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Abstract

Introduction. Due to the high volumes of lumber production in the Russian Federation, there is an issue of recycling used
band saw blades (UBSB) with a service life of 20-500 hours. A way to tackle the problem at hand is to make use of
UBSB as a reinforcement material for wood elements. This solution also contributes to a reduction in the cost of such
structures by making a reinforcement material more affordable to purchase. This study focuses on investigating the ad-
hesive strength of a UBSB-wood bond.

Materials and Methods. Studies of the adhesive strength of a “wood-reinforcement” adhesive joint have been a compar-
ative analysis of the test results of samples with the inclusion of UBSB, as well as rods of a steel and composite reinforce-
ment. Reinforcement elements were glued into pine wood blanks with an adhesive composition based on epoxy resin
ED-20 (a hardener is polyethylene polyamine, a filler is quartz sand, a plasticizer is dibutyl phthalate). The tests were
conducted by means of pulling out using the REM-100 machine at a speed of 5 mm/min. Statistical processing of the
experimental results included the calculation of the average value of the destructive load for each group of the samples,
as well as the variance, standard deviation, and coefficient of variation.

Research Results. The wooden samples with glued reinforcement bars showed a high strength of the wood-reinforcement
joint which was close to the samples with a steel reinforcement with a difference of about 4% and was considerably
beyond the strength of the samples with a composite reinforcement — up to 20%.

Discussion and Conclusion. The adhesive joint of wood with reinforcing elements made of reinforced concrete has a
sufficiently high adhesive strength which was close to that of the samples with a steel reinforcement. Hence the use of
UBSB as a material for reinforcing wooden elements and structures is an appropriate and efficient way of enhancing the
performance of load-bearing structures made of wood. On top of that, such a solution would tackle the problem of the
disposal of reinforced concrete, as well as to a degree reduce the cost of reinforced wooden structures (RWSs) "in action"
due to the low cost of a reinforcing material.
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AHHOTAIIMA

Beeoenue. B cBsi3u ¢ BRICOKUMU 00beMaMHu IPOU3BOJICTBA MHUIIOMAaTepralioB B Poccuiickoit denepaiiuu BO3HUKACT MPO-
OJieMa Mo YTUIIM3aIUH OTPaOOTaHHBIX MOJI0TeH JIeHTOUHBIX v (OIJIIT), cpok ciryx0b1 KoTOpbIX cocTanseT 20—500 ua-
coB. OmHIM H3 c1oco00B e pemeHus sBisieTcsa ucrnons3oBanne OITJII] B kauecTBe MaTepuaia Jjs apMHPOBAHHUS dJIe-
MEHTOB U3 JPEBECHHEL. Takoe pemieHne CIOCOOCTBYET CHIDKCHHIO CTOMMOCTH «B J€Je» TaKMX KOHCTPYKIHIl 3a Cuér
YACIIeBICHHUS apMHUPYIOIIEro Mareprana. Hactosmas paboTa mocBsIeHa NCCISIOBAHNIO aiT€3HOHHOM MPOYHOCTH KIIe-
esoro coenuaenus OIIII ¢ npeBecHHOM.

Mamepuanot u memoowi. VlccienoBanus aAre3MBHON NPOYHOCTH KJIEEBOIO COEAUHEHUS «IpEBECUHA—AapMaTypay Mpe-
CTaBJISUTH COOOM CPaBHUTEIBHBIN aHATH3 PE3yJIbTATOB UCIBITaHUS 00pa3sioB ¢ BkitodeHueM OIJIIL, a Taxke cTepskHei
CTaJIbHOU U KOMITO3UTHOW apMaTypbl. ApMHUPYIOIIUE JICMCHThI ObLTH BKJICCHBI B 3arOTOBKH U3 IPEBECUHBI COCHBI C MTPH-
MEHEHHUEM KIIeeBOI KOMIIO3UIIMH Ha OCHOBE SMOKCUIHON cMOItbl D/]-20 (oTBepauTeNIb — MOJUATHIEHIIONUAMUH, HATIOJI-
HUTEIh — KBapIIEBbIH MeCOK, miacTudukaTop — audyTtuidtanat). VICTbITaHNS BBIMOIHSINCH HA BBIIEPTHBAHUE C T10-
Moo Manuael POM-100 npu ckopoctu 5 MM/MuH. CTatrcTHUecKas 00pabOTKa pPe3yIbTaTOB IKCICPHUMEHTA BKITIO-
gaja pacdeT CpeJHET0 3HAYCHHs pa3pylIarolledl Harpy3KH IUId KaXKIOW TPYIIBI 00pasIoB, a TakKe AUCICPCHH, CTaH-
JAPTHOTO OTKJIOHEHHS U KOA((HUIIIEHTa BapHAIIHH.

Pe3ynomamut uccnedosanus. Jlepesiaabie 00pasiml ¢ BireeHHbIME OITJITT mokasamy BEICOKYIO POYHOCTH COCTUHEHHS
«IpeBecHHa—apMaTypay, OJIH3KY0 K 00pas3IiaM co CTaIbHOH apMaTypoii ¢ pa3HHIIei 3HaueHIH 0K0II0 4 % ¥ 3HAYUTEITHHO
MIPEBBIIAIONTY0 TPOYHOCTH 00PA3LOB ¢ KOMIIO3UTHOW apMatypoiit — 110 20%.

Odcyscoenue u 3axnouenue. Kieeroe coeIMHCHNE APEBECHHBI ¢ apMupyromumu dneMerTamu w3 O obnamaer nocta-
TOYHO BBICOKOW aJre3MOHHOM MPOYHOCTHIO, OJIM3KOW K MPOYHOCTH 00PA3IOB CO CTaIbHOW apMmarypoil. Takum oOpazom,
ucnons3oBanue OIUIII B kauecTBe MaTepHaia AJIsl apMUPOBAHUS JIEPEBSIHHBIX JIEMEHTOB M KOHCTPYKLIUII SBJIseTCA IieTie-
c000pa3HbIM 1 () (HEKTHUBHBIM CITOCOOOM MOBBINICHUS SKCIUTYaTAIIMOHHBIX KAYECTB HECYIIUX KOHCTPYKIIMNA U3 IPCBECHHBI.
Kpome Toro, Takoe perieHre Mo3BOJIUT PemnTh pobaemy mo yrunuzanuu OIJII, a Takke HeCKOJIbKO CHU3UTh CTOUMOCTh
apMHUPOBaHHBIX JIepeBSHHBIX KoHCTpyKImi (AJIK) «B neney» 3a cu€t HI3KOH CTOMMOCTH apMHUPYIOIIETO MaTepraa.

KiaroueBble ciioBa: 0Tpa60TaHHLIe JICHTOYHBIC MHJIbI, apMUPOBAHUC APEBCCUHDBI, aArC3UBHAsA IIPOYHOCTb, 3HOKCI/IZ[HBIﬁ
Kﬂeﬁ, JACPCBAHHBIC KOHCTPYKIUH, YTUIIN3AllUA OTXO40B

BaarogapHocT. ABTOpBI BRIPAKAIOT OJIArOAapHOCTh PELICH3EHTaM, Ybsi KPUTHUECKAs OLIEHKA TPEICTABICHHBIX MaTepHa-
JIOB U BBICKa3aHHBIE MPEIOKEHHS 110 UX COBEPIICHCTBOBAHHIO CIIOCOOCTBOBAIIU 3HAYUTEILHOMY OBBIIICHHIO KAa4eCTBa
HACTOSIIIEH cTaThi. ABTOPBI OJaroIapsAT pyKOBOACTBO Ja00OpaToOpuu 3a MpeI0CcTaBICHHOE 000pyI0BaHUE JJISI UCTIHITAHUH.

Jas umtupoBanus: MscuaukoB J1.0., Periun B.A., Pomuna C.M. Aare3uBHasi pOYHOCTD KJIEEBOTO COSIMHEHUS JIpeBe-

CHHBI C apMaTypOii U3 OTPabOTAHHBIX MOJIOTEH JIEHTOUYHBIX UIl. Cogpementbie meHOeHYuY 6 CMpOUmenbCmee, 2pado-
cmpoumenvcmee u naanuposke meppumopuil. 2025;4(4):61-68. https://doi.org/10.23947/2949-1835-2025-4-4-61-68

Introduction. The use of industrial waste for manufacturing reliable building structures is a trend in construction
industry development regarding promoting environmental protection and environmental conservation [1]. In the Russian
Federation, lumber production is accompanied by industrial waste accumulation, including used band saw blades with
their service life limited to 20-500 hours with no recycling technologies in place [2]. The use of reinforced concrete as a
material for reinforcing wood elements would tackle the problem of utilizing reinforced concrete, in addition, the cost of
such structures "in action" would be lower due to a reduction in the cost of reinforcing material. It was noted in [3, 4] that
reinforcement of wooden structures helps to increase their strength and rigidity, allows up to a 30% reduction in wood
consumption and installation weight, the use of lower grades of wood, etc., which will enable a considerable reduction in
the cost of building structures made of wood "in action" [5].

This study is dedicated to developing a method for reinforcing wooden structures (RWSs) using UBSB by examining
the adhesive strength of the adhesive joint of such reinforcing elements with wood [6].

The scientific novelty of the work is a new method of reinforcing elements made of wood, the results of experimental
studies of the adhesive strength of the wood-reinforcement joint using UBSB compared with reinforcing materials made
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of steel and composite reinforcement rods [7]. The aim of the work is to evaluate the adhesive strength of the
wood-UBSB adhesive joint in comparison with the other types of reinforcement, such as steel and composite as well as
to identify the degree of suitability of UBSB for manufacturing RWSs [8].

Materials and Methods. As part of the study, the adhesive strength of the wood-reinforcement joint was analyzed
for three types of reinforcing materials:

— band saw blade with a cross-section of 1.2x25.6 mm and a variable tooth pitch of 10/14;

— steel reinforcement of a periodic profile with a nominal diameter of 8 mm;

— composite reinforcement of a periodic profile with a nominal diameter of 8 mm.  Pulling tests were conducted on
wooden blanks made of common pine wood with a cross-section of 50x50 mm [9].

Sample preparation. Three groups of samples (five models in each group) were produced with the following types of
glued reinforcement elements (Fig. 1) [10]:

1. Bimetallic canvases (UBSB) with a cross section of 1.2x25.6 mm and a length of 200 mm (sample brand:
BAP-1-BAP-5);

2. Steel reinforcement rods of periodic profile according to GOST 34028-2016 "Rolled Reinforcement for Reinforced
Concrete Structures" with a diameter of 8 mm and a length of 200 mm (sample grade: BAD-01-BAD-05);

3. Rods of composite reinforcement according to GOST 31938-2022 "Composite Polymer Reinforcement for Rein-
forcing Concrete Structures™ with a diameter of 8 mm and a length of 200 mm (sample grade: BAD-31-BAD-35).
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Fig. 1. Diagram of the samples with glued reinforcing elements:
a — composite, steel reinforcement; b — used band saw blades

The grooves in the wooden parts of the samples for gluing the struts were made of a rectangular shape with a depth
of 3.7 mm and a width of 30.6 mm using a groove cutter with a diameter of 10 mm on a Makita 3612C milling cutter
at 30,000 rpm [11]. For gluing the steel and composite reinforcement rods, blind holes with a diameter of 13 mm and
a depth of 80 mm were arranged in wooden blanks [12].

UBSB canvases were subjected to mechanical treatment in order to remove the galvanic layer and roughen their sur-
face for improving adhesion to the adhesive joint [13].

The adhesive composition had the following composition [14]: ED-20 epoxy resin (100 parts by weight), polyethylene
polyamine (12 parts by weight), quartz sand (300 parts by weight) and dibutyl phthalate (20 parts by weight) [15]. The
adhesive mass was kneaded in an Overhead stirrer PE-8300 blender at 300 rpm for 5 minutes [16]; applied to wooden blanks
with a syringe (150 mm?) or a spatula with a flow rate of 0.2 kg/m; curing was provided at 24°C for 12 hours (Fig. 2).

Testing methodology. Pulling tests were carried out on a REM-100 machine at a loading speed of 5 mm/min [17].
The destruction of the sample was an event where the reinforcing element was completely or partially pulled out of the
wooden part of the sample (Fig. 3). The value of the destructive load was recorded automatically by means of the bursting
equipment [18].
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c)
Fig. 2. Finished samples with glued reinforcing elements:
a — composite reinforcement; b — steel reinforcement; ¢ — used band saw blades
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Fig. 3. Scheme of the pulling tests on the REM-100 machine with the samples:
a — used band saw blades; b — steel reinforcement; ¢ — composite reinforcement
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Research Results. The main results of the experimental studies were the values of the destructive loads of the samples.
The experimental results were processed by means of mathematical statistics elements [19]. The following statistical
characteristics were calculated within each group of the samples: mean (x), variance (g), standard deviation (), coefficient
of variation (CV) and minimum strength (M) shown in Table 1.

Table 1
Characteristics of statistical processing of the test data
Material Loads, kN x, kN g, kN? o, kKN CV, % M, kN
Band saw blades 11'26152_'%11‘?'8; 11.18 0.4319 0.657 5.88 10.52
Composite .Q 700
reinforcement 9.5,8.7,90; 8.96 0.2830 0.532 5.94 8.43
_ 8.2;9.4
(d=8mm)
Steel reinforcement | 12.3; 10.2; 10.8;
(d =8 mm) 12.4: 12,5 11.64 1.1265 1.061 9.12 10.58

Fig. 4 shows a diagram of the values of destructive loads for the samples. The results are indicative of a high reliability
of the data enabling one to quantify the mechanical characteristics of the tested samples [20].
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Fig. 4. Test results (the results of the average destructive load values are displayed in a brighter color)

UBSB joints with wood show a high adhesive strength (11.18 kN, CV = 5.88%) comparable to steel reinforcement
(11.64 kN, CV = 9.12%) and superior to composite one (8.96 kN, CV =5.94%) [21]. The stability of the joints is due to
the mechanical treatment of the surface of the baldes, which increases adhesion to the adhesive [22]. The destruction
occurred on the wood confirming the reliability of the adhesive joint [23].

Table 2
Comparative results of the average destructive load values
Band saw blades Composite reinforcement Steel reinforcement
(d =8 mm) (d =8 mm)

Average load x, KN 11.18 8.960 11.640
Ratio of the values

. . 1.00 0.801 1.041

in proportions

Discussion and Conclusion. Wooden samples with glued-in used band saw blades showed a high strength of the
wood-reinforcement joint, close to the samples with a steel reinforcement with a difference of about 4% and considerably
beyond the strength of samples with a composite reinforcement — up to 20%.
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__________________________________________________________________________________________________________________________________________________________________________________________]

In spite of the fact that the samples with a steel reinforcement showed the highest strength, its variability (CV = 9.12%)
calls for quality control of wood and adhesive joint [25]. In turn, the samples with a composite reinforcement are inferior
in their strength to those with reinforced concrete due to the lower roughness of its surface [25].

The reliability of the data was ensured by a strict adherence to the rules and technology of testing and high-quality
operation of the equipment being used. It is to be noted that in order to reliably adhere the surface of the wall to the
adhesive layer, there was preliminary preparation, i.e., mechanical processing for removing the galvanic layer and at the
same time to roughen it.

The use of solid waste for reinforcement of wooden elements of load-bearing structures allows for a reduction in the
cost of solid waste disposal, as well in that of RWSs "in action". The suggested method of reinforcing wooden structures
with the use of reinforced concrete has prospects to be implemented in producing light wood-based building structures.

All of the above is indicative of the fact that reinforced concrete structures are quite suitable for reinforcing load-
bearing elements made of wood, but in order to completely evaluate the efficiency of such a solution, it is essential to
investigate the stress-strain of wooden structures reinforced with UBSB.
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