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1. GIOI THIEU CHUNG

Trong thuc té cac két ciu dam khong chi
dugc dat ¢ trang thai nam ngang ma co thé
duoc dit nam nghiéng mot gbéc so voi mat
phang ngang. Viéc xem xét anh hudng ciia goc
nghiéng dén ung xu dong luc hoc cua dam, cu
thé trong nghién ctru nay 13 hé sé dong luc hoc
ctia dam céan duoc quan tam. Mot két cAu dam
nam nghiéng mot goc dwoc lam tir vat lidu
thuan nhat chiu tac dong cta mot khéi luong di
dong voi van tde khong ddi duoc xét dén trong
nghién ctru. Dya trén 1y thuyét bién dang truot
bac nhit, cong thirc phﬁn t hitu han dugc xay
dung bang cach st dung cac ham noi suy chinh
xéac dé noi suy cho cac chuyén vi va goc quay
nham tranh hién tugng nghén truot.

2. PHUONG PHAP NGHIEN CcUU

Phuong phép giai tich duoc sir dung dé xay
dung cac biéu thirc toan hoc cho ddm. Phuong
phap phan tir hitu han dugc sir dung dé xay
dung cic ma tran do cing, khoi lugng cho
dam; c4c ma tran khéi luong, do cung, can va
véc-to lyc nut sinh ra boi khéi luong di dong.
Phuong trinh chuyén dong cho toan hé dam -
khéi luong di dong duoc giai dudi sy tro gitp
ctia phuong phap gia toc trung binh.

3. CONG THU'C TOAN HOQC

Xét mot két ciu dam vai chiéu dai L, chiéu
cao h, chiéu rong b duogc lam tu vat li¢u
thuan nhit dugc dit nghiéng mot goc S so
v6i mdt phang nam ngang. Dam chiu tac
dong ctia mot khdi lugng di dong m duogc gia
st luon tiép xtc v6i dam. Dam duge dit

trong hai h¢ toa do DPé-cac, hé toa d0 dia
phuong (x,z) va hé toa do tong thé ()_c, E).
Duya trén ly thuyét bién dang truot bac nhat
cho dam, truong chuyén vi dugc cho nhu sau:
1, (3, 2,0) = u(x,1) = 20(x,0); 0

us(x,z,t) = w(x,t)
Bién dang doc tryc va bién dang trugt nhan
duoc tr (1) nhu sau:

gxx:u,x_ze,x; 7xz :Wx—g (2)
Ung suét doc truc va ung suét truot:
o.=Eke; 7.=yGy, 3)

v6i w14 hé s6 hiéu chinh truot.
Ning luong bién dang dan hoi cia dam:
1% 11”,1 - 2A]2u,x0,x + Azzgjc
U =—j , | dx
2y +‘//A33(W,x_‘9)

Dong ndng cia dam:

4)

15, . : . :
T=—[[ 1,4 + W = 21,10+ 1,,0° | dx (5
2 0
Trong cac phuong trinh (4-5), 4,1, tuong
ung la cac d cung va mo-men quan tinh cia
dam thuan nhat dugc dinh nghia nhu sau:

hi2
(A1 Ay, Ay ) =bE | (1,2,27) dz;
©
Ay =bG [ dz
—h/2
h/2
(111,112,122)217,0 I (1,2,22)0’2; (7)
—h/2

Cac dai luong nay c6 thé dé& dang tinh
dugc dudi dang hién.

Thé ning sinh ra tir khoi luong di dong c6
biéu thic nhu sau [1]:
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—J.[mgcosﬂ—mv'{/—vawx —mviw, Jw
0

—(mgsinﬁ—mij)u]é‘(x—vt)dx

trong d6 g 1a gia tdc trong truong duoc lay
bang 9.81 m/s*; miiva mivla cac luc quan
tinh; 2mvw va mvzw’xx tuong ung la cac luc

®)

Coriolis va lyc li tim; o(.) la ham delta
Dirac; x 13 vi tri ctia khdi luong di dong duoc
tinh tr dau trai cua dam.
4. CONG THU'C PHAN TU HU'U HAN
Gia st ddm duoc chia thanh mot s6 phan
tor dam c6 chiéu dai /. Véc-to chuyén vi nut
cho phan tir khoi tao voi sdu bac tu do:
d:{ui w, 6 u; w, Hj}T 9)
Céc chuyén vi va goc quay dugc ndi suy:
u=Nd; w=N d; §=N_d; (10)
trong d6: N 1a ma tran cac ham dang tuyén
tinh, N ,N,1a ma tran cac ham dang chinh xac
[2]. Biéu thirc nang lugng bién dang trong (4)
va dong nang trong (5) dugc viét lai nhu sau:

U=%idT(kW+ku6+k%+kW)d; (11)
—idT (m, +m,, +m,+m,)d; (12)

Céac ma tran do cung va khdi luong thanh
phan trong (11) va (12) duoc dinh nghia nhu
trong [2], chu y rang do A;val, dé dang thu
duoc dudi dang hién nén cdc ma trin nay
cling c6 dang hién. Tuong tu, biéu thirc thé
nang trong (8) nhan duogc:

V= i(aTmca +d’cd+d'k d-d"f) (13)

Trong (13), m_, k_,¢_twong Gmg 1a ma tran
khdi luong, ma tran do cling va ma tran can
sinh ra tir khéi lugng di dong, f1a véc-to
lwc nat. Cac ma trin va véc-to ndy déu dé
dang thu duoc dudi dang hién.

Khi dam duoc dit nghiéng mot goc £, cac
chuyén vi u va w trong h¢ toa do dia phuong
c6 thé lién hé véi cac bién twong Gng trong
hé toa d6 tong quat nhu sau:

13

u=ucosfS—wsin f;
_ / p (14)
w=usin f+wcosf
Do cac goc quay trong h¢ dia phuong va
tong thé 1a nhu nhau nén véc-to chuyén vi

nut trong h¢ dia phuong c6 quan hé voi gia
tri twong Gmg trong hé tong thé nhu sau:

d=Td véi dz{ul w, 0 i, w, @}Tvé
[ cosf sinff 0 0 0 0]
—sinff cosf 0 0 0 O
T 0 0 1 0 ‘O 0 (15)
0 0 0 cospp sinff O
0 0 0 —sinf cosfp O
0 0 O 0 0 1]

12 ma tran chuyén doi. Khi d6 cac ma tran
d6 ctimg va khoi luong ciia dAm trong hé tong
thé ciing duoc tinh qua gid tri twong Ung
trong h¢ dia phuong nhu sau:

k=TKT, m=T' mT (16)

Tuong ty, cac ma tran khoi lugng, ma tran
dd cing, ma tran can va véc-to luc nit sinh ra
tir khéi lwong di dong ciing duoc tinh:

m, =T'mT; T =T¢c.T;
k, =Tk T, " =Tft"

Cubi cung ta nhan duoc phuong trinh

chuyén dong cho toan hé trong hé tong quat:
MD+CD+KD =F* (18)

Chu ¥ rang nghién ctu st dung hé sd can
Rayleigh v&i hé sd can dugc ldy 1a 0.5%.
Phuong trinh (18) dugc giai bang phuong
phap gia tdc trung binh dé thu dugc cac dap
tmg cho dam.

5. KET QUA SO VA THAO LUAN

(17)

‘De‘im dugc xét dén trong nghién ctu la
dam thuan nhat dugc lam hoan toan tur thép
v6i cac tinh chét vat liéu duoc cho nhu sau:

=207GPa, G =77.6GPa, p=7850kg/m’,
v =0.25; kich thude hinh hoc cua dam duge
Ay 1a L=6m, A=5x10"m?(b=0.05m,

h=0.1m)va y =0.85[1]. Hé s6 dong luc

Wst

hoc dugc dinh nghia D, = max[
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trong d6: w, =mgL’ / 48EI véi I 1a mo-men
quan tinh bac hai caa dam. Ti s6 khéi lugng
m=0.5pAL. Ching ta dua vao khai niém ti

A A LK , - T .
so van toc a=v/v,, voi v, :Z\/EI/pA la

van tdc t¢i han cia dim Euler-Bernoulli tua
gian don chiu luc di dong tap trung.

10°

o0 Mamandi & Kargarnovin,
Bai béo,
v Mamandi & Kargarnovin,
Baibdo, ,=0.25

¢ Mamandi & Kargarnovin,
Baibdo, =05

=
=

0.
2 X a0

a=0.1
a:O.ZS

=0.5

ira

Oey

\

A8

w(L/2,t)/L

.\

0.2 04

vt/L

Hinh 1. So vsdnh lich su tho"i‘gian cho do
vong chudn hoa tai gitta dam nghiéng
voi f=m/5

Hinh 1 so sanh lich str thoi gian cua dg
vong chuan hoéa tai gitta dAm nhéan duoc tir
nghién ctu v6i két qua cia Mamandi va
Kargarnovin [1]. D& dang nhén thdy duong
cong do vong nhan duogc tur bai bao rat sat
vo1 duong cong d¢ vong tuong Ung nhan
duoc tir [1], diéu nay dung cho ca ba gia tri
cta ti s6 van toc. Chu y rang phuong phap
Galerkin dugc st dung trong [1] dé thu duoc
cac két qua sd.

Puong cong hé sd dong luc hoc cua dam
nhan dugc voi su thay d6i cua ti s6 van toc
dugc chi ra trong hinh 2. Nam gi4 tri ctua
gbc nghiéng dam duoc st dung dé vé& hinh.
Tur hinh vé ta ¢ thé thy rang khi ting gia
tri cia goc nghiéng dam din t6i sy giam
trong hé s6 dong luc hoc. Khi goc nghiéng
nho, hé sd dong luc hoc khong thay doi
nhiéu nhung khi ting gid tri cia goc
nghiéng 1én din dén su giam dang ké trong
hé sd dong luc hoc. Tuy nhién gia tri cua
gbc nghiéng chi lam thay d6i gia tri cua hé

14

sd dong luc hoc ma khong lam thay doi
cach thirc dao dong cua dam. Tt 1a khi van
téc khoi luong di dong ting, hé sé D, tang
va dat dén gia tri cuc dai sau d6 giam dan.

2.5
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Hinh 2. Hé so dong luc hoc cua dam voi
cdc gia tri khac nhau cua goc nghiéng

6. KET LUAN

Anh hudng ctua goc nghiéng 1én hé sb
dong luc hoc cua dam chiu khdi lugng di
dong dugc chi ra trong nghién ctru. Nhu
mong doi, khi goc nghiéng dam ting dan téi
sy giam trong hé $6 dong lyc hoc. Xin luu y
rang diy mdi 1a nhitng nghién ctru ban dau
clia tac gia vé anh huong cua goc nghiéng
dam 1én hé s6 dong luc hoc, cac nghién ctru
sau s& tiép tuc phat trién cho cac két cdu dam
khac ciing nhu nghién ctru sdu hon vé anh
huong ctia goc nghiéng dam 1én tng xtr dong
luc hoc ctiia dam.
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