwoc tim theo phuong

trinh (3.100):
?, 3-158, -2 ][-1
e (3.103)
?,, -2 5-28]0

2
vér B = D
600

Két qua cac dang dao déng chinh ctia khung duoc trinh bay nhu
Hinh 3.21.
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1.000 1.000 1.000
644 0601 €2.570
0.300 0676 2.470
Mode 1 Mode 2 Mode 3
w, =145  w, =311 Wy =46.1

Hinh 3.21. Dang dao dong chinh ciia hé khung phing ba ting

3.3.3 Phin tich tin s6 theo ma trin mém

Nhiéu bai toan ding ma tran mém f tién hon ma trin cimg K.
Khi dé chiing ta can xac dinh tan s6 riéng theo f .

Phuong trinh (3.84) dugc viét lai va bién dbi nhu sau:

[K—wZMJQf:O (3.104)

Nhan hai vé véi f ta thu duoc:

1 A
{FfK—fM}v—O (3.105)

vi f=[K]"' nén fK =1, ta co:
]. ~
EI_fM v=0 (3.106)

do ¥+ 0 nén ta c6 phwong trinh tan sé:

de{izl—ﬂv[}:o (3.107)
o
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3.3.4 Anh huéng cia luc doc
3.3.4.1 Dao dong tir do

Phrrong trinh dao déng (3.80) ké dén d6 cirng hinh hoc ¢6 dang:
My(t)+Kv(t) - K v(t) =0 (3.108)
hay
My (1) + Kv(t)=0 (3.109)
Phuong trinh tan sb:
det|K - &°M]| =0 (3.110)

Luc doc lam cho két ciu bi “mém” hon, nén cac tin sb riéng
ciing thap hon. Két cau throng 1am viée bét loi hon dudi tac dung
clia tai trong dong. Twong tng, cac dang dao doéng chinh cling bi
thay ddi do lue doc.
3.3.4.2 Tiitrong téi han gdy mit on dinh

Khi luc doc dat gia tr1 t61 han N, thi két cAu khéng dao dong
(@=0), luc nay lvc quan tinh cling triét tiéu. Phrong trinh (3.108)
tré thanh:

Kv(t)-K,,v(t)=0 (3.111)
trong d6 K, la ma trdn d6 cung hinh hoc, tmg véi luc doc

N, (x) , vi1 cac hé s6 duge xac dinh bor:

ko = [ N, ()w, (o (x)dx (3.112)
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Goi tham s6 tai trong (Load factor) 1a:

1 = Ny (x)

= NG (3.113)
vélr N (x) la lye doc do tai trong dang xét gay ra thi ta co:
kP, = Ak (3.114)
Do do6 ta co:
K., =3 K, (3.115)
Thé phurong trinh (3.115) vao (3.111), ta thu duge:
[K—AGKGO]V(t)z[) (3.116)

vi v(#)#0 nén ta co6 phrong trinh xac dinh tham sé tai trong A,
la;
det|K — 4,K ;.| =0 (3.117)
Tai trong t6i han thap nhit Gng véi AL =min. Dang mat 6n
dinh trong ng véi vecto chuyén vi v, duoe tim bing cach thé 1.
vao phuong trinh (3.116).
3.3.4.3 Mitén dinh voi tdi trong diéu hoa
Xét tar trong tac dung c¢6 dang:
pt) = p, sinot (3.118)
trong d6 @ la tin s6 cua tai trong tac dung.
Phrrong trinh cén bing dao déng khéng can:

mv +kv—k.v = p, sinot (3.119)
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Phuong trinh (3.119) ¢6 nghiém:
V(1) = vsin @t (3.120)
V(1) = —@"V'sin @t (3.121)
Thé cac nghiém nay vao phuong trinh (3.119) ta ¢é:
—@'mb+kv—k V= p, (3.122)

Do cing ddng ciia hé duge dinh nghia boi:

k=k—a@'m (3.123)
Thé vao biéu thitc trén va biéu dién do cirng hinh hoc la mdt

ham ctia hé s6 tai trong 2, ta co:

‘I? —)kaGg‘ﬁ -p (3.124)

Neéu bién d6 tac dung cia tai trong tieén dan dén O thi phan tng
ctiia hé bao gobm chuvyén vi van c6 thé khac 0 néu dinh thirc ciia ma
tran vudng bang 0. Vi vay diéu kién mat é6n dinh dé1 vé két cau

chiu ta1 trong diéu hoa 1a:

H}? - ﬁ'GkGO

=0 (3.125)

Khi tai trong ngimg tac dung, phuong trinh tic dung ¢6 thé viét
thanh:

k=@ m—Agg,|P=0 (3.126)

Ta thiy sy t6 hop cla tai trong mit 6n dinh 2, va tan sb dao

dong @»* s& thoa man phuong trinh tri riéng. Nhu vay khi chju tai
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trong diéu hoa ung vé1 mét tAn s6 ndo dé thi hé ¢6 thé mat én dinh

ngay ca khi bién dé lyc bang 0.
3.3.5 Diéu kién truc giao (Orthogonality)
3.3.5.1 Cac diéu kién co bin
Phuong trinh dao déng (3.84) viét lai cho tin sé @_va @, (gia

thiét w, # o) 1a:

KV =&’ MV, (3.127)
Kv,=a, MV, (3.128)

Nhan hai vé ctia phwong trinh (3.127) véi {\Arm }T ta duogc:
R, S 2 (A T A
{Vm} Kv, =w, {Vm} Mv, (3.129)

Chuyén tri phuong trinh (3.129) ca hai vé, chu ¥ [K] =K va

[M]' =M vi c4c ma tran nay dbi xtrng, ta thu duge:
VUK, =af {3} My, (3.130)
Nhén trude {‘Afn}T cho phurong trinh (3.128), ta co:
FV K, =0 5,V M¥, (3.131)
Tt phuong trinh (3.130) va (3.131) suy ra:
(@2 —o}) {¥,) M¥%, =0 (3.132)
vi @, # @, nén ta co didu kién trre giao diu tién:

My, =0 (3.133)
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Thé phuong trinh (3.133) vao (3.131) suy ra diéu kién thir hai
la:
YKy, =0 (3.134)
Biéu dién diéu kién truc giao theo mode, ta c6:

{0, Mo, =0 véi m=n (3.135)

{o,} Ko, =0 véi m=n (3.136)

Chu vy rang diéu kién truc giao chi dung cho hai mode ¢é tan s6

khac nhau, nghiala @ + @ _.

3.3.5.2 Chudin héa theo ma trin khéi lirgng

Vecto bién d6 v duoc chuin héa theo ma tran khdi lugng

thanh ¢, théa man diéu kién:

(¢, M§, =1 (3.137)

Goi {\"fn}T MV, =M, la scalar thi vecto chuan hoa s& la:

£ (3.138)
Khi d6 ma trin vuéng ¢ gébm N vecto ¢ s& théa man:

{6} Mo =1 (3.139)

Cac vecto ¢, dwge goi la cac vecto truc chuén (Orthonormal).
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3.4 PHAN TiCH PHAN UNG PONG

Phrrong phap ding dé phan tich phan @mg dong cua két ciu
duge ding 1a phrong phap chdng chit mode. Né6i dung chinh cia
phrong phap nay la bién hé dao déng ¢6 hé » phuong trinh vi
phan thanh dang hé déng ¢6 » phwong trinh vi phan tach roi. Pé
ding phuong phap trén ta phai tim hiéu toa dé chuan, sau dé s&
thiét 1ap phwong trinh chuyén déng tach roi ctia hé khéng xét dén

yéu 16 can va c6 xét dén can.
3.4.1 Toa dé chuin (Normal Coordinates)

Vecto chuyén vi v cia hé N bic tr do ¢6 thé tao ra bé”mg cach
t6 hop tuyén tinh cia N vecto co sé da biét nao do. Tuy nhién,
néu chon cic vecto co s& nay la cac dang chinh cua dao dong tu
do thi s& ¢6 nhidu ru diém do tinh truc giao ciia chung. Cac dang
chinh déng vai trd twong tr nhu cde ham luwong giac clia chudi
Fourier, va chuyén vi clia hé ¢o thé X.'flp xi kha t6t v&i mot sb sb
hang cia chudi.

Xét dam console nhu Hink 3.22 dé minh hoa. Vecto chuyén V1

trng voi ham dang ¢, la v dugce xac dinh béi cong thire:
v =¢Y (t) (3.140)

n

trong d6 Y, (t) la bién d6 (toa dd suy rong) trng vé1 ham dang ¢, .
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i z Vi1 Vi2 Vi3

vz V2i Vas é V23

= + + +
V3 | RS Vi Vi3
T FTTETTT s /77‘2777
v=0Y v =p) v, =Y, v; = @51,

Hinh 3.22. Dam consol va cde dang dao dong
Chuyén vi toan phan v dwoc phén tich thanh téng cac dang

chinh nhu sau:

N
v=ol +ol, ++e),=> oF, (3.141)
n=1

Viét lai phwong trinh trén dudi dang ma trén:
v:q)Y(t) (3.142)
trong d6 ¢ la ma trin vudng cia cac dang chinh va Y la vecto
cac toa do suy rong, cling dwge goi la cac toa dd chuin. Cac thanh
phan Y cua vecto Y co thé tim d& dang nho tinh truc giao cua
cac ham dang nhu sau:

Nhan hai vé ciia phwong trinh (3.142) véi [q)n]T M., ta thu duoc:

[0,] Mv=[o,] MoY (3.143)
Ap dung tinh tryec giao [(pi]T Mo, =0 véi i=j, vé phai

phuong trinh (3.143) duge trién khai:
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[0,] MoY =[o,] Me,Y, +[9,] Mg,Y, +...+[9,] Meg,Y,
=[9.] Mo, Y,

Thé phuong trinh (3.144) vao (3.143), ta thu duge:

(3.144)

[0,] Mv=[o,] Mo,Y, (3.145)
hay
T
y =10 MV (3.146)
lo.]' Mo,

Nhu vay, mdi toa dd chuédn Y, (n, =1...N) déu duoc xac dinh

theo phuong trinh (3.146).

3.4.2 Phuong trinh chuyén déng tach roi (Uncoupled) ciia hé

khong can
Phuong trinh chuyén déng khéng can cia hé nhidu béc tw do:
Mv+ Kv =p(?) (3.147)
Thé ¥ =¢Y tir phuong trinh (3.142) vao phuong trinh (3.147):
MeoY + KoY =p(2) (3.148)
Nhén trede hai vé cho [(pn]T:

[0,] MoY +[o,] KoY =[o,] p®) (3.149)

Do tinh trye giao nén ta co:

[0,] Mo, Y, +[0,] Ko,Y, =[¢,] p(® (3.150)

bit cac ki hiéu méi:
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M, =[¢,]' Mo, (3.151)
K, =[0,I'Keg, (3.152)
P.(1)=[9,' p() (3.153)

Goi M ., K, va P (7) lan lwot 1a ma tran khoi leong, ma trén
do clrng va ma tran tai trong suy rong cho dang dao dong chinh
thir #. Phuong trinh (3.150) duoc viét lai:

MY (O+K,Y,()=P,0) (3.154)

DPay la phurong trinh dao dong cho hé mét bac tv do cho dang
chinh »n.

Tir phwrong trinh didu kién true giao (3.127), ta ¢o:

KV, =o’MV,_ (3.155)
Thé v_ =¢ Y, vao va don gian di Y, cho hai vé ta cé:
Ko, =o,Mg, (3.156)

Nhéan trudce [(pn]T cho hai vé cua phrong trinh (3.156), ta thu
duoc:
[¢,]' Ko, = »,[9,]" Mo, (3.157)
hay
K,=oM, (3.158)

Nhu vay, viée dung toa dd chuin di bién hé N phuong trinh vi
phan dao dong cia hé ¢6 N bac tr do vé dang gdm N phuong

trinh vi phan tach r&i nhau. Ung v6i mdi dang dao déng chinh thi
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phan Gng déng cia hé duoc xac dinh biang cach chdng chat cac

phan Ung cua cac dang chinh. Phuong phap nay duge goi 1a

phrrong phap chéng chit mode (Mode superposition method).

3.4.3 Phuong trinh chuyén déng tich roi cia hé c6 can

Phuong trinh chuyén déng ctia hé ¢6 can:

MV +Cv+Kv =p(?)

Bién dbi twong ty nhu truong hop hé khong can, ta duge:

(3.159)

[9,] MoY +[o,] CoY +[0,] KoY =[e,] p(t) (3.160)

Gia thuyét ma tran can C ciing ¢6 tinh chit lam trye giao cée

dang chinh tvong ty nhu ma trin M va K, tirc la:
[(pn]T Co,=0vé1 m=n
Phuong trinh (3.160) tr¢ thanh:

MY +CY,+KY =P,()
hay

?ﬁd@%ﬁ+ﬁn=—LE@
Mn
V&1 cac ma tran:
T
M, =[¢,] Mo,
Vil
K, =[e,] Ko,

C,=[e,] Co,=2&0,M,

P,(1)=[e.] P(1)

(3.161)

(3.162)

(3.163)

(3.164)
(3.165)
(3.166)

(3.167)
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trong d6 £ 1a ti s6 can cia mode thir 7.

Dé thu dwge phrong trinh chuyén déng dang tach roi (3.162) va
(3.163) cho cac dao dong chinh, ma tran can C phai théa mén
diéu kién truc giao. Rayleigh chitng minh rdng, néu ma trén can C
c6 dang:

C=aM+gK (3.168)
vél a, va a, la cac h@fmg s6, s& thoa didu kién truc giao cua
phuong trinh (3.161).

Viée xé4c dinh cac hé sb cia ma trdn can C réit kho khin. Trong
thye té, thwong ngudi ta xac dinh gia tri cia ti s6 can &, (dwoc suy
ra tir diéu kién cong hudng); ti sb can & tuy vao loai vat liéu va
dang két cau (Vi du: két cdu thép thuong lay & =2%). Sau d6

tinh €, theo cac céng thirc tir phwong trinh (3.166).

3.4.4 Toém tit phuwong phap chéng chit dang

Phép bién d6i sang toa d6 chuén dd bién hé N phurong trinh vi
phan lién quan vé1 nhau thanh ¥ phuong trinh tach biét. P6 chinh
la wru diém co ban cia phuong phép chdng chit mode. Ngoai ra,
do tinh héi tu cao nén thudng dung chi cin chong chat mot s6
mode ¢6 tan sé thip. Trinh trr phwong phap nhu sau:

Buwérc 1: Phuong trinh vi phén chuyén déng cta hé véi cac toa
do hinh hoc:

MV +C¥ + Kv = p(¢) (3.169)
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Buwére 2: Phan tich dang chinh va tin s6, b6 qua anh huéng cia

lwe can déi véi dang chinh va tan sb, ta ¢6 phwong trinh tri riéng:
[ K-w'™|v=0 (3.170)
Twr d6 xac dinh duge ma tran dang chinh ¢ va vecto tAn s6 ® .
Buwéc 3: Khéi lwong va tai trong suy réng
M, =[9,]'Mg, (3.171)

P.()=[,]"p(?) (3.172)

Buwéc 4: Phwong trinh chuyén déng tach roi

Y +280 Y +0°Y, = MLPH ) (3.173)

Buwdéce 5: Phan ing cua dang chinh véi tai trong
Phuong trinh chuyén déng tach r&i 1a phwong trinh chuyén
dong cua hé mét béc tr do ¢d can. Co thé tim nghiém b.%mg tich

phan Duhamel:

Y, ()= —

j.Pn(r)e_g”w" “sinw, ((-t)dr  (3.174)
na)Dn 0
trong d6 @, = ‘On\/@ 13 tén s6 dao dong c¢o can.

Phuong trinh trén 4ap dung cho truong hop diéu kién ban dau
t=0 thi Y,(0)=Y,(0)=0. Co6 thé giai phuong trinh trén bang
phwong phap sb.

Buwoc 6: Dao dong tu do cua dang chinh
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Néu diéu kién ban dau Y (0)750 va Yn (0);60 thi phan Gng

ctia dang chinh phai céng thém phéan dao déng tr do ¢ can sau:

Y (0)+Y,(0),m,

)

sinw,, t+Y (0)cosm, f | (3.175)

Dn

F()=e {

Céc tri sb Y, (O) va YH(O) xac dinh theo vecto chuyén vl va

van tdc ban dau v(O) va \'T(O) nhwr sau:

Y,(0)= [(p"]TMM (3.176)

R

Y (0) = [‘p"]TMﬂ (3.177)

Buwoe 7: Chuyén vi trong toa d6 hinh hoc

Dung nguyén li chdng chét, ta c6:
N
V(t) — %)fl (t) + 9'92}72 (t) o amm wsife gDnYn (f) = ZQDHYH (t) = (PY (t) (3178)
n=1

Thuong ding mét s mode ¢6 tan sb thap nhat, véi hai li do:

- Chudi trén thudng hoi tu nhanh, nén chi can it sb hang 1a du
chinh x4c (dan khoan: 1, dan cau: 3 + 5, cau day ving: s6 hang <
20).

- Mode tan s6 cao kém tin cdy, do sy gin ding so do tinh cia
két cdu. Thi du dam don gian trén hinh 3.23 dwgc thay bing cac
khéi lwong tap trung. Mode cang cao thi cang sai 1&éch nhiéu va

kém tin cay hon.
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H¢ that Sc dd gan ding
s 3 8 & &
Mode 1
Mode 2
M\
N/
Mode 3
Lt i
L

Hinh 3.23. Dam don gian
Buwéc 8: Luc dan hoi
Luc dan hoi dé duy tri sy bién dang cua két cau, duoc xac dinh

theo cong thirc:

f (1)=Kv (1) =KoY ()
=Ko,Y, (1) + Ko,Y, (1) + Ko, Y, (1) + -+ KoY, (1) (3.179)

= Mg, Y, (t) +w0; Mg, Y, (t) ++o-Meg,Y (t)

R

Viét lai phuwong trinh (3.179) duéi dang ma trén:

f(t)=Mow.Y,(t) (3.180)
trong dé:
oK)
WY, (1) = ‘”22}?2(’) (3.181)
co,fl;n(t)

Buwoc 9: Noi lye va irng suat
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Trong mdi dao déng chinh, ndi lwe va tng suit trong mdt phan
t 11 18 vdi toa do chuédn Y (t) Chéng han, Gmg suét cia phﬁn tr

khi dao déng vé1 mode »n ¢ dang:

o, =a,Y,(t) (3.182)
v6i @, 13 hé sb ti 18,
Ding nguyén li chdng chit cho cac mode, ta ¢6:
G=051Y1(t)+a21’2(t)+...+anl’;(t) (3.183)
Céc toa do chuan Y (t) déng vai tro nhu chuyén vi cudng bic,
twong ng vdi cdc so do bién dang ¢ .
Cong thirc cho nd1 lye ciing c¢6 dang twong tv nhu cong thire
(3.183) nhung a, 14 hé s6 1i 16 twong g cho ndi lwe dang xét.
Vi du 3.5: Xét lai két cau khung ba tAng trong thi du 3.3, xéc dinh
phan (rng cta két cu do tai trong xung hinh sin nhu sau:
p() 1
(=12 (SOOkN)cos[itJ (3.184)
M) |2 1
vol £, =0.025va -, /2 <1<t /2.
Giai:
Ma tran khbi luong va dd cirng dugce cho bét:
10 0

M= 15 (T) (3.185)
0 20
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1 -1 0
K=6000-1 3 =2|(kN/m) (3.186)
0 2 5

Két qua ciia tan s6 vong va cac dang chuén duoe cho boi:

14.5
w=431.1 (3.187)
46.1

1 | 1
P, =+0.644;, o, =< —0.601; va @, =<-2.57 (3.188)
0.3 —0.676 2.47
Vi tai trong xung rat ngin nén coi phan @mg ciia mdi dang chinh

la dao dong tr do cb hé s6 dao dong D xac dinh dva vao dd thi:

P, .
Y (1y=D,—2sinmt (3.189)
Kﬂ
M, =[¢,]'Mg, (3.190)
K, =M, (3.191)
1
P, =[o,1"12+(500) (3.192)
2

Tt phrong trinh (3.190) ta thu duoc khdi lwong suy réng nhu

sau:
M, 18
M, =12455 (3.193)
M 231
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Tt phuong trinh (3.191) ta thu duge vecto do cling suy rong:

K| (M) [1.80x14.5° 3790
K, =Mo" =42.455x31.1° b =4 23720 + (3.194)
K,| |Mw?| [23.10x46.1%| 491000

Vecto tai trong suy rong:

P 500 1444
Pt =[e] {1000}t =1-777 (3.195)
P 1000 400

Ti s6 gitta chu ky va chiéu dai xung:

tl
A o) [0.046
‘) 0.02
=002 ) 0 L =10.099 3.196
Ll o 0.147 oY
13 603 .
T
Tu dd thi ta cé hé sb dong:
D) (0.8
D,b=1039 (3.197)
D.| 1057

Thé cac dai lwgng thu duge vao phuong trinh (3.189), ta co:

Y,(6) 0.0686sin (14.5¢)
Y,(t); =4-0.0128sin (31.1¢) (3.198)
Y,(0) 0.0005sin (46.1¢)

Chuyén vi tai mot diém nao dé duoc xac dinh theo nguyén ly

cOng tac dung. Gia st tinh chuyén vi tai tﬁng hai, ta ¢6:

126



CHUONG 3: HE NHIEU BAC TU DO
3
v, ()= @,F, (1) =0.644x 0.0686sin (14.5)
n=1

+(~0.601) x (<0.0128)sin (31.1¢) (3.199)
+(~2.57)(0.0005)sin (46.1f)
= 0.04425sin (14.5) + 0.0077sin (31.1¢) - 0.0013sin (46.1¢)

va lue dan hoi tac dung tai tﬁng hai:

Js2 () = Z mZQJI?Yn O,

=13.9sin (14.5¢) + 11.2sin (31.1¢) — 4. 1sin (46.1¢)

(3.200)

BAI TAP CHUONG 3
1. Cho khung hai tang ¢6 dam cimg tuyét d6i dwge mé hinh nhu
hé hai bac tu do va duoc biéu dién nhu trén Hinh 3.24. B qua luc

can va khoi lugng cia cac cot. Yéu cau:

a. Xac dinh ma trn khbi lvong va ma trén dd cling.

b. Viét phuong trinh vi phan chuyén dong cia hé.

c. Tinh céc tin sb vong ty nhién va modes dao dong ciia hé.
d. Truc giao hoa cac modes theo ma tran khéi leong.

e. Viét phrong trinh vi phan dang tach roi.

m Vl(t)
P(t)
k k

m va(t)
— e ——

P(t)
2k 2k

ITPT TP OIIFT TIPS

Hinh 3.24. Khung phdng hai ting
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o m 0 28 2k
Dap so: M = : = :
0 m -2k 6k
,k
1,082, |—
’ m 1 1
= (I):
L 0,414 2,416
2,613,]—
m

. 1 1 . 1 Il
T P e
2. Cho hé nhu Hinh 3.25, Hay:
- Xac dinh cdc ma tran khbi luong va ma trén dd cing.
- Tinh tin s va modes dao déng.

- Viét phuong trinh dao déng tu do cia hé véi diéu kién ban

dau:

n)y=0; 1=V,

V(0y=0; 1,(0)=0

ok 2k

] o W o

Hinh 3.25

.k m 0 3k -2k
Dap so: M = 2 = .

[0 2m} [—21‘: Zk}
{0,1637@} [ 1 1 }
0,6109% 1366 —0.366
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3 Cho hé ba biac tv do cd cic khébi luong tap trung

m =m,=m, =M nhu trén Hinh 3.26 va Hinh 3.27. Bo qua luc

can va khéi lvong ban than cia dam, xem dd cliing cua dam FI 1a
hing sb. Yéu cau:

a. Viét phwong trinh vi phan chuyén déng khi hé dao déng tur

do khong lyce can.

b. Tinh cac tan sb dao dong ty nhién va dang dao dong cia hé.

1.3 L. L/3

— oo o
;

Hinh 3.26. Dam consol

o s S

le L3 . L3 | L3

I~ A e il il |
Hinh 3.27. Dam tua don

Dip sé:
1,52 = 1 1 1
Hinh 3.26: & =126,77 —.  @=|3.4 -38372 1187 |;
I

9,95 6.4 0,215 —0.,788

5,69 { 1 1
Hinh 3.27: o= 2; p= 5
22 ml? I =]
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Chu’o’ng4
PHAN TICH KET CAU
CHIU PONG DAT

Chuong 4 thao luan viéc ap dung cac kién thic dong luc hoc
cong trinh dd trinh bay & cac chrrong trede vao thiét ké cong trinh
chiu dong dit theo tiéu chudn Viét Nam hién hanh. Phan 4.1 sé&
cung cAp cic kién thirc cin ban vé hién twong déng dit va nguy co
xay ra déng dat & Viét Nam. Phan 4.2 s& trinh bay vé cach x4c dinh
ung xur ciia hé dan hdi mdt bac tw do va nhiéu bac tw do. Bai toan
phén tich hé dan hdi mét bac tu do 1a bai toan dé nhat, song cling la
bai toan mang tinh cin ban, nén tang vi trong thiét ké thwc hanh,
cac bai toan phtrc tap hon (nhiéu bac tv do, khong dan héi) c6 thé
duoc chuyén vé bai toan cin ban nay dé giai quyét. Phan 4.2 déng
thoi s trinh bay vé phé phan tmg — phuong phéap phd bién dung dé
biéu dién tac dong ctia dong dat déi véi cong trinh. Phan tiép theo,
4.3, thao ludn cach chuyén bai toan phi tuyén vé bai toan tuyén tinh
trong drong. K§ thuat nay duoe ding phd bién trong thiét ké thuc
hanh va droc nhiéu tidu chuin cho phép st dung. Phéan 4.4 s& tong
hop lai céc néi dung ctia chwong va trinh bay quy trinh thiét ké mot

cong trinh chiu dong dét theo tiéu chuin Viét Nam hién hanh.
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41 HIEN TUQNG PONG DAT
4.1.1 Hién twong dong dat

Dong dét 1a hién tuong nén dit dao dong manh géy ra khi mét
ngudn nang long lén duge giai phong trong long dat. Phan 16n céc
tran dong dat sinh ra tir viée giai phong ning lwong bién dang tich

Ity trong /6p vé hodc I6p do trén cua Trai DAt

4.1.2 Nguyén nhin dong dat

CAu tao bén trong Trai Dit ¢6 thé duoe mo ta nhu trén Hinh 4.1.
Phén trong cling ctia qua dat 1a nhdn (core). K& ngoai phan nhén 14
16p do (mantle) ¢6 nhiét d6 trung binh 2200°C va ting dan theo dd
sau. VAt liéu cau thanh 1op 4o & trang thai ban déo (semuimolten). Vi
su chénh 1éch nhiét do nén cac lop vat liéu ban deéo trong phﬁn ao
lién tuc chuyén dong theo cac dong dbi luu. Ném ké ngoai 1ép 40 1a
phﬁn v6 Trai DAt. Vo Trai Dat duoc tao thanh béi cac vat liéu rin
nhwr da basalt, da granite, ¢6 chiéu day rit bé so vai dién tich xung
quanh cta vé (25 + 40km dudi cae chau luc va 60 + 70 km dudi cac
dai duong).

S

LY

Hinh 4.1. Cdu tao bén trong Trdi Dat
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Lop vo, noi con ngudi trire tiép sinh séng bén trén, khong phai 1a
mdt vo cu lidn tue ma bi phin chia thanh nhidu méng (fectonic
plates) ndi bén trén phan vat lidu ban déo lién tuc dich chuyén ciia
16p 40 (Hink 4.2). Su dich chuyén cta 1dp 4o lam phén vo dich
chuyén theo Hink 4.3.

Tai viing tiép xuc gilta cac mang thach quyén, ning luong co hoe
hinh thanh va ting din theo thoi gian. Sau hang trim nim, mie
ning luong tich liiy tré nén khéng 16. Bén khi bién dang & mit tiép
xtic vuot qua stre chiu ctia thach quyén thi dich trurot xay ra, mot
phan 16n ning luong tich liy duge gidi phong dudi dang song dia
chén. Séng dia chén lan truyén 18n dén mit dét giy ra rung lac, goi
14 déng dit.

JUAN DE FUCA
PLATE

PHILIPPINE :
SEA PLATE >

EQuAToR

PACIFIC
PLATE

Hinh 4.2. Cae mdang thach quyén
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Hinh 4.3. Cdc dang dich trupt gifia cdc mang thach quyén

(a) Hai mang thach quyén dich chuyén hudng vio nhau, mot trong hai mang
chim xudng bén dudi mang con lai

(b) Hai méng thach quyén dich chuyén hwémg vao nhau, cde l6p dé vun lén va
tao thém nii

(c) Hai mdng thach quyén dich chuyén ra xa nhau, mdc-ma tir lop do trao lén
trén, ngudi di va fqo thém vdr ligu cho phcfn Ve

(d) Hai méng thach quyén trupt ngang ngwoe chiéu nhau

Céch giai thich nguyén nhin déng dit nhu trén duge goi la
thuyét luc dia troi dat (continental drift). Ly thuyét nay phu hop dé
giai thich cac dong dit xuvit hién & ving bién cic mang thach
quyén, goi 1a dong dit ria mang (intraplate earthquakes). Day la
cach giai thich dwoc cong nhan rong rai nhat hién nay. Ly thuyét
nay duoc khoi xuéng trong khoang hai thip ky dau cta thé ky XX
va dén khoang nim 1960 thi tr& nén phé bién.

Hon 90% s6 trin dong dit trén thé gioi 1a dong dat ria mang,
Phan it hon 10% con lai xay ra trong long cac mang thach quyén
ool 1a dong dat ndi mang (intraplate earthquake). Lich st chiing

kién mot sb tran dong dat ndi mang gdy thiét hai ding ké nhu dong
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dat Gujarat nim 2001 & An D6 (19.727 ngudi chét va 166.001
ngudi bi thuwong), chudi dong dat New Madrid & Missouri, Hoa Ky
nim 1811 — 1812 (M 7,0 — 8,1). Khong giéng nhu dong dat ria
mang, nguyen nhan ciia dong dat noi mang chua thyc sy duogc hiéu
5. Tuy nhién, mét cach tong quat nhit thi dong dat ndi mang
thwong phat sinh khi ¢6 di hai yéu t6: truong Gng suat da 16n trong
vo Trai Dét va ton tai dut giy dia chat.

Dong dat, ngoai nguyén nhan ftr hoat dong kién tao dia chat nhu
oiai thich bén trén, con cé té sinh ra do sap cac hang dong ngam, nd
bom trong long dat, nai 1t hay tich nude & cac hd chira. Nganh k§
thuit cong trinh quan tim cha yéu dén dong dat kién tao boi loai
dong dat nay co stc pha hay 16n, giy anh huong trén dién réng va

lap lai thuong xuyén.

o° a7 Wt 420t 4500 1800 150
1 1 1

L = = . S no

S0

Jw =T . wmoOg

T T T T T T T T T 1
D -4 W= " w0 {207 150° 180° 1507 120" 90®  E1° 0% 800

Magnit ude @ss O 6 )7 8 9
Hinh 4.4. Héu hét dong ddt tdp trung & cdc khu vue ria mang

4.1.3 Cac dic trung co ban ciia dong dat

MO tran dong dat duoc dic trung béi cac thong sd co ban gom:
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- Thoi didm phat sinh dong dét;

- Toadd chén tAm va do sau chan t1éu;

- D& manh (dp lon, magnitude),

- Cudng d6 chan dong (infensity) & chan tam;

- Co chu chan tiéu.
4.1.3.1 Chén tiéu va chin tam déng dit

Chén tiéu (focus, hypocenter) 14 vi tri khéi dau cia mét trén
d6ng dat. Nang luong duoc gidl phéng dau tién & vi tri nay. Hinh
chiéu theo phuong thing dimg cia chn tiéu 1én bé mat Tra Dat
dwoc goi 14 chdn tdm (epicenter). Khoang cach tir chan tiéu téi

chan tam goi la do sdu chan tiéu.

Hinh 4.5. Chdn tiéu v chdn tam

4.1.3.2 D¢ manh déng dit

Kha mém dg manh (con goi la do lon hay magnitude) duoc
ding dé dinh luong néng luong gidi phong trong méot tran dong dat.
Mét trén ddng dét giai phéng nhiu ning lwong, tic magnitude 1ém,
khong rhét thiét gay ra thiét hai 1én. Vi du trudng hop déng dét 1én

nhung nédm & ving khéng cé ngwdi sinh sbng hay dong dat ndm qué
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sau trong long dét thi muc thiét hai s& han ché. Muc do gay thiét hai
cia déng dat duoc biéu thi boi dai lwong cuong do (intensity), s€
trinh bay trong phan ké tiép.

P6 manh déng dat theong droc wde lwong gian tiép thong qua
viée phan tich bdang ghi chuyén dong nén hay gian dé dia chdn
(accelerogram). C6 nhiéu cach do nang lwong déng dit, mdi cach
¢6 wu nhuoe diém rién g va cho mot loai magnitude khac nhau.

Mot sb thang do d6 manh déng dat duoc st dung phé bién gém:
thang Richter, thang do séng mit, thang do séng khbi va thang do
mé men. Phan tiép theo khai quat dinh nghia va dic trung co ban
ctia mét s6 thang do magnitude pho bién:

Mi: D6 manh dong dit theo thang do Richter, M1, dugc xac
dinh bing cach ldy 16-ga-rit co s6 10 ciia bién dé bing ghi chuyén
déng kim do tir may do Wood-Anderson dit cach chin tam 100 km
v bién do kim tinh bf?mg micro-mét. D6 manh Richter con goi la
do manh dia phuwong, phu hop dé biéu thi do 1on cac tran dong dat
néng & khoang cach 600 km tir vi tri do dac. My, 1a thang do phd
bién nhéat nhung khéng phu hop dé bidu thi do 1én dong dat co do
manh tir 6 tré 1én.

Ms: B§ manh déng dét theo thang do song mdt duge xac dinh
boi M =logA +1.66logA+2,0. Véi A la bién d6 chuyén dich
cuc dai cia nén dét tinh theo micro-mét, A 13 khoang cach chan
tam tinh theo 5. Vi A 1a bién do dich chuyén dich cua nén chu
khéng phai chuyén dich ciia kim may do nhu treémg hop thang do
Richter nén Mg khéng phu thude loai thiét bi do. Mg phu hop dé
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biéu thi d6 16n dong dat néng va xa (d6 sau chan tiéu khéng qua 70
km, xa hon 1000 km) véi dé 1én tir trung binh dén lén.

mp: D6 manh dong dat theo thang do soéng khéi duoe xac dinh
bot my, =logA —logT +0,01A +5,9. Véi A 1a bién d6 song P theo
don vi micro-mét va T 1a chu ky song P. my phi hop dé biéu thi do
16n déng dat néng.

Cac cach xac dinh d§ 1on déng dat vira néu déu dwa vao viée
phan tich bing ghi chuyén déng nén. Han ché cta phwong phap nay
la khi dé 16n déng dét ting dén mot mirc dd nhat dinh thi thiét b
khéng con di nhay dé thé hién sy khac biét trén gian do gia tc.
Hién twong nay duge goi 1a hién twong bdo hoa ciia thang do dong
dat. ML va mp bdo hoa ¢ d6 lon tr 6 dén 7. Ms bdo hoa & do 16n 8.
Dé tranh hién teong bdo hoa, ngudi ta st dung thang do mé-men,
Mw.

losM, 107,

Mw: B$ manh mé-men, duge xac dinh béi M, =

Vér M, = MAE, 1 diac trung cho cudong do vat liéu tai vi tri dut
giy, A 1a dién tich mat dit giy va D la dé dich truot trung binh.
D ¢6 thé duge xac dinh tir cac may do chu ky 1én dat rat xa chén
tam. Viée xé4c dinh céc gia tri u va A 1a khoé khan chi yéu trong
khi dung Mw. Dé han ché su phirc tap nay, Bolt (1989) khuyén cao
co6 thé dung M; hodc m, dé biéu thi do 1on cua dong dat néng cd
magnitude tir 3 dén 7, M, phu hop biéu thi magnitude 5 dén 75,

con M, chi dung dé bidu thi déng dat c6 magnitude 16n hon 7.5.
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Truoc khi bi bao hoa, magnitude co duge tir cac thang do khac

nhau la gan giong nhau.
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D6 16n moé men
Hinh 4.6. So sénh cdc thang do db lom dong dét

4.1.33 Cuwong db dpng dit

Cuong db (intensity) la thang do sitc pha hay cia déng dét tai
mot khu vue dia 1y cu thé. Cuong doé déng dat duoc xac dinh dinh
tinh théng qua viéc quan sat hau qua déng dat ddi voi cong trinh,
méi trudng cling nhw khéo sat cdm nhan déng dét cia nguoi dan
trong khu vire quan tam. C6 nhiéu thang do cudng d6 déng dat nhu
thang Mercalli cai bién (Modified Mercalli, MM) duoc dimg phd
bién & Bic My, thang Medvedev-Spoonheuer-Karnik (MSK) duoc
dimg phd bién & Lién X6 cti va chiu Au hay thang Japanese
Meteorological Agency (JMA) cia co quan khi tuong Nhat Ban.
Intensity luén l4 s6 nguyén vi day 14 con s6 dinh tinh.
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Bing 4.1. Thang cuong dé déng ddit MSK-64

Cip | Cuong Hiu qui tic dong cina dong dit
do do T o
e o0 A " Lén cong Lén méi
dat dong Lén con nguoi < 5
£ trinh trueomg
dat
I Khoéng | Khoéng cam
dang k& | nhan dugc
I Rt nhe Cam nhan rat
nhe
Chu yéu nhiing
Il | Nhe oL At n gk
ngoi mdi cam
nhén duoc
gy | Dmeoew0i 8 e e A
v manh trong nha cam un
' nhan dugc &
E(I)l:;l% ;igg;f Cac do vat treo
Twong 2 "« dung dua, cac
v d6i A n%l?m btic tranh treo
duoc, nguoi i 5 :
manh dane nen thitc trén twomg bi
ang ngh dich chuyén
day
Kétcaubih s
Nhiéu ngudri h(;an Carlllllle lcz’::: L el icE
VI | Manh —— oS AN S8 | nho trén nén
hoang s¢ vét nirt nho & £ G
oo dat wot
1op trat
Hu héng l6n &
: 3 : két cau, xuit :
v | Rét Nhidu ngudi hfe;i‘;t i‘i o | Pt cic suon
manh chay ra khoi nha : ;1 doc bi truot
teong va ong
khoi
Nha bi hur hai,
xuat hién vét ]
: ntrt 16n trong Myeauoe
Thiét Tat camoi £ giéng thay doi,
VIII . ey khoi xay, . A
hai nguoi hoang sg ) : duong dap bi
tdong chian —

mai va dau hoi
bi 4o
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Ciap | Cuong Hau qua tic dong cia dong dat
dong do A . e
dat dong | Lén con ngwoi Len‘cong Lén mot
d’ At trinh truong
Nha bi hu
Thiét . héng & dién Nén dit bi nirt,
2 hai 1én S hii rong, twomg va | bi trugt
mai bi do
‘ Nha bi hu Bgmat dat by
Cuc ky Fodirrorrtie BE thay doi, xuat
X |thidt | Sohaibaotrum | oo P9 | pian nhidu
: nhiéu nha b . .
hai P giéng nudc
moi
Cac cong trinh | B& mat dat bi
Hil xay dung chac | thay doi, xuat
XI diéi’ So hai bao trim | chin bi hu hién nhiéu
i hong nghiém giéng nudce
trong moi
Cos Bé mat dat bi
; Nha va cac 2. 2
Huy T thay d01z xuat
XII | diét So hii bao trim TN XAY | hién nhiéu
toan bd dg}’ng Khid b giéng nuée
i do hoan toan s

4.1.4 Hoat dong dia chén trén linh thd Viét Nam

Viét Nam khéng ndm trén ria cdc mang thach quyén ma nim
tron ven trén mang A-Au (Eurasian plate) (Hink 4.2). Tuy nhién,
lanh thd nude ta ¢6 mang ludi dirt gdy dia chét phirc tap véi nhidu
dirt gdy ¢6 kha ning sinh chén. Déng dat & Viét Nam hau hét 1a
dong dat néng v6i d6 sdu chan tiéu nho hon 60 km, tirc ndm géan
mit dit nén mic du co magnitude khong 1én, déng dit co thé cod
mtre pha hoai dang ké.

DPén hét nim 2010, danh muc dong dét trén 1anh thd Viét Nam va

vung ké can cua Vién Vat 1y Pia céu da ghi nhan 977 trdn déng dat
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c6 magnitude trén 4,0. Danh muc nay dugce xay dung tir cac tai liéu
lich stt, diéu tra trong nhan dan va ghi duge qua hé théng dai tram
trong nude sau d6 dbi chidu véi cac co sé dir lidu cua cac 16 chire
qude té va nude ngoai (ISC, NOAA va NEIC). Pa s6 cac tran dong
16n xay ra ¢ phia Béc. Hai tran dong dAt manh nhat ghi nhan duoc
tir trrde dén nay 1a dong dat Dién Bién nim 1935 (magnitude 6,8)
va déng dat Tuan Gido nam 1983 (magnitude 6,7). Dong dat tiéu
biéu & khu vie mién Trung la hai tran déng dat Séng Chu nim
1970 va 1972 (cimg magnitude 5,3 va intensity VII & khu vie chdn
tam). Khu vyc phia Nam ¢6 cac dirt gdy sinh chan dang chi y ngoai
khoi viing bién tir Phan Thiét dén Viing Tau. Tt ndm 2005 dén nay
khu vire nay da xay ra nhiéu trin déng dét ¢6 magnitude tir 5,0 dén
5.5,

Hién nay, tiéu chuén thiét ké cong trinh chiu dong dét hién hanh
tai Viét Nam 1a TCXDVN 9386:2012. Tiéu chuén nay dugc bién
soan trén co s¢ chép nhén tiéu chuin chau Au, Eurocode 8, ¢6 bd
sung va thay thé cac phan mang tinh ddc thi Viét Nam. Mét noi
dung bé sung quan trong la ban db phén ving gia téc nén trén toan
lanh thé Viét Nam. Ban d6 cung cap gia trj gia tbc nén tham chiéu
agr dudi dang cac ban db 1y 16 1:1.000.000 tng véi cac chu ky lip
500, 1000 va 2500 nim. Cung vé1 quy dinh gia tr1 agr, TCXDVN
9386:2012 con quyét dinh sir dung hinh dang phé phan g Loai 1
(Type 1) trong Eurocode 8, loai phé dwge khuyén khich st dung
cho céc ving ¢6 kha ning chiu déng dat véi Ms > 3,5, Gia té¢ nén

tham chiéu va hinh dang pho 1a hai gia tri du vao quan trong cho
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bai todn thiét ké céng trinh chiu déng dat. Phin 4.2 trinh bay & phin

tiép theo trinh bay cach st dung cac gia tri nay vao vide du doan

g X va thist k& c¢béng trinh chiu déng dat.

EILCMTERS |

Hlagnitude

Viing ogudn phit zinh d30g 48 mpah

Y [ eomtag b - Pacivay C w1 [ 16 veabvea Quag i
[ Jramwa [0 7. rustms T2 [ 12 #eao haag [ 17, Bata Tewaz ques
] 3. Laag cang. [ emeagiva-mou La E—1 13- ecug Tndu o T T

[T & wulasg miaa [ w5tap 4 - Pacag Thd- rduowg La [ ] 14, Cao Biag - Tita Tea [ 1% Trz Bz

I:l 3. rduda g, Sar |:| 10, Sy Hiug - Sdug CHdy I:l 13, @ Mgl I:l 0. Kadhl Tupda | 1D
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Hinh 4.7. Ban dé dia chan linh tho Vit Nam vé khu viee ldn cdn
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(a) Loai 1 —Ms=>55 (b) Loai 2 — Ms <5,5
Hinh 4.9. Hinh dang phé dirgc dé xudt trong tiéu chudn chau Au
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BAN PO PHAN VUNG GIA TOC NEN LANH THO VIET NAM
Chu ky lap lai 500 nam, nén A

Hinh 4.10. Ban dé phén vimg gia toc nén
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4.2 PHAN TiCH KET CAU PAN HOI CHIU TAC
DUNG CUA DAO PONG NEN

Phan 4.2 trinh bay co sé cua phwong phap phé phan tmg,
phrong phap don gian héa droe dung phd bién trong phén tich img
xtr cong trinh chiu dao déng nén. Phan nay bét dau tir bai toan xéac
dinh irng xtr theo thoi gian ciia hé dan hdi mét bac tw do chiu dao
déng nén (4.2.1) dua theo kién thirc da trinh bay trong chwong 2.
Cung bai toan nay s& duoc giai quyét bing phuong phap phd phan
ttng trong phan 4.2.2. Phan 4.2.3 gidi thiéu phd phan tng theo tiéu
chuan Viét Nam hién hanh. 4.3.4 mé réng phuong phap phd phan

ung cho bai toan hé dan hdi nhiéu bac tu do.

4.2.1 Phan ing cia hé dan héi mét bic tu do chiu dao dong nén
Xét nha mot tﬁng mot nhip duge don gian héda thanh hé mét bac

tw do nhu Hinh 4.11 chiu tac dong cua chuyén vi nén, u,. Chuyén

vi tuyét dbi (so vol vi tri ban dﬁu) cia khoi luong m duoce ky hidu

la u'. Chuyén vi trong ddi gitta khéi lwong m va nén dat duoc ky

hi€u 14 # . Tai thoi di€m 7, quan hé giira cac gia tri chuyén vi la:

u' (t) = u(t) +u, (t) (4.1)
fy
oY
J /|
fg « 7
fp

Hinh 4.11. Hé mot bdc tur do chiu dao dong nén
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Gia toc ii, (g)
jam]

o i, =-0.319
04 N
Thei gian (gidy)

Hinh 4.12. Vi du vé bing ghi dao dong nén ii - Bing ghi hutng
Bdc - Nam dong dat El Centro, California, Hoa Ky ndm 1940
Ap dung nguyén Iy D’Alembert da trinh bay trong chwong 2 dé

xdy dung phwong trinh chuyén déng;
it fot fo=0 .2)
voi f, 1a luc quan tinh, phu thude vao chuyén vi tuyét dbi
1, =mii’ (4.3)
o lan lwot 1a lyc dan hdi va luc can, phu thude vao chuyén
vi trong déi u
S = ku (4.4)
Iy =cui (4.5)
Thé cac phuong trinh (4.1), (4.3), (4.4) va (4.5) vao phuong trinh
(4.2) dugce:
mii + cti + ku = —mii, (t) (4.6)
Phuong trinh (4.6) cho thay sy trong dong gitta phrong trinh
chuyén déng ctia hé chiu dao déng nén u . va mot hé twong duong
khéng chiu dao déng nén (chan hé dirg yén) nhung chiu ngoai lyc

cudng bre p, (t) = —mii, (t) :
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Chia hai vé ctia phirong trinh (4.6) cho khéi lwong :

o . 2 s
i +2{w 1+ wu :—ug(t) 4.7)

Phuong trinh (4.7) cho thiy phan tmg ctia hé phu thude vao hai
didc trung déng hoc ciia ban than hé: tAn s6 dao réng riéng @, va hé
s6 can ¢ . Do d6, quan hé trén ¢6 thé biéu dién dudi dang ham s6
u=u(t,w,,¢) hodc u=u(t,7,,¢) véi T, =27/ ,. Néu hai hé bat
ky ¢6 ciung thude tinh 7, va ¢ thi s& c6 cing chuyén vi phan @ng
(deformation response) mic du hé nay ¢6 thé ¢6 khdi lwrong I6n hon
hodc cing hon hé kia.

Phuong trinh (4.7) ¢6 thé dwoe giai bang cac phwong phap sb
nhu tich phan Duhamel, sai phan trung tdm hay gia toc trung binh.
Két qua ciia bai toan phan tich la phan img ctia hé, bao gdm:

- Chuyén vi trong ddi u(t)
- Vin tbc trong doi u(r)
- Gia tbe trong doi u(r)
- Chuyén vi tuyét déi u'(7)
- Van tbc tuyét doi o' (t)
- Gia tbe tuyét dbi i’ (t)

Trong céc dai lwong diic trung trén thi chuyén vi twong dbi u(t)
(chuyén vi cua khéi legng m so voi dét) thuong 1a dai luong duoc
quan tAm nhiéu nhat déi véi nganh cong trinh vi dai lrong nay c¢o

lién hé truc tiép dén néi luc trong két cau. Xét vi du khung mét t.'fmg
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mét nhip trén Hinh 4.11, khi biét duoc chuyén vi trong dbi u(t),
nguoil ta co thé tinh duoc luc cit, md men trong dim va cot cia hé
khung tai mdi thoi diém ¢ . Cac dai lrong ddc trung phan (ng con
lai thwomg déng vai tro thir yéu hon. Vi du: chuyén vi tuyét doi
u' (t) ¢6 thé can thiét cho viée thiét ké khoang cach t6i thidu gitra
cac toa nha dé ching khéng bi va dap vao nhau khi dong dat; gia
tbe tuyét dbi i (¢) ¢ thé can thiét cho viéc thiét ké han ché hu
hong dbi véi cac thiét bi nhay cam vdi gia toc.

Vige tinh néi lyc trong hé dan hoi khi biét u(#) ¢6 thé dwoc thuc
hién bing phwong phap finh lire ngang twong diwong. Theo phwong
phap nay, né1 luc va ung suht trong hé tai thon diém ¢ duoc x4c

dinh bﬁng cach thyc hién phan tich tinh két cAu chiju ngoai luc f;.
fs(t) = k(1) (4.8)

4.2.2 Pho phin ung dan hoi Gng voi mot dao dong nén cu thé
Nhu dé trinh bay & phan trén, phan Gng ciia hé dan hdi mét béc
te do chiu dao dong nén u, (t) ¢o6 thé biéu dién dudi dang ham $6
u =u(t,Tn,é’). Néu chi quan tdm dén phan Gng cwc dai trong sudt

khoang thdi gian két cau dao dong thi bién thoi gian, ¢, s& duoc

lvge bét:
u, =max|u(t)|=mflxlu(l‘,i’;,é’)| =u, (i’;,é’) (4.9)
Véi mot gia tri d6 can £ ¢6 dinh thi quan hé u, =u, (TR,C) cO

thé dwoc biéu dién trén d6 thi (7),.u,) nhu trén Hinh 4.13. Do thi
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nay tom tit cac két qua giai phuwong trinh chuyén déng (4.7) véi

mdt chudi cac hé mot bac tu do ¢ chu ky dao dong riéng 7, khac

nhau va dwoc goi 1a phé phan tmg.

0.4
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Phé phan trng dan hoi

Hinh 4.13. Xdy dung phé phan timg chuyén vi

Trong ba loai pho néi trén, phd phan Gng chuyén vi twong doi

u, (T

n?

< ) 1a quan trong nhét vi c6 thé cung cip tat ca cac thong tin

can thigét cho viéc xac dinh bién dang va néi luc cyc dai trong hé,

néi dung thiét yvéu nhat khi tinh toan céng trinh chiu déng dat. Dé
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cac cong thirc tré nén don gian hon, nguon ta dung D thay cho
u, (Tn i ) dé ky hiéu phé phan g chuyén vi trong déi.

Dé xac dinh néi luc, bién dang lon nhat trong hé¢ khi chiu u, (t),
ngudi ta thudng st dung cach phéan tich tinh hé két cdu chiu luc
tinh ngang twong duong cuc dai f, .

Iy, =ku, = kD (4.10)
Pit 4=w)D = E]_’), goi 14 gia toc phan tmg gia hay gia téc gia
7
(pseudo acceleration response). Khi do:

£ =mAd=24 .11
g

Trong dé, w 1a trong lugng ciia két cAu va g la gia tbc trong
truomg. Can lwu ¥ phén biét gia te gia 4 va gia tbe phan tmg cuc
dai cia hé u;’ (t) A mac du c¢d don vi cia gia tde nhung duoc xac
dinh tir phan @mg chuyén vi twong déi (thuc). Pai luong nay lién
quan truc tiép va 1a céng cu dé xac dinh lwe tinh ngang trong
dwong f,, hodc lwc cat day ¥, = £, chir khéng biéu thi mét gia
tdc nao ca. D thi biéu dién 4 nhu 12 moét ham sb cua chu ky dao
dong riéng 7. véi d6 can £ ¢b dinh dwoc goi la phd phan tmg gia
toc gia (pseudo acceleration response spectrum),

Ngoai phé phan tng gia tbe gia, ngudi ta ciing xay dung phé vdn
téc gia (pseudo-velocity response spectrum). V&i van toe gia, 7,
duge dinh nghia:

V=pD= %D (4.12)

i)
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Twong tr dbi véi gia téc gia, van tbc gia mic di mang don vi
ctia van tde nhung khéng phai 13 van téc phan tmg ma la dai luong
dwoc xac dinh tir chuyén vi va lién quan tryc tiép dén ning lrong

bién dang cuc han £, .

2w k(Vie,) :
E&J:ku" :kD _ ( a)n) :mV @.13)
2 2 2 2

0.150

0.153
069

1.104

0.614

T, (gidy) ° ;
Hinh 4.14. Phé phan ting chuvén vi tuong doi - D, vén téc gic - V
va gia téc gia - A

Quan hé gitta ba dai luong D, V' va A:

A ¥ ;.
L _V=0oD hoie 2A=V=2D (414
™, 27 T,
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Quy trinh x4y dung phd phan tmg dan hdi hé mét bac tu do khi
cho biét gia tc nén U, (t) droc tom tét nhu sau:

Buwdc 1: Thé hién ii, (t) dudi dang s6. Tic 1a biéu dién i, (1)
duéi dang mét chudi céc gia trj gia tde Gmg véi cac mbe thei gian
lién tuc va cdch nhau mot khoang Ar, théng thuong, Az =0,02
giay.

Budc 2: Chon gia tr1 chu ky dao dong riéng T va ty sb can ¢

Buwérc 3: Sir dung mét phwong phap sé phi hop dé tinh phan img
chuyén vi tuong dbi u(r) cho hé mét bac twr do chon trong bude 2
kkhi chiu tac déng ciia gia tbc nén U, (l‘)

Buwoc 4: Xac dinh u . gia tr1 lon nhat cia u(t) trong sudt qua
trinh phan tng.

Buwoce 5: Xac dinh cac tung do cia phé D=u ¥V =(27r/Tn)D,
va A=(2n/T,)' D.

Buéc 6: Liap lai cac bude tir 2 dén 5 véi gia tri T, va ¢ khac
nhau dé bao ham hét cac két cdu duoc quan tam.

Buwéc 7: Thé hién két qua ctia cac bude tir 2 dén 6 trén céc bidu
d6 trong tng.

Vi du 4.1: St dung bang tinh 1ap sin (tich phan Duhamel) xac dinh
tung d6 phd phan ng chuyén vi trong déi D, van tde gia V va gia
tdc gia A cho bang ghi gia tée nén tran déng dat El Centro Gmg véi
cac gia tri chu ky tw nhién trén bang bén dudi. Cho biét ty sb can
£ =2%. Bang ghi gia toc El Centro ¢6 thé tai vé tir dia chi:
http://nisee.berkeley.edu/data/strong motion/a.k.chopra‘el centro_data

| Ta(giay) | 0,1 J025] 05 | 1.0 | 15 | 20 | 25 | 3.0 |
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Lan luot thé cac gia tri chu ky dao dong trr nhién trong bang vao

bang tinh d& tim chuyén vi 1én nhat. Két qua chuyén vi cwc dai

D =u, tim dugc nhu sau:

Th(gidy)

0.1

023

0.5

1.0

1.5

2.0

2.5

3.0

D (m)

0,001

0,016

0,067

0,168

0,127

0

258 | 0330

0,445

Tung d6 phd vén toe gia va gia tde gia duoe tinh tir D theo ¢ong

thirc (4.14): ¥ =@ D hoidc A=aw, D

Két qua tinh V va A:

Tn(gidy)

0,1

0,25

0,5

1,0

1,5

2,0

2,5

3,0

D (m)

0,001

0,016

0,067

0,168

0,127

0,258

0,330

0,445

V (m/s)

0,063

0,402

0,842

1,056

0,532

0,811

0,829

0,932

A

0,400

1,030

1,080

0,680

0,230

0,260

0,210

0,200

Két qua duoce so sanh véi pho phan ng hoan chinh (hinh 4.14)

Vi du 4.2: Sir dung phé phan @mg gia tc gia A trén hinh 4.14 dé

xac dinh md men, luc cét 1én nhit xuét hién trong khung mét tﬁng,

mét nhip trén hinh bén duwdi. Cho biét: ¢ =2%, khung lam viéc

trong gi¢i han dan héi tuyén tinh.

Giai:

m = 10 tin

El=EA =«
—
£ £
P Z
~ ~

8 g 3m

) S
T bh
Az A
5m I
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Chu ky dao ddng riéng cia khung:

® —\/7 ‘/2X3OOO—245rad/s

T:—: =0,257 @ma
oo 24,5 giay

v6i T, =0,257 va { =2%, tra phd phan tmg tir thi du 4.1 (hinh ...)
trén hinh 4.14 duoc gia tde gia 4~1,0 g Tinh luye ngang tuong
duong:
fs, =mA=10x1,0x g =98,1 kN.
Noi lue 16n nhét sinh ra trong hé do chuyén dong nén duoc tinh
bing cach phan tich khung chiu tinh lue ngang twong duong .

Két qua phén tich ndi luc:

73,6 -73,6

f50:98,] kN 73,6 7%/ y/

73,6 M)(kN.m) 73,6

[TTTSTITITTL 491 I 292

) G

29,2 ;@;(kN) 292 49,1 {@(kN) 49,1
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4.2.3 Phé phin tmg dan hdi theo TCXDVN 9386 — 2012

Phé phan tmg dan hdi vira trinh bay & phan 4.2.2 duoe xay dung
tr mdt dao dong nén cu thé khong co tinh dar dién cho hé qua cia
chc tran déng dat khac xay ra tai cing khu vie. Dé thiét ké hay
kiém tra cong trinh, ngudi ta can dén mot loai phé c6 thé dai dién
cho xu huéng clia cac trdn dong dat c6 kha nang s& xay ra tai khu
vire quan tAm. Pho nhu vay duoc goi 1a phd thiét ké dan hoi (elastic
design spectrum) theo Dynamics of structures: theory and
applications to carthquake engineering hay phd phan vmg dan hoi
(elastic response spectrum) theo Furocode 8 va TCXDVN 9386 —
2012.

Déi véi nhitng khu vue nhu California hay Nhat Ban, not da co
nhiéu dir liéu dao déng nén duoc ghi nhan, nguoi ta xay dung phd
thiét ké dan hdi bing cach phén tich nhitng tran déng dét trong qua
lhir dé tim ra cac xu hudéng chung ciia chiing va xem céc xu huéng
nay cing dai dién cho nhimg tran déng dat c6 thé xay ra trong
twong lai.

Déi véi cac khu vuc khéng ¢6 du dit liéu do dao dong nén (nhu
trwong hop Viét Nam), nguoi ta thueong phai s dung phd thiét ké
dan hoi xdy dung cho ving dia 1y khac va hiéu chinh lai dé ké dén
su khac nhau vé magnitude, khoang cach chan tiéu, co ché chan
tidu, dic tinh dia chét cia cic 16p dat da song dia chan truyén qua,

va dieu kién dia chat cuc bd ta1 vi tri cong trinh.
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Tiéu chuén thiét ké cong trinh chiu déng dit hién hanh tai Viét
Nam, TCXDVN 9386 — 2012, st dung phé phdn tmg logi 1 cia
tiéu chuin chiau Au, Eurocode 8. Phd loai 1 dwoc khuyén khich
dung khi da O dong dét trong khu vee ¢6 Mg = 5,5. Sy khac nhau
giita phé loai 1 va phé loai 2 thé hién quacac giatr S, Tp, Tcva'Tp
(xem thém Bang 3.2 va Bang 3.3 cia FEurocode 8).

Phé phan tng dan hdi theo TCXDVN 9386 — 2012:

0<T STB:SE(T)=ag.S.{l+T£.(n.2,5—l)} (4.15)

B

T ET<T:: 8, (T) =a,.Sn2.5

T AT ET: 8, (T)=ag.S.n.2,5.[]]:—C}

T, <T<4s:5,(T)= ag.S.n.Z,S{T;{D}
trong do
5. (T) phd phan trmg dan hbi
T chu ky dao dong cia hé tuyén tinh mot bac tv do
a, gia tbc nén thiét ké trén nén loai A (ag = ;/I.agR)
7,.1.,T, cac gia tr1 chu ky phan vung gia tbc khéng dbi,
van tc khéng déi va dich chuyén khéng déi
S hé sdnén
1 hé s6 diéu chinh d6 can, n=10/(5+£)>0,55

£ty sb can nhét cia két cau tinh bing phan trim
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2,551

@
F 3
¥
f 3

O,

v

S/a,

Ty T

Chuki, T

Hinh 4.15. Hinh dang phé phdan trng dan hoi TCXDVN 9386:2012
(1) Viing gia téc khéng doi
(2) Viing vdn téc khong doi
(3) Viing chuyén vi khong doi
4.2.3.1 Tung dé phé phin irng dan hoi Se
S 1a cach ky hiéu khac cta gia téc gia, A, dd dé cép trong phan
4.2.2. Gia tri nay cho phép xac dinh lye cét day ciing 1a lyc ngang
trong dwong d6i vai hé dan hdi mét bac tu do.
4.2.3.2 Hoanh dé phé phéin img dan hoi T
T 1a chu ky dao ddng riéng ciia hé dan hdi mot bac tu do dang
quan tdm. Gia tri nay dwoc ky hiéu 1a 7, trong phan diu chwong.

Chu ky dao déng riéng chi phu thude vao khdi lwong va db cimg

ctia hé dang khao sat 7' = 275\/%.
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4.2.3.3 Giatbc nén thiét ké trén nén loai A, ag
Gia téc nén thiét ké tai khu vue xay dung cong trinh khi chua xét
dén hién teong khuéch dai dao dong nén do do cling dat nén (xem
4234).
a, = YVilap
vor y, la hé sO tAm quan trong cia cong trinh, dugc xac dinh

theo phu luc F — TCXDVN 9386 —2012

gia tri gia tdc nén tham chiéu, xac dinh theo phu luc H
hodc I - TCXDVN 9386 — 2012
4234 Hésonén S

agR

Bién d6 song dia chan duoc khuéch dai khi song lan truyén r
moi treong dic chic nhu da granite, bazalt, noi déng dat phat sinh,
sang cac méi treong rong x6p hon nhu tram tich tré, noi xdy dung
cong trinh. Sy chénh léch vé dd dic chic cia méi treong truyén
song cang 16n thi mirc d khuéeh dai bién dé séng cang cao. Nhur
vay, voi cung mot trin dong dét tai cung mot khu vue dia ly, nén
dat mém s& dao dong manh hon so voi nén dat cirng. Hién trong
nay dwoc ké dén trong phé phan tng théng qua hé s6 nén S. Hé sb
nay duoc xac dinh tr Bang 4.2.

Bing 4.2. Gid tri cac tham $6 mé ta pho phan g dan héi (logi 1)
(bang 3.2 TCXDVN 9386 —2012)

Loai nén dat S Tr(s) Te(s) Tn(s)
A 1.0 0.15 0.4 2.0
B 1,2 0,15 0,5 2,0
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1,15 0,20 0.6 2.0
D 135 0,20 0.8 2.0
E 1.4 0,15 0,5 2.0

Viée phan loai nén dit A, B, C. D hodc E ¢6 thé duoc thuc hién

dga vao vén toc song cat trung binh v _,, = ——

> b
24

i=1 V;

I3

chuén N gpr hodic tr1 s6 luc dinh C, cua nén dt Bang 4.3.

Bing 4.3. Cdc loai nén dit (bang 3.1 — TCXDVN 9386 — 2012)

, tr1 s6 xuyén tiéu

Loai

Céac tham sd

Vs30

n/s

Nspr
nhat/30cm

Cu
Pa

P4 hoidc cac kién tao dia chat
khac tua d4, ké ca cac dat yéu
hon trén bé mit v6i bé day 1én
nhat 1a Sm.

=800

Pat cat, cudi s6i rat chit hodc
dit sét cimg ¢6 bé day it nhat
hang chuc mét, tinh chit co hoc
tang dan theo dd sau.

360-800

=50

=250

Pat cat, cudi soi chit, chit vira
hodc dat sét cung co bé day 16n
tir hang chuc té1 hang tram mét.

180-360

15-50

70-250

Pit roi trang thai tir x6p dén
chat vira (co hoac khéng xen
kep vai 16p dat dinh) hodc ¢ da
phan dét dinh trang thai tir mém

dén clirmg vira.

<180

<15

<70
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Loai

Cac tham so

Vs3o0

m/s

Nspr
nhat/30cm

Cu
Pa

Pia ting bao gom 16p dit tram
tich séng & trén mit véi bé day
trong khoang 5-20m cé gia tri
tée do truyén song nhw loai C,
D va bén duéi la cac dit cimg
hon véi tée do truyén song vs >
800m/s.

81

Pia ting bao gdm hoidc chita
mot 16p dat sét mém/bun (bui)
tinh déo cao (PI > 40) va do am
cao, ¢6 chidu day it nhat 13 10m.

<100

(tham
khao)

10-20

Sz

Pia tang bao gém céc dat d& hoa
léng, dit sét nhay hodc cac dat
khac véi cac dit trong cac loai
nén A-E hoic Si.

4.2.3.5 Cic gid tri chu ky phin viing phé Tp, Tcva Tp
Phé phan tng dan hdi theo TCXDVN 9386:2012 (Hinh 4.15)
gom bdn doan (1), (2), (3) va (4).

- Poan (2) tng véi chu ky tir Tp dén Tc duwge goi 1a ving gia

tdc khong doi (khéng phu thude vao T). Gia tde trong doan nay

chinh 13 gia tdc phan tng 16n nhat, RSA__ (maximum spectral

acceleration).

doi.
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- Poan (3) tng v&i chu ky tir Te dén Tp 1a ving véan tde khéng
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V= i.A = L.RS’AWXJ'"C =RSV_.
2 27

- DPoan (4) tng vé6i chu ky 16n hon Tp 1a ving chuyén vi, D,

khéng dbi.

2

T 1

D= [—} A= RN Lo T, = RED)
2 4

- Piém 7 =0 trén phd thé hién hé c6 d6 cirng v6 cing 16n
hodc khéng ¢6 khdi lwong (khéng ¢6 quan tinh). D& thiy hé cimg
va nhe v cling s& dao dong cung v6i nén dat. Lic nay gia téc phan
ttng ctia hé bang véi gia téc dao dong cia nén, 4= S, =8.a,. Gitta
hé va dat khéng c¢6 chuyén vi trong d6i, vén tée tirong dbi nén
=0vaD=0.

- Doan (1) cia phé ndi diém 7 =0 vdi doan van tdc khong
d6i biang mét doan thing.
4.2.3.6 Hé sé diéu chinh dp cin n

Hé s6 diéu chinh dé can duoc xac dinh bﬁ”mg biéu thire:
n=10/(5+&)=0,55

v6i & laty sb can nhét (viscous damping)

Chu ¥: trong phan dau ciia chuong 4 cfing nhu cac chuong trude,
ty s6 can droc ky hidula £ .

Vi du 4.3: Xac dinh phé phan tmg dan hdi theo TCXDVN 9386 —
2012 véi & = 5% cho mét coéng trinh xay dung tai quan 3, TP. Ho
Chi Minh. Biét: dat nén loai A, hé sb tim quan trong 1.25. Xac dinh

n6i luc 16n nhat trong khung mét tﬁng, mot nhip & vi du 4.2 sir dung
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phé phan tng dan hdi vira xay dung. Cho rang khung lam viée

trong mién dan hdi tuyén tinh.

Giai:

Tra Bang 3.2 TCXDVN 9386 — 2012 véi dat nén loai A:
Loai nén dit S Tr(s) Te(s) To(s)
A 1.0 0,15 0.4 2.0

Tra phu lyc I TCXDVN 9386 — 2012 vé1 quén 3 TP.HCM duge

gia toe nén: a,, =0,0843g

162

Gia the nén: a, =v,.a,, =1,25x0.0843x9,81=1,034m/ s°
Hé s6 diéu chinh do can: 7 =10/(5+&)=120,55

Phé phan tng dan héi durge xac dinh theo ¢ong thire 4.15:
0<T7T<0,15:

S,(T)= ag.S.{HTL.(n.Z,S—I)}

B

=1,034><1,0>{1+L5(1><2,5—1)}

2

=1,034><(1+10T)
0,15<7<0,4:
S, (T) =a,85n2,5

=1,034x1,0x1x2,5
=2,585

0,4<7T<2,0:
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Tl= 2,5 %,
Se( )—Clg.SJ]. i ?

:1,034x1,0x1><2,5x{%}

1,034
T
2<T <4
T.T
S, (T) = ag.S.n.Z,S{%}
0,4x2,0
=1,034x1,0x1x2,5{%}
r
2,068
—
Két qua duge thé hién trén biéu db:
3.0 4
25
2.0 4
£15 1
o |
1.0 -
oT Te 1 ) 3 4

Chu ky (gidv)
Tung d6 pho phan g dan hdi tng vai két cau ¢6 chu ky 0,257
gidy: S, =2,585m/ s”.
Tinh lve ngang trong dwong hay luc cit day:
F, =8 m=2585x10=2585 kN.
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Nbi Iwe 1én nhit trong khung khi chiu tac dong duge quy dinh
theo TCXDVN 9386 — 2012 véi gia thiét khung phan tmg dan héi:

F, = 25,85 kN 9.4 m i
| | 19.4 [T
| |
| |
| |
| | A

194 ‘M (kN.m) 194

@ II[]]]} 129 [TTTTT]T] 292

17 (NN 7T 49,1 (QI(kN) 49,1

4.2.4 Phin tich h¢ dan hoi nhi¢u bac tw do chiu dao d¢ng nén

Phuong phép chong chat dang dao dong (mode superposition
method) trinh bay & muc 3.4 ¢6 thé duge st dung két hop voi phod
phan rng hé mot béc tu do dé xac dinh phan g dong cua hé nhiéu
bac tr do. Phuong phép nay duoc goi la phuong phdp phé phan
ung dang dao dong (modal response spectrum). Trinh tu phuong
phap:

Buée 1: Phuong trinh vi phan chuyén dong ctia hé vai cac toa dod

hinh hoc khi chiu dao dong nén i 2 (t) .
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Mii +Cu + Ku = -Mlii, (l‘) (4.16)
v6i 1 14 vée to bae N ¢6 tit ca cac dong déu mang gia tri 1.
Chu y: Phrong trinh (4.15) 14 dang phuong trinh dao déng don
gian nhat. Phwong trinh nay chi dang khi tit ca cac bac tw do dong
déu ciing phwong véi phwong dao déng nén. Cac trudng hop phire
tap hon khéng thudc pham vi cia chuong nay. Phuong trinh (4.13)
1a mét truong hop riéng cua phuong trinh (3.169)
Mv+Cv+Kv=p(¢) (3.169)
vol p(t)z—Mliig (t) (4.17)

Buwéc 2: Phan tich dang chinh va tan s6 bing phwong trinh tri
riéng
[K —an]v =0 (3.170)
Tt d6 xac dinh duge ma trin dang chinh ¢ va véc-to tAn s6 ® .

Buwée 3: Khéi lwong va tai trong suy rong

M, =gMg, 3-171)

P (t)=9.p(1) (3.172)

& P (t)=-9'Mlii, (t)=-Lyji_ () (4.18)
L,

vl L =(|)ZM1, bat T, =
M

Chay: M , P, (t) va L khéng phai 1 ma trdn ma 1a céc con sb

dai1 so.
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Buwére 4: Phuong trinh chuyén déng tach roi

5 ; 1
Y, +280Y +0, = FP (1) (3.173)

1
n

Y, +280Y +aY, =T, (1) (4.19)

Dén diy, hé N phuong trinh vi phan da duge tach roi thanh N
phuong trinh vi phan mét 4n (Y). Cac dai luong trong phuong
trinh (3.173) va (4.18) déu & dang s6, khong con dang ma tran. Nhu
vay, viéc gial bai toan hé nhiéu béc tu do di duoc chuyén thanh
viée gial nhiéu bai toan hé mét bac tu do.

Buwéc 5: Phan tng chuyén vi ciia dang chinh

Phuong trinh (4.18) déng dang véi phurong trinh (4.7) — phrong
trinh chuyén dong cua hé dan hdi mét bac tu do chiu dao dong nén.
Phuong trinh (4.7) duoc viét lai véi ky hiéu D duge dung thay cho
# nhiam nhin manh mbi lién hé véi mode thit n.

D,+2¢,0,D, +0.D, =ii, ({) 4.7

Phuong trinh (4.18) va (4.7) déng dang nén ngudi ta ¢b thé giai
(4.7) dé tim D trude. Sau do, phan trng dang chinh duoe tinh:

Y, (t)=T,D, (1) (4.20)

Buwéc 7: Lyc dong dit trong dwong cia dang chinh

f (t) =s A (t) (4.21)
v6i s, = Mg, duoc goi 1a véc to phan bd khéng gian

A, 1a gia toc gia cia hé (£,.@,) véi dao dong nén i, (t)
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Buwée 8: N6i lue, tng suit va cac gid tri phan img khac
Dé don gian trong dién dat, néi lue, ung suat va cic gia tr1 phan

tng khac duge ky hiéu chung la » .

H(1) = grn(t) - gr:tAn(t) 4.22)

vél o, (r) 1a phan déng gbp ciia mode n vao téng phan ting
" 12 gia tri phan Gng khong phy thude thoi gian (finh) cia
hé khi chiu véc toluc s,
Thong thuong, trong cac bai toan két cau, nguoi ta quan tim
nhiéu nhit dén phan tng cuc dai 7, = max|r(r)| thay vi quan tam
toan bd qua trinh phan ng 7, (t) Phan Gng cuc dai cho tirng dang

dao dong 1a co thé x4c dinh duoc:

g = (4.23)

vér A 1a gia trl gia tbc gia cue dai, chinh 1a tung dé phd phan tng
dan hoi da trinh bay & 4.2.2.

Dé ¢ duroe tong phan ng cia hé, nguoi ta khong thé cong cac
phan tng cuc dai cua firng mode lai voi nhau vi cac gia tri phan
{rng lén nhat khéng xay ra dong thoi. Pé ¢6 duwoe phan g cwe dai
mdt cach gan ding, ngudi ta ¢6 thé dung cac phuong phap 16 hop
cin bdc hai tong cdc binh phirong, SRSS (square-root-of-sum-of-
squares) hay phwong phap 16 hop bdc hai hoan toan, CQC

(complete quadratic combination).
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Phrong phap SRSS:

N 1/2
r o= [Z ’7“2”] (4.24)
n=1

Vi du 4.4: Xac dinh phan Ung cuc dai (Iyc cit tang, chuyén vi
ngang) ciia hé khung ba ting san cing trong vi du 3.3 dudi tac dong
ciia dao dong nén trong vi du 4.3. Chiéu cao moi tang 1a 3 mét. Cho

biét hé 1am viéc hoan toan trong mién dan hdi tuyén tinh.

10 tin
Vi
g
o ) 6000kN/m
I 15 tan
[ » vy
g
o , 12000kN/m
v 20 tan
I Ty,
g
3 18000kN/m
7 7777
Giai:
Tu vidu 3.3
14,5
Tan s goc dao dong riéng: o, =311 (rad/giay)
46,1
1,000 1,000 1,000
Dang dao dong: ¢, =<0,644 ¢, =<-0,601}; ¢, =<-2,570
0,300 —0,676 2,470

Céac dic trung suy rong cho mdi dang dao dong:

M, =¢'Me, = M, =18,0;M, =24,6:M, =231.1
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L=¢'Ml =I=257L =-12,51L,=209
L
r == =TI, =142T,=-0,5,T,=0,09
Véc to phan bd khong gian: s, =T Mg,
14,2 -5,1 0,9
=5, =<13,8+;5, =2 4,6 {75, =<-3,5; (tan)
8,5 6,9 4,5
— - —»
142 5.1 0,9
— -
13,8 4,6 3.5
— — —
8.5 6,9 45
st S 5

Luc cit taing va chuyén vi ngang ciia hé khi chiu s,

Vi Vi B
14,2 5,1 0,9
V3 Vi Vi [
28,0 0,5 2,61 |
Vii Vi Vi
36,5 16,4 1,9
(Dang 1) (Dang 2) (Dang 3)

Luc cit ting
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st st st
usp U3 Us3
6,73 0,53 0,05
| |
st | st st |
Uz Uz U23
4,36 I 0,32 0,10
|
| st | st
U11 | Y12 | ) U3
2,03 0,36 0,11
| I
| |
(Dang 1) (Dang 2) (Dang 3)

Chuyén vi thng (x 107)
Tung dd phd phan ting gia toc gia tng véi mdi dang dao dong
riéng:
A (T, =0,433) = 2,388 m/s’
A,(T, =0,202) =2,585 m/s*
A4, (7, =0,136)=2,440 m/s*
Phan tng cuc dai dbi véi timg dang dao dong duoc tinh bang
cach nhin cac biéu do luc cit tAng, chuyén vi ting véi tung d6 phd

1 A ‘o . 8t .
gia toc gia tuong ing r,, =" A :

66,9 1.3 6,3

87,2 16,5 4,6

V] 0 V20 Vr30
Lue cil ting (kN)
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161 14 0.1
| |
| | |
104 Lo 02 H
| |
| | |
Hag ' 109 03
|
|
ul 0 uz 0 u‘3 o

Chuyén vi ting (mili-mét)

Té hop cac dang dao dong sir dung phuong phap cin béc hai

N 172
téng cac binh phuong: » = [Z rni]

n=l1

- T 16,2
36,4
T T 104
67,2
-+ 49
88.9
Luc cat ting (kN) Chuyén vi ting (mili-mét)

Phan ing ctia hé sau khi t6 hop.

4.3 PHAN TICH KET CAU KHONG PAN HOI CHIU
DAO PONG NEN

Trong cac phin trude cia chuong, ching ta di xac dinh duge luc

cit day hay luc ngang dan héi V, = f, = (A / g)w dai dién cho tac
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dong cua dao dong nén iig (t) 1én hé dan hoi. Hién nay, da 6 cac
tiéu chuén thiét ké khang chén cho phép thiét ké céng trinh c6 kha
ning chiu luc nhé hon V), vira néu nhiéu 1an dya trén kha ning lam
viée sau dan hdi cia két cu (kha ning déo — ductility). Cac tiéu
chuén Viét Nam, Hoa Ky, chau Au, Uc déu cho phép didu nay.
Hinh 4.16 thé hién phd phan tng dan héi Se(T) va phd phan
ing thiét ké S, (T} theo TCXDVN 9386 : 2012. §,(7) thé hién
lwc ngang trong dwong dai dién cho tac déng ciia dong dat thiét ké
1én hé dan hoi. Noi cach khac, néu cong trinh ¢o cuong d6 dap img
dugce luc ngang tinh tir Se(T) thi ¢éng trinh s& con lam viée trong
giéi han dan hoi tuyén tinh khi trdn déng dat dir kién xay ra. S 2 (T )
1a véu cu vé cuwong dé theo tidu chuan, dwoc xdy dung bing cach
“chiét giam” S,(7'). Noi cach khéc, néu duge thiét ké dé chiu
S, <S_ thi cong trinh s& lam viéc qua trang thai dan hoi khi chiu

dong dat thiét ké.

- Poan (2), tir Ts dén Tc: S,(T)= %, ((JT) (4.25)
- Doan (3),tr Tedén To:  S,(T)= ot c(;T) >S8, W =Ba,

- Doan (4), T > Tp: S,(T)= s gT) 28, = Pa,

- Diém T=0s: S,(T)= S‘*LST)
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- Doan (1), T < Ts: ndi diém T=0s va diém T=Tsz cua
doan (2)
E=5%<n=1 duge st dung cho S, (l‘) trong cac biéu thic
trén. Viéc ké dén cac do can khac nhau duoc dua vao hé sb q .
Chu y: Day la mét cach dién dat khac coa phé S, , thuan loi1 hon so

véi cach dién dat trong tiéu chudn TCXDVN 9386 — 2012 vé mat

giai thich co s& xdy dung phd.

3 Phé dan héi S.
€2 -
]
"Eh
g
FE Phé thiét ké Sq
pe
s
0+
0 1 2 3 4

Chu ki, T (gidy)

Hinh 4.16. Phé phan ttng dan héi va phé phan iing thiét ké theo
TCXDVN 9386 — 2012

trong do,
g 14 hé 56 immg xir (behaviour factor), q = ()
Q 1a hé 56 vuot cuong do (oversirength factor), 0

[ 1 hé sb giéi han téi thiu caa S, , f=0,2
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B, "
¥ = L CLr(mg do . A
E i <dinhéi I3 sl
g / q=V./V, 1 |
| // i W (@) =
/ Ll
= f‘IV. |
wl e o Cuomg 46 - W ety .
|~ thucté F
I } C o (?‘ =V, /Vy |
I A R %U’Fmg, 0 !
Va | \ thidt ké =7
| \
1 | =
A Ao Chuyén vi dinh A4
|
\

Hinh 4.17. Quan hé giita hé 56 veng xir, q, hé s6 vieot cieomg dg,
Q, va do déo, Ry

Mire @6 chiét giam cho phép, ¢ . bao gdm hai thanh phin — hé sb
virgt cuong do Q va d6 hé 56 déo (ductility factor), R

q=Q.R, (4.26)

Hé so vuot cudng do

Khi tinh toan kha niang chiu luc cia két cau chiu cac tai trong
théng thudng nhu gi6 hay tai trong st dung, nguoi ta ding hé sé do
tin ciy dé giam cuong d6 tinh toan cta két ciu. Vide lam nay nhim
d& phong cac rii ro trong xdy dung va ciing d& dam bao mot
khoang an toan trong thiét ké. Trong Hinkh 4.17, V4 dai dién cho
kha ning chiu lyc tinh toan ¢é ap dung cac hé s6 d6 tin cdy. Cuong
d6 thye té ciia két cau la ¥, >77,. Hé s6 vuot cuong d6 Q=V,/V,
ké dén su chénh 1&ch gilra cuwomg do tinh todn va cuong dd thuc té.

Vi dong dat 1a tai trong ddc bidt, co xac suit Xay ra rét thép nén

khi tinh toan cudong d6 két ciu trong thiét k& chiu dong dat, ngudi
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ta s& bo qua cdc hé s& do tin cAy va xem két cAu c¢6 cuong do 1y
tuéng 1a Vy. Pay 1a 1y do ngudi ta cho phép giam yéu cau cuong do
V,, béi hé s& Q. bao ham trong ¢ . Viéc xac dinh Q can dua trén
tiéu chuén thiét ké két cdu (bé téng, thép, gb, gach da).

Hé s6 do déo

Két cau trén Hinh 4.17 dwge day dan boi lue ngang ¢6 tong luc
cat day V. Sau khi dat dén gidi han vé cuong do (diém (Ay,Vy)),
mic du két cAu khéng nhén thém lue nhung van gitt duoc kha ning
chiu luc ban dau va tiép tuc bién dang. Khung bién dang cho dén
khi dat giéi han vé bién dang A__ thi méi bt du mat cuong do.

Kha ning duy tri kha nang chiu lie va tiép tuc bién dang sau khi
da dat gié han vé cuong d6 nhu vira mé ta duge goi la kha nang

max

déo. Ty sb6 u a
¢o. Ty s6 u=
A

duge dung dé dinh lwgng mtrc dd déo cua
»

khung.

Dit hé tuyén tinh trong dwong la hé két cu c6 cing dé clng
ban dau véi két cAu dang xét nhung tmg xt dan héi tuyén tinh véi
mo1 mire tai trong. V, 1a luc cit day trong hé dan hdi twong duong
khi chiu cing mirc tac déng véi két cdu dang xét. Ty s6 cuong do
giita hai hé tuyén tinh trong dwong va hé thuc duoc goi la hé s6 do
déo (ductility factor) R, = z R, =y néu gia thiét chuyén vi bing

v, *

nhau duoce st dung.
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Kha ning chiu déng dat cua céng trinh dwoe quyét dinh déng
thoi boi cudng d6 va dé déo. Pay 1a diém khac biét quan trong khi
tinh toan két cdu chiu dong dit so vdi céac bai toan chiu luc khac
(g1, hoat tai, tinh tai). Néu két ciu co do déo cang 16n thi ceong 46
yéu cau cang bé va ngwoc lai. Viée cin bang gitta d6 déo va cwong
d6 do ngudi thiét ké quyét dinh. Ca ba hé trén Hink 4.18 déu dap
ung yéu céu chiu déng dat mic du kha ning chiu lyc cia hé B vaC

chi bang 1/2, 1/3 cudng do hé A.

Ve [~ @ =l

Yéu cau vé cudong do doi

Mol os gy p=2 voihé dan héi tuyén tinh:
V.3 e S, (w/g)
M:3 —_—
 © Q
|
SR
Amax A

Hinh 4.18. Twong quan gitta do deo va cuong do
Trong thiét ké thuyc hanh, ngudi ta xac dinh crong dé yéu cau
d6i v6i két cau bing cach st dung phd phan tng thiét ké, tirc phd
phan ng dan hdi dd dwoc chiét giam bai ¢ =QR,. Yéu cau vé
cuong dé duoc bao dam bing cac bai toan thiét ké cdu kién nhu khi
két cAu chiu cic tai trong thong thuong. Yéu cau vé do déo duoc
dam béao théng qua viée dap tmg cic yéu cu ciu tao cu kién va bd

tri tong thé két cau.
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4.3.1 Phén tich phin ing khéng dan hoi cia hé nhiéu bic tu
do chiu dao dong nen

Phuong phap chéng chat dang dao déng trinh bay & 4.2.4 dua
trén co s& cong tac dung. Khi két cdu lam vide ngoai mién dan hoi
tuyén tinh, viéc cong tac dung khéng con ding nita. Tuy nhién, hau
hét cac tiéu chudn thiét ké cong trinh chiu déng dat hién nay cho
phép sir dung phrong phap chong chit dang dao déng cung véi phod
phan (rng thiét ké (da chiét giam ké dén do déo) dé xac dinh cuong
d6 yéu céu cho két cau.
4.4 QUY TRINH TiNH TOAN TAC PONG DONG PAT

LEN CONG TRINH

Phén nay trinh bay tém tit quy trinh tinh toan tic déng déng dat
1én cong trinh bé téng ¢bt thép theo TCXDVN 9386 — 2012 véi
phrong phap tinh luc ngang twong dwong va phwong phap phd
phan tmg dang dao déng. Quy trinh dwoc viét lai trén co s& tham
khao “Huéng din thiét ké két cdu nha cao ting bé téng cot thép
chiu dong ddt theo TCXDVN 9386 — 2012 cia Vién Khoa hoc
Cong ngh€ Xay dung, NXB Xay dung 2011.

4.4.1 Xic dinh gia tbc nén tham chiéu agr

Cén ctr vao phu luc H hoace I cia TCXDVN 9386 — 2012 dé xac

dinh gia tdéc nén tham chiéu & dia diém xay dung agr.

4.4.2 Nhin dang diéu kién dat nén
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Duya vao két qua khao sat dia chat (V,30: Ngpp holdic C,) va bang
3.1 cia TCXDVN 9386 — 2012 (Bang 4.3) dé xac dinh loai nén dt
(A, B, C, D hay E). Sau khi xac dinh duoce loai nén dit, tra bang 3.2
TCXDVN 9386 — 2012 dé x4c dinh hé sé nén S.
4.4.3 Xic dinh gia toc dinh nén dat thiét ké voi gia thiét nén
loai A, ag
Gia téc dinh nén dit dung cho thiét ké tranh sup db:
a,.S=a,.y,S
TCXDVN 9386 — 2012 quy dinh vé yéu cau thiét ké khang chéan
dua vao a,:
- Péng dit manh a, 20,08g: phai tinh toan vé&i cdu tao
khang chin
- Poéng dit yéu 0,04g < a, <0,08g : chi can ap dung céc giai
phap khang chan da duoc giam nhe.

- Déng dit rat yéu a . <0,04g: khong can thiét ké khang chin

4.4.4 Xac dinh hé s6 tng xi¥  clia két cau bé tong cot thép
Hé khung hodc hé khung twong dwong (hén hop khung —
vich), c6 thé xac dinh gin ding nhu sau (cip déo trung binh):
g =3,3 -nhamot tﬁng
g =3,6 -nhanhiéu tAng, khung mét nhip
g =39 -nhanhidu tAng, khung nhiéu nhip hodc két ciu hdn
hop trong duong khung

Hévach cing hodc vach cung co lo:
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g =3,6 - hé két ciu hdn hop twong dwrong vach cing, hodc
hé vach cirng ¢6 16 (hé twong ¢6 dam lién két)
g =3,0.k, -hétwong/vach clirng chi c6 hai twong.vach cirng
(khéng phai 13 vach cling c6 1)
g =3,1k, - cic hé vach clng khoéng phai la vach clng c6 16
trong do:
0,5<k,=(1+e,)/3<1

a,=>h,/1,

val A, va [, lan luot 1a chiéu cao va chiéu dai twong thir 7.

4.4.5 Xac dinh dac trung dong hoc cong trinh
Néu str dung phwong phap phan tich tinh lye ngang twong dwong
thi chi cin xac dinh chu ky dao déng riéng co ban 7, cia cong
trinh. 7, ¢ thé dwoc xac dinh theo cong thire (4.27) néu nha khong
cao hon 40 m. 7| cling co thé xac dinh bang phén tich dang chinh
(c6 thé st dung cac chuong trinh phan tir hitu han).
T=C.H" (4.27)
vér C, =0,085 déi v6i khung thép khéng gian chiu méd men
C, =0,075 dbi véi khung bé toéng khéng gian chiu mé men va
khung thép co gidng léch tAm (eccentrically
braced frame)
C, =0.050 dbi v6i cac két cau khac

H chidu cao cong trinh, tinh bing mét
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Néu st dung phuwong phap phan tich phd phan tng dang dao
dong thi ngoai cac chu ky dao dong riéng 7, cAn x4c dinh cac dang
dao dong riéng (cac véc to @, ). Cac phan mém SAP2000, ETABS,

.. ¢6 thé duoc dung dé xac dinh cac dic treng dong hoc nay.
4.4.6 Phé thiét ké dung cho phan tich dan héi

Xac dinh phé phan @mg chiét giam (4.24) S, (T):

0T <T,:8, (T)=ag.S.{§+T£.(2’5 —%H
B q

Dinh nghia ky hiéu: xem (4.15) va (4.24).

4.4.7 Phuong phap phan tich tinh luc ngang twong duong
Phuong phap tinh lyc ngang teong dwong dua trén co s¢ don
gian hoa cbéng trinh vé hé médt bac tu do. Pham vi ap dung cua
phwong phap tinh lye ngang twong dwong kha han ché. Phrong
phap nay chi ¢ thé st dung cho céng trinh khéng bi anh hudng
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dang ké béi cac hiéu img dang dao déng bdc cao (higher mode
effects), thé hién qua hai diéu kién:

4.7
2,0s

- Chu ky dao dong riéng co ban 7] S{
vl T, duoc cho & Bang 4.2.
- Céng trinh dam bao cac tiéu chi vé tinh déu ddn theo 4.2.3.3
TCXDVN 9386 — 2012
Noéi dung phrrong phap gom 2 bude:
4.4.7.1 Xdc dinh lgc cdt day
Theo mdi hwdéng ngang dwoc phan tich, lyc cit day F, droc xac
dinh:
F=8, (I’I ).m./’u
trong dé: S, (l’;) tung do ciia phé thiét ké tai chu ky 7,
T, chu ky dao ddng co ban ctia nha theo phuong dang xét
m tong khéi lvong ctia nha & trén méng hoic & trén dinh
ctia phan dé cling
A hé sb diéu chinh, 2=0,85 néu 7, <27 véi nha o trén
2 tang hodic A =1,0 dbi véi cac truomg hop khac
4.4.7.2 Phin bé luc dpng dit theo phuwong ngang
Lwe ngang & méi tang duge tinh:

z,m

Z e

F,=F,

(4.28)
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trong do: z, va z ; lan lwot 1a dd cao cua khbi luong m, va m, tinh

ttr mdt moéng hodc dinh phan dé cimg.

4.4.8 Phuong phap phén tich phd phin tng dang dao déng

Phuong phap phé phan tmg dang dao déng dua trén co sé don
gian hoa céng trinh thanh hé hitu han béc tv do. Tuy ky vong vé
mure d6 chinh xac ctia phén tich, cong trinh ¢6 thé duwoc don gian
héa & cac mic dé khac nhau. Thong thuong, cdng trinh duge dua
vé mé hinh cac khéi lwong tip trung m, G cao do mdi san ting.
Nguoi ta thue hién hai bar toan phan tich phan ing cong trinh theo
hai phuong vuéng géc nhau X va Y (véi didu kién cong trinh du do
déu din). Trong mdi bai toan nhw vay, mdi khbi lugng c6 mét bac
tr do (phuong ngang). Phwong phap nay st dung doéng thoi phod
phan (rng da chiét giam va phuong phap chéng chit dang dao dong
dé du doéan véu cau vé cudng dé dbi véi két cAu. Phuong phap nay
duoc TCXDVN 9386 — 2012 cho phép ap dung véi tit ca cac loai
nha.
4.4.8.1 Xac dinh 56 dang dao dong cin xét

TCXDVN 9386 — 2012 cho phép bo qua mét s6 dang dao dong
bac cao khi tinh toan tac déng déng dit theo phuong phap phd
phan tng dang dao dong. S6 dang dao déng can xét dwoe xéc dinh
dé:

- Téng khéi lwgng hitu hiéu ciia cac dang dao dong duge xét

chiém it nhat 90% téng khédi lvong caa két ciu.
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- Tét ca cac dang dao dong co trong luong hitu hiéu 1én hon
5% can duoc xét.

Néu diéu kién trén khong duoc thoa méan thi $0 lrong tdi thiéu
cac dang dao déng k can duge xét dén trong tinh toan khi phén tich
khéng gian can théa mén ca hai diéu kién sau:

k>3n
20,2
trong d6: k& s6 dang dao dong can duwoc xét dén
n s6 tAng nha ndm trén mit méng hodc dé cimg
T, chu ky dao déng riéng tng vé1 dang dao dong thir &
4.4.8.2 Lwc ngang twrong dwong teng voi tieng dang dao dong
theo phuong X
Lwe ngang trong duwong tai tAng thir j, trng vé6i dang dao déng

thit » duge xac dinh:

k
Z L
=1
ok
2
Z B 77
%,

trong do: S, (E’;) 1a tung d6 phd phan tmg thiét ké g véi chu ky

Fl,=8,(T,)

R

MP, (4.29)

dao déng dang thir #

@, la bién dé dang dao dong (modal displacement)
tai tAng j tng vdi dang dao déng thir #
m,  lakhéi lwong tang thir f

k 1a sb dang dao dong dugc xét
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Céng thirc (4.29) thue chat 1a dang trién khai cta phwong trinh

(4.20) - & dang ma trén:

Chu y:

Tung d6 phd phan Gng gia toc gia 4 dwoc thay thé bing tung
do pho thiét ké chiét giam S, (7).

Do 16n bién d6 dang dao dong co thé thay doi, phu thude vao
cach chuén hoéa (normalization). Bién d6 dang dao dong khong co
don vi. Chi ¢6 1y s& giffa cac bién dé dang dao déng & cac tang
@,/ ®,,., moi anh huong dén lyc ngang twong dwong.
4.4.8.3 Xidc dinh noi luc (yéu ciu vé cuong do) va t6 hop noi luc

Lam bai toan phan tich tinh céng trinh chiu vée to lwc ngang
- dé tim gia tri phan ing £, . Phan (tng ¢6 thé 1a chuyén vi, noi
lye, Grng SuAt.

Phan g tong thé duge xac dinh theo quy uéc t6 hop cin bac
hai tong binh phuong (SQSS) hay t6 hop béc hai hoan toan (CQC).

SQSS (dbi chiéu véi (4.23)):

E,= > E: (4.30)
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trong d6: E, hé qua cua tac dong dong dat dang xét
£ hé qua tac dong rng vé1 dang dao dong riéng thir »
k s6 dang dao déng can xét
4.4.8.4 Luc ngang theo phuong Y
Viée tinh toan luc ngang theo phuong Y ciing duge thuc hién
twong ty nhu phuong X.
Vi du 4.5: Xac dinh yéu cau vé kha ning chiu mé men cia hé
khung ba ting san cimg trong vi du 3.3 dudi tac déng cia dao déng
nén trong vi du 4.3. Cho biét hé co6 do déo =2 va hé s6 vuot
ceomg d6 Q=1,5. Chiéu cao tit ca cac tang la 3 mét. St dung
phuong phap phan tich tinh lgc ngang twong duong.
Giai:
Hé sb tng xtt: g =pn.0Q=2x1,5=3,0
Tén s6 dao déng riéng rng véi dang dao déng thi nhéat (e vi du
3.3): 1, =0,443 gidy
Do 7, <41.va T, <2 gidy = c6 thé ap dung phuong phép tinh lwe
ngang twrong duong.
Tung d6 phd phan tng chiét giam ang véi 7, € [7..7,]:

S, (Tl)zag.S.E.T—C:1,034><1,0><£ﬂ:0,796 m/s’
g T, 30,433
S6 tang nha 16n hon 2 va 7, <27, = 1. =0,85
Luc cit day:

F, =8,(1;).m).= 0,796 x(20+15+10)x 0,85 =30,4 thn
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Phén bd luc cit day 16n céc ting:

F=F,

Zimi
szmj

7
—F=76kN; F,=F, =114 kN

Luc cit tang va chuyén vi:

P——— 5,5
11,4 kN I
114 :
e 3,6
11,4 kN :
22,8 |
| " | 1,7
7.6 kKN |
30,4 |
777 777
Luc ngang twong duong Lue cat tang (kN) Chuyén vi ting (mili-mét)

Vi du 4.6: Xac dinh yéu cau vé kha nidng chiu mé men cua hé
khung ba tang san cting trong vi du 3.3 dudi tac ddng ciia dao déng
nén trong vi du 4.3. Cho biét hé co d6 déo =2 va hé s6 vuot
cuong d6 Q=1,5. St dung phuwong phép phd phan tmg dang dao
dong.

Giai:

Két qua phén tich dang dao déng tir thi du 3.3:
1,=0,433.7,=0202; T, =0,136 gidy

1,000 1,000 1,000
@, =10,644 4, =4 -0,601}; ¢, =4-2,570
0,300 0,676 2,470

Tung d5 phd phan tmg chiét giam tmg véi modi dang dao dong

riéng;
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CHUONG 4: PHAN TICH KET CAU CHIU DONG PAT

S, (E’I) =0,796 m/s*
S, (Tz) =0,862 m/s’

Sd(fﬁ) =0,104 m/s?

Lwe ngang dit vao ting ; ung véi dang dao dong thir i duoc

tinh theo céng thirc:

Fid
Z @y
i

F)f,i:Sd(];).—; P,
Z ‘591'2,1 TH
1
Két qua duoc thé hién & bang sau:
Dang dao déng 1:
Py " By o m, "
Tang 3 1,000 10 10,0 10,0 11,3
Tang 2 0,644 15 9,7 6,2 10,9
Tang 1 0,300 20 6,0 1,8 6.8
SUM 25,7 18,0
Dang dao déng 2:
P>, ", P, M, F
Tang 3 1,000 10 10,0 10,0 0,2
Tang 2 -0,601 15 -9.0 5.4 0,1
Tang 1 -0,676 20 -13.5 9,1 0,1
SUM -12.5 24,6
Dang dao déng 3:
(P3:j mj (p?’,j mj ('P'j,jmj F'sj
Tang 3 1,000 10 10,0 10,0 0,1
Tang2 | -2,570 15 -38.6 99.1 0.4
Tang 1 2,470 20 49,4 1220 0,5
SUM 20,9 2311




CHUONG 4: PHAN TICH KET CAU CHIU BONG BAT
Két qua phan tich luc cat tang va chuyén vi ting ting véi ting
dang dao dong:
Dang 1:
54

22,2

1,6

29,0

Luc cit ting (kN) Chuyén vi tAng (mili-mét)

Dang 2:
0.2
0.1 ~ ()
0,0
Luec cét tang (kN) Chuyén vi tang (mili-mét)
Dang 3:
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0,1

0,3

@
=]

0,2

3

Luec cit tang (kN) Chuyén vi ting (mili-mét)

Két qua phan tmg sau khi o hop (phuong phép cin bic hai tong

cac binh phuong)

T T 5.4
11,3

T T 3.5
22,2

T -T- 1,6
290

Luc cit tang (kN) Chuyén vi ting (mili-mét)

Mure d anh huong cua dang dao dong 2 va 3 dén két qua phan
g cudi ciing khong dang ké so véi dang 1.

Trong truong hop két cdu don gian cua thi du nay, két qua tinh
tir phuong phéap phd phan ng dang dao déng twong duong véi két
qua tinh tir phuong phép tinh luc ngang tuong duong (vi du 4.5).
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CHUONG 4: PHAN TICH KET CAU CHITU BONG DAT
Vidu 4.7: Lap lai vi du 4.6 st dung chuwong trinh SAP2000.

Buwoce 1

Lap md hinh khung ba tang mét nhip c¢é chiéu

cao tang va dd cing (vat lidu va kich thude tiét

dién) nhu d& bai yéu cau trong mit phing X7.

Buwoce 2

Khoi lwong tham gia dao dong;

¢ Dinh nghia load pattern ‘mass’ Define = Load
Patterns
Define Load Patterns

Load Patterns Click Ta:

Self weight Auta Lateral
Load Paltern Name Type hultiplier Load Pattern i n Ehad Gl

[mass [DEAD ~|lo -l Modiy Load Pattem |
DEAD J
SLoalfamn__ |
5
Show Load Pattern Motes. . J
Ok

 Dit 3 luc tap trung thang dimg 200kN, 150kN |

2100 00

va 100kN thudc load pattern ‘mass’ tai cac nut
M1, M2, M3 dai dién cho khoi lugng tham gia

L7150 00

dao dong & cac tang 1, 2va 3.
e Dmh nghfa mass source: Define > Mass
Source. Khoi lugng tham gia dao déng lay tur

L2000

ta1 trong (From Loads) va chon ‘mass’ vo1 hé
s6 nhan 1.0 1a truong hop tai dé tinh khoi

lwong: i
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CHUONG 4: PHAN TICH KET CAU7 CHIU DONG DAT

Maszs Definition

Define Mass Source

€ From Element and Additional Masses
(+ From Loads

€ From Element and Additional Masses and Loads

Drefine Mass Multiplier for Loads
Load

Multiplier

mass

=

Add
I odify
Delete

Buwoe 3

Cancel

Pinh nghia phd phan tng: Define > Functions > Response

Spectrum ...

Nhiap dit lidu phd phan tGng tir tap tin (lua chon From File). Phd

phén Gng duoc tinh toin theo TCXDVN 9386 — 2012 va chudn bi

san duréi dinh dang plain text.

Function MName
Funeting Fil=

Fils Mare

R=spo

nse Spectrur Function Cefinition
= Fuunn e T am- ey F i
P _D N5
Val =% ane
Hrowss ..

T eyguengy v Ydue

o anhyuhdesklophdibppa db

Headar Lines takio

0

o ZFrie vaial =

Sur v, lu Ll Defiead | i, Fil
Funitiun Giet !
\
I
<
Cligplay Gaph | 28052 LU

0k Czneel
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CHUONG 4: PHAN TICH KET CAU CHIU PONG PAT
Biuroe 4
Dinh nghia tredng hop tai: Define > Load Cases

Load Case Data - Response Spectrum

i~ Load Case Mame— Mot i~ Load Case Type
‘ [QUEKE D Set Def Name | ‘ Modiy/Show... | ‘ [ Resparse Spectum ~| Design ‘
- Modal Combination i Directional Combination —————————————
P e 1 fi. © SRSS
@ SRS GMC 2 ’U_- " COC3
© Absolute ) .  pbsalute
ST Periodic + Rigid Type | 5RSS - oo [
 NRC 10 Percent
" Double Sum

- Modal Load Case

Use Modes from this Modal Load Case MODAL L

1~ Loads Applied

Load Type Load Mame Function Scale Factor

[Becel Jut ~|[Prun ~l[aEr

T =

[ Show Advanced Load Parameters

~ Other P,

todal Damping I Canstant at 0.05 Modify/Shou... l
Cancel

Buvce 5
Dinh nghia s6 dang dao déng can thiét trong phén tich dang dao
ddng.

Load Case Data - Modal

[i= Load Caze Mam: —Mote: rLoadCase Typp—————
‘ MODAL Set Def Name | Madify/Show.. ‘ Modal I Diesign.. ‘
Stiffness to Use - Type of Modes
& Zera Iritial Conditions - Urstiessed State G+ EigenVectors

St I Er Narl y I " Ritz Vectors

inear Case are NOT included

Impoctant Nate:  Loads from the N

i the cunent case
~ Number of Modes 1
Masimum Number of Modes 3
Minimum Number of Modes 1
Loads Applied-
™ Show Advanced Load Parameters
Other Parameters
Frequency Shift [Center] 0
Cutolf Frequency [Aadius) i}
Convergence Tolerance 1.000E-09 Cancel

v Allow Automatic Frequency Shifting
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CHUUNG 4: PHAN TICH KET CAU CHIU DONG DAT
Buwoco
Thiét 1ap dang phan tich phing: Analze > Set Analysis
Options... va chon Plane Frame (X7 Plane).

Analysis Options

Available DOFs
W U< [T Uy w UZ [T RX W RY [T RZ

~Fast DOFs
Space Frame  Plane Frame Flane Grid Space Truss
@ @ N
Solver Optionz...
#E Plane 1 Plane
~abular File

[ Automatically save Microsoft Access or Excel tabular file after analysiz
File name

Databaze Tables Mamed Set Group

I ZI E|

Buwoce 7: Thuc hién phan tich: Analyze > Run Analysis
Burée 8: Khai thac két qua phan tich, I cat khung:
Display = Show Forces/Stresses > Frames/Cables/Tendons...

Member Farcs Dirgram for Frames

1 O+ e
CaselCombo T o
Cazc/ombo Hame QUAE D i
47 AT
x| E) =]
Compchant
~ AcalFoice = Toioe
& Goear 2 T Momert 22 .
T Saear 1 ™ Momert 32 24 21
O oz E11 Maw O Hiczs 517 AtHort T T o R
£ S S i [Faern <] = ‘ ‘ ‘ ‘ = ‘ ‘ ‘
07 Hipezz 517 Wawdtin = 1 =
Sealhg
S 1)
S P I 16 57 16 37
Oplions
O Rl Ciagan
& Ehuw Yelursin Tiegian Lanec]
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CHUONG 4: PHAN TICH KET CAU CHIU DONG AT

Chuyén vi ting: Display > Show Deformed Shape

Deformed Shape
s

Case/Conbu ut = 04

Case/Combo Name OUAKE_D x| ‘“’;‘? ;‘IU'{"'““"

’7 ;T‘ - r:LUUlJ-'I

Scaling /

+ Auto f

" Scale Factor .
(Optionz f

¥ Wi Shadow

£ Cancel [

Két man: Két qui tir SAP2000 phul hop véi két qua tie vi du 4.6,

BAI TAP CHUONG 4

1. Xiy dung phd phén (rng chuyén vi twong déi, van tbe gia va gia
toc gid cho bang ghi doéng dat El Centro véi tj s6 can & =1% va
5%. So sénh cic phé phan tmg tinh droc véi két qua tir thi du 1 (ty
s6 cin 2%). Churong trinh & bai 8 phan phu luc ¢6 thé duge dung hd

trg bai tip nay.

Pdp s6:

——sa)|
-1
—— 14|

3
Titsy)

2. Cho hé¢ moét bac ter do chiu dao dong nén diéu hoa

ii, (t)=1ii,,sin(22 /T ). Viét va so sénh phuong trinh tinh gia toc gid
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CHUONG 4: PHAN TICH KET CAU CHJU DONG DAT
A va gia toc phan (mg tuong ddi (thuc) cua hé i’ theo chu ky dao

dong riéng 7, vahésd can ¢ >0.

3. Cho hé mét bac tu do nhu hinh bén dudi. Cot thép cao 3 m do
khéi luong tap trung 1,5 tdn & dinh cot. Cot c6 tiét dién vanh khan
v6i chiéu day 10 mm va dudng kinh ngoai 170 mm. Md dun dan
héi ctia thép 1a 200 GPa. Tinh chuyén vi ngang tuong d6i 16n nhat
& dau cot, luc cat day va ung suat phap do udn 1én nhét trong cot
thép giy ra do dong dat El Centro st dung cac biéu dd tir bai tap
4.1. Biét 46 can ciia hé 1a ¢ =5% va cot con lam viéc trong mién

dan hoi. B6 qua trong lugng ban than cot thép.

10mm

Dip 56

Chuyén vi ngang lom nhdt: 30 mm

Lue cdt day: 11 kN

Ung sudt phap do uén Iém nhat: 177 MPa

4. Tinh va v& phd phan tng dan hdi va phd phan tng thiét ké theo
TCXDVN 9386-2012 cho mot cong trinh xay dung tai th1 x3 Son
La, tinh Son La. Biét:

— Patnén loai C
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CHUONG 4: PHAN TiCH KET CAU CHIU DONG PAT
— Heé s6 tAm quan trong 1,25
Xét 1an luot hai treong hop:
— Két cau thép dang con lic nguoc ¢ =2, £=2%

— Két cdu bé tong bt thép ¢=3,6, £=5%

DPdp sé
10 +
g - | Se
g - i ....... Sd (q:2)
i | - = Sd (q=3.6)
2 0
& 5 g
e
1 Sy
2 £ Lol e
{41 D e T e
I I - ™ - Pl PO NI
0 - — 4 ! } E
0 1 2 5 4

Chu ky (gidy)
5. St dung phé phan tng tinh duoc & bai tip 4.4 dé xac dinh yéu

ciu vé kha nang chiu lyc cla c6t thép ¢ bai tip 4.3 khu:

Khéng cho phép két ciu virot khoi mién dan hbi;

Cho phép két cAu virot mién dan hoi (g=2)

Dap Y

Pan hoi

Luc cit diay  14.4 kN

— M6 men Ién nhdt  42.0 kNm

Ung sudt phap 226 MPa
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CHUONG 4: PHAN TICH KET CAU CHIU BONG PAT

Voi g=2

— Lyccdrday 7.2kN

— Mo men lénnhdt  21.5 kNm

—  Ung sudt phdp 113 MPa
6. Xac dinh véu cau vé kha ning chiu mé men coa hé khung bé
tong cot thép ¢ hinh bén dudi khi chiu tac déng cna tac dong dong
dat & bai tap 4.3. Lan luot sir dung cac phuong phap (a) tinh luc
ngang tuong duong, (b) phé phan tng dang dao dong, va (c) kiém
tra két qua vdi SAP2000.

- 120 tn
E| [25 MN/m 25 MN/m
1 200 tan
——
g
o |75 MN/m 75 MN/m ,
400 tAn
El |75 MN/m 75 MN/m 75 MN/m
777
Dip sé
T T 290
| | 290
10 T 525
525
—+ 5 -
530
530
b 777
Chuyén vi (mm) M6 men (kNm)
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PHU LUC: CHUONG TRINH TINH BANG MATLAB
Phu luc

CHUONG TRINH TINH BANG
MATLAB

Bai thuc hanh 1: Xac dinh chuyén vi hé mét béc ty do dao dong tu

do khéng can.

Cho biét khéi lugng m, d6 cing k& va trang thai ban dau cia hé
mot bac twr do (vi tri va van thc ban diu u,, i, ). Yéu cau vé do thi
chuyén vi ciia hé theo thdi gian trong 10 gidy dau tién ké tir luc
chuyén déng. Thay dbi cac gia tri ddu vao va quan sat sy thay déi &
két qua dao dong.

Lo gidi: phrong trinh chuyén déng:
u(t) =, cos(oat) + l;—osin (0)1‘)
Muc tiéu: Giap sinh vién lam quen véi viée dung Matlab giai quyét

mot bai toan déng don gian.

%of

DAO DONG TU DO KHONG CAN
%o}

% Khoi luong

m=1;

% Do cung

k=1,

% Tan so goc

omega = sqrt(k/m);

% Chuyen vi ban dau (tai thoi diem t = 0)
ul=1;

% Van toc ban dau

udot0 = 0;
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PHU LUC: CHUONG TRINH TINH BANG MATLAB

% Tao chuoi thoi gian

t=0:1:10;

% Chuyen vi

u = u0*cos(omega*t) + udotd/omega*sin(omega*t);
% In ket qua chuyen vi

plot(t.u)

Chuyen wi

Thoi gian

Nhin xét, danh gia két qud

Khi trang thai ban dau khéng tring véi trang thai can bing (u,
va 1, khéng déng thoi biang khéng), hé dao déng didu hoa véi thn
s6 diung bﬁng tAn sb dao dong tu nhién ctiia hé. Bién d6 dao ddng
khéng dbi sau mdi chu ky.

Bai thuc hanh 2: Xac dinh chuyén vi hé mét béc ty do dao dong tu
do ¢6 can (truong hop lue can nho).

Cho biét khéi leong m. d6 cing k. hé s can nhdt ¢ va trang
thai ban dau ctia hé mét bac tu do (vi tri va van tdc ban dau W, )
Yéu cau v& do thi chuyén vi cia hé theo thoi gian. Thay doi cac gia
tri d6 can va quan sat su thay doi & két qua dao dong.

Loi giai: phuong trinh chuyén dong:

u(t) =g ™ {uo cos((th) + a(’-l_—c@ll(’sin(o)pt)
COD
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PHU LUC: CHUONG TRINH TINH BANG MATLAB
Muc tiéu: Quan sat anh hudéng clia d¢ can nhot dén dao dong cuia

hé.

of

DAODONG TU DO CO CAN

o}

% Khoi luong

m=1,

% Do cung

k=1,

% He so can

c=.25;

% Tan so goc

omega = sqrt(k/m);

% He so can toi han

c_or = 2*k/omega;

zeta = cfc cr;

omegalD = omega*sqri( 1-zeta™2);

% Chuyen vi ban dau (tai thoi diem t = 0)

ud=1;

% Van toc ban dau

udot0 = 0,

% Tao chuoi thoi gian

t=0:1:20;

% Chuyen vi

if (zeta <=1)
u = exp(-zeta®omega™t).*((u0*cos(omegaD *t))+((udotO+zeta*omega™u0)...

/omegaD*sin(omegaD*1)));

% In ket qua chuyen vi
plot(t,u);

clse
disp('He so can (¢) can nho hon he so can toi han:');
disp(c cr);

end
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PHU LUC: CHUONG TRINH TINH BANG MATLAB

Chuyen vi

i 0 2 4 6 8 10 12 14 16 18 20
Thoi gian

Nhin xét, dinh gida két qui

e Bién do dao dong giam khi d6 can nhdt tang.

e Chu ky dao ddéng cua hé c6 can 1én hon hé khéng can va ting
dén khi do can tang.

e Khi do can 1én hon d6 can té1 han (c=2c¢, =2k/w), hé dich
chuyén dan tir vi tri ban déu vé vi tri ¢An bing ma khéng dao

dong.

Bai thuc hanh 3: Xac dinh chuyén vi hé mdt bac tr do chiu tai

trong xung.

Cho biét khbi lwgng m, d6 cling k , hé s6 can nhét ¢ va xung tai
thoi diém ban dau 7. Yéu cau vé db thi chuyén vi cia hé theo thon
gian. Thay dbi cac gia tri db can va quan sat su thay déi & két qua
dao dong.

Loi giai: Bai toan hé chiu tai trong xung twong duong véi bai toan
hé dao ddng tu do sau kich thich ban dau:
i

:0, uoz—
m

U
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of

TAI TRONG XUNG

%o}

% Khoi luong

m=1;

% Do cung

k=1,

% He so can

zeta = .03;

% Xung

I=50;

% Tan so goc

omega = sqrt(k/m);

omegalD = omega*sqri( 1-zeta™2);

% Chuyen vi ban dau (tai thoi diem t = 0)

ul =0

% Van toc ban dau

udot0 = I'm;

% Tao chuoi thoi gian

t=0:1:50;

% Chuyen vi

if (zeta <=1)
u = exp(-zeta®omega™t).*((u0*cos(omegaD *t))+((udotO+zeta*omega™u0)...

/omegaD*sin(omegald*t)));

% In ket qua chuyen vi
plot(t,u);

clse
disp('He so can can nho hon 1%;

end
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&0 T T T T T T T T T

a0 R

! AA A
IYyvvy _

r r r r r r
20 25 30 35 40 45 a0
Thoi gian

20

Chuyen vi

-40
i

Nhin xét, dinh gid két qud
Dao dong hé chiu tai trong xung chinh la dao déng & bai thuc

hanh 2 (dao dong tw do ¢é can) vé1 u, =0 va u, = i
m

Bai thuc hanh 4: Xac dinh chuyén vl hé mdt bac tr do chiu tai

trong didu hoa khéng can.
Cho biét khéi lwong m, d6 cing k va tai trong cudng birc

. €2 ) ; § s
p(z,‘) =R)sin(Qt) voi — =B, u,=0, u,=0. Yéu cau v& d6 thi
@
chuyén vi & giai doan 6n dinh ctia hé theo thoi gian. Thay dbi gia tri
B tir 0,5 dén lan can 1 va quan sat sy thay doi & két qua dao dong
(quan sat hién tuong cong hudng).

Loi gidi: Chuyeén vi ciia hé ¢ giai doan 6n dinh:

u (t) = isz’n (Qt —Psin cot)

k(1-p*)
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%of

TAI TRONG DIEU HOA - KHONG CAN
o}

% Khoi luong

m=1;

% Do cung

k=1,

% Tai trong

PO = 300;

beta =.7;

% Tan so goc

omega = sqrt(k/m);

% Tao chuoi thoi gian

t=0:5:100;

% Chuyen vi

u = PO/k/(1-beta”2)*(sin(beta*omega™t)-beta*sin(omega*t));
% In chuyen vi

plot(t, u);

1000 T T T T T T T T

500~

Chuyen vi
[=]

500} 4

1000 r r r £ r r r r r
0 10 20 30 40 50 60 70 80 90 100

Thoi gian

Nhin xét, dinh gid két qui
Két qua dao dong 1a tong hai thanh phan dao déng véi tan sb dao
déng cudng bire (fw) va thanh phan ¢6 thn sé dao déng trr nhién
cia hé (w). Hién tuong cdng hudng xay ra khi f~1. Lic nay bién

d6 dao dong lién tuc ting sau moi chu ky.
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Bai thuc hanh 5: Xac dinh chuyén vi hé mdt bac tr do chiu tai

trong diéu hoa co can.

Cho biét khéi lwgng m, dd cing &, dd can £ va tai trong cudng

birc p(t) =F, sin(Qt) Vol L0 B. Yéu ciu v& db thi chuyén vi cia

Q0

hé theo thoi gian (bao gdbm giai doan ban dau va giai doan 6n dinh).

Thay dbi gia tri B tir 0,5 dén 1an ¢4n 1 va quan sat sy thay déi & két

qua dao déng, so sanh vé6i két qua tir bai thuc hanh 4.

Loi giai:

Chuyén vi ciia hé & giai doan 6n dinh:

5 1-p’

u(t) =— Sin(Qt)+

k (1_B2)2+4C2B2

— oot i
+e ", Sm(c:)t + (pp)

VoL 0, = —amn[@ QQ(:J}
t

0

—2CP

(1 _ B2)2 n 4C2B2

of

TAI TRONG DIEU HOA - CO CAN
o}

% Khoi luong
m = 100;

% Do cung

k = 1000;

% He so can
zeta = 0.05;
% Tai trong
PO =300,
beta = .2;

% Tan so goc
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omega = sqrt(k/m);

omegal) = omega*sqrt(1-zeta”2);

% Chuyen vi ban dau (tai thoi diem t = 0)

ul=1;

% Van toc ban dau

udot0 = 1,

% Tao chuoi thoi gian

t=0:1:50;

% Chuyen vi

phiP = -atan(u0/udot0*zeta*beta*omega”2);,

u = PO/K*((1-beta™2)/((1-beta”2) 2+4*zeta™2 *beta”2) *sin(beta *omega*t)...
+(-2*zeta*beta)/((1-beta”2)"2+4* zeta"2*beta”2) *cos(beta*omega™t))...
+exp(-zeta*omega*t)y*ul. *sin(omega*t+phiP);

% In chuyen vi

plot(t, u);

Chuyenvi

-1 I I L I I I I 4 L

1) ] 10 14 20 25 30 35 40 45 a0
Thoi gian

Nhin xét, dinh gid két qui

Phan trng ctia hé cé thé phan biét thanh hai giai doan. Giai doan
dau (<15 gidy trén & hinh trén), phan ng ctia hé 13 tong hai thanh
phan, dao dong véi tin s6 tw nhién @ va dao dong véi tan sb cudng
bire 2. O giai doan sau, anh huéng ciia thanh phan dao déng véi

tan s6 @ dan triét tiéu va hé dao dong 6n dinh véi tn s6 2.
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Bai thuc hanh 6: St dung phuong phap tich phan Duhamel xac

dinh phan tng ciia hé mét bac tu do chiu tai trong bat ky.

Cho biét khéi lugng m, dd cing %, d6 can ¢ . Str dung bang ghi

gia tdc nén tran déng dét El Centro (tdp tin elCentro.mat) lam vi du.

Loi giai:

ot

DAO DONG HE CO CAN CHIU TAI TRONG BATKY

PHUONG PHAP TICH PHAN DUHAMEL
%o}
% tai bang ghi gia toc El Centro (don vi: g)
load elCentro.mat
% khoi luong
m = 10;
% chu ky dao dong rieng
T=0.257,
% tan so goc dao dong rieng
omega = 2*pi/T;
% do can
zeta = .02,
% buoc thoi gian
dt=.02;
% xung
I = m*dt*u2dotg™9.81,
% khoi tao chuoi chuyen vi
u = zeros(size(u2dotg,1),1);
% tich phan Duhamel
for i = 1:size(u2dotg)
forj = 1:(i-1)

u(i) = u(i) + exp(-zeta®omega™(i-))*dt)*1(j)/...

(omega*m)*sin{omega*®(i-))*dt + pi/2);
end
end
% m phan ung chuyen vi
plot (t,u)
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Tai trong:

Gia tac nen (g)

01k 4

04 [ r L L r r
0 5 1 15 ao 5 30 35
Thoi gian (giay)

n.oz T 3 T T T 3

nos -~ -

001 — b

0.005 — b

Chuyen wi
I

-0.005 - -

-0.015 -~ b

002 r r r r r r
0 7] 1o 15 an 5 30 35
Thoi gian

Nhin xét, dinh gid két qud

Két qua phan tmg tinh duoc phi hop véi két qua tir cac tai lidu

tham khao khac (vi du [2]).
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Bai thuc hanh 7: Lap lai bai thi du 6 st dung phuong phap sai
phan trung tdm. So sanh két qua hai phwong phap Duhamel va sai
phan trung tdm trong trudong hop 7 > 0,2 giay va trudong hop

T <0,06 gidy (dé quan sat tinh én dinh cia 161 giai sb).

Loi giai:

% tai du lieu gian do gia toc nen
load elCentro.mat % don vi: gia toc trong truong
% doi don vi gia toc sang m/s”2
u2dotg = u2dotg*9.81;
% buoc thoi gian
dt = .02;
% do can
zeta = .02,
% thuoc tinh dao dong rieng
1I'=.257;
omega = 2*pi/T;
% cac hang so cho phuong phap sai phan trung tam
A= -omega”2+2/dt"2,
B = zeta*omega/dt-1/dt"2;
C = V/dt"2+zeta*omega/dt;
% khoi tao chuoi chuyen vi
u = zeros(size(u2dotg,1),1);
% sai phan trung tam
for i=3:size(u2dotg, 1)
u(i) = (-u2dotg(i- 1)+ A*u(i-1)+B*u(i-2))/C,

end

plot (t,u); hold on
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0.0z T T T T T T

nns -~

001+~

0.005 —

Chuyen vi (m)

-0.005 ~

-0.015 =

002 t L L L t L
5 10 15 20 25 30 35
Thoi gian (giay)

Nhin xét, dinh gid két qud
o Khi T>10xAr=02 gidy, két qua tir phwong phap tich phén
Duhamel va phuong phap sai phan trung tam tuwong tu nhau.
o Khi T<7zxAr=0,06 gidy, 10i giai sai phan trung tam khéng én
dinh trong khi phwong phap tich phan Duhamel van con ding.
Bai thuc hanh 8: Sir dung két qua chuyén vi Ién nhét tim duoc tir
bai thuc hanh 6 dé xdy dung pho phan tmg dan hdi chuyén vi, vén
tdc va gia toe img véi biang ghi déng dit El Centro.
Loi giai:
Lap la1 bai thyc hanh 6 cho cac gia tr1 chu ky dao dong riéng

khac nhau.

function v = duhamel function(T, m, zeta, dt, u2dotg)
% tan so goc
omega = 2%pi/T;
% xung

I = m*dt*u2dotg®9.81;
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% khoi taochuyen vi
v = zeros(size(u2dotg,1),1);
% tich phan Duhamel
for 1 = 1:size(u2dotg)
for j = 1:(i-1)
v(i) = v(i) + exp(-zeta*omega®(i-)*dt)*1(j)/...
(omega*m)*sin(fomega™®(1-))*dt + p1/2);
end
end

end

% tai bang ghi dong dat El Centro

load elCentro.mat;

% khoi luon

m = 100;

% he so can

zeta = .02;

% buoc thoi gian

dt=.02;

% dai chu ky

T=.1:.02:3;

% khoi tao tung do pho chuyen vi

D = zeros(1,s1ze(T.2));

% tich phan Duhamel de xac dinh tung do pho chuyen vi

for 1= 1:size('1,2)
v = duhamel function(T(i), m, zeta, dt, uv2dotg);
D(1) = max(max(v),abs(min(v)));

end

% tinh pho van toc va gia toc tu pho chuyen vi

omega = 1./T;

211



PHU LUC: CHUONG TRINH TINH BANG MATLAB

V = D.*omega;
A=V *omega,
% In ket qua
figure
plot(T,D)
figure
plot(T,V)
figure
plot(T,A)

045

04~
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015 —

01

005~

02 T T 3 T T

015~ =

01~ -

W (mis)

005~ -

T (giay)
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035 T T T T T

03~

025~

02~

A (mfs2)

01~

005~

0 L L L L I
i] 05 1 15 2 25 3

Nhin xét, dinh gida két qui

e  Céc pho phan Gng tinh droc pht hop véi két qua tir cac tai liéu
tham khao khac (vi du [2]).

e  Phé phan tng gia tde tinh dwoe tir bang ghi gia tde thue ¢6 hinh
dang twong ty phd phan tng thiét ké theo cac tiéu chuin xiy
dung.
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