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Offshore Concrete Structures

) i

* Corrosion of steel reinforcement in marine
conditions

* Stainless steel- expensive

* Steel market price fluctuations

Can non-metallic rebar provide a better solution?




Fibre Reinforced Polymer (FRP) Rebar
Technologies

Coating and  Cutting of ribs
labelling

Resin impregnation

Rovings

Pultrusion Process for FRP Rebar
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Fibre Reinforced Polymer (FRP) Rebar
Technologies

Table 1. Physical and mechanical properties of different FRPs

Density Tensile Deformation Elongation Coefficient of thermal
. r dulus Expansion Poisson's H
Type of FRP i i GFRP bars are the most widely
kg/m? MPa GPa % 10-6°¢
Electrical-resistant E-glass 2500 3450 724 2.4 5.0 022 use d - I ess ex p ensive t h ant h e
High-strength S-glass 2500 4580 855 33 29 0.22
Alkali-resistant AR-glass 2270 1800-3500 70-76 2.0-3.0 nfa nfa Ot h e rSl a I re a d y m a t u re d
Carbon 1700 3700 250 1.2 -0.6 up to —0.2 0.20 tec h no I o) gy
Carbon {high-modulus) 1950 2500-4000 350-800 0.5 -1.2 up to -0.1 0.20
Carbon {high-strength) 1750 4800 240 1.1 0.6 up to 0.2 0.20
Aramid (Kevlar 29) 1440 2760 62 4.4 -2.0 longitudinal 035
59 radial
Aramid (Kevlar 49) 1440 3620 124 22 -2.0 longitudinal 0.35
59 radial
Aramid (Kevlar 149) 1440 3450 175 1.4 -2.0 longitudinal 035
59 radial
Aramid (Tchnora H) 1390 3000 70 4.4 -2.0 longitudinal 035
59 radial
Aramid (SVM) 1430 3800-4200 130 35 nfa nfa
Bazalt (Albarrie) 2300 4840 89 31 3.0 nfa

doi:10.3846/2029882X.2014.889274
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Fibre Reinforced Polymer (FRP) Rebar
Technologies

Key advantages of the GFRP Rebars

Excellent corrosion resistance

Thermal expansion coefficient close to that of concrete
Significantly lighter weight than steel (high strength to weight ratio)
Excellent fatigue performance

Electrically non-conductive

High impact resistance

Transparent to magnetic fields
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Fibre Reinforced Polymer (FRP) Rebar- Current
Status

Table 5—Production Schedule of the FEP rebar Manufacturers Table 3—Location of FRP rebar manufacturers

Manufacturer First GFRP bars Froduction Approach Producion Rate Manufacturer Location of the Headquarters
- ' Mo, n Name Counkry Stale Ciy
Year i d . N
1 AFR  American Fiberglass Rebar UsA Nevada Henderson
AFR 2013 Stock in large guantities aitd 2244 2 CRT  Compasite Rebar Technalogies, Inc. USA Wisconsin Madison
ASL 1993 Stock in large quantities 12200 40000 3 ASL - Aslan, Hughes Brothers, lnc. usA Nebraska Seward
KOD 1984 MIA WA NIA 4 KOD  Kodak Fiberglass Rebar UsA Texas Huston
) . - ] MAR  Marshall Composite Technolagies, LLC  USA Oregon Salem
MAR 1995 Stock in large guaniities 9. 150 30000 6 RAW  Raw Energy Materials Corporstion USA Florida Porpano Heach
NELI 2014 Production on deminsd 7925 26000 7 MEU  Neuvekes USA Michigan Abmedk
SUD NIA Sock in barge guantities NIA A % SUD  Sudaglass Fiber Technology, Inc. Usa Texas Haisten
AW 1958 Production on demansd 4.575 15000 4 SMS Smarter Building Systems USA Rhode Tdand MNewport
PAL MiA Stock in large quantities 30000 98425 10 PalL Pulirall, Ine. Canada Quebes Thetford Mines
11 BBM  B&B FRP Manufacturing Inc. Canada Untario Toroalo
BEM 2003 Production on demind 2000 LETL i N ’ )
BPC 2007 Stock in small quantitics NiA NiA 12 BITL B.I’. Compessles, Lid. Canada .‘?.l.bmu Edmonton
13 ATP  ATPsd Italy Salemo Angri
ATP 1985 Production on demansd .00k 22 9ns 14 sIR Sireg Geatech Srl Taly Milan Arcoms
sk 19492 Production on demansd 15,0000 49215 15 FIX Fibrolux GmbH Ciermany Hesse Hofheim
FIX 1980 MiA WA WA 16 SCH  Schoeck Bauteile CGermany Baden-Wartemberg  Baden-Baden
FIR 2004 Froduction on demand .00 0538 17 FIR Finep Ine. Switzerland o= Gallen Rapperswil
18 ARM  Armastck Caech Republic  Prague Prague
ARM 2007 KA NA NiA 19 TEC  Technobasalt-Invest Ukraine Kiev Kaev
ARO 1950 N/A NA NiA 20 ARO  Applied Research of Australia (AROA)  Australia South Australia Edinburgh Morth
UM 1985 Production on demand 1000k I2R10 21 PUN  Pultron Composiles New Zealand Gisbarme Cissharme
ARC 3005 MiA WA WA 22 ARC ARC Insulstions & Insulators (P) LTD.  India West Bengal Bishnupur Ruiz Emparanza, Alvaro & Kampmann,
. . " ' . 23 CSK CSK Technologics India Telangana Hyderabad .
;l:l —I::: :: :: :: 2 DT Dot Thailand — e Raphael & D(-e C?SOY Basa.lo, Francisco.
_ - 35 CHK  Composie Group Chelyabinsk Russia Chelyabinsk Region  Chelyabinsk (2017). State-of-the-Practice of Global
CHE 2012 Stock in large quantities 40000 131234 26 AF] AkAfj Group Sandi Arabia Eastern Province Al-Khobar Manufacturing of FRP Rebar and
GBF 2003 MN/A NA N/A 27 GBF  Zhejiang GBF Basall Fiber Co. China Zhajrang Hangzhou

Specifications.
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Fibre Reinforced Polymer (FRP) Rebar- Current
Status

Table 4—FRFP rebars products as produced by different manufacturers TﬂhIE E Manufacrurcr 5 Dl:i'ﬁﬂﬂ‘[jﬂ]'lﬁ 'I'-DI #3 GFRP ['E_",.I 5
Manufscturer  Fiber Type of Surface Range of P .
Type Cross Section Erhancesment Rebar Sizes
AFR Cilass L CEBBDS s2-#10 Manulsclurer Linat Wieaght Area Load Capacaly Max. Stress Elasie Modulus Sirun
CRT Gilass O ':::::I NiA
s ™ CEEEES r2os 1 . N 1 ; .
::LD Eim.m.. ° FELEE = ul_u:f 1 I'ype E Lit- mm m. kX kip MPa ks Gila l:"hpﬂl Y
MAR Gilass L ] l:::::l #i-w6
RAW Gilass : EEEEETS 2w AFR 0149 000 723 QL112 0 1325 2100 1191 460 6.67 1.%1
NEU Basaly _m #3
sup Basels . CEBBEBE S v3 #s ASL 0.174 0117 710 Q110 8.7 1320 8274 1200 448 6.50 1.79
Sns asalt L ] FEAE O w1 w
ot o b Vi ATP DAS0 0128 710 000 910 .48 950 1390 470 681 203
BEM Cilass L ] =0 w2 wie
. s 4 . BBEM 0,150 001 710 .10 Ti.0 1596 10000 1450 720 1044 1.50
ap Gilass [ RS  ws-wnl BPC TUF 40iFa 0,149 0000 710 11l 0.8 15.70 9RIE 427 49.1 7.12 230
sIR Gilass L L ]| [elenimiY #l-#12
Fix Cilass ™ CEEEE S wa BPC TUF &0 0,193 0.130 930 {144 6.l 1938 13705 1988 63T .24 2.20
ilass L ] B waew
.y o b4 e KOD 0150 0107 860 0.121 B00.0 1160 408 502
ARM Cilass L ] EEEE W wa -
- - - FErET— . MAR 0149 000 800 00124 WSl 2.3 8556 1M1 320 7.54 1.78
ARD Cilass L) " PAL Sanard 0% 0122 B3 0126 LG 1590 528 71.61 210
PUN Gilass [ _le] Eﬂ:l HI-#13
ARC Cilass . NiA NiA PAL Low Modulus  0.135 0091 471 0073 BR0O.0 1280 425 616 .07
s [ ] 0 "
ot - ™ CEETES . o PAL High Modulus 0243 0,163 1058  0.164 13720 199.0 &S0 .44 211
o p 4 m,,._k e2-u18 PN 0233 0057 950 0147 1030 X30a  10RS.00 1574 632 917 1.86
o — had N rae SlR 050 0101 T 0.0 750 1686 10000 145.0 460 667 2.0
@ Round solid g
& Ol sali
W FEEEE T Hetheat wrap
O Round hollow Sand coat
2 Onalhallow EEBEB B fticat wrap - sand coat
E' i pellon A Correm pk Ruiz Emparanza, Alvaro & Kampmann, Raphael & De Caso y Basalo, Francisco. (2017). State-of-the-Practice of Global Manufacturing of
dhape NiA Currently unknoun

FRP Rebar and Specifications.
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Fibre Reinforced Polymer (FRP) Rebar- Current
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Table 2- it ines for FRP rei bars
S ta t u S Design Cusdelines  Tule Main Focs  Applicsbility

International Organization for Standardization (150}
14484:2013 EDI Performance guidelines for design of concrete siructures using fiber ree  Strucral Intemnational
inforced polymer(FRP) materials

25762 Guidance on the assessment of the fire characterstics and fire perfor-  Structural International D NVG L—ST—CSOZ

Table 1—North American guidelines for FRP reinforcement bars mance of fibre.reinfarced polymer compasites
10406-1 Fiby fi d pal? (FRP) fi ey crete - Test meth- Matenal Internat: 1l
o T i oo f o Testmel - Matemst - nematons Offshore concrete structures
Design Guidelines Title Main Focus International Code Couneil (10C)
ACA54 h!ll:rn!lmmu\ Code Council, Evaluation Service, Acceplance Criteria far Matenal Internatsonal
Assweiation of State Highway and Transportation Officials (AASHTO) Fiber Reinforsed Polymee (FRP) bars foe ltermal Reinforemenct of
GFRP-1  AASHTO LRFD Bridge Design Guide Specifications for GFRP- Rein-  Structural International Federation far Structural Conerete (FIB — Fédération laternationale du Béton ) Annex R on Embedded FRP

forced Cancrete Bradge Decks and Traffic Railings Bulletin #10, Sec-7  Boad of reinforcement in concrete; Bond of non-metallic renforcement  Structural — Fusrope

Flarbda Department of Transpertation (FDOT) Hulletin &40 FRP reinforcement in RC siructures Stctural - Furope Reinforcement to EN 1992

ute of Structural Engineers (1SE)

DEVS32  Nommetallic Accessory Materials for Concrete Pavement and Concrete Material Interim Giuidance on the Design of Reinforced Concrete Structures Use— Structural United Kingdom
Shruchnres o P G et (Eurocode 2)
N e N « The Feundation for Scientific and Industrial Research at the Norwegia
Amerizam Comerest Iy e (ACT) 22.A 98741 Eurvcrete Modifications 1o NS3473 When Using FRPP Remforcement Structural Norway
A401R-15  Guide for the Desagn and Constrisction of Structural Concrete Bemn- Structural National Research Couneil ((NR — Consiglio Nazionalle delle Ricerche)
forced with Fiber-Reinforced Polymer Bars DT 2032006 Guide for the Design and Construction of Concrele Structures Reine Strucural Italy
) . . forced with FiberRenforced Polymer Bars
4403R-12  Guide Test Methods for Fiber-Reinforoed Polymers (FRPs) for Rein-  Material Standards (DSTU)
forcing or Strengthening Conenete Structumes NEV 261852012 Cuidelines for the desin and manufacture of concrete structures with  Structural  Ukraine
440508 Specification for Construction with Fiber-Reinforced Polymer Rein-  Structural ’ﬁ::::-:.:; compasite reinfarcement on the basis of basalt snd gl
forcing Hars
2 . T T R o BT T T
A40.6-08  Specificatson for Carbon and Glass Fiber-Reinforced Polymer Bar Ma-  Material 1I03-08  Gilass-fiber plasi Technical Structural Republic of Helanus
terials for Concrete Remnforcement Egyvptian Code of Practice (ECP)
4409R-15  Guide 1o Accelerated Canditioning Protocals for Durability Assessment Material 2082005 Egyptian code of practice for the use of fiber reinforced polymer (FRF)  Structural Arab Republic of Egypt
: § £ : in the construction fields Egyptian danding code committee for the e
of lntermal and External Fiber-Reinforcement of fiber reinforced polymer (FRP) in the construction fields, 2008
Canadian Standards Association (CSA) Standardicaton Admisisiratiy SAC)
| | GRT 1446-2005 Fiby fe | plastscs The generals for d af Matenal China
CAN/CSA-S06-15  Fiber Reinforced Structures. Canadian Highway Bridge Design Code  Structural propertics
[Pages 693-T28) GRT 1447-2005  Fiby forced plasti L Tensile prop Mavtersal China
CANCSA-CSA-SH06-12  Desagn and Construction of Building Compements with Fiber-  Structural GBIT SOES-2010 Techaical cod for lication of FRP Stuctural - China, )
Remlored Polymers GHT 26743-2011  Fiber reinfirced composite bars for civil engineering Malerial Chima Ruiz Emparanza, Alvaro & Kampmann,
i . GBT 29552-2013  Fiber reinforced plastics composites bridge decks Structural Chima .
CAN/CSA-S807-10  Specification for Fiber-Reinforced Polymers Material 503673013 Code for desigen of strngthening comcrete structiees vl Chins Raphael & De Caso y Basalo, Francisco.
Design Manual Mo, 3 Reinforcing Conerete Structures with Fiber Reinforced Polymers Structural Jupan Society of Civil Engineers (ISCE) (2017), State-of-the-Practice of Global
R . o . NO. 30 for design and { comcrete structures us-  Structural Japan & China .
Design Mamsal Mo, 4 FRP Rehabilitation of Remforced Concrete Structures Structural b continimcits Blber reinfbrcig saterials (Design) Manufacturing of FRP Rebar and
Design Manual Mo, § Prestressing Cancrete Struclures with FRPs Structural Speciﬁcations_
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Fibre Reinforced Polymer (FRP) Rebar- Current
Status S —

Design Guidelines  Title Main Focus  Applicsbility
Oryanizaton ur Stdardizuion (1S0) DNVGL-ST-C502
Table 1 —MNorth American guiddincs for FRP reinforcement bars 14484:2013 EDL  Performance guidelines fior design of concrete structures using fiber ree  Structural Intemnational
inforced polymer{FRIP) materials
15762 e on e ssscsment of e fre charctersics s e perfor. Sl et Offshore concrete structures
Diesign Guidelines Title Main Focus mance of fibre-reinforced polymer compasites

10406-1 Fibre-reinforced polymer (FRP) resnforcement of concrete - Test meth-  Matenal Internatsonal
Part 1: FRP bars and g
International Code Council (100)

Asseciation of State Highway and Transportation (fficials ( AASHTO)

GFRP-1  AASHTO LRFD Bridge Design Guide Specifications for GFRP- Rein-  Structural AC454  Intermational Code Counci, Evalustion Service, Acceptance Criteriafor ~ Matesial  Intemational Annex R on Embedded FRP
fDUMHI Cancrele Hl‘lll!,l.' Decks and ]ml!“u. Rilllms! Fiber Reinforced ]’Dlymnur (FRP) bars for Internal Remforcmenet of
Flarbda Department of Transpertation (FDOT) jousl Federation far Conerete (FIB — Fidérath fanale du Béton ) Reinforcement to EN 1992
DEVS32 N aallic Ac  Materials for Cl te Pavernent and © e Material Bulletin #10, Sec-7  Hond of reinforcement in concrete; Bond af non-metallic reinforcement  Structural Europe
5:““::;5 e fueesary aleriats B Lancrele Tavement and Lo Bulletin #40  FRP reinforcement in RC structures Structaral  Euwope ( E u rOCOd e 2)
Institute of Structural Engineers (ISE)
American Cancrete Institute (ACT) -

A401R-15  Guide for the Desagn and Constrisction of Structural Concrete Bemn- Structural

ol with F . T
forced with Fiber-Reinforced Polymer Bars
440.3R-12 Gusde Test Methods for Fiber-Reinforced Polymers (FRPs) for Remn- Mlaterial Nu A“:] 44"-]'1 1 ESA S Snﬁ EE 2 A‘nn‘f:" R
forcing or Strengthening Conernete Siructumes
440505 Specificaion for Construction with Fiber-Bemforced Polymer Bemn-  Structural e Glass FRP Covered Covered Coverad
forcing Bars .\.lli
A40.6-08  Specificatson for Carbon and Glass Fiber-Reinforced Polymer Bar Ma-  Material Bﬂmll mP ED\.‘E.‘Ed
terials for Conerete Remnforcement — 1
A405R-15  Guide 1o Accelerated Conditionmg Protocals for Durability Assessment  Material i H
of Tnternal sd Extersal Fiber-Refuforcement b Aramid FRP Covered
Canadian Standards Association (CSA)
i STACAr on{ i ) Carbon FRP Covered Covered
CANICEA-506-15  Frber Bemfonwed Structunes, Canadian Highway Bridge Design Code  Structural |
(fosen (88T " Solid Round Bars Covered Covered Covered
CANICSA-CSA-S806-12 Desagn and Comstruction of Building Compenents with  Frber- Structural ‘ ! B
Remforced Polymers . -
CAN/CEA-SK07-10  Specificatson for Fiber-Remforoed Polymers Material a Solid Squ‘ﬂ": Bars Covered Covered
G
Design Manual Mo, 3 Renforcing Concrete Structures with Fiber Reinforced Polymers Structural a :
Diesign Manual Mo, 4 FRP Rehabilitation of Remnforced Concrete Structures Structural Gnd_q EDWIlEd Cﬂ"‘ md
Design Manial No. 5 Prestressing Concrete Structures with FRPs Struchural Jupan Society af Ciil Engineers (ISCE)

NO. 30 for design and f comcrele structures us- Structural Japan & China
ing continuous fiber reinfircing materials (Design)
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Fibre Reinforced Polymer (FRP) Rebar- Current
Status

- Highways and Roads

* Barrier walls ¢ Sidewalks « Bridge decks ¢ Garages * post-tensioned structural
members

2- Infrastructure Marine Environments
* Quays » Caissons * Jetties * Piers » Underwater tunnels * Piles  Drilling rig « Port
fittings
3- Corrosive Environments

* Tanks and reservoirs of petrochemical products « Pulp and paper industry « Water
and wastewater applications

4- On-Grade and Underground Structures

* Slabs and raft foundations * Retaining walls ¢ Tunnel lining * Mine corridors
5- Structures in need of Electromagnetic Neutrality

* Hospitals

*» Airports oy

\\_—//z

] Construction Ao ,_
* Maglev railways (CE'WTJE S /\
- /_\ 3
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Discussion on Key Concerns Related to the Use
of GFRP Rebar
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In many instances, serviceability criteria, creep rupture endurance limits may
control the design
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Discussion on Key Concerns Related to the Use
of GFRP Rebar ,, |

Brittle failure o
100 —

Load (kN)
B

60
40
20

0 20 40 60

Deflection (mm)

Bl B2 B3 B4 —B5 —B6

Fig. 8 Load-vertical deflection relationships of all tested beams

In many instances, serviceability criteria, creep rupture endurance limits may
control the design




Discussion on Key Concerns Related to the Use
of GFRP Rebar

Concrete Cracking

Steel reinforced
concrete

a: Crack Patterns at Failure load 9.80 ton for Tested Beam (B1)
= J ::: '.!Oci':. ._.‘ =1

GFRP reinforced
concrete

b: Crack Patterns at Failure load 33.90 ton for Tested Beam (B2)

Moawad and Fawzi Journal of Engineering and Applied Science
https://doi.org/10.1186/544147-021-00028-6
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Discussion on Key Concerns Related to the Use

of GFRP Rebar

Concrete Cracking

J—

-
z - = o
s /- 4 i g

Wi

With Steel

A study comparing steel and GFRP re-bar options
for road pavements- West Virginia Department of
Transportation

https://www.fhwa.dot.gov/publications/publicroads/08sep/01.¢fm
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Experimental Results at 7, 28, and 38 Days, and 4 Months

Test

Steel-Reinforced
CRCP

GFRP-Reinforced
CRCP

Average Compressive Strength at 7 Days
(tested at WVU)

19.7 MPa (2,850
psi)

19.7 MPa (2,850
psi)

Average Compressive Strength at 28
Days (tested at WVU)

26.9 MPa (3,900
psi)

26.9 MPa (3,900
psi)

Average Compressive Strength at 4 37.6 MPa (5,450 37.9 MPa (5,500
Months (tested at WVDOT and WWVU) psi) psi)

Midsection Cracks at 3 Days 45 19

Midsection Cracks at 38 Days 75 40

Midsection Average Crack Spacing at 3
Days

2.88 meters (9.44
feet)

6.91 meters (22.67
feet)

Midsection Average Crack Spacing at 38
Days

1.71 meters (5.61
feet)

3.31 meters (10.86
feet)

Midsection Average Crack Width at 3
Days

0.025 centimeter
(0.01 inch)

0.043 centimeter
(0.017 inch)

Midsection Average Crack Width at 38
Days

0.028 centimeter
(0.011 inch)

0.053 centimeter
(0.021 inch)

Maximum Crack Width on January 31,
2008

0.058 centimeter
(0.023 inch)

0.086 centimeter
(0.034 inch)




Discussion on Key Concerns Related to the Use
of GFRP Rebar

Durability

FRP bars provide significantly higher durability than steel reinforcement bars
(deterioration rate can be 100 times slower than steel bars).

. | I | |
o JOH s VG THOR - Ti—f;}-LT,i—]— *+OH" ——= —§i-OH + —$i0r
OR' O-H |

O
7 Hy 7
R-C y :

Resin degradation Fibre degradation




Discussion on Key Concerns Related to the Use
of GFRP Rebar

Durability

Fig. 6. Fiber-resin interfaces of GFRP bar after soaking in an alkaline solution [51]: (a) epoxy resin, (b) polyester resin, and (c) vinyl ester resin.

https://doi.org/10.1016/j.cemconcomp.2022.104758




Discussion on Key Concerns Related to the Use
of GFRP Rebar

Durability 14004 39 1320 1320
1 |:| Tensile strength (MPa)
1200 /] Retention %
Chen et al. [35] Wang et al. [37] Micelli et al. [40] Abbasi et al. [50] ] [
A PH=136 & PH=134 * PH=13 o PH=13 1000 o
v PH=127 4 PH=126 & PH=13 + PH=13 ;
Chen et al. [36] Won et al. [38] Kim et al. [52] X PH=13
m PH-136 » PH=126 % PH=13 800 - 781 754
® PH=12.7 @® PH=126, 80°C — PH=I13 o 702
100 *k 'E S
(e x 6004| = - s @ @ =
oofes, "8 Y 13 sty z = 5 = = 2
g0l m” _** P 1 - = =} 7 = -
E L e > > 400 - = 2 g
= 70 * e —
3 gy % A @ 4 OU
g 60 - = - ok L 200 -
250 L 93.1 94.4 94.4 99 89 o8
2 40 . o | ?
: n u 0= = ‘3 -
Z 30 - AW . U Ny N
E 20 20-32°C 33 specimens ( a] 40°C.27 specimens (h) | [[55-80°C.36 specimens|m ( C\ \5:\\(\ \&\\‘\ \h\\" ’I""G‘")h \'b'g\b \h“"\ﬁ
A4 o
20 P ur | R N N N N o o
0 50 100 150 200 250 300 0 50 100 150200250300 0 50 100 150 200 250 300 Q\be ‘}\\Qn’b ‘)‘}’b q:“-g C\‘L’\ Q;.'S’fa
Exposure time(d Exposure time(d Exposure time(d W \ \ oy ol
P (d) P (d) P (d) & & & (& QP \‘\x\
Fig. 3. Variation in tensile strength rate of GFRP bars with corrosion age under varying alkalinities: (a) 20-32 °C, (b) 40 °C, and (¢) 55-80 °C. C} C)Q C3

https://doi.org/10.1016/j.cemconcomp.2022.104758 https://doi.org/10.1016/j.conbuildmat.2020.119484
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Discussion on Key Concerns Related to the Use
of GFRP Rebar

Durability- use with Sea Water and Sea Sand Concrete Solution e Sl nonll)  prel

. . . ©
Presence of sea water improves the durability WSS Mok 0s 2
in comparison to tap water o 3

*N-SWSSC - normal seawater sea sand concrete
“HP-SWSSC- high-performance seawater sea sand concrete

Effect of conditioning on the tensile strength of the conditioned FRP bars.

FRP type Bar diameter (mm) and sizing shape Environmental exposure Tensile strength (MPa) Retention % Ref.
Solution Temperature(°C) Time (days)
GFRP/V 9.53, helically wrapped Ocean water 40 70 754 98 [50]
GFRP/V 9.53, helically wrapped Alkaline 60 60 482 52 [50]
BFRP/E 6, ribbed HP-SWSSC 32 21 1341 99.3 [60]
BFRP/E 6, ribbed N-SWSSC 55 63 352 26 [60]
GFRP/E 6, helically wrapped HP-SWSSC 32 63 1036 97.9 [60]
GFRP/E 6, helically wrapped N-SWSSC 55 42 728 68.7 [60]

https://doi.org/10.1016/j.conbuildmat.2020.119484

~
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Discussion on Key Concerns Related to the Use
of GFRP Rebar

Costs
Cost CAD/Im of 10 mm  Cost CAD/1m of 15 mm
Rebar- Straight bar
Black steel 0.706 2.017
Epoxy 0.982 2.8
Galvanized steel 1.256 or 1.69 3.58 0r 4.85
GFRP 1.413 25to4
Stainless steel 2.75 7.85

Provided by CMTE Inc.




Summary

* GFRP rebars provide a much durable reinforcement solution than steel
reinforcement

* GFRP rebar technology is well established around the world

* Many design standards for design of reinforced concrete structures also
include GFRP rebar solutions

 Choice of resin significantly affects the long-term durability- epoxy and
vinyl resins are more favoured than polyester resins

* Potential to use GFRP rebar with seawater and sea sand concrete could
be an added advantage

» Manufacture and certify within Scotland- an excellent opportunity for
offshore wind projects
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