ISSN 2219-1038

" # 2 (15), 2017

$ % ]
«
»
0 (
&$ % ' #+ # 11
” "
'k( .
(! $ # " 15
(e s &1( L %2 ,
20
y
”
! %
AN " $ ( Ca 3
’ 27
% + #
# ;4( L
P # 4 # 32
# #
$ } H. (& o & & ( (
$ %" ., . . . . HH# 45
& 4 #
( ) - /., *
! ( # #
* ) #
57



&&& «,
( »
7 ( . 53 ( 1 (
.. ) 2 (
" 64 &&& «,
# -
$ ( 8 .,1$ | #
* - # - #
« - »
) # 75 4
1 2 (
& +
<*&( »
- 3!
#
( 8 ., 792 a2
( - #
0 # #
# 0 # 0 95
© ./ , 2017
$ $: : 394006 , . 20- & , 84
. +7(473) 2-71-52-30
[ (" * &1 4 " Op; 1 %4
"% :
394006 , .20- & , 84
. :+7(473)271-52-30
# , - ) , .7 ( $* + (
J 47 (473) 2715230, E-mail:
.. R 7 +9  $* (
N : +7 (473) 2715230, E-mail: ooo.stroynauka@mail.ru
4 ' +2

J 47 (473) 2715230, E-mail:



Founder

State Educational Institute
of Higher Vocational Educatio

Voronezh State Technical
University

Editor
Construction institute

Chief Editor
Dr of Sc. Tech. Prof.
V.S. Safronov

Deputy of Chief Editor
PhD S.V. Efryushin

Senior Secretary
PhD G.E. Gabrielyan

Technical Secretary
Sc. associate V.M. Flavianov

Members of editorial board
Shitikova M.V., Dr. of Math Prof.

Shapiro D.M., Dr. of Tech Sc.
Orlov A.S., Dr. of Tech Sc.
Sventikov A.A., Dr. of .Math Prof.
lvanov Y.V., PhD, Ass. Prof.
Andreev A.V., PhD Ass. Prof.
Rogatnev Y.F. PhD Ass. Prof

ISSN 2219-1038

STRUCTURAL MECHANICS AND
STRUCTURES

Scientific-Technical Journal
Issue# 2 (15), 2017

CONTENT

STRUCTURAL MECHANICS
AND STRENGTH OF MATERIALS

Kirsanov M. N.
The formula for the deflection and analysis ofekmatic varia- g
bility of the lattice truss

Shirokov A.S.
Analytical calculation o the support offset of beauss 11
with upper shprengels

Domanov E.V.
The derivation of the formula for deflection of 15
a girder with a cross type lattice

Treshchyov A.A., Romashina A.V.

About the tension concentration in the plate witicwdar holes 20
made of nonlinear elastic

Sudakov I.A., Tzvetkova A.B.

Self-induced vibrations of circular plates fromhmtropic 27
differently resisting materials

Chernyaev A.A.

Solution of bi-variate problems of theory of elasti and struc- 32
tural mechanics by interpolation method with apmtiien of
conformal radiuses

Sinozersky .N., Kozlova A.V., Rezunov V., Mukhtarov R.
Application of core indexes at the assessmentnottitig state 45
of eccentrically compressed with standard velocitgmsa from

fine grained concrete

Volokitin V.P., Volokitina O.A., Eryomin A.V.

Use of spherical stamp pressing-in method for dedim of de-
formative - strength properties of asphalt concrete blanket og7
bridge structures.



Board of Trustees

CALCULATION AND DESIGN OF BRIDGES AND TRAF-

FIC STRUCTURES Ltd. «Enterprise
Investroyindustriya»
Safronov V.S., Barchenkova N.A., Popova I.A.. Directorl.l. Ushakov
Simulation of deformation and loading of the slalcaoh-
crete beam bridge road way. 64 Ltd. «Enterprise on Engineering

and Scientific Service of Building

) Complex StroyNauka»
Gridnev S.Yu., Podlesnykh I.S. Deputy Director
Calculation of deflected mode of steel reiforcedarete spans 76 AV. Glushkov

with account of temperature spreading in the reee bayers

Voronezh regional Department of
all Russian public organization

CALCULATION AND DESIGN OF REINFORCED CON-

CRETE STRUCTURES

«RSEC»
Safronov V.S., Chernikov A.V.,Antipov A.V., Chairman
Safronov N.V., Sukhanov A.S. V.M. Butyrin
Strength of road bridge slab span rein forced Wtbr slab
Strukov S.Yu.,Efryushin S.V., Glushkov .V.
Investigations of deflected mode of monolithic cate
frame of multistoried building with account of gsnstruc-
tion stages

© VGTU, 2017

Address : 84, 20-letie Oktyabrya st. 394006 Vorbné&aissia
Tell fax..: +7 (473) 2715230

Concerning the articles publication one can address
84, 20-letie Oktyabrya st., Voronezh 394006, Russia

Chief editor Dr Sc.Tech., Prof.Vladimir Sergeevigafronov
Tel./fax: +7 (473) 2715230 E-mail:

Deputy of chief editor, PhD of Tech. Sc., assoqgmt#essor Sergei Vladimirovich Efryushin
A : +7 (473) 2715230, E-mail:

Senior secretary,PhD of Tech.Sc., associate paféasiyr Egisheeviclbabrielyan

A 1 +7 (473) 2715230, E-mail:grayr2010



/%1 624.04

National Research University "MPEI",
" " Dr of Physics and Mathematics, Professor
- - . , . M. N. Kirsanov
Moscow, Russia, tel.: +7(495)3627314;

. : .. +7(495)362-73-14; e-mail:
e-mail: c216@ya.ru
(
< - /'3 ) , 6 )
0, 6 <5
# # # # Maple #H # # #
# # , , # # # # -
# * , # #
# # # # , )
+
9 (! ( : # # # o, # :
Maple, # # # ,

M. N. Kirsanov

THE FORMULA FOR THE DEFLECTION AND ANALYSIS OF KIN EMATIC VARIA-
BILITY OF THE LATTICE TRUSS

In the system of symbolic mathematics Maple a nmatt&al model of deformation of a flat truss witlx s
supports is constructed. It is shown that, witheetain number of panels, it can be instantly vdeabhe effect of a
load uniformly distributed over the nodes of theepor lower belt is considered. The formula foe ttependence of
the deflection of the truss on the size and nundlbgranels is derived. It is shown that the distiifiu of compressed
and stretched rods essentially depends on the muhpanels.

Keywords: externally statically indeterminate truss, defl@ctof a truss, induction method, Maple, kinematic
variability, compressed and stretched rods.
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upls e s

## #

>for i to 2*n+6 do x[i]:=2*a*i-2*a: y[i]:=0:0d:

> for i to 4 do x[i+2*n+6]:=a*i; y[i+2*n+6]:=h*i;

> X[i+4*n+11]:=4*n*a+5*a+a*i;
y[i+4*n+11]:=5*h-h*i;

> od:

>for i to 2*n+1 do

>  X[i+2*n+10]:=2*a*i+3*a: y[i+2*n+10]:=5*h

>0d:

2. # # ,h=1

. % #

N

D=" §7$I/(ER.

F— + L2 H# , #
EF. 2 : n=1, 3, 4, 6, 8, 9, 11, ... #



. % # # # # #
( n=1, .3).4 0 # . 11-12, 4-
5 16-17 # : 10-11,12-13, 4-3 # ##
# # &
vic=ula, =va+n.' # # -
# n, # # i -
. # # # # # n
n=(-1) % 1k)/4k 1,2,3,., #
+ . b# : # 0O# #
p=PAZ+GE) "
2h°EF
% # 0 a® -
18 37, 637, 1249,
5285, 8225, 21393, 29541, 60385, 77773, 13768549689272717, 325289, 488905, 569725,
813673, 931381, 127844%. # rgf_findrecur genfunc # Maple

+

A=A T4A - 4A 3 BAF BA g 4A s A4AT (AR A

( # : 0 0 1,4,-4,-6..)
0 # ( ) ,
# # [5]. & rsolve

+# k:

A =(250k* + (212¢ 1§+ 500K+ (318( 1y b51&+ 412(('1) W  225)%1 375)/24.

10 Cy Ce=C1+2C ,-2C - G i+ G, }
# # rgf_findrecur, #
C, =52 +2(¢ If+ D+ 5( B 7)/<
S5 # # D'=EFD/(R,,L), -
#  L=(4n+10)a=100# : +
Pum = (2n+9)P, # C3.( # ]
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# 2= 3 # S

S, = PALOK + 2((- 1f+ 5)k ¢ 1f+ 11)/(sh),
S, =- Pg1OK+ 2(5 3( 1f )k -3( 8 3)/(&n;
S, ;= P10+ (7- ¢ 1) )k)/(4h).
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7 ,2012. 512.
. Kirsanov M.N. Analysis of the buckling of spatiati$s with cross lattice // Magazine of
Civil Engineering. 2016. No. 4. Pp. 52-58. doi:5862/MCE.64.
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. Astakhov S. The derivation of formula for deflectiof statically indeterminate externally
flat truss under load at midspan. Construction Arghitecture. Vol. 56 2, 2017. pp. 50-
54. https://doi.org/10.12737/article_596f6d7da0eb3894133
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ANALYTICAL CALCULATION OF THE SUPPORT OFFSET
OF BEAM TRUSS WITH UPPER SHPRENGELS

A flat truss has two supports. The forces in thasrare determined by the method of cutting thekrantd the
displacement of the mobile support by the Maxwdllehr formula. The method of induction using thenpmuter math-
ematic system Maple obtained a generalization ®fsthlution to an arbitrary number of panels. Foasdbr forces in
the most compressed and stretched rods are obtained

Key words: truss, deflection, Maxwell - Mohr integral, indigst method, Maple.
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>forito 4*n do NIi]:=[i,i+1]; od:

>foriton-1do N[i+4*n]:=[6*n+1+i,i+6*n+2]; od:

>forito 2*n do
N[i+5*n-1]:=[2*i-1,i+4*n+1];
N[i+7*n-1]:=[2*i+1,i+4*n+1];
N[i+9*n-1]:=[2*],i+4*n+1];

od:

>foritondo
N[i+11*n-1]:=[4*i-1,i+6*n+1];
N[i+12*n-1]:=[2*I+4*n,i+6*n+1];
N[i+13*n-1]:=[2*i+4*n+1,i+6*n+1];

od:
# # " #+
ns-3
D= S§”$I/(ER,
i=1
S(P) _ P "
4 ,SY-
| -
8 - EF
, # ,# #
# DEF =-PA&/ I, 0 A,
. 6, 28, 82, 184, 350, 596, 938, 1392, 1974, 2700.
rgf_findrecur genfunc # Maple O "
), # 0

A\1:4A1-1' 6A»2+ 4A1 3" A—h4'
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* # # A =6, A, =28 A, =82, A = 18:#
#+ rsolve # Maple.( # #
DEF =-PA&/t, A= n8rf+10) .

# ¥ # #+ - .3
# (1) a=10.- ( .3 #+ -

- #
& : ( # # )
# # 2n, — -
## MN/2+(D- D/ ns1(#. 2. #+
rgf_findrecur # : + #
# . 0 rsolve. - -
# SO = p2rt- ¢ 1)")al(2h, -
— SW = p2rt+(-1)"- 1)al(2h), n>1.
% # # ( #+ -
)s [10] # # # # :
EFD=P(A&2+C ¢+ HHR/2H,
c=+vh*+a* — 0 #

A =(20rf +107 - A- 1+ 3/ € C =8 - (- I+ 1)/2, H, =4(1- (- 1))

2
1.1 " .- . Maple Maplet.* # /" -1 A
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290-292. DOI: 10.17117/na.2017.02.03.290
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E. V. Domanov

THE DERIVATION OF THE FORMULA FOR DEFLECTION
OF A GIRDER WITH A CROSS TYPE LATTICE

With the help of operators of the system of syntbolathematics Maple, a mathematical model of &atbt
determinate flat truss constructed. The effect lofaa uniformly distributed over the nodes of tipper or lower belt is
considered. The formula for the dependence of #flection of the truss on the size and number okfsais derived.
The solution can be used in the design of rod mgldtructures and the evaluation of numericaltsmhs.

Keywords: statically determinate truss, deflection of a d¢rusduction method, Maple.
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# # o [12], Maple. H

, # + # ##

forito 2*n+2 do
X[i]:=a*i-a: y[i]:=0:
X[i+2*n+2]:=a*i-a: y[i+2*n+2]:=h:
end:
- + #H
# . Lxy
L[i]:

foritons do
Lxy[1]:=x[N[i][2]]-x[N[i][1]]:
Lxy[2]:=y[N[i][2]]-y[N[i][1]]:

L[i]:=subs(a”2+h”"2=c"2,sqrt(Lxy[1]*2+Lxy[2]*2 )); end;
5# subs(a®2+h"2=c"2,..) # .5 #
ns # G :
forito ns do
forjto 2 do

t:=2*N[i][2]-2+j:
if t<= ns then G[t,i]:=-Lxy[jl/L[i]:fi;
t:=2*N[i][1]-2+j:
if t<= ns then G[t,i]:= Lxy[jl/L[i]:fi;

end;
end;
* # # # #
G1:=1/G: S1:=G1.B1 LinearSolve
# # ., # #
# LinearAlgebra # -
nS
# " =" : D= S‘P’ $l)iI/( ER. 5
i=1
. P 1)
. S —_— !Ii - ' $ -
, , EF —
# ( #+
) # :

16



D :A1a3+31ﬁ+c%é' (1)

" h’EF
+ 0 a’ -
16 + . 7, 53, 210,
574, 1289, 2515, 4468, 7372, 11515, 17185, 2474238 47005, 62559, 81704, 1049%).
#  rgf_findrecur genfunc # Maple
#

A=3AL1- A SAE SA K As 3AE A

#+ rsolve
# # 0 a® # (1)
A =3B4n*+68n° + 44’ + (5- 3 1)) 3¢-( D) ))/2. (2)
# 0 B, #
Bn: Bn—1+3Bn2_ 3Bn 3 3Bn4+ 3Bn§+ —316_ —317

B, =27 +3(1- ¢ I )yf+ 3-( J-p () 1)/ 3)
’ 0 A C -
.% O

( #

C =@n'+167+14T+ G { D)h- (D 1/t (4)

1 0 # (2-4), +# ,
# # # #
# # , # ( .2).

S A A S A A A S A
==
z- L1 ) il ) il , il ) il . il ) L ) il , il z.

L2.- # , h=4

"* 1%9 rgf_findrecur genfunc # Maple
0 # Q). &

# : : #

0 +
## #
A =(34n*+68n°+ 20 + (3¢ 1)- 7)A - ( 1) )3)/2:
B=(2F+301- ¢ Iy ))& @ 5 ) n (H) 1/«
Cn=(8n4+16r?+6rf+((— - D -(H 1)/¢

, it # P.. #
# D'=EFD /(PL),

*
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L=(2n+1)a=100 # P=PR/(2n) P=PR/(2n+2)

, # 3.1 -
# + # , # — # # h
# o # n # — #
# . n=11 5 # -
&
1204
1004
80—
60+
40+
i 5 © & % s ® @0 ="
3.5 #
# # # Maple [4-11]
# # .2
O# # # [13-15].
2
L * 7. .7 # /7. .* I -
* CH " . 20016 4. .106-118.
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ABOUT THE TENSION CONCENTRATION IN THE PLATE WITH CIRCULAR
HOLES MADE OF NONLINEAR ELASTIC ORTHOTROPIC MATERIA L

The problem of stress concentration for the platé two holes perceiving the uniaxial tension eyemhder
distributed load is analyzed. The plate is madéhefmaterial with different resistance and orthyyr properties The
defined rations in normalized stresses are addmesl Problem mathematical model is constructealusie finite ele-

ment method in simplex form.

Keywords: uniaxial tension, plane stress, orthotropic
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SELF-INDUCED VIBRATIONS OF CIRCULAR PLATES FROM ORT HOTROPIC DIF-
FERENTLY RESISTING MATERIALS
The problem of natural vibrations of circular pl&be orthotropic different resistant environment@sBd on the
physical relations suggested by A. M. Martchenkd &nA. Treshchyov was analyzed. While determinirgfletted
mode parameters the transverse shear influenceley wonsideration. Different resistance affecesearched.

Keywords: theory of elasticity, circular plates, differeesistant orthotropic materials, self-oscillations
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SOLUTION OF BI-VARIATE PROBLEMS OF THEORY OF ELASTI CITY AND STRUCTURAL
MECHANICS BY INTERPOLATION METHOD WITH APPLICATION OF CONFORMAL
RADIUSES

There are analyzed some bi-variate problems ottibery of elasticity and construction mechanicsnemted
with one-coherent convex area and described bwgréifitial equations of elliptic type of the secamd fourth order:
stability, free oscillations s and a cross benglafes, oscillations and cross bending of membraésm beam tor-
sion. For definition of the problems connected wvitib integral physical — mechanical characteristiciical forces,
main frequency of oscillations, maximal bendingometric rigidity of section) there was suggesteapply the meth-
od of interpolation according to the coefficieitaoform ((1 ) developed by A.V. Korobko changing coefficient
of form by the ratio of internal to external conforadiuses of flat area . Such change raise theracg of received
solutions up to 1,5...2 times.

Keywords: bi-variate problems of the theory of elasticilyd construction mechanics, plates, membranes, pris

matic bar, stability, oscillations, bending, torsianterpolation method of form coefficient, andrgolation method on
the relation of conformal radiuses.
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V.P. Volokitin, O.A. Volokitina, A.V. Eremin

USE OF SPHERICAL STAMP PRESSING-IN METHOD FOR DEFIN ITION OF DEFORMATIVE -
STRENGTH PROPERTIES OF ASPHALT CONCRETE BLANKET ON BRIDGE STRUCTURES.

Method of determination of the deformation-strengttaracteristics of asphalt concrete grouted aspbaét-
ment of bridge structures based on spherical stgmgssing -in into elastic half —space, accelegagfficiency and
rising the quality assessment trustworthiness @f ttonstruction.

Keywords: spherical stamp; elastic modulus; angle of intefriation; coefficient of adhesion; bridge con-
struction, coating, deformation, strength, laysptalt concrete.
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MODELING OF DEFORMATION AND LOADING OF THE CONCRETE BEAM BRIDGE
ROAD WAY SLAB

The method of the finite — element modeling of skafdge deflected mode under constant and temporal
wheels loads was tested taking typical construstes an example. Basing on the comparison of tevwed with the
help of different variants of spans spatial finidement calculation schemes the simplest modeddgcription of road
way slab was proved. The most stressed slab ssdtication along length and width s studied witplecation of in-
fluence surfaces

Keywords: reinforced concrete bridge without diaphragm, reag slab, deflected mode, forces, influence
surface, wheel load, movement line, dangerousa@esti
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CALCULATION OF DEFLECTED MODE OF STEEL REINFORCED CONCRETE SPANS
WITH ACCOUNT OF TEMPERATURE EFFECT IN THE ROAD BASE LAYERS

A finite-element model of a span structure witlbad surface was developed, taking into account ititeraction.
The calculated analysis of steel-reinforced corcspin deflected mode and road base with consarerdtthe temperature
change on blanket thickness was fulfilled. The mreatf change of the maximal tensile stresses iupiper layer of asphalt
concrete from a point of safety is under invesiigatThe modern types of blanket structure desigivarious parameters and
schemes of loading are used. One of the reasdosgifudinal fracture appearance in blanket upgged over the main span
beams is revealed. Interaction of the main beampliance on the blanket deflected mode and blanKeence of a span
structure deformation is studied.

Keywords: steel-reinforced concrete span, finite element ehotbad base, temperature effect, blanket
strength, longitudinal fracture
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STRENGTH OF ROAD BRIDGE SLAB SPAN REINFORCED WITH F LOOR SLAB
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INVESTIGATIONS OF DEFLECTED MODE OF MONOLITHIC REIN FORCED CON-
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while designing according to the traditional scheamel application of module "MONTAGE PLUS" is resdaed.
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