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ABSTRACT

This pâper presents the work thaÌ is being done at the University ofMinho conceming

,r'" a"*úilJ"i iit t*ìded Ìods ror concrÃ rcinforcement several sâmples of.cofc

,linror."a ï.a;a.a fâbrics have been produced vaÌyìng úe_ type of braided fâbric.lcore

rcinforced and hybrid), the lineaÍ dcnsrtv of the córe reinforcing yams ard rhc type of

iìiliì'ì"",*iì,,J 
"t" 

il' o' "'tr,o,t rib'i rhe tensle properties or ihese sampres were

e v â l u a l c d d l h c r c . L I l s a . e p | c \ c n l ( o ' r n e l n f l u e n c c o I e r l h . r c I o r o ì ì Ì h e l c n ' i I e p r o p c . l i e .
:;ï;il;ïili;' ;"' ;Ìso ücen analvscd corc Íeinforced bralded compositcs rods were

;:J;il-#ì";Ji;"uatoute t.nsir" and bcndins prop€Ìties. rhe resuÌts'bt1T,*^,*"

il;;*-d;;; discussed ncinforced concrctc beams' with conposite amlour ând steel

ï-"".,t. ì*"ìtJ"""a "nd were subjecled to bcnding test and tÌrc test r€sults arc pÌesentcd

ïr,"ïi".".""'l.i*""" "o'rpositc roãs and concretc wâs anâlvsed as weli'

I. INTRODUCTION

ConcrctestructuÍesarcsub]ectedtorepeatedloadingandtoaggÌ€ssiveonvironme'Ía|
"g*," *l'i"r,, *"y r"ra ,o poor mèchanical an'J duÊbihr) perfonÌânce oíl!: "1:T::' 

:'*
timc. One of Ìhe most serlorls proorcírs âffcuÜng iontt"t" 't "ottutton of thc-stcel

ÍcinfoÍcemcnt. As shown in frgnre l, conosion may ãccur as a result of thc reacÌion of Ìime

pì"'"ï, ì" ivi'^t.a..-cnt $ rÀ cxÍbor dio\ìde or ro the aclion ofchlorides ln the first casc'

it" ü."."àction \|ith Ìhe carbun droxidc, exìsting in the atnìospheÌe, .Ìeads 
to a gradual

il;;:; i;;.;"'"," àlkaliniÌv whcn thc concretc covcr pH is lowef thaÍ e-thc compacl

;;'d" i";;, ino, pro,""* Á" "t"'l is destÌoved' rhus leadìns to tbe formation ot

5 Associale PÌoÍessor
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clcctrochcÌnical Ìeaclìons $hich âre rcsponsibìc lor thc coÌrosìo1ì oÍ lh' steel Tlìe chìoÍiilc

i"" ",i.h i, nìâinl), due to thc migratìon of chÌorirlc ions cxisling in thc vìcinìtv ol rhe

sìructure. IL ìs accepted that rhcn L|c cÌrloride ions reach N given crrtical conclntrâtion ihc

potent ia l  fur  i Ìcc l  eonosro, ì  x ìercrses sr ! r ì i1 ìcant ly  l - | is  t ìc l  is  pâf ìcu lâr l -v  hrzardous Ì Ì l

in . ,  n .  or  ' r ruc. . , ,c .  in  . , '  Ì  ,cr  !  r '  de r .  I  rL  Ì l r  '

-1---=a:

t igurc Ì  Corrosìon ofstccì aÍrnouìs

CoÌÌìposite mâtc.iaìs rrc used in civiì cnginccring as â subslìlu-Ìc or !Ìs a reinfoÍcemcnt

oí convÈRli;Ìral urâÌerials. Ììkc concrete lnd stccl' Thc ìnaìn reasons for thc trsc oi composrte

nlaterìalsarccoÍrosionresìstancc.ìoq'Nciglr lândnonnìâgnct icpropenies' Inspitcoft l ìese
;dvantâges, rhc lâck of ductiÌit-v .Ìnd úrcfgv âbsorbing üìpabìlitics aìt a sevcÍe liÌnitâtion oi

all tlrcs; iiber systcms ìf thev aÍc Ìo bc considcrcd for eârthquakc fcsrstant appllcalìoús

(Paslorc 2001). The resistâncc 1o corfosidì ìs oDc of tlc Inost nÌpoÌ1ar1t 'ì'lvantages when

corrparccl wil} slccl. lÌr tlìe Lasi yca|l\. sc\.eml strìdics rnd applìcâtions l'Ìave bccn dcveloped

'sing lìUre rc;nforccd polyn crs iFnll. Cotrposite nlrteriaÌs cân bc uscd in a sÌnrcturâÌ wnv

i",, .i*l i" *"a1, ^ . ."n.rcrc tçrntor.çmrrt and iìì relìabiliraiion of cxìsting structlìres Thc

'.''ru."""", úl conereLe cJn bc don! \rÌh cornposilc lììateriâls rcinlorccd by fiLrrcs of

r . ld i Ì rg l ibrcs rnd poìymers Ìo ccnrcni RcplãLemtnt ui  ' t (c l  rerf ioÌcemdj : ì  
( 'ncfete

stlucnrres wirh morc comosìo1ì resislânl súsÌitutcs. ttr(h r\ cumlìu\ tcs rs ÍJnrdl) heLUnrrng â

lúÌc economical opÌion for conshìctìor facilirìcs worldwide ÌL s possiblc to usc composirc

rods sÌrbslituting ordiÌr,ìÍy stÈcì lÌ1nour in corcìcÌe fcnìlorceìÌrent'
Tcxlììc iiarerials are.ììso wìdcìy used n'Ì ciÌiÌ cnginccring strucÌures and it is possible

to .Ìdâpi solìe tcxlilc prodrìctior lechnìqucs lo pÍoducc rìcw colììpositc matcÍìâls Nìlh

slructufal ÍìnctÌon.
Bíaidhg technìquc is prcbably tbc ÍÌìost ancicnt pÍoduction pìoc'ss lor tcxtrle

strucllrres. Normaily used toÍ Íopcs and cablcs. br'ììdecl lìrbrics afe aìso vcì] lntcfcsllÌìg roÍ

composile ìcirforccÌìcnts due to Ìhcir chamctcrisÌics: rÈpÌtìnc muLtiaxial orienta!ìon'

confonuabili[, c{cellcnL drnìage lolerance nd cosl Tbc braiding technicÌuc caD prodtLcc a

wì,1e Lang" oi pLctonns lor composire rcìntìrccnlenis. horcver' the ÌÌumbef of vtÍn bobbiis

Ìn Ìlìe bÌâiding lnâchiÌrc línitr rhe dinrcnsions oí tbe fdbÍÌc

2. STUDY ON THE \4I]CIIANÌ( 'AL BEHAVIOUR OI BRAIDFD }ABRICS

In ordcÍ to c!âlüate tÌrc mechanic.ìl bchaviouf of braided fiìbrics Nlìcn subjccled 10

tensiìc Írcss. cliÍïercnt typcs of Íàbrics lìê\'c been ììr)dtrcÈd' ì e. corc Íehl(Ìacnìent.braided

fabìics \\'irh,rnd \\ithout ribs (corc yatns ÍciÌÌlìrcDìg üinlly thc bìaided flìbÍic) and hvhld

t ó 2



braided fabtics (combining differcnt materiâls and wiÌhout core reinfoÌcemenl) Sorìe

charactcristics ofúe materials used are summarized in Table I

d .Tablel T offabrics
Ribs Mâtcnal Yam Count (Tex)

Brâidcd fabnc E Class 204 Tex

Core reinfoÍcement E Glâss 6-12 rovinss,900 Tex eac!

Brâidcd fabric wÍh E Glass 204 Tex

Core reinfuícemcnl E GÌàsS l2 Ìovinss, 900 Tex each

BÍaidcd fabrìc E Glass 204 Tex

Core reinf-orceficnt
E Glass l2 Íovinqs.900 Tex each
Carbon 200 Tex

Braidcd fabics werc produced on â veíical bÍâiding mâchinc and the geometrical ând

ai.*"ionui p-o-o.t. ofeach matcrial produced have been cvâ]uâted The obtâined rcsults

arc shown in Table 2 according to Figure 2

FiguÍe 2 Geometrical pâraìnetcrs ofbraidcd fâbrics

d1 t each bLcrded fabÍic te5Ìed

2.1 Mcchânìcal propcrhes

Ë,âch typc of bmided fabric has beeD lested oiì a Hounsfield Hl00 KS lensile mâchine

accordins lo s;ndard ISO 2062, usìng a cross-head specd of l0o m/mrn Duc to brittlcness of

rir,lìü!., '"*pr* m* bccn irnprcÀnatcd \rith polleslcr resrn rLr thc jrws contaci area Thc

rcsuLts aÍe prcscnted in Table 3

hle 2 GcometricaÌ an(

Brâided fabrìc c)
L

(ÌÌr]1) 0ìm)
S

0nm)
Mâss
(c/m)

Thickness
(mm)

(-t'
')

Glass (6 rovinqs ofgÌass) 45.1 1 .59 i . 0 Ì 10.43 2 . 6 1

class í7 rovings of elass) 45.2 1 . 6 8 o.12 t ,0  ì 11 .28 2.'�l2 5 .81

Glass (8 rovinss ofglast 44,8 t , 1 7 0.73 1 .01 12.21 2.82 6.24

Glass (9 rovinss of glass) 45.0 1 .85 0.71 l _ 0 1 1.t.2 7 2.93 6.'�t4

Class ( i0 ro! inss ofghssL 4,+,8 1 . 9 5 0.75 r .05 I 4 . ]  I 3.08 1.45

õass t l  I  ro! tnss oi  glaslL ,1u,2 2.01 0 .7 1 . 0 8 t 5 .39 1 ,16 7.84

Glâss ( Ì2 rovinÍrs ofgÌass) ,15.0 2.22 0.78 r . l  I t 6 .51 3.21ì 8.45

clâss (12 rovìngs of Slass)
rviÌh ribs

46,Ì 0.82 t . r 2 11,18 9,34

Glass (12 rovnrgs of glass
and I rovins ofcaÍbon)

48,5 0,R2 t . t 2 17,91 1,46 9,40

r63



Brardcd frbric
Stress (MPa) Extension (%)

Mcân
Stand.
Dev.

C- V. Mean
Stand.
Dcv.

C.  V ,

Glass (6 rovinss ofslass) 336.53 28.8ó R,58 2.15 0.33 I  Ì . 8 2

Glass í7 Ìovings ofgÌâss) 156.83 t1. '75 4.91 2.'�72 0 . t  7 6 . 1 t

Glass (8 rovinss ol glass) 391,47 26.61 6 . 8 t l . l 6 0- Ì5 1,14

Clâss (9 rovinss ofglass) 4 1 1 . 7 0 5.50 3.26 0.21 6.28

Glass í  I0 fovinqs ofslâss) 444.93 5 .74 1 .29 3.79 0.3 r 8 . ì  ì

CÌass {  I  I  ro!rn*s of glass) 454. r6 14 .  ì 5 l . t 2 1.93 0,50 t2.11

Class ( l2 ro\ inas ofslâss) 171,01 25.04 4- 18 0.28 6.66

Glass (12 rovings of glass)
with ribs

t 5 , 8 8 1,04 4,00 0 , 1 5

Glass (12 rovings of glass
and I rovinc ofcarbon)

8,99 2,O9 0,63 r2 ,15

Table 3 Mcchânical

Tlìe geoìÌetrical and dimensional parâmeters of each bÍâided fabric are differert aníl

as the nufirúr of corc rovings increase, the maximum load suppoÍcd ând the extension aÌe

also increasing. Corc reinforced braided fâbrìc with ribs presents an increase of I07o on the

suooorted loaã aD<1 a decrcase of 4% on the cxtension when compared with core ÌeinfoÌced

t tàia"a i"uti" without Íibs. The presencc ofcaÌbon fiber rcvìled a decrcâse on n€chânjcal

]. BRAÌDED REINFORCED COMPOSITE RODS

Braided reirúorced conìposile rods have been produced and test€d Tablc 4 presents

some châracteristics of the roas produced Moreover' thc âdhesion bctÌveen concrete ând

composire rods has alsô been evâluated ând discusscd

Table 4
BÍâided fabÍ'c Ribs MateÍiâì Yam CounÌ (Tex)

Corc reinforcement
E Glass 204 Tex
E Gìass 12 rovinas. 900 Tex each

CoÍe reinforccment
E Glâss 204 Tex
E Glass 12 rovinss.900 Tex each
Carbon 200 Tcx

h braided iàbric tested.

3.1 ProductÌon

The samples havc been pÍoduced on a conventional braidìng maclrinc specially

adaplcd to irÌpregnate sinìultancously thc bÍaided fabrics Ìn ordeÌ to increase roughncss of

the ïraidctl rcinforced composìÌe malcrlâl rods' ând then jts êdhcsion 1o the concrete' braided

fàbÍics hâve been produced as â ribbcd siÌucturc' as shown in Figure 3 This ribbed structure
js provided by thìckeÌ yams that arc used ìn the brajding maclìjne ìn a combjnâlion of 7

stâ;daìd to ì thicker yarÌ. For a stronger eflecl on roughncss thc nunbcr ofthickeÌ yams

couÌd be incrcased during braiding the proccss
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(a) braidcd fabric
Fìgurc 3 Ribbed structurc

C. V,

3,14

Íôrced
hanical

(b) braidcd reinforced composjtc rod

, 
Thc glass braìded fabrics have bccn produced ard snnultancously impregnated wíh apolyesier theÌmosetìng Ìesiìl, with Ìhc refercrce euires 272 THV. accordingto itìe tottowtug

perccnlages: Rcsin 272 THV + 0 3% ofCO accelcraloÌ + 2% ofButarÌox M;0 catâjyseÌ. The
characteÌistics olthe composite material rods procluced are sbown in Trbìe 5.

Tâble 5 ChcracLf l isr ics ofthe

1.2 Mechanicâì propertics

, 
For thc e\aluation ofrhe rensrte tropertics ofthe brâided reinforced conrposite rods

troduccü. e\orfr ìncnràl  uork hrs bccn Ind r ikel  Ì r . jnts i  HOtÌ\St_ 

 

lD unirer,c l  rer,rrc
lcster. alcording ro NP 2257 standard, at â cross head speed of I mrn/min. The resulrs
obtained âre shown ìn TabÌe 6 lvhììc Figìrre 1 shows rhc typiial srress_strain curve.

Tablc 6 Tcnsiì

crally

aided

o ï 7

Ì i ,82
6, r  I
4,14
6,28
8 , r l
t 2 . 1 1

Braided fabrìc
Fjbre type

fraction í%)
Rcsin volume
fraction í%)

Core
Braiding yarns: 204 tex, E gìass fibcl

and 900 tex. E sìass fiber
Core rcinforccment: t2 E glass fiber 900

tex rovings zlzl,45

Core

Brâiding yarns: 20:l rex, E gtass fiber
and 900 tex, E glass fiber

Core rciÍforcemcnr: l2 E gìâss fiber 900
tex rovings and caÌbon fibcr200 rex

Íovinq

s (m<,rn \a luc , ' f  l0  Íe+q
Braìdcd
Íàbric Fibrc type Finâl Strcngrh

(MPa.)

Extension at

(ro)

Young's
modulus

(GPâ)

Core

Braiding yarns: 204 rex, E
glass Íiber and 900 tex, E glass

fiber
Core reinforccment: t2 E glass

fibcr 900 tcx rovinqs

431.20 1 2 . 8 8

BÍaiding yâms: 204 tcx. E
glass íìber ând 900 tcx, E glâss

fibcr
Core rcinforcemcnt: l2 E gtass

lìber 900 tex rovings ând
cârbon fiber 200lcx roviÌì'r

s q l . o 5 It .89 9.60
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ÌÍcnúiotr.l Synposn'fr Poly'neÍs n (rorÍcÌc

Figure 5 Samplcs for adherence test Figurc 6 Adherence test

,1. CONCRETE BEAMS REINFORCED BY BRAIDED REINFORCED RODS

,+.1 Samplespreparâtion

ThÌee concrete beams reinforced by ân anÌour of bÌaided composìte Íods (FiguÍe 7)

and three concrete beams reinforced by an armour of steel weÌe prepâred wiih the

"o"ngrr;o. p.".""t"a ln Figure 8 TÌÌe dimensions ofthe beams are pÍesentcd ìn Figure 9'

rolng to
100üm

Írength

jtrength

ed with

tnd the

oÌng to
Ìpletcly

ït i '- : ;-

,

I , ' ' l : : Í

f igrr"  ? io.posrr.  tods Íc inforce-nenlt  used
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Figure I I Thrcc poìnt bending lcst tbr concrere beams reinlorced by corÌposire rods.

Table 9 and 10 present the rcsults obtaiDed 1òr each type ofbeâm resled.

Fjgure l2 presenls a beaÌn after testing- The broken brajdcd reinforced composite rods

Figure ì2 Beam producedwith braidcd rcinforccd compositc rods after tesring.

Ì-igure Il presents Ìhc load deformation cu es for each type of beam tested.

T a b ì c q - B c n d i r c r c . r r c . u ì l \ f ú r b c a m s r e i n f o r c e d b \ í e e l t m c â n \ a l u e s o I . ] l e s l s

Concretc rcìnforced SÌrengrh (kN) Èlongâtion at failÌrÍe

Mean C. V. Mean C.V.
60-50 4.30 1.43 28.'�72

Tabìe I0 - Bending test fesülts for bcans rcìnforced by composiie fods (mean vâ1ues of3

Concretc rcinforced
wjth composite rods armour

Strength (kN) Elongâtion ât fâilure

Mean c. v. Mealr C. V.
30.80 4-04 6,57 21,29

t 6 9
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