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AHHOTauusa

Bgepnerune. CoBpeMeHHbIe MeTof bl MPOEKTUPOBAHMS U pacyeTa CTPOUTENbHbBIX KOHCTPYKLMIA YacTo OrpaHMYnBatoTCs
ynpyrov ctaguei paboTbl MaTepuanos. s aHanusa Hanpsi>KeHHO-AePpOPMUPOBAHHOTO COCTOSIHUS COefUHEHNI
HeobXoAMMO yunTbIBaTh CBOMCTBa MaTepuana, a Takoke ero paboTy nof Harpyskon, BkaoYas Kak ynpyrve, Tak
W HeNVHeHble cTaguu. 3HaunTeNbHbINA MHTEPeC NPeACTaBASOT aHN30TPOMHbIE MaTepUanbl, Takue Kak ApeBecrHa.
TeopeTuueckoe 1 NpakTUYeckoe nccnepoBaHme paboTbl AepeBsiHHbIX 06pa3LL0B NpefcTaBeHo B AaHHoOW paboTe.

Llensto paHHoM paboTbl ABASETCS BbINOAHEHWNE HATYPHbIX UCMbITAHWUIA U YNCIIEHHOE MOLeNIMpOoBaHMe ANs aHanm3a
Hanpsi>keHHo-AedOPMUPOBAHHOMO COCTOSHUS U COBEPLUEHCTBOBAHMNS pacyeToB aHM30TPOMHbIX KOHCTPYKLK-
OHHbIX MaTepunanos.

Martepuansi u MeTogbl. BbinonHeHbl HaTypHblE UCMbITaHUS fepeBsHHbIX 06pa3L,0B M3 COCHbI BTOPOro copTa
Ha CckaTue BAO0JIb BOJIOKOH C puKcaumeln BepTuKanbHbIX Hanps>keHWn oxaTtua n gedpopmaumit. Micneitanmsa
BbIMOJIHEHbI Ha FMAPABAMYECKOM Npecce ¢ MakcuMasnbHoW Harpy3kon 50 1. [Inga dukcaumn pedopmauni
W Hanps>keHW MCMonb30Banocb TeH3oMeTpuyeckoe obopynoBaHue. Ha ocHoBe JaHHbIX HATYpPHbIX UCMbITa-
HWUI BbIMOJIHEHO YMCNEHHOE MoAenMpoBaHMe obpa3uoB B NnporpaMMHbix komnnekcax JIMPA-CAMP n ANSYS.

Pe3syneratbl. CornacHo pe3ynsTaTtam HaTypHbIX UCTbITaHWIA, yripyras cTagus paboThl ApeBecuHbI NPy CKaTUM HAXOAUTCS
B AmanasoHe o 90 kH, nocne yero HabntogaeTca nepexof K niaactuyeckon aedopmaumun. BeimonHeHo YncieHHoe
MopenmpoBaHue obpa3LoB B nporpaMMHbix komnnekcax JIMPA-CAIMP n ANSYS, koTopoe nokasano cxofumocTb
pe3synbtaToB. OgHako nporpaMmHbin komnnekc ANSYS nosBonsieT bonee geTtanbHO MOLENMPOBATL M PaCcCUUTBIBATL
COefMHeHNa N KoHCTpyKuun. CpaBHeHWe pacnpefefieHnin BepTUKabHbIX HANPSXKEHUIN CkaTus 0, NONYYeHHbIX
B pe3y/ibTaTe HaTypHbIX UCMbITaHUIA K YNCSIEHHOTO MOAENMPOBaHNS B NporpaMMHoM komnnekce ANSYS, nokasano
CXOAMMOCTb pe3ysbTaTos (HeBa3Ka He npesbiluaeT 5%). 3To noaTeepKaaeT 3G PEKTUBHOCTL MCMONb30BaHNA AaHHOMO
MporpaMMHoOro KOMmekca s MoAeNMpoBaHNs COeAUHEHUA aHU30TPOMHbIX MaTePUasoB.

BbiBoabl. Pe3ynbTaTbl HATYPHbIX UCMbITAHWIA U YACTEHHOTO MOAENIMPOoBaHMS nokasanu 3GdeKTUBHOCTb NpuMe-
HeHuWs nporpaMMHoro koMmnnekca ANSYS ans pacyeTta cnoXHbIX COELUHEHNI aHU30TPOMHbIX KOHCTPYKLMOHHbIX
MaTepuanos. CXogMMOCTb Pe3ynbTaToB AOCTUTHYTa A5 YyNpYyron cTagun. [ins MofennpoBaHus niaactuyeckom
CTafiMn HeobXoAMMbl LOMONHUTENbHbIE NCCNIEf0BaHUS.

KntoueBble cnoBa: aHVM30TPOMHbIe MaTepuabl, COEAMHEHNE, MOAENMPOBaHNeE, NporpaMMHbIn koMmnaeke ANSYS
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Abstract

Introduction. Contemporary methods for the design and calculation of building structures are often limited
to the elastic stage of the material work. In order to analyze the stress-strain state of joints, it is necessary
to take into account the properties of the material, as well as its operation under the load, including both
elastic and non-linear stages. In this case, anisotropic materials, e.g. wood, represent a particular interest.
Therefore, the paper presents a theoretical and practical study of the work, performed by wooden samples.

Aim. To perform tests and numerical simulations for analyzing the stress-strain state and improve the cal-
culations of anisotropic structural materials.

Materials and methods. Compression tests of wooden samples, made of second-grade pine, were carried out
along the fibers with fixed vertical compression stresses and strains. The tests were performed using a hy-
draulic press with a maximum load of 50 t. Strain gauge equipment was used to record strains and stresses.
Based on the data of compression tests, the numerical simulation of the samples in the LIRA-SAPR and
ANSYS software packages was performed.

Results. According to the test results, the elastic stage of the compressed wood ranges up to 90 kN, fol-
lowed by a transition to the plastic deformation. The performed numerical simulation of the samples
in the LIRA-SAPR and ANSYS software packages demonstrated the convergence of the results. How-
ever, the ANSYS software package allows for a more detailed simulation and calculation of joints and
structures. The comparison of distributions of vertical compression stresses o, obtained in tests and
ANSYS software package numerical simulation, proved the convergence of the results (discrepancy
of less than 5 %]. This confirms the effectiveness of using this software package for simulating the
joints of anisotropic materials.

Conclusions. The results of tests and numerical simulation showed the effectiveness of using the ANSYS
software package to calculate complex joints of anisotropic structural materials. The convergence of the
results is established for the elastic stage. An additional study is required to simulate the plastic stage.

Keywords: anisotropic materials, joint, simulation, ANSYS software package
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BeepeHue

bnaronaps pa3BUTHIO HayYHO-TEXHHUECKOTO MPOTpecca, yCOBEPIIEHCTBOBAHNIO MOITHOCTH
Y ITPOM3BOIUTEILHOCTH 3JIEKTPOHHO-BBIYUCIUTENBHBIX MalliH (OBM), a Takxke pa3BUTHIO U 10-
CTYITHOCTH PacCUeTHBIX MPOrpaMMHBIX KOMIUIEKCOB CTaj0 JOCTYITHO MOJAETHPOBAHUE CIOXKHBIX
COCIMHEHHI aHM30TPOIHBIX KOHCTPYKIMOHHBIX MaTepuanoB. Hanbonee pacnpocTpaHeHHBIM
ABIISIETCSL CO3JjaHNe OOBEMHBIX KOHEYHO-DJIEMEHTHBIX MOJIeNIeld KOHCTPYKUUN B COeTUHEHUH
B porpammubix koMiuiekcax (I11K) JIMPA-CATIIP u ANSYS [1-3].

Jnst ananuza HanpsbkeHHo-nepopmupoBanHoro coctosaus (H/IC) coenquHenust pu Harpy KeHuH
HEoOXO0IMMO paccMaTpUBaTh YIPYTHe U HeJIMHEeHHbIE CTa K padoThl MaTepruaia. B coBpeMeHHOM
MIPAKTHKE CTPOUTEIHCTBA PACUET COSMHEHNI 1 KOHCTPYKIUN IIPOU3BOJUTCS B YIIPYTOM CTaUK
0e3 yueTa IiacTHIecKux aedopmanuii.

Jlanee Ha OCHOBE HaTYPHBIX UCTIBITAHUN M YUCIEHHOTO MOJIEINPOBAHUS PACCMOTPUM CTaUH
paboThl Marepuara.

3KCI19pVIMEHTaJ1bHaﬂ 4acTb

Jlnst oniperiesieHust JaHHbIX CTa i HEOOXOIMMO IIPOBECTH HATYPHBIC UCTIBITaHs 00pa3ioB. /1 3Toro
OBUTH M3rOTOBJICHBI JISPeBSHHBIC Opycku ¢ pazmepamu S0 x 50 x 200 (/) MM U3 COCHBI BTOPOT'O COpTa.

Wcnbrranus npou3Boauinchk Ha rupasindeckom npecce [1-500 (puc. 1@). Harpyxerue oOpas-
II0B IPOM3BOIMIIOCH HEMPEPHIBHO CO CKOPOCThI0 2 KH/MuH. [Ij1s1 paBHOMEPHOTO pacrpeeieH s
Harpy3KH Ha Topel 00paslia ycTaHaBIMBaJIaCh IOTIOTHUTENbHAsE ocHAacTKa (puc. 1a). {ns onpene-
JIGHHSI HOPMAJIbHBIX HAIIPSDKEHHI CHKaTHsl Ha TIOBEPXHOCTh 00Pa3Ii0B HAKJICCHBI TEH30PE3HUCTOPBI,
MOAKITIOUYEHHBIE K KOMIUIEKTY JJIsl TeH30MeTpuH (pHc. 16). MicnblTanus MpoBOAMINCH A0 MOIHOTO
paspyuienus o0pasios (puc. 16).

Cnemmguka 000pyaoBaHus MpeanonaraeT coooi HarpyxeHue oopasia 10 BenuauHbl 5 kKH, mocie
Yero Harpy>KeHue MPOM3BOUTCS HENPEPBHIBHO, C M3HAYAIBHO 33aHHOM CKOpOCThI0. DuKcarus
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ala) 6 (b) B (c)
Puc. 1. VcnbiTaHve pepeBsiHHbIX 06pa3LoB Ha cxaTue: a — obpasey, B npecce [1-500; 6 - obwuin Bug obpasua;
B - 00Kt BUA pa3pyweHuns obpasua
Fig. 1. Compression tests of wooden samples: a - sample in the P-500 press; b - general view of the sample;
¢ - general view of the sample destruction

HAIpsHKEHHS TIPOU3BOIUIIACH TTOCIIE TIPHIIOKEHHUS HArpy3ku B 5 kKH, 4T0 HEOOXOMMO YUHUTHIBAT
IIPU TIOCTPOCHHUHU IPadUKOB HOPMAJIBHBIX HAIPSOKCHUH, MOJTYUYCHHBIX TPH YHCICHHOM MOJICIH-
pOBaHUH.

I'padukn oTHOCHUTENBHBIX JeopMalnii 00pa3LoB MPEICTABICHbI HA PUC. 2, COTTIACHO KOTOPOMY
yImpyras cTajus paboThl MaTepuasia Haxonures B tuanaszone 10 90 kH, B cBsi31 ¢ 4eM HanpsuKeHHst
ckatusi 00pa3IOB pacCMaTPUBAEM B YIIPYTOil CTaHH.

Jlanee pacCMOTPUM METOIUKY CO3JaHUSI OObEMHBIX KOHEYHO-IJICMEHTHBIX MOJICIICH B TPO-
rpaMMHBIX Komriekcax ANSY'S u JIMPA-CATIP.

B ITK ANSYS o6pa3en 3amo/ienupoBaH kak o0beMHOe Tej10 (solid), koropoMy ObLITH 3a/1aHBbI
CBOICTBA JAPEBECHHBI, YUUTHIBAIOIIME OPTOTPOIHIO MaTepuana. HikHsis rpanb o0Opasiia 3auKcu-
poBaHa Yyepe3 rpaHUYHbIC ycioBHs onopbl Trma fixed support (kectkoe 3amemienue) (puc. 3a).
Y BepxHeii rpanu 00pa3iia 3aMo/IeIMPOBaHa CTallbHAs IUTACTHHA, HA KOTOPYIO MPHJIOKEHA BEPTHKAIb-
Hasi Harpy3Ka, [0 aHaJIOTUHU C HATYPHBIMH UCHBITAHUAMU. KOHTaKT MEX1y MOBEPXHOCTIMH
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Vipyras craaus =

7

O Bipycom 50 502040

Sewtic Structursl
Tirne: 66, ¢
P00 1932

Fined Suppiet
0-5uH, a0 10041, 5ck: 1,6+005 N

ala)
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—— QO6pazent Ne 1 —— Ob6pazen Ne 2

Puc. 2. OTHocuTenbHble fedopmaumm obpasua
Fig. 2. Sample strain

6 (b)

0,04

Puc. 3. O6beMHas KoHedHo-3n1eMeHTHas Moaenb obpasua B MK ANSYS (a) n JINPA-CAMP (6]
Fig. 3. Volumetric finite element model of the sample in the ANSYS SP (a) and LIRA-SAPR SP (b)
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JPEBECUHBI U CTaJH onpeenieH kak bonded (MoaeaupoBaHHe )KECTKOTO KIEEBOTO COSANHEHNS).
Crenyer OTMETHTB, YTO BCIIECKAMU HAIIPSHKEHUS B yIvIax o0pasiia MOKHO nipeHeOpeus (puc. 3a),
TaK KaK B peaJibkHOM 00paslie HaNpsDKEeHHsT BOSHUKAIOT PABHOMEPHO 10 BCEMY 00beMy TeJla.

B [IK JIMPA-CAIIP Gpycok 3amoaennpoBaH 00beMHBIMEI KOHEUHBIMH dieMeHTaMu K3 36, koto-
POMY IIPHCBOEHBI XapaKTEePUCTHKHU APEBECHHBI, YUUTHIBAIOIIE OPTOTPOITHIO Marepraia B MECTHOM
cucTeMe KOOpAMHAT. B y3max HiKHe# rpaHu oOpasiia 3aaHbl CBSI3M, OrPaHHMYMBAIOIINE TIepe-
MEILEHHS BAOJIb OCH Z, ¥ CBS3U IO TPEM YIVIaM, JIOTOJHHUTEIEHO OTPaHUBAOIIIE [TEPEMEILICHHS
1o ocsiM X, y 1 xy (puc. 36). Harpy3ska npuiiokeHa K y3jiam BepXHel I'paHu yepe3 CUCTEMY YCIIOB-
HBIX €IMHHII, YIUTHIBAIOIINX TPY30BYIO TUIOMIAIb KayKAOTO y37a, Al UCKITIOYEeHUS JeOopMalin
BEPXHHX YIIIOB 00pasia.

J7nst [OCTHKEHHMS CXOIMMOCTH Pe3yJIbTaTOB HATYPHBIX HCIIBITAHUI 1 YUCIICHHOTO MOJIETHPOBAHUSI
00pa3noB ObUIH BBEIEHBI KOPPEKTUPYIOIIHE KOIPPHUINEHTHI, YYUTHIBAIOIINE PEaTbHBIA MOIYIb
YIOPYTOCTH MaTepHaia, TakyKe JJIsl COMOCTABICHUs Pe3yIbTaToB ObUT omnpesesieH KodpPHUIueHT
YYBCTBHUTEIBHOCTH TEH30PE3UCTOPOB.

J171s1 OLIeHKH pe3yIbTaToB UCIIBITAHUH M MOZICIIMPOBAHHUS OBLIIO IPOBENICHO onpe/eieHne hakTu-
YeCKOTo MOJYJIsl yIIPYTOCTH JPEBECHHBI Ha OCHOBE UCITBITAHHUIN Ha YETHIPEXTOYCUHBINH U3THO OPYCKOB
pasmepamu 30 % 30 x 200 MM (puc. 4). [IpoBeicHHBIC UCTIBITAHUS 0OPA3IIOB TOKA3aIH 3HAUCHUS
OTIpeeNsieMbIX XapaKTepUCTUK, On3KKe K 3HaYeHusIM, ipuBeneHHbIM B CIT 64.13330.2017 [4].
Ha »TOM 0cHOBaHMM TIPU MOAETMPOBAHUH M pacueTe MPUHUMAIIUCH TaOJINYHbIC 3HAYCHUS pac-
YETHBIX XapaKTEPHUCTHK JIPEBECUHBI COCHBI BTOPOTO COPTA.

Hanee mpencrasnensl pe3ynsrarsl pacuera B [IK ANSYS u JIMPA-CAIIP: nepememnienus
U HarnpsbkeHus cxarus (puc. 5-7).

Puc. 4. VicnbiTaHve pepeBsiHHbIX 00pa3L0B Ha YeTbIpexToUYeYHbI U3rnb
Fig. 4. Four point bend testing of wooden samples
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ITo pe3ynbratam YHCICHHOTO MOJICIUPOBAHUS 00Pa3IoB (pUC. 5—7) ycTaHOBJIEHA CXOAUMOCTb
MOJTYYEHHBIX JaHHBIX (TTOrPEIIHOCTh HE TPEBBIIIAET 5 %) NpH HArpyKeHHH 00Pa3I0B COCPETOTOYCH-
HoM Harpy3koit 25-30 kH. J{ns nanpHelinero n3y4eHus COeAMHEHN KOHCTPYKIUN 1 MaTepHaioB
MBI OyJIeM HCIIONB30BaTh MporpaMMHbIi kKomiiekc ANSYS. DTOT KoMIieke MeeT OOIHPHYIO
0a3y IaHHBIX, KOTOpas TO3BOJISIET BBHITIOIHATH MOJCTUPOBAHHUE PA3TTMUHBIX KJICEBBIX COSIMHEHUH,
YUUTBIBATh TPEHHUE MaTepHalia, BO3MOKHOCTh CTYIIEHYATOTO M JJTUTEIBHOTO HATrPyKEHUSI.

Ha ocHoBe pe3ynbraToB HaTypHBIX HCIIBITAHHN H KOMITBIOTEPHOTO MOAEITMPOBAHMS 00pa3LoB
MOCTPOEHBI TPa(UKH pacrpeeleHNs] BEPTUKAILHBIX HANPSKEHUH CKATUS o, (puc. 7). Kak orme-
YEHO paHee, crerudrka 000pyI0BaHus MIPe/IonaraeT co0oi HarpyxeHue oopasiia 0 BeTUINHbI
5 xH, 4to otobGpaxeHo Ha puc. 7.

CornacHo puc. 7, yCTaHOBJIEHA CXOAUMOCTD PE3yJbTaTOB HATYPHBIX MCIBITAHUN U KOMIIBbIO-
TEPHOTO MOJETUPOBaHUS (TIOTPEIIHOCTH HE MPEBBIIIACT 5 %), 4TO MOATBEPKIACT MPABHIBLHOCTD
co31aHusl 00bEMHOI KOHEUHO-3JIEMEHTHOH MoJien 00pa3IoB.

Jnist MozienmpoBaHust MIaCTHYECKON pabOThI MaTepHaa i COeAMHEHUS] HeOOXOIUMBI TOTIOTHH-
TENbHbIC HCCIIeJOBaHNS, BBEACHHUE JOMOJIHUTEIBHBIX KOOQQPUIIHEHTOB, 3aJaHUE TOTIOTHUTEIbHBIX
KOHTAaKTHBIX CBSI3€H, TO €CTh MOACIMPOBAaHHE 00pa30B ¢ MPUMEHEHHEM TEOPHH pa3pylleHHS.
Ha naHHOH cTaguu MOAENMPOBAaHMS COCJUHEHNs KOHCTPYKLUN pacCMarpUBarOTCsa B yIPyrou
cTaguu paboThl MaTepuaa.

0: Bpycok 50x50x200 Jotr
fepeea Meaamcs mampoeenmii oo Nz
Type: Equivalent (won-Mises) Stress E s iesstgpenss - MITa
Unit: MPa
Time: 15 5
20,10.2023 19:46

12,67 Max

13,276

11,883

11,499

11,006

10,702

10,308

09148

35212

9,1276 Min

9,785 \
Zy
b x
ala) 6 (b)

Puc. 5. BepTvkanbHble HanpsxeHua okatva npu Harpyske 25 kH 8 MK ANSYS (a) n IMPA-CANP (6]
Fig. 5. Vertical compression stresses at a load of 25 kN in the ANSYS SP (a) and LIRA-SAPR SP (b)

75



Becthuk HUL «CtpouTenscteo» o 2(41)2024
Bulletin of Science and Research Center of Construction e 2(41)2024

0 Epyeos: S 5020
Tetal Defarmation 2
Typt: Total Deformation
Units rram

Time: 155

20102023 15:40

0,19565 Max

0ims
015297
013043 0
010052
0005554
0085216
0psa7r 2002
oo
0 Min
I 0025
I -0.0501
I 00751
I 0.1
I 0125
I 015
I 0175
02
Zy
ala) 6 (b)

Puc. 6. BeptukanbHbie nepeMetyeHus npu Harpyske 25kH 8 MK ANSYS (a) u JIMPA-CATIP (6)
Fig. 6. Vertical movements at a load of 25kN in the ANSYS SP (a) and LIRA-SAPR SP (6)
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Puc. 7. Tpaduku pacnipeseneqns BepTvKabHbIX HaMpsixXeHN oxatus o,
Fig. 7. Plots of the vertical compression stress distribution o,
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3akniouyeHue

Pesynbrare! uccnenoBanus moaTBepawN 3P HEKTHBHOCTH MPUMEHEHHUSI IPOTPAMMHOTO KOM-
riekca ANSY'S 1t MosienMpoBaHus CIOKHBIX COSAMHEHNH aHU30TPOIHBIX KOHCTPYKIIMOHHBIX
MaTepHanoB. DTO MOATBEPKIACTCS CXOIAUMOCTHIO JaHHBIX, MOJYYEHHBIX B XOJ€ HATYpPHBIX
WCTBITAHUH JEPEeBSIHHBIX OPYCKOB M3 COCHBI BTOPOTO COPTa, M JAHHBIX, TOJTYYCHHBIX B X0/
KOMIIBIOTEPHOTO MOJICIIMPOBAHHSI.

BaxxHO OTMETHTB, UTO 3Ta CXOAMMOCTbH OblIa JOCTUTHYTA JUIsl YIPYTOi CTaauu paboThl Marte-
pHana, MOAEIMPOBAHNUE IIIACTHUECKON cTaaAuy TpeOyeT AanbHeHIINX UCCIIeL0BaHHUM.

MogenupoBaHue COSAMHEHUI aHU30TPOITHBIX KOHCTPYKIIMOHHBIX MaTEPHAIOB C y4ETOM
UX 0COOCHHOCTEH He TOJIbKO MO3BOJSIET COKPATUTh PACXO/bl HA CO3/1aHUE U TECTUPOBAHUE 00-
pas3noB, HO ¥ OTKPBIBAET BOZMOKHOCTH IS ONTHMHU3AIMH Mpoliecca MpoekTupoBanus. Ha arane
MOZAETHPOBAHHS MO)KHO KOPPEKTHPOBATH T€OMETPHUIO SIIEMEHTOB, CBOMCTBA MAaTEPHUAIIOB, PEKUM
UCTIBITAHUS, BBISIBISATh U YCTPAHSTh HEJOUETHl KOHCTPYKIIMH, YTO B KOHEYHOM HUTOTE MTPUBOJHUT
K Oosiee 29 (PEKTUBHOMY HCTIOIIB30BAHUIO PECYPCOB.
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