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A COMPARATIVE ANALYSIS OF PHYSICAL-AND-MECHANICAL
PARAMETERS OF VARIOUSLY-DESIGNED GLUED BOARDS MADE OF
POST-CONSUMER RECOVERED WOOD

The basics of classification, methods of cleaning and processing post-consumer wood (PCW), are
considered in this work. It is proposed to convert PCW into glued boards (GB). A comparative analysis of
physical-and-chemical parameters of conventional GB as well as variously constructed GB from recovered
wood (RW), has been made. A regression model is created to predict GB static-bending strength across
strips with the GB’s thickness being 22 mm depending on the strip width and glue consumption.

Keywords: wood, post-consumer wood, glued boards, woodfibre board, woodparticle board,
plywood, recovered wood, waste recycling, waste management.

Background. Today millions of tons of used millwork and old furniture are
thrown away to dumps just because their service-life is considered to have been up ac-
cording to modern ideas on fashion; at best, the used wooden goods may find them-
selves somewhere in the countryside homes or summerhouses. However, the rules and
regulations adopted in most European countries with regard to environmental protec-
tion, force manufacturers of woodworking industry to seek other ways of processing
and utilization of raw materials of this kind. Starting from March of 1992 on, it has be-
come a mandatory condition in France and Germany to have for manufactured goods
the mark “ES” — meaning “Environmentally Sound”. It is given to articles which do not
have an adverse impact on the environment during the period of their live and their fur-
ther recycling. Thus, the industrial use of the recovered used wood — PCW is not only a
powerful contributor to increasing raw material resources in woodworking industry but
this will soon become imperative from ecological line of consideration.

Our previous studies show that it is possible to obtain boards, bars, strips as well
as technological chips from used wooden articles — PCW (old furniture pieces and oth-
er woodwork). It should be noted, however, that such wood often has many defects both
manufacturing (shears, holes, scratches) and natural (stains, rot), which makes it impos-
sible for applications with transparent finishing. Therefore, it should be used where the
appearance dost not count much. The furniture material in which such wood can be
used, are woodparticle board (WPB), woodfibre board (WFB) and GB. As world prac-
tice shows, the RW has already been used in the form of chipped wood particles as ad-
dition to the main furnish in manufacturing WPB. As a version of integral (non-
chipped) usage of cleared RW are GB, which are considered to be environmentally
sound, strong, and light in weight, structural material.

GB [3, 4] are subdivided into three types according to their construction and pro-
duction techniques:

e US — the core composed of unbonded strips;
e BS — the core composed of bonded strips;
e PS —made of strips cut from a block of bonded thin pieces.

According to the core-board manufacturing accuracy, US type is of reasonable accu-
racy, BS and PS — of high accuracy, which is due to different shape stability of GB of differ-
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ent constructions. The boards of US type are regarded to have the highest shape stability. In
order to ensure the shape stability of boards, glueing of veneer is done in the following way:

o the first veneer ply that is adjacent to the strips (called underlay) is made of high-grade peeled veneer;
outer (face) ply of peeled veneer needs to have the same fibre direction as the underlay has;
the outer ply and the underlay are made of the same wood-species veneer;
the total thickness of the underlay and the outer ply of peeled veneer is to be no less than 3 mm;

e the board which is single-faced with sliced veneer, needs to have on the other side a balance
layer of peeled veneer of the same thickness as the sliced veneer layer.

Depending on the quality of veneer used for outer layers, according to GOST
13713-78 “Glued boards. Specifications”, GB are divided into three grades:

e unfaced boards: A/B, AB/BB, and B/BB;

e single-faced boards: I/B, and 1I/BB;

e double-faced boards: I/1, and II/1I.

European analogies for GB of these types according to DIN 68705-2-2003 are as
follows (fig. 1):

e Battenboard — a GB with the core made of bonded thin battens whose width does not exceed
3-fold maximum thickness, commonly < 75 mm, edge-to-edge bonded, and faced with veneer (ply-
wood, MDF).

e Blockboard — a GB with the core made of strips whose width does not exceed one maximum
thickness, commonly 25 mm, faced with veneer (plywood, MDF).

e Laminaboard — a GB with the core made of strips of 6 to 7 mm thick and 25 to 30 mm in
width, turned up on edge and glued face-to-face to create a stable block, double-faced with veneer or
with three-, four-, or six-ply plywood.
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Battenboard Blockboard Laminaboard
Fig. 1. Glued board constructions of European standards

Thus, the analogue to the GB of US type (GOST 13715-78) is Battenboard (DIN
68705-2-2003), respectively, BS type — Blockboard, and PS type — Laminaboard.

Tasks and experimental procedure. The objective of study — to analyze physical
and mechanical parameters (static bending strength across strips, shearing strength along
glue line according to GOST 13715-78 for conventional GB and GB made of RW).

The object of study — GB.

The subject of study — physical-and-mechanical properties of GB.

To achiev the objective, the following tasks have been carried out:

e to manufacture a GB from RW and a conventional GB;

e to make one hundred test specimens from GB of RW in order to determine the subordination of
physical-and-mechanical properties of GB to the law of normal distribution in accordance with work-
ing standards;

e to make specimens to be used in the comparison of physical-and-mechanical properties of the
manufactured boards;

e to make a comparative analysis of physical-and-mechanical properties of the boards obtained;
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e to execute B-plan to reveal the extent to which physical-and-mechanical properties may depend on
technological parameters, consumption of PVA glue which is used instead of urea-formaldehyde glue as well
as establishing the optimum width of strips which is different in GOST 13715-78 and DIN 68705-2-2003;

e to optimize the object of study according to quadratic model;

e to draw conclusions and make practical proposals as to the results obtained.

Materials to be used for manufacturing GB [5-9]:

wooden bars and rails from used window and door casings;

woodparticle board (WPB, 16mm) from used elements of furniture pieces;

woodfibre boards (WFB, 4mm) from used carcass backs of cabinets;

three-ply plywood (4mm) from used furniture pieces;

polyvinylacetate glue (PVA).

GB constructions and production techniques. GB are made as thick as 22 mm
according to GOST 13715-78. To produce GB, old window frames cleared off iron-
mongery, window and door casings made of softwood species, were used. In addition,
the material such as WPB cleared off facing, was used. According to GOST 13715-78,
the thickness of peeled veneer jacket needs to make no less than 3 mm when using ve-
neer of the first or second grade. Thus, the lower grade, the greater thickness.

The current production techniques involves using peeled veneer, plywood (PW),
and WFB as materials for outer plies in manufacturing GB. Three-ply plywood and
WEFB were used to manufacture GB. The plywood was placed so that grain direction of
outer plies would coincide with the longitudinal arrangement of the board’s strips while
the core layer grain of the plywood would run crosswise the strips. Veneer of 1.5 mm
thick was used in the tree-ply, plywood. Accordingly, there are two plies of veneer
whore grain runs perpendicular to the strips of the veneered GB, the total thickness of
these two plies being 3.0 mm. But we have four more outer layers of peeled veneer pre-
sent that will add some more strength to the GB, which get to be determined during the
test for static bending strength across the board’s strips. Thus, in testing for static bend-
ing strength across strips, our concern will be in determination of tension strength of
these two veneer plies under stretching. It is well known, that wood tension perpendicu-
lar-to-grain is 20 to 30 times as less ar tension parallel-to-grain. Tension strength of
these layers with respect to the core layer of plywood can be calculated as follows:
0=2%(1/30)=0.066 units (6.6 %) of the core layer tension strength.

Also, it should be taken into account that the two inner plies are subjected to com-
pression at static bending as is generally known, compression. Strength perpendicular-to-
grain is 4 to 6 times as less as that of parallel-to-grain, that is 6=2%(1/6)=0.333 units (33.3
%) of the core layer compression strength. In addition we obtain total strength of 6.6 % +
33.3 %=39.9 % = 40 %. Since it is just some percent amount as compared with the longi-
tudinal strength of 1.5 mm thick veneer, the strength like this would be available in the
longitudinal veneer ply of 1.5*(40/100)=0.6 mm in thickness.

From this it follows that the strength of the two plywood layers with the above
described manner of arrangement with respect to the board’s strips, at static bending
yields the strength amount which is similar to that of a veneer ply of 0.6/2=0.3 mm
thick. Accordingly, the total thickness of peeled veneer will amount to 1.5%2+0.3*2=3.6
mm. Thus, according to GOST 13715-78, the peeled veneer layers with total thickness
of more than 3.6 mm, will correspond to the GB of 22 mm thick.

The manufacturing procedure for GB from RW involves the following steps:
clearing the used wood off ironmongery and other foreign inclusions; breaking finger
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joints and making trims to remove defects; removing of finish coating from the wood
surface (varnish, paint); face planing; length cutting of the wood; double-edge profiling;
trimming to size; glueing of variously-constructed GB; cutting of plywood, WPB and
WEFB; laying plywood or WPB on the core-board under pressure; cutting to size; sand-
ing. To clear the used wood off the ironmongery conventional tools such as flat pliers,
screwdrivers, nail pullers were used. In order to remove finishes from flat surfaces
bench-type planer was used. The cleared wood was cut into strips of 17; 19 mm thick,
and 22; 43; 63; 83 mm wide. The strips obtained were milled to width on the double
surfacer planing machine to obtain strips of 20; 40; 60; 80 mm in width WPB were pro-
cessed in a similar way. The obtained strips were bonded with PVA glue to get core-
boards measuring 450 mmx450 mm and 350 mmx170 mm.

After glueing operation, the core-boards were dimension milled to thickness.
Then we got cut-size plywood and WFB. A layer of plywood was pressed on the 350
mmx170 mm core-boards to get a GB of 22 mm thick. On the core-boards obtained and
measuring 450 mmx450 mmx14 mm and 450 mmx450 mmx16 mm, plywood and
WEFB were pressed, respectively. The constructions of GB are shown in fig. 2.

~ 1 - GB from Recove-
o~ red WPB and WFB
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Fig. 2. Constructions of GB under investigation
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Methods of preparing test specimens. Test specimens for determination of stat-
ic bending strength across strips were made according to GOST 9625-87 which refers to
GOST 13715-78. Specimens selection, their quantity, making and preparing for testing
was done according to DSTU 9620. The specimen’s thickness is equal to the thickness
of the GB, that is 22 mm. The width of the specimen »=50 mm, and, the length
[;=15h=15-22=330 mm. When testing the specimens whose length /;=15h, the spacing
between supports / is taken equal to I=12h=12-22=264 mm.

Test specimens for determination of shearing dry strength along glue line, were
made according to GOST 9624-93. Specimens selection, their fabrication and preparing
for testing is done according to GOST 9620. The shape and dimensions of test speci-
mens for determination of shearing strength along glue line should correspond to the 85
mmx40 mmx22 mm dimensions with the kerf of Smm.
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To suit GOST 9625-87 for measuring static-bending strength across strips the fol-
lowing guidelines must be followed: in order to determine static bending strength across
strips the laboratory test machine YMM-05 (GOST 7855-61) was used while the test
machine PM-05 (GOST 28840-90) was used to determine shearing strength.

Static bending strength (6.) in MPa was calculated by the formula:

6u =3Pumax V/(2bh?) (1)
The strength along glue line zq is determined in MPa by rounding the result to
0.05 MPa by the Tsh=Pma/(bsnlsn) (2)

where: Pmax — maximum load, H; [ — spacing between supports, mm; b — the width, mm; A
— the specimen thickness, mm; bg, Isn — the width and the length of the shear area, mm.

The results of research experiment on determination of static-bending
strength of GB from RW at constant technological parameters. In the course of test-
ing GB for static-bending strength across strips by the method described, we obtained
data that are in agreement with the law of normal distribution, which was confirmed by
Pirson’s criterion and by superposition of the normal probability curve upon polygon of
distribution (fig. 3). The mean value of static-bending strength across strips in the sam-
ple amounted to 19.88 MPa. To obtain the experimental results with an accuracy of 5 %
and meaningful level of 95 % it is necessary that the number of observations during the
main experiment should be equal to n=15.

30,00

20,00 A

15,00 -

10,00 -

5,00 -

0,00

14,03 15,49 16,96 18,42 19,88 21,34 22,81 24,27 25,73
——Normal probability curve —&— Polygon of normal distribution G, MPa
Fig. 3. The results of research experiment

The results of main experiment and comparative analysis of physical-and-
mechanical properties of conventional GB and GB from RW. As a result of con-
ducting the main experiments we obtained data on static-bending strength across strips
for GB of other constructions including conventional GB (fig. 4).
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Fig. 4. Histogram of the GB (22 mm) static-bending strength across strips (cu., MPa)

As seen from the histogram in fig. 4 the least strong is the GB whose core-board is
made from WPB in the jacket of WFB. Judging from the nature of the specimen breakage
(fig. 5) this is accounted for low shearing strength of WPB of the core. Somewhat higher
strength 1s demonstrated by the GB whose core-board is made from RW and whose jacket
is from WPB. This is due to compensating for the low shearing strength of WPB in the
core by high shearing strength of wooden strips. In its turn, the WPB partly makes up for
the low static-bending strength of wood across grain. As seen from fig. 6, the weak point in
this case is the low tension strength of WPB which has resulted in its breaka

Fig. 6. Test specimen with a core-board made from RW and WPB, and in the jacket
of WFB at the moment of breakage

High strength was shown by a veneered GB with the core-board made from RW.
The cause of the specimen’s breakage was a series of the plywood veneer plies breakage
starting from the outer ply. The conventional GB demonstrated somewhat higher
strength as compared with the GB made from RW. The character of breakage is similar
to that of the RW from GB. The breakage was due to the
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Fig. 7. Test specimen of veneered GB with the core-board from RW at the moment of breakage

The strongest was the veneered GB with the core-board made of RW and WPB.

The mean value of this board strength makes up 27.03 MPa. In this case the breakage of

the GB was initiated by emerging critical tension stresses in the WPB and their subse-
in the rupture of the latter (fig.

Fig. 8. Test specimen of a veneered GB with the core-board made of RW and WPB at
the moment of breakage
Results and a comparative analysis of GB shearing dry strength along the
glue line. The broken test specimens that had been used for determining static-bending
strength, were used to fabricate new test specimens for determination of shearing dry
strength along the glue line (fig. 9), the results being compared with the tabulated values
(sh.abte=1.0 MPa).
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Fig. 9. Histogram of GB shearing strength along glue line (tsn, MPa)

The breakage of GB with the jacket from WPB occurred as a result of shearing
along the WFB layer irrespective of GB construction. The breakage of the veneered GB
with bonded core-board of RW resulted from the wood rupture. The character of break-
age of the veneered GB with the glued core-board of primary wood was the same. The
breakage of the veneered GB with the core-board glued of RW and WPB took place
mainly along the WPB. The highest strength 1.67 MPa was shown by the specimen in
the kerf zone of which there was a WPB while the underside of the surface of shearing
was reinforced at both ends with two pieces of wood measuring 9 mm. Again, the rea-
son 1s that WPB tension strength is much higher than that of wood arcoss the grain,
while shear strength of perpendicular to layers of wood is a little higher than shear
strength of WPB along the core. Thus, the best physical-and-mechanical properties are
found in veneered GB with glued core-board made of RW and WPB.

The study of influence of the strip width of GB and glue consumption upon the
boards static-bending strength across the strips. These two parameters have not been
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chosen at random. The matter is that the recommendations as to the width of strips are
somewhat different in GOST 13715-78 and DIN 68705-2-2003. According to GOST
13715-78 the width of the strip should not exceed its thickness by more than 2.5 times (this
is needed to ensure the high shape stability of GB), whereas according to DIN 68705-2-
2003 the width of the strip should not exceed its thickness by more than three times. Which
standard we should keep to and how this influences the GB static-bending strength, has not
been studied yet. As to adhesive used, it should be pointed out that conventional adhesives
used for glueing GB have been phenolformaldehyde glues (GOST 20907-75) and
ureaformaldehyde glues (GOST 14231-88). From the ecological line of reasoning, we
chose PVA glue in order to investigate its influence on the GB static-bending strength.

The variable factors for implementation of B-plan were taken:

e the strip width §, mm, thad varies within the limits of 20 <.§ < 60 mm;
e PVA glue consumption Q, g/m?, that varies within the limits 150 < @ <300 g/m?.

The constant factors in the investigation were as follows: relative air humidity of
60 to 65 % air temperature of 18 to 20 °C; atmospheric pressure of 736 mm of mercury
column; air circulation velocity v = 0 m/sec; air dust content; the room volume; PVA
glue conditioning time; softwood blanks from RW; 4 mm-thick plywood; the same type
of clamping device was used; blanks measuring 330 mmx>50 mmx22 mm.

Foll factors plans involved allow to obtain linear dependence of the function of
strength on the factors investigated. For most part of wood working processes, the rep-
resentation like this would be inadequate. Therefore, other kinds of plan were used, that
is plans by means of which one can obtain a mathematical description of objects in the
form of polynom of the second order (quadratic model). At these plans, each factor x;
varies at three levels, that is it takes one of the three values in every test: the lowest Ximin
the highest Ximax and the mean xip. At normalized values, these levels are denoted re-
spectively -1, +1, 0. Generally, the regress10n model for k variable factors will read:

y=bh, +Zb,xl+2b”x, +me XX, (3)

i,u=l

where b, — free term; b; — linear regression coefficients, i=1, k; bi; — quadratic regression
coefficients; bi, — pairwise coefficients, u=I, k, (i#u).

Having carried out statistical processing of experimental data we have the follow-
ing regression equation: y=21.25-0.23x, - 0.50x, — 0.75x,’ 4)

When analysing the regression equation, we can see that the factor x; certainly,
has the most influence on the output value of the function while factor’s x; influence is
significantly less. Besides, output values grow up with an increase in x; values, output
values tend to decrease as factor’s x2 value increases.

In order to determine equation coefficients in natural expression letus make use of
factors coding formulas which we insert into the coded equation.

0-225 S —40 (S—4OT

c0=2125-0.23- -0.50 - ————-0.75-
20

20 ()

Thus, the static-bending strength of GB is influenced the most by the strip width
while glue consumption being of little influence; besides, the first factor influences in
inverse proportion whereas the latter in direct proportion.

Graphical representation of experimental results. The influence of factors and
their interaction upon the function of strength is best analyzed graphically where regres-
sion is presented in natural expression.
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Fig. 10. Graphical dependence o=f(Q, S)

When analyzing the graphical dependence we can see that the GB static-bending
strength across strips is increasing within the range of 20 to 36 mm while further in-
crease in the strip width leads to decrease in its strength. The dependence of the board’s
static-bending strength across strips upon glue consumption is of linear character, that
is, the higher glue consumption, the higher strength. Also, it is evident that the influence
of the strip width upon the GB static-bending strength is much greater that the effect of
glue consumption. The maximum value of the GB static-bending strength amounts to
21.53 MPa with glue consumption of 300 g/m? and the strip width being 36 mm. As a
result of optimization of the object under investigation by means of PC in the Microsoft
Excel Environment, it is found that with the thickness of a strip n the core-board being
equal to 14 mm, the recommended strip width for the core-board makes up 35.36 mm.
Consequently, the ratio of the width to thickness of strips amounts to 35.36/14=2.52,
which practically coincides with that recommended by GOST 13715-78 1/2.5.

Conclusions:

1. Physical-and-mechanical properties of GB made from RW have rather a high scattered field,
nevertheless, they are subordinated to the law of normal distribution, which was confirmed by Pirson’s
criterium when analyzing the sample of one hundred specimens tested for static-bending strength
across strips according to GOST 9625-87.

2. Physical-and-mechanical parameters of all GB irrespective of their construction meet GOST
13715-78 requirements.

3. The highest level of physical-and-mechanical properties are found in veneered GB with the
glued core-board made from RW and WPB. The average value of static-bending strength across strips
of this board makes up 27.03 MPa, while the shearing dry strength along glue live is 1.49 MPa.

4. The lowest values of physical-and-mechanical properties are found in the GB with glued core-
board from WPB and in the jacket made of WFB. The average static-bending strength across strips
makes up 16.10 MPa while the shearing dry strength along glue line makes up 1.26 MPa.

5. Physical-and-mechanical parameters of conventional veneered GB with glued core-board
made of primary wood are a little higher than those of GB of similar construction with glued core-
board made of RW. Thus, the static-bending strength across strips of conventional GB makes up 22.05
MPa whereas the strength of GB from RW makes up 19.88 MPa. The shearing strength along glue line
of conventional GB amounts to 1.31 MPa while the strength of GB from RW makes up 1.30 MPa.

6. According to GOST 13715-78 the recommended strip width should not exceed its 3-fold
thickness. Common glues used for glueing GB are phenolformaldehyde (according to GOST 20907-
75) and urea-formaldehyde (according to GOST 14231-88) but in our investigation we used PVA glue
as an alternative. Therefore it was decided to study using the method of mathematic modelling how
the ratio between strip’s size and glue consumption influences the static-bending strength across strips.
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7. The regression model obtained is adequate and, consequently, can be used to describe the ob-
ject under investigation.

8. To optimize the investigation object it was chosen to use PC. As a result of the optimization it
was found that the maximum static-bending strength of GB across strips can be achieved with the fol-
lowing parameters: strip thickness is 22 mm; strip width — 35.36 mm, and recommended glue con-
sumption is 300 g/m>.

Practical advice and guidelines: To obtain shape stability and maximum static-bending
strength of GB across strips it is recommended that the width of the strips used for bonding a core-
board from RW, should not exceed its 2.5 — fold thickness. To obtain a GB whose physical-and-
mechanical properties meet GOST 13715-78 glue consumption should be of 150 g/m?.

1. To increase the volume output with RW it is better to use strips of 60 to 80 mm in width unless
high shape stability of GB is required. To ensure high shape stability of GB during manufacturing a
core-board from RW and WPB, it is necessary to use wooden strips of radial cut. GB with core-board
from WPB in the jacket of WFB as well as GB with core-board made from RW and WPB in the jacket
of WFB, are recommended to use for making carcasses of upholstered furniture and for door panels.

2. Veneered GB with bonded core-board from RW are recommended for making cabinets. Ve-
neered GB with core-board from RW and WPB are recommended for use where high static-bending
strength across strips is required.
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V]IIK 674.815 Hou. C.B. I'aiioa, kano. mexn. nayx — HJIITY Ykpainu

IopiBHsiIbHMI aHAJI3 Qi3MKO-MeXaHIYHMX IapaMeTpiB
CTOJISIPHOI IUIUTH i3 BJKMBAHOI IePeBUHH Pi3HUX KOHCTPYKIii

PosrasinyTo ocHOBH Kiacudikallii, METOIM OYHUIICHHS Ta METOIU MEepepoOKH BKUBAHOI Jepe-
BuHH (BX/I). 3anpononoBano nepepodmnaru BX/] na cromspuy mmry (CII). IIpoBeneHo mopiBHSIb-
HUW aHai3 ¢i3uKo-MexaHiuHux napametpiB Tpaaumiitaoi CII ta muut i3 BXK]] pi3HUX KOHCTPYKITIM.
CtBOpeHO perpeciiiny MoAemb Al Mporuo3yBanHs MinHocTi CII Ha cTaTHYHUI 3THH BIONEPEK peiok
TOBIIMHOIO 22 MM B 3aJIS)KHOCTI BiJl IIMPUHU PEHKH IIIUTA Ta BUTPATH KIICIO.

1. ®izuko-mexaniuni BractuBocti CII i3 BXX/] MatoTh JOCUTH BUCOKE MOJI€ PO3CIIOBAHHS, TUM HE
MEHIIIE, BOHH IMiJAIOTHCS 3aKOHY HOPMAJIBHOTO PO3MOAUTY, IO OYyJ0 MiATBEPIKEHO KPUTEPIEM
[Tipcona mig yac aHamizy BUOIpKHM i3 cTa B3ipiiB BUIIPOOYBAaHMX HA MIIHICTh MPU CTATUYHOMY 3THHI
Brioriepek perok 3riqao 'OCT9625-87. disuko-mexaniuni mapamerpu Bcix CII He 3amexHo Big ix
KOHCTpYKLIi 3ag0oBonbHAI0TH BuMoru [[OCT13715-78.

2. HaiiBummmu (i3uko-MexaHIYHUMU MapaMeTpamMu xapaktepusyerbes (panepoBana CII 3 kiee-
HuM oM 13 BXK]] Ta JICIL. CepenHsi MillHICTh Ha CTATHYHUN 3TUH BIONEPEK PEHOK TaKOi IUIUTU
ctanoBuTh 27,03 MIla, a MiIHICTh Ha CKOJIOBaHHS IO KJIEHOBOMY mIapi B cyxomy ctani 1,49 MIla.
HaitHmxunmu  Qi3uKo-MeXaHIYHUMHU TMOKA3HUKAMHU XapaKTEPU3YEThCS IUIUTA 3 KICEHHM IIUTOM i3
JCII B copourti 3 [IBII. Cepentst MiIIHICTh HAa CTATHYHHUIA 3THH BIOMEPEK PEHOK TaKOi IJIUTH CTaHO-
BuTh 16,10 MIla, a MiIHICTh Ha CKOJIIOBAHHS 10 KJIeHOBOMY Iapi B cyxomy crasi 1,26 MlI1a.

3. @i3uKo-MexaHiuHi mapaMmerpu TpaaumiitHoi ¢panepoanoi CII 3 ki1eeHHUM MMTOM 3 TIEPBUHHOT
JIEPEeBUHU JICIIO BUIII BiJl (i3MKO-MEXaHIYHUX MapaMeTpiB aHaJoriyHOI 3a KoHCTpyKiiero CII 3 kiee-
HuM muToM 3 BXKJI. Tak MIIHICTh Ha CTaTMYHUN 3TUH BHomnepek perok TpaauiiitHoi CII ctaHOBUTH
22,05 MIla, a minnicts CII i3 BX]] ctanoButs 19,88 MIla. MilHICTh Ha CKOJIOBAHHS MO KIECHOBOMY
mapi tpaguiiitaoi CII cranoButs 1,31 MIla, a CII i3 BXX]] 1,30 MI]a.

4. 3rigno 'OCT 13715-78 pexoMeHa0BaHa MKUPHHA PEHKN HE TOBUHHA NIepeBUINyBatu 2,5 ii To-
BIIKHM, a 3riAHO DIN 68705-2-2003 mmpuHa peiiku He TTOBUHHA MEPEBUINYBATH ii TOBIIUHY OlJIbIIE,
HiXK B 3 pasu. Tpaguuiiino s ckietoBanHs CII BUKOpUCTOBYIOTH Kiei Ha OCHOBI (peHonpopmanbie-
rigaux cmoi 3a 'OCT 20907-75 1 moueBuHOpopManpaerimanx cmou 3a 'OCT 14231-88, a mis moc-
JiKeHb anbTepHaTUBHO OyB B3sTHH Kieil [IBA. Tomy Oyno BupilIEHO JOCHIAUTH BIUIMB CHiBBiIHO-
IIEHHSI CTOPIH peUKH Ta BUTpATH Kjieto Ha MinHicTh CII Ha cTaTUYHUI 3rUH BIIOMEPEK PEHOK, METO-
JIOM MaTeMaTHYHOTO MoJieroBaHHs. OTpUMaHa perpeciiiHa MOJelb € aeKBATHOO, a OTKE MOXe OyTH
BHKOPHCTaHA JUIsl ONUCY 00’ €KTa mociipkeHHs. st ontuMizanii 00’ €KTy TOCHTIKeHb 0ysi0 BUOpaHO
MeToA ontuMmizanii 3a nornomoroio [1K. B pe3ynbrari ontumizanii 11 JOCATHEHHS MaKCUMAaIbHOI Mi-
nHocTi CII Ha cTaTUYHMI 3TMH BIOMEPEK PEHOK TOBIIMHOIO 22 MM PEKOMEHJOBaHA ITHUPUHA PEHKH
ckianae 35,36 MM, pekoMeH0BaHa BUTparta kieto ckiagae 300 /M.

IIpakTU4Hi pekoMeHaaNil:

1. Jnst mocsrHeHHs1 (popmocTiiikocTi Ta MakcuMainbHOi MirtHOCTI CII Ha cTaTUYHUMI 3rUH BIIOIE-
PeK peioK, peKOMEHAYEThCS IIMPUHY PEUKM JUI CKIICIOBAaHHS cTojisipHOro muTa i3 BXXJ[ mpuiimaTtu
He Oinpime 2,5 11 ToBmmaM. s orpumanusa CII, ¢izuko-mMexaHiuHI BJIACTUBOCTI SIKOi BIATIOBIAAIOTH
I'OCT 13715-78, m0oCTaTHLO HAHOCHTH Kiei 3 BuTpartoro 150 r/m% Skimo Bucoka (GOpPMOCTiHKiCTh
IJTUTH HE TOTpiOHA, /i 301abIeHHsT 00’ eMHOT0 BUXoay 3 BXKJ morminbHO BUKOPUCTOBYBATH PEHKH
mmpuHoio 10 60-80 mm. ITix gac Burorosnenns mwra 3 BXK] ta JICII mis 3a0e3mnedeHns BUCOKOT popmo-
critikocti CI1 HeOOX1THO BUKOPHCTOBYBATH JIEPEB’ sIHI PEUKH PaialIbHOTO TIEpEpi3y.

2. IImuty 3 mutom 3 JICII B copouni 3 JABII, sk i tunty 3 mmrom 3 BXK/I ta JICII B copoui 3
JBII pexomeH10BaHO BUKOPHUCTOBYBATH IS BUTOTOBJICHHSI KapKaciB M’ SIKMX MeOJieBHX BHUPOOIB Ta
nsepHux nonoteH. @aneposany CII 3 kieennm muToM i3 BXK/] pekoMeHI0BaHO BHKOPHUCTOBYBATH
JUTsl BUTOTOBJICHHST KOpITycHUX MeOaeBux BupoOiB. PanepoBany CII 3 kieernm miarom 3 BXK] Ta JICIT
PEKOMEH/IOBAaHO BUKOPHCTOBYBATH TaM, JI¢ HEOOXiJHA BUCOKA MIITHICTh HA CTATUYHUI 3THH.

KurouoBi cjioBa: nepeBrHa, BXXKMBaHa JEPEBUHA, CTOJSIPHA IUIUTA, IEPEBHOCTPYKKOBA ILINTA,
JIepEBOBOJIOKHUCTA IIJINTA, (haHepa, MiATOTOBJIEHA BXKHMBAaHA JIepEBUHA, TEPEPOOIICHHS BIIXO/1B, IIOBO-
JDKEHHS 3 BIIXOIaMU.
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