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Chef¶s DelighW
CRQcUeWe, IQfUaVWUXcWXUe, FRP 
baUV aQd iWV XVe WRda\

SWarWers
DXUabiliW\ PeWhRdV, FRP baU 
dXUabiliW\ WRda\, aQd VeUYice life

Main CoXrse
BaValW FRP UebaU, PaWeUialV, 
WeVWV, agiQg, SEM aQd UeVXlWV

DesserW 
CRQclXViRQV aQd kQRZledge 
gaSV
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The aYeUage ZRUldZide XVage Rf cRQcUeWe iV eVWiPaWed aV PRUe WhaQ 
ONE TON PER YEAR fRU eYeU\ hXPaQ RQ eaUWh

«WhaW abRXW 10 billiRQ WRQ aQQXal SURdXcWiRQ.

ThaW iV aSSUR[iPaWel\ TWICE aV PXch aV VWeel, ZRRd, SlaVWicV 
aQd alXPiQXP COMBINED«

5



14/01/2021

ϲ

«cRQcUeWe XVage iV onl\ e[ceeded b\ Whe XVage Rf 
FRESHWATER. 

ThiV PakeV cRQcUeWe Whe MOST USED MAN-MADE 
SURdXcW RQ Whe SlaQeW.
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REDEFINING SUSTAINABLE CONCRETE

Imagine if \RX caQ 
redefine concreWe WR 
becRPe VXVWaiQable«

«ZhaW ZRXld \RX 
change?

«CEMENT

« WATER

« AGGREGATES 
(sand, rocks...)
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WhaW comes Wo mind Zhen \oX 
Whink concUeWe? 
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Corrosion caXVed b\ Whe iQgUeVV Rf chlorides fURP 
ValWZaWeU, aggUegaWeV aQd cePeQW.
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CRUURViRQ in sWeel, UeiQfRUciQg Whe cRQcUeWe
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14/86

� FailXUe PechaQiVP fRU cRQcUeWe 
VWUXcWXUeV e[SRVed WR aggUeVViYe 
eQYiURQPeQWV iV RfWeQ cRUURViRQ Rf 
VWeel UeiQfRUcePeQW

� TUadiWiRQal cRUURViRQ PiWigaWiRQ 
effRUWV:

� AdPi[WXUeV
� IQcUeaVe CRQcUeWe CRYeU
� AlWeU CRQcUeWe Mi[
� MePbUaQeV & OYeUla\V
� ESR[\-CRaWed, GalYaQi]ed  RU 

SWaiQleVV SWeel

SERVICE LIFE OF STRUCTURES 
GREATLY REDUCED BY CORROSION
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15/86

(US Interstate System)

InfrasWrXcWXre oZners are seeking:
� IQcUeaVed VeUYice-life;
� RedXced PaiQWeQaQce & VeUYice liabiliW\;
� ReVilieQce;
� aQd VXVWaiQabiliW\ (VRPeWiPeV!)

TradiWional consWrXcWion PaWeUialV caQQRW UeliabiliW\ PeeW all WheVe challeQgeV 
ZiWhRXW SeUiRdic iQWeUYeQWiRQ (cRUURViRQ PiWigaWiRQ & Ue- Ue-VWUeQgWheQiQg):

� USA: WRWal aQQXal cRVW Rf cRUURViRQ UeSRUWed aV $276 billion iQ 2002
� BUidge deckV PaiQWeQaQce dXe WR cRUURViRQ abRXW $2 billion;
� SXbVWUXcWXUe aQRWheU $2 billion (FHWA, 2002) ± PRVWl\ fURP VeaZaWeU

tŚǇ͍ ͙IŶĨƌĂƐƚƌƵĐƚƵƌĞ FĂĐƚƐ

* CAS. 2014. ³Corrosion Status of China and the Control Strategy Research,´ Chinese Academy of Sciences, Beijing, China, www.cas.cn

WHY? INFRASTRUCTURE FACTS«
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16/86

EXTENDED SERVICE LIFE
&

REDUCE MAINTENANCE

INSTEAD OF MITIGATION«
WHY NOT ELIMINATE THE PROBLEM?

1ϲ
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…Low to almost no maintenance
…four times lighter than steel
…higher tensile strength

FRP REBARS KEY BENEFITS«
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DOUBLE Whe life-span 
of concreWe reinforced sWrXcWXres
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TZR PaiQ PeWhRdV XVed WR aVVeVV aQd YalidaWe Whe dXUabiliW\ Rf FRP baUV:
1. AcceleUaWed agiQg SURWRcRlV (high WePSeUaWXUe) Æ faVW
2. E[WUacWiRQ Rf VaPSleV fURP Ueal life VWUXcWXUeV Æ Ueal

FRP DURABILTY«
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LRQg eVWabliVhed acceleUaWed cRQdiWiRQiQg SURWRcRl:

FRP DURABILTY«
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ACCELERATED, WHAT DOES IT ACTUALLY MEAN?
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� CRPSleWed UeVeaUch IQYeVWigaWiRQ WR dUaZ cRQclXViRQV RQ Whe lRQg-WeUP 
dXrabiliW\ of GFRP bars afWeU aW leaVW 15 \eaUV iQ VeUYice

� CRUeV e[WUacWed fURP EleYen bridges lRcaWed acURVV Whe UQiWed SWaWeV

HOW DOES µACCELERATED¶ ACTUALLY COMPARE?
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ReVXlWV iQdicaWed UedXcWiRQ iQ WeQVile 
VWUeQgWh Rf 2.13% RYeU a SeUiRd Rf 17 
\eaUV Rf VeUYice«

« WhaW ZRXld cRUUeVSRQd WR dURS iQ 
VWUeQgWh Rf 12.5% RYeU a SeUiRd Rf 
100 \eaUV (if Whe degUadaWiRQ UaWe iV 
aVVXPed WR be liQeaU)

HOW DOES µACCELERATED¶ ACTUALLY COMPARE?
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SRXUce: LRQg-WeUm DXUabiliW\ Rf GFRP ReiQfRUcemeQW iQ CRQcUeWe: A CaVe SWXd\ afWeU 15 
YeaUV Rf SeUYice - O. GRRUaQRUimi, E. DaXeU, J. M\eUV, A. NaQQi 

HOW DOES µACCELERATED¶ ACTUALLY COMPARE?

NR VigQ Rf bRQd degUadaWiRQ QRU lRVV Rf cRQWacW aQd PechaQical SURSeUWieV  afWeU 15 \eaUV iQ VeUYice
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Can Whis knoZhoZ be applied Wo 
BasalW FRP bars?
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BaValW fibeUV aUe cRPSRVed Rf Whe PiQeUalV SlagiRclaVe, S\UR[eQe, aQd RliYiQe«

BFRP «
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Pros Cons
ViQ\l 
EVWeU

� IQdXVWU\ VWaQdaUd fRU SXlWUXViRQ
� FUee Uadical UeacWiRQ leadV WR faVW liQe 

VSeed

� UVe Rf VOC (VW\UeQe)

ESR[\ � ZeUR VOC
� SXSeUiRU adheViYe behaYiRU

� Lack Rf cRPSUeheQViYe dXUabiliW\/eQgiQeeUiQg 
kQRZledge

� FRUPXlaWiRQ deYelRSPeQW Qeeded fRU liQe VSeed 
iPSURYePeQW

E-CR RU 
R GlaVV 
FibeU 

� IQdXVWU\ VWaQdaUd (90% GRP 
cRPSRViWeV) 

� AbXQdaQW VXSSl\/ cRVW fUieQdl\

� IQfeUiRU WeQVile VWUeQgWh aQd PRdXlXV WR S2-GlaVV 

BaValW 
FibeU

� SiPilaU WeQVile VWUeQgWh aQd PRdXlXV WR 
E-GlaVV 

� PRWeQWial lRZeU SUice 
� SiQgle VRXUce PaWeUial

� Lack Rf cRPSUeheQViYe dXUabiliW\/eQgiQeeUiQg 
kQRZledge

� Si]iQg/ SURdXcWiRQ WechQiTXe Qeeded fRU fibeU 
haQdliQg

EXISTING FRP MATERIAL OPTIONS & EVALUATION

2ϵ
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A COOPERATIVE EFFORT

EYalXaWe Whe SeUfRUPaQce Rf BFRP 
ES[/ANHYD UebaUV Pade b\ iQdXVWUial 
SURdXcWiRQ

CRllecW alkaline resisWance behaYior Rf 
BFRP ES[/ANHYD UebaUV b\ XViQg 
VWaQdaUd WeVWiQg PeWhRdRlRg\ (ASTM)

Compare Whe daWa acTXiUed fURP BFRP 
ES[/ANHYD UebaUV WR WhRVe fURP GFRP 
aQd enhance Whe comprehension iQ lRQg-
WeUP dXUabiliW\ Rf BFRP UebaUV
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BFRP RESIN PROPERTIES

ProperW\ Epo[\ 
Resin

Pre-caWal\]ed 
Anh\dride
Hardener

ViVc. @ 25�C 
[PPa.V]

ASTM D445

11000 WR 
14000 75-150

DeQViW\ @ 25�C 
[g/cP3]

ASTM D4052
1.1-1.2 1.1-1.2

Shelf Life (PRQWhV) 24 12
PaUWV b\ ZeighW 100 92

Epo[\ S\sWem ProperW\ ValXe
ViVc. @ 25 �C [PPa.V] ASTM D2983 500
Gel TiPe @ 23 �C [hUV] GaUdQeU SWaQdaUd MRdel Gel 
TiPeU >24
GelWiPe @ 140 RC (VecV) GelQRUP Gel TiPeU 98
Tg [°C] DSC, PidSRiQW, 10 K/PiQ 130-140
TeQVile SWUeQgWh [MPa] ASTM D638 90
TeQVile MRdXlXV [GPa] ASTM D638 3.2
ElRQgaWiRQ aW Seak [%] ASTM D638 5.2
Fle[XUal SWUeQgWh [MPa] ASTM D790 114
Fle[XUal MRdXlXV [GPa] ASTM D790 2.2
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BFRP Ep[/ANHYD rebars 
� PXlWUXded BFRP UebaUV ZiWh SRVW cXUiQg 
� 3 Vi]eV Rf UebaUV ZeUe WeVWed ZiWh QRPiQal diaPeWeUV:

9 0.109 iQ2 (#3), 
9 0.207 iQ2 (#4), aQd 
9 0.292 iQ2 (#5)

32
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EXPERIMENT: TESTING METHODS

ASTM D7617 
TUaQV. SheaU BehaYiRU

ASTM D7205 TeQVile 
PURSeUWieV

ASTM D7914 BeQW BaU

ASTM D7913 
BRQd SWUeQgWh WR CRQcUeWe

ASTM E2160 
EQWhalS\ Rf PRl\PeUi]aWiRQ

ASTM E2160
GlaVV TUaQViWiRQ TePS.
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#5 BFRP REBAR: BEFORE ACCELERATED AGING
MeWhods TesW DescripWion REFERENCE TesW ValXes ResXlW

ASTM D7617 GXaU. TUaQVYeUVe SheaU SWUeQgWh >19 kVi 21.0 kVi PaVV
ASTM D2584 FibeU CRQWeQW (b\ ZeighW) >70 % 79.8 % PaVV

ASTM D7205
GXaU. TeQVile FRUce 29.1 kiS 33.1 kiS PaVV
TeQVile MRdXlXV Rf ElaVWiciW\ � 6.5 MVi 7.0 MVi PaVV
TeQVile SWUaiQ � 1.1% 1.6 % PaVV

ASTM D792 MeaVXUed CURVV SecWiRQal AUea 0.288 WR 0.388 iQ2 0.292 iQ2 PaVV

ASTM D570
MRiVWXUe AbVRUSWiRQ ShRUW TeUP � 0.25 % 0.17 % PaVV

MRiVWXUe AbVRUSWiRQ LRQg TeUP � 1.00 % 0.67 % PaVV

ASTM D7913 GXaU. BRQd SWUeQgWh >1100 SVi 1227 SVi PaVV

ASTM E2160
DegUee Rf CXUe >95% 99.1 % PaVV

GlaVV TUaQViWiRQ TePSeUaWXUe (DSC) >100 RC 139 RC PaVV
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#5 BFRP REBAR: AFTER ACCELERATED AGING
� PRVW AlkaliQe ReViVWaQce SeU ASTM D7705 gXideliQe, 90 da\V aW 60 �C
� SaWXUaWed ZaWeU adVRUSWiRQ afWeU 90 da\V WUeaWPeQW
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#5 BFRP REBAR: AFTER ACCELERATED AGING

TesW MeWhod TesW DescripWion REFERENCE TesW ValXes ResXlW
SAMPLE #3

ASTM D7205 TeQVile LRad ReWeQWiRQ (ZiWh lRad) >70 % 78.3 % PaVV
ASTM D7617 TUaQV. SheaU SWUeQgWh ReWeQWiRQ Q/a 84.2 % Q/a

ASTM E2160
DegUee Rf CXUe >95 % 99.06 % PaVV
GlaVV TUaQViWiRQ TePSeUaWXUe (DSC) >100 �C 139 �C PaVV

SAMPLE #4
ASTM D7705 TeQVile LRad ReWeQWiRQ (ZiWh lRad) >70% 92.3 % PaVV
ASTM D7617 TUaQV. SheaU SWUeQgWh ReWeQWiRQ Q/a 107.6 % Q/a

ASTM E2160
DegUee Rf CXUe >95 % 99.4 % PaVV
GlaVV TUaQViWiRQ TePSeUaWXUe (DSC) >100 �C 128 �C PaVV

SAMPLE #5
ASTM D7705 TeQVile LRad ReWeQWiRQ (ZiWh lRad) >70 % 89.8 % PaVV
ASTM D7617 TUaQV. SheaU SWUeQgWh ReWeQWiRQ Q/a 106.2 % Q/a

ASTM E2160
DegUee Rf CXUe >95 % 99.1 % PaVV
GlaVV TUaQViWiRQ TePSeUaWXUe (DSC) >100 �C 139 �C PaVV

3ϲ
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SEM INVESTIGATIONS

SaPSle #5 BefRUe AgiQg SaPSle #5 AfWeU AgiQg

NR QRWiceable degUadaWiRQ ZaV RbVeUYed XQdeU SEM iPagiQg 

3ϳ
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SUMMARY

� NRPiQal #3, #4 aQd #5 BFRP UebaUV ZeUe Pade ZiWh Whe ES[/ANHYD 
(eSR[\-aQh\dUide) SXlWUXViRQ V\VWeP b\ iQdXVWUial SURdXcWiRQ 

� A WhRURXgh VWXd\ RQ WhRVe BFRP UebaUV ZaV cRQdXcWed aW UM-SML 
(UQiYeUViW\ Rf MiaPi, SWUXcWXUeV aQd MaWeUialV LabRUaWRU\), aQ ISO 17025 
accUediWed aQd FDOT (FlRUida DeSaUWPeQW Rf TUaQVSRUWaWiRQ) TXalified 
WeVWiQg faciliW\ 

� The dXUabiliW\ SeUfRUPaQce ZaV eYalXaWed WhURXgh aQ acceleUaWed 
eQYiURQPeQWal WUeaWPeQW WhaW iQYRlYed a 90-da\ iPPeUViRQ iQ alkaliQe 
VRlXWiRQ aW 60 RC XQdeU a VXVWaiQed lRad.

3ϵ
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CONCLUSIONS

� PUiRU WR Whe acceleUaWed eQYiURQPeQWal WUeaWPeQW, Whe BFRP UebaUV e[hibiW 
Sh\Vical-PechaQical SURSeUWieV WhaW PeeW RU e[ceed e[iVWiQg PiQiPXP 
VSecificaWiRQV fRU GFRP (glaVV FRP UebaU). 

� PRVW agiQg e[SRVXUe UeVXlWV fRU WhUee diffeUeQW baU Vi]eV iQdicaWe WhaW Whe 
BFRP UebaUV SRVVeVV higheU WeQVile lRad UeWeQWiRQ (78%-92%) WhaQ Whe 
aYailable UeTXiUePeQW, UebaUV (>70%). 

� TUaQVYeUVe SheaU UeVXlWV iQdicaWeV adeTXaWe WheUPRVeW SURWecWiRQ

� OYeUall, Whe WeVWiQg RXWcRPeV VXggeVW BFRP ES[/ANHYD iV caSable 
SURYidiQg Vafe aQd Ueliable UebaUV fRU iQfUaVWUXcWXUe aSSlicaWiRQV 

40
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Pros Cons
ViQ\l 
EVWeU

� IQdXVWU\ VWaQdaUd fRU SXlWUXViRQ
� FUee Uadical UeacWiRQ leadV WR faVW liQe 

VSeed

� UVe Rf VOC (VW\UeQe)

ESR[\ � ZeUR VOC
� SXSeUiRU adheViYe behaYiRU

� Lack Rf cRPSUeheQViYe dXUabiliW\/eQgiQeeUiQg 
kQRZledge

� FRUPXlaWiRQ deYelRSPeQW Qeeded fRU liQe VSeed 
iPSURYePeQW

E-CR RU 
R GlaVV 
FibeU 

� IQdXVWU\ VWaQdaUd (90% GRP 
cRPSRViWeV) 

� AbXQdaQW VXSSl\/ cRVW fUieQdl\

� IQfeUiRU WeQVile VWUeQgWh aQd PRdXlXV WR S2-GlaVV 

BaValW 
FibeU

� SiPilaU WeQVile VWUeQgWh aQd PRdXlXV WR 
E-GlaVV 

� PRWeQWial lRZeU SUice 
� SiQgle VRXUce PaWeUial

� Lack Rf cRPSUeheQViYe dXUabiliW\/eQgiQeeUiQg 
kQRZledge

� Si]iQg/ SURdXcWiRQ WechQiTXe Qeeded fRU fibeU 
haQdliQg

BFRP KNOWLEDGE-GAPS

41
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BFRP KNOWLEDGE-GAPS

� BaValW fibeU VSecificaWiRQ
� BaValW URck (UaZ PaWeUial) VRXUciQg
� CleaUiQg Whe PiViQfRUPaWiRQ: iQiWial BFRP UebaU YV WRda\¶V 

PaQXfacWXUiQg 
� EcRQRPieV Rf Vcale Qeeded: iQdXVWUial Vi]e SURdXcWiRQ
� Si]iQg / SURdXcWiRQ fRU baValW fibeU fRU haQdliQg Pa\ Qeed 

UefiQePeQW
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FRP REBAR KNOWLEDGE-GAPS
STEEL Rebar corrosion mechanism 

43
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FRP REBAR KNOWLEDGE-GAPS
FRP Rebar DegradaWion Mechanism

RaPaQ, R. K., eW al. "UQdeUVWaQdiQg fibUe-PaWUi[ degUadaWiRQ Rf FRP cRPSRViWeV fRU adYaQced ciYil eQgiQeeUiQg 
aSSlicaWiRQV: aQ RYeUYieZ." CRUURViRQ aQd MaWeUialV DegUadaWiRQ 1.1 (2020): 27-41.
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FRP REBAR KNOWLEDGE-GAPS
FRP Rebar DegradaWion Mechanism

R\biQ, V.; UWkiQ, A.; BaklaQRYa, N. CRUURViRQ Rf XQcRaWed aQd R[ide-cRaWed baValW fibUe iQ diffeUeQW alkaliQe Pedia. CRUURV. Sci. 2016, 102, 503±509.

DegUadaWiRQ Rf Whe Vhell fRUPaWiRQ aQd SiWWiQg Rf baValW fibeUV dXe WR 
e[SRVXUe WR alkaliQe eQYiURQPeQW, aV a UeVXlW Rf Whe UeacWiRQ Rf alkali-
iRQV ZiWh VilicaWe iQ fibeUV:

FXUWheU deVWUXcWiRQ aQd diVVRlXWiRQ Rf VilicaWe QeWZRUk Rf fibeUV Pa\ 
SURgUeVV SeU:

LiSaWRY, Y.V.; GXWQikRY, S.; MaQ\lRY, M.; ZhXkRYVka\a, E.; La]RU\ak, B. High alkali-UeViVWaQW baValW fibeU fRU UeiQfRUciQg cRQcUeWe. 
MaWeU. DeV. 2015, 73, 60±66. 
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PƵƌchaƐed Maƌkeƚ ReƉŽƌƚ͕ ϮϬϭϳ͕ QY ReƐeaƌch PƵbliƐhiŶg

GLOBAL FRP REBAR SALES & GROWTH RATE«
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GLOBAL FRP REBAR SALES & GROWTH RATE«
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STEEL MARKET«
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The Halls RiYer Bridge 
(fXll scale projecW, in Homassassa FL) 
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OPPORTUNITY

TeVW VegPeQWV RQ Whe 
ePbaQkPeQW lRcaWed 
aW Widal UaQge cRQWaiQ 
BFRP UebaUV«

«dXe fRU e[WUacWiRQ iQ 
Whe fXWXUe
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OPPORTUNITY

� NeZ UeViQ V\VWePV (TheUPRSlaVWicV) aYailable

� IQcUeaViQg QXPbeU Rf FRP UebaU PaQXfacWXUeV (SXlWUXdeUV)

� IQcUeaViQg QXPbeU Rf SURjecWV VSecif\iQg FRP baUV 
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