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Abstract

Plate and shell type multilayer thin-walled structures are increasingly used in
various fields of engineering. In construction, all this is caused by the necessity of high
strength of constructions and significant reduction of weight. This is due to thermal, adu
and vibration insulation requirements.

The combination of these necessary features is ensured by the use of different types
of fillers for individual layers of multi-layer constructions. Not only metals and their alloys,
but also composite materials atesed for bearing layers.

As a rule, fillers and composite materials are characterized by low shear stiffness,
which is their negative feature. This circumstance should be taken into account in the
calculation theory of multilayer shells and plates. Chatacistic factors such as the
influence of normal shear stresses and shear strains are neglected in many theories. But the
latter is known to increase with the relative thickness of the shell and may be important
when using fillers that are resistant to slae and shear stress.

In this regard, the creation of a theory of multilayer shells and plates, which fully
takes into account highefrorder factors and at the same time will be relatively simple, is a
very urgent problem.

In my research, a stiffness matrixor multi-layered plates was studied and
constructed, which is the best means of analysis for both the mentioned and different classes
of problems. | limited my research to thirwalled spatial systems. | have used rectangular
and triangular elements in nurarical methods.

The project mainly uses a mixetype finite element model, the use of which was
determined by the simplicity of the model and its high accuracy.

The methodology for calculating the strength of layered flat elements with holes is
still insufficiently developed. In this regard, using layered thiwalled spatial constructions
with holes is quite difficult, relevant and requires the development of a special calculation
method.

The method of compiling the matrix of laminate stiffness in the casé different
material layers and orientations, the method of its simplification in special cases, for the
calculation of layered thinwalled constructions with holes was discussed.

The problem of determining the critical compressive load for thrdayer plates
made with a hole was solved using the theory of thin plates and the theory of generalized
functions.

A special method of numerical investigation of problems of strength of hollow thin
walled spatial constructions in the case of normal and lateral fescacting on the contour,
as well as local impact of bending forces, was developed.

A package of application programs compiled on the basis of the developed method
can be used in design organizations and construction companies.
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An experiment was carried ouon the tension of the plate where the fibers are
ribbons of basaltoplastic laminate. Analysis of theoretical studies, calculations and
experimental results was presented.
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Nanoscale Microscale Mesoscale Macroscale
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"{{ABD . 1 :

A IDLE Shet 3.104

nse()" for more information.

RESTART: C:\Users\i.giorgob

esktop\ABD. py

Q11 = E1/(1-miu12*miu21)
Q12 = miu21*E1/(1-miu12*miu21)
E2/(1-miu12*miu21)

cos = np.cos(theta)
cos

(theta)
sin = np.sin(theta)

sin

Qbar = np.zeros(( (angles)))
(angles))

*4+Q22*n{angh

)**2*n(anglesfil)*

)**44Q22*m(angk

1)**2*n(angles[i])**2

[i])**4+Q12*:

Qss ! 2*n(angles(i])**2+Q22
Q12*2*m(a nglesi])**24¢
Q

Qys = Q11*m(angles]i

**3*n(anglesi])-m(angles[i]) *n(angles[i])

v{[Qxx,Qxy,Qxs],

+Q12*(m(an
Qbarl:,;,i] = np.arrz

(len{angles)):
A=A+ Qbarl:,,il*ts]i
B.= B+ Qbar[:,:,i]*(tsi] *m_t(i])
D =D +Qbar] 1*(m_tli]**2+ts[i]**2/12)

ABD = np.concatenate((np.concatenate((A,B)),np.concatenate

[i])**4+Q12*2*m(angles(i])**2*n(a

+Q33*2*(m(angle:

n{anglesi])

ngles|i])**2

glesi]}**3-m(any

3}+Q33*2*(m(angles[i])**3*n(angles[il)-m(a

,0))), axis=1)
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 |DLE Shell 3.10.4 -
File Edit Shell Debug Options Window Help

Python 3.10.4 (tags/v3.10.4:9d38120, Mar 23 2022, 23:13:41) [MSC v.1929 64 bit (AMD64)] on win32

Type "help”, "copyright", "credits" or "license()" for more information.

———= RESTART: C:\Users\i.giorgobiani\Desktop\ABD_update 2.py
8.49483259727;
Ey=11231.477568789747;
Gxy =6561.1186640673795,
miuxy = 0.33876165073627224;
miuyx = 0.04454297501808296;
958510651652307;
my =0.3895372737206119
local_stress
array([47.460
strain
0.00039023555025945
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A T SR A A A

o < <o

3.00 1 —— Python code result
Ansys result

275
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2.25 7

2.00 - <
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1.25 ~

1.00 ~

T T
0 10 20 30 40 50
Stress on ply [Mpa]

L1233, . T d T, 1T

LAIIMM3ITMU GIIENSIMN
JBEN3IMLNGION

1922 BIINCHG

1

-7 N R R AT A A B (e Ly B S WA I B A

7

91



L
.o
_ L
_ L
. 7
_ L

B: Static Structural
Nermal Elastic Strain
Type: Wormal Elastic StrainiX Axis) - Top/Battom - Layer 0
Unit mm/mm

Glabal Coordinate System

Time: 15

Deformaticn Scale Factor: 72 (0.5% Auto)
323520231126 AM [l

393482004 36902¢-004
5 0.00051674 Max Node 3526

000050113

0.00048552 3.9027e-004
0.00045431

0.0004387 35164e-004

Node 2369
ey 3.50852-004
000040749 38982e 004 Node 2076 ;9{;42:9334
000039188 Node 1942 ode
0.000/37821a-004
Node 1427 ey
Node 1119

3.90171e-004
Node 282

200,00 (mm)

50.00 150.00

- 7 44.:; 7 E . T 7”) T oy _/ xi~

~ ~ < >

< ° < vA o Y — A > >

T D A R AT PRI, I B B | s I

s

El

~ ” b ” - ”

” 1L < 4 ] .-
. e < e . N . - -

.
” r ” ” = ”
" N 1 1 L1 P "

~ o o < ~ ~ A VA~ O > ~ >

hl ” r ” =
104>

1 . .

o 0 Q
o Gfﬁ”d)— 0@@)33

P A
i 71

>

N

v o ~

Q
piB)C)g

S R T £ D T I T L
1 . L 'IV L . ” .L > " L1‘| _I- . L"y _Iu ”"NI— L :I ’j "f_ -
o N n !\_ 1: . L 11”, ”n LT . L _I ” 3y _L =J I_-- HH; ” .L 1-| °r

BV (1o ot

v o — >

1,043 ,24.1¢1_,ANSYS” 1 _~

~ ~ A

L : L"” . _I 1" _I L : o rl_ ""L rom _I _I ”

— L < > < A ~ > <

LAIIMM3ITMU GIIENSIMN
JBEN3IMLNGION

1922 BIONCIG

.I L” o ” JL 1

>

owd e 14

<

11 .17 L, ”? i

>

o ~

(109

92

r”

1-

el e A

L

.I



3. . 1

r

.I

L

”
” r”
v

]

°

1

> >

A O

> °

PYTHON-_

”

S T CPR TN (" R TR NS BTG I L S R
T P T IR I I i R P 1:aodLo 4 d
.. 180, 7 . 1 B4
R Tt s I O A [ N ST I N N A SR I
R I 1AL H” 0, 017170 oo Aot M A
(VUG EURRR E U IR I N Bl B BV U T I I
T T | P R R B ik I D B O B

oo
rr

”A .IH

>
LAIIMM3ITMU GIIENSIMN
JBEN3IMLNGION

1922 BIINCHG

oL

b

104, el oAy I

TR Y e I T B P

A R BT I

A

1.

A

cu A1

A “
AlAA‘A';'

-

”

Wi, 1.1y .

r

” L 'I H=~H.I==°I-LHF

YW oy, e /
Wi%as "‘ N\ ‘ ‘ ~} J N
. ""y ‘m\lg‘»'é‘ﬁ) "’.%»!3
SODDNER KK AN AL ORI
SN ANTR AN OGP 55
Y i S8 1 QT "..”l Sl
== \»! _:},{‘\h.‘!\\ [0 /\'.‘\‘ :__a/ Z _‘/'
s

L

T .2 T (106).

<

X A

° <

.I

IS

Lh1L"~=1'

-

L

.I

~ A > [

T TP L

~

P ]

o

d 1o 4

”

Y] r ”
L

<

1,0

~

.I

L

1 1

L

A

1.
|_° ”'I =n n~

1

L

—

L

o >

- 135 1 1 - "]
U | R T ) ISP B B R B i BT
T I T R BT R i " U N W N T,
S U A T I BT BN T D BN '
93

.I



17 "ACP - Tt c eI e T T Tl T

< o A ~ —

(A IV I DRI PA Nk AP N RSP S N U DS B

> < o ~ -}

"™ 1™~ 153, .~ 154,

—
-
-
I
—-L

”
< <

300

®50

200

L1361 1T T AT

ANSYS

2020 R2

17.50 52,50

A VAN S A | /)

LAIIMMBITMU GIIENSIMN
JEN3IMLNGION
1922 BINEYG

94



ANSYS

2020 R2

17.50 52.50

L1381, . AT

L1329, 1. T, T i

T 74T T 1749 AR 5 NS TS ISR S A I

S RS R § I I PR U WA TP IR S0 I | IS IS AP I O *

< ~ ~ o ~ 1< ~ <<

" SR T Tt I I T o s N T T " A
T A B e Tt AT BTG O TP % I Ay K SR E
[ I TN TADRN TS Sl I A2 IR BN BN B

T W T (s N N 72 A N AN T I I | N

117+ 1 O R PO T T N R S U U i AT N I IR,
N L RV T (S PO Bt =1 ¢) PR I I T & PR P R | B2

LAIIMMBITMU GIIENSIMN 95
JEN3IMLNGION
1922 BINEYG





























































































