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AHHOTALUMUA

BBepeHue. YkasaHa TeHOEHUMS pocTa CTPOUTENbCTBA AEPEBSHHbLIX KOHCTPYKLMIA NPOMBILLNIEHHOTO Y FPaXAaHCKOro Ha-
3HaveHusi. CopmynupoBaHa npobnema co3naHns AepeBsHHbIX KOHCTPYKUMIA U3 CTaHO4apTHbIX nunomMartepuanos. MNpea-
CTaBneHbl COBPEMEHHbIE TEXHOMOMMYECKNE PELLIEHUS NPOU3BOACTBA MHHOBALMOHHbBIX KOHCTPYKLUIA 30aHUA U COOPYXKEHWI
13 PEBECUHbI B MPOMBILLIEHHOM U FPaXa4aHCKOM CTPOUTENbLCTBE.

Matepuansbi u metoasl. [peagmeT nccnegoanHus — texHonornm CLT n MHM, ucnonb3syemblie 4ns U3rOTOBMEHNUS YHUKarb-
HbIX HECYLLMX KOHCTPYKLUIA B CTPOUTENBCTBE NMPOMBILLIIEHHbBIX Y FPaXAaHCKUX 30aHWUN U3 ApeBecuHbl. MNprBeaeHbl TEXHYe-
CKve XapaKTepuUCTMKM NaHenen Ans CTpoUTENbCTBA AePeBsAHHbIX 30aHUIA U COOPY>KEHWIA, MPUMEPBI Peanu3oBaHHbIX 1 pea-
nM3yembix 30aHuIn 1 cCoopyXeHuit. MNokasaHbl KMoYeBbIE PasnNnyms NPOU3BOACTBEHHbIX PELLEHWUIA TEXHOMOMMI N3roTOBNEHNS
naHenen CLT n MHM. PaccMoTpeHbl OCHOBHbIE NEPCNEKTVBbI MPUMEHEHNSI 4EPEBAHHOINO MHOTO3TaXKHOIO CTPOUTENbLCTBA.
Pesynbrathl. [lpoaHanuanpoBaHa obuias TexHudeckass ocobeHHocTb naHenen CLT n MHM, cBazaHHasa ¢ obszaTenbHbiM
NPUMEHEHNEM OTAEMNOYHbIX MaTepmaroB Nocne MoHTaXa KOHCTPYKUM. ChopmMynupoBaHbl rMaBHble NPeENMyLLECTBA U He-
[0CTaTKN NMPOU3BOACTBEHHbIX PELLEHUI TeXHONMorni nrotosnexHus nadenet CLT u MHM.

BbiBoAabl. HecmMoTpsi Ha cxoxecTb npoueccoB narotoreHus naHenen CLT n MHM oHu oTnmyatotes Tem, 4to naHenu CLT
co3fatoTcsa NyTeM CKNenBaHus namenen B npeccax, a naHenn MHM cobupatoTcst ¢ noMoLLbto antoMnHUEBbIX reo3geit. Mpu-
MeHeHwue TexHonorum CLT onTumanbHO Ans BO3Be4eHMS MHOrO3TaXHbIX 3gaHuin. OCHOBHbIM NPENATCTBMEM A1 MAacCOBOrO
ncnonb3oBaHusa MHM-naHenen B Poccun aBnsieTca HexBaTka NpOBEAEHHbIX UCMbITAHUI Taknx KOHCTPYKUuiA. [lepeBsiHHOe
MHOrO3Ta)XHOe CTPOMTENbCTBO M3 naHenen CLT 1 MHM — aTo peanbHOCTb, MOCKONbKY OHO COOTBETCTBYET COBPEMEHHbBIM
HOpMam 3HeproadEeKTUBHOrO CTPOUTENBLCTBA.
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ABSTRACT

Introduction. The growth trend in the construction of wooden structures for industrial and civil purposes is indicated.
The problem of creating wooden structures from standard lumber is formulated. Modern technological solutions for creating
innovative structures of buildings and structures made of wood in industrial and civil engineering are presented. The purpose
of this research paper is given.

Materials and methods. The subject of this research is the CLT and MHM technologies used for the manufacture of unique
load-bearing structures in the construction of industrial and civil buildings made of wood. The paper presents the technical
characteristics of panels for the construction of wooden buildings and structures. Examples of completed and ongoing build-
ings and structures are considered. The main differences between the production solutions of CLT and MHM panel manu-
facturing technologies are formulated. The main prospects for the use of wooden multi-storey construction are considered.
Results. The general technical feature of CLT and MHM panels related to the mandatory use of finishing materials after
the installation of structures is analyzed. The main advantages and disadvantages of manufacturing solutions for CLT and
MHM panel manufacturing technologies are formulated separately.

Conclusions. Despite the similarity of the manufacturing processes of CLT and MHM panels, they differ in that CLT panels
are created by gluing slats in presses, while MHM panels are assembled using aluminum nails. The use of CLT technology is
optimal for the construction of multi-storey buildings. The main obstacle to the mass use of MHM panels in Russia is the lack
of conducted tests of such structures. Wooden multi — storey construction made of CLT and MHM panels is a reality, as it
meets modern standards of energy-efficient construction.

© H.I. CeperuH, A.C. Kypatokos, 2025
PacnpoctpaHsieTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



MaHean CLT 1 MHM B npOMBbILLAEHHOM U rpaXxAaHCKOM CTPOUTEALCTBE

C. 62-73

KEYWORDS: CLT, Cross Laminated Timber, cross-glued wood cross-bonding, Gro Thermo, MHM, Massiv-Holz-Mauer,
multilayer coniferous wood, panel characteristics, advantages and disadvantages of CLT and MHM, panel application pros-

pects

FOR CITATION: Seregin N.G., Kurdyukov A.S. CLT and MHM Panels in Industrial and Civil Engineering. Stroitel’stvo:
nauka i obrazovanie [Construction: Science and Education]. 2025; 15(3):4. URL: http://nso-journal.ru. DOI: 10.22227/2305-

5502.2025.3.4

Corresponding author: Nikolay G. Seregin, SereginNG@mgsu.ru.

BBEJAEHUE

TenaeHUMU MOCIEIHUX JIET B €BPONEHCKUX CTpa-
HaX MOKa3bIBAIOT POCT UCTIOIB30BaHHUs JEPEBSIHHBIX KOH-
CTPYKLUH HE TOJIBKO AJISt MaJIOATaXKHOTO CTPOUTETHCTBA,
HO ¥ AJIsl BO3BEIEHHS MHOTOITAKHBIX 31aHUH IPOMBIII-
JIEHHOT'O U TpaXkJlaHCKoro HazHadenus [ 1, 2]. IIpu cTpo-
UTEIBCTBE MHOTOA3TAXHBIX 3[aHUN W3 TPEBECHHBI
CTAJIKMBAIOTCS C MPOOJIEMON CO3MaHNsI KOHCTPYKIIMH
C YHUKAQJIbHBIMH T€OMETPHUUYECKIMH M KOHCTPYKLIUOH-
HBIMH XapaKTE€PUCTHKAMH, KOTOPbIE HEBO3MOKHO H3-
TOTOBUTH U3 CTAHJAPTHBIX nmuiomarepuanos. Cospe-
MEHHOE CTPOMUTENBCTBO MOCTOSTHHO HAXOAUTCA B IO-
WCKE MHHOBAI[MOHHBIX PEIICHUH, CIIOCOOHBIX COYeTaTh
MPOYHOCTH, 3CTETUKY U IHEProd(h(HEeKTUBHOCTH 3/1a-
HUHI U COOPYKEHUI U3 APEBECHUHBI B MPOMBIIUIEHHOM
U TPaKIAaHCKOM CTPOUTENbCTBE. ISl pelleHns JaHHOH
MpoOIeMBI, a TaKKe MHOTHX APYTHUX pa3padaThIBaroT-
Cs1 pa3JIMUHbIE TEXHOIOTUU U3TOTOBICHUS JEPEBSIHHBIX
KOHCTPYKLUH.

B HacTosmmii MOMEHT HanboJIbIIee pacupocTpa-
HEHME TMOJy4HJIa TEeXHOJIOTHS HU3TOTOBJICHHUS Iepe-
KpecTHBIX cTeHOBBIX maHeneir — CLT. Hapsmy ¢ sToi
TEXHOJOTHEH CyHIeCTBYeT ellle OJHa, KOTOpas UMeeT
OYeHb CXOXKYI0 KOHCTpyKunio — MHM [3-5].

Lenpto nanHON pabOTHI SBISETCS! HCCIICAOBAHHE
npumenenus naneneit CLT 1 MHM B npomsinuies-
HOM U TpaKJaHCKOM CTPOMTEIBCTBE NS BO3BEACHUS
MHOTOATAKHBIX 3/IJaHUH U COOPYKEHUH, H3yUEHUE BO3-
MOJKHBIX KOHCTPYKTHUBHBIX PELICHHH, pAaCCMOTpPEHUE
TEXHUYECKHUX XapaKTEPUCTUK KOHCTPYKIIHH.

MATEPHAJIBI U METO/JAbI

CLT (Cross Laminated Timber miu nepexpecTHO
KJeeHas JapeBecuHa), Apyrue Hazpanus: KLH, BSP,
X-LAM, CROSS-LAM — TexXHOIOTHST U3TOTOBICHMS
naHeJsed, B OCHOBY KOTOPOH MOJIOXKEHO NEPEKPECTHOE
CKIJIEMBAaHUE MEXTy COOO0H CIIOEB JIaMesel U3 XBOMHBIX
mopox nepesweB (puc. 1) [6, 7].

OTa TeXHOJIOrHsl M3TOTOBIICHUSI TaHelel Oblia pas-
paborana B xoHIe 1980-x IT. ¥ BIepBbIC MCIIOIH30Ba-
Ha B ['epmanuu u ABctpun B Hauane 1990-x rr. bonee
MINPOKKE MCCIIEIOBAHUS TEXHOIOTUU OBbLIN MPOBEIECHBI
TOJIBKO BO BTOpoii noioBuHe 1990-x rt. [8, 9].

K 2000-M rT. mpou3BOACTBO MHOTOCIOMHBIX KJle-
€HBIX JICPEBSHHBIX MMaHelIeld HaOpaxo OONBIIYIO TOITY-
JSIPHOCTB B €BPONEHCKHX cTpaHax. [lanem npuMeHsim
JUISL PA3IIMYHBIX CHCTEM CTPOUTEIHCTBA OHOITAKHBIX
Y MHOTO3Ta)HbIX 31anuii [10, 11].

Jnst n3rorosnenus nanenet CLT npumensercs
JTIOCKA XBOWHBIX MMOPOJ APEBECHHBI KAMEPHOU CYIIKH
¢ BIaxHOCTBIO 12 %. OHa packpamBaeTcs Ha JlaMe-
JM HEOOXOJMMOTO CEUeHUs, KOTOPBIE CPaIlUBaIOTCs
o JuinHe. Jlamee mamMenu KamOpyroTess U COOUPArOTCs
B IIUTHI C TIOCTIOWHBIM MEPEKPECTHBIM CKICHBAHUEM.
ITocrne yero mMuUTHI 3aIIPECCOBBIBAIOTCS ISl Oy UCHHUS
SIMHOM TaHeNu, KOTopas B MalbHEHUIIEM IMPOXOIUT
nporiecc KaTuOpoBKH, NUTHGOBKHA U packpos Ha YITY
cranke [12].

Ot omepanuu TPeOYOTCS IS IMOyICeHUS MaHe-
el ¢ HeO0OXOIMMBIMU T€OMETPHUCCKIUMH ITapaMeTPaMH,
c(hOpMHUPOBAHHBIMH NIPOEMaMH, & TAKXKE TEXHOJIOTH-
YECKAMHU OTBEPCTHSIMH. 32 CUET MEPEKPECTHOTO CKJIe-
nBaHUA (HOPMHUPYETCS MAHETh C XOPOIIUMH (DU3UKO-
MEXaHUYECKUMHU U TEIUION30ISIIIMOHHBIMU CBOHCTBAMU
B OTVIMYHE OT TPAJUIIUOHHON JIPCBECHHEI.

l'abapurtasie pazmeps CLT-manenei BapsupyroTcs
B JIMana3zoHe: mupuHa — 110 4 M, JyInHa — 24 M, TOJI-
muHa — ot 0,06 o 0,4 m [13].

Kak roBopunocs panee, COBpeMEHHOE CTPOUTEIb-
CTBO IOCTOSIHHO HaXO/IUTCS B MMOMCKE HHHOBAIIMOHHBIX
pewenuii. [Tomumo crangaprabix nanenei CLT paspa-
6otans! yremienasie nTel GrO Thermo, mpumensie-
MBI€ ISl HAPYXKHBIX CTEH.

GrO Thermo — sto yrennennas CLT-mmTa, 9acts
BHYTPEHHHUX JIaMeJI€l KOTOPOH 3aMelleHa JPEBECHBIM
yreruuTeneM. Croil yTenaurens BKIEUBAeTCs U 3ampec-
COBBIBAETCS B IUIUTY aHAJIOIMYHO JiamelsiM [ 14].

YTennuTens, NCIOIB3yeMbIil B TaHeIX, Ha 94 %
COCTOHUT U3 APEBECHUHBI, a TAK)KE U3 HKOJOTHUECKOTO
KIitest v mapauHa, KOTOpBIe TOOABISIOT TSI COXpaHe-
HUsT GOPMBI ITUTHI (pHC. 2).

OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH MaHe-
neit CLT npuBenenst B Tabm. 1 [15].

Puc. 1. Ilepekpectroe ckinenBanue naHeneir CLT
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JexoputuHas otaenka CLT-uintsl

Puc. 2. Cocras mur GrO Thermo

Vremnurenan

Taou. 1. OcHOBHBIE TEXHUYECKUE XapaKTepucTUku naxnesneil CLT

TTokazarenu

3HaueHUs MoKas3aresiei

BrnaxxHocTtb nanesnei

12 % (+/-2 %)

HapOl'lpOHI/IL[aeMOCTL TONEPEK BOJIOKOH

0,05 mr/(m-u-Tla)

Hlymoun3somnsiuns R> 60 nb
Knacc npounoctu C24 (I'OCT 33080-2014)
TernnonpoBoaHOCTD A=0,13 Br/m'K (EN 12524)
TermnoeMkoCTh c=1,6 kJIx/(xr-K) (EN 12524)
BonocroiikocTs pn=20-50 (EN 12524)
IIpouHOCTh Ha cxKaTHE BIOJIb BOJIOKOH 13—15 H/mm?
[IpouHocTs Ha cxxaTHE MONEPEK BOJIOKOH 1,8 H/mm?
[MpounocTs Ha U3rud 10 H/mm?
PacueTHas Harpyska Ha CTeHY 60 xH/m?
PacueTHas Harpyska Ha IepeKpbITHE 5 kH/m?

[ToxapoycToitunBocTth

D-s2, d0 (2003/43/EC)

OrHECTONKOCTE

REI 60-120 (EN 1995-1-2-2004)

CKkopocTh 00yIIIHBaHHS

0,65 mm/mus (EN 1995-1-2)

Macca u3aenust

[Ipumepamu Hambosiee N3BECTHRIX 3IaHUI U CO-

opyxernit n3 CLT-maneneii snstores [16]:

* 100-merposas 6ammusa Rocket&Tigerli B I1IBeii-
[apuy, MO IUIaHY €€ CTPOUTEIBCTBO JOJDKHO 3aBep-

muthes B 2026 1

» xoMIuiekc Mjostarnet B Hoperuu, HacauThIBa-

fortwii 85,4 M B BEIcOTY 1 18-20 aTaxei;
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470-480 xr/m>

e B Poccun 510 KK «Coxomrkm» B I. Cokou, 4-3Tax-
HBII KOMIDIEKC BBICOTOM 15 M 1 mmomanero 3013 m2.

Haimee paccmorpum Texuonoruro MHM (Massiv-
Holz-Mauer uiim MHOTOCTIOWHBIA XBOWHBIH MacCHB) —
9TO MMAHEJH, H3TOTABIUBAIOIIUECS TIOCIOWHO C TIepexIre-
CTOM M3 OOPE3HBIX JOCOK XBOHHBIX MOPOA TOIIIUHON
20-24 mm (puc. 3) [17].
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Paspabotka maneneit MHM npuHAIICKUT HEMITY
Xancy Xynnenerrepy. B 2001 r. on 3amyctun npous-
BOJICTBO M3 HEJEIOBOW NpeBEeCHHBI 3—4 copTa. Yke
B ceHTss0pe 2002 r. ObUT OCTPOCH TEPBBIN JJOM C HC-
noJyib3oBanueM naneneii MHM.

B nepuon ¢ 2003 mo 2019 . B I'epmanum u3 ape-
BECHBIX INTUT BO3BeJeHO okojo 300 oObekToB. DTa
TEXHOJIOTHS Hadaia MIIPOKO MPUMEHSThCS B EBpore
JUISL CTPOUTENIBCTBA KaK MAJOITaXXHBIX, TaK M BBICOT-
HBIX 37IaHUH.

B Poccnn MHM -rexnomorust nossunacsk B 2007 1.,
HO U3-3a HeJIoCTaTka MH(POPMAIMOHHO# 0a3bl OHa HE T10-
nyuuia Takoi nomyssipHoctd kak CLT, 4uro 3amerHO
u B Hame Bpems [ 18].

Jl1st mpou3BoCcTBa cTeHOBBIX naneneit MHM wuc-
MOJIB3YeTCsI I0CKa KaMEPHOW CYIIKU C BIIAYXXHOCTBIO
12 %, He TpeOyroas 00pabOTKU aHTUCETITUKOM U IIPO-
MTUTKAMU.

Kaxmas mocka mpoxoaut oOpabOTKy Ha YeThIpeX-
cTopoHHeM cranke komnanuu Hundegger, rie Bbimuiu-
BAIOTCS 11a3bl, KOTOPBIE MTPU COSTMHEHHHN JTIOCOK MEXIY
c000i1 00pa3yIoT BO3AYIIHYIO MPOCIOUKY JIsl BLICOKOH
3BYKOM3OJISILIMK U TEIIONPOBOAHOCTH. Takke Ha CTaH-
K€ BBIMIINBACTCS OOKOBOHM MPOQMIB ISl COCTMHCHHUS
JIOCOK MKy co00ii BO M30exkaHne 00pa3oBaHUs «MO-
CTHKOB X0JIO/Ia». 3aTeM JOCKH IOCIOWHO C MepeKpecT-
HOW YKJIaJKOW COOMPAIOTCS B IIUTH ¢ HEOOXOANMBIMHA
pa3MepaMu, KOTOpbIE CHIMBAIOTCS HA aJIOMHUHHUEBBIC
TBO3IIU B CTaHKaX.

Br16op antoMuHHEBbIX TBO3jeH (IITU(TOB) 00Y-
CJIOBJICH CHM)KEHHEM TOBPEXKJICHHS U H3HOCA PEXKYILe-
TO MHCTPYMEHTA IIPH MEXaHUIECKOH 00paboTKe.

Hanee B nporpammy UITY BHOCSTCS TpeOyembie
TEOMETPUYECKUE Pa3MepBl, POEMBI, a TAKXKE TEXHOJIO-
THYECKUE OTBEPCTHS I TPYO OTOTUICHUS, KaHaJH3a-
LM ¥ DJIEKTPUUECTBA JUIsl PACKPOSI TTAHEITH.

ITo TexXHONIOTHH M3TOTOBICHUS MAHEIN SBISIOTCS
9KOJIOTUYECKH YHCTHIMH, 06€3 MPUMEHEHHS KIIes U py-
I'MX XUMHUYECKUX MTPOIHUTOK.

IIpon3BoACTBEHHAsT TUHUS pacCUWTaHa Ha BBI-
MyCK MaHenel pasMepamu: Bbicota — 3,25 M; [uinHa —
J10 6 M; TONILMHA HApYXKHBIX MaHenel creH — ot 340 MM
(15 cnoes mocok) mo 160 MM (7 coeB), BHYTpEHHAX —
160 nmm 115 mm [19].

OCHOBHBIC TEXHUYCCKUE XaPAKTCPUCTUKH TaHE-
neit MHM npuenens B Tadi. 2 [20].

Puc. 3. Ceuenne manenu MHM

[Iprmeps! Hanboee M3BECTHBIX 3IaHUI B COOPY-
skeHuit 13 MHM-naneneii [21]:

 SporX B Hopeernu — 40-meTpoBoe orcHOE 311a-
HUE, IIPU €0 CTPOUTEINBCTBE UCTIONB30BaHo 2000 M 1iesb-
HO#t peBecunbl 1 500 M Kieenoro Opyca;

 orens Waldeck Spa Kur B ban-/lropxaiime.

PE3YJIBbTATBI

IManenmu MHM rak xe, kak u CLT, umeror o0yt
TEXHUYECKYI0 0COOCHHOCTD, CBA3aHHYIO C 00s3aTelhb-
HBIM IPUMEHEHHEM OTJEJIOUHBIX MaTepUaIoB MOCIe
MOHTaKa KOHCTPYKIIUH:

* BHYTPEHHSIS OTAEINKA (Harpumep, IepeBo, TUIICO-
KapTOH, IITyKaTypka) MOHTHPYETCSl HEITOCPEICTBEHHO
Ha TaHEeJIb;

* BHEIIHAS OTHEJKAa CIYXUT 4acThlo (acana
Y PACCUMTHIBACTCS UCXOJS U3 HEOOXOAMMOT0 3HAUCHHUS
TEeIUIONIepeiaull HapyKHOM KOHCTPYKUUH 34aHus. OT-
Jenka (hacaga MOXKET UCIIONIb30BATHCS KaK C BEHTHIINPYe-
MbIM (hacagoM (puc. 4, @), Tak U mTykarypHas (puc. 4, b);

* MEPETOPONKU 3/1aHHs UMEIOT BHYTPEHHIOI 00-
IIMBKY ¢ 00€UX CTOPOH (Harpumep, 1epeBo, TUICOKap-
TOH, IITYKaTypKa), 00pa3yroLIyto TOTOBYIO TIOBEPXHOCTh
cteHbl. CI0M OOIIMBKY PACIIONAraroTCsl HeTIOCPEICTBEH-
HO Ha CTE€HE 0e3 MOHTaXXHOTO 3a30pa (puc. 5).

W3y4nB 0CHOBHBIE KOHCTPYKTHUBHBIC PEIICHHS TEX-
nonorun CLT, cneayer paccMOTpeTh €€ IOCTOMHCTBA
1 HEJIOCTATKH.

K npenmymectBam maneneit CLT MmoxxHO OTHECTH:

* BBICOKYIO 3aBOJICKYIO FOTOBHOCTBH JOMOKOM-
TUIEKTA 33 CYET IIPUMEHEHUS] MOAYJICH;

Taou. 2. OCHOBHBIEC TEXHUYECKUE XapaKTEPUCTHKH aneneii MHM

Iloxazarenn

3HaYeHUs TOKa3aTelei

Brnaxnocts nanenei

12 % (+/-2 %)

HapOHpOHI/IL[aeMOCTL TMONEPEK BOJIOKOH

0,1-0,32 mr/(m-u-I1a)

ymonzonsmus R=48 nb
TermnonpoBogHOCTH A=0,094 Br/m'K
Bonocroiikoctb u=065
OrHecToiKkocTh F90B
Macca uznenus 480 xr/m3

65

(LS) € HOAUI9G ‘GL WOL Sosetareaty



rarITOnLCTRe: Ty 15, BhInyck 3 (57)

H.I. CepezauH, A.C. Kypdrokoe

Puc. 4. IIpuMeps! oTAENKN HApYKHBIX TTAHENeH: ¢ — BEeHTHIMPYEMBIH dacan; b — mTykaTypHBIi dacazg

_/““‘-/N

Puc. 5. Ilpumeps! oTaenKy NaHeaeH Ieperopojok

* CKOpPOCTBH BBITIOJTHEHUS pabO0T IT0 MOHTAXKY JOMO-
KOMILIEKTA;

* BBICOKYIO HECYIIIYIO CITIOCOOHOCTH M JKECTKOCTh
MaHesel 3a cHeT NePeKPEeCTHOM CKIICHKH JIaMellel;

* BBICOKYIO CEHCMOYCTOMYMBOCTH 31aHUN U CO-
opyxenuit n3 CLT-manernei;

* BBICOKYIO OTHECTOMKOCTb KOHCTPYKIIUH;

* HU3KYIO TEIUIOTIPOBOTHOCTH TTaHEIEH.

K menocrarkam naneneit CLT MOXKHO OTHECTH:

 Oospmroit Bec u radapursl CLT-mmanenei, tpe-
OyIoNUX CIEeNHAIbHOTO TPAHCIOPTA ISl TIEPEBO3KU
U MOHTa)ka KOHCTPYKLUH;

* YMEHBIIEHHE Ta0apuTOB MaHEIEeH MPUBOIUT
K YBEJIMYEHUIO CTHIKOBBIX COCIUHEHUMN, KOTOPBIE SBIISI-
FOTCS TOTCHIUATEHBIMA «MOCTHKAMU XOJIOJIa, a TAKKe
YCIIOXKHSIOT MOHTAX KOHCTPYKITHH;

* B CBA3H C HU3KOM CTOMKOCTBIO IPEBECUHBI K BO3-
JIEHCTBHIO ynbTpaduoiIeTa U APYyTUX NPUPOTHBIX (ak-
TOpPOB, KOTOpPBIE MOTYT €€ pa3pylIuTh, HEOOXOIUMO
TIPOBOANTE AOTOTHUTEIEHBIC 3aIIUTHRIC MEPOTIPHATHS
JUISL COXPAHEHHUS IIeIOCTHOCTH KOHCTPYKIIHU.

Takke paccMOTPHM OCHOBHBIC JOCTOMHCTBA U He-
nocrarku Texnojgornu MHM.

[peumymectsa MHM:

* OTCYTCTBHE yCAJK{ M3-3a HCIIOJIB30BAHUS J10-
CKH, 00pabOTaHHOW B CYNIMJIBHBIX KaMepax JI0 Biax-
Hoctu 12—-14 %;

* 3a CYET MEePEeKPECTHOr0 COCANHEHHUS JlaMesei
obecrieunBaeTCs BBICOKAs KECTKOCTh MaHeIeH;
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* IpU IPOU3BOJACTBE IMaHENEH MCIOIb3YIOTCS
TOJIBKO HaTypaJbHBIC MAaTEPHAIIBI;

* CKOpPOCTH BBITIOJIHEHHUSI COOPKH JIOMOKOMIIJIEKTA
13-3a BBICOKOM FOTOBHOCTH KOHCTPYKIUI;

* cpasy nociue cOOpPKH 31aHHSI MOXXHO PUCTYIIATh
K OT/IenKe Onaroziaps TiaIkuM JepEeBSIHHBIM MaHEIsIM;

» manenn MHM nmeroT 60iee HU3KYIO CTOMMOCTD
U MeHbIINH Bec 1o cpaBHeHuto ¢ CLT BcnencTeue oco-
OEHHOCTEH MPOU3BOJICTBA.

Henocrarku MHM:

* HEJOCTATOYHOCTb MCCIICJOBaHMUS JaHHOM TEXHO-
noruu B Poccun;

* HEOOXOIMMOCTh HMCIIOIb30BAHUS TOJIBKO KaJlu-
OpOBaHHBIX MMIOMATEPHAIIOB.

3AKJIIOYEHUE

HecmoTps Ha BBICOKYIO CXOKECTh MPOLECCOB U3-
roroienns nadenedn CLT u MHM, oHu uM€EIOT O1HO
MPUHINNHAIBHO BakHOe oTiuume: manexn CLT cos-
JAI0TCs MyTeM CKJICHMBAaHU JIaMelIel B Ipeccax, a ma-
Hear MHM coOuparoTcsi ¢ OMOIIBIO0 aTFOMHUHUEBBIX
reozaed. Croumocts naneneit CLT Bblie cToUMOCTH
naneneit MHM na 3040 %.

[Mpumenenne texHomoruu CLT omrmmanpHO
JUISl BO3BEACHUSI MHOTOATAXKHBIX 3[aHUM, B Cilyyasx,
KOrJia HecyIasi CiocoOHOCTh MaHelNel ¥ UX BhICOKas 3a-
BOJICKasi TOTOBHOCTh UCTIONB3ytoTCs Ha 100 %, a BeIcOKast
ce0eCcTOMMOCTh MTPOU3BOJICTBA KOMIICHCUPYETCS 00JIb-
M 00bEMOM BO3BOJIIMOTO CTPOCHHSI.

B eBpomnelickux cTpaHax LIMPOKO HCHOJb3YIOT
u TexHosorud MHM 17151 cTpouTenscTBa 30aHUN.

OCHOBHBIM npeuATCTBUEM IJIsI MaCCOBOI'O HUC-
noas3oBanuss MHM-naneneit B Poccuu siBnsiercs He-
XBaTKa MPOBEJACHHBIX UCIBITAHUN TaKUX KOHCTPYKIUI
C YYETOM MacCOBOCTHU MX NPUMEHEHUS U, KaK CIeJ-
CTBHE, HEAOCTATOK IOJIHOLIEHHOM, a IIIaBHOE COBpe-
MEHHOH JOKYMEHTAITMOHHOH 0a3bl, a TAK)Ke OTCYTCTBHE
YHU(DUKAIIUHN U CTAaHAAPTH3AINN TaKHX KOHCTPYKLIUH.

JlepeBsiHHOE€ MHOTOITAXKHOE CTPOUTEILCTBO U3 Ta-
Heneit CLT u MHM — 310 peanbHOCTh, HOCKOJIBKY OHO
COOTBETCTBYET COBPEMEHHBIM HOPMaM HEPTrod(PPeKTHB-
HOTO CTpouTeNnseTBa. COOPYKEHHUS MO TaHHBIM TEXHOJIO-
THSIM MOT'YT BO3BOZIUTBCS HA TEPPUTOPUSIX CO CIIOKHBIMU
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HMHXCHEPHO-ICOJI0rMYECKUMU YCIIOBUAMH, B CECMUUE-
CKU aKTUBHBIX, TOPHBIX WJIM BEYHOMEP3JIbIX PalioHaX.

MoHTax IepeBSHHbIX KOHCTPYKLMI OTJIMYAETCs
BBICOKOM TEXHOJIOTUYHOCTBIO U CKOPOCTBIO BBUY TOIO,
YTO UCIIOJIB3YIOTCSI MOLYIIH 3aBOJICKON COOPKH.

TCXHOJ'[OFI/IH CTpOI/ITeHBCTBa }IepeBHHHI)IX 3ﬂaHHﬁ
Massiv-Holz-Mauer 6ojee onTuMaibHa 10 TEXHUKO-3KO-
HOMUYCCKHM, (I)I/ISI/I'-ICCKI/IM u 3KCHHyaTaI_II/IOHHBIM xapaK-
TEPUCTHKaM J1jIs1 POCCHH TIpH YCIIOBHUH OOIIMPHOTO M3yde-
HUA U HpOBe}ICHI/Iﬂ HCHBITaHHﬁ )IaHHOﬁ TEXHOJIOTUHU.

CIIMCOK UCTOYHHUKOB

1. 3anpyonos B.U., Cepecun H.I"., [lomexun H.H.
[lepcrieKTHBEI CTPOUTENHCTBA YHUKAIBHBIX 3/1aHUH 1 CO-
opysxenuii u3 apesecunsl // Jlecnoi BectHuk. 2023. T. 27.
Ne 4. C. 128-136. DOI: 10.18698/2542-1468-2023-
4-128-136. EDN OAYORW.

2. 3anpyonos B.U., Cepeeun H.I"., Kypoiokoe A.C.
BonprenponeTHsie KiIeeHbIE AEPEBIHHBIE KOHCTPYKIIH
U TEXHOJIOTHsSI UX U3roToBieHus // JlecHO! BeCTHUK.
2024.T.28.Ne4. C. 138-146. DOI: 10.18698/2542-1468-
2024-4-138-146. EDN JJIXSMZ.

3. Aghonun B.C. Dranbl HopMHPOBAHHS MHPOBOTO
MHOT'03TaKHOT'O JIEPEBSIHHOI'O CTPOUTENLCTBA // ApXU-
TEKTYpa U COBpEeMEHHbIE HH()OPMALMOHHBIC TEXHOJIO-
run. 2018. Ne 2 (43). C. 41-61. EDN ORXTPL.

4. Axwos D.A. Texnomornueckrue ocoOEHHOCTH
KJICEHBIX IEPEBAHHBIX KOHCTPYKIHH // ApXUTEKTypa
U cOBpeMEeHHbIe MH(OPMAIMOHHbIE TeXHOIoTHu. 2021.
Ne 1 (54). C. 156-164. DOI: 10.24412/1998-4839-2021-
1-156-164. EDN KCIRXW.

5. Apsumanos JI. 1., I'aesckas 3.A. CpaBHUTETBHBIH
ananm3 saeprodddpexrupnoctr CLT-manenei s ®Kumo
MHOT03TaKHOH 3acTpoiiku Cankr-IleTepOypra // Nmxke-
HepHbie uccnenoBanus. 2023. Ne 2 (12). C. 11-18. EDN
HGAQIZ.

6. Hpyorcunun A.B. TeXHONOTHSI KIIESHBIX MaTepH-
aJIOB M APEBECHBIX IINT: yueOHoe nocodue. Exarepnn-
oypr : YI'JITY, 2005

7. Pozoocuna A.B. Pacuyer neopmMaTUBHOCTH
CLT-nanenu nepekpoiTus // NHX)KEHEPHBI BECTHUK
Jomna. 2022. Ne 6 (90). C. 329-339. EDN TWGFWN.

8. Yaxos /[.K., [lokmopos U.A., Jlaspos M.D. Te-
TUIO3AIUTHBIE CBOICTBA JIEPEBSHHBIX CTEHOBBIX ITaHe-
neit «Massiv Holz-Mauer» mist yemosuit Sxytun // TIpo-
MBIIIJIEHHOE U IPaXkIaHCKOE CTPOUTEeNbCTBO. 2012, No 1.
C. 35-38. EDN OOHUVX.

9. Ecaynenxo M.B. IlepcieKTHBBI pPa3BUTHS BBICOT-
HOTO JIepeBSIHHOTO JoMocTpoeHus B Poccnu Ha nprMe-
pe 3apyOeKHOTO OIbITa // APXUTEKTYpa, CTPOUTEIBCTBO,
tparcnopt. 2021. Ne 4. C. 17-25. DOI: 10.31660/2782-
232X-2021-4-17-25. EDN OFUFZP.

10. I'opwixog A.C. SHepronhekTHBHOCTD B CTPOH-
TEJIECTBE: BOIIPOCHI HOPMUPOBAHUS M MEPBI IO CHIKEHHIO
SHEPronoTpedICHUs 31aHui // IHKeHepHO-CTPOHUTEIh-
Hb1i KypHaL. 2010. Ne 1 (11). C. 9-13. EDN MZJCQP.

11. 3anpyonos B.U., Cepeeun H.I"., I peuanas H.H.
WNHudopmannoHHO-U3MEPUTEITBHBIE CHCTEMBI MOHHUTO-
pHHra TEXHUYECKOTO COCTOSIHUSI CTPOUTEIBHBIX KOH-
crpykmmii // JlecHoit Bectauk. 2018. T. 22. Ne 5. C. 86-93.

DOI: 10.18698/2542-1468-2018-5-86-93. EDN
YOKOYH.

12. 3anpyonos B.U., Cepeeun H.I". MeTonsl v cpei-
CTBa MOHUTOPUHI'a TEXHUYECKOTO COCTOSTHHS CTPOUTEITb-
HBIX KoHCTpyKuwii // JlecHoit Bectank. 2019. T. 23. Ne 5.
C. 108-115. DOI: 10.18698/2542-1468-2019-5-108-115.
EDN ZXRQIJL.

13. Cepecun H.I'., ['uacog b.1. MeToauka pacue-
Ta IPOU3BOCTBA KIIEEHOT0 OKOHHOTO Opyca Julsi CTPOH-
TeNBHBIX KOHCTpyKuuii // Becthuk MI'CY. 2017. T. 12.
Ne2(101). C. 157-164. DOI: 10.22227/1997-0935.2017.
2.157-164. EDN YGJDXI.

14. Cepeeun H.I'., T'uacos b.1. VI3meputenbHble
CUCTEMBI TUATHOCTUKHN U MOHHUTOPUHI'a TEXHUYECKOT'O
COCTOSIHUSI YHUKAJIBHBIX 3/IaHUi 1 coopyskenuit // Ctpou-
TENBCTBO: Hayka u oOpazoBanue. 2017. T. 7. Ne 3 (24). C. 3.
DOI: 10.22227/2305-5502.2017.3.2. EDN YLXHCD.

15. Seregin N.G. Losses in the manufacture of
wooden building structures // Journal of Physics: Con-
ference Series. 2019. Vol. 1425. Issue 1. P. 012133.
DOI: 10.1088/1742-6596/1425/1/012133

16. Unaibayev B.Z., Unaibayev B.B., Andreyach-
shenko V. Cast-in-situ piles encasements based on oil-
bituminous rocks (kirs) in saline soils // Scientific Re-
view Engineering and Environmental Studies (SREES).
2021. Vol. 30. Issue 1. Pp. 51-61. DOI: 10.22630/
pniks.2021.30.1.5

17. Jin X., Wang T.-H., Cheng W.-C., Luo Y.,
Zhou A. A simple method for settlement evaluation of
loess—pile foundation // Canadian Geotechnical Journal.
2019. Vol. 56. Issue 11. Pp. 1690-1699. DOI: 10.1139/
cgj-2017-0690

18. Kong G., Cao T., Hao Y., Zhou Y., Ren L. Ther-
momechanical properties of an energy micro pile-
raft foundation in silty clay // Underground Space.
2021. Vol. 6. Issue 1. Pp. 76-84. DOI: 10.1016/j.un-
dsp.2019.09.005

19. Fahrurrozi M., Wirawan S.K. Mathematical
modeling of the red ginger oleoresin release from chi-
tosan-based microcapsules using emulsion crosslinking
method // Engineering Science and Technology, an In-
ternational Journal. 2019. Vol. 22. Issue 2. Pp. 458-467.
DOI: 10.1016/j.jestch.2018.11.008

20. Zhang Q., Shao M., Jia X., Wei X. Changes
in soil physical and chemical properties after short
drought stress in semi-humid forests // Geoderma.
2019. Vol. 338. Pp. 170-177. DOI: 10.1016/j.geoder-
ma.2018.11.051

67

(LG) € HOALIIGY "G WO GFi5eresian v ene



scionco o ruction: o] 15, Issue 3 (57)

Nikolay G. Seregin, Artyom S. Kurdyukov

21. Lu Z., Xian Sh., Yao H., Fang R., She J. Influ-
ence of freeze-thaw cycles in the presence of a supple-
mentary water supply on mechanical properties of com-

Tlocmynuna 6 pedaxyuro 8 dexabps 2024 e.
Ipunsma ¢ oopabomannom eude 5 aneaps 2025 e.
Ooobpena ona nyoruxayuu 22 aueaps 2025 a.

pacted soil / Cold Regions Science and Technology.
2019. Vol. 157. Pp. 42-52. DOI: 10.1016/j.coldregions.
2018.09.009

OB ABTOPAX: Hukonaii 'puropseBny CepernH — KaHauIaT TEXHUYECKHX HayK, JIOEHT, OIEHT Kadeapbl mpo-
MBIIIIEHHOTO ¥ IPa)/1aHCKOTo cTpouTesibeTBa; HanmonaabHbli ucciienoBarebeknii MOCKOBCKHUI rocyiapcTBeH-
HBI cTponTenbHblii yHuBepceuter (HUY MI'CY); 129337, . Mocksa, fIpocnasckoe mocce, a. 26; SereginNG@

mgsu.ru;

Aptem Cepreesuu Kypawkos — crynent; HannonanbHblii uceienoBareabcknii MockoBekuii rocy-

JapcTBeHHBI cTpouTeabHblil yHuBepcuter (HUY MI'CY); 129337, . Mocksa, SIpocnaBckoe mocce, 1. 26;

temik1516@gmail.ru.

Bxnao aemopos:

Cepeeun H.I — nayunoe pykosoocmeo, 0opadomka u peoaKkmuposatie mekcmad.

Kyporokog A.C. — c6op u 0bpabomra nayunoeo mamepuaid, Hanucanue Ucxo0Ho20 mekcmd.

Aemopbl 3a5a61510m 06 OMCYMCmMEUU KOHGYIUKMA UHMEPeCcos.

INTRODUCTION

Recent European trends show an increase in
the application of wooden structures not only in low-
rise construction, but also in construction of multi-
storey industrial and civil buildings [1, 2]. The con-
struction of multi-storey wooden buildings is chal-
lenged by unique geometric and structural character-
istics of elements that cannot be made from standard
lumber. Research efforts focus on innovative solutions
capable of combining strength, aesthetics and energy
efficiency of industrial and civil engineering buildings
and structures made of wood. To solve this and many
other problems, various technologies are developed to
advance wooden construction.

Now cross-laminated, or CLT, panels are the most
widespread technology employed to solve this prob-
lem. However, another technology, or MHM (Massiv-
Holz-Mauer) is used along with the CLT technology.
The MHM technology has a similar design [3-5].

The mission of this research work is to study
the application of CLT and MHM panels in industrial
and civil engineering for the construction of multi-
storey buildings and structures, to research potential de-
sign solutions, and to review technical characteristics
of structures.

MATERIALS AND METHODS

CLT (cross laminated timber), also known as KLH,
BSP, X-LAM, CROSS-LAM, is a panel manufacturing
technology based on the cross-gluing of lamella layers
made of coniferous trees (Fig. 1) [6, 7].

This panel manufacturing technology was devel-
oped in the late 1980s and first used in Germany and
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Austria in the early 1990s. More extensive research into
this technology was conducted in the late 1990s [8, 9].

By the year 2000, the production of multilayered
laminated wooden panels was popular in European
countries. Panels were used to make various structural
systems of single- and multi-storey buildings [10, 11].

Oven-dry coniferous wood boards with a humidity
of 12 % are used to make CLT panels. They are split
into lamellas with pre-set cross-section dimensions.
Further, lamellas are spliced along the length. Then la-
mellas are calibrated and assembled into board panels;
this process is accompanied by layered cross-gluing.
After that, board panels are pressed into panels, cali-
brated, grinded and cut by CNC machines [12].

These operations are necessary to manufacture
panels with pre-set geometric parameters, apertures and
openings. Cross-lamination gluing ensures the produc-
tion of panels with excellent physical, mechanical and
thermal insulation properties, unlike traditional wood.

Fig. 1. Cross-gluing of CLT panels
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Decorative finishing of the CLT plate

100 % natural wood

Insulation

Fig. 2. Composition of GrO Thermo plates

Overall dimensions of CLT panels vary in the fol-
lowing range: width — up to 4 m, length — 24 m, and
thickness — from 0.06 to 0.4 m [13].

It was mentioned earlier that modern construc-
tion science keeps searching for innovative solutions.
Hence, along with standard CLT panels, insulated GrO
Thermo plates were developed for exterior walls.

GrO Thermo is an insulated CLT plate; part of its
inner lamellae is replaced by the insulant made of wood.
The insulation layer is glued and pressed into the plate
in the same way as lamellas [14].

The panel insulant has 94 % of wood, eco-friendly
glue and paraffin, added to maintain the plate shape
(Fig. 2).

Principal technical characteristics of CLT panels
are provided in Table 1 [15].

The most famous buildings and structures made
of CLT panels are [16]:

* a 100-meter Rocket&Tigerli tower in Switzer-
land; its construction should be completed in 2026, ac-
cording to the construction schedule;

* Mjostarnet facility in Norway; it is 85.4 m high
and has 18-20 floors;

 Sokoliki residential facility in Sokol, Russia; it
is a four-storey building; it is 15 m high, and its floor
area is 3,013 m>.

Now let’s consider the MHM (Massiv-Holz-Mau-
er or multi-layered solid coniferous wood) technology.
These panels are made layer-by-layer with an overlap
of edged coniferous boards that are 20-24 mm thick
(Fig. 3) [17].

MHM panels were developed by Hans Hunde-
degger. In 2001, he launched their production from non-
merchantable wood, grades 3—4. As early as in Septem-
ber 2002, the first house was built from MHM panels.

In 2003-2019, about 300 facilities were built from
wooden plates in Germany. This technology became
a mainstream for the construction of low-rise and high-
rise buildings in Europe.

The MHM technology arrived in Russia in 2007, but
due to the lack of awareness, it failed to gain as much pop-
ularity as CLT, which is also true for the pre-sent time [18].

Oven-dry boards with a moisture content of 12 %
are used to make MHM wall panels. They do not re-
quire any preservative treatment or impregnation.

Each board is processed by a four-sided Hun-
degger machine to cut grooves, which, make a layer
of air for reliable sound insulation and thermal conduc-
tivity when boards are spliced. Side profiles are also cut
by this machine to connect boards and to prevent ther-
mal bypasses. Then, layer-by-layer, boards are cross-
assembled into board panels, which are spliced by alu-
minum nails. Board panels have pre-set dimensions.
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Table 1. Principal technical characteristics of CLT panels

Characteristics

Values

Moisture content

12 % (+/-2 %)

Vapor permeability across fibers

0.05 mg/(m-h-Pa)

Sound insulation

R>60dB

Strength class

C24 (All-Russian State Standard 33080-2014)

Thermal conductivity

A=0.13 Wt/m K (EN 12524)

Heat capacity

¢ = 1.6 kl/(kg'K) (EN 12524)

Water resistance

1 =20-50 (EN 12524)

Compressive strength along fibers 13-15 N/mm?

Compressive strength across fibers 1.8 N/mm?
Flexural strength 10 N/mm?
Design wall load 60 kN/m?
Design floor load 5 kN/m?

Fire stability

D-s2, d0 (2003/43/EC)

Fire resistance

REI 60-120 (EN 1995-1-2-2004)

Charring rate

0.65 mm/min (EN 1995-1-2)

Product weight

Fig. 3. The cross section of an MHM panel

Aluminum nails (pins) are chosen to reduce dam-
age to and wear and tear of cutting tools during me-
chanical tooling.

Further, pre-set geometric dimensions, apertures
and openings needed for heating, sewage and electricity
pipes are entered into the CNC software program to have
the panel duly cut.

The manufacturing technology ensures environ-
ment-friendly panels that have neither glue, nor any
other chemical impregnation agents.

The production line is designed to make panels with
the following dimensions: height — 3.25 m; length — up

Table 2. Principal technical characteristics of CLT panels

470480 kg/m*

to 6 m; thickness of external wall panels — from 340
(15 layers) to 160 mm (7 layers), and thickness of interior
wall panels — 160 or 115 mm [19].

Principal technical characteristics of MHM panels
are provided in Table 2 [20].

The most famous buildings and structures made
of MHM panels are [21]:

* SporX building in Norway; it is a 40-meter
office building; 2,000 m? of solid wood and 500 m?
of laminated timber were used to construct this facility;

» Waldeck Spa Kur Hotel in Bad Durkheim.

RESULTS

MHM panels and CLT panels have common tech-
nical features related to the mandatory use of finishing
materials after the installation of construction facilities:

* interior decoration (wood, gypsum cardboard,
plaster) is mounted directly on panels;

« exterior finish is part of the facade; the finish
calculation is based on the pre-set heat transfer value
which is part of the building’s envelope structure. This
finish can be combined with ventilated (Fig. 4, @) and
plaster facades (Fig. 4, b);

* both sides of partitions have cladding (for ex-
ample, wood, gypsum cardboard, plaster) that serves
as the surface of a finished wall. Cladding layers are at-
tached directly to the wall without any installation clear-
ance (Fig. 5).

Characteristics

Values

Moisture content

12 % (+/-2 %)

Vapor permeability across fibers

0.1-0.32 mg/(m-h-Pa)

Sound insulation R=48 dB
Thermal conductivity A=0.094 Wt/m-K
Water resistance pn=265
Fire resistance Fo0B
Product weight 480 kg/m®

70



CLT and MHM Panels in Industrial and Civil Engineering

P. 62-73

a

Fig. 4. Exterior panel finishes: « — ventilated facade; b — plastered facade

A study on the main design solutions for the CLT
technology should be followed by the analysis of its
strengths and weaknesses.

CLT panels have the following strengths:

* high level of prefabrication due to the modular
structure;

« fast installation of prefabricated houses;

* high load-bearing capacity and stiffness of pan-
els, due to cross-lamination gluing of lamellas;

* high earthquake resistance of buildings and
structures made of CLT panels;

* high fire resistance;

* low thermal conductivity of panels.

CLT panels have the following weaknesses:

* large weight and dimensions require specialized
vehicles for transportation and installation;

» smaller-size panels end in larger butt joints,
which are potential thermal bypasses; they also make
installation more complicated;

* low resistance of wood to UV radiation and other
natural factors can damage panel structures; supplemen-
tary protection will maintain structural integrity.

Let’s consider the main strengths and weaknesses
of the MHM technology.

The MHM technology has the following strengths:

* no shrinkage which is prevented by oven-dry
boards with a moisture content of 12—14 %,

* high panel stiffness due to the crossover connec-
tion of lamellas;

* only natural materials are used to make panels;

* fast assembly of prefab houses due to high pre-
fabrication level,

* finishing work can be initiated immediately after
the house assembly because wooden panels are smooth;

* MHM panels are cheaper and lighter than CLT
panels.

The MHM technology has the following weak-
nesses:

« this technology is understudied in Russia;

* only calibrated lumber is applicable.

CONCLUSIONS

Although processes of manufacturing of CLT and
MHM panels are similar, they have one fundamentally
important difference: CLT panels are made by gluing

U ““-/ B
Fig. 5. Partition panel finishing options

lamellas in press machines, while MHM panels are as-
sembled using aluminum nails. The cost of CLT panels
is higher than the cost of MHM panels by 3040 %.

The CLT technology is optimal for multi-storey
buildings, where high bearing capacity and prefabrica-
tion of panels are 100 % necessary, and high manufac-
turing costs are compensated by the large size of a con-
struction facility.

In European countries, MHM technologies are
widespread in building construction.

The main obstacle, preventing the dissemination
of MHM panels in Russia, is the fact that no tests were
conducted to examine these structures and to authorize
their widespread use, and as a result, there is no com-
plete and, most importantly, advanced set of documents.
Besides, such structures were not subjected to unifica-
tion and standardization.

Multi — storey wooden structures made of CLT
and MHM panels is a reality, because they meet ad-
vanced standards of energy-efficient construction.
These technologies can be applied in areas featuring
problematic engineering and geological conditions, in
earthquake prone, mountainous or permafrost areas.

The installation of wooden structures is fast and
efficient, because prefab modules are used.

For Russia, the Massiv-Holz-Mauer technology is
more optimal in terms of technical, economic, physi-
cal and operational characteristics, given that extensive
research and testing are conducted.
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