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Abstract: The article is devoted to the research of complex stress states of anisotropic materials under long-term
loads. The article considers the design of criteria for short-term and long-term strengths proposed by G.A. Ge-
niev in connection with the calculation of large-span structures of domes of laminated and solid wood, where the
enclosure elements are included in the joint work with the power set in the form of meridional and circular ribs.
In this case, the elements of an enclosure-plate are at a complex stress state and they work under compression
with a shift. Joint work of such systems was studied by experiments on large-scale models and experimental
construction. Large reserves of strength resistance are revealed. In particular, in 1985, the indoor skating rink at
the stadium “Lokomotiv” was built as an experimental facility which implemented these conditions and it has
been successfully operated for many years. However, there are some unsolved issues with the refinement of the
actual operation of the structures and the development of the calculation algorithm. Some generalizations of the
studied approaches are given.
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NCCIEAOBAHHUE CJIOKHBIX HAITPAKEHHbBIX
COCTOSIHUI DJIEMEHTOB 3AINIOJIHEHUS IYEEK
MEXAY PEBPAMU BOJIBHIEITPOJIETHBIX KYIIOJIOB
N3 JPEBECHUHbBI

K.I1. ITamuxpecmoeckuii, b.C. Cokonoe
Hayuno-uccnenoparensckuii neHTp «CTpouTenscTBo», I. Mocksa, POCCUA

AnHoTanms: CTaTbs MOCBSIIEHA HUCCIEIOBAHUAM CI0XKHBIX HAIPSKEHHBIX COCTOSIHUN aHU30TPOIHBIX MaTepu-
aJI0B MPHU JUIUTENIBHBIX BO3AECHCTBUIX HArpy3ok. PaccmarpuBaeTcst MOCTpOEHUE KPUTEPHEB KPATKOBPEMEHHOM 1
JUTITEIILHOM MPOYHOCTH, TpenoxkeHHoe [.A. T'eHueBbIM, B CBSI3U C pacdyeToM OOJIBIIETIPOIETHBIX KOHCTPYKIIHH
KYyTIOJIOB M3 KJIEEHON W IIEJIbHOW APEBECHHBI, B KOTOPBIX 3JIEMEHTHI OIPaKACHUS BKJIIOYAIOTCS B COBMECTHYIO
paboTy ¢ cnnoBbIM HAOOPOM B BHJE MEPUANOHAIBHBIX M KOJIBIEBBIX pedep. IIpu 3ToM 31eMeHThI OrpakaAeHus —
IUIUTHI — OKA3bIBAIOTCS B CIIOKHOM HAINIPSDKEHHOM COCTOSTHUM M pabOTaroT MpH CXaTuu co casurom. CoBmecTHas
paboTa TaKMX CHCTEM HM3ydaslach 3KCIICPUMEHTAIBHO HA KPYITHOMACIITAOHBIX MOAENISAX M ONBITHOM CTPOUTENb-
cTBe. BhIsABIIEHB! O0JBIINE pe3epBBl CUIOBOTO CONMpOTHBICHU. B wacTtHOCTH, B 1985 rogy moctpoeH skcnepu-
MEHTAJIbHbII OOBEKT: KPBITHIH KaTOK Ha CTaguoHE «JIOKOMOTHBY, Ha KOTOPOM pealn30BaHbl yKa3aHHbBIC MIpe.-
MOCBUIKU, ¥ OH YCHENIHO 3KCILTyaTHpPyeTCcss MHOTO jeT. OHAKO OCTaMCh HEKOTOpPhIe HepeIIeHHbIE BOIPOCHI C
YTOYHEHHEM JAEHCTBUTEIBHON pabOThl KOHCTPYKIMH M MOCTPOCHUEM alropuTMa pacueTa. Mccnenyrores mormra-
TO-T'BO3ACBBIC IIJIUTHI pa3n1/1qH0171 TOJIIIUHBI IIPU JJTATCJIBHOM BO3Z[GFICTBI/IPI CABHUT'aOLIUX yCHHHﬁ. JlaIOTCH HCKO-
TOpbIe 000OIIEHHSI HCCIIEAYEMBIX MOIX0I0B.

KaroueBbie ciioBa: 60J'ILLHCHPOJ'ICTHBI€ KOHCTPYKIIUH, KJICCHAsA APEBECHHA,

MEXaHUYCCKHUEC MOJCIN aHU30TPOIMHOI0 MaTeprajia, KpUTCPUU ITPOIYHOCTHU, JJIUTEIIbHAA NIPOYHOCTD,
CABUTAIOIINE YCUITUA
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The Study of Complex Stress States of Elements Filling the Cells Between the Ribs of Wooden Large-Span Domes

Current state of timber building is characterized
by mass appliance of large span and tall struc-
tures. Domes and similar to dome structures of
envelopes are widespread among large span
structures and multi-storey residential building,
for example 30-storey buildings in Canada, are
spread among tall structures. In Russia, currently
4 - 9-storey residential buildings are constructed.
The feature of such buildings and structures is
appliance of glued wood elements of large cross
section and especial internal forces distribution
between elements. In some case it is required
cross section sizes, which exceed technological
possibilities of timber structure plants, and it
leads to use structures like trusses.

However, there are another possibilities to de-
crease cross section sizes, which are provided by
designing of statically undetermined systems of
high order of indetermination that leads to joint
work of neighbor elements that is to creation of
spatial structures. In this case such system allows
plastic deformations and has property to redis-
tribute internal forces that gives economic effect
based on the material consumption decreasing.
There is a system of meridional and ring ribs in
spatial structures like a dome. The cells between
ribs can be filled by envelope structures such a
shield, panel or brace. At the same time, the el-
ements, filling these cells, work at complex
stress state (compression, tension and shear), if
the ribs are subjected stresses action as it is in-
herent to linear structures.

Calculation of such structures linked with some
troubles and requires introduction of strength
theories and criteria that can be incomprehensi-
ble for specialists of design institutions.

There are a large number theoretical and experi-
mental investigation of wood strength at two-
dimensional stress states, for example [1-7] and etc.
The majority of authors, which are classic to-
day, recognize that such theories are hard to
practical appliance.

G.A. Geniev [2, 8-10] devoted many years to
develop practically applicable strength criteria
for different materials.

Despite the main provisions for Geniev strength
criteria are published [2, 10, 11], let us present
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in the paper derivation of long term strength cri-
terion for anisotropic material and example of it
usage, and apply such criterion to investigate
two-dimensional stress state of envelopes of a
large span dome.

Mechanical and physical models of long term
strength for anisotropic material.

The mechanic model of anisotropic material is
presented in Figure 1. This one gives analytical
and quantitative performance of long term and
dynamic strength on the basis of general physi-
cal concept in the wide range of load action
time, from a few days or several months to tenth
or hundredth part of second.

Figure 1. Mechanical model
of anisotropic material.

The model consists of two elements connected
in series and signed in figure 1 as 0 and 1. Each
element represents by Kelvin-Voigt model of
parallel connected elements Ao and Bo, A and
Bi1, which are characterized by different values
of strength and deformation parameters.

The element signed in figure 1 as 0 is intended
to represent analytically the process of material
quick time deformation; element signed in fig-
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ure 1 as 1 is intended to represent long time de-
formation, linked with creep.

Components Ag and A correspond to elastic
deformation of material. Components By and B
correspond to viscous properties only. Rigidity
of B element significantly exceed that one of
Bo, that is the modulus of viscous resistance Kz
exceed modulus Kgo by several orders: Kg >>
Kgo. At impact of resultant external force oj to
mechanical model, including elements 0 and 1,
where 1 = X, y are main axes of anisotropy, the
effective time of element By work continues
during small part of second. However during
this little time range (to) the element By pro-
motes to decrease force value, which acts to el-
ement Ao (parts of o;), and decrease intensity of
deformation developing of Ay, that determines
fact of dynamic strength exceeding of strength
obtained during standard experiments, when
duration is measured by minutes.

Effective time of By element work is commen-
surate with large time range, corresponding to
calculations of long time strength, taking into
account accumulation of resultant deformations
of 0 and 1 elements during adjusted time tq.
There are not any mathematical difficulties at
analytical representation of mechanical model
of material work.

However, from practice position, it is more ex-
pedient the divided approach to determine long
term and dynamic strength of anisotropic mate-
rial, since time ranges tq and to take values of
different orders. Really, at determining of long
term strength (time scale to), the element Bo
work practically do not influence to result, and
at determining of dynamic strength (time scale
ta) the element 1 work cannot be occurring dur-
ing this time range.

In this way, it is expedient to apply the follow-
ing modification of general mechanical model
of material, presented in figure 1. At determina-
tion of long term strength, it is necessary to ex-
clude element By from element 0, using Ao ele-
ment connected in series with element 1, as it is
shown in figure 2. And at determination of dy-
namic strength it is necessary to exclude ele-
ment 1 entirely using only element 0, that con-

142

Konstantin P. Pyatikrestovsky, Boris S. Sokolov

sists of parallel connected elements Ao and Bo,
as it is shown in figure 3.

Figure 3. Dynamic strength mechanical model.

The long term and dynamic strength criteria for
anisotropic material such as wood, which are ob-
tained in the paper, are formulated for finite ele-
mentary material volume, subjected to homoge-
nous complex two-dimensional stress state.

Short term strength criteria of anisotropic ma-
terial.

In accordance with [2] and [9], three independ-
ent mechanisms of anisotropic material destruc-
tion are possible. It is tear (tension), crumpling
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(compression) and shear, realization of which
depends on the type of stress state at reviewing
point of solid. These mechanisms may occur at
short term action of external loading, that corre-
sponds to time of standard experiments, as well
as at long term and dynamic loading action.

One of the main features of the ultimate states
of anisotropic materials is difference between
dangerous plane orientation for tear, crumpling
and shear cases and directions of main normal
stresses and greatest tangential stresses in gen-
eral case.

In accordance with it, the criteria of short term
strength for anisotropic material, obtained in the
papers [2] and [9], are derived on the basis of
the following obvious premises:

- for tear case

d%p[c,,(cp>—zep<<p>]=o, ()

- for crumpling case

d

—clo0)+R]=0, @
)
- for shear case
d
d_ [Tm (“V)_ Ra) ((P)] = O’ (3)
U}

where o,(p) and 7, (\|/) are normal and tangen-
tial stresses acting at dangerous planes of tear,
crumpling and shear, the direction of which are
determined by unknown angles ¢ and y; R,(o),
Rc(@) and Rco(y) are absolute values of ultimate
normal and tangential stresses at tear, crumpling
and shear, obtained from experiments at action
of one-dimensional tension, compressive and

shear stresses as angle functions of ¢ and .
Wherein

Volume 15, Issue 1, 2019

O

L cos2(p

+1,, sin2¢;

e 4)
v, ()=——7—sin2y

—T,, OS2y,

where o©x, Oy, Txy are normal and tangential
stresses, acting along main anisotropy directions
(along and across fibers in wood), ¢ and y are
angles between axis X and normal to planes, as
well as

2 2
Rp ((p) = Rpx cos @+ pr sin” @;
R, ((p) =R cos” @+ R, sin’ @; ®)]

R,(y)=C, cos’y+C,sin’ y;

where Ryx, Rpy are values of short term ultimate
strength at tear along axis X and ¥V (along and
across fibers);

Rex, Rey are values of short term ultimate
strength at crumpling along axes X and V;

C, and C, are values of short term ultimate
strength at shear along planes, the normal of
which coincide with axes X and V.

On the basis of theses presented above and deri-
vations the following analytical relationships for
short term strength criteria of anisotropic mate-
rials are obtained in the papers [2] and [9]:

- for tear case

(R, -0 )R, -0, )~ =0, (6
- for crumpling case
(R, +0, )R, +5,)-7, =0, 7)
- for shear case
(6, -0,f -4(C,+1,)C, -1, )=0. (8
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Long term strength criteria for anisotropic ma-
terial

As it is outlined above, it is expedient to use
mechanical model presented in figure 2 to de-
termine long term strength of anisotropic mate-
rials.

At applying of resultant external long term force
to connected in series elements 0 (A0O) and 1
(Al, B1), the integral resultant deformations
take the form

€ =&, 1&g,

gx :8x0 +8x1’

)

€,=€,+¢E,,

Sxy ISWO +8W1

Separate ultimate strength values (at tear, crum-
pling and shear) are determined at reaching by
resultant deformations values &; it correspond-
ing ultimate ones — i — (Ox0, Iv0, In0), that
equals to ultimate deformations of A¢ element at
short term external load acting

R,
— Jio=—~
EiO
R R R
Ono=—* 5 9y0: — ; 9xy0: — (10)
x0 EyO ExyO

where
Ry=Rpx or Rex, Ry= Ry o1 Ry, Ryy=Cx or Cy;

Exo, Eyo and Eyyo are linear elastic modulus of Ao
element through the directions X and V (along
and across fibers) and it generalized shear mod-
ulus respectively.

Element 1 deformations €;; are determined on
the basis of the following obvious relations

Oi= Oi41 T Ci5l;

de;,

. =Ey&,; 05 =K, dr (1)

)
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where Ej; is the generalized elastic modulus of
A1 element, Kj; is viscous resistance modulus of
Bi element. On the basis of (11) we obtain

de, E, O;
— T T
dt Kil Kil
andar t=0, &, =0 — (12)
gil = & (1 — eiw“t), a)il = _il.
il il
Thus, in accordance with (9) we obtain:
o, c.

g =—(1+3\1—-e " )l=——Y.(r), (13

B SULETR o ACRD)

where
0i =Ein/ Eaq.

In accordance with (10) and (13), the long term
strength ultimate values of anisotropic material
through main anisotropy direction take the form

E :E (f()) :

_ E.c, E,0, R,
Rl=6i= 101= i0 10= i :
v(,) w(,) w,)
— R
R =—F;
lP)c(l‘())
B R (14)
R =—>"—;
owL(,)
_ R
R =—7—,
where
¥ (1,)=1+8 (1" )>1;
¥ (r,)=1+ Sy(l —e )> I; (15)
¥ (6,)=1+3, (1 —e " )> 1,

and 7 = ¢ is adjusted ultimate time of external
long term load action.
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Thus, long term strength of anisotropic material
determination linked with changing or rather
decreasing of short term strength values through
main anisotropy directions in accordance with
relationships (14) and (15). Introducing (14) in-
to (6), (7), (8), we obtain finally the relation-
ships for long term strength criteria of aniso-
tropic material related with parameter 7, :

— for tear case
R
Gx L J—
LPpy (t() )

|: Rpx )
\pr (t() )

— for crumpling case

ch Rby 2 _0 17
) et WP

— for shear case

Gy}—riy=0, (16)

(. ~0,f -

Criteria (16), (17), (18) (besides short term ul-
timate strength Ryx, Rpy, Rex, Rey, Cx, Cy) include
three non-dimensional parameters

(18)

8:&8 :&6 :E«WO
X E >0y, E > Oy E i

x1 vl xyl

and three dimensional values wi1 (sec') —
Mx1 =Exl/le, Coyl=Eyl/Ky1, wxy1=Exyl/ny1~

Numerical values 6; and ;i are determined on
the basis of experimental data. The results of &;
and i1 determination for wood are presented in
the paper below

Presented criteria of long term strength (16),
(17), (18) allows to obtain the A parameter val-
ue, corresponding a fracture mechanism of ani-
sotropic material, on the basis of relations be-
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tween stresses G, :G, 1T, and accepted time of

Xy
long term load action #,. Inverse problem formu-
lation is determination 74 values on the basis of
accepted values of A—>(Lo, Ac ,Aco).
Determination of characteristics, applying at
calculation of long term strength of wood, is
carried out in [10] on the basis of G.A. Geniev
proposals for anisotropic materials. The results
of experimental studies of long term resistance
of spruce wood, provided by N.L. Leontiev
from 1950 to 1955, are used in the paper
[15,16].

Experimental data, characterizing decreasing
percent of spruce wood ultimate strength in
comparison with corresponding values of ulti-
mate short term strength R, (#), obtained in ac-

cordance with load action time #,, measuring in
days, are presented in figure 5 (a), (b), ().

For all three types of spruce wood resistance,
the relationships

R, (1) / Rpx, R,, (t0) IRex, R, (o) IRy (19)

at 7o — oo (at practically non limited load action
time) with enough accuracy order it appears
equal to 0.5, that is, maximum decreasing of
long term strength is 50 % from short term one.
It allows to evaluate values of dx and dy, param-
eters on the basis of [17] as well as reviewed
experimental result (‘Px () = ¥y, () = 1/0,5 =
2), that is

Ox = Oxy = 1. (20)
Below, the value of resistance across to fibers o,
accepted equal to 1.
Analytical approximation of wood long term

resistance graphs allows to determinate the fol-
lowing values of w1 :

— at tension — my1 = 1,65 - 107 cyr.™!

— at compression — oy1 = 2,50 - 10-3 cyr.”! (21)
— at chopping — @1 = 7,25 - 10-3 cyr.”!

Values wy at resistance across fibers in accord-
ance with significant creep influence in this
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main direction of anisotropy (K1 < K1) are ac-
cepted equal to:

— at tension — wy1 = 3,30 - 10 days™,
— at compression — wy1 = 5,00 - 10-3 days™ (22)
— at shear — @y1 = 7,25 - 10-3 days™.

Let us to present numerical example of wood
long term strength determination at following
values of it strength parameters corresponding
to time of short term (standard) tests:

Rp=144MPa, Ry =2.4 MPa,
Rex=22.8MPa,  R. =3.8 MPa, (23)
C.=192MPa, C, =6.4MPa.

Let us to carried out calculation of long term
strength at the following times

to =150 days, 7y =300 days,
to=1000 days and 7y — .

At the case of simple (proportional) loading, the
stress values along main anisotropy directions

arc:

o X

G,, T

x?

Cx=MAEx, Oy=AE), Toy =AMy, (24)
where & : &, : My are accepted relations between
stress values, A is parameter of long term exter-
nal load.

Substituting relationships (24) into criteria of
long term strength [10, 12] and solving it for A,
we obtain three following quadratic equation for
A = ko values (tear case), A = A. (crumpling
case) and A = Ay, (shear case):

(.8, -m2 P2 -
_ Rpx £+ pr
\I]px (l() ) ’ \Ilpy (l() )
R R

px—py

+ =
\pr (td )\Ppy (t() )

(25)

&x }\’0+

b
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(.2, -2 h2+
+{ Ry g, sl

+
chx (td ) \Pcy (ta )
R _R

o ey

_l_ —_— =
Y. ()Y, (1)

{(&x -¢,f

SN

ix}% + (20

3

4
(27)
Jle-c) , _co
w0 )

Let us to accept relation between stresses equal
to:

Ei& My =2:(-1): 1, (28)
that is

&« =2 (tension along fibers)
& = -1 (compression across fibers)

Ny =1
(shear in plane formed by main axes x, »).

In accordance with (20), (21), (22) it is ob-
tained:

W, (150) = 1.2192 ; W, (150) = 1.3904;
Yo (150)=1.3127 ; W, (150) = 1.5276;
¥, (150) = 1.6629; ¥,, (300) = 1.3904 ;
¥,, (300) =1.6284; Ve, (300) = 1.5276 ;
Y., (300) =1.7769; Y., (300) = 1.8864;
Y,x (1000) = 1.808;

¥,, (1000) = 1.9631; We, (1000) = 1.9179;
¥, (1000) = 1.9933; W,, (1000) = 1.9993;
Yor (0) =Wy (0) = Wi (0) =

=¥, (0) = ¥y (0) =1;

Wpx (0) = Wpy (0) = Wex (0) =

=W (0) = Yy (o) =2.

(29)

The values Ao, Ac, Ay presented in Table 1 are
obtained from equations (25-27). The reduced
values of these ones, presented in Table 1, are
obtained from relationships
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Table 1. Parameters.

1o Tear Crumpling Shear Tear Crumpling Shear
days A0 e Mosh Yo Y. Vs
0 5.3523 3.4079 4.4873 1 1 1
150 4.3489 2.2551 2.6985 0.8125 0.6617 0.6014
300 3.8064 1.9387 2.3788 0.7112 0.5689 0.5301
1000 2.9427 1.7146 2.2444 0.5498 0.5031 0.5002
0 2.6762 1.7039 2.2437 0.5 0.5 0.5
A
5,352
5
4,483 \
4 P
B
3,408 oy "
3 —=
/k‘“
2 S
—— ,J)_
\7L_ =
1 -
t. 150 300 1000 © 1, day

Figure 4. Graphs of external loading parameters Ao, Ac, Ash changing in time, obtained by table 1.

_Al) o _AL) o A()
¥ , ¥ = , P, = 7.0) (30)

which explicitly characterize material long term
strength changing in time.
Thus, at all values of 77 we obtain:

Ao> Aeo > Ae, (31)

that is, in the reviewed example external load
parameter takes the smallest value, that corre-
sponds to wood destruction caused by crum-
pling (values A in table 1).

Wherein, the values of ultimate stresses acting
along main anisotropy directions are:

Volume 15, Issue 1, 2019

5:(150) = 8.6978 MITa, 6,(150) =
=-2.2551 MPa, 1., = 2.6985 MPa;
5x(300) = 7.7548 MPa, 6,(300) =
=-1.9387 MPa, 1., = 2.9387 MPa; (32)
5:(1000)= 3.4292 MPa, G, (1000) =
=-1.7146 MPa, 1., = 1.7146 MPa.

The graphs of relations between parameters of
external loading Ao , A , Ay and time 74, ob-
tained in accordance with table 1 data are pre-
sented in figure 4.

It should be noted that

Yo > Ye = Ysh,

that is, relative (reduced) values of external
loading parameter for shear case g, are
changed (decrease) in time greater than ..

147



= . W
23 ¥

Figure 5. Assembling of short cylindrical shell of 42 m span.

Presented calculation results show calculation
principles for anisotropic envelopes subjected
plane stress state at long term action of static,
though changing in time, loadings. Such compu-
tation can be easily programmed and at real de-
signing it can be accepted a row of control
points, in which the stress-strain state and coef-
ficients, correcting ultimate stresses of material,
are determined. It is supposed that thickness of
envelope structure is enough to work without
local buckling. Here, the anisotropy of material,
subjected complex stress state, and duration of
loading action are taken in account.

The entire calculation of shell [11] in accord-
ance with envelope structures shows significant
influence of envelopes to resistance against
normal and especially shear forces.

It is chosen the simplest construction of cells
filling between the ribs in the form of shield,
made of cross placed planks jointed by nails, to
analyze.

In construction of cylindrical shell which is
shown in figure 4, the panels in the form of
frame, made of planks of 40 mm thickness and
enveloped at lower side by planks of 25 mm
thickness, are applied. Due to including such
approach to filling cells between ribs, it is
reached appliance of ribs with height of section
about 1/56 of span [11].

On the basis of general calculation of structure
under shear forces, it is obtained main parame-
ters of shields.

The average values of the cell sizes are accepted
2.49 x 2.49 m, the quantity of planks of 13 cm
thickness for each layer of shield is 19. The
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nails quantity at two nails placing in each inter-
section of planks equals to 1922 = 722. At
shield shift, caused by shear, nails cause wood
crumpling at contact zone. Bearing capacity of
it is determined in accordance with codes 7 =
0.8 adn=0.8-4-0.3-722 =693 kN.

Here d is nail diameter (cm), a is shield thick-
ness, # is nail quantity.

Shear stresses at maximum shift after PC com-
putation are

T
T= Z __ 09 6957.8kN/m* =
b-1 0.04-2.49

=6.96 MPa.

Obtained value of tangential stress T is signifi-
cantly exceed calculation strength even against
chopping across fibers 0.8 MPa. In accordance
with computation, provided in the paper [11],
such shear stress can be reached at 38™ stage
only at loading 28 kPa and integral exposure
during 2580 days (7 years).

Let us present computation results correspond-
ing to 27th stage of loading at 6 kPa and initial
exposure during 1980 days (5.42 years) at con-
stant load acting from one side. In this way, the
maximum compressive stress is 1.45 MPa. At
load value 2 kPa it takes value 0.5 MPa.

It is carried out calculations of reviewed dome
at another sizes and thickness of shields to com-
pare. At 2 cm thickness and 2 kPa loading the
maximum stresses are equal to 2.43 MPa, and at
8 cm thickness and such loading the stress val-
ues decrease to 1.0 MPa.
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Figure 6. Maximum shear stresses zone.

It is seen, that instead plank shields it can be
applied filling by composite material of high
strength and small thickness as well as of po-
rous materials of low thermal conductivity.
Construction can resist against load of high in-
tensity during long time at meridional ribs of
reduced height of cross section to 1/60 dome
diameter. It shows that dome provides high or-
der of structural safety and can be applied to
erect structure, operating at hard condition of
environmental and technogenic impacts.

CONCLUSIONS

Currently it is required new approaches to de-
velop designing codes, that should take in ac-
count complex stress states and contain pro-
posals to effective computation by PC. At the
same time, it necessary to simplify techniques
of calculation and apply simple strength criteria.
It is expedient to provide row of experimental
investigations for two and three-dimensional
loading to effective applying of reviewed crite-
ria. It is required to develop new generation de-
signing codes, such as it was carried out 1950th,
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when ultimate state calculation method was in-
troduced.

Simplifying of PC computation can be reached
by automation of the most stressed sections
searching, when at each iteration step and de-
formation modulus correction provides at one
section only, and parameters of other section
corresponds to linear relationship or parabola in
accordance with moment distribution along
structure.

Also, there are some problems that requires of
experimental investigations at large scale or
natural samples. At first, it deals with increasing
accuracy of shear stresses distribution between
own shear resistance of elements and supporting
parts and connections resistance.
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