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112 BblchM MIOHb/aBrycT

K 2050 roay LLBeluapus pelnna cTatb 6oee SHepreTMyecKi He3aBUCMON CTPAHOW 1
COKPATUTL BbIOPOCHI MAPHMKOBbIX Fa308. OCHOBHAA YacTb peann3aLmy 3TUX NiaHoB CBA3aHa C
KOHLUENUMen CTpouTenbeTea 3aaHui. Kak MuHumym 40-60% ot obuiero obbema noTpednsemblx
PECYPCOB 3aBUCAT OT KaueCTBa HeABVKIMOCTW. [103TOMY apXWTEKTOPbI 1 Pa3paboTumKm
LOMKHbBI AOCKOHAMBHO M3y4MTb BOMPOC CO BCeX CTOPOH! Ho cerofHA amcKyccum o bynyliem 8
OCHOBHOM (OKYCHPYIOTCA Ha TEXHONOTUAX, @ HE Ha AM3aliHe, popmax 1 Matepranax. KomaHaa
MONO/bIX LWBENLAPCKIX APXMTEKTOPOB 33ianiach BOMPOCOM: CMOCObHa NV 33Aaua YCTONYMBOrO
pa3BKTUA CTaTb popmoodpasyroulen? MpeanoxeHHas JOM Architekten paspaboTka HasbiBaeTca
Timber Structures 3.0 («[lepeBAHHbIE KOHCTPYKUMM 3.0») — 3TO COBEPLIEHHO HOBaA TEXHOMOMS,
MO3BONAIOWAA CO3[1aBaTb TOHKME, BICOKOIPDEKTVIBHbIE IEPEBAHHBIE KOHCTPYKLIMM, XOPOLLIO

BblACPXKMBaOWVie MHOTOOCHOE HalpAaMXeHne.

Knioyessie cnosa:

CMbIKOBOE COLOUHEHUE,
08YXOCHAA HA2PY3Ka,
NJI0CKasA OepesaHHAA naumd,

MHO20C/IOUHAA K/1eeHas aEpEQHHHGﬂ

nakens (CLT)

Matepwuansl npegoctasneHsl JOM ARCHITEKTEN,

Texct: CTE®AH ELUTEP, CTEQAH 3EJUIUT, AHAPEA OPAHTU, LUTEODEH ®PAHKE, MAPCEJIb MYCTEP

BBEJEHUE

B npownom ropgy, B pamkax mnpoxonsuiero B
EkatepuHbypre 100+ Forum Russia, gupektop u
OCHOBATESb LIPUXCKOTO apXUTEKTYpHOro 6topo JOM
Architekten Credan Ewrep npepactaBun Heckonb-
KO TE3MCHbIX MOJIOXKEHUI «3e/IeHON» apXUTEKTYpbI
1 MPOVNIIOCTPUPOBAN MX Npumepamm pas3paboTok
KonnekTrea komnaHun. OH Noapo6HO pacckasan o
[epeBAHHbIX KOHCTPYKLMSAX, TaK KaK, yunTbiBasa npu-
poaHble pecypcbl Poccun, oHM MoryT umeTb 601b-
Wwoe 3HauyeHue AnA CTpaHbl. YTOObl OTBETUTbL Ha
BOMPOC O MPOEKTHOM MOTEHLMane 3KONormyecku
YCTOMUYMBOWN apXUTEKTYpPbl, KOHCTPYKTOPbI N3 KOM-
naHun JOM Architekten nposenu cepuio gnckyccuin
B pamkax ¢opyma World in 2050. C akcneptamu B
06nacTn NPOeKTUPOBaHNA, CTPOUTENbCTBA, AM3aii-
Ha M Haykm obcyxpanucb Gyayluiee apxuTeKTypbl
N HOBble MEPCNeKTVBHbIE UHXKEHEPHble peLleHus.
CBOAHbIM OTYET C BbIBOAAMM O peanusauun KOH-
uenuuii «3efieHON» apxuTekTypbl Oyayuiero Obin
ony65MKoBaH B BeAylleM apXMTeKTYPHOM XKypHane
«Werk, Bauen + Wohnen». Tak»e apXx1uTeKTopbl 610po
JOM paspaboTanm oprieHTMPOBaHHbIA Ha Oyayliee
NPOEKT [epeBAHHOIO BbICOTHOMO 34aHuA.

BbasoBble Te3ucbl pa3paboTUMKOB MpeAcTaBrieHbl
34ech:

1. Kak u3BecTHO, B TeueHre HeCKOJbKUX fOecATu-
neTuin Yyenoeyeckasa UMBMAU3ALUA WCNONb3yeT
WNCTOYHUKWN SHEepruun, Kotopble 6binn HakonneHbl Nog
NOBEPXHOCTbIO 3eMNIN B TeYeHVe MWIIMOHOB NeT, a
3TO BbI3bIBaeT U3MEHEHME KMaTa.

2. bbino 6bl KpaliHe 6e30TBETCTBEHHO, ecnn Obl
APXMTEKTOPbI He MblTanucb 60poTbCA € rnobanbHbIM
notenneHvemM. B HacToAllee Bpema HepTenpoayKTbl
ncnonb3yTca AnA yTenneHva dacafa, NprpoAHbIT
ras - AN U3roToBJIEHMA KAPNUYel, @ KAMEHHbIN Yronb
CKWraetca B mpouecce BbiMycka LemeHTa. Ha opHo
NUWb NPOU3BOACTBO LieMeHTa npuxogmTca bGonee
5% Bbibpocoe CO, Bo Bcem mupe. Ha camom gene 37a
undpa Kak MUHMMYM BABOE BbIle, €C/IA YYUTbIBATb
[BVIXKeHVe BO3JYLLUHbIX MacC B aTMocdepe 3emnu.

3. lMone3Hble nCKonaemble He [OJIKHbl PacxXxofo-
BaTbCA Ha 3[aHMA: HM B MpoLecce 3KCnyatauuu,
HWU B MpoLecce CTPOUTENbCTBA, HU B MPOM3BOACTBE

CTPOVTENbHbIX MaTepuanoB — 3TOT CABUT Napagurmbl
HeunsbexeH!

4. OuyeBMAHO, UYTO CTPOUTb JoMa OyayT 13 BO306-
HOBJIAIEMbIX MaTEPUANIOB WM TaKUX, KOTOPblE MOXHO
NMOBTOPHO UCMOJIb30BaTb B TEXHONOTMYECKOM LiMKIIe.
KOHCTPYKTMBHbIE COUNEHEHUs B NpoeKTax Gyayluero
npeanonaraeTcsa BbIMOMHATbL B BUAE BCTABOK, 3aXKU-
MOB 1 BUHTOBbIX COEAUHEHUI, 6e3 rBo3aen, pacTBopa
UV OTIIUBKM.

5. Hn opguH apxutekTop B 3[4paBOM ymMe He CTa-
HeT OTKa3bIBaTbCA OT «3eJIEHbIX» CTPOUTENIbHBIX KOM-
NoHeHTOB. MOTOMY UTO TO, UTO elle He CyLecTBYyeT,
MOXeT OblTb U3MEHEHO: TEKTOHMKA CUCTEM HeCyLuX
KOHCTPYKLUIA 13 TaMUHNPOBaAHHOW ApeBeCUHbI, JI0rn-
Ka Y3/10B YrNOBbIX COefIMHeHW 13 nepepaboTaHHOM
CTanu, npaBuibHas Gopma GaNIKOHHbIX Nepus 13 nepe-
paboTaHHbIX MOIMMEPOB C NeYaTbio ¥ MHoroe fpyroe!

6. MNpepnonaraertcs, YTo pyyHas 1 MallMHHaA obpa-
60TKa conbloTca BoefnHo. CTponTenbHaa niowagka
CTaHeT MecToM COOPKW, a CPefCcTBOM BblpaKeHWA

MIOHb/aBrycT BblcﬂTM
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Puc. 1. lepeBAHHbIE
KOHCTPYKLUM 1.0: KONOHHbI
1 6anku

Puc. 2. lepeBAHHbIE
KOHCTPYKLUK 2.0: KneeHble
6pycba v naHenu CLT

Puc. 3. lepeBAHHble
KOHCTpyKuun 3.0:
TEXHONOI A CTbIKOBOrO
KieeBoro coeguHeHuna

TBOPYECKMX UAei apXUTEKTOpoB OyaeT pa3paboTka
COeINHEHUA.

7. HuKTO He CTaHeT NpenATCTBOBATb Pa3BUTKUIO
nprBneKaTesibHOM «3eNeHON» apXUTEKTYpbl, ecn
OHa OCTaHeTCA OTKPbITOW. DTO MO3BONMUT MNpeaso-
XUTb MHOXECTBO OCTPOYMHbIX TeXHUYECKUX Mnoj-
XOA0B, KOTOPbIX HET B HOPMATMBHbIX JOKYMEHTaX ”
pykoBogcTBax no craHgapTam. lNoasAatca Gecnpe-
LeJEeHTHO MOLUHble WHCTPYMEHTbI MIaHUPOBAHNA.
OT AUHAMMYECKUX CONHLE3alNTHbIX LWTOPOK A0
Tennosbix 6ydepHbIX 30H, KOTOpble obecrneunBaloT
KOM®OPT, — BO BCEX CIyYanX KIMEHTOB MOXHO bygeT
y6eautb B 3PPEeKTMBHOCTM HOBBIX AU3aNHEPCKUX
peLeHnin Npu NOMoLWM BM3yanbHOrO MOAeNMpoBa-
HUA.

8. MoTpebuTenn NprBeTCTBYIOT BHUMaHKE K BOMPO-
CaM O TOM, Kak CO3AaeTca KNMMaT B MOMELLEHUN N KaK
reHepupyeTca sHeprua. Heobxognmyto LUMpKynauuio
BO3yxa 0b6ecneunt U3MeHeHWe BbICOTbl Momelle-
HUA, a Gonbluve MOBEPXHOCTU KOHCTPYKUMIA 6ymyT
MCMoNb30BaTbCA ANA MNAaBHOIO Harpesa v oxnaxzie-
HUA. HacblWweHHbIN naHawadT Kpblw 3aMofHAT Con-
HeyYHble apKu 1 YronKn ¢ pacTeHnAMU.

9. Nimetowwaa KynbTypHYI LIEHHOCTb apxuTeKTypa
MOXET BO3HUKHYTb TOJIbKO KaK OTBET Ha BbI30Bbl
N BO3MOXKHOCTM HacTosAwero. Mpuwno Bpema Ans
«3efleHON» apXnTeKTypbl!

[lo ceropHAwWHero AHA BCe K3BECTHble CUCTEMBI,
ncrnonb3yemble ONA BO3BEAEHUA AepeBAHHbIX 3Aa-

114 BblchM MIOHb/aBrycT

HWIA, NpeAnonaranyn Haimyre TONIbKO HecyLmx nepe-
KpbITWIA C OQHOOCHON Harpy3kon. Takum obpasom, no
CPaBHEHUIO C OObIYHBIMU Kene306eTOHHbIMY NNTa-
MU, AepPEBAHHbIE MePEKPbITAA NOMYYaNNCh TONCTbIMY,
[OPOrMMU N CNOXKHBbIMK B MOHTaxe. MpuumHa 3Toro
3aK/ioyaeTca B OTCYTCTBUM 3PDEKTUBHON TEXHONO-
rMn CoefHEeHNA, KOTopas No3BossAna Obl KeCTKo coe-
OVIHATb 37IeMeHTbl PeBeCHbIX MIUT ApYr C APYrom.
AnbTepHaATUBHbIMK peLeHnaMN ABASITCA rnbpua-
Hble KOHCTPYKUVOHHbIE CMCTeMbl C KCMONb30BaHU-
em 6eToHa WAM CTanu, OAHAKO Takasa KoMOuHauusa
MaTepranoB obnagaeT uUenbiM psAOM HefOCTaTKOB,
0CO6EHHO B OTHOLUEHWM BEeCa, SKONOrMK, BPEMEHMU
CTpouTeNnbCTBa 1 3aTpar.

B pamkax 6onbworo mccnepgoBaTenbCcKoro npo-
eKkTa Obina paspabotaHa M yxe WcChbiTaHa HoOBas
cncTema fepeBAHHbIX nepekpbiTui. OHa npepHa-
3HauYeHa AN1A XUMblX, KOMMEPUYECKUX 1 MPOMbILLIEH-
HbIX 34aHui. MNepekpbiTue paboTaeT Kak nnockas
Hecywaa nauTa, NofBepXeHHada ABYXOCHbIM Bep-
TUKaNbHbIM Harpyskam. OHO COCTOUT U3 AepeBsAH-
HbIX 3/IEMEHTOB, TAKMX Kak MHOrOCJ/IOWHble Kiee-
Hble fepeBsiHHble naHenu (Cross-Laminated Timber,
nanee CLT), cknenBatowmecsa HEMOCPeLCTBEHHO Ha
yyacTKe C NOMOLLbIO BbICOKOIPPEKTNBHON TEXHO-
JIOTUN CTbIKOBOTO COEAUHEHMUA. Y)Ke MNpoBefeHbl
aHaNM3 LEeHTPaNbHOro 3N1eMeHTa MANTbI, CTbIKOBOY-
HbIX COEAUHEHUN, a TaKXe MoXXapHble UCMbITAHUSA.
NccnepoBaHme nokasano 060CHOBAHHOCTb 3TOrO
HoBOBBefeHusA. lepBbli NPOTOTMA Obla MOCTPO-
eH B TyHe (lWBenuapwua) B 2015 roay. bonbon
TPexSIeTHUI nccnefoBaTebCKUIN NPOEKT HAavYanca B
2016 ropy 1 cTaBUN CBOEN Lenblo 4OOUTbLCA BbIBOAA
3TOW TEXHOMOTMY Ha PbIHOK.

C 2009 ropga wBenuapckaa WHXWHUPUHIOBasA
komnaHus Timbatec, ETH Zurich, BFH Biel, Purbond
(Henkel Group) n neconunbHaa ¢upma Schilliger
Holz paboTatoT BMecTe Hap npoekTom «[lepeBsHHbIe
NANTbI B KOMMEPYECKUX 1 MPOMBILLIEHHbIX 3AaHNAX.

Llenbto npoekTa aABnATCA paspaboTka UM BHe-
ApeHne ABYXOCHOW Hecyllen NAOCKOW AepeBAHHOMN
MAWUTbI HA OCHOBE TaKMX 3/1IEMEHTOB, KaK MHOFOC/ION-
Hble KneeHble fepeBAHHbIE MaHeNN, CKnenBakLwmneca

HenocpeCTBEHHO Ha yyacTKe 3aCTPONKM C MOMOLLbIO
BbICOKOIODEKTUBHOWN TEXHONOTUN CTbIKOBOTO COeAU-
HeHuA.

B To e BpemAa O6blAM 3aluLEHbl HECKOJb-
KO 6akanaBpCKUX M MarucTepckmx Amcceptayui.
Pe3ynbraTbl MccnepgoBaTeNbCKUX MPOEKTOB ABNA-
I0TCA MHOroOo6eLaLWMK: C OAHON CTOPOHbI, 6b110
[lOKa3aHo, YTO MOXHO NPON3BOAUTL NNOCKNE Aepe-
BAHHbIE MJNTblI C CETKOM KONOHH Ao 8,00 x 8,00 m
1 Harpyskon fo 5 kH/m? [3, 4]. MNpwn conoctaBrumom
CTOVMOCTU C OObIYHBIMMK KeNe306eTOHHbIMUK M0-
CKAMW NITaMV OHY B NATb pa3 fierye n pakTnyeckn
He NPOU3BOAAT YrNepoaHbIX BbibpocoB. HanpoTus,
6onblIOe KONMYECTBO Yrnepoja COAepXMUTCA B
Ccamom KOHCTpyKLuW. Pe3ynbTaTtom nccnegoBartesb-
CKOro npoekTa CTafio co3faHue nepBoro npoTo-
TMna, rotoBoro K cbopke. Kpome TOro, HegaBHO
pa3paboTaHHas TEXHONOrMA KNeeBOro CoefuHeHus
OTKpbIBaeT HOBble 06/1acTU NPUYMeHeHUs Ansa gepe-
BAHHbIX KOHCTPYKLUMIA. OHa NO3BONAET UCNONb30BaTb
[epeBAHHblE Oanky NpakTUYecKn Nobo ANUHbI 1
NAnTbl NpaKkTMyeckn nboro pasmepa. Hanpumep,
MOTYT ObITb M3rOTOBJIEHbI XXECTKME CTEHbI, MONbI NN
CBOJbI 3[aHUA No60IN GopMbl. ITO HACTONBbKO HOBA-
TOPCKOe peLleHre, YTO MOXKHO FOBOPUTb O HOBOM
NOKOJNIEHNM KOHCTPYKLMIA ANA CTPOUTENbCTBA Aepe-
BAHHbIX 34aHNN.

3BONIOLNA BEPEBAHHbIX KOHCTPYKLUA.
OEPEBAHHbBIE KOHCTPYKL MU NOKONIEHUA 1.0:
KOJIOHHbI U BANTKU

Ha npoTsaxeHUn BeKOB B CTPOUTENbCTBE 3AaHWN
MCMNONb30BaNnUCb fepeBAHHbIe Onopbl (KOMOHHbBI) ”
6anku. [epeBbsa pybunu, nx BeTBM ypananu, nocne
yero ApeBecvHy obpabaTbiBanv U pacnuamMBan Ha
6anky 1 OCKM ANA CTPOUTENbCTBA 34aHUN.

AEPEBAHHDbIE KOHCTPYKL U NOKOJIEHUA 2.0:
KNEEHbIE BPYCbA U MHOTOCJIOVHbIE
KNEEHbIE AEPEBAHHbIE MAHENN

B XX Beke fepeBba Tak)Ke MUAUAN Ha [OCKW, MOTOM
cywmnu, nogbupanu no AsvHe U KNeunu nu3 Hux 6py-
CbA, @ COBCEM HeaBHO — MHOFOC/IONHbIE KfieeHble
nepesaHHble naHenu (CLT). bnarogapa Takum nsgenu-
AM Hecylwana 6anka MoxeT ObITb 6osblle U ASIVHHee,
yem MpocToe AepeBO. BO3MOXHbI TakXe M30rHyTble
KOHCTPYKLMOHHble 6anku. CerofHA MacCMBHble naHe-
nun CLT pa3mepom o 3,40 m B WwmpuiHy 1 20 M B ANVHY
NPOW3BOAATCA B MPOMbILWIEHHbIX MacluTabax.

DEPEBAHHbIE KOHCTPYKL N NOKOJIEHUA 3.0:
TEXHOJNOInA CTbiIKOBbIX KJIEEBbIX
COEAVNHEHUN

B HacToslee Bpems MMEEeTCA BO3MOXKHOCTb CKIeu-
BaTb BOJIOKHA APEBECUHbl BCTbIK. JTO YxKe TpeTbe
noKoneHne AepeBaHHbIX KOHCTPYKLUMIA, nofyymBLiee
Ha3BaHMe N 3anaTeHTOBaHHOE KakK «[lepeBaHHble KOH-
cTpykuuy 3.0». OfgHaKo ANA LWMPOKOrO MPUMEHEHMA
5TON UHHOBALMOHHOW METOAUKM HEOBXOAMMbI Aalb-
HenLmne nccnefoBaHus.

NOCNEAHUE UCCNEQOBAHUA: CUICTEMA
CTPOUTEJIbHbIX KOHCTPYKL U 30AHUIA
Llenb 3TOoM HOBOW TEXHOMOrMM 3aKJ4vaeTca B
NMOCTPOMKe TUMMYHBIX KapKacHbIX 34aHuin u3 6pyca,
KaK MokasaHo Ha pucyHke 4. OHu 6yayT cocToATb
TONbKO M3 CKJIEEHHbIX AepPeBAHHbIX 31eMEHTOB, 6e3
MCMONb30BaHUA Kpenexa (Hanpumep, BUHTOB, rBO3-
Oen UM MeTannnyecknx naacTuH).

OCHOBHbIMM KOMMOHEHTaMW 3[aHUA ABAATCA
CTeHbl MOMEepPeyYHON KOHCTPYKLMOHHOW CUCTEeMbI,
KOJIOHHbI M NMJIOCKUE NANTbI NEPEKPbITUSA B BePTUKaIb-

HOW KOHCTPYKUMOHHOW cucTeme. OCHOBHOW npobne-
MO ABNAeTCA pa3paboTKa BbICOKOMPOYHON HecyLlei
NANTbI 4N BOCMPUATAA ABYXOCHbIX Harpy30K.

BBmAay cBA3aHHbIX C Npoueccamy U3roToBJEHMSA,
TPAHCNOPTUPOBKM 1 COOPKM OrpaHUYEHUA BaXKHO

Puc. 4. TunnyHas
KapKacHas KOHCTPYKLMs

Puc. 5. MnaH 3taxa
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Puc. 7. DnemeHt
LieHTpanbHOM NAUTbI Ans
KOJTOHHbI, NCMbITaHHbIN
B ETH Zurich Ha
npopaasnueaHne
(rmbpugHbiii obpasew)

Puc. 8. VicnbitatenbHasn
YCTaHOBKa AJ1 SNeMeHTa
LeHTPanbHOW NAUTbI

C KONIOHHaMM

BykoBas daHepa

'GF‘

@ 1o mm

3ddeKTBHO pasfennTb MMaHbl 3Taxkeln nboro
TMNa Ha 3NeMeHTbl nepekpbiITuin. B napameTpu-
YeCKOM MCCNefoBaHMM MOKa3aHHbIA HUXKe TUMNo-
BOW NNiaH 3Taxka OKa3anca Havnbonee NoAXoAAWM.
«3eneHble» 31eMeHTbl JOJIKHbI NepefaBaTh BYX0C-
HYI0 Harpy3Ky Ha OAHOOCEBble HeCyl/e KKpacHbie»
3NeMeHTbl, KOTOopblie, B CBOK OvepeAb, nepepatot
HarpysKy Ha LeHTpasbHble 31eMeHTbl, OTMEYEHHbIe
CYHAM LBETOM BOKPYr KOMOHH. «CuHMEe» 3neMeH-
Tbl MOXOXM HA ene3006eTOHHble MIOCKMEe MINTHI,
noABep>KeHHbIe BbICOKMM M3rnbaiowmnm MoMeHTaMm
N yCMnmAm caBura.

SJIEMEHTbI LEHTPAJIbHOW NJIUTbI

C KOJIOHHAMU

CywecTtByeT dyHOameHTanbHaa npobnema Bocnpu-
ATUA CTAaTMUYECKOWN HarpysKy — Hanmuyme 30Hbl BbICO-
KON HAMps»XeHHOCTV BOKPYr KOMOHHbI U BO3MOX-
HOCTb YCWSIEHUSI 3NIEMEHTOB LEHTPaNbHOW MAWTbI
ANA npefoTBpalleHMsa MNpPOoAaB/IMBaHUA KONOHHbI.
Bokkafopo npoBen TeopeTUYeCcKnii aHanmn3 v Bbinosn-
HUN NMPOBEPKY LWeCT! Pa3fMYHbIX MHOTOCIONHbIX
KOHCTpYKUuii B MaclwTabe 1:1 [1]. OCHOBHbIM MaTepu-
anom Ans 31eMEHTOB LieHTpanbHOW NANTbI Obl Kiie-
eHbIn 6pyc (LVL) n3 wnoHa 6yka, KoTopbiii obnagaet
OUeHb XOPOLWVMM MeXaHUYeCKUMK CBOWNCTBaMM Mo
CpaBHEHUIO C 0ObIYHOWN MArKoW gpeBecnHon. LecTb
06pasyoB ObIM MUCMbITaHbl Ha MpoAaBANBaHUE B
nabopatopun ETH Zurich: Tpu ogHOpOAHbIX MaccuB-
HbIX NMANTbI U3 BYKOBOWN daHepbl 1 Tpy FMOPUAHbBIX
nuTbl 13 6ykoBoW ¢aHepbl 1 OObIYHBIX E€/10BbIX
nocok. TonwmHa nnutbl coctaBnana 240 mm, 320 mm
1 400 mm. MiccnepoBaHve nokasano npenmyLiecTsa
mMaTepuana Ha ocHoBe 6ykoBol daHepbl C TOYKM
3peHnA NpoYHoCTU Ha u3rnb n casur. C nomoLlbio
NPOCTbIX CTaTUYECKUX MOAeNel, a 3aTeM C UCMOSb-
30BaHMeM nporpammbl K3-aHanmsa Oblia oueHeHa
0OXMAaemas Hecylaa CNoCco6HOCTb SN1EMEHTOB LieH-
TpanbHOWM NANTbI. 3aTEM LLECTb 3/1IeMEHTOB LieHTpasb-
HOW NANTbI pa3mepom 2,5 x 2,5 x 0,24, 0,32 1 0,40 m
6bIAIM MCNblTaHbl Ha MPOYHOM nony B flabopaTtopum
ETH Zurich. OHu 6b1n Harpy»eHbl PacnosioKeHHbIM

+ |

8 BokoBas noaaepxka

Puc. 6. dnemeHt
LleHTpanbHON NANUTbI
CBEpPXY KOMOHHbI

B LUEeHTpe UMANHAPOM, UMUTHPYOLWUM 3bdeKT npu-
noxeHus Harpysku. O6pasubl ciomanucb npu yBe-
nuyeHumn ycunua mexgy 1'150-3'100 kH. 31o oueHb
XOPOLWMIA pe3ynbTaT, AeMOHCTPUPYIOWUA 60MbLIoi
NnoTeHLMan MexaHM4yeckux CBOMCTB NauT 13 6yKoBo-
ro KneeHoro 6pyca.

Ba»kHOW YyacTblo oLeHKN 6bi1 aHann3 Habnwgaemon
nnacTnyeckomn paboTbl 3n1eMeHTOB GaHEepPHON NAnTbI
13 bGyka, KOTopas HeTUNMYHA NS AepPeBAHHbIX KOH-
CTPYKUWIA, MOCKOJNIbKY ApeBecrHa O6blYHO ABNAETCA
XPYMNKOW.

Takylo nnactnyeckyto paboTy MOXHO OOGBACHUTH
rMnoTe3on o nepepacnpeneneHnn HanpsxeHun no
LWIMPVHE M YaCTUYHO MO BbICOTE MOMEPEYHOro ceye-
HUA. Korga TpewwyHbl HauyMHaT PacnpoCTPaHATbLCA
Hapy»Ky, LeHTpanbHasa obnacTb JOCKM OKa3blBaeTCsA
pasrpy>KeHHoW 1 n3rnbawlime HanpsXeHUa cMella-
I0TCA BO BHELUHIOW 0651acTb 3nemeHTa. Ha ogHopoga-
HblX 06pa3Lax NIoCKas YacTb KPMBOW MaKCUMasbHOM
Harpysku 6onee oTyeTNMBa NO CPABHEHMIO C TAKOBOW
B rmbpuaHbix obpasuax [1, 51.

[opu3oHTanbHas
/ dukcauyua
// 0O6pasubl

30Ha nopAep K1

B i
1L

KneeHbin 6pyc us enn

F/4
HaTtaxkHom cTepkeHb
e 2

Tl j-i

HataxHon ctepkeHb

—

/4
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mppasnuueckunii fomkpat F/4 3awmTa oT NoBpPeXAEHNI

CTbIKOBbIE KNIEEBbIE COEAUHEHUA

Bbinn oueHeHbl pa3nuuHble MeToAabl ANA CoeauHe-
HUA 3MIeMeHTOB MAUTbI Apyr c apyrom. lMocapka ¢
reoMeTpuYeckMm 3ambliKaHvem ¢opmbl (Hanpumep, ¢
NMOMOLLbIO YCTYMNOB, MPUIVBOB U KaHaBOK) npuBegeT
K YOOPOXaHWIO 1 yBENNYEHUNIO BpeMeHn 06paboTKuy,
a Tak»Ke OrpOMHbIM pacxoAam MaTepuana Ha noBepx-
HOCTb 13 ABYX NAUT B 0611aCTV COeAUHEHNA.

M3-3a monepeuHblX pacTArMBaloWMUX HanpaXKeHUN
YCTynbl NAWUTbI AOMKHbI ObITb CHabGXXeHbl [OMOMHN-
TenbHbIM apmupoBaHueM. LLUnnoBble coepnHeHnA
nofBep>KeHbl MOBPEXAEHUAM U CNOCOOHbI Bblgep-
XuBaTb HebosbllOe pacTArMBatollee HanpskeHue
nepneHANKYNAPHO BOMOKHY APEeBECHHbl, eciii OHU
BbINOJSIHEHbI HeO6peXKHO. Mo3ToMy Oblna BbibpaHa Tex-
HOMOMNA CTbIKOBOTO KneeBoro coefvHeHus. [lo cux
nop Ha pbiHKe ANA CTbIKOBbIX KeeBbIX COeAUHEHUN
He cyLiecTByeT cepTUdULMPOBaAHHbIX aire31BOB.

KomnaHwua Purbond AG, BxogaLlas B rpynny Komna-
Huin Henkel, paspaboTtana ABYXKOMMOHEHTHbIV Nonu-
YPEeTaHOBbIA KJiei, KOTOPbI MOXHO WCMOMb30BaTb
[NA YKa3aHHbIX Lenen.

B Hauane paboTbl GbINM PAacCMOTPEHbI Pa3fiMyHble
reomeTpuyeckrie GopMbl AA KneeBbIX COefUHEHUI.
MpocTeiweit KoHOUrypaLumeir, KOTOpyo HEOBXOANMO
nonyynTb, ObINO CTHIKOBOE COeAMHEHMWE, HO TaKkKe
6blIM MPOaHanU3MpoBaHbl U Apyrre npodunu, Takme
Kak V-06pa3Hble Npopesw 1 LUNNOBble coefjuHeHUA [6].

B xope pasfnnuHbIX 3KCMepUMeHTaNIbHbIX WCMblTa-
HWIA Gblia BbIACHEHA AOMYCTUMAA TONLWMHA WBa C
YyYeTOM Pa3/IMYHbIX YCNIOBUI, TakKUX Kak nepenagbl
TemnepaTypbl UAM wWupuHa Wwea. bbino nposepeHo
6onee 1000 UCNbITaHWIN Ha pacTAXeHUe namenei B
17 cepusax [6, 7,8, 9, 10, 11, 12]. NopAagok 3anonHeHns
LUBa CHU3Y OYEeHb Ba)KeH, MOCKOMbKY 0601 BO3AYLU-
HbI Ny3blpb OyAeT ABUraTbCs BBEPX, YTO UCKIIOUAEeT
BO3MOXHOCTb 06pa30BaHusA BO3YLLIHbIX KAPMaHOB.

Ha ocHOBaHWM 3TVX UCNbITaHWIA GbiNy chopmMynnpo-
BaHbl yCiioBUA U TpeboBaHMA K obecneyeHmnio Kaue-
ctBa. ®ynnemaH [7] BONONHUTENBHO N3yYnn BAMAHNE
cnepyoLwmx GakTOPOB Ha CTPOALLMIACA OO6BEKT: MUHU-
ManbHasa TOMWMWHA LWBa, TEMMepaTypa, BAaXHOCTb,

Cuna (kH)

Cuna (kH)

o

240F Cuna - CmelleHne

5 10 15 0

25

30 35 40 45

CmelyeHue (Mm)

K400 Cuna - CmelleHne

5 0 15 20 25
CwmelleHmne (Mm)

30 21 40 a5 50

MnuTa Hecyuwasa cnocobHocTb dddekTnBHOE ycunne Be3onacHocTb Hecywmnx
KOHCTPYKLMIA
Pesynbtathl | HopmatmBHOe 3HaueHue | PacueTHoe 3HayeHue PacueTHoe 3HayeHne
TecTa nokasartensa CTpouTenb- | MokasaTena CTpouTeNb- nokasartensa cTpouTenb-
HOro matepuana Horo nspenua SIA 265 Horo nspenua SIA 260
Fe=F., Foe ::%cﬂi/ =15, Fea FeazFeq
n,=n=1)

HaumeHo- | kN kN kN kN
BaHue
K240 1362 800 533 690 HeypoBsnetsoputensHo
F240 1155 1026 684 690 HeyposnetsoputensHo
K320 1700 1515 1010 700 YposnetBoputenbHO
F320 2100 1951 1300 700 YposnetBoputenbHO
K400 2500 2328 1552 710 YposnetBopuTenbHO
F400 3099 2878 2066 710 YpoBnetBoputenbHO

K = dpaHepa u3 byka v enn
F = daHepa un3 byka

Puc. 9. cnbiTaHne anemeHTa
LeHTpanbHou nantbl B ETH
Zurich

Puc. 10. Mnactuyeckan
paboTa anemeHTa
LeHTpanbHowm nanTbl F240

Puc. 11. MNnactnyeckasn
paboTa snemeHTa
LeHTpanbHon nantbl K400

Tabnuua 1:

Pe3ynbTaTbl ncnbiTaHUin Ha
CABUT NMPU NPOAaBANBaHNAM
3/1eMEHTOB LieHTpasnbHOM
NANTbI

MIOHb/aBrycT BblcﬂTM 117



|[nHHOBauUMM

Puc. 12. CoeguHeHne
3/1EMEHTOB MANTHI

Puc. 13. CTbikoBOe KneeBoe
coefiviHeHue namenei [6]

Puc. 14. CtbikoBOe KneeBoe
coeaviHeHe namersnen BO
BpPeMA NCMbITaHni [6]

Puc. 15. Pesynbtatbl
VCMbITaHWI Ha pacTaXeHve

3arpA3HeHVie Mac/ioM WU Mblfblo, ABUXKEHVEe 1 BUbpa-
UMA, a TakXKe pasfinyHble BUAbl NpeaBapuTenbHOMN
06paboTKN TOPLIOB COeANHAEMbIX MOBEPXHOCTEN.
JlemaHH [12] npoBen cemb cepuii UCnbiTaHuin C 6onee
yeMm 250 ncnbiTaTeNlbHbIMM 06pa3LaMmn N OKOHYaTeNb-
HO onpepenun CTaTUCTUYECKN JOCTOBEPHble 3Haye-
HUA MPOYHOCTY Ha PacTAXeHne 1 Ha U3rnb Ans CTbIKO-
BOro KjieeBoro coegnHeHns nanenen CLT. MicnbitaHns
NO3BONIMV MOHATb BIMSAHNE U3MEHEHWI BAAXKHOCTU 1
[OJITOBPEMEHHbIX HaMps>KeHU Ha NMPOYHOCTb TaKUX
CcoefVHEHWI Ha U3rnb. DTOT NapameTp onpeaensanu B
YeTbIPEXTOYEYHBIX UCMbITAHUAX Ha 36 C pa3NnyHbI-

MU BapuaumamMmn reomeTpum, BAaxHOCTU ApPeBeCHHbl
1 NPOACIHKNUTENBHOCTY Harpy3Ku.

Pe3ynbTaTbl MccnenoBaHMin Mokasanu CTabunbHO
BbICOKOE KauyeCTBO CTbIKOBOTrO KJleeBOro coepviHe-
HuA. Bnaropapa 3TomMy nporpeccy 6blIM [OCTUMHY-
Tbl XapaKTepHble 3HaueHVA MPOYHOCTM Ha u3rné ot
15,6 po 20,7 H/mm2.

TV 3HaYeHVA Bbille, Yem ftobble nokasaTenu npou-
HOCTW, MOJlyyeHHble paHee. VccnenoBaHnA BANAHUA
BJIary nokasasnu, YTo NoBblLLeHHOE cofepaHune Bnaru
B peBecrHe NMPUBOAUT K CHUMXEHWIO MPOYHOCTU Ha
n3rn6. Kpome TOro, 661110 yCTaHOBNEHO, UTO Cofepa-
HVie BNarv 3aBMCUT OT HamnpaB/ieHUA pas3pesa 1 pacno-
NOXEHWA JOCOK B UCMbITyeMoM 0bpasLie, a nonagaHve
Bfary Bbi3blBaeT Oosiblle BCero npobnem B GOKOBbIX
30Hax. AHanu3 MNOCNefCcTBUA ANNTENbHOW Harpyskum
3HAUUTENIbHOTO M3MEHEHWA MPOYHOCTUN He BbIABWII.

NCNbITAHNA HA OTHECTOMKOCTb

B pucceptaunn bBronbmaHa [2] 6biin nNpoBeaeHbl
MENKO- 1 KpYMHOMAcLUTabHble NCMbITaHUA OFHeCTON-
KocTu daHepsbl 1 naHenen CLT (cm. Takxe [13]).

Bbino npoBefeHO wWeCcTb ManoMaclTabHbIX WCMbI-
TaHW Ha OrHEeCTOWKOCTb ANA YeTblpex PasfnyHbIX
TUMOB CTbIKOBbIX KJIEEBbIX COEAVHEHU B KaKAOM.
O6pasubl, M3roToBneHHble 13 BGykoBol ¢daHepbl
enoBbix naHenen CLT, umenn pasmepsbl 1,2 x 0,9 M ¢
[ABYMA CTblIKaMU WMPUHOW 6 1 12 mMm. VX Bblaep»KmBa-
NN B COOTBETCTBUM CO CTaHAAPTOM ISO no ucnbitaHuio
orHectomkoctn B TeyeHue 30, 60 1 90 MUHYT npu
BO3[eVICTBUN OTHA C OAHOW CTOPOHBI. TemnepaTypa B
coeanHeHnAx GMKCMPOBanach C MOMOLLbIO Tepmonap.

Mocne ncnbITaHNA Ha OFHECTONKOCTb O6YTMUBLLNIA-
cA cnon 6bin ypaneH, n 6bina onpepeneHa rny6uHa
obyrnuBaHus.

B nTtore mMoxHO cpenaTb cnepywoolme OCHOBHble
BbIBOAbl 06 OFHECTOMKOCTU CTbIKOBbIX KJleeBbIX coe-
OUNHEHWI:

— OFHeCTOMKOCTb COeAMHEHWUI aHanorMyHa orHe-
CTOMKOCTW JpeBeCuHbI;

— my6uHa obyrnvBaHMA Ha CTblKax MeHblue unu
paBHa TOJLMHE HETPOHYTOro OrHEM MOMepeyHoro

CpepHee 3HaueHue paspyluaiolero Hanpsxerus [H / Mv?]

t Cepus:
15 —
M 1. Cepua
M 2. Cepua
M 3. Cepua
M 4. Cepua
M 5. Cepua
| I
P
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Mpodunb 2

Puc. 16. NMonepeyHoe ceyeHre obpasLos
naHenen CLT 50 x 100/140/180 mm gns
NCNbITaHWI HA U3rno

MNpoduns 3

ceyeHua 06pasLiOB, M3rOTOBMIEHHbIX 13 €/IOBbIX MaHe-
nei CLT nnn 6ykoBoii daHepbl. CTeneHb BAVAHMA Ha
coeAvHEeHVA yBENNUYNBAETCA C MPOLOIKUTENIbHOCTBIO
BO3AENCTBUA OFHA 1 TONWMHON COeAUHEHMS;

— pe3ynbTaTbl UCMbITaHUA ONA Pa3fNYHbIX TOMWWH
LUBOB U CKOPOCTM 06yrnnBaHna o6pasLioB NpuBeeHbl
HUXe.

YTto6bl NpoBepuTb 00Uy PaboTy KOHCTPYKLMOH-
HOW CMCTEeMbI MePeKpbITUI B Llenom, Obino nposeeHo
KpynHoMacwTabHoe MCMbiTaHe Ha OFHeCTOMKOCTb C

Puc. 19: UcnbitaHua Ha n3rn6 AAuTensHOW Harpyskom
CLT-6an0K CO CTbIKOBbIM KNEEeBbIM COEANHEHNEM B
cpepHel YacTu obpasua

Puc. 17. NMonepeyHoe
ceyeHue CKNIeeHHbIX
naHenen CLT

F F
; 1400
a=475 450 a=475
I 1 §
id. ATy I/(.i:.f./. A Ty W | A KA L ALLLLS J’.-f. VTR ET SR I II AR, IS A AN
7, 7 AL s ’ffl A A ¥, I)’I(///; FFA. FVIIrirs.
5 T e 7 ; 52 L A T, T Va3 F
7 o
750 6 750
Rl
e 1506 -

aCUMMeTPUYHO HarpyxeHHon nauTton CLT Ha ropu-
30HTanbHoOM neun B nabopatopun EMPA (JiobeHznopd).
Mnuta CLT nmena pasmepsbl 5,35 x 2,85 x 0,2 M 1 6bina
M3roToBneHa u3 yeTbipex anemeHToB CLT c Tpems cTbl-
KOBbIMU KNeeBbIMIN COeAVHEHNAMMU.

Bo BpemA mcnbiTaHWA Ha OrHeCTOMKOCTb obpasel
6bIn 3aKpenneH Kak NpocTasn 6asika 1 Harpy»keH NocTo-
AHHOW Harpy3kom 4 x 8 KH B Tpex Toukax. YpoBeHb
Harpysku ansa noxapobesonacHol KOHCTPYKLUMK Obls
paccumTaH B COOTBETCTBUU CO LUBENL@APCKMMUN CTaH-

0630p pe3ynbraToB Cepusa 1 Cepua 2 Cepuna 3 Cepun 4 Cepua 5 Cepus 6 Cepua 7 JTanoHHble
3HaueHnA

MeHoobpa3zoBaHue [1-3] 0,7 0,56 0,7 0,9 0,5 0,63 0,94 1

MpoueHT paspyLieHns

KOMMOHEHTOB [%] 2,34 2,13 2,27 4,13 0,53 0,53 2,77 0,20

MpoueHT HapyLeHnA

anresnn [%] 16,48 19,02 18,80 18,59 17,86 15,97 17,10 4,60

[lona notepu cuennenuns [%] 81,17 78,86 78,93 77,28 81,55 84,53 80,10 95,230

CpepHee 3HaueHVe pa3pyLua-

fowero Hanpsxers [H / mm?] 25,69 22,2 24,69 21,10 20,22 19,92 21,26 16,60

CraHpapTHOE OTKNIOHeHne

[H / mm?] 3,67 3,09 3,43 2,5 2,0 2,57 2,92 5,20

K03¢¢|2|Lw|eHT Bapnauynn 14,3 13,9 13,89 11,89 16,68 12,89 13,75 31,25

[H/ mm?]

HopmaTusHoe 3HaueHue 20,77 17,00 18,52 16,62 16,68 15,65 16,35 12,16

[H/ mm?]

PacueTHoe 3HaueHne

IH/ mm2] 9,10 7,94 8,64 7,74 7,79 7,31 7,63 5,67

Puc. 18. YeTbipexToueyHble
UCMbITaHWA Ha N3rmb
CLT-6an0K O CTbIKOBbIM
KrieeBblM coefiiHeHVEeM B
cpefjHeli YacTn obpasua

Puc. 20. VicnbitatenbHas
YCTaHOBKa A/sl UCMbITaHWN
CLT-6anok Ha 13ru6

Tabnuua 2:
Pe3ynbTaTbl ucnbiTaHWn
CLT-6anok Ha n3ru6
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xomytom HEB 300

MopBecHas 6anka c CoeanHNUTENbHbBIM

L__TeNbHbIM XOMYTOM
HEB 300

MpoponbHas 6anka

KonoHka ¢ coegnHun-

1620

§
KepamsutobeTtoH
I 825 1200
4220 g
%20
— Kononna HEB 300
4300150, 160, 3000 J180,150,_ 300

Puc. 21. YcTaHoBKa

NS NCNbITaHNUA

Ha OrHeCTOMKOCTb
(nonepeyHoe ceyeHue)

Tabnuua 3:

Pe3synbratbl
ManioMaclTabHbIX
MCNbITaHW Ha
OrHecTonKoCTb 06pasLoB
13 enoBbix naHenen CLT
1 6ykoBoWi paHepbl

Puc. 22. Co;,qMHeHme
“anemeHToB CLT gns
KPyMHOMacLWTabHOro
NCMbITaHWA Ha
OrHECTOMKOCTb

faptamu SIA 260 u SIA 261 gna oducHoro 3paHus
C yyeToMm nposeTa 8 M 1 ABYXOCHOW paboTbl ManTbl
CLT. TemnepaTypy peructpupoBanu Tepmonapamu
Ha noBepxHocTK, Mexkay cnoamu namT CLT n B cTbike.
Kpome Toro, usmepsanuco BepTrkanbHas gebopmaums
1 Harpyska.

OCHOBHblE UTOTM KPYNMHOMACWTabHbIX MCMbITaHWI
Ha OrHEeCTOMKOCTb COCTOAT B CleayoLem:

— nnuta CLT co CTbIKOBbIMU KNEEBbIMU COeAunHe-
HUAMW [OCTWMNA npefena OrHeCTOMKOCTU 4Yepes
69 MUHYT;

- nnuta CLT Bblwna 13 CTPOA M3-3a XPYMNKOro pas-
PYLUEHNA CTbIKOBOrO KNeeBoro coenHeHns.

NOATBEPKAEHUWE PABOTOCNMOCOBHOCTHU
KOHLUENUUn

B 2015 ropy B TyHe (LLIBeluapwus) 6611 NOCTPOEH MHO-
rO3TaXHbll MHOTOKBAPTMPHBIN JOM U3 APEBECUHbI MO
TexHonorum «JepeBaHHble KOHCTPYKLMK 3.0».

BYAYLWWE NCCJTIEAOBAHUA
[na panbHenwero pasBUTMA WHHOBALMIOHHOW Tex-
HONMOrMM HepaBHO Obin yTBep)KAEH MccnedoBaTeNb-

Enosble nanenn CLT

6-MM coefiuHEHNE

f3,=0.59 MM/MUH

Benon,=0-77 MM/MUH

Enosble nanenun CLT

12-mm coeinHeHne

,=0.52 mm/mnH

Benon,=0-53 MM/MUH

BykoBas daHepa

6-MM coefiuHEeHnEe

f3,=0.66 MM/MuH

Benon,=1-07 MM/MUH

BykoBas daHepa

12-mm coeinHeHne

3,=0.66 Mm/MUH

Bron=0-78 MM/MUH
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Puc. 23. ManomaciutabHoe ucnbiTaHve -
Ha OrHEeCTOMKOCTb enoBon nantbl CLT
- mocre yaaneHus obyrnusLuerocs .

Puc. 24. ameHeHune TemnepaTypbl Ha nauTe CLT B pa3Hbix MecTax BO Bpemsa
KPYMHOMacCLWTabHOro NCMbITaHNA Ha OFHECTOMKOCTb
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Puc. 25. CtponTtenbHas
naowaka MHOrO3TaXKHOro
3aaHuA B TyHe, LLsenuapua

CKUN NPOEKT CTOMMOCTbIO 1,3 MUANMOHA LBelLap-
CKMX GpaHKOB. 3aBepLUeHMEe NCCeoBaHNI HavaTbiX
B 2016 r., nnaHupyeTca 3aBeplumnTb B 2019 rogy.

BbiBOAbl

TexHonorua «[lepeBAHHble KOHCTPyKummn 3.0» 3Ha-
MeHyeT OO0l Hauyano COBepLIeHHO HOBOro obpasa
MbILWIEHNA U MOAXOAA K MPOEKTUPOBaHWIO Aepe-
BAHHbIX KOHCTPYKUMIA. HOBaA TeXHONOrna oTkpbiBaeT
LIMPOKME BO3MOXKHOCTU [NA ee WCMNOoJSib30BaHMA B
nccefoBaHNAX, TEXHONMOMMYeCKNX npoueccax M Ha
pbiHKe. H
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more with less.” Making the enclo-
sure structurally active, rather than
dead weight, is something we need
to do.

The next step in the evolution of
this study will be to build real proto-
types and test them for economical
manufacture and actual installation.
The different patterns of effective
structural cladding illustrated in
this study provides a basis for an
expectation that the approach will
be applicable to a range of building
types and will be flexible, affording
freedom in support of the designer’s
particular intentions and desires.
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resented here was generously pro-
vided by Matt Breidenthal, Regional
Leader of Engineering, HOK.
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FIGURES:

Figure 10: Tower Massing with
initial full array of bracing, study for
optimized bracing pattern (HOK).
Figure 11: Tower View, specula-
tive urban site at Bryant Park, NYC
(HOK).

Figure 12: Load distribution dia-
grams for braced frame and braced
frame with structural cladding
(HOK).

Figure 13: Structural panel proto-
types and lateral resistance com-
parison (HOK).

Figure 14: Typical panels, left.
Typical tower floor, center. Stress
and strain diagram of braced panel,
right. (HOK).

Figure 15: Typical panels, structural
with X-bracing, non-structural with
bay-window glass (HOK).

Figure 16: Typical panels Plan,
Section, Elevation.

Figure 17: Typical Structural Panel.
View (HOK).

Figure 18: Typical Non-Structural
Units. View (HOK).

Figure 19: Structural Bay
Connection Study. Structural com-
ponents (steel) are in red (HOK).
Figure 20: Structural Skin Pattern
Studies

Figure 21: Stiffness Comparison
Graph

Figure 22: Tonnage Ratio
Comparison Chart

Figure 23: Lifecycle Cost Analysis
Figure 24: Scheme 1 CB Frame
only, Baseline (HOK).

Figure 26: Scheme 3 Full CB Frame
with Partial Clad (HOK).

Figure 27: Scheme 4 Full CB Frame
with full X Partial Clad (HOK).
Figure 28: Scheme 5 Full CB Frame
with partial X Partial Clad (HOK).
Figure 29: Scheme 6 Full CB Frame
with stripe pattern Partial Clad
(HOK).

Figure 30: Scheme 7 Full CB Frame
with random pattern Partial Clad
(HOK).

INNOVATION
Towards a Post-

Fossil Architecture
(p. 112)

MATERIALS PROVIDED BY JOM
ARCHITEKTEN

TEXT: STEFAN OESCHGER,
STEFAN Z(")LLIG, ANDREA
FRANGI, STEFFEN FRANKE,
MARCEL MUSTER

The Swiss population has
decided to become more
energy independent and
to reduce greenhouse gas
emissions by 2050. A large
part of the implementa-
tion of these goals falls on
buildings. At least 40-60%
of the total resource con-
sumption depends on the
real estate sector. This tells
us architects and develop-
ers that we should look
into it! But today, discus-
sions about the future are
primarily about technol-
ogy - hardly about design,
form and material. As
young Swiss architects,
we wondered whether the
sustainability goals could
be form-generating? JOM
Architekten’s specialists
summarized their findings
on the implementation

of post-fossil architecture
and developed a future-
orientated design for a
wooden high-rise building.
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The innovation proposed
by JOM Architekten is
called - Timber Structures
3.0 and this is a completely
new technology that
allows creating thin, high-
performance wood struc-
tures that can withstand
multiaxial stress.

Keywords: butt-joint bonding, biaxial
load bearing, timber flat slab, CLT

POST-FOSSIL ARCHITECTURE
Last year, at the lecture in Eka-
therinburg Stefan Oeschger, Partner
& Co-Founder of JOM Architekten
talked about the ten points for a
post-fossil architecture and illus-
trate them with examples from JOM
Architects. He focused on wooden
constructions, as he believes that
one day this will be of great impor-
tance for Russia.

1) In principle, there is agreement:
within a few decades, human civi-
lization consumes energy sources
that have been stored under the
earth’s surface over millions of
years - and thereby causes climate
change.

2) It would be a laugh if archi-
tecture could contribute absolutely
nothing to a halt to global warm-
ing. Currently, oil flows into facade
insulation, natural gas into brick
furnaces, and hard coal burns the
cement. Cement manufacturing
alone accounts for more than five
percent of global CO, emissions - a
figure at least twice as high as global
air traffic.

3) No more fossil fuels in houses:
Neither in operation nor in the con-
struction process or in the manu-
facture of building materials - this
paradigm shift is unavoidable!

4) It is obvious to build with
materials that re-grow or circulate
in cycles. Constructive joints of the
future are plugged, clamped and
screwed - not nailed, mortared or
casted.

5) No architect can seriously
oppose fossil-free building compo-
nents. Because what

does not yet exist can be rede-
signed: A tectonics for load-bearing
systems made of laminated timber,
a knot logic for corner joints made
of recycled steel, the right shape
for balcony railings made of printed
recycled polymers - and much more!

6) It is foreseeable that machine
prefabrication and craftsmanship
will converge. The construction site
becomes an assembly site and thus
the joining becomes an architec-
tural means of expression.

7) No one will resist a path to
attractive post-fossil architecture if
it remains open. It will provide a
variety of witty answers that are not
derived from regulations and stan-
dards manuals. There are unprec-
edentedly powerful planning tools
available. From dynamic sun blinds
to thermal buffer zones that ensure
comfort - simulations will convince

customers and authorities of new
design solutions.

8) People will be happy when they
again understand how the indoor
climate is made and how energy is
generated: by varying room heights
for pleasant air currents, large struc-
tured surfaces for gentle heating
and cooling as well as eventful roof
landscapes with solar arcades and
worlds of plants.

9) Culturally relevant architecture
can only arise from the challenges
and possibilities of the present. The
time is right for post-fossil archi-
tecture!

Until today, all known timber
building systems allow only slabs
with a uniaxial load bearing action.
Thereby, in comparison to normal
reinforced concrete slabs, timber
slabs are often thick, expensive and
complicated to build. The reason
for this is that there is no efficient
connection technology to rigidly
connect timber slab elements to
each other. Alternative solutions are
hybrid structural systems with con-
crete or steel, however, this combi-
nation of materials results in some
disadvantages especially in terms of
weight, ecology, construction time
and costs.

In the framework of a large
research project a new timber slab
system has been developed and
already tested in first real applica-
tions. The developed slab system is
designed for housing, commercial
and industrial buildings. The slab
system works as a flat slab carrying
vertical loads biaxial and consists of
timber slab elements like CLT glued
together on site with a high-perfor-
mance butt-joint bonding technol-
ogy. Research about the central slab
element, the butt-joint bonding and
fire tests have already been per-
formed. The research showed the
feasibility of this innovation. In 2015
a first prototype was built in Thun,
Switzerland. A large three-year
research project started 2016 with
the goal to reach market maturity.

INTRODUCTION

Since 2009 the Swiss Engineering
Company Timbatec, ETH Zurich, BFH
Biel, Purbond (Henkel Group) and
Schilliger Holz are working together
in a project called “Wooden slabs
in commercial and industrial build-
ings”.

The objective of the project is
the development and implementa-
tion of a biaxial load carrying tim-
ber flat slab based on elements like
CLT glued together on site with a
high performance butt-joint bond-
ing technology. In the meantime
several bachelor and master theses
were performed. The results from
the research projects are promising:
On one hand, it was proved that it is
possible to produce timber flat slabs
with a column grid up to 8.00 x 8.00
m and a live load of 5 kN/m2 [3, 4].
This at a comparable cost to normal
reinforced concrete flat slabs, but

only with one-fifth of the weight and
with barley no CO, emissions. On
the contrary, a large amount of CO,
is being stored within the structure.
The research project has led to a first
prototype ready to be built. Further,
the newly developed bonding con-
nection technology opens new fields
of application for timber construc-
tions. Timber beams by almost any
length or plates of almost any dimen-
sion can be produced. For example,
rigid walls, floors or shells of any
shape can be made. This develop-
ment is so groundbreaking, that one
can speak of a new generation in
timber construction.

EVOLUTION OF TIMBER
STRUCTURES

TIMBER STRUCTURES
GENERATION 1.0: TRUNK AND
BEAMS

For centuries trunks and beams have
been used to build houses. Trees
were cut down, branches removed,
debarked and sawn to beams and
planks to construct buildings.

TIMBER STRUCTURES
GENERATION 2.0: GLULAM AND
CLT

In the 20th century, trees were sawn
into boards, dried, planned and
glued to glulam or more recently to
CLT. With these products a structural
beam can be larger and longer than
a tree. Also curved structural beams
are possible. Massive CLT panels of
a size up to around 3.40 m width
and 20 m length can be industrially
produced today.

TIMBER STRUCTURES
GENERATION 3.0: BUTT-JOINT
BONDING TECHNOLOGY

The current development now
allows the butt-joint bonding of
fibres and therefore can lead to the
3rd generation in timber, called and
patented as Timber Structures 3.0.
However, for a wide application of
this innovative technique further
research is necessary.

RECENT RESEARCH OF
STRUCTURAL SYSTEM

The aim of the newly developed
technology is to be able to realize
typical skeleton buildings with tim-
ber as shown in Figure 4, consisting
of only glued timber elements, with-
out using fasteners like screws, nails
or metal plates.

The main building parts are walls
for the lateral structural system and
columns and flat slabs for the ver-
tical structural system. The main
challenge is the development of a
biaxial high-performance load bear-
ing timber slab.

Due to constraints of prefabrica-
tion, transportation and assembly
processes, it is essential to divide
any type of floor plans into slab ele-
ments in an efficient way. In a para-
metric study the typical floor plan
shown below has been found to be
most suitable. The green elements

should transfer the load biaxial to
the uniaxial load bearing red ele-
ments which transfer the load to
the central elements marked in blue
around the columns. The blue ele-
ments are similar to the reinforced
concrete flat slabs subjected to high
bending moments and shear forces.

CENTRAL COLUMN SLAB
ELEMENTS

A fundamental static issue is the
highly stressed area around the col-
umn and how a reinforcement of
the central slab elements against
punching of the column is possible.
Boccadoro made a theoretical anal-
ysis and tested 6 different layer con-
structions in 1:1 scale for verification
[1]. Main material for the central slab
elements was LVL made of beech,
which has very good mechanical
properties compared to common
softwood. Six specimens were test-
ed for punching at ETH Zurich: Three
homogeneous massive plates made
of beech plywood and three hybrid
plates made of beech plywood and
common spruce boards. The plate
thickness was 240 mm, 320 mm and
400 mm. A basic study showed the
benefit of the beech plywood based
material in terms of bending and
shear strengths. With simple static
models at first hand and later on
using a FE-program the expected
load carrying capacity of the cen-
tral slab elements was estimated.
Then, six central slab elements of
2.5 x 2.5 x 0.24, 0.32 and 0.40 m
were tested on the strong floor at
the ETH Zurich. The slab elements
were loaded by a centrally located
cylinder to simulate the effect of
the introduction of force into the
slab. The specimens failed at forces
between 1'150-3'100 kN. These val-
ues are very high and show the
great potential of the mechanical
properties of the slab elements
made of beech LVL.

The crucial part of the evaluation
was the analysis of the observed
very ductile behaviour of the beech
plywood slab elements, which is
rather exceptional in timber con-
struction as timber usually behaves
in a brittle manner.

This ductile behaviour can be
explained with the hypothesis of
stress redistribution in the width
and partially in the height of the
cross-section. While the cracks grow
outward, the central area of the
board is relieved progressively, and
the bending stresses are transferred
to the outer area of the element. At
the homogeneous specimens, the
plateau of maximum force is more
distinct compared to the one in the
hybrid specimens [1,5].

BUTT-JOINT BONDING

To connect the slab elements to
each other, various methods were
evaluated. Geometric form-fitting
such as a terracing or tongue and
groove would lead to expensive
machining time and massive con-

sumption of material through the
double plate surface in the connect-
ing area.

Due to the transverse tensile
stresses at the terracing, the plates
would have to be provided with
additional reinforcements. Finger
joints are susceptible to damage and
carry low tensile stresses perpen-
dicular to grain if they are arranged
careless. Therefore a bonded butt
joint technology was envisaged. So
far, no certified adhesives exist on
the market for directly bonded butt
joints.

Purbond AG, part of the Henkel
Group, has developed a 2-compo-
nent Polyurethane adhesive which
can be used for the required pur-
poses.

In the first development, various
geometries of bonded joints were
examined. The simplest geometry
to be produced was the butt joint,
but also different profiles as v-rab-
bets and finger joints were exam-
ined [6].

In various experimental tests it
was studied which thickness of joints
could be filled taking into account for
different circumstances such as dif-
ferent temperatures or joint widths.
Over 1000 tensile tests on lamellas
in 17 series have been carried out
[6,7,8,9,10,11,12]. The filling procedure
from below is very important, so that
any air bubble moves to the top and
no air pockets are created.

From these tests, important con-
ditions and requirements for qual-
ity assurance were established.
Fullemann [7] further examined dif-
ferent influences on building site:

Minimum joint thickness, temper-
ature, moisture content, soiling with
oil or dust, movement and vibra-
tions and different types of pre-
treatment of the connecting end-
grain faces.

Lehmann [12] finally determined
by seven series of tests with totally
over 250 test specimens statistical-
ly reliable strength values for the
tensile and bending strength of a
bonded butt joint of CLT-plates. The
tests allowed further a better under-
standing of the influence of moisture
changes and the effects of long-term
stresses on the bending strength of
the bonded butt joint. The bending
strength was determined in four-
point bending tests, with different
variations of geometry, wood mois-
ture and load duration.

The results of studies showed
a consistent good quality of the
bonded butt joint. Through this
progress, characteristic bending
strengths from 15.6 N/mm2 to 20.7
N/mm2 were achieved.

These values are higher than all
strength values reached before. The
studies on the influence of moisture
showed that an increased moisture
content of the wood lead as expect-
ed to a reduction of the bending
strength. In addition, it was recog-
nized that the moisture content
depends on the cutting direction

and the positioning of the boards
in the test specimen and the flow
of moisture into the wood is mainly
problematic in the lateral zones. In
the studies about the effects of a
long-term loading no significant
change in strength was observed.

FIRE TESTS

In the master thesis of Bihlmann
[2] small-scale and large-scale fire
tests on butt bonded plywood and
CLTplates were performed (see also
[13D).

Six small-scale fire tests were car-
ried out with four different bonded
butt joints each. The specimens
made out of beech plywood and
spruce CLT had the dimensions
of 1.2m x 0.9m and had each two
6mm and 12mm wide joints. The
test specimens were exposed to
ISO standard fire curve for 30, 60
and 90 minutes on one side. With
thermocouples temperatures were
recorded in the joints.

After the fire test the char layer
was removed and the charring
depth was determined.

Thus the following main conclu-
sions on the fire behavior of the
bonded butt joints can be made:

- The fire behaviour of the joints
is similar to the fire behaviour of
timber.

- The depth of charring in the
joints is equal or less than for the
residual cross-section of the speci-
mens made of spruce CLT or beech
plywood. The influence of the joint
increases with the duration of the
fire and the joint thickness.

- For the different joint thickness-
es and specimens charring rates
could be determined as followed:

In order to verify the overall global
structural behavior of the slab sys-
tem, a large-scale fire test with a
loaded CLT asymmetric plate was
carried out on the horizontal fur-
nace at EMPA in Dubendorf. The CLT
plate had the dimensions of 5.35 x
2.85 x 0.2m and was manufactured
of four CLT elements with three
bonded butt joints.

The specimen was supported as a
simple beam and loaded during the
fire test with a constant load of 4 x 8
kN in the third points. The load level
for the fire design was calculated
according to Swiss Standards SIA
260 and SIA

261 for an office building taking
into account a span of 8m and a
biaxial action of the CLT plate. The
temperature was recorded with
thermocouples on the surface,
between the layers of the CLT plates
and in the joint. In addition, the ver-
tical deformation and the load were
measured.

The main results of the large-scale
fire tests can be summarized as fol-
lowed:

- The CLT-plate with bonded butt
joints reached a fire resistance of 69
minutes.

- The CLT-plate failed due to brit-
tle failure of the bonded butt joint.

June / August Bl)“:ﬂ“!kjt 143



Tall Buildings Magazine
L

Founder
Skyline media, Ltd
featuring GORPROJECT,
CJSC

Consultants:
Sergey Lakhman
Viadimir Travush
Philip Nikandrov

Nadezhda Burkova
Yuri Sofronov
Tatiana Pechenaya
Elena Zaitseva
Alexander Borisov

Editor-in-Chief
Irina Amirejibi

Redactor
Elena Domnenko

Executive Director
Sergey Sheleshnev

Corrector of press
Elena Bodrova

Designer
Svetlana Zimina

Contributions made by:
ENELLEN BT EVE]
Alexey Lyubimkin
Olga Nikolaeva

Advertising Department
Tel. +7 495 909-39-39 #342

Distribution Department
Svetlana Bogomolova
Viadimir Nikonov
Tel. +7 495 909-39-39 #343

The a&dress:
5, bld. 5A, Nizhny Susalny Pereulok,
Moscow, Russia 105064

Tel. +7 495 909 39 39 #342, 343
www.tallbuildings.ru
E-mail: info @tallbuildings.ru

All materials contained this issue are
protected by Russian copxnght law and
may not be published without the prior.

publisher's permission and reference to it.
Publisher is not liable for matters beyond

its reasonable control.

Tall Buildings Magazine is registered in

the Russian Federal Surveillance Service

for Compliance with the Law in Mass
Communication and Cultural Heritage

Protection Registration Ne ®C77-25912

as of October 6, 2006.
Tne magazine is printed
in the PA “Periodika”, Ltd,
Gardnerovsky Perulok 3, bld. 4
Open price Circulation: 5000

PROOF OF THE CONCEPT

A multi-storey apartment house was
built with the Timber Structures 3.0
technology in Thun, Switzerland in
2015.

FUTURE RESEARCH

For the further development of the
innovative technology a 1.3 Million
CHF research project has recently
been approved. It will be carried out
from 2016 to 2019.

CONCLUSIONS

The Timber Structures 3.0 technolo-
gy marks the start into a completely
new way of thinking and designing
timber structures. The novel tech-
nology opens a wide field of new
applications in research, technolo-
gies and markets.

RESEARCH PARTNERS

Research Partners: Timbatec
Holzbauingenieure Schweiz

AG and Timber Structures 3.0 AG
(Stefan Zollig), Berner
Fachhochschule BFH Biel (Steffen
Franke, Andreas Miiller), ETH Zurich
(Andrea Frangi), Purbond AG of the
Henkel Group (Christian Lehringer),
Schilliger Holz AG

(Ernest Schilliger and Werner
Leibundgut).
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Figure 1: Timber Structures 1.0:
Trunks and beams

Figure 2: Timber Structures 2.0:
Glulam and CLT

Figure 3: Timber Structures 3.0:
Butt-joint bonding technology
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Figure 6: Central slab element on
top of a column

Figure 7: Central column slab
element tested at ETH Zurich for
punching (hybrid specimen)
Figure 8: Test set-up of a central
column slab element

Figure 9: Testing a central slab ele-
ment at ETH Zurich

Figure 10: Ductile behaviour of
central slab element F240

Figure 11: Ductile behaviour of
central slab element K400

Figure 12: How to connect slab
elements?

Figure 13: Butt-joint bonding of
lamellas [6]

Figure 14: Butt-joint bonding of
lamellas while testing [6]

Figure 15: Results of tensile tests
Figure 16: End-grain bonding of
CLT-plates

Figure 17: CLT cross-sections 50

x 100/ 140 / 180 mm for bending
tests

Figure 18: Four point bending
tests on CLT-beams with bonded
butt joint in the middle span of the
specimen

Figure 19: Long-term load bending
tests on CLT-beams with bonded
butt joint in the middle span of the
specimen

Figure 20: Test set-up for bending
tests on CLT-beams

Figure 21: Small-scale fire test on
spruce CLT-plate after removing the
char layer

Figure 22: Bonding of CLT ele-
ments for the large-scale fire test
Figure 23: Test set-up for the fire
test (longitudinal section)

Figure 24: Test set-up for the fire
test (cross-section)

Figure 25: Temperature develop-
ment in the CLT plate at different
locations during the large-scale
fire test

Figure 26: Building site of a multi-
storey building Thun, Switzerland
Figure 27: Timber Structures 3.0
flat slab

Table 1: Results from punching
shear tests on central slab elements
Table 2: Results of the bending
tests on CLT-beams

Table 3: Results of the small-scale
fire tests on specimens made of
spruce CLT and beech plywood H
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