CTeknonnacTuk - 3TO OYeHb NepCneKTUBHbIA MaTepuan, KOTopbiii UMeeT 60/blY0 FraMMy NMPUMEHEHUS B
WHAYCTPUanbHOM cTpouTenbcTee. MonmnadupHble cTekonaacTMkM obnaaatoT TeNNoNpoBOAHOCTbLIO AepeBa,
NMPOYHOCTbIO N AOSIFTOBEYHOCTLIO CTanm, 6MONOrMYeCcKon CTOMKOCTbIO, B/IarOCTOMKOCTbIO U
aTMOC(epOCTONKOCTbIO NOSIMMEPOB, HE UMEs HEAOCTATKOB, NPUCYLLMX TepMonacTaMm.

[lo HelaBHEro BpeMeHU CTEK/OMNIacTMK MCMob30Basncs TO/IbKO B CaMONETOCTPOEHMM, KOPABeCTPOeHU H
KOCMUYECKOW TexHUKe. LLInpokoe NpMMeHeHMe CTEKNOMNIAaCTUKOB CAEPXKMBAIOCb, B OCHOBHOM, U3-3a
OTCYTCTBMS MPOMBbILSIEHHON TEXHOMOMMK, MO3BONIAIOLWEN HaNaaMTb MaCcCOBbIV BbIMYCK NPOMUIER CIIOXHOM
KOHMUWrypaumm ¢ TpebyeMoli TOYHOCTbIO pa3MepoB. DTa 3ajava YCMEeWHo pelleHa ¢ co3AaHneM
NyNTPY3MOHHOM TEXHOJIOTUM.

MynTpy3una rpegcras/isieT cobori MpoLecc nosayyYeHus: npoguaeit nyTemM BbiTArMBaHNs YepPE3 HarpeTyr A0
130 - 150 rpaaycos ¢popmoobpa3yrouyto puabepy CTEK/I0BOSIOKHUCTbIX MaTepnasaos, MPOnUTaHHbIX
TEPMOPEAKTUBHOM CMOJIOHN.
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B pe3ynbTaTte Ha BbixoAe Nosly4YaeTcs apMUpPOBaHHbIA Npodusb, KOHMUIrypaums KOToOporo noBTopsieT hopmy
dunbepbl. DTMM METOAOM MOXHO Mosy4vaTb nagenuns c noboiMm npodunem (crtepxeHb, Tpyba, yronok,
nnacTuHa, weennep, kopob u 1.4.). M3rotoBneHne npodunas Takum 06pa3oM OCyLLECTBASETCS C MOMOLLbIO
cneuManbHOW NYATPY3MOHHOW MalUUHbI.

OCHOBHbIMW COCTABASAIOWNMUN NMYNTPY3MOHHOM MALLMHbI ABASKOTCSA CEKLMS NMoAayvm CTEK/IOPOBUHIa 1
CTeksioMaTa, NMPOoNUTOYHas CeKuMs, CeKLUS MOHTaxa dunbepbl, TAHYLWWI arperaT, KOHTPOJbHbIV y3en,
KOTOpbIN BKOYaET B cebs 6110k nuTtaHus, 610K ynpaBneHus HarpeBaTesbHbIMU 31IEMEHTaMU U CUCTEMY
ynpaBieHuns TAHyLWero arperaTa, rMApoMacnocTaHuuns, ceKUns nubl.

MyNTpy3MOHHbIA apMUPOBaHHbIN CTEKNOMIACTUK — CTPOUTENbHbBIA KOMMO3MLUMOHHbIN MaTepmnan XXI Beka ¢
YHUKanbHbIM COYEeTaHWEM CBOWCTB AepeBa, MeTajla, nonMepa: BbICOKOW NMPOYHOCTbIO, HU3KOM
TEN0MNpoOBOAHOCTbIO, YCTOMUYMBOCTLIO K @arpecCcMBHbIM CpeAaM U pe3kuM nepenagaM Temnepartyp, 61o-,
Bflaro-, aTMocdepoCTONKOCTbIO. Pe3ynbTaTbl MCCneaoBaHWi NokKasanu, YTo AONTOBEYHOCTb KOHCTPYKLUNI U3
Takoro Matepvana 3HaunTenbHO NMPeBOCXOANT CPOK CYXKObl @HANOMMUYHbIX KOHCTPYKLUUIA U3 APYTrUX
mMaTtepunanos. CTeKnonnacTMKOBbIM Npoduib UMEET psa NpenMyLLecTB nepes TpaauuMoHHbIMKM MaTepuanamu:

YnyJweHHble PU3MKo-MexaHn4eckmue CBONCTBa

HU3KWNI yaenbHbIA Bec (B 4 pese nerde cranu)

HenoABEepPXXEHHOCTb KOPPO3UN, THUEHWNIO, KOPO6IEeHUIo

YHUKanbHas XMMOCTOMKOCTb

TPYAHOroproYecTb, HE BblAENSET Npu NoXxape CUIbHOAEUCTBYOWEro rasa-guoKCuHa, B OTANYUK
OT nNoIMBUHUNXNOPpUAa



HU3KWNI TENN0BON KOIPDULMEHT IMHENHOIO paclUMpeHUs
LWMPOKUI Ananas3oH pabounx Temnepartyp

Xopowune aNneKTpon3onsaunoHHbIe CBOWCTBa.

PaccMoTpuM cpaBHUTENbHbIE XapaKTePUCTUKN MaTepuanos, NpMBeAéHHblE B Tabnuue.

Ddu3nkKo-MexaHn4Yeckune
XapaKTepUCTUKHN

| MnotHocTb (T/M3) 1,6-2,0

Paspylwatoliee HanpsxxeHne npu 410-1180 41-48 410-480 80-430
okaTh (pacTsXeHun)

MH/m2(MMa)

Paspywatoliee HanpsxeHne npu 690-1240 30-110 400 275
nsrnbe MH/m2(MMMa)

Moaynb ynpyroctu npm 21-41 2,8 210 70
pactsaxeHuu, Ma

Moaynb ynpyroctu npu mnsrube, 21-41 2,8 210 70
Ma

KoadbdununeHT nnHemnHoro 5-14 57-75 11-14 22-23
pacwupeHuns x 10 oC

KoadpduumeHT 0,3-0,35 0,3 46 140-190

TennonpoBoaHocTn, BT/mM2 oC

MyNTPYy3MOHHBIV CTEKIONIACTUK HaxXoAMT LUMPOKOE NPUMEHEHWNE B U3rOTOB/IEHNM OKOH, BUTPaXel U
orpa)kaatoLnx KOHCTPYKLUMA, 06MLOBKM U apMaTypbl 3/1eKTPOTEXHMYECKOro Npoduns, apmaTypbl Ans
6eToHa, aneMeHTOB KpenexHbix Atobenei, Hecywmnx (CUIOBbIX) KOHCTPYKLUMIA.

PaspaboTaHa TexHOM0rMsa NpoM3BOACTBA CTEKJIOMIACTUKOBLIX TPy6 U 0CBOEHO 06opyaoBaHue aAns mux
Npov3BOACTBa. Takne Tpybbl KOHKYPEHTOCMOCOOHbI CO CTaslbHbIMU, YYTYHHbIMU, NONN3TUNEHOBbIMK, [TBX-
Tpy6amu. MNMpn 3TOM CTEKNONNACTUKOBbIE TPYObl MMEIKOT 3HAUUTESIbHbIE NPEUMYLLECTBA:

Bbicokas yaenbHasa rnpo4vyHOCTb;

BbICOKasi KOPPO3MOHHAsK CTOMKOCTb, HAAEXHOCTb U AonroBevyHocTb (50-80 neT);

OTCYTCTBME "3apacTaHus" BHYTPEHHEN NOBEPXHOCTU;

OTCYTCTBME pa3pylleHna npu 3aMep3aHnn B HUX BOAbl;

MUHWUMaJIbHbIE 3aTpaTbl HA MOHTaAX U O6CJ'IY)KVIBaHVIe, BbICOKad pEMOHTONPUIOAHOCTDb.

Tpy6bl NpUroAHbl ANs BCEX BUAOB TpyHONpPOBOAOB: XO/I0AHOIO U ropsiyero BOAOCHAbXeEHUS, KaHanu3saumm,
XMMUYecknx TpybonpoBoaoB, BOAOCTOKOB, MyCOPOMNpPOBOAOB, BEHTUAALMK U Ap.

MpobneMa AONTOBEYHOCTU apMUPOBaHUS 6€TOHA SBNSIETCS OCHOBHOW 3a60TOM B CTPOUTENbHOM
NPOMbILWIEHHOCTN. KOppo3usa CTanbHOW apMaTypbl MOXET MPUBECTU K pacTPeCKUBaHUIO C OTC/IOEHWEM CNOst
6eToHa M noTepe LeNoCTHOCTU KOHCTPYKUMU, MHOrMe apMMpOBaHHble 6ETOHHbIE KOHCTPYKLWUKU noce
BblAEPXKEe B Cpese AOPOXHOM COMN, MOPCKOM cpele U 3arpsisHeHHOM aTMocdepe TpebyroT O6LWMPHbIX U
[OPOroCTOSLUMX BOCCTAHOBUTENbHbLIX paboT.

YN HUMXKB MoccTtpost Poccnun cumTaeT nepcrnekTUBHbIM NPUMEHEHWe CTEK/10MIacTMKOBOM apMaTypbl B3aMeH
CTanbHOW AN Xenes3obeToHa B XWUMULLHOM CTPOUTENbCTBE, B MOBEPXHOCTHbIX CNOSAX 6E€TOHHON KOHCTPYKLUUK
ANsi AOPOXHOro CTPOUTENbCTBA, NPU YCUNEHUN MOCTOB, OFpaXKAEHWN, BbICOTHbIX COOPYXEHUA U B APYruX



KOHCTPYKUMAX, NoABEpraeMblX B nNpouecce aKCcnayaTauum 4encTButo bayxaatowmx Tokos, obLien Kopposnm um
ANHaAMUWYEeCKMUM Harpyskam.

Mo 3akntoyeHunto CaHkT-MNeTepbyprckoro 30HanbHONr0 Hay4YHO-NCCNeaA0BaTENbCKOrO U MPOEKTHONO MHCTUTYTA
KUMNLLHO-TPaXAaHCKMX 34aHNI, MOXET bbITb onpeaeneHa creaywwas o061actb NPpUMMEHEHUS
CTEKNONNACTUKOBOM apMaTypbl:

JOpOXHbIe NnThI, 6eToHHbIe OCHOBaHMSA NMoAa TpaMBaVIHbIe nyTu.

B kauecTtBe rmMbkuMx cBs3e B MHOrOCNOMHbBIX COOPHbBIX KOHCTPYKUMSAX Hapy>XHbIX CTeH
(TpexcnonHble CTEHOBbLIE MAHENN).

B kauyecTBe CeTOK KOCBEHHON0 apMMUpPOBaHUSA KMPMUYHbIX CTEH.

B KOHCTpyKUMAX, paboTaloWwmx B YCI0BUSAX, CNOCOBCTBYIOLLMX YCKOPEHUIO KOPPO3UW CTalbHOM
apmaTypbl U 6eToHa (Npuyansl, a1eMeHTbl PyHAAMEHTOB U T.4.).

KIr'MOnmM CaHkT-MNeTepbypra cuntaeT BO3MOXHbIM NMPUMEHEHMe apMaTypbl B Ka4eCTBe NUIOHOB A4S
pecTaBpaUMOHHbIX paborT.

TpaAnUMOHHBLIMKW MaTepuanaMmn Ans U3roToBSEHUSA OKOHHbIX N ABEPHbIX 6nokoB aABnsTCA ApeBeECUHa, CTallb
W antoMuHuin. Pabota no COBEPLIEHCTBOBAHUIO UX KOHCTDYKLlMVI, npoeoanMmaa B nocneaHune roabl B MVIpOBOVI
CTpOVITerIbHOVI MPOMbILWWNIEHHOCTH, 6bina HanpaB/€eHa Ha NoBbIWEHNE TEMTOTEXHNYECKUX CBOWCTB 1
AONTrOBEYHOCTU, CHMXEHUE pacXoda UCNOJIb3yeEMbIX MaTeEpManoB, MOAEPHU3ALNIO TEXHONOINMN N3rOTOBIEHNA
M MHAYCTPUAnmM3aLmio MOHTaxa rotoBbix nsgenmn. CTeknonaacTtuk - caMmblil NEepCrneKTUBHBLIA MaTepuan Ans
NPON3BOACTBA OKOHHbIX WU ABEPHbIX 6J10KOB.

B camom gene, cteknonnacTukosbii Npoduib obnagaeT yHMKanbHbIM HABOPOM CBOMCTB:

MMeeT TensonpoBOAHOCTb AepeBa, HO HE FTHMET MU He noaBepXXeHa AedopMaunm, Tak Kak He
BMUTbIBAET BNary,

obnapaet NMPOYHOCTbIO METAN/la U UMEET BEC B YETbIPE pa3a Jierye;

YCTOMYMB K KOPPO3MM U AOMTOBEYEH, TaKXKe YCTOMUMB K arpecCcMBHbIM cpeaaM (XMMOCTOeK),
MOXeT OKpalIMBaTbCS;

OKHa 1 ABEPU NPOU3BEAEHHbIE U3 CTEKJIONMIACTMKA NPOYHEE N AONrOBEYHEE OCTasIbHbIX
TPaAWLMOHHBIX CUCTEM OCTEK/IEHUS

B oTnumne ot MXB, He TpebyeT AONOMHUTENLHOrO apMUPOBAHNS METAINIOM, He BblaenseT
BPeAHbIX BELLECTB MPU FOPEHUM U MOXKET MUMETb 060N LBET MO XXENMaHWUI0 3aKasunka;

obnagaet abCoNOTHOM 3KONOMMYHOCTBIO U KpaliHEe HMU3KOWM Tena0npoBOAHOCTLIO.

JonroBe4yHoCTb CTEK0NAacTukoBoro npodunsa - 6onee 50 net (no pesynbtatam nccnenosaHunii HAN
CTpONdU3nKN).

TexHonorm4yeckas rmbkoCTb U34eNIA NO3BOMSIET UCMOAb30BaTb MX KaK B MAacCOBOM, TaK U MHAMBUAYANTbHOM
CTPOMTENbLCTBE, @ TaKXe AN PEKOHCTPYKUMUN XUNbIX 34aHNN, OCOBHAKOB WU apXMUTEKTYPHbIX MaMATHUKOB

OueHb TPyAHO pacckasaTb 060 BCeX BO3MOXHOCTAX MPUMEHEHUS CTEKI0NIAacTUKOBOro npoduns. Moxem aatb
OAMH coBeT. TaM rae Bbl BuanTe Npodunb n3s antomuHums, NBX nnu aepesa, ¢ yBepPEHHOCTBIO 3asBsSIEM, YTO
€ro MOXHO 3aMeHUTb Ha CTEKI0MIaCTUKOBBIN.

KOHTaKTbI

American Composites Manufacturers Association 1010 North Glebe Road, Arlington, VA 22201
P: 703-525-0511 F: 703-525-0743 E: info@acmanet.org

New York Office 157 Fisher Avenue, Suite 3B, Eastchester, NY 10709
P: 914-961-8007 F: 914-961-8004



Overview of the FRP Composites Industry - A
Historical Perspective

The concept of “composite” building construction has
existed since ancient times. Civilizations throughout the
world have used basic elements of their surrounding
environment in the fabrication of dwellings including
mud/straw and wood/clay. “Bricks” were made from mud
and straw with the mud acting much like the resin in FRP
composite construction and the straw acting as reinforcing
to hold the brick together during the drying (and
shrinkage) process of the brick. In the “wattle and daub”
method of constructing walls, vertical wooden stakes
(wattles) were woven with horizontal twigs and branches
and then daubed with clay or mud. This is one of the

oldest known methods for making a waterproof structure .

While the concept of composites has been in existence for
several millennia, the incorporation of FRP composite
technology into the industrial world is less than a century
old. The true age of plastics emerged just after 1900 with
chemists and industrialists taking bold steps to have
plastics (vinyl, polystyrene and plexiglass) mimic and outdo
nature’s own materials. Spurred on by the needs of
electronics, defense and eventually space technologies,
researchers created materials with properties that seem to
defy known principles, like Kevlar stopping bullets. The first
known FRP product was a boat hull manufactured in the
mid 1930’s as part of a manufacturing experiment using a
fiberglass fabric and polyester resin laid in a foam mold.
From this somewhat inauspicious beginning, FRP
composites applications have revolutionized entire
industries, including aerospace, marine, electrical,

corrosion-resistance and transportation.

Fiber-reinforced polymer (FRP) composite materials date
back to the early 1940's in the defense industry,
particularly for use in aerospace and naval applications.
The U.S. Air Force and Navy capitalized on FRP composites
high strength-to-weight ratio capability and inherent

resistance to weather and the corrosive effects of salt air

THE NUTS & BOLTS OF FRP




and sea. By 1945, over seven million pounds of fiberglass
were being shipped, primarily for military applications.
Soon the benefits of FRP composites, especially its
corrosion resistance capabilities, were communicated to the
public sector. Fiberglass pipe, for instance, was first
introduced in 1948 for what has become one of its widest
areas of use within the corrosion market, the oil industry.
FRP composites proved to be a worthy alternative to other
traditional materials even in the high-pressure, large
diameter situations of chemical processing. Besides
superior corrosion resistance, FRP pipe offered both
durability and strength thus eliminating the need for
interior linings, exterior coatings, and/or cathodic
protection. Since the early 1950’s, FRP composites have
been (and still are) used extensively for equipment in the
chemical processing, pulp and paper, power, waste
treatment, metals refining and other manufacturing
industries. Myriads of products and FRP installations help
build a baseline of proven performance in the field in such
products as chemical plant scrubbers, hoppers, hoods,
ducts, fans, stacks, piping, pumps and pump bases, valve
bodies and above-ground as well as underground tanks for

chemicals or gasoline.

The decades after the 40’s brought new, and often times,
revolutionary applications for FRP composites. The same
technology that produced the reinforced plastic hoops
required for the Manhattan nuclear project in World War II,
spawned the development of high performance composite
materials for solid rocket motor cases and tanks in 60’s and
70’s. In fact, fiberglass wall tanks were used on the Skylab
orbiting laboratory to provide oxygen for the astronauts. In
1953, the 1% production Chevrolet Corvette with fiberglass
body panels rolled off the assembly line. Now, high-
performance racecars are the proving ground for
technology transfer to passenger vehicles. In the 1960’s,
the British and U.S. Navies were simultaneously developing
minesweeper ships as FRP composites are not only superior
to other materials in a harsh marine environment, they are

also non-magnetic in nature. It was also noticed at that



time that one of the features of FRP is the ability of the
materials to reduce the radar signature of the structure,
such as a ship or an aircraft. High performance composites
materials have been demonstrated in advanced technology
aircraft such as the F-117 Stealth Fighter and B-2 Bomber.
Currently, FRP composites are being used for space
applications and are involved in several NASA test

initiatives.

The marine market was the largest consumer of composite
materials in the 1960’s. In the 1970’s, the automotive
market surpassed marine as the number one market; a
position it retains. Composites have also impacted the
electrical transmission market with products such as pole

line hardware, cross-arms, and insulators.

While the majority of the historical and durability data of
FRP composite installations come from the aerospace,
marine and corrosion resistance industries, FRP composites
have been used as a construction material for several
decades. FRP composite products were first demonstrated
to reinforce concrete structures in the mid 1950's. In the
1980’s, resurgence in interest arose when new
developments were launched to apply FRP reinforcing bars
in concrete that required special performance requirements
such as non-magnetic properties or in areas that were

subjected to severe chemical attack.

Composites have evolved since the 1950’s in architectural
applications starting with semi-permanent structures and
continuing with restoration of historic buildings and
structural applications. Typical products developed were
domes, shrouds, translucent sheet panels, and exterior

building panels.

During the late 1970’s and early 1980’s, many applications
of composite reinforcing products were demonstrated in
Europe and Asia. In 1986, the world’s first highway bridge
using composites reinforcing tendons was built in Germany.

The first all composites bridge deck was demonstrated in



China. The first all composites pedestrian bridge was
installed in 1992 in Aberfeldy, Scotland. In the U.S., the
first FRP reinforced concrete bridge deck was built in 1996
at McKinleyville, WV followed by the first all-composite
vehicular bridge deck in Russell, KS. Numerous composite
pedestrian bridges have been installed in U.S. state and
national parks in remote locations not accessible by heavy
construction equipment, or for spanning over roadways and

railways.

For the 21st century, composite fabricators and suppliers
are actively developing products for the civil infrastructure,
considered to be the largest potential market for FRP
composites. Concrete repair and reinforcement, bridge
deck repair and new installation, composite-hybrid
technology (the marriage of composites with concrete,
wood and steel), marine piling and pier upgrade programs
are just some of the areas that are currently being

explored.
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Definition of FRP Composites

Definition of FRP Composites

Not all plastics are composites. In fact, the majority of plastics today are pure plastic,
like toys and soda bottles. When additional strength is needed, many types of
plastics can be reinforced (usually with reinforcing fibers). This combination of plastic
and reinforcement can produce some of the strongest materials for their weight that

technology has ever developed...and the most versatile.

Therefore, the definition of a fiber-reinforced polymer (FRP) composite is:

A combination of

g a polymer (plastic) matrix (either a thermoplastic or thermoset resin, such as
polyester, isopolyester, vinyl ester, epoxy, phenolic)
p a reinforcing agent such as glass, carbon, aramid or other reinforcing material

such that there is a sufficient aspect ratio (length to thickness) to provide a
discernable reinforcing function in one or more directions. FRP composite may also

contain:

p fillers
p additives

p core materials

that modify and enhance the final product. The constituent elements in a composite
retain their identities (they do not dissolve or merge completely into each other) while
acting in concert to provide a host of benefits ideal for structural applications

including:

p High Strength and Stiffness Retention - composites can be designed to provide
a wide range of mechanical properties including tensile, flexural, impact and
compressive strengths. And, unlike traditional materials, composites can have their

strengths oriented to meet specific design requirements of an application.



p Light Weight/Parts Consolidation - FRP composites deliver more strength per
unit of weight than most metals. In fact, FRP composites are generally 1/5th the
weight of steel. The composite can also be shaped into one complex part, often
times replacing assemblies of several parts and fasteners. The combination of these
two benefits makes FRP composites a powerful material system- structures can be
partially or completely pre-fabricated at the manufacturer's facility, delivered on-site
and installed in hours.

p Creep (Permanent Deflection Under Long Term Loading) - The addition of the
reinforcement to the polymer matrix increases the creep resistance of the properly
designed FRP part. Creep will not be a significant issue if the loads on the structure
are kept below appropriate working stress levels.

p Resistance to Environmental Factors - Composites display excellent resistance

to the corrosive effects of:

p Freeze-thaw: because composites are not attacked by galvanic corrosion and
have low water absorption, they resist the destructive expansion of freezing
water.

p Weathering and Ultra-Violet Light: FRP composite structures designed for weather
exposure are normally fabricated with a surface layer containing a pigmented gel
coat or have an ultraviolet (UV) inhibitor included as an additive to the composite
matrix. Both methods provide protection to the underlying material by screening
out UV rays and minimizing water absorption along the fiber/resin interface.

p Chemicals and Temperature: Composites do not rust or corrode and can be
formulated to provide long-term resistance to nearly every chemical and
temperature environment. Of particular benefit, is composites ability to
successfully withstand the normally destructive effects of de-icing salts and/or
saltwater spray of the ocean.

p Fire Performance of Composites - FRP composites can burn under certain
conditions. Composites can be designed to meet the most stringent fire regulations
by the use of special resins and additives. Properly designed and formulated

composites can offer fire performance approaching that of most metals.

COMPOSITES BASICS: MATERIALS (PART 1)

Introduction

Fiber Reinforced Polymer (FRP) composites is defined as a polymer (plastic) matrix,
either thermoset or thermoplastic, that is reinforced (combined) with a fiber or other
reinforcing material with a sufficient aspect ratio (length to thickness) to provide a

discernable reinforcing function in one or more directions. FRP composites are



different from traditional construction materials such as steel or aluminum. FRP
composites are anisotropic (properties only apparent in the direction of the applied
load) whereas steel or aluminum is isotropic (uniform properties in all directions,
independent of applied load). Therefore, FRP composite properties are directional,
meaning that the best mechanical properties are in the direction of the fiber
placement. Composites are similar to reinforced concrete where the rebar is

embedded in an isotropic matrix called concrete.

Many terms have been used to define FRP composites. Modifiers have been used to
identify a specific fiber such as Glass Fiber Reinforced Polymer (GFRP), Carbon Fiber
Reinforced Polymer (CFRP), and Aramid Fiber Reinforced Polymer (AFRP). Another
familiar term used is Fiber Reinforced Plastics. In addition, other acronyms were
developed over the years and its use depended on geographical location or market
use. For example, Fiber Reinforced Composites (FRC), Glass Reinforced Plastics
(GRP), and Polymer Matrix Composites (PMC) can be found in many references.
Although different, each of aforementioned terms mean the same thing; FRP

composites.
Benefits

FRP composites have many benefits to their selection and use. The selection of the
materials depends on the performance and intended use of the product. The
composites designer can tailor the performance of the end product with proper
selection of materials. It is important for the end-user to understand the application
environment, load performance and durability requirements of the product and
convey this information to the composites industry professional. A summary of

composite material benefits include:

Light weight

High strength-to-weight ratio
Directional strength
Corrosion resistance
Weather resistance

Dimensional stability

p low thermal conductivity

p low coefficient of thermal expansion
Radar transparency

Non-magnetic

High impact strength

High dielectric strength (insulator)



Low maintenance

Long term durability

Part consolidation

Small to large part geometry possible

Tailored surface finish

Composition

Composites are composed of resins, reinforcements, fillers, and additives. Each of
these constituent materials or ingredients play an important role in the processing
and final performance of the end product. The resin or polymer is the “glue” that
holds the composite together and influences the physical properties of the end
product. The reinforcement provides the mechanical strength. The fillers and
additives are used as process or performance aids to impart special properties to the

end product.

The mechanical properties and composition of FRP composites can be tailored for
their intended use. The type and quantity of materials selected in addition to the
manufacturing process to fabricate the product, will affect the mechanical properties
and performance. Important considerations for the design of composite products

include:

Type of fiber reinforcement

Percentage of fiber or fiber volume

Orientation of fiber (0°, 90°, +/- 45 °or a combination of these)

Type of resin

Cost of product

Volume of production (to help determine the best manufacturing method)
Manufacturing process

Service conditions

Go to next section: Resins

Composites Basics: Composites Manufacturing

Introduction

In this section, those manufacturing processes typically used to make products
found in construction/civil infrastructure market are covered. Unique to the
composites industry is the ability to create a product from many different

manufacturing processes. There are a wide variety of processes available to the



composites manufacturer to produce cost efficient products. Each of the
fabrication processes has characteristics that define the type of products to be
produced. This is advantageous because this expertise allows the manufacturer
to provide the best solution for the customer. In order to select the most
efficient manufacturing process, the manufacturing team considers several

factors such as:

User needs p Total production volume
Performance p Economic
requirements targets/limitations
Size of the product p Labor
Surface complexity p Materials
Appearance p Tooling/assembly
Production rate p Equipment
Pultrusion

Pultrusion is a continuous molding process that combines fiber reinforcements
and thermosetting resin. The pultrusion process is used in the fabrication of
composite parts that have a constant cross-section profile. Typical examples
include various rods and bar section, ladder side rails, tool handles, and
electrical cable tray components and now bridge beams and decks. Most
pultruded laminates are formed using rovings aligned down the major axis of the
part. Various continuous strand mats, fabrics (braided, woven and knitted), and
texturized or bulked rovings are used to obtain strength in the cross axis or

transverse direction.
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The process is normally continuous and highly automated. Reinforcement
materials, such as roving, mat or fabrics, positioned in a specific location using
preforming shapers or guides to form the profile. The reinforcements are drawn
through a resin bath or wet-out where the material is thoroughly coated or

impregnated with a liquid thermosetting resin. The resin-saturated



reinforcements enter a heated metal pultrusion die. The dimensions and shape
of the die will define the finished part being fabricated. Inside the metal die, heat
is transferred initiated by precise temperature control to the reinforcements and
liquid resin. The heat energy activates the curing or polymerization of the
thermoset resin changing it from a liquid to a solid. The solid laminate emerges
from the pultrusion die to the exact shape of the die cavity. The laminate
solidifies when cooled and it is continuously pulled through the pultrusion
machine and cut to the desired length. The process is driven by a system of
caterpillar or tandem pullers located between the die exit and the cut-off

mechanism.

The initial capital investment for pultrusion is generally higher than open mold or
hand layup processes. The primary expense for pultrusion manufacturers is the
material handling guides and die fabrication costs. The net result is a low-cost
process for high volume. The process provides flexibility in the design of
pultruded profiles. Currently, profiles up to 72 inches wide and 21 inches high
are possible. Pultrusion can manufacture both simple and complex profiles,
eliminating the need for extensive post-production assembly of components.
Since the process is continuous, length variations are limited to shipping
capabilities. This process allows for optimized fiber architectures with uniform

color eliminating the need for many painting requirements.

Resin Transfer Molding (RTM)

Resin Transfer Molding or RTM as it is commonly referred to is a “"Closed Mold
Process” in which reinforcement material is placed between two matching mold
surfaces - one being male and one being female. The matching mold set is
then closed and clamped and a low-viscosity thermoset resin is injected under
moderate pressures (50 - 100 psi typical) into the mold cavity through a port or
series of ports within the mold. The resin is injected to fill all voids within the
mold set and thus penetrates and wets out all surfaces of the reinforcing
materials. The reinforcements may include a variety of fiber types, in various
forms such as continuous fibers, mat or woven type construction as well as a
hybrid of more that one fiber type. Vacuum is sometimes used to enhance the
resin flow and reduce void formation. The part is typically cured with heat. In
some applications, the exothermic reaction of the resin may be sufficient for

proper cure.



Resin Transfer Molding
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RTM as a process, is multi-compatible with a variety of resin systems including
polyester, vinyl ester, epoxy, phenolic, modified acrylic and hybrid resins such as
polyester and urethane. Typically, it requires a resin viscosity of 200 to 600
centerpoise to penetrate all surfaces of the mold cavity. Advantages of the RTM

process include:

As a closed mold process, emissions are lower than open mold processes such as
spray up or hand lay up

The mold surface can produce a high quality finish (like those on an automobile)
This process can produce parts faster — as much as 5 -20 times faster than open
molding techniques.

RTM produces tighter dimensional tolerances to within + .005inch.

Complex mold shapes can be achieved. Cabling and other fittings can be

incorporated into the mold designs.

Disadvantages of the RTM process are:

High production volumes required to offset high tooling costs compared to
open molding techniques.

Reinforcement materials are limited due to the flow and resin saturation of the
fibers.

Size of the part is limited by the mold.

Vacuum Assisted Resin Transfer Molding (VARTM)

In the traditional RTM process, a matched set of molds or “closed mold” is used.
The fiber reinforcements are usually preformed off line to enhance the
production cycle time of the molds to perform at a respectable production rate.
Resin is injected at high pressures and the process is sometimes assisted with

vacuum.

However, Vacuum Assisted Resin Transfer Molding (VARTM) is different for many



reasons. First, the fabrication of parts can be accomplished on a single open
mold. Second, the process uses the injection of resin in combination with a
vacuum and captured under a bag to thoroughly impregnate the fiber
reinforcement. In the late 1980’s, Bill Seemann invented and patented a
variation to the VARTM process called SCRIMP™ which is Seemann Composite
Resin Infusion Molding Process. This process has been used in many new and
large applications ranging from turbine blades and boats to rail cars and bridge
decks. Unique to this process is the manufacturing method that allows the
efficient processing of VARTM to produce large structural shapes that are
virtually void-free. This process has been used to make both thin and very thick
laminates. In addition, complex shapes with unique fiber architectures allow the

fabrication of large parts that have a high structural performance.

—

Parts using VARTM are made by placing dry fiber reinforcing fabrics into a mold,
applying a vacuum bag to the open surface and pulling a vacuum while at the
same time infusing a resin to saturate the fibers until the part is fully cured. This
process allows for easy visual monitoring of the resin to ensure complete

coverage to produce good parts without defects.

Hand Layup - Open Molding Process

Lamination technology is based on the joining or bonding of two or more laminae
to form a laminate. The materials can vary in type and mechanical properties in
addition to property specific orientation particularly pertaining to wood and

composites.

Laminate Materials

There are an infinite number of laminate types that can be developed. These
materials can be categorized into three basic areas, core materials, high strength

and stiffness skins and outer protective layers. Core materials typically serve the



function of connecting and spacing of the skins to develop stiffness and strength
in a sandwich arrangement. The key property of core materials is shear strength
to insure shear conductivity between the skins, thus the ability to sustain loads
and bending. Core materials are normally wood, honeycomb and structural
foams. The outer structural layer or skins traditionally are either metal or
composite, either in combination with a core material or a multitude of high
strength and stiffness layers. Composite materials offer the widest range of high
strength skins with the ability to change fiber type (fiberglass, carbon and
aramid) in addition to the fiber volume and orientation. Composites are well
suited for large deflection applications where high strain capability and fatigue is
required. Typically they are more corrosion and environmentally resistant than
metals. Composite materials in a lamina form are applied in the form of
precured, prepreg or “B” stage and wet layup configurations. The final group of
laminae is made up of thermoplastic and thermoset materials, which act as a
covering to the laminate structure. In some applications a plastic film or coating
is incorporated into the laminate structure to protect the structure from impact

and environmental effects.

Hand lay up is the oldest and simplest method used for producing reinforced
plastic laminates. Capital investment for hand lay up processes is relatively low.
The most expensive piece of equipment typically is a spray gun for resin and gel
coat application. Some fabricators pour or brush the resin into the molds so that
a spray gun is not required for this step. There is virtually no limit to the size of
the part that can be made. The molds can be made of wood, sheet metal,

plaster, and FRP composites.

In a particular hand lay up process (otherwise known as wet lay up), high
solubility resin is sprayed, poured, or brushed into a mold. The reinforcement is
then wet out with resin. The reinforcement is placed in the mold. Depending
upon the thickness or density of the reinforcement, it may receive additional
resin to improve wet out and allow better drapeability into the mold surface. The
reinforcement is then rolled, brushed, or applied using a squeegee to remove

entrapped air and to compact it against the mold surface.

Chopped strand mat is the lowest cost form of reinforcement used in wet lay up.
It also provides equal reinforcing strength in all directions due to the random
orientation of the fibers that form the mat. Woven roving is especially suitable
for thick laminates requiring greater strength. Woven fabric and braid can also

provide a low cost reinforcement. Once the reinforcement is thoroughly wet out



with resin, it can be easily formed into complex shapes.

Surface Preparation and Bonding

A key component to a successful lamination is the bonding process of the layers.
There are three basic components, which make up the bonding process. First is
the surface preparation of the laminae, which improves the substrate’s ability to
accept and adhere to an adhesive. Surface preparation varies depending on
material type. Composites use sanding and grinding, surface texturing, or
solvent cleaning. The second component is the adhesive itself, including epoxies,
urethanes, phenolics, polyesters, solvents, acrylics and others. Each adhesive
has its attributes depending on substrate type, in use requirements and process
constraints. As a general rule, a maximum bond is achieved for a given substrate
type when the material itself fails during an ultimate strength test. The
maximum lap shear strength of an adhesive is achieved when the adhesive
exhibits a cohesive failure in the bond line. The third component of lamination is
the process by which the materials are bonded together. This involves a host of
parameters primarily time, heat pressure, mixture, moisture and catalysts
(initiators). It is important that the three basic components of bonding are

properly employed to achieve a successful lamination.

Laminate Construction

There are three types of laminated construction. These include sandwich
lamination consisting of at least two high stiffness and strength outer layers
connected by a core, all laminated construction consisting of relatively high
stiffness and strength layers and a third type consisting of a structural member

that is reinforced on the tensile or compression or both sides of a flexural beam.

Sandwich lamination constructions are found in many applications from satellite
structures to snow skis. Although both applications may utilize a sandwich
approach, satellite applications generally require stiffness, strength and extreme
lightweight, while the snow ski requires the laminated beam or composite
structure to withstand large deflections and dynamic performance requirements.
In addition the ski structure is integrated with thermoplastic surfaces and metal
components. Typically metal and composite materials are applied to these
sandwich structures. Even complex shapes can be achieved by using composite

prepregs and wet lay-ups.



All laminate constructions utilize relatively high strength/stiffness materials. An
array of laminate configurations is possible. In aerospace applications, multiple
plys are orientated in various directions and to provide customized structural
strength and stiffness. These same principles, although less complex are used in
automotive, industrial and recreational products in the form of structural

members, springs, archery limbs and bicycles.

Multiply Construction

The third type of laminated construction is utilized most often in construction
and infrastructure applications. To date, reinforcements have been integrated
into Glue-Laminated wood beams (Glu-Lams) and infrastructure components for
fabricating columns, beams and walls. In many of these applications, a
reinforcement, most typically a composite, is used via lamination to the tensile
side of a beam or as a wrap on a column. Precured, prepreg or wet layup
composite materials have all been utilized in these applications. These types of
reinforcements improve the strength of laminated wood beams and or reduce
the use of E-Rated lumber with less costly nhew growth wood. Lamination in
bridges and buildings provide a lower cost simplified method to revitalize
existing structures, increase load-carrying capability and increase resistance to

seismic events.

In the automotive industry composites are being combined with metals for
performance, weight reduction and cost advantages. The construction industry is

applying composites to wood laminated beams and I-Joists.

The possibilities and advantages of laminated materials are significant and
provide solutions to product requirements generally not achievable by using a
single material. The advantages in structural performance, reduced weight and
oriented structural properties are just some the advantages of this approach. In
many cases, the result is a simplified and less costly solution to many

engineering structural problems.

Compression Molding

Compression molding is the most common method of molding thermosetting

materials such as SMC (sheet molding compound) and BMC (bulk molding



compound). This molding technique involves compressing materials containing a
temperature-activated catalyst in a heated matched metal die using a vertical

press.

The molding process begins with the delivery of high viscosity uncured

composite material to the mold. Mold temperatures typically are in the range of
350° - 400° F. As the mold closes, composite viscosity is reduced under the heat
and pressure approximating 1000 psi. The resin and the isotropically distributed

reinforcements flow to fill the mold cavity.

While the mold remains closed, the thermoset material undergoes a chemical
change (cure) that permanently hardens it into the shape of the mold cavity.
Mold closure times vary from 30 seconds up to several minutes depending on

part design and material formulation.

When the mold opens, parts are ready for finishing operations such as
deflashing, painting, bonding, and installation of inserts for fasteners. By varying
the formulation of the thermoset material and the reinforcements, parts can be
molded to meet applications ranging from automotive class ‘A’ exterior body

panels to structural members such as automobile bumper beams.

Filament Winding

The filament winding process is used in the fabrication of tubular composite
parts. Typical examples are composite pipe, electrical conduit, and composite
tanks. Fiberglass roving strands are impregnated with a liquid thermosetting
resin and wrapped onto a rotating mandrel in a specific pattern. When the
winding operation is completed, the resin is cured or polymerized and the

composite part is removed from the mandrel.

Capital investment is relatively higher compared to open mold processes. The
primary expense for an existing filament winder would be the cost of the winding

mandrel for a specific application.

Fiberglass
rovi nig
packages
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Glossary of Terms



Abrasion

The wearing away of materials by
friction. Particles become detached by a
combined cutting, shearing and tearing
action.

Absorbed Moisture

Moisture that has entered a solid by
absorption and has physical properties
not substantially different from ordinary
water at the same temperature and
pressure.

Accelerated Test

A test procedure in which conditions are
increased in magnitude to reduce the
time required to obtain a resuit. To
reproduce in a short time the
deteriorating effect obtained under
normal service conditions.

Accelerator

A material that acts synergistically with
the prompter to speed up the chemical
reaction between the catalyst and the
resin.

Acoustic Emission

A measure of integrity of a material, as
determined by sound emission when a
material is under stress. Ideally,
emissions can be correlated with defects
and/or incipient failure.

Additive

A constituent component that may be
added to the composite matrix to modify
its properties and in general, enhance its
performance. Additives include catalysts,
colorants, flame retardants and other
ingredients that expand and improve the
capabilities of the matrix.

Adhesive
The method of joining two substrates
using either paste, liquid or film.

Admixture
The addition and uniform dispersion of
components before cure.

AFRP
Aramid fiber reinforced polymer.

Aging

The effect on materials of exposure to an
environment for an interval of time. The
process of exposing materials to an
environment for an interval of time.

Air Void

Air entrapment within and between the
plies of reinforcement or within a
bondline or encapsulated area; localized,
non-interconnected, spherical in shape.

Alkalinity

The condition of having or containing
hydroxyl (OH") ions; containing alkaline
substances.

Ambient

The surrounding area; encompassing on
all sides. In composites, refers to
environmental conditions such as
temperature, humidity, pressure, etc.

Anisotropic
Not exhibiting the same physical
properties in all directions.

Antioxidant

A substance that when added in small
quantities to the resin, prevents its
oxidative degradation and contributes to
the maintenance of its properties.

Aramid

Used as a high-strength, high-modulus
(stiffness) fiber. It is a type of highly
oriented organic material derived from
polyamide, but incorporating aromatic
ring structure.

Arc Resistance

The length of time (in seconds) that an
arc may cross a surface without
rendering it conductive.

Aspect Ratio

Ratio of length to diameter. For a
composite, it refers to the specific ratio
of the fiber or filler in the composite
matrix.




B-Stage

Intermediate stage in the polymerization
reaction of thermosets, following which
material will soften with heat and is
plastic and fusible. The resin of an
uncured prepreg or premix is usually in
B-stage.

Barcol Hardness

A hardness value obtained by measuring
the resistance to penetration of a sharp
steel point under a spring load.
Measured on a scale of 0-100, the
hardness value is used to measure the
degree of cure of plastic.

Bearing Strength

The maximum bearing stress that can be
sustained. Also, the bearing stress at that
point on the stress-strain curve where
the tangent is equal to the bearing stress
divided by n% of the bearing hole
diameter

Bearing Stress
The applied load in pounds sustained by a
specimen divided by the bearing area.

Bias Fabric
Warp and fill fibers at an angle to the
length of the fabric.

Bidirectional Laminate

A reinforced plastic laminate with the
fibers oriented in two directions in its
plane. A cross laminate.

Binder

Chemical treatment applied to the
random arrangement of glass fibers to
give integrity to mats. Specific binders
are utilized to promote chemical
compatibility with the various laminating
resins used.

Bond
The adhesion and grip of a material to
other surfaces against which it is placed.

Bond Area

The nominal area of interface between
two elements across which adhesion
develops or may develop

Bond Strength

The measurement of the stress needed to
separate two bonded surfaces calculated
using the load/bond area.

Bond Stress
The force per unit area necessary to
rupture a bond

Braid-Braiding

The weaving of fibers into a tubular
shape to be used as a reinforcement
instead of a flat reinforcement.




C-Stage

The final stage in the reaction of certain
thermosetting resins in which the
material is practically insoluble and
infusible.

Carbon

An element common to all organic
substances. Graphite is one of the forms
under which carbon occurs in nature (as
is diamond)

Carbon-Carbon
A composite that consists of a carbon
matrix and a carbon reinforcement

Carbon Fiber

Fiber produced by the prolysis of organic
precursor fibers such as rayon,
polyachrylonitrile (PAN) and pitch in an
inert environment

Casting
The process of pouring the resin and
fillers (and possibly fibers) into a mold.

Catalyst

A substance that initiates a chemical
reaction and enables it to proceed under
milder conditions than otherwise
required and which does not, itself, alter
or enter into the reaction. Also called an
initiator.

Catenary

The property of or creating or
maintaining equal tension in parallel
fibers.

CFRP
Carbon fiber reinforced plastic (includes
graphite fiber reinforced plastic).

Chopped Strand Mat

A fiberglass reinforcement that utilizes
continuous rovings that are cut into short
strands, arranged in a random pattern and
held together with a binder.

Coefficient of Thermal Expansion (CTE)
The change in length (or volume) per unit
length (or volume) produced by one
degree Celsius rise in temperature.

Cohesion

The propensity of a single substance to
adhere to itself. The internal attraction
of molecular particles toward each other.
The force holding a single substance
together.

Composite

A combination of one or more materials
differing in form or composition on a
macroscale. The constituents retain their
identities; i.e. 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 (see FRP
Composite).

Compound

An admixture of a polymer with other
ingredients such as reinforcements, fillers,
and additives. A thermoset compound
normally consists of the necessary
ingredients for the finished product.

Compression Molding

A composite manufacturing technique
whereby thermoset composite materials
are compressed between matched die
molds using hydraulic pressure and
heated until the materials are cured to its
final form

Compressive Strength

The ability of a material or structure to
resist a crushing or buckling force. The
maximum compressive load sustained by
the material or structure divided by the
original cross-sectional area of the
material or structure.

Continuous Roving

Parallel filaments coated with sizing,
drawn together into single or multiple
strands and wound into a cylindrical
package.

Core

The central member, usually foam or
honeycomb, of a sandwich construction to
which the faces of the sandwich are
attached or bonded. The central member
of a plywood assembly. A channel in a
mold for circulation of heat transfer
media. A device on which prepreg is
wound.

Corrosion Resistance

The ability of a material to withstand
contact with ambient natural factors or
those of a particular artificially created
atmosphere, without degradation or
change in properties.

Coupling Agent

Part of a surface treatment or finish
which is designed to provide a stronger
bonding link between the fiber surface
and the laminating resin.

Crazing

The development of ultrafine cracks; the
pattern of cracks that extend on or under
the surface of a resin or plastic material.

Creel

A device for holding the required number
of roving balls (spools) or supply
packages of reinforcement in desired
position for unwinding onto the next
processing step, that is, weaving,
braiding, or filament winding.

Creep

The change in dimension of a material
under sustained load over a period of
time, not including the material's initial
elastic deformation. The time-dependent
part of strain resulting from an applied
load.

Crimp

Waviness of a fiber, a measure of the
difference between the length of the
unstraightened and straightened fibers.

Cure

To irreversibly change the properties of a
thermosetting resin by chemical reaction,
that is, condensation, ring closure, or
addition. Cure may be accomplished by
addition of curing (cross-linking) agents,
with or without heat and pressure.

Curing Agent



Debonding
The separation of bonded surfaces,
usually unplanned.

Deformation
A change in dimension or shape due to
stress.

Delamination

A separation of the layers of a material in
laminate, either local or covering a wide
area. Can occur in the cure or during the
life of a product.

Dieletric
The ability of a material of resist the flow
of electricity. Non-conductive.

Dieletric Strength

The property of an insulating material
that enables it to withstand electric
stress. The average potential per unit
thickness at which failure of the dielectric
material occurs. The higher the dielectric
strength, the greater insulating
properties of the material.

Dimensional Stability

Ability of a part to retain the precise shape
to which it was molded, cast, or otherwise
fabricated.

Ductility

The ability of a part to undergo large,
permanent deformation without rupture.
The ability of a material to deform
plastically before fracturing.

Durability

The ability of a material to resist
weathering action, chemical attack,
abrasion, and other conditions of service.
Also, the capability of a structure or its
components to maintain serviceability
over a designed period of time in a
specified environment.

E-Glass

A family of glasses with a calcium alumina
borosilicate composition and a maximum
alkali content of 2.0% A general-purpose
fiber that is most often used in reinforced
plastics, and is suitable for electrical
laminates because of its high resistivity.

Elasticity

The ability of a material to recover to its
original size and shape after the removal
of a force causing deformation.

Elongation
The increase in length of a material

Elongation at Break

Elongation recorded at the moment of
rupture of the specimen, often expressed
as a percentage of the original length.

End

A strand of roving consisting of a given
number of filaments gathered together.
The group of filaments is considered and
end or strand before twisting, a yarn after
twisting.

Epoxy

A polymerizable thermoset polymer
containing one or more epoxide groups
and curable by reaction with amines.
alcohols, phenols carboxylic acids, acid
anhydrides, and mercaptans.

Exotherm (Exothermic)

A compound in the formation of which
heat is liberated, and in the reduction of
which to its original components, heat is
absorbed. For composite terminology, it
applies to the heat released during the
curing of the composite.

Extenders

An inert material added to provide
economical extension of resins without
lessening of properties.




Fabric

Arrangement of fibers held together in
two dimensions. A fabric may be woven,
nonwoven, or stitched.

Fabric, nonwoven

Material formed from fibers or yams
without interlacing. This can be stitched.
knit or bonded.

Fabric, woven
Material constructed of interlaced yams,
fibers, or filaments.

Fatigue

The lessening or failure of mechanical
properties after repeated applications of
stress.

Fatigue Life

The number of cycles of deformation
required to bring about failure of the test
specimen under a given set of oscillating
conditions (stresses and strains).

Fatigue Strength

The maximum cyclical stress a material
can withstand for a given number of
cycles before failure occurs. Also the
residual strength after being subjected to
fatigue.

Fiber

General term for a filamentary material.
The single unit of substance that is
broken into parts fit to form threads to be
woven; a filament. Any material whose
length is at least 100 times its diameter,
typically 0.10 to 0.13 mm.

Fiber Architecture

The design of the reinforcement; the
arrangement of the fibers to achieve
specific results. Examples include
braiding, fabrics (stitched and woven),
rovings, mats, etc.

Fiber Content

The amount of fiber present in a
composite. This is usually expressed as a
percentage volume fraction or weight
fraction of the composite.

Fiber Direction

The orientation or alignment of the
longitudinal axis of the fiber with respect
to a stated reference axis.

Fiberglass Reinforcement
Major material used to reinforce plastic.
Available as a mat, roving, fabric, etc.

Fiber Pattern

Visible fibers on the surface of laminates
or molding. The thread size and weave of
glass cloth.

Fiber-Reinforced Plastic (FRP)

A general term for a composite that is
reinforced with cloth, mat, strands, or any
other fiber form.

-

Filament

Smallest unit of a fibrous material. A fiber
made by spinning or drawing into one
long continuous entity.

Filament Winding

A process for fabricating a composite
structure in which continuous
reinforcements (filament, wire, yarn,
tape, or other), either previously
impregnated with a matrix material or
impregnated during the winding, are
placed over a rotating and removable
form or mandrel in a prescribed way to
meet certain stress conditions. Generally
the shape is a surface of revolution and
may or may not include end closures.
When the required number of layers is
applied, the wound form is cured and the
mandrel removed.

Filler

An inorganic addition to the composite
matrix that may impart a variety of
performance improvements such as
shrinkage control, surface smoothness,
water resistance and cost reduction or is
added to lower cost or density.
Sometimes the term is used specifically to
mean particulate additives.

Finish

A mixture of materials that is applied to
fibers that improve the bonding
characteristics of the resin to the fiber.

Fire Retardants
Certain chemicals that are used to reduce
the tendency of a resin to burn.

Flexural Modulus

The ratio, within the elastic limit, of the
applied stress on a test specimen in
flexure to the corresponding strain in the
outermost fibers of the specimen.

Flexural Strength

The property of a material or a structural
member that indicates its ability to resist
failure in bending. A unit of resistance to
the maximum load before failure by
bending.

Fracture

The separation of a body. Defined both
as a rupture of the surface without
complete separation of the laminate or
as a complete separation of a body
because of external or internal forces.

FRP
Fiber reinforced polymer (plastic).

FRP Composite

A polymer matrix, either thermoset or
thermoplastic, reinforced with a fiber or
other material with a sufficient aspect
ratio (length to thickness) to provide a
discernable reinforcing function in one or
more directions (see composites).



Gel Coat

A quick setting resin applied to the surface
of a mold and gelled before lay-up. The
gel coat becomes an integral part of the
finished laminate, and is usually used to
improve surface appearance and
performance.

GFRP
Glass fiber reinforced plastic.

Glass Fiber

Fiber drawn from an inorganic product of
fusion that has cooled without
crystallizing.

Glass Fiber, types

Alkali resistant (AR-glass)
General Purpose (E-glass)
High Strength (S-glass)

Glass-Transition Temperature

The midpoint of the temperature range
over which an amorphous material
changes from (or to) a brittle, vitreaous
state to (or from) a plastic state.

Graphite Fiber

Fiber containing more than 99 percent
elemental carbon made from a precursor
by oxidation.

Grid

Large cross-sectional area construction in
two or three axial directions made up
using continuous filaments.

-

Hand Lay-Up

Fabrication method in which
reinforcement layers, pre-impregnated or
coated afterwards, are placed in a mold by
hand, then cured to the formed shape.

Hardener
Substance added to thermoset resin to
cause curing reaction.

Heat Deflection Temperature

The temperature at which a plastic
material has an arbitrary deflection when
subjected to an arbitrary load and test
condition; an indication of the glass
transition temperature.

Honeycomb

Manufactured product of resin-
impregnated sheet material formed into
hexagonal-shaped cells. Used as a core
material in sandwich construction.

Hoop Stress

The circumferential stress in a material
or cylindrical form subjected to internal
or external pressure.

Hybrid

A composite laminate consisting of
laminae of two or more composite
material systems. A combination of two
or more different fibers, such as carbon
and glass or carbon and aramid, into a
structure.




Impact Strength
The ability of a material to withstand
shock loading.

Impregnate

In reinforced plastics, to saturate the
reinforcement with a resin. A process of
filling the interstices of a porous body with
polymer compound.

Inhibitor

A substance that retards a chemical
reaction. Also used in certain types of
monomers and resins to prolong storage
life.

Initiator

Peroxides used as sources of free radicals.
They are used in free-radical
polymerizations, for curing thermosetting
resins, as cross-linking agents for
elastomers and poly-ethylene, and for
polymer modification.

Interface

The common boundary surface between
two substances. In a composite
laminate, it is the contact area between
the resin and the reinforcement. On
fibers, it is the contact area between the
sizing or finish.

Interlaminar
Term to describe an event that occurs
between two or more adjacent laminae.

Interlaminar Shear

Shearing force that produces a relative
displacement between two laminae along
their interface.

Isophthalic acid

A raw material that is added to polyester
resins to increase their ability to
withstand severe
environmental/chemical factors and
increase its heat deflection temperature.

Isopolyester

Resins that have been re-formulated
with isophthalic acid and glycols of
various types to enhace water, heat and
corrosion resistance of the composite
part.

Isotropic
Having uniform properties in like degree
in all directions

Kevlar
See Aramid

Laminate

Two or more layers of fiber bound
together in a resin matrix usually
through pressure and heat.

Lay-Up

The reinforcing material placed in position
in the mold. The process of placing the
reinforcing material in position in the
mold.

Live Load
Any load that is not permanently applied
to the structure.

Low Profile

Resins specifically formulated to achieve
a zero or low shrinkage factor during
molding/curing.



Mandrel

The core tool around which resin-
impregnated paper, fabric, or fiber is
wound to form pipes, tubes, or structural
shell shapes.

Mat

A fibrous material for reinforced plastic
consisting of randomly oriented chopped
filaments, short fibers (with or without a
carrier fabric), or swirled filaments loosely
held together with a binder.

Matrix

The essentially homogeneous resin or
polymer material in which the fiber
system of a composite is imbedded. Both
thermoplastic and thermoset resins may
be used, as well as metals, ceramics, and
glasses.

Mean Stress

The average of the maximum and
minimum stress in one cycle of fluctuating
loading (as in a fatigue test); tensile
stress is considered positive and
compressive strength, negative.

Mechanical Properties

The properties of a material such as
compressive and tensile strengths and
modulus that are associated with elastic
and inelastic reaction when force is
applied. The relationship between stress
and strain.

Microcracking
The cracks formed when exerted stress
exceeds the strength of the matrix.

Mil

The unit of measurement for the
diameter of glass strands

(1 mil = 0.001 inch)

Modulus
The ratio of stress to strain. A high
modulus indicates a stiff material.

Modulus of Elasticity

The ratio of normal stress to
corresponding strain for tensile or
compressive stresses below the
proportional limit of the material.

Mold

The cavity on which composite materials
are placed in order to fabricate the final
part.

Monomer

A single molecule that can react with like
or unlike molecules to form a polymer.
The smallest repeating structure of a
polymer.

Nondestructive Evaluation (NDE)

A process or procedure, such as ultrasonic
or radiographic inspection, for
determining the quality or characteristics
of a material, part, or assembly, without
permanently altering the subject or its
properties.

Nomex
See Aramid

Nonwoven Roving (Fabric)

A textile structure produced by loosely
compressed fibers (rovings) with or
without a scrim cloth carrier.

Open Molding

The general term used to describe
composites manufacture whereby resin
and reinforcement are placed on an open
mold. See also hand lay up and spray-

up.

Orthotropic
A material that has six different sets of
moduli and Poisson’'s ratios.

Outgassing
The release of solvents and moisture
from composite parts under a vacuum.

Oxidation
Combining or increasing the proportion
of oxygen.




Pan
A carbon fiber made from
polyacrylonitrile (pan) fiber.

Part Consolidation

The process of replacing assemblies of
several parts and fasteners by designing
and fabricating a single part.

Peel Ply

A layer of open-weave material, usually
fiberglass, applied directly to the surface
of a prepreg lay-up.

Permeability

The passage or diffusion rate of a gas,
vapor, liquid or solid through a barrier
without physically or chemically affecting
it.

Phenolic

A thermosetting resin produced by the
condensation of an aromatic alcohol
particularly based on phenol (carbolic
acid) and formaldehyde.

Pit

A small crater in the surface of plastic,
usually of a width approximately the
same as its depth.

Pitch
Carbon fiber made from a residual
petroleum product.

Plain Weave

A weaving pattern in which the warp and
fill fibers alternate; that is, the repeat
pattern is warp/fill/warp/fill, and so on.

Plastic

A material that contains as a essential
ingredient and organic polymer of large
molecular weight, hardeners, fillers,
reinforcements, and so forth; is solid in its
finished state; and at some stage in its
manufacture of its processing into finished
articles, can be shaped by flow.

Plastic Deformation

Changes in dimensions of an object under
load that is not recovered when the load is
removed as opposed to elastic
deformation.

Ply

In general, fabrics or felts consisting of
one or more layers (laminates, and so
forth). The layers that make up a stack.

Poisson's Ratio

The ratio of the change in lateral width
per unit width to change in axial length
per unit length caused by the axial
stretching or stressing of a material. The
ratio of transverse strain to the
corresponding axial strain below the
proportional limit.

Polyester

Resin produced by the polycondensation
of dihydroxy derivatives and dibasic
organic acids or anhydrides yielding resins
that can be compounded with vinyl.

Polymer

A high molecular weight organic
compound, natural or synthetic,
containing repeating units.

-

Polymerization

A chemical reaction in which the
molecules of monomers are linked
together to form large molecules whose
molecular weight is a multiple of that of
the original substances. When two or
more monomers are involves, the process
is called copolymerization.

Porosity

The ratio, usually expressed as a
percentage of the volume of voids in a
material, to the total volume of a material,
including the voids.

Post Cure

Additional elevated temperature cure,
usually without pressure, to improve final
properties and/or complete the cure or to
decrease the percentage of volatiles in the
molding.

Pot Life

The length of time that a catalized
thermosetting resin retains a viscosity
low enough to be used in processing.

Precursor

For carbon or graphite fiber, the rayon,
PAN or pitch fibers from which carbon and
graphite fibers are derived.

Preform

A preshaped fibrous reinforcement formed
by distribution of chopped fibers or cloth
by air, water flotation, or vacuum over the
surface of a perforated screen to the
approximate contour and thickness
desired in the finished part.

Preform Binder

A resin applied to the chopped strands of
a preform, usually during its formation,
and cured so that the preform will retain
its shape and can be handled.

Premix

A molding compound prepared prior to

and apart from the molding operations

and containing all components required
for molding.

Prepreg

Either ready-to-mold material in sheet
form or ready-to-wind material in roving
form, which may be cloth, mat,
unidirectional fiber, or paper impregnated
with resin and stored for use. Also semi-
hardened construction made by soaking
strands or roving with resin.

Promoter
A chemical that reduces the activation
energy required for a given initiator.

Pultrusion

A continuous process for manufacturing
composites that have a cross-sectional
shape. The process consists of pulling a
fiber - reinforcing material through a resin
impregnation bath and through a shaping
die, where the resin is subsequently
cured.

Pyrolysis

The transformation (or decomposition) of
a compound by the action of heat. In
respect to organic precursor fiber
materials such as pan and pitch, the
action of heat chemically changes them



Quality Assurance

Actions taken by an owner or his
representative to provide assurance that
what is being done and what is being
provided are in accordance with the
applicable standards of good practice for
the work.

Reinforcement

Strong materials bonded to or into a
matrix to improve mechanical properties.
Materials, ranging from short fibers
through complex textile forms, that is
combined with a resin to provide the
composite with enhanced mechanical
properties.

Release Agent

A substance used to prevent the unwanted
bonding of the composite material to the
mold/tooling. Assists in the removal of the
part from the mold.

Repair Systems

To replace or correct deteriorated,
damaged, or faulty materials, components
or elements of a structure. The materials
and techniques used for repair.

Resin

A natural or synthetic viscous liquid, solid
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. Polymeric material
that is rigid or semi-rigid at room
temperature, usually with a melting-point
or glass transition temperature above
room temperature.

Resin Content

The amount of resin in a laminate
expressed as either a percentage of total
weight or total volume.

Resin Transfer Molding (RTM)

A process whereby catalyzed resin is
transferred or injected into a closed mold
in which the fiberglass reinforcement has
been placed.

Rheology

The study of the flow of materials,
particularly plastic flow of solids. The
science of treating the deformation and
flow of matter.

Rockwell Hardness

A value derived from the increase in
depth of an impression as the load on an
indenter is increased from a fixed
minimum value to a higher value and
then returned to the minimum value.

Roving

A number of yarns, strands, tows, or ends
collected into a parallel bundle with little
or no twist.

S-Glass

A magnesium alumina silicate composition
that is especially designed to provide very
high tensile strength glass filaments.

Sandwich Panel
Panels composed of a lightweight core
material, such as honeycomb, balsa,

Shear

An action or stress resulting from applied
forces that causes or tends to cause two
contiguous parts of a body to slide
relative to each other in a direction
parallel to their plane of contact.

Shear Reinforcement
Reinforcement designed to resist shear
or diagonal tension stresses.

Shear Strength

The maximum shearing force a flexural
member can support at a specific
location as controlled by the combined
effects of shear forces and bending
moment.

Sheet Molding Compound (SMC)

A composite of fibers, a liquid
thermosetting resin and other
filler/additives that have been
compounded together and processed into
sheet form to facilitate handling in the
molding operation.

Shrinkage

Decrease in either length or volume; a
volume decrease caused by curing,
drying and/or chemical changes.

Sizing

Surface treatment or coating applied to
filaments to improve the filament-to-resin
bond and to impart processing and
durability attributes.

Solvent
A liquid in which another substance may
be dissolved.

Spray-up

Technique in which a spray gun is used as
an applicator tool. In reinforced plastics,
for example, fibrous glass and resin can
be simultaneously deposited in a mold.

Stiffness

A measure of modulus or a material's
ability to resist bending. The relationship
of load and deformation.

Stiffness
A measure of modulus. The relationship
of load and deformation.

Storage Life

The period of time during which a liquid
resin, packages adhesive or prepreg can
be stored under specified temperature
conditions and remain suitable for use.
Also called shelf life.

Strain
Deformation per unit length due to
stress.

Strand

Bundle of filaments, normally untwisted
or an assembly of continuous filaments,
bonded with sizing and used as a unit.

Stress

The internal force per unit area that
resists a change in size or shape of a
body as expressed in force per unit
area.

Chparmee o~y



Tensile Reinforcement

Reinforcement designed to carry tensile
stresses. Can be internal reinforcement
of the product or external reinforcement
such as a composite repair material
placed on an existing structure.

Tensile Strength

Maximum unit stress that a material is
capable of resisting under axial tensile
loading; based on the cross-sectional area
of the specimen before loading.

Textile
Fabric, usually woven.

Thermal Conductivity
The property of a particular body or
assembly to transfer heat.

Thermal Contraction
Contraction caused by the decrease in
temperature.

Thermal Expansion
Expansion caused by by an increase in
temperature.

Thermoplastic

Resin that is not cross linked.
Thermoplastic resin generally can be
remelted and recycled.

Thermoset

Resin that is formed by cross linking
polymer chains. A thermoset cannot be
melted and recycled because the polymer
chains form a three dimensional network.

Thixotropic (thixotropy)
Concerning materials that are gel-lie at
rest but fluid when agitated.

Tool (Tooling)

The mold onto which the composite
material is placed to in order to fabricate
the composite part. The mold itself may
or may not be made of composite
materials, it may be one or two sided and
may be open or closed.

Tow

An untwisted bundle of continuous
filaments. Commonly used in referring to
man-made fibers, particularly carbon and
graphite, but also glass and aramid. A tow
designated as 140K has 140,000
filaments.

Tracer

A fiber, tow or yarn added to a prepreg for
verifying fiber alignment and, in the case
of woven materials, for distinguishing
warp fibers. It is often time a particular
color in order to distinguish it from the
other reinforcement.

Twist
The spiral turns about its axis per unit of
length in a yarn or other textile strand.

Unidirectional Laminate

A reinforced plastic laminate in which
substantially all of the fibers are oriented
in the same direction.

V-RTM (VARTM)

Acronym for vacuum resin transfer
molding; a vacuum process to combine
resin and reinforcement in an open mold.

Vacuum Bag Molding

A process in which a sheet of flexible
transparent material plus bleeder cloth
and release film are placed over the lay-
up on the mold and sealed at the edges. A
vacuum is applied between the sheet and
the lay-up.

Veil

An ultrathin mat similar to a surface mat,
often composed of organic fibers as well
as glass fibers.

Vent

A small hole or shallow channel in a mold
that allows air or gas to exit as the
molding material enters.

Vinyl Esters

A class of thermosetting resins containing
ester of acrylic and/or methacrylic acids,
many of which have been made from
epoxy resin.

Viscosity

The property of a body of material to
resist a change to its shape: internal
friction.

Voids

Pockets of entrapped gas that were cured
into a laminate. Void content should be
less than 1% in a properly cured
composite.



Warp

The yarn running lengthwise in a woven
fabric. A group of yarns in long lengths
and approximately parallel.

Weave
The specific pattern which a fabric is
formed from interlacing yarns.

Wet Lay-Up

A method of making a reinforced product
by applying the resin system as a liquid
when the reinforcement is put in place.

Wet-Out

The condition of an impregnated roving or
yarn in which substantially all voids
between the sized strands and filaments
are filled with resin.

Wetting Agent

A substance capable of lowering the
surface tension of liquids facilitating the
wetting of solids surfaces and permitting
the penetration of liquids into the
capillaries.

Woven Fabric

A material constructed by interlacing
yarns, fibers or filaments to form specific
fabric patterns.

Woven Roving
A heavy glass fiber fabric made by
weaving roving.

Yarn

An assemblage of twisted filaments,
fibers, or strands, either natural or
manufactured, to form a continuous
length that is suitable for use in weaving
or interweaving into textile materials.

Yield Point

The point at which permanent
deformation of a stressed specimen
begins to take place.

Yield Strength

The stress at the yield point. The stress
at which a material exhibits a specified
limiting deviation from the
proportionality of stress to strain.

Young's Modulus

The ratio of normal stress to
corresponding strain for tensile or
compressive stresses less than the
proportional limit of the material.

Zero Bleed
A procedure that prohibits the loss of
resin during the cure of a laminate.
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Codes & Standards

Committees

A number of committee activities from professional organizations are addressing the
recommended use and specification of FRP composites. Many organizations have
published codes, standards, test methods and specifications for FRP composites and
their products for the respective products. For example in the FRP pipe market,
design standards, test methods, and recommended practices were published by the
American Petroleum Institute (API), American Society of Mechanical Engineers
(ASME), American Water Works Association (AWWA), Underwriter Laboratories (UL),
and others. In the corrosion resistant structural equipment market, ASME published
an industry standard called RTP-1. In RTP-1, the document provides purchasers of
corrosion-resistant composite equipment with guidelines for the specification of high-
quality, cost-effective and high-performance equipment. The American Society of
Testing and Materials (ASTM) published recognized industry test methods for FRP

composites used in all markets.

Organization Committee

American Concrete Institute (ACI) 440 - Composites for Concrete
440C - State-of-the-art-Report
440D - Research

410E - Professional Educations
440F - Repair

440G - Student Education

400H - Reinforced Concrete (rebar)

4401 - Prestressed Concrete
(tendons)

B 440] - Structural Stay-in-Place
Formwork

B 440K - Material Characterization




g 400L - Durability

American Society of Civil Engineers Structural Composites and Plastics
(ASCE)
American Society of Testing and p ASTM D20.18.01 - FRP Materials for
Materials (ASTM) Concrete
B ASTM D20.18.02 - Pultruded
Profiles

p ASTM D30.30.01 - Composites for

Civil Engineering

AASHTO Bridge Subcommittee T-21 - FRP Composites
International Federation of Structural Task group on FRP

Concrete (FIB)

Canadian Society of Civil Engineers ACMBS - Advanced Composite
(CSCE) Materials for Bridges and Structures
Japan Society of Civil Engineers Research Committee on Concrete

Structures with Externally Bonded
Continuous Fiber Reinforcing

materials

Transportation Research Board A2C07 - FRP Composites

For almost twenty years, the American Society of Civil Engineers (ASCE) has operated
a technical committee called Structural Composites and Plastics (SCAP) to address the
design and implementation of composites. This committee published a design manual
in the early 1980’s and is currently working to update this manual to address the

many FRP composite products developed over the years.

The American Concrete Institute, and its Committee 440 with ten different
subcommittees, address FRP composites in concrete in such topics as state-of-the-art,
research, professional and student education, repair, rebar, prestressing, and stay-in-
place structural formwork. These highly active committees are focused to produce
guidance documents for the engineer. In particular, ACI 440F is developing a
document titled “Guide for the Design and Construction of Externally Bonded FRP
Systems for Strengthening Concrete Structures”. This landmark publication, reviews
the state-of-the-art, provides guidelines for application and selection, design
recommendations, and construction techniques for the use of FRP materials to repair,
strengthen, or upgrade concrete structures. The ACI 440H committee is developing a
similar document of FRP rebar titled “Guide for the Design and Construction of
Concrete Reinforced with FRP Bars”. The proposed guideline reviews knowledge

based on research and field applications of FRP bars worldwide.



Several ASTM committees are currently working on consensus test methods for the
use of rebars, repair materials, and pultruded structural profiles. In ASTM D20.18.01
(FRP Materials for Concrete) committee, industry experts are addressing materials
and products to develop standard test methods for FRP rebar and repair materials. In
ASTM D20.18.02 is a committee focused on the development of test methods for FRP
pultruded profiles and shapes. The ASTM D30.30.01 (Composites for Civil

Engineering) committee addresses FRP composites products used construction.

The American Association of State Highway and Transportation Officials (AASHTO)
Bridge Committee established a subcommittee in 1997 called “T-21 Composites”.
This committee has an ongoing effort to develop design guidelines for of the use of
composites in bridge applications including FRP reinforced concrete, concrete repair,

and vehicular bridge deck panels.

Organizations

The Civil Engineering Research Foundation (CERF), the research arm of the American
Society of Civil Engineers is actively engaged with technology transfer of new cutting
edge technologies. One of CERF's programs, Highway Innovation Technology
Evaluation Center (HITEC), coordinates product evaluations between the end-user
community and industry to produce highway products that meet the needs of the
end-user with the program results being shared with all State DOT bridge
departments. HITEC has provided the civil engineering community with several
product evaluation programs that address the use of composites. One program in
particular, FRP Composite Bridge Decks, has developed an evaluation plan for several
composites bridge manufacturers for testing, design, and performance of bridge deck

panels manufactured with FRP materials.

The Intelligent Sensing for Innovative Structures (ISIS) of the Canadian Network of
Centers of Excellence was established to advance civil engineering to a world
leadership position through the development and application of FRP composites and
an integrated intelligent fiber optic sensing technology to benefit all Canadians
through innovative and intelligent infrastructure. ISIS Canada, through its
universities, has coordinated a team of professionals dedicated to advancing
technology by building better roads, buildings, and bridges. ISIS has many research
projects and field evaluations under study that demonstrate successful
implementation of FRP composites with validated design and testing as well as
techniques to document the in-field service of new products and systems. ISIS
Canada is credited with building the first smart sensing FRP composite bridge and
continues to make advancements in the areas of concrete repair, bridge construction

with FRP rebars and tendons, and roadways.



Several professional societies from around the world have published design codes for
FRP Rebar. In Canada, the civil engineers have documented design procedures in the
Canadian Highway Bridge Design Code for the use of FRP rebars. The Japan Society
of Civil Engineers has published a code that provides design recommendations for the

use of FRP rebars and tendons.

Standards Development

Several global activities are taking place to implement FRP composites materials and

products into respective design codes and guidelines. The following summarizes this

activity:
Code/Standard Reference
Canadian Building Code Design and Construction of Building
Components with Fiber Reinforced
Plastics

Canadian Highway Bridge Design Code
(CHBDC)

Fiber Reinforced Structures (section of

code)

International

AC 125:

Conference of Building

Officials (ICBO)

Acceptance Criteria for Concrete and
Unreinforced Masonry Strengthening
Fiber-Reinforced

Using Composite

Systems

Japan Society of Civil Engineers (JSCE) Recommendation for Design and
Construction for Reinforced Concrete

Fiber

Standard Specification for Design and

Construction of Concrete Structures Structures Using Continuous

Reinforcing Materials

In April 1997, The International Conference of Building Officials (ICBO) published
AC125 “Acceptance Criteria for Concrete and Unreinforced Masonry Strengthening
ICBO has also published individual

company product evaluation reports on FRP systems used to strengthen concrete and

Using Fiber-Reinforced Composite Systems”.

masonry structural elements such as columns, beams, slabs, and connections of wall

to slab.

Technology Transfer

Many academic institutions in the North America, as well as around the world are

actively engaged in research involving FRP applications for civil infrastructure.

Several universities have distinguished themselves as centers of excellence in specific



fields of expertise. Universities and State Departments of Transportation often
collaborate on the evaluation and implementation of FRP composites that best meet
the needs of the State.

Organization Activity
American Society of Civil Engineers Journal of Composites for Construction
Federal Highway Administration TEA-21 Innovative Bridge Research and
(FHWA) Construction Program (IBRC)
Intelligent Sensing for Innovative e Industry research and
Structures (ISIS) collaboration

e FRP International (global

of the Canadian Network of Centers of newsletter)

Excellence
Market Development Alliance of the Project Teams and Programs geared
FRP Composites Industry towards development of FRP

composites for construction

applications

The Fed Federal Highway Administration (FHWA) through the TEA-21 Innovative
Bridge Research and Construction Program (IBRC) has provided new construction
materials the opportunity to meet the goals of reducing maintenance and life-cycle
costs of bridge structures. Funds are provided for the Federal share of the cost for
repair, rehabilitation, replacement, and new construction of bridges using innovative
materials. Each year since the first solicitation in 1998, FRP composites led other
innovative construction materials for funding to demonstrate the unique benefits

being sought by FHWA to build a better and long-lasting infrastructure.

Many societies, trade associations, academic institutions and organizations worldwide
host periodic conferences, trade shows, and seminars in forums that educate as well
as transfer state-of-the-art technology to end-users. Some of the conferences are

listed below:

pACMBS Advanced Composites Materials for Bridges and Structures (Canada)

pASCE Construction and Materials Congress

p PORTS, every three years (2001, 2004)

p Structures Congress

pAmerican Composites Manufacturer's Association (formerly Composites Fabricators
Association -CFA) annual conference and exposition, early fall

p FRPRCS Fiber-Reinforced Polymers for Reinforced Concrete Structures (International)

p IBC International Bridge Conference, annual, June

p ICCI International Conference on Composites for Infrastructure

p SAMPE Society for the Advancement of Material and Process Engineering, annual
conference and exposition, late spring/early summer.



Why Use FRP Composites?

FRP composites are no longer considered "space-age" materials utilized only for
stealth bombers and space shuttles. This versatile material system has become a part
of everyday life as composites are now routinely used in automobiles, boats, golf
clubs, high-performance bicycles, computer housings, bulletproof vests, prosthetics
and thousands of products too numerous to mention here. FRP composites are also
providing practical solutions to the civil engineer or owner faced with the challenges of
restoring structural integrity, increasing load bearing capabilities, and/or enhancing
the strength and stiffness of aging structures. The advantage of composites is that a
variety of resin/fiber systems can yield a possible solution most types of situations.
Depending on the product and application, the use of FRP products for civil

infrastructure/construction applications deliver the following benefits:

Product and system design can be optimized for specific loads

Reduced structure dead load can increase load ratings

Increased structure service life

Reduced maintenance costs due to resistance from deicing salts and other corrosive
agents

Engineered system packaging reduces field installation time

Faster construction reducing traffic delays

Reliability of pre-engineered systems

Enhanced durability and fatigue characteristics as proven in related applications
from other industries

Products and systems enables value engineering that result in innovative and

efficient installations

A myriad of FRP products are available for either the repair or outright replacement of
existing structures. Most that have been extensively demonstrated and used around

the world. Examples of FRP composite products include:

New structural shapes applied to beams for bridge decks

Vehicular and pedestrian bridge systems

FRP rebars and tendons for concrete reinforcement

Piling products and systems for marine waterfront structures

FRP composite systems for repair and strengthening, and seismic retrofit for beams,
columns, slabs and walls

FRP dowel bars for concrete highway pavements

The FRP composite products or engineered systems featured in the Product Locator

section of this site are often dramatically different in approach, they each offer the



civil engineer consistent performance for longer periods of time than conventional

construction materials.

the source for information on FRP composites for the built environment, the MDA is
frequently approached to provide "Composites Basics" tutorials at seminars and
conventions. We are often asked similar questions at these venues which are included
below:

How do I specify composites?

How do I install composites?

What maintenance is required for composites?

Can composites be used with other materials so that a
structure can be repaired rather than replaced?

How do I specify composites?

Simple. You use descriptive specifications and drawings the same as you use to specify
any structural engineering project, but with a few additional requirements. Because
FRP composites are a relatively new material of construction, the codes and standards
for the design and construction of FRP structures has not fully matured. A professional
engineer experienced in the design and fabrication of FRP products is a reliable source.
Descriptive specifications should be expanded to include details pertaining to composite
materials, fabrication methods, and shipping requirements. It is also recommended to
contact engage the services of an FRP product manufacturer or FRP engineering
consultant. The MDA membership is a cross-section of experts in composites materials
and fabrication. For that reason, if you have a question(s) concerning a specific

installation, ASK AN EXPERT who will respond to your inquiry.

How do I install composites?
Typically, composites are easier to install than traditional materials because of their
lighter weight. Manufacturers of composites provide installation guides to facilitate a

proper installation and may offer workers training on proper installation procedures.

What maintenance is required for composites?

FRP is not necessarily maintenance-free, but it is the closest economical alternative
when used properly. For instance, painting can be eliminated for composites that have
pigment incorporated in the resin or gel coat out layer and even if the topcoat is
damaged, the composite does not experience rusting or other forms of galvanic

corrosion because of its inherent resistance to environmental factors.

Can composites by used with other materials so that a structure can be
repaired rather than replaced?
The answer is yes, with some strong words of advice. As the need to balance budgets

often supersedes the outright replacement of structures, a new opportunity emerges



for composites - where composites are joined with traditional materials to form hybrids,
or "super composites.” The combination of materials is powerful, but there are also

some considerations:

p Elastic Modulus: The stiffness, or elastic modulus of the hybrid combination is critical
to the general behavior of the structure. Traditional materials maintain the same
stiffness within a nhormal environmental service temperature range. Plastics can act
differently, depending on the choice of resin. If consideration is not given to the
polymer's glass transition temperature, the fiber/matrix interfacial bond may be
weakened, resulting in a disbond failure.

p Coefficient of Thermal Expansion: CTE is the change in length (or volume) per unit
length (or volume) produced by one degree Celsius rise in temperature. If the
substrate and the repair material (FRP composite) are not thermally compatible,
failure will occur with a disbond or delamination. Consideration of the resin's CTE
must be considered. In most repair situations, the resin matrix requires a low
modulus and relatively high elongation at break.

p Moisture: In general, FRP composites are impermeable to moisture. If however, the
substrate contains moisture, the polymer will not allow it to "out gas" or pass through
and a disbond can occur at the interface between the composite and the substrate.
Therefore it is important to properly prepare the substrate (i.e. sandblast, air dry,

etc.) prior to applying the composite material.

Ask An Expert

If you have a question regarding the specification or application of FRP
composites to a specific civil engineering installation, please complete the
following form and MDA will utilize its network of industry contacts to provide a
timely response.

A FRIENDLY NOTE TO VISITORS

The CGI website has been developed with the objective of providing information
about FRP composites, or otherwise linking, civil engineering end-users (designers,
engineers, constructors, owners, etc.) with MDA's members. Our "Ask an Expert"
desk is set up to perform this function. We regret that we cannot respond to
inquiries about inventions, regulatory affairs, business financing and investment,
partnership opportunities or miscellaneous inquiries other than those that are
directly involved in putting potential customers in touch with our members who
might supply them a product or service.

®Please note that all entries with an arrow must be completed prior to submitting

the form.

B AByX Wwarax oT Hblo-opKkcko KOHMOH-CKBEP OTKPbLINOCh (hiarMaHckoe 3aBeaeHne pectopaHHol cetu Chop-t: y3koe
WweneobpasHoe NPOCTPaHCTBO GbIBLLEr0 Maras3uHa nofapkoB NPeBpaTUIOCh B iPKUIA canaT-6ap, n3obpetaTenbHo



0o opMAEHHbIV apxuTekTopamu cTyaum leroy Street. 3aka3umky TpeboBanach roctenpuuMHas atMocdepa, B KOTOPOH,
ofiHaKo, byAeT 3aaH SHEPrUYHbINA PUTM, CMOCOBCTBYIOLWMIA aKTUBHOW pOTaLMM KIMEHTOB B KpaTKMe Yackl 06eAeHHOM0
nepepbiBa. Tennota 1 "NMMYHOCTHOCTL" COYETAIOTCS C NPOX/IAAHLIM NTAKOHW30M: OKa3blBAETCS, XONOAHbIE LiBETa
aCCOLMMPYIOTCS C YUMCTOTOMN M BO3BYXXAAKOT anneTuT. OrpaHnYeHHbI BromkeT TpeboBan Heaoporux, Erko AOCTYMHbIX
MaTepvasnoB 1 NPOCTbIX, HO 3 EKTHBIX peleHnid. YTobbl NpyBIeYb BHUMAHWE K TOMY, KaK CBEXMWE CaNnaTHbIe MHIPEANEHTDI
Hape3aloTCs Y BaC Ha rnasax, apxXuTeKTopbl BbIABMHY/IN YacTb hacaga Ha TPOTyap M ycaauam noBapa B 06pa3oBaBLUyOCS
CTEKNsIHHYIO ByaKy. CBETUNIbHUK, CKOHCTPYMPOBaHHbIN cneumansHo Ans Chop-t us Metannmueckmx "nomrei", nepecekaet
BECb MOTOJIOK MO AMaroHanm u, KakeTcsl, roOTOBUTCS BbIPBATLCA 3a npeaensl dacaga - Tyaa, rae ceiiyac CBETUTCS BbiBeCKa.
WHTepbep 06mML0BaH NONynpo3payHbiMU NaHensMu pudneHoro dubpornaca, KOTOpbIM 06bIYHO MOKPbIBAOT KPbILLW.
dubpornac 06pamnsoT cneumanbHO akLEHTUPOBaHHbIE AEPEBSHHbIE PEVKM U PABHOMEPHO PacrnofioXKeHHbIE Wypynbl. KneH
1 prnbpornac UCrnonb3oBaHbl TAaKXKe AJ1S M3roTOB/IEHUS CKaMel, CTONOB U T. 4. PecTopaH YHKUMOHUPYET yxe HekoTopoe
BPEMSI U FOpANUTCS HEMCCSIKAOLLMMK OYepessiMU Yy ABEpEN.

Awmepukanckas komnanus "[lleBpon" oTkpbUia B AThIpay aBTO3apaBOYHYIO CTAHIIMIO, KOTOpas
COOTBETCTBYET BCEM MUPOBBIM CTaHJapTaM MO OXpaHe OKPYIKaIOIIEH cpeibl, MPOTHBOMOKAPHOM
U TEXHUYECKOU O€30MacHOCTH.

Tpu nonzemHble eMKOCTH U3 (pubporiiaca ¢ IBOMHBIMUA CTEHKAMHU UCKJIIOYAIOT BO3MOXHOCTh
yTeUKU He(PTENpPOLyKTOB, a TAKXKE BHYTPEHHEH U BHELTHEH KOPPO3HH.



