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CAC PHUONG PHAP SO

NOI dung mon hoc
Chwong 1: Chwong mo dau
Chuong 2: Phuong phap sai phan hiru han
Chwong 3: Phwong phap phan tw hiru han (mé hinh chuyén
Vi)
Chwong 4: Ap dung phwong phap phan tw hiru han (md hinh

chuyén vi) cho bai toan hé thanh.



CAC PHUONG PHAP SO — CHUONG MO PAU

Khai niém vé tinh toan két cau

XAC BINH SO PO
TiNH, TAl TRONG
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TiNH TOAN KET
CAU(TINH NOI
LUC, CHUYEN VI)
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CAC PHUONG PHAP SO - CHUONG MO PAU

KHAI NIEM VE TiNH TOAN KET CAU
Mot vat thé khi chiu tac dung cla cac nguyén nhan bén ngoai (tai
trong, chuyén vi cwdng birc tai cac gbi twa, nhiét dd ...) thi trong

vat thé :

- Xuat hién cac &ng suat (ndi lwe)

Bién dang (thang, xoay)

- Chuyén vi

Tinh toan két cau: xac dinh cac gia tri bién dang, chuyén vi, ing
suat (ndi lwc) cla vat thé chju tac déng cua cac nguy@n nhan bén

ngoai.



CAC PHUONG PHAP SO — CHYONG MO BAU
CAC BU'OC TiNH TOAN KET CAU

Xay dwng bai toan:
Xac dinh an sé cua bai toan
Thiét 1ap cac phwong trinh, bat phwong trinh, cac lién hé gitra
cac an so, cac lién hé voi cac dai lwong biéu thi tinh chat co ly
cua vat liéu.
Giai bai toan:
Gidi cac hé phwong trinh, hé bat phwong trinh dé cé dwoc cac

gia tri bién dang, chuyén vi, (rng suét va ndi luc.



CAC PHUONG PHAP SO — CHUONG MO PAU

CAC PHUONG
PHAP GIAI TiCH

CAC PP
CHINH
XAC

CAC PP
GAN
PUNG

PP
PHAN
TU BIEN

CAC PHUONG

PHAP SO
PP SAI PP
PHAN PHAN
HO'U TU HO'U
HAN HAN




CAC PHUONG PHAP SO - CHUONG MO PAU

CHUONG 1: CHUONG MO bAU
1.1. CAC KHAI NIEM VE PHUONG PHAP SO

1.2. CAC PHUONG TRINH CO BAN TRONG LY THUYET
DAN HOI DU'O1 DANG MA TRAN

1.3. NGUYEN LY DUNG THE NANG TOAN PHAN



1.1. CAC KHAI NIEM VE PHUWONG PHAP SO

- Khai niém vé PPS: |1a cac PP thay thé viéc trinh bay nghiém
cla bai toan dwdi dang cac ham cé dién bang mét tap hop

(4
PN

SO.

 Nghiém dwoc xac dinh tai mot so hiru han cac diém cua vat
thé, hay néi khac di nghiém dwoc mo ta theo mdt tap hop
sO, cac diém con lai xac dinh bang cach ndi suy.

 Thay thé cho cac ham nghiém lién tuc (giai tich), chi xac
dinh nhirng gia tri rdi rac ctia nd nén phwong phap sb con

duwoc goi la phwong phap roi rac hoéa.



1.1. CAC KHAI NIEM VE PHUONG PHAP SO

CAC PHUONG PHAP ROI RAC HOA

/\

RO RAC HOA TOAN HQC
R&1 rac hdéa cac phwong
trinh

Phwong trinh théa man tai
mot sd diém ty chon.
Nghiém la tap hop céac gia tri
clia an tai cac diém ty chon.

PP sai phan hiru han

RO RAC HOA VAT LY
R&i rac héa cac mo hinh vat
thé.

Vat lién tuc thay thé bang hdru
han cac phan tw roi rac ndi
v&i nhau tai cac nut.

Nghiém 13 tap hop céac gia tri
clia an tai cac nut.

PP phan tw hivru han




1.2. CAC PHUONG TRINH CO BAN TRONG LY THUYET
PAN HOI DOl DANG MA TRAN

CAC MOI LIEN HE TRONG LY THUYET BAN HOI TUYEN TiNH
« CHUYEN VI - BIEN DANG
« BIEN DANG — UNG SUAT

« NG SUAT - TAI TRONG
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1.2. CAC PHUONG TRINH CO’' BAN TRONG LY THUYET
PAN HOI DUOI| DANG MA TRAN

» Trang thai trng suat tai mot diém

» Trang thai bién dang tai mot diém
.
{e} = {gx €, & Yy Yy sz}

» Chuyeén vi tai mét diém

=fu v w)'
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1.2. CAC PHUONG TRINH CO’' BAN TRONG LY THUYET
DAN HOI DUO| DANG MA TRAN

Pai lwong Bai toan 3 chiéu Bai toan Bai toan

can tim 2 chiéu 1 chiéu
Chuyén vi {u} uv w uv u
(rng suat {c} O, O, O, Ty T, Tu C, O, Ty o
Bién dang {c} & & & Yy Tp Va £ & Ty £,
Téng sb an 15 8 3
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1.2.1. CAC PHUONG TRINH BIEN DANG — CHUYEN V]|
PHUONG TRINH HINH HOC

a) Baitoan 3 chiéu

T
X 8X’ Xy
€ _ . Y, =
y ay’ yz
€ =@; Y
P 2
e =[V]y

b) Baitoan 2 chiéu

c) Bai toan mét chiéu

v ou
T oy
ow v
"y oz
ou . ow
Tz o

olox 0
u
0 aloy { }
V
oldy 81ox

(e, ] [o/ox
Sy 0
€, 0

{ —

Y| |00y
Vyz 0

v, |0/ 0z
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" ox

0 0 |

oloy O
0 o0loz

olox 0

oloz oloy

0 a/ox|

[V] : ma tran céc toan ti vi phan
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1.2.2. CAC PHUONG TRINH IPNG SUAT - BIEN DANG
DINH LUAT HUC

a) Baitoan 3 chiéu

1 1
& = L% —V(Gy + Gz)_i Ty =g N G - mGdun dan hoi trwot
1r . 1 E
==|o, - - == G=o——
8)/ E _Gy V(GX * SF )_’ sz G Tyz 2”_'_ "u"_l
N ~v(s,+5,)]; _1 E - médun dan hdi doc truc
> EL? R vV - hé s6 Poisson
(e,] [1 —v -v 0 0 0 (o]
€y -v 1 -v 0 0 0 G,
g, 1/-v -v 1 0 0 0 4GZ &
J ==
v, E[0 0 0 201+v) 0 0 ||t
Vye O 0 O 0) 2(1+ V) 0) T,
7, i O 0 O o) 0 2(1+V)_ T,




1.2.2. CAC PHUONG TRINH IPNG SUAT - BIEN DANG
DPINH LUAT HUC

|D|  1a ma tran dan hdi, chira cac dac trng dan hoi clia két cu

(1-2v) 2V 2V 0 0 0
2V (1-2v) 2V 0 0 0
E 2V 2V (1-2v) 0 0 0
[D]:2(1+v)(1—2v) 0 0 0 (1-2v) O 0
0 0 0 0 (1-2v) O

0 0 0 0 0 (1-2v)]
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1.2.2. CAC PHUONG TRINH IPNG SUAT - BIEN DANG
DINH LUAT HUC
b) Bai toan 2 chiéu

» Trang thai phang vé wng suat: vat thé cé dang tdm co chiéu day nho so v&i kich
thwée cua 2 chiéu con lai va tai trong trong mat phang cla tam.

Ki hiéu xOy |a hé truc nam trong mat phang cua tam va Oz la truc vuong goéc voi
mat d6. Thira nhan céc gia thiét dwdi day véi iing suat:

GZZ’CZXZ’CZyZO KSX\ _1 -V 0) _KGX\
17 ] ;€ >=i -v 1 0) 10, ¢
o —E_G — VO | y E y
1 ] yxy) i 0 0 2(1+V) Txy)
gy:E_G —ve - ’YZX:’Yzy_O
2(1+v 1 v —V
Ty = Vyx (E ) v g &, :__(GX+GV):?V(8 te )
o, _ [z v o e _ [z o
$ = 2 2 0 =D =
o, ¢ 2(1-v7) Ov .- 1€, r=[D|{e} [D] 21V} 2v. 2 0
[Ty i V1Y) 0 0 1-v|

16



1.2.2. CAC PHUONG TRINH IPNG SUAT - BIEN DANG
DINH LUAT HUC
b) Bai toan 2 chiéu

- Trang thai phang vé bién dang : vat thé cé tiét dién ngang khong dbi va chiéu
dai I&n so voi kich thwée cua 2 chiéu con lai, tai trong tac dung vuong goc Vo
truc dai cua vat the.

Goi xOy 14 hé truc song song vé&i mat phang cua tiét dién ngang. Thira nhan cac

gia thiét sau: ou v
W:O’ 52520’ gzz’yzxz’yzyzo
&, | 1-v —v 0][c| (o 2(1-v) 2v o ||
€ >:1+—V -v 1-v O|Ko. Lo = E 2V 2(1—V) 0
Y E Y "I 2(1+v)(1-2v)
v 0 0 2| . 0 0 1-2v
Xy Xy L Xy ) L _
2(1-v) 2V 0
[D] = E 2v 2(1-v) O _ -0 _
2(L+v)(1-2v)| 0 1oy Tox Ty =Y Oz 7 ‘V(Gx +o, )
c) Bai toan 1 chiéu
1
g, = EGX — o, =E.g, .




1.2.3. CAC PHUONG TRINH CAN BANG NG SUAT - TAI TRONG

a) Bai toan 3 chiéu

1 Phwong trinh can bang theo 3 truc x, y, z
Oy+(00y/dy)dy aGX + aTXy + aTXZ + p, = 0
/%Tyw(aTyx y)dy Tx Oz OX ay 0z
- | Tyz+(aTyZ/a y e -7 Tay a,cyx aGy a,cyz O
-t + + —|— =
T | e Txy +(§Txygax)7g OX ay 07 py
o« - 1, +(O T2y /0z)dz Tar(dT J/ré (ZX x)ox P o P
i T Jﬁﬂ@rzx/@z)dz N 2y — ¥ P2 20
Gy@gz/ai)dt I . OX oy 0z z
- ! 1 ; az N
J B Tyx :L GX
Oy (e}
- dX > olox 0 0 aloy 0 alaz]| | [e] [0
0 0/ay O alox aloz 0 |3 " r+ip, =10
0 0 o0loz 0 oloy olox|| ” P, 0
Tyz
\TZX)
T e a
[V] {G} + {p} = {O} |V | ma trén céc toan t& vi phan
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1.2.3. CAC PHUONG TRINH CAN BANG NG SUAT — TAI TRONG

Phwong trinh can bang trén bé mat — diéu kién bién tinh hoc

I, +mt_ +nt, =(q l, m, n - cac cosin chi phwong cla phap tuyén ngoai
§ i “ o clia mat vat thé dan hoi tai diém dang xét;
It +mo, +nt, =q, Ox , Oy , gz - cac thanh phan ngoai lwc theo 3 truc x, v, z
Ik _+mt, +nc, =q tac dung trén mot don vj dién tich mat ngoai ca vat thé dan héi.
ZX zy z z
cFX
— j— Gy 4 N
| 0 O m O n d,
o
Om O | nO<Z>:<qy>
T
O On 0 m | i q,
Tyz . J
\TZX J
L]- ma tran cosin chi phwong ctia phap tuyén
Lo} = {a} L ma Prono cla phap

ngoai ctia mat vat thé dan hoi
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1.2.3. CAC PHUONG TRINH CAN BANG NG SUAT - TAI TRONG

b) Bai toan 2 chiéu
Phwong trinh can bang

oo, Oty
_|_
oX oy

ot 0C

X
y + y

oX oy

+p, =0

+p, =0

Piéu kién bién tinh hoc
lo, + mt,, =Q,

I, +moc, =q,

c) Bai toan 1 chiéu

alox 0 oalay]l X (e [0
e =
o atay atox|| [ e, [ o
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| O m d,
50, ¢ =
Om |]|”° d,
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1.2.4. CAC PHUONG TRINH TUONG THICH

a) Baitoan 3 chiéu

828)( 828y Gzyxy
+ =

oy°  OX®  OXoy

a28)/ + 828Z — aZ'sz

02> oy’ ozdy

8282 828X B azyzx

&YXY . ayyz 4+ 6'sz

0z

OX oy

_&yyz _ a’yzx 4+ &YX}’ ]
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oy 0z
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OX?  0z° 0OXxoz
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oyox 20z

oy

0z OX

b) Bai toan 2 chidu

828y 82yxy

Ox2  OXoy
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1.3. NGUYEN LY DUNG THE NANG TOAN PHAN

) Vat thé dan héi V
Dién tich mat chiju tai S,
(X,Y,2) (Xb,Yb,Zb) . .
Dién tich bé mat c6 diéu kién bién S
x  Lwc thé tich trén 1 don vi thé tich

/ o ={x v 2

Lwc bé mat trén 1 don vj dién tich

af={X, Y, Zb}T

n

Vecto chuyén vi: {ul={u v w}'
Vecto ting suat:  {c} =

Vecto bién dang: {s}={8x g, & Yy Yy YZX}T

Coéng ngoai lwc trén cac chuyén doi {u}:

\Y

W = _[{u}T {p}dV+I{u}T {q}dS :j(Xu+Yv+ZW)dV+I(Xbu+va+ZbW)dS



1.3. NGUYEN LY DUNG THE NANG TOAN PHAN

X v « X ~ A 1
Thé nang bién dang dan hoi: U — _J‘{S}T {G} dv
2 \%
Thé nang toan phan cla hé: [I=U-W

Nguyén ly dirng thé ndng toan phan

Trong tat ca cac truong chuyén vi (trang thai chuyén vi) kha di déng (tirc
thod man cac diéu kién twong thich va diéu kién bién déng hoc): truong
chuyén vi thuc (e trurong chuyén vi twong trng véi sw can bang cua vat

thé) sé trng véi thé ndng toan phan T1 cla hé dat gia tri dirng.

SII({u}) = 6 U({u}) -6 W({u}) = 0
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