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SAMPLES OF FRP SUPERSTRUCTURES

SAMPLES OF FRP DECKS
¥, iy

Fiber Reinforced Polymer

m Fiber
Glass
Carbon
Aramid

m Matrix
Vinylester
Polyester
Epoxy
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STRUCTURAL APPLICATIONS OF FRP
COMPOSITES

m Advantages

High specific strength
and stiffness

Corrosion resistance
Tailored properties
Enhanced fatigue life
Lightweight

Ease of installation
Lower life-cycle costs

m Factors preventing
FRP from being
widely accepted

High initial costs
No specifications

No widely accepted
structural components
and systems

Insufficient data on

MARKET SHARE (FRP COMPOSITES)

Aerospace
1%

Other
3%

Appliance
5%

Construction
20%
Transportation

32%

Consumer
7%

Corrosion

long-term environmental Marine o
durability 10% Electrical
10% (as of 2004)
" gl ° s
600 451
U.S. Composite Shipments
7 40- B Structurally Deficient
5 500 [ [~ Acrospace g
': ——Appliance <
% ——Construction _§1
= 400 —— Consumer =5
o ——Corrosion £
B 300 —— Electrical %
§ —o—Marine E
2 —o—Transportation 5
E— 200 —=Other 3
2 £
£ 8
g 100 K
0
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 90 91 92 93 94 95 96 97 98 99 00 O1 02 03 04 05 06 07
Year Year
° g 10 g
AGE OF BRIDGES BRIDGES WITH DEFICIENT DECKS
120,000
— O Not Deficient
100,000 O Functionally Obsolete 45000
| @ Structurally Deficient 40000
2 80,000 [ 2 35000
¥ Average age : 4
@ about 40 years & 30000
6 60,000 % 25000
H 5 20000 ANHS
5 2 Enon-NHS
40,000
z L E 15000
Z 10000
20,000 (.
N 2 | IO 5000
o [ o []os ’ ) 34n 3pn
. o | |2 == 2000 2005 2010
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 >100
Age (Year)
(YR 2097) - g
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FHWA'S “BRIDGE OF THE FUTURE”

m No maintenance

m Less life cycle cost

m Less construction time

m Adaptable to new demands

= Immunity to flooding, earthquake,

BENEFITS OF FRP BRIDGE DECKS

m Light weight
m Corrosion resistance

® Quick installation time

m Low life cycle cost

m High strength

and etc.
[ m etc.
(source: Roads & Bridges, July 2003, Vol. 41, No. 7)
13 ﬂ‘_ -
NUMBER of FRP DECKS AND
SUPERSTRUCTURES MANUFACTURERS
|
s 5
e
2 1,"_ T - )
Tl
o - .
o ‘ .
| Y
(as of 2005)
© Major manufacturer
5 g @ Manufacturer supplied only 1 or 2 1 g
MANUFACTURERS FRP DECKS
Company # of “
Projects
Martin Marietta Composites (NC) 30
Hardcore Composites (DE) 28 L
o H Bedford Plastics (pultrusion)  Creative Pultrusi Inc. Hard: Ci it
Creative Pultrusions (PA) (pﬁ?r;‘;?on;] Tusions Inc ;;R?,{A‘; omposites
Kansas Structural Composites (KS) “
Bedford Plastics (PA) ..
Strongwell (VA)
b =1
Webcore, FRS, ICI, MFG, Wagner, and T Strongwell (pultrusion) Martin Marietta Composites Kansas Structural
others (pultrusion) Composites, Inc.
(as of 2016#-- (open mold layup) 18 g

- 12 -




PROJECT TYPE

m Superstructure 22%
m Heavy duty deck 64%
m Light duty deck 12%

m Half the projects were new

construction.

m 68% of the projects used some
kind of special funding.

* s

SPECIAL FUNDING

m FHWA's Innovative Bridge Research and

Construction Program (IBRC)

Established under Transportation Equity Act for the

21st Century (TEA-21)
6-year program from 1998 to 2003
Extended for 20 months till 2005

m FHWA's Innovative Bridge Research and

Deployment Program (IBRD)
5-year program from 2005 to 2009
= Project 100 of Ohio DOT
6-year program from 2000-2005

Closed in 2001 due to lack of State funding

DECK WEIGHT

Typical weight | Typical weight . .
excluding with polymer T\i”’i)tlﬁa;l:’ig?t
wearing surface concrete ( fF;
S
(psf) (psf) P
Heavy duty
deck 19 24 44
Light duty deck 13 18 38

(1 psf = 4.89 kgf/m2)

FRP bridge decks weigh about 10 to 20 % of a
structurally equivalent reinforced concrete deck.

n g =g
DECK COST RAPID CONSTRUCTION
Cost of
Manufactured | Installed Cost = Installation of FRP bridge decks
Deck ($/sf)
($/sf) takes only a day or two.
Heavy duty deck 65-75 70-85 m Reduction of labor cost
Light duty deck 35-60 45-70 m Reduction of closure time
(1 $/sf = 1,292 Yen/m2)
Typical 8" thick reinforced concrete decks
cost $25 to $35 per square foot; therefore
FRP bridge decks generally cost twice the
equivalent reinforce concrete decks. 2 g g
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EXAMPLES

m Deck replacement

m Superstructure
replacement

25 gy

m FRP deck was installed in
2000.

m Martin Marietta Composites

*

DECK REPLACEMENT

m Length: 49.2m

§ = Width: 7.7m

m Originally with 14-inch
(36 cm) concrete deck

- 14 -




DECK WEIGHT

180
lbs / sf 160
140

120
100
80
60
40
20
0

Existing Deck  New FRP
Concrete  Composite

32 e

PROJECT COST

25

2
s 15
@ 1
0.5

FRP Deck

New Bridge

| m Span: 8.9m
= Width: 8.5 m

m Superstructure was
replaced in 2004.

m Wagners Composite Fibre
Technologies

- 15 -




CROSS-SECTION OF SUPERSTRUCTURE

[ RERFDRCED CONCRETE SfCw

! - - - — E
E — — T —1
- = — =~ =
s = -
, \_ |
o0 mem X 100 mm
5 TR BTN QMY M E
i e FLAMEE ] =
R LB (Tr ) 2158 m o A E

INSPECTION

m NCHRP Project 10-64

m Field Inspection of In-
Service FRP Bridge Decks

m Published in 2006

m Available at
http://onlinepubs.trb.org
/onlinepubs/nchrp/nchrp
_rpt_564.pdf

NCHRP

HEEONAT B

[P re———
R
By Bikia

CONTENTS OF NCHRP REPORT 564 PART 11

m Inspection manual
Deck types

Typical installation procedure FRP_:"/OU_I\*E%

Deck details and damage types

Inspection methods *ﬁiﬁ 0) F’ﬁ %

Condition assessment
m Research report

Survey findings

Literature review

4 g 2 e
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GLASS FIBER REINFORCED POLYMER
(GFRP) BOx SECTIONS

m The compressive flange is
weaker than the tensile
flange.

m A failure of a GFRP box Hybrid design

or
section usually occurs in a » Special
catastrophic manner. structural
system

m Stiffness controls the design
in lieu of strength.

BRIDGE APPLICATIONS — 1
(TOM’S CREEK BRIDGE)

152mm_, m Virginia Tech and Strongwell

m Pultruded composite beam (hybrid
design of glass and carbon fibers
and vinyl ester matrix)

= Span : 5.33 m, Width : 7.32 m

203
mm

= o
] ¥ i H

3338330088808 RRtiReee R

4 -,

BRIDGE APPLICATIONS — 2
(KINGS STORMWATER CHANNEL BRIDGE)

= UC San Diego, Alliant TechSystems,
Inc., and Martin Marietta

m Span: 2 x 10 m, Width: 13 m

= Six longitudinal concrete filled carbon
tube girders (carbon/epoxy system)

m GFRP deck panel (pultruded
trapezoidal E-glass/epoxy tubes with
a top skin layer

Filament wound
CFRP tube

GERP-deck

BRIDGE APPLICATIONS — 3
(TOOWOOMBA BRIDGE)

= University of Southern Queensland, Wagners Composite
Fibre Technologies, and Huntsman Composites

m Span : 10 m, Width : 5.0 m
m Hybrid box beams : prefabricated concrete, GFRP, and CFRP

concrete
’ 100
GFRP || | 450

CFRP 850

(dimensions in mm)

ProPoOsSeD HYBRID FRP-CONCRETE BRIDGE

= Single span with a span length of
18.3 m

= AASHTO LRFD Bridge
Specifications
Live load deflection check

18288 mm
d,, <L/800 under (1+IM)Truck

Service | limit

DC+DW-+Lane+(1+IM)Truck 3785 mm

Strength | limit P
C 7 =
1.25DC+1.5DW+1.75[Lane+(1+IM)Truck] 9\9 1160
= Concrete should fail first in flexure. mm | mm
m A strength reduction factor for
GFRP was taken as 0.4.

Simple-span one-lane hybrid bridge

a7 g

STACKING SEQUENCES

m Thickness of one layer = 0.33-0.40 mm

L Inner Tube

Laminate
[0°;]

Outer Tube Laminate
[(£45°)50°,1

Outer-Most Laminate
[0016]

@ g
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TEST SPECIMEN

m One-fifth scale model
®m Span length = 3,658 mm

757
0 —528
; 307 —=— 142 = 307 t
‘ ‘ 232
220
188 212
‘ 193] \
%142 | 307 142
; 591

(dimensions in n],gnb

FABRICATION — 1

0 @

FABRICATION — 2

EXPERIMENTAL PROGRAM

Materials

o GFRP

o Concrete

m Non-destructive
tests

o Flexure

=]

Fatigue test
Destructive tests
o Flexure

=]

=}

st g © g
SElmEain War
m E-glass woven fabric oy P
A MomouoNo 350 T
reinforcement szlnzals Fill ‘
o Cheaper than carbon " 300 :
fiber reinforcement 250 ; -
o Impact resistance Test | Dir. |EorG v |Strength) _
- P (GPa) (MPa) 200 P
" meA ester . Tens | Fill 16.6 [0.129| 285 §150 L [T
o High durability H
. Warp| 17.9 [0.131| 335 | |
o Extremely high - 100 - — -k ——Ft———+[eT01
corrosion resistance Comp| Fill 15.9 [0.099| 241 © L L L L o L ii&ﬁ
o Thermal stability Warp| 22.5 |0.254] 265 | | |
N o I I |
Shear) Fill | 2.72 - 56.1 0 0.005 0.01 0.015 0.02 0.025
Warp| 2.45 — 63.8 Strain
53 g 54 gila:
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GFRP — COMPRESSION

Stress (MPa)

&
3

g

N
@
3

-200 4

55 gt

GFRP — SHEAR

Shear Stress (MPa)

60 T T
| an

50 - — ,,,,Wﬁﬁﬂﬁef\hf ,,,,,,
|
| |

m,,,?ﬁf ,,,,,,, IR
4 | |

30 - il e === ===
| |

00 - - - I
| |
| |

H
5
I
|
|
|
|
|
[~
|
|
|
|
|
L
|
|
> 0@
0w v v
Poe
PR
|
.

o

Shear Strain

°° s

NONDESTRUCTIVE FLEXURE (FORCE-

TEST SETUP ] ] DISPLACEMENT)
e B e A e R lE (mm)
H i | 00 10 20 30 40 50 60
0 i 35 %0
R = . _
Achuator : & E I E 30 | 5
i : H E 25
Lo 1B F I DL D 3 L 20
H | [ 550 crease
Sl — # E % =
H z ris =
Hpwd e Haam o -"j' ; 1 T 15
i A s 1 the prototype
Bsign Mol 1 310
| 7l s
Emawvmans g — ';: . 1 ] <°' 0.5 °
Banring Pad | P B rorngd
Canswla | T A i 0.0 0
ek — - ] 00 02 04 06 08 10 12 14
._,J._‘._;.", A . ik ._._._.|'=' Vertical Displacement (X Span/800)
7 b S s
DESTRUCTIVE FLEXURE DESTRUCTIVE FLEXURE
(TEST RESULTS — 1) (TEST RESULTS — 2)
-
m Failure load = 35 x Tandem load m Failure modes
o c t hi
0 10 20 30 40 50 60 70 80 90 100 0 oncrete crushing
350 o Failure of GFRP in
E 300 compression
3
5 250
2
i : 200 q
B | 150
3 [ [ Cycle (Step ) |1 100
B+ -] I— L 4 x 2ndCycle (step1)
T | (I 0 3rd Cycle (Step I)
2 5+ = — == T {—stepll 50
o | | | | X_Failure o
0 2 4 6 8 10 12 14 16 18 20 22
Vertical Displacement (X Span/800)
59 gh o g
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DESTRUCTIVE FLEXURE
(FAILURE MODES)

SIMPLE METHODS OF ANALYSIS

= Simple methods
Beam analysis
Orthotropic plate analysis

Classical lamination theory

Use of effective engineering properties of
laminates

Perfect bonding between concrete and GFRP.
Shear deformation was neglected.

To obtain deflection under design loads.

2 filsi
BEAM ANALYSIS ORTHOTROPIC PLATE ANALYSIS
= The bridge is modeled as a beam with a span = The bridge is modeled as an orthotropic plate
length, L, effective flexural rigidity, El., and with span length of L and width of W.
effective torsional rigidity, GJ.
W, o'W, o*w,
= 2 4A3 D, 40+2H5 2 02+Dy 4°:q(x,y)
Ely = ,[Evz dA Gy = nel X0y
AY where
G dz
wfere -[ W, : Vertical displacement
Ey . Effective modulus A ;’_Area efntchlosted by:sdtian q : Distributed load on the plate
c - - ines of the top and bot.
ny . Effective shear modulus flanges and exterior webs D,, Dy, and H : Rigidities that can be
Z : Vertical coord. from the . o obtained by using the
neutral axis § ¢ Axis along the median line classical lamination theory
of a component
o3 g -
REPRESENTATIVE UNITS SIMPLE METHODS OF ANALYSIS
FOR THE PLATE ANALYSIS (UNDER TANDEM LOAD ONLY)
0.50 0.50 T T v'll T T
== ——= ———T——q © FEA(Top) ¢ FEA (Bot) [ i P i
| t — f | Sosl =t _—thee ] =l o ]
| | | | [ £ 4 ‘ ! H e
Ly / ! \ L/
\____I_____I_____I____I E | | | ‘E | | | |
Bozop - — LI Boay -/ N
] C pp— ] g | | ! |
T‘:. % | | o FEA |
go.lo T 1 £010 T — = — —|—| —Beam || — -1
\ g 5 ’ | | | = =Plate |
Section A-A 0.00 : : : 0.00 ) ) ! !
-2.0 -1.0 0.0 1.0 20 0.0 0.2 0.4 0.6 0.8 1.0
X-coordinate (m) Y-coordinate (x Span)
a) Longitudinal direction (b) Transverse direction (a) Transverse direction (b) Longitudinal direction
o5 g 6 gis:
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