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AFRP :
Aramid fiber reinforced polymer - sl ¥ Gl rebaall yad sl
Anisotropic laminate | QAN\ ol s Aila day b

A laminate in which the properties depend on direction within the laminate. Typical of
fiber reinforced laminates ' ’

Llla Jie Lo 33l ol ol Lpunilly Lglahs T olad) le lgnal 5 2aiat oy 5
LYY dadiael) i pad sl cyo Askaadll et 80

Ara_mid Fibers ‘ . GJL*“ MU‘X‘
Highly oriented organic fibers ile D) dea g0 4 pune Gl
Barcol hardness | . Jdss b dtla

A hardness value obtained by measuring the resistance to penetration of a sharp steel
point under a spring load. The instrument, called the Barcol impressor, gives a direct
reading on a scale, The hardness value is often used as.a measure of the degree of cure
of a polymer. See ASTM D 2583. ~

AL at Gune (60 58 iyl 31 AN gl iy 4ide gl 5 5Mall e
8¢l 3 shaxy Barcol impressor )S_).L.' &b pastudll Gleal) o Bldays S8 Jes
Y a2 ) el abaty guas Aa g el 30all b padty o3l e 5 pile
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Batch Aids [ A
Quantity of material mixed at one time or in one continuous process. See Lot.

o8 alng Jyiodid Lilanl anl g g (8 Latiaally A glaal) saldl e a8

Bias fabric o SRRRPY SR I PP
Warp and fill fibers at an angle to the length of the fabric
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Bidirectional laminate slaiyl i,gLu‘ cu\ ) :

Reinforced polymer laminate with the fibers oriented in two directions in its plane; a - Sl

cross laminate.
i o ol ik Loy G 580 A1y UYL Aaludl el ol 0
Cross laminate L) saalate day 6 lle Bl day 3l (5 glaall

Binder , | I by,
Chemical treatment applied to the random arrangement of fibers to give integrity to
mats, roving and fabric. Specific binders are utilized to promote chemical compatibility
with the various laminating resins used -

LS Labiite Lagiiana Lot 0580 0 pial) GBul i LY o Al AbasSl allaall
Eatl; Gt e el G (on st Sims O oy pasaall 235l T o
‘ | Geall daadiuall mgbiatll

Bond-critical applicat.ons Slalail) u‘b Slainall culdyadait)
Applications of FRP systems for strengthening structures that rely on bond to the
concrete substrate; flexural and shear strengthening of beams and-slabs-are-examples.of- - -
bond-critical applications. : R PR

Aol e st ) il Ty o) G dabuddl i adpl) Lkl izl
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el
Braiding
See Fabric.
- Briding 81 ikaall g 81 j) gall ‘am em v'

Condition in which fibers do not move into or conform to ‘radii, corners, - and other
discontinuities in the substrate concrete during installation, resulting in separations
between layers and potential structural problems. ' :
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Carbon fibers Gsish ik

Fiber produced by the thermal treatment of organic precursor f'ibers, such as
polyacrylonitrile (PAN) and pitch, in an inert environment

&—= (PAN ) disiish 8 (ol Jie e By gume Y 450 jal dadleally geiss il
- ‘ Alda 4y b dlly, L)

Catalyst . Jhaw

A substance that accelerates a chemical reaction and enables" it to proceed under
conditions more mild than othervise required and which is not, itself, permanently
changed by the reaction, See,Initiator or Hardener.

Yy delitll usllas oo Lao i8] Atala Cag ol i o (e Jels it e ot 5ale
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.CFRP et s-iulh Aatuia e yagd 5

Carbon fiber reinforce | polymers (includes graphite fiber reinforced polymer)
| <l el Gl dadu el jad g Jay S0 QUL Al gy

Composite . 48 10 3 ga
A combination of two or more materials differing in form or composition on

a macroscale; the constituents retain their identities, they do not dissolve or merge

completely into one another, although they act in concert; normally, the components can

be physically identified and exhibit an interface between one another.

Composite FRP

O—n S-S bl o g€l 5 Sl (KA 8 cpitisa B8 J sale e LS 5 ga
p—tlec (1 a2l Laginy Lo K = lar) Ohsd oy Al Aall aal iy el oSl
sl g 3p0n% 5 Ly 3 Laasatiy Sl e Capall (Say ole s L alos] b ol fie

(RS GLIYL Aaleal) i ad ol Y pn ) Legiy

Composite action _ ‘ ' S e L patll)
A condition where two load-carrying structural elements are integrally- connected and

deflect as a single unit. For example, a concrete slab connected to a steel beam with
shear studs. :
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Composite FRP - il datuall el pand gal) i
A polymer matrix, either thermoseting or thermoplastic, reinforced with a fiber or other

material with a sufficient aspect ratio (length to thickness) to provide a discernible
reinforcing function in one or more directions. See Composite

(et (s —a) 5oty i (i g1 e el OIS el pur B pl 1 Ao glite

e g oal sala o iy dsluddl s Thermosetting  (ypaiilly sbeidl J Thermoplastic

o b e e Al gl land (oS A0S (o (Y Il aspect ratio dely s
Al el ) g sa M slas S) o aal

Concrete substrate - dgiad Al A

The original concrete and any cementitous repair materials used to repair materials used
to repair or replace the o:iginal concrete, the substrate can consist entirely of original
concrete, entirely of repair materials or of a combination of original concrete and repair
materials, the substrate includes the surface to which the FRP system is in,stall_ed.

A1 Abaal Jasal o #3a Aot 4l sl diga Ayl Al Al
S Ol eyl A e JalIl ALY Wl ad e oS o oSey Aganll Addall
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Contact - critical applications o)) o Badiaa) ciliydail)
Applications of FRP ‘systems that rely on continuous intimate contact between the

concrete substrate and the FRP system. Confinement of columns for seismic retrofit is
an example of a contract-critical application. '

Gle Lalud aain gl eilsaall 2y g5 el LG Aaliudl el pad ol Aadad cilipdss oo
3 a1 Cily padad Yl i) Jlay il sal hall ge Glll g sacll s ol el
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Creep rupture ' s J\,,ag.a"‘l\
The gardual time-dependent reduction of tensile capacity due to continuous loading that
leads to failure of the section.
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Cross-linking lalile baf 3 / e e Jalii )

- The chemical bonding of molecules during polymerization that occurs during curing as

the resin transitions from liquid to a solid.

wx}_md,g\,nmm ol Caaat il ekl ddee ol iy el o e | g sl
aeladl ) AL A e

Cure . A ' ' dadlaal)

The process of causing the irreversible change in the propertles of thermosetting resin
by chemical reaction, Cure is typically accomplished by addition of curing (cross-
linking) agents or initiators, with or without heat and pressure. Full cyre is the point at

which a resin reaches the spe01f1ed properties. Undercure is a condition where specxﬁcd .

properties have not been reached

(3ol sy ) oz Al Y et (bl al Y (6350 2 el
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Cure time : dallaa )

The time necessary to cure a thermosettting resin system or prepreg at a given
temperature.

4 3 i ( Thermoset ) 5 sl dlaty (530 el / el pal A st geatl o U (030

Lma s ) s

Curing Agent ) Jalal) [ dplladl s

A catalytic or reactive agent that, when added to a resin, cause polymerization. Also
called hardener or initiator.
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Debonding oAbl Jluadd) [ dhudail Jladdl
A separation at the interface between the substrate and the reinforcing layer.

(el Al Ziall el cys ool sl o el el o Jlaai)

Delamination el ) Juuadld
_ A separation along a plane parallel to the surface, as in the separation of the layers of
the FRP laminate from each other.

2t s Jady Al b LS Agath &Gl edaall 3l g0 (5 shme (b st
ol oo Levany GG daludl < el sl

Development Length o dukall) J gk

The bonded distance required for transfer of stresses from the concrete to the FRP so
that the capacity of the FRP can be used. The development length is a function of the
strength of the substrate and the rigidity of the bonded FRP and the bonding material
and thickness. ‘

o o) G dadudl il el ) Alusad g chilea) Jisl Ay liaall ay i Al
Aaglia lo( bl k) el sk acingy il dalidl il sal sl 33 Dl
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Durability : ((Aagasll ) Gad g Jaadl
The ability of a material to resist weathering action, chemical attack, abrasion, and other
conditions of service.

Sy a8 5 5 Ao slia s el slasSl danlas Apsall ol sall dalial 3alall 4,08
sl Ul L) e ) (gAY g bl

E- Glass , -

A family of calcium-alumina-silica glasses with electrical properties, strength, and

durability appropriate for many applications; a general-purpose fiber that is most often
used in reinforced polymers.

A aglia 5 A58 ol st ) o g€ el Sl e cilials 3l Alile R E s
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Epoxy ‘ | uuSJ.s,f\J\
A thermsetting polymer that is the reaction product of epoxy resin and an amino
hardener (See Also epoxy resin)

Mwws,mcubdcmwc_mwbmmgm Al Alusd e il g
(Sl gy sl ) . ol

Epoxy resin u.uSJ#‘J\
A class of organic chemical- bondmg systems used in the preparation of special coatmgs
or adhesives for concrete as binders in epoxy-resin mortars and concretes.

A o ge s clilay et b addiualy (5 gemall e day s A e Al
gt 1 A€ s} sall (B a8 5 Al jall dugla

Fabric ' ' ' ' bt e
Arrangement of fibers held together in two dimensions. A fabric can be woven,
nonwoven, knitted or stitched. Multiple layers of fabric may be stitched together. Fabric
architecture is the sy ecific description of fibers, directions, and construction of the
fabric. '

Lagute 5y 3 LI ot L ala¥) A (5 Siane b persan's GV (e de sana pilas
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Fibers : - uul

A general term used to refer to filamentary materials, the smallest unit of a fibrous
material. Often, fiber is used synonymously with filament,

23l yaS Bale Joaindi ( Fiber ) calall S5 400l of ol o 3L sty le ellaias

Fiber content . U‘-:I-m 6 $iaa

The amount of fiber present in a composite, usually expressed as a precentage volume
fraction or mass fraction of the composite.

salell (e A Lpana A€ Lgie e ale s 4SS0l ol i ase gl LI 248
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Fiber fly i Ly Jl.,n'a .
Short filaments that break off dry fiber tows or yarns during handlmg and become air
borne; usually classified as a nuisance dust.

@«ﬂu@w,wmj@,u”m Aliaiidl Gl Qi U3 e lan B phua pl
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Fiberglass (GRP) ' Lalasd i

A composite material consisting of glass fxbers in polyester resin.

Sl @ty e rla 3 il Al 50ka

Fiber reinforced polymer(FRP) O L Aabiial) el pagd gl

A general term for a composite material that consists of a polymer matrix reinforced
with cloth, mat, strands, or any other fiber form. See Composite.

o Jn o 5man ) gty pebeadl ) A sile che A3 e A8 50 5l gl pellaas
o (S oa) dsal Y pan ) S gl o
Filament : | Jﬂ#/m

See Fibers <y Y &
Filler | | A Bala

A relatively inert substance added to a resin to alter its properties or to lower cost or
density. Sometimes the term is used specifically to mean particulate additives, Also
called extenders.

Llaal s 2t f Zalal Julinl f anal g ) el ) o el sdl Y ol Alals sabe
A Aald il el mlladal aadiy

Fire retardant | ’ ’ Gl il 35
Chemicals that are used to reduce the tendericy of aresin to burn, these can be added to
the resin or coated on the surface of the FRP.

Ciliay oy Qi s @ Dl sl ) [ el el gl oo S Jentind A sles€ 3 ga
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Flow Ol ) [
The movement of uncured resin under pressure or gravity loads.
hiall L3058 8l cng saliatd) 8l e gl [ clasil ) S pa

. FRP bl Datuall il yadd gl
Fiber reinfoced polymers, formerly, fiber reinforced plastics. ‘

LY prbanall LS s e 3l S GLIYL Aaludl il o,

GFRP - gla gt Citdly daluall <) jagd g
Glass fiber reinforced polymers. o

zla sl Gl daluall el pad )

Glass Fibers . ' ' zla ) cilyi
Filaments made by drawing or spining molten glass through a fine orifice A continuous
filament is a single glass fiber of great or indefinite length. A staple fiber is a glass fiber
or relatively short length, generally less than 17 in. (0.43 m), the length related to
the forming or spinning process used.

el Lty laa o) il D 5h DI G pala) 2l U3 S Gl ot it
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Glass fiber types . il il & il
Alkali resistant (AR-glass), general purpose ( E-glass ), high strength (S-glass).
(E-zla)) alall Jlaaial) 53¢ il ( AR- zlal ) gl e sl & i) 2L 3l

(S-la)) chleadl doglial e g gl

Glass transition temperature(T, ) gl Jdead Bl s da 0

The midpoint of the temperature range over which an amphorous material (such as glass

or a high polymer) changes from (or to) brittle, vitreous state to (or from) a plastic state
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Grid ASadi

A factory-cured composite laminate, made from continuous fiber rovings or tows, that
contains a repeatable and consistent pattern of openings in the laminate.

Lr_lndj_hjédbzw\ uuy\hﬁjd\)&wc&d|$ﬁhﬁwufé‘)&
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Hardener e

(1) A chemical (including certain fluosilicates or sodium silicate) applied to concrete
floors to reduce wear and dusting; or (2) in a two-component adhesive or coating, the
chemical component that causes the resin component to cure.

ALSiad g (gl Aa gl by 3 Al 3l il W) edand Lgr ca Adleg sl V)
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Heat-deflection temp. rature sl cillady) 3 ) ja da ) [ Jeddl B ) da
The temperature at which a plastic material has an arbitrary deflection when' subjected
to an arbitrary load and test condition, this is an indication of the glass-transition
temperature. (This general use indicator is only relevant for unreinforced thermoplastic
polymer materials and is not normally used for fiber reinforced polymers)

Opma e Jaad lpuajal die (pma e a5 Laie Gaay (Al 4 gll alall 5] s 4
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Impregnation e paaid)

The process of saturating the interspaces of a reinforcement or substrate with a resin.
L ddall ) dall o cal L gl cnled i) el gl [zt M il g oy il Aglec
(Assdl

Inhibitor ' Jagia

A substance that retards a chemical reaction; for instance, retarding ultraviolet
degradation. Also used in certain types of monomers and resins to prolong storage life.
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Intiator tsalall
A source of free radicals, which are groups of atoms that have at least one unpaired

electron used to start the curing process for unsaturated polyster and vinylester resins.
Peroxides are the most common source of free radicals. See Catalyst.

A el S Ly ol 3l e e gane e Boke ¢ 3oad el gall jrae
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Interface - N pedoan Ailaia | Gubal) grla [ ) e

The boundary or surface between two different, physically distinguishable media, On
fibers, the contract area between fibers and coating/sizing,

dabie oa LU Al L, 5 Gt Oalie Cpbas o dealdl) bl f o g0
ol s Gl o sl

Interlaminar Shear (e liall) ) abl [ waladll b
Shearing force tending to produce a relative displacement between two laminae in a
laminate along the plane of their interface.

e O Ol G o ko O s ) ) Gigaa 6 ity 0 il 5 8
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Laminate 434
One or more layers of fiber, bound together in a cured resin matrix..

it e on ey il G o 1 41 B0k 0 2080 kil LY i
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Lay-up Eleell ey o il b dlee

The process of placing the FRP reinforcing material in position for molding

U iy o el il Aatiandl GURI g dlee
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Lot dabdy
A quantity of material manufactured during the same production process where in
production variables essentially remain constant. See Batch.

gl @l pitia s Jal se Jl Caps Jpulill 5 2 U1 Alee il b daiadl 5ol (ye A0S
(A ) ) A8 Bl

Mat L B juas
A fibrous material for reinforced nolymer, consisting of randomly oriented chopped
filaments, short fibers (with or without a cartier fabric), or long random filaments
loosely held together with a binder.

5 mad a5 Aadaliie olatVl A i U8 (e A3l 5 el sl ol L) e sake
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Matrix (gl haall b gl ) Ay ) aka [ daal Bala

The essentially homogenec us resin or polymer material in which the fiber system of a
compostie is embedded.

Al tai Lglidy wain o (aludlS paaiad A 2y sall 5Ll S Galaiall i) gl ) 3ale
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Microcracking Adda & 9
Cracks formed in composites when suresses locally exceed the strength of the matrix.
Jass oY A glia e Liraia ge clalga¥) 3 53 Ladie (QL;S)AH) S yall ol gall B A gSha g 3

sl
Monomer - saiga [aag [0

An organic molecule of relatively low molecular weight that creates a solid polymer by
reacting with itself or other compounds of low molecular or both.
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MSDS (Material Safety Data Sheet) Baball L) cllalia 4l 5y
NOL ring -NOL dila

A parallel filament or tape-wound, hoop-test specimen developed by the Naval
Ordnance Laboratory (NOL) for measuring various mechaincal strength properties of
the material, such as tension or overlap bond, by testing the entire ring by equivalent
radial pressure.
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PAN - il sh sl s

Polyacrylonitrile, a precursor fiber used to make carbon fiber.

PAN s shI s e i S0 G Sam ) ial G

Phenolic ‘ Aaid

A thermosetting resin produced by the condensation of an aromatic alcohol with an
aldehyde, particularly of phenol with formaldehyde.

o) g ol 1 a5 e ity ) pally slestts A (Sl Alad (e et
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Pinholes b e gl [y gud
A small cavity, typically less than 0.06 in (1.5 mm)in diameter, that penetrates the
surface of a cured composite part. ’

Baloctioll 48 ol Salall pedans (35385 e 1,0 (po i ad <3 Bale 5y i gad

Pitch cdjl /L
Petroleum or coal tar precursor base used to make carbon fiber.

s SH Gl Qe alal¥) pimg sl o) s S g gl O gl

Ply LYY s (4 Baa) g dig
A single layer of fabric or mat, multiple plies, when molded together, make up the
laminate.
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Polyester Shgd galt

One of a large group of synthetic resins, mainly produced by rection of dibasic acids
with dihydroxy alcohols; commonly prepared for application by mixing with a vinyl-
group monomer and free-radical catalysts at ambient temperatures and used as binders
for resin mortars and concretes, fiber laminates (mainly glass), adhesives and the like.
Commanly referred to as “unsaturated polyester”.
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Polymer | sals

The product of polymerization; more commonly, a rubber or resin consisting of large
molecules formed by polymerization.

Cliad (e S e (S il o aliall Jalaal) Lot o Al sl dulee il

Polymerization L - 5l
The reaction in which two or iiore molecules of the same sibstance combine to form a
compound contairiing the sariie elements and in the same proportions but of higher
rholecular weight. '
il iy ealiall it e e (o pSa Fganid Balall i e AS) ) oS Jelis
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Polyurethane Y kTGP P

Reaction product of an isocyanate with any of a wide variety of other compounds
containing an active hydrogen group, used to formulate tough, abrasion-resistant
coatings.
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Postcuring , da¥ glal / Aday dallag
Additional elevated-temperature curing that increases the level of polymer cross-
linking; final properties of the laminate or polymer are enhanced.

o Ot el e iy s el Jad A (5 e 3551 sadl Aa 0 ad s sl dallas
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Pot life Al cpa
Time interval after preparation during which a liquid or plastic mixture is to be used.
cllonial s oA Ll Lalal ity ypemat e a3l 5l <

Prepreg Aeatl) 8 Aapial) N1 [ anil) Al ALY
A fiber or fiber sheet material containing resin that is advanced to a tacky consistency,
multiple plies of prepreg are typically cured with applied heat and pressure, also
preimpregnated fiber or sheet. '
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Pultrusion iy e Uall) aiial Lilee

A continuous process that combines pulling and extrusion for manufacturing composite
sections that typically have a constant cross-sectional shape, the process consists of
pulling a fiber material through a resin bath and then through a heated shaping die
where the resin is cured. ‘
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Resin - &
A natural or synthetic, soild or semisolid, organic material of indefinite and often high
molecular weight having a tendency to flow under stress, usually has a softening or
melting range, and usually fractures conchoidally. Resin often refers to the mixed
polymer component or matrix of the FRP.
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Resin content A (s siaa

The amount of resin in a laminate, expressed as either a percentage of total mass or total
volume.
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Roving Joad [ Jasd)
A number of yarns, strands, tows, or ends of fibers collected into a parallel bundle with
little or no twist.
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S-glass S ~gsil paglay
A family of magnesium-alumina-silicate glasses with a certified chemical composition
that is designed to provide high tensile strength.
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Secondary bonding ¢ bl elalaill
The joining together, by the process of adhesive bonding, of two or more already-cured
parts.
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Shelf life / Storage life CoA dadua B b
The length of time packaged materials can be stored under specified conditions and
remain usable.
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Short beam shear (SBS) 8 eall) ) pasll adll

A flexural test of a specimen having a low span-to-depth ratio (for example 4:1), such
that failure is primarily in horizontal shear between center plies of the laminate; the
resulting strength is called the interlaminar shear strength (ILSS).
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Sizing . ) il b g 4 a0
Surface treatment or coating applied to filaments to improve the filament-to-resin bond
and to impart processing and durability attributes,
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Strand il Ao JRATIEN
Normally, an untwisted bundle or assembly of continuous filaments used as a unit,
including slivers, tows, ends, and yarns, -
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Structural adhesive ' ‘ LN G
A bonding agent used for transferring required loads between adherents exposed to
service environments typical for the structure involved.
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PAERAVON Laiall
Thermoplastic B adly (ks Q.‘nM/ ﬁ,,mu)h g i

Becoming soft when heated and hard when cooled. Examples are, nylon, polypropylene, .

and polystyrene. S
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Thermosetting Ol dleai | pedioa ga yi
Becoming rigid by chemical reaction and not remeltable. Examples are epoxy, phenolic,
vinylester, and polyester.
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An untwisted bundle of continuous filaments.
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Tracer ) il Baa g
A colored fiber, tow, or yarn added to a fabric or sheet for verifying fiber alignment
and, in the case of woven materials, for identifying warp fibers from fill fibers.
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Unidirectional laminates slady) Ayalaf 3ot
A reinforced polymer laminate in which substantially all of the fibers are oriented in the
same direction

ol Guii o g ge LYY OS L 0583 ) Aadual) il pagbsdll Aag

vOC B ilaiall Ay guant) cilas pall
Volatile organic' compounds, any compound of carbon, excluding carbon monoxide,
carbon dioxide, carbonic acid, metallic carbides, or carbonates, and ammonium
carbonate, that participates in atmospheric photochemical reactions, such as ozone

depletion.
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Vinyl ester Juladll il juu‘\
A thermosetting resin containing both vinyl and ester components, and cured by
additional polymerization initiated by free-radical generation. Vinyl esters are used as
binders for fiber laminates and adhesives.
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Viscosity Aa g3
The property of a material that resists change in the shape or arrangement of its
elements durig flow and the measure thereof.
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Volatiles b latall calydall
Materials, such as water and solvents, in a resin formulation that are capable of being

driven off as vapor.
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Volume fraction aaadl o

The proportion from 0.0 to 1.0 of a component within the composite, measured an a
volume basis, such as fiber-volume fraction.
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Weaving - See Fabric ‘ . (g LB )
Wet lay-up el bl Gglud /(Auda M) Alleal) Aalasy)

A method of making a laminate product by applyig the resin system as a liquid when
the fabric or mat is put in place. ’
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Wet-out b i) 3; fopadil)

The process of coating or impregnating roving, yarn, or fabric in which all voids
between the strands and filaments are filled with resin, it is also the condition at which

this state is achieved.
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Wetting agent G il Jals

A substance capable of lowering the surface tension of liquids, facilitating the wetting
of solid surfaces, and permitting the penetration of liquids, into the capillarise.
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Witness panel s ustall jLaay) s/ Lasls clie
A small field sample of FRP panel, manufactured on site in a noncritical area at

conditions similar to the actual construction The panel, can be later tested to determine
mechanical and physical properties to confirm expected properties of the installed FRP

laminate ‘
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Yarn dJﬁ
An assemblage of twisted filaments, fibers, or strands, formed into a continuous length
that is suitable for use in weaving textile materials.
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