OTALOHEVO 2KUPOOEHA

Ovpavia TolovAov




> KYPOAEMA |

»12XYPO XTH GAIWVH -

I

» AAYNAMO XTON E®PEAKYXMO .

Unnikrishna Pillai, ‘Reinforced Concrete Design’ Third edition



Bars

OITAIZMENO XKYPOAEMA REINFORCEMENT I

>.LvOetOo LAKO

YKYPOAEMA + OITAIXMOZX

/ N

Xounin avtoyn Y{Ynin avroyn
0€ SPEAMLOUO 0€ EPEAULOULO
ENI2XXYXH

MITAPEZ (Kvgiwg XaivBoug — vtayovy spaopoyes we gaBdovg FRP)
INEX

http://en.wikipedia.org/



http://www.mgould.co.uk/reinforced_ concrete_ construction.html

|

M & D foundations

» ]

1ttp: //www.mdmidlands.com/reinforced concrete.html



http://www.mdmidlands.com/reinforced_concrete.html
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Pafdor onhopovSagrada Familia’s oteyr (2009)

http://en.wikipedia.org/wiki/Reinforced concrete



http://en.wikipedia.org/wiki/Reinforced_concrete
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izrade B500A and BE0OOB Reinforcement Grade B500C Reinforcement

hitp://www.celsauk.com/Products.mve/ReinforcingBar?=Reassure

»>XAAYBAINES PABAOL

_——

Bar Size (mm)
6, 8, 10, 12, 14, 16, 20, 25, 32, 40, 50

L )\

N N

)\

CARES Country Manufacturer Dash indicates
Approval Sribs=UK 1rib between 2 dots, 200 grade
Mark then 2 ribs = no. 12

10+ 2 =Celsa Manufacturing

United Kingdom =5 ribs

Germany = 1rb

China =9 ribs

i

France =3 ribs

WWW.CONSmMos.com https://uk-bar.org



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=V-CnmD4qTRSCRM&tbnid=VkhQt8tX7ZshMM:&ved=0CAQQjB0&url=http://www.consmos.com/deformed_steel_bars.html&ei=Y_M2UbKkFYyb1AWLooHQCA&psig=AFQjCNESbS9Knfhgasxdf6BCRmOMKhRPtw&ust=1362641695018766
http://www.celsauk.com/Products.mvc/ReinforcingBar?=Reassure

LIS L LSTOE LR LA L L LT S
\\\\\1 \”\\\\\\\\‘x \\\\ AVRVRN

IR | T E -
1=m=al i A fresy =

/f/f/f/f/f/f/f/f/f/f/f/f/f/
AL ), JRNENENEN INE TRNEN ANSNRNEN
I

EPTOZTAZIO BOAQY

ZIHMANZIH XAAYBA ONMAIZEMOY ZKYPOAEMATOX EXO B500C

///////////// ///////////////////

mmpn Tiﬂnr,ﬁﬂmm:
H EAABGS unpbniivan: 1 pogeugibm pdBSweon

Mm ‘:wu Movigag Na o OVONGHONG
&Eﬂmmr. poywyfig ek
pebidon uneAndinen g 1o (x10+E=18



AEXMOX METAEY XAAYBAINQN
PABAQN KAI > XKYPOA'EMATOX

H ovvoeon petaly yaivPa kar mepiParrovtog
okvpooeuatog e€ao@aillel ZvufatoTnta
TTOPAUOPPDTEDV ec(concrete strain)

&s (steel strain)

> Telewa (IToAU kaAn) ovvdeon HeTall YaALBOvev paBomV kal okupoOEUATOC

Concrete strain (e,) = steel strain (g,)

> Kakn ovvoeon petald yaAvBoivarv pafdwv kat okupodEHaTog
steel strain (g,) < Concrete strain (¢,)



» JUVTEAEOTIC OepIKNC O1A0TOATIC OKUPOOEUATOC:
8-13107°/°C

» YvvteAeotnc Oepuiknge O1aoToAng YaAvpfa: 12
107¢/°C

eEAAELPEL TIC LEYAAEC EOWTEPIKEC KATATIOVIOELG
AOY® O1aPOpwV 0N Oepuikr O100TOAT



Provide adequate Bond

iGrade B500A and BE0O0OB Reinforcement Grade B500C Reinforcement

http://www.celsauk.com/Products.mve/ReinforcingBar?=Reassure

» Nevpooetg o1t yaldBdtveg padoug

» Eméntoom tou pnroug g pdf3dou mépa and 1o
OYELO OTIOL O YAALBOG ATOLTELTAL VO AVUTITOEEL TNV
T0Y] OLLEQONG TOV

5o = >
=>

)

http://en.wikipedia.org/wiki/Reinforced concrete



http://en.wikipedia.org/wiki/Reinforced_concrete
http://www.celsauk.com/Products.mvc/ReinforcingBar?=Reassure

» Edv 1o nparypatind Stabéotpno pnmrog dev emapnel yioo TN
AVATTTUEY], TOETEL VX TOORAETOVTAL ELOIUES ALYHVOWOELS, OTIWG
YOoVACLaL 1] AYALOTOO 1] Y AVIMES INQAULES TAAUES

——
T



Moment the turning effect about a pivot point

Moment = Force x Perpendicular Distance

M=F-d

MDME: MANUFACTURING, DESIGN, MECHANICAL ENGINEERING

http:/ /www.ejsong.com mdme/memmods/mem30005a/moments/Moments.html



http://www.ejsong.com/mdme/memmods/mem30005a/moments/Moments.html

Supports
—

Z\. Roller Support: Resists vertical forces only
iD

—% Pinned Support: Resists vertical and horizontal load

Fixed Support: Resists vertical and horizontal forces
and moment




Concrete beams
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FIBRE REINFORCED
CONCRETE




IvomtMopevo 6xve0osepa

Enopevwg, 10 #avovind oxwpodepa eivat cuvi O

EVIOYLUEVO pe YaADBOLveg 0aBO0LE OTAMGOD

» e TOMEG eapUoYES, YIVETaL OAO KL TLO dNUOWANG 1 EVicy Lo

TOL OUVOOOEUATOS E UIMQEC, TUYXIO UATAVEUNUEVES LVEG

» AOENOM ™G ATOPEOYNGNG EVEQYELXG XKL TG GUATQOTNTAG TOV
LALOL, AAAX KAl ADENTY| TNG AVTOYNG O EPEAXVOUO %L UAUPY] TOL

OULOOOEUATOG.

Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



Eoaxpuoyss Ivomrhopevon Xxvpodepatog

» Aentd otovysla TThdneg

» [Tporataonsvooueva 6Toryelo (GOUIATH HATAOTOOUXT,
OWANVEG A.ATL.)

| '1 Py —
: i _:.:’-"_ m::. '

Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



» Exto€euopevo onvpdde

» (Yexacpog onvpodéuato

. i l\"g ‘. '~.w' «; g &
] ﬁe‘ﬁick research centre

http://concrete-impact.com/gallery/


http://www.youtube.com/watch?v=qsYa0X8yJr0&feature=related

ITopdyovteg mov emnpeafovy Tig LOLOTNTEG
tov FRC

> TOmoc ey

»>'Oyrog oy

» Avahoyio SLuotdoewy ey

» [1p0GovaTOMGUOC VOV

» Méye00og yovdpononnwy adpavey
» Mién

» Eovyaotpotnta

http://www.slideserve.com/cirila/fibre-reinforced-concrete



IvonthMopevo oxveodespa IEIVES YULADP

Enbslo AYNOTOWUEVX INQA
)
1

[Troywto Enineda axpo

http://fibsol.co.za/steel-fibre.htm Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



http://fibsol.co.za/steel-fibre.htm
http://fibsol.co.za/steel-fibre.htm
http://fibsol.co.za/steel-fibre.htm

Tomog vov

XaAvBog, TOADTQOTVAEVIO, YOUAL, HQAMIOLO X.AT.

Steel

Ot iveg yadvBa eivat v TTLO GLY VA YQYOULOTIOLODEVY] ATTO OAES
iveg (Steel Fibre Reinforced Concrete — SFRC)

Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



Re-use of steel cord from tyres as reinforcement



1ameter H

Steel Fibre reinforced concrete

> Tveg pEob pNnunoug xot SlapéToou:

Avoroyio Stotdoewy vav =Length/Diameter: 30-150

Kovtég tveg 1]
I'ebpwon peyarov aolpod WnEOEWYR®Y (XTOTEAEOUATIMO O IXQOQWYUE ]

er
L

Morpreg tveg
I'epbpwon poarpopwypwy (XATOTEAECUATINT O LAXQOQ

H avtoyn kat 1 okAnpotnta ennpealovtal amo:
> Ap1Ouog vovotn (wvn peyUwV

> [IpooavatoMopuog TV VeV ot oV pNYUAT®OONC



'Ovyxog vorv
» Khaopo yapniod oyxou(<1%) } Or iveg xenotpomotobvran Yo

nelwon g ovaToing Enoavong

Fibre reinforced concrete
. . . -eAUPOWG AVENUEVY] AVTOYY
>M8‘CQ[O %)\«OCG{J.OC OY%OD<1-20/0> -H oxknpomta av&évetar

OTUOVTINAL

5 v Special applications:
>K}‘«OCO'HOC OLI‘WI}“OD OY%OO(>20/ 0) — Ultra high performance Fibre

Reinforced concrete

O meploc0TERES EPAOILOYES IVOTTALOUEVOL oxLEOOEUaTOG]-2%0 volume



Properties enhancements -
toughness

https://www.bing.com/videos/search?q=fi
bres+reinforced+polymers&&view=detail&
mid=CADS8DDB9A891A11D7EEFCADSDD

B9A891A11D7EEF&&FORM=VRDGAR

Fibre Reinforced Concrete Jack Hammer test V3...


https://www.bing.com/videos/search?q=fibres+reinforced+polymers&&view=detail&mid=CAD8DDB9A891A11D7EEFCAD8DDB9A891A11D7EEF&&FORM=VRDGAR
https://www.bing.com/videos/search?q=fibres+reinforced+polymers&&view=detail&mid=CAD8DDB9A891A11D7EEFCAD8DDB9A891A11D7EEF&&FORM=VRDGAR
https://www.bing.com/videos/search?q=fibres+reinforced+polymers&&view=detail&mid=CAD8DDB9A891A11D7EEFCAD8DDB9A891A11D7EEF&&FORM=VRDGAR
https://www.bing.com/videos/search?q=fibres+reinforced+polymers&&view=detail&mid=CAD8DDB9A891A11D7EEFCAD8DDB9A891A11D7EEF&&FORM=VRDGAR

ITwg v vtoloyioete 10 BaEOG TV
YABSIVY VY 0TO pelypa

0YKOG 2% xaAUBOveg tveg— mtooa kg amo yaAvBdiveg iveg ava m3

[Tukvotnta yaAvpa: 7850 kg/m3

m k
d=7 —m=d-V=7850—%x0.02m® =157 kg

m



R
Meyioto peyebog abpavmyv: 10-20 mm
(depending on the steel fibre length)

AxolovBio avapeténg

» O iveg Tpootifeviat 610 Téhog oTOVY
OV ATN O POL OAX TO XAAX CLOTXTINA,

CLUTIEQIAX L BAVOUEVOL TOL VEQOD, EYOLV 1|07
ovapety Oet

» Kavovinn xatavopn twv yoaldBSvey tvev 610 peiype

Ot yoADBOveg tveg TEETEL Voo TEOGTIOeVTAL OTY YOAVY| TOV
avadevtnEa pe eLind meptnov 45 kg ava Aento, pe Tov
AVOLUATYON VX TEQLOTOEPETAL OE TAY|QT] TAYVLTNTO

Construction competence & Consultighttp://www.3-co.com/Pro/Principles/Special%20Concrete/sfrc.htm



Ospata Avapeténg & Egyaotpotnrog

» Reduced Consistence

» Fibre balling




I610tNTeg vAMOD

IToAd pxen avénom g Ohmtinng avtoyng

Stress

Vol. 3% steel fibres

Vol. 2% steel fibres

Vol. 1% steel fibres
Plain concrete

Strain



OTrAICNEVO OKUPODENT ATTO iVEG XAAUBQ

H avtoyn o€ e@eAKvouo kot Kapyrn avaverat

AL 1) #DQLX GLUBOAY| TV YAADBOIVWY VeV eivat 1
onpavTiny] adénor g
E@EAKUCTIKNG KOI KAUTTTIKAG OUCOpPAUCTOTNTOG
(toughness)

Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



Steel fibre reinforced concrete
2UNTTEPIPOPA EQEAKUCHOU KOl KANYNS

Steel fibre reinforced concrete

Plain concrete

Lo/

'D'eflle'ct'io'n |
H ducOpauotétnTa €ival onUAVTIKA au¢nMEVN

Professor Kamran M. Nemati, ‘Concrete Technology’ University of Washington



lVOTTALOPEVO 2KUPOOEHA
YrmepuwnAng EmreAeoctikotntac

Ultra High Performance Fibre
Reinforced Concrete (UHPFRC)



Ultra High Performance Fibre Reinforced Concrete
(UHPFRC)

*IToAb vPmAn meptentind™ A 08 Totpevto ot oxwEla(GGBS) content |
(>1000kg/m3)
*IToAd younAn avadoyio totpevton vepot (<0.2)
*Y'TePEELOTOTOTNG
[ Tvpttinn appog (200 pm)
*Tveg yalvBo (LYNAo T060GTO €w56%0)
»ITgotov: IThacueia Samédou \
neoaoPuorg (Aemtd oToryeio) pe vdnin
avToyT ot YoLpnAo Baog

Arnartnosig UHPFRC

5-10 higher than normal concrete

UHPFRC

Stress

Normal concrete

> Ocouuny| oxAnQLVOY

Strain

> Xweig yovooxoxxa adouvy

»Y{NAo 1060670 YoaAOBOIVLY tvarv 2-6%



Ultra High Performance Fibre
Reinforced Concrete (UHPFRC)

Avtoyn oe OAlyn: 150-200 Mpa
AvTtoym oe epeAkvLOUO: 10-15 Mpa

Compressive strength test watch @ 0°46” & Tensile splitting @ 3’10” :
https://www.youtube.com/watch?v=FW-XexRiStE



https://www.youtube.com/watch?v=FW-XexRiStE
https://www.youtube.com/watch?v=FW-XexRiStE
https://www.youtube.com/watch?v=FW-XexRiStE
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