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DYNAMIC ANALYSIS OF THIN LAMINATED VISCOELASTIC STRUCTURES
UNDER ELEVATED TEMPERATURE USING FINITE ELEMENT MODELING

Purpose. The current study is devoted to investigating the effect of elevated temperature on interlaminar stresses for different
laminated viscoelastic structures and boundary conditions. Each structure considered consists of three laminated layers, where the
core layer is made of plasticized polyvinyl butyral, which is a viscoelastic material, whereas both constraining layers are made of

isotropic structural material silica float glass.

Methodology. Finite element (FE) modeling is used to perform modal, harmonic, and transient analyses. The current visco-
elastic composite model is compared to data in literature for verification purposes. Simply supported beam, cantilever, and simply
supported plate are studied for temperature variation of 23, 40, 50, and 60 °C. Modal analysis is carried out to find natural frequen-

cies for all the structures considered.

Findings. The results obtained show that increasing temperature plays a significant role in reducing the natural frequencies in
each structure as well as increasing the transverse deflections and decreasing the corresponding interlaminar shear stresses.
Originality. The literature does not contain a study on the influence of elevated temperatures on interfacial dynamic stresses in

laminated viscoelastic structures.

Practical value. One of the main factors affecting the delamination process of composite viscoelastic sandwich structures is the
interfacial harmonic shear stresses existing between layers. Hence, harmonic and transient analyses are performed to determine

dynamic deflections and interlaminar shear stresses.
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Introduction. Viscoelastic materials are used in various ap-
plications such as planes and vehicles to absorb vibration and
reduce noise [1]. However, modal analysis is presented theo-
retically and experimentally by studying free vibration of lami-
nated composite plate where excellent agreement was found
[2].

Furthermore, Raleigh-Ritz method analysis was carried
out in order to investigate the vibration in viscoelastic lami-
nated cylindrical shell [3] where vibration frequencies were
calculated using numerical model to study the boundaries’
stiffness impact. Dynamic response of multi-layer thick beams
with viscoelastic damping layer was investigated by a number
of researchers [4]. Multiple models were developed using Red-
dy-Bickford shear and Ross-Kerwin-Ungar models since clas-
sical failure theory cannot explain testing and experimental
results. However, FE Model for a 3-layer composite beam was
performed using finite element package ANSYS; two con-
straining structural layers and a viscoelastic core layer [5]. In
addition, both numerical and experimental analyses were
compared to validate the FE results.

Other studies used the method of reduction to solve the
response of viscoelastic core beams [6]. The results revealed
that excellent agreement was observed in addition to reduction
of computational cost. On the other hand, Euler-Bernoulli
equation was used in finding mode shapes of viscoelastic can-
tilever sandwich through MATLAB code [7] where results
showed good agreement with literature data. Buckling of vis-
coelastic core plate under elevated thermal environment was
investigated analytically [8]. Free vibration analysis was per-
formed to determine the corresponding characteristics.

Investigation of static and dynamic loading for laminates
of composite material was performed for failure prediction
analysis [9]. The failure criteria predicted in a multi-laminar
structure developed lately by Northwestern University were
proven by current model. Analysis results showed clearly that
generally, the best approach to predict failure in composite
laminated structures is yet to be developed.

Detection of carbon fiber laminated composite beam
damage was examined experimentally by a group of research-
ers [10]. It should be said that this experimental vibration anal-
yses were carried out to find natural frequencies and damping
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ratio for both laminated and delaminated composite beams
where validation with numerical results were obtained using
FE package ANSYS. It is eventually concluded that natural
frequencies of undamaged beams differ from laminated beams,
which results in varying modal analysis. FE analysis was per-
formed to study dynamic behavior of composite laminated
plate using different stacking order and boundary conditions
[11]. Results revealed that good agreement was obtained with
experimental data and data obtained in the literature. Further-
more, location and size of delamination have a significant ef-
fect on modal results.

However, failure of fiber reinforced laminated layers was
examined using failure approach in continuum mechanics
[12]. Moreover, the model which was developed using the ap-
proach considered was coded using FE analysis software to
validate the results. Furthermore, evaluation of structure fail-
ure caused by delamination is performed in this study. A study
on dynamic behavior analysis concerning delamination of fi-
ber reinforced composites was carried out using a new method
to detect the delamination and hence composites’ failure [13].
The results revealed that the size of delamination shows less
influence then the position of delamination.

Other researchers performed rotor dynamic analysis simu-
lation to study the effect of gradual failure [ 14]. Rotor was sub-
jected to out-plane and in-plane load combinations in order to
study failure initiation and in-plane damage propagation. The
results obtained showed good agreement between experimen-
tal and FE dynamic stress results for the rotor considered.
However, a model for delamination propagation for FRP
composite structures was proposed to monitor failure [15].
The study aims at evaluating interlaminar failure due to de-
lamination using delamination propagation model considered.
The new delamination model proposed was coded based on
fracture and continuum mechanics where model’s results were
compiled beside ABAQUS’ results.

A review of analytical damage criteria for laminated com-
posite structures was conducted to investigate and estimate the
damage criteria capability to predict any failure under static
and dynamic loading [16]. Finite element modeling was used
to model post-damage phase using implemented intra and in-
terfacial failure criteria.

Dynamic analysis of different viscoelastic structures was
carried out using FE package ANSYS by (Al-Huniti, et al.,
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2010). As a result, interlaminar shear stresses were investigated
since they are responsible for composites’ delamination. The
results revealed that viscoelastic layer plays a significant role in
controlling vibration, and hence, reducing the dynamic defor-
mation of the composite viscoelastic laminated structures.
Duser, et al. carried out an analysis of composite plate under
uniform static pressure. The simply supported composite plate
considered consists of three bonded layers in which the middle
layer is a viscoelastic material. Finite element model was de-
veloped in order to compare static deflection at the middle of
the plate with the literature data. Moreover, analytical model
was performed to predict the failure in composite structures
under specific boundary conditions

Based on the literature considered above, current work is
concerned with studying the influence of elevated surrounding
temperature on harmonic and transient interlaminar deflec-
tions and shear stresses induced in different viscoelastic sand-
wich structures where the viscoelastic layer contains no damp-
ing. All the structures considered contain a viscoelastic core
layer with two structural constraining layers. FE modeling is
performed using modal, harmonic, and transient analyses.

Material properties. The structures considered in the cur-
rent study consist of three laminated layers each; viscoelastic
core layer with no damping sandwiched between two isotropic
layers. The viscoelastic layer is made of plasticized polyvinyl
butyral (PVB) while both constraining layers are made of an
isotropic material of silica float glass. It should be said that the
elastic modulus of a viscoelastic material is a complex value.
The real part represents the elastic characteristics of the mate-
rial, while the imaginary part represents the viscous properties.
These two parts can be presented using a mathematical for-
mula that depends on frequency as shown in Equation (1),
(Meunier and Shenoi, 2001).

E,=E(1+i), (1)

where FE, is the viscoelastic modulus; E is the elastic modu-
lus; n is the viscosity; i is the imaginary number. However,
stress strain data for PVB material was modeled using the of-
ficial model of Kuraray Europe GMBII. The properties of the
isotropic materials used are listed in Table 1.

Finite element models. Finite element models were devel-
oped for simply supported, cantilever, and simply supported
square plate, as shown in Figs. 1, a—c respectively. Modeling
of the structures considered is carried out using ANSYS’ soft-
ware where the type element used to model both silica float
glass and PVB layers is an 8-node solid 185, while contal74 and
Targe170 are used for contact elements and surfaces respec-
tively. It should be said that modal, harmonic, and transient
analyses are performed for all laminated structures considered
where convergence is obtained for the finite element solution.
Schematic diagram for squared cross section of simply sup-
ported and cantilever beams, and simply supported square
plate is shown in Fig. 1, d where the depth of simply supported
beam and cantilever is 50 mm, while it is 1 m for the simply
supported plate.

However, several assumptions are considered when mod-
eling thin structures (Vinson and Sierakowski, 1986):

Table 1
Properties of composite structures materials

Silica Float Glass | PVB
Density (Kg/m?) 2500 950
Young modulus (GPa) 72 0.05
Poisson’s ratio 0.22 0.4
Thermal expansion (°C™") 9E-6 9E-6
Thermal Conductivity (Wm™'K™") 1 0.8
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Fig. 1. Finite element model for viscoelastic laminated struc-
tures considered:
a — simply supported beam; b — cantilever; ¢ — simply supported
plate; d — front view for laminated simply supported beam, cantile-
ver, and simply supported plate

1. Each laminated composite structure consists of perfect-
ly bonded layers.

2. Each layer is a homogenous material with known effec-
tive properties.

3. Each layer is in a state of plane stress.

4. The laminate deforms according to the following Kir-
choff (Kirchoft-Love) assumptions for bending and stretching
of thin plates or beams:

- Normals to the midplane remain straight and normal to
the deformed midplane after deformation.

- Normals to the midplane do not change the length.

However, by using the superposition principle of
Boltzman, the constitutive equations of thin thermo-visco-
elastic structures are shown in Equation (2) [17].

G, | E, VvE| 0 €, aAT
y :1_02 vE, E| 0 €, |- —Vo aAT |, (2)
xy (I_U) T 0
0 0 E,
2
Gx ex
where v is Poisson’s ratios, | O, |and | €, | represent thermo
ny ny

viscoelastic stress and strain of the thin narrow strip respec-
tively; o is a linear expansion coefficient; AT is the net rise of
temperature of the thin narrow strip.
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Furthermore, the equation of motion which finite element
package uses in order to determine the displacements with
thermal condition presence at every node is presented in
Equation (3).

{[LAOJJ ] Bﬂ{;}+h§] | L[C(’)’}JH; }+
T )t
LoJ Lk’ {T} {{Q}}

where [M] = element mass matrix; [C] = element structural
damping matrix; [ K] = element stiffness matrix; {«} = displace-
ment vector; {F} = sum of the element nodal force; [C’] = ele-
ment specific heat matrix; [K’] = element thermal conductivity
matrix; {7} = temperature vector; {Q} = sum of the element heat
generation load and element convection surface heat flow vec-
tors; [ C™] = element thermoelastic damping matrix = —T,[K*“]";

| B] = strain-displacement matrix; {/N} = element shape func-
tions; [K*] is the element thermoelastis stiffness matrix =

= I [BT J {B} {N r } d(vol); T, is the reference temperature
vol

Model verification. Finite element viscoelastic laminated
structure model verification was performed in order to validate
current work. Experimental results for simply supported visco-
elastic sandwich plate subjected to uniform pressure obtained
by (Duser, et al., 1999) were compared with current finite ele-
ment results in ANSYS where good agreement was found as
shown in Fig. 2. The composite plate considered consists of
three layers; two constraining layers are made of silica float
glass whereas the interlayer is made of plasticized polyvinyl bu-
tyral (PVB). The applied pressure varied from 1000 to 7000 Pa.

Results. Modal analyses are performed on all composite
structures considered (simply supported, cantilever, simply
supported plate) for various temperature values 23, 40, 50, and
60 °C to investigate the corresponding natural frequencies. The
first five natural frequencies which lie within 0—600 Hz are
listed and compared in Tables 2—4 for all the viscoelastic sand-
wich structures modeled and the temperature variation consid-
ered above, where the room temperature is considered 23 °C. It
is clearly observed that when the temperature increases, all
mode frequencies decrease for each structure. This is reason-
able, since elevated temperatures will definitely increase the
structure temperature which weakens the interatomic bonding
in solid materials and hence weakening material’s stiffness and
strength, which in turn affects the natural frequencies inversely.

Table 2 illustrates the first five natural frequencies of a lami-
nated simply supported beam for temperature magnitudes of 23
(room temperature), 40, 50, and 60 °C. It can be clearly seen that
the maximum fundamental frequency 94.354 Hz is obtained at
room temperature for the beam considered whereas the mini-
mum fundamental frequency of 22.566 Hz is recorded at 60 °C.

Finite element harmonic analyses were carried out for the
thin laminated simply supported beam where a force of magni-
tude of 1000 N is applied at the mid of the beam for driving fre-
quency range 0—500 Hz (0—3140 rad/s). Maximum transverse
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Fig. 2. Comparison between current finite element model results
and (Duser, et al., 1999)

deflections and interlaminar shear stresses were studied for tem-
perature variation 40—60 °C as seen in Fig. 3, @ and Fig. 3, b re-
spectively. Generally, increasing the temperature values increas-
es the transverse deflection and decreases shear stress along the
simply supported beam where maximum values of deflections
and interlaminar shear stresses are achieved at the mid-point
and the support respectively. Maximum deflection is found to be
2.39 mm at 37 Hz when temperature of 60 °C is applied. How-
ever, maximum shear stress was recorded as 0.058 MPa at 400
Hz in a room temperature environment (23 °C). Furthermore,
the second largest value of deflection is recorded as 1.45 mm at a
frequency of 50 Hz and a temperature of 50 °C whereas the sec-
ond highest value of interlaminar shear stress is found to be
0.054 MPa at a frequency and temperature of 170 Hz and 23 °C
respectively. The effect of natural frequencies on both maximum
deflection and shear stress is clearly observed where values high-
ly jump as the driving frequency nearly matches the natural val-
ues of frequency since the viscoelastic material is frequency de-
pendent. However, it should be said that interlaminar shear
stresses induced during harmonic analysis at a temperature of
23 °C have larger values for all frequency range compared to
stresses resulted at other temperature values since shear stress is
inversely proportional to temperature (Andrei, et al., 2006).
The relation between harmonic response of deflection and
interlaminar shear stress versus driving frequency are presented
in Figs. 5, a, b respectively for viscoelastic sandwich cantilever.

Table 2

First five natural frequencies of laminated simply supported
viscoelastic sandwich beam for different temperatures

Natural Frequencies

Temperature First Second | Third Fourth Fifth
(°C) Mode Mode Mode Mode Mode

23 94.354 | 14523 | 272.26 | 403.37 | 510.10

40 47.737 | 115.05 171.66 | 194.26 | 206.60

50 45.752 | 92.347 | 127.64 131.80 | 156.94

60 22.566 | 27.314 | 29.081 | 36.981 | 66.820

Table 3

First five natural frequencies of laminated viscoelastic
sandwich cantilever for different temperatures

Natural Frequencies

Temperature First Second | Third Fourth Fifth
(°C) Mode Mode Mode Mode Mode

23 39.675 | 41.758 174.24 | 258.84 | 400.69

40 19.073 | 41.742 107.55 | 258.42 | 264.12

50 17.761 41.740 105.87 | 186.00 | 257.94

60 16.800 | 41.692 | 63.674 | 95.961 104.58

Table 4

First five natural frequencies of laminated simply supported
viscoelastic sandwich plate for different temperatures

Natural Frequencies
Temperature First Second | Third Fourth Fifth
(°C) Mode Mode Mode Mode Mode
23 196.47 | 35130 | 351.30 | 518.66 | 605.21
40 118.52 | 235.93 | 235.94 | 240.48 | 243.19
50 115.39 185.10 185.10 | 185.54 | 227.82
60 94.615 | 94.616 | 94.732 | 105.58 | 169.35
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It is clearly seen that as the temperature increases, the deflec-
tion rises and the shear stress drops. Furthermore, when driv-
ing frequency reaches about 20 Hz, which represents a funda-
mental frequency for all the cases considered, transverse de-
flections and interlaminar shear stresses for the temperature
variation record high values as the driving frequency equals the
respective natural frequencies. Maximum deflection of
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Fig. 3. Harmonic response of viscoelastic core sandwich simply
supported beam versus driving frequency for different tem-

peratures:
a — Variation of transverse deflection; b — Variation of interlami-
nar shear stress
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Fig. 4. Transient response of viscoelastic core sandwich simply
supported beam versus driving frequency for different tem-
peratures:

a — Variation of transverse deflection; b — Variation of interlami-
nar shear stress

8.45 mm is obtained at a temperature of 60 °C whereas maxi-
mum shear stress is found to be 12.6 M Pa at room temperature.

Influence of the temperature on transverse deflection and
interfacial shear stress of viscoelastic sandwich cantilever is in-
vestigated for frequency range 0—500 Hz as shown in Fig. 6, a
and Fig. 6, b respectively where alternating response is ob-
served at both relations. Moreover, Figures indicate that when
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Fig. 5. Harmonic response of viscoelastic core sandwich canti-
lever versus driving frequency for different temperatures:

a — Variation of transverse de flection; b — Variation of interlami-
nar shear stress
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Fig. 6. Transient response of viscoelastic core sandwich cantile-
ver versus driving frequency for different temperatures:

a — Variation of transverse deflection; b — Variation of interlami-
nar shear stress
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increasing the temperature, deflection values increase accord-
ingly while on the other hand, shear stresses are inversely pro-
portional to temperature variation. It should be said that at
room temperature and at the early stages, interlaminar shear
stress records small values. However, and due to no damping
effect, stresses rise sharply. Furthermore, it is observed that
the variation of shear stress at temperatures of 40, 50, and
60 °C are limited compared to the room temperature case.

Figs. 7, a, b present harmonic deflections and interlaminar
stresses of a simply supported square plate for a frequency
variation of 0—500 Hz. A 1000-N force is applied in the mid-
dle of the plate to investigate the harmonic response of the
plate considered. It is clearly seen that similar trend is observed
as in beam cases, that is, increasing the environment tempera-
ture leads to transverse deflection increase and shear stress de-
crease. It can be concluded that maximum harmonic deflec-
tion of 0.391 mm is recorded at about 110 Hz, while a maxi-
mum shear stress of 0.0142 MPa is obtained at 200 Hz for the
40 °C case in the frequency range considered.

Transient transverse deflection and interlaminar shear
stresses are studied under a 1000 N impact force concentrated
in the middle of the plate for a time range 1—10 s as depicted in
Figs. 8, a and 8, b respectively. It is observed that as tempera-
ture increases, transient deflection increases and interlaminar
transient shear stress decreases. It should be said that the high-
est value of deflection and shear stress induced are (0.3 mm at
60 °C and 0.0204 MPa at 23 °C respectively.

Conclusions. Modal, harmonic, and transient analyses are
performed using finite element models which are developed us-
ing the student version of Ansys. Deflections and interfacial
stresses are obtained for both temperature and frequency varia-
tions. Modal analyses results revealed that increasing the tem-
perature leads to natural frequency decrease for each case con-
sidered. However, applying harmonic excitation provided an in-
crease in the transverse deflection while reducing the interlami-
nar shear stresses. This indicates that while increasing the tem-
perature, interlaminar shear stress will no longer play a significant
role in layers delamination since lower values are obtained.
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0.357

e
m e
b §

e
Y

VASF-T-TTY ¥ TG gTTY ¥ VRgg T ¥ VgV VeI

Transverse Deflection (mm)

—t—23C
0.1 —7—40C
s0C
0.05 —%—60C
[ ——— - - Attt - S = e ST
1 2 3 4 5 6 7 8 9 10
Time (s)
a

0.025 7

o
e = e
o = o
=, N

e
o
=3
a

Interlaminar Shear Stress (MPa)

Time (s)

b

Fig. 8 Transient response of viscoelastic core sandwich simply
supported plate versus driving frequency for different tem-
peratures:

a — Variation of transverse de flection; b — Variation of interlami-
nar shear stress

However, when driving frequency equals the natural fre-
quency, high deflection results occur due to resonance phenom-
enon. Hence, if any failure occurs, it is due to driving frequency
value where natural frequency has a significant effect on both
transverse deflection and interlaminar shear stress so that high
values are recorded. Furthermore, transient analysis results pro-
vided the same trend of harmonic results but produced an alter-
nating response where the no-damping effect resulted eventually
in large values of interlaminar shear stress at a room temperature.

References.
1. Fotsing, E., Sola, M., Ross, A., & Ruiz, E. (2013). Dynamic
characterization of viscoelastic materials used in composite
structures. Journal of Composite Materials, 48(30), 3815-
3825. https://doi.org/10.1177/0021998313514254.
2. Zhao, L., & Wu, J. (2013). Natural frequency and vibration
modal analysis of composite laminated plate. In: Advanced
Materials Research, (2013), (pp. 396-400). https://doi.
org/10.4028 /'www.scientific.net/AMR.711.396.
3. Song, X., Cao, T., Gao, P., & Han, Q. (2020). Vibration
and damping analysis of cylindrical shell treated with
viscoelastic damping materials under elastic boundary
conditions via a unified Rayleigh-Ritz method. Infernational
Journal of Mechanical Sciences, 165, 1-17. https://doi.
org/10.1016/j.ijmecsci.2019.105158.
4. Cortés, F., & Sarria, 1. (2015). Dynamic Analysis of Three-
Layer Sandwich Beams with Thick Viscoelastic Damping
Core for Finite Element Applications. Shock and Vibration,
2015, 1-9. https://doi.org/10.1155/2015/736256.
5. Huang, Z., Wang, X., Wu, N., Chu, F., & Luo, J. (2019).
A finite element model for the vibration analysis of sandwich
beam with frequency-dependent viscoelastic material core.
Materials, 12(20), 1-15. https://doi.org/10.3390/ma12203390.
6. Boumediene, F., Daya, E. M., Cadou, J.-M., & Duigou, L.
(2016). Forced harmonic response of viscoelastic sandwich
beams by a reduction method. Mechanics of Advanced
Materials and Structures, 23(11), 1290-1299. https://doi.org/1
0.1080/15376494.2015.1068408.

32 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 6


https://doi.org/10.1177/0021998313514254
https://doi.org/10.4028/www.scientific.net/AMR.711.396
https://doi.org/10.4028/www.scientific.net/AMR.711.396
https://doi.org/10.1016/j.ijmecsci.2019.105158
https://doi.org/10.1016/j.ijmecsci.2019.105158
https://doi.org/10.1155/2015/736256
https://doi.org/10.3390/ma12203390
https://doi.org/10.1080/15376494.2015.1068408
https://doi.org/10.1080/15376494.2015.1068408

7. Rajesh, C., & Suresh Kumar, J. (2016). Free Vibration Anal-
ysis of Viscoelastic Sandwich Beam using Euler Bernoulli The-
ory. International Journal of Engineering Research & Technology
(IJERT), 5(06). https://doi.org/10.17577/IIERTVS51S060739.
8. Joseph, S.V., & Mohanty, S.C. (2017). Temperature effects
on buckling and vibration characteristics of sandwich plate
with viscoelastic core and functionally graded material con-
straining layer. Journal of Sandwich Structures and Materials,
21(4), 1557-1577. https://doi.org/10.1177/1099636217722309.
9. Daniel, I.M. (2014). Failure of composite materials under
multi-axial static and dynamic loading. In: Procedia Engineering.
(2014), (pp. 10-17). https://doi.org/10.1016/j.proeng.2014.11.120.
10. Sadarang, J., Nayak, S., Nayak, G., Panigrahi, I., & Nay-
ak, R. K. (2018). Dynamic analysis for delamination detection
in carbon fiber composite beam. In: /OP Conference Series:
Materials Science and Engineering, (2018), (pp. 1-6). https://
doi.org/10.1088/1757-899X/402/1/012143.

11. Naveen Raj, C., Praveen, N., & Sandeep Kumar, J. (2016).
Dynamic Analysis of Composite Plate using Finite Element
Analysis. International Journal of Engineering Research &
Technology, 5(11), 270-282. ISSN: 2278-018]1.

12. Shojaei, A., Li, G., Tan, P.J., & Fish, J. (2015). Dynamic
delamination in laminated fiber reinforced composites: A con-
tinuum damage mechanics approach. International Journal of
Solids and Structures, 71, 262-276. https://doi.org/10.1016/j.
ijsolstr.2015.06.029.

13. Shen, Y., Tan, J., Fernandes, L., Qu, Z., & Li, Y. (2019).
Dynamic mechanical analysis on delaminated flax fiber rein-
forced composites. Materials, 12(16). https://doi.org/10.3390/
mal2162559.

14. Filippatos, A., Langkamp, A., & Gude, M. (2018). Influ-
ence of gradual damage on the structural dynamic behaviour
of composite rotors: Simulation assessment. Materials, 11(12).
https://doi.org/10.3390/mal1122453.

15. Aveiga, D., & Ribeiro, M.L. (2018). A Delamination
Propagation Model for Fiber Reinforced Laminated Compos-
ite Materials. Mathematical Problems in Engineering, 2018,
1-9. https://doi.org/10.1155/2018/1861268.

16. Luca, A.De., & Caputo, F. (2017). A review on analytical
failure criteria for composite materials. AIM.S Materials Science,
4(5), 1165-1185. https://doi.org/10.3934/matersci.2017.5.1165.
17. Qi, L., & Liu, H. (2015). Thermoviscoelastic dynamic re-
sponse for a composite material thin narrow strip. Journal of
Mechanical Science and Technology, 31(1), 625-635. https://
doi.org/10.1007/s12206-015-0122-1.

JIuHaMiYHUi aHAJi3 TOHKOIAPOBUX
B'I3KONPYKHUX KOHCTPYKIIiiA MPH MiBUIIEHii
TeMInepaTypi 3 BAKOPUCTAHHAM MOJIETIOBAHHS

METO/IOM CKiHYE€HHHX €eJIEeMEHTIB
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Merta. Lle nocmimkeHHs MPUCBSIYEHEe BUBYCHHIO BILUIMBY
MiABUILIEHOI TeMIIepaTypy Ha MiXIIapoBi HAIIPYTu IS pi3-
HUX KOMITO3UTHUX CEHABIU-CTPYKTYp i I'pPaHMYHUX YMOB.
KoxHa KOHCTPYKIIisl CKJIaTa€eThC i3 TPHOX JJaMiHOBAHUX I11a-
PpiB, JIe LIeHTpaJbHUI 1Iap BUKOHAHUM i3 MIacTU(PiKOBAHOTO
MOJiBIHUIOYTUpAJIS, 1110 € B’SI3KOTIPYKHUM MaTepiasiom. JIBa
IHIIUX OOMEXYIOUUX IIapyd BUKOHAHI 3 i30TPOIHOTO CTPYK-
TYPHOTO MaTepially — KpeMHI€EBOTO (h10aT-CKJIa.

Metoauka. MoneatoBaHHsS METOIOM KiHIEBUX eJleMEH-
TiB 3aCTOCOBAHO JIJIsT TPOBEICHHS MOAAIBHOTO, TApMOHIITHO-
roiinepexigHoro aHaiziB. [lToTouHa MoaeIb B I3KOIPYKHOT'O
CEHIIBiua IMMOPiBHIOETHCS 3 TAHUMH B JIiTepaTypHUX JKEpeIax.
BinbHo obniepTa Oasika, KOHCOJIbHA Oajika il BiJIbHO o0mepTa
IUIaCTUHA BMBYAIOThCS 3a 3MiHM Temmeparyp 23, 40, 50 i

60 °C. AHajizoM MeToxy HOpMaJTbHUX XBWJIb BUKOHAHO BH-
3HAYEHHS BJIACHUX YacTOT i (DOpM KOJMBaHb IJIsI BCiX pO3-
TJISTHYTUX CTPYKTYP.

Pesyapratn. OTpuMaHi pe3yibTaT MOKa3yl0Th, IO TTil-
BUILIEHHS TeMIIepaTypyu Tpa€ BaxJIUBY POJib y 3MEHILEHHI
BJIACHUX YaCTOT Y KOXHill CTPYKTypi, a TAKOX Y 30iIbIIIEHHI
MOINEePEeYHUX MPOTUHIB i 3SMEHIIEHHI BilMOBITHUX MiXIlIapo-
BMX 3CYBHUX HaIlpyKeHb.

Haykosa HoBu3Ha. JliTepaTypa He MiCTUTb AOCHiIKEHHS
BIUIMBY MiIBUILEHUX TEMIIEpaTyp Ha MiXILIAapOBi AUHAMIUHI
HAIPYTU Y B’SI3KOTIPY>KHUX CEHIBIU-CTPYKTypax.

IIpakTyna 3HaYMMicTh. OTHUM 3 OCHOBHUX (haKTOPIB, 1110
BIUIMBAIOTh HA TMPOLIEC PO3LIAPOBYBAHHSI KOMITO3UTHUX
B’SI3KOMPY>KHUX OaratomapoBUX CTPYKTYp, € MixdasHi rap-
MOHIIiHI Hampyru 3cyBy Mix mapamu. OTxe, TapMOHiiHUI
aHaJti3 i aHaJIi3 mepexigHUX MPOLIECiB BUKOHAHI Tl BU3HAYEH-
HS AIMHAMIYHUX BiIXWJIEHB i MIXKIIAPOBUX HATIPY>KEHB 3CYBY.

KurouoBi ciioBa: npoeunu, 6aska, OuHamika, Mooeao8auHs,
3pi3, gibpauyis, 8’ 13K0NpYICHI mamepianu

JIMHaMMYecKuid aHAIM3 TOHKOCJIOMCTBIX
BA3KOYNPYTHX CTPYKTYP NPH NMOBBIIIEHHOW
TeMneparype ¢ UCrnoJab30BaHUEM
MOJEJIUPOBAHUA METOJA0OM KOHEYHbIX
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Iean. HacTosiiee uccnenoBaHue MOCBSIIIEHO U3YYEHUIO
BJIMSTHUS TIOBBIIIICHHOM TeMIIepaTyphl Ha MEXKCJIOMHBIC Ha-
MPSKEHUST I pa3IMYHbIX KOMITO3UTHBIX COHABUY-CTPYK-
Typ W TPaHWYHBIX ycyoBrit. Kaxnass KOHCTPYKIIUSI COCTOUT
U3 TPEX JIAMUMHMPOBAHHBIX CJIOEB, TNl LIEHTPAJIbHBIN CIIOI
BBITIOJTHEH W3 TUIACTU(UIIMPOBAHHOTO MOJUBUHWIOYTUPA-
JIsl, KOTOpbIA SIBJsIETCS BS3KOYNMPYrMM Martepuajiom. JIBa
JIPYTMX OTPAaHUYMBAIOIINX CJIOS BBITIOJTHEHBI U3 U30TPOITHO-
rO CTPYKTYPHOIO MaTepuaja — KpeMHUEBOTO (hJioaT-cTeKJa.

Metonuka. MopenupoBaHUEe METOIOM KOHEYHBIX BJie-
MEHTOB MIPUMEHEHO TSl MPOBENEHUSI MOAAJIbLHOTO, TAPMOHM-
YECKOTO M TIEPEXOIHOTO aHAIM30B. TeKyIast Moaesb BI3KOY-
MPYroro CIHABUYA CPABHUBAETCS C JAHHBIMU B JIMTEPATYPHBIX
ncrouHrkax. CBOOOIHO orepTas 0ajka, KOHCOJbHas Oanka 1
CBOOOIHO oOIlepTasi IUIaCTMHA M3YYaloTcsl MpU U3MEHEHUU
temnepatyp 23, 40, 50 u 60 °C. AHaaM30M MeTOIa HOPMaJib-
HBIX BOJIH BBITIOJIHEHO OIpee/ieHrue COOCTBEHHBIX YacTOT 1
(opM KoebaHMit 17151 BCeX paccMaTprUBaeMbIX CTPYKTYD.

Pesynbrarsl. [ToydyeHHBIE pe3yJIbTaThl ITOKa3bIBAIOT, YTO
MOBBIIIIEHUE TEMIIEPATyphl UTPAET BAXKHYIO POJIb B YMEHBIIIC-
HUM COOCTBEHHBIX YAaCTOT B KaXIOW CTPYKType, a Takxke B
YBEJIMUEHUU TOTIEPEYHBIX MPOrMO0OB M YMEHBIICHUM COOT-
BETCTBYIOIIIMX MEXCITOMHBIX CIBUTOBBIX HATIPSIKEHU.

Hayunas HoBu3Ha. JIuTepatypa He COAepKUT UCCIEI0BAHMS
BJIMSTHYSI TIOBBIILICHHBIX TEMIIEPATyp Ha MEKCIIOMHBIE TMHAMM-
YecKue HaIpsDKeHMSI B BI3KOYIIPYTUX COHIBUY-CTPYKTYpax.

IIpakTiyeckas 3Ha4UMOCTh. OTHUM M3 OCHOBHBIX (haKTO-
POB, BIUSIIONIMX Ha TPOLIECC pacclanBaHUsS KOMITO3UTHBIX
BSI3KOYTIPYTUX MHOTOCIIOMHBIX CTPYKTYD, SIBIISTIOTCST MeKhas-
Hble TAPMOHMYECKUE HATPSDKEHMST CABUTA MEXIY CIOSIMU.
CrnenoBareIbHO, TAPMOHUYECKUI aHATN3 W aHAJIN3 TTePEeXO0.I-
HBIX TPOLIECCOB BBIMOJHEHBI ISl ONpeneeHUsT TMHAMUJe-
CKUX OTKJIOHEHUI Y MEXCIIOMHBIX HATIPSKEHUI CIIBUTA.

KioueBslie ciioBa: npoeubsi, barka, ounamuka, modeaupo-
6anue, cpes, subpayus, 653K0ynpyeue mamepuanbl
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