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& P‘I-IIE.'TIUHI_: o irmpshe | of forming bulldi lariak] el

= An inloduction and implemaniafion of w perlorming building maleriak]

SRl and techraguss ol in |=.'rrr_'|F1|E;r oif &I'I'HI;I-'} I'M;:I'Iﬂhhr:? o ?"g
malerial.  coal  eficiency. opplcalion leasibily, ovolabifly. vemocelar
characiensicy, ife span, o0

« A material B consdored ymart ondy when # confribufes something to upgrode he
qualily of buliding.

= With al thoss advoncements in constreclion fechriqees =nd oo with fre demand
of and usen for e srmad builldings «e @ corabrocton and deugnen are sught lo
infoduce semaiing new and smort o iyl el demands and needs,

« Smot sinichures and malenal techrologies ane a hool for sharing the knowledge of
Fioee warious busiaing rmaienals can sgreicantly increose produchon aond prodlf usmg
odvanced communication, collabortion ond monogement lechnaologes:.

e VO

Frcrgy naving Coat Bfficiency applicatian sovadnkildy
Feasibility




To wndaniord all how ond aboud of super pedorming  comstuction  mofenols we

mils sfudy maotenals gccording 1o ther use Inom very rool 1o fip. - Elements of

comstrucBon whang #hase smart moteriols and fechnique:s shall be implementad are
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FLTR AR ERFCRMIG MATERIAL I BIBLEENG DEFSGHN

Trecughoul human Rstony, malesal innovalion hos been delinad by Ine persistent
festing of limils. Ulfra- pedoming motonas are those which are dronger. kghier. more
durabds and mons fedbss than el convenlicngl Counterpoms,

Thesa motenck am mpofont becmee they sholier bown boundories ond
et ipte P Phdricing ol the shoeins o our phsscol anvireremeant

If shoudd corme a3 no swprise thal wln-pofoming modenoh ore genenolly sapensine
o difleull fo obbaln, alth ough many of the foliowing products are beng developed
for o brood marked. ?? ?
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WHAT ARE CONVENTIONAL MATERIALS Y

= Convanlionol buddngs use lorge amounts of eneigy, lond, wabsr. and row
material for thelr comshychon and eperalon Trey are resgponsida for lorgs
greenhouse goe KFHG]| armisions as wed ar emssiom of ofhear karmmdul oir poliutonb
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Roofing

» Eah o Tasasphall

v Eieen” «  ietal 3heehing

.

Walls
msulation : : Hanceneentianal

MonconvenBonal = ol | - Bamboo
= Chaw txile : : » Fioeisemioroed mortar
*  Adole = A |+ Rscyied piastic
= Recycied cotion = - Comdéartsaal
Cafventianal = - e
* FEbergiass = z BERE
= Bglyurstnans fnam - [ |+ Concreiz

Figure L1 Sheker with nonoomvestemnal sl coreatiomal miskenal ¢xnmples



LIST ©F MATERLALS SUBSTITUTE FOR CONVENTIONAL MATERIALS

| Acvancemmen|s n Concrets
« High Paformmonce Concrede
= L ;I t Teomnsrriiin ] Concratie
+ Pamious Concroie
= Agiated Lonciale
« Rooting Concrade

2 Foacyrmecy A e

A Wovon Sianles shon

4 redlive Waowve Neaial Mes!

S Aerooel

Alomnoied Thesmo Picsic Ponel

7 Supsar Block

B Earnmes i

¥ Termion Fabac Sructure

Some Super Performing Safe mareriaks

Cobaopss peEvenhing Shyrtuns
Bombgood ive mabenos

High prewure matal laminotes
Sroffind wood ponel
ety



.
LTSI e ol
I T T



PROPERTIES OF CONTEMPORARY BUILDING MATERIALS -
1. EAULTDEAENISIONSE.

=« Dibwicwsly, maleralh are physlically defined by 1heee dimensons. Bul many
product ond buildings have long bean concaived os o collection of fiat
planss which define ypace and lunchion

« Oep reqgson for this developmant is the fost that tolkkng odvantege of greaier
depih dllowa ®in mabencl 1o becoma mone sikselunally slable. Analher regsan
i that motenoh with Enhoenced fexdure omd fcheess are mora wnuoly

mnil=restn

= Augrrmi?ud Qufigndsiul L jdimensionaity wil lkely ba o growing
mavernenl, aspecialy conskderng fhe lechnoogical PRRLTEeofILith) iremnds
foward miniafurizaion[Eoihuscerdswl), yalerms infogrofion] Semunn e
i B e D'Il]l:ﬂe-ﬁlbrh:uﬂl:lﬂ [l L e gy |



ARRO | mipflens asuenas miidmi Qs S JFORMED ALUMINUM:

& Fghly comogaled anadlrEea alumenien shaeh

& flaxible mnd formabile

Vandtion in hicknes, depih and rounded or sgueans relum adoes pioduce fiva

unigus dasomns, some of which include precisinn-enginacead perfoenbons

* Anno comes inomathe siver aonodized fingh with Y prodeciion

& Asrg B hEeal fof o beecoin] S0 of inleror anoicatame whalhed e visual
impoct desired s on emphosis on goeomelic compaosfion or fuid cunes.

- The bghlwesghl moleral i shurdy | g L ) erpugh o be usad lof wall

and celing panels yot = maollentls  (GEEUSCEDDRTD S8 S5

anowgh fo be noled ike acapel.







UNDULATING VEMEER PAMNELS:

Ply & o wall panel conssting of o selld-weoed bame with an unclulcling
i SR o0 ian o ITES £ oo} birch venear of Bdmm-thick plhywood,

This niew mialerial i so Wi thal |F okds reorly 08 eosily s habic.

Thaa sbarmant obsorbs sound wall

5l in deveiopmesn] & 9 vesion with bullk-in lighfing ond panels ihin enough o
et gk pas frough,

Fonals wilh on axha bocking of wend -obsorbing moteial o anobher opfion.







CORRUGATED (Cimafl) GLASS :

* Like stochunal gioss channes, corugabed giaws expeenced iy first widespreod
1w i |r'u:|u:h'l:|| bildings in [-ump-n- due fo ik '|.'|'I'I.I'\-I:'.|1.I'EI| integrity and relative
Etl:rnnﬂ'lrr ard wos kel odepdad by 1ha indamolio

1l design corneruny or
'!_"'_Iﬂl'.'l’ (== "= ]

amincied |§ S5 EsmaL

Tha commeachons Can rur m O ioniol warfoal, or agon direa hor

flanged [SlaLwmm  aflefhbyl o

Focimmadale g ey o armrg syslams

= Tha Eiress oy be (e

smpeed]  Gealufemer wnimab) oo

 Tha odes of the ponels oo




POYESTER ACOUSTIC PAMELS :

soundwayve ponsEl wiss designed 1o help conirel 1he sound leves in busy
Ao,

Moda fromn recyciobis mouided polpesher-fibne, e undsolng wove [orm ond
e fal-lke marenal of the orgraol Soundwoee halps reduce noice levek by
absorbing the medfgh feguency range

Tha molenal 5 mouldsd pobeser libre. fhe wame makesal wad in e velvcla
rduniry o guedon the intenon of Foctor cabine ond com,




TACKABLE (Lnmih Elgpémil | ACOUSTIC PANELS:

L

Tackabla ocousic ponels mode of porous espanded polypropdens beod)

L'I'.'IEHﬂ:l foscEm

i pones are ghbsweagnd, blly Backobés, nor-lEvous. sinecluraly ngid, and hiove
0 mor-abmsys surfocn

iy e alsn Closs A e relonooi!

The porals moybae  wed for oooustlico AL, in

cormmenciol, esucaborna ond relcl oreay, ard in enviiaremanlaly ssraive

W
AcOishC copaindlies wory Wil e icknsss of g pons
Availaobis colom are choroool and wiebe




salEFURFLIORD

Repurposed materiol moy B defined o sumogotes. or materials which ore wspd
in the place of matedals convenlionally vied in an applicalian.
R'r o mrirernals prowicde sewveral benefih, such as rq.'Fjuf_-Ing wgiwl rawe
matedals with less piechous, more plenliful onsl dvsrlng prodioc s lom e waile
stream; mplementing less toxie momnfochaing processes; and amply defying
LE_I_ugm Srpanfior

1 brand, repurposng s important Decouse i wneSerssongs the desrs for
udnpll:ll:nll‘hr in indusky., os well o3 on increming oworeness of ouwr Emited
FesSUrc el
Whia ftha performonce of mpurosed moferials is ot idanhcal o that of e
poduc]s ey eplace, sometlimed hew and whsapeciad benefly e bom Fher
L

o R,

STRAWBOARD | mi_nl.)
& Wode irom insly-choppad whaal siraw and roedformolioeiyd e res
kobord i on ervronmanioly riendly prodect tsed in the consiruchion of

furmitune, cabnelry. countaiops and cose good i,



PALM ABERBOARD (& buddimg material made of wood or other plant fiees compressad into

sgandis. |

& Mofoysa wppdess B0 percent of the world™ polm oll, o row matanal in high

demand fof fhe load precessing and chemlcal indusihies.

Tha ficors have beon found 1o e highly muitable for the morofochoes of

“Soerboard for the construclion and fumBure indushies

& The residual mestanck ore onshed and tnen puipad Inlo [Erous molescs i
thorrmomeochanical procoss. Skeam heoh the Gben ond then fhe soft mow

matedal s ground in a redimer. Finaly. adhesive & ododed ond fre malanal = kot
pressed to o hers Tl chadine dermaty o T 50k o ol Bhe Dereaoond

s
B



RECTCLED GLASS BINSULATIOMN

Irsudation matarak sed for soand insulohon themal cladding ora n s
Evenlion oy on rmoartant fole in modem Duldng.

Ever since osbhasine and a mumbar of ofher bulding maotaniak wene idendified

o8 harardous. demand hos conlineadly grown Tor moncfbrous bolding

rescteios ol o el present oy sk o healmn,

Fosmarchars have dovelopod fue fiberee molesial, REEAPOR. I i soiemroof

Erapiool, and &vedn residan] e doid allock

I* v exbramedy siobke and of the some fime Bght in weight. it insulates ogainst

haal and eold and sbeodDs wumd. Furfemmode, il 2 sdlrermaly efviionment

friaryihy

It iz made of MR recyched glass. ond con thell be recycled inil enfreby. Ta

o of| s meErils =i B ecmy o e chiEes boowe oF Bo dril,

REAPOR's baosic molenial & fhe grorulor exponded gloss Liovar, o sphancza

arsd lighthwesgid Buiclng malenal macs nom recyckad ghoss




- ﬂ‘.“.'.ll'.ll'l' 1= Fghly  elecitya  lor
commerciol and induniriol  noRs
Sses Such o8 mirosus iuee, HYAar
= | e | o anchitesfural
appicalion.

Tha pones ame suloble for vse oufdoors
Wel parsl will drain ealy and dry i he
RN thowaver thin moy mewlE  in
effiorescenca whare crplalline solh ane
oepodliad on e surloece ol fha ponsd
Hiormcence wil nol offecf ocoushic
peforrnanee, I elforawsence does Sooul,
fhe solie moy be mmoved wsing
corirmer il afloemosncs cEarsr.




= | hat aready found usas n bullding, for example as an additve fo moror o
plostar to reduce mofedal densty and thereby weighd, In e production of
REAPOR, e granular expanded glass |s sintered.

= The tny sphesss of gias ore heated and cerain agents added. Af the poinks
whera the Liover sphores fouch, exfremaly sable bonds o enmbering racks om
generabad.



a Fif B o ode term med fo descnbs recycked ghoss onca 1§ hon baen groend down
inle o fine sand

= Genercly Rl 5 seen o o ey stoge it o longer monudacheing process
ard is mormally suppled o g raw maledal for moking Bhes or awen e glass
Baitlias, Hovesiee has @n seselic o af it own and can be used In g Yarkety of
ways which don™f invalve melfing or pressing

s maies specally wred and colofed chips of reoycled ghass lof use in leraees loorfing.
fles, counter fops, cononeta povars. wall finishes ond exposed oggregale surfocas

= Avaiobds ina voiely of oolors and sees, il s excellant for any project sesding to
maximite green bulding procBces and LEED criferia




ACOUSTICEL -

Y He fera i 1 fion matenal m i V00T recycled nobbor
i i ek b old car fires and iv broken down inlo small ships #o k

s o imsLiafor i ; 1 Grnem T for fioior 1 m2 pamels for walls




3 RECOMBINANT : (L1 p#Temia (s

-

Recombinanl matanos consi! of bee o more different matedok whick ach in
accord fo creabe o product thal perdforms greoter fhon the sum of By paoris.
Recombinont materok hove long proven ther peromaonce in e conshucfion
iy,

Reinforeed soncrede. which bensiis from ihe compeasive Srenghh ona fre-prool
quailies of concrele and He fense sfrength of deel, & o classie

Tha siccas of rmcombinant mofeiok & bosed on thai refiabls inlegrasion, wihich
B nod always prediciable. Mofeovel. recombinonl matenab ane offen compraed
af dowrncycled compenent which may ba difficult if not imposible to re-axkoct



y ore paving e nofion's poads with plasphall - a peoprielary mix

of asphalf and necycled pilosfs

s Though phoiphalf costs 10 percent monme Ban Fhe sinaghl aftemalive, (| asts
23 percant longer. Plus, it diverks 27 percant of ol woste from ondfil o
gl




FLY-ASH CONCRETE
& Conhents: 50T fiy osh, 50X

et
e tiLokcln - wcls
Fly osk rr-' frced in abundonce

high woiveme of e

S PR gk g
by coo l---"-ﬂ power pionds, reploces o
riaryl, winch B ol & s | |, \
» Probloms--fy mh [a 'n'-:l.r-. aluming. sl

s bala ook

AN e L
unbumaed carbon

. _—
lash B oexbemely foxic, Thoi il ! oy B thal the concrete
immobilizos ils imnpur fie




RECYCLED ALUNMINLIN SOLID SR FACE

Alchamy s 0 naw redvsled ol Mmooy desanen or osconaimve Turmmers
and counle lop surdoce applicalions.
iR R e B 1 ol beculy, Sremoin onc Sursbdiby

AleFErmy & ollersd ir 1727 of 3747 ek ond b prodioced in cislom shest
dirmensans up fo 38" by L0

e dondard wifocs i fexlursd . Shasl may ba oul, ikaped and sanded ka
ochisva o voariely of finshes from dull 8o high pgloss. emior fo othar

corvariiond okl salooe rrodaial.




STRATIFIED | 24(5 &5 48NS WOOD PANELS

«  LEE ax lermaly oF misrnoly,. and 5 gensrddly [oslErsad onio g metal oF lEnbes
notian stuchre, providing o decorofve finich bhat olko ocls o o mn wcrean
Tha surfoce 5 alwoy: 100R notunel wood and hos been developed 1o
withalond #he special demand: of erwironmends cpoied fo the olemant
e ochon ol atmosphens agents such as mn

e | B osubescted
ectresms wunlight, wind, smow, ahc

e

.—-';



4 IMTELLHEMT
infeligant & a temn foe malerc:s ol ae  desgred impreve el
snvironmant ard which afian ioka insprofian frem bioclogical irlhlm Thiy con ack
aakvely of passheely. ond ey can be high-dech o low-tech.

« Many matarials in this category indicate o growing focus on the margpuiaton of tha
PR Datopie seohs.

+ The wared ikl of barafs provided by maolenok lechered here includes polufion
reducion, waler puihcalion. solor rodickfon conol naluml ventlalion. ond poser
gencrohion
An initaligend produc| may simply e o Gexibie or modular syshern which odos woles
throughoud ik [Ba cpcle.



POLLITIOM. BEDUCING CRMENT
« A new cemenl which B bosed on mognesivm cobomnale mfher than calcium
camonote. and absorts cobon dicxids from e ofmosphens

«  One lon of conciala mocds wilh e ceman! oan absoilh abou! T8 form of corbor
chicmida o5 it hordens, ond tower blocies bailt with @ cowld become ar importont o
racxhundl corban Sinks Hos [orssh ond grossands.

+  Tha opporiunifies fo use corbonahon processas o seguester corbon from e ar are
Lk FiugpsE I can jaks conveniongl sl Canlunss oF even mlanmed D aboil o
much a5 eco-cemants con obsorb in jusk o few monfhs”




TERRA-COTTA FACADE SYITEA

« Genesally specking. lhe product & a paneiited brick curdain wol, and ho besen rmios
wRIDLS 1N T o ame -.I Roron Flano

o«  Desmmer of e fyilem recognised e (ac! Bhal brck 5 cormerly wmed n bulding
fogodas mora ofian for s ourabdty ond weamer profachon Thon for iy rocfono
cquacilies on o loddHoe aring malenol.

+ The fociory-produced paneh consist of reenforced, stocked becio {no gros
e Fdaned Qlurmriurm Paened whies |
praviously adated and seolad. The s

I Cond®y B0 e iiie ™ oo

Bok-Lif 'h.lllJIl':'\-\.'_ —
em i desqnad o thed waber whils allosing

} 0 cormslanl oF preswaes hethwesn e coavily oo

the asfonior




TERLDN ROOF STLTEM

T Texlon Fol Svalern i@ an inbelogssl ar
copabidity o odust ik shodng. fama
ocrass fha sky, redponding 10 soetilc peogran
fricenplastic film, Texlon & wif-cieaning ond wi

designed o wilhsland kaoal s

d dynudrres cladding srulem Hal hos hea

) nEsTha b Chnrocianses OF T U moess
and cimalic reguisements. Mode of

nnl deteEnoeats et LY axsasums.

et T .

Mommover the corfilled chombes rovida the roof TWIIEIT th s acallent fhermal

Irkahan: properl

IOy S, TS TR |
come wilh airanfiodad bud CHgs

enifpa sipuc e

el OO of 1he i s
whaea 0 brectdoan in the aoF suppiy

Tyl O 15 M

WL COuse Fhes




WATER. REFELLING P AINT

ThiE leaves of #ie ol Bower are wabsirepeliard. Aler a thower ol main ey
immediataly appaor dry ond clean, os water s off them lke marbles off g

s o
lohsan combnes e well-browen wofer-repalisnt properties of shicons ponks
wilh a welaoe mcro-siriechure Boied on fthe ol lecl. Ths comidanily
meduces fhe contaot orea for woler ond dirt, ondg odhesion kB oso grealhy

it is fhat dirt & repelad by wober dropleds ond focodas shoy dry and
s Pyl abresied wenired-esposed oo




SMOG-FIEHING FAMNT

0 Caled Ecopand, Ihe subsionce it desgried o educe levals ol [he nkogen
oxdet, collec ey inown ac tha MO goses. which cousa respirodony protdams
and ipger smog produciion

Tha paini®s base & pofysiosone. asiicon-bosed polymar.

e aCid 8 Ihen &ibar woihesd awdy s, oF euimiBsd By e aldins
oalcum corbonate parbcles. produecing harmiless guonfities of corbon deoside,
wotar ond caloim nilndbe, which wil olso wosh awory.

LI T
i




S.TRANSFORMATIONAL [ou % l0mmiLD|

Trarsformofional  maoleriall vndesgo a phytical morphoss (e mode o
devalopmeni of an organem or one of ik pork] bmed on anwironmaenial
mducements.. This char may occud aulomatcoly ased on e inkerent
Fmpﬁmm .ﬂl‘ll.ﬂﬂ.l,';l:]l-.mm of fha matesal, or i moey be user-
el e | LT el ook o o T

Lie ntelgent maitenals, ronstormafional molenals provide g vonety of benedils,
ineluding washe reduction, enhanced sigenamics. salal ¢ onlial Buminalion. gd
wall as inferesting phenomenclogical [HIsLE) Jefects

Trarafoormotonal produchs are mportont becouse they offer muliple funclions
whars one would be sxpscled, thay provide barnafibs that foew might hove
maapinad, and fhey Smply moke s e Tre wodd diffesantly



munmun.l.ll.hl.ni-g.l_'_- FLAATHE .

biodegmdable food pockogng thal™ cheap enough o compele wil
comeanticno ploshc

A Ao chived of ffe 28 milon fors of piosfic fMad Amencor fosi eoch P wiowd
A L 0 Bk oS SOET-DOERENE dnfead IhevEE e ST
M wooild De Ovdstiend o (5 DS Doiutngr e Wovio™l OCedny Oeeafved
than b pea Arfies. for seal, ang ather walpiifie

Bisdeogradable piombics arg plasfics thal can be decomposed by the aclion of living
orgonisms. usealy microbes (8 microorganiem. especially a  bacterium  causing
fermentation..] into waler, corbon diceids, ond biomoss. Bedegradable plosics ore

AT Bhgr

commonly produced with  renewable  row maolend MmiCio-CRpansms

pefrochamical (@ chemical obtained from pefroleum and matural ges] o
coEmbinatons ol ap thres




I.J'II'IH'G'GH.“
Craated a o of produch conmsbng of lyered ocnyic ponel which conloin o
p-nnmnre-l:l mambmane. Ths membrone oclively irendosms based on louch and
vibration,enabing ore lo move ond mix coloms of wi

« This fechnology B ourently oeoioble ond -colied Rexdnferaciive 1obles and s

boing davalopad in o lime of foor filas




LHEHT - BT G POAL Y RAER -
« Mok way for the baginning of lighltemifting plofics . Twenly yeoms in

e aRnEETEnt, conduchve o = nlta [ polyers

jushu g BT e g aummin jore comirg oul af e lab.
+» [Polymer amissive dopioys promiso full color and high conbast ot o vary low price.
Urpanic LED e=ll phone disploys 1ast enooagh o suppoel foll-molon sidea




ILLLASINATED TILES
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PAEMORY FOAM:

= The Malional Asronaulics and Spoce Adminlsirallen rvented e loam moes than
Al yoars ago, whan if hod Fo develop comfortoble seofing for asironouts who had
o Ersd willsiard il grovidloBonal Toross. Ben spend sevesal days slling in a liny

oo oopsulo

+ Tha soff, flexdble mofenio, which mokds fo the body of fhe wsaer, fgiled in poce. Bud

locday the foam & wed inoa growing aray of corsumer products, from matiressas
o bicydhs seoh, ond now office chaois.

« Wemory foom ddn™ wosk well in sooce becousa #° lermperotune- sansitive and
spoce i very cold. soif god wery fem,”

- Butb for ine overoge dosk jockey werking ot kems or in g heated office. mameny
foaom works well

p e




E.INTERFACIAL ([emi_( Lo &) -

= The inferoce(a point where two systems. subjects, organizations. etc mest and
irmteract) s been o popelar design facus since the birth of the diglal age

«  Inkedociel malerlals. produch, and syslems novigale this brdge belwsen Ihe
o reglms. They may ba physcol nsfremands which confrad virfugl spocs. or
wirlual foanls ondo wihech pivwsical shruchures ee projeciad

= Th=se bools ore signficanl becowse ey provios unpeacedented copobilifes,
iuch m fime-mapping wbon envionmants, opid-proloyping complox shopes,

miegraling cegial Fmogery within prysicol obiecs, ond moking the inyiba
wiibia

Intefaciol mobesials are also relevand becouse they employ fhe lofest computing
and ¢ emmunks afions fechnelogies. and theredore are indicofive of society”s huture
trojectony] path).



TRANSIMS ;

= The Tronsporiofion Analysks and Simulofion Syslom, or TRAMSIME, = on mtegaiad
snlem ol bovel lorecasliing moded designed o gve Fansporialion  plonnss
accuraie, complete informafion on fraffic hnpqr:l-l congesfion, and polviion

= THAMEKS modek creote o vireal metre politan regicn with o complete represeniafion
of e reglon®s individieals, el activities, and e Bansparatisn infrasiueies

« Trps ore plonned o sgiishy the malvduos® aochivity patiers. TRANSIMS then simulales
fha movement of individwols ocress the ronsporfotion network, incleding fhar vse of
vehicles such as cars o buses. on a second-by- second bash, [ v wond of
Ecrvedens frrmnss e ronvadieasy aract clning Deoneor of e Shedeae i IR feouion

» The infesoclions of ndividudl vehicke: produce realafic offic dynaomicy fiom which
anlyits g TRAMSIMG con eslimate vekicle ombisions ond juedge the owerall
performance of the ronsyporiohon sysbem.




KNOWLEDGEMAR

I b e 15 sl - [ i whsglize comples syslems and
crganize informafion redevant to those systems. KnowledgeMaops —on doj
Busnsss model, wpply chains, esnvronmental suslalnabiity sludies
compafifive londscapes or any other type of nystem
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COMPUTER-DRIVEN ARCHITECTURAL SURFACES:

Tameon cracbe: 3D surface Torma and textures for architectural, indistrial &
consumer praducts. Uksing advanced madelling and production soffware, Teaxxus
creghes surhaces of any scale. ond produceas them nosutonle molenol usng
computer confmolled mamnvocheing  technology. Teos creciiva  desmgn
enhancas the apeeamnce, perlarmmanos and woue of arooes

lt is tha firs# fechnology fo howe been doveloped fo enoble o now generafion o
corsumer procucs wath wsll, lexible ond ighfvesight inlerlooes

E

The desgn sfudis supporl orchilech, designes ond mondochser with a
EoETEE QRO Oof fouE services
« Snfoce Snuches: desgrs ond morsfocheres ke organic momhoiogies
and nesionm s iures for oeohitecium and soulphune
«  Surfoce Delall: desigrs ond manufochores archifeciural ormarmsenl
+ Sudoece Mol designs relaf texhees, potterms and matis for indushiod ond
consumeal apficalion.
= Sudoce¥iew m o veudisalion and mndaring service for dadgness weng
iurfoce peodect.




INTELLIGENT FABRICS:

« oL vetiche ondg s fechn Jies e Dodeoly Ao oF Serme-rigid
rasults in exdensve Imidaohors on ther opplicaotions ond new produect
D mafries CofRiroerea Dy e phwsical inllexiaibry

»  Histha firsd fechnology b hove b

WS Ll oo e A et L T

chomgn

n developad fo enable a naw generation of
axibile g lghbseaiah? Inkesls
« By d sOning naey fobnc shuchueas hos

oy S
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include comnd

fhirer, e
h 0 i b 30 5t
bl woorabls, and aboyve al. desirabla

ahbwaighd sedtching and sensimg lechmalogy
fumble, oo effecive, wol
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AR EmE

« Asmngsl 5 oreciad by drgng o gel i a hgh-tempenatune erpronmssnt

= Asrpgel of "Al glass”T is o rorgparend malerial hal looks Bee ghass, irgulabes
bBeHar tran mineed weonl and & more: Raat resisbont o aluminuen

« Asrogel & molded, giving Ihe posshiity of geiling different shapes: oyfinden,
cubes, plakes of varyng hicknes slc

- Chamicolly, Asogsl B composed of guarkz and a graal deal of air, making @
froagiis

« The makerial hos many nleresling propesiies and poskbls appications sich as
imsulation in windows ond solor collecion, windaws in firewalls, o component in
al condBisning egquipment. =i

= Though oesogel b lechnicaly a loam il
can toke many diferent thopes and foerms

o Chemcolly. Asopel 8 compoisd of guarte
and @ great deal of ai, making it fnogls

*  Thes grains of quartz are smdll Cormponsd
o fha wovelenglh of light, grving Asrogs|
good tronsporency properfos

& A cpound FI0PC | PIBORFL I sharts 1o shnnk
and slowly colopses 1o g pece of ondinory
quariz. Asrogel con be cul wilh a band
sy and holess can b drifed with o mebal
dril. B should be noted thal Asrogel
[alaghon bilpete fa i ls gt Mgty B be )




Archiecture

Aprogal & sarting to become o mushk-hove moional in the imsugfion ndusiry
and haos been used fof several yeors in cavily injecled wal nwdalion and
roulaling boords. Recenty, osrogal-bosed plastar Fas baen used o nsulote
hishomic  buidings I Swiltefiond. The EMPA [Swin Federa Loborofores foe
Materiak ioence and Technoiogy] lobs have worked with the monufos furing
company Fil AG o devslop a rendar (nauiolirg moleial) boesed on aamsgal,
which Fey believe will provide feice the insuiobon of norna rendas. The ke
ol oemgal in Wi way B exdermaly snsegy efficierd and envieonmenially
beneficial os # will cut the use of tossll fuel hugaely in beofing,

Aerogel Concrete



Geoweb:

« The GEOWER system credtes o siuchumd sof siobileofion mystem, profecting
ermb-anioments ogaoire! the negalive eflech of grovilafional force: and los o
topsoil and wegetofion

o (GEOWEER- Relaining Woalk creafe nolumal assthefics through vegedalion in e
oefer foscia, The sydam’s inherant faxdbilty berafits projects with chalanging
it condfion soch o o subgrades, dificull occess and space consiralmls.
SECWER wals may ba designed an efher geonaly ar reirdorged refaining wills

« DEOWEBRE syilest raenirmiies ernrorimanial impoch and ofles cosl-alfecive
mens for oreating sstainoble. long-fam solufions thot hodd wp over fima

« Reduced We-cycle coils = Bwronmentoly Wenddy = Susiainobblity e

Amihafzally pleosing

A e e T




Superblock:

+ Supsr block 5 o wrifoce heatment developed af fe Molionol Physcol
Labcratan (MPL In ke Unied Eingdomn. | absorks oppremmalaly #5.6% of visibis
fight of normmal incidence, whilea convandional plock point obsorbs abowrt #7.58.
Al ofher ongles of nosdance, sipe Hock s avan miie alfecliva: al an angle of
45" il absorbis ¥7 9T of light.

«  Applicalions of wper block ore 0 ipocioinl oplicol inshuments for educing
unwanded reflechions. Tha drodvantoge of ths moledal 5 s low opfcal
thicknes, m il & awdoce Feaiment. A3 a resull, infrored flighl of o wavelsngth
inmger thom o few micromaien penetralas Thrwugh fhe odore ioyer ond hos much
higher refaclivity. The reported pecha dependence noreases rom aoboul 1%
at 3 g 1o SR ot 20 pm

+ In W, a compaficr fo e supar biock maotariol, Yonigblock, wos deweloped
boed om Qofson nanshubes 1 has arsiafvaly lof rellacionce in g wids spaciral
rge - =




SERio i FABR L B ILRE,

Tramnform ity” provecalive tension fobric sheclures are oppropriale for we in
H-'l'lt'ﬂ'l'rﬂl'ﬂ'l'lﬁ'l'l'l wamued, spachal events, axhibii L ode chows of ﬂﬂ'l"-'l‘"'IFE' ot
fabric archilecthore |3 appropriale. Made of mydon spandes, the struechurs fer o
Jiobie suries for any hppe of propechon o -||"r'.. Ay, mcluding ront ong
radl projecied video, B b oo posible o pird on tha Sabric v 3w neer

Hye winbmation digial perding

Figure 10: Temile Fabric Stractures



AL MOIRDED FLTWOOD!
= 30 phwood poneh were crealed in response bo incredsed demand For
produch rom wood which con be shaped n o moid in fhwee dimensions, ko
melal or plaskc. And in Bhia come, oppeas welknown pobiem of e
annoiropy |property of a material which allows it to change |of wood
s [m L dhlerm 15 ot by [ L=t = B e e L |l o FIColions yanaer,
o Thin product opans up new posibiifies inthe design of chan, cursed fronds for
fumithare in three dimensons, aswel oz venser inlerior usury cos or yochs
» 30 piywood poned con ba found in unmpecied place. wch m in e
interior of @ luxwry cor. o5 e conter comobe with The BMW X5 olwo vsed in e
veneafing of expeniive medical equipment such o MEl Semens and Loewe

Opia TV whase body B vepecred with cxoiic venaon




»  Fuburs Oudcamss

noranse he degres ol poiible delomadion imonder o obtan moldings. wAth sinong

rediaf coniows

« DOne-piece phywodd w=al ond back [5] By wsing hwee-dirmersional phywood we
Heppad nio o new workd and opan fhe pomiblity o poducing so for hoedly

rmogriobds product, Thos ance oo we radum o ha wood i sghtlul place as

0 waoarm, gaenerows, anvimnmentolly cheor and senewaobis moteniol,

AL

« By develppmend and aoppicolion of CADMCAM software B poadble, phoi |G
comsfruchon, o software simulofion of vsoge ond onolyze I'h-l bahowior of fhe
product ol will be hapganng in he ooerafion, Thos we are abs o
miakn -'r:r'-.:lrl cormeciions - il it e

FivancE to
ouf fhat fhe onginal version does nof rmeet tha
prececied requiremments, Thenalons ine d-l!l'ﬂhpﬂ'ﬂ!ﬂt of the product ks signiflcankly
chrlq:lf and the process of developmant iz shorfened becoune tha prmtobypae
wiacts orly produch ol mests ine functional and osstheie crtesia



ALESER DDEWALKD,

« Rubbar Jcewalk ko fedbis, parvicus rebbser sdevalk systam thot presvides o
wilanable, ervirormeankaly fendly solulion o cracked sdewalin, Desgned
tn replicate fhae look of concmefe, rubber sdewaolis have o mumbar of
odvanioges ovear kadlional concrela jdewalk,

+ These porous nubper sidewalis ulilze recycled fra nabbar

« Posl-conssmer reciychad hire ubbear hal 5 bee ol lead and hedgvy mekek maee
up tha bose koyar of fhe ubber sdewolk sysiam, This divards fires nom londfils
ond reduces e nesd lor visgin rmalesials,

+ City ond public worn depormaents ane constanily laced with tha public soiety
concems ond Bnancal burdens podsd by sidewolks domogead Dy fres moolks,
freore-thaw, ond velhculor foffic, fubbarsoy Sidewnoll:s wore doesigrnod with
et mmees o mnd ond e only ecuce ol heowe and crackng. Dot oko
provide fillmfion and dommsator monsgamen. Rubberwoy Sdewolis o ako
non-sip in both wet ond dry condifions and ore resilent and amonorma: o
pedatirian use.

- Rubberway Sidewals are a long lasting. low mamtenance replacement for
cracked shidewalks and for new sidewalk instabiathon.







Creative Metal Panels :

A fal meshes have been known as deconalive and fenclional design csemenh in

orchiteciune for only O few yoan

» Durkng fhe confinuous product developmant diong with cedinory use wech os an
lerce dament | become cleor hal metal medhes aso have corsideroble
tachnizal advantogas which are exiemaly relewvant in fwe Rald of orchitecture.

= Taday, e ochifect hay a wida range ol meth sornples al hand, s wWeoving
witlifs up fo eight meater, which allow for great design fesibiliy,

+  Woven matalic meshas wed as parlition alermenh convey a new dimemion o
oy spame They con be wed a8 peojection scieens. and, toking ine account
thesocousiic chomockerslics, oe nslobles for #e we in public buidings, opom
houses ard concart halk

Fajiss # 7 g sl iy



ARAILIE PIES .

+ Becouse # 5 o locleny melded llem. it confomm fo #ha gaomaiy of 1S dondond

« Jince the hckrss [ 2 mm, 7 is umnecesary o ool aond drill Ihe irefallofion sood
wrince, and #he ooccurence of mdusnial woste is greafly reduced

« Becoins e odhedes 5 MMWA resm,  con b curesd aveh gl low Bemperaiune, 1
con be commucted avan ot ey temperciune n winior

« BE an odheddde of he wame moalesal o e molded product, | hos acelant
adhasion smnghh and paeing hardly oocus even ot tha wehicle niding wcton

=« Encallent abrosion reddlanee, sufocs Beocesing o hord 1o s

Appheations:
«  PAVEMENT B0H FLATES FOR VISUALLY IMPAIRED PEOPLE




BAMMER WORED |

Eonym Rokitod B o Jeafte-based induslial artist who leads on nlegraled leam of
rdushnol designan. grophic dasgras, project monages and production slalf in
cradfing rge-scae oaial sculplures and public afl nslallafiors oround fhe
wirhd, Enown on “Bonner works " har peces dexderously oross the boundonss
batwean soulplune ond sighage. af and endinasning.

Fuvmre 1; P @ | s = vierg [es e



HigH FERFORMANCE CONCRETE .

= Loforge hos developed o whole new fomiy of concrehes called Dectal These
concretes hove high compesssive and flesuml srenglh, and  ther specic
chanat lenskos enobile B ochisvemeant ol oubilonding archifeciural k2ot

» Duclal concrele incofporates atrenglthening fiben and opers the homron o
uleghigh parformorce dus o i speciad compaosiion which providas it with
cudsiandng sirengiy sk 1o eighl Bmes graoter hon Madilional concrela (under
& O SR |

» “Foermminiocaed” meaans i # contoirs mefal fhers which maoke i o duchle
maberial. Hghly resilanl lo bending. b greal leara shrengbh means | con
withshand significont fromformiations withiout breoking

« Ducial oke comes ACMT: Rofna confersnce on Abamabve & irmovation
Comnrucion Wolenos & Techniguaes TEGP-WChid ASCMT-3 e proceading: | apl-
2014, Al Rights Basarved MITS Under TEGIPA 12 with organic fibars for applicofion:
with s lood and ol advanced archilechunal e i

Figwree 1) Beldgr wiade off ligh porfie siaais
arerw e



Perviows povermant 5 o cement-Dosed concrefe produci thot hos 9 pomous
druciume which ollows roimwater fo pom direcly hrough the povement and indo
fhe snil nofuealy

This porosity B ochsved wiithout compromisng the sireng i, durabdfy. or inkbegniy
of e concrebs sinechse iball. The paovemen! i compraed of a special blsnd of
forflond cemant, coare aggregade mck, and waker,

Cnce drisg. e povermant hos o porows fexiure thal ofows wober to dran
Micisgh il & Ihe paba of B ko 12 gallans per rrirule per squake Mool Tesh conclide
fhot o sguane foot of Bohig sod droins of e ote of 317 o 3 golons per minuta,
According lo the manufocturer, His ropid fow-though ralio inspired the phrase
“the porvemant fnot dninks wober ”



Brainstorming Session




1 What are consentional materials 77



= Comvenbonal  buldings  use  langs
amountt of snengy, bond, wober, ond
raw meaterials for ihel consiuction and
operglion. They e reyporsible for 1-:|rl;|-n
gresrfouss g [GHG) emiions a5 well
a5 emssarns of piner hoemel arF
patiufant.



2 What are the characteristics of the super performing materials??



Constirucion malerios are soid o b=
sugses parbairring whan fhay

Sove ooverall scing energy

#ake bulding esthefically pleasing
Luf cosi of constnuchon

Easiy avabable

Incramse e span of buiding

Upgrade building qualty
daka the buiding sate for Being

LIS L L . B



3. What are the materials under multi dimensional , we looked into today? ¥



1.8em0 formead Concrete

2. Undulating Vemneer Panels
3, Corrugated glass

i Polyester acoustic parsls
&, Tackablo acoustic pansls



4. What is the material whose name is also called air glass 77



AsTogel



EWhy iz a rubber recommended in side walk 77



6. What is a Imterfacial property of an ultra performing material 77



T W hat is the material we saw today which is helpful to the visually impaired??



Braile Thes
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Concrefe :
i Concrete s the most widely-used composite]combngton) materis in the comstraction
mdustry.

» A compoete materal s 2 combineton of e materinls with different physical and
chemical propertied.

it is durable, weather-resistant, ervironmentally newsral and economically affordable

Corstrels ratips —p Wiodar
. sand
fnay
j—+ Agoreqohs
roved
Coomse
Bigrepd= BCemet @BYEe

gl o B Ciamondt
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D y o e (e s o arehinect you are contributing o
ghobal warming !



Gilohal warming, the gradual heating of
Earth's surtace, comana and abmosphens, 8
cousad by human activity, primarily the
barning of fossil fueks that pump carbon
diowide (COZ), methane and ather
greenhoise gases mio the atmeosphare



Increasing threat of green house gas emissions

= The direct grecnhouse gases C02, CH4,
and N0 mre nuurally ocourring in the
Eirmoapre, ntEnive human sctivithes
hawe inCcreased their atmosphaeric
0T &0 DR ATHONS

= |t had besn estimated that from the
preindustrnnl era (Lo, ending aboot 1750
b 201 3, concentrapons of these Rty
proeenhouse pses have inorcased globally

rrevwhinsy ips Fajoiums by 43, |51 and 30 %, respectively

Fig. b, Bocabibrmm ol Tl O or kil




Direct and indirect 002 emissicns per sector in 2010



= Presently, energy efficiency coscept ia adopted to
reduce cperational energy requirsments in tha
construction industry sacoor by selecting e
mugable design and alzo wsing nsulating materialy.

= Reducing the giohal COT emsicns could ba
achieved alse by selecling imore sustainahle
maserink that have lower envirosmantal impact.



How do you choose » material #
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Role of the concrete industry:

« Concrete is the most widely used material
worldwide.

*« As Portland cement production is known to
require large amounts of energy and is
responsible for the release of greenhouse gases,
any effort to reduce the cement content in
concrete will be beneficial.




Conorele to be the Mot used coratriction meaosrial B mandy Sribetahle
to the fuct that concrete as a whole, 5 made based on rocls and minerals
thar e meaathy abundant ard sesilable 0 pifcesng QUanTRy averywhiens




Embodied snargy (GJ)
0 50 100 150 200

Stee! [
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= Millions of tons of waste concrete are generated
every year around the world due to following

MEASons.
Demolition of old structure.
Destruction of buildings and structures due to
earthquakes and wars.

Removal of useless concrete from structures,
buildings, road pavements etc.

Waste concrete generated due to concrete
cube and cylinder testing, destructive methods
of testing of existing structures etc.




Process of waste concrete recycling:
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Cement substitutes:

Cement is the key component of concrete that binds
the other components together and pives the

compasite it strength, Some of the substitutes used
are:

Fly ash { by product of coal burning power plants |
Recent research has shown that nt is possibla to

replace |00% of the cement with chemically sedf
activated fiy ash

Ground granuloted blost furnace slag is another
imdusstrial waste product with benehicial properties
Probabdy the greatest success story in this regard (s of
condensed silica fume (3 by product of semi-
conductor ndustry)




High Performonce Concrefe

Light Trarsmiiing Concraie
Tronslucentoncrete

Perviows Concrele

deroted [&m L LB} oncrete
Aoating Concre

Bendable concrete

aco-cement
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What ks T

= [UHFC) iz o new class of eoncrale thof hos been developadin recent
decodes o 115 exceptional propenies of shength and durabllity

= Thishigh peformance concrebe con be ulilizedin sinechural rshabilibation
[restorafion) ond occelerated bridge consiruction in addifion fo several ofver

opplicafions




1. HIGH PERFORMAMNCE CONCERETE
* Ductd concrete (CeusmaolumEaafs) angg@numgn
Ll mocomporotes srengthening fl ond opers fhe
horzon o ulire-high perfomance due o0 spe::ir:l compodfion which
provides i with oulstanding strength, six fo sighl Iimes grealer than
rodiional concrete{undsr compression]).
» “FAberreinforced” meoans that if contains medal fibers which moke it o
ductile maledal.




Highiy reslsiaont ta b riclineg, its great flexural
strength (CpSiipey aellanis) mears it con withsiand sgnificant
trarstormations without breaking.

A concrele which meets specid performance ond uniformity
requirements fhot cannot olwoys be ochieved roufinety by using
only comyenfional matenal and nomna mdng.placing and cusng
practices.




COMPOMNENTS OF HPC 1

The mainingredients of HPC ame as follows
Cament

s
:

¥ SilicoFfFumes
¥ Carbon Black powder
¥ Gypaurm bosed odmitiures
s  Chemicollodmichures
* Improves Workobilihy
¥ Decregse inwoler requirement




APPLICATIONS OF HPC ; o \-

(8;0

It s uvsed lor Mighway pavements due o the polenticl economic Denefin,
it can b2 wed o reduce the deod lood the defleclion
Jand fhe molnienonce cost of high-rise bulldings.

HPC & being extensively wsed now for the fobricofion of precost
pylons|iowes]. pers . ond girders [rafters) of many long span bidges in
the wordd.

Concrete stuctures ore preferoble for rofwaoy bridge: o sliminale
nolze and vibralion problems and minlmize the malntenance cosl.



ADYVANTAGES OF HPFC

High Workabiiry & - i LIMITATIONS

= Service e more than 100 years
= Low shrinkage & high sorength * Manufactured and muzat be phiced
®  High compressved S &5 carafuly
srength | cllowciie rireds desipn ducourages the e
of bigh-strength comcrote)

o Extended quality control iz required
{HEEh quaiidy materals mast be used

» Exparnced mparvison

(Hgh-cmrangih concrete must mest high-
performance standards consistently i order

for it fo be effectivai



WORKABLTY

Very Good
Fumped very well
Without segre gofion and vioids,

SETTING TIME
Depends on apgdlcofion
Wioter reducing admiixiumes

DURABILITY
The permecbiity of concrete s o key foctor inflvencing fhe durabdity
of concrele. Concrete pemeabiily i dependen! on pemmeability of
eoch constitvent moterdal ond its geomelric amongement.
The pemeabifty of cement paste & primarily relofed fo pore stecture,
which Inciudes porocsity, pore sie and conneclivily; while pore
structure i& a funclion of the waler o - cement rallo ond the degres of

hydrafion.

DURABILITY CHARACTERISTICS
I peermmeobllity
shee] protecied
obrosion resisfance






LA GRAMDE ARCH , FARIS

PETROMAS TOWER




Buitoclaved
Berared

cenercis
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TramschslEmt CONRCHAELE FESIRS ArE wWed for [FAnApErent Durpose .
In light transmitting concrete optic fibres are wed for the
purpnss of Traesm ETing gt

Espeecinlly optic fibres are use for transmission of lights

all Mal Uavered B Epaty Hirsid Bsj et eirnd 53 Fjsany Hidi

Flg. 3321 Cylindrical conorete = wpermeshilily [ 1]



2.LIGHT-TRANSMITTING CONCRETE

Light tromsmiting concredefitocon) & o concrete bosed bulding
material having light transmissive property.

Lighi-transmisive property B malnly due 1o uniforn dsiibuon Oplical
Fbers throwghout its body. |t s dso known fo Be ronsporent concrele.

it Iz awailable as prefabricaled buliding blocks and panels.




HISTORY

n 3081 tha dea of ramparent concrete wos puf foneord by Hungerian archifect
Aran Loscnz.

iucoemfully produced the fisl fronsporent concoele block n 2003 nomed
UlraCan

PRINCEPLE

« Borduocen] concrale works beed on "NMano-Oplics
« [Fban om poced drectly on top of aach ofhar

« Fban och Ee ol and comy o hroogh @

- -
.""‘1.‘_ ~tﬁ.
""*i I."-.
I Rl

Kligmans-at ol Al i

T T L R T TRy (il wl Wlices



OFTICAL FIBER
Flexible, ronsparent fiber made up of gloss or piosiic.
« It ronsmits light bobwesn bwo ends of the fiboer.
Opticol fiber fronsmifslight so effectvely that there s dlmostno loss
of Bght conducted through the e,

Al-Aziz Masgue Abu Dhabi, Light
Tranamitting Concrete Facade




MANUFACTURING FROCESS
The marul ochuing process of onsporen! concrete B almos sorms as reguicr

concrehe.

Smal loyers of ke concrele are poured info o mould and fibres are infussd in it
Mewat, sami-oujomaofic pmoduction proceses we woyen fibee fabric nsleod of
single flameans.

Fabic ond concrels one albamabaly nserbed inha rRouldh of infereols of
approsamidiely 2 mm bo Smm

MATERIAL PERFORMAMNCE
« Concrete reloinsits sirength
» Frostand de-icing saltresistant,

- Fire protecfion.
- Highest UV resislonce.



1”#“*

f e
.I.HLH‘.‘ATIIDHS E

Tonseeent concrete biocks b suliable for
& Fimeo

«Cadng

«Ponvamants

«Lood-beaing wals

«Portiions weall

In fumniture for #he deconfive ond oesthalic
PLIDOSE.

«Light sdawalks ot night

«incraoiing vEDERy 0 dork subeway Yofons
+Lighfing ndoor fre escopes. in fha evant
al 8 powies o luns.

sfilurninating spead bumps on modwoys of

righl.

Sillkoniies af Tives

Fapels Hhiseulsale 18 S0lTeEvad
rabowrs




Envergry saving cion bo doma by
ullisahod of Forspored] Conorals
n buidng

it Fexs v ery good architechwal
properfies for giving good
ceshaical vew 1o he Dukdng

=

Very high cos about 51000/ m2.
Labaurs with =chrical skills e
nasded bo use #



- heeed”
Transclutcnt —
ConCrele e
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LTRAMSLUCENT CONMCRETE

»  Tmorsliucen] concrele 5 mew lechnious differsnl orm nornal concrsbe.
Trarslucent concrete alow maone fight ond kess weight compomed to normol

concele.

+ The use of sunlight scurce of light insiwod of wsing sleciicol energy s main
purpass of Fanducent concrele, so o bo reduce the lsad on nan - renswable
sources and result it imko fhe enengy soving.

= Upleo Foers & @ sarsng or imrsmeson ehemend, 50 decreose ihe uwse of arlfciaol
light . the noma concrete s mploced by onslucent concrethe, wihich hos noluol
lighting amd art dasign




s almost some o mguiar conoroio.

» Concrefe om poured nio the mould in loyens.

«  On lop ol each koyen, o loyer of iben B infused.

« [Fibar & concrele oe aifemately nesrfed info mowlds af infenvols of opprox, 2
e b S,

« Addng £% fo FR opiical fbees by voluma info the concrefe madum. The
concrele midure & mode rom ine oggeegale & cemsanl

& 100rs of shonds of opficd fibres oe cosf info concreda

Ll arnoller or Tanmar loyen ol ow on ncEeosed amiount Drwﬂ o poss
through fhe concrathe.

« e costed malenial & cul inio ponels or blocks & polisned.




« Roons, povemenis ond ood-Deoing
wealls.

= Focodes, miemor waoll cloddng &
lividing wolls

# Portitions wall

In faniturs

= Light sicawiics of raght.

»  Muwninoling speed bumps




= Encrgy saving
*  Good aeshetical view to the
Buildimg.

& Concfete & very costly
v Skillod Bbour meeded,
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»  Pervious povements o cement-bosed concrete product ol ks o porous sirechre
which ollows rormwater fo poss dmecily through the povemeant ond inho the ol
nahaoiy. The porodty B ochieved withcal compromieng the strangih, durabiify, or
inhagrily of e concrehe siechune el

«  The povements comprsed of o spaciol biend of Porfiand Cament, coome oggregote
ek, arvd weler.

«  Pervioas concrefe somefmes miared to os “ne-fines conorede,” 5 0 muenes of
Fydroulic cemend, coane aggregole of smaler e, odmiduess and waler.

«  Parviois concrela ollows the woler fo pacolole thmuths concrefa inéo fhe sub-bose
and recharge h undangound wabes level

« Typicoly, parvious concrehe does nof conton ony =nd ond i ar void conient vanes
bebaesn 1§ and 30%.




Typlcal compoeosiiion of Pervicus Concrsbe:

The pervious concrahe help the watler to infillrate , whichis help full
«  Itis mode by usingwithout sand or fine

oggregales

The pervious concrela is mainyy usad for povement corsiuctions.
+ I contbs used for the consineciion of buildings bacowse of iis low strength

APPLICATIONS ;

e T T e ERE Doy, Py PRy Piaprrma e i rres

e L L et pad wavh s e sy Erana e sasamia

Pyrirrg e e e Apanre EeyPETECT CPTRE Fawes hoyrinen

Orvmasmyy Wl Bvidgs Fran Wil i nasbasrgi
ey e Ly Terer praler s vrirerak e Liorastly sinarims Frrmrrrebal cmrly i b

Tanyrin ey ek frrerreg rims e




Envlromnmental

+  Reduces che oo and rometimes the noed for stormweior
FLincefs

*  Rechargpes the ground water level

+  Alows for the natural treatment of polluted water by
od firration

+  Rpduces risk of flooding and top soil wash reay

+ Improves the quakity of landscaping and reduces the need rvilc ol i ling the

o terk
F g reinforcements
Safet ®  Froquant manmenancg s
+ Reduces tre noise aquired
g »  Compressive strength i
*  Reduces hydroplaning( a situathon in whach a vehicle :ﬁdcl ;:mw-:nﬂ :::'ﬂ and
out of contred on a wet road jand flooding i
gxpgrimencal works for the
i . constrUctch
Ik for tho
+  Rgduces or giiminaes tha need for Sorm sewers or E mhuq‘;
ratantion pands :-nns!:'umm bridpes,
+ Incroases facilitas for parking by reducing wator ratention HARCINgR, S i wa 5i,....
Areas

* Longer service life and lower ife cycle cost than asphak



H=vE firwiee g "armren

Rarmoves Pollution

Wihen ran toalka. mbo the ground, not anly doed it re-charge or re-Sll, the
groundwaber mnd koo squifers, bet it also @ters out the stormwater cortmiFants
Irstead of pecking wp the polkivan snd SweEpIng it iNio wIrace sreams and Araky
the ocean, the perviowus concrebe and native sof filter out the heavy metals,
hydrocarbone, and other pollints prstvaly, Studies have shown that parvicas
COMCre0E systedrs redamove 74 1000 of 3] stormvaier psol eEnes
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Autociovad oemled concrele (~AACT], B one of the many bdding produch baing
touled o “green" of Yenviionmendolly fiendhy.®

Developedin Sweden in e 1923k n egonss o ncreosing  demands on fimibes
surpies, AAC B o ighhweighl monufocired building sfone.

Comprsed of all natungl o moieiok, AAC & uvsed ino wide ronge of commeniol,
indusitiol, and resideniiol opplicafions.

AAC now gocounts for over 5% of of comstmection in fhe Unded Engdom and maore
than 0% ol conslruclion in Gesmany.




AAC B a precost producl manulocheed by comibining slica [E@head in the om ol
sand, or recycled @y ash)l. cement, ime. wolsr, and an exponson agent - aluminism
povveder ond powing § inlo o mould.

In structumily minforced AAC prodwects Boe lrhals or roof ponels, steel mbor or mesh s
aba phecsd in e mboid.

Once odded o the conmrete. the aluminum powdar reacts wih tha dico. msuting in
the fommalion of milllors of mermcopss Fycdiogen bubbdes. The hydmogen bubbles
cousa fhe conomie o axpond fo rowughly fve fmes ik oignal volumae,

The hydinogan sulbsequenty evoponales, |eoving a highly cosed-cal oamled
concrete, then cud inbo which aom Burther sheom ond pressure curad in an oulocdiore.

TYPES OF BLOCKS
STAMDARD BLOCKS
CORED BLOCKS

JUHBO BLOCKS
U BLOCKES



AAT reduces nddional material * Scarciy of Manufacouring
use And mnemizes waste ard Flans

peoBubson. ®  Famniliarity with Product
&AL Has High Thermal Efioency

ASC Rededes Mokse Pollution and

Improses indoor Air Qualicy

AAL Structures Are Wel-Saned o

Wikhstand Fires, Exrthqualkes, and

COrther Maneral Disasmars,

Eaudy workable



L 1T * 4

Commancial Consbuchon:
irfitutional Consfruciions
Hizdel and

Muttistoriad Consiuciions
Eciuitial Consrsshons

Cther properties :
konw weigihtt seulls in easy honding ond
mpid |oying by the moson
Pest Resshont
Woler neashorcs
Speed consfructon
does nal md, wap and sl
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Ay repdocny sand and gravel win ey pelymenic spheres, University of Woahinghon
materioh wcntads hove coealed o conorele stonger than imoditional concrete bul o
light it foals nwolar.

The comort uned & somawhal simiar o Femecament but, msheod of sheel wire mesh.
alurrniuen wire mesh B used passessing o Bght welght thon repulor chicken mesh
rraidng an innovaive hpe of * Aluminlcement™[Corbon fiber mesh con alw e ploce
tha aluminiem mash as it & ihe best among fhe light weight but shong meashes
avaiable).

Pozgmlonic Porflond Camant [PPC) renformed with polypropylens fiben. for nceosing
tha binding among parfiches was used.




WATER PROOFING AGENT

For this recison & waler proofing suibslance &

e i<

One of 1he maj reauiaments of Nealing concrebe
& i showld nof hove any lsokoge through . Tha
pormly of the conoiele maorkar shauld olmons! e
agual fo mam,

PFROPERTIES

«  Enoallan! Acoisic Paformanoe:

«  Light Weight

« Thae B Lightesighl odvanioge Tor B
sinucture desgn, leodng to sowings in

@ sinec hures and foundofion.

+« Eorfhouaoka Bosetont

=  Wedather prool, lemnille resstont ond
fre proof.



WORMABILITY

& Produch mode tom ightweght concreto o

lightweighl. making them smy o gloce usng les
skiladi bobar
¢ The bricks con be sowed, diled ond shoped ke

wiond using shaondoed hond focls, reguior screws ond
rals. I i smpler Thon beck of conchsla.

TNSULATION:

» Supeice themadl rsulation compmed Io
ihal of comeaniional brick concrefe, so educes
tha haofing and cooling axpanses.

&= m billcings. mnl:mla will prociuce a
highar fre quJﬁu: lbrick, the ightness of fhe

e e PO I'Eﬂ.‘lll'li:E' m efuinks.



I.HTATIIJHE‘
Cannot be constrset in flooded and earthogu ake
PFONE Arga.
= Skilled labour is required.
= Dwoewn't have mach compressive strength then
comsentional concreta but can be overcamo by

using manc-technoigy .
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LEEMDABLE COMCRETE

= Comanlional concreles ae almost uniba ndables.

¢ Thi lack of bendabiity & 0 mopr couse of folum under srain

¢ [ has been o pushing focior in the development of an elegont molena nomely
bencinble corcals 1] %n'ir sared Cementtious Composies (B ]

¢ Copobées of ashibiing comidesobly enbanced ey,

HMATERLALS

& CEMEMT

= SAMND (FINE AGGREGATE)
8 SLIPCH PLASTICITER

= FLY A5

o PA FIBRES

5 WWATER




APPLICATIONS
» Earthquoke resstance bulding:

= Concrete canvas{USED IN MIITARY AREAS) |
* For roads & bridges: (NG NEED OF JOINTS)



Thae flaxible concrats has the abiity ©o bend Boe 3 matal

It s mare Seronger, more dursble, snd (s (onger than £onventicnal
concreto,

It hag a sel-hesing property that (5 it can heal el by using carbon dicaide

It is noc bty ko A ghse
It I8 more FeslsTane 1o CPaCking.
It does not  ermit that amaount  of harmiful
EsES a5 compared 0 CONYENDONA Concrete,
The fiexible concrete i appron. J-40 percent Bghter.
Tha wme of soeel reinforcemant is reduced and can be eliminacgd.
It reduces the cost of the praject
It can be used a8 precast concrete.
LIMITATIONS:
= |t has a high inftal cost a5 compared oo conventicnal
Concrete.
= g rpquares skillad Bbor for it cormmrustion.
* lenesdy some special type of materils which can be
difficult to find im some arcas
= | quality depend upon the matenal used and the condition
under which it is made.
= |z compressive serength can b lesser than the converrbional
CONErBEDe.






BECOCEMENT PROCESS

= Ecocement, aconogs ooocioled wilh Goology ond Camenl B a new lyps
of cement preduced fom muncipal incinemfon osh, woge sludge ond
adcilional Ermeshoms and Cloy.

Thara ore e hvpes ol Ecocamanl
= Ordinory type
« Rapid hadenng fype.

« Chdinory hype Ecocemant, hinving vidualy the some
Cwcinary Portland cement, con be applied fo rendorced conceeta
stnichues of a vanely of ol Lses ncheding o sol sobiifer or wo0sdying
agent for sreoge dedps

Bagid hardening type Ececerment

* Ropd hisdenng fype Ecocement con be wsed in the non renicecing
concrete morel, faking advanhoge of s ropid hardening property. which
stangthien: quicker fran high aorly stength Porfond cemeant,



Ecocement process

= produces cemant sppropriace for & variety of uses dus w i sable quality,

= Pakes eaNEUTMIRLATS i muricipel waste harmlesy,

= jn an excelent Foro-Emision prodocton process.

= b equipped with a perfect emircrmantal protection sysem ncluding basy metsl

recovery and flue gas purification.

= profongs tha iife of preciows landfill gtes and greatly comtributes to the Rasources
Recycling Socsery.



Tomovent comant clinker|msdeat) from eovy malol contominotion. baoey
matok confanad n municpal incesoion osh os moadamally sspoeaied o
fhe chimnay go séreamn in fhe form of medal chioride

Soporaied meld chiorides are concenbrofed and puified o the exdant fual
fhay con e repocessed o syl melals noefinenas

i e wey, e ECOCaman! pRocess saves plecous mela esousces and al
fhe some ime. redires enhonced snvionmanial projeckion.

Frocos of medud hoovy medals ore melted ho cliniber, bud ore honmloss
becouss thay o oll fiead in cinker cnyshals




Buitoclaved
Berared

cenercis
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Concrete is What if we add fibers while
weak in tension

making the concrete?




What iz going on?

Tougnmass
Fibews he
r.:lrh mwf;:rr: Micrmfihare = Macrofibars —
H oy can't nen the cracks. : Haschanod
are thoy really thare? Fresh concrele i concrete
e W Usually > %~ [12.5 mm)
st T s Hot, windy, sunny Stift material

Plastic shrinkage cracking



Sumamary

Fibers are alten the onby
reinforcemeant chodce for thin
meErmbers or membeds that
are too comiplicated Sor
rukear

Fibers are a great tool to
reduce cracking and increase
toughness.

Not all fibers are the same!



Aramid Fibers
Meaning of Aramids

Ar- e

Orighe _iromafic Lavider

Meaning Lmads knloge: stahied with ten sromatc gy s collsd
P E puk gmre

A Fynthehc pofymesr of & Type made by the linkage of an amen o group of
ane madeoule end o carboxylic acid group of another, includng many
synthatic fhres such as nylon



1.AEAMID FIBER :
CHARACTERIETICE
*  Flbar shuchma ; A wmnes of gnfhetic polamen] subaEnce which hae & molecuiar
stneciure Buil up chielly of compleiely from a larpe nurber of similar units bonded
togeihar by amide groups..
s T propefis: Thaey ae chaacleied by medivm bo ulla-high shength,
migdirm o low slongotion ond moderabaly high jo whro-high modulus with fhe
denailles rangng from 1.38g/emd lo 1.47g/emd.




ARANID FIRER CHARACTERISTICS :

Chamical properfies: All romids conbain omide Inks thot oee kypdmophiic | having
& tendency to mix with, dissobe in, or be wetted by water.) However, nol all anormid
product obsorb moshume e some.

ilzn, fhe oromatic nofume of pora-omomid & resporsble for madolve reochions
whian exposad ho LV lght. that leads o o chonge in color and loss of some
sronghh.

Tharmaol proparties: Amomid fibers do not mall in the comvantionol wrse but
decompose smulloneoushy.

Arcamichs shonw high crystallinfy whech rasullin negigibe shimkogs at high
famparahra.

Machanical properfies: High bongdh &8 o rewlt of i omomafic and omide goup
arud g Enysiofiny.

Ao redains sirengin and modulus of tempesatures os high as 300 degraes
Cotcis. i bohoees eloscolly ender fension. When | comes fo severe bending, i
shows non-linear plasic delonmafion,



aramad gonoral chasractorstios am;

= High strenghh
s Rewlance o obsomplion

= Redslance lo organc solvent good chemicol maslonce
= No conduchvity

= Na malling ponl

*  Low Bammabily

» Exceben! heol, ond cul mslonce

* Sensiive to acids and uilroviolet radialion






APPLICATIONS

Aramid lber opplicalion oe dyvided ino b cobegones:
A] Renioemant n composhes Boa sporl goods, arcnoi
midory vemcles and many ol

= B Fobacs inclofhing such os fim profechion clothaes or bullet

o
ol
ool wasls,
. = = Alfough evany opplicofion meats s own egurements, almiost
{j‘ s all of iham shore cramicls major charochembio:
LA™

s high simangih, high modulus. high towghness, thesmiol
dimemnnality slobdity, low creep ond ight woght

ARAMID IN COMPOSITES

I @ weohdd wihere “W and durable compoilles are
increasingly replocing comrenBonol molerdah. amamid ond
porn-aromid fibans ploy on mporant mile.

Thay o= essnfia for renforcing composiles whers weight
reduchion and sxcelent domage feemnce ore requined
Koy diferend kinds of composlle goods are reinlaced
with oomld becowse of the shengih shlfness ond
dmamional siobily of lominobes §wal confon i

F s




Aramid main advanizges are high strength and kow waightc

Like graphive, ic has a shightly nepative poal coefficient of thermal expansian,
which means aramid laminates can be made thermally stable in dmersons
Linkka praphme, i 5 very Fesis@nT 10 Mpalt and ADFISIoN damape

It can be made waterprool when combined with other materials
liks epany,

It can be uded M & OHTPCSITE with rubber remning s feobiliry.

High tonsile modiuhm and low breainge elongtion

LIMITAT IS MS:

» 0w the other side, aramed has a few dissdvancapas.

= The fibers absorb mobsture, so aramid composites
are more sensitive to the environment than glass aor
graphite composites.

»  Compressiso properties are nolaoa by poor too

Ll Hlm.ir:rmﬂur:are @icult to cut and 1o =I‘I1l:| withour
special equipment (e.g special scasors for cutting, special
drill bitsh, Fnally, thay suffer soma corrosion and arg
degradated by LY light For this reason they must be

properly coated.




Buitoclaved
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= Boiteal & o kodemaork eome for a high srength bosed fiber motenol made of tha
recombinant spidar sik-ie peofein extroched from tha mik of foregenic gools, mode by
Ham!hlasnl‘rmlm

» Thi and ofhar biopolymors oe being meecchad o provida lighbsareight, drong, and
varaia malesols

» Boseal & eco-fendy bofh in terms of s composion and § poducton process.

*  Acpmols produchon process & non polluting and envimrmanbaly lendy in coniasl o |
maonufochring of afer smihatc e,




FROFPERTIES OF SMDER SILK
Spider silkincredibly fough and s stronger by weight than steel five
timass steel of fhe some diometaer].
Spider silkis a sirong and the loughast mdn mode pohymer.
Fner fhar the hurmoan ol
Splder silk- very elostlc ond copture silkfsticky sk for catching preyl
rermons unbroken after being sireched 2 to 4 limasil afginal lengih.
Woter proof than sillovwsscam silk,



APPLICATION OF BIOSTEEL

Tha firsd umes of BIOSTER. in medical feld &
TRy usng supsrihng

. bim suhnos.
Foxr the producion of ortificao) lendons o
figamants,
For oo maosholic dreaings jaye wngenes].
Adtificial figaments
Bullatpros! vesh
impeoved cor orbags
Mo refnble porochuios
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LFIBERGLASS:

= A libsglos b a lorm of fiber-reinlorced plaillc where glass liber 5 B reinfoced plasic.
This & tha meoson parhaps why fibergios & also lnown os gloss renforcied plosfic or glos
fiber minforced plosfic.

o«  The glos e B usually Natened nio o shesl. endamiy oronged o wovan néo a
fobnc. According fo the use of the fbarglas, tha gloss fban can ba moda of difemnd
Iypes of glas.

s Fberglon b b, sirong and ks bife. The best of liberglan b i abiliy o
got molded mmn shopes. This profhy mu!rn'qﬂr.i'l: why fbanglos &
wicsly uied in bofhilubs, booat, aircroll. moling, ond offer opelicoSons.




Broperties of iberglass ;

* Mechonical siengh: Ficargions hos o peciic msidonce grecfer than deal 5o, & &
vsed ho make high-performanca

+ Hechical choscferisties: Fhergloss & o good elechical imsuabor even of low
Tz b,

& Imcombustiblily - Since libargloss B a minecal mabkenol B B naluraly ncombustiske 8
doas not propogoée or sepport o fioma. t does nof emid smoke or toxic produch
wien exposed lo beal.

* [Dimensionol sioblllty: Fibargloss B not senslive o vosotions in lempsmbure ond
oy . s @ low coeflicient of lnedar axponson.

= Compalibllity with orgonic malrices: Fbeglas con have voryng sees and his fhe
obidty ko combine with mony synlhafic mains ond cerdoin minerad mokrices oo
cement,

» |Mon-rolfing: Fibergloss does nof ot ond remains unoffected by the oction of redents

and irseck.

* Themal conduchvily: Fbargioss hos low fhernal gonductivity maoking # highly usaful
in the building indushy.

* Disleckic p : This propary o foergios mokes | suloble for

slochomognadic windowe



Forms of Filre glass
fioangioss comes In vorcus fomms o sube vonous opplic ofions. e maer cnes
benirig:

+ [Fbergloss Tope: Fbergions fopes o mode up of ghoss fibar yams ond o
known fof hel fhamal reulalion propesies. This lom ol eanghoss linds wide
appications in wopping vessel. hol pipeines, ond the ioes,

= Aberghass Cloth: Fberghoss cloth & smaoofh and & avolakds inovorious vonionks
liice gloms fiber pams and ghoss floment yomas: B & widely sed as heot shisefds,
in e curtaing and ofhers.

. = Rope: Ropes ore beoided [edged) from gloss Tber yams and o
veaed for pocking puposas.




APPLICATIOM OF FIBRE GLASS

L]

Muoterials with high-temperotare insulotion
piovida on affectve thermol boresr forn
indusirial goskels. Snce fibarglos &
durable, sofe ond offen high themal
mslakion, eergloss B oone of e widely
prafered materids N induesiriol goskels
ey fol afly provide a bafles Foubahion
bwt alse help in protecting the mu:hlnwr
conserving the energy ond ensums
safiety af the prefesslonal workiorcs. Thll
the reoyon perhops why fbergloss s widely
wsed in indushies ghven balow:

Bevanoga Indwmlry. Mbeigicen gralicg B wsed ”
TR NSO I E DSOS OF%0 W DNetsy Ml ies

Car woshas: BEecnnily, Shergios grofng & graoihy
used 18F huld hEAERGRES Gl WS Ghha G Sohivcek
Doy 10 OPSos Theal CRe oty locksd horoid oen. 1
beghtens e rEkis of the oorwosh e
e king Hhem cowr ek clsomnes fhonf won
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Chambcal indwsiny: in this noustry, fe fibergioss groting i vsed for ondi- sip
safety fsohre of fhe embedded gt sufoce ovd the chemically resishant

fealwe of difeent resin compounds. The chemicals being used oe
mafchad wih the e

Cooling fowen: Sinca cooling fowens oe olvor wet, thay hove o ba
protecksd from sl comosion. and ofber solely Bsuss. Dus fo fhe
amzefient proparties of fibaghoss, | 5 usad in these towers a5 soreening bo
k=asp paople and onimals sy from e donger mones

Docks ond mardnos: Tha docis got comadad, rsfed ond domaged by
i salty saea woler, o, fbamgloss B wad heare lol prolecion,

Food precessing: In Ihe chicken and beel processing phonl, berglos
gotingiHARSH) & wsed for sip resslonce ond for holdng vp o Bood
which & comoiive. Mos! of e oem of food pocesing oho use bergloss
o ofmer grofing molenals are nof suifobis.

Founloing ond aguaruma: All skes ol founhaine ond oquonsns Ee
fbamglos to wpport mcks o help in cicudation ond fikeng om undes
e rocks In lage public lountaine, begloss graling 8 wed lo prolect
spray headan and lights from getiing domoged. Ths oleo ksaps people
from dmwning in the fourkains.

: The embaddod grit suroce of fbarglos graling enseas
il resislance in the oreas thot are wel of In poces whese ydroulic Ruds
or ais ane pressnd,



Melals and mining : s grating & vsed in elechonke refining areas
prons mmmucﬂm mioteriols comnol be wsed
himre.

Power generalion : Mony amos of the power geneniion ndwsiny e tonk
o, soniblbers. and nl‘l‘mmal'lug“ Thee peascn for his is e non-
conduciive proparty of fibergloss

Piafing plants ;: This opplicaton wes fberglos gratng dues o e onfsip
proparty of o wrfoca.

Pulp ond poper indusinyg: The peoperty of fbamgloss which makes i
chamical comoson resstand & wealul i pulp and bleach mils. Recenlly,
fibargloss is usad I many oreas due to i coeosion messlaonce ond  aondi-
s properties.

Aviomalve induslny: Fibegion & ocbemavaly tsed n ovtomobie ndustny.
Almost avery cor s lbengioss componands and body ks

Aercapace L Deleme: Fiberglos & wsed lo monufociue pars for bath

miitary ond cwinn cemspooe ndusiny ncludng fest squipment, ducting,
anclonres, ard obhen.



14.CARBOMN FIBRE:

Carion fimen or.carbon fibres |aemafivaly CF, grophite fber or graphite fibre| ae
fiber aboul 5-10 micromesines in diometer ond composed moskly of oortbbon ocloms.

Contor fwn by sevel odvanloges noloding high siltnes, high kensbe strength.
koo wealght. high chemical resdstance, high lemparoiure foleronca and low thermal

These properdies hove made cobon [ber very popular in

miilifary, and molorsporis. olong wifh ofher compatiion mwfﬂwm
relallvaly expensive when compaed with simiar fibers, sech as glas Bbers of plaslic
fibers,

5
3
b
i
%



Sewerl thousand corbon fibess ore bunciad iogeiher o lorm o bow|pul),
which moy be wmad by ikelf orwoven nio o fobwc.

To poduce o corbon fber, the cobon ofoms o bonded logather in
chyshals that ore mos of les digned pardie o the long o of the fibsr s
tha cryhdl olignmant givas tha fibor high strength-to-volume rofio: [in other
waidk, | & sireng lorils sies).

Corbon fibers aoe vsucly combined with  other maoterials o fom o
composia.



APPLICATION OF CARBONFIBRE :

The shonges! demand o carbon lber come hiom alrercll and oer g8,
wind enargy, o5 wedl o3 the ovlomative Indesiny with apfimized resin

Corbon fibar con hiove haghes cost than other maleial which hos bean ona

of the limiing lociors of adoplion. In a comparkan bebagen and
coarbon fiber motanials for | . corbon fiber may be 10- 12x
Proife s aqarishig.

composte maledols-Corbon fiber & mosl nolably used o renloce
o, poeticulaty e closs of maoterols known o5

Corbon fiber con ba vsed o on odditve 1o osphall to moke slecEoolly-
conducive osphot concrate

Flexbile haatng -corbon fisar Enown for ther comadiectieity,



Brainstorming Session




1. What is fhat concrele somefimesrefered fo os “no-ines concrele™T 7



Perwigus




2. Whot is the material Developed in Sweden in the 19208 in responsa fo
increcsing demaonds on timoer suppliesy?






3. What is the concrete which reduces fhe beam depth?¥



High Performance Concrets



4. What is the difference in lerms of the components ina roditional concrete
& that oeroted concrete #



5. What is the concrete which hos no coase opgegate ¥9



Light Transmitting Concrete



&, Whaot is the moteriol we saow foday serve as a woler peoof moleria when
cooted with epoxy®F



Light Transmitting Concrete



7. A Fiberglossis a formof .. ... Plastic | & the fibes ore ... B9



Fibr e Reinforced Plaatic & the fibers are ghiss



B. Carbon Fibre is on altemalive for T8






?. Whol is the moterial lonown for comosion resislionce is used in Industries 99



Fibre Glass
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COMPOSITE MATERIAL ??

= & pcorpoEe mManrml B o combnofion ol o moloriol. with SFferend royyacal and
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Inslance 1:Beisiosc =0 Concreie




Comiirsie B 8wkl LOmEeais s el FRal e beor e 1o aeng e i he
corsirucon of bukdings ond oo

Cenciole i made bom sall tlonet ard grovel caled sggregalie thorp tond and cemenl.
e Sl 356 e &M GPowe| [ ONe Paie ] el FEMMCEME Rl 00l 1P Camichl & 1 s lin
T e B ITRET

Coricheip hm good #renghh urdor campiheiSioh Bul § & Yook ih Tension. | oon o meddn
it wivder lenizkad Ly ddeding ekl rad@s, whicl, meid & CaBich 16 e CoMpaeiBs 1=
comorate & ool arownd rhE rode. Tres B oaled reinbeced concreie.

Uiries e Fa Beomi used cEave doort. winSo'es and ropidcat. They et Fhe woignl of
Bl e DR B g OOwW i O e windiSe/ T, SSOIFOfed OF IFebiGio aarigh. Whai
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rarance 2 SHrone Bricks

* Mud-brick * Chipboard
(Straw mixed with mud) (Small picees of wooed mivcd
with gine)




Hurmam have boaer ming & cemp oiife rmed borl ot ba o kEng Bne Inooeder 3o bl our

oweling i
Scrme af fhe eoriest forre of bulicing wers BulF of mesd bl

M LA D el WhER TNEY OFE DEing COMEeese ] Camndeal on Ierc et Dot a cake of
reat B S0ty Geokoen F 5 i Dent {Danding Sorcerh

Tha k BmoEunm FaSsl ol BEendng glote S iealsh e on &ro edpe.

AT P pOrme e 5 fhe MG Dioci Duldngs wene DEing DUl Diner DecDiks wehs Moaing
rhowe dvrelimg

Amow on @ great deal ot 1N SPEnn MEEIDNCS 10 DUSing MHOSD Dol f By STy e
WA CrLAT Dl (e Tkl

Thicio o0y BulEofs Fedlsed w83 17 S IS0, wihE s RS G 9o5d hofnls iSHend fi W&k
SN EAST N O BIECE S Rl W MO GOS0 S FES & 5INE N0 T o0 =S ke Bty s
reUing Drici would resst ocfh heoring aond s enng.

Thoue £ddnpedlio Bild ki mdde ek c ool Belldihg maboilch.
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Insmnce 3 Flareginm

AOreg ks = s SioEed In the are 19905 § e
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compodle MalcHal Disdeicd Iodoy. OEF o6
Qs e rEinlced pasic ConsiEs o Two
distinct moriericiz. o ores of glas (ceomic)
which h e ieimorcemes orcd o pofymas realn
Sailed paly el er, witldh Serwed od e Fred i

The Dol s nEdn golymer ons § Dritte grd nan
a low rimngth B owhen foea o goa ane
ofibeSdeE i e Doyrma B Dobtofas g
PoiaQn, 1SS ano Resmis.
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cracorg. The mags Deaw B ool o EF tight
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WHY SHOULD WE USE COMFOINETT

‘Winiphf Eving B ore ol He mon iedgoni 'of wnnd compoifn meftorok roffier Hon
S S SN O MOsaioh ToE SOomib GnenlL

Wil composfes ore ighter they con oee be dronges fhon obfher moferioh 1o
wrom pin, reinforced carban-lbre con B upE 1o e Bmees shanger than 1830 gmda ool
afd aily She MR Al e welghl making B pertedt b iholiund] Bunsoses.

AncEher ook grioge B NG @ compesie over o conventonal bvpe of moleral b tha
el ond chipmica rmabionece 2 sal on Fhe glecifico]l udolion pgeseifine. UslEes
Conea SN ol MOafidb coMmpoiiled 0N GV e Muiliple ahaiie il SRof 100sd h 8
Qe rotEm.

Fibrm minfoced compoalen. fuch o fEBre mindfoced gploafe [FREP composfm), oim
ding Roedmnd uds A o OoSgh ond mMorolochae &f WA Eofuer 160
CorTTET CoBanon



EMAMPLE OF COMPOSITE MATEMAL

By comparivon, B 777 w11 perpent
nmguriies and 5 gercen haninm




A COnDo- Ond g ors-rsrdareed plonbe [CFRP ond SERE respeacllv S| 1hae corsal
of coroon and Gons: fores. both ol which are S and sircng [or e densty |

[ETST. I
I° O DohAmer Maite. which § 100N L neliher Dorhic uory 57 nor Srongo.

iy & Bl FsAniles wilF ESispinish iy g le: b BiE &gy @ @ amiiboibn
IFeIbano WA el of o of e DErE TS CTEDN Ve onn. FITRrSas. 1o D M o0l i

pieEralty )b o boined wikh iEe or mone of ine weoEnesses of e ndh icheolc amoorsn|
e



FOrspimEs. #ias O5y Sopsdin e are | 57408, 1 waas thie e modem oomD ol & ona 5 80 Thie
mo oot ok es wo oicoud &3 Bof ol fhe comosie moferioh proouced tod oy, GEF
o gid = bre eirvlorced pioifc con @i ol FrodeSinct malefios. o Mo & gion (caioitie |
WA e RET P B ] Gl O Ol Red FoEl © OB Bl S oF . WP N S8 65 08 1P Al
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COMPONINTS OF COMPOSITE MATDRIAL

—+m=-

Fiber Filamant
Reinforcement Matrix
= High streangth = Chiwna | sl e e
* Hign etifeEes s Liwy dargity
* Low danaty
= T rmmherici I which are of F1e mesieiciy
L i R | I S - IS BT OF PDGTE SPessis O DaRiceL

Composito

= Higjh s&rengih

= High e3ess

= Cood sheer cropartion
= | ok cleanaiy

® AAOE SO0l M Me OUSTMOSSH0E CORET PN MO DR



PIASE OF A& COMPOSITE BASTERLAL -
A composite materiol consistsof two phoses;

Frimary:

= Forms fre mofricowithin which the secondory phose 5 mbeadded
Ay of thnos b miohenal ypes poiymes, mebalh, or ceromics

Secondary:
- Relered o as ke mbedded phass or collad herentorcing ogernt
= Served boshengthen the compoalle (e, parlicles, abks |

= Can be ond of the thees basic malemb o on slement such oo corbon o botan



-- Matrix - Is continuous
-- Dispersed - Is discontinuous and
surrounded by matrix

Dispersed phase
phase

Hg.l



What are the tuncllens of o malrix?

1. Haoics tne tioees {ogethes

2 Profactyiha fimas om anviionment

I Prolech the ibres o abeasion fwill aach olhe)

£, el o mainiban e divkibutisn of fbnes

5 Oefribwdes the loods ovany bohess on fbmos

& Enhoncessome of the popaies of the renifing matesdl ond siucharal componant
camponent [fhal e done b nol dble fo impa) mpa]. Thess properdies properfies

e wach o fronsvene drength ol o lemana npoct mslonce

7. Prvacias beiier fnih o final proouct

Essentials of makix phase
s |fshouldbe ductile

» Bondng sienth shoubd o high
s Cormosion regstant



What are the lunchlons of o relnforcement?

|, Conbituts dedred propestie:
2. Lood caomying
1 Trondler fhe shreng @ fo matne



REASON TO USE COMPOSITE MATERIAL

=  Hghsr soeciic @rengih hom mstos nonemElol ong Seen oloyl
Lower speciic gnovty in gesneral

Imensiyad i1 o rclerial.

COMDOSRE Mannon INel WaDn &y Snoinign iSmpsnan s
TorAghm ey B iy e

Foidcofion of prochecSon B chaoper

CFBEr O B e 37 6 O S Dalie

Conirolked Fecticol canduct vy o oo G

Comogion ondaddofion skl onca,

L N

* 4 9 ¥

EXAMPLES OF COMPOSITE USES

ElechiEd oSjuiperen

T G S SR e

[Fy = T T

P& ondal Tomis

Hpmes com ba romed wueng plarhe mina beoa
EesOrra

- # ® @ &



Compaosite: Examples from Day-to-Day Life

Fammpdes:
1. Siraw-bricks
L. Couscrels
X, Wl
{oellulase + ligninj

4, Hwman bady

limEscles — Dames )

5. Tyres e —

Pl ==

T, Sty goad |

& ond bone ore e e s ol nohursl o posiher Thrup
o bhors G- wisce] F1 abilly Fo bend wfhoo! BEesking whils
it MSiet Wood AT (GudFy ol Dehg Sev efe o SHaRg | . BEss
% 3 Compiroion of O 5o Torm of orofein knosnds Cologen and O
iirong byt orftleE rminsrol coles opalfs




Composite: Formal Definition

Hintory: (lidest applicatinn'cxistrece of compasite material?

Jiann 1 . - lsnwinsied writing material from the papyros plast
1300 B - Egspitiams mid Mosipoltamiae ascd siras bk ks
1208 A 18, - Masgsls nvestrd the Nirse comigiamiie has

fst Bow of wood, bomboo, bone, cotiia lmndom, hom and ik bonded with pine neain



Composite; Formal Definition and History

Composite Birs - afatrs hasck to J0H BB (Angars Dhatisg}

wterials | wed:
Wonsd, Horm, Sinew | Tendon, Lesther, Bambos
wmid ynider (Deer harm)

Horn and Antler: saturally Rexible and resilici

Sinewn: back lemdons or Bansirings of cows and deer

Calar: From bladder of fish

sirings: Sinew, Homse heir, Sik

Uhversll precessing time wis ghmsost & year |

Somgreg b meedevall oo pamses. codt
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Composite

« Combination of two or
more individual
materials, can be
natural or synthetic

* Design goal: obtain a
more desirable
combination of
properties (principle of
combined action)




Terminology/Classification

Matrix phase:
- Purposes ane to:
- fransler stress o dispersed phase

- protect disparsad phasa from
arrvinonment

- Types: /h.nC ?-AC T‘
maial mair composis corpme; ol r
* Dispersed phase:

- Purposs:

MMC: incroass O TS, creep resist.
CMC: norease K,

PMC: increase E, g,. TS, creep resist,

= Types: particle. fiber, structural

Fesge i alt @i o
E bl mmad TV Chmiy As

STk i -
Towl el Camrvilr b
Nea Vel FNEL F



TYPES OF COMPOSITE MATERIALS

Thame afe fva DOsic [ypes ol cornposie mmof e
Finee. fisks loemiber o |l_'|l||-'q,=hr\'l'-|-:'.| and

filed

COAMpoEtas,




CLASSIFICATION OF COMPOSITE MATERIALS:

REMFORCED WATEIX



CLASSIFICATION BASED ON REINFORCED :

i eemforcing i eno on o 1S Mo maiErka oo oE maial oETTc, or Eobimmar. oo el e
o L] 1Bl CTW T d Pl oo siwy oe niperor ic Foam of fhe i hichucal
EafmponomEa







CLASSIFICATION BASED ON MATRIX :
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DISPERSED PHASE :
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CLASSIFICATION OF COMPOSITES{REINFORCED):

=  Poricierenforoed compoates
=  Fhersenfooed compoetss
= Shuchroicomeonie:




Parficle-relniorced composhes
Lhad in particie rerdorcing
cafarnkcs,. ghasses (smal minesdl porficies)
maicl partcies [ciueminiem. and ameorphous mofenok | polymans ond carbon
hack
Eeoniple:
COMCRETE whem fhe aopggregied | sond ond grovel] oe the paifickes ond

cement B the motte Porlicde minforced compostes wpport higher  tersle.
com praasive and o sinemos,




Fiber-reinforced composies:

Fharrenforced Compoisdes oo made of:
miefols, caramics, glosses of palymeans ihaf hove bean tumed info gaphis ond

Emown os o
Flb=n cresase tﬂ-l‘.'ﬂ"lﬂﬂ.lh.r!- I'l'l'llE'Lﬂ-I.ﬂ‘E'l'.'ll its b-'"'IE'.I-b_I o M= ria e malsn,

Ui of Fiber-renfomced composias
Hporh Illpnuni.m:hmuﬁm-—hld m:hnhl:jdn- frame which consishs of
nl:lhl:L-'l in o fhermoset polymer malrin.

Iu-:l; rﬂmunﬂmnﬁmﬁhlnmmﬁi made of gl filbers



Skructural composites
A shuchuial composile consils of bolh homegeneows and composile maletial. Theres
preperiied dapond on, fhe chooctaridic properties of the consifuant materials as well

as the geomehic design.
Struciurd composite are of two hypes;-
I.Laminar Cormpost
25andwich Pansl



Advantages Disadvantages

Weight reduction « Some higher recurning costs

(approximately J0-50%.) - Higher no nng ;
Corrosion resistance - Higher material costs

+ Monvisible impact damage

Fatigue resistance

* Tallorable rmechanical

— = Repairs are different than
L = those (o metal structure
« Gales through offest P a— sod 1o
Lower assembly cosis adjacent aluminum part
(lewer fasteners, et ) galvanic corrosion



STRUCTURAL MATRIX ;

L

Sreciural Compostes; Sondwich Pomels; Conmskt of tao shong oulsr
sheeh which ofe caoled joce sheels ond may be made of duminem
alloys. fiber minforced plostics, fonkem olloys, sesl

race sheels carmy most ol ihe looading and shesses.

Coe may be a hongyoomb suches which ho les densdy than the
lone shaelk and mest pempendiculor shas=as and povides sheor ngidity

Somawich panes can be wsaad in vorely of oppicatons whoh nciude
roofs, floom, walls of nddirgs and in amcraf, for wingn, fuseloga and

lalplons skins.




Tha banafis of composte comstuction nclude speed of comstnuchon,
parformonce and valua.

Stasd framing for o snethure con be sected quickly ond e pre- fabricated
stesl floor dacics can ba put in ploce mmediotely. When cured. the concrete
previckse adcnorssl Bihines o e sl iune,

Addifiondly, te concrete sncomement protect the seal from

camosion and lire. Sarvice Megralion wihin e channals on e tnmpn:rﬂa
decis 5 anofher advantage o composte constuchon
mﬁmmm :.mheadiﬂmdh&ml‘pbfl‘tmenl poe-
Exzenie deflecliors con be conirded by combes e Deams or By
shamng the maiol decks o it deflecfion when concrefe & poumd



DIFFERENT TYPES
SOME Coimm on compoille molenss rohude:

Ceramic malvix mﬂﬂ!“’. Cammic ipread oul in o camamic mofic Thess e
befter fhan normal cemaomics os they are fhemal shock ond fFrochare essfont

Melal malrix composite. A meialipread froughoul o makic

Reinforced concrefe: Concmie sengthanad by omateio with high tensie
irengih wich @ sfes rerloicing ban

Glass fibre reinforced cancrete: Concrete which a poured info a glos: flbee
struchure with high Irconks content

Transiucent concrele: Concials which encomes ophic fibnes,

Enginesied wood. Mandociured wood combined with ofhet chaap malenials.
e axom ple would be parfiche boord, A specicity moienal (ks venear can oko
b found in b compoasie.

Mywood: Engneoned wood by gumg mony thin loyes of wood fogefer of
diftenanl angles,

Engineered bomboo. Jies of bamboo Bwe ghed logether o make a board.

The ik o wehd composie due to the faot | has higher compeasive, tensls and
flammal shength than wood



Pargesdry: A squors of many waod peces pul logather offen oul of haordwaod. B & sald
O3 deconive pece.

Wood-plosic composlie: EEhar wood fiee or flour casd in plasfic.

Comeni-bonded wood fibre: Mnersised wond piecas cost in cement, The composite
b nsulafing ond ocousdic peoperties.

Floreglass: o fibrm combined with o plashc which &
relofely neapsnahe and flealble

Carbon Fibre reinfarced polymer. Corbon kee selin plasic which o o high sirengli-
{o-weeaght rafc

Sandwich ponel & worety of compaosias thal o loyeed on fop of easn ober,

Campasihe honeypeamb: 4 seleclion ol compasias in mamy haxagon: 1o farm a
honeysomb shapa,

Hm‘-ml‘ﬂ. Popsar bound w#h an adhaive. Thess ae found it cnalk,

Floslic cooled poper: Popar coddad with plosfic o mpeove durobiify. An azomplo of
whiera e 8 weds in ﬁﬂ':."l'hg oands,

lic loowms: Ligh! molerials crealed by llling melals. ceramic: of plalics with
micrbalioons, These bofons ore mode using efner gloss, corbon o plosiic



APPLICATIONS OF COMPOSITE MATERIAL

¢ In aulomobile ndusites &g, Sesl LRAluminiom body)

*  Morne gppications ke shalts, hulls spon [fomocing boaty)

s Apnonon ool opplcohon be com ponents of rocksts, arcrobs

s |Eusness and miloryl.masies alc

. camama i ation mntannas, slechonic ot boock (g, PCE breadboord

= Solaly equipment ke balkhc protection ond Ar bogs of can.

FAILURE OF COMPOSITE MATERIAL
o Falure vhder longiludinal compresse lsoding
+  [Falue under longitudinal fensie loadng

Bl _nvmd

Tiasssires uiml

T L




MAMNUFACTURING PROCESIES :

I Fercton of corpedt e consirucicm. (toes oo Be dheickes ) o roisperiem

* Lo vy, which ove oyers borded g
+  hoedwldhel WHIER Ge BUBlghe-Eye Wt sl mdlenials o hiRg O low- Sefdly Soie bafwess Bin focel
S OF O O S .

Cafmpe e TahEES ion i & rnaity Biddaiss Site o Hemall Faofofl Sredese o
+  Hordand ouviiorn cfed ope Ey-up

= iesEn injechan
» COMPEED MOKIRG
»  PUlneion
»  Flomentwinding
OF her pioiificoiion &f compxi e procns con o glfer e prooes: vohoee whics dum %o of o coieporey: Hgh o
Iz wicharme
&= Low-vélomo pirceiies o mancdl ond Dw-pesmee iprdy [oy-en B ow-coal mokds wih @ bgh
g ZaE
= Biph-vikEhE HOCEIES. WION 29 MOl ok, TN EAl-wIRdIhg, BUiTUSEn SR IS PEATET MUORE
nove on NBal high COY \r oing ond nEoniaion. which o compEnETled by e iAo
peirg,

= In aSdfion lomitalsh picteme: con b ke B Balh ol Bem, lamiea Bos oio hord loy -us proceis o o Ba
hu.mmu.hlmu.u-u-pm-u Lo d i iemehF wicadl g Siifeulors o eh InSralsi o i S
e edNES Gl ENSN OF OF 1Sl o COTET o i Diaely OO P RSt el g el Mo L'..-rn.- L=
CoTEor o1 EOTL

& por e idgrd tighsoesd proces: ; fobnco ko st bbb ot orber CcRindic o oors seesn s e lomerT sanarg
CEOCEE TR Tiree e puimuponoiaces & oo péed o inbrication of porm e hoonet o orosssectional thomes
o TeEn ondmmading thoeet oee imiorhes wfhimiecticn mediing






= LOompostes o engnessad molenal composed ol a molrk matesal [2.9.
polyashter or epoxy resirs)) and arendforcing malend {e.g. glom mof of wowen
fobnz) The poces ol making o compasie § Eamead Compodils Layap. which B
derived from tha original mafod of maeng thasa mataniais

» |0 harnd loypup [s2e Aguee 1) Fhe resirs are mpregnoted by hand info fne
rearficecing fiben. Eollem and brshes ome used fo ncorporabe e resin nlo the
fbes and fo remove of om e componlia

= Hard layup 5 a kow wolumie, iabol mlensive method sutsd for Do hulls of ofhal
lorga foms The fbers ae posfioned monuallyin the open moid. ond resn i
pouwsd, brushed, or sroyped over the mal. Room lam paraluee cufing resns one
commaonlyusad, For ahigh qualty part surloce, o pigmented gel coal & firs
oppied fo the mold wdooe.

LISE : boats. tanks, bathware, housings, BvVtruck/auio components, architectural prod



21 5prayup-Process

¢ |nsproy e procas fiqud resin moii and chopped einforcnig fen ame sproyed on o
thea mold sufoce

« The fbon oe chopped in o Ebers of 28-80mm length ond fhen sproyed by onar jot
al a predeiamined o belwean the reinloncing and malria phase.

» Tha sproy up method peemis mopid lomation of unfomn composte coofing, howswar
rmEchareco [.rrh:hr.le_ii'.'z- al |he madlsnal ore moderola unce he malhod s vnobds o us
CorinuUoUE renfoncing hbars



Sprayup-Process

& chopped |omnale haa good
conformabity  (the obllly of the
wibslonce fo mould fo o shope] ond &
somefimes foster than hond lay-up 0
molding complex shapes, in tha geoy
Up  ploceds e operaiol | condob
thickness and comsistency, thersione tha
proCal A mote opsalor dspanden
frn hand kay-ep, Althoegh prodechion
volume par mold i bow, | & feasible to
produce substantial production
quantiiies ueing mulfipls mobds.

= A with hond loy-up. gl caat s fiest appbed fo the mald prar o spray-up of the
subsirote laminale. Confnuows stmnd gloss rovingimosing) ond cotodyoed msin o
fed theough o chopper gun. which deposis e resn-sofuoted ‘chop” on the mokd

= The laminale & [hen miled bo Thoeoughly sahuale e glos sirands and comparct
fhe chop. Addiional loyen of chop lomincis oe odded os required Toe fhickness

= Roll siock reinforcamentc. mich a5 woven ryv g of knithed fobacs. con be used in
conpnchon wih the chopped lominades. Core maoterials of e some vanety m

used in ond ey-up o edsily hoomonate den



3. Fllament Winding :
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Fllameni-winding Frocess

Rlament-windifg process B g relalive Sowdy with posibilly 1o conlral the
fiber dreclion and the diameher of parls con be varied olong tho port.
During the process, mving or tope B drown throwgh o resin both and wind
N a ralobondl mandel. Rlomanl-wWindng mandreld mday e malalks of
nor- metdlic and ostwed the possibiity of eosy porl removal o be
dissolvaoble after curing.

The fiber bunde hos vodows dimensions, from severd thousand of coron
fimrs 1o several cenfimeten. The Grished port s cured in an auleckave and
later is rermoved from mandrel .

When the mandrel iz removed, o hollow shape ls the resull. Wikth fhis
process can be reallzed vorlely parts a3 plpe, lubing. pressure vessels,
fanks and lems of similar shape. For enhance the siruchwe of parls. the
carban fibers are wound with epoxy-resin systems.



3. Filament Winding :

= Fiamen! winding melbod invalves g confinuous larment ol renioicing maberial wound
o fo o retafing monddl in layars af dffesent lopers

+ | o hguid themrmoetiting [denoting sebstonces which sot permanently when heatedjresin is
appted on e fament phar o windihp. he preces B ooded Mg Wel Fiamsni
winding. i the men & sprayed on to the mondms| with wound flomant e progess s

Called Dy Hoarmand Windng.

'







Conlirwous skond reving i fed fowgh o resin bath ond wound ondo o miating
rrianael. Thea mving feed iuns an o kollay that bowvarses Be langih ol e manded,
Tha flomaond & lod down o predefomined geomelic poltern o povide
mammuim Srenglh i he drecion: equred. When sulficlent layers have been
applied, e lominate i cured on the mandred, The moldad port & then srppad
from the mandml. Equipment & orolable for foment winding on a confiruous
bsE ond fwo ik windng for peessure Cyinces,



= Soray-up B an open mald method
smiar bo hand lay-up n & wilabliy
lar moking Doy, boanks,
tramspoiafion componants ond
hubsfshorenest Lnih ina lorge v ariely of
shapes onid sges.



T R RRRR—

in which composites In —

ihe form of fibers and i ?:: K7
Fatwics. are puled through — )
& bath of Bquid resin =

« Then ihe fbres webed
wilh resin am pulled
thirough a haated die. The

din plays Important roles e i
ke completing the
impregnason and
controlling the resin, o e




Pultrusionis similor fo exinusionin that It produces continuous cross-
secliona profiles

While extrusion refles on press fo push unreinlorced thermoplasiic

malerals fhrough o sheet dle, pultrusion pulls a varlety of reinforced

E’lﬂ wefied hfﬂwmnn-ﬂ'lnn and for some thermoplasiic resins,
EH.E?'I a heated

Folymenzotion of the resn occurs o8 the wetted lpers poss through he
die, forming a confinuows, Agid profie comesponding fo the crifica
snape




SMaccum Bogglng .

Maztiz sheer iz dampad in pace

Tha mould i postizrec

L
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-Il.F'H:pEﬂ-: [4 fbecus mmaterial pre-Enpregnated with & parscular sy nthebs fesin
used in makmng reinforced plastica)







Howwe e FreEonsgs rorufochesrd

ProfEnmore profuced ushp e moin procaine: ol melf proce=s. ored Sy ant dis
[=j=1= 4.0

Had Med Froces

Rolhi labsic and unkirec flonal prepregr canbe prodeced uing Iha hat malfprocess.
Thehn afe Facd BASGat 11 1k EEcnia. The Nl kg e Fvolvel Sbalig O 1A M o the
neaied redn on O oan-e Fubmale. The relnion eiment maieriol ared the resn one osgwed
g Infesgctin Fhe peSDreg Mo hing. Cn O peis omon B presmuns ond Reat s resn g
rreamonoitnd info e BEre reesng in fhe inal pregieg . which b ofimolely voondon o
[l ¢ 8

Sodwend Dip Procem

Dmlyiobre prepreg: oon e procuced wbng e wolvent o proceni, whith Fre chmes
SEEEN g B TR i 3 58N &Y DO and SEERg e reviohard IoDAE 1 e Fedh
ol finn. LEing o orymigo &n e solvent B iben sy opoined ofi The prepreg.



7.Compression Moulding:

[T U RETR S A [
& N PEPEE ENWER T

et = AL,
e reree
m=d mll _l

& BETEE FE

CoOMONESHON Moning & S TR SOoRTmcn DRGCEE UIEd wWRh IMETTos B TNDmanETkas. O 5 USUOI oS
wvund for fhermoponcticr WHE PR proces, e eoleda e wguesered inko i deshed nhenpe witth the keaslp
= promaine and heaf Flaallc mealdirgg poeder ond ofher malesioh ome added o the mie Inorder 1o
EfEdlE IBECinl Guali el &F 10 SHchIMER e Bhdl B od ] Wheh The mold 1§ 2leded and hedled, e
el go-ss ngughna chemic ol chaonge that cavset it korden Pio | oeseed shaps. Trs armaunt
femepErorude, Emelin® ol prepnures. ond gt of fime uilisesd cduring fhe proce deperde om e
cearad oubsome



Sheet Molding Process

* Sheet molding compounds (SMC) process 1s one of the main
processing methods for fiber reinforced polymer composites.

* The process is currently used for wide range of structural and non
structural composite pans especially in automobiles

ﬂwpmdﬁ:rﬂdrhmﬂuﬁbwmm

LR R ":'-'._ s,




8. Sheel Molding Compound.

b e dding vyt s 0 |
Shaesel mokd g prsceEss involves placing &
rEriiEsremenl, san-h e 8 e el teelvweern
sandwi hung bavers of a ihermoqninete and
hewting the maberiaks ma piasiiiar & Alrigs T ]
of material

Bl aiskding comigemml B RO

Bulk meldng compounds by preducing a billes
of meadtcn material thet |s placed bsbo o
comprts sion mokling press which maolds 1he
mnlien materiad oo & pare



L]

Laminafing Process

The lominating process is large uwsed ol fobricallon of odvanced
mafterlak. To improve the proces it can be wed o prepreg materlal,
which s o preimpregnated reinforced malerial with high composite’s
propeity by fibers allgned poralled lo sach olher.

A saormple of product's form s cut off by vomety proceedngs ond thea
prepred [Prepreg” is the common ferm for a reinforcing fabic which has
been pre-ympregnated vath & resin system). moabedal 15 ixed into desieed
laminate geomctiy. The finol workplece Is achleved by cwing the
stacked ples under precsure and heal In an avioclave.

For exampies, the graphite-epoxy composite 5 cured of oprox, 1800C
and af pressune of DLTNPA, and for high-tempenahune Composite such
s bismaeimides the cured temperofure & of 3200C. The tooling is
requested o moid fofowing o port through the loy-up and
auteclaving proecess. A matedal tosing lor fabd cason of Compaiiss
ane aluminum, stesl, slecioplated nickal. a high-lemperature apoxy-
resin system costing, etc

The productivity of manudl loyup can be mproved by sed on
auvtomabed poces by CHC moachknes, with large applicalions in
oeraspace and automaotive imdusiny.



Sandwich Structures Lal FLaye

I the corrugation ine el for producing o beiey combs cose, the nealerial sich o A bs
corrugatod lrwoom e rells, which arc pelnold logoibes with sdlicsve s then ol bo il
dualired thicknrss. The plaic deformation will =ech barlen the AL



f.Resln Transter Molding Process

This process mpresent a complefion bebween hand m boyy -
up of spray-up of parts and compression molding In malched melal
s

Irt mesin fronsfer malding [RTM) process, a set of meld halves ore locaded
with reinforcement materlal then clamped fogether. Resin is then
pumped, of gravity fed info the mold Infusing the reinforcement maberdal,
Once he madis flled with redn, it pugged and alowed 10 cuns. Afles
curing, the mold halves are seporated cnd fhe part removed fior fimal
termming and finkheng,

The ETM permits fosber cpcks fimes ond meguined &8 work o8 Seedy-up
methad. The cycle fimes of BMS are longer than for compressicn
moiding, but low tooling cost gef compensation, in special for g low
production

Redn tanster molding produces |arge, complex ibems weh a3 bath anad
shower enclosures, cobinets, aircoft pods. ond  outomofive
Components



RTM- Resin Transﬁ:r Mnldméz' -

H‘m:s i J;ml'mﬁm bmisd iy s &

matereals. A secopd
!:u:-uld. toal is theen clansped over the
first, and resin is injectedinto the
cavity. Vacuuap can also be spp led
1o 1he raildd caviry 1o maak rﬂd- i
being dmwi mbu.:IIIE fabrica.

Pras: Higeh liber volunse low vaud
comtents ) {fanod envizonmental
WIINIL.H l!?d:l:.‘lﬂl-l.lﬂirlﬂh.m
Both O VER
e

= Coms Matched ioali

ity i s e “.:L:Iﬁ‘? Cenerally lnnited 1o
CORIPOTIEIE
Unnmpregsated arens can oovia

o % Applications Soall comples




As processing of composiie materialsae used the Injection
miolding that is widsly outomated and vacuum Bagging,
autociave cune process, whichis g hand loy- up or an
autermaoted dape |ay-up hat must be cured By a
combination of heal, pressume, vocwwm, and inert
aimosghere.

The islection of adequale phocais of compotibes s made

by some ndes, such os iype of composites, appliicafions,

qQuaity ports, size of production, cost, efc.



Compasite Cambinaiidas’

g it nn boe ki iad ] e thoee Basie Ipos They are
PREC - Pak ey Wmivds Campoclie

L

By Ead i il im0y ol onimpas e @maieikl.

Slatrix s nwlatively sl aod Nevitie

Erinfnrermrnl mmd boor bigh sreegth ssi diffnes

s G e ad mair ba sl fom mairi lo rdalacsman, (BF svlelor sniral mianin bagpd
it b g
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WM - Vel Wladpin O

SEarvlx by eelacive b sl amd eyl
Brisferermral e Gave bigh soreagth ssid Aiffnes
s thr sl mas b iramslorred fom maicis (o reabsccemand. ik ovils foe rorsl mssis bl
imusl by sireey.
SEVH pammgeealnee me ihaer hasl tngees o gamt abiie o0 fleem
1) Dbpersban Wisigihsiinl sy
2) Regular partlonleir oompesiics
iy Loag Bibei: rémiirirmenls



METAL MATRIX MATERIAL

Commom Metal Matrices:

Metal matrices include abamainom., magnesinm, copper, mickel. and
intermetallle compound alloyvs

MM s are bettor st higher temperpiures than PAMCs although
production v moch more difTicali and expensive

NN & can have apq.'llir:lli'nﬂ wich as fan blsdes in engimes, chotch anad
brake linlmgs. engime evlinder liners, ete.



T

Manufacturing Techniques§™

« Reinforcement and Matrix may be composed
during manufacturing of the part

» Reinforcement and Matrix may come composed
as layers called Prepregs

- Frepreg' an assembly of reinforcement impregnated

with resin, prepared for preforming mto a cmnposlti:
shape before the curing process used to set the resm.
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FACIGRI AFFECTING MICEOATROCTURE AND
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MATRIX PHASE :

Fiter/F Bamani
R nfoercameent




ClassiBication basad on Mainces
| Compesita |
I'MH-

_._.-l"-'- i
_.:"" -HH"'

Pesty i Plbrin mm
“‘\..M""'"'--L

[ Trwwneet | [Twmopiane | | meon) |

Makr malenial wehes seyvenal fncliof i 1he composie

+  Provides bhe bulk foam of Fhe part o product

«  Holds the mbedded phase in ploce E’H

+  Bhares fhe lood wath the sacondary phose I.lll ' .



POLYMER

=4 large moleculs |mozromolacule | composed of repedaling strecheal units
[moncaner) iypicaly connecied by covalant chemsal Bonds.

FOLYMER MATRIX COMPOSITE (FMC)

=Corskting of o polymer fresn] moine and fier,
»Wary popular dus o el low oo and smple Fobwicolion maiods

\............

VIVIRIG
Pabymer



PFolymer Malilx Composites (FMCs)

*Thamaseling (& emosating plosic & a polymer [hal meyasinly Deconmss
rgid wihen haated, Such a molenal & oiso known o5 a themowat] or
thiermocssiing resrs ore e mos) widely usad palymeans in PCs.

Epouy and polyesher ame commonly mibied with fibermeinforcemend

= Polymer Mabix Composias

= |n PO polymeris the primory phose Inwhicha
secondary phase isimbedded os lben, porlicles, of
flories,

«  Low density, high speclic sirength, high speciic
stiffness, ease of fabdcalion,

+ Exomples: Rubber einforcedwith carlbon Block ond fiber-
reinforced plostic FRPs) Commencialy, PMCsare mone
Iimporant than MMCsorCMCs |

Plastics are typically
crganic polyrmers




CLASSIFIC ATION OF POLYMERS :

Palymers

Thermosetting
[y THETS
Linear Polymer Thermoplastic ElaEtoreTs —
Py,
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THERMOSEITING POLYMER Exiensive crods linking formed oy covalent

Eonds R
-~ 2N ]

High Themol stobdty I 'E
High dimensancl shability. . .
Low walght = ‘, ::t.
High riggldify IRNE - 9
30 nigidity B = =

Can notba recycleddue ioilsheavyco i T

THERMOPLASTICS: Mo choemical linking between individueal modeculos.

pMoleculesae bonded by weok
secondary bonds like Vian der walls bonds ond hydmogen.
Parts con be miade and joined by heglfing,

Con be remolded, and recycled
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APFLICATION IN COMSTRUCTION
A patentially hlgh-walume rmorkcet for PMCS lesin corstuc tion
applicolions especially in Corstruchion of

Buildings

Bedges

Housing

Lampoosh

Smokestocks

Higfvaoy cutverts,
LIBMITATHOMS OF PRBC

Law i ol working lefmpeahuns.
Sansitiviby fo radicfion and muoistune,

Proc essing femperaiure ore generally highear thon those with thermosefs.

Feguired specia processing equipment,
Themoset esins have poor impoct mskstance.
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ADVANTAGES OF PMC ©

Good inplone sfiffness and strendgth.
Lever gensity,

Retalively low cost.

Comoshon resisfonce,

Lo cosfliclent of fMarmol exponsion.
Relafively mature hechrology.
Excellentin-serdice expanance.



FOLYMER COMNCRETE :

TYPES OF POLYMER CONCRETE
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PROPERTIES

ASVIE0NI

DECREASE



WOOD POLYMER COMPOMITE
Composed of.....

RicafMhoal Husk

Frierm opdasso

R e/ Wnoot Husk for
Doy
[Thamoplmtic for
Rasibility |
A Fromaing and Juwlainabie Green Malanal ihal B Frodeced lor s
Abdlty 1o be Durolbe
witheul Conlening Fexc
Lhamicos
mprove Erengy EFRcimncy
BAAICOR TTREMGTH OF WG

= R -TEMITE ong RO ES Frood

i Woier Prec! Guorontes

s Fio Rehdy oo

s W § Highly Durobys ond Beoguinss

& bowr Moinfenenca gnd mufl punpoas grocluch




INDUSTRY DEMANDS
+ Mpodulor Khchan Fagodes Claoddng Wall Clodding Porfficn Ponals
o« Cefing Shufiering  Flooinsg Bouse Hold FusmiBune.
MATRIN & REINFORCEMENT MATRX
Thapnosaiing polymas e the most cormmon meaa s materiols
-Frincpa T polymens ae;
Fhenoict = veed with porficulode reinforcing phoses

|
g gl s e it

RFIRFORC FRENT

Possbla geomaines - |g] fbem |b] poricles & (g} flokes
Porficles and Hobkes ane wsad in mony plavtic molding compounch OF mosf
angnesng ntared b e use of fiben o5 e reindorcin phase in FRFS



THE REINFORCING PHASE

«  The imbedded phasa is most commenly cne of the following shapas:
- Fibess, porficies, fiokes

«  Crientation of filbers:

One-dimenslonal m oirmum sfrength and sfifiness ore
obtoiredin the drecion of fhe fber.

Manar:in the form of fwo-dimensional wovenfabec.

Random of ttwee-dimenslonat the composte moteria fends to posses
itohopc properties



FIBRE REINFORCED COMPOSITES [FRF)
r  Confinuousfibre reinforced composites
1 Disconfifw ous fibre relnfonced composhes

FREFARATCN OF FRRE FLACES OF AFP TN _ _
R OB O O] YA =  Rorardous wiste confarment drins maonholasocid
COMCRETE fawks

PAATITING POk, funnel Bning. sheds, Hoor les,

T=73% of is shengfihoftar o curing of one doy ot

i lempeniiEe

= Tha eoty shengih gon & mporfand in pregosd
appisalions bacause | perns the sinsciures
to resst highar s¥enes ooy dus fo form-
singing, hondling.  Borsporobon,  and
arpclion oparatfiors

#  Guick sl frmas

« Erwionmeanialsafefy

L ]

=]
0%




HATURAL FIBEE REINFORCED FOLY MER
Commaontyused nafur! fiores oee cor, pfa, bagome. cofton,

bamiban, hampewhich come inem plands.

s ey
light weaigihd
thong
remawable
cheap
bodegrodabia



Cocan shell g skt el powde-

It can be uvsed o renfonced boin ihemoseting ond themopdosic
malices.



ADYANTAGES:
lopwe density
Lo SOl
Levar eniEngy Inguts
Comparable machonical propertics
Betier edosticity

TYPES OF FRF
Caroon Fibres

{55 Fibres
Friores in rmciria

CARBOM FIBER
Thin sionds of cabon- even thinner thom bumaon hair
Stronds con e twisted together, like yom- con be woventogether, like
cloth exiremedy llghhweiaht,



FIBER GLASS

* Fiberglass is a lightweight,
extremely strong, and robust
materal,

* Fiberglass combines its light
weight with an inherent strength
lo provide a weather resistant
finish with a variety of surface
textures,




FRP ADVAMNTAGES
It hvos konig working life
It's dansily is less thon densilty of shaal
It is insensifive to change in lempenahune.
it's properfies is much betber than any of the other metols.
It's compressive stengin is greater than all the reinlarcing
maieial.

DISADVAMNTAGE
It is werycosiy.
It s It il Roemnll for the Ruman Dody o if couse some
form of cancer of the lungs.

APPLIC ATIONS
It is mostivusedin cerospoce and aircrall industries
Automotive body is also mode up of the carbon fikbar.
It s wsed In moking sports epuipment such os lght
waidh! badminton & rackels, golf shick ...
Consinuc fing uvo of wind miliclodes.
it is used for bullding and construclion malerial,
Rachargeable botiries and fuel cell elecirodes.
Portable powers,
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CERAMIC MATRIX COMPOSITES:

= Ceramic mofrix composites [(CMCs) ore o subgroup of composite
matencl of well 95 g Subgroup of fachnbcol ceramic,

= Thay consist of ceramic fibers embedded in a ceramic matnix, thus
foming o ceramic fiberreinforced ceramic {CFRC) maienal,



FRODUCTION OF CERAMIC MATRIX COMPOSITES:

= Ceramic compositesmay be produced by maditional ceramic
fabrcofion methods includng milkng the powdered rmarx
materal with ihe reinforcing phase lollowedby processing al
ol pvated temparature: hot precssing . sinfanng.

= Such fabricationrowls ore succesfully employed for preparing
compasites relinforced with g discontinuows phose

CERAMIC COMPOIITE

= Tha bast sirengthening effectis prowided by dispersed phose in
torm of confinuows monofioment fibers, which are fabricafed by
chemicalvapordepasition [CVDY of sikcon carbide on a subikate
migde of tungsten (W) or cabon [C) fibers.

= Maonollament lioen produce sronger mierfocial bonding with
thie mokixmaterial improving its foughness.

= Follure of long-fier Ceramic Moz Composiies is nod
catastrophic.



METAL MATRIX COMPQOSITES (MMCs)




COMPOSITION

»MMCs are made by dispersing a reinforcing
material into a metal matrix The
reinforcement surface can be coated to
prevent a chemical reaction with the matrix,

=~ For example, are commonly

1Ised ir matrix to synthesize

i |'|'|".|'||'lh-1 2% SNOaWw




MATRIX

# The matrix is the miaterial into which
|.

rmeni s embedded and

the reinforce
campletely continuous

a path through the

nereg Is
material, unlike bae

# This means that
matrix to any point in
rials sandhwiched

Y
s
ITid e el Fyar

IgNter meta
lJ-.

usually a
. and provides

" v BT
a compliant suppart for the reinforcement

matrix




REINFORCEMENT

#The reinforcement material is embedded into
the matrix.

»~ It is used to change physical properties such as
coeflicient, or

#The reinforcement can be either continuous,
or discontinuous.
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CONCLUSION :
FUTURE ASPECTS OF COMPOSITE MATERIALS :
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Brainstorming Session




1. Whot i o composite Maoledal 7



=A composite moteria B o combinotion of e maotenids with
different physical ond chemicol properfies.



2Why showldwe go for a composife Material 77



«Tha regson for their tsse over toditiona motahcs s becouwse they
Impreve the properies of thelr base malerials and ore applicable In
many siheations. S3uch as lessen the welght but Increase | skength.

HIGH STRENGTH : LOW WEGHT RATICH



A Whot are the two phoses of o composie Motenal £7



=Dispersad phase.
i i phose



Sstate the two exomples of o composfe Moberd from doy 1o doy to
day lile ¥2



Lt |
afomey
sitraw bricks



dWhot are the subdivsionsof a filament / dspersed phose?¥



PARTHCULATE
= FIBRE
sLAMIMATE



FLHIOTE AM EARLY EXAMPLE OF A COMPOSITE SATERIALTY



B0 MADE FROM BOME,CATILE TEMDOMS COMBEMED WITH
FESIN



B.CHIOTE AM EARLY EXAMPLE OF A COMPOSITE MATERIALTY






" Procass:
Composite Manulaciurng
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INTRODLUCTION:

* Momumserisls are eermorsben o of nasvescwnoe sl senotedlinology
Momsraciure soence and echnelcery 1= 3 broad smd il ridisciplmery prea of research anid
developiacil sy ity hat has heem Sroving ciplesively wosldside b i pasl fow years

= It has ithe prigehsl for peoletionering &y wavx in wlich reaiersle aed [UTsRICE arg Creaiad and shey

ianse and Gallae of | wiialibes el cai bBe didciaod

v Tk o plevacly having = sgmaficant commereisd impast, which wall moensedly inorvass i ihe faiss

* Nusslethiolezy hells & proslss snd crestes fresl spporisnltics Der sdvdse g oo ir U s
vvwiw s, huddisg materiak, asd devipgs metbinde

= Pennal applicstisns in Bizh-ris consraoion, reinforced coworete. coment producs as well as
pavement engEneermg have been neted by varioos audies
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When the suface arca goos down . it hos very good nteracivity
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The change in color happens due to Serface plosma reassnanoe.






What mre Nanomalerisly T

Manomatenals can be defined os matenals posssssing, ab mimimu. tame sxtemal dumension
mcusising |- 100nm,

The defimition 2iven by the Esropoin Commmsizsion stacs that the partscle size of ot least half
of the particles in the number size distmbution must meastire 100nm o below,

Nansmaberinls can occur naturally, be created as the by-products of cembaston
riactons, or be pradoced purposefolly through engineering o perform » specindised
Tumction,

These matenals can have different phivsical and chemical properties to thelr bolk-form
conmlErparis,



“'hll are Nutwrally Ocurring Nsnosmaterials 77

' B

.|.|.'.\, 1 COnion Nassoope Pl

Examples of namral und bolozical matenials a8
{a) Notarally scourting namsparticles of inorganie, elemental saffor. for insfance, are
Tommd =i mimeral wells rich in bydrsgen salfide, such as the Elssnhranmen m A acben
| gamdanaterlals of nataral products kive beem

) In contrast, mochumically prolsced
evalmnied for medicnl nnd agricaliursl spplicatioas.
iy, there are s ls0 namrally prodced Eanamaterials of narursl blological

& Evenin
products, sech oy nasoscoplc partiches of clemental seleninm coated with o robinl
pratens w hich are formed by blareduciive or oxidative meebahalism in bacierta and fongl



Uses of cremted Nonomsterisls

= The healthesre ficld. utilisey sanomabenaly in & varsety of ways, with one mpor ase
hemg drag delivery.

= O example of this process & wherdhy nenopariicles are being developed 1o assis the
franspartation of chematherapy drogs drectly to cancernas gronths, s well s 1o
deliver dngges o sress of arcnics that are dansagsd in order 1o fight candiovescalar
dusease.

= Catbon nanotighes are also being dovelopod @ order (o be used in processes such os the
widition of mtbodies tn the ranotubes w0 oreate hactena sensors.



Uses of cremted Nonomsterisls

= In geroapecs. carbom nanoishes can be med m the monphang of srcra® wings. The
nansbes are weed in o composise frmm o bend m respense o the application of an
electric voltage.

= Elsewhere, environmental preservation processes mske use of nanomaterials e - in
thus coese, nuncowines,

= Applicabons are being developed to use the aenowises - sine oxide nanowires- m
fAexible solar cells gs well a5 w0 play & rele in the trestment of pofiuted water.



Whnt are amo materials 7

o NManowrale moterials pre defimed av a st of eehatpnces where ai loasi cme dimemasss i lice
thus apprrosiimately |3 paseincicis

= A mamemeier s ong oullicnth of 3 millowier - sppeaxonmicly PG fimee emaller e the
dsimeter ol & Nusmen b,

= Nanorralgrapls ary of migreed besmsy o b scaly wnague opticnl, magnehc, elevineal, and neher

OpErieE Emege Ihese emesrpent propermes have ihe potenial for mrean impacis i clecuvains,
rmesdhicinas, and nither Guolds
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WHERE ARE NANAOMATERIALS FOUND?

L :""\:J.:I.'J:Ij WOrur :Ir nancEETUCTarm™m vy ?lr"\.' e L] 'i"ill une HIII T ﬁ_""l';l.'

o e sEnd and dos Also peecens m plans ansd aeamsls

& For gasmple-nasostisciune meacs an asieflociesn asd e epelling effect ao they <ua Oy
safily

# Mowodove wemind cem el meiissirediune Eheissclyos by icarranging the stonn of an
nhjeet , they con mipks nen manom e risl wth new preperties

& Thid aie st ped. [Rghicr of dilfcical b colesi.

*  Segne  nansmaterisls oooer  matwrally but of parficolar mierel  are  ewpEeEred
mahomiierials, which ofe deobigocd for . abd alresdy belsg used |8 =masy esmmmiercial

producis apd prooese
= Thew cam e ool a8 (Sl ST oens . cosimcl s . slain reslanl choillng. tlaes

= elertrenics as well 8 in medicing parpess of disgoosiss maping ssd drsg dedivery.




History of namvmatriak




CURRENT APPLICATIONS:

Water filbraton devices, paints, cosmetics osatings. mbricanm, feviles.
mrmory berage devices

Miodical disgmectics, digplays. semsore. drez delivery. comsposite materials, salid
white Bphting, bic-moiwiriak, auso aivays, sore penorfel coniputery, protective
wrmeer, chembsn cums. and chiemn-bis seneom,



TYPFES OF NAMBTRUCTURES:

u.f \\
e > > < ﬁ

oL by hamichu, (o el cuds I ilam ang gosiin
s k] L¥ 4I:I

“HTEIH ALS AT ﬁ.-i."lﬂbl:.-lu CAN HAVE MFFERENT PROFERTIES
# tals have o b presder sarface dres te velinse rakio , whack van leed
hmﬂfﬂr-hl resotivity and affect their strengzth
& Al s maso scele, gquantiom sffecic con brosme mack msre Bmportni in
determimmg the materiak properties and chamcerisne. lading s pave spticsl,
rlecirical wod mazistic b havisiin,




APPLICATIONS OF NANOTECHNOLOGY |




MFFERENT TYFES OF SANOPARTICLES

P e b o e i e Bl i scatlm e s siaphed . Pyl sial chosilod EupEnia
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CARBON BASEDR Nas0 FARTICOLES

= Larbonbeed nmnopariscler molsde o mas masenials: corbon nametsbes §0NTs)
and Fulle rrisrs. C%Ts src sothing hst grapbrsc shorts rolled inte o ibe, Fooons,
aln malied boc kenmsierful berene, amy of @ senies of hollow @rbop molecules that g
wilher & clumod cage [MBickyballs™) of & oy lincler {carboa “sunoiube™)

= These materiale are mamly uesd for the wresiurl ronforcemes: 3= sy aee |00 ames
Alranges |ham el

 CNTe can by clofisd islo snplewsllal cobon menchibes (SWONTe)  omd
il vl led casben naneiebes | MWLM

& CNTe are vnbgud in 2 ey da thcy s homially ceadiciive sloag the loagh aml
nin-oanducine aoross e wbe

®  Fullercaes are the allotropes of carbon hovisg o srucisre of bllow cage of sty sr
e carhan pesma,

# The atraciurc ol C-80 b calbxl BeckisnstciPullereies, abd locks Hke a hollos
Frmdball,

® The coibam s o fisse suucnies hove o poniognml sl bewdpom] sesmseines.
These have commercial applesscas due 10 Bew electrical copd wetivity, straciare,

Tizh strengih. and cleciren aflimin.

hifps:finiereaSngengirering comf3-amaz
ng-uses-carbon-nangiubes
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CHRAME NAND PARTIOLES

Lerami nanearicles are morzane solids made up of ousdes. carbades, carbonares anid
e hates. These dmopirtiches hove hagh bosd soistusce asd cheaical inerloce.

Tty have applicesms it phoincatalysiz, phaodegradaion of dyes. drog defivery, and
I.-.I.I.EIH_J.

Py congrelling some of ihe chamcensiws of commic nanoparicles e sire. serface
ofel, poetomily, siface lo volisse railo, @i, ey perfors o s good ding dodivery sgent
These manoparis les have e owed effeciively & a doap dedivery svsiem Bor 3 member
of docsmcs like bocterbal inleoiisns, ploncotns, caneer, e

- g



METAL NaNih PARTICLES

i Dicisl assoparbcles dre prepaned G pssinl peocurnsan. These nenopactickes can B
synthecized by chemicad, chermochemasal. o phomchemecal methods

o In chemical meilseds, e micinl nesepanticles e obmised Iy medocing tie metsl-on
precerers i sebaman by chemical redicmp agens.

s Thew lave the alslily 1o sdsech amall asmleoales snd have hizh surlbce sicegy.

« Thisw nepopamicks have sppheaton: m reearch arcs, deocion and smaging of
oimislecabo ntd 0 environbemal aml Hosmalysoal eppdicaions.



SEMPCONINCTO S ANCRFARTICLES:
= Semiconducics nanoparmicies have popertes like Boae of meials and pan- mets.
They ey fiveeed in the perisdic mhls m poepe VL TLY ar TV.AT
Theas purticles havg wide Bandzepe, which o hning shen differenl propertics. They
e mssd in phoocaialyss. clecsonics devices, photo- opics and water spliling
appiaiatinm



FHLYMERIC SASTOFARTHOLES:

¥ are miganic bosed nemepadickes. Dyponding mpon the moeihad
wl prrp.l:l.lm. thieze have simomres shaped lioe nemocapsular or manosphens.
& saroephiee paiticks bas o emiris ke sisctus whoaem e aamocapmilar parkicle has
core-ghell mospholegy. In e fomer. the acive compounds and the polymer e
mhifiamtily dwpessed whercas bn the lalber dthe sciive compoisds so confinod snd
rummamnided by a pobymer shell
Rume al e imeigs ol polincin naiojier il s costialled eleaie, prolocaan af dnig
mndeules, abality e combine thempy apd smaging. specific lageting and many mere
They Biave applicssom b diug delivery ol disgnostics. The dnag delivetes with
pobvmene mancpartchs e highly hodepradabie and bacnmpanhle




Lipit-Based Nanopartiches

Lipsdl noscpanscies are peserally splerwal m shape wik o dissneper ranpng Com 10 w0
IEnm

I coslms ol & solel eore msle of Lipsd ond & moiris conmmng sl lpoplilic
mmemlen. The eviernal cvaw of thee nanopusticls iv sabdired by suerfactanin and
erominlicrs.

Theny cenopesticles kave spplication mn the busgdical feld s o dreg camses and
detncery and RN A melease in cancer Bemagry

Tham, ihe [wld of naoobechmslagy i far feom beisg sstemiod oed il o, = dhe ataindic
et weing o fhe smircaee of an exponental geowth pamern. [nis basically ad the same
g mn e infiserietion bechioligy was s the 1960 oed bivtechielogy i the yeas of
19E0s

Thes it cais gonily be prediced shat thiv Aokl sould Wit o e sgpomeatial growih
as tha oibaer b wechnodogeal ekl wimsessed carlier.




NATURAL
NAND-MATERLALS

& MNanomadenals can he:lJ;-::lFlﬂ'l'pnrrunl}' o fwen hypes
o Piyiural aned wrfcially fabocated

ARTIFICIAL
NANOD-MATERIALS



Matwral namnmnterinks:

« These melude nannenatenals that exist |\
baodosical spstems

= g2 wirusesicapshill, substances in our
bone  mairiv  ribosome  machinery,
ATFaze wic




Artificlal namimiaterals:
These are the ones thut sre fahreoted by different experaments. They can further
subh=tvadied 1m0 4 ¢lasses
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§ sHBers nhadls A ThRL Ly -

Theas noncesuassials ore congroed mosly of casbon, mml commnly @king be rm ofa
Wl spherres, ellipssids, sr tabes.

Splicincal mil ellipnesdal castwin el me sedeined b e Gileroies, wihile oyledical
nnrt ary Ay nEenibes

These jair il bave masy polestbal spplications. lncladiig linpeos o i sl ool
skremper aml Bphter maderiaby ssd appbeation mn sleciramce

USER - This clasailie nitin meclades fullerenes, carlon &onstubes, fraplcioe ansd thic bke.




SETA BAsED WA TR L

L

Thess tesemaivnsl i de (uasiem dot, amopold, nesesibvern ond mesal exales, nich
s i iy d sxade.

A quuiaiibern Jdotl in 2 gleacly padiod semeahdecion cryatal compined of liosdods or
thousands ol sinms. and whoce swre = oo the order of 2 Sw nanomsiers o a few nimsdred
ARLEE TS T

o Uranging e vre of geaniem dos chamges therr aptical properhes.
&  Nictal-l 1 tiuks arc misterials made of mctallic iasopariiclos like geld, silver,

mietil najdes. viv. Far evample. titenmn diovide | TIO2) nanoparticle sre sxtemsiveby naed
i applicatives such s padal, susscreei usd besilpusic.



= Thaws n vl mw rd podhymary buaili freem branched units, The serifeee of o Jondrimer
Fueet ponr e v ¢ b el which can b (aiinoed! (o parfonm speciflic chemscal Rmcises
#*  Thin propersy 14 alwn bo d lor Iyuin. Aoy, b r o dan 1 deidbrimezn comiin

inierier cavities mas which slher moleosles could be placed. they may be usedul for drug delvery.
#  endrimers are asnesiced polyesscrs buill freo brasched aaiis. They can be fusciinsalisod a8

the curiace und con hide molecules im thefr cavities. A divect applicution of dendrmners is for
drup delivery.



M RO TR T

= A Nmsornmposi = @ compose malenal s which one of the components hae ot leasi
ancdancrinicg |l b eroaed F-%im

LR

® A Mesocimposie e ailisg e solid mstonial whese cine of e phiois liss o oo o ilacs

dimpmmione of dme than 1Tl nm, or wnaciore heving ranooscale repani didoney hirrvees they i fferani
s thil make up e sakeal

®  Csmipedile nameinaterials contsin o mianure of simple nassparmicks e owmpeands such a5
manmcired clays within o bolk muteral The spaoparticles give better physical, nsechansical, snd ne
ebeimicad priperies 1o the inflal bk matenisl



CLASSIFICATION OF NANG - DOMPOSITES :

Polymer based

Nanocomposites

MNon polymer
based




WHY MOLYMER NANOCOMPOSITES ARE
UNIQUE

T Iseremss = wlectrical break dows srengih pf
| polymices

hllting lenperaivew. cndo | o s

asal chas e capacsty is o,

imErEcEng Lene is imonEmsme wuch that we

sl et can evpedied property

NalhsoEipos s 66¢ Upoaming materials winoh shows the fres changes s all (g indusizisl
[oalde @ngd 1) w also poimg be ke & eporomesal harmer oo dvveloping coumnem sa g doal of
Wit oe lusibspy.



TNBAE FROFEETIES-
= The unigue properties of these vanoss ipes of micntonslly produoed nanomasenzls
give dem anvel eloctscal, calalyic, msgretic. mechanical, thermal. or sraging foalures
thist are highily desimabde for applicatioss in commencial. medical. malitery, amd
envirnnmenisd socinm

#  These fmaterinbs ey ol find thos wey siski @oen compie menos | b Eiios and dyilams.
Ax mrwe mmes for matertals wirh thexe speoial propemiee ape sdentfied. & numiser ol
proaluciy conistming mich nmosusnialy ad thee posdble applivations ¢onlstiee i
Frow



MNANOTECHNOLOGY AND WO FRODLCTS

* The wood ishstry is Nonh Amctics provides sver B0 of all bubdng mancrlals used in
residenial consmaction. 'Wond-fmme coassuchion w very pogealar i e Dletied Stmec and
Uamnniln due 10 bvwvet oosl sl cise o Lk aiion.

= Mloi umpeorian by woibe shility of fores wond (livmg and powing ree ) in be empregnaded on
4 miokeculs kevel wilh apsoscnls composies. The Ly ceuld mesaloem e propesises of

aubmeparntly harvesies] trees sb
provile 5 mew gencion of wosl compoeises waili supevics srocvsrnl performomce and
shEmbilan:

= Manotechesiogy offers ihe porenial of recomsimeoting the celbnlkese fiber- 1o0- e beadng and
pemubimp Nborobneplasdiz ink al a ssicorecopac kvl allowing dhy developenmi ol svsii roe,
lighi-weigzhr 'In.hr-pl.utc-.wnpm-l.hu with enhianced swongrh and serviceatulin .

& Cilvor A Maris-acs Ao o el s v i g nmd docwy, fire
pmmmn..lldpirhm.nt DRSO IR




BAEF has moorpossbod slica ol alermoms mespenscls and bedroplsbe polymcs mis e
manuiactmnsg of wer ropellenl costings thal provide wond weih sopenion, Inagterm weathenng
roanee. These are callol msoduneisicanl baviers amd could be sppled B CoUSUCION S6<E o
imbpgraded m the wood mannlfechereg procyes

Parse Dhin-lilm cosamts wioakd provide long- lsbng Oolshise safeces and render wood almml devay
ard myathering proed for devadm

Wond & paniclmly uscepable o (2e, o cheranaize: e mokes 1 haasdom W use @ Eeembly
bmifl&nm

Beoenily developel nasobesed potash provides seperior sdllesan qmbns. Wien mied min e
revams umpd in hindng the woed byem nanoe hasgd priash slbenives allow the produstion of phrwood
unlﬂhﬂdlrn:ulmi]mmﬂ prestecis with excepiionally hizh Oesh poen) and vurisally Sreprool

. dr mem uF porsied i wead cusspoaie thers could alss pensdes kedbock ok
peodoct perfermonce. eevamamenal conddions. momiure conlenl. msect and fusg aoivine. md
vverall slmiceasl peel Sk Y Enpo 1 in Become cosmmesroally svaclshis and

aifnndahle m the near Fore



NANOTECHNOLOGY AND CONCRETE AND PAVEMENT
EXGINEERING

& Coiscrein i ha moosl widely wsed iman.mude maieriol, and the massfec ture ol cemmi
accimnis for 5 12 1§ percens of all mthmpogems emaecan of carban dincide

= [ ix snpemteg o sy conereie-relsed carbon-diex e emissome @t o gombag plabal
kil st w i o Ballio Lo of e Taigt prudued i e ol chdiy veai.

#  Bledcanchos of MIT snidicd ihe aanesinsciise of cemcm, eand proposiol San iksuesh
P inEeTing comgnl om 8 nanoayaly, it = poesibly in reduce carhon.diosdy omapona.
fretm cemnend proditiun.

*  Coisciete buas prown Gom he basic S-inpredicst ooimpoaid (cemest, wnker. sand, and
gravell i a mach mesy complay simchirsl oyeters wiith

ithy aldifiemn al maliple chamics] sdmixinres el mpar apecilic gualss s i ol
prodect



Hydrated remenit. which i e mest acive mgnedions i the coneree max, coqeiss of tin
Esrvers af solid pesticles s cpantad by pooes thal tenge fross subnitseiors i mlisolens.
The pormue stuckaw of bydraied comani provsdes o paibemy for vanoos smpmiies and
chemicsls sch &5 clilorkde salls o scep imo concrelc causing cescking amd srucrsrnl
deterinranom

Rowach hes shows bl raplacing the sibve whech is pan ol comenl snd csiveiioasl
cemergiy mix, with sanoonles parisles could mbsipahally impeove pamicle packang snd
peduve longz-teim deznsdimon.

Namopowglem hmvg s resackshle mrfe e that could poignbally pomeaty comemm
poies, which kad = oomidenbd: mgrovemenl n water end ciemical ressiEnce =nd
ihwre e rodhice mpcreiv dhmskape and crasking:

The performance of oonorele could sle be mbacaaially mproved by sdding
namepmpneered Bhes and polymiges 8o the sy m ey Feld waing: scousbic gaergy i srmre
bivmogenons distribuien or usshsr more oromrollad condimons dunmg (he memsfsciunng
pracem of gnmend aesl oiher somenie compoaani,



Anmng e ans-beied oaberce slfilnos sie bigkly aMiciens seper phasticinisg polioneis
ared bagh-atrengeh fibere wvih sveepiienal sneepy- shsorhmp capacily,

Furenl iehetochmlogical adveavements coulkd lead io & gew peamralrn ol cancroe it b
sirnoper. more durable and sirss e as well amamier,

Oine ool (e pinaibilitics of seneemaiensds wilh concree o the developmest of seimos hn
pct s parl of sy subsrnly, thereby providmg fesdbeck abest mipmal wreass and early
wpemilags il poscatsel peublems Wi coRhele slPeciiies.

Fovemgni mpoeer use 3 wide mangy of cemeyi:beed and concreie matermah for the
CoSEITHOLE o SErtenan e of fad pEvemenl

Moo hoagd eobancement of concreie produsie vwessld meoan pack sronper and dursbis
podd e hishwey sarfocs and polestially beiter demving condilem due b pedued need
o maipisnancy: =nd mod blockng

Briumen-hoed producs represem ansiey magor swand @f maerisl weed inomad and
highway pa The posiiy nasmy ol bodane gaphak

{a muxiure of mrgrepaies and a biumes Bndert ogers e dosr (or significant

i pea e iEe i B Saiciul geifismsce baial of ansoiohnkigy.



Poterviad areas of mprovement mcorporaie mechancal peribrmorce. durabadity. rellemyvny
snd skl nesisisiicos, bolor hadeg, Tmilo cermy. ded Sesiciaoce.

Appleatons of Tisnmm Ode nanopanicles o ond surfaces promise 0 oreste o new
senerstion of somarkable prefociive coatings Bar coscsole b saphal il

The Tetimzum Chode coatinpr caprore and break dowm eazaaic and inarganic asr polbsesniz by a
photo emalytic procem. The resull b eavircamennlly friendly sl surfnces with s
lenig-prem mrassEmaE §



The fall poiente] of CNT » sy sl be realissd befoore crystallographsc, st walling, and
aibser lands of defecis have heen resnived

CNT palyiss cosspeniiios soedn bo penyule o M pracicel] spplicslion oo ihe shon- e
espevially o oemend and concnete ieinfacing Fbers.

Hirerever, adlme Manofilea 1o conceele eyuires tie use of special sonic cergy 1o bieak
wp the nmmodsbe bundles and achieve even dusmdbuion of the anediber m the max

The ssvigis of e applicetion ddpendi en lispooviap e sypilicsis of Bhas with e
ENRETEey ML

Avivlley piaciliol spjibceses of sesiibe lbes is 6 b o of glas el
Hamafibers comld mbsinstially merease the sreags of plase withous oompanesg the
Eansimissivity of glass pancls.

The pendacton of lenper UNT ropses poudd pemerally open the dooe Sor vanious. wirs; sral
spplicsisens such a3 vopensioa cable, boap-span sirwmres, i pre-and-pos- Eislmed
cancrots ayuigme m woll spacy Enmes amgd irusaes




Flgine » Dhaen i ol o L ing single-wall T { Webhe1)




TR MASEFTL IS 8T e

= UNT s wie mensscsle oylisdss of cobos ond come o sEpleol-svaliiple- wall
mirscinres, They are aloo refemed v av Sweckyiubed” s endoevnd wih supenor sirriaml
peslmisanc dus makes diem dlic mos perlect fepresssinims of Beneiochiolosy wils also
unlimiml applicabscs m malenals, elecommucs, chemicel proceming. sergy manapemeang

* Tl carbos-carbon bemd (n e UNT esuli = suporsr siweagdh and cplimum perfoomase
up o iher Ehworgiscal brpaking bomi. The Vosng emoluhm of dassciy of UNT s axcaed
1hat of smucium! sieel By several dies






CARBON MANUTURE

- T i

= H L i hiEn =i I = | 1 me i A by B
1 1 i 1ol | estatl i

= bk h el pETiNES
Hizl v ndiicrivil
¥




= CARBON ¥NANOFIBRES

= Farymas o by mremobalered missle
o dsmienle e e bodce provadling
TN SR s e are

= Are defined ax [bres with dinmeses liss
Ui | Oiisi

AFPLIC A THI%NS-

= Zkin cleanzing

*  alin ther gy

= ulan Bmliag

= Filerstion mediz
#  liguiid Blization

= gan filimdeon



WHY ARE NANOMATERIALS IMPORTANT?

Have comed a bmph inierest morecenl vears by vinse of ibeir umasal mechanioal. electricsl.
wpkical aid imagtetic pooparise

Mahosigiciial coisiici se  of  peiibcoler  sikensl | Bedaiee.  hey B0 moe

dwetilel @ ML BTSS0S & EU_Q-MULILEU.‘I S i o ebevbed
tenkpeiatire us ceinparcd be ile onsrse prufscd ooramics

Pelynicr based conspusifes with a high contend of isvrgamic partichs kadiag o o high
wdueleriree rensiant are mivredmg materials for phofonse band gup sirociere,
Sanestrnciured metnl ouide them fms are recenving a prowinge sttentions for ike
realicatizh ol pas swenory with cnbied seusblivity and selectivits.



The ase of mansmateriabs in consirmetion ndusiey is resirlcted due 1o
follnwing reasens;

The lack of kmowtedpeconcermngibe suimhie nabsEscnal o corsimecnom
say their Behaneon

The lack of specific slasdards for destpe ped gacswison of the consruction slemeats unng
RN cElald

The reduced offer ol nEogroducts:

The lock of detsilod mformation regandisng the nasoproduots conbenl.
Hizh costs.

Thoe unknowns of healtk raks assocised with nosomaterials



NANOMATERIALS POR BUILIMNG CONSTRUCTION @

»  Napolwchandegy @n geomiy peodsci wrih ey msgue charsciaridses Bal can impenyy ey cierm
LB L, sk etk

o ighster amd stresges siructural ceispisites,

= lew nisbnlesnnee coating.

s lierlter conrcndi#ioes niaforial,

= lewr ihei il iFadisbcd Fale ol Hic fclafthinl s lasiilitsii

= lberldeid ] ab oam wl s abmosbiors amd bebier Fofloctivity of glhisa .

i Becsuse éic sia ol the paricle oo cniscal fcis, e ssicial popeiies significant diflis @ be
narsacale (rom that @ Esrper waks

®  Phywsicsl phepsnena bepm e weor differently below the boundary pigr gpravity beommes
umimsportand chectroststic Feroes amd yaantum (QLTE S boffeots start te prevail

& A ke amiie Bise, (e proportion ef siems ea the s croasey ickative to these lsedde
cresfing sncolled “nuno-efiect™. All these maro-propemies sonmlly affect the marenals behanaor 2
mscrs-icele and, o is post, dhe powel ol osolechniology B enplasiesd il de Semssils oe
mroper manpsaied al the sanesmle, B macm. peperies are ®fecied and sw maieale aesd
procenss daa be develipal

P N ol e engedinnl baderndlorisls Witk podciisl dse |8 ObisEGSlon ddory afe discesesd hoie.



NANOTECHNAMGIES FOR CONCRETE @

Canerete m & macra.meterisl sreaply minsnced by it passpreperiies. The sddifion
of ame-sllica (S} e dvinckl biosd materdals can conind the degradation «f ik
calemnpe wlicatehydrate reaction cumeed by calcimmn leaghing in water, blacking weter
pen eir miben aid leading do s peosescis b durabdloy

Thee additian of sl sweusts § %5 of carbon nanobobes cun @mpreve e mwechanical
preperiies of mestwy @mplas of potlmd cerwnl and waler

Thodured =l walled mamojubes show the best improvwmenis bolth m mprssnee
sirergith ol Mesnml srcn pih comparad 1 e referece samples.

Addniva of nmoscele melensh De comenl could impeove s pafemmance. Lse of
neanRk] coukl npniicantly movese e cnmpeesave for conceele. sonlaming large
vidume Oy s, an enily age ond mgrove pare slee doieibaion by flling e poses bawoen
lmge My ueh e comwni particlys s neaom e

Ty dEwpemsioaddinry of amarpheos neseailicss wed in mproe wprvgsian reastenee e
Sell-companting coacreis

I bsms abso Been sopenied fhat sddng swall s of carbormasorsbe | 170 by weizhi could
incroasg bhoth compremivy @nd MNexeral shength



NANOTECHNOLOGIES FOR STEEL ¢

®  Seecl o g mdfer constrecion msborial

=[x properies, such as wtresgrth, corroaies sesitance, end weld shilsiy, sre very impori pnd
Fest thie deizn i comsty uclioln

= i m poesibly i develop sew, low cerbop, igh perfermance weel (HPS),

# The mew aleel was developed will bighor cervosion-reiilonce snd weld shalits by
imcorporating copper nassparticls from of the wieel praeis boussdarios.

= The sidisn of copper nanspartigle redoce the swfaoe mmevermess of sicel wisch then
limsi 132 numbgr of srme risgrs and hbemee fMmiigue cenckme, beadhing b increased walety,
need for moniterieg acsd more efficeen] materials wse v consrecinn subjected o Caame
(11N T

*  Yanabiom aml motyhdenum mamoparicies improve the delaved fracmre peoblems asscased
with high siengih bolla, rodaiog the effecs e hydrogm nbrslessonl snd impooving
Sl MKTO-KInacire

® The sddilesn of sanojiectclon of msgneamin and calvmin Jeods & an iscrmse = wekl

i prhaniee



MANOTECHNOLOGIES FOR YWiO0T @

& Wonnd o comgpesed ol i labes. i “nasss[bola™

= Ligarcedllngic serfices @ the mannecale conld open new appetoasies for such Senys a8
selfuicsilissngt surfhces, imemal selfeopar, Higlly witer repolhsm cosngs mooiporsting

wilicn amd nbimers nanopartichs prd vdrophohe pebrmare sre preper o by gegd for weed



MANOTECHNOLUNGIES FOR GLASS @

= The use of TitZ nanopanicks o gleses kads o socalled self cleanmg sechnology. Due o
the nmcparbclo phaios mubrtic roactions, B oegesic polleusis, velislo agomc Somijousds
wnd bascierial messbaanes are decnmposnd

& M owecl, TIOZ bhemg hycdiophilic, s airaction e soles Rems deops which then sash o7 dhe
dint panicles decompooed m the previeus process. Fire- prosective plans = shagined uzng
Ferred ailice (SI02) nesogaiticks s & char interlayer sandwicled Between [wo gxis pascls
which me o 3 rigid s epaque fire vhseld whes e heated



NANOTECHNOLOGIES FOR COATINGS AND PATNTINGS:

= Manoizchnology moepplied io paisis moerder i aseare the peaies b wmales jmulnbon
sinoe it & hydeophedic sad pepels water fom e metal pape aml can swo peoiect meal bom
mali waier ainck

= ihers applications refer 1o coatmps thal have selfl healing capabilines throsgh a provess of
“sciimaembly” In sdfilne o e sell-ceoine costing meinnod shove B glosing, the
remarkable properties o Tid)2 nascparncles are put o use 35 § tsalng maieral oa smadwans in
iemita el e el .

= Wil w wsed do ool ghoing becawse of ts sterilzing and amti Sonling propetics.

& The T2 will lwcsh dowin and disnkegiale aiganic dif thimigh posoalid cetalvc sosshion.
Furthermose. ot w hvdrophahe. which sllow the water 80 apread peanly over the weface and
wasly sway it ueyictaly beakdo down

= {her specal ensiings abo hime been deweloped, such as and-fmifin emnal coniral. enspy
saming, gnlb-reflec ik ool




MANODTECHNOLOGIES FOR THERMAL INSUL AT :

L

kil sad nascpusous seirogel molcrsle ae sppeopise fie being coie mussrel of vacnim
msulmon panss bt ihey are sensaive o mosnme.

i a jpoisible ndinody @ was peodiiced an ilen-dhen wall sosilebie kel isw d Bydviplicbic
manpTa s Femn pel Hrchire

Agiother applicition of acogels is silica Basod paud for i shmilstion, whick leads 1o
s pret i iy of saper- mwulatmp nomdeny

Moo o nass- cleondadchanical systems elfor 2e possilility of monibving sl costislliag the
miernal envirnmamaend of bulbdnes and ibix could lesl & enepy saings




NANOTECHNOLAHGIES FOR FIRE PROTECTION ;

L

Five pessiance of seel simcmrs B ollen providad by & comting produced by & spray-on
EpmpRtitings procyms,

Nanccemeni made of nanoseed parncks bas e potcsnal o creie oaph, Surable, hizh
emgHTaRmY CoHIin .

s & slveved by the mixing of carbon nasombes with the cemsnimus maverial o b
Glre cosmponics thal cam inbeisl i of e outilending perogeibos ol ke paiolidicn

Ths 5 ahieved by the moang of carbon menoubes (ONT s withi the cemennmes maeral o
fubricsie [ componsio that con isheeis some of de leagt prop of the kb
snch a sirengnb.

Polyprupylens fibies arc sl comiderad o o taibod of icrcamg fiee ionalasoe aad ghis s o
cheaper opoon ikas comeniional meeaaon




NANOMATERIAL SYNTHESIS AND PROCESSING-

= Manomasenials deal with very fine srocisres. This sadeed allows 1o duink of boom up oor
il o dovni spproschor

= Baivem-llp appoack - Materle and devices are builk fom seleoular slom which
amiembl themmelven chemically by privciple of salocules recognition

= Tep-lvwn appreach - Naso-obecis are consmted e larper ennties wuhout aiema
Ll pomdred Eg - Sal Ll sesbod




Tap down Appranch

*  For ssnomosenals epnthesis. ball mullse s used Macsoorysinlline sinkors & bieden
um b TEE TR TYAL '.I. Ma 4Tus

Erareodm mp Appreach

L i i build frem o msetisl, Toe campls ssscenblisg  issieriale
Irnmascan e soekes

* The conssomly lscd methoad mclhide sol-gel biypdsoibamual, plnsicnl asad clsmnel viges
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FUTURE CHALLENGE :

While nanstechasbepy bainl cumsirectas prodocs provele momy odvaalages lo (e desien

and ponaruction pres v, the peoducne of teee peoduces, hosgver, egare o bi el smerpy

Al e naso-tshes masi case o e prodlen 0 onesinechon wotlion. I olber words, i
= my | ehallengpe v 1he cometructon indusizy m well

Susamebiliy and smvimomenial Erwes csused by prowise cconomic developaen has

Funed infpasre stmewigle ped worldwidye aliembng.

Rimce the cosstuction mdeswy s heavaly imvelved i the soomomic developmem and

coiieTiey proal ammin of reapurees aod emgngy, i ispec) an eavimanmesd @ oogsifeaat
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DISADVANTAGE :

o Las of pobs (i mansfaciunng, farmaing., €c).

= Curhin Nanotibes vouhl ciuse infaction of hungs.

¢ Tt hes very high matial imvestment costs olang wath high manufocturisg cmts.
= Atomic weapans cogld ke more pocesahle and destructive
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I.'What 15 a nano — Particle ' Mefine & Maro — Particle?



3 What ix a nane — Particle T Define a Nano — Parmicle?






MANOMATERIALS IN
MEDICENE:
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UNIT ¥

Types of molerols ond ik conslifulion. monufochering ond consiuchon fechnabagy
requiremant for ID printed bulldings siructure ond Exirotemresiiol printed skechees.
Tenilbe falic struchwe by digihal prinfing. Tramsucent fabic. thin-film photovolhaics,
texion foil. PYC (poly vimyl chlonde) coated polyester cloth and FIFE (paly fetra flua

ethiene) (feflon) coated gloss clafh.







INTRODUCTION:

= A fensdo structure B o consfuclon of elements caeryling only tension.
= The temn tersile shousd not be confused [discrdered) with fensegrity
L gLy )
s  Tenle shuctures ame fhe most common type of thin shel sirueciunes.
= TEMEILE STRUCTRES brng style. curvature, ronslucency, and clear large
spans: o buliding scales.




= Tensle siructures hove long been used intents, where tha guy ropas
and tent pokes provide pre-tension 1o the fakec and allow it o
wilftand koods

= The concept was mostered by German archliect ond englneer FREI
oMo, whese first vie of the ldea was In the construction of the WEST
GERMAN PAVILIOMN ATEXFOD &7 In Monireal.

= Since the 19605 tenslle shuctres have been promoted by deslgners
and englneers




FLTES T ] Neealy MEbike s
Cooled amHics

Cables



Two man types of molernials used are;

MEMBRAME MATERIALS L, TEMSILE FABRIC

CABLES

COMPRESSHON MEMBERS

The maolerdals vsed are consianfly belng developed, o5 sustainability anc
pefamance Decome more and maore imponant

MEMBRANE
MATERIALS
i TEMSILE
FABRIC

CARNAL

TEMSILE FABRTL COMPRESSTON MEMBER:!




The blofoglcal based woven coffon and canvas , which we vie fo create the

first fabric shruchures have been reploced by some of the masl lechnlcal
ruan made fabrics, te achieve permanent and lasfing fabrle archifecfure,

hoderm Soahed fobdcs hove smilor ossinels properties, with some
significont perfomance advantoges, such as increased sirength, cleoning,
prnt abdlty, soior shoding, oooustic charoctesisiics

They also resist fhe absompBon of moisture, rewling in much langer lile
ERans

In Ereral we uie W Qenanc hypes of Coated labdcy

STRUCTURAL COATED FABRICS

MESH FAERICS




STRUCTURAL COATED PABRICS

coated sinectunal fabeic corsists of o
woven base cloth sioblized{become
slable) and prolecled by d coallng on
both sldes.

e pome clofn Consists of wam
frrecds rumning the length of the o
and weft threads running ocross the

1k

il
The woven bose clofh ghves the
ciructunc strenath winiie the coating
aives weather prooling. colour and
ather technlcal gualltles.

P [ il il
oA oy -
e e Ll
R L

R
2 g il
i e




MESH FABRIC 5:

» A mash fabric iz a coated cloth with spacing betwoen tho thread endios

= With some meashes for interiors usa the threads are coaled balore weaving.

*  Due to opennoss factor of the mesh they are pimarily used as shading
and lght diffusing dewice
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CABLES -

Cables can be of mild steal
hiigh strengih stest (drown
carbon steed|, scnless sheel
oty T af Bamibod.,
Stuchural cables ore made of
a senies of smol strands
twisted o bound together o
tarm a much ioeger coble
Shesd cobsss ane Sither spiral
sirand, where circular rods are
twited togather ond “glusd
using a polymer, or kocked
ol smand, whers individua
Inferlocking sles shrands form
thiz cable [offen with o spirc
srond cora

SPIRAL s
STRAND



compression memben ang
simuciural elements thaot ome

plshed together or camy a
lozd, more technicolly they
are subjected only fo

ool compredsive fofeel,

Compression Members




FORMS OF TENSILE
STRUCTURES



FORMS :

dnlle it |5 possible o hove Bot tenslle membiane, the key to strength £ stability
es In the pranciple of doubde curvalure.

= Thera ane in ol beo types of double cureotures

s ARICLASTIC CUREVE

s SIMCLASTIC CURVE

RO OO ASTIC EYHCLASTIC ANTICLASTIC




THE BASIC FORMS OF TEMSILE
ARCHITECTURE HYPAR

«  Tradiflenal soll ke fam
v Theory of hypar often -:.‘JFFIIE'EI fo ather poly gonal ﬂ'-ﬂ pes

s Compéen undiudaling | s can be obhained with multiole high and o
-annechon ooints
»  Loods amne spread hofzontally oround the full fobric form & verficolly from

I =yt s

HYFAR

COMEC




BARREL SHAPPED VAULT ;

= Alfhough featuring deuble cuvrvature i con only be crected with a stee
alurminiuemn or fimber struciure tensioning the membrone ploced fo create

. .
M CUPAE,

INFLATABLE |

Adopt gnclasiic curve to creale dimensionaly stable shape .
v Infiotoble cushions cre crecfed where consiant aF pressure fomn the folotic

nin o 4hane

= Commonly wied with a chear foll maleriol called ETFE foil . PVYC can also be

i)

i
use 0.




TEMPORARY IMSTALL ATIONS :

»  Fabec pones are smabker to reduce siorage & ofien the way we work
with the loods has te be changed.
= Tensle sructunes are porticulary sitvated for commercial schemes

where projects serves Me of 20 to 30 yeors before it becomes

suldaled and reguires regeveiopment

ACOUSTIC ME

KITES ROOFS

WALLS &
CEILIMNG
LINIMNGS

TENSION
SCREENS



SOLAR CONTROL:

«  Tradilonaly curfaire & blirects  are wed bo conbnol lighl.

+ Wi book for ways in which the Eght tfrorsmission con be controlled
diffused & reflected,

- Lominng prochcol ApoEcoton & pesthefc
elamant & the key banefit,




INSULATICOMN

THERMAL MULTI-FOIL MEMBRAMNE

TEMSILE MEMBRAMNE



PRINTIMG :

«  PRINTING CONSDERATIONS

« colorand sze of the imooe

« lighting of the simactune
Intemal or extemal yse
print fakbric opacity

«  reguieed remount-ablihy
. fire rating

ENVIRONMENTAL

Aj most of the materlals can recycled of reuied, the envionmental Impact of
TENSILE STRUCTURE s for less.

PROCESS

« Defigning o TENSILE STRUCTURE 15 as much an ART, asif B a SCIENCE
« Throughout the designing process decisions ore mode on how fhe conopy wil

e constrected to mesat the sesthabic, functional & enginesning reguiremsanis
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EMGIMEERING

* Environmental loods ke wind loads, suctions, predsure, snow loads,
srmaw drifiz, they atfock the fabric & the fabrle withstands i

MANUFACTURE ;
» [f con be entirely mamdfactured off slie.

» Lorge clear span spaces are required for the fabricotion of fenshe
shuciures as the surfoce area of plece can reach hundred's of squars
mefres.

s T processes are irvolved in customisng o whioke piece of fabsde vz,
CUTTING & JOIMING.



CUTTING - The karge piece of fabric is fisst cut cccording fo the reguirermeant
g moaching

JOIHING :

- WELDING

- Twao pleces of fabric are maostly joined by
WELDEMG them fogether

« some fobric ore joined wsing RADSD

« FREQUENCY WEDING .

« Hat gl lgbncs Con be welded ey, and EAGTA l:HET' Y WELDING
some requine a bonding fope to ensure fhal e ;
they are welded propery

« Shiching is done for small seale projects an
for reinforcemeant in som pofches of larger
PrEmaFane

THREEAD

- UV shabkde threod o join the mabedal SEWTHG MACHTM

GLUEING ;

« Forsome maotenok ke slicone coated giass clofh, welding or sewing is nof
ensugh,

« A high bondoge glue |5 uted for [alning in ihess cosss,






TENSILE STRUCTURE MATERIALS ;
Etructunal fobric is the rmoterial thot defines Bghtwelght tersile structuees,

Requirements

» A o primory structena! slement, | mwest hove the sirength to span between
suppaorting elemenks, comy snow and wind leads, ond be sofe fo walk on,
As enclosure element, it needs lo be alfight, waterprool, fire resistant and
durable.

« As dally vse element, It requikes fo trammilt daylight, reflect heat, confral
sound. ond be easy fo keep clean.

»  Somple Materlals

+ Flbergloss, Poblyester Clokh, PYC, Teflon.

Polyester Tensie Roaf Teflon-coated Fibergioss Fabric



RIGID STRUCTURAL ELEMENTS

Rigid structural elements, such oz Masts, Shivl and Arches, ore fo support the
flexible fobic and cable membrane. generate (s peaks. form B edges, and
credle the anchars that hold I down

Reguiiements

The rigld elemants In lenslle shuctures must e swong. Bghl, rellable, reodily
avallable, eary to fabrcate. ransport and erect.

sample Materals

treel, Reinforced Concrete, Pre-stress Concrete, Laminofed Wood, Aluminum
Composlie Syninetic Materals

ifaal A-Frames Concrele Fiers



What Is an 571 File?

The 3TL fNie foimal ot bocome the Rapid Prolotyping indusiny's cefocio
stondard dofa tronsmission format, and is the format reguired to interoct
with Quickports,

This format approximates the suroces of o 1olid modal with inanagles. For a
simpde mode! such as the bos shown in figire 4 [a). its surfaces can be
opproximoted with twelve friongies, os shown in figure 4 ). The more
complex the wrace, the mofe nanghed produced, at o in fgure 4 (c].
Figure 4: (o) (o) {c] The fhan ion [or poly count} of o surfoce wil couse
faceting of the 3D model. The poramelens wied for outpuiting a 3L wil
affect how much foceling occurs [Fgures 4 o] and FRgure 4 (b)) ). You
connot buld the model smeother than the 5TL flie, If the 5L k coose ond
faceted the phytical 30 printed model will be coane and facehed a2 wel,
Howewer, fhe smoother less foceted your surfoce is. [fhe higher the poly
count or iManguiation] the larger your fie. 3D priniing con only accept
certain fle size; therefors, it B important o fnd o balance bebseen your
ke, s desiied surfoce, and the 3D prinfing process of your cholce, 5TL
meant dterso Lihography and con De exporiad info maost CAD oftwors
suites, ke Autodesk Fusion 360, For this reason, i hos bacoms the ocronym™
Stondard Tessellation Longuage" .



The STL fomai ondy ufilizes the three.dimensional descripfion of the surioce
geameairy without generaling non-relevant nlamation lar pinting ke
tehare or color, leading to fhe populonty within the comemunity . Eoch
friargie, which represents the surhoce, k choroctedzed by three vertices
and the related unil nosmal .

Simce o prototypical 30 model is closed, alsc coled walepeoofed, each
vertes IS part of thres of Sven mone Mangies, These redundant verfices g
miemony expansive even when fthey are slored in ASCIH represeniafion. Most
30 prinfabble modek you con find on the Intemet ore in the STL file format.
The existence of this ecodyslem. combined with STL-bosed software
imvestments mode by 30 printer monufociures, has given hse fo o longe
warbaie that’s heovily invesied n 1he formot



Cables serve o number of funchlion: i tensie siruchore oppications:
reinforcement of fhe fabnic where the spons ond streses get foo large;

neor tenson sSupport elements along rdges, valleys and ecges he-Dacks
aned sbays fo stabilize figid swppordt sement,

Eeguirements

The cobdas noed to be Fght, high-sirength ond fledible to some exlent.

High Strengtn Bridge Strond, Steel, Eoviar Aber. Glass Rioer




WHAT IS A TENSILE FAERIC STRUCTURE?

Tenslle fobric struchures ore charoctersed by the tensloning of a
membrane syctem, typleally with wire ar cable. Using tenslan thraughout
shruciure provides the membrane with crifical siructural suppodt

Terdile architeciure i the most common form of fin-shell shuctures.
Tensle siructuras |ofherwise krown as tension strectures] can hold many
forms olthouwgh [t s generaly bosed on fwo basic bullding desdgns: the
soddie gngd fhe Cone,

This croates dromatic struchaal architecture ond offers a voriety of frea
form designs. The fensicning of the fobrc elimingies and crecses in fhe
meEmorane and 5 sirong enough 1o winstond any severe weokher and
potenficl damage.




WHEN TC USE A TENSILE FABRIC 7
Tensle membranas con be used in o vaehy of situofions. They use
less maotenal than froditional siroctures ond o8 o result, weigh less

ol Ore aosier 10 rgnsnon

They are Bexible, robust and can be fofored to your exoct
requiremeants, As well os being practical, fenslle fobric siruchures ore
g ihowplece fegiure that c "’E L an mpressive iocal local podnt

'I!.H

j'“q- RS T 5




WHERE TO USE A TENSILE FABRIC STRUCTURE?

e Tersion struchees con be wsed as o showpieca element thot stonds ot
ogainst both roditional and modem buldings, urbon focal point and
local icons.

= Membrone conoples ore ideal for wide cowmnfres oregs. The
structures con spon unsupporied lengths of up fo 150 feet and wp to

hwice thot amount with steel colble nets, and ofF stuchures con span
thausands: of fesd withoutcolurmnal

o Owr ferdde structures are gredl tof lemgorary Dudings. from schooks
and education conbras af fravelling  oxhibs.

= Mead o prefob modulE buliding® Ow metal-romed lendoned
structures are the most costeffective modulor frome  bulidings
avokable,

= Tensile sfrociures are briliont, kghtweight oddifions to existing buibdings
and can act as canoplies, skybghts, shetered waolkvw oy, shaded areas
ar afrium roofing.



Tensie labde shuchre: are all prefobdcaled 1o engineersd dfawings
and coiculotions, ond opplicafions include:

= Enfrances

e Walktwoys

= Sporis Stodivms
= Rotail

= Exhibftions

=  Londmoarks



AN ANY SHAPE BE CREATED?

Ai previously menticnsd, lersile labhc stuctures are boied on b
basic bwilding blocks of femsde sfruchres. Howeweor, thic is ot fo say
that they are not versatilie. The beguty of o tensile fabric structure s the
ability to design dnd create them areund yvour specific requirements.
Every conopy wses the curves and principles of eithar the Soddie or the
Cors, of combiner slements of bath. The Saddis @ o woerbobs
pamsboloid which means that it & a surfoce mode by two hegh poinds
and two low points, The geomeiry of the surfoce & orfhocgonal or mode
by the warping of a rechanguior grid.

Tha Cone i like a valcono shops using o rodicl geometny created by
rodians ond hoops fo creote surioces. These two forme con be
combined to creabe an infinite number of permutotions much like the
cicle and the square with clasicod architeciune,



WHAT FABRICS ARE USEDT

Al folbncs will arelch when pulled In opposite drechions 10 creale tenslon
however, some fabdics exhibit ditferent charoctensfics. There ore cumenily
four types of fobrics that are used foday for fensile fabric structures:

BEYC Coated Polyester Fabrlc

= This is a cost-affective fabric having o 10 to Heyear lifespan. [t hos been
used In numerows opplications wordwide far over 40 yeors and i s easy
o mowe for femporary building applications. PVC meels BS 7R3V for Fire
Code,

ETFE Coaled Glass Fabrc (peimanent shiuciures enly)
= This hos o 30-yoor Fespan and is completely inerl. It does not degrade
under uEronviodet roys ond B considered non-combustibie by most

I::uildi[ﬁ COO8E. F;['FE meais B3 474 Choss O for Fire Code.

« This & used In Inflated plllow shucheres where therma properties ore
impeortant. The foll con be fransporent or fitted muech e laminated

gioss products fo olow any level of ronslucency,

» This material iz wsed for interndad fensile sails, such oi features in abiums,
glore control systerns, with a minimal need for mainfenance. PYVC gloss
tabrcs meal B.S5 476 Class O for Fre Code.



ARE TENSILE STRUCTURES ENVIRONMENTALLY SUSTAINABLE?

Tenslie stuciures generally vse light coloured roofs to reduce the heat thai
Is ofracted. They we very small omounts of matena for longe spond; they
allow  for nofeeal veonfilofion  wsing the  YVenhal effect  (Wenturi
Effect The Wenturi Effect is utiliged m buildings for nanwal vantilation The
purposeful creaton of positive and mnegalive alf plessuae rones can cieate an
mcreased eir fow through & babding or acroms a swface orcabng &
cooling effect) ond they provide fransiucency for nofural daylighfing. FVC
potyaster, expanded PTFE, polyolefin fabrics and ETFE foé: con ba recyched
by the supplier for lower grode opplcations,




v Socdle noof

= Maost supporied
= Anch suppored
v Combénafions

sdddie ool |
» Four or more paoint system winen the tabric is

« sreiched behween o set of olfernaling high
and kow points




Mast supporied :

« Teniike in oppearance, most supporied structures fypicoly hove one or
somelimes sevesal peoks that ore ppored By either inlesdor of
perimeter maosts.

« The fobric is ofioched fo the intercs most &y ypecial connections, usually
a b ring o Cobée l0op

» Most-supported siruciures can also be wpported by adjocent bulldings.
The peaks of o mast supported siructwre are determined by the design
and haw the fabric |5 afached,

» Dpenings are typicaly ovoid or elipfical. The fobrc that extends from
the top of e opening s seomed ond con necesifole pofferning

= WO SUDROoneq fystemt e suntoble for kng Span roofs




Arch supporied

= Curved compression members ore used o5 the moin supporfing
slemants and oo arches are wied for lateral stabilty.

= In a plane arch, korge differences betweon the thoust lines and the
main geomeiry will produce lorge bending moments thot in furn
preduce ionge changes in thope and high dresses in 2 arch chord
secion.

= One method fo sgnificonily reduce these effects & o fie or restrain
points giong the arch chord to reduce the inifial iange geformations of
the choid

= The buclking length of the onch chord con obo be mduced by
discretely or confinuously supparfing fhe chord with fersion elements
of ystems comprized of cables or memisronss,
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ADVANTAGE :
Longer life cycles of moleriots.
Mtaterick can be rewwsad in fom.
Most matenok are completely recycioble,
Las impoct on she.
Loss consiruction debds after demoifion.
Uricuee desins
Lightweight cnd fexdbls
Envircrmerdally sersitive
High sirengih welght ratio

DISADVAMNTAGE
Lithe o no foidity
Loss of tension i dangencus boe siability
Tresmcl worles Bl use



(34514 W TEWTILE MEMBRANE TTRUCTURES
& Dasign: and bulds grandstond structures for a vonaly of sporting ond event

fociites to provide shade or shetter from weather condifions such as sun, hail,
ShCed, CEncE raim,

= Fobiilec has Dot grandstamsd:s for many sporling events uses inciugng
basebaol, foofoall, soccer, swimming, and fenmis. Fobrilec fensie shuctures
ore in e by collegicte, professonol, and Oivmpic level venues arcund the
Wi,

& Built in haf the fime and at around haf the cost of o conventional bulding,
preciEon-crofted tenske mambrane stuctures give archifects. enginesars, and
developers a greof offermnative to convenBional construction. There are
shapes, forms. and surlaces thal con Be Creafed wilh a lighhweight fabnc
architecture thot connot be meplicated with any other method of
constniction,

o Terids grancistands ore low mainfenances, previde abundan! noluec Bant,
and are sustginabde.

S L WSS CEEL TGS
Cpil-ieme 0 camon Tl




3D PRINTING
TECHNOLOGY




INTRODUCTION

. Printing with a three-dimenfional
[3D) prinfer o the process of
canverfing object: modeled In
the computerdied environment
Inte real ebjects In layers using
’rﬂe reguired raw matedals. The

ool | PV £ " it

ond  cxpensive  technology i

the yeors it was inveniac

Howevial as been one of thae
most imporfant facts of fhe
ndusiry over the yegs. Hnce
1983, I?hl: date Charles W
Invenied 30 printer, the new
technology shows rapld
development and entered Into
every Aeld of varlous Indushy
such o5 gufomofive, oerospoace

A wnnce fechnnlon -




- Tiszue englnesrng and
regenenatlve
development have made
it possible to print such
organs of fissues with the
help of blo-priniers
produced by 30 printing
lechnology.

« Thoesa achievemenis
attroct fhe offenfion of
alfftenern ndwsmes  and
wence flelds oboul 3D
prinfing technology. The
3D printing version of the
concrefe is curmenty being
studied in the consirecion
industry oppicoticns and
ACaderan




What is 3D Printing?

= 3D printing or addithve manufachaing ks a precess of making thres
dimenslonal solld objects from a digial file.

= The creation of @ 30 prdnled abject s ochleved vilng addiflve processes. In
on addifive process an obsect B cregted By loving down succetsive iavars
of material undil the object is created. Eoch of he=e lovers con be soen as
a thindy sliced cros-section of fhe objeck

= A0 panting is fhe cppaosife of subfrocive manufocfuing which is cutting owt
[ howaowing out a plece of melal or plashic with for insfance a miling
maching.

= 3D peinting enables you lo produce complex shapes wing (255 matenlal
than fradiional mamfacturing mefhods.







- Today, with advances in bechnology, it is possibie to pint engineenng struchunss
with @ 30 printer

. 3D printing ha: become an innovafive and pramidng methoad, with an Rereme
In e Iod cemeniious material.

« Thio vso of this printing fechnigue in waste maledols ond recyclabde molenss &
under imvesfigotion |




Hasa reveals that —we will nol be able to gel everything we need from o
world for the habitats thal will be created on the surface of the mars and
meoon, and even beyond, and the explorers who will go fhere. -

Because it B mpodsbis to take all thewe comventional iesourcsd o our
world, we are competing for fechnological ideas and inmovative
irventions o create stuchumes that wil enoble the esfoblishment of
mabltalb that con be ived with 30 printers in ploces where we ore going

Nosa also has Intensive ocllviies In 3D concrete prinfing works .

in giotal and reglonal terms ol couniries and research groups thot one
effective in constrocion indusiry showd change their focus on
revolutionary innovafions ond lechnological developments for
determingtion and management of medels and methods to reeastigote
and addifiona shudies an 30 prnding.
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Winsun: 3D Printed House (2013) - 30 Printed Offfce (2015)

In 2012 a Shanghol based company caled Winsen produced 10
small full- size prefobricated homes n just one day,

The moterial that 5 extuded from the printer's nozle & o
frademarkad mixiure condisling of concrete, cement. glass fiber
rminforced  gypsum,. and  fiber reinforced  plostics  bonded
together with o propeetary additive thot enables the concrete
fo fully cure within a coupde of doys [depending on compressive
strength). 508 of this malensl B sowced fom recycled
consuction waste.

The key fo this mibture i inding o balonce betwean fiow-akbility
and buld- obility 50 that the concrefe can swpport tselt without
the need for formwork, while oo manioining o sufficient
compressive shrengih. Although Winsen does Rt relede their

spacific design.



it must be noted thot these homes are not entirely printed on site. but
nather prefabricaled in a faciony and shipped on sife whete the wals ane
ploced onto pre powed slak foumdations and reinforced with trodifional
stesd reinforcament,

Addiflonally. the roof, doors, and windows are nol prinfed weng 30F
technology. Bach wal B pinted in o hodow fashion with an intemal
diagond zhg-zogging reinforcement syshem .

This aliows for the architects fo implement calculated paths tor insulation,
plumbing, and sleciical within ther compuler alded designs .

Threa years laler, Winsun wsed the same prinber ond matesial to produce
the worlds” first 30DF office building for fhe United Arab Emingtes Mofionol
Committee as their readquarters for the Dubal Futune Foundation [DFF.
This 2,700 squore foot bulding was abo printed offsife in a foctory, cut in
holt for shipping purposes, and ossembled onsite. The enfre crew
consisied of 18 lgbovers, Including one printer operator, seven laborers
for auembly, and en kbossrs for mechanlcal ond aleciical .

The fotal project durolicn from beginning of printing to finshed amembly
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ADVANTAGES OF 3DP

ADP technology offers many advaniages bo the corstruchon industry. The
far main oreas whare 3DP con hove the most dgnificant affects are in
lotor efficlerncy. time and cost savings. environmeantalfeconamic Impocts,
and deslgn compiexdhy,
LIMITATIONS OF 3DP
Alihough the potentiol odvontoges of 3DP seem promising, the essfing
skale of the technology possesses many limifing factors fhat impalr (B
iri fhr construction indusiny.
first cond mMuad! abnvious limifation § e sheer siie of e prinfers.
Material is next langest Bmiting focior. As it edsts today, construction grode
3DP technology B only compafible with various concrete misfures. ond
phashics. Such concrele mixiures range fom lighbseight ar-entrainasd
concrefe. to eco-friendly concrete midures #hat ufilize construction waske,
to struciunal concrate.
There & also nigh refuciance from general conifrocting componies fo
irvel i 3DP dechnology.
Building codes and reguiafions oo pose as a lorge bamier for 30 panfing
In construcion. Most bulding codes ond procuremeant standards make no
mention of 3DF fechnology thersfore moking It difficull to legally
impdernent 3DP componants onto large scale projects,



How 3D Prinling Has Transtormed the Constuction Industry ©
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« BIM [Bullding Infermafion Meodeling) BIM i o digital representafion of
physical ond funclional choracterstics of o focliy cregiing o shored

knowledge esouwce for informalion about it forming d resable bos fof

dacisions during its ife cycle, from eariest conceplion fo demalifion.

[RIEA and CPC) "o coordinoled :et of proceses suppofed by
technology thot odds value through creafing, monoging and sharing
e properiies of an aiset throughout its ecycle,

AR Innovaive ond collobonative way of working hat 5 undem-inrad by
digital technoloegies which support more efficient methods of designing,
creating and mantaining the bullt environment

The comstruction industry has been focing o paradigm shift to (i)
Increcse: produciivity, efficiency, nostuchure valve, qualty and
sistainabilty. (i) reduce: Hecyde cok, lead §mes and dupicalions. via
effective colloborofion and communicafon of stokeholders in
consinacion projects .

Buicing Informafion Modelng |BEM) seeks fo mfegrote processes
frroughoul the anfire Hecycls .



« |f used appropriotely, BiM con foclifote o mone infegrofed design ord
construchion process and generate substonlial benefils. For instance,
fower design coordinafion emars, more enargy efficient desion solutions,
foster cost estimation, reduced production cycle fimes and lower.

= Bl Imtroduces g new work poradigm offering powerhd perspeciives for
e integration ond coasrdinatian of ditfersn! damaing and e procsaey
irvolved in the design, construction and operafion of buldings. The bosa
schema for the BV data B incusty Foundation Classes, an intermaticnal
standard for the exchange of BiM dala, which provides a genenc data
schema covering omong oihers orchfeciural. bulding sendce and
shruc funod elemenis.



= Buliding Infarmation Modeing is an infegroled process designed fo
generate and manege building data from design frcugh consfuction. This
process can also be wed in building Be cycls. mainfenance, operofions
and cost analyss, The BIM process ulliines 3D software for increased project
cocrdinafion and communication with muliple frodes to provide o botior
end-product tor the user

= It might be templing io write 30 Budding Information Modelng [BIM) off i o
lithe more than 30 animafion, 30D design, or 30 CAD. But unlke some oftwer
modelbosed processes. BivM has the prombsing potential fo guide businesses
by evaluation therough every stap of the censhuction process and ewen after
corstruction is complefe, According fo the US.

= Mational Buiding Infermofion Model Slondard Project Commities, B & o
“digitad representation of physical ond functional charociesstics of o focility.
A BM b o shored knowiledge. resource for information aboul a focity
forming O refiakdés basis for decisons during ils fe-cycle; defined o5 edsting
from eariest concepdion fo demolition,”



704 Mehmet Sokin et ol [ Energy Procedia 134 (2017} 702=7 11 Author nomio
{ Energy Procedsa 00 [2017] 000-000 5 B, meanwhie. is ot the heart of the
30 printed building movermen! providing the ioftwore 10 govern the desgn
and comstrucfion process.

Austian orchltect, Wolf D Prix, 5 plerneerning the use of robots of one of his
iatest projects the Museum of Contemporary Art and Planning EshibiSon
wﬂtﬂﬂﬁn Shenghen, Ching.

Led by a BiM sytlem. rabal will mownd ond asiembie, weld and polish the
typerboic metod plates that make up the museum's megulory curved
stainiesssteed center. Combining robots with the we of 3D-printed buldng
components will make it much easer to credte buildings wifh complex
shopes, Prix said.

It B gueckes oo he points oul. “Narmally 1his part of the bulding woukd 1ake
aight monfhs with 140 workers on fhe ste,” soid Prix. “Mow we neod eight
workers on site, and If fokes 13 weeks." With guicker corstuction, kess labor,
Iwer cosl, o8 well as greater control and customizalion to creatle a leaner,
greaner, smarter bulding it's for fo soy that the invention of 30D prinded
basldngs. as Schmidt suggested, hod made | easy to predsct the future of
consiruction.

Surpetsingly. the construcion industrny hos not changed much in the iost 100
years. There are new things happening in mego-consiruclion projects;
longer skyscropers, lkonger bridges ond other huge siuctures: but motin doy-
fo-ciay comruction; that's pretty much stayed ine same,



= Cither than a few innovafive materiok ond fechnigues. along with a greater
relignce on power took, home building is prethy much the some todoy, os it
wors 100 years ogo. This might ol be chonging soon. 3D prnting, which hos
been the realm of engineedng test lobs, may make a droskic chonge in the
wiys that our building structures ore bult,
In recent veors, 3D pdnfers have moved out of the enginesing kaboratory,
where fhey've been hidden for over 2 yeors, ond are beginning fo be used
for ofher things. Arfists have dscovered this new medium, and yes, It's being
lzoked at for constnection as wel .

« Process of 30 Prnfing of Buddings Construction by BIM in Fgure 3. A model &
prepored ina 3D medeing appication.
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LIMITATIONS OF 30 PRINTING IN CONSTRUCTION

There ane certan problems with curtent 3d printing technociogies which must be sddressed

during and before wide sproad

adapihon of the technalogy.

1} Foundations: Td Printing & ot idea! for in-situ casting of foundations and will reguire
either the gontry system o be disgssemblpd prior o bookiing for the plinth or wilf
reguire bhe foundations bo be conibructed by precest slements of by conventional
technologies.

2} Shear and Seismic Strength: Printed elements have weaker shear strength along the
boundaries between two adizcent layers and elements sach a5 columns become vulnerable
to failure along those axes. The strudiures heve also not been evaluated for their response
to sefzmic loads and methods for including reinforcements are not well explored.

3) Spans: To peint Large spans in-situ printers sither need lemporary siepports of the
elemants need to be printed off site and then mowved into place, This adds a step nto the
process and reguired some additional equipment and manpower. Alternatively, oereed
shapes can bo wsed bo give larger spans and better support systoms;



1} Implications to labowr market: Afer Agricultune, Construction is the industry whick
confribute the mast to e labour market of Indis. Adoption of thiz technology wowid
significantly Impact manpower reguiremen ts, which would lead 1o 3 significant rse in
unemployment among the classes typically inmwobved a3 lsbouress and workers on

site, The icrease in mechanisaton wouald impact the ceerall state of the economy in
ungerediciable ways, espeoally when sean in the context of Increasing mechanisation in other
similar fiekds such as fransportation and manufacturing. Howeeer, it will also lead to skilled,
green and dignified jobs. offering bether work ervirenments,

5} Lack of Standards;: Curnently 30 printing has only limited standardisation worldwide, Whils
the industry i3 5t developing standards for consumer grade plastic printers, several
organisations are developing constriction printers of various scales. Standardization in I and
ASTM codas will becomme very Important within the nest decade.

&6} intellectual Properiy Rights: bany of the technologies baing developed right now are

i rently under patent, with most scheduled 1o expsre arsund 2030, As these technologias
cross over into the public domain, the market shall evohee rapidly to inconpomide these inbo all
kinds of corstruction applications






- Oiherete known an seml - opoque, fhis group of fobece consists of
malerials ihal ore weven in g soiid fodrm -ond matesal wilh on opsn weave
which inchides haoles and patiems

«  Fisnnal foskeon labric. ooe and sven Bessan could be corpiderad sermi
apaqua, umply beacawse them are wome poris you con sea throwgh ond
soes yoid 2oL The group which & mors corsidened Fansucenl condsls
of fobng wilh 0 complate weove thof has sem see through visibility

= Thes fobric renges in fronsiucency, Some you can see slightly Througn when
tha fabriz is flat and soma thow a lof more fmomslecency whan hald v bo
light or over abjecl. The mopes Delow demonsiale s changs
depending on light and where the fobsic & ploced.

= & you can see with the metalic lorne fabic hese, whan lold flat il oppsan
opaque and you can't sea Bwough o the lexd. Yel when e fobric &
rased avan sightly it becomas very obwious the fobeic [ in foct onshecent,
3o even though the fabc it opoque, when fal # cefanly doswn’ | belong
in the opagus calegony.
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Are fabrics woven from confinuows Bloment Qioss varns and coofed with
pofvlehroflvorcethylene [FTFE] 1o give a stiff, fiexible, faidy smookh surfoced
matenial that is chemicolly inert with excellent releose properties

Polytetraflucroeihyens [FTFE] & a fdly Buarinoled polymer which B semi-
crysialing, semi-opaque, and white, it has excepfional chemicaol resistance
bean unafiected by nearty all chermicol ond aio has a very Righ oxygen
index fi.e. is fundamentaly non-flam).

It has 0 very low coeficlent of fchon and is stable in high lemperatures. it
B soft, eosiy deformed, highly suscepdible to creep, and low in strenghh with
poor radiation resisance

It is redaiively expensive and connot be meli-processed (even though
theory It melts of 327 *C. the melt viscosity of normal grodes & virfualy
nfinite| and so is formed by powder sniering metods.



APPLICATIONS:

Indus¥ial appécations of Polyleiralucrosinylens cooted . Qiass Fobac
[FTFE 75 Glgss 28] include release matedol, protectve curbains and
comveyor beits 2g. in fond procesing mochines, seals. high
temperature eleckical insidation, Ouings. bearings, nonshick coafings
and Bncs for vessel elc.

Its rare properties make it valuobde for numerows loboratory appdcotions.
PIFE Adhesive Gloss Cloth (with protect yellow paper] Is well lknown os
4 smacihn surloce, non ek, chemical resitoncs and high Emperature
resishance and insulation prospaitios.

it is wigely used in packoging, heot molding, lominafing, sealng ond
eleciricol indusiies etc,

FTFE adhesive fakxic is enhonced by filbenglass fabric, wwhich impoved
its tersile stremgin, It could be wsed in plostic molding except addtional
appicofions, i 5 ecsy fo insiall . And we con cuf the size according fo
T CUSIMIES PEGUANS Tt

Widfh is 1000 mm and in confinuous length.

Ghoss cloth contibute excedent sirength and dimersional  stabiliy.
exhiit essenticly Iero flosy wnder hedl ond presure and e highly
resistant to cul-throwgh. Alo in fope and boit form,



FROPERTIES:

= Top side provide good chamocheristics of PTFE swch as elechical
charactenstics. heat resisfance. chemical resistonce, low friction
coefliclent ond non-adheshvernes,
Flame retilonce Mode by insuiating makeral.
Can smoothly adhere, wind, band, cnd seol.

EVC

= Pobwiny chicside (FVC) coaled polposter, is the miosl commonly
selected matericl for fensie membrone structures. PYC is chosen for
its excetent strength. water proof properties. fRexdbillty, ronsporency,
and durabilin.

= [t is ihe most cost-effective ond versafile fensile fabic, and meehs a
barge range of colour and appicafion needs, bofh pemonent and
temporary. PYC B reoted o be sfain, fire ond UV reslsiant



e span
= The approsmate desgn Be of PYC coasted polyester fabsic is 15-30

years, depanding on grode of FYC selected, bocaofion, ond exposure
to environmenial polufion, PYC fobric womonfies con ronge
arywhene frem 5 19 15 yeon, depending on the wppies and
applicabon.

= PV fabec roflects aound BPR of sclar energy, alowing 7% vigible
fronsmission throwgh the fobic. Tha rate of trenemission is depeandant
on the colour of fhe fabric, coofings. prinfings ond environment.
Thess coalings can contain ani-fengicides.

= Therofore, the stromger the selff-clooning properfices of the fabhc, the
less light framsmission is interrupded by did adherence ond oging of
the fabrlc,



Appllcations

PYC polyester & used on struciunes oll over the wabd ond in every
efwvircnment. Applcafons incheds: covered walkwayi, car park
siructures, enfronce features. ouidoor classrooms. ploy aregs, sport
court enclosures, ssimming pool enclosures, and event spoces,
PYVC I+ a strong fabvic fhal caon be fodded, moking it ideal for
refroctoble and temporary structures such as fents, warehouses,
remediafion, and mining structunes, which need to be demounied
and stored offen.

With the ability 1o panl of e faleic with sose, PYC 15 offéen used in
projecis where bronding i mporbont.

M con be altered o manipuwiate he sound absonption rate of the
stfruchare. Varows cootings con be appled fo PYC dependent on
the requirements of the struchure.

For extomiple, an indoor aquatic centre will use PYC thot has been
specifically reated to absort as much sound os possibée, whie o
armctl oo o oresd will Benad® om sieang ocoushc eienlion
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Brainstorming Session




1. what 5 0 nano — Parficle % Define o Nano - Parficie§



Z2what s o nono — Particle # Define g Nano - Porticie®






3D PRINTING:



FREI OTTO - GERMAN FAVILLION:



3D PRINTING:



3D PRINTING PROCESS:



