«Hao3euuaitni cumyauii: nonepeoxcennn ma jaikeioauia», Tom 4 Ne 1 (2020)

YK 614.841.41:691.11
DOI: https:// doi.org/10.31731/2524-2636.2020.4.1.- 91 - 96

S. Pozdieiev, Dr. Sci. (Engin.), Y. Zmaha, PhD (Engin.), M. Zmaha,
Cherkasy Institute of Fire Safety named after Chornobyl Heroes of National University
of Civil Defense of Ukraine

FRAGMENTARY ILLUMINATION OF RESULTS OF FIRE TEST OF WOODEN BEAMS
WITH FACING BY FIRE-RETARDANT PLYWOD

This article highlights the current issues of ensuring fire resistance of wooden beams as
load-bearing structures. Scientists have studied various types of fire protection of wood from fire.
The existing methods of fire protection include fire-retardant impregnating materials, fire-retardant
paint, fire-retardant coatings sold. At the same time, research was conducted to create fire-
retardant materials. Therefore, in the field of our research there is a question of using fire-
retardant plywood as a facing fire-retardant method of protection of wooden structures. This article
describes the process of manufacturing fire-retardant plywood. Which is made of 2 mm veneer
sheet, which is impregnated with flame retardant. According to the method of the technological
bath and glued in a pressed machine to the appropriate thickness. Then in the experimental setup
fire tests were performed at standard temperature in three time intervals of 15 minutes, 30 minutes
and 60 minutes, highlighting these results in the form of graphs of temperature versus exposure
time. Which in turn serve as a basis for determining the rate of charring, as well as determining the
range of dependence of the side and end layer of charring on the exposure time for 10 mm and 20
mm layer of refractory plywood. Thus, the research allows us to draw conclusions about the
effectiveness of the proposed method of fire protection of wooden structures with fire-retardant
plywood and to determine the calculated class of fire resistance for these structures.

Key words: combustion reaction mechanism, fire protection, humidity, and control of fire-
retardant efficiency.

1. Introduction.

Due to the significant depreciation of
fixed assets in the country, and hence the
growing number of emergencies of man-made
nature, ensuring the structural safety of
building systems is becoming increasingly
important.  Statistics show that 80% of
accidents that occur during construction with
the collapse of the load-bearing structures of
the object occur as a result of human errors in
the design, construction and operation of a
building or structure. These errors form the
internal (object) risk of accidents, the
magnitude of which depends on the duration of
operation (resource) of the structure. In
addition to man-made factors (explosions, fires,
traffic  accidents, falling cranes, local
overloading of structures, design errors,
negligence of builders, etc.), there are also
natural factors (seismic, karst failures in the
foundations of buildings, landslides, hurricanes,
etc.), due to the influence of which there may

be partial or complete destruction of the
building.

Wear and damage of load-bearing
structures or their connections and, as a
consequence, changes in the strength and
rigidity of the elements of the design schemes
lead to a decrease in the structural safety of the
structure. In the worst combination of negative
circumstances, they lead to sudden failure and
progressive collapse.

At present, more and more attention is
being paid to solving this problem in Ukraine.
It is also known that taking into account and
complying with all the requirements of
regulations does not provide the required level
of reliability of the building. The standards set
only the minimum level of safe operation and
durability of structures, using a set of
coefficients that still remain empirical.

In fact, these coefficients provide at the
design stage of structures their service life. The
onset of an emergency condition of a building
or structure implies the presence of an external
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cause of man-made (explosion, fire, terrorist
act, etc.) or natural and climatic nature
(earthquake, hurricane, tsunami, landslide,
village, etc.).

The purpose of this article is to reveal the
patterns of changes in the geometric parameters
of the charring zone of wooden beams
depending on the method of fire protection
from the time of fire with a standard
temperature as a scientific basis for
determining the most effective method of fire
protection to assess fire resistance of wooden
beams.

charring of wooden beams depending on
the method of fire protection depending on the
time of exposure to fire with a standard
temperature.

According to the set goal the following
tasks are defined:

1) describe the method of experimental
study of the behavior of wooden beams with
fire-retardant impregnations in the conditions
of fire exposure to fire with a standard
temperature, and the obtained research;

2) to identify patterns of change of
geometrical characteristics of the zone of
charring of wooden beams depending on the
method of fire protection depending on the time
of exposure to the fire effect of the fire with a
standard temperature.

2. Literature review and purpose of
research

The building or structure as a whole, as
well as their individual spatial planning and
structural elements must meet the functional
purpose. It is considered that wooden building
structures can be used only in buildings of III
degree of fire resistance, as these structures
have a flame propagation limit M2 [1].

The reason for the failure of wooden
structures is the reduction of their working
cross-section as a result of charring during
combustion. As the working cross section of
the wooden structure decreases, the stress from
the normative load increases and when they
reach the loss of load-bearing capacity of the
wood, the structure collapses. According to
item 1.2 of SNiP II-25-80 "Wooden
constructions" [2] at designing of wooden
constructions it is necessary to provide their
protection against moisture, biodamage,
corrosion and from ignition at a fire.

So in the general case for calculation of
limit of fire resistance of wooden designs the
decision of two problems is necessary: heat
engineering and durability. The solution of the
thermal problem of fire resistance of wooden
structures is:

a) in determining the time t, from the
beginning of the thermal impact of the fire to
the ignition of wood in the structure;

b) in determining the change in the
working cross section of the wooden structure
after the ignition of wood in a fire, due to the
process of charring. The solution to the
problem of strength of wooden structures is:

a) in determining the change of the
corresponding stresses in the calculated cross
sections of structures from the standard loads
depending on the change in the working cross
sections of the wooden structure due to
charring of wood after its ignition in a fire;

b) in checking the conditions of strength
of the wooden structure on the influence of the
relevant regulatory loads, taking into account
the change in stresses from these regulatory
loads, depending on the time of burning wood
to the loss of load-bearing capacity.
In solving both problems, it is equally
important to ensure fire protection of building
structures on the example of wooden beams
from fire, which includes impregnation with
fire-retardant substances, application of fire-
retardant paint and cladding with non-
combustible or flame-retardant materials.

Plywood is made by gluing three or more
layers of peeled veneer. Peeled veneer is a thin
layer of wood with a thickness of 0.3 to 2 mm.

After drying, the veneer sheets are coated
with a thin layer of glue and glued in hot
hydraulic presses. Glued plywood bags are cut
to standard sizes. Adjacent sheets are arranged
so that the direction of the fibers in them was
mutually perpendicular. Due to the cross-
direction of the fibers, plywood differs from
other sheet materials by the relative
homogeneity of physical and mechanical
properties, as well as less warping and cracking
in different operating conditions.

According to the current standards [3, 5,
6] for the manufacture of peeled veneer use the
following species of wood: deciduous - oak,
maple, ash, birch, elm, beech, hornbeam, alder,
aspen, poplar, linden; conifers - pine, larch,
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cedar, spruce, fir. All this confirms that under
certain economic conditions as raw materials
for the plywood industry are suitable many
species of wood that meet the conditions of

production.
Technical requirements for general
purpose plywood manufactured at the

enterprise [4]:

* FC plywood is glued with urea-
formaldehyde adhesives prepared according to
the recipe;

* in the outer layers of plywood are not
allowed defects of wood and defects of
processing that exceed the norms [5];

* plywood with outer layers of veneer of
the following varieties is produced in terms of
quality: IT/ 1L, IT/ IIL, 1T/ TV, 1L/ IV, IV / 1V;

» according to the degree of machining of
the surface, polished plywood is made on both
sides;

* sheets of plywood should be cut at right
angles. The bevel should not exceed 2 mm per
I m of leaf edge length;

 deviation from the straightness of the
edges should not exceed 2 mm per 1 m of sheet
length;

* the number of layers depending on the
thickness of the plywood should correspond to
the data of the scheme of the technological
mode of plywood production;

» symmetrically placed layers of veneer
in plywood should be made of wood of the
same species and the same thickness, with the
same direction of fibers.

In the production of plywood and
plywood products used urea-formaldehyde
resins, the characteristics. The designation of
urea-formaldehyde resins consists of the name
of the product (CF) and the purpose of the main
properties of the resin:

B - fast-curing;

F - increased viability;

MT - low toxicity.

The raw materials for urea-formaldehyde
resins are urea (NHz) 2CO, formaldehyde
CH2O and various catalysts (urotropin (CHb»)
6N4, ammonia NH3, sodium hydroxide NaOH,
ammonium chloride NH4CL, capable of
changing the acidity of the environment.

The research of scientists [8] includes
impregnation with flame retardant sheets of
raw peeled veneer, their drying, applying glue

on them, forming and pressing veneer
packages, pressing plywood. They used as a
flame retardant 30% aqueous solution of a
mixture of diammonium phosphate, ammonium
sulfate and ammonium bromide in the ratio 1:
0,625: 0,375. Raw peeled veneer sheets with a
moisture content of 60-100% are impregnated
with flame retardant in a cold bath at an
impregnation solution temperature of 20 ° C for
10-70 minutes. After impregnation, the veneer
sheets are folded into feet with mutually
perpendicular direction of the fibers in adjacent
layers and stored in the feet for 1 hour, then
dried and fed to the operations of applying
glue, forming and pressing veneer packages
and pressing plywood.

Also known by scientists [9] a method of
manufacturing fire-resistant plywood of high
water resistance by impregnating the finished
plywood sheets in an autoclave with 25-30%
aqueous solution of flame retardants with a
temperature of 30-80 ° C, after which the
apparatus creates a vacuum with a residual
pressure of 0.05- 0.20 kg / cm? and withstand
such conditions for 10-35 min, then the
pressure is equalized to atmospheric, and then
increase it to 2-6 kg / cm? and withstand such
conditions for 20 min, equalize the pressure to
atmospheric.

The residual solution is removed from the
apparatus, and flame-retardant plywood sheets
are treated with a spray with 2% aqueous
solution of polymeric antiseptic at the rate of
0.01-20 g / m? of active substance, followed by
drying to a moisture content of plywood sheets
of not more than 10%.

The disadvantage of this method is the
equipment and complexity of the technology of
manufacturing fire-resistant plywood, it is
difficult to impregnate plywood sheets along its
entire thickness, which can also lead to
destruction of adhesive layers and deterioration
of mechanical properties of plywood sheets. salt
crystals on the outer surfaces of plywood, as well
as to its significant gouging. There is a method of
manufacturing fire-retardant plywood, studied
[10], according to which the peeling of veneer,
impregnation of raw veneer with flame retardant
(diammonium phosphate) in the bath, rolling and
drying of impregnated veneer, forming a package
and its pressing. The disadvantage of this method
is the complexity of the technological process of
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manufacturing fire-retardant plywood, because
the impregnated veneer must be rolled before

drying.
Another method of manufacturing fire-
retardant plywood, which includes

impregnation of veneer in an impregnating
solution of flame retardant, drying veneer and
gluing plywood [11]. According to this method,
diammonium phosphate with the addition of
ammonium sulfate (ammonium sulfate) was
used as a flame retardant. However, the
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Figure 1. — Graphs of temperature versus
exposure time at 15 minutes of fire tests: 1 -
standard temperature curve; 2 - the average
value of the thermocouple to determine the
temperature in the installation; 3 - average
value of the first thermocouple; 4 - the average
value of the second thermocouple; 5 - the
average value of the third thermocouple; a) the
samples are protected by fire-retardant
plywood 10 mm thick

disadvantage of this method is the high
corrosion activity of ammonium sulfate, which
adversely affects the equipment, in particular
roller dryers.

3. Formulation of the problem and its
solution.

The results of exposure of samples-
fragments of wooden beams with fire-retardant
cladding are presented in Fig. 1— 3 in the
appropriate coordinate planes, for the appropriate
time intervals of 15, 30, 60 minutes.
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Figure 2. — Graphs of temperature versus
exposure time at 30 minutes of fire tests: 1 -
standard temperature curve; 2 - the average
value of the thermocouple to determine the
temperature in the installation; 3 - average
value of the first thermocouple; 4 - the average
value of the second thermocouple; 5 - the
average value of the third thermocouple; a) the
samples are protected by fire-retardant
plywood 10 mm thick
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Figure 3. — Graphs of temperature versus exposure time at 60 minutes

of fire tests: 1 -

standard temperature curve; 2 - the average value of the thermocouple to determine the temperature
in the installation; 3 - average value of the first thermocouple; 4 - the average value of the second

thermocouple; 5 - the average value of the third thermocouple; a) the samples are
retardant plywood 10 mm thick.
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According to the regression dependences
found in the graphs in (figures 1-3), graphs of
the thickness of the layer of charring of
samples-fragments of wooden beams lined with
fire-retardant plywood from the exposure time,
and determining the field of maximum and

d, mm

minimum value of the layer of charring of
samples-fragments, which in the future will
make it possible to predict the depth of charring
for wooden beams of different volumes. These
graphs are shown in Figure 4.
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Figure 4. — Graphs of the dependence of the thickness of the charred layer on the exposure
time 1) 15-minute fire tests; 2) 30-minute fire tests; 3) 60-minute fire tests, samples-fragments of
wooden beams lined with fire-retardant plywood in 10 mm.

Thus, we determined the temperature
distributions in the cross section of the
fragment of the wooden beam, which was
tested using the recommendations containing
the relevant standard for the calculation
methods for assessing the fire resistance of
wooden building structures. The results of the
calculation allow to develop an effective
method of interpolation.

4. Conclusion

According to the research, the following
conclusions can be drawn. The results of the
study of charring of fragments of wooden
beams with fireproof impregnation and without
it were presented in the section. temperature,
and in some cases, spontaneous combustion of
samples. This changes the structure of the

wood, which in turn correlates with a change in
the strength properties of the wooden beams.

Modification of wood leads to a
decrease in the rate of charring by about 2.8
times and changes in the structure and
properties of the contact zone of wood,
increasing its ability to withstand high
temperatures. It is established that this zone is a
layer of wood, characterized by resistance to
external energy sources (high-temperature
flame), which indicates the protective nature of
the modifiers on the wood surface. The stability
of the modified wood, estimated by the change
in compressive strength, is on average 3 times
higher than untreated, when the wooden
structure burns out.
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C. B. Ilo30€e8, ookmop mexH. Hayk, npoghecop, M. 1. 3maea, A. B. 3maza, kano. mexw. Hayx,
Yepracoxuii incmumym nodxcedcroi o6eznexu imeni I epoie Yopnoouns Hayionanorozo
VHigepcumeny YugiibHo2o 3axucmy Ykpainu.

OPAI'MEHTAJIBHE BUCBITJIEHHSA PE3YJIbTATIB BOTHEBUX BUITPOBYBAHDb
JAEPEB'SIHUX BAJIOK 3 OBJIMNIOBAHHAM BOI'HE3AXHHUCHOIO ®AHEPOIO

Y yiu cmammi euceimneno axmyanvhi
numauHa — 3a0e3neueHHs  B0CHeCMIUKOCMI
o0epes’sIHUX OanoK AK Hecyyux KOHCMPYKYILL.
Bueni suguanu pizni 6uou npomunojicedrncHo2o
3axucmy oOepesuHu 8i0 6NAUBY BOcHIO. Y

ICHYIOYUX ~ Memooax NPOMUNONACEIHCHO20
3axucmy npeocmasneni 602HE3aXUCHI
NpoOCoOuYBaNbHI  Mamepiany,  B02He3aXUCHA
¢apoa, B0CHE3AXUCHI ~ NOKpUMm, wo
npodaromeca.  IlapanenvnHo — npooounucs
00CniodcenHs 31 CMBOPEHH B02HE3AXUCHUX
mamepianie.  Tomy 6 obracmi  Hawux
docniddicenb €  NUMAHHA — BUKOPUCAHHA

goenesaxuchoi ¢hamepu, AK 0OIUYIOBATLHOO
802HE3AXUCHO20 Memody 3axucmy oepes siHux
KOHcmpyKkyiu. YV yii cmammi onucyemscs
npoyec 8U20MOBNIeHHs 802HE3AXUCHOI aHnepu.
Axuii eueomosnenu 3 2-minimempogozo 1ucma
WNOHY, SAKUL NPOCOYEHUU aHmunipeHom. 3a
CNOCODOOM MEeXHONI02IYHOT 8AHHU I CKIIEIOIOMbCA
8 NpecosaHomy eepcmami HA  BIONOBIOHY

moswuny. Ilomim 6 excnepumeHmanvbHiu
YCMAaHOB8Yi NpoBOOUNU BOCHE8l BUNpoOYEaAHHs
npu CMAaHOapmHOMy memnepamypHomy
PedNCUMI 8 MPbOX YACOBUX IHMEPBANi8 GNIUGY
15 xeunun, 30 xeunun ma 60 xeuiun,
sUCGIMAUGWU OaHI pe3yrbmamu y uensoi
epaghikie 3anedcHocmi memnepamypu 8io uacy
eKcnomyeamus. Axi 6 ceor uepey ciyeyromo
NIOTPYHMAM BU3HAYEHHS weuoxocmi
008yenio6anHsa, A  MAKONMC — BUHAYEHHS
0ianasomny 3anedldcHocmi 0iuH020 | Mopyesoco
wapy 008y2n08aHHs 6i0 4acy eKCHOHYBAHH:
onss 10 mm ma 20 mm wapy 6ocHeCmilKoi
ganepu.  Takum  uyunom,  OOCHIONCEHHS
003801A10Mb ~ 3p0OUMU  BUCHOBKU — NPO
epexkmugHicmsb  3anponoHO8aAHO20  CHOCODY
APOMUNONCENHCHO20 — 3AXUCHY  0epes’saHux
KOHCMPYKYIU B802HE3AXUCHOW (anepolo ma
BUSHAYUUMU PO3PAXYHKOBUU Kaac
802HeCMItKOCMI 0151 YUX KOHCMPYKYILL.
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