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REINFORCED
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COMPOSITES

Composites for
Construction

T By B Wl U b

772 =X i

AFRP: Agamid fiber reinforced polymer
VARIZS i3

GFRP: Glass fiber reinforced polymer

CFRP: Carbon fiber reinforced polymer
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BFRP: Basalt fiber reinforced polymer
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Contents lists available at ScienceDirect

Composites: Part B
journa Ih www.elsevier.com/
A short review on basalt fiber reinforced polymer composites @.,mm,.

Vivek Dhand”, Garima Mittal®, Kyong Yop Rhee ™", Soo- jln Park”, David Hui*

g/cm3 GPa GPa %

2.8~4.38 86~90 3.15

[Ref] http://www.build-on-prince.com/basalt-fiber.html

(a) basalt fiber fabric, (b) carbon fiber fabric
(c) strands of carbon fiber, (d) strands of basalt fiber.
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Properties of Basalt

[Ref] Vivek Dhand, Garima Mittal, Kyong Yop Rhee, Soo-Jin Park, David Hui, (2015), “A short review on basalt fiber reinforced polymer
composites”, Composites Part B: Engineering, Vol.73, pp.166-180.
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[Ref] A.M. EI-Shihy, H.M. Fawzy, S.A. Mustafa and A.A. El-Zohairy, (2010), “Experimental and numerical analysis of composite beams

strengthened by CFRP laminates in hogging moment region”, Steel Composite Structures, Vol.10, No.3, pp.281-295.
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Carbon fiber market share by company
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[Ref] http://www.rmi.org/RFGraph-Carbon_fiber_market_share_by_company
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B =aux 300 0.143 1900 540105
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[Ref] Isamu YOSHITAKE, Ayumi INAMORI, Sumio HAMADA and Nobuhiro HISABE (2006), Pure Shearing Behaviour of Concrete
Element with Carbon Fiber Sheet, Proceedings of the 2nd fib Congress 2006, pp.10-64.
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[Ref] Isamu YOSHITAKE, Ayumi INAMORI, Sumio HAMADA and Nobuhiro
HISABE (2006), Pure Shearing Behaviour of Concrete Element with Carbon .
Fiber Sheet, Proceedings of the 2nd fib Congress 2006, pp.10-64. Fiber Shﬂﬁt
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Grinding
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Carbon fiber sheet
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Concrete surface /

[Ref] Isamu YOSHITAKE, Ayumi INAMORI, Sumio HAMADA and Nobuhiro HISABE (2006), Pure Shearing Behaviour of Concrete Element
with Carbon Fiber Sheet, Proceedings of the 2nd fib Congress 2006, pp.10-64.
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[Ref] Isamu YOSHITAKE, Ayumi INAMORI, Sumio HAMADA and Nobuhiro HISABE (2006), Pure Shearing Behaviour of Concrete Element
with Carbon Fiber Sheet, Proceedings of the 2nd fib Congress 2006, pp.10-64.

ABMERL, BR B, MHRHOH, REMX LA NRRICE SRFMMS — O L ARMAOER L, TAPRIAHIKE, Vol.62, Nod,
pp.855-865, 2006.12.
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CFRP : Carbon Fiber Reinforced Plastic
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[Ref] Isamu YOSHITAKE, Yail J. KIM, Keiyu YUMIKURA and Sumio HAMADA (2010), Moving-
Wheel Fatigue for Bridge Decks Strengthened with CFRP Strips Subject to Negative Bending,
Journal of Composites for Construction, ASCE, Vol.14, No.6, pp.784-790.

BAKE &R B, REMX: AR ELR(THRCEM OMHMICANSRRHHERIROERAE
T RFLHMIEA, Vol.64, No.4, pp.948-958, 2008.11.
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[Ref] Isamu YOSHITAKE, Yail J. KIM,
Keiyu YUMIKURA and Yoichi MIMURA
(2011), Composite Strips with Various
Anchor Systems for Retrofitting Concrete
Beams, International Journal of Concrete
Structures and Materials, KCI, Vo.5, No.1,
pp.43-48.
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Externally
unbonded FRP

Externally NSM FRP\ Discrete
bonded FRP nail-type anchor
(a) (b) (c)

(a) externally bonded FRP; (b) near surface mounted (NSM) FRP; (c) discrete nail-type anchor

[Ref] Kim, Y.J.. and Heffernan, P. (2008), Fatigue Behavior of Externally Strengthened Concrete Beams with Fiber-Reinforced
Polymers: State of the Art, Journal of Composite Construction, ASCE, pp.246-256.
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Keywords: Bond; Anchorage

[Ref] Isamu YOSHITAKE, Yail J. KIM, Keiyu YUMIKURA and Yoichi MIMURA: Composite Strips with Various Anchor Systems for Retrofitting
Concrete Beams, International Journal of Concrete Structures and Materials, KCI, Vol.5, No.1, pp.43-48, 2011.6.
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* J.C.P.H. Gamage, R. Al-Mahaidi and M.B. Wong (2006), Bond
characteristics of CFRP plated concrete members under elevated
temperatures, Composite Structures, Vol.75, Issues 1-4, pp.199-205.

* T.C. Nguyen, Y. Bai, X.L. Zhao and R. Al-Mahaidi (2011), Mechanical
characterization of steel/CFRP double strap joints at elevated
temperatures, Composite Structures, Vol.93, pp.199-205. AN
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* Isamu YOSHITAKE, Hisatsugu TSUDA, Jumpei ITOSE and Nobuhiro
HISABE (2016), Effect of discrepancy in thermal expansion coefficients
of CFRP and steel under cold temperature, Construction and Building
Materials, Vol.59, pp.17-24. e
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Vo = [ NIIEI\I/I dx+IT(k' —k,)-M

where, Vi, = theoretical deflection, EI = flexural rigidity of
the composite strip, M = (virtual) bending moment, T =
temperature variation, h = thickness of the strip. In addition,
k, is CTE of a bottom layer (CFRP laminate), and k;, is CTE
of a top layer (steel strip).

dx

CTEe *temp.

CTE, * temp.

[Ref] Isamu YOSHITAKE, Hisatsugu TSUDA, Jumpei ITOSE and
Nobuhiro HISABE (2016), Effect of discrepancy in thermal expansion
coefficients of CFRP and steel under cold temperature, Construction and
Building Materials, Vol.59, pp.17-24.
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[Ref] Isamu YOSHITAKE, Hisatsugu TSUDA, Jumpei ITOSE and ol € " i Cz
Nobuhiro HISABE (2016), Effect of discrepancy in thermal 100 80 60 -40 20 0 20 40 GO0 80 100
expansion coefficients of CFRP and steel under cold temperature, Strain (10°5)
onstruction and Building Materials, Vol.59, pp.17-24.
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[Ref] Isamu YOSHITAKE, Hisatsugu TSUDA, Yail J. KIM and Nobuhiro HISABE (2015), Effect of Thermal Distress on Residual
Behavior of CFRP-Strengthened Steel Beams Including Periodic Unbonded Zones, Polymers, MDPI, Vol.7, No.11, pp.2332-2343.
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arbon Fiber Reinforced Polymer Rod
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[Ref] Hiroaki HASEGAWA, Nobuhiro HISABE, Yusuke KURODA and Isamu YOSHITAKE (2016),Flexural Behavi
Cantilevered RC Slab Strengthened with NSM CFRP Rods, ACMBS-VII, Vancouver, BC (CANADA). .
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