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. Y nghia thay (hé k&t cdu thuc bing k&t ciu twong dwong nhim c‘lcm gidn tmh toan,

khéng phéi la méi mé, ma ngay ti thé ky XVII, Euler L. ai de nghi thay thé&
nglnen ctru ming mdng bing hé diy mém tryc gizo, dén ndm 1774 Berhoulli A. di mé

rorg cach twong dwong ndy vao nghiém ctu bin bing célch ding lu¢i ddm tryc 01ao

" twong duwong.

- Tiép tuc theo chidu huéng d6 cé Timoshenko. Hrenhikoff Pranuuni,... d4 mo hinh
mdt vat thé dan hdi lién tuc bing mot hé thanh véi che gid thi€t teong dwong khac nhau.
Bai toan bin mdng dan hdi ding hudng cling d4 dwoc nhidu tic gid nghién ctu bing

- chc phuwong phap twong dwong nhu Marcus, EWLH Okubo va Abzanis, Wieghard, Rledel

Splerlc Lighfoot, Yettram va Husain v.y.. va da dwa lai k6l qui khi quan.

© Gan hon hét, nim 1970 Elie Absi da trinh béy mét dwdng 161 1dng quat d& tinh
“todn twong dwong gilta hai h¢ dan héi cing chiu ngoai lyc thc dung nhu' nhaw, béng
“cach xét sy twong dwong v& ning luong bifn dang dan hdi clia hé thwe va, he thay thé
twong duong [1] Trong ly thuyét twong dwong cla minh, Absi E. d3 st dung che
nguyén ly bién phin ning lwong dwoc trinh bay duwdi ng(‘)n nglt ma tran va din dén s
dung chc phuo-ng phap quen thugc cda Co hoc két cdu nhwe phuwong phap luye h()cl(

, phlm’n phap chuy&n vi de phan tich cac két ¢fu twong duong. .

Trono bai pay, chdang 16i trinh bay cach van dung ly thuyé[ tuwong duono ning
lugng phan tich cac bin mong dan hoi trwe huwémg cdc két qui dat dwoe 1a tdng quat
cho céc loai bén trwc hudmg val lidu bhay hinh hee, ciing nhw cAc ban dan hdi ding

huong [2].

§1, TOM TAT cor s@’ LY LUAN 074 LTTR

Aét hal hé dan hoi (val the 4 tae dung), co thd tinh v3 chiu tac dung pidng nhauy.
Thé nang tdng cong clia hé thé nhét 1 T oya chn hé thi hai 13 ®, dwgce gid thiél 1a
2 3 1 Y ’ N
bdo toan. Che ham thé ning ndv duge tinh theo cong thive : :
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v U’ 12 thé ndng bifn dang chira fvong mot don vi the fich cta hé thu nhit va hé
¥ hai, con dugc goi 1ad mat 49 thé ning. ® 12 thé ning cta ngoai lyc tac dung lén he.

: ‘Nguwoi ta dinh nghia Mng hai hé ndi trén twong duong nhau, néa théz min disdu
in bién phén sau !
d = &7 = 0 : ‘ (1.3)

Te didu kign ndy, ngwol ta co thé thay thé& vi¢c phan t1ch mot hé thye bing
hién_cfru mot hé gid ‘twong duong c6 cic ludt ddi xit khie nhau, mién la chung ton
céc fruong bién dang théa min didu kién (1.3). :

Ngwdi ta cling dd di dén xét twong du'cmg gitra” hai he trong mét s6 truomg hop
thé nhu sau:

1. Mat do thé nang clia hai h¢ bing nhau, tire la v

‘ =Us {1.4)

. Mat d9 thé nidng cna hai hé khac nhau mot lu'ong khong, doi ‘

‘ ' Uge tite 1a: Uy = U + u, ) (1.5)
3. ' % = an’ _ e

mg d6, & 1a mot hé s6 bt ky va th® tich cfia hai h¢ khéc vhau.

Nhu vay, su tuwong duong c6 Lhé thue hién gura

— hé lién tuc v6i méot hé lién lue khac.-

— hé lién tuc voi mot hé roi lgc

— hé roi rac voi mot hé roi rae khac. - '

§ 2. PHAN TiCH BAN PAN HOI TRUC HUGONG BANG LTTD

Ching t6i da dang moé hmh thanh tuong duong d& thay thé ban tryc hudng. Cong
d¢ dwge thuc hién gdém hai bude 6 rét: -

" — Nghién citu mé hinh tvong dwong théo LTTDH

— Thiét lap phwong trinh chinh tic theo phwong phép chuyén vi che ci ludi cac
b ‘hinh twong dwong.

2.1. Nghién efu e¢dc md hinh tvong dvong.
ba dwgc ding hai loai mé hinh twong dwong:

—~ Mo binh chir nhat cé. hai thanh chée
; - Mo hinh chir nhit khong co cdc
thanh chéo

2.0.0. Mé bhinh <h& nhér <6 hai
thank ehéeo (hinh 1)

M6 hinh gom 6 thanh duge ndi cung véi
nhau & hai ddu thanh, hai thanh chéo khong néi
v0i nhau & didm gitta clia chiung.

, _ Mé hinh dwge chon d6i xwng, riéng hai

Hinh 1 thanh chéo duwge gid thiét'hd qua do cirng xo#n.

Giéng nhuw mot phiin tir ban moéng dan h61, tai

5i dinh clia mo hinh, duge xét dén ba thanh phin chuydn vi: chuydn vi thing dung w
hai goc xoay 8; va 8y, Nhuw vay cd mo hinh ¢6 vée o chuyén vi nat:

fo]T = Tw; g2 85 wy 85 8y w7 8 8y g By 812 ] Can
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.
Nang lwong bidr dung din hoi cfia ma hinh twong dwong, dwoce xiae dinh bigg
tong cac ndng logng bi€n dang dan hoide udn va do xedn tich luy trong ting thanh:

2 2 A
W = (px + pecos'e) 7wy + (py + 2 sina) o * +
X [ A et ¥ e 5y2

3% 3% bd’w
(dpesinacos®e + Tx + Ty) + 2pcsm‘d,005 el 7| 2.2
xoy ‘Bz 3y .
Trong d6, “Px =Ea; - py-=Eylyb ; '_ Pe = Bolole Te=0Gla: T, y=Glyb, (23
’Ix, Iy, Ic m6 men qudn tinh tiét dién ctia cac thanh trong mé hmh Ex, Ey, Ec, dac tru’ng
. dan hoi vat liéu theo cac phuong x, y va phuong chéo.-

a, b, [, 4 chidu dai cla cé¢ thanh trong md hinh & A gée nhon hcrp gita thanh
" " chéo va truc .

Ning luong bién danu dan hdi cia mot phﬁn t& ban cé cing kich thwée véi mod
hmh Lwrong dlwng va e6 bé day h: dugc xéc dinh theo [3]:

1 02(1) 2 020.) 2 02(0 02 62(” 2
U =»—2— ab 3 Dy ('5;2-*> + Dy (;;é_) 42Dy Fye) 0y2 + 4ny(0m6y) $ 2.9)
Trong d6, Dy, Dy, 12.dd ctrng udn theo phwong x va y. ]
P Dy d6 cing udn trong mdt phiing ngang ciia ban
} Dxy d9 clrng xodn ciia bian.
w = ® (r;y) hAim chuy2n vj ctia bin
So sanh (2.2) va (2.4) din’ dén he phuwong trinh sau:

1
ex + chOS4a = ’5‘ ab Dx

. 4 1
A= :
Py + Pecsin - abDy. (2.5)

1 ]
pcsinzdcosza = - ab Dy )

R O S 4pesin®dcos’a = 2ab Dyy ,
Gidi he (2.5), ching la x4dc dinh dwge chc dic trung udn vi xodn cia thanh theo
cac dic trwng clia ban.
' : 2
ab [Dh -3 Dv]
b

=L
Pz = 2
2
1 b
Tab [Dy -2 D+ ]

by (2.6)
Pe = 5 a v
Tz + Ty = 2ab (Dzy ~ Dy}
Néu gih thiét do ciung xodn ti 1¢ nghich véi chidu dai clia thanh thi c6 thg tinh
duge dfc trung xodn cds ting thanh.

2ab

2a%
o= - Doy = Do) Ty = =

at+b

Tu (2.6) va (2.7) suy ra cac dic trung hinh hoc clha-tigt di¢n cac-thanh ghi-trén
md hinh (h. 1):

[ Dyy — v] .0

b a? a b® .
I = £ m——— ._._.._ . . .
x 2E. [ — Dy b2 ] Iy 2Ey — Dy 2| ‘ (2.8)
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9b~ 2a%
© Gla+b) G(a+ b

2.1.2. Mé hinh ch¥ nhgt khéng therh chée (hinh 2).
Mo high gdm 4 thaah dugce ndi cing vei

<y [
. . (2 nhau & céc dfub. M6 hinh duge chon d6i xang.
& , 914%" o tng.
ﬂh 7L T \€ Céac chuyén vi nit cha méd hinh cling duge AeL

{Dky - Dyl Iy = [Dyy — D,

20/ : e
L v . /‘f gidng nhw (2.1).
5"@ %{7@3 - Ning luwong bi&n dang dan hdi cla me
RN o £} ‘hinh cfing dwge tinh bfmg téng ning luogng
q 95 Lo .Z;; .ﬁf bién dang do uf)n via xofin cla long th‘\nh
s 7 82w 2 02w

. W =px e + Py B—y—g— +

" Hinh 2 o [ Do\
N ' ) ) - i + (Tx +4 ry) ( 5‘{5}7‘) (2.9)

‘rong d¢ cdc k¥ hién 44 dwoc gial thich & phin trén. o
Ning lwong bién dang dan hdj cda phan t& ban cb (,ung kich thuée véi md hinh -
a c6 bé day h. voi gii thlet b qua cac thanh phin ndi lye mang [3]4 ‘

U=l 8w )2 azto,2+4 A RE 0
1 9 abh Dx Py 2) -+ Dy | —6—37_‘2—) ny ( axay -410) A
Trong, d6 eic ky hiéu cling da du'oc gidi thich. & phan tién.
So sanh (2.9) va (2.10) s& dan d&n hé phuong t11nh
1
Px = — ab Dy -
b 1 .
R py : -2— ab Dy - ) . (2.14)

Tx + Yy = 2abDyy R )
Gih thi€t d¢ cing xofu t le nghlch v6i chidu dai thanh, ching ta cd:

2ab? 2% '
2 20 ‘ v 2.12)

Yo =

Dyxv; {y=
“Tatn OV VT Ty
Tir (2.11) va (2.12) c6 thd x4c dinh dwge dic trung tiét dién.cac thanh:

D*c D}’
= = . = : 2
]x QEX b M Iy 2Ey a ;s ‘ (..4.13)
-2b® - %%
Jy = == Dyy; Jy=———D
TG+ T 7T G

Nhan xét: Cac két qui (2.11), (2.12) va (2.13) ¢6 the nhin duwgce t cic két qud
'2.6), (2.7) va (2.8) bing cach thia nhén ring D, = ‘ :

2.1.3. Phén tich mé hinhk thanh tveng dveng.

Sau kki 8 x&c dinh dwge cac ddc trung hinh hoc clia cac thanh irong mé hinh,
ta ¢6 th® th® tién hanh phan tich m6 hinh bing phuong phap chuyén vi (hoac phucmc
phap luc) quen thude d& xay dung ma tram d6 céng (hofic ma trén df mém) clla mo
hinh [2}. Cong viée nay khong c6 gi kho khin7

2.2. Thigt Igp phweng trinh chmh sdic theo phwong phép
chuyen vi cho ¢é luéi edc md hirh tvong dwong.

Ban tryc hwong cin phan tichk, dugc chia thanh mot leoi cac phan 1k chu’ nhéat
tdy ¥ chon, mdi phin & twong duong v&i md hinh thanh. VAn d& dit ra 1a ghép céc
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fné hinh thanh twong dwong lai thinh ludi cdc mo hinh. Thyce chdl 1o ghép cac ma
114n 4o cirng, cac veulo chuytn vi va cfic vectd ngoai lye ctia tirng md hinh. Cong vise
Airge thuwe hign ty domg hoa theo chwong trinh LTTDI x& LTI‘D') vi€t bidng ngon ngir
vORTRAN IV. Theo so dd khéi dugi day (h.3).

i

Se do khei LTTD1 va 2. L n
START Sy
’ e £, : - b
Hoc, .m [zea B R N P
. 3 ) -
Zink . Eodn / . L )
’ 3 Y ¢
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§3. THi DY TINH TOAN

- Duéi day 14 hai thi du tinh toan .d4 dwoc thyc hi¢n bing chuong trinh LTTD1
va LTTP2 trén may tinh dién td¢ MUHCK — 32.
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Thi dg 1. R4¢ dinh trwong chayén vi cha mot bén béténg edt thép géi dun gitn
theo 4 eanh va chju lyc tap trung & chink gi%ta bin. Két qud dwgce so sanh véi phwong
phap — Phin ti hitu han'|2 va két qui thi nghiém [4 ] gi6i thigu trén hinh 4.

Thf dg 2. Xac dinh trang thai ¢ng sufit va chuyén vj clia mét ban lwon séng, g6i-
don gidn theo hai canh ngin, chiu tii trong phin bé. Két qud dwoe so sanh véi phwang
phip Phin t& hitu han [2], gi6i thi¢u trén hinh 5. ‘

§4. KET LUAN

Ly thuyét twong duong dem dén cho nguosi k¥ sur thiét ké mot cong cu tinh todn
cing chinh x4c nhu phuooag phip cic phin tk hiu han nhung trong mét sé trudng hap -
cu the no con dé dang ap dung hon, bdi vi két cdu thie lién tye d& deoc chuydn v
mot hé twong duwong cdu tao biug cac thanh. mot loai k&t cdu kh& quen thude dsi voi
ngucl k¥ su x4y dung. .

Vi thie chit ly thuyet twong dwong 14 mot bai todn v& trwong, do d6 khi ning
mé rong 4p dyng efia né vio nhidu bai tean thude cac link vue khac (nhiét dan hai, kat
ciu nén mong...) ciing gfm giéng nhu phuong phap céc phin t& hitu han ma ching ta da
duge biét dén. ® :

Cung véi viée xay dung chuong trinh ty déng héa unh to4an lrén may tinh dién t&,
Iy thuyét twong duong cé thé giap 46 ddc lwc cho chung ta trong cde thiét k& coéng trinh
thuc t& voi do chmh xdc ddy da tin eay.

Pia chi: Nhan ngdy 23/1/1980
Dai hoc Xdy dung ‘ .
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SUMMARY
ANALYSIS OF ORTHOGONAL PLATES BY THE THEORY OF EQUWALENCES

The Prineiple of the Theory of Equivalences is to replace the Sohd Bedy by & Fxcu-
ous Body which is easier to calculale.

Using an Equivalent Solid made up of Bars with Geometrical and mechanical pro-
perties, the Problem eof the Orthogonal Plates is then replaced by a Problem of research
of the internal force state in a structure using method of deformation.

The compuler program intended for Minsk-—32 is- segmented in two™ parts uhl!zmg
only internal Memory.
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