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m Do Yyou «now wnat an FRP is?

m rave you specified, CJQS]JJ’]QCJ or been
involved in a project that utilized FRPY






Finer Reinforced Polyrners
A type of composite

® /OO

® DOres

m reinforced corncrete

m 2y material that consists of compining two or
rmore constituents at tnhe rnacroscopic level to
Interact as one



Cornponerits of FRP

Fiber Reinforcement
lziss, Caroon, Kevlar, etc.)

(G

Interpnase
Coupling
Agent

Polyrner Resin Matrix
(Thermoset or Tnermoplastic)



Types of Finers Typically Used

m Laminates
s Uni-directionzl
s Caroon or Glass
= Precured

e o b ped g

m \\oven raorics
e Uni or oi-directional
e Caroon or Glass

e rield cured
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[Voes of Fesins
m [nerrmosets
e Most cornrmon for civil/structural applications
m Requires internal neat source to cure (ie: catalyst)
» Solid after cured and cannot be reprocessed
s Lower failure strains

m [nermoplastic -4
w Most cornrmnon for recnanical parts, sporting
aquiprnent, arrmor, etc
m Requires external neat source to cure (ie: autoclave)
m Solid after cured put can pe rer
e rligh failure strains
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racts anout FRP (”om; cirecd witr)
terjals

conventions

Advantanges

1] rnal

m Disadvantages
. 2 (F2 adorasurp _nl_'_‘ . B
nigher specific strengtn=o/p s fabrication co
nigner specific modulus=£&/p e Drittle failure
~ “ ~ - ~ ~ L5 ~ I -
good resistance to electro- ® [MECrz
criermical corrosiorn =
versatility trie applicatio
good fatigue properties
Ultimate Specific
tensile Tensile tensile Specific
Specific sirength modulus strength modulus
Fibre gravity (GPa} (GPa) {(GPa) (GPa)
A-glass 2-45 31 72 126 29
E-glass 2-56 36 76 1-40 29
R-glass 2-58 44 85 1-70 13
S-glass 2-49 45 86 1-80 34
Type 1, carbon fibre, high modulus 1-87 21 330 112 176
Type I, carbon fibre, high tensile strength 1-76 26 235 1-48 133
bre I-82 23 200 1-26 110
Aramid fibre, Keviar 29 1-44 276 58 1-92 40
Aramid fibre, Keviar 49 1-45 2-94 130 203 90
Asbestos 2-5 0-7-14 135-179 0-28-90-56 54-68
Cotton 1-6 0-3-0:7 — 0-19-0-44 —
Sisal 13 0-8 — 0-61 —
’_Ah.lm.-i.niu.m_(_tmik‘l 2-8 0-5 75 018 27
Steel 7-8 1-0 200 013 26|
Titanium DTD 5173 4-5 0-96 110 021 23
Boron - 2462 34 344 1-30 130
Beryllium (bulk) 1-82 1-03 310 0-57 170



nfrastructure consists of roads, bridges, buildings, dams, airports, etc
Approximately 580,000 inventoried bridges in the USA (FHWA 2010)
® Structurally Deficient or Functionally Obsolete Bridges
« 2001 = 30.1%
= 2009 — 26.5%
Structurally Deficient Bridge:
® Does not imply that a bridge is unsafe
® Characterized by deteriorated conditions of significant bridge elerent:
Characterized by deteriorated conditions of significant bridge elements
® Potentially reduced load-carrying capacity
® Typically requires significant maintenance and repair to rernain in service

poor waterway adequacy appraisal
. ,, |
Funciionally Obsolete Bridge:
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m Repair damaged or cracked (spalled) concrete
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B Colurnn Wrappin,

m [ncrease axial capacity

m [ncrease bending capa

0.5 1 unconfined
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Axial Strain
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A dvfu rnraoves

Cili_ L=

m [ncrease flexural capacity

B [ncrease ratioue life

Retrofitted Steel Beam
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B YWood Bearns
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m Prorect wood
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ntto: / /v new-technologies,org/ECT/Civil/hcfrp.hitm,
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http://www.new-technologies.org/ECT/Civil/hcfrp.htm
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Qlumbia River Skywalk: # dle
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B Funcrional Requirernents
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®  Girder supports are 2.5m on center
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» Six spans (809 feet toral)

» Spans 1 to 3 = 21.25 teet
v A
» Spans 4 to 6 = 25,3 feet

» Steel Truss with Longitudinal Bearns
Guard Rail:
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FRF COVER PLATE-
FREF BRIDGE DECK -

SHEAR STUD /
(BY OTHERS?

e
| CONCRETE DR ASPHALT

| L~ OVERLAY ¢BY OTHERS)

g ,//

—HEAWYT BEAD CAULKING

TSSO NOM SHRINK GROUT
(BY OTHERS)
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THROAT FOR FIELD WELD FIELD WELDED AND CAULKED JOINT

STEEL PLATE STEUCTURALLY BOMDED AMD
CONCRETE OR A3ZPHALT SCROWLED TO PAMCL CHDS

OVERLAY <BY OTHERS)
EMBEDDED STEEL PLATE
STRUCTURAL SELF-DRILLING

FRP BRIDGE DECK SCREW
O L e e T -ﬂ‘-.'!ﬁ.;: = '.'::' r,"ﬁ_# R R A A MU YL T AT )
oy

W T " TR, T, . —" Y . P T T, TI, T, T— T——" . |




FAVAVAVAVA™,

LA
%
;
9
:
$
:
:
.

e d
-

.
3

WAVAVAVAN ,

. FAVAVANAVI™ vl |\
-

-










SWIRG'SPanLS










Tnarn you!

—
<

()uestions?

BEAR DOV



