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PaccmatpuBaloTca 6MoMMMETUYECKME NPUHLMNbI U NapaMeTpUYecKue MeToAbl, UHTErpUPOBaHHbIE
B apXMTEKTYpY C MCNONb30BaHMEM UHXKeHepHOI ApeBecuHbl. AHanu3 naBunboHos Metropol Parasol,
Pompidou-Metz, Pulp Pavilion, ITECH u Bowooss noka3blBaeT, Kak 6Monormyeckue aHanoru
BAOXHOBJIAIOT HAa CO3AaHUE NHHOBALUOHHbIX hopM U3 AepeBa. llapameTpuyecKne MHCTPYMEHTBI
npeo6pasyioT 6MOMMMETUYECKYIO NOTUKY B 3(h(heKTUBHbIE, afanTUBHbIe NpoeKTbl. Liudposoe
Npou3BOACTBO NOBbIWAET YHUBEPCANIbHOCTb, 3KONOTMYHOCTb U CNIOXKHOCTb AepeBa. UccnepgoBaHue
YCTaHABNUBAET NPOBEPEHHYI0 TAKCOHOMUIO, CBA3bIBAIOLLYIO TEOPUIO U MPAKTUKY, YTO CNOCOGCTBYET
6MOMUMETUYECKON NapaMeTPUYECKON CUHEPTUU U MEXAUCLUNIMHAPHBIM NOAXOAAM K NPOEKTUPO-
BaHMI0, OCHOBAHHbIM Ha 6MONIOrNYECKUX 3HAHUAX.

Kniouesble cnoBa: 6MOMUMUKPUA; NapaMeTPUYECKOE NPOEKTUPOBAHUE; UCKYCCTBEHHAs APEBECHHa;
U1t poBoe NPON3BOACTBO; YCTOMYMBOCTD; BbIYUCAUTENBHAA APXUTEKTYPA; CTPYKTYPHbIE MHHOBALUHK;
3KONOrMYecKuit AU3aitH; MOPGONOrNYECKUil UHTENNEKT.
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Innovative biomimetic parametric timber structures

TeKCT
Kauana Kacyny
Poccuiicknit yuusepcutet
Apy*6bl HapopoB

um. M. lymym6bl (Mocksa)
Onbra Bonuyexko
Poccuiicknin yausepcutet
ApYX6bl HapoAoB

um. M. Jlymym6sl (Mocksa);
HaunoHanbHbIi
nccnefoBaTenbCKum
MockoBckuit
rocyAapCTBEHHbI
CTPOUTENbHBbII YHUBEPCUTET
®ununn A6pamaH
Poccuitcknin ynusepceutet
APYXKObI HapoaoB

um. M. lymym6el (Mockea)
BeiiceH Kapues
Kbipreizcko-Poccuitckui
CNaBAHCKUI YHUBEPCUTET
uMm. b. H. EnbuuHa
(Kbipreizckas Pecnybnuka,
Buwkek)

text

Kachana Kasulu

RUDN University (Moscow)
Olga Volichenko

RUDN University (Moscow);
National Research Moscow
State University of Civil
Engineering

Philipp Abramyan

RUDN University (Moscow)
Beisen Kariev
Kyrgyz-Russian Slavic
University named after the
First President B. N. Yeltsin
(Kyrgyz Republic, Bishkek)

BBepeHune
MpuopuTeThl B 061aCTH YCTORYNBOrO Pa3BUTUA B COYETa-
HUM C TEXHONOTUYECKUMU [LOCTUKEHUAMU CTUMYNUPYIOT
06WupHble Npeobpa3oBaHns B COBPEMEHHOI apXUTEKTY-
pe. MaccuBHas apeBecuHa HaXoAMUTCA HA NepefHeM Kpae
ApXUTEKTYPHON 3BONIOLMM, NOCKONbKY ee BO306HOBAAEMbIE
CBOWCTBA, CNOCOBHOCTb NOTNOWATH YINEPOL, U COBMECTU-
MOCTb C NepefoBbIMU TEXHONOTUAMU MPON3BOACTBA UMEIOT
pelatollee 3HayeHne A4 NOBbIWEHUA ee LLEHHOCTH.
PacTyliee ncnosb3oBaHue NepeKpecTHO CKneeHHoro bpyca
(CLT), nunomatepuanos u3 cnoeHoro wnoHa (LVL) u knee-
HOTro Gpyca CTano WUPOKO PacnpoCTpaHeHHbIM ABNEHUEM
1 TPAHCOPMUPOBANO apXUTEKTYPHBI AN3aiiH B CTOPOHY
ycronunsbix metogos [1]. C. JlemaHH u M. Kpemep [1]
0TMeYaloT, YTO MaCCUBHAA fpeBecuHa 06nafaeT uckio-
YUTENbHBIMU CBOICTBAMM, BKNIOYAA CHUXKEHWE BbIGPOCOB
yrneposa u CoKpaleHue BpeMeH CTPOUTENbCTBA, NPU 3TOM
obecneynBas NPeBOCXOAHYIO MPOYHOCTb KOHCTPYKLMM MO
CPaBHEHMIO C TPAAMLMOHHbLIMY CTPOUTENbHBIMI MaTepua-
NamMu, TaKUMK Kak cTanb 1 6eToH [1]. B HacToswee Bpems B
apXUTEKTYPHBIX Paboyux NpoLEeccax WUPOKO UCMONb3YIOTCS
MeTo/ibl NapamMeTprMyYecKoro NPoeKTMPOBaHNSA, N03BONAIOWME
apxutektopam 6osnee 3pdHeKTUBHO YNPaBAATL CIIOKHbIMU
reoMeTpuyeckumm GopMamMm 1 BbINONHATL 33a4u N0 NOUCKY
(hopM, OpMEHTUPOBAHHbIE HA NPOU3BOAUTENBHOCTL [2].
bnarogaps napameTpuyecKoMy NpoeKTMpPOBaHUIO COBpe-
MeHHas apxXuTeKTypa npetepnena TpaHcdopmaumio 3a cyet
NTepPaTUBHOTO BBIYUCAUTENBHOTO NPOLLECCa, NO3BONAIOILEMY
apXMTEKTOPaM UCCNef0BaTh CIOXKHbIE MPOCTPAHCTBEHHbIE
KOH(Mrypaumm 1 04HOBPEMEHHO ONTUMU3MPOBATH CTPYK-
TYPHbIE XapaKTePUCTUKK, N03BOASIOWEMY apXUTEKTOPAM
NcCnepoBaTh CNOXHbLIE MPOCTPAHCTBEHHbIE KOH(UIypaLuu
¥ OAHOBPEMEHHO ONTUMU3MPOBATL CTPYKTYPHbIE XapaKTepu-
ctukm [3]. M. Wymaxep [3] oTMeyaeT, YTO 3TO PEBONIOLMOHHAS
MeTO0N0TUA NPOEKTUPOBAHUA, KOTOPAsA UHTErpuUpyeT hopmy
1 DYHKLMIO B KOHTEKCT C MOMOLLbIO BBIYUCAUTENbHBIX CUCTEM
[3]. 370 no3BonAeT OCyLEeCTBAATL CNOXKHbIE TEOMETPUYECKME
npeobpa3oBaHus, KOTOpbIE NPUBOAAT K GONbLIEH afanTUBHO-
CTW fu3aitHa 1 onepaLynoHHON 3(PHEKTUBHOCTN MACCUBHbBIX
AepeBAHHbIX KOHCTPYKLMIA, KaK NoKasanu uccnefosanus [4].
C pa3BuTMEM MACCOBOro NPOM3BOACTBA APEBECUHBI U Na-
pamMeTpUYeCKOro NPOEKTUPOBAHUA apXUTEKTOPLI BCE Yalle

This article examines the integration of biomimetic principles and
parametric methods with engineered timber in architectural design.
Analysing Metropol Parasol, Pompidou-Metz, Pulp Pavilion, ITECH, and
Bowooss pavilions shows how biological analogues inspire innovative
timber forms. Parametric tools mediate biomimetic logic into efficient,
responsive designs. Digital fabrication enhances the versatility, sus-
tainability, and complexity of timber. The study establishes a validated
taxonomy that links theory and practice, promoting biomimetic-para-
metric synergy and interdisciplinary, bio-informed design approaches.

Keywords : Biomimicry, Parametric Design, Engineered Timber, Digital
Fabrication, Sustainability, Computational Architecture, Structural
Innovation, Ecological Design, Morphological Intelligence

npuberawT K GUOMUMUKPUN, KOTOPas NPeAnaraeT ycTonuu-
Bble peleHns Ha OCHOBE BAOXHOB/EHHbIX NTPUPOLOIN MOfe-
neit ans pa3paboTKU HOBBIX METOAONOMNIA MPOEKTUPOBAHMS,
ONTUMU3NPOBAHHbIX GopM 1 3kocucTeMm [5]. ApxuteKTypHOE
NPOEKTUPOBaHWeE NpeTepneno 3HaunTeNbHble U3MEHeHNS
6naropaps 3ToMy NOAXOAY, KOTOPbIA NpepnaraeT UHHOBALM-
OHHbIE PELIEHNSA CNOXHbIX CTPYKTYPHbIX U 3KONOrMYeCKNX
npobnem, ucnonb3ys 6UONOrMYECKUE aHANOTN B KaYecTBe
Mofeneil yCTONYNBOCTH, afanTUBHOCTU U 3heKTUBHOCTM.

HecmoTps Ha pacTywuil UHTEPeC K 3TUM MHHOBALMOHHbIM
napagurMam 1 ux BHELPEHUIO, B TPAAULMOHHOM NPOEKTH-
pOBaHWM U3 JiepeBa YacTo He B MOJHOI Mepe UCnonb3yeTcs
CTPYKTYPHbIA 1 (hopMasbHbIil NOTEHL AN 3TOro Matepuana
No CPaBHEHMIO C ero NpupoiHbIMK aHanoramu. Cospe-
MeHHble METO/bl CTPOUTENLCTBA OOLIYHO OrPaHUYMBAIOT
MCNoNb30BaHWE ApeBECUHbl MPOCTbIMU NPAMONUHERHBIMM
KOHCTPYKLMAMM, HE NPU3HABAsA ee NOTeHLMan Ana Co3faHus
CNOXHbIX, ONTUMU3NPOBAHHBIX HOPM, NOAOGHBIX HUONO-
rMYecKuM, U TOro, Kak NPUpOAa UCMONb3YeT BOJOKHUCTbIE
CTPYKTYPbI U OpraHuyeckne reometpuyeckne Gopmsl Ans fo-
CTUXEHMA UCKNIOYUTENbHON CTPYKTYPHOMN 3h(eKTUBHOCTH,
KOTOpas NpsMO NPOTUBOMONOXKHA TPAAULMOHHLIM METOAAM
CTPOMTENbCTBA U3 JpeBeCcHHbI [6].

BaHoi npo6nemoii B COBpeMEHHOMN apXUTEKTYPHOIA
NpaKTUKe ABNAETCA OTCYTCTBME UHTErPATUBHbLIX PaMoK,
00beANHAWMX MPUHLMMEI GUOMUMETUKY, METOAOIOTUM Na-
pamMeTpnUyecKoro NpOeKTUPOBaHMUSA U NepefoBble TEXHONOTUM
MCNONb30BaHNA [pEBECKHbI B LLeNIOCTHbIE apXUTEKTYPHbIE pe-
WeHuA. ITo XopoLLo pa3paboTaHHble 06nacTU UCCNef0BaHNIA,
OfHAaKO OHM He HaLW WUPOKOFO NPUMEHEHUSA B PA3NUYHBIX
TUNax KOHCTPYKLWii [7, 8]. Pa3penenune mexpy [ucumMnamnHa-
MW CO3AAET NPENATCTBUA, KOTOPblE MELALOT NOJHOLEHHOMY
MCNONb30BaHMIO AiepeBa AN NONYYEHUs IKONOTNYECKUX,
CTPYKTYPHBIX U 3CTETUYECKUX NPEUMYLLECTB, OLHOBPEMEHHO
CAEPXKMBAsA MHHOBALMOHHOE Pa3BUTUE HA OCHOBE LIeNOCTHBIX
MOLXO/I0B K NPOEKTUPOBAHMIO, OCHOBAHHbIX HA NPUPOZE,

B COYETAHUM C BBIYUCIUTENBHOM ONTUMU3ALUEN.

Ewe 6onblwe ycyrybnset 3ty npobnemy ToT aKT, 4To Ha-
YUYHbIE AUCKYCCUU O CUHEPTUN MEXLY OMOMUMUKPUEI W Na-
paMeTpuyeckumMu paboynmMm npoLeccamu, NPUMEHSEMbIMU
CneuuanbHo K MHKEHEePHbIM iepeBAHHbLIM CUCTEMAM, HOCAT
OrpaHWyeHHbl xapakTep. B cywectsytowen nutepatype



Introduction
Sustainability priorities combined with technological advances catalyse
an extensive transformation in contemporary architecture. Mass timber
stands at the head of architectural evolution because its renewable prop-
erties, carbon sequestration capabilities and compatibility with advanced
fabrication technologies are crucial in enhancing its value. The growing
use of cross-laminated timber (CLT), laminated veneer lumber (LVL), and
glulam has become widespread, transforming architectural design towards
more sustainable methods (Lehmann & Kremer, 2023). Lehmann and Kremer
(2023) note that mass timber possesses exceptional capabilities, including
reducing carbon emissions and construction time, while offering superior
structural strength compared to traditional building materials such as steel
and concrete. Architectural workflows now commonly incorporate paramet-
ric design methods, allowing architects to manage complex geometries and
performance-focused form-finding tasks more efficiently (Oxman, 2017).
Through parametric design, contemporary architecture has been trans-
formed through its iterative computational process, enabling architects
to explore complex spatial configurations while optimising structural perfor-
mance (Schumacher, 2016). Schumacher (2016) notes it as a revolutionary
design methodology that integrates form and function within context
through computational systems. Enabling advanced geometric transforma-
tions, which lead to greater design adaptability and operational efficiency in
mass timber structures, as shown by Menges and Knippers (2015).

3TV 06/1aCTU YACTO UCCIEAYIOTCA U30JMPOBAHHO: BUOMUMU-
KpUs paccMaTpuBaeTCs Kak KoHLenTyanbHas dunocotbus
[9], napameTpu3m — Kak Habop BLIYUCIUTENbHbBIX MHCTPY-
MeHTOB [10], @ ApeBecuHa — NPOCTO Kak IKOJOrnYecKuii
cTpouTenbHbI MaTepuan [11]. 3T 06nacTu peako MHTErpu-
pyloTCA B eAMHble METOA0N0rNIU NPOEKTUPOBAHUSA, HECMOTPSA
Ha 0Ka3aTeNbCTBa, CBUAETENbCTBYIOLME O TOM, YTO TaKas
MHTErpaLmMs MOXET 3HaUUTENbHO YCUIUTb MHHOBALMM B 06-
N1aCTW NPOEKTMPOBAHUSA W pe3ynbTaTbl B 061aCTH YCTONYMBO-
ro passutus [12].

Kpome Toro, cywectByeT HeJOCTAaTOK JOKYMeHTaLK
Y KPUTUYECKOrO aHann3a CyLecTBYIOWMUX NOCTPOEHHbIX
WM NPOTOTUMHBIX NApaMeTPUYECKUX AePEBAHHbIX KOH-
CTPYKLMIA, SBHO BOOXHOBNEHHBIX BUOOrMYECKUMI aHAN0-
ramu. A. MeHrec [12] oTmMeTuUn He[OCTaTOK AOKYMEHTaLUK,
KOTOPbIN TpebyeT TIWaTeNbHOro UCCNef0BaHUs 415 OLEHKM
CTPYKTYPHOW LeNOCTHOCTM, 3KONOrMYECKON N apXUTEKTYPHOW
3(heKTUBHOCTU MHHOBALMOHHbIX KOHCTPYKLMIA. B cBA3M
C 3TUM HEAOCTAaTKOM apXUTEKTYpHasA [UCLUNINHA He UMe-
€T NOMHOro NpefCTaBAeHNs 0 NPAKTUYECKOM noTeHuuane
W OrpaHUYEHUAX GUOMUMETUYECKUX NAPAMETPUYECKNX
JepeBsiHHbIX KapKaCcoB.

B naHHOM cTaTbe oLeHMBaKOTCA OMOMUMETUYECKME NaEN
C MOMOLLbI0 TEXHONOTUYECKUX CTpATernii ans pa3paboTku
MHHOBALMOHHbIX NapaMeTPUYECKUX iePeBAHHbIX KOHCTPYK-
LMIA NOCPEACTBOM aHanM3a U cuHTe3a. B yactHocTy, B Uc-
CnefoBaHWUM AenaeTcs NonbITKa onpeaenuTs buonoruyeckue
MOAENM, UMeloLL e OTHOLWeHNe K MOPhONOrnm fiepeBAHHbIX
KOHCTPYKLMI, U N3y4UTb UX NPe0bpa3oBaHue B apXUTEK-
TYpHYt0 HOPMY U PYHKLMOHANLHOCTD. [lyTeM TwatensHoro
U3y4YeHUs BbIYMCIUTENbHbLIX METOJ0B B CTaTbe UCCNeayeTcs,
Kak GMOMUMETHMYECKNE KOHLENLMUM peanu3yioTcs B napame-
TPUYECKMUX NPOEKTHBIX Cpefax Ais co3aaHns 3hheKTUBHbIX,
aflanTUBHBIX U YCTONYUBBIX LEPEBAHHBIX KOHCTPYKLMIA.
B uccnepoBaHMM aHanU3UpyOTCA TEXHONOTMYECKMUE [0-
CTUIKEHUS, TaKMe Kak poboTU3UPOBAHHOE NPOU3BOLCTBO
¥ UMdPOBOE CTONAPHOE AENO, C LEeNblo ONpeaeseHus ux Biu-
AHUSA HA CTPYKTYPHblE U IKONOrMYeCcKMe XapaKTepuCTUKM
BbIOPAHHbIX aPXUTEKTYPHBIX NPUMEPOB. B 3TOM 06w MpHOM
uccnefoBaHum usydatotcs 3dhekTUBHbIE CNOCOOHI CoYe-
TaHWA GMOMUMETUYECKUX CTPATErUIl C NapaMeTpUYECKUMK
TEXHONOTUAMU B apXUTEKTYPHOI NPAKTUKeE, a TaKKe npef-

As mass timber and parametric design progress, architects increasingly
adopt biomimicry, which offers sustainable solutions through nature-in-
spired design as models to develop new design methodologies, optimised
forms and ecosystems (Benyus, 2009). Architectural design has undergone
significant transformation through this approach, which delivers innovative
solutions to complex structural and ecological problems by utilising biologi-
cal analogues as models for resilience, adaptability, and efficiency.

Despite increasing interest and implementation of these innovative par-
adigms, conventional timber design frequently underutilises timber’s inher-
ent structural and formal potential compared to natural analogues. Current
construction methods typically restrict timber to basic rectilinear structural
forms, while failing to recognise its potential for complex, biological-like,
optimised shapes and how nature utilises fibrous structures and organic ge-
ometries to achieve exceptional structural efficiencies that directly oppose
traditional timber construction methods (Knippers et al., 2016).

A significant issue within current architectural practice is the lack
of integrative frameworks combining biomimetic principles, parametric
design methodologies, and advanced timber technologies into cohesive
architectural outcomes. These are well-established research fields yet lack
widespread integration across different structural types (Prabhakaran et al.,
2019; Eversmann et al., 2017). The separation between disciplines creates
obstacles that prevent the full utilisation of timber for its ecological, struc-
tural, and aesthetic benefits, while constraining innovative development

naraetcs efiMHbIA METOJ0NOrMYECKUI NOAXO0A ANs Oyaywnx
NPOEKTOB AePEBAHHOr0 CTpOUTENbCTBA. MccnegoBaHue
CBA3bIBAET TeOpeTUYeckoe 06CyxaeHMe C NPaKTUYECKUM
aHann30M, YToObI NOMOYb APXUTEKTYPHBIM UCCIe0BATENAM
M NPaKTUKaM B pa3paboTKe fepeBAHHbIX KOHCTPYKLMIA,
KOTOpble A&eMOHCTPUPYIOT CTPYKTYPHYIO BbIPA3nTENbHOCTb,
OAHOBPEMEHHO BYAYYM 3KONOrMYECKN Ge30nacHbIMU U TeX-
HOJOTMYECKN NPOLBUHYTHIMU.

Metopabl

B uccnenoBaHumM nCnonb3yeTcs KayecTBEHHas MHTepnpeTa-
TUBHAs METOL0/IOMUSA, KOTOpas coyeTaeT B cebe nccneposa-
HUE An3aliHa C BCECTOPOHHWUM 0630pOM NMUTEpaTYpbl U CPaB-
HUTE/IbHbIM aHANU30M NATU TUNOBbLIX NPOeKTOB. KayecTBeH-
HblA NOAXOA NO3BONSAET HAM NONYYUTH FYyOOKOE NOHMMAHMKE
MHOTOrpaHHbIX B3aMMOCBA3Ei MeX Ly GUOMUMETUYECKUMM
MCTOYHMKAMU U NapaMeTPUYECKUMU METOJAMM NPOEKTUPO-
BaHUsA, NPUMEHAEMbIMU B MHHOBALMOHHbIX NPOEKTax B 06na-
CTV WHXeHepHOW aepeBoobpaboTku. MocpencTBom UHTEp-
NPETaTUBHOIO aHanun3a Oblan UCCNe0BaHbI CNOXHbIE CBA3M
Mexay 610NOrMYECKUMIU MOAENAMU U UX APXUTEKTYPHBIMU
MHTEpPNpeTaLuAMU, a TAKKE OLEHEHbI CTPYKTYPHbIE BO3MOX-
HOCTM HapsAay C 3KONOTUYEeCKUMMU U HOPManbHLIMU BO3MOX-
HocTsAMK. ViccnenoBaHune o6beanHseT 3HaHUs U3 obnactu
APXUTEKTYPbI, KOMNBIOTEPHOTO AW3aiiHa, MaTepUanoBeaeHus
“ 61oN0OTUM ANs U3ydeHUs GUOMUMETUYECKUX NapameTpuye-
CKUX BEPEBAHHbIX KOHCTPYKLMIA Yepe3 MeXANCLUNINHAPHYIO
npu3My. 3TO OKa3bIBAETCA HEOOXOAUMBIM 1 NOHUMAHUA
Pa3HO06pPa3HOro BO34eNCTBUS UHTErPUPOBAHHbBIX CTPATEruid
MPOEKTUPOBAHUSA C UCMOIb30BAHUEM MEXKAUCLUMINHAPHbIX
3HAHWII O OTKPLITUA HOBbIX HANPABNEHUN aPXUTEKTYPHbIX
WHHOBALMIA U YCTONYMBOTO Pa3BUTUSA.

C60p AaHHBbIX

B xope uccnepoBatus 6binm cobpaHbl AaHHbIE C NOMOLLbIO
HECKOJIbKUX B3aMMOCBA3aHHbIX METOA0B. Ha HayanbHOM
3Tane uccnefoBaHus 6bi1 npoBeeH o6WHpHBIR 0630p
NUTEPATYPbl, KOTOPLIA OXBATbIBA/ PeLeH3NpyeMble HayUHble
CTaTbi U UCTOYHUKM MO TEOPUM BUOMUMUKPUM, @ TaKXKe
PYKOBOACTBA MO NPOEKTUPOBAHUIO U OCHOBOMONArawLyue
TEKCTbl N0 NapaMeTpUyeckuM MogensiM NpOeKTUPOBaHMS
BMECTe C 00WUPHbIMM Ba3aMu [aHHbIX NO NEPefOBbIM TEXHO-
NOTUAM [LePeBAHHOMO CTPOUTENLCTBA. VICTOYHMKM BKIOYANK
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from nature-based, holistic design approaches combined with computation-
al optimisation.

Further compounding this issue, scholarly discourse on the synergy
between biomimicry and parametric workflows, specifically applied to en-
gineered timber systems, is limited. Existing literature often explores these
domains in isolation, either examining biomimicry as a conceptual philos-
ophy (Pawlyn, 2019), parametricism as a computational toolkit (Oxman &
Oxman, 2010), or timber merely as an ecological building material (Green,
2012). Rarely are these domains integrated into unified design method-
ologies, despite evidence suggesting such integration could significantly
amplify design innovation and sustainability outcomes (Menges, 2015).

Moreover, there is a lack of sufficient documentation and critical
analysis of existing built or prototypical parametric timber structures that
are explicitly inspired by biological analogues. Menges (2015) observed a
documentation deficiency that necessitates thorough research to assess the
structural integrity, ecological effectiveness, and architectural effectiveness
of innovative designs. Relative to this deficiency, the architectural disci-
pline lacks a comprehensive understanding of the practical potentials and
limitations of biomimetic-parametric timber frameworks.

This article evaluates biomimetic inspirations with technological
strategies to develop groundbreaking parametric timber structures through
analysis and synthesis.

Specifically, the study aims to identify biological models relevant to
timber structural morphology and examine their application in architectural

aKafileMUyecKue XypHarbl, KHUTY BeyLMx 3KCNepToB B 06-
nacTv 6UOMUMUKPUY, TaKMX Kak [pkaHuH beHioc, ocHoBomo-
narawouwue pabotsl Matpuka Lymaxepa no napametpusmy,
a TaKXe COBPEMeHHble uccnefoBaTeNbckue cTaTbi, Noa-
po6GHO onucbiBaloLME [OCTUHEHUA B 061aCTU UHKEHEPHBIX
TEXHOJIOTMI U METOL0B NPOM3BOACTBA PEBECHUHDI.

Kpome T0ro, bl npoaHanu3npoBaH 06WHUpPHBIA Npo-
€KTHbII JOKYMEHTO060POT, BKKOYAIOLWLMIA apXUTEKTYPHblE
YepTeXu, NapameTpuyeckne Moaeu 1 BbIYUCIUTENbHbIE
CKPUNTBI, UCNO/b30BaHHbIE B OTAENbHbIX TEMATUYECKUX
nccnefoBaHunx. bbiin TakKe npoaHanu3npoBaHsl NOAPo6-
Hble MccnesoBaHUsA MaTepuanos, daiinbl N0 U3roTOBNEHMIO
W KOMMEKCHbIE OTYETbI 06 IKONOTUYECKUX XapaKTepH-
CTUKaX, YTOObI NONYYUTb NPEACTABAEHUE O NPAKTUYECKOIA
peanusauum 1 peanbHbix nokasatensx aGheKTuBHoCTH Guo-
MUMETUYECKUX NAaPaMETPUYECKNUX JePEBAHHBIX KOHCTPYK-
uMit. NHTepBbIO C apxUTEKTOPaMH, MHXKEHepaMu-CcTpouTens-
MW M CMeLManucTaMu No U3roToBJEHMIO, Y4acTBOBABLIUMY
B TEMATUYECKUX UCCNIELOBAHUAX, MOMOTNN KOHTEKCTYANN3U-
pOBaTh TEXHUYECKME BbIBOAbI, AABLINE BaXHbIE KAYeCTBEH-
Hble CBEeHUSA, KOTOpble NPeCTaBUAM LIeHHbIE TOUKU 3PeHNs
0 npobnemMax u MHHOBALMSX, C KOTOPbIMU CTOJTKHYINCh
BO BPeMA peanusauuu npoekra.

Kputepuu ot6opa Ans TeMaTUyeCKNUX UCCIE[0BAHUIA
Bbi6paHHble A8 AeTanbHOro aHann3a npumepsbl Gbiu
TIWaTeNbHO 0TO6PaHbLI HAa OCHOBE YETKWUX KPUTEPUEB, NpU-
3BaHHbIX 06eCNeYUTb aKTYanbHOCTb U Penpe3eHTaTUBHOCTb
NPOEKTOB B PaMKax UCCNefoBaHuA. B BbIOpaHHbIX 34aHNAX
B KayecTBe OCHOBHOTO KOHCTPYKTUBHOTO 3/IEMEHTA UCMONb-
30BaNNCh TaKne ApeBecHble MaTepualbl, Kak NepekpecTHo
ckneeHHblit 6pyc (CLT), nunomatepuansl M3 CNOEHOTO WNOHA
(LVL) n nammHupoBaHHbIe CTPYXKe4Hble KOMMNO3NTbI, YTOOI
NPOAEMOHCTPUPOBATL COBPEMEHHbIE TEHAEHLMM B 06NacTy
WHXEHEPHOTr0 NPOEKTUPOBAHUA [LEPEBAHHbIX APXUTEKTYP-
HbIX KOHCTPYKLM.

B BbIGpaHHbIX NpoeKTax 6UOMUMETUYECKUE KOHLENLMH
OblNIN BK/TIOYEHbI B UX AM3ANH HA HECKONbKUX YPOBHAX
(hopMbl, CTPYKTYPBI U CUCTEM, YTO MPOAEMOHCTPUPOBANO
n3obpeTatenbHoe UCMONb30BaHWE BUONOTUYECKUX MOAENeN
B apXWUTEKTYPHOM pa3BuTUUW. B npoLiecce npoeKkTMpoBaHus
N CTPOUTENLCTBA KAXA0r0 NPOEKTa WHUPOKO UCMONb30-

form and functionality. Through careful examination of computational
methods, the article explores how biomimetic concepts are operationalised
within parametric design environments to generate efficient, respon-

sive, and resilient timber structures. The research analyses technological
advancements, such as robotic fabrication and digital joinery, to determine
their effects on the structural and environmental performance of selected
architectural case studies. This extensive study examines effective methods
for architectural practices to integrate biomimetic strategies with paramet-
ric technologies, proposing a unified methodological approach for future
timber construction projects. The study bridges theoretical discussions with
practical analyses to support architectural researchers and practitioners in
developing timber structures that demonstrate structural expression while
being environmentally sensitive and technologically advanced.

Methods

Research Design

The study employs a qualitative, interpretive methodology that combines
design research with comprehensive literature reviews and comparative
analysis of five exemplary projects. The qualitative approach enables us

to gain profound insights into the multifaceted relationships between
biomimetic sources and parametric design methods applied to engineered
timber innovations. Through interpretative analysis investigated complex
connections between biological models and their architectural interpreta-
tions while assessing structural capabilities alongside ecological and formal
possibilities. The research integrates knowledge from architecture, compu-

BA/IMCb TEXHOJIOMMW NAPAMETPUYECKOrO MOAETMPOBAHUS

1 unpoBOro NPOM3BOACTBA, KOTOPLIE NPOJEMOHCTPUPO-
Ba/IM NePEefOBbIE BLIYUCTUTENbHbIE METOALI B COYETAHNN

C COBPEMEHHbLIMU NPOU3BOACTBEHHBIMU BO3MOXHOCTAMMU.
Bbi6paHHble MPOEKTLI JOMKHBI BblU B 3HAYNUTENBHOI
CTeNeHN MHTErpupoBaTh NPUHLMMLI YCTORYMBOrO AMU3aiHa

C NepeAoBbIMU KOHCTPYKTUBHLIMU PELIEHUAMM U IKONOTH-
YECKUM CO3HAHMEM, KOTOPbIE 3aHUMAIOT LEHTPaNbHOe MecTo
B COBPEMEHHOM apxUTEKTypHOM auckypce. Wiccneposarten
“CNonb30Bany CTpaTerMyeckuii npoyecc otbopa gas npo-
BEeAEHUS NOAPOBHbLIX CPABHUTENLHBIX UCCNE[0BAHWA,

4TO NO3BOMUIO NONYYUTL FIYGOKOE NOHMMAHWe NOTEHLWANA
W OrpaHUyYeHUi MHTErpaLmMn GUOMUMETUYECKUX KOHLENLMI
C METOf0N0TUAMU NaPaMETPUYECKOro NPOEeKTUPOBAHNSA
AepeBAHHbIX KOHCTPYKLMIA.

AHanuTnyeckas CTpykTypa

AHanuTMyecKas CTpyKTypa, UICNoNb30BaHHaA B ;lAaHHOM
“ccnefoBaHum, BKAOYANa TpU OTAENbHbIX, HO B3aMMOCBSA-
3aHHbIX NOAX0fA K OLEHKe: BUOMUMETUYECKYIO KNaccH-
tuKaumio, NapaMeTpuYecKyto OLEeHKY 1 TEXHONOTMYeCKYIo
oLeHKy. MeTop 61uoMMMeTMYECKOI KnaccuduKaLmm no3so-
JINN pa3fenuTb 6UONOrMYecKne CTOYHUKMN BLOXHOBEHUSA
NpoeKTa Ha TPW YCTaHOBNEHHbIX TUNA: MOpdonoruyeckme
acnekTbl (0CHOBaHHbIE Ha hopMe), YHKLUOHANbHbIE acnek-
Tl (CBA3aHHbIE C NpoLeccamMu NPOU3BOJUTENbHOCTM) U 3KO-
JIornyeckue acnekTbl (0XBaTbiBalOLME B3aUMOLEACTBUA

Ha cucTeMHOM ypoBHe). MeTop knaccudukaumm no3sonun
NPOBECTW CPaBHUTENbHbI aHaNW3, KOTOPbI NOMOT Bbis-
BUTb NMOBTOPAIOLMNECA TEMbI U OOHAPYKUTb HOBblE 0BNACTY
NPUMEHEHMS.

MapameTpuyeckas oueHKa BKOYana geTanbHoe usyye-
HUE W OLEHKY BbIYUCIIUTENBHBIX CTPATErNiA, NCMOJb3YEMbIX
Npu CO3[aHNN M ONTUMU3ALMN NPOEKTOB. 3TO BKNIOYANO
aHaNN3 reHepaTUBHbLIX aNrOPUTMOB, CUMYNALMUM NPON3BOAM-
TeNbHOCTH, TaKMe KaK CTPYKTYPHbIA, TENNOBOI UAN IKONO-
rMYeckuin aHanns, a Tak:ke METOA0NOrMK paLuoHanu3auum
CNIOXHbIX reoMeTpuyeckux hopm B peannsyemsie fgepe-
BAHHbIE KOHCTPYKLMU. TexHoNorMyeckas oLeHKa kacanacb
KpuTepues BbI6GOpPa MaTepUanos, MPOLECCOB U3TOTOBNEHUS
(pyuHoro, ¢ UMY unu poboTU3MPOBaHHOrO), METOAOB COOPKU
¥ NONYYEHHbIX NOKa3aTenen 3KoNornyeckoi ahexTus-



tational design, material science, and biology to study biomimetic-paramet-
ric timber structures through an interdisciplinary lens. This proves essential
in understanding the diverse impacts of integrated design strategies, as it
utilises cross-disciplinary insights to discover new directions for architec-
tural innovation and sustainability.

Data Collection

The research collected data by employing multiple interconnected methods.
The initial phase of the research involved an extensive literature review,
which encompassed peer-reviewed scholarly articles, biomimicry theory
resources, design manuals, and foundational texts on parametric design
modelling frameworks, as well as extensive databases on advanced timber
construction. Sources included academic journals, books by leading experts
in biomimicry such as Janine Benyus, seminal works on parametricism by
Patrik Schumacher, and contemporary research papers detailing advances in
engineered timber technologies and fabrication methods.

Additionally, extensive design documentation was analysed, encompass-
ing architectural drawings, parametric models, and computational scripts
utilised in selected case studies. Detailed material studies, fabrication files,
and comprehensive environmental performance reports were also reviewed
to gain insights into practical implementation and real-world performance
metrics of biomimetic-parametric timber structures. Expert interviews of
architects, structural engineers, and fabrication specialists who participated
in the case studies helped contextualise the technical findings, yielding

HOCTM (BONMOLLEHHBIW YrNepos, COKpalleHe OTXOAOB,
3Hepro3adeKTUBHOCTD).

KomnnekcHas MHoromepHas aHanuTM4ecKas CTpyKTypa
NO3BONMNA NONYYUTb BAXKHbIE BLIBOAbI, UHTEPUPOBAB pe-
3yNbTaThl Pa3NUYHbIX BUCLUNAKH, YTOOLI CAenaTb yoepm-
TeNbHble BbIBOALI O COBMECTHOM MOTeHLWane 6uoMmMmMeTnye-
CKUX MAel, NnapaMeTpUUYeCcKUX METOLAO0JOTUI U NHIKEHEPHBIX
TEXHOJIOMMI UCMO/b30BAHUA APEBECUHbI B COBPEMEHHOI
apXMTEKTYPHON MpaKTUKe.

Pe3synbTatbl

KoHcTpykuus Metponons Mapaconb (Metropol

Parasol) (puc. 1) B CeBunbe nocTpoeHa no npuHuuny opra-
HUYHOrO BETBJIEHUA rpnbOB. [pUMeHEHUE BBIYUCTUTENBHBIX
anropuTMOB ANA ONpefeneHns GopMbl NO3BONUNO AOOUTLCA
ONTUMANbHOrO pacnpefeneHus Harpy3ku B KOHCTPYKLMUH

W YAYYWKUTb MPOCTPAHCTBEHHbIE OlyLeHNs. B ctpountens-
cTBe ucnonb3oBanca [lunomarepnan U3 cNOEHOro WNOHA
(LVL), 4To N03BONIMNO TOYHO BOCCO3AATb CNOXHbIE (HDOPMBI.

CTpyKTypHas oueHKa Nokasana, 4o rubpugHas Hecywas
CTpaTerus, UCnonb3ylolas Kak 31eMeHTbl 000104KH, TaK
W 3N1eMeHTbl KapKaca, 06ecneynBaeT MaKCMManbHYO CTPyK-
TYPHYIO 3PEKTUBHOCTb 33 CYET MMHUMU3ALNUK NOTPebNeHUs
MaTepuanos 6e3 yuiep6a Ans NPoCTPaHCTBEHHOrO 0ObEMa.
WcnbiTaHua Ha NUKOBYIO 3arpy3Ky NpoAeMOHCTPMPOBanu
MWHUMabHOE NporubaHue NnocpeacTBOM aHanusa gedop-
MaLMOHHOTO NOBEAEHNSA, YTO NOATBEPAUNO CTPYKTYPHYIO
LLeNIOCTHOCTb KOHCTPYKL UK.

OueHKa 3KONOrnyecKnx xapakTepuCTUK gokasana
YCMeLWHY0 MHTerpaLmio NacCUBHOTO AMU3aiiHa C MOMOLLYbIO
AepeBAHHOI peleTyaToil KOHCTPYKLUK, KoTopas obecneyu-
Bajla 3HAYMTEIbHOE 3aTeHEeHMe 1 eCTeCTBEHHYI0 BEHTUAALMIO
AAA yNYYILEHWUs TENNOBbIX XapaKTePUCTUK iepeBAHHOM
060n04ku. OueHKa yrnepofHOro ciefa nokasana 3Hauu-
TenbHOe CHUXEeHWE BO3AeiCTBUA Ha OKPYXKaloLLyIo cpefy
MO CPAaBHEHMIO C TPAAULMOHHbBIMU CTabHBIMU MW BETOHHbI-
MU aHanoramu.

Lindposoe npon3BoACTBO U COHOPKA B OCHOBHOM OCYLLECT-
BASNUCH C MCNONb30BaHMEM CTaHKoB ¢ UMY, uTo obecneynno
3¢ deKTUBHOE NPOM3BOACTBO C YMEPEHHbLIMYU 0TXOAAMM
maTepuanos (~15%). CnoxHocTb c6OpKM Obina pelweHa
3a cyeT AeTanbHOM npeaBapuTenbHoOi cOOpKM, HeCMOTps

essential qualitative insights that presented valuable perspectives on the
challenges and innovations encountered during project implementation.

Selection Criteria for Case Studies

The case studies chosen for detailed analysis were carefully selected based on
clear criteria intended to ensure the relevance and representativeness of the
projects within the scope of the research. The selected buildings utilised tim-
ber materials, such as Cross-Laminated Timber (CLT), Laminated Veneer Lumber
(LVL), and Laminated Strand composites, as their primary structural elements
to demonstrate current engineering trends in timber architectural design.

The selected projects incorporated biomimetic concepts into their
design at multiple levels, including form, structure, and systems, showcasing
inventive uses of biological models in architectural development. The
design-to-construction process for each project prominently featured
parametric modelling and digital fabrication technologies, which showcased
advanced computational methods combined with state-of-the-art fabrica-
tion capabilities. The chosen projects had to integrate sustainable design
principles and pioneering structural designs, as well as essential ecological
awareness, which are central to current architectural discourse. Researchers
employed a strategic selection process to conduct detailed comparative
studies, yielding deep insights into the potential and limitations of inte-
grating biomimetic concepts with parametric timber design methodologies.

Analytical Framework
The analytical framework employed in this research encompassed three
distinct but interconnected evaluative lenses—biomimetic classification,

Ha 06WWPHbIE NapaMeTpUYECcK1e UTEpALMM U LUKIbI 06paT-
HOI CBA3M NO pe3ynbTaTaM MOAENMPOBAHNA, NPOBEAEHHbIE
¢ ucnonb3oBaHuem Grasshopper. B npoctpaHcTBeHHOM OT-
HoWeHun Parasol obecneynn LUHaMUYHbIE MHOTOYPOBHEBbLIE
00LecTBEHHbIE MPOCTPAHCTBA, BbIPA3UTENbHYIO ICTETUKY
 NPOAEMOHCTPUPOBAN MaclWwTabupyemocTb 1 afantupye-
MOCTb AN UHTErpaLum B ropoAcKyto cpeay.

Llentp Nomnupy-Meu (Centre Pompidou-Metz)
(puc. 2) 6611 BLOXHOBNEH MIETEHBIMU THE3[AMM NTUL, PoAa
Phylloscopus, KoTopble UCMONb3YIOT NepenneTeHne Ans Co3-
JaHNA MPOYHbIX, U30NMPOBAHHbIX YKPLITUI U3 MUHWUMab-
HOr0 KOJINYECTBA MATepuasoB, ONTUMU3UPYA BEC, TMOKOCTb
W MHTErpaumio C OKpyXatollen cpefoi, u BnocnescTeuu
NOCNYXWUNU NPOTOTUNAMMU AN TPAAULMOHHbIX TEXHUK NneTe-
HUS, UCNOJb3YEMbIX NIOLLMU. BbIYMCAUTENbHBIE ANTOPUTMBI
nepenneTeHns, NTEPaTUBHO TeCTUPyeMble ANIA CTPYKTYp-
HOI M NPOCTPAHCTBEHHOW onTUMU3aLuu. KneeHble B6anku
BbIAENANNCH B TEXHONOTUM iepeBO0OPabOTKHU, MOCKONbKY
obecrneynBasnm BbICOKYI NPOYHOCTb KOHCTPYKLMW Hapaay
C UCKIIYNUTENBHOM TMOKOCTbIO AN1S CNOXKHBIX U3r1O0B.

B KOHCTpYKLMYM 3aHKA Ucnonb3oBanack cTpaterus
pelweTyaToit 060104KK, 3hDeKTUBHO pacnpeaenstowas

A Puc. 1. [lepeBanHas
pelweTtyaTas KOHCTpYKUUs
Metponons Mapacons,
HanomuHatowas rpu6,
cocTouT u3 3400 BONHMCTO
pacnonoXeHHbIX
MUKPONAMUHUPOBAHHbIX
3nemeHToB. MeTpononb
Mapaconb 06beanHSET PbIHOK,
aApXeonormyeckuin mysei

U NewexoAHbIe LOPOXKKY,
C KOTOPbIX OTKpbIBAETCA
naHopaMmHbIi BUA /

Figure 1 shows the
mushroom-like wooden
lattice structure of

the Metropol Parasol,
which comprises 3,400
microlaminated elements
that undulate to form a
market, an archaeological
museum, and elevated
walkways offering panoramic
views.
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v Puc. 2. TkaHas we-
CTUYroNbHas fepeBaHHas
KpbILIa, BAOXHOBJIEHHASA
NTUYLUMU THE3AAMM,

B KOTOpOIi NepenseTeHne
rHe3[ CO4YeTaeTcs C UHHO-
BaLMOHHOW 3—6-yronbHoO
pelweTKoii, NnpeacTaBseT
co6oil nerkyto camoycuiu-
BaIOLLYIOCA KOHCTPYKLMIO,
ONTUMU3UPYIOLLYIO AHEBHOE
OCBellyeHue U Tennosble
XapaKTepucTuku /

Figure 2 shows the woven
hexagonal timber roof,
inspired by bird nests, such
as those of Phylloscopus,
which merges avian
interlacing with innovation
in a trihexagonal lattice,
creating a lightweight,
self-bracing structure that
optimises daylight and
thermal performance.

parametric assessment, and technological evaluation. The biomimetic
classification method sorted project biological inspirations into three
established typologies, which included morphological aspects (based on
form), functional aspects (related to performance processes), and ecological
aspects (encompassing system-level interactions). The classification meth-
od enabled comparative analysis, which helped to pinpoint repeated themes
and discover new uses.

Parametric assessment involved detailed examination and evaluation of
computational strategies employed in design generation and optimisation.
This included analysing generative algorithms, performance simulations
such as structural, thermal, or environmental analyses, and methodolo-
gies for rationalising complex geometries into feasible timber structures.
Technological evaluation addressed material selection criteria, fabrication
processes (manual, CNC, or robotic), assembly techniques, and the resulting
environmental performance metrics (embodied carbon, waste reduction,
energy efficiency).

The comprehensive multidimensional analytical framework produced
critical insights, allowing for the integration of findings from various disci-
plines to make firm conclusions about the combined potential of biomimetic
inspirations, parametric methodologies, and engineered timber technologies
in modern architectural practices.

Results
Metropol Parasol
The Metropol Parasol [Figure 1] structure in Seville derives its design logic

Harpy3Kku no 6eclwoBHoOl AepeBsHHOI ceTh, KoTopas
CNlefoBana KPUBOIMHENHBIM TPAEKTOPUAM, HANOMUHAIO-
WKM nepenaeTeHns BONOKOH FHe3/a, C UCNONb30BaHNEM
WeCTUYroNbHOW NNETEHON PELETKN AN 0XBATa OOWMPHbBIX
nnowagen. OueHKN MHAEKCA CTPYKTYPHO 3 deKTUBHOCTM
noKasanu pe3ynbTaTUBHOE UCMONb30BaHNe MaTePManos, YTo
66110 NOATBEPXKAEHO aHANU30M fedopMaLMOHHOrO noBege-
HUA, NPOLEMOHCTPUPOBABLIUM MUHUMAJILHOE CMELLEHUE NpU
BO3JeiCTBUM AMHAMUYECKUX Harpy3oK. bnarogaps naccue-
HOW COMTHEYHOM 3aluUTe U NPOAYMAHHOMY PacnoNoXeHUIo
NPOeMOB 3[jaH1e YNYYILNAO0 CBOU TENNOBble XapaKTePUCTUKH
3a CYET ONTUMU3ALMUMU eCTECTBEHHOW BEHTUAALMUY, NOLOOHO
afanTUBHOWM BEHTUAALMM B NTUYbUX FHe3aax. [lepeBaHHas
KOHCTPYKUMS 3HAYUTENbHO CHU3UMA BEIGPOCH yriepoaa,
NOAYEPKHYB IKONOrMYeCKMe NpenmyLLecTBa.

from the organic branching growth patterns of mushrooms. The application
of computational algorithms for form-finding achieved optimal load distri-
bution in structures while improving spatial experiences. The construction
utilised laminated veneer lumber (LVL), enabling the precise creation of
complex shapes.

The structural assessment demonstrated that a hybrid load-bearing
strategy using both shell and frame elements achieved maximum structural
efficiency by minimising material consumption without compromising
spatial volume. Peak occupancy testing demonstrated minimal deflection
through deformation behaviour analysis, which confirmed the design’s
structural integrity.

The environmental performance evaluations demonstrated the successful
integration of passive design through the wooden lattice structure, which
provided substantial shading and natural ventilation, thereby improving the
thermal performance of the timber envelope. Embodied carbon assessments
highlighted significantly reduced environmental impacts compared to
conventional steel or concrete equivalents.

Digital fabrication and assembly primarily involved the use of CNC
machinery, resulting in efficient production with moderate material waste
(~15%). Assembly complexity was managed through detailed prefabrication,
despite the extensive parametric iterations and simulation feedback cycles
conducted using Grasshopper. Spatially, the Parasol provided dynamic,
multi-level public spaces, an expressive aesthetic, and demonstrated scal-
ability and adaptability for urban integration.

CovyeTaHne MeTOM0B U3roTOBAEHMSA U TexHonorun YNy
06€ecneynno To4Hble U ObICTPbIE NPOM3BOACTBEHHbIE LUK
npu coxpaHeHWUU ypoBHA 0TX0A0B MeHee 10%. TexHonorum
npefBapuUTENbHOM COOPKU ONTUMU3UPOBANU COKHOCTD
MOHTaXa, YTo NPUBENO K YNPOLLEHNIO NPOLLECCOB CTPOUTESNb-
ctea Ha mecte. CATIA u Grasshopper BbinonHuAu utepauum
NPOEKTUPOBAHUA U CTPYKTYPHbIE CUMYNALUM, KOTOPbIE
CreHepupoBanu NPoLyKTUBHbIE LKLl 06paTHOI CBA3M,
CBA3bIBAOLME NPOLECCHI NPOEKTUPOBAHUA C NOKa3aTensamu
NPON3BOAUTENBHOCTU. APXUTEKTYPHbIN AMU3aiiH KOHCTPYK-
LMK CO3[,aeT YIOTHOE BbICTABOYHOE MPOCTPAHCTBO C BU3Y-
aNnbHOMN NNABHOCTBIO M afAaNTUBHOCTbIO, CYXKA B KauecTse
MaclwTabupyemoi Mmogenu ans 6YAYWNX KPYMHbIX NPOEKTOB
u3 gepesa.

Llenntonosubiit nasunbon (Pulp Pavilion) (puc. 3) Bpox-
HOBNIEH BYMAXKHOM LLENNI0N030M U COOPYKEHUAMU HACEKO-
MbIX, TAKUMU KaK OCMHble THe3aa. Ero KoHuenuma cocpepo-
TOYEHa Ha JIETKUX 1 MPOYHbIX AYEUCTbIX hOpMax, MPUCYLLUX
€CTeCTBEHHbIM LieN0a03HbIM CTPYKTYpam. Mcnonb3oBanue
reHepaTUBHbLIX aITOPUTMOB U METOAO0B Noucka hopm
NO3BOJIMI0 ONTUMU3NPOBATL CTPYKTYPHYIO 3 EKTUBHOCTD,
pacnpepeneHue Matepuanos M 3CTETUYECKUE KayecTBa.

B nepeBAHHbIX KOHCTPYKLUMAX MHHOBALWOHHO UCMO/b30BaHbI
KOMMO3MTHbIE MaTepuasbl Ha OCHOBE LeI0N03bl, 4TO No-
3BONUNO BbIATY 3@ PaMKM TPAAULMOHHBIX pelleHUi.

MaBWnbOH ynpasnsn pacnpefeneHuem Harpy3ku no sye-
UCToOii cxeme 6narogaps cBOei Nerkoit 060104Ke, 4TO Nno-
3BONNUNO AOCTMYL OYEHb BBICOKOTO NOKa3aTeNns CTPYKTYPHOIA
3 eKTUBHOCTU. Harpy3oyHble UCMbITAHUA NPOJEMOHCTPU-
poBanu NpPeBOCXOfHOE COOTHOLEHNE XECTKOCTU U Beca,
NOATBEPAMB LLeNOCTHOCTb KOHCTPYKLMW C NOMOLLbIO NAaruHa
Karamba-3D ans cTpyKTypHOro aHanu3a, YTo No3BoANN0
NPOBECTU HECKObKO UTEPaLnii NPOeKTUPOBaHUSA ANA A0-
CTUXXEHWA ONTUMANbHOW NPOM3BOAUTENBHOCTU. [TacCUBHbIE
cTpaTeruu Gbin OpraHNYHO UHTETrPUPOBaAHbI B KOHCTPYK-
LMio 35aHus 6narofaps ero NPoOHULLAEMOCTH, yAYULWNBLLEH
BO3[yX000MeH U OXNaXAeHUE ANA NOBbIWEHWUA TENNOBOMO
komtopTa. AHanu3 yrnepofHOro cnefa nokasan, Yto Bbi6po-
Cbl yrnepona 6bi11 MUHUMANbHBIMHU, YTO CBUAETENBCTBOBANIO
0 CyLLECTBEHHbIX IKONOTMYECKUX MPEUMYLLECTBAX C TOUYKM
3peHus yCTonunBOCTU U 3IPHEKTUBHOCTU UCNONb30BAHNSA
pecypcos.



Centre Pompidou-Metz
The Centre Pompidou-Metz [Figure 2] was inspired by the woven nests of
birds, such as those of the genus Phylloscopus, which use interlacing to
create resilient, insulated shelters from minimal materials, optimising for
weight, flexibility, and environmental integration. These techniques later
served as prototypes for human traditional weaving techniques. Computa-
tional interlacing algorithms, iteratively tested for structural and spatial
optimisation. Glulam beams stood out in timber technology because they
provided powerful structural strength along with exceptional flexibility for
complex curves.

The structure’s design utilised a grid-shell strategy, efficiently spreading
loads throughout a seamless timber network that followed curvilinear
paths reminiscent of nest fibre entanglements, employing a hexagonal
woven lattice to span vast areas. The structural efficiency index evalua-
tions showed practical material usage, which was verified by deformation
behaviour analyses demonstrating minimal displacement when subjected
to dynamic loads. Through passive solar shading and deliberate aperture
placement, the building improved its thermal performance by optimising
natural ventilation, akin to the adaptive ventilation in bird nests. Its timber
construction substantially reduced embodied carbon emissions, emphasising
ecological benefits.

The combination of fabrication methods and CNC technology ensured
precise and efficient production cycles, with less than 10% waste genera-
tion. Prefabrication techniques optimised assembly complexity, leading to

the simplification of on-site construction processes. CATIA and Grasshopper
facilitated design iterations and structural simulations, generating pro-
ductive feedback cycles that connected design processes with performance
metrics. The structure’s architectural design creates a welcoming exhibition
space with visual fluidity and adaptability, serving as a scalable model for
future extensive timber projects.

Pulp Pavilion

The Pulp Pavilion [Figure 3] draws inspiration from paper pulp and in-
sect-built structures, such as wasp nests. Its concept focuses on lightweight
and durable cellular forms inherent to natural pulp structures. Incorporation
of generative algorithms and form-finding techniques optimised structural
efficiency, material distribution, and aesthetic qualities. Timber technol-
ogy here innovatively utilised cellulose-based timber composites, pushing
conventional boundaries.

The pavilion managed load distribution across a cellular pattern through
its lightweight shell strategy, achieving a highly favourable structural
efficiency index. Load tests demonstrated outstanding stiffness-to-weight
ratios, verifying the structure’s integrity using the Karamba3D structural
analysis plugin, which enabled multiple design iterations to achieve optimal
performance. Passive strategies, integrated seamlessly into the building
structure through its permeability, improved airflow and cooling, resulting
in enhanced thermal comfort. The analysis of embodied carbon revealed
that the carbon footprint was minimal, indicating substantial environmental
benefits in terms of sustainability and resource efficiency.

Lincdposoe npon3BoACTBO U cbOpKa BKNOYANU pobOTU3U-
pOBaHHOe pacnbineHne u dpeseposarHble Ha UMY dopmsl,
4TO 3HAYMUTENbHO COKPATUIO BPEMS U3TOTOBNEHUS U NO-
3BOJINIO OCTUYb NPOLIEHTA OTXO/,0B MaTepuana Ha ypoBHe
Bcero 5%. CnoxHoCTb COOpKU 6bina cBeeHa K MUHUMYMY
6narofaps BbICOKOW CTENeHU NpeABapUTEbHOI COOPKH
AYEUCTbIX MOAYNEN.

OpraHuyHas hopma naBuabLOHA 06ecneynaa MoLHbIN
BU3yanbHbll 3P PeKT BO BCeX NPOCTPAHCTBAX U MPOLEMOH-
CTpUpOBana BO3MOXKHOCTM MaclWTabUpoBaHUsA, 0CTaBaACh
NpyW 3TOM afianTUpyeMOil K Pa3NnyHbIM apXUTEKTYPHbIM
CLeHapusam.

Uccneposatenbckuit nasunboH ITECH (ITECH
Research Pavilion) (puc. 4) BROXHOBNEH €CTECTBEHHbIM
POCTOM 1 BONIOKHUCTBIMM CUCTEMAMU, B YACTHOCTYU COCY-
IMCTBIMW CUCTEMAMU PacTEHUI U aHATOMUEN iPEBECUHBI;
MMUTUPYETCS UX CNOCOBHOCTb ONTUMU3UPOBATL MPOYHOCTD
B[IONb IMHWIA HANPAXKEHNA C MUHUMANbHBIM KONUYECTBOM
maTepuana, yaensetca 0coboe BHUMaHMe Nerkoii, BbiCOKO-
ONTUMU3NPOBAHHOM CTPYKTYPHOM 060104KE C HATypanbHbI-
MW BOJIOKHaMU. ITO BKNIOYANO B cebs BLIYMCIUTENBHOE MO-

< Puc. 3. BoccTaHoBneHHas
GyMaXxkHas Macca, pacrbi-
NIeHHas Ha pelueTKy U3 cusa-
neBoW BepeBKH, 06pasyeT
XecTKyto 6uopasnaraemyto
060N104Ky, KOTOpas UHTE-
rPUPYETCS C eCTECTBEHHBIMU
npoueccamu pasnoxexus /
Figure 3 shows reclaimed
paper pulp sprayed onto a
sisal twine lattice, forming
arigid, biodegradable shell
which integrates with
natural decay processes.

< Puc. 4. Uccneposatens-
ckuit nasunboH ITECH-2024.
TMOpUAHAA KOHCTPYKLMSA

Ha 6uonorMyeckoil ocHose,
BJIOXHOBJIEHHAA CTPYK-
TYPHON 3P PEKTUBHOCTbIO
MMUTALMU POBOTU3NPOBAH-
HOI1 6eCKOHEYHOI 06MOTKM
XKyKa, 06beAnHsAET AepeBo 1
KOMMNO3MTbI U3 NbHa /
Figure 4 shows the ITECH
Research Pavilion 2024,
which employs a bio-based
hybrid design inspired by
the structural efficiency

of mimicking the beetle’s
robotic coreless winding,
integrating timber and flax-
fibre composites.
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> Puc. 5. MaBunboH bosyc.
BetBucTble y30pbl BLOXHOB-
NIeHbl KPOHAMK lepeBbEB U
COCYAMCTBIMU CUCTEMAMM
pacTeHui, OTpaxaowWmmMm
camonopo6Hble hpakTansb-
Hble MOJeNM pocTa fie-
pesbeB. buomumetuyeckas
3 PeKTUBHOCTb CcoYeTaeTcs
C apXMTEKTYPHOWN 3NeranT-
HOCTbIO /

Figure 5 shows the Bowooss
Pavilion integrating
branching patterns inspired
by tree canopies and

plant vascular systems

that reflect self-similar
fractal growth patterns in
trees, blending biomimetic
efficiency with architectural
elegance.

Digital Fabrication and assembly entailed robotic spraying and CNC-
milled moulds, dramatically reducing fabrication time and achieving materi-
al waste percentages as low as 5%. Assembly complexity was minimised due
to the highly prefabricated cellular modules.

The pavilion’s organic form provided a powerful visual impact across
spaces and demonstrated scalability features while remaining adaptable to
different architectural scenarios.

ITECH Research Pavilion
The ITECH Research Pavilion [Figure 4] is inspired by natural growth and
fibrous systems, particularly vascular tissue systems in plants and wood
anatomy, emulating their ability to optimise strength along stress lines with
minimal material, focusing on a lightweight, highly optimised structural
shell with natural fibres. This encompassed computational agent-based
modelling and iterative form-finding algorithms to achieve structural
efficiency, strategically integrated with natural fibres’ tensile abilities and
versatility. The timber technology employed thin-ply wound timber strips
manufactured through robotic winding processes.

The pavilion’s shell structure demonstrated exceptional load-bear-
ing capabilities, producing an outstanding structural efficiency index.
Testing revealed minimal structure deformation, validating its dependable
performance and strength through multiple loading scenarios. The pavilion
design incorporated passive elements by using timber strips to optimise
shading, airflow, and thermal insulation, thereby improving environmental
performance and reducing embodied carbon emissions.

JeNMpoBaHNe Ha OCHOBE areHTOB U UTEPATUBHbIE ANTOPUTMbI
noucka Gopmbl AN [OCTUXKEHNSA CTPYKTYPHOI 3 eKTuB-
HOCTH, CTPATerMyeckn MHTErpUPOBaAHHbIE C PACTSAXMMbIMU
CBOWCTBAMU W YHUBEPCANBHOCTbIO HATYPasIbHbIX BOJIOKOH.

B TexHonorun aepesoo6paboTku UCNOAb30BANUCH TOH-
KOC/NOMHbIE HAMOTaHHbIE AepPEeBSAHHbIE MONOCKM, U3rOTOBNEH-
Hble C MOMOLYbI0 POGOTU3MPOBAHHbBIX NPOLECCOB HAMOTKMU.

KoHCTpyKUMs naBunboHa NpoAeMOHCTPUPOBana UCKI0-
YUTENbHYIO HEeCYLY CNOCOGHOCTb, 06eCNeYnB BbICOKUIA
noKasatesb CTPYKTYpHON 3 deKTUBHOCTU. McnbiTaHus no-
Kaszanu MUHWUManbHyo AethopMaLmMio KOHCTPYKLMHK, NOATBEp-
OB €€ HAZleXXHOCTb U NPOYHOCTb B Pa3IMYHbIX CLLEHAPUAX
Harpysku. B KOHCTpYKUMM NaBUAboHA ObIAK UCMOb30BaHBI
NacCUBHbIE 3IEMEHTbI B BUAE AePEBAHHbIX NIAHOK, KOTOpbIE
ONTUMU3NPYIOT 3aTEHEHUE, BO3yX00OMEH U Tennounsons-
LU0, YNyYLLIAs 3KONOTMYECKME XapaKTEPUCTUKM U COKpaLLas
BbIGPOCHI yriepofa.

B npouecce unthpoBoro npom3BoACTBa MCNONb30BANUCH
nepefoBble METoAbl POGOTU3UPOBAHHOTO NAMUHUPOBA-

HUS, YTO NO3BOJMNO AOCTUYb UCKIIOYUTENBHON TOUHOCTH,
YCKOPWTb MPOM3BOACTBO U COKPATUTb OTXOAbI MaTepuanos
1o meHee 7%. Metogbl npefBapuUTeNbHO COOPKM 1 TOY-

Hoe po6OTU3NPOBAHHOE BbIPAaBHUBAHWE MOMOIIN CHU3UTD
cnoxHocTb cbopku. Grasshopper u ero nnaruu Kangaroo
NO3BOJIMAN ONTUMU3UPOBATHL KOHCTPYKLMIO NyTeM UTepaLuit
1 06paTHOM CBA3M C CUMYASALUEN, YTO NPUBENO K TWATENbHO-
My BbIYMCAUTENBHOMY UCCeoBaHMI0. 1aBUALOH OTAMYAETCS
reoMeTpuyYecKUM AU3aiHOM C XapaKTepHbIMU apXUTeK-
TYPHbLIMU NPOCTPAHCTBAMM, AAANTUPYEMBIMU K PA3TUYHBIM
macwrabam 1 TpeboBaHUAM KOHCTPYKL UK.

ApxuTeKkTypHble hopmbl naBunboHa bosyc (Bowooss
Pavilion) (puc. 5) oTpaaloT BETBUCTYIO CTPYKTYpY Ae-
PEBbEB W COCYAUCTYIO CUCTEMY pacTeHuil. icnonb3oBaHHbIe
anropuTMbl pOCTa U MOJENNPOBAHUE BETBIEHUSA NO3BOJUIN
ONTUMU3NPOBaTh GOPMY KOHCTPYKLMM U pacnpefeneHue
MaTepuanos. B TeXHONOrMM U3roTOBAEHNS MCNONb30BANUCh
napoBble FHYTbIe 1aMeNu B COYETaHUN C NPeLU3NOHHOI
po6oTnU3npoBaHHOM pe3bboi.

KoHCTpYKTUBHAsA cuCTeMa JOCTUIA BBICOKOW CTPYKTYp-
HOM 3(hheKTUBHOCTY 3a CYET ONTUMU3NPOBAHHOrO pa3me-
LeHUs MaTepuanos u pacnpepenerns Harpysku. OueHka
CTPYKTYPHOI1 fledhopMaLum NpoAEMOHCTPMPOBaANa Cnocob-

The digital fabrication process utilised advanced robotic lamination
methods to achieve exceptional precision while speeding up production and
reducing material waste to less than 7%. Prefabrication methods and precise
robotic alignment helped reduce the complexity of moderate assembly.
Grasshopper and its Kangaroo plugin enabled structural optimisation
through iterations alongside simulation feedback, which led to thorough
computational exploration. The pavilion features a geometric design with
distinctive architectural spaces that are adaptable to various structural
scales and requirements.

Bowooss Pavilion

The Bowooss Pavilion architectural forms mirrored the branching frame
structural patterns of trees and plant vascular systems. The employed
growth algorithms and branching simulations, optimised structural form
and material distribution. Timber technology featured steam-bent lamellae
combined with precision robotic carving.

The structural system achieved high structural efficiency through
optimised material placement and load distribution paths. The structural
deformation evaluation demonstrated the pavilion’s ability to adapt while
maintaining minimal movement when subjected to loads. The utilisation of
passive design strategies led to substantial improvements in environmental
performance by optimising natural ventilation and daylighting, which de-
livered effective thermal regulation. Embodied carbon calculations revealed
strong environmental performance, thanks to minimal material usage and
sustainable sourcing practices.

HOCTb NABWIbOHA afAANTUPOBATLCSA, COXPAHAS MUHUMANbHOE
ABWXEeHWe npu BO3AeNACTBUN Harpy3ok. Ncnonb3oBaHue
NacCUBHbIX CTpPaTErnii NPOEKTUPOBAHMA NPUBENO K Cylie-
CTBEHHOMY Y/Ty4LIEHNIO IKONOTMYECKMX NOKa3aTeneit 3a cyeT
ONTUMU3ALMUN €CTECTBEHHON BEHTUNALMN U LHEBHOTO OCBE-
LeHus, 4To 0becneynsno 3hheKTUBHYIO TEpMOPEryAALMIO.
PacueTbl yrnepogHoro cnefa nokasanu BbICOKME 3KONOrnye-
CKMe nokasaTtenu 6narofaps MMHUManbHOMY UCMONb30Ba-
HUIO MaTep1anos 1 yCTONYUBOMY CHaGXKeHMUIO.

Lnpoko npumeHanace uupoBas MHTErpaLuus Nnpous-
BO/CTBA, BKNIOYAA poOOTU3NPOBAHHYIO pe3bby 1 nsrubanue
napoM, 4TO 3Ha4YUTENbHO COKPATUIO BPEMA U3rOTOBNEHUA
¥ NO3BOUIO CHU3UTb OTXOAbI MaTepUanoB NPUMEPHO Ha
8 NpoLeHTOB. BbicoKHit ypoBeHb NpefBapuUTeNbHOi COOPKM
NO3BOJIWA COXPaHWTb YNPABNAEMOCTb CIOXKHBIM NpoLec-

COM MOHTaXa, 4To Cymeno obecneynTb GbICTPYIO U TOYHYIO
YCTaHOBKY c6OpKU Ha y4acTke cTpouTenscTsa. Mpouecc

NPOEKTMPOBAHUA BKAKOYAN B CeO5 MOBTOPSIOLMECH LIUKNbI
napameTpuyecKnx UCMbITaHNIA, CTPYKTYPHblE CUMYNALMUN 1
MOJieN1 Ha OCHOBE pocTa ¢ ucnonb3osaHuem Karamba-3D




Digital fabrication integration was extensive, involving robotic carving
and steam bending, which significantly reduced fabrication duration and
achieved material waste percentages of approximately 8%. High prefabrica-
tion levels enabled assembly complexity to remain manageable, facilitating
quick and precise installation during on-site assembly. The design process
entailed repeated parametric testing cycles, structural simulations, and
growth-based models using Karamba3D for complete structural analysis.
Spatially, the pavilion delivered immersive architectural experiences
characterised by organic aesthetics, excellent scalability, and potential
adaptability for broader architectural applications.

Discussion

The exploration of innovative biomimetic parametric timber structures,
presented through the selected case studies—Metropol Parasol, Centre
Pompidou-Metz, Pulp Pavilion, ITECH Research Pavilion, and Bowooss Pa-
vilion —provides comprehensive insights into how biomimetic inspirations,
parametric tools, and engineered timber technology converge to produce
architecturally innovative and ecologically responsive structures. Each
project, informed by distinct biological analogues, showcases the capacity
of biomimicry to drive structural and formal innovations, going beyond mere
aesthetic imitation.

Biomimetic Principles as Drivers of Structural and Formal Innovation
Nature’s inherent morphological intelligence, evident in branching patterns,
cellular compositions, and shells, provides a rich resource for performative

AN NONHOTO CTPYKTYPHOTO aHanu3a. B npoctpaHcTBeHHOM
OTHOLIEHWUU NABUNbOH 06ECNeYnn MMMEPCUBHbIE apXUTEK-
TYpHble BNeyaTneHuns, xapaktepusyiownecs opraHmyHom
3CTETUKOM, OTJMYHON MaCLITabMPYEMOCTbIO U MOTEHLMaNb-
HOM afanTUpyeMoCTbio s 6oJiee WHUPOKUX apXUTEKTYPHBIX
NpUMEHEHUN.

06cyxpeHue
WccnenoBaHue MHHOBALMOHHBIX BUOMUMETUYECKNX
napameTpuyeckux AepeBAHHbIX KOHCTPYKLUMIA, NPeAcTaB-
JIEHHbIX B BbIOpaHHbIX NpumMepax — Metropol Parasol, Centre
Pompidou-Metz, Pulp Pavilion, ITECH Research Pavilion
1 Bowooss Pavilion, faet BcecTopoHHee npefcTaBneHue
0 TOM, KaK 6MOMUMETUYECKWE UAEH, NapaMeTpUyeckme
MHCTPYMEHTbI U TEXHONOTUU UHXXEHEPHOW AepeB006paboTKy
CNUBAIOTCA BOEAMHO, CO3[aBas apXMTEKTYPHO UHHOBALMOH-
Hble 1 3KONOTMYECKM aianTUBHbIE KOHCTPYKLUMK. Kaxabii
NPOEKT, 0CHOBAHHbI Ha OTAENbHbIX 6UONOTUYECKUX aHaNo-
rax, LeMOHCTPUPYET CNOCOOHOCTb BMOMUMUKPUN CTUMYIIU-
pOBaTh CTPYKTypHble U hOpMaibHbIE MHHOBALMY, BbIXOASA-
L1e 33 paMKM MPOCTOr0 ICTETUYECKOTO NOJpaXKaHM.
BuomumeTUYECKME NPUHLMNBI KAK ABUIKYILAA CMNA
CTPYKTYPHbIX U (hopManbHbIX MHHOBaUUiA. Mpucyiwas
npupoge Mopdonoruyeckas UHTENNUIeHTHOCTb, NPOSABASIO-
WAsCcA B BETBALWMUXCA CTPYKTYPaX, KNETOYHbLIX KOMMO3ULMUAX
1 PaKOBMHAX, ABNAETCA 6OratbiM UCTOYHUKOM ANs nep-
(hopMaTUBHON CTPYKTYPHOW noruku. MasunboH bosyc
CNYXUT APKUM NPUMEPOM BETBALMXCA CTPYKTYP, B KOTOPBIX
MCMONb3YIOTCS ecTeCTBEHHblE MOZEeNU pocTa Ans ONTUMMU3a-
LMW pa3MeLLeHMs MaTepnanoB 1 pacnpepeneHuns Harpysku
npu ogHoBpeMeHHOM 3theKTUBHOM pa3feneHnm NpocTpaH-
CTBa, YTO NO3BONAET AMHAMUYHO PearupoBaTb Ha BO3feli-
CTBUS OKpYXalolWei cpefibl U CTPYKTYpHbIE TPeOOBaHMS.
AHanoruyHelM 06pa3oM, KNeToUHbIE CTPYKTYPbI, Habnloaa-
emble B nasunboHe Pulp, unnoctpupytot 3ddekTnBHOCTL
npupoabl B CO34aHUN NIETKUX, yNpyrux Gopm 3a CYET MUHU-
MU3aLMN MaTepuanoB U CTPATErMYeCKOro pacnosoxeHus
Knetok. Mopdonorns fpeBecuHbl 0CHOBaHA Ha NPUPOAHBIX
NPUHLMNAX, KOTOPblE MOMOrAOT apXUTEKTOPAM pa3pabaTbi-
BaTb CTPaTeruu onNTUMU3aLmm UCNOb30BaHUA MAaTepPUaNoB,
OLHOBPEMEHHO yAyYLas CTPYKTYPHYIO YNPYrocTb U co3paBas

structural logic. The Bowooss Pavilion serves as a prime example of branch-
ing structures which utilise natural growth patterns to optimise material
placement and load distribution while articulating space effectively, en-
abling dynamic responses to environmental stresses and structural demands.
Similarly, cellular structures observed in the Pulp Pavilion illustrate nature’s
efficiency in creating lightweight, resilient forms through material minimis-
ation and strategic cellular arrangements. Timber morphologies derive their
foundation from natural principles, which help architects develop strategies
to optimise material use while improving structural resilience and creating
dynamic forms to engage users on an experiential level.

Architectural design incorporates material minimisation and stress
distribution alongside dynamic form generation because biomimetic
inspiration extends beyond just aesthetic considerations. The Metropol
Parasol, inspired by the patterns of fungal growth, harnesses nature’s struc-
tural economy to create a robust yet materially efficient hybrid shell and
frame system. The Centre Pompidou-Metz similarly integrates principles of
weaving, translating natural structural logic into optimised grid-shell timber
systems that minimise material consumption while maximising spatial

efficiency.

Role of Parametric Tools in Translating Biology to Architecture

Parametric design tools provide essential functionality for converting

complex biological models into practical architectural forms. Architects
utilise computational algorithms to simulate and analyse biomimetic
principles, which enable the optimisation of design processes to meet struc-

Tabnuua
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tural, environmental, and spatial needs. The iterative nature of parametric
workflows provides architects with the necessary flexibility and precision to
handle the irregular, organic geometries inherent in biomimetic inspirations,
as evidenced by projects such as the ITECH Research Pavilion and the Pulp
Pavilion. Architects can optimise their designs more effectively through
computational tools that establish iterative feedback loops linking form
creation with structural performance analysis and material limitations.

Grasshopper, with its Karamba3D plugin, delivers precise control, allow-
ing for the accurate handling of complex shapes necessary for biomimetic
timber construction methods. This enables the adjustment of structural
performance, along with environmental and spatial adaptability, thereby
bridging theoretical biomimetic concepts with practical architectural
implementations.

Engineered Timber as an Ideal Medium for Biomimetic Parametricism
Laminated veneer lumber (LVL), glulam, and cross-laminated timber (CLT),
alongside advanced cellulose-based composites, function as perfect mate-
rials for implementing biomimetic design geometries. Combining versatility
and structural strength to enable the implementation of freeform shapes
and intricate structural designs, as seen in projects like Centre Pompi-
dou-Metz and Metropol Parasol. The anisotropic nature of timber matches
biological structural strategies that follow directional principles, which
optimise load distribution for enhanced structural efficiency.

The sustainable qualities of timber and its carbon-sequestering capabil-
jties strongly resonate with the ecological principles that drive biomimicry.

AMHaMWyHble (hOPMbI, KOTOPbIE NPUBNEKAIOT NONb30BaTeNen
Ha YpOBHE OMnbITa.

ApXWTEKTYPHBIA LU3aliH BKIOYAET B ce6s MUHUMU3ALMIO
MCNONb30BaHMA MaTepUanoB u pacnpeaeneHune Harpy3ok
HapsAAy C fMHaMUYecknm opmmpoBaHuem GopM, NOCKONb-
Ky GMOMUMETHUYECKOE BLOXHOBEHME BbIXOAUT 33 PaMKu
YMUCTO ICTETUYECKUX coobpaxeHuii. MeTpononb Mapacons,
BLOXHOBJIEHHbI MOAENAMU POCTa rpMOOB, UCMONb3YET
CTPYKTYPHYIO 3IKOHOMWUYHOCTb NPUPOABI ANA CO3[aHUSA
NPOYHON, HO 3P PEKTUBHON C TOYKW 3pEHMA UCNONb30BAHMA
maTepuanos rubpuRHON cucTemMbl 060N10YKM U KapKaca.
LenTp Momnuay-MeL aHanornyHeiM 06pa3om UHTerpupyet
NPUHLMNBI NNETEHUS, NepeBOAA eCTECTBEHHYIO CTPYKTYPHYIO
NOTWKY B ONTMMU3MPOBAHHbIE lePeBAHHbIE CUCTEMbI C pe-
WeTYaToN 060N04YKON, KOTOPbIE MUHUMU3UPYIOT NOTpebne-
HMEe MaTepManoB N MaKCMMaNbHO NOBbIWAT 3PHEKTUBHOCTL
MCNONb30BaHMA MPOCTPAHCTBA.

Ponb napameTpu4yecKkmMx NHCTPYMEHTOB B NepeHoce
6uonoruu B apxmTeKTypy. VIHCTpyMeHTbI napameTpuyecko-
ro NPOEKTUPOBAHUA NPELOCTABNAT HEOOXOAUMYIO DYHKLM-
OHaNbHOCTb AN NPeo6pa3oBaHUA CNOXHbIX GUONOTUYECKUX
MOAenen B NpakTMyeckne apxuTekTypHele Gopmbl. Apxu-
TEKTOPbI UCMOJB3YIOT BbIYUCAUTENbHbIE ANTOPUTMbI 1A MO-
LeN1poBaHUA M aHanu3a 6UOMUMETUYECKUX NPUHLMUNOB,

YTO NO3BONAET ONTUMU3NPOBATL NPOLLECCHI MPOEKTUPOBAHUSA
C y4eTOM CTPYKTYPHBIX, IKONOTUYECKMX U MPOCTPAHCTBEHHbIX
notpe6HocTeil. ViTepaTUBHbIN XxapaKkTep NapaMeTpuyeckux
paboynx npoLeccoB NpefoCcTaBAfeT apxUTEKTOpPaM HeobXo-
LMMYI0 TMOKOCTb U TOYHOCTb ANA PabOTbl C HEPEryNAPHbLIMU
OpraHUyeckUMU reoMeTpUAMU, TPUCYLMMU BUOMUMETHYE-
CKUM BJJOXHOBEHUSM, O YeM CBUAETENbCTBYIOT TaKue NpoekK-
Tbl, Kak Nccneposatenbckuit nasunboH ITECH u Llennionos-
Hblii NaBUAbOH. ApXUTEKTOPBI MOTYT 6onee 3hheKTUBHO
ONTUMU3NPOBATb CBOM MPOEKTbI C MOMOLbI0 BbIYMCAUTEND-
HbIX MHCTPYMEHTOB, KOTOPblE CO3/aI0T UTEPATUBHbIE LUKbI
06paTHOI1 CBA3M, CBA3bIBAIOLME CO3[aHNE HOPM C aHANU30OM
CTPYKTYPHbIX XapaKTEPUCTUK U OrpaHUYEHUAMN MaTepUanos.

Grasshopper ¢ nnaruHom Karamba-3D o6ecneynBaet Tou-
HOe ynpaBfeHue, KOTOPOe NO3BONAET aKKypaTHO 06pabathl-
BaTb CNOXHbIE QOPMbI, HEOOXOANMbIE AN GUOMUMETUYECKUX
MEeTOA0B CTPOUTENLCTBA U3 lepeBa, NO3BONAA peryampoBaTb
CTPYKTYPHbIE XapaKTepUCTUKM Hapaay C IKONOrMYeCcKon

Renewable sourcing and enhanced lifecycle performance further align with
sustainability agendas, reinforcing the viability of biomimetic parametric
timber design.

Technological and Architectural Implications
Technologically, integrating robotic and CNC-based fabrication methods
emerges as integral to realising complex timber geometries informed by bio-
mimetic and parametric design strategies. The ITECH Research Pavilion and
Bowooss Pavilion demonstrate the application of digital fabrication tech-
nologies, such as robotic lamination and precision carving, which enable
rapid production of complex timber structures with improved precision and
minimal waste, significantly streamlining construction processes and ensur-
ing the cost-effective and precise implementation of innovative designs.
Assembly strategies are similarly advanced through the use of modular,
interlocking, and digitally prefabricated timber elements, as demonstrated
in the Metropol Parasol and Centre Pompidou-Metz. These methods reduce
construction complexity while shortening project timelines and minimis-
ing waste, resulting in significant economic and environmental benefits.
Biomimetic-parametric timber structures merge structural engineering with
architectural sculpture to create new aesthetic paradigms which feature
expressive, organic shapes and spatial fluidity. The combination of struc-
tural logic and organic design aids architectural discussions by developing
innovative approaches that integrate functional performance with aesthetic
and experiential quality.

¥ NPOCTPAHCTBEHHOW afanTMpPyeMoCTbio, COeAUHAS Teope-
TUYECKMEe GUOMUMETUYECKME KOHLLENLMM C NPAKTUYECKON
apXUTEKTYPHOMN peanu3sauuen.

WUckyccTBeHHaa ApeBecuHa Kak uaeanbHas cpeaa
AnA 6MoMMMeTMYecKoro napamerpusma. lNunomarepuans
u3 cnoeHoro wnoHa (LVL), kneeHas apeBecuHa 1 nepekpect-
Ho ckneeHHbl 6pyc (CLT), Hapaay c nepeAoBbIMKU KOMMO-
3UTHBIMU MaTepuanamMm Ha OCHOBE LIeNIII0N03bl, ABNAIOTCA
WAeaNbHLIMU MaTEPUANaMU AN peannusaumm 6uommmeTuye-
CKUX TeoOMeTpUYecKmnx KOHCTpyKumMit. OHK coyeTaloT B cebe
YHWUBEPCaNbHOCTb U MPOYHOCTb KOHCTPYKLWK, YTO NO3BONAET
co3paBatb GOpMbl CBOOOAHON OPMBbI U CNOXKHbIE KOHCTPYK-
Lmu, Kak, Hanpumep, B npoektax Centre Pompidou-Metz
u Metropol Parasol. AHM30TponHas npupona ApeBecHHbI
COOTBETCTBYET OMONOrMYECKUM CTPYKTYPHBIM CTPATETUAM,
KoTopble cnepyloT NPUHLMNAM HanpaBieHHOCTH, ONTH-
MU3UPYIOLLUM pacnpefeneHmne Harpy3Kku Ana NoBbllWeHNs
CTPYKTYPHOW 3(ppeKTUBHOCTH.

YcToitunBble KauecTBa ApeBeCcUHbl U ee CNOCOBHOCTL
NOrnowWaTh Yrepoy B NOJHON Mepe COOTBETCTBYIOT 3KO-
JIOTMYEeCKUM NPUHLUNAM, NEXKALLUM B OCHOBE BUOMUMM-
Kpuu. Bo306HOBASIEMbIE UCTOYHUKM CIPbS U YNYYLIEHHbIE
XapaKTEPUCTUKM XM3HEHHOTO LMKNA ele 6onblue cooTBeT-
CTBYIOT NPOrpaMmMaMm yCTONYMBOrO pa3BUTUSA U YKPENNAIOT
XM3HECNOCOOHOCTb GUOMUMETUYECKOTO NAPaMETPUYECKOTrO
NPOEKTUPOBAHWA U3 APEBECUHDI.

TexHonorM4Yeckue U apxXMTEKTypHbIE NOCNEACTBUA.

C TEXHONOTUYECKOI TOUKN 3PEHUs, MHTerpaLumus poboTu-
31poBaHHbIX M YIY-meToL0B NPON3BOACTBA CTAHOBUTCA
HEOTbeM/IEMOIl YaCTbio peannu3aLum COXHbIX fepPeBAHHbIX
KOHCTPYKLMIA, OCHOBAHHbIX Ha GUOMUMETUYECKUX U NapaMe-
TPUYECKUX CTpPaTernax NpoeKTMpoBaHus. Miccneposartens-
ckuit naBunboH ITECH n naBunboH boByc feMoHCTpupyoT
npumeHeHne LudpoBbIX TEXHONOTMIA NPOM3BOACTBA, TaKNX
KaK pob0TM3MpOBaHHOE NaMUHUPOBAHUE W NPELU3NOHHASA
peska, KoTopble N03BONAT GbICTPO U3rOTABAUBATL CJIOXKHbIE
AepeBAHHbIE KOHCTPYKLWM C NOBbILEHHOW TOYHOCTbIO

¥ MUHMMaNbHbLIM KOJIMYECTBOM OTXO/0B, YTO 3HAYMUTENBHO
ONTUMU3NPYET NPOLLECCH CTPOUTENLCTBA U 0becneynBaeT
3KOHOMUYHYIO M TOYHYIO peanu3aLnio MHHOBALMOHHbIX
NpPOEKTOB.



Table 1 shows a comparative analysis of the respective biomimetic timber structures

Criteria

Metropol Parasol

Centre Pompidou-Metz

Pulp Pavilion

ITECH Research Pavilion

Bowooss Pavilion

Biomimetic Type

Morphological

Morphological

*

Functional

Structural/Process-based

*

Structural/Process-based

Parametric Technique

Computational form-finding

Weaving algorithms

Generative cellular
algorithms

Agent-based modeling

Growth algorithms

Timber System

LVL

Glulam

Cellulose-based composites

Thin-ply timber strips

Steam-bent lamellae

Joinery System

Interlocking CNC joints

CNC prefabricated joints

Adhesive bonding

Robotic lamination

Robotic carving joints

Performance Outcome High structural efficiency Optimal material efficiency High st1ﬁnes§—to—welght Exceptlona.\l‘load—beanng Adaptfible st.ructural
ratio efficiency integrity
Structural System Hybrid shell and frame Grid-shell Lightweight shell Shell structure Branching frame

Environmental Integration

Passive shading, ventilation

Natural ventilation, shading

Enhanced airflow

Shading, thermal insulation

Natural lighting, ventilation

Material Efficiency

Moderate (~85%)

High (~90%)

Very High (~95%)

High (~93%)

High (~92%)

Project Scale

Urban structure

Large-scale museum

Pavilion-scale structure

Pavilion-scale

Pavilion-scale

Biophilic Quality High Medium High High High
User Experience Dynamic, m;;ear::twe public Engaging exhibition spaces Immersz::iiinndgwsually Expressive, immersive Organic, immersive

CTpaTerun c60pKM TakxKe yCOBEPLIEHCTBOBAHBI 3a CYeT
MOAYNbHbIX, B3aMMOCBA3aHHbIX U LU POBbLIX COOPHLIX fiepe-
BAHHbIX 3N1EMEHTOB, KaK Noka3aHo B MeTponone MNapaconsb
n LlenTp Momnuay-Mel. 3T METOLbI CHUXKAIOT CNOXKHOCTb
CTPOMTENbCTBA, COKPALLAIOT CPOKM peann3aLmm npoeKTos
Y YMEHbLIAKT KOJIMYECTBO OTXOA0B, YTO NPUBOAMUT K 3Ha-
UMTEsIbHbIM 3KOHOMUYECKUM U 3KONIOTUYECKUM NpenmyiLe-
cTBaM. buomumeTMYeCKMe NapameTpuyecKkne gepeBsHHble
KOHCTPYKLMN 06bEeANHSIOT UHXEHEPHOE CTPOUTENBCTBO
C apXUTEKTYPHOII CKYNbNTYPOM, CO3AaBas HOBblE 3CTETUYE-
CKWe napagurmbl, KOTOpble OTANYAKOTCA BbIPAa3UTENIbHBIMU,
OpraHu4HbIMM hOpMaMu U NPOCTPAHCTBEHHOMN NNABHOCTbIO.
CoyeTaHue CTPYKTYPHO NOFUKM U OPraHUYHOrO An3aii-

Ha CNocobCTBYET apXUTEKTYPHBIM AUCKYCCUAM, pa3B1Bas
MHHOBALMOHHbIE NOAXO0[bl, KOTOPbIE 0ObEANHSAIOT BYHKLMO-
HaNbHble XapaKTePUCTUKMN C ICTETUYECKUM N IMNUPUYECKUM
KayecTBOM.

OrpaHuyYeHns U KpUTUYECKUe pasMmblwneHuns. buomu-
MeTUYeCKMe napameTpuyeckne LepeBsHHble KOHCTPYKLMK
0613310 CYIECTBEHHbIMU NMPEUMYLLECTBAMM, HO NPU 3TOM
CTaNKWUBAIOTCA CO 3HAYUTENIbHLIMU OFPAHUYEHUAMM U NPO-
Gnemamu. MNaBHbIMU U3 HUX ABAAIOTCSA CNOXHOCTb U CBA3AH-
Hble C Heil 3aTpaThl Ha NepefoBble TexHoNorun uudpoBoro
NpOU3BOLCTBA, KOTOPLIE B HACTOsLLEE BPEMS OrpaHNYUBAIOT
UX WMUPOKOE NPUMEHEHNE B OCHOBHOM apXVITeKTypHOﬁ
NpaKTUKe. OFpOMHbIe WHBECTULMU B CNEeUMann3npoBaHHoe
060pyf0BaHNE U IKCNEPTHbIE 3HAHUSA ANA po6OTU3NPOBaAH-
HOro Npon3BoACTBA N BLICOKOTOYHbIX TexHonoruin YNy orpa-
HWUYMBAIOT MX UCMONb30BAHME B JOPOTrOCTOALLUX NPOEKTAX
WAW 3KCNEePUMEHTaNbHbIX NPUNOXKEHUSAX.

Mpouecc npeobpazoBaHns GUONOTUYECKUX MOAeNelt
B apXUTEKTYpPHbIE NPOEKTbI TPEOYET TWATENLHOTO aHaNM3a,
4TOObI U36€KaTh KaK YPE3MEPHOTO YNPOLEHUS COXKHBIX
CUCTEM, TaK U HECOOTBETCTBYHIOLLEr0 NpuMeHeHus. Kak no-
Ka3blBAeT OMbIT HEKOTOPbIX 6UOMUMETUYECKUX NPUONKEHWIA,
NOBEPXHOCTHOE MCMNOJ/Ib30BaHME B1ONOrMYECKUX OpM
6e3 rny6oKoro CTPYKTYPHOTO MK IKONOTUYECKOro 060CHO-
BaHMA MOXET NPUBECTM K NOJyYeHMIO B OCHOBHOM JieKopa-
TUBHBIX Pe3YNbTaTOB, @ He LeICTBUTENbHO (YHKLUOHANb-
HbIx. 0becneyeHne HaaeXHON MHTErPaLMKU BMONOTUYECKUX
NPUHLMUNOB B apXUTEKTYPHbIE CTPYKTYPbI TPEOYeT Mexanc-

LMNIMHAPHOTO COTPYAHMYECTBA U TWATENbHON NPOBEPKM
C NOMOLbIO MOAENMPOBAHUSA U IMIUPUYECKNUX UCTIBITAHMIA.

ELI.Le O[HUM Cepbe3HbIM OrpaHUYEeHNEM ABNACTCA
3apOXAAIOLLEECA COCTOAHNE UHTErpaLyUm IKONOrMYecKmnx
JaHHbIX BO MHOTME NapamMeTpuyeckue GUOMUMETHUYECKME
pabouue npouecchl. ApXUTEKTYpHas NpaKTUKa NPOLOIKaeT
pa3BMBaTbL CUCTEMbI 0OPATHOM CBA3M C OKpYXKaloleid cpeaoii
B PeXMMe peanbHOro BpeMeH, B TO BpeMs KaK KOMNIEKCHoe
3HepreTMYecKoe MOAENMPOBAHNE W OLEHKA XKNU3HEHHOTO
LMKNa OCTAKTCA Pa3BUBAKILMMUCSA 0BNACTAMU, KOTOPbIE
YKa3blBalOT Ha HEOOXOAMMOCTb NEPEOBbIX BbIYNCIUTENbHBIX
WHCTPYMEHTOB U METOZO0NOTUIA NPOeKTMpOBaHua. [ins pewe-
HWA 3TUX 3aAay HaM HeoOX0o[MMO NPOABMUTaTLCA B Hanpasne-
HUW UHTErpUPOBaHHbIX GUOMHCIMPUPOBAHHbLIX PabOYMX Npo-
LLeCCOoB, KOTOPbIE AEeMOHCTPUPYIOT UCTUHHYIO IKONOTUYECKYIO
3¢ (HEKTUBHOCTb U YCTOWYMBOCTb, @ HE NPOCTO NPOU3BOAAT
61OMOPGHYI0 ICTETUKY.

3HauuMOCTb M HOBU3HA. B nccnegoBaHuu npeacrasneHa
NpOBEPEHHAsA TAKCOHOMUS TUNONOTUI GUOMUMETUYECKON
APEBECUHbI, OCHOBAHHAA HAa IMNUPUYECKUX NpUMepax,
KOTOpas 00befyHAET TEOPUIO APXUTEKTYPHOTO NPOEKTUPO-
BaHUsA 1 MeToAbl Lt posoro npoussopcTea. MiccnegosaHue
yCTaHaBNMBAET YeTKYI0 kKnaccudukauuo Mopdonornyeckux,
CTPYKTYPHbIX/PopManbHbIX, QYHKLMOHANBHBIX U NpoLeccy-
adJIbHbIX 3N1E€MEHTOB, YTO AAET apXUTEKTOPAM CUCTEMaTUYeE-
CKYI0 OCHOBY ANsi peann3aluuv NpuHLUNoB GUOMUMETUKU.
WccnepoBaHue AeMOHCTPUPYET, KaK MHXeHepHas fpeBecuHa
ABNAETCA IKONOrMYECKN YUCTLIM MaTEPManoM, KOTOPbIA No-
3BONAET CO34aBaThb C/OXHbIE GUOMUMETUYECKUE KOHCTPYK-
LMW U HOBble apXUTEKTYpPHblE HOPMbI.

CoueTaHne napameTpUyeCKUX TEXHUK C MPUHLMNAMHU
OGUOMUMETHKM BbI3bIBAET WMPOKYIO AUCKYCCUIO O METOLAX
YCTONYNBOrO CTPOUTENLCTBA U3 iPEBECHHBI. ITO UCCNEef0-
BaHMe paclMpaeT apXUTEKTYpPHble 3HAHWA, AEMOHCTPUPYS,
KaK NapamMeTpu3M MOXeT B3aMMOAeNCTBOBaTb C BUOMUMETH-
KOV M TEXHONOTUAMK UHXKEHEPHO ApeBeCUHbl ANA CO3AaHUA
YCTONYNBbIX, 3PMEKTUBHBIX U MHHOBALMOHHbBIX apXUTEKTYP-
HbIX peleHuni. ITOT CMHTE3 UMeeT ryboKue NocneacTaus,
KOTOpble N03BOJIAIOT apXMTEKTOPaM UCKaTb NYTW 3KONO-
TMYECKOi U CTPYKTYpHOW onTUMMU3aLMK, nobyxaas ux uc-
cneposath 6osee WHUPOKUE MEXAUCLUNINHAPHBIE METOI
NPOEKTUpOBaHUA N CTPOUTENBCTBA.
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Limitations and Critical Reflections

Biomimetic parametric timber structures exhibit substantial benefits yet
face considerable limitations and challenges. Foremost among these is the
complexity and associated costs of advanced digital fabrication tech-
nologies, which currently limit widespread adoption within mainstream
architectural practice. Considerable investments in specialised equipment
and expertise for robotic fabrication and high-precision CNC technologies
limit their use in expensive projects or experimental applications.

The process of converting biological models into architectural designs
demands meticulous analysis to prevent both oversimplifying complex sys-
tems and making unsuitable applications. As observed in some biomimetic
applications, superficial adoption of biological forms without deep structur-
al or ecological rationale can lead to primarily decorative outcomes rather
than genuinely performative. Ensuring robust integration of biological prin-
ciples into architectural frameworks demands interdisciplinary collaboration
and meticulous validation through simulation and empirical testing.

Another critical limitation is the nascent state of environmental data
integration within many parametric-biomimetic workflows. Architectural
practice continues to develop real-time environmental feedback systems. At
the same time, comprehensive energy modelling and lifecycle assessments
remain emerging fields that indicate the need for advanced computational
tools and design methodologies. We need to advance toward integrated
bio-inspired workflows that demonstrate actual ecological performance and

WccnegoBaHue coBpeMeHHbIX HBUOMUMETUYECKMX Napa-
METPUYECKUX JepeBAHHbIX KOHCTPYKUMI BbIABAAET BaXHble
BO3MOXHOCTU U NMPENATCTBUA B COBPEMEHHOM apXUTeK-
TYPHOM NMPOEKTUPOBAHWU, KOTOPbIE TPEOYIOT NOCTOAHHBIX
MCCNeoBaHNUIA U MHHOBALMIA A1A NOAHOIO UCMONb30BaAHNA
3TOr0 NOAXOAA K MPOEKTUPOBAHUIO.

BbiBop,

370 MccnenoBaHWe NofyepkuBaeT GUOMUMETUYECKUE NPUH-
LMMbl KaK YPe3BbIYAHO LIEHHbIA U HAYy4YHO 060CHOBAHHBII
MCTOYHUK apXUTEKTYPHbIX MHHOBaUMii. CucTemaTnyeckoe
U3yyeHue oTaeNbHbIX NPUMEpPOB NOKA3blBAET, KakK pelle-
HUS, BLOXHOBNIEHHbIE MPUPOLOW, CYLECTBEHHO BAUSAIOT

Ha CTPYKTYpHble U hopMasibHble MHHOBaLMK. [pakTUKa
OMOMUMUKPUM BLIXOAMT 33 PAMKM 3CTETUYECKOTO KONUPO-
BaHMsA NPUPOAHBIX OPM, NOCKONbKY OHa BK/loYaeT B cebs
3t deKTUBHOE UCNONb30BaHWE MATEPUANOB U ONTUMANIbHOE
pacnpefeneHune Harpy3ku B COMeTaHUU C AMHAMUYHBIM
nAaHUPOBAHWEM NPOCTPAHCTBA, YTO NO3BOJAET UMUTUPOBATh
61oNOrnYecKylo YyCToMYMBOCTb M aflaNTUBHOCTL B NpoLecce
APXUTEKTYPHOTO NPOEKTUPOBAHMUSA.

MHCTPYMEHTHI NapaMeTpuyeckoro NpoeKTUPoBaHMA CTanu
BXKHbIMU NOCPEAHMUKAMU, KOTOPblE COEAUHUAMN GUONOTUYe-
CKYI0 IOTUKY C NPAKTUYECKOM apXUTEKTYPHOII peanusaymeit
NOCPeACTBOM MOAENMPOBAHUA U ONTUMU3ALMM CTPATETUA,
BAOXHOBAEHHbIX Guonorueir. OHU obecneynBaloT KpuUTHUYe-
CKM BaXKHble UTepaTUBHbIE UKLl 06paTHOI CBA3M, Npea-
naras TOYHOCTb, aAaNTUBHOCTb U CTPOrOCTh, HE06X0AUMble
ANS YNPaBAEHWUA CNOXHbIMU OPraHUYeCKUMU reoMeTpuamy,
NpUCYWUMU BUOMUMETUYECKUM NOAXOAAM K NPOEKTUPO-
BaHWI0. [MOKOCTb M BLIYUCIUTENbHBIE MOLLHOCTU UMEIOT
pewatoliee 3HayeHne ans npeobpasoBaHus 6GUONOTUYECKUX
aHaNoroB B NPUrofHble A5 CTPOUTENLCTBA, CTPYKTYP-

HO MPOYHbIE U IKONIOTUYECKU aflanTUBHbIE JePeBsHHbIE
KOHCTPYKLMU.

McKkyccTBeHHas LpeBecuHa, B YaCTHOCTH, U3rOTOBNEHHAS
C NOMOLWbIO LU POBLIX TEXHONOTUIA, NPOAEMOHCTPUPOBANA
3HAYUTENbHYI0 MPOYHOCTb U IKOJIOTUYHOCTb KaK UAeanbHblii
matepuan. 06n1aaas aHM30TPOMHbLIMY CBOWCTBAMU, KOTOpbIE
o6ecneynBatoT CTPYKTYPHYIO YCTOMYMBOCTb U CMOCOOHOCT
K yNaBAUBAHWIO YrNepoaa, OHa XOpoLWo COOTBETCTBYET NPUH-
uMnam GUOMUMETUYECKOrO AM3aiiHa, NO3BONAS CO3AaBaTh

resilience, rather than merely producing biomorphic aesthetics, to address
these challenges.

Significance and Novelty
The study presents a validated taxonomy of biomimetic timber typologies,
derived from empirical case studies, that unifies architectural design theory
and digital fabrication methods. The research establishes distinct classifi-
cations of morphological, structural/formal, functional, and process-based
elements, which provides architects with a systematic framework for imple-
menting biomimetic principles. The study demonstrates how engineered
timber serves as an environmentally friendly material that enables the cre-
ation of complex biomimetic structures and new architectural expressions.
The combination of parametric techniques with biomimetic principles
creates broader discussions about sustainable timber construction methods.
This study enhances architectural knowledge by demonstrating how para-
metricism can be combined with biomimicry and engineered timber technol-
ogies to create sustainable, performative, and innovative architectural out-
comes. This synthesis presents profound implications that enable architects
to pursue ecological and structural optimisation pathways, prompting them
to investigate broader interdisciplinary design and construction methods.
The investigation of contemporary biomimetic parametric timber
structures reveals important possibilities and obstacles within contemporary
architectural design that necessitate ongoing research and innovation to
harness this design approach fully.

TOYHbIE reoMeTpuyeckne GopMbl C Y4ETOM IKOIOTUYECKUX
thakTopos. Micnonb3oBaHue pobotoTexHuyeckux u YMny-rex-
HONOrMi NPOU3BOACTBA NO3BOAMIO CO3AaTh IPMEKTUBHbIN
npoLecc CTPOUTENbCTBA, KOTOPbIA MUHUMWU3UPOBAN KOMK-
4eCTBO OTXOA0B W VYUYW CTPYKTYPHbIE XapaKTepUCTUKY,
NpOAEMOHCTPUPOBAB NOTEHLMAN [PEBECUHbI 1A CNOXHbIX
apXUTEKTYPHbIX MPOEKTOB.

Bbnarogaps TemaTuyeckuMM MccnefoBaHUAM U CPaBHU-
TeNbHbIM aHanu3am 06e OCHOBHbIE FTMMNOTE3bI NONYYUNU
NOATBEPXAEHME, YTO CBUAETE/ILCTBYET O TOM, YTO 06bEANHE-
HUE NOTUKN GMOMUMETUYECKOrO NPOEKTMPOBAHUA C Napa-
MeTpUYeCKUM NPOEKTUPOBAHMEM 3HAYUTENBHO yayylaeT
apXWUTeKTYpHble, CTPYKTYPHbIE U IKOJOTNYeCKMe acneKTbl
AepeBAHHbIX KOHCTPYKLMiA. Pe3ynbTaThl uccnegoBaHui
¥ TIWaTeNbHbIe OLEHKW NOKa3anu, YTo Takue UHTerpaTms-
Hble MOAXOAbl BLIXOAAT 3@ PAMKM 3CTETUHECKOMN LIeHHOCTM
¥ NPUBOAAT K KONUYECTBEHHBIM Yy4LIEHUAM B 061acTH
3 PeKTUBHOCTH, YCTONYMBOrO NPOEKTUPOBAHNA U KayecTBa
NpOCTpaHCTBa.

WccnepnoBaHue co3aaeT 0CHOBY, CBA3bIBAKOLLYO GMOMU-
MeTUYeCKMNe NPUHLMMbI C BbIYUCTUTENbHBIM MPOEKTUPO-
BaHMEM U TEXHONOTUAMU UHXKEHEPHOII fepeBoobpaboTky,
obecreynBas HeobxoauMyto 6a3y Ans aHanu3a U BHeApeHus,
YTO NO3BONAET NyYlle NOHATb, KaK 3TU [UCLMNANHBI UHTE-
rpupyloTcs B efiHoe Lenoe. [pakTuyeckoe npumeHeHue
3TOr0 NOAXOAA MOXET NOOYAUTL aPXUTEKTOPOB NPUMEHATHL
MEeTOL0N0TNU, OCHOBAHHbIE HA GUOJIOTUYECKMX 3HAHUAX,
¥ NHHOBALMOHHbIE MaTepuanbl, KOTOpble NPeBpaLyaloT
TPaANLMOHHOE iepeBSHHOE CTPOUTENLCTBO B YCTOMYMBbIE,
BbIPa31TeNbHble apXUTEKTYPHbIE JOCTUXEHUS.

Byaywue nccnenoBaHus JOMKHbI ObiTb HANPaBAEHbI
Ha N3y4yeHne COBPEMEHHbIX lePeBAHHbIX KOHCTPYKLMA,
KOTOpble BOCMPON3BOAAT 6UONOrMYECKNe ABNEHUSA, Takue
Kak Tponu3m u potoTponu3m. CoyetaHune NCKYCCTBEHHOTO
WHTENNEKTA C airOpUTMaMm1 MaWMHHOTO 00yYeHUs OTKpbIBa-
€T pAf, BO3MOXHOCTEl A5 COBEPLIEHCTBOBAHUA GUOMUMe-
TUYecKux hopMm 3a cyeT 6oJiee TOUHOTO MPOrHO3UPOBAHMUA
XapaKTepUCTUK W afAanTUBHbIX BO3MOXHOCTel. Pa3Butue
AepeBAHHbIX KOHCTPYKLMIA 3a CYET NOBbIWEHUSA UX YCTORYM-
BOCTU W MHHOBALMI TpebyeT 6onee TECHOTO MEXANCLMMIN-
HApHOTO COTPYAHUYECTBA MEXAY apXUTEKTYPOIA, Guosnorueis,



Conclusion

This research highlights biomimetic principles as a profoundly valuable and
scientifically robust source for architectural innovation. Through the sys-
tematic examination of selected case studies, underscoring how nature-in-
spired solutions significantly inform structural and formal innovation. The
practice of biomimicry extends beyond the aesthetic duplication of natural
forms by fundamentally incorporating material efficiency and optimal load
distribution, along with dynamic space planning, which emulates biological
resilience and adaptability into the architectural design process.

Parametric design tools became essential mediators that bridged biolog-
ical logic with practical architectural implementation through simulation
and optimising bio-inspired strategies. Providing critical iterative feedback
loops, offering precision, adaptability, and rigour necessary for managing
complex organic geometries inherent to biomimetic design approaches. The
flexibility and computational capacity are critical in translating biological
analogues into buildable, structurally sound, and environmentally respon-
sive timber structures.

Engineered timber, particularly through digital fabrication, demonstrated
substantial robustness and sustainability as an ideal material medium. Pos-
sessing anisotropic properties that support structural resilience and carbon
sequestration capabilities aligns well with biomimetic design principles,
enabling precise geometries that consider ecological factors. Implementing
robotic and CNC-based fabrication techniques created an efficient construc-

POBOTOTEXHUKOI U MAaTepuanoBeaeHNEM ANs CO3AaHNA
MHHOBALMOHHbIX PELIEHMIA.
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tion process, which minimised waste and improved structural performance,
demonstrating timber’s potential for complex architectural designs.

Through case studies and comparative analyses, both central hypotheses
received validation, demonstrating that merging biomimetic design logic
with parametric design significantly improves the architectural, struc-
tural, and ecological aspects of timber structures. Research evidence and
thorough assessments showed that such integrative approaches go beyond
aesthetic value to produce quantifiable advancements in efficiency, sustain-
able design, and spatial quality.

The research establishes a framework that links biomimetic principles
to computational design and engineered timber technologies, providing
essential groundwork that supports analysis and implementation, thereby
enhancing the understanding of how these disciplines integrate cohesively.
The practical application of this approach can lead architects to adopt bio-in-
formed methodologies and material innovation that transform conventional
timber construction into sustainable, expressive architectural achievements.

Future research should explore advanced timber systems that replicate
biological behaviour, such as tropism and phototropism. The combination
of artificial intelligence with machine learning algorithms creates several
possibilities for enhancing biomimetic forms by enabling better perfor-
mance prediction and adaptive capabilities. The advancement of timber
design through resilience enhancement and innovation requires increased
interdisciplinary cooperation between architecture, biology, robotics, and
material science to produce innovative solutions.
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