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OPTIMIZATION OF WOODEN CONSTRUCTIONS WITH
BASALT-BASED MATERIALS

Abstract. This study investigated material properties of wood-composite
materials made in the form of cellular structures. 5 honeycomb wood honey-
comb structures were examined and compared with 3 reference samples, which
were made of pure wood. 2 samples were made using the reinforcement scheme,
3 other samples were made using the lamination scheme. As a result, the com-
posite-reinforced specimens were found to have 30% higher strength than the
original pure wood specimens. A comparison was made with the finite element
calculations of these structures.
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ONTUMMUBALIUA JEPEBAHHBIX KOHCTPYKIIUM
HA OCHOBE BA3AJIbTA

Annoramus. Hactosiiasi pabora nmocBsiiiieHa U3y4eHUIO APeBECHO-KOMITO-
3UTHBIX MAaTepUaIOB, BBITIOJIHEHHBIX B BUIE STUYEUCTBIX CTPYKTYp. bblio uc-
CJIEIOBAHO TISITh STYEUCTHIX JPEBECHO-KOMITO3UTHBIX CTPYKTYp U CPaBHEHBI
C TpeTbUM pedepeHTHBIM 00pa3loM, KOTOPLIiA ObLI BHIIMOJHEH M3 YKCTOTO
nepesa. [IBa oOpasiia ObLIM BBIMOJTHEHBI C UCTIOJIb30BAHUEM CXEMbl apDMUPO-
BaHMSI, TPU IPYTMX oOpasiia ObUIM BBITIOJTHEHBI MO CXeMe JIJAMUHUPOBAHUS.
B pesynbrate ObLIO MOJIYYEHO, YTO YCUJICHHBIE KOMIIO3UTOM OOpa3lbl NMe-
foT Ha 30 % GoJibllie TPOYHOCTH, YeM UCXOTHBIE YMCTO AePEBSIHHBIE 0Opa3IIbl.
Bbl10 MpoBeNeHO CpaBHEHUE ¢ KOHEYHO-3JIEMEHTHBIMM pacuéTaMM JaHHBIX
KOHCTPYKILIUMA.
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KinioueBbie ciioBa: MpoOYHOCTb Ha cXaTue, NepeBO-KOMITO3UTHbIE KOH-
CTPYKIIMU, 623a7ITOBOE BOJIOKHO, STTOKCUIHBIE CMOJIbI, KOHEYHO-3JIEMEHTHOE
MOJIEIMPOBAHNE, MOHUTOPUHT IEPEBIHHBIX KOHCTPYKIIUHA.

1. Introduction

Currently, a large number of lightly loaded structures are being con-
structed from metal, for example, summer houses, pavilions, short pe-
destrian bridges [1]. The loads acting on these structures are noticeably
lower than critical for metal, which has a significant for these structures
own weight. For such structures, metal can be replaced with wooden
structures [2]. Wood is barely light, tensile and ecologic material. But
now days it is not very distributed due its poor strength characteristics
in compassion with steel and concrete as civil engineering material. By
reinforcement it can be made tougher [3]. For example, one way is to re-
inforce it by using basalt fiber reinforced polymer [4], like the way wood
is repaired using epoxy [5]. One approach is to reinforce by combining
wood and basalt fiber reinforced polymer. To obtain a strong contact, the
reinforcement of basalt fiber is made directly on wood [6-9]. At the same
time, wood receives new properties, such as increased tensile strength
[10]. Another approach, is to use basalt fabric reinforcement [17-20].
It can be used as lamination material on wood, or other construction
material. At the same time, mass, volume and geometric characteristics
remain unchanged. Assessing these changes is difficult due to the orth-
otropicity of wood and the isotropy of basalt fiber reinforced polymer.
One of the most relevant methods is mechanical strength testing. But
due to the limited size of the test benches, it is possible to test only small
parts. For testing finished products and taking into account the maxi-
mum number of influencing factors, in any case, we need to use finite
element modeling [11-16] with strong results validation. So, we decided
to test the maximum possible designs to obtain the most relevant results.

2. Materials and methods
2. 1. Sources of materials and mechanical properties

We’d like to introduce our testing constructions. These are wood-
en frames with different parameters. Frames. T1, T2, T3 are pure wood
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frames. T1A, T3A — are reinforced T1 and T3 frames. T1L7, T2L4,
T3L3 are different type of frames — they are reinforced with basalt fiber
lamination. The wood used is coniferous, in this case, first class pine,
with a minimum number of knots, exclusively in the center of the can-
vas. They are shown on figure 1.

Pine wood has density from 487 to 520 kg/m?>. Pine belongs to the
genus of conifers. A total of about one hundred and thirty species of pine
are known. Pine is an evergreen tree containing a large amount of resin.

Figure 1. Frame types. (a) T1, T1A; (b) T2; () T3, T3A; (d) TIL7; () T2L4;
() T3L3
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The most common species in Russia is ordinary pine. Pine is the most
used type of wood in Russia. About 30% of all types of wood used in our
country is pine. Pine wood is not afraid of the effects of fungi, insect
pests, putrefactive damage due to increased resinity. According to this
indicator, pine varieties are divided into the first type (with a high resin
content) and the second type (reduced resin content). Resin pine is not
recommended for use in carpentry, since the resin makes it difficult to
saw and plan, sticking to tools. When heated, the varnish coating may
rise. If you still need to process pine wood, you must tar it. For this,
solvents, acetone, gasoline, alkali solutions, and alcohol substances are
used. Also, pine lumber is divided into grades by the presence of defects
(in particular, knots). For class 1 lumber, up to 40 mm thick, no more
than 3 knots per linear meter are allowed, no more than 1/4 of the size
of the lumber.

The reinforcement material for frames T1, T2, T3, T1A, T3A is ba-
salt-fiber rowing reinforced with Epoxy ED-20, a sort of Epoxy-diane
Resins.

Density of ED-20 is 1166 kg/m? in uncured state. Dynamic vis-
cosity, 13-20 Pa * sec, at (25 £ 0.1) °C. It consists of epoxy groups
(20.0-22.5%), chlorine ion (0.001%), saponified chlorine (0.3%),
hydroxyl groups (1.7%). Of the distinguishing features of the ED-20,
excellent adhesion to wood and does not cause corrosion of materials
in contact with them. As a hardener was used Polyethylenepolyam-
ine. Its density is 0.956-1.011 g / cm?. Bulk prp mixing with epoxy is
10%.

Basalt roving with a fiber thickness of 10 microns and a linear density
of 4800 mg/m, Specific density 2.67 g / cm?. Breaking load is 500-650
mN/Tex.

The result of reinforcement is shown in fig. 2. And the reinforcement
material for frames T1L7, T2L4, T3L3 is reinforced with basalt fabric,
by lamination. The result of reinforcement is shown in fig. 2. Blueprints
of both types of reinforcements are shown on figure 3.

As basalt fabric, was used Basalt fabric TBK-100. The width of the
original canvas 1000mm. The surface density of 190-230 g / m2. Number
of threads 9-11 / cm. Breaking load of 780 N. Thickness 0.19 mm.

11



wwior r o0 rapr

Figure 2. The result of basalt fiber reinforcement (a) and the result of basalt
fabric reinforcement (b)
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Figure 3. The blueprint of basalt fiber reinforcement (a) and the blueprint
of basalt fabric reinforcement (b)

2.2. Method of research

The research methodology is shown in Figure 4. First of all, the most
suitable structural forms for mechanical testing were developed, in this
case, the frames. Then, designs were made, representing the frames of
various types described earlier, as well as digital 3D models, taking into
account the materials used. Then, mechanical tests were carried out, as
well as finite element calculations with preliminary tabular character-
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Figure 4. Research methodology

istics of the materials. After that, comparisons and optimization of the
coeflicients for the calculation model were carried out. And of course,
the final design is calculated.

2.3. Mechanical testing

The loading was carried out continuously with a hydraulic jack at a
speed of 1 kKN/min. The load was measured by an electronic force meter,
deflections were measured using dial indicator. Deflections were mea-
sured in the middle of the span at three points across the width of the
model. Indications were recorded by a camera. The scheme of testing
is shown in fig. 5. Camera record of unloaded and loaded frames are
shown in fig. 6.
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Figure 5. Load scheme (L= 1000 mm; L’= 333 mm; R, = 50 mm; # = 78 mm)
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Figure 6. Unloaded frame (a) and loaded frame (b)
2.4. Finite element testing

Of course, element modeling was carried out in the Ansys software
package, and in the calculation module - static structural. The design
scheme is shown in Figure 7. The loads were set in accordance with the
loads on the test bench.

Figure 7. Design scheme and loads for T3A frame
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3. Results and discussions
3.1. Testing results

The result of mechanical testing of first type of frames (T1,T3,T1A,-
T3A) are provided in figure 8. Results of T2 doesn’t provided, because,
there wasn’t T2A frame. We see that the destruction of the T3 sample
occurs at a load of 5.2 kilonewton, with a deformation of 19 mm, while
the destruction of the T3A sample occurs at a load of 6.4 kilonewton and
a deformation of 24 mm. The destruction of the T1 specimen occurs at
a load of 6.8 kilonewton, with a deformation of 22 mm, while the de-
struction of the T1A specimen occurs at a load of 11.2 kilonewton and a
deformation of 25 mm.

The destruction of the reinforcement wooden frame occurs imme-
diately after the tear of the reinforcing fiber. Samples of destruction are
shown in Figure 9.
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Figure 8. Results of mechanical testing of frames T1,T3,TIA, T3A
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Figure 9. Crack in the bottom of frame (a), and teared reinforcement material (b).
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Figure 10. Results of mechanical testing of frames T1L7,T2L4,T3L3

The result of mechanical testing of second type of frames
(T1L7,T2L4,T3L3) are provided in figure 10. The destruction of the
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T1L7 sample occurs at a load of 16.2 kilonewtons, with a deformation
of 4 mm, the destruction of the T2L4 sample occurs at a load of 18.6
kilonewtons and a deformation of 6 mm, the destruction of the T3L3
specimen at a load of 12.0 kilonewtons and a deformation of 4.2 mm.

3.2. FEM

Finite element modeling of samples T3 (Figure 11) and T3A (Figure
12) were carried out with the corresponding materials. We see that the
maximum deformations approximately correspond to those obtained
during mechanical tests. Deformations 19 and 19.8 for specimen T3,
and 17 and 17.1 for specimen T3A at a load of 5 kilonewtons. This cor-
responds to approximately a tensile yield strength of 20 MPa in the base
material (wood).

a)

Figure 11. Deformations (a) and von-mieses Stress of pure wood frame T3
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3.3. Material Consumption

Bot- Rein-
Frame tom |Lower|Wood | forcing | Max-

Ne Frame cell size roving | lami- | Mass, | material | imum |strength, | Strength
" | name mm | rein- | nated | kilo- | Mass, | load, % per mass
force- | planks|grams| kilo- kN

ment grams

T1 | 100x100 | no no | 6,55 0 6,6 100 1,01
T2 [200x200| no no | 3,64 0 5,6 100 1,54
T3 |300x400| no no 2,43 0 5,2 100 2,14
T1A | 100x100 | yes no | 655 | 0,22 11,2 170 1,65
T3A |300x400 | yes no |243 | 0,08 6,2 119 2,47
TI1L7 | 100x100 | no 13,34 0,17 16,2 245 1,20
T2L4 | 200x200 | no 8,98 0,10 18,4 329 2,03
T3L3 | 300x400 | no 7,28 0,07 12 231 1,63

0|V B W (N [—

WA

4. Conclusion

In this article, the results of mathematical and physical modeling of
structures using combined materials (wood, basalt roving, basalt can-
vas, epoxy) were presented. The research results showed that structures
made of combined materials show increased strength on the influence
of external factors. And thus, we can conclude that the applicability of
these materials and structures for the construction of wooden struc-
tures.
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