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STUDY OF PATTERNS OF TIMBER MOISTURE CHANGES
IN THE PROCESS OF ITS DECAY

Research article

Abstract

The article is devoted to the topical problem of decay of wooden architecture monuments. The article describes the
methodology and results of the experimental study of changes in timber moisture content in the process of decay for samples at
different decay stages. During the research the regularities describing the change in the timber absolute moisture content over
time, as well as the rate and smoothness of the change in the timber absolute moisture content have been obtained. It was found
that the timber absolute moisture content samples not subject to decay varies in a small interval corresponding to the absolute
moisture content of air-dry wood. The timber absolute moisture content of samples in the initial and developed decay stages
increases continuously, and the speed and smoothness of the change in the timber absolute moisture content depends on the
decay stage. The obtained results are prerequisites for early determination of the process of timber decay, allowing to prevent
the destruction of wooden architecture monuments.
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UCCJIEJOBAHUE 3AKOHOMEPHOCTEM U3MEHEHUSA BJIAXKHOCTHU
JIPEBECHUHBI B IPOLIECCE EE THUEHUS

Hayunas ctatbs

AHHOTANMA

Cratpsi TIOCBSIIIEHA aKTyaJbHOW IpoOjeMe THUEHUS NaMATHHKOB IEPEBSHHOTO 30/14ecTBa. B craThe ommchIBaeTCs
METOAMKA U PE3YIbTAThl IKCIEPUMEHTATBHOIO HCCIEJOBAHUS U3MEHEHUS BIAXKHOCTH JIPEBECUHBI B IIpoLEcCce €€ THUEHUS JUIs
00pa3moB, HAXOIAMINXCA Ha Pa3HBIX CTAAMSIX THUEHHUS. B Xome MccienoBaHMS MONy4YeHB 3aKOHOMEPHOCTH, ONMCHIBAIOIINE
W3MEHEHHEe aOCONIOTHON BIAKHOCTH JIPEBECHHBI C TEUEHHEM BPEMEHH, a TaKXe CKOPOCTH M IUIABHOCTH W3MEHEHHS
a0COJIFOTHON BIIAKHOCTH JPEBECHHBI. Y CTAHOBIIEHO, YTO aOCOJIOTHAs BIAXKHOCTh JPEBECHHBI 00PA3IOB HETOABEP KEHHBIX
THUEHUIO BaphUPYETCS B HEOOIBIIOM HMHTEPBAJe, COOTBETCTBYIOIIEM a0CONIOTHON BIAXXHOCTH BO3AYIIHO-CYXOW JPEBECHHBI.
AGcomoTHas BIQKHOCTh JIPEBECHHBI 00PA3IlOB, HAXOAAIIMXCS B HAYAIBHOW M Pa3BUTON CTaJWAX THUEHHS YBEIUYHWBACTCS
HETIPEPHIBHO, IPUYEM CKOPOCTh M IIJIABHOCTh W3MEHEHHs aOCOIIOTHOM BIIAKHOCTH JPEBECHHBI 3aBHCUT OT CTAIMU THHEHHSI.
IlomyueHHble pe3ynbTaThl SABISIOTCS MNPEANOCBUIKAMU sl PAHHErO OMNpPENENICHUs Mpolecca THUEHUS JPEBECUHBI,
MO3BOJISIFOIUME IPEJOTBPATUTH Pa3pylIeHHE NaMSITHUKOB JIEPEBIHHOIO 3014ECTBA.

KaioueBble ciioBa: qpeBecuHa, THHEHNE, IepEBOPa3pyLIAOIINe TPUOBI, BIAXKHOCTb IPEBECHHBI, TAMSITHUKH JICPEBSIHHOTO
30/14€CTBA, YIIIEBOJHBII TUAPOIN3, CTAAUN THUEHUS IPEBECUHBI.

1. Introduction

In the process of operation, wooden architecture monuments are subjected to decay, which causes their destruction,
leading to significant material losses, and may cause their partial or complete loss as objects of cultural heritage [1].
Currently, to identify the decay process of monuments of wooden architecture methods of external inspection of their
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wooden structures are used [2], [3]. These methods include visual inspection of the interior of wooden architecture
monuments, special attention is paid to such rooms as ground floors, attics, areas of possible leakage of atmospheric moisture.
Avreas affected by decay are determined by changes in color and structure of timber [4], [5]. The disadvantage of these methods
is that the color of timber changes only at the end of the initial or developed decay stages. In connection with this, these
methods allow you to identify the decay process only with a significant lesion of timber structures, which is a significant
problem to be solved.

Timber decay is caused by the activity of wood-destroying fungi [6], [7]. Wood-destroying fungi secrete special enzymes,
under the action of which timber decomposition occurs, described by the formula [8], [9]:

C6H1005 + 602 — 6CO2 + SH20.

Thus, during the process of timber decay, water release occurs, and, consequently, the timber moisture content is
constantly increasing. In this regard, we can assume that the increase in timber moisture content is an indicator of the
emergence of the process of timber decay, allowing you to identify this process at the beginning of its inception. This proposal
is a hypothesis of the research. In order to verify the hypothesis it is necessary to study the patterns of change in the timber
moisture content during the decay process.

The purpose of the research is to study the patterns of change in the timber moisture content of wooden architecture
monuments in the process of its decay.

2. Methods

To measure timber moisture content, temperature and air moisture, special devices consisting of: 1 — digital timber
absolute moisture content sensors LM393 (measuring range 8.8 to 54.8 %, measuring accuracy + 1 %), 2 — digital temperature
and air relative moisture sensors GY-SHT31-D (measuring range —40 to 125 °C, measuring accuracy + 0.01 °C, measurement
range of air relative moisture 0 to 100 %, the accuracy of air relative moisture 0.01 %), 3 — controllers with integrated Wi-Fi
module (ESP32 DevKit V1 30pin), 4 — power supplies (or storage batteries) and a number of accessories (Figure 1). The Testo
606-2 moisture meter (measuring range from 8.8 to 54.8 %, measuring accuracy + 1 %) was used for calibration of timber
absolute moisture content sensors and control of measured timber absolute moisture content values (Figure 2).
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Fig. 1 — Instrument for measuring timber moisture content, temperature and air moisture:
1 — digital timber absolute moisture content sensors LM393; 2 — digital temperature and air relative moisture sensors GY -
SHT31-D; 3 - controllers with integrated Wi-Fi module (ESP32 DevKit V1 30pin),
4 — power supplies (or storage batteries) and a number of accessories
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Fig. 2 - Measring the timber absolute moisture content with a moisture meter Testo 606-2

The principle of operation of the devices is as follows: sensors 1 and 2 continuously measure data on timber moisture
content, temperature and air moisture and transmit them to the controllers 3, which store these data and transmit them to the
computer via a local Wi-Fi network at a certain interval.

Samples of structural elements of wooden architecture monuments with different timber decay stages were chosen as
objects of research (Figure 3): 1) no decay (samples No. 1, 5, 7), 2) the initial decay stage (samples No. 2, 6, 8); 3) the
developed decay stage (samples No. 3, 4, 9).

Fig.3-A number of samples of structural elements of wooden architecture monuments

During the research, on each sample of structural elements of wooden architecture monuments were installed
manufactured devices that continuously measured and stored the values of timber absolute moisture content, temperature and
relative air moisture for 2 months and transmitted the measured data to the computer via a local Wi-Fi network.

3. Results

During the research, we obtained data on the timber absolute moisture content, temperature and relative air moisture for
three groups of samples with different decay stages. The obtained data were processed using generally accepted methods of
mathematical statistics. The results are presented in the graph (Figure 4).
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Fig. 4 — The graph of changes in the timber absolute moisture content over time

Air temperature during the research ranged from 21.31 to 28.23 °C. Air moisture varied in the range from 40.66 to

55.07 %.

Analysis of the results presented in Figure 4 shows that the timber absolute moisture content samples No. 1, 5 and 7 (no
decay) throughout the research changes slightly in the range from 18.4 to 19.6 %, which corresponds to the absolute moisture
content of air-dry timber. Timber absolute moisture content samples No. 2, 6 and 8 (the initial decay stage) during the research
continuously grows from 21.9 to 32.5 %. By the end of the research the growth was 48 %. Timber absolute moisture content of
samples No. 3, 4 and 9 (the developed decay stage) during the research also grew continuously from 28.5 to 54.6 %. By the

end of the research the growth was 92 %.

The results presented in Figure 4 can be approximated by dependencies characterizing the relationship between the timber

absolute moisture content (W) and the duration of the decay process (t):
— the initial decay stage

W=0.16 - t + 22.89,

(approximation reliability R? = 0.970);
— the developed decay stage

W=-0.01"-t+0.61 - t+ 32.86,

(approximation reliability R? = 0.964).

The rate of change in the timber absolute moisture content can be determined as follows:

. AW
Wy = lim —
At—0 At

_dw

dt
Then, the rate of change in the timber absolute moisture content, is equal:
— the initial decay stage

_dW _ d(0.16-t +22.89)

=0.16 %/ day;
dt dt

w

— the developed decay stage

_dw _ d(-0.01-t* +0.61-t+32,86)
dt dt

W

—0.02-t+0.61 % / day.

The smoothness of the change in the timber absolute moisture content can be determined as follows:

AV dV
= lim =W =W
B At—0 At dt
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Then, the smoothness of the change in the timber absolute moisture content, is equal:
— the initial decay stage

:M:m:o % / day?;
dt dt
— the developed decay stage

dViy  d(-0.02-t+0.61)
dt dt

ay = -0.02 % / day?.

The results are consistent with the ideas known from the literature about the timber decay process [10], [11], [12].
4. Conclusion

The analysis of the results allows us to draw the following conclusions:

1) Timber absolute moisture content samples not subject to decay changes insignificantly, and the value corresponds to the
absolute moisture content of air-dry wood,;

2) Timber absolute moisture content samples exposed to decay in the initial and developed stages continuously increases;

3) Timber absolute moisture content samples exposed to decay at the initial stage increases gradually at a constant rate of
0.16 % / day. The change in the timber absolute moisture content can be described by the equation W =0.16 - t + 22.89.

4) Timber absolute moisture content samples subjected to decay in the developed stage increases intensively. Moreover,
the rate of change in the timber absolute moisture content slows down and the smoothness of the slowing down is 0.02 % /
day2. Change of timber absolute moisture content can be described by the equation W = -0.01 - t2 + 0.61 - t + 32.86.

5) The results of the research confirm the validity of the hypothesis that the change in timber moisture content is an
indicator of the occurrence of the process of timber decay, allowing to identify this process in the beginning of its genesis. The
obtained results are prerequisites for the early determination of the process of timber decay, allowing to prevent the destruction
of wooden architecture monuments.

Acknowledgement Baaronapuoctn
The research described in this publication was made Hccnenosanue, OMHUCAHHOE B JaHHOM ITyOJMKAIWH,
possible in part by R&D Support Program for undergraduate  crtago BO3MOXHBIM B TOM uwmciie Onaromapst IIporpamme
and graduate students of PetrSU, funded by the Government mommepxku HUOKP crymentoB u acmupantoB Iletpl'V,
of the Republic of Karelia. ¢unancupyemoii [IpaBurenscrBom Pecriyomuku Kapenusi.

Conflict of Interest Konduaukr unrepecos

None declared. He yxkaszas.

References

1. Straze A. Changes in Physical Properties of Oak Wood From Historical Constructions During Service Life / A. Straze,
M. Dremelj, E. Zveplan et al. // Les/Wood. — 2018. — Vol. 67. — No. 1. — P. 5-14. — DOI: 10.26614/les-w00d.2018.v67n01a01

2. Kucrepnas M. B. CuctemMa KOMIUIEKCHOTO IPOQHIAKTHYECKOTO O0CITYKHBAHUS MMaMATHUKOB JIEPEBSIHHOTO 30/{4ECTBA!
Hay4YHO-MeToquueckue pexkomernaanuu / M. B. Kuctepnast, A. 1O. Jlrooumies. — [Terpo3aBock : M3garenbCckuii EHTP My3esi-
3anoBeguuka «Kmkun», 2016. — 70 c.

3. CrporanoB B. ®@. buomoBpexneHne ApeBeCHBIX MaTepuanoB M KoHcTpykiuii / B. @. Crporanos, B. A. Boiuyk,
E. B. Caranees // 3Bectust KazaHckoro rocy1apcTBEHHOTO apXHTEKTYPHO-CTPOUTENbHOTO YHUBepeuTeTa. — 2014, — Ne 2 (28).
—C. 185-193.

4. Kononos I'. H. Mukosu3 npeBecrHbI, €ro NpoIyKThl 1 UX Hcroib3oBanue. |l. buomoro-mopdonornueckue nporeccs
MHKOJIOTHYEeCKOTO paspyiueHus apesecunsl / . H. Kononos, A. H. Bepeskun, 0. B. CeparoxoBa u ap. // JlecHolt BecTHHK
(Forestry Bulletin). — 2020. — T. 24. — Ne 5. — C. 89-96.

5. Pokrovskaya E. N. Survey of the Designs of Wooden Architectural Monuments / E. N. Pokrovskaya // IOP Conference
Series Materials Science and Engineering. — 2020. — Ne 728 (1). — Pp. 012003. — DOI: 10.1088/1757-899X/728/1/012003

6. Gavrilov T. A. The Influence of Natural and Climatic Factors on the Process of Biodegradation of Timber /
T. A. Gavrilov T. B. Stankevich, // Journal of Agriculture and Environment. — 2022. — Ne 5 (25). — P. 1-6. — DOI:
10.23649/jae.2022.5.25.01

7. CepoBa T. A. XuMudeckuii MeTOI OIIEHKH CTETICHH OHMOAETpajaliil JAPEBECHHBI KOHCTPYKTHBHBIX 3JEMEHTOB /
T. A. CepoBa, 10. A. Turosa, }O0. JI. Ulenun // Magazine of Civil Engineering. — 2014. — Ne 3. — C. 77-89. — DOI:
10.5862/MCE.47.9

8. Kucrepnas M. B. Meroayka MOHUTOpHHTa OHOJIOTHYECKHUX BpeauTenel ucropuuyeckux nocrpoek / M. B. Kucrepnas,
B. A. KosmoB // CucremHbli moaxox K COXpPaHEHHMIO TAMSITHUKOB  JiepeBstHHOro 3oxadectBa.  URL:
https://kizhi.karelia.ru/library/sistemnyij-podhod-2017/1784.html (mata obpamenus: 01.10.2022).



Journal of Agriculture and Environment 8 (28) 2022

9. BepeBkun A. H. buonerpamamms npeBecuHbl (EpPMEHTHBIMH KOMIUIEKCAMH J€pEBOPa3pyIIAOIMX I'pHOOB /
A. H. Bepeskun, I'. H. Kononos, 0. B. Cepatoxosa u np.// Jlecuoit Bectauk (Forestry Bulletin). — 2019. — T. 23. — Ne 5.
C. 95-100.

10. JIro0apckuii JI. B. JepeBopaspymatomue rpudsl Jlanpaero Bocrtoka / JI. B. Jlrobapckwmii, JI. H. Bacunbesa.
Hosocubupck : U3znarensctBo «Hayka» Cubupckoe otnenenue, 1975. — 161 c.

11. Zabel R. Wood Microbiology. Decay and Its Prevention / R. Zabel, J. Morrell. — Academic Press, 2020. — 576 p. —
DOI: 10.1016/C2018-0-05117-8

12. Tpytesko B. B. AOuormueckne u Owonormueckre (akTOPHI, BIUAIOMIME Ha pa3pylIeHWE APEBECHHBI B IEPHOJ
skcruryartarun / B. B. TpyTeko, U. K. boxenko, B. b. Cronkos // Tpynet BI'TY. — 2015. — Ne 2. — C. 152-157.

References in English

1. Straze A. Changes in Physical Properties of Oak Wood From Historical Constructions During Service Life / A. Straze,
M. Dremelj, E. Zveplan et al. // Les/Wood. — 2018. — Vol. 67. — No. 1. — P. 5-14. — DOI: 10.26614/les-wo0d.2018.v67n01a01

2. Kisternaya M. V. Sistema kompleksnogo profilakticheskogo obsluzhivaniya pamyatnikov derevyannogo zodchestva:
nauchno-metodicheskie rekomendatsii [System of complex preventive maintenance of wooden architecture monuments:
scientific and methodological recommendations] / M. V. Kisternaya, A. Yu. Lyubimtsev. — Petrozavodsk : lzdatel'skiy tsentr
muzeya-zapovednika «Kizhi», 2016. — 70 p. [in Russian]

3. Stroganov V. F. Biopovrezhdenie drevesnyh materialov i konstrukcij [Biodeterioration of wooden materials and
structures] / V. F. Stroganov, V. A. Boichuk, E. V. Sagadeev // lzvestiya Kazanskogo gosudarstvennogo arhitekturno-
stroitel'nogo universiteta [News of the Kazan State University of Architecture and Engineering]. —2014. — Ne 2 (28). — P. 185-
193. [in Russian]

4, Kononov G. N. Mikoliz drevesiny, ego produkty i ih ispol'zovanie. Il. Biologo-morfologicheskie processy
mikologicheskogo razrusheniya drevesiny [Mycolysis of wood, its products and their use. Il. Biological and morphological
rocesses of mycological destruction of wood] / G. N. Kononov, A. N. Verevkin, Yu. V. Serdyukova et al. // Lesnoj vestnik
[Forestry Bulletin]. —2020. — No. 24. — Ne 5. — P. 89-96. [in Russian]

5. Pokrovskaya E. N. Survey of the Designs of Wooden Architectural Monuments / E. N. Pokrovskaya // IOP Conference
Series Materials Science and Engineering. — 2020. — Ne 728 (1). — Pp. 012003. — DOI: 10.1088/1757-899X/728/1/012003

6. Gavrilov T. A. The Influence of Natural and Climatic Factors on the Process of Biodegradation of Timber /
T. A. Gavrilov, T. B. Stankevich // Journal of Agriculture and Environment. — 2022. — Ne 5 (25). — P. 1-6. — DOI:
10.23649/jae.2022.5.25.01

7. Serova T. A. Himicheskij metod ocenki stepeni biodegradacii drevesiny konstruktivnyh elementov [Chemical method of
assessing the degree of biodegradation of wooden structural elements] / T. A. Serova, J. A. Titova, J. D. Shenin // Magazine of
Civil Engineering. — 2014. — Ne 3. — P. 77-89. [in Russian]

8. Kisternaya M. V. Metodika monitoringa biologicheskikh vrediteley istoricheskikh postroek [Methods of monitoring
biological pests of historical buildings] / M. V. Kisternaya, V. A. Kozlov // Sistemnyy podkhod k sokhraneniyu pamyatnikov
derevyannogo zodchestva [A systematic approach to the preservation of monuments of wooden architecture]. — URL:
https://kizhi.karelia.ru/library/sistemnyij-podhod-2017/1784.html (acessed: 01.10.2022). [in Russian]

9. Verevkin A. N. Biodegradatsiya drevesiny fermentnymi kompleksami derevorazrushayushchikh gribov [Biodegradation
of wood by wood-destroying fungi enzyme complexes] / A. N. Verevkin, G. N. Kononov, Ju. V. Serdyukova et al. // Lesnoy
vestnik [Forestry Bulletin]. — 2019. — No. 23. — Ne 5. — P. 95-100. [in Russian]

10. Lyubarsky L. V. Derevorazrushayushchie griby Dal'nego Vostoka [Wood-destroying mushrooms of the Far East] /
L. V. Lyubarsky, L. N. Vasilyeva. — Novosibirsk : Publishing «Nauka» Siberian branch, 1975. — 161 p. [in Russian]

11. Zabel R. Wood Microbiology. Decay and Its Prevention / R. Zabel, J. Morrell. — Academic Press, 2020. — 576 p. —
DOI: 10.1016/C2018-0-05117-8

12. Trutko V. V. Abioticheskie i biologicheskie faktory, vliyayushchie na razrushenie drevesiny v period ekspluatacii
[Abiotic and biological factors affecting the destruction of wood during operation] / V. V. Trutko, I. K. Bozhelko,
V. B. Snopkov // Trudy BGTU [Proceedings of BSTU]. — 2015. — Ne 2. — P. 152-157. [in Russian]



