How Sustainable Materials Are Judged in Motion: Designing and Testing a
Hybrid Carbon-Flax Composite Gravel Bicycle Frame
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Fig. 1. 3T Extrema ltalia Model that was re-engineered.
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Fig. 2. Fibre types used in this work, with representative photographic samples.
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Fig. 3. Schematic representation of a laminate consisting of multiple UD plies. Image adapted from [1].
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2 DESIGN-THROUGH-MAKING: MATERIAL EXPLORATION

Fig. 4. 3T Extrema Italia frame showing the labelling convention and the division into front and rear triangles.



DIS °26, June 13-17, 2026, Singapore

Giovanni Sapienza and Pavlo Bazilinskyy

T  Extrema Italia gr rm s ws s r o rm X ¥ ossw TPr S WS »n oWmprr g
P orRom gr row mopr s r s S ™ r ] rwg »ogr W e wp s wor S »
B OASK W MK WrWM@ WSKX WS MW RmRgr » x X r wg W NS W owusxr | nS

T rm s sgw ¥ R R Ngr WS MIT S M W WNgTr wg @r XXR OB WT R X mg W » ng (s
supp r oW ng US Ng 8 g I o oww ugs ) Py nS W ng » o wmass T s ws

» RS W TR BES WX S W PX MM X AHT W NS PP ® S T Wsurwg WX N MR Wr R

S WS x gr ww ®S W WS maw W »ro® X xS

frwa g W ¥ s r r r s fi sgRprm xr m s® »x s x » swm sg ®»T nsar

WSS W rmn g Wr  rXMg  STH wr WP W RS “gur 4pr s mS rW g Wr W ng B B WS

X oug W sswu T r©mwma s sx » rWas ¥®™ X wg W X rr we R s o »

P W RS SU s r S ®SsS s m W » XS X xr X W » R » S ru wr g W WM wr R

S WS xrx rm r n
2.1 Composite Material and Manufacturing System
T sswu = sg sfirxmr p wmr wps suswg » nu wusfirs wss » i mw " rom
R WK Rg » e ws gw firs rx s PSWX S XM Wr X IR TR » ®SS W
nuwr w ne S ™ MgWa X SMS ¥ W W P rs W » ®m s wmg wmwusr pr ss T s ppr

s m firs i 2 uroawrNg Ng S MW NE WF R QU PN R ng ¢ xfl

T r grs firs r© prx x m(sw ) s (mwmrx ) w s firs r wmfix s ws s
wm » »owr w s spr P RN g Pr oITRN rwms s firs x ws «x x X
» TR s ffmss mp rss w » x oW n rg 4 firs r m sg T o T} p Ne

wc W r sus W —mpr ®r s nwflum r xr wmor ras wm wa ¥ ®» " wus
o Ng 4 fir ®» ®ms ws «x mp S W s s rwor o mm oW st oW rgm m
rg ® ¥ » X m »r » pRR B RN WS WPT WS sufi -  wss w »oan
rx i mm » mg r W rW R T SKpp TS nrs . (mw)r wmgs rx B WSS W
[ » s P SSwg wr s i owmw »n ng © S r xS x » s »r »
wp  sr m X W x nuw X mr w»T s rfl s nx w s » s g
sus W X M ogr W W B oOWrr W W WS x ST WS » Ngwm r s » o r s
B ORRM WK Mg X x X Omr  wg W sp X O prmm® pr W Wrw s

T rm sw wmu  wr wswg r fi maw n ng rsmorws rwaw ng(T ) mnfi man » ng

B WM wWSK NS X » s wer mr S W Ow x g R X m  wNgr irp mnrn w»

rwg s ffmss r oug n Ng Ng P r W r fix pr ss s ffrm ps firs s oW
rsu s W m » Ng » x wfigar ws xr raqur ww p fir ps W »s swmw W WS
»r ngwm r fl 1 rNg W X Ng W B U WgS S W

R g W Ng x fir pr rws  r wpr gw » S uswg T S wusr » T gur T = s
»  we Xopr o orww s mwe ™ W ¥g €k X SRMWW T WT pr sswr ng rswm fl roug

fixw romowr beCs! ns WP S SsrM wx



How Sustainable Materials Are Judged in Motion: Designing and Testing a Hybrid Carbon-Flax Composite GraveDBicQ6le)iinenid-17, 2026, Singapore

—>

1

Compressed air

—>

Vacuum

Pressure pot

Vacuum
i T pot

[ |
| —

Upper mold
Mixing pump i “ l i
Reinforcement
O
(¢} O .
o \> Heating
000000009 _— arrangement
Resin Catalyst Lower mold
container container

Fig. 5. Schematic representation of the resin transfer moulding (RTM) process.
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2.2 Stiffness Testing as Experiential Reference
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2.3 Simulation as a Design Support Tool
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2.6 Results of Stiffness Test
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Fig. 7. Dominant vibration frequency versus cycling speed across different surface types. Individual points represent vibration events,
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Fig. 8. Ratings for sustainability, willingness to use, satisfaction, performance compared to carbon, and confidence riding the frame,
split by whether a fibre-related difference was perceived.

T »xsus us r sSs W X r omfl 1w x X wg prom Pr PpwsSgwmr X

s au X room X s s W r wmsw sar  sx BSS W € s rs morw
X wmg XX WS gr x x ®ow xR W rmSs Sffmss »m xspws mss 1 ps L1 »
X xsrmr s B Mg WrWgS IrWg IR rmg I WNg W room » s wp x »x »

CI I X m X W WS X PRSP XX WSS g qu Pr TR WP W Suge S Ng

norproow g firs » X oW pPr ProOXRR WM » IR Y 2 S ™ owpr W w

Sus w » R » r g r X owg W swmp W pp ¥ »row S X Wpr ss ws
» PSS S aus ww ¥ ng®m sSSP ws wmr xoum €4 gn Ng » NS X W g »
&r now ne o s S W r nEg ®mx »r » W owsr op nS x
w or s ffass »mor  au S rmg B®S IR T ssus W mox o

T g pr e s S o 1w g s X P®Pw®™SsS WS ¥ X omx s
T s rs x gmrx RSS W W W P PwRS » »ow s r (1 )T s w rs



How Sustainable Materials Are Judged in Motion: Designing and Testing a Hybrid Carbon-Flax Composite GraveDBicQ6le)iinenid-17, 2026, Singapore

row WSHR FS W Wg aus ®m s IR IR » o xpr st xxNg S W X ™ WSS
x x » s SS SSWa W »r & M ss

T“é‘l('r »r Swr .‘SSS »n ® X i AR ] »nSs »suwusx 1.8 »Pr »ws xmrx »r .‘ﬂé
fir x ffrm w I RSS W g & Xr M@S WM™ sur S sus W Ng® SS WS x w x
s s »on wnfiow X Wmg wmpr om s ff s s« sp g fir NPT S WM W S SwWg
wor X suge S Wg s xS W ® S® rom W sus  m mor o x x s s
M OWMNg W P W R WXS ®r PpwSs »opr L ¥ ffrm s rm owx or
r Ngs W ne r Ng g MW AN S I ¥

Tg x s fim wgssugs s us rs S now » Rp W r wflew » » m » i IR ]
w s wor st pr »oxpr » res CI ) » g W sus W firs wmps
s » WEW SS WS W pr o WS T Ng ®oxr W mwmgp S sgwfi morx nUS X Pr oW ngs
®swr X e S

4 DISCUSSION

T ssu ss R xsus W fixssp £ fl p W s » »ogr » s
»ProrRwN gr rw wswgfi maw » ng » T » s mpr P XS »nOoROw r nfix
nS YU W ¥ WX  NgSWs w S par W X SMS W WpPr W s WOW SWMR XS waw »
WLRM WrNg WST WS W X ¥ U ss SS S X S Wmwusr oW w0
T s W WS W S SEM W P S s Ng W sus W fir wps s » s ffm ss wr
wp x OIS R ¥ ™ xrowms »  sgw »ppr pr Sre Wwr W W NM  WIWEg WSY WS
pux s T RLR X RS W reur sus wW nros ®mss x s ffa ss s ss
ProTR R gr TWS—RMX W NgWL WM  WING B Ppr oW x ffs— r wfigar  ws wm mwgfl
r ow ffr wx » MSry wr pr ormm W ow r sus w wm[ ]
p e wnfitm w wRM W pr » » s s s ffm ssx wg s » T s W oW
s mgp S s s s w » s ™ x x wmgswu T s wsar o xpr m WS mx roow
a w xrox au o noxpr w wm we wg ff s rswgrwm p s ffeass m ssws
S W »aw o™ ®m wm S s W S MW NS P KW MNgW AS ¥ % W oSupp r N »ogr w
sus  w firs r oug Sgm T wg W wg ppr (RQ1) » m »r xr x wax [1
M WKW WSTK WS WX XS p »r » wfigar mow s X wfle m  ws x v nT s wg
T mw » mgpr ss w wm gr fl » S ® W rx x WX eUrNg® WA WK SX  Sgw ms rwm fi
» wgp sT s wmsr ®» » m s m » »nogr W & firs sSwmg W ¥ X prsr wg
»r S Ty wr wr g Wg X R® WPNg W Pr PpuU e« S® s x » X XS s x su
»r ® X ® X PrSW e Pr rmm  gr uS xs W P ws B W T SKr mNg MW
X NgSW W supp r mg s ms x  wms rss wm(RQ4)
T » s s flmss ss »r »  wfizm » ogr w» Al B»RW am s s RUPT WA S
STM wWr pr orww s 0w s s x s fimss ws r ppr m 1 /wawa m XX
» . [wwmwm " ®  rwmg P rpor r g Ppr oTmm T omgr rwms ffrm s
wms ffm ss  wspr swx W W s ™ sar Prwmm r fl » wa g W mSPTrowor
swp fi mroprsw s w ®m ormoox » owr fix waps wps WP r W s ffrm s rw
sus ® » g x r s ffass wur rWs s wg S w » s moox w o w
X M supp r Wg s S8 X mg W mg ppr (RQ1)
wg fl s » SS wapr wp Ne ur ¥ ®m®™ SS ®™w »  Ssw »or
X owapr oW m ss W (RQ2) T x X MIrsSpwRs  Pprom X xS s o
xS s w » » WS ¥ Xrmwas mg M sw X oW ffoswmr w fl x Pr us

moox us S® SS ng ™ » fl XS WM WK S MPREL S wp R up



DIS °26, June 13-17, 2026, Singapore Giovanni Sapienza and Pavlo Bazilinskyy

[1T]Twus su e & S ¥ nS g rus T Ppr WM W ¥ PX XRN g WS W W SSX X NS
noprp ffrm s wrngr x x wg T xx xs » W nps w Wy x PW® SS MW sur
WP Rg RPr WM MS B WK WMPK X s »fi w ® res W X
sp » ogr w» fl norow romoum ®r owwm s r mfirxr W x W
ss n x r -l prx »PSs moropr s ffmss m wmg w ror  au X
wr X Ngs X XS WSS W sx wg »r » s mwmpr X room X owsu sT s
fin wgs rx r ssRQ2 mwm msrx wg WS M SuS W firs— m oy s m x roow
su s w — SWm wmg ff r rxs s »or wfi ow
wmprow rsSH S W Skgs S »r » WS WS w Sus W ™ CHED I ] T oWmrms
x » »r »nogr m e firs w %o WpPr W SWEr X pr W x X Ng
Xr XS wwr w r sus w WPr pws r®mr  ®r ®g ™ 1 x ffrm » o
W Wr oS X Sugg S Wg ¥ r ®prm®™ Ss p ®» W i S®S WS w S I
Tmss P s m @ gwwawn T sfinm ng mspr pou w mwms RQ2 » RQ3 g g nwg X
®x & ® res  smW ng xs m sus W r® o mx s xr m xpr » s
SroWa WM WM WS X p rSp S 1 SW SSuge S ® WM Ng W X gr SS X S® X sus W WP S  rowms s
M SS KX T eur W o sis w oW x nfirs ws »r »ogr 0w & firs msxr s
rXs ®mxr p W PESTK S W TPT RN r rs s M@ W MW xS »r ™ TS
®» s wgpr w wWwss ws T s ppr ffrssx g fl ®x mp S WS w IR I » »
r S WS supp r g X pr SSux  rsus W X8 S WX eQETRg WR WW »e S ng ¥
®RK WrWE WX oS re wr
r oW MWE S WP W S RIWMMW W g W W S PR UPIr WM WM SWAW WM Pr  SSKS wp x
W W r sas w mpPp W m g N s ss r nfir supp W g WL MW wr xS
P rmow ot firs RS ) <N T s Pg S wpr W W
T rw % ss ar r ®W Sus«x »w W s T ®Ss s ppr W s
(=1 8) ™ m » g wg ppr W 1 g(x g)rprsmmwg ®ma s mr s wpr » g
X omer X WS Tr oW WS rp oxsp Pr PwRs IR I rom s® rom rgwmr
s ™ s 8 wr » »e Smr s » Omg f omrx «n xs s » (RQ2)
ng®m Ss wSsxomow an » nS x » g8 » gr S g W Shge S Ng X xS
sus W mor s » » R X X r o ms WUPK WA S
T » g X S rsu s w x r w—fl X " S sw rx X r wWg W WS » S
now P rorEmom er ug sus W nrow m »r » smpr r room W ®x
sus wu ®m fin mgs wa wsx Sa rm®WS W™ W r Sr g S W WP R R W OWR IR R WS X
IR I W X We WM X TRW W SSWS »r ® TPrS WS s X SW X sus W
P S r WS B S mam us Ng X TRAW X r®ms ®mg S ¥ x ss mg RQ4
4.1 Limitations and Future Work
& s s ™o wm o rr ror N W »Ss » nroow ™ X ssu s
rx sur X I X oprossur W ox W g s rs W »rmm mr
s xfl s w er st » ws T r ®» wswmrp = S SWNSIrS WSK m
s ® oW P N wr. XSS wpsupp x » e W W or r prow x
R R WS KRR W s wg pr s P W w s mpr » o our X ®rx owr X s
s s r m ff sewm rxp » Y
Pr mpwmr ramn sS®m M ow X o sl Buw xr  pr Pmws u rore » s
swu ® W P XS »ooSs s »oowp XX Ss m ng gr wuw g Xg TS wap



How Sustainable Materials Are Judged in Motion: Designing and Testing a Hybrid Carbon-Flax Composite G

raveDB§¢Q6le) inenad-17, 2026, Singapore

pr pwoprfi evs I ws r s 8r s Sp WSK ¥ B OWM WS S WM SWPTr WM
4 X xS x row wp xs g X sma s wmp sz ( 1) m s gnmr s fin wgs
X W NS ppr pr r® o pr o x Sg™ rwg W wgsSw s RUS KPP L P oW W room ®S  wmax
X » o supp r wg woow mawa x s rss  »RQ4
Tr W waw x| xSy MgW SS P T SM SS & Iy 3y s m X X ompr T W s
e » S SequsS WW r ws ¥ rouw €4 nSS W » ns x TR W gr S gma W
4 T srspwusscfl pr W oae r s W RS X x w» wfitm par swg wr X ss sm
41 r¥ss W g firsnw »s ss » sus  w »r nSg W us S T W U] »
4 » LS ™ m X s ™ rwang »oxpr » ROQ4
‘ T rs r s g g »r ®SK RS H TW r s g sgw rug m wgT er ®ogr W
“ . » »r » s prwx w s wg ng r X Rmx » X RW SHX W WS
: X MSX W NSHWA X @F S WS Ng W WW WX s W s Swma r T sww ns x nswy fi »
. X pr S W ws X ppropr oW SS SSWA M W W s w ppr wr e owr fixr wmps
‘ sre wrs T s WASr ms W ww MR s mpr X r fim wrms p W rs w w
4 » Sg ™ wWpP W ¥ nU S X owour »w
»ow | »s s m wp ss sswa m ( ) PSS WM X SS W "g 4
! » mamnrx firs x I oW »Xg W wapr » orwwmaw prfi s wapor 5w
x mfirs s sps rw equwfi wm sswu T XS S¥ s mw MSSTSWM W W W AM W Ng
» rg NST QUK W WS wr oW r mmnwm sgonfi »  wnfluw rOWm XrRMR Pr orTmm
RS au W sus W msSs » o rpr o« uSS Mg MW r ® 0w » s gn fl x x
neun fi BT MR W » i Twowr X s X x mpr x s ®pr WS » M X rg r ows
oo ®OX RN R
ne wroxroox " »w x I » mamx firs rwug r sgw ] x wr s
s mros fl » oW MR MRg g s ffmss m sx wg g S W roaur
PR m mmrswm fiwmnw » wgp S » R ne Xoxrmx o wp wps ® wg P
1 mr sSkSs W W ®Wous X B R MK WT WS S WS X » Prwmow S Mg—SM  SPr SS W
x romor »r X pr SSHX WM rmg W xoox s ¥ mrgs— W WP WR X r r we
N o nS » neg XrXsSmpx » row » SS wm wro mg T wr SH S W™ u wg s
wp MR X RNRR g ®g SS r S sSswm »owx firsw WS ng »p »Ss
“m x rwx X m S S W W S g P U MW SSS » ng® Ss M omg W x xS
Xooxm pu RS W gr wNg BoWm ne i) » S Mg W WS KX P®r W wooSkpe X W orW
S MW Mg I W wS¥ » R R owr ox » MNSg S¥ RQ1 » RQ4
5 SUPPLEMENTARY MATERIAL
1
Sepp ma®m r wm x » W R LS B®W X WM W W WS P rwmow s ws//x g 8
wm/ x/ xs/1 zal z g's 11 » S
4
ACKNOWLEDGMENTS
T wms T Sr w wmp s ) zzSr x ng M X srs x
REFERENCES
[1] w S m o »ox nr 1 MR W X WS W W & W ® s Practical Micromechanics of Composite
Materials ) w S »orw » oo »r (s) w r «x »owoem 1 ws// g/l 1.1/ 1
! 1
[] » o X W r 14 Sr wmawng ws G s ®m gs s w »u  wrwg » wr p Transport Reviews 4
( 14) 4- ws// g/l 1/ 1441 4 14 1 X ws// g/l 1/ 1441 4 14 1


https://drive.google.com/drive/folders/1t-zu1Ldfz2wg0s3kh91LO1v7o97LXnhS
https://drive.google.com/drive/folders/1t-zu1Ldfz2wg0s3kh91LO1v7o97LXnhS
https://doi.org/10.1016/B978-0-12-820637-9.00001-5
https://doi.org/10.1016/B978-0-12-820637-9.00001-5
https://doi.org/10.1080/01441647.2014.981885
https://arxiv.org/abs/https://doi.org/10.1080/01441647.2014.981885

DIS °26, June 13-17, 2026, Singapore Giovanni Sapienza and Pavlo Bazilinskyy

(]

_

_

wmr T X rs » wm S » wmsT s» w» » 1 SgR W W WM WrNg x 1/ x wfi x
mp S x w Proceedings of the Institution of Mechanical Engineers, Part P: Journal of Sports Engineering and Technology 1( 1)
- ws// g/l 1177/17 4 1171 ¢ »s// g/l 11°7/1° 4 1171

nSs x T sus w w » x  gw Transport Policy 1 ( ) - ws// rg/l 1.1/ = wnp 1

pRwsw r wTr wsp r nP ww g
»oox . » s m Injury 1( ) 14— 4 ws// xg/1 1.1 /S 1T () 4
% om

wwag r S ffm ss— maum w
P Z WS s x ® ) s noxro 1 nR IR W x ser ngSw w» P p sS mwns mTu
1) 4- 4 ws// g/l 1.1/ prmg 1 = 4 o w nXRR wk W
) » i »nrw s ® 1

ng row g War w s nOw X ®» s » wns Transportation

= xswm rgwmms( T

s
x wg Procedia Manufacturing (
1
» rw ) mPa o 1
(x  1)4 -4 ps// g/l 1 sttt 1
T wa » S wg s S » P jms rz mn Ps " x 1 S wg ng S m wm ¥ o "
Pr r gs Collection of Technical Papers - AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference ( 4 1) s
// xg/1 14/ 11 x ws// x xg/ /p /1 14/ 11
rsx rom r Sa wmp pr S o P orep x S MraNgra Ngr M ) s w z ngs 1
rm orwm wmpfic i owmw we  wyp s s Technologies for Lightweight Structures (TLS) ( 1) ws// xg/1 1 /s

» Xz rom » fr waPr  was P ss s ¥ WNg WWr oz W wgs S Twa x
w ®» w  wgs Sustainability 1 4 ( )1 ws// rg/1 [sul’ 41
» G rm wg P S JmPx wm L 1 s rx » s fi rxrowmox » wWr WpSs s
Composites Part B: Engineering (1) 1 -1 ws// g/l 1.1/ mps s 141 11
X wem s w wawa me S w oW o j ) x owawow 1 r » wr firxs rsus W »
u W » ws Journal of Reinforced Plastics and Composites (1) 1 41 -1 ws// rg/1 1177/ 1 441
T wa w r ) Tr r G x r s m m XS m s m s wr T oxs ss fi »
mp s W r »nTr mwms »  pp ws Fibers1  ( ) 1 ws// rg/1 /i 11
SS W R ss m Ture W wm wm Gu rx » r st m rs nGrmw o »pr WS
x » owr i ors w r Wps s W T ™ ®» ®» ® wm r s Resultsin Engineering 1 ( )11
ws// xg/l 1.1/ 1w ng 1171
Twr rwgwm w8 1S ®» was Xz T Guwn r S »
Textile Research Journal (1)yr -1 ws// rg/1 1177/
G rg T ox ® )RS uguw wmpwgPrpr s T
Sw Sru wr  pp ws Fibers 1 ( ) 4 ws// rg/1 /fioa 4
= TS G » wnZ 1 x m s firxr m s wps s Composites Part B: Engineering ‘4 ( 1) 4- 4

T wmsGr s 1 r mfi rpr ow m s wg W w or ppr
4 1 14 11 x ws// xg/1 1177/ 4 17 14 11

/ r w r o /% r »or WMPpS S ¥ w wm

ws// xg/1 1.1/ wps s 141 4

wmae Gr 1w S » » g "W wm P or AGATHON | International Journal of Architecture,
Art and Design =~ » » ( 1) -4 ws// g/l 1 / 4 4 / 1

u Gupp » x » mr Gu » S P ws x wm P » wmwmr G rg x

» »oowppr oW W »ox o » wawx s ™ gs x w  r Italian Journal of Agronomy 1 ()
1 ws// g/l 4 1/ 1

» IR W NIg 8w 4 CO2 Emissions in 2023: Highlights from Fuel Combustion PX MM N NXg g W »s
/! xg/x p x s/ WSS WS W ss 1

m e wm  rxgw™mz wm rS wm r z w 14 ISO 4210-1:2014. Cycles — Safety requirements for bicycles — Part 1: Terms and definitions
T =» PR oM W rgmz » rSm rz wmGnw ws// s rg/s ™ x/ wm

P g s mm »rs m s T wsxsr » xroox » s 8r Prometheus
4 ( ) ws// g/l 1.1 /Pr m us 4
P g s nW » »
4 ( ) -1 w»s// xg/1 1.1 /Pr ma us 4
Sp» rs s w s m wawa s » S x S m owm) ™moow Zwan r Sus w

xs N x T wsxsr » xox » s 8 Prometheus

x omox ®p S s Advanced Sustainable Systems 11 ( ) ws// g/l 1/ sau
x ws// » »wooxr W/ /p /1 1/ su
wnZ X sa Mmr oW s r m » » neTram ] » sg wpr SS ® WP » Ps wmyp x
x W/ x mwm s ff s S mgSauwm w7 x r oz (» 1) 411 —41 ws// g/l 1 /sl 1

» R " CO Emissions from Freight Transport MRALSS WX W gr Tr wspr  prx / Ty » Trwspr s x
»x ws// rgls s/ w/fis/ s/ w owg P


https://doi.org/10.1177/1754337117716237
https://arxiv.org/abs/https://doi.org/10.1177/1754337117716237
https://doi.org/10.1016/j.tranpol.2007.10.005
https://doi.org/10.1016/S0020-1383(00)80040-6
https://doi.org/10.1016/j.promfg.2015.07.540
https://doi.org/10.1007/s11116-011-9355-8
https://doi.org/10.2514/6.2012-1568
https://doi.org/10.2514/6.2012-1568
https://arxiv.org/abs/https://arc.aiaa.org/doi/pdf/10.2514/6.2012-1568
https://doi.org/10.21935/tls.v3i1.133
https://doi.org/10.21935/tls.v3i1.133
https://doi.org/10.3390/su17041575
https://doi.org/10.1016/j.compositesb.2014.12.011
https://doi.org/10.1177/0731684416633898
https://doi.org/10.3390/fib13090119
https://doi.org/10.1016/j.rineng.2023.101271
https://doi.org/10.1177/0040517514532161
https://arxiv.org/abs/https://doi.org/10.1177/0040517514532161
https://doi.org/10.3390/fib8100064
https://doi.org/10.1016/j.compositesb.2014.12.034
https://doi.org/10.19229/2464-9309/292017
https://doi.org/10.4081/ija.2020.1552
https://www.iea.org/reports/co2-emissions-in-2023
https://www.iea.org/reports/co2-emissions-in-2023
https://www.iso.org/standard/59908.html
https://doi.org/10.13169/Prometheus.40.2.0092
https://doi.org/10.13169/Prometheus.40.2.0092
https://doi.org/10.1002/adsu.202200258
https://arxiv.org/abs/https://advanced.onlinelibrary.wiley.com/doi/pdf/10.1002/adsu.202200258
https://doi.org/10.1007/s12221-025-01072-2
https://doi.org/10.1007/s12221-025-01072-2
https://www.itf-oecd.org/sites/default/files/docs/07cuttingco2.pdf

How Sustainable Materials Are Judged in Motion: Designing and Testing a Hybrid Carbon-Flax Composite GraveDBicQ6le)iinenid-17, 2026, Singapore

[] uw ox s w T m wm or oW z ms em Gr T msG s @ »m PrsSw oo
» x w omowswm 1 wp ss sswa m x RSP % s s m x Preventive Medicine = (1) 1 -114
ws// rg/l 1.1/ mm 1 41
[ ] »rx s w rs W™ rm 1 SS Ss wg » ¥ X W WSS WSS WS ¥ mar® WS r xr rps ng ®
Ng US Ng W GPS x X oppr Transportation Research Part A: Policy and Practice1 (1) 1 -14 ws// g/l 1.1/
x 1 ng w» ng T x Tx msp x » BT AR W
[ 1] P reg G raw » n T 1 x rom pwmRs wwm wr fixr wmps s w x ™ »
» © twa m  Composites Part A: Applied Science and Manufacturing (1) -11 ws// g/l 11/ mps s 1 Sp
ssu W P s S
[ ] wrau P w i * ®» wgwawmr sswm ng s B W W KWAWM KX P rSPr
x PP SNggH N SHT s w wp W m ¥ wp We® r WS »s//p wsg s w/p w/ 11 1/ » a
11 1
[1] ) wr s ne s % rx m r P wmr wps s Sustainability 14 4 ( )1 »s
// rg/1 /sul4 41
[ 1) x n reu zZ rW) euw xr o1 » Seowm oz r Gr rw) » Sas w xrmzP by
[» ] rms MMM WrNgUSNgWA X S S e owr fi rs m omwmr s ss m x 1m (» ) 4
ws// g/l 1.1/ » 41 P ng W
[ 1]S» s wwmrS m» Swms rS rm wr 7 oxr  owmox P S S W » er »
Encyclopedia of Renewable and Sustainable Materials S wa s ma ®» w z m w wr (s) s o« o1 =1 »s
// g/l 11/ 1 11141
[ 4] »S =» s wPppa wmas S wm  w au » Sw » 11 WP S X s x W ur s wr s »
Trwms » “war P w s = Advances in Composite Materials - Analysis of Natural and Man-Made Materials P T » () » »w
»ow o1 -1 ws// xg/1 T/ 4
[ 1 s sG T Gr pp Sw mor wgpp ) s wmrPrms xwp » Su xS wmg wm 1 wr 7 oxs
sSus ® » » s wr x R row o I wpr WS Frontiers in Materials ~ wwa
(1) 14 ws// xg/l /s 1
[ ] =» S s prmw gr w wr S Italian Industrial Hemp Overview 2023 T = mr S Trogm ogrow owr
S ws// pps swus g /m g wp/w/ »r/ » prF wm fi » » oW ous wap X
_om 1 g & S* »s 4/ 1 .4 » rwas


https://doi.org/10.1016/j.ypmed.2015.04.010
https://doi.org/10.1016/j.tra.2018.08.022
https://doi.org/10.1016/j.tra.2018.08.022
https://doi.org/10.1016/j.compositesa.2015.08.038
https://patents.google.com/patent/WO2025131703A1/en?oq=WO2025131703A1
https://patents.google.com/patent/WO2025131703A1/en?oq=WO2025131703A1
https://doi.org/10.3390/su142416855
https://doi.org/10.3390/su142416855
https://doi.org/10.1016/j.heliyon.2025.e41993
https://doi.org/10.1016/B978-0-12-803581-8.11418-3
https://doi.org/10.1016/B978-0-12-803581-8.11418-3
https://doi.org/10.5772/18264
https://doi.org/10.3389/fmats.2019.00226
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Italian+Industrial+Hemp+Overview+2020+_Rome_Italy_02-18-2020
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Italian+Industrial+Hemp+Overview+2020+_Rome_Italy_02-18-2020

	Abstract
	1 Introduction
	1.1 Aim of the Study

	2 Design-through-Making: Material Exploration
	2.1 Composite Material and Manufacturing System
	2.2 Stiffness Testing as Experiential Reference
	2.3 Simulation as a Design Support Tool
	2.4 Prototype Configuration and Frame Geometry
	2.5 Manufacturing Constraints and Material Configuration
	2.6 Results of Stiffness Test
	2.7 Design Implications

	3 User Perception Study
	3.1 Method
	3.2 Results

	4 Discussion
	4.1 Limitations and Future Work

	5 Supplementary Material
	Acknowledgments
	References

