THE PERFORMANCE OF CURVE
NON-FERROUS REINFORCEMEN
FOR CONCRETE STRUCTURES

Thanongsak Imjal
Maurizio Guadagnini
Kypros Pilakoutas
Peter Waldron

Construction Innovation Research Group
Department of Civil and Structural Engineering

© 2006 The University of Sheffield CICE 2006

Western Bank, Sheffield S10 2TN, UK Miami, Florida, U.S.A.



Qutline

« Why bending reinforcement?
e Design of bent reinforcement
 Performance of bent FRP’s

« EXperimental program

e Experimental results

e Conclusions

Western Bank, Sheffield S10 2TN, UK Miami, Florida, U.S.A.



Why bending reinforcement?

« End anchorages

e Element connection

Sub-base or lean-mix blinding

e Shear reinforcement o
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Types of curves (BS8

Shape Shape 46
code
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O=no. of turns

Qg All shapes where standard shapes cannot be usad.
No other shape code number, form of designation
or abbreviation shall be used in scheduling. With
the exception of rectangular links, 5 bends or more
are undesirable and may be impractical within
permitted tolerances but they shall be drawn out
in full and coded 99,

A dimensioned sketch shall be drawn over the
dimension columns A to E. Every dimension shall
be specified and the dimension that is to allow for
permissible deviations shall be indicated in
parenthesis, otherwise the fabricator is free to
choose which dimension shall allow for the
tolerance
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Specification for bending
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Specification for bending

Typical
GFRP

Typical
steel

Plastic strain induced by bending
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Cold bending of FRP’s

- RO,

¥ Al ST A Y M7 pmt e O B e e T WO e oo, e, T, I, S,
A T AR S S [ S T T W, T TINA Vs S, . . WY
" A AT AR Ao TV ST R R T TV W, W e e, v, W,

Ve T T T T T T 1

R/d

© 2006 The University of Sheffield CICE 2006

Western Bank, Sheffield S10 2TN, UK Miami, Florida, U.S.A.



Performance of bent FRP’s

The tensile strength of FRP
bars can be largely reduced
when subjected to a biaxial
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Performance of bent FRP’s

Premature failure at bent portion
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Performance of bent FRP’s

Design equation (JSCE, 1997)

f = a(;—uo.s fo<f.
b

r, is the radius of the bend in the bar

d, is the nominal diameter of the FRP bar

fo, is the design strength of a straight portion
of the bar
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Use of thermoplastic FRP's

e Thermosetting FRP’s can only be pre-bent at the
factory

 Thermoplastic FRP’s could offer a valid solution
for on-site bending of reinforcement

R/t~ 1 R/t ~ 13
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Use of thermoplastic FRP's

GFRP thermoplastic strip (10x3mm)

Properties

Tensile strength (MPa) 720

Tensile modulus (GPa) 28

Ultimate strain (%) 1.9

Glass content (%v/v) 35
| Density (g/cm?3) 1.48
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Experimental program

Parameters (47 specimens)
- R/t (2 -5)
- embedment le zgth (60mm, 145mm
- tail length (t/t 3 5 - 15)
- f., (45MPa] 95MMa)
- Surf%CG treatnient (smoqthé sand c@ated)
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Experimental results
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Experimental results
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Performance of bent FRP’s
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Final Remarks

 Thermoplastics could offer a valid solution for
on-site bending

 The capacity of the bent portion is not only a
function of its geometry

*Values of R/t > 4 guarantee the development
of 40% of the ultimate strength

Need for a rational design method
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