Céng ty Héa Chéat Xay Dwng Phuwong Nam

Chuong 6
VAT RAN TRON XOAY CHIU TAI TRONG POI XUNG

§6.1. KHAI NIEM

Vat ran tron xoay chiu tai trong déi xing la mot két cdu doi xing chiu tai trong doi
xtng. N6i chung, n6 lam viéc trén 3 chiéu, nhung do tinh chat d6i xing vé két cdu va tai
trong, Umg suét va bién dang khong phu thudc vao géc xoay, do d6 bai todn 3 chiéu c6
thé dua vé bai todn 2 chiéu.

_ Dién tich
~ xoay

_dA

b)

Hinh 6.1: Vit rdn tron xoay dua vé bai todan 2 chiéu

Chéng han d6i vé6i két ciu trén hinh 6.1a, so do tinh todn niam trong mat phang z-r
(hinh 6.1b). z 1a 1a truc cla vat ran tron xoay, r 1a phuong nam ngang xuyén tam; A la
dién tich tron xoay (gach chéo), dA 1a phan t6 dién tich; u, w 1a céc thanh phan chuyén
vi ngang va chuyén vi diing tdc dung trén phan t6 dién tich dA. T la luc bién, P, la luc
tap trung phan bé trén vong tron ¢ mat ngoai clia vat ran.

Ciac luc thé tich f, luc bién T va luc tap trung P, duoc chia thanh 2 thanh phan: thanh
phan ndm ngang song song voi phuong xuyén tam r, thanh phén thang ding song song
val truc z.

Pac diém cha bai toan nay la Gng suit va bién dang khong phu thudc vao géc xoay 6.
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§6.2. PHAN TICH UNG SUAT VA BIEN DANG TRONG VAT THE TRON XOAY

; ‘/ dv =r.d0.dr.dz
SIo-- =r.d0.dA

Hinh 6.2: Phan t6'thé tich trong vdt rdn tron xoay

Xét phan t6 thé tich dV trén hinh 6.2. Thé nang toan phan c6 thé viét:

TNT %f‘ [, oer dA do- E“ [, u'frdAdo - LG [(u'Trde de-zi:u;Pi 6.1)

Trong d6:  rdA d6 = dV la phan t5 thé tich trén hinh 6.2;

rdld® - dién tich bé mat ctia phan t6 trén d6 c6 luc bién tac dung.

Vi moi bi€n dang trong cic tich phan trén khong phu thudc vao goc xoay 0 nén (6.1)

CO’ the \"ie’l.

Trong do:

Vecto chuyén vi u=[u w]l

Vecto luc thé tich f=|f fz]'

Vecto luc bién T =T, T,]

Tir hinh (6.3), ta c6 hé thic giita bién dang € va chuyén vi u nhu sau:
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(6.6)
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Hinh 6.3: Bién dang cia phdn 16 thé tich
Vecto Gng sudt tuong dng
o’ = [crr G, 1T, 0'0] 6.7
Trong d6: €, , o, - bién dang va Gng suat trén phuong ngang xuyén tam r;
£,, 0, - bién dang va ing suat trén phuong z;
¥,, - Ung sudt tiép trén phuong z; € - bién dang trén phuong chu vi tron.
He thic ng suit - bién dang
6=De (6.8)

Trong d6, D 14 ma trin cau tric vat liéu cdp 4 x 4. Ma tran nay dugc suy ra tir (1.17)
(chuong mot) bang cach bo cdc phan tir khong thich hop.

. o

1-v l—v
v v

1 0
_ E(1-v) l-v 1-v 6.9)
(1+v)(l—2v) 0 0 I-2v 0
2(1-v)

v v 0 :

LI-v 1—-v ]
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§6.3. MO HINH FTHH TAM GIAC. HE THUC BIEN DANG - CHUYEN VI

Mién 2 chiéu x4c dinh béi dién tich xoay dugc chia thanh cdc FTHH tam gidc. Mic
ddu méi FTHH dugc biéu thi trong miit phing rz nhung trong thuc 1€ nd 1a vat ran tron

xoay tao thanh bdi su xoay tam gidc quanh truc z. Mot FTHH c6 tinh chat tiéu bidu nhu
trén hinh (6.4).

Hinh 6.4: FTHH tam gidc trong vat rdn tron xoay
So do lién két giita cdc FTHH va gjfia cdc nit nhw d3 trinh bay trong cdc chuong
truGe. Can chi ¥ ring cic toa do r, z thay cho céc toa d6 x, y.

3 day, ta dung 3 ham hinh dang N,, N,, N, dé biéu thi mdi lién hé giiia vecto chuyén
vi tai 1 diém trong FTHH va vecto chuyen vl tai cdc niit:

u=Nq (6.10)
Trong dé: u tinh thes (6.3)

Ma tran ham hinh dang N va vecto chuyén vi q tai cdc niit cita FTHH nhu sau:

R

q= [Ch d; . 93 44 qs Clﬁ]. | (6.12)
BatN, =&, N, =1, N; = 1-€ -n; he thiic (6.10) c6 thé viét:

u= &q; +1nqs +(1—§-—‘1)%

W= £q; + g +(1-& —1)qq (6.13)

http://vietnam12h.com 135



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Dang biéu thi cing tham s6:
r=En+nn+{(1-E-n)n
z= &z, +nZ, +(l—£—n)z3

Ap dung nguyén tic tinh dao ham:

o du
3% o
=]
du Ju
| oan ] L ooz
w | [ aw ]
G o
=]
ow ow
Lo | L oo |

Trong do, J 1a ma tran Jacobian

r; Z
Io [ i3 13]
s 2
Trong d6: 1y, 2, - toa 46 trén phuong r va trén phuong z tai nut 1;

I, Z, - toa do trén phuong r va trén phuong z tai nut 2;
I3, Z, - toa d6 trén phuong r va trén phuong z tai niit 3;

(6.14)

(6.15)

(6.16)

(6.17)

1, Z; duge dinh nghia nhu trong chuong nam nghia la r; =1, - 1;, ;= 2, - Z;

Pinh thitc cta ma tran Jacobian

det J = 1,52, - [33Z)5

(6.18)

Cén nhéc lai ring (det J | =2A nghia 12 gid tri tuyét d6i cha dinh thic ma tran Jacobian

bang 2 1an dién tich cha tam gi4c.
Cac hé thiic nghich ddo cia (6.15) va (6.16).

du ou ow | ow

or ~J! o or - J! 74

M L) Cad ow

oz on oz | on
jio 1 |2 ~2)3
detJ _r23 r|3 ]
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Thay cic he thic trén vao h¢ thic bién dang - chuyén vi (6.6) vi can cit vao (6.13),

ta dugc:

£E =<

323(Q1 —%)—213(% —QS)

Duéi dang ma

det J
I3 (Q2 - C16)_ I3 (Q4 - %)
det J
- r23(Cl| “Lls)"‘ r13(‘13 _Q5)+Zz3(’~]2 —%)—213(% —%)
detJ

N;q; + Nogs + Nags
. _
tran:
£=Bqg

B 1a ma tran bién dang - chuyén vi cip 4 x 6

Z3 0 Z4) 0 Z)2 0
det J det J det ]

0 132 0 N3 0 0y

detJ det]J det J

I3y Zys I3 Zsy 3 Iy
detJ det] det]J detJ det] det]
N Ny N

r r Ir a

(6.21)

(6.22)

§6.4. MA TRAN DO CUNG CUA FTHH. VECTG TAI TRONG. TAC DUNG CUA

NHIET O

6.4.1. Ma tran d¢ cing cita FTHH

Ta s€ van dung nguyen 1y cong 4o 4p dung cho vat rin tron xoay dé suy ra bidu thitc
clia ma tran do climg va vecto tai trong

Can ¢t vao (6.2), cong 4o cha ndi luc c6 thé viet

Cong cia ngoa

8U =2x [8'.01 dA
1 luc:

W =2x | 6;1 FrdA+ jﬁ;Trdl

Trong dé: &, - vecto bién dang ao;

&'y

- vecto chuyén vi ao.
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Vie=B.qnénd.=Bd;;0=D.£ > 0=D.Bg
Viu = Nqnén &, = N3,
Trong d6: 84 - vecto chuyén vi 4o tai cic nit.
Thay cac hé thitc trén vao (6.23a):
8U=38, [(2n B'DB .rdA)q] (6.23b)
Thay cac hé thitc trén vao (6.24a)
dW =8, (Zn IN‘sf rdA+2n J‘N'sTrdf ) (6.24b)

Van dung nguyén ly cong ao 8U = W, ta dugc:
(21’: jB'DB.rdA)q =2m [N".frdA + 27 [N Trd

hoac k..q=f +f,
Trong d6, ma tran d cimg cua FTHH:
k. = 2n [B.D.BrdA (6.25)
Véc to lyc thé tich: f,= 2 [N* f.rdA (6.262)
Vecto luc bién: f, = 2m [N*Trd¢ (6.27a)

Trong d6, N™ 12 ma trAn ham hinh dang tng véi canh c6 luc bién tac dung.

Ta chi ¥ rang hang thif 4 cia ma trin B (cong thic 6.22) c6 céc s6 hang N/r. Hon
nifa, trong tich phan (6.25), ciing cé thira s& r. Mot céch gin diing, ta c6 thé tinh B var
tai trong tim cia FTHH tam giac. Tai dé:

1
N,=N,=N,= 3
3
Trong d6, 1 la bén kinh cta trong tam FTHH tam gidc. Goi Bla ma tran bién dang -
chuyén vi iing véi trong tam ctia FTHH tam gidc, tir (6.25) ta ¢é:

va (6.28)

k,= 2nT B D._B]’dA

hay k., = Zn;Aeﬁ'Dﬁ

" Ta chi ¥ ring 2n r A, 1a thé tich cha vat tron xoay biéu thi trén hinh (6.5) va A, 1a
dién tich cia FTHH tam giac:

A, = %|det ]| (6.30)

138 http://vietnam12h.com



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

6.4.2. Vecto tai trong
Theo (6.26a), ta ¢6 vecto luc thé tich:

f=2n [N'fr dA (6.26b)
Thay N tir (6.11) va £ tix (6.4) vio (6.26b), ta ducc:

N, 0
0 N,
N, 0O f
fi=2n rdA
0 Ny |f,
Ny 0
L0 N

Sau khi thuc hién phép nhan ma tran
=21 [N Nif, Nof Nof, Nuf N;f,] rdA
Mot cdch gan diing, ta tinh céc ham hinh dang N,, N, , N, va bédn kinh r tai trong tam
clia tam gidc. Goi rla ban kinh cia trong tam tam gidc. ViN, =N, =N, :% nén cudi
cling, ta dugc:

f, = 2nTA,

[ & f L (6.31)
Trong doé, E,fz 12 cdc luc thé tich tinh tai trong tam cia tam gidc.
Theo (6.27a), ta cé vecto luc bién

f,= 27 [N*Trd¢ (6.27b)

Trong d6, N° 1a ma tran ham hinh dang ting vdi canh cla tam gidc trén d6 co luc bién
tic dung. Ching han, d6 12 canh 1-2 trén hinh (6.5).

r

N
=N, + Ny,
% er:\[(rz—ﬁ)z*"(zz*zl)z

Hinh 6.5: Lyc bién tdc dung trén canh I1-2
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Trong trudng hop ndy, Ny = 0, N; + N, = 1. Thay ma tran ham hinh dang N tir (6.11),
T tir (6.5) va r = N1, +N,r, tir (6.14) vao (6.27b), ta dugc:

N, ©
e I I (N1, + N,r )d?
=7 T I-
b N2 0 Tz 111 22
0 N,
Sau khi thuc hién cic phép nhan ma trin va chinh 1y cic két qua tinh toén, ta duoc:
(1 N2 41, [NN,00) 0 |
0 (1 N2ae+r, [NNag)| T
f, =2n [ f] (6.27¢)
(r NNde 4, [NGae) 0 2
0 r JN\N,d¢+x, [N3de

C6 thé ching minh duoc ring [N7de = [N3d¢ = % va [NN,de= %*

Thay céc k&t qua ndy vao (6.27¢) va chinh 1y ket qua tinh toan, cudi cung ta dugc:
f,=2n L,_,[aT, aT, bT, bT,] (6.32)

2 +r r, + 2r
a= 170 b=l 2

Trong do:
& 6 6

(6.33)
Chiéu dai cha canh 1-2
2 2
L,,= \ﬁrz -n) +(2,-12)) (6.34)

Khi canh 1-2 song song véi truc z, ta cé r, =1, dodé a=b =0,5r,.

3 trén, ta da suy ra cdc biéu thic chia vecto luc thé tich f, va vecta luc bién fi. Néu ¢6
tai trong phan b doc theo chu vi vong tron trén bé mat vat ran tron xoay, ta phai cong
thém luc tap trung d6 vao cic niit cua FTHH tam giac.

Sau khi ghép cic ma tran do cimg cia cac FTHH va ghép c4c vecto tai trong, ta duogc
hé phuong trinh can bang tdng thé.

KQ=F (6.35)

Giai hé phuong trinh trén, ta dugc gid tri céc thanh phén chuyén vi tai cdc nut.

Can cif vao (6.21), tng suat tinh nhu sau:

c=De=D.B.q (6.36)

Trong do: Bla ma tran B trong (6.22) dng vdi trong tim cfia tam giac.

* Chitng minh & cudi chuong
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Hai tng sudt chinh 6,, o, ing v6i G, , G, 1., tinh theo vong tron M,

Vidu 6.1: Mo hinh FTHH trong 1 vit thé tron xoay nhur trén hinh (6.6)

Giai:

http://vietnam12h.com

$2 ? 8
e ™ 7
— 4 Médun dan héi:
KN , T 210kN/mm?
@ 10
® mmt ‘
2 3 y | Phin S6 thit 1
_—;F __r - tr ot t6ng thé
) s s ‘ ] 1 2 4
2 4 2 3
4 6
| T
40mm
o 60mm
——— e —
Hinh 6.6
Chuyén vi
Ung suat
S6 phén tir: 2
S6 BTD : 8
56 BTD c6 chuyén vj triét tieu: 6
Thir tyr s6 BTD ¢6 chuyén vi triét tieu: 2,4,5,6,7,8
Tinh ma tran c4u tric vat liéu theo (6.9)
282,692 121,154 0 121,154
D 282,692 0 121,154
" | D6i xing 80,769 0
282,692
Tinh cic ma tran B theo (6.22)
141



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

11841,415 |
—5920,708
—1184,415

6

0
0
5920,708 |

00 =] A e -

6
109956 |7
—94731,323 |8
17762,123 |3
—6766,523 |4
~36370,062 | 5
101497,846 | 6

Phan tix 1:
[ -0,05 0 0 0 0,05
B, = 0 0,1 0 -0,1 0
0,1 -0,05 -0,1 0 0
| 0,007143 0 0,007143 0 0,007143
0 0 -0,05 0 0,05 0
B, - 0 0,1 0 0 0 -0,1
0.1 0 0 -0,05 -0,1 0,1
| 0,00625 0 0,00625 0 0,00625 O
Tinh cic ma tran do cing riéng theo (6.29)
Phan tir 1:
1 2 3 4 3
[42290,769 —27066,092 -24528,646 15224,677 20299, 569
88890,615 14378,862 -82889,908 20299,569
k] _ 24105,738 2537446 1691,631
82889,908 -20299,569
Déi xiing 23682,831
L
Phan tr 2:
7 8 3 4 5
"27436,13’;‘ 2537,446 898,679 —13533,046 -25427,325
94731,323 -17762,123 O 22837,015
k, = 21515,429 0 —23312,787
8766,523 13533,046
boi ximg 53656,413
]
Diing phuong phép loai trir ghép céc MTDC riéng thanh MTDC tong thé:
1 3
| 42290,769 -24528,646 1
P [ 45621,167 ] 3

Giai hé phuong trinh can béng:

Qy 3
K| =

J1Qs] 13
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Két qua tinh:
Q,;=1,585 x 10”*m Q.= 1,510x 10" mm

Gid trl cic thanh phan chuyén vi clia cac phan t:
Phan tir 1:

@ 9@ a4 q, g, q)'=[1,585x10* O 1,510x10* 0 0 0]
Phan tir 2:

[ 9 4 a4 ¢ gI=[0 0 1510x10° 0 0 0
Tinh ting sudt theo (6.36)
Phan nr 1:

o'\ =[-1973 x 107 -6,924 x 10* 6,078 x 10°  -3353 x 10*) kN/mm?
Phén ur 2:

o', =[-2,02x 107 -8,003 x10* 0 -6,478 x 10*] kN/mm?
6.4.3. Tac dung cua nhiét do

dau g,

D06 bién thien dong déu trén cic phuong cla nhiét do AT san sinh ra bién dang ban

g, =[®AT oAT 0 oAT| (6.37)
Ung sudt ¢6 thé viét (theo 6.36)

6 =D(e - ¢,) (6.38)
Thay o tir (6.28) vélo (6.23a), ta ¢4 cong thic clia ndi luc:

8U = 2 [8; ordA - 2 [6,De,rdA (6.39)

Cong ao clia ngoai lye vin tinh theo (6.24b)
Sau khi thay 8; = B84 va £ = Bq vao (6.39) va cho U = dW, ta duoc:
(2n [B'DB rdA)q = 2n [B'De,dA +1, +,

hoac k..q =f, +f,+f, (6.40)
Trong dé:  k, - ma tran d6 cing cia FTHH, vin tinh theo cong thifc (6.29);
f. £, van tinh theo c4c cong thirc (6.31) va (6.32):
f. - vecto tai trong do su bién thién clia nhiét do gay ra:
f, = 2 [B'De,rdA - (6.41a)
Néu tinh B, r, £ tai trong tam ctia FTHH, (6.41a) duoc dua vé dang:
f,=2nrA BDs, (6.41)
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f_ 1a mét vecto cot:
=[6 & f & f £ | (6.42)
Trong dé: f! 1a thanh phan tai trong do su bién thién nhi¢t do gay ra men theo BTD
thit i cia FTHH.
§6.5. MOT SO THI DU VE CACH XU'LY CAC PIEU KIEN BIEN TRONG VAT
RAN TRON XOAY

Nhu trong phan trudc d4 trinh bay, khi tinh vat ran tron xoay chiu tai trong doi ximg,
ta chi xét mat phing xuyén tam di qua tryc z vi bién dang va ing sudt chi phat sinh trong
mat d6, chiing khong phu thudc vao géc xoay. Vi vay, & day, ta ciing chi xét cdc diéu
kién bién trong mat phang néi trén.

- Hinh tru réng chiu ap luc bén trong

iXi

S ———

=
J—
fial
-
=

Hinh 6.7; Hinh tru réng chiu dp luc déu o bén trong

Trén hinh (6.7a) 1a mot hinh tru réng chiu 4p luc déu & bén trong va c6 mot ddu co
dinh vao tudng. Khi tinh todn, ta chi xét mat xuyen tam hinh chit nhat ¢6 gach chéo gidi
han bdi 2 ban kinh r, va r,, mot ddu ngam va chidu dai bing L (hinh 6.7b). Tai dau
ngam, chuyén vi triét tiéu trén phuong r cing nhu trén phuong z. Do d6, néu tinh theo
mo hinh 16 xo, ma tran do cling va vecto tai trong phai dugc bién déi ing vdi céc BTD &
gd1 tuya ngam.
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Hinh try rong dai vo han

7
!
| -
! I v ]
.'_ ———fe-gf
! .
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!—_____r‘___._ :—_—
; e
i— OIOQQI 4_
3 IRAaAAARA>=
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_— OXOXOLORON D r
! il
]
— A

Hinh 6.8: Hinh try rong dai vé han chiu dp luc bén ngoai

Mot hinh tru réng di v6 han va chiu ap luc bén ngoai biéu thi nhv trén hinh (6.8).
Vi gia thiét kich thudc chidu dai khong déi, bai todn bién dang phang nay diwoc dua vé
mo hinh mat xuyén tam hinh chip nhét ¢6 chiéu bing don vi va c6 2 canh bién men theo
d6 chuyén vi triét ticu trén phuong z (hinh 6.8).

Vo dan hdi ép vao truc dan héi

Mét vo dan héi duge ép vao dé ti€p xtic v6i mot true dan héi nhur trén hinh (6.9),
khoing cich giita vo va truc 1a § .

Vo dan héi duoc ép
vao truc dan hdi

/ Qi - Qj =8
Truc dan hdi
Hinh 6.9: V6 dan héi duge ép vao truc dan héi
Trong trudng hop nay, ta dua vé mo hinh mOt cap niit i va j trén bién ti€p xic, mot

nut ndm trén truc, mot ndt nim trén dng bao (hinh 6.9). Néu Q, va Q, 1 céc chuyén vi
men theo cac BTD xuyén tam, ta c¢é diéu kién bién cdn duge théa min.
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Q-Q:=3 (6.43)
Piéu kién bien trén 12 mot rang budc nhiéu diém da duge dé cap trong chuong ba. Ap
dung phuong phap mo hinh 19 xo, ta ¢é phuong trinh:

| 2 1 1 1
2C(Q-Q,-8) =50Qf +5CQF - CQ:Q; + QR

: (6.44)
+0Q;8-CQ;8 + Ece":.2
Phuong trinh trén dua dén su bién ddi ma trdn d¢ cing va vectd tdi trong:
) — (6.45)
K; K; K;,~-C K;+C
F F,—C5 646
— .
F F; +Cé

- L0 xo Belleville

Lo xo Belleville 1a mot loai dia hinh cén. N6 chiu tic dung cua tai trong men theo
chu vi vong tron & phia trén va tua lén géi tya lan o phia dudi (hinh 6.10). So¢ do tinh
todn dua vé mo hinh hinh chit nhat gach chéo chiu tii trong doi xing P & goc phia trén,
o6¢ phia dusi ¢ chuyén vi triét tiéu trén phuong z. V1 tai trong thing dimg, mép clia 16
xo chuyén vi huéng ra ngoai.

Hinh 6.10: Lo xo Belleville
Bai toan rng suat nhiét
Mot 6ng thép duoc dit vio mot tudng ciing nhy trén hinh (6.11). Ong ti€p xic véi
twdng va nhiét do tang lén AT. Do bi tudng ngan can, Ung suat trong Sng tang lén. So do
tinh todn dua v& mé hinh hinh chit nhat ¢6 chiéu dai bang L/2 va ¢6 chiéu rong gidi han
bdi cdc ban kinh r, va 1, (hinh 6.11b). Cac diém ndm trén chu vi ngoai khong ¢d chuyén
vi trén phuong xuyén tam va céc diém & canh beén trdi khong c6 chuyén vi trén phuong
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doc truc. Vecto tai trong tuong duong do bién thién nhiét do gay ra, can duogc xét dén
theo (6.11).

a) Tudng cing

N\

...... Ir \ @Ll
6ng (thép) ] W 7" :-::-::E:E: ? ‘ )
E.v,a I
Do bien thién nhiét do N z L |

clia 6ng = AT

Hinh 6.11: Bai toan ing sudt nhiét

§6.6. THUAT TOAN LAP

J TRINH TINH VAT RAN TRON XOAY CHIU TAI TRONG
DPOI XUNG (CTR9) '

1. Cac diéu can tuan tha
- S6 thit tu cac BTD nén x€p theo s6 thit tu cla day s6 tu nhién (1,2,3...). S6 tha tu
cac BTD khong ¢6 chuyén vi nén b6 tri & cdc Vi tri cudi ciing dé€ tién cho viéc chia khéi
ma tran trong phuong phap loai trir.
- S6 thi ty cdc niit trong mot FTHH dugc dém theo chiéu nguoc kim dong ho.
- N6i chung, s6 thit tu BTD tai nit i, xdc dinh nhu sau:
Trén phuong r: 2i-1
Trén phuong z: 2i
2. Nhap cic s6 liéu ban dau theo cic bang sau (Iay thi du trén hinh 6.12).
S6 phan tir: 2
S6 BTD c¢6 chuyén vi: 2
Tong s6 BTD: 8
S6 BTD c¢6 chuyén vi triét tiéu: 6
SO thit tu BTD ¢6 chuyén vi triét tieu: 3, 4, 5, 6,7, 8
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Moc.un dan héi: 210 KN/mm?®
Hé s¢ podixong: 0,3
Thanh phan tai trong: 5; 5

Az ] 8
T T Modun dan héi: 210kN/mm?®
I | -7 He sé Podtxong: 0,3
S
il
—»
5N | 1 4 Iy
Phdn S thit ty
@ @ 10mm tr it tdng thé
1 1 2
2 3 2 4 2
SkN T
s
A
4 6
T——-—P 2 T—p- 5
40mm
™
: mm

Hinh 6.12
S& thit tu BTD va cdc toa do théng ké trong bang sau:

Phiantr d, d, d, d, d, de I I I3 7 7,
1 1 3 2 4 7 8 40 40 60 10 0
2 7 8 2 4 5 6 60 40 60 10 0
3) Ghép cic ma tran do ciing riéng vio ma tran do cing tdng thé theo (6.29).
4) Ghép céc vecto téi trong theo (6.31) va (6.32).
5) Giai hé phuong trinh can bang theo phuong phip Gauss

6) Tinh ing sudt theo (6.22), (6.9) va (6.36)
7) Tinh phan luc theo phuong phép loai trit va chia kh6i ma trén.

148 http://vietnam12h.com

Zy

10




Céng ty Hoa Chéat Xay Dwng Phuwong Nam

* Chitng minh: ijdf = jN%df :l‘_'ji

jN,deK:E{IS;Z-

Trén canh 1-2, N; = 0, N +N,=1
Goi h 1a chiéu cao coia tam gidc

1 -2 - 3: Theo dinh nghia:

N, = Lh/2 _ !
L,_5h/2 L
L2
Nide = 21 J’]Zde:}_l-_? 3
-2 3

Chiing minh mot cach tuomg 1w, J.Ngdf,’ = -L13‘£
NN, = I(L,, ~1)/L3,

,_ 1 -2 . _ L,
IN"deg B E 0 L —~1)dz T
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Chuong 7

PHAN TU HOU HAN CUNG THAM SO HAI CHIEU -
PHUONG PHAP TICH PHAN BANG SO

Trong cac chuong 5 vi 6, ta dd dé cap dén phuong phdp phan tich ing suat va bién
dang trong trudng hgp FTHH la mét tam gidc c6 bién dang khong déi. Trong chuong
nay, ta s& nghién citu cac FTHH cting tham s6 va dp dyng ching vao viéc phan tich dng
suat va bién dang. Cac FTHH thudc loai nay dd t6 ra c6 hiéu luc trong nhiéu bai toan 2
chiéu va 3 chiéu. Ta s& tap trung nghién ctiu mot cdch chi tiét loai FTHH 4 canh, 4 nut
dé suy ra ma tran do ciing riéng. D1 v61 FTHH bac cao hon, ta ciing thuc hién cic bude
twong tu nhu d6i véi FTHH 4 canh 4 nit. Phuong phép tich phan bang s6 s& dugc trinh
bay dé€ tinh ma tran do cing va tng suat.

§7.1. PHAN TUHOU HAN 4 CANH 4 NUT

8

T — 5
4

——

Hinh 7.1: FTHH 4 canh 4 niit

Xét hinh 4 canh 4ntit trén hinh (7.1). S8 thit ir cuc bo cla cdc miit 1, 2, 3, 4 duge dém
theo chiéu nguroe kim dong ho.

Vec to cdc thanh phin chuyén vi men theo cdc BTD trén hinh (7.1) tai cdc nit la:

q=[‘l| Q2 93 94 95 496 97 ch;] (7.1)
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Vecto cic thanh phin chuyén vi tai mot diém P cé toa do (x,y) trong FTHH la;

u= [u(x,y) v(x,y):[ (7.2)
7.1.1. Ham hinh dang

L) Tn (40

PEm

(0,0}

1 2
(-1,-1} (1,-1)

Hinh 7.2: FTHH 4 canh trong hé toa do tu nhién

Trude hét, ta suy ra ham hinh dang cho FTHH hinh vuéng (hinh 7.2) trong hé toa do
tu nhién & va n. Ham hinh dang Lagrange N, (i = 1,2,3,4) dugc dinh nghia nhu sau; N
béng don vi tai nit i va bing O tai cic nit con lai. Chéng han, d6i véi nut 1:

N, =1 tai nit 1
N, =0 tal cac nut 2, 3, 4 (7.3)

Di¢u kién N, = 0 tai cdc nut 2,3.4 tuong duong véi diéu kien N, = 0 doc theo cdc
canh € = +1 van = +1 (hinh 7.2). Véy N, phéi c6 dang:

N =C-8-n) (7.4)

Trong d6, C la hing sa . Hang s6 nay duge xdc dinh tir diéu kien N, =! tai niit 1 tai
d6E=-1van=-1.Nghfald: 1=¢cx2x?2

1 1
Vayc=—vaN = —(1-&)(1-
1y 4 1 4( ‘j-i)( n)
4 ham hinh dang ¢6 cdc dang sau:

No= 2(1-8)(1-n)

N, =2 (1+)(1-n)
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N, =i(1 +&)(1+n)

X (7.9)
N4==Z(1a§)0.+n)
Pé tién cho viéc lap trinh, ta biéu thi:
) _
N, =Z(1+a<:-. +1y1; ) (7.6)

Trong d6: (§,1) ia toa do cua nut i.

Bay gid, ta sé thong qua céc thanh phan chuyén vi tai cdc nit cla FTHH dé biéu thi
cac thanh phan chuyén vi tai 1 diém trong FTHH. Theo hinh 7.1 va 7.2, u = [u v]'Ia
vecto chuyén vi tai diém cd toa do ty nhién (£,m) (hinh 7.2) va q 1 vects chuyén vi cap
8 x 1 tai cdc niit cua FTHH. Ta c6 thé viét:

u=N,q, + Noq, + Nigs + Nog,

v=Nq, + Nyq, + Nagg + Nagy (7.7a)
Duéi dang ma trén:
v=N.g (1.7b)
. N, 0 N, 0 Ny 0 N, ©O
Trong dé: N= ' (7.8)
0 N, 0 N, 0 N; 0 N,

Néu ciing théng qua cic ham hinh dang trén dé biéu thi toa do tai mot diem trong
FTHH bing toa do ctia cdc diém wiit, thi ta c6 dang biéu thi cing tham sé nhu sau,
x = Nx, + Nox, + Nax; + Nyx,
y =Ny, + Noy, + Noy, + Ny, (7.9)
Trong dé: X, y - toa d6 tai mét diém trong FTHH;
X, - toa do clia niit i trén phuong X; y; - toa d6 cta nit i trén phuong y.
Gia sir f 13 mot ham bt ky cha x, y va X, y 1a nhiing ham cla (€,m), nghia la f la mét
ham &n cha (E,1) do d6 £ = f [x(&,1), ¥ (§,m)]. Theo nguyén tic tinh dao ham riéng.
of _of ax of oy

P ox 0F ayag 1.10)
of _ofox ofdy '
am 6x6r1 dy on
of ot

. & | Bx

hay: o . | o (7.11)
on dy
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Trong d6 J 1a ma tran Jacobian

x &
e
Tl oy 12
on on

T (7.5) va (7.9), ta c6:

1{-(lﬂ)x. +{(1=n)x; + (Len)x, —(1+n)x, 1=}y, + (1= )y, +(1+ n)y, - (14 )y,
J==
-ax -+ 8 (1 2)a, H1=0x (1-8)y, (14 &)y, + (15 )y, + (1- )
(7.13a)
‘]Il JIZ}
J= (7.13b)
!:JZI T
of of
; : ox | 1 [ .
T (7.11): _(3_f =] _@ (7.14a)
oy on
hoac:
o a
Ox 1 )Ty | | &
= 7.14b
of detJI:—le J“jl of ( )
Jy om

Céc he thic trén s& duge dung dé Suy ra ma trin d¢ cing cta FTHH. Ngoai c4c k&t
qud trén, c6 thé ching minh duge rang

dxdy = det J d£ dn (7.15)
7.1.2. Ma tran dé citng cia FTHH. Vecto tai trong
H¢ thiic bién dang - chuyén vi ¢6 thé viét:

o
£t=|g, |= — (7.16)
d Jy
Ty du oy
__+—.._.
oy dx

Dit f = u, tir (7.14b), ta cé
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ou Gl
ax|_ 1 [In 4,2} & a1
oy om
Mot cach tuong ty, khi f = v:
ov o
ox _ 1 Jaz _le} g (7.18)
dy o
Can ctt vao (7.16), (7.17), (7.18), ta co:
u
o
ou
coal (7.19)
o
€
CAd
on
J22 _‘le O 0
Trong do: A:dt i 0 0 -1 Iy (7.20)
vl
_‘12] ‘Ill J22 —112
u
a
ou
on 3 (7.21)
! . . — (] .
Tix 7.7a) : o q
o€
[
on
Trong dé:

—~(l-m) © (1-n) 0 f(t+m) 0 ~(1+m) O

(-(t-g) o —(1+g) 0 (%) O (1-%) 0
i o -g-m) o  (@-n) o (+n) ©  -(1+m)
0 —(1-¢) 0o -(1+&) 0 (1+§) 0 {1-8)

G- (7.22)
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Tix (7.19) va (7.21), hé thitc bién dang - chuyén vi

t=Bq (7.23)
Trong do: B=AG (7.24)
Ung suat: ¢ =De
Theo (7.23): ¢ = DBq (7.25)

Bay gid, ta van dung nguyen ly cOng o dé suy ra ma tran do citag va vecto tai trong.
- Ma tran do cirng:
Ap dung (2.79) (chuong hai) cho bai todn 2 chiéuy, ta ¢é ma tran do cing
k=[] B'DB gV (a)
nhung dV = hdxdy
Trong d6: h - bé day cha két cau.
Theo (7.15) dxdy = det J d&dn. Thay c4c dai luong trén vao (a):

k. =h, J“I j_']B'DB detJ} d&dn (7.26)

k.12 ma tran cdp 8 x 8. Cdn chu y rang diéu khdc véi céc chuong truée 1a cac ma tran
B va J déu 1a nhimg ham cha cdc toa do tu nhién (§,m). Viéc tinh tich phan bing s8 ma
tran Kk, s&€ dugc dé cap trong phén sau.

Vecto tai trong:

Véc to luc thé tich:

Theo (2.80), ta ¢6: f = |JIN'fdv

Phén tich tuong ty nhu trén, ta ¢6 vecto luc thé tich

£
f,=h { [I ['I N'det JdgdnH ny (7.27)

(7.27) cling cén dugc tich phan bang s& nhu (7.26)
Vécto luc bién.
Theo (2.80), ta cd vectg luc bién
f,= [[N"*Tds (7.28a)
Trong d6: N* - ma tran ham hinh dang men theo canh trén d6 cé lyc bién tic dung;

ds = hdl, h 1a bé day cta két cau, dl 1a phan t6 duong thang men theo
canh néi trén.
Gid str Iuc bién phan bs déu tac dung trén canh 2-3 (hinh 7.3).
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-L 1D T (L1
4 3
;/ Lucbien T
R
di P
| _ T'/' - £
(0.0} |7
P
P
| ad
1 2

-1 1 (1,-1)

Hinh 7.3: Luc bién tdc dung trén canh 2,3
Vecto luc bign T = [Tx Ty] phan bé trén don vi dién tich. Doc theo canh (2-3), ta
cé £ =1. Can cit vao (7.5), ta cé:

N, =N,=0
N,=(1-m)/2
N,=(1+n)/2
Theo cdc két qua trén, (2.28a) c6 the viét:
o o
0 0
(1-m)/2 O
f,=h jOL“ 0. (1-m)/2 xdlx{r"} (7.28b)
(temhz 0 T,
0 (L+m)/2
0 0
| o - o0
Vi %I(l +n)dl= -1-12—-3— nén cudi ciing, ta cé:
f,=h. 522;—3[0 0T, T, T, T, 0 0] (7.28)

Trong d6: L, , - chiéu dai cla canh 2-3 trén do c6 luc bién tic dung.
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§7.2. PHUONG PHAP TINH TiCH PHAN BANG S&

Trudce hét, ta nghién citu bai toan tinh bing s tich phan mot chiéu c¢6 dang:

= flf(g) d& (7.29)

Phuong phdp cau phuong Gauss dé tinh tich phan I nhu sau.

Diay la phuong phép rat hitu higu trong 1y thuyét phdn tir hitu han. N6 c6 thé md rong
cho cdc tich phan 2 chiéu va 3 chiéu.

Xét phép xap xi n diém:
= [ £(5) d& ~ wfE) +wo(E,) + oo rwf(E)  (7.30)

Trong d6: wy, w, ... W, 80i 12 trong lugng;
S P £, goi la cdc diém Gauss.

Vién dé dat ra 1a chon n diém Gauss va n trong lugng sao cho tich phan (7.30) cho &
giai chinh xdc d&i véi da thic £(€) c6 bac cang cao cang t6t. N6i mot cach khdc, tich
“phan (7.30) can c6 gid trj chinh xéc di béc cua da thiic cao dén bao nhiéu va ngay ca khi
f khong phai 1a da thitc. Trudc hét, ta hiy nghién citu cch tinh xap xi trong truong hop 1
diém va 2 diém.
7.2.1. Cong thire mot diém

Véin=1,tacéd:
[ £(5) dz~wie(z,) (7.31)

Vic6 2 tham s6 w, va £, ta yéu cau cong thie (7.31) phdi chinh xdc khi f(£) 12 mot
da thitc bac nhat f(¢) = a, + a,&. Tuc la:

Saiss: = [ (ag +a8)-wf(£,)=0 (7.32)
hay:

Sal $6 = 2a, - w, (a,+a,£) =0 (7.32b)
hay:

Sais6=a,(2-w)-w,ak, =0 (7.32¢)

Tir (7.32¢), ta thdy ring sai s6 triét tieu khj
w, =2 vag, =0
Vay:

I= [l f(E)IE ~ 2.£(0) (7.34)
Cach tinh trén pht: hop véi quy tic diém giita (hinh 7.4).
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Dién tich gan T T
dang 2f(0) | .

1 f(0)
Dién tich chinh xéac

Hinh 7.4: Phép cau phuong Gauss

7.2.2. Cong thirc hai diém
Ta xét truong hop 2 diém Gauss (n = 2)
[ 5(8) dem wif(z)+waf(E2) (7.35)
C6 4 tham s6: W,, W,, &,, &,. Ta yéu cdu cong thic (7.35) cho gi4 tri chinh xac doi voi
da thitc bac 3 f(E) = a, + a,& + a,&” + a,&’.
Nghia la:

Sai s6 = U‘l(ao +af+a,t’ + a3§3)d<§}[w1f(gl)+w2f(§2)] =0 (7.36)

Pé thoa man phuong trinh trén:
W, +wW,=2
w,iE+w&, =0
wiE+ Wy, =2/3 (7.37)
wE +w,g,=0
Cac phuong trinh phi tuyén tinh trén c6 10i giai duy nhat khi
w,=w,=1-& =& = 1/3/3=0,5773502691 (7.38)

Tir trén, c6 thé két luan rang phép ciu phuong Gauss n diém cho 10i giai chinh xac
khi da thitc c6 bac (2n-1) hoac bé hon.

Bang (7.1) cho gid tri ctia W, va & khi s6 diém Gauss n bing 1 dén 6. Can chi y rang
cic diém Gauss dugc dat d6i xing so véi diém goc va cdc diém dGi xing co trong luong
nhu nhau. Hon nifa, cic s6 c6 rat nhiéu chit s6 duge dung trong tinh todn dé bao dam do
chinh xéc.
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Bang 7.1. Cac diém Gauss va trong luong trong phép cau phuong Gauss

o
,E, f(g)~ le“’if(éi )
-
568 diém Vi tri Trong lugng

1 0.0 2.0

2 +1/4/3 = +0.5773502692 1.0
3 +0,7745966692 0,5555555556
0,0 0,8888888889
4 +0,8611363116 0,34785548451
+0,3399810436 0,6521451549
5 +0,9061798459 0,.2369268851
+0,5384693101 0,4786286705
0,0 0,5688888889
6 +0,9324695142 0,1713244924
+0,6612093865 0,3607615730
+0,2386191861 0,4679139346

Vidu7.l:

Diing cong thitc mot diém va cong thic hai diém dé tinh tich phan sau:
1 1
I= 3e* +x%+ dx
L[ (x+ Z)J
Giai:

Can cif vao bang (7.1)

n=1:w =2 x =0nén
I =2f(0)
=7
n=2 w=w,=1; X, =-0,57735 ......... X, =+0,57735 ...
[~ 8,7857
Gia tri chinh xéc caa tich phan I = §,8165
7.2.3. Tich phan 2 chiéu
Phép cau phuong Gauss c6 thé mg rong cho tich phan 2 chiéu (hoac tich phén kép).

1= [ f(em)de an (7.39)
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Cé thé viét mot cach gin ding:
1= [ [Z &.,n)]
z { Wif(ﬁisﬂj )}

i (&) (7.40)

1M=

hay

'_M=

7.2.4. Tich phan ma tran d6 cirng
Xét tich phan ma tran do cing theo (7.26) :

ke=h, [ [ B'DB deu dedn

Trong d6 B va J 12 nhimg ham cda & va . Can chi ¥ rang tich phén trén bao gom

tich phan ctia méi phin tir trong ma tran d¢ cimg cip 8 x 8. Tuy nhién, do tinh chat doi
xiing cha ma tran K, ta chi can tinh tich phén cho cdc phdn ti clia ma tran tir dudng chéo

chinh trg lén.
Gia sir §(¢,n) 12 ham thit ij dudi ddu tich phén trong ma trin k;

&(&.n) = h, (B'DB det J); (7.41)
AN
N
2T Vi N
v3 11 3 i _
= & w, =w,=1 J
n _ L 1 ) A
J3 X X
_ 1 L
gl_-'_-ﬁ &2 Jg

_[I_I Lf(vf_.,n)dédn = Wff(élum)+W2W|f(§2sn1)+“’%f(§2»ﬂz]+ W Wy {ghﬂz)

Hinh 7.5: Phép cdu phuong doi véi tich phan 2 chiéu (n = 2)
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Theo (7.40), ta c6 phdn it thit ij ctia ma tran k.:
k;; ~ W%d’ (‘EA T ) + W1W2¢(§1 N2 ) + szl‘i’(‘iz’m ) + W%d’(ézenz) (7.42a)
Trong (7.42a), ta diing 2 diém Gauss (n = 2yw=w,=10; § =n,=-0,57735 ...;
2 =M, =+0,57735... (bang 7.1).
Néu ta tinh k;; cho 4 di€m 1, 2, 3, 4 nhu trén hinh 7.5, (7.42a) c6 thé viét:
4
ky= Y Wphp (7.42b)
1P=1
Trong do, ¢p va Wi, 12 gid tri clia ¢ va clta W tai cdc diém tich phan IP (hinh 7.5).
béi v6i cdc tich phan 3 chiéu (hoic tich phan 3 16p), cach tinh cling twong ty nhu trén.
7.2.5. Tinh dng suat
Khac v truong hop FTHH tam gidc ¢ bién dang khong déi di nghién ctru trong céac
chuong 5 va 6, ing suit ¢ = DBq lai bién ddi trong pham vi FTHH 4 canh. Né 13 ham
cha &, n, nén can duge tinh tai cc diém Gauss nhu khi tinh k..
Boi v6i FTHH 4 canh, ta ¢6 4 gid tri ing sudt tai 4 diém (hinh 7.5). Thong thudng, dé
don gidn, ta tinh Gng suat tai difm £ =0 van = 0.

Vidu 7.2: Cho mét két cdu ¢6 mo hinh FTHH 4 canh 4 nit nhu trén hinh (7.6).

*y iSkN TﬁkN

94 1 2 T 2i
© @ i5cm T
SkN
83 4 3 i
@ (€) Scm niti L—— — 2i-1
G 5 ‘
7 X .x

- O e S

Hinh 7.6
So d6 bé tri cde nidt cuc b va cdc nut tong thé bidu thi trong bang (7.2)
Bang 7.2

Phan tr Niit cuc bé Niit téng thé
1 I 2 3 4 1 9 8 4
2 1 2 3 4 1 4 2 2
3 1 2 3 4 4 6 5 3
4 1 2 3 4 8 7 6 4
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Diing chuong trinh CTR 13 tinh:
- Chuyén vi;
- Ung suit.
Giai:
Bai todn nay cé khéi luong tinh rat 16n, Khong thé tinh bang tay ma phai nhd vao sy
hé trg ctia mdy tinh dién tir.
Trinh tu tinh todn nhu sau:
1) Nhap sé liéu
S6 phan t: 4 (hinh 7.6)
S& BTD c6 chuyén vi: 8
Téng s6 BTD: 9x 2 =18
S6 BTD cé chuyén vi triét tieu: 10
S& thit tu BTD ¢6 chuyén vi triét tieu: 9, 10, 11, 12, 13, 14, 15, 16, 17, 18
Bé day tam: 0,5¢m
Hé s6 poat xong: 0,3
Céc thanh phén tai trong: 0; -5; 0; 6; 5, 0; 0; 0
Céc s6 lidu khac thong ké trong bang (7.3}

Bang 7.3
. Toa do (cm)
Phén tir

X| Xy X3 X4 ¥ Y2 Y2 Ya
l 6 0 0 6 10 10 5 5
2 6 6 12 12 10 5 5 10
3 6 0 0 6 5 5 0 0
4 12 6 6 12 5 5 0 0

2) Xac dinh ma tran A theo (7.20)
3) X4c dinh ma tran G theo (7.20)
4) X4c dinh ma tran B theo (7.24)
5) Xac dinh ma trin cdu triic vat liéu D theo (1, 20)

6) Thuc hién phép tinh tich phan déi véi méi phan tir cia MTDC theo phép cau
phuong Gauss, can cit vao (7.41), (7.42b).

O day, cac s6 & van 1an luot c6 tap hop gid tri khdc nhau:
=1 n=1
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E=1 n=-1
E=-1 n=1
é:-l ‘rl=-1

Tinh cho méi tap hop gid tri réi cudi cing cong lai dé dugc gid tri cusi cling ciia mbi
phén tir ma tran. M&i MTDC ¢6 36 phan tir, mbi phdn tir phéi tinh dén 4 14n, téng s
phép tinh 1én dén 36 x 4 = 144.

7) Ghép cac MTDC riéng thanh MTBC téng thé

8) Can ci vao MTDC tdng thé va veeto tai trong dd nhap vio, goi chuong trinh con dé
giai hé phuong trinh.

9) Tinh tng suit tai trong tam clia méi phan tir theo (8.25)

Két qua chay chuong trinh:

1) Chuyén vi:
q(1) =2,274 x 107 cm q(2)=1,108 x 107 cm;
q(3) =-6,722 x 10° cm: q4)=-1,118 x 10* cm;
q(5)=-5,278 x 10° cm: q(6) =-1,847 x 10* ¢m;
q(7) =-5,329 x 10° cm; q(8) =9,036 x 10 cm;

2) Ung suat
US1(1) = 34,489 kN/cm?; US2(1) = 370,422 kN/cm?;
USI(2) = 174,794 kN/jcm?; US2(2) = 436,383 kN/cm?;
USI1(3) = -15,009 kN/cm?; US2(3) =-1,543 kN/ecm?;
US1(4) = -18,816 kN/cm?; US2(4) = -63,177 kN/cm?;

US3(1) = 95,363 kN/cm?;
US3(2) = -185,623 kN/cm?;
US3(3) = -5,765 kN/cm?;
'US3(4) = 33,702 kN/cm?;

§7.3. CAC PHAN TUHOU HAN CO BAC CAO HON
Cdc khdi niém vé FTHH 4 canh 4 nit trinh bay trén ¢6 thé m& rong cho cac FTHH
cung tham s6 ¢ bic cao hon. Trong FTHH 4 canh 4 nit, c4c ham hinh dang chita cac s6
hang 1, £, 1 va £.n. Cic FTHH trinh bay trong phan dudi chia cic s6 hang &7, £,
lam cho d¢ chinh xdc cao hon. Sau day, chi trinh bay cdc ham hinh dang N. Nhu trong
phan trude, ma tran do cing duge suy ra tir cde budc sau:
u=Ngq (7.43)
e=Bq (7.44)
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L1
k—h, | [ B'DBdet].dzdn (7.45)
: -1 -1
Trong dé k. tinh theo phuong phédp ciu phuong Gauss
7.3.1. Phan tu hiru han 4 canh 9 niit

FTHH 4 canh 9 nit d3 td ra rat hitu hiéu trong tinh todn theo phuong phdp phan tlr
hitu han. S6 thy tu cuc bo cdc nit biéu thi trén hinh (7.7a). FTHH hinh vuong bi€u thi
trén hinh (7.7b). Cac ham hinh dang sé dugc dinh nghia nhu sau.

Trudce hét, hay xét truc toa do tu nhién & trén hinh (7.7¢). S6 thit tu cuc b cdc niit 1a
1, 2, 3. Chang tuong L’mg_ viicdc vitri E=-1,§=0 va £ =+1.

Ta dinh nghia cic ham hinh dang goc L, L,, L; nhu sau:

L, (é) =1 tai nut 1 _
L;(£) =0 tai 2 ndt con lai (7.46)

Trude hét, ta xét L. Vi L, = 0 tai didm £=0 va diém &=+1nén L, c6 dang
L, =c&{1-&). Hing s6 c dugc xdc dinh tir diéu kien L, = 1 tai diém & = — 1 (hinh 7.7c),
tr d6 c=-1/2. Vay L (&}=-%(1-&)/2. L, va L, cling dugc xdc dinh mot céch twong ty.

Tom lai, ta co:

L(&8)=(1+&){(1-¢&) (7.47)
PRELRS) '

2

Cac ham hinh dang gdc doc theo truc toa do tu nhién v (hinh 7.7¢) ciing duoc xac
dinh mot cach tuong tu:

Ly(n)=(t+n}(1-n) (7.48)

o259

2
Trén hinh (7.7b) ta thiy rang mdi niit déu cé cic toa do w nhién nhu sau: & =-1,0
hodc + 1; n=—1, O hodc + 1. Cic ham hinh dang N,, N, ...N, tai 9 niit ¢é dang nhu sau:
N =L, (‘::)Ll ("1) N5 =L, (@)Lx ("1) N, = L3(§)L1 (ﬂ)
Ng =L (E)L,(n) Nyo=L,{&)L,(n) Ng=L, (&)L, {n) (7.49)
Ng=Li(Z)Ls(n) N;=L,(§)Ls(n) N;=Ls(&)Ls(n)
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a}
¥
X
n=-1
b) N
-L.D) A (L1)
L, () ! 7 3
8 -
L, (n) 1 9 5
L, (m) - 2
1 5
(-1,-1) a1
| n
L&) L&) L&) ?
c) - 31— n=1
1 2 3
I f % - E,\ + 2 — n=0
E=-1 £=0 £E=1 L1 —— n=-1

Hinh 7.7: FTHH 4 canh 9 niit
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Bing cdch xdc dinh cdc ham hinh dang nhu trén, ta ¢6 thé kiém tra dé thay rang
N; =1 tai niit i va bing 0 tai nit j con lai (j.# ).

Nhur da néi trong phén déu, viéc ding céc s6 hang c6 bac cao hon trong ma tran ham
hinh dang N, dva dén viéc noi suy & bac cao hon trudng chuyén vi cho bdi u= Nq.

Hon nita, vi x = ZNixi, y= E:Niyi , ta c6 thé dung cdc 6 hang ¢6 bac cao hon dé
i i
xdc dinh kich thuée hinh hoc.
Vi vy, FTHH ¢6 thé ¢6 bién cong.
7.3.2. Phan tir hiru han 4 canh 8 nit

a) b}

Hinh 7.8: FTHH 4 canh 8 niit

FTHH 4 canh 8 nit bi€u thi trén hinh (7.8). Toan b6 cic nit déu nim trén bién cia
FTHH. Ta xdc dinh ham hinh dang N; (i =1,2...8) véi diéu kién N.=I tai ndt i va N, =0
tai cac niit j con lai (j = 1). Khi xdc dinh N, ta can ¢ vao FTHH hinh vuong trén hinh
(7.8b). Trudc hét, ta xdc dinh N\=N,. Chang han, d6i v6i N,, n6 phai triét tiéu trén cic
dudng £ =+1, n=+1 va &+ n=—1 (hinh 7.8b). Do dé N, phii c6 dang:

Ny =c(1-£)(1-n){1+&+n)
Nhung tainit 1, N, =1, £=n=-1 do dé c=—%

Mgt cich tuong tu, ta ¢é:

N L (8= gen)
4
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N, - (80-n)(-g+n)

4
N, =_(1+§)(1+2)(1—é—n) (7.50)
N, = U ‘5.»)(“2)(”5—71)

Bay gio ta xdc dinh N;, Ni, N;, Ny. Chéng han d6i véi N, né triét tiéu trén cdc canh
E=+1 ,m=+1 va &=-1.Viy né phai c6 dang:

Ns=c(l-g)(1-n)(1+&)=c(1-&?)(1-n)
Hang s6 ¢ xdc dinh tir didu kién N, = 1 tai nit 5 taidé £E=0,nm=-1dodé c= 1

Toém lai, ta c6:

(7.51)

7.3.3. Phan tir hiru han tam gidc 6 mit
Phan tir hiru han tam gide 6 nut biéu thi trén hinh (7.9)
2

v

Hink 7.9: FTHH tam gidc 6 nit
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Can ct vao hinh (7.9b), ching minh twong ty nhu trong phin trudc, ta cé:
Ny =§(28-1) N,=4n
N, =n(2n-1) N =4¢n (7.52)
N;=¢(2¢-1) N6=4Lo
Trong d6:9p=1-&~m. Vi cdc ham hinh dang chita cic s6 hang £2, %, @> nén
FTHH trén goi 12 FTHH tam gidc bac 2. Dudi dang biéu thi cung tham sé, ta cé:
u=Nq (7.53)

x= zNixi y= ZNiYi

Ma tran d¢ cimg ctia FTHH tinh theo céng thitc (nhur trong cac phén trudc).
k. =h, [IB'DB det J dd, (7.54)

Tich phén trén trong mién tam gidc khdc vdi tich phan trong mién 4 canh. Cach don

gian nhat 1a ding quy tic 1 diém & trong tAm tai d6 trong luong w, = % vag =n,=¢,
1
:;. Phuong trinh (7.54) ¢6 dang:
k, t%tcﬁ'ﬁﬁ detJ (7.55)
Trong d6, B va J tinh tai diém Gauss.

§7.4. THUAT TOAN LAP TRINH GIAI BAI TOAN 2 CHIEU KIEU FTHH CUNG
THAM SO 4 CANH 4 NUT (CTR 13)

F
! { 2 3 s
! 3em ]
L 6 ) @ Ptt‘;" S6 thit t niit téng thé
5 4
— = x 1 1 3
o 0 g 2 2 5 4
. 11 T -9 T S
5 5
e 2 e  Hinh7.10
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. Toa dé (cm)
Phan ter
X X X3 X i ¥z ¥a Y4
1 0 0 5 5 3 0 0 3
2 5 5 10 10 3 0 3

1. Nhitng diéu cédn tuan thi:

S6 thit tr bac tu do tai niit i biéu thi nhu sau:

2i trén phuong y
2i-1  trén phuong x.
2. Nhép céc s6 liéu ban ddu (1dy thi du trén hinh 7.10)
- 56 phan tr: 2

- 86 BTD ¢6 chuyén vi: 6

- Téng s6 BTD : 12

- 86 BTD triét tiéu : 6
- 56 thi tw BTD c6 chuyén vi triét tigu: 7, 8, 9, 10, 11, 12
- Bé day tam: 0,2cm

- Céc thanh phan tai trong: 0; 0; 0; -10; 5: 0
3. Thanh lap ma tran d¢ cting cho méi phén tir hita han

Tinh tich phan cho méi phén ti clia ma tran d6 theo phép cau phuong Gauss, dua trén
cdc cong thic (7.41), (7.42b).

4. Ghép céc ma trén do cing rieng vao ma tran do cing téng thé.

3. Tinh cdc lyc thé tich theo phép cdu phuong Gauss theo (7.27) néu cé

6. Tinh cdc luc bién theo (7.28) néu cé.
7. Giai hé phuong trinh c4n bang dé duoc gid tri chuyén vi tai cdc nat
8. Tinh éng suét tai trung tam clia FTHH theo (7.25)
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Chuong 8
DAM HAI CHIEU VA KHUNG PHANG

§8.1. DAM HAI CHIEU CO TRUC SONG SONG VOI HE TOA PO TONG THE
8.1.1. Khai niém

Dém hai chi€u trong mat phang x-y cé truc song song vdi tryc x bi€u thi trén hinh (8.1)

Ym(v 1 ) W

Y 4 4 T
!

xm(u]) i u2

I 3 /82
Zo

ol
Y

><‘r

z Hinh 8.1: Dam hai chiéu trong hé toa dé cuc bo

Hé toa do cuc bd cia dam la x, v,,, Z, vudng goc nhau, ching song song v4i hé truc
toa 46 tong thé x, y, z. Trong hé toa dé cuc bd, dam c6 hai niit 1 va 2, chiéu duong cua
truc dam quy uée di tix ddu 1 dén ddu 2. Vécto chuyén vi ctia ddm tai 2 nit:

m=[w v 6 u v, 8] (8.1)

Trong d6: u, ,u,la chuyén vi doc theo truc; u; va u, da suy ra trong chuong ba. Cic

hé s8 dé ciing do cdc chuyén vi v, 0, va v,, 8, s& dugce suy ra trong phin sau (hinh 8.2)

¥

Hinh 8.2

\
3“'
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G day, ta chi xét loai dam cé mat cir dsi xung d6i véi mat phing tai trong. Trong
trudmg hop téng quét, gia sit dam chiu tai trong nhu trén hinh (8.3). Buong cong bién
dang nhu trén hinh (3.3b).

Hinh 8.3: a) Ddm chiu tdi trong ; b) Duong bién dang cia truc trung hoa.

Mat cat ngang clia dam v sy phan b6 cia tng sudt udn bi€u thi trén hinh (8.4)

¥

¥
Tryc frung hoa |

Hinh 8.4: Mdt cat ngang cia ddm va su phan bd ting sudt uon

Trong trudng hop bién dang bé, tir mén Stic bén vat liéu, ta cé cic cong thitc:

M

= 8.2
o=y (8.2)
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g :% (8.3)
& M
a? EI (8.4)

Trong d6: o - ing sudt phap (trén phuong truc x);

£ - bién dang doc truc;

M - moémen udn;

v - chuyén vi (hoic do vong) cta truc dam trén phuong y;

I - mémen quén tinh d&i véi truc z qua trong tdm clia mat cat ngang.
8.1.2. Mo hinh phan tir him han
Trong mé hinh phin tit hitu han, dam dugc chia thanh nhiéu phan tir nhu trén hinh (8.5a).

' aAAL; SN
2 o O T4 @ 3L 0 i

P

~ %1 /%3 /#\ 5 /%?
# & I s

Phantlr | S6 thi tw nit cyc bd | S8 thet ty nit 19ng thé
A 1 ?\3 1 1l 23141 ]2]3] 4
b) s -
) A 4 » 2 12134 |3]4a|s5!e6s
3 1213 |af{s5]6 ]| 7] 8

Hinh 8.5: aj M6 hinh phdn ti hitu han trong hé toa dé t6ng thé
b) Phdn it hitu han trong hé toa doé cuc bo
N&u bd qua chuyén vi doc truc, m&i mit ctia phin tlt hitu han c6 hai bac wr do. D€ tién
cho viéc lap trinh, ta quy udc Q,;, 13 thanh phin chuyén vi trén phuong truc y tai nit i.
Q,, 1a géc xoay tai niit i (hinh 8.5a). Vécta chuyén vi tong thé trén hinh (8.5a) la:

Q= [Q] Q Qs QS] (8.5)
Vecto chuyén vi men theo cac BTD cuc bo (hinh 8.5b) Ia:
Q=[q 49 45 9] (8.6)

Trong (8.6), q,, 3, 93, Q4 chinh la v, 6, , v,, 6, trén hinh (8.2).

172 http://vietham12h.com



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Bdy gid, ta s& can cf vao cac ham hinh dang d€ suy ra biéu thic chuyén vi v. Cic
ham hinh dang & day khong gidng cdc ham hinh dang di thio luan trong cdc chuong
truGe. Ta dung cdc ham hinh dang Hecmit bac 3 duge dinh nghia nhu sau (hinh 8.6):

H; =a; +bif +c&% +d.&° (8.7)

Goc xoay =0

Géc xoay =0 Goéc \foay =0
; =1 ! \‘ !

Goce
xoay =1

Goc xoay = 1

Goc xoay =0

Hinh 8.6: Cdc ham Hecmit

Cdc ham hinh dang (8.7) phéi thda mén céc diéu kién trong bang sau:

H, H, H, H, H, H, H, H,
E=-] 1 0 0 1 0 0 0 0
£=1 0 0 0 0 1 0 0 1

Cic he s6 a;, b, ¢;, d, xdc dinh tir céc diéu kién néi trén:

1

H,:%(l—g)z(zug) hodc %(2~3§+e;3)

Hy=2(1-8) (148) hoie L(1-gaz2 o)

4 4 (8.8)
5005 0-0) o Loes o)

1 2 N 1 :
o= 09 ) b oozt

Cac ham Hecmit c6 thé diing dé biéu thi chuyén vi v dudi dang:
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d
. 2

Trong d6: & - toa do tu nhién; cdc chi s§ 1 va 2 tng v6i cic nit 1 va 2. He thiic giifa
x va £ nhu sau (xem lai chuong ba):

1-¢ 1+& X, +Xy Xy — X
X = X+ Xy = + 8.10
2 Y2 TP 2 ;- 310
Trong dé: L, = X, - x, 1a chiéu dai ctia dim. Ta cé:
L
dx = —=dg& (8.11)
2 _
Theo quy tic tinh dao ham:
Al =d—Vd—x (8.12)
dé  dx dg

Chu y rang d—v- tinh tai nit 1 va 2 chinh 1a q, va q, do d¢:
X

L, L

v(€) = g, +=-Haq, + Hygs + == Haay (8.13)
Dudi dang ma tran:

V = Hq (8.14)
Trong dé: H= [Hi %"—Hz H, %HJ (8.15)

8.1.3. Ma tran dé cirng. Vecto tai trong

Ma tran do ciing

Ma tran d6 cimg cia ddm duge suy ra tit nguyén ly bdo toan nang luong (chuong
mot). Cong nodi lue trén doan dai dx cha dam:

1
W, =~ fo.edAdx

Theo (8.2) va (8.3)

2
dw, = %{-}2% Aysz]dx

Vi Iysz chinh [a mémen quén tinh I nén
1Y

2
dwn = lM_dx
2 EIl

174 http://vietham12h.com



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

D61 véi toan bd didm, theo (8.4)

2 2
A :iEI Lol g (8.16)
2 dx
Tir (8.12): v_2 E‘X dv_4 dv
S dx L, dE dx? 12 ge?
Thay v = H.q
dv Y 16, &#H\(dH
— | =4 — |4 (8.17)
dx ag? )| de
d*H 3 ~143¢ L -3 1+38 L
. =[—<~; 5L = ‘;’.-LJ (8.18)
de 2 2 2 2 2 2

Thay dx :%.dg vao (8.16):

(9.2 3, 2 3
4<§ 8-5( 1+38) L, 4& 8.&(1+3E_,).LC
2 2
. [ﬂ] L e, %
1 ,8El 4 8 16
W, =5q E 0 , (8.19)
¢ -t ?:2 ~3 E1+ 3L,
béi ximg [1+3é] 12
i : 4 ]
+1
Trong (8.19): j§2d§—— jgdg 0 ; [dE=2 (8.19)c6 thé viet:
-1
W, = _.q'.ke.q (8.20)

Gia sir tai trong tdc dung lén ddm c6 tinh chat phéan bé déu, cong ciia ngoai luc cé
thé viét:

1
ng = EI:[p.v.dx

Cén ctr vao (8.14) va (8.11)

1 L1 q ! |
W = —D— =—q' —_ 8 l
e [zpz_lfﬂ“"v}l 2q[p2'ljﬂde;] (8.21)
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Van dung nguyeén 1y bio toan nang lugng W, =W, ta duoe:

1
K..q= ([2211) dea]' (8.22)
-1

Sau khi tinh cdc tich phan trong (8.19), ta dugc ma tran do ciing:

[12BI,  6EI, -12El, 6EL |
13 B 12 E B 12
4El, +6El, 2EI,

2
k, = L L L (8.23)

12EI,  6E
L L
4EL,

L L

Trong d6: L - chiéu dai ciia dam
Ma tran d6 ciing trén chi ¢6 4 bac ty do (khong xét dén anh hudng cla bién dang doc).

Trong trudng hop xét bién dang doc, két hgp véi cong thic (3.19) trong chuong 3, ta
cé ma tran do cing véi 6 bac ty do nhu sau:

EA 0 “EA 0
L L
. 12El, _6EL, | -12EI, _6El,
L3 L2 L3 LZ
. C6El, 4EL, +6EIZ 2EI,
2
ke={ o, L L = L L (8.24)
—1 0 0 = 0 0
L L
0 -12El, 46EL, 12El, +6EI
L3 LZ L3 L2
0 _6EL, 2EI, +6El,  4EI,
L 12 L 12 L
Vecta chuyén vi tng v6i (8.24) nhu sau:
q=[a, 92 9 9 95 9] (8.25)

Trong d6:  q,, g, chuyén vi trén phuong x tai cdc nit 1 va 2;
du qschuyén vi trén phuong y tai cdc ndt 1 va 2;
Qs e g6C Xo0ay tai cdc miit 1 va 2.

Y nghia vat 1y clia cic he s& do cing giai thich trén hinh (8.7):
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8,=1
4El, 4El,
kyy = kgy =——

L L
Uz =1
4 I b
21 2§
EA
o k=2
12Ei,
kgg =—
l 12E1, 2 L
B 5
1 L /—§ v,=1
4 /|
7/ I
o BEL 681,
- I k65= 2

Hinh 8.7
Véc to tai trong:
V& phai trong (8.22) chinh 12 vecto tai trong do luc phan b& déu gay ra. Sau khi tinh

tich phan, ta ¢6 vecto tai trong:

¢-|PL pL” pL pL’

— + (8.26)
2 12 2 12
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Cic lyc tuong duong trong (8.26) biéu thi trén hinh (8.8)

pL pL ,p>0

2 VAD ¥

TD ,ru L 3 & & & L T

\"H ____________________________________

2 2
_pt pL” [y L

12 12 | :

Hinh 8.8

Déu téi trong quy udc nhu sau. Tir chiéu duong x cua truc dan quay mot goc 90"
nguge chiéu kim déng hé. Tai trong 12 duong khi cing chiéu vdi truc y (xem hinh 8.8),
12 4m trong truong hop nguge lai.

Momen udn & diu ddm quy udc la duong khi quay thuan chiéu kim dong ho, 1a am
trong trudng hop nguoc lai.

8.1.4. Cac diéu kién bién. Noi luc

Diéu kién bién:

G6i tua cha ddm c6 3 kha nang: \

1. G&1 tira bi lin. _—
2. G6i tua dan héi. s @
3. G6i tua thong thudmg. t . j

Q" Q@ ),x

DGi véi loai thit nhat, ta dung phuong phip mé
hinh 15 xo dé bién ddi ma tran do cing téng thé K
' Hinhk 8.9

(xem chuong 3).

Déi v6i loai thit 2, ta thay goi tua bang 1 10 xo0 ¢6 do cimg C (hinh 8.9). Men theo
BTD i, ta ¢6 luc tdc dung F, - CQ,. Ta bién ddi ma tran do cimg téng thé K nhu sau.
Nhan hang thit i cia ma trén K vdi vectd chuyén vi Q, ta c6:

K1 Qy +Kip.Qp + -+ Ky Qs+ + Qi Q, = F - CQ;
Chuyén CQ, sang v€ trai:

K. Q, +KipQ +-+{K; +C}.Q; +-+Q;,Q, =F, (8.27)
Vay ta bign déi ma tran K bing céch thém s6 C vao phan tir thi i rén dudng

chéo chinh.
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Nei luc

No1 lyc trong dam gém ¢é luc cit V vi mémen uén M.

2
Can cit vao cic cong thiic M = EId—\zf- V= M va v=Hgq
dx dx
Ta cé:
EI
M =§[6§q1 +{36 - 1)La, — 6545 +(35 + 1)Lq, | (8.28)
6EI
V="5(2q+Lg, ~2q; + La,) (8.29)

Céac ndli luc ¢ hai ddu ddm tinh theo (8.28) va (8.29). Chiing phai duoc cOng vao cac
phin lyc & trang thdi ngam khéng t6 dam trén (hinh 8.8b) dé dugc néi luc cudi cing.
Goi S, 12 néi luc cudi cling ta cé:

oL ]
) ] 2
S, 12 6L -12 —6L]7q,7] |2
S,| EI[-6L 4L* +6L 2L?
2-= [92 0y 12 (8.30)
S;| L7|+12 +6L 12 +6L||qs ~pL
S, 6L 217 +6L 412 |4s 2
—pL2
|12 ]

Trong dé: S, S; - luc cat tai dau 1 va ddu 2 cha dam;
S,, S, - moémen tai ddu 1 va dau 2 cta ddm.
8.1.5. Dam trén nén dan hoéi

Dam trén nén dan hdi biéu thi trén hinh (8.10)

p
w4 RERR, I
- e
Nén dan héi L,

Hinh 8.10: Ddm trén nén dan héi,

Gid sir d6 cimg trén don vi dai cia nén dan héi 12 S - Ngoai cong cha noi luc theo
cong thiic (8.16), cdn ¢6 cong cha ndi luc do phan luc tix nén dan héi tic dung lén dim
gay ra. Phan luc phan bg trén don vi dai 1a s.v do d6 cong cia néi luc bé sung la:
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W:?g =% I(sv) vdx

| (8.31)
== |svidx
2
Thay v = H.q vao (8.31), ta cé:
b 1 i 1
Wy =-q s{H'Hdx |q (8.32)
Can o1t vao (8.8) va (8.15), ta duge
[ 156 22L, 5S4 @ -13L,]
SL,| 22L, 41% 13L, -3L2
b _ d d d d d (8.33)

¢ 420] 54 13L, 156 221,
|-13L, -3L% -22L, 413 |

Trong d6: s la d ciing trén don vi dai clia nén dan hdi;
L, la chiu dai clia nén dan héi.
Ma tran kP cdn dugc cong vao ma tran (8.23) trong trudng hop ¢6 4 bac t do.

Vidu8.1:
15kN/m

/ 30kN
e
l]'fi&\nvmz ¢ 3 4
A AN

T PR T A
3m 2m
2m 5m 7m
}4__—*_.__..,_._4..}‘7.___.. _>1
8§ thitny - :

i N N N
~- - -~ -

1 2 3 4

Médun dan héi: 21 107 kNIm?; Mémen quén tinh: 23.10° m’
Hinh 8.11
Dung phuong phap FTHH tinh:
1- Chuyén vi
2- Momen

2- Luc cat
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Giai:
S6 thanh: 3
$0 BTD cén tinh: 4
Chuyén vi 1a cdc géc xoay, noi luc 1a cde momen udn.
1- Tinh ma trén d6 cing riéng theo (8.23)
1 2
Thanh 1: k,= | 9660 4830
[ 9660}

| o

2 3
Thanh 2: k,= [2760 13807
3864 | 3

3 4
Thanh 3: k;= {2760 1380] 3
2760 |

2- Ghép cac MTBC riéng thanh MTDC téng thé:

[9660 4830 0 0
9660 1932 0

+

3864

K- 13524

3864 1380
+

2760

6624

2760 |

3- D cdc tdi trong trén nhip vé céc tai trong téc dung tai niit. Ta ¢ vecto tai trong.
5
9,4
-21,6
0

4- Giai hé phuong trinh:
KQ=F
Ta dugc cic thanh phdn chuyén vi nhu sau:
Q15 9 Qs Qo) = (-0,147; 1,329; -4,073; 2,036).10° rad
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5- Tinh ndi luc theo (8.30)

Gia tri mémen va lyc cét thong ké trong bang dudi:

Phan ti Maémen (kN - m) Luc cat (kN)
1 0 17,132 6,434 23,566
2 -17,132 8,431 12,300 17,699
3 -8,431 0 1,204 -1,204
Vidu8.2:

Tinh ddm lién tyc biéu thi trén hinh (8.12a). G&i tya trung gian la 1 16 xo cé do cling

24EL EI=400 don vi. V& biéu d6 lyc cat va biéu dé momen.

i
15KN/m
a) WWM
At
| 4m 3{: 4m |
L 1 ]
Q
Q,
b) Y| O /j\oz @ 7N
4 3” Y
c) o ’\ 76,63 |\
N \I
31,36kN
g
s~
Hinh 8.12
Gidgi:

Xac dinh cic ma tran do cing:

Bac tu do cuc bo trong mdi ddm 1 qy, 45, 43, q4 . Céc bac tu do téng thé 14 Q,, Q,, Q;
nbu trén hinh (8.12b).

Ma tran d6 ciing cta cdc phén tir tinh theo (8.23) (bd qua anh hudng cta bi¢n dang doc)
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Phan tix 1;
0 0 | 2 <« BTD téng thé
3 4 <« BTDcucbo
01 75 150 -75 150
02 400 -150 200
13 75 -150
2 4 | Dsi xing 400
T 1

k, {a)

BTD téng thé
BTD cuc bo

Véc to tai trong tinh theo (8.26) (p < 0)

WL

+ —_—
2

wL | (30

+20
f=| 12 |- (b)

+ —
2 -20

WL?
12

Phan tir 2:
1 2 0 3 <« BTD1téng thé
I 3 4 <« BIDcucbs
75 150 =75 150
K, =| 400 -150 200 ©
doét ximg 75 -150
400

o

Véc to tai trong:

f,= (d)
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Ghép cac ma tran do clng riéng va cdc vectd tai trong nhu da lam trong cédc
’ . . , . 24x400
chuong trude. Vi géc tya trung gian 1a 1 19 xo ¢6 do cimg bang _ZT_ =150kN/m,
ta phai cong s& nay vao phan tir thit nhat trén dudng chéo chinh (1o xo nam trén phuong
BTD Q,). Cudi cling, ta ¢ hé phuong trinh can bang téng thé:

300 o 1501 [Q,] [-60

800 200 |x|Q,{=| 0 (e)
Doi ximg 400 | Qs 20
Giai hé phuong trinh trén, ta dugc:
2
Q}zl—l"
1
Qz——ﬁ H
16
Q] = "‘Sg
Theo (8.30), ndi luc cudi ciing cha cic phén tir nhur sau:
Phan tir 1:
75 150 =75 150 | 0 30 45.0
400 -150 200 0 20| | 54.54
S, = . + = (8
75 —150|] -16/55 30 15.0
 Doi xing 400 |\ -1/22 +20 5.45
Phan tu 2:
75 150 -75 150 |{-16/55 30 28.63
g, = 400 -150 200 ‘ -1/22 . 20| _|-545
75 -150 0 30 31.36
| Dot ximg 400 |\ 2/11 +20 0.0

Can cit vao cdc két qua tinh trén, ta vé biéu do luc cat va biéu dé moémen nhu trén
hinh (8.12¢), (8.12d).
Vi du 8.3: Mot dam lién tyc nhu trén hinh (8.13)
P6 lin goi tya 2: 0,01m.
Do lin goéi tua 3: 0,015m
Moédun dan héi: 21.107 KN/m?;

Momen qudn tinh: 23.10°m*
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20 kN/m
_
) ¢ R r¢ AAA K 4
0 i @ g @ ];E
%%E O'OIml EET7A 7 10'015"1 s

:/‘-’f.-";.. 7//;!‘:-

Im Im
= s
2 2m 2
Hinh 8.13
Dung phuong phdp mé hinh 16 xo tinh:

1- Chuyén vi

2- Moémen -

3- Luc cit

Giai:
Trong phuong phép 16 xo, cin phai thong ké toan bo cdc bac tr do. Vi mai nit ¢6 2
bac tr do nén ta cé.
Tong s6 bactudo=2 x4 =8
S6 bac tr do ¢6 chuyén vi cho truée: 4
S6 thit tu BTD ¢6 chuyén vi cho: 1, 3, S, 7
Céc chuyén vi tong ting: 0; 0,01 (d6 lin); 0,015 (d6 Lin); O
Ung véi BTD tht i c6 chuyén vi cho trudc, phén tir thit i trén duong chéo chinh cia
ma tran d6 cing tng thé can dugc cong them s6 ¢ khd 16n, phan o thit i cla vecto tai
trong cling can dugc cong thém gid trj (c x chuyén vi tuong ng).
Trinh tu tinh todn nhu sau:

1) Lap cdc ma tran do cimg rieng theo (8.23)

Thanh 1:
1 2 3 4
7245 7245 -7245 -7245] 1
5, = 9660 7245 4830 | 2
7245 7245 | 3
9660 | 4
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Thanh 2:
3 4 5 6
7245  =7245 7245 -7245]3
S - 9660 7245 4830 |4
2" 1 d6i ximg 7245 7245 |5
9660 |6
Thanh 3:
5 6 7 8
7245 7245 7245 -7245]| 5
S - 9660 7245 4830 | 6
*7 | d6i xing 7245 7245 | 7
9660 | 8
2- Ghép cic ma tran do6 cing riéng thanh MTDC 1ong thé:
1 2 3 4 5 6 7 8
[7245% —7245 -7245 7245 0 0 0 0 11
9660 7245 4830 0 0 0 0 |2
14490* 0  -7245 -7245 0 0 |3
g 19320 7245 4830 0 0 |4
14490+ 0  -7245 —7245|5
19320 7245 4830 | 6
7245% 7245 | 7
9660 | 8

3- Pua céc tii trong trén nhip vé cic ai trong tap trung tai cdc nit. Ta c6 vecto tai trong:

—15* |
7,5
—35%
-0,83
_20*
—6,67
0:#

0

G0 ~1 N Wh B L B —
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4- Bién d6i ma tran do cing téng thé va vecto tai trong.

Gid tri cyc dai tuyét d6i clia cac phan tir trong MTDC téng thé 13 19320. Chon gid tri
c = 19320.10%

Céc gid trf ciia cdc phn tit ¢6 ddnh ddu sao trong MTDC tong thé cén sira lai nhu sau:
S(1,1) = 7245 + 19320.108 S(3,3) = 14490 + 19320.10*
5(5,5) = 14490 + 19320.10° S(7,7) = 7245 + 19320.10°

Céc phéan tr ¢6 ddnh dau sao trong vecto tai trong cén sifa lai nhu sau:
f(LL)=-15+cx0=-15 f(3,3) =-35 + ¢ x (-0,01)
f(5.5) = -20 + ¢ x (-0,015) (7, =0+¢cx0=0

5- Can cit vao MTDC téng thé va vecto tai trong da duge bién ddi, gidi he phuong
trinh da dugc cdc gia tri thanh phdn chuyén vi:
(d,, dy, d;, d,, ds, dg, dy, d,) = (0 -4,137x10% rad  -0,01m
-5,173x10" rad ~ -0,015m 2,155 x 10 rad 0 1,017 x 107 rad)
6- Ciin cif vio (8.30), tinh mémen va Iyc cat. K&t qua thong ke trong bang (8.2)

Bang 8.2
Lurc .
.o ' Moémen (kN - m) Luc cat (kN)
Phan tir
| 0 10 10 20
2 -10 38,725 5,638 34,362
3 -38,725 0 19.362 -19,362

§.8.2 DAM HAI CHIEU CO TRUC KHONG SONG SONG VO HE TOA PO TONG
THE KHUNG PHANG.

Dam hai chiéu nam nghiéng biéu thi trén hinh (8.14). Bay gio, truc dam x_ trong hé
toa do cuc bo khong con song song véi truc x trong hé toa dé tdng thé x, Yy, Z.
8.2.1. Ma tran xoay
Trong trudng hgp dam hai chiéu nim nghiéng, ta ¢ 2 hé toa do: hé toa do cuc bo Xos
Ymr Zn Va he toa d6 tong thé x, y, z. (hinh 8.14). Cic thanh phén chuyén vi trong hé toa
do6 cuc bo la:
=0 ¢ 95 9 g5 qf (8.35)
Trong d6:  qy, q, - cdc thanh phan chuyén vj trén phuong x tai mit 1 va nit 2;
92: g5 - cac thanh phén chuyén vi trén phuong y_ tai ndt 1 va it 2;
43» q¢ - cdc thanh phan goc xoay trén phuong z_, tai mit 1 va nit 2.
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z a)

Q’=[Q| Q, Q, Q, Qs Qa] F'=[F| F, /i, F K Fo}
zZ c) Z d}

Hinh 8.14:

a) Céc thanh phdn chuyén vi trong hé toa do cuc bg;
b) Cdc thanh phdn tdi trong trong hé toa d¢ cuc b,
¢) Cdc thanh phdn chuyén vi trong hé toa do 16ng thé;
d) Cdc thanh phdn tdi trong trong hé toa do tong thé

Céc thanh phén tai trong trong hé toa do cuc bo la:
r=[f £, £ f, f5 f] (8.36)

Trong d6: £, f, - cac thanh phén tAi trong trén phuong x., tai nit 1 va nit 2;
f,, fs- cdc thanh phan 1ai trong trén phuong y,, tai mit 1 va nuit 2;
f;, f5- cac thanh phdn momen xoay quanh truc z,,.
Cic thanh phan chuyén vi trong hé toa do tong thé:
Q'=[Q; Q Q Qi Qs Q) (8.37)

Trong d6:  Q,, Q,- céc thanh phan chuyén vi trén phuong x tai nit 1 va nat 2;
- Q,, Qs- céc thanh phdn chuyén vi trén phuong y tai nit 1 va nit 2;
Q,, Q- céc thanh phan géc xoay quay tryc z tai nit 1 va nuit 2.
Céc thanh phdn tai trong trong h¢ toa do téng thé:
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F=[F, F, K, F, E F] (8.38)

Trong d6:  F,, F,- cdc thanh phan tai trong trén phuong x tai niit 1 va ndt 2;
F,, Fs- céc thanh phdn t3j trong trén phuong y tai niit 1 va nt 2:
F;, Fs- céc thanh phian momen Xoay quanh truc z tai it 1 va nit 2.
Néu cho mat x,,y, tring véi mat xy, ta cé hinh (8.15)

Hinh 8.15

He thic giita céc thanh phan ti trong trong he toa d6 cuc bo va hé toa d¢ tong thé
nhu sau:

. (8.39)
f; =-F,sinB +F, cos6 = -FC, +EC,
L

Trong dé: C, =cosb C, =sin® (8.40)
Riéng d6i véi cac thanh phin momen f; va F,, chiing bing nhau:

f;=F, (8.41)
Tir trén, ta 6 hé thic ma trin;

f, G ¢ 0 F,

f 0 0 1| |F
Vay la ta dd ding cdc thanh phan chuyén vi tai mit 1 trong heé toa do tong thé dé biéu
tht cdc thanh phan chuyén vi tai niit dé trong h¢ toa d6 cuc bo (8.42) cé thé viet:
f,, = T.F,, (8.42a)
Trong dé: f, y VeCto tai trong tai nit 1 trong h¢ toa d¢ cuc bo;
F, vecto tai trong tai nit 1 trong hé toa do t6ng thé:

T ma tran xoay hoiic ma tran bign déi.
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Déi véi cac thanh phan chuyén vi, ta cling ¢6 nhitng hé thic tuong tu nhur trén:
qy = T.Qq (8.43)
Trong do: g, vecto chuyén vi tai niit 1 trong hé toa do cuc bd;
Q,, vecto chuyén vi tai nit 1 trong hé toa do tong thé.
Trong thuc t€, mdi ddm c6 2 mit (hinh 8.13) nén d6i véi nit 2, ta ciing c6 nhimg hé
thic tuong tu nha trén:

fy=TFy (8.44)
qp=TQqu (8.45)
D61 véi toan bo dam, ta ¢6 hé thic ma trdn sau:
] [c. ¢, 0 0 O Ol[F, |
5| |-¢, ¢, 0 0 0 OlF
| {0 o 1 0 0 0}F (8.46)
£,/ | 0 0 0 C  C, 0F
f, o 0 0 -C, C, 0)|Fs
s,/ Lo o 0o 0o 0 1]iF]

Dudi dang ma trin chia khdi, ta ¢6:

f) r l 0} )
e (8.47)
{f(fe)} 0.T] Fp

Trong d6: £y £ Fay Fizy 12 nhiing ma tran cap3 x 1;
T, 0 14 cdc ma tran cap 3 x 3.
(8.46) c6 thé viét:
f=R.F (8.48)
Trong d6: f - vecto tai trong cha toan bo dam trong hé toa do cuc b

F - vecto tai trong cla toan bd dam trong hé toa do téng thé.

T!O
R= B—r;r— (8.49)

R goi la ma trin xoay tong thé.
Dai véi vecto chuyén vi, ta ¢ hé thic tuong ty:
q=R.Q (8.50)
Trong d6: g va Q nhu da trinh bay trong (8.35) va (8.37)
- Nguoe lai, ta c6 thé diing cac thanh phin trong heé toa do cuc bo dé biéu thi céc thanh
phén trong hé toa do téng thé. Tir (8.48), ta cé:
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F=R.Lf
nhung R' = R' neén
F=R".f
Tur (8.50): Q=R'q (8.52)

8.2.2. Ma tran do citng. Vecto tai trong cia hé khung phéng.
Mot dém 2 chiéu & vi tri bat ky 1a mot thinh phén ciia hé khung phing.
Ma trdn dg cimg:
Van dung nguyén Iy bao toan nang lugng (chuong mét), theo ( 1.43), ta ¢6 ma trdn do
ciing téng thé cha dim nhu sau:
K=R'k.R (8.53)
Trong d6: R - ma tran xoay, tinh theo (8.49);
k. - ma trn do cing trong he toa do cuc b tinh theo (8.24) (truomg hgp
téng quét c6 6 bac tu do).
Sau khi thuc hién phép nhan ma Iran trong (8.53) ta dugc ma tran do cling téng thé K
nhu sau:

S6 thit tu BTD cuc bo :1,2,34,56.

1 2 3 4 5 6
C —C C C 3
6 ML 7 (8.53a)
doi ximg C, Cs |5
i Cs |6
Trong dé:
¢ =2 p 2B oo (AR 12ED)
L L L L
C =Bl 12 p o _GE r (8.53b)
) L L
6FEl 4 El
C, ———E:Z:—.I,C‘S =—EI—;C? = 2 ;
L L L ]

A: dién tich; E: modun dan héi; L: chidu dai
I, m: c6sin dinh huéng
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Vecto tdi trong:
Dé tién cho viéc tinh todn, ngudi ta 1ap sin bang (8.1) trong dé da duge théng ké cac
phan lyc & 2 ddu ddm & trang thai ngam do céc loai tai trong khdc nhau gay ra.
Bang 8.1.Céc phan luc ¢ hai ddu dam trong trang thai ngam
do cac loai tai trong khac nhau gay ra

Y.“T
S Sa 4 R EE_, —
=~ D
e Sn 5501 80
I, - L —
w p w=pL
, l . o Ciiiiid g
e e
Wab? g _Wa'b S =560 =
SwT T W
Sy ==S¢0 =~
2 Wal 2

Mb Ma PL +PL?
S, =——(2a-b S =——(2b—2a San = S, =
30 2 ( ) &} Lz ( ) 30 30 o) 20
6Mab 3PL 7PL
20 60 i3 0~ 55 0754
W M,
2 4 ——
4' a __|I b S?u ﬁ‘-— a % b 3 SBD
Wb Wa M.b M, a
SIU'_T 4 =" Sy =- ﬁ Sgo =~ L

Trong bang (8.1):  Syq, Sy - Iuc doc;
| Sy Sso - lucC cat;

Sagr Seo - moOMeEn.
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Khi tinh vecto téi trong trong hé toa do cuc bo, ta ldy cdc gid tri phan luc trong bang
(8.1) nhung phai d6i ddu toan bé. Ching han ddm chiu tai trong w, vectd tai trong phai
tinh nhu sau:

Wab? 0 Wa
I?

(i £ f £ £ £]=[0 +“Iib (3a+b) - (a+3b)

. Wa:bJ
L
Can chii ¥ dén dau ciia lye va ddu clia momen di quy wéc trong phén trnudc.
Sau khi xdc dinh dugc cdc ma tran do cing trong hé toa do téng thé va cdc vectd tai
trong, ta ghép chiing lai nhu di lam trong cac chuong trudc dé ¢6 hé phuong trinh can
bing tong thé:

KQ-=F
Giai h¢ phuong trinh trén, ta duge gia tri cdc thanh phdn chuyén vi trong hé toa d6

tong thé. Tiép theo ap dung (8.50) dé tinh c4c thanh phan chuyén vi trong hé toa do cuc
bo. Noi luc cubi ciing & hai ddu dam tinh nhu sau:

S=k.q+S, (8.54)
So tra 0 bang (8.1)
Vidu 8.4: Cho 1 khung nhu trén hinh (8.16).
E =2x10" kN/m?; I, = 12x10"m?; A =0,03m’; I, = 15x10°m* A, =0,035m*
V& bi€u d6 moémen. Bd qua anh huéng ciia lyc doc.

200kN 5
3
400KN I_h__ t
FJ
@
4 L
A, @
Il 2m . 2m
e -
a) b)
294 4
164,04 A
164,04 [ 7 e
s
211,44kN/m c) 2758

Hinh 8.16
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Gidi.

Cin ¢ vao ma tran xoay R & (8.46) va ma tran d¢ cing k, trong hé toa do cuc bo @
(8.24), ta tinh ma tran do cing téng thé cho timg phdn t. Ti€p theo, can cii vao bang
(8.1) dé tinh vecto tai trong trong hé toa do cuc bo,tir d6, dung (8.51) dé tinh vecto tai

trong trong hé toa do t6ng thé.

Phin tx 1:
D 1510 0 0 -15x10*%
0 450 900 0
‘- 0 900 2400 0
| -15x10° © 0 15x10*
0 450 -900 0
0 900 1200 0
0 1 0 0 0 0]
-1 00 0 00
0 01 0 00
R =
0 00 0 10
0 00 -1 00
(0 00 0 0 1
Ma tran d¢ cing téng thé K =R'K,. R:
BTD tdng thé 7 8 9 1
7[ 450 0 —900 —450
g8l 0 15%10* 0 0
K 9| -900 0 2400 900
YT 11 =450 0 900 450
21 o -15x10 0 0
3| -900 0 1200 900
10
£
=14
=
0<9
2

0 0
—450 900
~900 1200

0 0
450  —900
~900 2400 |

2 3

0 —900 |

~15x10* 0

0 1200

0 900
15x10* 0

0 2400 |
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Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Phéan tir 2:

Truc phah tr 2 x,, song song véi truc x trong he truc toa d6 tong thé nen khong cin
bién d6i ma tran do cing.

BTD tong thé — | 2 3 4 5 6
1| 15x10* 0 0  -15x10° 0 0 |
2 0 450 900 0 —450 900
3 0 900 2400 0 -900 1200
K,= . . (d)
4 -15x10 0 0 15x10 0 0
5 0 —450 -900 0 450 —900
6l o0 900 1200 0 -900 2400 |

Cén ctf vao bang (8.1), tinh vecto tai trong trong hé toa do tdng thé (khéng cdn
bién déi):

0
WL -
| [0
WL -100
g +100
F __J = 4 e
2) 0 ¢ 0 r (e)
WL ~100
+__
2 100
WL
8
Phan tr 3:
[ 14x10* 0 —14x10* 0 0 |
0 288 720 0 ~288 720
0 720 2400 0 -720 1200
k; = . s H
—~14x10 0 0 14x10 0 0
0 288 -720 0 288 —720
0 720 1200 0 ~720 2400 |
C, =06 C,=-08

http://vietnam12h.com 195



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

06 08 0 0O O O
08 06 0 0 0 O
0O 0 1 0 0 0
R= (2)
0 0 0 06 -08 0
0 0 0 08 06 0
0 0 0 0 0 1
K, =Rk, R
BTDténgthé > 4 5 6 10 11 12

4 [50584 —67062 576 —50584 67062 576 |
5 | —67062 89704 432 67062 89704 432
K, - 6| 576 432 2400 576 432 1200 i)
10 | —50584 67062 576 50584 —67062 -576
67062 —89704 432 67062 89704 —432

576 432 1200 =576 -432 2400 |

BID tdng thé > & =

Sau khi ghép cdc ma tran do cimg K va cic vecto iai trong ta duoc:

[ 150450 0 900 -150000 0 0 | [Q 1] [ 400 |
0 150450 900 0 -450 900 | |Q, | {-100,0
900 900 4800 0 -900 1200{ |Qs| |-100,0|
~150000 O 0 200584 -67062 576 | |Q,| | 0.0 )
0 450 -900 67062 90154 —468| |Qs{ |-100,0
| © 900 1200 576 —468  4800] [Q¢| | 100,0 |

Giai hé phuong trinh trén, ta dugc gid tri cdc thanh phéan chuyén vi:
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N&i luc & hai ddu thanh:

[ 0,2876
0,00010073
-0,0395
0,2856
0,2107

0,0169 |

Noi lyc & hai diu cha mébi phdn t tinh theo (8.34).

S=k,.q+85,
Trong dé: g tinh theo (8.50):
q=R.Q
S, tra & bang (8.1)
Phéan tir 1;
0 1 0 0 0 o] [ 0
-1 00 0 0 0 0
0 01 0 00 0
q: X
0000 10 0.2876
0 0 0 -1 0 0| |1,0073x10™
(000 0 0 1|]| —00395
[ 15x10° 0 0 -15x10°
0 450 900 0
o 0 900 2400 0
-15x10* 0 0 15x10°
0 —450 —900 0
0 900 1200 0
i 0 1 701 [-15.11]
0 0 93,87
0 0 211,44
1L,0073x10 | Lo | 7| 15.11
-0,2876 0 —93,87
~0,0395 0] | 164,04

1,0073x 10~
-0,2876

1 [ 00395 |

0 0
~450 900
~900 1200

0 0
450 900
~900 2400 |
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Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Phan tir 2: Vi phén tir 2 song song véi truc x nénq = Q

Cisx10° 0 0 -15x10° 0 O ]
0 450 900 0 —450 900
0 900 2400 0 900 1200 |
~15x10* 0O 0 15x10° 0 0
0 —450 -900 0 450  —900
| o 900 1200 0 900 2400 |
[ 02876 | [ 00 1 [ 3000 |
1,0073x 107 100,0 -15,1
-0,0395 |, |-100.0} ~164,06
0,2856 0,0 ~300,0
0,2107 100,0 215,1
| 0,0169 | +100,0] | —296.4 |
Phan tir that 3:
06 08 0 0 0 0] [02856] [2.8x107]
08 06 0 0 © 0| |0.2107 0,3549
o o 1 0o o0 0100169 | 00169
919 o o0 06 -08 o] 00 |7| 00
0 0 0 08 06 0 0,0 0,0
o o0 0 0 0 1j[ 00 ]| 00
C1ax10° 0 0  —14x10* 0 O |
0 288 720 0 288 720
0 720 2400 0 -720 1200 |
-14x10* 0 0 14x10° 0O 0
0 ~288 -720 0 288 720
| 0 720 1200 0 ~720 2400 |
[2.8x107° | [+392,0]
0,3549 +114,4
| 0.0169 | _ 296,1
0,0 —392,0
0,0 ~114,4
0,0 | 2758 |

Biéu dé mémen vé trén hinh (3.16¢).
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Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Vidu8.5: Cho | khung phing nhu trén hinh 8.17.

20kN/m

30N () _r )
|

c | 9
TA; —‘" il:vmg ﬁ*- 7
g
SR S

Dién tich; 8 x 107 m?

Moémen quén tinh: 2 x 10" m*
Mbadun dan héi: 21 x 107 kN/m?
Gdi tra dan héi men theo BTD thi 7
He s6 do citng: 10 x 10* KN/m

Hinh 8.17
Dung phuong phap phan tir hitu han tinh:
1- Chuyén vi
2- Momen
3- Luc cat
Gidi:

S6 BTD can tinh: 8

S6 BTD triét tiéu: 4

S thit ty BTD triet: 9, 10, 11, 12

Lap cac MTDC riéng:

Can cd vao (8.53a) ta duge cic MTPC riéng nhu sau:

‘Thanh I:
BTD tdng thé 12 3
63000 0 -63000] 1
S, = | d6i xing 0 2
84000 | 3
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Thanh 2:
1 2 3 4 5 6
1680000 0 0 ~1680000 0 0o 11
504000 —252000 0 —504000 ~252000| 2
S, = 1680000 0 252000 84000 | 3
1680000 0 0 4
déi xing 504000 252000 | 5
| 168000 | 6
Thanh 3:
4 5 6 7 9 8
[ 63000 0 _63000 63000 0 -63000] 4
840000 0 0 840000 0 5
5, = 84000 63000 0 42000 | 6
63000 0 63000 | 7
A6i xing 840000 O 9
| 84000 | 8
2- Ghép cac MTDC rieng thinh MTDC tdng thé:
1 2 3 4 5 6 7 8
1743000 0 —63000 1680000 0 0 0 0 |
1344000 —252000 0 ~504000 —252000 0 0
2520000 0 252000 8400 0 0
g = 1743000 0 —63000 0 ~63000
1344000 252000 0 0
2000 0 42000
d6i xing 840000* O
840000 |
3- Pua céc tai trong trén nhip vé i trong téc dung tai cac nut
[ 15 |
-10
9,167
Ta c6 vecto tai trong: f= 0
-10
-1,667
0
L 0 ]
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4- Bién déi MTDC téng thé
Phén tit thit 7 trén dudmg chéo chinh cia MTDC téng thé cin cong thém hé s& do cing:
S(7, 7y = 840000 + 1¢°

5- Can cif vao MTDC di duge bién déi va vecto tai trong, giai hé phuong trinh dé

dugc gid tri cdc thanh phdn chuyén vi.
(d,. dy, dy, d,, ds, d, dy, dg) = (-2,233 x 10*m -2,283 x 10°m
1779 % 10%rad - -2,221 x 10°m -9,195 x 10°m  -4,591 x 10”°rad
-8217x 10°m  -1,436 x 10*rad)

6- Can ctr vao (8.24), (8.50), (8.54) va cac gid tri chuyén vi vira tinh & trén, ta tinh
momen va lyc cat. Két qua théng ké trong bang (8.3).

o, Noi lye Mémen (KN - m) Luc cat (kN)
Phin tir ;
1 -20,822 5,075 -27.948 -2,052
2 -5,075 -4,104 19,178 0,822
3 4,104 0 -2,052 2,052

Vi du 8.6: Mot khung phiing nhu trén hinh 8.18.

20kN/m
F{G‘ﬁ YYYy ; Dién tich; 8 x 107 m?
y, ® Momen quin tinh: 2 x 10*m*
= Modun dan héi: 21 x 107 kN/m?®
- Do lin:
30kN - Q@ €} Men theo BTD thit 10: 0,02m

Men theo BTD thd L1: 0,03m

'Hinh 8.18
Dung phuong phdp mé hinh 10 xo tinh:
1- Chuyén vi
2- Moémen
3- Luc cit
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Gidi:

Trong phuong trinh mé hinh 16 xo, phdi théng k& toan bo cic BID. $ day toan bo
BTD = 12. S5 BTD cén tinh = 12. S6 BTD c¢6 chuyén vi cho trude: 5. 86 thit oy BTD ¢6
chuyén vi cho truée: 1,2, 3, 10, 11. Cic chuyén vi cho trude tuong img: 0 0 0 0,02 -0,03.

Cic phén tir trén duong chéo chinh iing cic sg thi ty BTD néi trén can duge cong thém
s6 C khd 16n. Cac phén tir clia vecto tai trong (ng véi céc s6 thit ty BTD néi trén cling cén
duoc cong theém gid tri (C x chuyén vi tuong Gng).

1- Can cif vao (8.53a), thanh 1ap cac MTDC niéng:

Thanh 1:
1 2 3 4 5 6
63000 840000 63000 -63000 —840000 63000 | 1
840000 0 —840000 -840000 0 2
s, = 840000 —63000 0 42000 | 3
63000 840000 —63000| 4
doi xing 840000 0 5
| 840000 | 6
Thanh 2:
4 5 6 7 8 9
1680000 1680000 0 —~1680000 —1680000 0 |4
504000 -252000 —1680000 -504000 -252000] 5
s, = 1680000 0 252000 —252000| 6
1680000 1680000 0 7
déi xing 504000 252000 | 8
i 84000 | 9
Thanh 3:
7 8 9 10 11 12
T-63000 840000 —63000 63000 —840000 —63000]
—840000 0 —840000 840000 0
5, = 840000 63000 0 42000
—63000 840000 63000
doi ximg -840000 0
i * 840000 |
202
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2- Ghép cac ma tran do cing riéng vio MTDC tdng thé:

63000 * 840000 63000  -63000 -B40ODC 63000 0 4]

1344000 -252000 -1680000 -504000 -252000
2520000 g 252000 -252000
1617000 2520000 -63000 63000  -B40000  -63000

-336000 252000  -840000 840000 ]

1680000 63000 o 42000

63000 * 840000 63000

840000 * Iy

840000

g 0 o 0

840000 * it -B40000  -840000 ¢ 0 0 H 0 0 ]
840000 *  -63000 0 42000 ] 0 0 ] 0 a
1743000 2520000 -6300C -1680000 -1680000 ] ] ] 0

0 0 0

0 0 0

3- Dua cic tai trong trén nhip vé tai trong tic dung tai cdc nit (tao ra trang théi
ngam). Ta c6 vecto tai trong.

-15% 7 1
0* | 2
~7,5% | 3
-15 | 4
-10 | 5
(_| 9167 | 6
0 7
~10 | 8
-1,67 | 9
0* | 10
0* | 11
12 12

4- Bién ddi MTDC téng thé va vecto tai trong. Ung véi céc phan tir c6 déu ngdi sao
trén dudmg chéo chinh clia MTDC tdng thé 8, cin cong thém gid tri c.
Gid tri cye dai tyét dsi cia MTDC tdng thé 1a |max | = 2520000. Chon gid tri
c = 2520000 x 10° =252 x 10"
S(1,1) = 63000 + 252 x 10" S(2,2) = 840000 + 252 x 102
S(3,3) = 840000 + 252 x 10" $(10,10) = -63000 + 252 x 10"
S(11,11) = -840000 + 252 x 10"
Ung véi cdc phdn tir ¢6 ddnh déu sao trén vécto tdi trong, ta cong them gid tri (c x
chuyén vi tuong ting):
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f(1)=-154+cx0=-15 f(2)=0+cx0=0
f3)=-75+cx0=-7,5 f(10)=0+¢x 0,02
f(11) =0+ ¢ x (-0,03)
5. Cin off vio MTDC 8* va vecto tai trong £* di dugc bién déi, ta gidi h¢ phuong
trinh dé dudc céc gid tri chuyén vi.
Q,, st Qs Qu Qs, Qe Qs Qs Qs Quon Qu1s Qn) =
(0 0 0 -0,028m 0,008m -0,026rad -0,028m 0,029m -0,028rad
0,02m -0,03m -0,022rad)
6- Can cif vao (8,24); (8, 50), (8,54), tinh ndi luc cho méi phan tir cha khung. K&t qua
ghi trong bang (8.4).

o Noi lue Momen (kN - m) Lyc cét (kN)
Phan o
1T 694,269 416,118 154,076 124,076
2 416,118 248,151 654260 674,269
3 248,151 0 124,076 1124076

§8.3. THUAT TOAN LAP TRINH TINH DAM LIEN TUC TREN GOI TUA THONG
THUONG (CRT 10)

L4y thi du trén hinh (8.19).

25kN/m
30kN /
Y
# ¢ 31 ¥ Y Y Y Y Y Y Y 2 4 X
1 —
VAN CH A ¥
A I O I
0.3m 0, 7m
|-l—h-[4—-—b1
|- ot et -t -
' Im ! 2m ! 3m !
83 thi nr 1 ™ 2"\ 3 ™~ b
BID -« -«
1 2 3 4
Hinh 8.19

1- Nhap s& liéu
S6 thanh = 3; $6 BTD ¢6 chuyén vi = 4;
C6 3 loai thanh can théng keé:
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a) Thanh chiu t4i trong phan bs déu
b) Thanh chiu tai trong tap trung
c) Thanh khong chiu tii trong
Trong thi du trén:
S6 thanh chiu tai trong phan bg déu = 1
S6 thanh chiu tai trong tap trung = 1
S6 thanh khéng chiu tai trong = 1
S6 thit ty thanh chiu tai trong phan b déu = 2
Cudng d6 tai trong twong dng: -25kN/m
S6 thit tu thanh chiu tai trong tap trung: 1
- Tat trong tuong ting: -30kN
- Vitri tai trong twong tng: 0,3m; 0,7m
S6 thit ty thanh khong chiu tai trong: 3
O tren, quy ude ddu clia tai trong nhu sau:
- Duong néu cung chiéu véi truc toa do y
- Am trong trudng hop nguoc lai
Cdc s6 liéu khic thong ke trong bang (8.5)

Bang 8.5
., ca e Madun Momen S6TT S6TT
Phantir | Chiéu dai dan hoi quén tinh BID, BIDd,
1 Im 21 x 107 KN/m? 23 x 10%m* 1 2
2 2m 21 x 107 kN/m? 23 % 10%m* 2 3
L 3 3m 21 x 100kN/m? | 23 x 10° m* 3 4

2- Can o1t vao cic 6 ligu nhap vao, tinh céc ma tran d6 cing riéng theo (8.23) (& day,
chi xét dén momen, khong xét dén luc cit).

3- Ghép cac MTDC riéng thanh MTDC téng thé

4- Lap vectdo tai trong

5- Giai h¢ phuong trinh d€ dugc gid tri céc thanh phan chuyén vi

6- Tinh moémen theo (8.30)

7- Tinh lyc cit theo gid tri mémen vira tinh trén.

§8.4. THUAT TOAN TINH DAM LIEN TUC TREN GOI TUA DAN HOI (CTR 11)
L4y thi du trén hinh (8.20)
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Ay 15kN/m
e 30kN
7
1 b 3 yYY VY ¥ ¥ 3 2 * 2 4_ - X
® @ Q@
T i A 77z
3m 3m :
[-— —— -
j—— > —a— T
1 3 5 .
Av: o ve £1L L
1 2 3 4
Hinh 8.20

1- Nhap cdc so liéu:

M35i niit ¢6 2 BTD. S6 thit ty BTD biéu thi nhu saw:

Tai nit i

S6 thanh: 3
S6 bac tu do c6 chuyén vi: 5

S6 tha ty BTD c6 chuyén vi: 1,2, 4, 6, 8 (hinh 8.20b)
S BTD cé chuyén vi triét tiéu: 3

- Luc thang dimg: 2i - 1
- Momen: 2i (xem hinh (8.20b)

S§ thit tu BTD c6 chuyén vi triét tiew: 3, 3,7

S6 BTD ¢6 g6i tya dan hoi: 1

S6 thit ty BTD ¢6 gdi tua dan hoi: 1 (hinh 3.20a)
He s6 do cdng tuong tng: 10 x 10* kN/m

S5 thanh chiu tai trong phan b déu: 1

S5 thanh chiu tai trong tap trung: 1

S6 thanh khong chiu tai trong: 1

S6 thit tir thanh chiu tai trong phan b6 déu: 1
Cudng 46 tai trong: -50 kN/m

S& thit ty thanh chiu tai trong tap trung: 2

- Tai trong: -30kN

- Vi tri tai trong tap trung: 3, 3 (hinh 8.20a)
SG thif tu thanh khong chiu tai trong 3

Cic s6 lieu khdc thong ke trong bang (8.6)
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Bang 8.6
. . Mbdun Mémen
i i€u dai .. d d
Phan or | Chiéu daj danhéi | quin tinh d, d, 3 a
1 3m 21x0 [20x10° 1 2 3 4
2 6m 21x10° | 120x10° 3 4 5 6
3 Sm 21x107 120x10* 5 6 7 8 J

2- Can ctt vao (8.23), 14p cdc ma tran do cing riéng
3- Ghép cdc MTDC riéng thanh MTDC téng thé
4- Bign ddi MTDC téng thé

Cong vao phdn tir thit nhat tren dudng chéo chinh cia MTDC tdn g thé s6 C khd lén.

5- Lap vecto tai trong
6- Giai h¢ phuong trinh dé dugc gid tri cac thanh phan chuyén vi
7- Tinh néi luc trung dim lién tyc theo (8.30)

§8.5. THUAT TOAN TINH DAM LIEN TUC TREN GOI TUA LUN THEQ PHUONG

PHAP MO HINH LO X0 (CTR 12)

Lay thi du trén hinh (8.21).
15kN/m
a) 30kN
ﬂTfi I i 2 L .
ijf/ f".f"/// @ A, ®
Io 0lm 3m 3 ’
FEE ‘ ’I.‘_ _.1
- 3m L om L Sm .
[ -l -t >
b) ! 3 5 7
209y 4yy 5 r{y 8 (Y
1 2 3 4

Hink 8.21
I- Nhép céc s6 lieu
S6 thit ty cac BTD théng ké nhu trong chuong trinh CTR 11,
S6 thanh: 3
Téng s6 BTD: 8
56 thanh chiu ti trong phan b6 déu; 1
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S6 thanh chiu 1ai trong tap trung: 1
S6 thanh khong chiu tai trong: 1
S& thit tu thanh chiu tai trong phan bé déu: 1
Cudng do tai trong: -15 kKN/m
S& thit tu thanh chiu tai trong tap trung: 2

- Tai trong: -30kN

- Vi tri t4i trong tap trung: 3,3 (hinh 8.21)
$6 BTD ¢6 chuyén vi cho trudc: 4
S6 thit tu BTD c6 chuyén vi cho trude: 1, 3,5, 7
Chuyén vi cho trudc tuong tng: 0,015 0; 0; 0
Cic 56 ligu khac thong ké trong bang (8.7)

Bang 8.7

. . .| Modun Momen
h } cu da . d
Phin tay | Chicu dat din héi quén tinh d, d, d, "

1 Im 21 x 107 | 120x 10° i 2 3 4
2 6m 21 % 107 | 120 x 10° 3 4 5 6
3 Sm 21 % 107 | 120 x 10® 5 6 7 8

L

2- Can cif vao (8.23), lap cdc ma tran do cing riéng

3- Ghép cdc MTDC rieng thanh MTDC téng thé

4- Goi chuong trinh con dé tinh gid tri cyc dai tuyét doi cha céc phan tr trong MTDC
téng thé. Chon gid tri C.

5- Bi¢n déi MTDC tdng thé bling céch thém s& C vio mbi phdn tir ting Vi s6 thif ty
BTD ¢6 chuyén vi cho trudc trén dudng chéo chinh ciia MTDC tdng thé.

6- Lap vecto tai trong: Bién dodi vecto tai trong bang cach thém vao gid ui (C x
chuyén vi trong (mg) cho mdi phin 1 ¥ng voi s6 thit tu BTD ¢6 chuyén vi cho truéc.

7- Goi chuong trinh con dé giai hé phuong trinh.
8- Tinh noi luc theo (8.30).

§8.6. THUAT TOAN LAP TRINH T{NH KHUNG PHANG TREN GOl TUA THONG
THUONG HOAC GOI TUA DAN HOI (CTR 14)

L4y thi du trén hinh (8.22)
I- Nhap s6 liéu
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S6 thanh: 2
S6 BTD ¢6 chuyén vi: 3 (hinh 8.23a)

S6 BTD c6 chuyén vi: 4 néu c6 goi tua dan héi (hinh 3.23b)

5
20kN/m A

, 3
30kN | 13 30kN
_I_ - a* 3i-2 = 10,
0,5m | 8 = 5
' - 5
. - e h—"" 1 ecccol 8
3 6 5 6
- _2m > . _2m ]
a) b)
“Hinh 8.22

S6 BTD c¢6 chuyén i triét tiéu: 6 (hinh 3.22a)

S6 thit tv BTD c¢6 chuyén vi triét tiéu: 4, 5.°6,'7,
8,9 (hinh 3.22a) .

S6 BTD c6 g6i tua dan héi: 1 (hinh'8.22b)

- S6 BTD triét tiéu : 4, 5,6, 8 (hinh'3.22b)

- S6 thit tw BTD ¢6 g6i tua dan hoi : 7 (hinh 3.22b)

- Hé s6 do cing tuong tmg: 10 %10 KN/m" " =11/

S6 thanh chiu tai trong phan bo: 1

S6 thanh chiu tai trong tap trung: 1

S6 thanh khong chiu tai trong: 0

S6 thit tu thanh chiu tdi trong phan bé déu: 2

Cudng do tai trong: -20 kN/m.

S6 thi tu thanh chiu tai trong tap trung: 1

- Tai trong: 30kN _ _

- Vi tri tai trong tap trung: 0,5m; 0,5m (hinh 3.22).

Quy udc vé ddu cha tdi trong (xem hinh 8.22) nhu sau: Tir chiéu duong clia truc
thanh x quay mot géc 90" nguoc chiéu kim dong hoé; tai trong 1a duong néu ciing chiéu

20KN/m

1

Hinh 8.23

‘8

ik AL bkt Gl free
. - v 2 A
R S T 1

VGi truc y, 1a @m trong trudng hop nguoc lai. Cic s6 liéu con lai théng ké trong cic

bang (8.8) va (8.9).
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Bing 8.8
| Dientich | Modun | Momen ) rosdo | Toado | Toado | Toado
Phan tr s dan hoi quan tinh
(m ) (kN,,mz) (md) Xl x2 Yi yZ
1 8 x 107* | 21 x 10’ 120 x 10 0 0 0 1
2 8 x 107" | 21 x 107 120 x 10* 0 2 1 1,3 J
Bang 8.8 (ti€p theo)
.
S6 thu tu bac tu do
Phén tir
d; dz d3 dd. dﬁ dﬁ
1 7 8 9 1 2 3
2 1 2 3 4 5 6 J
Bang 8.9 (trudng hop c6 gdi tua dan hoi)
| Dienticn | Modun | Momen Toa do (m)
Phan ur (m?) dan hé1 | quédn tinh
(kN/m?) (m*) Xy X2 Xz X4
| 8 x 10° | 21 x107 | 2x10* 0 0 0 1
2 8 x 107 | 21 x 10" | 2x107 0 2 I 13
Bang 8.9 (ti€p theo)
56 thi v bac ty do
Phan tir
d, d, ~ d, ‘ d, 4 de
1 4 5 6 1 2 3
L 2 1 2 3 7 8 9

2- Lap cdc ma tran do cung riéng theo (8.53a)
3- Ghép cac MTDC riéng thanh MTDC tdng thé

4- Néu ¢é g6i tya dan héi, bién d6i MTDC 1dng the nhu trong vi du (8.5)

5- Lap vecto tai trong
6- Goi chuong trinh con dé giai hé phuong trinh
7- Tinh ndi luc theo (8.24), (8.50), (8.54)
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§8.7. THUAT TOAN LAP TRINH TINH KHUNG PHANG TREN GOI TUA LUN
THEO PHUGNG PHAP MO HINH LO XO (CTR 15)

L&y thi du trén hinh (8.24)

3
y  20kN/m _#
5 .
03m A A Ty LY "E-‘L‘“'?
vy, s deeb
A -ArRE 3i-1
O,Sm|
30kN mit thiri _.
Y - @
T | 3i-2
0.5m
: B 2 3
L - X Cdch biéu thi s8 thiy ww BTD
OOImT :TZW 3
— T
— 2 ey
Hinh 8.24

I- Nhap sé liéu
S thanh: 2.
Tong s6 BTD: 9.
86 BID ¢6 chuyén vi cho truéc 1, 2. 3, 7, 8,9 (hinh 8.24),
S6 thit tu BTD ¢6 chuyén vi cho truée 1, 2, 3, 7, 8, 9 (hinh 8.24).
Chuyén vi wong ng: 0; -0,01; 0; 0: 0; 0.
S6 thanh chiu tai trong phan bé déu: 1.
56 thanh chiu tai tap trung: 1.
S6 thanh khéng chiu tai trong: 0.
S6 thit ty thanh chiu tai trong phan b déu: 2.
Cuong d6 tai trong: -20kN/m.
SG thi wy thanh chiu tai trong tap trung: 1.
Tai trong: 30 kN.
Vi tri tai trong tap trung: 0,5m, 0,5m.
Quy udc dau tai trong nhu trong CTR 14.
Céc s0 liéu khdc thong ke trong bang (8.10).
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Bang 8.10
| Dienticn | Modun | Momen Toa d6 (m)
Phan tv (m?) dan hé1 | quan tinh ;
(kN;’mI) (m*) Xy X3 X3 Xy
1 8 x 107 21x107 2x10*¢ 0 0 0 1
2 g x 107 21x10° 2x107 0 1 1,3
Bang 8.10 (tiép theo)
) $6 thit ur bac tr do
Phan tu
dl dZ d3 d4 df, dﬁ
1 1 2 4 5 6
2 4 5 6 7 8 9 J

2- Lap cac MTDC riéng theo (8.53a)
3- Ghép cac MTDC riéng thanh MTDC téng thé

4- Bién déi MTDC t8ng thé nhu da lam trong vi dy (8.3)

5- Lap vecto tai trong

6- Bién déi vecto tai trong nhu di lam trong vi dy (8.3)

7- Can ¢ vao MTDC tdng thé va vecto tai trong dd dugc bién d6i, goi chuong trinh
con d¢é giai h¢ phuong trinh
8- Tinh néi luc theo (8.24), (8.50), (8.54).

212

http://vietnam12h.com





