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The article presents the assessment results of a three-layer cylindrical shell stress-strain state
provided the different parameters of physical and mechanical characteristics of polymeric filler
reinforced by stiffening ribs. Impact rate on the stress-strain state of the polymeric filler
reinforcement due to the involvement of the discrete stiffening ribs has been determined.
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Introduction. Problem statement. Layered shells are widely used in
mechanical engineering, nuclear energy, aircraft construction, defense and
other fields of technology. Their specific features allow to decrease the
specific quantity of metal per strucrure, increase efficiency, ensure reliability
etc. Works by P.Z. Luhovoy, V.M. Meysh and some other authors, as well as
operational practice of concerned facilities witness that the structures
themselves, or their separate elements exist under the conditions of periodic
dynamic loads, which in most cases are of the impulse nature.

Investigation of the stress-strain state of layered shells evidence its
dependence on the shell type, on its structural features, physical and
mechanical characteristics of the material etc. Therefore information, which is
characteristic of the importance of such dependencies and which demonstrates
the character and extent of their impact on the stress-strain state of the layered
structures can considerably contribute to the early optimal decision-taking,

Nevertheless, the diversity of the layered shells’, numerous natural and
engineering impacts on them, the restricted nature of the regulatory and calculation
basis, as well as peculiarities of the stress-strain state calculations are limiting such
information acquisition. With regard to that, the investigations described below are
aimed at amending the theoretical aspects of the problem with practical rationale,
which would illustrate the character and importance of impact on the stress-strain
state of engineering solutions, operational and natural factors, physical and
mechanical properties of structural materials etc.
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Investigation and analysis of investigation results. A three-layer
cylindrical shell with the permanently fixed edges, a structural element of which
is presented on Figure 1, has been used as a basic structure for investigations. Its
geometric parameters had the following values: L=250 mm; R=200 mm,
h=h;=10 mm, #h,=60 mm. Physical and mechanical characteristics were
accordingly: E\= E;=70 GPa, E;=0.14 and 1.4 GPa, u; = u;= 0.3, py = p3 =
2.7%10° kg/m’. The shell has been loaded with the axisymmetrical internal

impulse load, the distribution parameters Q of which have been set up as below:
k

P L4
O(t)= A*sin 7 (1)

where: A4 is the amplitude of the pulse power load height; 7'— load duration; ¢ —
time duration.

The following loading parameters have been accepted: 4=10°Pa; 7=50%10°s.

Parameters of the stress-strain state have been identified through the finite
element model, which included 8000 solid finite elements and 9360 nodes. The
calculating software Nastran has performed calculations. Choice of the type of the
solid finite element was due to obtaining more detailed and precise calculation
results.

The power load amplitude was 4 = 10° Pa; The displacements and stresses
values have been calculated through an algorithm of a direct transient dynamic
process within the time interval 0 < ¢ < 107 The time interval was 0.25° 10 s,
and the total number of steps was 200. Investigation results for cases without
the polymeric filler reinforcement [1] evidence the considerable impact on the
stress-strain state of physical and mechanical characteristics of namely the
filler and the internal and external coating variation.

A «mechanical effect» caused by reinforcement of polymeric filler with
discrete (stiffening) ribs can be an essential factor impacting the stress-strain
state. Such approach to enhancing the layered structures’ rigidness is getting
widespread and is especially applied in the three-layered shells, demonstrating
a relative unsophistication of engineiring and process solutions.
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Fig. 1. Design of the three-layer shell:
1 — internal layer; 2 — filler; 3 — external layer; 4 — reinforcing ribs
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The reinforcement efficiency for the structures of this type has been
determined by means of the finite-element simulation of the three-layer
cylindrical shell with the circumferential reinforcement ribs, stiffly binding
internal and external shell layers (Fig. 1).

Table 1
Maximal axial horizontal displacements 7, of the shell layers with different
layers’ structure and different physical and mechanical properties of polymeric
filler over the time interval (¢)

Correlation of elasticity modulus of the internal shell layer to the polymeric
filler

Reinforce
_ ment
ntensity

E]/ET: 500 E]/ET: 500

Ty*108,(m) Ty*10%,(m)
28 28

/\g\\/ = // 3 /Kﬂ\\/
A% 7 Nl .

Without reinforcement
\D\
)‘f
£ =] £ o
J/
:l
H

/ N
LA
i 0 0,05 a1 0,15 0z 025 L 005 0.1 015 02 025
1=0.000225 s 1=0.00024 s

e Ty*10%,(m) ~ Ty*10%,(m) ;
2 Ll ™ , T
2 R J \ i P
E 12 ,7(
2 I e ) " —#1
15 8 ¥ 8
£ / \ . i %
<€ e i
§ ] ﬁ \ ¢ \ f{ﬂS U;l 015 02\ fzs
on ) i 0,05 01 0,15 02 \j{‘;! :: \y{ \&/ -

t=0.00048 s t=0.0004825 s

= Ty*10%,(m) ) i Ty*10%,(m) ;
PRI W WA . R
N MM, ¥ %
gl \ . A
1.4 \ Y, %

2 ‘&\z‘ 0,05 0,1 0,15 02 t%'%; 2 ‘b 0,05 0,1 0,15 olz u]a;;

a7 i)
! t=0.000225 s ! t=0.000465 s

1 — internal shell layer; 2 — also external

Options with three and five reinforcement rings have been considered; rings
had to be evenly distributed over the shell length. In first case, distance between
rings was 0.06 m, and in second case 0.04 m. Values of horizontal displacements
(T} and T),) for each reinforcement scheme have been determined through
separately created finite-element models of each design variant. The layered
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shell wall structure corresponded to the correlation #,=hs/hy=1/6, other power,
geometric and physical and mechanical characteristics met the above parameters.
Calculations have been performed for options £ 3/E7=50 and E 3/Ez=500. The
resulting patterns (Tab. 1) show that the horizontal displacements of both bearing
layers appeared to be unidirectional and have equal absolute values with
amounts reaching their maximum at the same time moments. When the
reinforcement is armored E;3/E7=500 with three armoring rings, the maximal
displacement has decreased by 21%, with five rings — by 39%. Provided the
correlation E,3/E7=50, horizontal displacements are distributed along the shell
length more uneven.

They remain unidirectional and equal in values, however reach their
maximum only in the center of the shell length. The more intense
reinforcement (five rings instead of three) narrows the segment of maximal
displacements at £, ;/E7= 50 to almost 1/3 of the shell length.

The maximal value of displacements within this range in relation to the
non-reinforced shell has decreased by almost 15% in case of three
reinforcement ribs and by almost 30% in case of five ribs.

The three-layer cylindrical shell was used for the above investigations; the
diameter of the cylindrical shell outreaches its length. When the shel wall
thickness and length increase, decrease of the reinforcement rings impact is
observed, the deformation picture has a different nature. Thus, provided the
dimensions D=240 mm, L=400 mm, /;=h;=10 mm and /#,=10 mm and the
distances between five reinforcement rings 60 mm, absolute value of
horizontal axial displacements in the median surface of the polymeric filler
structure’s external layer F;;/E7=500 reaches 0.25 mm, and displacement of
external and internal layers became contra-directional [2].

A high-standard picture of distribution of the normal stresses along the
shell length (Fig. 2) shows that their values reach the maximum value at the
moment of time 9.37 (¢ = 0.000465 s) provided the reinforcement of polymeric
filler £, 3/Er = 50 with three discrete ribs. The more intense reinforcement of
the filler (5 reinforcement rings instead of 3) has decreased the maximal
stresses by almost 12.5 %.

In all cases investigated, the external sheeting layer of the shell appeared
more stressed, independent on the physical and mechanical characteristics of
the filler or intensity of its reinforcement.

The obtained data correlate with the conclusions of other authors [3-5] and
contribute to solving some practical issues.

Conclusions. Optimization of the design and engineering decisions
regarding the layered shells envisaged for operating under the nonstationary
loads, increases their reliability and decreases the specific quantity of metal per
structure. Application of the polymeric filler, which ensures the ratio £, 3/Er =
50 and intensity of its reinforcement, decreases displacements of the external
shell layers by over 30%.
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Fig. 2. Maximum stresses o, of bearing layers of the shell
(1 — inner layer, 2 — outer layer) with different reinforcement options:
(a) provided correlation E;/E; = 500 and 3-ribs reinforcement; (b) also for 5 ribs;
(c) provided correlation E;/E; = 50 and 3-ribs reinforcement; (d) also for 5 ribs

Provided equal thicknesses of the inner and outer sheeting and equal
intensity of the polymeric filler’s reinforcement, the external sheeting layer
appears more stressed. At £ ;/Er= 50, the maximal outer layer stresses exceed
those of the inner layer by over 10%.
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Tatioaiiuyk B.B., Komenko K.E., Cniocko H.A.
BILJTUB KOHCTPYKIIAHO-TEXHOJIOTTYHUX ®AKTOPIB I HECTALIIOHAPHOI'O
HABAHTAKEHHS HA HATIPY)KEHO-TE®OPMOBAHMIT CTAH TPUIIIAPOBOI
HUITHIAPAYHOI OBOJIOHKH

HaBeneHo pe3ynbTaTH OL[HKH HAINpYXeHO-Ie()OPMOBAHOTO CTaHY TPUILAPOBOI LIMIIIHIPHIHOL
O0OJIOHKH HPU PI3HUX (I3UKO-MEXAHIYHUX XapaKTePHCTUKAX IOJIMEPHOrO HAIOBHIOBAYA.
Busnaueno edexruBHicts BrumBy Ha HJIC apMmyBaHHS IOJIMEPHOro HAIOBHIOBa4Ya OOOJIOHKH
JIHCKPETHUMHU pedpamu.

KarouoBi cioBa: TpumiapoBa LHIHAPUYHA OOOJIOHKA, HANpPyKeHO-1eGOpPMOBaHMI CTaH,
NOJIIMEPHUI  HAIOBHIOBaY, pedpa JKOPCTKOCTI, IMITYJbCHE OCECHMMETPHUYHE HABaHTAXKCHHS,
CKIHYCHHO-CJIEMCHTHA MOJICITb.

Gaidaichuk V.V., Kotenko K.E., Snizhko N.A.
IMPACT OF ENGINEERING/TECHNOLOGY FACTORS AND TRANSIENT LOADS ON
THE STRESS - STRAIN STATE OF A THREE-LAYER CYLINDRICAL SHELL

An issue of a stress-strain state of a three-layer cylindrical shell under variable loads has been
considered. Assessment results of a three-layer cylindrical shell stress-strain state with regard to the
physical and mechanical characteristics of an aggregate polymer filler and its reinforcement intensity
by means of the stiffening rings rigidly connected to the shell coating are presented in the article.
Calculations have been performed using the software Nastran. Values of displacements and stresses
have been calculated by applying the direct transient dynamic process algorithm. The time interval
was 0.0000025 sec, and the total number of steps was 200. Choice of the three-dimensional finite
element type was conditioned by the need of acquiring more detailed and accurate calculation results.
The finite element model included 8000 three-dimensional solid finite elements and 9360 nodes.
Impact of the physical and mechanical characteristics’ parameters of integral polymeric filler through
the stiffening rings on the shell’s stress-strain state under the axisymmetric inner impulse load has
been investigated. Numerous results concerning dynamics of the three-layer structure, which have
been obtained by the finite elements method, allow distinguishing the stress-strain state of a three-
layered cylinder-type elastic structure at any moment within an analyzed time interval. Optimization
of the shell design is recommended. Intensity of the polymeric filler reinforcement impacts
considerably the stress-strain state of the shell, as well as its performance characteristics. Increasing
the intensity of the shell’s polymeric layer reinforcement decreases considerably the deformation of
the shell’s bearing layers. Comparison of the obtained results to the impact of other factors indicates
the credibility of the approach used and that the unbiased information was received.

Key words: three-layer cylindrical shell, stress-strain state, polymer filler, stiffening ribs, pulse
axisymmetric load, finite element model.

Tauioaiiuyk B.B., Komenko K.E., Chuacko H.A.
BJIMSTHUE KOHCTPYKIMOHHO-TEXHOJIOTHYECKUX ®AKTOPOB 1
HECTALIMOHAPHOWM HAI'PY3KH HA HAMIPSI’KEHHO-TE®OPMUPOBAHHOE
COCTOSIHUE TPEXCJIOMHOMN HUJIUHAPUUYECKOM OBOJIOYKH

IIpuBeneHsl pe3yabTaThl OLICHKH HANpPsDKEHHO-Ie()OPMHUPOBAHHOIO COCTOSIHUSI TPEXCIIOHHOM
[WIMHAPHYCCKOH OOONOYKM @PH pPasHbIX pPa3HBIX (PU3NKO-MEXAHHYECKHX XapaKTEePUCTHKAX
noaumepHoro Hanonuutens. OmpeneneHa s¢dextuBHocts BuusHus Ha HJC  apmupoBaHms
HOJIMMEPHOT'0 HATIOJIHUTEIIST 000I0UKU AUCKPETHBIC peOpaMH.

KiroueBble ¢j10Ba: TpeXCIONHAs MIMHIPHIECKash 000JI0YKa, HANPSHKEHHO-Ie(hOPMUPOBAHHOE
COCTOSIHME, TIOJMMEPHBII HaNoOJHUTEb, pedpa JKECTKOCTH, HMIlyJIbcHOe OcecHMMeTpUYHas
Harpy3KH, KOHEYHO-3JIEMEHTHAs! MOJIENIb.

VK 539.3

TIatioaiiyyx B.B., Komenko K.E., Cuixcko H.A. BIJIUB KOHCTPYKUiiiHO-TeXHOI0riYHNX daKTOpiB i
HECTAIOHAPHOTO HABAHTA’KEHHsI HA  HANpPY:KeHO-1eOPMOBAHMII CTaH TPHIIAPOBOL
nuTiHApUYHOI 06ooHKH // Omip MatepianiB i Teopist cropyn: Hayk.-Tex. 30ipH. — K.: KHYBA,
2021.— Bumn. 107. — C. 281-287.

YV cmammi npueedeno pesymvmamu oyinku HANPYJICceHo-0epopmMo8anoco Ccmany mpumaposoi
YuniHOpUYHOI  0OONOHKU, — 6pAX0o8yIoui  iI  CHMpYKmMypHy — 0COOIUSICMb,  (DI3UKO-MeXAHIUHI
Xapakmepucmuky YitbHo20 NONIMEPHO20 HANOBHIOBAYA, APMOBAHO20 OUCKPEMHUMU pebpamu.
Pexomendyemubcs onmumizayiss KOHCmMPYKYitiHo20 piuierst 060J10HKU.

Ta6. 1. . 2. BiGmiorp. 5 Ha3B.
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Gaidaichuk V.V., Kotenko K.E., Snizhko N.A. Impact of engineering/technology factors and
transient loads on the stress - strain state of a three-layer cylindrical shell // Strength of Materials
and Theory of Structures: Scientific-and-technical collected articles — Kyiv: KNUBA, 2021. — Issue
106.—P. 281-287.

The article presents the results of assessing the stress-strain state of a three-layer cylindrical shell
provided the different parameters of the polymeric filler’s physical and mechanical characteristics
reinforced by the discrete stiffening ribs. The reinforcement intensity efficiency of the polymeric filler
due to the discrete stiffening ribs on the stress-strain state has been determined.

Tabl. 1. Fig. 2. Ref. 5 names.

YK 5393

TIatioaiiyyx B.B., Komenxo K.O., Cuixcko H.A. BiusiHMe KOHCTPYKUMOHHO-TEXHOJIOIMYECKHX
(akTOpoB M HecTAMOHAPHOW HArpy3KH Ha HaNPSUKeHHO-1eOPMHPOBAHHOE COCTOSTHHE
TPEXCJI0iHON HUIHHAPHYecKoi 00010uKH // CONPOTHBIICHHE MAaTEPUAIIOB H TEOPHSI COOPYIKECHHM.
—2021.— Bpm. 107.— C. 281-287.

B cmamve npugedenvi pe3yibmamvl OYEHKU  HANPSICEHHO-0ePOPMUPOBAHHO20 ~ COCMOAHUS
MPexcaouHOl YUTUHOPUYECKOU 000IOUKU, YHUMbIAIoujue ee CmpYKmypHyIo 0COOeHHOCb, U3UKO-
MexanuuecKue — Xapakmepucmuku — YeibHo20 — NOMUMEPHO20 — HANOJIHUMENs, — apMUpOSaHHO2O0

Ouckpemmuvimu pedpamu. Pexomenoyemcs: onmumusayus KOHCmMpyKYUOHHO20 peuterusi 0O0IoUKU.
Tabm. 1. Un. 2. Bubmnuorp. 5 Ha3B.
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