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Chapter 1

IN' RODUCTION

1.. GENERA REMARKS

Reinforced Concrete (RC) has been widely used as a potential structural material for
infrastructures. However, many RC structures have been damaged and deteriorated due
to aggressive environments, increase of the traffic load, severe earthquakes and other
reasons. Need for repair and retrofitting of damaged RC structures has become one of

the important issues confronting the repair and rehabilitation industries worldwide.

Since 1960, as one of the primary retrofit techniques, externally bonded steel jacketing
method has been widely used to retrofit these damaged RC structures. However, is
method has some disadvantages due to handling of heavy materials, difficulties of
construction, maintenance and corrosion. Particularly, corrosion as much influence on
the bond strength between steel plate and bonded concrete surface, and finally causes

the failure of structure.

From the last decade, the use of Fiber-Reinforced-Plastic (FRP) Composite materials
such as Carbon fiber, Aramid fiber and Glass fiber for strengthening of damaged RC

members has emerged as one of the most exciting and promising technologies in
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Chap xr2

REVIEW OF PREVIOUS RESEARCH

2.1 INTRODUC ION

In recent years, Fiber Reinforced Plastics (FRP) material have been used to rehabilitate
many types of structures including bridges, parking decks, smoke stacks, and buildings
with its superior characteristics such as high strength and stiffness per unit weight,
easier handling due to their lightweight, and corrosion resistance. Numerous research
studies have revealed that FRP composite systems bonded to various structural members
can significantly increase their stiffness and load carrying capacity beyond what can be

achieved through conventional meth: s.

In this chapter, the previous researches of FRP retrofit systems are discussed. Material
properties of FRP materials are investigated, and various researches on structural
behavior of laminated RC members by FRP for flexure, shear, confinement, durability

and seismic retrofit systems are also reviewed.





















€ Triantafillou (1998) noted that CFRP sheets used for shear strengthening rupture as

stress levels below their ultimate strength due to stress concentrations, and if the
level of strain at rupture is considered as the effective strain &,, the contribution of
FRP reinforcement to shear capacity (V) of a RC beam can be evaluated by

V., =p, E, &,b,0.9d(l+cotf)sinf

frp

angle between

Here, p, = FRP shear reinforcement ratio=(2t, w; / b, s), yo)

i

principal fiber orientation and longitudinal axis of beam, b, = width of beam

cross section, w, = width of FRP strip, s, = spacing of FRP strips, E,= elastic

modulus of FRP.

This equation may be rewritten by

A, [ (sin f+cos f)df

fip

%

Sy

Here, the mo 1lus of elastic / times e effective strain is replaced with the
effective stress. The area of RP shear reinforcement is the total thickness of
the sheet times the wid_.. of e FRP strip W,. "continuous sheets are used, the

width of the strip and e spacing of t : strip §, shot L equi

2.3.1 FRP CONFINEMENT
Several researchers have demonstrated that the ductility and strength of concrete
columns can be increased by lateral confinement with the use of FRP composite

wrapping materials.

€ Fardis et al (1981) conducted the experimental study on the behavior concrete-
encased FRP tubes. Four types of glass fiber were used with the number of FRP
layers varying from 1 to 5. The failure mode of specimens was a simultaneous
fracture with concrete crushing of FRP. The ultimate strength and the corresponding
strain of concrete were

sign cantly increased with the number of FRP layers. They also proposed new

equations;
£ 4 1(%1)1
EFRP !

£, =0.002+0.00] ——
d-f.

Where, f°. and £, are the maximum strength and the corresponding strain of
confined concrete
[ .1s the maximum strength of unconfined concrete
Jrreand tis the tensile strength and the thickness of FRP

d is the diameter of concrete core

€ Ahmad et al (1991) presented experimental & analytical results on the strength and
deformation of concrete transversely reinforced with fiberglass filament (wires). A
total of 33 concrete cylinder confined with fiber; 1ss wires were tested to obtain
complete stress-strain curves in compression. The stress-strain curves for confined

concrete can be represented by

- Ae, 1€ ) +(B-1)€ l€ )’ e
¢ 1+(A_2)(€(/8(’)+B(g(/gl’)2 «

Where, f"., €' is the maximum stress and the corresponding strain, respectively

f.1s the stress at strain €. and A and B are constants
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