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Hayionanenuil ynigepcumem 600H020 20Cn00apcmea ma npupoOOKOPUCTLY 8AHHS’

HAMPYKEHO-IE®OPMOBAHUI CTAH 3TrTHAJIbHUX JIEPEB’SIHUX EJIEMEHTIB B
YMOBAX BIIVIMBY ATPECUBHOI'O KUCJIOTHOI'O CEPEJJOBHUIIIA 3 BPAXYBAHHAM
HOBHUX JIAT'PAM JE®OPMYBAHHSA MATEPIAJY

Ilposedeno ananiz nimepamypuux o0icepen w000 MEmOOUK DPO3PAXYHKY 32UHAIbHUX O0€Pe6’AHUX eleMeHmie 3
6PAXYBAHHAM (PAKMOPY aA2PeCu6HO20 KUCIOMHO020 cepedosuuia. Buseneno, wjo npakmuuno eiocymui memoouxu po3paxynky
elleMenmie 3a makux ymoe excmnayamauii. Bcmanoeneno peanvhuit nanpysiceno-oegpopmosanuit cmamn 32uHAILHOZO
0epes’aH0z0 elemMenma 3 8paxyeanHaAM Oii HA HbOZ0 AZPECUBHO20 KUCIIOMHO20 Cepedosumia 3 @pAXy8aHHAM OiliCHUX
MeXaHiuHUX enacmueocmeli mamepiany ma meopii mMexaniku oegopmienozo meepoozo mina. B nodanvuiomy neooxiono
PO3POOUmMU MemOOUKY PO3PAXYHKY MAKUX e1eMeHmi6 3a il azpecu8Ho20 KUCI0mMHO20 cepedosuuya.

Knrouogi cnoea: Jlepesuna, miynicms, Oegopmignicmov, Hanpysiceno-oeopmosanuii cman, KUCIomHe cepedosuiye,
32UHATLHULL eleMeHn.

0. V. Vereshko, S.S. Homon

THE STRESSED AND DEFORMED STATE OF BENDING WOODEN ELEMENTS
UNDER INFLUENCE OF AN AGGRESSIVE ACID ENVIRONMENT TAKING INTO
ACCOUNT COMPLETE DIAGRAMS OF THE DEFORMATION MATERIAL

Wood can be subjected to various aggressive influences, including acidic ones. Various materials, including wood, can
experience such effects at enterprises of the food and chemical industries and many others. It is more chemically resistant
compared to metal, concrete and reinforced concrete. One of the most widespread are bending wooden elements and
structures that can work under such operating conditions. Currently, the influence of an acidic environment on such elements
is insufficiently studied, and the methods of calculation under such operating conditions, which take into account the actual
mechanical properties of the material, are not fully presented.

An analysis of literary sources on calculation methods of bending wooden elements taking into account the factor of
aggressive acidic environment was carried out. It was found that there are practically no methods for calculating elements
under such operating conditions.

The main tool for creating a model of the operation of a bending element in an aggressive acid environment is the
following prerequisites:

- all necessary equilibrium equations that arise in the cross-section of the bending element;

- deformation occurs according to a linear law;

- the use of true functions of the full deformation diagrams of the compressed and stretched zones of the element.

Therefore, we will analyze the work of such an element in the following sequence:

- it is necessary to determine the strength of the bending element and establish the main factors affecting it;

- to propose a general method for determining the stiffness of an element and also to establish the factors that
influence it.

- to develop calculation methods for comparing the bearing capacity and stiffness of wooden bending elements.

The actual stress-strain state of a bending wooden element is established, taking into account the action of an
aggressive acid medium on it, taking into account the actual mechanical properties of the material and the theories of the
mechanics of a deformable solid body.

In the future, it is necessary to develop a methodology for calculating such elements under the action of an aggressive
acid environment.

Key words: Wood, strength, deformability, stressed-deformed state, acidic environment, bending element.

IMocranoBka mpodaemu. [lepeBrHa — 11 MIHHAN NPUPOTHUIA MaTepial, sIKUi BUKOPUCTOBYETHCS
SK y TIOBCSIKACHHOMY JKUTTI, TaK 1 B Pi3HUX rally3sX HApOJHOTO FOCHOAAPCTBA. 3 KOKHHUM POKOM 3aIlach
JIEPEeBUHU y CBITI CKOPOYYIOTBCA. TOoMy HEOOXiHO palmioHaIIEHO BUKOPHCTOBYBAaTH HAsBHI MOPOAH
nepeBuHU. 3 iHIIOrO OOKy JepeBHHA MOXKE 3a3HAaBAaTH PI3HUX arpeCMBHUX BIUIMBIB, B TOMY YHCHI 1
KHCIOTHUX. TakuxX BIUIMBIB Pi3HI Marepiaid, B TOMY 4YHCII 1 JepeBHHA, MOXYTh 3a3HaBaTH Ha
MiIPUEMCTBAX Xap4OBOi Ta XiMIYHOI TPOMHUCIIOBOCTI Ta 0araro iHmuxX. BoHa € OUTBII XiMIYHO CTIHKOIO y
MOPIBHSHHI 3 MeTalioM, O€TOHOM Ta 3aii300eToHOM. OJHMM 13 HAHOUIBII PO3MOBCIOUKYBAHUX €
3TUHAJIbHI JIepeB’sHI €JIEMEHTH Ta KOHCTPYKIIii, sIKi MOXYTh MpAIOBATH 32 TAKKX YMOB eKciutyaranii. Ha
JaHWA Yac HEAOCTATHHO BUBYCHUH BIUIMB KHCIOTHOTO CEPEIOBHINA Ha TaKi €JIEMEHTH Ta HE B TIOBHIN Mipi
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MPEJICTARJICHI METOJMKH PO3PaXyHKY 3a TAaKMX YMOB €KCILIyaTallil, 1[0 BPaxOBYIOTh JIMCHI MeXaHI4Hi
BIIACTHBOCTI MaTepiany.

AHaJi3 ocTaHHIX Aoc/igxkeHb. MIIHICHI OKa3HUKK ACPEBUHH MiJ JI€I0 aKTUBHUX BOJHUX Ta
KHCIOTHUX CEPEJOBUILl BUBYAJIMCS pi3HUMU BueHUMH [1-5]. Aje, Ha Kamb, pe3ynpTaTd iX
eKCIIEPUMEHTATBHUX JTOCIHIHKEeHb JUIA Pi3HUX TOPiN IEPEBUHU 3HAYHO PI3HATHCS, IO HE B MOBHIM Mipi
JI03BOJIIE BPAaxOBYBATU IPH PO3PAXyHKY [EPEB’SIHUX EJIEMEHTIB Ta KOHCTPYKLiHl 3a Takux YMOB
excrutyataiii. JleopMiBHI XapaKTepUCTUKK B JaHUX poOOTax B3arajli MPaKTUYHO HE BUBYAJIKCS.

Hamu Oynu mpoBeseHi IiIeCIPAMOBaHI IHPOKOMACIITaOHI CKCHEPUMEHTAIBHI JTOCIIIKEHHS
JepeBUHU Oepe3d Ta COCHM Ha 3pa3KaxX KOHCTPYKIHHWX po3MmipiB mepepizom 30x30x120 mm Ta
BCTAHOBIIEHO ICTHHHI 3HAa4YeHHS TPAHUYHOI MIIHOCTi, KPUTHYHHUX, TPAHWYHUX Ta 3aJUIIKOBUX
nedopmariiii mia i€ MOJIOYHOI, COJISHOI Ta OLTOBOI KHCIOT Pi3HOI KOHIEHTpallii [6-9]. Ha ocHoBI
eKCIIEPUMEHTY TaKOX TMOOYJ0BaHi MOBHI miarpamu aedopmyBaHHs. Takox 3amponoHOBaHa METOAMKA 3
BH3HAYEHHS ITOYaTKOBOTO MOMYIISA MPYKHOCTI Ta MOAYsl Aedopmartiii [10] 3a Takux yMOB eKCIuTyaTamii
Ta BCTAHOBJICHO ICTMHHI 3HAYEHHsS 3MiHM THMTOMOI Bard JEepeBHMHUM Oepe3n Ta COCHH 3a Pi3HOL
KOHIIEHTpAIIil KHCJIIOTHOTO cepepoBuiia [11].

AJe aKTyaJIbHOIO 33Ja4yel0 3aJMIIA€ThCsl BCTAHOBJICHHS HaNpyXeHO-Ie(QOPMOBAHOIO CTaHY
3TUHAJILHUX JICPEB’ SIHUX EJIEMEHTIB 32 [Iii Ha HUX arpeCHBHOTO KHCIOTHOTO CEPEAOBHILA.

IMocranoBka 3aBaaHHs. MeTolo poOOTH € BCTAHOBJICHHS HANpPYXEHO-IC(QOPMOBAHOTO CTaHY
JiepeB’SHUX €JIEMEHTIB B YMOBaX BIUIMBY arpeCMBHOIO KHCJIOTHOT'O CEPENOBHUINA 3 BpaxyBaHHIM MOBHHUX
niarpam nedopMyBaHHS MaTepiany.

Buxkiaan ocHoBHoOro marepiajy. YnHHI HOpMU mpoekTyBaHHA [12,13] npakTHYHO HE TO3BOJISIIOTH
pO3paxyBaTy JepeB’siHI €JIEMEHTH Ta KOHCTPYKIIIT 32 JIii arpeCUBHOI'O KMCJIOTHOTO cepeioBuIna. Tinbku B
poboTi [5] 3ampormoHOBaHO METOAMKY PO3PaXyHKY TaKWX EJIEMEHTIB 1 KOHCTPYKIH 1 TO TIIBKH 3
OOMEKEHUMH EKCIUTyaTallilHUMU XapaKTePUCTHKAaMH, 10 HE JIa€ B IMOBHIM Mipi BCTAHOBHUTH AiHCHHN
HanpyXeHO-IeOPMOBAHUH CTaH 3 MPOTHO30BAaHUMH MEXaHIYHUMH BIACTUBOCTSIMH MaTepiany.

OTxe, HEOOXITHO PO3POOUTH METOAWKY PO3pPaxyHKy, sSika O JaBajla MOXIIMBICTH PO3PaxOBYBaTH
3TUHAIIBHI €JIEMEHTH Ta KOHCTPYKIIii Ha OCHOBI JEPEBUHU 3a JIii arpeCHBHOTO KHUCIOTHOTO CEPEOBHIIA 3
BpaxyBaHHJIM BCiX €KCIUTyaTalifHUX (akTOpiB Ta iICTUHHHX MEXaHIYHHX BJIACTHUBOCTEH MaTepiany, a
TaKOX MMPOCITIAKYBaTH 3MiHU poOOTH Ha PI3HHUX CTAJisIX HABAHTAKEHHS €JIEMEHTA.

OCHOBHHM IHCTPYMEHTOM [JIsi CTBOPEHHS Takoi MOJAENi poOOTH 3THHAIBHOTO €INeMEHTY B
arpecHBHOMY KHCJIIOTHOMY CEPEIOBHIIII € HACTYITHI IEpETyMOBH:

- BCl HEOOXiJHi pIBHSHHsS PIBHOBAarW, SIKi BHHUKAIOTh y TIOMEPEYHOMY TMepepi3i 3rHHAIBHOTO
CJIEMEHTY;

- neopMyBaHHS BiOYBa€ThCS 3a JTIHIMHAM 3aKOHOM;

- BUKOPUCTaHHS iICTUHHUX (YHKIIH TOBHUX JAiarpam Je(pOpMyBaHHS CTHCHYTOI Ta PO3TATHYTOI 30H
€JIEMEHTA .

OT1xe, aHali3 pOOOTH TAKOTO €IEMEHTY OyZeMO IPOBOIUTH B HACTYITHIH ITOCIITOBHOCTI:

- HEOOX1/THO BH3HAYUTH MII[HICTh 3THHAJILHOTO €JIEMEHTY Ta BCTAHOBUTH OCHOBHI (akTOpH, SIKi Ha
HE1 BIUIMBAIOTH;

- 3aMpOIOHYBATH 3arajbHy METOAMKY 3 BU3HAYCHHS KOPCTKOCTI €IEMEHTa Ta TaKOXX BCTAHOBUTHU
(hbakTopw, sIKi Ha HEl BIUIMBAIOTh.

- PO3pPOOUTH METOJIUKU PO3PAXYHKY 3 MOPIBHSHHS HECYYOi 3IaTHOCTI Ta KOPCTKOCTI JEPEB’ SIHUX
3THHAJBHUX EJIEMEHTIB.

OCHOBHUM 1HCTPYMEHTOM I PO3PaxyHKY 3THHAIFHUX EJIEMEHTIB Ha OCHOBI JICPEBHHH, a SK
HACJIJIOK BU3HAYCHHS MOMEHTY, CJIYTY€E (DYHKIIIS 3aJIe)KHOCTI BiTHOCHUX JedopMalliil BiJl MPUKIaIeHOTO
HaBaHTakeHHS. OTXe, B TAKOMY €JIEMEHT] JepeBHHA MpAIlO€ B CTHCHYTIA Ta PO3TATHYTIH 30HaX 3a
AKOPCTKOTO PEXUMY NPUKIIAJAHH HAaBaHTAXKEHHS, KOMIIEHCYIOUH PiBHOLINHY

u =f(0.); (M

u, = f,(o,)- @
s po3paxyHKiB 3aIpoOMIOHYEMO AOBUTBHI PYHKIIIT 3aeKHOCTI 3ycHitb Bif nedopmartiit (3), (4).

o, =f.(u); 3)

o, = fu,) )
Jani QyHKIIIT anpoOKCUMY€EMO B OJTHY 6esnepep131(1y %)yHKuiIO (5) (Puc.1)

o, =/Jw\4,) 5)
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Puc. 1. ®yHKUisg 3a1e/KHOCTI HATIPYKeHb Bil Kedopmanii

OyHKiis HampykeHb Bijg agedopmamiii He € OesmepepBHOlo. ToOTo, naHa 3aJeKHICTH
PO3MOYMHAETBECSA B TOYIN, /1€ JEPEBUHA 3a3HAE PO3PUBY 3a PO3TATY Ta MA€ TOYKY EKCTPEMyMY IIpH
HaBaHTa)KCHHI 3a CTHCKY.

3amuieMo piBHSIHHS PIBHOBArH JJisi OKpeMoro eneMeHty (Puc.2)

N, =0;
M, =0;

(6)

Puc.2. Buytpimni 3ycuiuis B 3ruHaJIbLHOMY 1€peB’STHOMY eJIeMeHTi

3aranpHAN BUTTIS PIBHOBATH 3THHAIHHOTO €JIEMEHTa Ha OCHOBI IEPEeBUHU 300pakeHUi Ha puc 3.

BpaxoByroun BHyTpIilIHI Hampy>KeHHS BiJl [ii 30BHIIITHHOTO MOMEHTY PIiBHSHHS (6) MOMIHBO
MOAATH y HACTYITHOMY BUTJISIII

£, )d4 =0; @)

£, )z,dA— M =0.
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Puc. 3. Hanpy:xeHo-negopMoBaHuii CTAH 3THHAJIBHOIO J€PEeB’SIHOT0 eJIeMeHTAa

BpaxoByroun BHYTpilIHI HampyKeHHS BiA [ii 30BHIIIHBOIO MOMEHTY pPiBHSHHA (6) MOXIIUBO
MOJIaTH y HACTYITHOMY BHTJISIAI

Sl A =0; (7)
£ (u v )z“,dA -M,=0.

OCKiTBKY TIOTIEPEYHHH TIepepi3 eNeMeHTy Mae 3MiHHY IIHPUHY Hepepily, To piBHAHHS (7) MOXKHA
3aIlucaTh y TaKOMY BUIJISII

1,(,)f, (2)dz = 0; ®

.f-w(uw)zw.f,;; (Z)dZ - M: = 0
ae b= f,(z) - QyHKIiA 3MiHU IIMPHHH TIEPEPI3y IO BUCOTI MEPEPI3Yy.
[Ilo6 mpoaHamizyBatu JIikicHy poOOTy JEpEBHMHU sSK MarTepiany, HeOOXigHO 3amaTucs (HYHKIE
CTaHy eJIeMEHTA.

3amporoHnyemo pyHKIi0 noxiHOMa 4-T0o creners [14] mis onucy nidcHUX maiarpam aedopMyBaHHS
JiepeBUHU 3a cTUCKY (Puc. 4)

O-c:fc(u):‘ Wiﬁ’ (9)

1€ o, - HOpMaJbHi HamlpyKeHHsS CTUCKY B3I0BXK BOJIOKOH; %, — BiJHOCHa JAedopMalis, 10 BiJIOBiAaE

HaNpyXeHHIO o,; u, . - AehopMmallis JepPEBUHH, AKa BiINOBIla€ MaKCUMaNIbHIN MitHOCTI f.o,d ; W; -

KoeQilieHTH NOTIHOMY; i - KUIbKICTb KOe(illi€HTiB (QYHKIIIi.
Oc &
fc,l'.'l_l:l B
O
C
]

T¢ fin

C, l LI.:
. >
u-:,o,d u'}U U fin

Puc.4. IloBua aiarpama nedopMyBaHHS 1epeBHHHU 32 0CHOBOr0 CTHCKY B3/I0B:K BOJIOKOH OTPHMAaHa
3a pynkuiero (9)

A Takox po3rary (Puc.5)
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o,=f(w)=E, u,. (10)

o8

o-t.ﬁn

Hr, fin

Puc. 5. liarpama nedpopmyBaHHs JepeBUHH PO3TATY B310BK BOJIOKOH OTPUMAHA 32
dyuxkuiero (10)

[IpumycTumo, 1o momepednuit mepepiz Mae noBuTbHY Gopmy (Puc.6) Ta po3miauBIM Horo Ha IBi

30HH (CTUCHYTY Ta PO3TATHYTY) OCHOBHI PiBHSHHS PiBHOBAaru HaOyIyTh HACTYITHOTO BUIIISTY
N.-N,=0

c t (1 1)

M_+M,-M_=0

Puc. 6. Hanpy:xeHno-negopMoBaHuii CTAH 3THHAJIBLHOIO J€PEB’SIHOT0 eJIeMEHTY

Omxe, BHYTPIIIHI 3yCHIUTS 3 BpaxyBaHH;IM PIiBHSHHS piBHOBard (11), a Takok Mpy IIbOMY BpaxOBYHOUH
MEXK1 IHTerpyBaHHS M0 BUCOTI ITepepi3y Ta (PyHKITiF0 3MiHH IAPUHH Tepepizy, Ha0yyTh TAKOTO BUTIISITY

No= L) £ (12)
N= [ fi 13)
M= [ f) e (14)
M, =ert(u) f,(2) zdz (15)

3MIHUMO MEXi IHTErpyBaHHS jisi ()OPMYJI BHYTPIIIHIX 3YyCWJIb, IO CIPHUHAMAE TIEpepi3 BPaXOBYHOUH
3ayexHicTh (16) Ta (17)

dz = duZe = du e, (16)
uc ut
z=ule =yl (17)
u u

c t

OTxe, BHYTPIIIHI 3yCHIUIS MATUMYTh HACTYITHHUIA BULJIST

M=%ﬂW)ﬁwi%m; (18)
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u,

N, = fu) ﬁ(u)j—fdu; (19)

M= £ fiw) % udis (20)
0 uc

M= fw £ ude- @)

OTmxe, BCTAHOBIIEHO ifiCHUI Hampy:KeHO-Ie(pOPMOBAaHMI CTaH 3TWHABHOTO JIEPEB’STHOTO eNleMEHTa 3
BpaxyBaHHAM [lii HA HBOTO AarpeCHMBHOTO KHCIIOTHOTO CEpEIOBWINA Ta 3 BPAaXyBaHHAM TEOpPIH MeXaHIiKU
ne(hopMIBHOTO TBEPZIOTO Tija.

BucnoBku. 1. IlpoBeneHo aHami3 JiTepaTypHUX JDKEpEN IMOJAO0 METOAWK PO3PaxXyHKY 3THHATBHHX
JIepeB’STHUX €JIEMEHTIB 3 BpaxyBaHHSIM (DaKTopy arpeCUBHOIO KHCJIOTHOTO CEPEIOBHIIIA.

2. BusiBieHo, 1110 MPaKTUYHO BiZICYTHI METOIMKH PO3PaxyHKY CJIEMEHTIB 3a TAKUX YMOB €KCILTyaTaIlil.

3. BcraHoBneHO ni¥icHWIA Hampy>KeHO-Ie(OPMOBAaHMI CTaH 3THHATHGHOTO IEPEeB’sHOTO elleMeHTa 3
BpaxyBaHHAM [iii Ha HBOTO arpeCHBHOTO KHCJIOTHOTO CEPEIOBWINA 3 BPaxXyBaHHAM [IMCHUX MeEXaHIYHUX
BJIACTUBOCTEH MaTepialty Ta Teopiii MexaHikH e()OpMiBHOTO TBEPJIOTO Tijia.

4. B nmojaieioMy HEOOXiTHO PO3POOHMTH METOIMKY PO3PaxyHKY TaKuMX €JIEMEHTIB 3a Jii arpeCHBHOIO
KHUCIJIOTHOTO CEPE/IOBHIIIA.
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