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B cepeduni eupoOHurmux npumiuenv Mmoxcymo
ymeopiosamucs 6ubyxonedesneuni KOHUEHmMpauii
Pi3Hux pewosun. 3a HAAGHOCMI 00CMAMHBLOL KiNbKO-
cmi KucHio ma 0vcepena 3anajieHHs maKa cumyauis
3aKinuyemocs 6UBYxXoM, AKUIL MOJce npussecmu 00
pyiinyeanns OyodieenvHux KoHcmpykuili ma Oyoieni
6 yiomy. 3 Memoro 3axucmy NPOMUCIOBUX OYounkie
610 MoJCUBUX PYlHYEAHL 6HACIOOK BUOYXY YCcepe-
Quni npumingenna 30iicHI010ms IMiyHeHHA 1l NOCUNeH-
HSL CMIUKOCMI HeCY1ux KOHCMPYKUi.

O0num i3 diceux cnoco6ie zaxucmy Oyodisens-
HUX KOHCMPpYKUii 610 HAOIUWMK08020 MUCKY GUOYXY
€ 3aCMOCY6aHHs Ne2ZKOCKUOHUX KOHCMPYKUii. 3 Me-
mot0 Po36’A3aAHHA NPAKMUMHUX 3A60AHbL GUOYXO-
3axucmy npomucnoeux Gyounxie i cnopyo Heooxiono
00HAK06010 MipO10 6Mimu nidiopamu niowy ma napa-
Mempu neeko ckuonux xoncmpyxuii. Kpim mozo, ons
SHUNCEHHS BUHUKAIOUUX HABAHMANCEHD 00 Oe3neUHux
eeuMUH HeoOXIOHO NPAGUILHO PO3PAXYeamu Hecy-
ui KoHCmpyYKUii Ha Qunamiuny cmiiikicmo npu 36epe-
scenni ix Hecyuoi 30ammocmi. Ilocmaenena 3adaua
3a0e3nevenns 3axucmy npomu euGyxy 3a 00NOM0o2010
0Oe3inepuilinuX J1e2KOCKUOHUX KOHCMPYKUIL 13 2HYyY-
KUMU eJleMeHmamu moice Oymu eupiuiena wisaxom
KOMNIEKCHO20 8PAXYBAHH MEXAHIMHUX 8TACMUBOC-
meil CMiTbHUKO6UX NONIKAPOOHAMHUX IUChiE.

IIposedeni excnepumenmanvi docnioxncenns no-
6einKU Oe3iHepUIIHUX N1e2KOCKUOHUX KOHCMPYKUTU
i3 ZHYUKUMU 020P00NHCYEANLHUMU eleMEeHMAMU Nid
BNAUCOM OUHAMIMHUX HABAHMANCEHD 8 YMOBAX 6UDY-
xy. Ha ocnoei ompumanux pe3yabmamié u3HaueHo
epexmueny sHncopcmxicmo ma Kpumuune nepemiuieH-
HSL CMITGHUKOBUX NOJIKAPOOHAMHUX JUCMIG 2HYY-
Kux enemenmis. Bcmanoeneno, wo 0ns cminoHuxo8ux
nonixapoonamnux aucmie mosuguroro 4—8 mm epex-
muena scopcmxicmo aexcumo y mexcax 301-215 H-m
npuU YLOMY Kpumuune nepemiuieHHs Kpaieé cmarou-
mume 2,9-9,8 um.

3anpononosano mamemamuiny Mooeiv, wo epa-
X0BYE GNUG 260MEMPUUHUX POIMIPI6 MA KPUMUHHO-
20 3HAMEHHS NPOUHY NONIKAPOOHAMHO20 JuUCma, K
ZHYUK020 eJleMeHmYy 020P00NHCeHHS, HA YMOBU Cnpa-
UIOBAHHS N1E€2KOCKUOHUX KOHCMPYKUTIL

Kmouogi caosa: neesxockuomi xoncmpyxuii, noni-
Kapoonamuuili CminoHuKoeuil aucn, epexmuehi mexa-
HIYHI XaAPaAKmMepucmuku, excnepumeHmaitbHo-po3pa-
XYHKO0BUU MemOoO
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1. Introduction

Statistical data [1, 2] show that each thousand of fires in-
cludes two cases that are accompanied by explosion (0.2 %).
For every hundred fires in the industrial sector, one fire is ac-
companied by explosion (1.0 %). When a fire is accompanied
by explosion the level of socio-economic losses amounts to
the largest values. Such a situation tends to aggravate given
the density of explosive production facilities. This is most
important in the fields of energy, fuel processing, fuel-saving,
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for chemical enterprises, as well as enterprises in the agro-
industrial, food, and woodworking sectors [3].

For industrial premises where there is a risk of explosions
of combustible mixtures, along with measures to prevent
them, the measures are taken to protect people, equipment,
and building structures in the event of an explosion inside
the premises. Such a situation is predetermined by the fact
that the accumulation of explosive concentrations happens
so fast that the attending staff are usually unable to prevent
the explosion.



The higher speed of flame propagation and the elevated
temperature created during an explosion of combustible
mixes inside premises lead to a sharp increase in the pressure
inside a building, to destruction of elements of equipment
and building structures, to terminating production. The main
damage to industrial production is caused by the collapse of
building structures. Accidents are accompanied by injuries to
both the attendants and the rescue workers’ units [4].

Providing for conditions, which in case of explosion
would prevent destruction of elements of building struc-
tures, is the necessary condition for reducing traumatism and
material losses. Effective way to protect building structures
against the excessive pressure of explosion is to use explosion
venting panels, whose role can belong to glazed windows.

Among the modern varieties in windows are polycarbo-
nate windows. Compared with conventional varieties, these
windows are made from polycarbonate, which is capable of
keeping the heat at a high level, thereby perfectly resisting
even the most significant temperature changes, and it is re-
sistant against various injuries. Many experts advise using
polycarbonate windows inside premises where it is necessary
to improve the level of sound insulation and increase the
amount of penetrating light.

In fact, such an article most often consists of a plastic,
metallic, metal-plastic, in rare cases wooden, frame and the
cellular or monolithic polycarbonate inserted into it. Such
a window is very similar to a standard one, with polycar-
bonate instead of glass. As regards residential premises,
polycarbonate windows have been used quite recently. These
windows in most cases do not open. Their application is for
decorative purposes.

Polycarbonate has the same transparency as glass. In
terms of weight, strength, and safety characteristics, mono-
lithic polycarbonate outperforms conventional glass. Win-
dows from polycarbonate are made using the principle of
a double-glazed window; they can open. The only drawback
of such windows is their price. Monolithic polycarbonate
for windows is made by a special technology, which implies
a high degree of polycarbonate purification from all sorts of
impurities, which gives the material the maximum transpa-
rency; given this, its price is significantly higher than that of
the standard polycarbonate.

The undeniable advantages of polycarbonate windows
are that their application makes it possible to provide more
comfort to premises. However, at the same time, it is worth
noting that not every manufacturer of these types of win-
dows can ensure the high quality of its products.

Promising for the production of EVPs are window sys-
tems from cellular polycarbonate sheets, whose physical
appearance is shown in Fig. 1.

4-10 mm
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Fig. 1. Structure of cellular polycarbonate sheets:
a — physical appearance; b — design features of sheets
of different thicknesses

Using a given material would allow multiple application
of flexible fencing elements, and could reduce labor and ma-
terial costs for assembly and installation.

Modern construction industry exploits various building
materials that can be used as explosion venting panels; pecu-
liarities of their application, however, have not been investi-
gated in detail. These materials include polycarbonate cellu-
lar sheets. Thus, it is a relevant task to study features of using
polycarbonate cellular sheets for explosion venting panels.

2. Literature review and problem statement

One of the main tasks related to the general issue of
explosion danger is the ability to determine occurring loads,
operating on the elements of structures during explosion
of combustible gas-, steam- and air-dust mixtures indoors.
The current theory of burning, explosion, and detonation of
combustible mixtures properly describes processes associated
with the phenomena of explosive combustion during their
progress inside pipes and other similar spaces. Paper [5] con-
sidered analytical and numerical methods for predicting the
internal and external pressure of gas-air mixtures explosion
within large volumes; however, explosions of combustible
mixtures within larger volumes, in comparison with volumes
at industrial premises, have not been examined enough up
to now. Given this, resolving practical tasks for protection
of premises with explosive industrial production against de-
struction requires that such initial data should be considered
that would make it possible to obtain reliable results in terms
of protection against explosions.

The main idea of protecting industrial premises in the
event of explosion of combustible mixtures indoors is to
ensure the strength and durability of bearing structures. The
use of specialized steel structures and high-strength concrete
reinforced with fibers was considered in paper [6]. Perforated
plates were studied as a means to weaken an explosive wave
in [7, 8]. Such approaches make it possible to reduce loading
that results from explosion. Work [9] gives an overview of
methods to design and modernize structural elements in
order to minimize effects of explosion. The methods under
consideration do not make it possible to reduce the explosion
pressure throughout the entire premises. They should be
used to improve the strength and plasticity of building struc-
tures, as well as to reduce the number and size of debris that
fly around during explosion.

Another approach is to break down or open specialized
explosion venting panels (EVPs) at minimal loads (pulse,
pressure) [10, 11]. However, solving practical tasks related
to protection of premises and structures against explosion re-
quires the ability to choose the area and parameters for EVPs
and to correctly calculate supporting structures for dynamic
stability, while retaining their carrying capacity. To this end,
one has to determine loads occurring during the explosion of
combustible mixtures indoors.

A mathematical model for assessing the maximum values
of excessive pressure during explosions of hydrogen and
hydrocarbons was considered in paper [12]. The proposed
model accounts for the geometry of a site and the characteris-
tics of exploding hydrocarbons. However, no features of EVP
construction were considered by the authors.

Paper [13] reported using numerical modelling to con-
sider an explosion of hydrogen-air environment in premises.
The impact of EVP dimensions on explosion temperature,
excessive pressure, air flow velocity was analyzed. Other
factors affecting the processes that occur during explosions
within certain volumes were explored in work [14]. In par-



ticular, the authors analyzed impact of EVP opening time on
explosion characteristics. It was established that inside the
premises the maximum pressure values and its reduction time
demonstrate a linear dependence on opening time. However,
design features of EVP construction were not investigated.

Response of rectangular thin plates, undergoing large
deflections during explosion, was investigated in work [15].
However, the results obtained cannot be used for constructing
EVP, based on cellular polycarbonate, capable of exiting locks,
because the authors studies plates with fixed, clamped edges.

Summing the above, we can conclude that most scien-
tific research is aimed at improving the stability of building
structures to the negative effects of an explosion. The issue of
using modern materials for explosion venting panels was not
studied enough. In addition, there are no complete studies
on the use of CPS as an element of explosion venting panels.

On the other hand, when it comes to practical applica-
tion, there is a need to devise scientifically reasonable ap-
proaches to the design of explosion venting panels with CPS.
Therefore, it is a relevant task to define structural features of
EVP with CPS. High reliability and independence of EVP
opening are the main requirements that should be satisfied
when choosing their design parameters.

3. The aim and objectives of the study

The aim of this study is to reveal patterns of enabling
inertia-free explosion venting panels with flexible enclosing
elements depending on their design parameters during explo-
sion under the influence of dynamic loads.

To accomplish the aim, the following tasks have been set:

— to devise a procedure and to conduct an experimental
study into performance of the inertia-free explosion venting
panels with flexible enclosing elements under the influence of
dynamic loads during explosion;

— based on our experimental study, define effective pa-
rameters for deforming cellular polycarbonate sheets of
flexible elements;

— using the derived effective characteristics of deforming
cellular polycarbonate sheets of flexible elements, investigate
the conditions for their release from the locks of a stan-
dard window profile of explosion venting panels arranged
on their base.

4. Procedure for investigating performance of inertia-free
explosion venting panels with flexible enclosing elements

The main idea when testing CPSs for determining their
effective rigidity is the application of distributed load to CPS
in a frame made from a window PVC profile of the most com-
mon sizes in the manufacture of EVP systems, imitating the
influence of excessive pressure of explosion. That is, one should
test actual samples whose dimensions are equal, or close to the
size of actual elements in EVP systems. At the same time, one
should measure the force and deformation indicators of CPSs
fixed in the frames in the same way as in actual EVP systems.

To perform such tests, we used an experimental installa-
tion, consisting of a fixing frame, a loading node, and mea-
surement infrastructure (Fig. 2).

Fig. 2 shows the measurement procedure in the testing
installation and the layout of a steel plate on CPS, installed
in the frame made from a PVC window profile.
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Fig. 2. Schematic of installation for testing cellular
polycarbonate sheets for the effects of excessive
pressure during explosion: @ — measurement procedure in
the testing installation: 1 — frame of EVP element, 2 — steel
sheet, 3 — loading bracket, 4 — dynamometer, 5 — load,

6 — layer of mineral wool, 7 — supporting frame, 8 — clock
type indicator, 9 — cellular polycarbonate sheet; b — layout
of a steel plate on CPS

During testing, the frames hosted fixed CPS of thickness
4 mm, 6 mm, 8 mm. CPSs of the same thickness were tes-
ted twice.

Samples of window frames made from a PVC profile were
loaded with a horizontal loading. Horizontal loading was
applied through a distribution system.

Window frames made from a PVC profile with an assem-
bled cellular polycarbonate sheet of thickness 4 mm, 6 mm
and 8 mm are loaded by a hand winch. Loading is measured
by using the dynamometer DPU-0,5-2. To measure the de-
formations, we applied the clock type deflection meter 6PAO
with a step of 0.01 mm, which was installed in the geometric
center of a polycarbonate sheet (Fig. 2).

CPSs in the frames made from a PVC window profile are
tested in the following sequence. The frame hosts a CPS of
4 mm thick, as shown in Fig. 2, fixed by pins. A force winch
applies an effort to a loading cylindrical bracket. By applying
the effort in a stepwise fashion, we measured its magnitude
by the dynamometer DPU-0,5-2, and the magnitude of ma-
ximum deflection by the clock type deflection meter 6PAO.
The test ends when one notices signs of CPS edges being re-
leased from a node that fastens the frames. At this time point
we registered the applied load and maximum deformation at
the time the edges of CPS were released from the fastening
nodes. The frames then host another fixed CPS with the
same thickness, and the experiment is repeated in the same
sequence once more. The same two tests should be repeated
for CPS samples with a thickness of 6 mm and 8 mm.

The required data must be determined from experimental
research. In order to perform an experimental study, we de-
vised a procedure based on the common principles for mea-
suring a wind load on window systems, described in the stan-
dards DSTU B V.2.6-89:2009 and DSTU B V.2.6-15:2011
acting in Ukraine.

The main idea of CPS testing in order to experimentally
determine the distributed friction forces that hold cellular
polycarbonate sheets at fastening nodes is to perform tests
under a gradual application of force to the CPS fixed in the
frame’s element until the CPS edge leaves a fastening node.
In this case, a magnitude of the registered effort is considered



to be the magnitude of the friction force that keeps the CPS
edges within the fastening nodes.

To carry out these tests, we used an experimental in-
stallation, consisting of a fixing frame, a loading node, and
measurement infrastructure (Table 1).

Fig. 3 shows measurement procedures in the testing in-
stallation.

CPS within fastening nodes is performed in the following
sequence. The frame hosts a fragment of the frame with
a sample of CPS of thickness of 4 mm and dimensions of
50x50 mm, fixed by pins, as shown in Fig. 3. A force winch,
when displaced, applies an effort to the edge of a CPS sam-
ple (Fig. 3, b). By applying the effort in a stepwise fashion,
we measured its magnitude by the dynamometer DPU-0,5-2.

The test ends when one observes signs that

Table 1  the CPS edges leave the fastening nodes. That
Measuring and testing tools moment marks the registration of the applied
Calibration d load at the time when the edges of CPS leave
alibration data asteni \ S P
Measuring tool title FaCt(éfy Certificate No. the fdstgnlng nodes. Aftgr t.hdt, a CPS of the
number |- Jast next same thickness and size is fixed in the frames
. . June 13, | June 13, and the experiment is repeated in the same se-
Testing machine Fm-1000 |~ n/a 2016 2017 | Ua/04/160613/230812 quence once more. The same two tests should
be repeated for CPS samples with a thickness
une 22, | June 22,
Dynamometer 51341 | 2016 J 2017 39-02/0905 of 4 mm and dimensions of 75x75 mm. Similar
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Fig. 3. Structural diagrams:

a — installation for testing cellular polycarbonate sheets
for the distributed forces of friction: 1 — fragment of an EVP
frame’s element, 2 — supporting frame, 3 — dynamometer,
4 — fragment of a cellular polycarbonate sheet, 5 — load;

b — sample for testing cellular polycarbonate sheets for
the impact of excessive pressure during explosion

We determined the capacity to hold a polycarbonate
sheet by pins at corner joints the size of 200x200 mm with
a pin, 36 mm thick and 114 mm long. The effort to pull
a polycarbonate sheet was applied at an angle of 45° to the
profile of the corner joint in the frame’s plane.

We determined a pulling force for samples of a polycarbo-
nate sheet with a total gripping length of 100 mm (50x50 mm)
and 150 mm (75%X75 mm).

The samples of window frames
made from a PVC profile were loaded
with a horizontal loading. Horizontal
loading was applied through a distri-

tests are repeated for the 6 mm and 8 mm sam-
ples of dimensions 50x50 mm and 75x75 mm.

5. Experimental study into performance of inertia-free
explosion venting panels with flexible enclosing elements

The result of our tests is the data acquired on the defor-
mation of CPS in frames made from a PVC window profile.
The obtained data are given in Table 2.

Our analysis of the data given in Table 2 reveals that the
tests were carried out properly as the data obtained from dif-
ferent tests of identical samples accepted similar values. This
pattern is observed both for sample deformation data and
data on strength performance when we observed the CPS
edges leaving fastening nodes of the PVC of a window profile.

Fig. 4 shows the charts of dependences of the deformation
of deflection of the median CPS point on the load applied to
the bracket of the force node.

Our analysis of results in Fig. 4 also reveals sufficient
quality of the experimental data, since the discrepancy among
them for the case of identical experiments is insignificant.

An important feature of the charts is that the resulting
curves reproduce a linear dependence. This means that the
deformation of CPS right up to the moment their edges leave
the fastening nodes occurs in the region obeying the Hook’s
law and a mathematical notation of the processes of CPS
deformation could employ the basic mathematical apparatus
from the theory of elasticity of plates and shells. It can also
be noted that the experiment confirms the possibility of using
CPS as an element of EVPs, which are enabled by a CPS
edge leaving a fastening node.

Table 2

Data on the deformation and strength characteristics of cellular polycarbonate
sheets at a moment their edges leave fastening nodes

bution system. Window frames made | gymoie | SPS | cps Maximal Horizontal loading

- : AMPIE 1 ideh deformation
from a PVC profile with an assembled No. | area, m2 mm ket " | per fragment, kef (N) kef/m? (Pa)
cellular polycarbonate sheet of thick- 8
ness 4 mm, 6 mm and 8 mm are loaded 1| 400 | 1285 | 7.58/5000 75.00 (735.75) 58.37 (572.57)
by a hand winch. Load is measured by 2 4.00 1.285 6.55/50.00 72.00 (706.32) 56.03 (549.67)
the dynamometer DPU-0,5-2. 3 6.00 1.285 23.64/155.00 184.00 (1,805.04) 143.19 (1,404.70)
. TeSUngd CfPS in the fr@_‘gglents of 4 6.00 | 1285 | 23.82/155.00 | 190.00 (1,863.9) | 147.86(1,450.51)
ﬁrfemfzsr leerifg:rll tzlp(;gem?n;’t‘;’oirz} 5 800 | 1285 | 31.05/185.00 | 225.00(2,207.25) | 175.10 (1,717.70)
the distributed friction forces that keep 6 8.00 1.285 30.83/185.00 220.00 (2,158.2) 171.21 (1,679.53)
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Fig. 4. Charts of displacement dependence
on load for samples with polycarbonate sheets of thickness:
a—6mm; b— 8 mm

Fig. 5 shows charts of the derived dependences of mathe-
matical expectation and an absolute experimental error of de-
forming the deflection w . of the median point of CPS depending
on the applied load P, derived in the course of our experiment.

Charts in Fig. 5 confirm validity of the introduction of
a hypothesis about linearity and elasticity of deformation
depending on the applied force and prove that the result of
experiments conducted is the reliable data.

Results from tests of corner joints with polycarbonate
sheets, 4, 6, and 8 mm thick, are given in Table 3.

Wy, m

0.03
0.02
0.01
0 3 PN
0 1x10 2x10

Fig. 5. Charts of mathematical expectation and
absolute experimental error of maximum deflection of cellular
polycarbonate sheets of different thickness depending
on the applied load: 1 — thickness 6 mm; 2 — thickness 8 mm

Table 3

Results from determining the forces that keep cellular
polycarbonate sheets in the frames’ fastening nodes

Sample | Polycarbonate Pulling effort, kgf (N)
No. thickness, mm 100 mm 150 mm
1 4.00 3.75(36.79) 4.6 (45.13)
2 400 3.75(36.79) 47 (46.11)
3 6.00 7.5 (73.58) 8.2 (80.44)
4 6.00 7.5 (73.58) 8.1 (79.46)
5 8.00 11.5(112.82) 14.2 (139.3)
6 8.00 11.8 (115.76) 14.5 (142.25)

Determining the effective rigidity of CPS holding CPS
in the frames’ fastening nodes involves estimated procedures
shown in Fig. 6, 7 [11].

Fig. 6. Estimation procedure for the deformation of a cellular
polycarbonate sheet in a frame made from a window profile
used to determine the critical displacement of its end

Fig. 7. Estimation procedure of force interaction in a cellular

polycarbonate sheet in the frame made of a window profile

exposed to excessive pressure during explosion considering
friction forces at fastening nodes

Given the conditions for load application during the
experiment (Fig. 2), we built an estimation scheme of load

application, shown in Fig. 8.

Distributed loading

Fig. 8. Estimation scheme of load application in the
experimental installation

6. Determining effective characteristics of CPS
deformation and the conditions to leave locks

To determine such estimation characteristics as effective
rigidity and effective critical displacement of CPS edges, we
must construct an equilibrium equation by using equation [11]:

>¥,=q,-a-b-2(F;sino+F; sinB)-Q, =0, (1)

where g is the excessive pressure of explosion, Pa; a is the
smallest size of a frame’s opening, m; b is the largest size of



a frame’s opening, m; F,, Fj are the friction forces holding
the CPS ends in a fastening node along the x axis and the
z axis, respectively, N; o, B are the incident angles of tangents
to an elastic fold line of CPS, from the largest and smallest
sides of the cross-section of the frame of an EVP system’s ele-
ment, respectively, rad.; Q, is the transverse force at a point at
the intersection of diagonals of the cross-section of the frame
in a section within the EVP system, N.

In this case, the estimation scheme, shown in Fig. 7, pre-
determines another record to determine the resistance force
of CPS through the elastic internal ones:

6
Q,-= wmxné) uo
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where #=806 mm, v=1,300 mm, the smallest and largest
sizes of the distributed load applied to CPS, respectively, in
a given case coincide with dimensions of the loading plate
from the testing installation (Fig. 2).

For a particular case, at the specific values of maximum
deflection and its corresponding value of applied force, the
equilibrium equation is recorded, according to Fig. 7,8,
which takes the following form:
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where multipliers Q and © are determined from expressions:
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All quantities are numerical parameters, and effective
characteristics D and gy, which must be determined, are
included in the equation for determining the parameters of
the stressed-deformed state of CPS as linear characteristics.
To define them, one can construct a system of two linear
equations by using the acquired experimental data. Based
on experimental data, for CPS with a thickness of 4 mm one
can build two equations at best. For CPS of 6 mm and 8 mm,
based on the experimental data, it is possible to construct 6
and 7 equations, corresponding to the number of experimen-
tal points shown in Fig. 4.

0=

Before the CPS edges are released, the restraint force in
a fastening node restrains their displacement. When friction
forces reach the critical value, the CPS edges start moving,
which leads to their leaving a fastening node.

To determine effective rigidity of the system by trans-
forming expression (2) the expression below was recorded:

b 16Q(P, -24,0,,)

w uon®

crmax

)

where gy is the maximum restraining force of friction that is
determined experimentally (Table 2); P,, is the critical force
to release the edges of CPS from a fastening node, deter-
mined experimentally (Table 2); ©,, is the parameter that is
defined based on the critical value of deflection @, nax When
using the expression:

brw
cr max
®C’_\/2+22 +\/b2+22
a TE w[l’max TC w

anw

cr max

(6)

crmax

The critical value of deflection is determined by a linear
extrapolation based on dependences of the maximum de-
flection on applied load, the charts of which are shown in
Fig. 7, 8. The extrapolation path is shown in Fig. 9.

When using formulae (5) and (6), it is necessary to define
basic geometric and estimation parameters. These parameters
were determined for all types of CPS. Parameters defined in
order to implement formulae (5) and (6) are given in Table 4.
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Fig. 9. Schemes for selecting experimental points to
determine effective parameters for cellular polycarbonate
sheets: a— 6 mm; b— 8 mm

Table 4
Estimation parameters to determine effective characteristics of cellular polycarbonate sheets
CPS Parameter
thickness,
h, mm a,mm | b,mm |u, mm |9, MM | @0 max, MM | Wfpax, mm | Py, KN | P kN | Py, KN | Weppa mm | Qp KN/m | O | Q, m?
4 3.533 7.065 0.294 0.49 0.721 11.228 0.336 0.077
6 886 1380 806 | 1300 7.11 23.73 0.706 | 1.521 | 1.834 30.113 0.634 0.207 | 0.318
8 14.47 30.94 1.004 | 1.815 | 2.183 38.413 1.041 0.263




By applying the estimation data obtained from for-
mula (5) and given in Table 4, we determined effective rigi-
dity of CPS of varying thicknesses.

In addition, when employing formula (7), we deter-
mined a critical displacement of the CPS edge in a fastening

node [11]:

Ax, = 0425\/36612 +16anw,, +7w0’, —

~1.5a-025mw,,,. (7)

The data obtained are given in Table 5.

Table 5

Effective characteristics of cellular polycarbonate sheets
to calculate structural parameters for explosion venting
panels based on them

Thickness of cellular

Effective parameter polycarbonate sheets

4 mm 6 mm 8 mm
Effective rigidity, D, N-m 301.064 263.595 | 215.042
Critical displacement, Ax,,, mm 2915 7.708 9.773

The derived effective characteristics for CPSs could be
used to devise a procedure for structural parameters of EVP
based on them.

7. Discussion of results from experimental estimation
determining of effective mechanical characteristics
of cellular polycarbonate sheets

Special feature of this study is the fact that up to now
there has not been any complete study on the use of CPS
as an element of explosion venting panels. The task of the
current work was to determine the structural parameters of
EVP with CPS in order to ensure high reliability and inde-
pendence of EVP opening.

The advantage of the research reported in this work is the
experimental study that we conducted. In the course of our
work we devised a procedure for carrying out the testing of
CPS using an experimental installation, consisting of a fixing
frame, a loading node, and measuring infrastructure, shown
in Fig.2,3. The experimental CPS test method implies
determining the distributed friction forces holding cellular
polycarbonate sheets in the fastening nodes by a gradual
application of force to the CPS mounted in the frame’s
fragment until the CPS edge leaves the fastening node. The
magnitude of the registered effort is considered to be a mag-
nitude of the friction force that keeps the CPS edge within
fastening nodes.

Our analysis of experimental data (Table 2) has revealed
that the data that were acquired from different tests of the
same samples accepted similar values. This is observed both
for sample deformation data and the strength indicators data
when we registered the CPS edges leaving a PVC window
profile’s fastening node. The above testifies to high quality of
the tests conducted.

The experimental-estimation method has allowed us to
determine the characteristics of cellular polycarbonate sheets
in order to calculate structural parameters for explosion
venting panels on their base (Table 5). This makes it possible
to solve the problem, set in the current work, and ensure
a high level of reliability and independence of EVP opening.
The devised experimental-estimation method could be used
only if the deformation of a flexible enclosing element in
explosion venting panels with similar design schemes remain
elastic and flexible.

The data reported in the current work could be used to
devise a procedure for the structural parameters of EVP and
in the forecasting of enabling CPS in EVP, which is a pro-
mising area for further research.

8. Conclusions

1.In order to determine the effective flexibility and
critical displacement, we have experimentally studied per-
formance of the inertia-free explosion venting panels with
flexible enclosures under the influence of static loads simu-
lating the impact of dynamic loads during explosion. The
result has shown that the deformation of flexible elements up
until they leave the locks of the profile occurs in an elastic
region, which makes it possible, when determining effective
elastic characteristics for polycarbonate cellular sheets, to
apply the theory of plates and shells.

2. We have devised a procedure for determining the
effective flexibility and critical displacement of CPS edges,
based on the conducted experimental study into displace-
ments and corresponding pressure, applied to the CPS, by
using the proposed mathematical model from the theory
of elastic plates and shells. Effective flexibility and critical
displacement are used as the parameters that allow the in-
tegrated description of the CPS stressed-strained state in
explosion venting panels with a standard window profile
as an elastic system; the devised procedure has allowed us
to determine them with the help of the proposed mathe-
matical model.

3. We have determined effective flexibility and critical
displacement of CPS edges based on the acquired experi-
mental data. For the range of CPS thickness from 4 mm to
8 mm, the derived effective flexibility was from 200 N-m
to 300 N-m. It has been determined that the magnitude
of the critical displacement of CPS edges lies between
3 mm and 10 mm.

References

1. Travmatyzm na vyrobnytstvi v Ukraini: natsionalnyi profil protiahom 2009-2013 rokiv. Informatsiyno-analitychna profspilkova

dopovid.

2. Khokhotva, O. 1. (2010). Pro stan promyslovoi bezpeky ta okhorony pratsi. Okhorona pratsi, 12, 7-8.

Migalenko, K., Nuianzin, V., Zemlianskyi, A., Dominik, A., Pozdieiev, S. (2018). Development of the technique for restricting

the propagation of fire in natural peat ecosystems. Eastern-European Journal of Enterprise Technologies, 1 (10 (91)), 31-37.

doi: https://doi.org/10.15587 /1729-4061.2018.121727



10.
11.

12.

13.

14.

15.

Kostenko, V., Kostenko, T., Zemlianskiy, O., Maiboroda, A., Kutsenko, S. (2017). Automatization of individual anti-thermal pro-
tection of rescuers in the initial period of fire suppression. Eastern-European Journal of Enterprise Technologies, 5 (10 (89)), 4—11.
doi: https://doi.org/10.15587/1729-4061.2017.109484

Li, J., Hao, H. (2017). Internal and external pressure prediction of vented gas explosion in large rooms by using analytical and CFD
methods. Journal of Loss Prevention in the Process Industries, 49, 367—381. doi: https://doi.org/10.1016/j.jlp.2017.08.002
Christian, A., Chye, G. O. K. (2014). Performance of Fiber Reinforced High-strength Concrete with Steel Sandwich Composite
System as Blast Mitigation Panel. Procedia Engineering, 95, 150—157. doi: https://doi.org/10.1016 /j.proeng.2014.12.174
Dragani¢, H., Gazi¢, G., Varevac, D. (2019). Experimental investigation of design and retrofit methods for blast load mitigation —
A state-of-the-art review. Engineering Structures, 190, 189-209. doi: https://doi.org/10.1016 /j.engstruct.2019.03.088

Alberdi, R., Przywara, J., Khandelwal, K. (2013). Performance evaluation of sandwich panel systems for blast mitigation. Engineer-
ing Structures, 56, 2119-2130. doi: https://doi.org/10.1016/j.engstruct.2013.08.021

Niollet, J. E., Yuen, S. C. K., Nurick, G. N. (2015). A Study to Assess the Use of Cylindrical Bars as Blast Barriers. International
Journal of Protective Structures, 6 (2), 263—-286. doi: https://doi.org/10.1260,/2041-4196.6.2.263

Orlov, G. G. (1987). Legkosbrasyvaemye konstruktsii dlya vzryvozashchity promyshlennyh zdaniy. Moscow: Stroyizdat, 200.
Pozdieiev, S., Pidgoretskiy, Y., Nekora, O., Sidnei, S., Tyshchenko, O. (2018). Research of Explode Exposure at the Relief Vent
System Structures with Soft Transparent Material. International Journal of Engineering & Technology, 7 (4.3), 298. doi: https://
doi.org/10.14419 /ijet.v7i4.3.19808

Sinha, A., Wen, J. X. (2019). A simple model for calculating peak pressure in vented explosions of hydrogen and hydrocarbons.
International Journal of Hydrogen Energy, 44 (40), 22719-22732. doi: https://doi.org/10.1016 /j.ijhydene.2019.02.213

Zhang, S., Zhang, Q. (2018). Effect of vent size on vented hydrogen-air explosion. International Journal of Hydrogen Energy,
43 (37), 17788-17799. doi: https://doi.org/10.1016 /j.ijhydene.2018.07.194

Pang, L., Hu, Q., Zhao, J., Lv, P, Sun, S., Yang, K. (2019). Numerical study of the effects of vent opening time on hydrogen explosions.
International Journal of Hydrogen Energy, 44 (29), 15689—15701. doi: https://doi.org/10.1016 /j.ijhydene.2019.04.175

Feldgun, V. R., Yankelevsky, D. Z., Karinski, Y. S. (2016). A nonlinear SDOF model for blast response simulation of elastic thin
rectangular plates. International Journal of Impact Engineering, 88, 172—188. doi: https://doi.org/10.1016/j.ijimpeng.2015.09.001



