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¥ Fiber-Reinforced Polymer.
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! Glass Fiber-Reinforced Polymer.

¥ Aramid Fiber-Reinforced Polymer.

¥ Carbon Fiber-Reinforced Polymer.

f Polypropylene Fiber-Reinforced Polymer.

% Polyether sulfone Fiber-Reinforced Polymer.

* Basalt Fiber-Reinforced Polymer.
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ID Control 1 Control2  Control 3 N1 N2 N3 N4 INES)
300 300 300 300 300 300 300 300
400 400 400 400 400 400 400 400
Tensile
Steel Steel
Rebar AFRP AFRP AFRP AFRP AFRP AFRP
(S500) (S500)
(Type)
Tensile
Rebar 3020 3020 3020 198 1912 1920 4920 4932
(Area)
. Conventional
Concrete in C40,
! (Hognestad, C40, Hog. C40, Hog. C40, Hog. C40, Hog. C40, Hog.  C40, Hog.
compression Hog.
40Mpa)
Concrete
) ) Pre-peak Ecc. Neglect Ecc. Ecc. Ecc. Ecc. Ecc.
in tension
Failure Concrete Concrete ~ Concrete  Concrete  Concrete  Concrete  Concrete  Concrete
mode crushed. crushed. crushed. crushed. crushed. crushed. crushed. crushed.
6.39 6.12 5.88 6.66 6.86 6.84 6.43 6.25
6.31 4.19 1.71 35.38 30.14 20.82 8.65 2.68
5 X 1 08
I I I Controll
Control 2
Control 3
A4* N1 (1 phi 8)
= N2 (1 phi 12)
g N3 (1 phi 20)
P 3L ——— N4 (4 phi 20)
Z —— N5 (4 phi 32)
pu—y
5
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4
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Control 1 Control2  Control 3 01 02 03 04

300 300 300 300 300 300 300
400 400 400 400 400 400 400

Tensile
Steel Steel
Rebar GFRP GFRP GFRP GFRP GFRP
(S500) (S500)
(Type)
Tensile
Rebar 3020 3020 3020 198 lpl2 1p20 4920
(Area)
. Conventional
Concrete in C40,
(Hognestad, C40, Hog. C40, Hog. C40, Hog.  C40, Hog. ~ C40, Hog.
compression Hog.
40Mpa)

Concrete
) ) Pre-peak Ecc. Neglect Ecc. Ecc. Ecc. Ecc.
in tension
Failure Concrete Concrete  Concrete FRP FRP FRP Concrete
mode crushed. crushed. crushed. ruptured ruptured ruptured  crushed.
6.39 6.12 5.93 3.48 400 571 672
6.31

4.19 1.69 24.69 24.83 25.82 17.91
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Control 1 Control 2  Control 3 P1 P2 P3 P4 P5
300 300 300 300 300 300 300 300
400 400 400 400 400 400 400 400
Tensile
Steel Steel
Rebar CFRP CFRP CFRP CFRP CFRP CFRP
(S500) (S500)
(Type)
Tensile
Rebar 3020 3020 39020 198 1912 1920 4920 4932

(Area)

. Conventional
Concrete in

(Hognestad, C40, Hog. C40, Hog. C40, Hog. C40,Hog. C40,Hog.  C40,Hog.  C40, Hog.
40Mpa)

compression

Concrete
) ) Pre-peak Ecc. Neglect Ecc. Ecc. Ecc. Ecc. Ecc.
in tension
Failure Concrete Concrete  Concrete FRP Concrete  Concrete  Concrete  Concrete
mode crushed. crushed. crushed. ruptured crushed.  crushed.  crushed.  crushed.
6.39 6.12 5.77 5.14 6.79 6.46 6.00 5.77
6.31 4.19 1.65 22.25 21.27 11.05 2.70 2.16
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Epoxy resin 221
Epoxy hardener 96
Silica particle fillers 1200

Nanomaterial

wt. % of epoxy resin

[Y¥]) o pouls slopyin LMt b 10 4l (sla Sog38! 51 ooy oozl polie g £45 :Y-F oo

PCN Nanoparticles % weight of epoxy
PC-Neat None 0%
PCNC-0.5 0.5%
PCNC-1.0 MWCNTs 1.0%
PCNC-2.0 2.0%
PCNA-0.5 0.5%
PCNA-1.0 ANPs 1.0%
PCNA-2.0 2.0%
PCNS-0.5 0.59

PCNS-1.0 SNPs 1.0°
PCNS-2.0 2.0%

[Yf] PMC-SBR S oy 00l C)La‘ e Lt C)Ja Y-% Jgo

Relative Strength Strength Ratio
Polymer- Water-
Type of .
Cement Cement Com- Direct .
Concrete Ratio (%) Ratio (%) pressive Flexural - mepije Shearing Ge}0 Ge/0  OE0L  OsYoe
Unmodified 0 600 100 100 100 100 6.88 1280 186 0.174
5 533 13 18 126 131 713 1384 194 0.185
SBR- 10 483 1 129 154 14 713 1240 174 0.184
Modified 15 443 150 163 212 146 6.75 10.05 149 0.168
20 403 146 178 236 149 5.64 878 156 0.178
8Compressive strength, bRlexural strength,  “Direct tensile strength, dShearing strength.
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Abstract

The major cause of deterioration on steel-reinforced concrete structures exposed
to harsh environments, is corrosion of the reinforcing steel. Reinforcing bars made from
fiber reinforced polymers, (FRP), are being proposed nowadays as a substitute for steel
rebars in concrete subjected to aggressive environments, which may lead to premature
corrosion of the steel, such as bridge decks and structures in marine environments. As
concrete and FRP rebars are both brittle materials, ductility becomes a great concern.
Unless ductility requirements are satisfied, FRP materials cannot be used reliably in
structural engineering applications. The primary motivation of this thesis is to investigate

the ductility of concrete beams reinforced with brittle FRP composite.

In this research, to overcome the lack of ductility of concrete sections reinforced
with FRP bars, three approaches were considered; replacing conventional concrete with
Polymer- Concrete (PC), replacing conventional concrete with Polymer-Modified-
Concrete (PMC) and using ECC. In fact, the purpose of this innovation, is to use the
ductility capacity of PC, PMC and ECC. The load-deflection behavior of reinforced
concrete beams is calculated by a program in FORTRAN. The beams are discretized into
multi-layered short elements. The moment-curvature diagram of each element is
calculated by applying the assumptions that plane sections remain plane and that the strain
in the reinforcement is the same as that in the surrounding concrete. Any stress—strain
diagram can be used for concrete and steel. In order to verify the model, the results
obtained from the model were compared with those of published paper. It was realized
that this model could predict the maximum load carrying capacity with an accuracy of
more than 95% compared to experimental results. Minimum ductility requirement of
conventional concrete section reinforced with steel rebars, is studied based on ACI 318-
14 and Iranian national building code, part 9. The results showed that minimum ductility

requirement, approximately equal to 2.

Keywords: Ductility, Fiber-Reinforced-Polymers, Flexural Behavior, Moment-
Curvature, Load-Deflection, Polymer Concrete, Polymer-Modified Concrete,

Engineered-Cementitious Material.
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