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Method for a direct calculation of stress-strain state parameters
at normal right-angled sections of structural members

given curvilinear stress diagrams
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1. Introduction

At present, it is very important to have a engineer-
ing method enabling us to use nonlinear strain-stress rela-
tionships [1-3]. In the case of concrete and reinforcement,
such relationships of the Eurocode [4] are adopted in the
regulation [5].

In paper [6], for the calculation of stress-strain
state at normal right-angled sections of bar-shaped struc-
tural members, the author proposed a method of successive
approximations (iterative method). Continuing this work,
the author has prepared a vast amount of material for a
direct calculation of the parameters of the aforesaid state,
i.e. without having resort to the method successive ap-
proximations. The direct calculation is applicable when we
know in advance the values of strainse, and ¢, of any

layer of the material located at distance a, from axis
W—W (Fig. 1). Here symbol &, denotes the actual strain,
and symbol &,, denotes the strain corresponding to the

hypothesis of plane sections. It is often maintained
thate, = ¢, . For instance, when calculating the cracking
moment or when calculating the stress-strain state of rein-
forced concrete members having cracks in the tension zone

in the sections between the cracks &, =&, ,,; or when

calculating the breaking moment or the reinforcement area
&, = ¢, . The direct calculation method that has been de-

veloped by the author is applicable to various cases when
the members are non-layered. The members may be with-
out cracks or with cracks in the tension zone, they may be
of a rectangular cross-section or have flanges. Both for the
tension zone and for the compression zone, various stress
diagrams may be assumed: curvilinear, triangular, rectan-
gular, etc. Stresses of the tension zone of the core material
may also be ignored, for instance, when calculating the
breaking moment or when calculating the area of the rein-
forcement. It is possible to apply this method for the calcu-
lation of the reinforced concrete members with the rein-
forcement concentrated not only in the tension zone and in
the compression zone, the method is applicable also for the
case when reinforcement of the member is located at any
height. It should be noted that the equation of bending
moments is applicable to any axis a—a (Fig. 1), located at
distance a, from axisw—Ww. Because of the limited scope

of the paper, we present material only for a direct calcula-
tion of the members with rectangular cross-section, having
no cracks, given the universal 5th degree curvilinear stress
diagrams. More of the already prepared research material
is planned to be published as separate papers.
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Fig. 1 Cross-section of the member and stress-strain diagrams



2. The essence of the method and its formulae

Static balance Egs. (29) and (32) that have been
presented in paper [6], in the present paper, are used for the
case of a nonlayered member with a rectangular cross-
section (Fig. 1). Therefore, b, =b, E, =E . The member

may be strengthened or weakened by any resilient material,

Ko AiVsi n Z(Pivsi/vpi)"' N

e.g. by using reinforcement. We take into account through
the employment of parameters K O, Ay and
v =const (the symbols are the same as in [6]). When we
add that2N; =N, 2M; =M, a;, =0 and ay, =a,, we

si 2

si 2

receive the following Egs. (1) and (2):

k@, — K., X +| 2k @, d, + X, +
(tt C c) |: tnt~u b bEgg/kg
+ kta)mdj + stiaesiAsiVSiasi + Ev(I:)iVSi/Vpi)—i_ N a, = 0 (1)
b bEe, /k,
[kt (a)nt — WOy )_ kc (a)nc — O )]X\i/ + [kt (a)ntaa + 2a)ntdu - 3a)mtdu )_ I(ca)nca'a ]szv +
Sk.a . Av.la —a.) 2Z\Pve/v.la, —a;)+Nla —e)+M
+ k[(2a)maadu +a)mdlf—3a)mtdu2)+ s'aes'AS'VS'(aa as')+ ( ' S'/ p'X : s') ( : ) X, +
b bEe, /K,
Jk.a . Av.la —a.)a. 2\Pvg/v,iha,—ay)+Nla,—e)+M
_{_kt(a)maadj _wmtd3)+ SlaeSIASIVSI( a 5|) Si + ( 3/ p X a S ) ( a ) ag =0 (2)
b bEe, /K,
Symbols used but not explained in the present pa- Gy = Eq JE )
per are the same as in papers [6] and [7]. The following esi i
symbols have been changed:. @ has been cl.lange(.1 into @, P=o,A = E.A, &0 = VaEa A (10)
and @ has been changed into w, (w, is attributed to
equations of projections, and ¢, is attributed to equations Zg =Ky Avs; (11)
of moments) and instead of indexes 1 we use indexes C, Z,; =k Aivsi /b (12)
instead of index2 we use index t (C denotes compres-
sion, and t denotes tension). Other symbols of parameters Zg =bE/K, (13)
used in Egs. (1) and (2) are as follows: N ' E(PiVSi /Vpi)+ N
E and E; denote the elasticity moduli of the Z,, ST — (14)
layers of the main material in cross-section (e.g. layers of E
the concrete) and reinforcement (weakening) of the cross- Zoe=Zp /gg (15)
section; E is secant elasticity (strain) moduli of the rein-
f ) . . . ) . Z,=27,,+Z,, (16
orcement; &, is prestrain of reinforcement; o ; is pre- St pne
stress of reinforcement; &g is strain* of reinforcement Z,=2ga5+Z,.a, 17)
caused by external forces; o is stress* of reinforcement
y . _ Z(Pivsi/vpixaa_asi)"— N(aa_e)
caused by external forces; ¢, denotes for any strain* at Zy = 7 (18)
any selected distance a, from axis W—W; &, denotes the £
same®*, corresponding to the hypothesis of plane sections; M1
. . Z, . =L +—|— 19)
&m denotes strain®, corresponding to the extreme o, pme Mz e,
strain*, when the hypothesis of plane sections is used; &,
P P . o Zm = Zzbsi (aa — & )+ z me (20)
denotes &,, of compressed material*; &, denotes &,, of P
tensioned material; symbols of other dimensions are shown 2o =22, —a4)ay +Z ome B 21

in the Fig. 1 and [6]

Egi =& & (3)
Ogi =0, t0g 4
Vsi = O-Si/EsigSi ®)
Vo = api/Esigpi (6)
k., =¢,/&, (7
ksi = gsi /SOSi (8)

* for the compression material negative values are taken

When we insert the values of parameters into
Egs. (1) and (2), we receive static balance equations of the
projections of the forces (22) and (24) and static balance
equations of bending moments (23) and (25)
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[kt (a)nt = Wy )_ kc (a)nc — Wrye )]X\?v +
+ {kt [wnt (2du + aa)_swmtdu ]_ kcwncaa }Xw +
kt [a)nt(du +2aa)_3a)mtdu]du +

+ AV Xy T
+ 2k5| s A5|VS| (aa —a, )+ 7 o +M L w
b Z. e,

+ kt (a)ntaa - a)mtdu)duz +

+ 2K e AiVsi (aa —a, )asi "
b
M
{zpm +_Ji ) (23)
ZE 85

(K @y — K @p0 X2 + (2K, 0, d, +Z, )X, +

nt™u

+ko,d; +Z,, =0 (24)

[kt (a)nt — Oy )_ ke (wnc ~ O )]va +

+ 1k [0, (2d, +a,)-30,,d, |- k.ao,.a, X2 +

+{k [o, (d, +2a,) - 3w,d,]d, +Z, }x, +

+k (0,8, —0,d,)d; +Z,, =0 (25)

When the tension zone has no cracks, then in Egs. (22-25)
du =Xth_XW :h (26)

In this paper, we analyze the case when the stress-
strain diagram of the compression zone of the material of
the beam (e.g. concrete of classes C08/10-C90/105) may
be defined by the formulae presented in paper [7]

o, =E., (1 +cn+ 62772 + C3773 + C4774):

=v E.e, =v. 0 @7
v, =l+cp+c,n’ +cn’ +cnt (28)

where E, =tanf; o, =E.&,; o¢ = fems Vo =04/
/ 04, . Values of coefficientsc,, C,, C;, ¢, and symbols

are the same as in paper [7].
When Eq. (27) is applied not to concrete but to
some other compressed or tensioned material,

thengcl = gm H Gcl = Gm H Gcel = Gem H Vcl :Vm = o-m/Gem b

etc.
n= gc/gcl 29

The stress-strain diagram of compression zone of
concrete of classes C25/30-C90/105 in some cases may be
defined by a simpler formula presented in paper [8]. The
author will present the material prepared for this case in his
next paper.

2.1. Parameters of the compression zone

For the parameters of compression zone we use
the following symbols:

Mo = €0z Eoem = CONSE (30)

29

Xcm — Eoem — Eem /kcm — 1 (31)
as + XW 805 gs /kg 7705(:
Xcm = as + Xw /UOLC (32)
&, X X
Ne =MNew = ozvm =ﬁ= a, -:VXW Moe (33)

2 3 4
Kic = Ciclow » Kac = Cocllow > Kse = Cscllow> Kac = Cacllow (34)

2 2 4
Uie = CieMose » Une = Cocllowe » Une = Caclloee » Use = Cacloe (35)

N, =30a;
n, = (120+20u, )a’
N,.= (180 + 60u,, +15u,, )a’ (36)

n,, = (120 +60u,, +30u,, +12u,, )a,
n, =30+20u, +15u,, +12u,, +10u,,

v, =1/60(x, +a,)’ (37)
m,, =140a;}

m,, = (560 +105u,, )a’

m,.= (840 +315u,, +84u,, Ja’ (38)

m,, = (560 +315u,, +168u,, +70u,, )a,
m,, =140 +105u,, + 84u,, + 70u,, + 60u,,

U,y :V4x/7 (39)

When we insert the values of parameters of the
compression zone into ((20), (21) [7]), we receive the fol-
lowing

Do L B Koo Koo Kae
2 3 4 5 6
= %+%mw +%7702w +%f73w +%n§w =
= (nOC F N Xy N XS+ N XS+ N X MX (40)
o :1+KIC+K2C+K3C LK _

mc

3 4 5 6 7

1 Clc CZc 2 C3c 3 C4c 4

—+— + — +— +— =

3 4 Mew 5 New 6 Mew 7 New

(mO + mlcxw +m20X\§/ + m3cX3v + m4cx\‘:/)‘14x (41)

= C
2.2. Parameters of the tension zone

Here for the tension zone we assume a curvilinear
diagram of stresses that may be described by Eq. (27).

Parameters are analogous to the parameters of
compression zone (please note that the value of X, is

negative):
X =h+X, (42)
Mot = . [ Eqm = CONSE (43)

Xen = (3, + X, )/ 704 (44)
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J—mmz%z%zi (45) Kit =Cicfln > K = Czc77t2h > Ky = C3c77t3h= Ky = C4c’7$1 (47)
X, X, h+x, Uy = Ciflos » Uy = Cztnga > Uy = C3t773at > Uy = C4t77(;1at (48)

e =M :KZ a+x, 0t = a+x, Mo (46)

n, =30a; +20u,ha; +15u,.h’a’ +12u,h’a, +10u,h*

n, =120a’ +20u, (3h+a, a2 +30u,h(h+a,)a, +12u,h*(h +3a, )+ 40u,.h’

n,=180a” +60u, (h+a, Ja, +15u, (h* + 4ha, + a§)+ 36u,.h(h+a, )+ 60u,h?’ (49)

n, =120a, +20u, (h+3a, )+ 30u, (h+a, )+12u, (3h +a, )+ 40u,h

n, =30+20u, +15u,, +12u,, +10u,,

m,, =140a} +105u,ha’ +84u, h’a’ +70u,.h’a, +60u,h*

m,, = 560a> +105u, (3h +a, )a? +168u,h(h+a, Ja, + 70u,h?(h +3a, )+ 240u,,h*

m,.=840a> +315u, (h+a, Ja, +84u, (h* + 4ha, +a2 )+ 210u,h(h+a, )+360u,h (50)

m,, = 560a, +105u, (h+3a, )+168u., (h +a, )+ 70u,, (3h + &, ) + 240u,, h
m,, =140 +105u,, +84u,, +70u;, +60u,,

When we insert the values of the parameters of It should be noted that the values of coefficients

tension zone into ((20), (21) [7]), we receive N> Ny, M, and m; do not depend on X, , but depend on
£, .
I Ky | Ky Ky Ky ‘ .
Oy =—F+—+——+——+—= For nonlayered members without cracks, when
2 3 4 3 6 we insert respective values of the parameters into projec-
_l+fi G o Cas Ca e tion Egs. (22) or (24) and moments Egs. (23) or (25), we
T ey e TS e e = t the static bal tions of projections (53) and
get the static balance equations of projections (53) an
- (nm F Xy X X+ X )‘,“ (51) ~ moments (54). Here for both zones (the compression zone
and the tension zone) we use curvilinear 5th degree stress
o =L K Ko K K diagrams.
3 4 5 6 7 , \
:l.:,.CA +CA 2+i 3+Ci 4_ 8no T8 Xy + 8y Xy + 83Xy, +
37 g M e g e g 8K+ 85X+ 8y X =0 (53)
- 2 3 4
- (mOt + mltxw +m2txw + m}txw + m4tXw)J4x (52) amo + amlxw + amZXVZV + am3x3v +
+ 8, Xy + Qs XS + A X + 8y Xl =0 (54)
where
Koo Avea Z.,
a,, = k.n,h* +60a’ (—5'%' Aivsidy +a, —”J (55)
b &,
k.o Ave (4a. Z
a, =k, (anh + nlth2)+ 60a3{ siPesi &'V;'( %+ a‘) +5a, —" } (56)
gé‘
2 o| Tk Avs (33, + 22, ) Zpn
a,, =k (n01 +2n,h+n,h )— k.n,. +120a; b +5a, (57)
gé‘
a =k (nlt +2n,h+ n3th2)_ kenye + 1203{2'(“%“ ASivi;(zaSi . 3a€) +5a, —= } (58)
g{.‘
keoa, Avala, +4a Z,
a, = kl(n21+2n3th + n4th2)— kcn20+60{ S'aES'AS'V;'( 5 +4a,) +5a, —p} (59)
85
koa Ave Z
8,5 = K (ny +2n,h)—k.ny, + 60(5'069#&"‘/SI + g—p”j (60)
A = ktn4t - kcn4c (61)
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a,, =k, (7n0th2aa — mmh3)+ 420a; Ky A2 (2 — 24 +a,|Z,, LR (62)
b Z. e,
a, =k {7[nOl (2a, +h)h+ nnhzaa]—3m0th2 - mnh3}+
+ 420az stiaesi AsiVSi (4asi +a, Xaa — & ) + Sag me +£ L (63)
b Z. e,
a,, =k, {7[nOt (a, +2h)+n,(2a, +h)h +n2th2aa]— 3m,.h —3m,.h? —m2th3}—
_ 7kcn0caa + 840&3 stiaesi AsiVSi (3asi + Zag Xaa — asi)+ Sag me +M L (64)
b Ze e,
a,, =k {7[n0t +n,(a, +2h)+n, (2a, +h)h + n3th2aa]— My —3M,h =3m,h? —m, h? }—
—k[7(ny, +ny.a, )—m,, |+840a, yare Arvs (28, +32, Ja, ~a,) +53,| Z,, JMAL 65)
b Zc e,
a,, =k {7[nn +n,,(a, +2h)+n,(2a, + hh + n4th2aa]— m,, —3m,.h—3m,h? - m4th3}—
_ kc [7(n1c +n2C aa)_ mlc]+ 420 stiaesi ASiVSi (asi +4a'z, Xaa — aSi ) +5ag Z o +ﬂ L (66)
b Z. e,
a, =k {7[n2t +n,(a, +2h)+n,(2a, + h)h]-m, —3m,h - 3m4th2}—
Koo A.ve —a.
k7, + nya, - m, |+ 420 e Ava(a -ag) [ LA (67)
b Z. e,
ane = K {7[n3t + Ny (aa + Zh)]_ My — 3m4th}_ ke [7(n3c + n4caa)_ m3c] (68)
an, =k (7]’]41 - m41)_ ke (7n4c - m4c) (69)
When the calculation is based on the method of ko, Avs 1-5.7765-14.681-107* -1
. o . ——sTe s S T - =0.04240 m.
successive approximations, then the new value of strain ¢, bs b 0.20
is established from the moment Egs. (54) or (23). o -33

When the stresses of the tension zone are disre-
garded, then in the static equilibrium equationsk, =0.

3. Examples of the method use

Calculation of the cracking moment of a rein-
forced concrete beam.

Below we demonstrate how it is possible to use
the formulae proposed in the present paper for the calcula-
tion of the cracking moment M of a flexural member,
the cross-section of which is shown in Fig.1. Only the ten-
sion zone of the beam is reinforced, i.e. A; =A;, a,; =4,

2Kgar. Agvsiag =K a Avsa,, ete. The data are from [7].
For example, dimensions of the rectangular cross-
section are shown in Fig.1: b=020m, h=0.50m,

d =046m. Strength class of concrete C25/30:
0.3
oy =fn=-33MPa, E_, =22 ( :"(’)“J =31.476 GPa,

Eoun = Eq = —2.0694 %0, £, = —3.5%0, fy=2.5650

MPa. Reinforcement S400: f = f, =400 MPa, E, =
14.681

=200 GPa, =14.681-10"*m?%, = 100 =
A P =50-46

=1596%. E=E_=1.1E,, =1.1-31.476 = 34.623 GPa,

a, =E, | E, =200/34.623 =5.7765 .

__%a _
Y T E e, 34.623-(—2.0694)
C,. =0.1059, c,, =—0.01559, c,, =0.001389.

Let us assume that: k, =k, =k, =k, =1, a
=050m, a,=a,=d=046m,
=0.14817 %o.

Let us assume, for instance, a diagram of stresses

of the tension zone of concrete that would be similar in
quality to the diagram of stresses of the compression zone
. __ 23650 _ 0.16084 %o,

0.4606-34.623
and the threshold concrete extension (breaking) strain
& E,= & = 2-2.5650/34.623 =0.14817 %o, i.c.

= 0.4606.c,, =—0.6311,

&

6‘5 = ‘905 = gctm,lim =

of concrete, i.e. &, =&,

& ctm,lim
2.565
v, =0,/E.§, =——————=0.4606=v_ . For the
0 =0u/Betu 34.623-0.16084 o

compression zone, 7, = b0 :w:—0.07160,
oem  — 2.0694
. 0.14817

for the tension zone =&, /& =—=0.92123.

Tost 05/ o = 016084

When we insert the values of parameters into
Eq. (53), we receive X, =—0.2474 m.

When we know the position of the neutral axis
(X, =—0.2474m) and the strain &, (&, =0.14817 %o),
then the values of other parameters can be calculated with
ease.



The value of the cracking moment M, can be
calculated using Eq. (54): M, =40.97 kN-m.

When we insert the values of parameters d, =h
w,, =0.4854 , @, =0.3224, w,, =0.3264 and
@, =02041 and d,=h=050m, x,=-0.2474m,
Z,=0.9746-10°M (N-m)" and Z,, =0.4873-10°M N
into Eq. (25), we receive M, =40.95 kN-m.

Calculation of X,, from the Eq. (54) of moments.

of, for instance,

M =40.97 kN'm and ¢, =¢, = Z-M =0.14817 %o,
34.623

If we know the wvalues

then from Eq. (54) we can calculate the value

x, =—02477 m.

4. Conclusions

The method and the formulae presented in the pa-
per can be applied directly (without the successive ap-
proximation cycles) for the calculation of stress-strain state
parameters according to curvilinear material stress dia-
grams at normal sections of beam members with rectangu-
lar cross-sections. The formulae are applicable to the
members without cracks. They are also applicable for the
calculation of the members having cracks for their sections
between the cracks. When the stresses of the tension zone
are ignored, the formulae may be used even for the sec-
tions that are located near the crack. The direct calculation
is possible when we know the strains &, and &, of some of

the layers. In other cases, the calculations have to be re-
peated.
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1. Zidonis

METODAS STRYPINIU STACIAKAMPIO
SKERSPJUVIO ELEMENTU ITEMPIU-
DEFORMACIIU BUVIO PARAMETRAMS
STATMENUOSE PJUVIUOSE TIESIOGIAI
APSKAICIUOTI PAGAL KREIVINES [TEMPIY
DIAGRAMAS

Reziumé

Sis darbas yra ankstesniy darby tesinys. Straips-
nyje pateikta metodika ir formulés, leidziancios skaiciavi-
mus atlikti tiesiogiai (be nuoseklaus artéjimo cikly). Pa-
naudojamos kreivinés medziagy itempiy diagramos. For-
mulés sudarytos strypiniu staciakampio skerspjtivio ele-
menty itempiy-deformacijy biivio parametrams apskaiciuo-
ti aSiai statmenuose pjlviuose. Jos taikytinos elementams
be plySiu (pavyzdziui, plySimo momentui apskaiciuoti) ir
elementy su plySiais pjiviams tarp plySiy (armuoty ele-
menty jtempiy-deformacijy biiviui apskai€iuoti, armatiiros
deformacijos nukrypimui nuo ploks¢iujy pjuviy nustatyti).
[tempiy galima ir nepaisyti. Kai elementy tempiamos zo-
nos itempiy nepaisoma, formulés tinka net ir pjiviams ties
plysiu (irimo momentui arba armavimui apskai¢iuoti). Tie-
siogiai skai¢iuoti galima tuomet, kai Zinomos kurio nors
sluoksnio deformaciju ¢, ir &, reikSmés. Kitais atvejais

skai¢iavimus reikia kartoti.

Cia pateikta tik dalis jau atlikto darbo. Panaudotos
penktojo laipsnio kreivinés jtempiy diagramos. Kituose
straipsniuose numatoma paskelbti formules, kuriose galima
imti jvairiy formy jtempiy diagramas, elementai gali biiti
su lentynomis ir su plysiais.

I. Zidonis

METHOD FOR A DIRECT CALCULATION OF
STRESS-STRAIN STATE PARAMETERS AT
NORMAL RIGHT-ANGLED SECTIONS OF
STRUCTURAL MEMBERS GIVEN CURVILINEAR
STRESS DIAGRAMS

Summary

The present paper is a continuation of previous
papers. The paper presents a methodology and formulae
for direct calculations (without successive approximations
cycles). Curvilinear material stress diagrams are employed.
The formulae have been devised for the calculation of
stress-strain state parameters at normal sections of struc-
tural members. They are applicable for both crack-less
members (e.g. for the calculation of the cracking moment)
and for the calculation of sections between cracks of the
members with cracks (for the calculation of the stress-
strain parameters of reinforced members, to establish the



deviation of the deformation of the reinforcement from the
plane sections). It is also possible to disregard the stresses.
When the stresses of the tensile zone of the members are
disregarded, the formulae may be also used for the sections
near the crack (for the calculation of the breaking moment
or the reinforcement). The direct calculation is possible
when we know the strain &, of any of the layers. In other

cases, the calculations have to be repeated.

The present paper presents only a part of the work
done. A case is presented when curvilinear stress diagrams
of the fifth degree are used. Further papers will present the
formulae employing simpler third degree curvilinear stress
diagrams or the ones employing noncurvilinear stress dia-
grams or the ones devised for the calculation of parameters
at the sections near the crack or when the members are
with flanges.

H. XKunonwnc

METO/I [TPSIMOI'O PACUETA ITAPAMETPOB
HAIIPSDKEHHO-JIE®@OPMUPOBAHHOI'O
COCTOSIHUS T10 HOPMAJIbHBIM CEYEHU M
CTEPXXHEBBIX DJIEMEHTOB IPSIMOYTOJILHOT'O
CEYEHNSI [TPU KPUBOJIMHENHBIX IMUATPAMMAX
HATIPSDKEHUMN

Pe3zmomMme

PaGora sBiseTcss MPOJOJDKEHHEM IPEABIIYIINX
pabot. B crathe mpencTaBiieHBl METONWKA W (POPMYIIBI
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npsAMoro pacyera (0€3 LUKIOB IOCIEIOBATEIBHOTO INPHU-
OJMDKEHHs) TApaMeTPOB HANPSHKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHHSI TI0O HOPMAaJIbHBIM CEUYEHUSIM CTEP)KHEBBIX dJIe-
MEHTOB MPSMOYTOJEHOTO CEYEHHS MPU KPUBOJIMHEWHBIX
JUarpaMMax HarpsOKeHUH MaTepHasioB IISITOM CTENeHH.
®DopMysbl penHa3HAuUEHBI U 3JIEMEHTOB 0€3 TpeIuH
(Hanmpumep, U1 pacyeTa MOMEHTa TPEIIMHOOOpa30BaHMs)
W JUISl CEYSHUI MEXly TPEeUIMHAMH B 3JIEMEHTax C TPEIlu-
HaMH| (U1 pacyeTa mapaMeTpoB HaIPsDKEHHO-Ie(hOopMHIpO-
BAaHHOTO COCTOSIHUSI aPMHUPOBAHHBIX 3JIEMEHTOB C OIpesie-
JICHUEM OTKJIOHEHHUS Ae(dopManuid apMaTypsl OT IIOCKHX
cedeHuil). HampsokeHus pacTSHyTOH 30HBI MOTYT U HE
YUHUTBIBaThCA. B 9THX ciydasx GpopMyIibl IPUTOIHBI TaKKe
W JUIS pacdera B CEUSHMSIX 110 TPEeIlMHaM (IUIsi ompejere-
HUsI MOMEHTa pa3pylICHHs WM pacuyera apMHpPOBaHHSA).
[TpsiMoii pacyeT BOBMOXEH B TeX CIy4asiX, KOT/1a H3BECTHBI
nedopmanuu 1 moboro oxHOro cinost. B npyrux cirydasx
pacder HeoOXOJMMO MOBTOPSITH.

3nech MpeAcTaBiIeHa TOJBKO YacTh YK€ BBIITOJ-
HEHHOH paboThl. B ciemyrommx cTaThiax MpearoixaraeTcs
oryOImKoBaTh (YOPMYJIBL, B KOTOPBIX MOXHO IPUHHMATh
JarpaMMbl HaNpsDKEHUH pasiudHbIX  (HOPM, IIEMEHTHI
MOT'YT UMETb MTOJIKU U TPELIHHBI.

Received March 23, 2009
Accepted May 15, 2009



DOI: 10.5755/j02.mech.15236



