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Abstract

This study provides a thorouwunghntgeamedambonhanf
robust system for strengthening concrete str.
aspect s: tensile behavior aoakyeite, boddesfee
concrete dboefisnemMegnt nvesti gates the influence
tesupsetand bonding |l ength to provide insights

Tensile testsamnbencbnbecteding ¢vari ous setups
grip methods, and two types of epoxy resins,
Tensi loen tTeRg&kelssonducteldr esi aigf ferent types of ¢
without éablkersimpregnated with carbon textiles
deter mi ne stress, strain, and -unposd u b od mb t eerl
configurations.

Lap shear tests exploreetkbe banéesbegweengTRBRMIT
t o i ddrteicftyy ve bond | ength, the amghaec te foffe cbto nodf
beam | ength on the results.

Furthermore, compression tests on comprete oy
varying | ayers of car boamdf iibnatrehsat nefedrteecto mpfr es a1
di fferentr esmpoafastehees econcr et e.

This resear ch damnakrnaob teedsgeet adua bl & h e ,ap emifnogr ma |
tof acektheatopti mi zati ont hamsd nagp gl in @detfifcerct ofve s
strengadreanrientge i nfrastructur e
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ll ntroducti on
This thesis presents oawn tehxep ebraismecn t md c hiannviecsatli g
reinforced mortar ( TRM) as strengthening sy
i nvestciogEriiemsi on tests aimed at characteri zi
TRM, | ap sehxeaami ntee sittss tboond t o conccehereavodcyghb
wrapped wiotlexpRMre its effects on concrete co

1 JlustifiKati wat iaonnd
Il n contemporary engineering, reinforciacgl| exi s
various chall enges, i ncluding aging infrastru
concAmoeg the array of techniques availabl e f.
Mortar (TRM) emerges asgahsghenangt hef sbeusi emb
i norganic matricesl lim&dasedement ans, hyRMaaffers
Il ts wutilizati on -mefsht exotnifliesur iadfi f@emc t® weeuwmreesss , ¢ (
application,y amid hc ampveetristei Isiutbstrates such as
TRM has garnered increasing attention as a p|
Fi ber Reinforced Polymers (FRP). While tTeRM i ni
reinforcements,t riethsgmpheetmemigi at ruct ures has beco
addressing some of the | imitations associated

The composition of steltialse cme o nPod tydprhiealyd & @& e
Bezobi soxazolien fTiRPMri nwexltvMdssstrategically ar
orientations, spaced apart to allow mesh for
interlocking with the matrixti dhkeopsosestaot |
successive applications of mortar | ay.erBhe fib
design and constructi odre nafnadtshiss anympe dozest des
to facilitatenwi desprmhe ad caodhddEkit 54PhaRpadentcat
pivot al mil estone in establishing suchasgeud del
systems geared towards theaneépmasoany streagt

A significanvesuimpaetri oms have been conducted
properties ofesTeRaM chyegtsenmsa.veR del ved into the
composite material, examining its ul2845hate st
The examinati on DRMnhhhe t hen @ oln earlwstioeuncs wald s tarsa ti & i
i mpacts the efdysite msetnrewscst wrfalT RM T bafgft detn i onfg ta
bondedahéenghé TRBscapaestiyaglau HI-8-%1).Fi ndhle vy,

utilization of TextijlaeckReetisnftoa cierdc rMoastrecrrt d(tee Radv
el ements has gained significant Aanueberononfi st
have been ¢tbededtfedtopnaanlestseohad®kiMng t he axi é
deformation behavior of concrete [ledl delint s ha

Despite t heser adxwpmelrciesegntfallr trhresearch is still
of the possibilities of this material for str e
guidelines.
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1 Research Goal and Scope

Theverall goal of rtihzies tshteu dbya siisc tnoe cchhaanriaccatle pr

Sys
The
1

Thi
pre

tems made of carbon fibers for strengtheni

specific goals of the study are:

Evaluate theabkbbawnideM otfensil e | oading con
resppaseagtner s such as wultimate tensile stre
failuressrranag $dEhRAYS oar & oc umdweatseadand t he pe
TRM and identify factors inftfheeatfagtiobs teE
type on ,tdhief f n@emii Ixe compositi on, textile

t echni gpureesp,acaamdi iothi ons.

Invieisgate the bond strength between TRM and
t hse nlgdspghear Tliss test involves externally b
and subjecting the bundles to tewnsiilise toa
understand the bonding mechani sms between
par amet erbso nadf fsetcrteinnggt h, suchdiasf efriemear, broonwdi n

surface preparation, and test cendifguenaé¢no
bet wiseprmband | ensgitriigd f rsdimaanaleywzisng .fail ur e
Investigate the effectiveness of TRM in C
compression. This invol weys ianpdghecradfge d RiMe h &
and subjecting them to compression | oading
strength and deformation capacity. The ob]
passive confinement stresses promidpdabgi |
the structural behavior of concrete wunder
various TRM | ayer configurations, materi al

i mpact on concrete confinement.

Mdet hodol ogy
eriment ale mMetemodsellato characterize the me
|l owing testing methods have been selected

Uni ateinaslelséhi ¢ es tpirmg eidnuvroel v es TRWMDb jseacntpi tnégs

rect aorg Wluamblbedd o monotonically increasing
usi mgi &@ersal testing machine

Shelagest this testingt hheondedernr sveiemv dRtMi gqaqade
TRM shomged to ooeresedbl otkauvuobdbnl it bond |
Compressiom ¢estrete cyl:thder sewti hgTRMO[ @ «
subjecting to uniaxi al compression a plain
around it, to obsenventhdtteBitacssspoasefin

Mo cuneigtni zati on
S thesiisng ev eor gcama zteedr s . Foll owing this inf
sents a | isttereantgurhee nri e\gi oW TPROM cCled gt st rcpg v
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the experi menhteeln sprloeg rteeRM fnaorl techdst ke harbe car bon
figerspeci men designupndntiabesuaoht &0 laaprtedssesnttase &
the experi meshalarpsotbegsctcd RMbme |l udi ngh aroactrertiez at
tesstspeci men design-ugandahdbriesal@hsapamadre % rstes 5
the experimental progr avintclao Bdo nicrrceltued i ex@n fc on
charactteestzat spaci men desigp, anaddf akbsutasi @am
Final |l ygpeGreagtsert he main findings and concl usi
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2 State of t he art

2. TRM femgwhng concrete structures
Fi breeri nforced composites offer anrddtarbdfei ts odturtu
|l ements, thereby mitigating challenges such
ack of mai ntenance, and duier eiededdmsetnog nael elt fciuk
einforcement composites, Fiber Reinforced Po
ecent decades due to its destwabglet prapieot i e
estance, ease of use, rapid installation, [
' terati ol HfNeyeaomthterly@ws s )] i zati on of organic
ever al tlpawbacksag high cost, Il imited perfor
installation on saturated surfades],. and incom

The uisreorogfani ¢ matri ces, such as cement mort a
associated with organic matrices in FRP. Howe\
mor e chaluleengi nche size of mort &irl ygrcaomwli esd.e nEv
it may not fully fild@ the fiber bundl es ¢ omg
i norganic matrices provide high strength and
empl oyed to enhance ndhearmdodndahgbadseddve e o mba die
materials. Additionally, i norganic mortars ex
substrateglucofifer fgafhifadcct,i vaer,e acnodstare easy to
| abo®i§.

Thfei ber compoerihasrawteyPi cal | tye ktniolwem msi nf or cer
(TRM) and ithasonpaemnice amateri x doecr gitede ¢ ot t dle:
small size poffabtuabbgyegahéei mamkegmomtc hmmdt auk i ¢

|l idmased mort[fafs,t heetrrddRiMraens made of the combi n.
i n open urmhme amdl da ynw®ewsha ncihc ameaet rriemar ked before

Textile Reinforced Mortar ( TRM) iI's heral ded
strength of existing structures in new gmhgine
strength mortar reinforced with durable texti
seamlessly with the nbo&LArB,. ensuring a strong

Additionall vy, in the case that the coating ge
st abainltdihneeyc hani cal behawi bh bDhet §ehtdleek edtl imfaff ma
t hccoat edgeth g h etrdimleit lafl d bi,rci tewetvdeermandi ng tthe e mpl
coat e dnf ithheer sc o mp [ 1exC ognesoengeuternit e sy met théefa rmlkdsy atnd a g e
the textile reinwbhbeoe me mipialmedr teosi(gtRM)ce poly
i s attracting isntcrreemagdtrifgeg eaxti seé flthgos tfrarct ur es

Di fferent -zwanmmaltlead Isl yar e opted S0 as t o rei
combi nati oncso nwtiatilnribmognt aglPa$s § p hleBegdoldn s ooxraz ol e

t extlibres ef Fii pglgr E@ach one poé&lutposn metearri alhsar act e
pr op ehratviieensgdi f f e n @ mb etcwiodit, d da,naenndt sdensi ty whi ch
di ssimil aroéfioifi il to 10
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Figure 1. Pictures ofa

N~

Carbon Fiber(b) Glass Fiber(c) Basalt Fiber,(d) Polyphenylene
Bezobisoxazole Fibgd5)]

Several factors influence the behavior of TRM
wherein the material of the matrix affects the
t of feectively monitor the i mpregnation of fiber
of the mortar | ayers to ensure that TRM .achi e\
The mortarcamieXuhégdgraded granul es, smoot h coc
elasticity for flexibility, l ow viscosity to
separation from the substrate. That'Adadaihiyg mor
polymers -mobxitmg@ Mmobtear | mproves its mechani ce
interlocking betwekrh. the matrix and textile
I n order TRMives i @lalsc kieelt ess t st e nags heeloe onme@ t st eps mu
bé ol l:owe d

l1.the surface ofbelheargdeteemded houl d

2.the first | ayer of the mortar must get add
3.t he taerxet iilmepsn egha,bmdr it &are process gets perfo

altlhper escri baghrhasxtheen i nstall ed.

4 . The | ast | ayiesr pofwaetrehdd hmeo rl tasrt 1-6llayer of t he

H®iengirlop erfMtRiMe s
Il n order to determine the properties of the

ulti mate stress, st it dadeaatma mtnido meodd ud re¢ lidexrterliadcst @
t eAltt hough most orfmetdnh evitae smosn oatroenipce rtfeonsi | e t e
extrhtalte straishheamechampacal properties of the

tensiRPPFueshelrRiMrteest s can be conducted using
Pl attyepe method being the more common approach
resembl esshagp eldonfeRM speci men. Both types of S |
thicknesasnpimgt lae eals. Additionally, there are
setup often depends on the geometry and relev

Test SstsamadsB r d BIMC  ZTD2M2 land Ad4 Mr3edc onmdnet hat TRM
Specibmeencst anguhmaukceh e hei pr epamat inmimndtouirdet thex t i |
[1%1YThe cl amping setup suitable tavaedereect
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clamping by either hegaxeparuessi scu roer tpon ebuoriaht @dciddwehsi
sl i pAnaogtehp eir pmpe tnfgsd t hat tghed ssme ctithesel-optuol lor t ensi
machine by piercing a hole in the tapidlorhol din
by bolt I L &Ka ¢Iraaa I, andnhgiankge joints to commen
to clarify, the specimen gets connected to th
Clevis Grip in the eofdst hemulabslkee , dit hfee rmarntter
al umi num.

| t i s enotthiacteegybhiesp met hod taare keusnabmoprhi® das t he
thickness of smaghlsgber meandbhendt han ©mlhedtdheckn
I n order that the hneaagdest otfi gdhutmaattle ithhees p eeknesmd tes e
are appl i edt baaevdhsdt oceassagd retcrtat i on beatwbenestsebf
speci mens, the[5lr.ubbers are placed

't I s conemptiita odiiss [ Ihasdpeencei nate noi ftwdirdeed t he aTTRM end
moved htegnsi | ef matcihhe mmor e, it i's remarkabl e h

t
TRNMseutmont ains some handdrcawlka citkdsies &d wa ret, ad e
eac hupsetteste ccaonmmodd] ®d Anti no, T. &E|P@aman keadl 4 da
the tensi Pleattrypcet asmpgewcliamen had been per fuopr med v
met hiond whi ch t he r es uletast besxtt freaacttcebdmeeena Ir iield ia leddgy t

on the adoption of the c¢clamping method itself
To sum up, the TRMi héh sbeyh el eatlceks todrs erxecseusl st Bss goeft
the same directionploat e dhet ipdrat ed@frewtutofoft He e
prepar adgiomigegy paendof mdaseoeementso as to | ook i n
it is essential that the further parameters g
the textile, t he geomdatsrtyanafe tolHe tthex tbiulnad |l Wsh
sikmng the textile to the special resin recomm
the horizontal and vert i5c.al bundl es to make a

2.2.1 Failure modes in the TRM
Various types wofosfeaiviedr e nhaR#M lwdhem subjected
may occur due to the rupture of the fiber sanc

of TRM from the underlying structure | ayer wi
t huenderl ying structure | ayer beneath the TRM c
to the target structure | ayer benealpjh. the TRM
The mentioned fail one ®©cenaoi bayecsuonfwhenxtil
mul tiple | ayers of textile, |ike three or foul
of mortar del amination or damage to the struc
casewswhile tensile testing is conducted for on
for more than two | ayers, as the type of fail
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2.2.2 Teswssrhenstesepsense
Accor dDaAnttiono, T. & Papani caltdédou,i ftf ee emit x tt lerx
TRM deliver ditftdwirredhet dsmhbetApabdeal i zed trildi
s radiinagnlaims Hfown via a Hag@Reld musnt bhe&ea menti or
the structur al attri lswetre 0 ucH oyw latdhfee edt mrmpao <ii theg  ff
fibers complomed arfd ARar bon eesxhilbinteaan edlamdsd tc
they reach a s[6-aPe of brittle failure

o, _lJE

P2
Stage 1 Stage 2 Stage 3 Stage 3 P>

Applied stress o
Applied stress

Non-linear
Gl behavior due to
= 5 fiber filaments
rupture i

& & it

Eu
Strain € Strain €
b
a b

Figure 2. Identification of different response stages according to the idedlitzastied lines) trilinear
stressstrain response of specimens wih and (b) without, the presence of Stage 2 [

The t-eptimpacts the i-denbinddiutsgicelamme aapdter esn
may result 1 n a eitfrfagrme nmte sipdbeaaslei,z ebdke sqtdreesss t he
of form and structure, the amount the fractio
vol ume used, cdmdptiynmge as [»22]i.s remar ked above

The mentioned i dealFi g@&a etprielsipme & met, @ ssgpoencsief ii cna
stressesh llamat toarstresd,andheldtiasi motawerthy t
modufl eelbasticity is defined by t fOédOmIndpes of
owing tosthai sds essnl i near bOhDbhavniirn ¢ &eh s$ 0P
may be dissimilar from thieli shepr sdospwonoae. t he

The confl yeamddembnsheate the shifts from stag
of ,tdoaredshows the shift from stage, 2n-dde pitatge 3
t he speci menodiss fraotleuwoer.t hy t hat the amount of
section of the spediimeal amad etallledincgrti dhEigdt eatd il lye |

Stage 1: (uncracked stage)
The suppl i é&d gadglriamsatien t het r apeomnlgiezse d tstirse e i
the diagram is divided into three stages and

st rsetsrsaiamdY commenced from zero, alndphwhy cmove
called stage maomberhd BRM ddas m®wOt have any ci
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the end, the first cracks get i nitiated that
appliefd .stress |

Stage 2: (the crack developed stage)

I n t hitshestdagag,r am abnedyi aadwst pwanyd) riased B8Oghi fic
the axial stress does not rise up, and after |
machi ne, the rest of the cfathe besgbmeebGsscbh
mo r tSla.r |

St age -8rag¢lpiosg stage)

I n stage Bi gZ2apecheddi agram ,sdared)plfyandd) at fatr om
similar to the elastic modulus of the fiber i
that the matwuirxat edantdhem tthe armpgpdkse,d | oad gr ac
the embedded textile | ocated in the same dire
ruptspr e |

Moreover, dueheobuhdlekcfeattbk stageds behavi c
that exhibit different and intricate failure
each fiber. I f a fil ament reachesoad sprteevniso ul se
carried out by the broken filament must then |
can be described usi nhgBpfiber bundle models (F
Anot her | mpor taammddaspethet hnenhdb|l menTRMf abd t
setp with the consideration of the omattuerrawdh ch
the mortar in stages 2 bandde n3t,i fcioends ebgyu etnhtd yf, i bs

much as smmedadédt &ieéugpndfhrtes

Il n someandat cdbmpo,si gleibpepa gdeen t he fi ber whi |l e
characterized by | ow strendgtehec otgmd zerda & & odre ¢ d
st aMoer eover, t he stirengd htalodg i & sopae o d 4 le oo
bond c.awFRtchdary, o oVl nkuinte ghoaosd f r i cti onal resi st a
some composite material s. Hesntcrea i ni nt htaebgereanme sotfi
TRMs can be shownt haitl biiwslsithi egdvir[@b.e mavi or

2. 2PBevention of slippage in TRM:
There are some cprepgdémppagehoddushattptekxngl e
t he emed todnstil e test. The clamping grip met ho
tabs by mreessmnarttion @ P sodedby|[ inserting a steel

[2
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A

tt 444 rubber interlayers 7t + ¢ t }

a -
—— — ———
——steel sheets < ——
steel sheets - -

500 mm ' 900 mm
a b

Figure 3. The seups prevent slippage of TR{d) Setup from Jessg2], (b) Setup from Molter p4], the
picture taken fronartig, J[2]

The clamping grip thetgheatd st auses weél sbaewwe en

avosildi ppage, further mor e, this method theses
pul foumg test, consequent he, ult-beanbhiit b@r cagpaci tfya
pul oiutheg8 b . |

The stress concentration is so negative that
cl amping @ndpauwlgd aceerms e some pr emdtaumpe ngr aclsa
order to evade meeting premature failure at t

or within the area wunder the pr2&Anutrieno,t hle.r
Papanicol[@euab20ihp) ementing the rubber around

A

speci menbs tabs.

't i s noti ceabned htomdatte stthien gc lmaanyp innogg accur ately
scenari os unl e sad desa bcodbnyas iensg e me@amh@&@anchoring
Whil e parameters derived from the clamping gr
materials, they shoul d paurtpl@seesdi rectly applie

2. Aydpefsaiolfur es
Var ifoaucst or s contribute to the type and | ocati
| ayerusp, tbyeptedi e est m@mmepar ati on met hods such as
l ongitudinal and transversal buodt kesnedlowsveo

l.lnterlfamilmare: The failu
structures may result f
interl amina2pdel ami nat i

e of TRM composit
om the detachmen

2.Fi reurpture: Typically, during Ssttargeaei n3 cour v
should demonstrate a sl ope akreethofi bhereasl,
failure arisinsg from fiber rupture

3.Empl| oyiengcltampi ng grip method, which exe

enhancestthprsbéeremechani sm between fibers
fiber slippage and enabling ful28 .fiber ut
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4 . Tel escopic failure: Reinforcement yarns
concret,éeuenat oi ki Itthenceanugs eedf fleycttshe c¢cl ose p
filaments. As a result, there are essent
outer ring zonej; nalogo skreeewre &< nteh e tfhiel Imat
a relatively strondeadiadgiiwe aman d i H eatmeend
yarn cor e, only weak frictional l oad tr e
Enhancing the inner bond can be achi eve

i mpregnation that [4ppkenet rates the yarn cor

Severalhawteudineesesti gated th®etensrkedpMopeéenti ¢
composite materi al and monotonic tensile test
speci mens, as demongetdr dtye dHab y [2he sdsacE tohn e @it d &gl t
[3], De Santi ¢ etarmmd .DARMtli7po [and Papanicol aou,

5] .

2. 2H&arti (@ 0et2 al
Hartig ef] ;alt.est2e0dl 2t-gfbaserfebens wARh and wit |

contained 44 specimens, and the c¢l|l ampicrhg and
series, and the cracks appeared far from gri
whil e the specimens were the <clamping grip n

cl amping area.

Besides, Har2t; gment iabned 201 &t [when using uncoa
were frequently completely extracted from the
suggesting a rather weak i nmeer, kdred. eGarnvhe rodel
was significantly shorter than the avail abl e
in the inner bond.

E t

E £

Z <

12} 1]

% %

| o

0 05 10 15 20 0 05 1.0 15 20
mean strain [%] mean strain [%)
a b

Figure 4. The images depict experimensalessstrain relationships and photographs of typical failed

specimeng@) In Series 1, uncoated Adrass fibers were useh) In Series 2, polymesoated ARglass
fibers were employed].
2. 2A6cione ¢t al. (2015

Ascione ellempl.ovaeddass textiles, including E gl
as weft i n combination with mortar. The test
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thickness values (5 and 10 #®m)l,ayaemrd tohfr etee xrte

configuration was represented by at | east thr e
grip method. The initial cracks observed in t
tabs, while additional cfraarc kfsr canp ptehaer etda bast. v ar

g 8 8 I | Failure stress )

=7 - 7 Reripheral A2 (17,8MPa)

e My e cracks X 16 MPa

2 BN N\ v Varying

gi ATk j = ( 14 MPa o ne

é. " .d Wb M L 12 MPa stress

E > o 1 ? 7 Extensometers g ypa

52 2 Elpal borders

EM - s 1 et 8 MPa

NI=2 R /

504 0

~ 0 100 200 300 100 200 300 400

Specimen longitudinal axis (mm) Specimen longitudinal axis (mm)
Figure 5. The pictures above show the streBain diagrams of the tesfs]

2.2Dé Santis et al. (2017)
De Sant i s [4dx ari.ng® 0fliT7ye speci mens per series,
uncoated fabric (B) with bawsaés, fabbarbaaodd sl
uncoated fabric (C) composed of <car b(o@G) fmabdeer s,

of -AlRass and aramid yarns in the warp direct.i
uni directional textile of galvanized Ul tra Hi
Sspeci mens were tested wusilnlgowtimheg dleasmpinmgg aqrdi
analfyosri se acthe xtityippee 8anti s et al. (2017) suggest
significantly influences the failure mode of

a b c d e
Figure6. T h e cr a c k 6(a Basattstainleds stael textii¢h) Carbon textile(c) Steel textile with
fiber reinforcement mortald) AR-glass and aramid yarns. Steel textile with minéd&lL mortar[ 4]
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2.2T8 DoAmtdi €at heri ne ( @dOrli7Tna) Papanicol ao
D' Antino and Catheri f3epcpGduichayd PBPapeani cneha s u
speci mens, including bot hshexdadngam@mlre p.r i Bhmes
were created using various types of TRM compo:
coating, ful bunmpeegnahedlfebEronal gal vani z
AR gl ass fi be . Two-Gholpdiamgl m©¢tampd n,g tGhmeé pClme\
for testing, a—IFIoalrggevimdﬂthdn@ fCar veumbbel |l speci
speci mens were depicted in the study.
The findings of the research indicate that ar
| oads, resulting in significant enhancements
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Figure 7. Comparison between tensile tests on rectangular prism (envelope curves) and dumbbell
specimens comprisin@) coated carbon(b) uncoated carbor(c) coated glass, anftl) galvanized steel
[30]
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Figure 8. The diagrams of stresdrain of the testedpecimeng$5]

They concluded that the test results on rect

factorsusuaolyg,avandl ing, and speci-tmeaclsiengpinp
matrix and premature failure. Additionally, t
yarns resulted in improved mechaintiec ad o ntphaarreadc

uncoatesd textile

2.Bond prlohMrti es
Examining the adherence betweehumMBNMeandtalvomg¢r
cruci al for gauging the effectiveness of TRM
unihtimwges upon several key factors, encompassi
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the | evel of fiber i mplrietgyn aafi ocno rnbcyr entoer tsaurh s tarne
| ni tial explaroantciroentse oafd hTeRM nce have -lpapdamd na
doubbe shear tests.

Il n sliagleheaft egtoedFadg®TRM stri p atst adocditemdnrealsluy f ac
a concréehenbkeosk| e force is applied to pull o
remains stationary.

a b
Figure 9. Pictures(a) and(b) are the schematic difiesinglelab shear test

I n ddabpl shehowregtid eNRstri ps are bonded to b
concr et whibtd¢ hnecykes,connected solely by the TRM s
subjected to tensile |l oading until the TRM fa

a b
Figure 10. Pictures(a) and(b) are the schematics tiedoublelab shear test
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2. 3Thfeai maodes in bond shear | ab test:
The failure modes identified in bond tests coc
det achment of TRM from sections of the concr el
concrete and pnmourrtearo;f alnRdM.( 4) r u

The depKicgli¥Poe linstrates the different phases o
along the |l oad réspgphiree Thasresddoat etboinded | e
represents the actual bonded area, defined as

As the |l oad increases betkveneon ep ouiertosh dB magn gir ©,c
extends to the end of the bonded ré&yioandAt hp
residual bonded | ength ald=gins Wwietfhe rErhegdi ®téof e c t |
b.

Beyond point C, the | oad begins tow<adeclhline as
Subsequentl vy, after poiaohasDgmhelat hbecoataviofy!l ot
increaseennAtttitheens esi dudal shgmdédd clama b dteanmte a
to note -thatreneFR®&i nt s, a combination of fra
end of the daempos[6te when

<l P
C Load response of =t A ———
g FRP-concrete interface Jese P = Pis
Prlcareesreness L=t B —
Pal *0 e N '
LI *
g P : b b
3 A letr P
= i k<t B.C :
= 1 C-le P =p*
z =la C
/ L-Ir P
Pf ..................................................... Ir < leat D
3 . P =Py
o & & Global Slip g k=0 E
Bond mechanism  Friction  Unloaded area
— [ — c
a b

Figure 11. (a) Idealized load P vs. global slip g respon@d® Stresstransfer mechanism stages
corresponding to different?2points of the i

2. 3D@Ambri@@oO}ret al
DOAmMbri si )gxtliaves{RkaRed-btomaed dabblratehgarasse
FRCM composite containing -ma®dBd mettr iexnbaerdd edo
foll owed the conventional appr oaicrhg utshead- Ifoaa lF |
slip relationship between the reinforcing fib

The tested speci-magysercamdydseaebdbeingleati ons,
(L) ranging from 50 to a50r mlmutéd Bbl deherdin
bet ween the fibers and the matri x, foll owed b
failure) after sneafne fMirikcidgnittPoefAidlde rt | oIniap payge a t
matrix typically remained firmly attached to
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7(s) (MPa)

0.6 — — 1 layer, L = 50 mm

0.5 (a) I layer, L = 150 mm
— 1 layer, L = 200 mm

0.4 7(s) Eq. (5) — 1layer, L = 250 mm

— 2 layers, L =200 mm

0.1 5 (mm)

0 0.4 0.8 1.2 1.6

Figure 12. Pictures(a) and(b) are the specimens @6 Ambr i si et al,(c)gh2elalr2) f ai
strength of some teste[@]speci mens withou

The findings were indicated that both the ul't
increases with the bonded | engt h.

2. 30Bmbr(2&)1L5
Ombres [{e6da8ycted experiments on 24 samples o

how the bond strength of FRCM material s, com
mor tadfects perfodmamashearnteisngle The first sel
l ength and the number of fabric | ayers (one ar

temper atAlCr. e Thhife 2@cond ser i eesci nteonmsp rriesiinnfgo ric2e o «
|l ayer s-FRCMPBOrips bonded over a 250 mm | ength

I n Series |, failure in all specimens reinfor
due to slippage at theefibee/ cOmbnebt {({B0S5MAt
bond lbengthegresenting the minimum bond | engt
| oad, to range between 150 mm and-r2086f onmc efdo
specihknegilsd. ei | | ust rsaltieps rtesdudgjtetr Hfegpsromlt mesntsed unde
t hermal compatairfeot idiyscwnsed i fomrst her here.
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Figure 13 Series | specimens: bond stredip curves. (A.1.Lb and B.1.Lb single layer strengthens
specimens; A.2.Lb and B.2.Lb double layers strengthened spec|[mens;

2.3D8 AM20d)amIIneed(2&tl 5al
D' Anti n@aha0 IShleed [lexambBeBPES) mensl aphrohgdr s
tests and 16 spelcamesBeahroeghsdoTlihé ecomsr et e
were constructed using Portland cemdmtp tsyheparl
tests and 375 mm anldapldhemr ftoas ttsh.e Ssanndgbllea st
surfaces of al | concrete prissanPe | y pidrea ptheextyil |
Benzobi sPoBxOa zfolbeer net .

Il n thel adpuvHear tests, failure was primarily
characterized by slippage between the fibers e
i nhngliap shear tests, failure ocefuirbreerd ianst ear fraecst

t han at -ctomermater iimmt er f ace.

The findings revealed that the width ef&apct w
shear tiersg swi talH itgme -bapceomear of esi sgetenducted
Further more, iFti guiadsa nddle thert inlitttheetiat e | oad and b
exhibited nonlinear i ncreases wit hs htehaer. btoensdtes
Moreover, Sneed et al . ( 2l0alp )arrcd agpaudlelde ¢thes h e:
and found thatloadcdec udriveepd agaedneftai |l ure modes W
However-l apihgbts had certain dliaspadiveamnttsa.geRe sw
doubbe tests were more consistent, -wapht éets.
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) ©n=7bundles 500 4 DS_XXX_60 series [10] -
! Xn=9 bundles & Average values DS_XXX_60 series 50
[e=260 mm | ®D'Ambrisi et al. [19] 0 = D'Ambrisi el al. tests [14]

0
0 50 100 150 200 250 300 350 400 450 500

0 100 200 300 400 500
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a b
Figure 14. Thestressstraindiagrams ofa) Singlel ap s hear t e §6, (b)Ddubldapt i no 20
shear test Sneed et al. 205

2. 3Sa&bau(2é&tl 7al
Sabau(20PB&Z)Jonducted experi ments on three speci
Sinlgde shear tests. Notably, the concrete bloc
bundl e | engths withinm tAldedintaitorn axl Isye,t tahte |cco n=c r<
sandbl asted. I n each case, -nfagdirli Xxr es | d opuargree d wd
observed at the interface between the fibers
interbatween the matrix and the concrete.

Mor eover, Sabau et al . (2017) di scussed the
di gital i mage correlation (DI CG)ap rcivreeadti ngh d &
was unevenl yondg stthrei bfuitbeedr abrundl es. Il nstead, it
the bonding charact @rriestEinad thoefl sdwootwlse bdndfbeamT
t hset rgelsosbladlfp t he tested speci mens.

2.0+ -
] eC28 1 & F600

] mC 282 e b
1.6 ®C 283 __ o [S5003
] & PPYE
] -_— 7 F 2
= £400 <
_%_vlb E S
= Fooo &
s =300
2086 o 5
:’7()0:;;
E £
r 7

E100

e e 0

0 1 2 3 Rl 5 6 7 8 9 10
Global slip g, g, g5 g; (mm)

Figure 15. The stresglobal slip ofspecies testedyS a b a u (2eDtL[%]a |

2. 3Té6mmaso R2Bunno
Tommaso Rot[dpPpoondDt28gpseshghe tests on mason

ry
PB® RCM. The experimental program included bo
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bonded | engths of 315 mm for the intrados anc
extrados.

Figuéld ustheatfeasi | ure types observed in all spec
was characterized by cahreastiev,e dded baccritchoeangr iiaet  tt
interface, and dtesabbmeateatntkeefmatri x
Conversely, for the flat surface specimens, s
with textile failudei witlte nexthreadn@ad rs xe oibmem v .
failure mode of reinforcements applied to fl a
sliding within the matri x.

onally, the exploitati osnurrfaacieo twoa sw hfiocuhn

I

ed, increasing for reinforcements app
ntrados.

Figure 16. Pictures of the failure of introduce surface f{aj}, (b) and(c) intrados surfaceand (d) flat
surface(e) extrudesurface[ 10]

To recaphiet udrastseednhedr esul ts and failure types
factors such as the width of TRM strips, numb
rates, and the bond between TRM or FRP and t
i nvetsegd gtahr o-lugh diouwdt¢te shear tests.

Il n summary, [Klruetvaise (ed0 1s9)v er all studies focusi |
l ength The consensus from these investigatior
capacity exhibit nonlinear increases with the
ef fective bond I ength for PBO TRM, with a mesh
mm respectively, was determined to fall bet we
with a mesh size and nominal teekilgknéebe eff &0t

|l ength was found to range between 200 and 300

2. Clonf i nTeRie nt
The purpose of wrapping comcwkitiechfad € memt ge we 1t ¢
passive confinement stresses during axial c¢com
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and ability to withstand deformati on. This ne
col umns wit haplaicmittyed nadx iianlsucf fi ci ent detailing
A
(fees €ccu)
Retrofitted :
|
i % (feo, €co) E
%E:i:: % Unretrofitted
W % |
;g:: Ultimate stress (f)
N and ultimate strain (€) of:
i A Unconfined concrete  ---- Sudden failure
O Confined concrete R RRRLED Progressive failurf
Axial strain i
a b c
Figure 17. (a) Concrete elements subjected to axial loads and confined with TRM jat&dserlap of
the final layer of TRM; an¢c) Impact of reinforcement on axial strestsain curveq15].
The standard method of applupcani campptrpopirc al ley
surfaces. A final | ayer overlap is commonly in
d e b o nHdiigrighb e
The standard procedure typically involves app
been appropriiastoeninyo np rteop airnecd.udlet a f i nalonl dyer
prevent the materi al from Kiogniwe . | tlosvever ema
arranged in a OA/90A confFedr seiboer soforbieditreda:d
direction contribute to the development of st
Like FRP confinement, textile wrapping can be
provided that t haendf itbheer scoarneerisnocodatreedct angul a
rounBaesde Koalpg the corner radius R should be
mi ni mum valtuessedmd®uatme concr et eatceav éri.b eTresx tmal
be used for wrapping under specific condition:
a relatively | arge mesh size can further faci
| i glite representabdkxpbpabk sfraknatustveesare dis
and TRMfined concrete.ndoMhimay tihei tiaaclkley ' 5 mpEemxc
stiffness elastically, itel @gtiimarlyeh anpiacn. i Bhe
active in tension only after the concyrdaitee has
t o t hee'csonecxrpeatn si on
As a result, athewsespenmahgnaeapgect s: rai sing t
axi al | oads and enhancing its ability to defoc

elasticity of confidswednchacrete dealidy tdRree eax

the axi al stiffness of-sebei wn@Ppedgumeket,
32
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2.4The types of failure:
The failwoaefimeBOREOFgcrnet sesyproml the | oss of
di stinct failure modes have been identified

l1.1ln thi Fgigdé&readebachment commences at the

vertical crack at the fabric's terminat:.
bet ween the mortrarofanfdabtrhiec,f itnearimeldayient er |
progression is influenced by various factoc
tensile strength, a shorter overlap | ength
mortar | mepmeanamiatomn thereof, can exacerba
[1-3 B 1L

2. Failure of thheec guiscelogafshic gpisisee sWhen t her e’
overlap I ength for the TRM reinforcement
hoop direction once they reach their tensi
failure of the TRM 3atakréd miteadr niumdgewi h
steel cords in steel fabrics), which then

extensive concrete crushi[#g036lauses a signi

Il n el ements witht dermedtuarmrg ulagr idwad tthadgdrasts sa

concentration or buckl i ng of[33tThhee Iroantgei t wfdi h &
propagation may vary dependiamy e nl a yheer sr eci onuf lodr
sudden failure at the corners of rectangul ar

| ay[83]. s

a

Figure 18. Failure modes of TRMonfined concrete elemen{s) Debonding at the end of the
confined element; angh) Rupture of the jacket in the length of the confined element, datd 3mpm
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2. 4T BAmear aneheatr si mpact the confinement test
e are sever al factors that affect the r1e:c
ncing the reinforcement rati o, primarily
ts both the compressivetyytofenighe aonndf it hed
augmentation is typically disproportiona
ctiveness as the number of | ayers rises.

i derable vmaentadli | ouycomesexpeoming from v
ntial difference$8bin quality control me a s
effectiveness of strengthening is signifi
| ar t oTHMWMP] gal&tes sexhi bit greater efficie
ndri cal sections. The uneven di stributic
icul arly i nwehiexadmndd asstt st wa tcho rt rheer su,ninf or m ¢
ul aB3lsiek ti ons [

di ssimilarity in confining action between
riencing greater confinement at the corn
i ficant influence of tumecoaffieaetdi veoomesetef
ncing Tthergxingl chpadi ty of confined concr
ied to concrete wivtah BRBWEENbhaconhgneddesb
th can effectively boost the compressive
ined concrete elements, provide@dRBthat deb

es [{sxwd)i ed the effect of fiber orientat]
r-c ofrRfIM ned owiltihn déres angl e of the fibers va
cylinder axi st.heHeo pctao mtallu doerdi etnhtaat i on of t
ntations having a reduced effectiveness e\

2.40Btl epp (20009)
sets were @nxtalme ;mEld(E2altOhd )steda | imye |l uded t wo
first set served as a reference, compri si
second set was r girmfi mrede dc onnxlresltye wiotvle r a
forcemaemte, upntowmadiend oad -gompaordntooatrehe
forcement | ayer.

third set was reinforced with textile con
used carbon f istkeerts owiht HE leté h dviassa nael scor orsesi n f ¢
rs, but with a significantly higher fiber
of the previous set
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The columns earmar ked for rei nffoeaateureinng wee rnea X
aggregate size of 8 mm. The TRC streqmdihreed ng
concrete and textile reinforcement structures

Ortl epp (2009) tested severalprted ethialeeds hen r @dium
the specimens is so Iimportant that for practioc
the relationship bet wecdmmetnh ea nrdo unrhdee de fe degas voefn

70

60
50 |

40 4

20

area of concrete core lemmJ)

Stress, related to cross sectional

DO O o

Geometry of specimen
O Series 1 B Series4
O Series 2 B Series 5

B Series 3

Figure 19. The loadcarrying capacity of the reinforced specimendependenof thegeometry[ 11]

2. 4Ther @Y 5
Ther moul R®Is84dcyl indrical concrete speci mens,
reinforcing grout ( SRG) as the textile mater
compressive strength Cl12/15,i hadGranupvR,sy | aipt h
class C20/ 25, had an overlap |l ength of 120 mm

Hi gllensi tfjyackRG ed cyl i ndekues tion demaumpdiAngai Weidl e

density ones mainly failed due toGrenmei Be Mmoa
|l ow and-dmedi usn SRG jackets failed due to debo
occurred gradually as the steel cords fractur
steel fabric.

34 specimens with the shape of standard cyl ir
and the type of matast eal ueedfBEct Tgepgewatl ap
considepedgmenp A with conchetCd2c¢dmpr.evasi B& 0s-
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Figure 20. The diagrams of the averag#essstrain curves for all types of SRG jackets in specimeiig)@roup A,(b)

Group B[13]

Ther @®Jdn5ot ed that the 120 mm overlap |l ength, c
members with composite fabrics, -dpernsvdad ifmasouf
rendering it -deesiftegt BER6E fackéatgh

Besiidtesi s comwol ufdeede tmades were observed: det
termination and tensile-denactyr e abfi tbefatkbkel
interlocking with the-dmatsriitx, fvahoirlie smedkihumi da re
withmatrei x through mortar penetration. The ¢
particularly for less stiff fabrics
2. 4CH6 1| aj2a0nLndi

Col aj2®lip [pr elpragedi ds of speci mens as foll ows
cylindrical specimens with a diameter (D) of
there were seven cylindrical speci mens with a

mm, al ong with seven sspeecctiinoenn,s aewsscthth ehad vsignyga h e (
mm and a height (H) of 425 mm.

The concrete used was Portland Type 1 (ASTM
cylindrical co@pretskPBe MPareAbt hséries were c
Pheng |l RBennzobi sOxazole (PBO) textile.

Il n failure series 1 and 2, al | speci mens exhi

jacket textile occurred after wide vlemr tfiaciallu rce
series oX, afldi Iswruear e speci mens was attributed
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Tablel. The results of testing faylindrical specimens series A

Code PEEE) - aQ QO00® aQ 000
CAUN 24 . 2 1.33 15. 2 2. 79 28. 0
Q00O - aQ Q00 aQ QTQ 7- - I
CA2L 30. 6 11.6 30. 6 11. 6 1.26 8. 75 0. 45
CA2L 31.3 6. 82 31.3 7.11 1.29 5.13 0. 4
CA2L 31. 8 3.1 30.1 9.99 1.32 2.33
Me an 31. 2 30. 6 9.63 1.29 5. 4 0.43
CAB8L 33.8 9.63 33.8 9.63 1. 4 7.24 0.5
CABL 36. 2 11. 4 36. 2 11. 42 1.5 8.59 0.5
CABL 39.7 14. 8 29.7 14.85 1.64 11.1 0.54
ME AN 36. 6 36. 6 11.97 1.51 9 0.51
CARL 30. 6 11.6 30. 6 11.6 1.26 8. 75 0.45
Table2. The results of testing faylindrical specimens series B
Code Q00O - aQ Q00O aQ 0000
CBUN 24 . 4 1.89 22.1 2.15 21
FPEEES - aQ Q 000 4 'Q Q7Q T- - T
CB2L 30. 8 2.18 29. 2 11.03 1.26 1.15 0. 77
CB2L 33.7 1.76 27. 3 12.73 1.38 0.93 0.66
cB&L 29 11. 4 29 11. 4 1.19 6. 02
Me an 31.2 28. 5 11.71 1.28 2.7 0.72
CBBL 34.7 9.16 34.7 9.16 1.42 4.85 /
CBB3L 32.4 2.36 26. 8 12. 14 1.33 1.25 0.81
1
ME AN 33.5 30.7 10. 65 1.37 3.05 /
CB2L 30. 8 2.18 29. 2 11.03 1.26 1.15 0.77
Table3. The results of testing for square specimens series B
Code PIEEER aQ PR aQ 000 ®
S BUN 25. 2 2. 06 9. 3 2. 15 4. 12
Q00O - aQ Q 00 aQ ‘QTQ -
SB2 L 30. 1 2.22 24.9 11.27 1.18 1.08
SB2L 28. 6 2.87 22. 4 6. 82 1.12 1.39
SB-2L 26. 1 3.76 22 10. 82 1.02 1.82
Me an 28. 2 2.95 23.1 9.63 1.11 1. 43
SB-B L 32.3 2.13 31.4 8. 4 1.27 1.03
SB-3L 30. 2 2.52 28. 6 13. 4 1.18 1.22
SBS3L 32.4 1.87 28 16. 4 1.27 0.91
Me an 31.6 2.11 29. 3 12. 73 1.24 1.06

Col ajannlipPf oadd4 t-hmREM PBiOgni fi cantly

enhances C

speci m

ef f

ductility in RC cylindrical and square
of confiniogethgppsng@odeng sFhRMCM yi,s PBIOg hl y
confining square col umns. Usi ng tcheguodn tviattii owns

confinement but

2. 40fMbr(2GY) 7

Omber s[1204& Sdteadt al

unconfined. The

The speci mens
temperatur e)

t

o

sti ffness

textil

250AC,

e

for

FRCM emepffectevewner

gdfi vewernytlyy ndr i cal

t hher mal

concrete s
us e dp hweansybl PeBidixisha ma zahb b r
weli @usubjeenptee dt tbe vaal ues,

condi
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speci mens were grouped into "Series | ," "Seri
concrtecthee sh.a

I n all tested speci mens, failure occurred gr.
cracks originating from the overl apping zones
j acketed cylinder surface tahnedseasvepeaealcabt rcemg
wi dened until jacket failure ensued.

Ombres 2017 hceh afraimltieroanbkedati on of PBO sheet r
the interface bethvegehlidli betr sataend tmlad rfi xi. | ur e
specimens. Analysis of the specimen configur a
does not alter the failure modes

Ci1-200 Cl-2200 Cl-32 50 Cl-2250
Figure 21. Specimens' failures thaktractedrom Ombress 201[714]

Ombres 2017 not edt etnmpaetr antiutrhe ,i ntchreeraes'isnga decr e
confined specimens, with | imitations. Additi ol
temperature surpasses 50AC, regardless of the
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S3TensCGhHeaer acteft i CdtRiiVMo m

3.JdIntroducti on
I n this chapter, the charact E€RMzsatdieodfivieodbughr h
serimenwtfoni c ,ttenwas$ ¢ ob petdetgh e abe havi or of ca
when combined with various matrices and resi

analyzing the tensile characteristics of t he
mechani cal properties and potential applicati
The experi ment al program was devised to perf
individually and when paired with mortar. Th e
carbon fiber are influenced pyesbdpcenof umooharc
the strength of the carbon fiber. The specifioc
o Characteomme ngi miltxhroough fl exur al and compr

o Determining the tenrsaiilne wualntdi mmaotdeu | sutsr eonfg tehl, a

fiber using the clamping and clevis grippir
ol nvestigating the ultimate and maxi mum t en:
with mortar.

3.TensSt Ir e oda hbMers hes

3.2Materials
Thetilized mat-etriamhgtih darebohni gfhi[dbRer pr MARPEESR | E
Maped , with a fibe+r.aAeaowdighttoftBe@Ocompany's
fiber consists of alobhgindl@isnaslpaared ttanldVdr0s n
measurements showed that the actual aspabiowg

Figaecdditionall y[3B&€odhp MapepBrpskkhs were used
experi ment by manufacturer recommendati on.

Figure 22. The mesh sizega) longitudinal (b) transversakdirection
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3. 2Pr2oc ePRrse pafr ati on
The preparation procedure comprised four st a
speci mens at predetermined interval s, denoted
wer epesnudsed bet ween tiwii gpReBdeeNsottaalbsl ys h dovant c hes B
bare carbon fibers tsryenatheed iwi tplo|l Gameponenntwal,er
a formula developed in t[BRETMA®PEL T r eRetsmmeamnmtc hwad s bz
PLANI TOP HDM MAXI mortar using an angul ar pa
gui delines. Meanwhil e, batch D red3*fiBa¢d haAbr u

however, remained untreated, without any resi
Al | specimens from batches A andm@, wehel ert mo
from batch B were cut intldOmemdAddngubanl shapeh
fiber pieces from batch D weremoivided into s

Figure 23. Pedestals made to hold the carbon fibers to absorb resins

Under | aboratory condi ti®®®WsRK,f talperoar bmarn efl iyb ¢
C, and D absor bed [bREph xtyh e eGa mp canfiedatdlab e @na p n
Fi gRd4Feor batches B and C, the meshes were diyv
400 mm in |l ength, with 4 and 3 bundles in r o\
were further segmeonft etdh el nstaommasni) negniget thic i{ N4d0I0s s me s
into three rectmmgilres|l ereqtshu,r i emgc b 50ont ai ni ng

more rectangl esn measemigndp, 5@@ch with one bunc
speci mernsrwetedefrom 4 bundl es.

b
Figure 24. (a) carbon fiber without component &) carbon fiber impregnated with Component(&,
carbon fiber impregnated with MapeWrap 21
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To ensure effective gripping at the speci men
were bdarhdkeed etxa il e on both sides, with the tex
resi ARRSE HolOT@ Pa/dd  Si KAaJjdwerr e3Qused to adhere-the t
RE 500 V4 resin was applied to batches A, B,
Fi gREd | ustr autpe.s Tthhei st asbest wer e pressed with we
bet ween the textile and tabs, and af thirl t2i4 hc
resin [mabwelt 06 #eregtthkabon both sides, the free
and C was 200 mm, @BiOl emf o AdldwbecbhBholyi nyas hat
C, some textiles were br N$s FO® WDUMB PheoXritpaorn eanftt el
t teab attachment .

l

T I P T T EY E R
P —_—
o T -

2 0

a o b c
Figure 25. (a) Tabs glued by HILTI resirfh) Tabs glued by Sikadur resfo) 2 Specimens of textile
with 4 bundles and 1 bundle

3. 27Te3sSet up
The specimens from BatcheenSgsRB]j ngndsbDnget bdes
mechanical tessppgiwmacesipne.celdhesne t he machine,
a serrated surface, were chosen to apply pres
13 mm. This dethpep ¢émdbsrod tha bundles receive
effectively clamping the textiles using wedge
Fig2a6 ePressure applied by the machine's jaws
bars for specimens containing four bundles an
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c

Figure26.Ja ws 6 p:apfrom dowrgb) from the top part(c) the surface of the jawg) the
specification of the jaws in terms of thickness holding

The speci memsawamedd®e dtelsé i ng speed was sel e
recommendati ohsf of RARM3¥e fdsislpd atcesnted garavilatt e a f
Whil e batches A, B, and C werdealXd @mpdre dA[@G1t3 4 he

guidelines, batch D, consisting solel yyeofofbar
la axa Qe
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Figure 27. Experimental setip: (a) and(b) are one and 4 bundles without resin and clamping gri
method of batch A¢) and(d) are 1 and 4 are bundles with resin and clamping grip method of be
B, (e) and(f) are 1 and 4 bundles with the resin of batch C and clevis gripping métasi 4 burdles
with resin and clamping method.

Table4 andTable5 present the results of the tensile tests on the carbon meshes. Theespagim
thesetables are identifiedusing the format CR_SH/SG_L B _N. Here, C stands for carbon resin
material, CR represents material without resin, S indicates the batch specification, H signifies the
clamping grip method, G denotes the clevis grip methadpresents the length of the specimen,

B indicates the number of bundles, and N denotes the specimen number. Each batch underwent
testing with a minimum of three specimens, except for batch A, where only two specimens were
tested, both containing onerlle.

Test dra¢d @oawaiesde g wdlnl©@dby t he tensile machine. B €
strain diagrams of batch A, B, a@gd |aunsdtFiDatdeod innc
28UFt her mohree stressTabdlamEasbSlddpivbbead been cal ct
by the divisionodft ati me ttee pdoineea homGhienaumber o
l ongitudinal strands which ieg®nelhted in the

The stress was calculated using t MeBweahrieadr pgesr
speci fidcgé&didcias 6bBbe manufacturer's manual
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Equationl

The stress |EBve@&erdepgrceatw vy ni nfluenced by th
setups. St-rnaiwerfeaidlewreersmi(ned by dividiing the
measured by theembaelmlgnas by pAeCledfdy@ad gi n
- 170
Equation2
The elasticity modulus of each specimen from
and pextcgnt of the wultimate stress and strain
. y 8 8
O 5 T
Equation3
Tabled Resul ts of tensile tests of telxkundleesproperties of E
s ecimlA"rQea "CoatiMaximum StressStrain at Modul us
P T F(N) ( N/ fim - elastici
CR_AH_60_ 200 2798 848 - -
CR_AH_60_ 200 5141 1558 - -
CR_AH_60_ 200 5471 1658 - -
C_ BH_60_0 200 P 6360 1927 1.049% 183.73
C BH_60_0 200 P 6617 2005 1.142% 175. 64
C_BH_60_0 200 P 6967 2111 1.203% 175. 49
C_CG_60_0 200 P 4178 92.85 2.181% 77. 4
C_CG_60_0 200 P 4802 106 . 2.449% 79.23
C_CG_60_0 200 P 3434 76. 1.864% 74. 44
C_DG_60_0 200 P 9225 2796 1.493% 224.98
C_DG_60_0 200 P 10065 3050 1.600% 218.09
C_DG_60_0 200 P 9507 2881 1.538% 230. 94
CR_SH/ SG_L_B_N, where C = the type of materi al thatatis
of btahtec h, H= Cl amping grip method, G = clevis grip met
of the speci men
TableSResul ts of tensile tests of telxuridlee properties of B
Area w ; . Modul u
Speci mer CoatiMaxum | oac Te(nNsllﬁlme fSatirIaul el ast
(GPa)
CR_AH_60_01 200 1250 124.95 - -
CR_AH_60_01_ 200 1278 127.75 - -
C_ BH_60_01_( 200 = 1589 1926 1.09t5 175. 7
C_BH_60_01_( 200 P 1035 1254 0. 75 166. 6
C_BH_60_01_¢( 200 P 1361 1649 1.05% 156.6
C_CG_60_01_ 200 P 1108 1343 1.61C 83. 4(
C CG 60 _01 ( 200 P 1510 1830 1.892 96. 7
C_CG_60_01_( 200 P 1675 2031 2. 771 73. 2"
CR_SH/ SG_L_B_N, where C = trhesitry,peChf tnmad etryippd dafh atthd si
of the batch, H= Clamping grip method, G = clevis grbe
of the speci men
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Figure 28. The diagram of stresstrain of carbon fiber that picture¢a) batch A4 bundles(b) batch Al
bundles(c) batch B4 bundles(d) batch B1 bundle, c. batch-@ bundles, f. batch-@ bundle(g) batch
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3.2Résults and Discussion
Based on the findings fromThbMaeTlal®d et hemapibog f
grip method was applied in batches A and B, a

However, speciemehnsbidf moatech eBhsi |l e Bteéeagthceci
rather than bafclgd8e arnafFebrrrtelideer tnmol reev,i s wgasi p me

applied on batch C, i mpre@dmBdited with epoxy re

' b c

Figure 29. Pictures ofa) the failure of 4 bundles of batch @) the tabs and Hilti resin of batch £g)
thef ai l ure of 1 bundl ebs speci me

The data pPprg8@etcecairhy desnmomcsde raft eany hel iappadg

bundl e and metallic tabs in all/l speci mens t ha
Fi g3heRi g3lhe well . Furt heiff4npo raeptpotiteetdeHImeT la |l rl @ i
proven to be durabl e; upon drying, no cracks
both sides.

From the failure analysis of batch A, it is ev
the strandsdé filaments. While some individual
rupture,5 BBlewabveéem@tdd | ustrates that the3papplic
faci Ibiettdteed | oad di stri buée¢isntomelaenon,g itthewds | mante
resin component B did not induce cohesive be
surrounding the inner ones adhered together d
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Figure 30. (a) and(b) are the failure of 1 bundle batch &) the failure of 4 bundles of batch B

Based on the ThadlaanTdah® ¢ mteead oimbi nati on of t he
component Bpeebsottedsioatance compared to the
t he sampe Detspite batch C wusing onl yYw fsttrhaend
maxi mum tensile stress of batch B withnldy str a
1 but al saoheidg baimn dtlesn batch BOs speci mens.

Conseaqudastgl8yibes hows , some inner filamertredrupt
together. A similar pattern was observed in b
grip method used, which distributes the | oad
the clamping grip methopi S¢grgegsspcmaetbatdraano
damage or uneven distribution of the tensile

Figure 31. pictures ofa) and(b) are the failure of 1 bundle batch () the failure of 3 bundles of batch C
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| Fi g2A8Yei si dent that textiles of specimens fr«
di splayed hit the climax in terms of stress,
batches.

il |

b
Figure 32. (a) and (b)the failure of 4 bundles of batch D

As depircitge@iReot al rupture i s observed in cer
redistribution of the | oad among the fil ament
filaments to adhere together, preventing thi
Addiotnal | vy, due to the clamping grip method, t
|l oad among the strands, | eading to some stran

3.Tnsil e tesltRvhg of Car bon
3.3EtperiMmectalur e

Toest ablmedhatnhiec al characteristics, including
modul us of elasticity, of di f éwerrecohdmat ed ces
composite materi adl. 2rrelf erred to in section

Seven different TRM composite batches were ansea
and resimp®rtlatnt t o highlight that each batch
within unigque matrices. Moreover, various resi
3.2.The mortars wused consi s[BRd MpWr[2h AKRNTAOP |
conventio#fahl cement

The procedure fbyr 2pred,ard ngarbddtic hoefs TRM foll o
1 and 2 were cast using the provided metalli
at 6001600110 mm, necessitated cutting the ¢
mm.

W
C
a
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Figure 33. (a) the carbon fiber with the size @ft Tt mam, (b) The cutting carbon fiber located
inside themoldrecommended by AC4344]

Speci mens from batches 3, 4, 5, and 6 were pre
wooden mol ds werei #rgidtedips arse dpmpeciteidon in

process. These wooden molds consisted of 7 anc
to batches 1 and 2, carbon textiles in batches:s
6001 60 mmsi Epormpoeaent B from the mortar PLAN
the textiles of batches 1, 2, 3, 4, and 5, fo
6 textiles, also sized 600160 mmFiw@deci mpreg

Figure 34. (a) the invented wooden moigh) the textiles cut to be cast inside the mold

The mortar type for batches 1, 2, and 3, al ong
batches 4 and the other half of ba$pgéci5f iucaldl
batch 4 and the | atter part of -ba42hhM sampgdl| oy
ranging from O0.08mm to 2mm in size, and water
HDM MAX® Portl and clemenht5N,EMand /MAPE[GROUT 430

The mesh was saturated with component B befor
created by blending componentsaA anhdr Bei,n as b
FigdbseHowever, all specimens in batches 5 and
using aamihxineg

After i mpregnation of the mesh by component B,
by the combination of components Aighded in ¢
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However, al |l speci mens of batches 5 and 6 wi
machi ne.

a
Fi gbs@hand mor (bpmmi xStnigr rtehre, C o rfiepTohnee nnii XAt Larng

The blending process took about 10 minutes f

(ilTuskEirgad®e amd 5 minutes for those mixed wi
Fi gBk)e.wdd essenti al to blend at a | ow speed |
mi xture, in accordance with the manufacturer'

using matrices composed@Bawfhi RIhANeT @P pHIEN aMAX] u
mortar. stirre

After mixing with PLANIhIOCPK HDaW efA Xd f, naa tS5r imkm wa
| arge metallic molds wusing a trowel for batc|
necessary tpo egsrsaduheel Imortar onto the mold surtf
the cast matrix with the strands spaced 15 mn
batches. A-tdheacknd ayemmof mortar wasnehemaf adde
pl acing thei @garbter ntoetxitng et.hatt the steel framew
bet ween tthheealtay gk aeohfi bits the explained proce
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Figure 36. The process of TRM preparation of batches 1 and 2 inside the recommasidedl AC434
[44], (a) the first layer of the mortafp) casting the prepared textile to the top of the first lag@rthe
second layer of matrix on the mortar.

I n the preparation of batches 3, [ 5 radmdi 6n
mortar, and MAPE[GROUMTt e ud EROIi nt o the mol ds

wi t hmm t5hi ckness. Using a trowel, the matri x
specimen to ensure uni fmoar mht b k¢ k wers sh etMp t |ailyddls
each specimen to ensure alignmenRKi giBi7a) he | ¢

Subsequently, the ciun tl«tpd®rrse dve mkit geinbge da ® dd
foll owed by t he anpngtlhiicakt il ary eof od smeaccoand Son to
i Fi gBtg. The preparation processFicgoBnttd .udletd wi
not eworthy that batmmhes 3 engt handvhé Ineebatem0 4

Figure 37. (a) The cast of the first layer of the mat(b) the fabrication of the textiléc) the second
layer of the mortar with embedded text{d), The prepared TRM specimens

Af ter preparing t he tshpeeyc iweanmnes ailndsisdckce | terde wna lhd
four days under | a®d® raafdomayGnicadintdy .t i ons at 23
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b
Figure 38. (a) and(b), show the unmolding process from the mold made by A@434

Having been unmol ded &fitg@8B ethe mereici nead odr &
were cut into rect angwu maidbpya nae | cso nAci rgehit9 et hsea ws i z

Figure 39. (a) (b) and (c) are the processaitting the specimens bétchesl and 2 via a concrete
saw

Because the woodenzend,| dt warse was no requireme

reff eFriegdi Otedcol | owing this, the specwemreen smd v edn
to a chamber AM@iwitthnedrat a®iOver hamiddiirtay i ofn
Subsequentl vy, they were transferredA€Coamd sa&p e

humi dity %,ewelercef teh®ey r emaisnedcdgunti |l the day

-

b
Figure 40. Unmoulding the specimens of batches made inside woooles,(a) dried specimeng(b)
unmoulded specimens
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3.3Ma@rtar characterizati on

The mortars, which are prepared to embed the t
to determine their flexural and compressive s
i nto thteemoirlteard st enmahtiyd @89 camehdil e the compr e
test assesses the durability of these d4dmateri a
27 .

Relying upon annex BO6-%815Tp,blteh eB.11o aodi nBgS rEaN elsO 1
identified and based on 8Readdtaceb®dERYft OhE
the Planitop HDM Maxi I's classifi2dpB afsorCSt hHev
compression test.

As stated earlier, once componking 8p A tamaly Bwewe
applied to the TRM molds. The mortars were th
trowel , forming twoFugdiher ol Apearag( $shewmgui de
1040895, each | ayer was compacted wusing a tar

compacti onFi(pdieseeAf tiem compacti on, a palette
mortar surface to inkaitgdhicet he mol d (depicted

C
Figure41. (a) the metallic mold based on BS EN 1415[51], (b) the first layer hit by a tampe(c)
the mortar flatted via a palette knife

Foll owing this, the molds were sealed wusing
Subsequently, the specimens werFe gdi@aaod el & aedn
in a chamber with % ared ad itvemf@rmd Tdo ety 100é maOION e
chamber for appbefxomatkeeiynd 7t rdaarysf erred to an
humi di %y amfd @0t emp@rfaomura&anodd@iOti onal 9 days.
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Figure 42. The unmolded specimens

The di mensions of the specimens from al/l bat c
Appemdwkth the nominal measur ememims Idiept did =a &
mm, bagnen. = S4bsequently, the specimens were re
area, where testing for the flexural strength

machi ne, Hiegplidwet ed i n

a b c
Figure 43. (a) The specimens were labelél) the machine that the flexural test was performedd)y.
The specimen was prepared for the test

To ensure failure occurred within a controll e

testing with a consi stidideV oiadl @fp p &bl c a pAifd eh o
documenting thel) mapipmimd| e @adsaich speci men fr
depi cRieg3ment he fractured specimens iseperteaado:i

to note that each speci men waisg4sdped it i nto two

b
Figure 44. (a) The specimen broke from the middle into two pigt®she specimen was prepared fo
the compression test
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The corresponding fl exural strength was <cal cu
by BS EN 16115 part 8.3 |
Q p&—> 074§
Equation4
F: The maximum applied [ oad (N)
B: The di mension of the specimenés base ( mm)
D: The dimension of the specimends | ength ( mm)

The corresponding dedishhyy masscavVewul abheds pegcid

Equation5
M: Mass of the speci men
V: Vol ume of the Speci men

Table6. Averageresults of flexure tests over mortar specimefnall batches with coefficient of variatibn

Specimen Maximum load Flexure strength Length  Depth Base Weight Density
F(N) (N/mn?) (mm) (mm) (mm)  (gn)
1-M_ PlantiTop 2777.70 6.50 160 40 40
Mean Value (CoV) (0.116) (0.119) (0.0) (0.0) (0.0) - -
2-M_PlantiTop 3222.90 7.30 160 40 40
Mean Value (CoV) (0.076) (0.084) (0.0) (0.0) (0.0) - -
RN 5 BN O S LS TL
Mean Value (CoV) (0.064) (0.065) 0.0) (0.0) 00 (o.c (0.0
4-M_Portland 3543.80 7.70 160.60 42.60  40.20 (5053624(; 202z
Mean Value (CoV) (0.064) (0.065) (0.003) 0.009) (0.0
5-M_PlantiTop 4069.90 ©12s 16000 4070 41e0 402 1712
Mean Value (CoV) (0.160) ' 0.0) (0.028) (0.034) (0.C (0.0
5-M_ Portland 4224.10 9 16040 4040 4160 822086
Mean Value (CoV) (0.030) (0.019) (0.002) (0.008) (0.008) (0. C (0.0
6-M_ Portland 4065.90 9.30 161 a1 40 °52.2093
Mean Value (CoV) (0.064) (0.062) 0005) (00 (00 ©-0 (.00
6-M_ Mapegrout o000 8.00 ooy 400 4000 °28. 18T
Mean Value (CoV) : (0,093) : .014) (00 (0.C (0.0
_ 3688. 7 8.40 161. 41.4 40 454 1703
6-M_ PlantiTop
Mean Value (CoV) (0,131 (0,142(0.0 (0.0 (0.C(0.C (0.0
IAIflIl exsurrelngth results, along with corresponding diagra

A.
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The specimens for fl exural strength testing
individually using the I bertkeisga®BO®aGndompr Easu
proper alignment was -ldsksenddmdi tticonsi mwlratney
application f ol15bwe dsttahned ab Nl , 10045 h a rate of 4

a b c
Figure 45. (a) compression machine Ibertest 20), the specimen placed within the machi@gand
(d) bothpartsof the specimen broke undéeflexural force

The correspondi ng coarpawelseastieod by riemmlt dmevmatsi n g
given by BS ENL.1015 part 9.3 [

"Q;C—)O,T’dd

w

Equation6
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Table7. Results of compression tests over half maspacimens of all batches

Specimen Compressive strength (N/nfjn
1-M_PlantiTop

Mean Value (CoV) 26.30 (0,061)

2-M_ PlantiTop

Mean Value (CoV) 29.50 (0.112)

3-M_ PlantiTop

Mean Value (CoV) 29.00 (0.027)

4-M_Portland Mean
Value (CoV)

5-M_ PlantiTop
Mean Value (CoV)
5-M_ Portland
Mean Value (CoV)
6-M_Portland
Mean Value (CoV)
6-M_Mapegrout
Mean Value (CoV)
6-M_PlantiTop
Mean Value (CoV)

37.10 (0.048)
37.30 (0.027)
46.60 (0,019)
49.60 (0.027)
48.20 (0.032)

34.30 (0.043)

The pr Esasmdadb’/leemmumer ates the fl exural and com
2, amdd®&, by Plani 8p ADMhMagh tfhe same mort a
mentioned batches, the flexural and cO@mer essi:

| ayer over 3Filgdyfeér gh esth otwman nbat ches 1 and 2.

Figure 46. vibrating the specimen withvibrator

2All compressive strength results, along with correspon
Appendi x A.
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Vi br
matr
aggr
To ¢c
bat c

ation was necemaelirlyi Zeradéquacteemeynt itnoi t i a
i X . This ensured the elimination of air
egates, and the [&¢éhi evement of homogenei:t

ompare therésexveast aedgtclompf batch 3 uti
h 4 made of Portland cement, the fl exural

str ebnegtnbgwver t han batch 4.

The
a mi
stre
of t
t han

Thr e
batc
fl ex
wi t h
comp

Nume
to ¢

The
|l nst
t he
tabs
The
S0 a

3041

batch 5 involved theimiTepngdmf MawdD asathePRD

XxXing machine. Reducing the vibration dur
ngth for both cement types compared to pr e
he resuldt s4,0fPobrattlcahneds c3eneemmt ' s fl exural an
t hat of Planti Top cement in batch 5.

e typadPootl aedhgenMapgdwate anochulPi ameéow Dipy
h 6, similarly to bpeaefobmedhBapgrBaott had:
ur al and compressive strength. Notabl vy, t
25 strokes per |l ayer, totaling 50 strok
ared thesother batc

3.3T8nsi ledsptsest s

rowgs swere utilized throughout thei expredaem
ompare their effectiveness to fully char a
speci mens of batcihrest He amac lRa nMea al ptoess ttiin
ron 8505, by fastening two shackl es with

movement and avoid having a flexur al I mp a
witthtpodt dlaewigd tuhmft@f hat a hol e paempédyien . e c
metallic tabsdéd surfaces were scratched to
s to get attached to eac-REsb d@pawdd tSh & aTRIM
The free |l ength remained frdadm TRM among |
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a
Figure47, (a) the lengthof the specimen that glued with Sikadur @f),The clevis grip method that glued witl
the metallic tabs

ThRi | ment HoJjdvast i | i zed to secure the remaining
involving the arrangsimeinibarooie sevampismgEecgmiems
encasements were employed to enhance friction
r ef etrorke dg 4 8ae

Caution was exercised during the tightening |
mi croceédekisheidgatdoe Each bolt was,dwutei ftfoe uendy uiamd ii
|l ater al pressur e, ensuring carenimbket waedl| t hg. t
and specimens on each side,mm, xwihiplee i onreen ss fhadi
l engt hmm.f 150

L
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a b
Figure48. pictures(a) The rubber was located under the specinfBjithe Rilemsetup, (c) The crack
made bythestiffing process, Rilemmet hod of the speci men

Additionall vy, certain specimens were held in
Despite the use of rubber components to secur e
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some specimens were still adversel yFiago®eeted
b.

a
Figure 49. () The specimewasheld viaRilemmethod (b) The specimewasclamped via Instron
8800 and the cracks appeared during clamping

During t hkeatsehaups3 faord 4, adjustments were mad
the direct attachment of tabs to t hFei gthebxet i | e
For batches 5 and 6, Ri hmdtrh ad o fwa s eutCil leivd esd .g

free Il engthsmmeferr bagmihy f3@B0at3dWes 4, 5, ani
10nm | ength of thet mediaddd.c tabs on

11

a
Figure 50. the specimen®) before bonding the tabs via Sikadur, @) the specimens after bonding
the tabs
As previously noted, specimens from batches 1

resin component B, while MAPEWRAP 21 was wused
mortar acted as the matrix forndaéchwhi IspeRl a
mortar was utilized for batches 1 to 3 and pa
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as the matri x f orFibgdtkcbho wes stpheec i dnelimiss, h caanildme n $
met hod.

Figure51. Clevis grip and grip modified method(@j batch 3,(b) batch 4,(c) batch 5,(d) batch 6

Each specimendés di mensions such as thickness,
three areas, from the sizesAppeihdp KTehme rstpeed | Ine
|l i stedli mmradaebd eCR_HS/ GS/ RS _L_W_A N, where C=
resin known as B or M (component B and MapeWr:
H= CI| ampmentghogdr,i pG = Cl evis grip methodRi |GM* ClI
met hod, L = |l ength of the specimen, W= width
Pl anti Top HDM Maxi, P= Portland Cement, M= Mz

Al speci mens under wentdalaéatcicrogtdaan 4 CM B 4 at e
recommendations unti |l cracks were observed. S
1. 6680)cQantiebkt failure.

Digital |l mage Correlation (DI C) technol ogy wa
testing of wahteac lee sspecamegn & swegetbet clevis gr
speci mens were intefbhetyiceawbdt &i phi non foll
bl ack spray paint to create speckled patterns

The |l ongitudinal strains of the remaining spe
installed with theapmodvihfiil ed baltewni 4 grpie i snetn s
LDVT, appdgdtnrgo kae 1dni isonmpeo rstiaehett htdadt nchte LDVTs we

on aluminum supports specifically designed fo
The stress VvVabdiaverpr eleagviitvadeiddn gb yt hdei appl i ed | oac
textil e, &8prwhkeing reidf iasss t he number of | ongit
Mor eover, t he sthred bdheofonsiee opecirmerki ng (st ac

di vidingdt headppVithe gross section extracted
as

61



Table8. AverageStress, strain, and modulus of elasticity of all batéhes

Speci men » - 0O ” - (0] ” - (0]
(N/ mm (%) (GPa. (N/ mm (%) (GPa ( N/ mm ( %) (GPa (N/ mm

CB_G1_500_50_01 655 0.49 4365.44 ) i ) ) i i 3
Average %
CoV 0.28 1.68 0.49 - - - - - - 0.25
CB_RL50050 01 579 083 95525 . - - 767  2.32% 84225 2.7
Average %
CoV 0.43 0.45 0.31 - - - 0.20 0.585 0.74 0.20
CB_GM3_250_60_05 564 0.13 697.57 - - - 1443 1.12% 97422 8

Average %

CoV 1.20 0.90 1.17 - - - 0.19 0.515 0.17 0.18
CB_G4 250 60 01 455 035 44594 . - - 1823  1.36% 150322 9
Average %

CoV 0.49 0.40 0.57 - - - 0.04 0.095 0.051 0.05
CB_R5 60060 03 p 59, 003 544, - - - 1122 078% 145350 6
Average %

CoV 0.28 0.78 0.73 - - - 0.25 0.521 0.36 0.25
CB_RS5 600 60 M goq 015 156104 736  1.00% 101982 1224 1.24% 96877 6
Average %

CoV 0.22 1.48 0.73 0.008 1.12 1.19 0.39 0.922 1.40 0.42
CM_GM_600_ 60_1 P ;59 003 4500 1010 060% 106253 3013 1.90% 154889 14
Average %

CoV 0.13 0.81 0.89 0.27 0.75 0.64 0.18 0.271 0.11 0.20
CM_GM_600_60_M 776 0.05 2264.28 1035 0 66593 2900 1.90% 129473 14
Average %

CoV 0.18 0.80 1.08 0.24 0.45 0.78 0.078 0.286 0.23 0.059
CM_GM_600 60 1 508 06/0 ° 3621.46 725 0.43% 82865 3392 2.26% 150258 16

E Average 0

CoV 0.48 1.30 1.52 0.27 0.29 0.64 0.102 0.081 0.06 0.098
CR_HS/ GS/ RS_L_W_A_N, where C= carbon (fciobmpro,neRtt IBe atny
= specification of the batch (1,2¢é,7), H= Cl amping g
R= Reil em met hod, L = length of the speci menk| a=tHM
Max i , P= Portland Cement, M= Mapgrout) top, and N =

o PoResul Diss cansds i on
TRMBat clheasihéh s2d @am dc |IRdeltidso d

St r-etsrgaiiang r a ndsi foffeptelmét me ns Fairgeb 20eh & eini ¢ umrcd ualeso
the strasa dhagchaarnbeeosii a a dashed | ine.

SThe amount eh w@ac kApspeeencdiimxn A
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a b
Figure 52. Diagrams of Batch 1 and 2 wifh) Clevis grip methodb) RilemMethod

Upon reviewing Thiktl ediat abpcowme sieevidhent that TI
examined using the clevis grip metatndgeahadx hi bi
notablywylktowmatai n valeecdstcecommose tested.utili
Specifically, the clevis grip met Hodidenean stthra
that of the Rilem setup, while also showcasir
rough% yl dbwe r

Further mor et rtednvmetrdnvtelr ea gger o saf steflt e tuaplnai isp il nogw esre tt
t hat of t hTea b®aé¢l scansisleattips t he modul us of el ast.i
wherein the elastic mpdulsusifgoi ftikandll gvihs gdre
S eutp .

Fai modefs batch 1 tahoede?2i bagedpphng met hod:

Dur i ntgenshiel e testing of batches 1 and 2 wusing
were obPAermrwepd:ure of most strandsdé fil aments a
of most strandso fil aments atopcmeanctk sa cccloonspea nti
strand slippage and rupture.

Af ter the crack devel opment or stage 1, a t
i mpregnati on, causing filaments around the <co
slipped dcloend tlH@acKamtiritangg) et hatthceb sengi ng and <cl e
met hod anadappreaseagaackes f or the cl ampiamgl and walse
extrhctde speci mens thatt ddoetitrexti |l e used wit

Diagrams from the Clevis grip method for batc
textiles began sl ipping, and bundl etsh ea caveedr aagse
bundle tensilTed 3t wasgthgabhbabnc atnhaftyh & sobwketre tt e x
tensi 2 @37%aes)ti bat ch C.
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