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The problems on the continuous plates with the intermediate bearers are often necessary at
the calculations of the building structures and constructions’ elements in the mechanical
engineering. As it was shown in [1, 2], the problems on the calculations of the plate shells
and the folded-plate constructions are reduced to such problems also. The works of many
native and foreign scientists are devoted to the calculation of the plates’ stress state. The
review of these works one can find in [3-5]. In the proposed article with the help of the
integral transformation method [6], and the method of the three moments [7] the influence
function is constructed. That allows to consider the more intricate problems on the stress
state of the folded-plate constructions. The calculations of the characteristic values (the
reactions and the bending moments on the bearers) are shown.
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The problem statement

The problem on the stress state of the continuous rectangular hingedly supported plate
(a<x<b,—1I <y<l,) is considered. The plate is hingedly supported along the lines x =aq, ,

a,=a+kl, I=(b—a)/n, k=1Ln—1 with the help of the n—1 fixed bearing. The
concentrated force P is applied at the point with the coordinates (&,7), & €(a,,,a,,,,). It is
necessary to estimate the bending moments’ values M (a,,y) and the bearers’ moments
N(a,,y), k=0,n.

Such problem is reduced to the solving of the Sophie-Germen biharmonic equation for
the plates’ bending

Azw(x,y):PcS(x—f,y—n), a<x<b,x#a,, k=Ln-1,

Y[ <o. (1)
The solution of it should satisfy the conditions of the rectangular hingedly supporting

x=ab:w=0,M_ =0,

(2)
yv==I,l, : w=0, M, =0,
and the conditions on the bearers
x=a,, k=Ln-1: w=0,<¢ >=0,<M_ >=0. 3)

At that
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Nla,,y)= (V) 0, - (4)

where ¢ (x,y) is the bending angle of the plate, M (x,y), M y(x, y) are the bending

moments, V,(x,y), v, (x,y) are the generalized lateral forces, which are connected with the
point’s by the known formulas:

_ow
@ ox
2 2
M, =-p| LY 00|,
ox oy
O*w O*w
M, __D( oy ox? ] ’ )

-

3

D is the flexural rigidity of a plate D = ~(h—) v 1s the Poisson’s coefficient, £ is

12(1-v*)’
the modulus of elasticity, /4 is the plate’s thickness.
We define as (F(x,y)), following by [1],

x=a: <F(x,y)>=F(a—O,J/)—F(a"‘O’J’)

— 1s the function F (x, y) jump through the line x=a.

The solution of the boundary problem (1)-(5) is searching with the help of the finite sin-
Fourier transformation

w, (x)= I[, wix, y)sin A(y +1, )dy (6)
wlx)= - Y (sin A1), A=7 )

As a result the problem is reduced to the one-dimensional discontinuous boundary
problem [6, App. 11, § 2, p.2] of the form

w (x)= 222w (x)+ A*w, (x) = PS(x — &)sin A(n +1,), (8)
W

"
0, wj

x=ab

x=a,b = 0 b (9)
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_ '
W, x=a; 0 s <Wﬂ.>

eq =0, (W), =0, k=Ln-1. (10)

x=a;

If the solution of this problem will be constructed, then with the help of the inverse
Fourier transformation (7) one can obtain the solution of the stated problem in the form of a
series.

The Green’s function of the continuous problem

For the boundary problem (8, 9) solving, let’s construct the Green’s function g, (x,f)
of the tentative problem

w, =PS(x—&)sinAn +1,), 0<x<I, (11)

Wil0=0, Lw;|,,=0, (12)
where Lu = 0%u/ox* — Xu.
As it known [6, App. II, §1, p. 2, formula 1.17], the Green’s function g,l(x,é) has the

form:

o

2:(5.8)=®,(x.5)-3

3
Jj=0

(&, (%), (13)

where @ l(x,f) is the fundamental function of the equation (11), {t,z/j(x)}3 is the

j=0
fundamental basic system of the problem (11) — (12) solutions.

At that, the fundamental function of the equation (11) has the form [6, App. 11, §1, p. 3,
formula 1.34-35]

A=) g 1A +E) ey

P, (x.6)=—7 o7 (14)
One can input the boundary functionals of the following form
Ulul=u|,,, Ulul=Lul,_,, Uul=u|._, Uyfu]l=Lul_ .
Then, the coefficients c,(£), i = 0,3 can be estimated as
c(&)=U[®,], i=03. (15)

and the elements of the fundamental basic system of the solutions can be found as the
solutions of the corresponded problems

{ Ly, =0
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where 6, is the Kronecker symbol.
So, with the help of (15) and (16), one obtain

c,(&)= 2%3 e ((1+ Al)ShAE — A&chA&), an

(&)= —%e"’”shlf :

_sha(l-x) _shix
vl )=—3or > vlW=gor
_lchal oy, (1=x)cha(l—x)
VoK)= A (18)
IchAl xchAx
V/3( ): +

—-——S )
2Ash’Al 2AshAl
The Green’s function of the problem (11)-(12) one can construct after the substitution of

the (17) and (18) in (13).
The form of the Green’s function will be

G,(x.&)=r'g,((x—a)/n,(& - a)/n).

The Green’s function of the discontinuous solution
It is necessary to construct the Green’s function of the discontinuous boundary problem

(8)-9).

In the designations of the previous part this problem will be the following

Pw, = PS(x—&)sin An +1,), (19)

w, =0, Lw,

x=ab

x=a,b = 0 b (20)

=0, <Lw,1>

_ '
w; x=a; 0 s <Wﬂ.>

x:akzo’ kzl,l’l—l, (21)

x=ay

The Green’s function of the discontinuous problem (19)-(21) has the form [6, App. 11,
§2, p. 2, formula 2.19]:

n—

G;(xaé):Ga(xaé)_ :ukGﬂ.(x’ak)’ (22)

1

=~
Il

where
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3
Gﬂ.(x’é): q)ﬂ.(x’é)_zcj(é)y/j(x)
j=0
is the Green’s function of the continuous problem (is constructed in the previous part),
M =N, (ak ) .

According the three moments’ theorem [7, part XVII, § 248], instead the problem (19)-
(21) let’s consider the n—1 problems of the form

2,
L'w, —r,l(x), a, <x<ag,,

W, x=ay =0 > Wy X=ay =0 ’ (23)
LW}. x=a; Mk ’ LW}. X=a; = Mk+] ’
where
( ) 0, a,<x<a,
r,\xX)= 5
’ f6(x=¢), a,<x<a,, (24)

k+m,

at that f = Psin A(n+1,), M,, k= 0,n the transformations of the bending moments on the
bearers are the unknown constants which are estimated from the second condition from (21).

wi(a, —0)=w)(a, +0), k=1,n-1. (25)

The solution of the boundary problem (19)-(21), according [8], satisfies to the following
correlation

wi<x>=”T‘a(e:)gi(x—ak,(s—ak>de:—Mk%L;u—ak,o)mmijig@—ak,z),

”k

k=0,n-1.

Then, with regard of the applied loading form (24), one obtain that on the each segment
a, <x<a,,, k=0,n—1 the deflection’s transformation w, (x) should satisfy to ratio

_Mm%g—g(x—am,OFMmH (Zg—g(x—am,lﬂfgi(x—am,f—am)

w, (1) = , (26)
-M, %%(x_ak’o)"‘Mkn %g—g(x—ak,l)

where a, <x<a a, <x<a,,, k=0n-1, k+m.

m+l 2

One obtain the following equation for M, because of the conditions (25):
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0, 1<k<m-1&m+1<k<n-1

0
™M, =2BM +TM_, = fag,l(oaé_am)a k=m ) 27)

figi(l’g_am)’ k=m+1
ox

here M =0, M, =0 in accordance with the condition (20),

IchAl L]
2sh?Al  2AshAl’

_ Ich’Al _ chAl + AlshAl
2sh’Al 2AshAl

The solution of the homogeneous system (27) one can search [7] in the form

M, =Cqf +Dqy ,
9 :B/Ti (B/T)z_

where C, D are the arbitrary constants, g, , are the solutions of the characteristic equation of

the homogeneous equation (27).
Then

M, =M, 4 =4r 0<k<m-—1,
a5 —q

(28)
n _k n _k
M =M, —LN 9D i o<k<y.

m+ m+l _n m+l n

9 49, —49, 4,

After the substitution of the found values by k=m and k=m+1, one obtain the
system of the two linear algebraic equations relatively to M, and M, ,

™, —2BM, +TM, u =/~ gl(Of a,)

95 —q;
m+2 . n m+2 n .
TMm+1 q]m+]qi q?n+l qlz _2BMm+l +TMm :f_gﬂ.(l’g_am)
9 49 — 4, 4, Ox

After searching of M, and M, as the solutions of the pointed by the formulas (28)

system, one can define M,, k=0,n. One can obtain from the moments’ equality condition
and consider as in tin the three moments’ theorem, each of the span separately:

E—-a,)f-M,+M,,, —lem(am +0)=0,

_( m+] é)f M + M ZVAWI (am+] - 0) = 0 ’
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M+ M, -1V, (q,+0)=0, k=0,n-1, k=m,

M+ M, -1V, (a,,-0)=0, k=0,n-1, k#m.

Then taking into consideration (4)

N(a)=(=M,_ +2M, ~M, ), kzm, k#m+1;
Nﬂ.(am):(_Mm—] +2Mm _Mm+] _(am+] _é)f)/l’
Nﬂ.(amﬂ):(_Mm +2Mm+] _Mm+2 _(é_am)f)/l’

with the help of the inverse Fourier transformation (7) one can find M (a,,y), N(a,,y),
k=0,n.

The calculations

The graphics of the bending moments M (a,,y) and reactions of the bearings N(a,,y)
are shown for the case /, =10, [, =10, /=4, n=5, m=3, £ =0, n =0 (Fig. 1). At that the

solid line corresponds to the case k =1, the dashdotted line to £ =2 and dotted line £ =3.
The cases k =4,5,6 by act of the symmetry are analogical to £ =3,2,1 correspondently.
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Fig. 1. The graphics of the bending moments M (a,,y) and reactions of the bearings

N(ak’y):
a— min M (a,y)=-0.0728, I(ni[nl)Mx(az,y):—O.5507, I(Ill'lrll)Mx(a3,y)=—1.4526;
Ye(=ih YE(—l,h

ye(=l,l)

b- max N(a,y)=0.1377, max N(a,,y)=-0.1550, max N(a,,y)=-0.4071

ye(=h.h) ye(=h.h) ye(=h.h)

Thus, the values of reactions and the bending moments on the bearers were obtained.
The proposed approach to resolving such problems provides a solution for continuous plate
with curved defects.
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HANIPY)KEHUI CTAH HEPO3PI3HOI IPSIMOKYTHOI IIJIACTUHKH
C.T. Poroscekuii, B.B. Peyt

Opecbkuii HallioHaNIbHUH yHiBepcuTeT iMeHi [.I. MeunukoBa,
ByI. JIBOpsiHCBKa, 2, Oneca, 65082, Ykpaina: e-mail: reut@onu.edu.ua

3amadi 0 HEpO3pI3HMX IUIACTUHKaX 3 IMPOMDKHMMH ONOpPaMU YacTO BUHUKAIOTH MpHU
po3paxyHkax B  OyHiBEJIbHHUX  KOHCTPYKIISX Ta  €JIEMEHTIB  KOHCTPYKLIH B
MamuHoOOyAyBanHi. SIk mokazaHo B pobOorax [1, 2], no Takux 3agad 3BOXUTHCS 1
PO3paxyHOK IUIACTUHYACTUX OOOJOHOK 1 CKJIam4acTuX KOHCTPYKIiH. Po3paxyHky
HANPY)XEHOTO CTaHy IUIACTHH NPHUCBSYEHI poOOTH 0araThboX BITUM3HSIHHUX 1 3apyOi’KHHX
BUCHHX, OIJIAI AKUX MOXKHa 3HaiiTH B [3, 4, 5]. V maHiii poOOTi 32 JOMOMOIOI0 METOIY
IHTErpaJIbHUX TepeTBOpeHb [6] 1 MeTomy TphoX MOMeHTiB [7] moOymoBaHa QyHKIIis
BIUIMBY, WIO JO3BOJISIE PO3IJISIAATH OUIbII CKJIAAHI 3afadi Npo HANpyKeHHH CTaH
TUTACTUHYACTUX KOHCTPYKUid. HaBeneHo po3paxyHKH XapaKTepHHX BEMYMH — peakii i
BEJIMYMH 3TUHAIBHUX MOMEHTIB Ha OIOpax.

Karouogi ciioBa: o0onoHka, gedopMaliisi, HAIPYXEHUH CTaH, 3TUHATBHUA MOMEHT

HANPSI)KEHHOE COCTOSTHUE HEPA3PE3HOM NMPSIMOYT'OJIbHOM IJIACTUHKHA
C.T. Porosckuii, B.B. Peyt

Opecckuil HanMoHaNBHBINH yHUBepcuTeT uMenu .M. MeuHukoBa,
yi. JIBopsirckasi, 2, Onecca, 65082, Vkpaunna; e-mail: reut@onu.edu.ua

3amayn 0 Hepa3pe3HbIX IUIACTMHKAX C MPOMEXYTOYHBIMM OMOPaMU YacTO BO3HUKAIOT MPHU
pacueTax B CTPOUTENBHBIX KOHCTPYKLUSIX U JIEMEHTOB KOHCTPYKLHUM B MAIIMHOCTPOCHUH.
Kak mokazaHo B paborax [l, 2], K TakuM 3aJayaM CBOAUTCS M PacyeT IIACTUHYATBIX
000JIOUeK M CKJIaq4aThIX KOHCTPYKIMHA. Pacdery HampssKeHHOTO COCTOSIHUS IIACTHH
TIOCBSIILIEHBl Pa0OTHl MHOTMX OTEYECTBEHHBIX U 3apyOEKHBIX YUEHBIX, 0030p KOTOPBIX
MOXKHO Haiitu B [3, 4, 5]. B Hacrosmieir pa®ore C MOMOIIBIO METOMAa HHTETPABHBIX
npeoOpa3oBanuii [6] 1 MeTona TpEX MOMEHTOB [7] mocTpoeHa (YHKIHMS BIHSHUS, YTO
MO3BOJISIET  paccMaTpuBaTh 0Oojiee CIIOXKHBIE 3aJa4d O HampshKEHHOM — COCTOSHUHM
IJIACTUHYATHIX KOHCTPYKIMM. [IpuBeneHsl pacu€Thl XapaKTepHBIX BETUYUH — PEaKIud U
BEJIMYMH N3rHOAIONIMX MOMEHTOB Ha OMOpax.

KarwueBbie ciaoBa: obonouka, nedopmanusi, HamNpsDKEHHOE COCTOSHUE, W3THOAroUIui
MOMEHT
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