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Abstract

Crack is one of the most common defects observed in reinforced concrete slabs and beams. Major cracks in concrete structures

may occur due to overloading, corrosion of reinforcement or differential settlement of support. To restore the structural capacity of

the distressed elements, retrofitting and/or strengthening are needed. There are different techniques available for retrofitting and

strengthening of different reinforced concrete structural elements reported in the literature. This paper investigates the structural

behaviour of cracked reinforced concrete one-way slab, which is repaired using different techniques.

Five different techniques are used for the purpose of repair in the cracked concrete slab namely; cement grout, epoxy injection, fer-

rocement layer, carbon fibre strip and section enlargement. The slabs were loaded to failure stage and the structural response of each

slab specimens have been predicted in terms of deflection, variation of strain in concrete and steel, collapse loads and the failuremodes.

The efficiency of different repair and strengthening techniques and their effects on the structural behaviour of cracked one-way

reinforced concrete slab had been analyzed. It was observed that the type of repair technique used will affect the load carrying capac-

ity of the slab and will lead to a redistribution of the strains and hence stresses in both concrete and steel reinforcement. All repair

techniques are found to be able to restore or enhance the structural capacity of cracked concrete slabs.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In practice, situations arise where existing concrete

structures or some of their components may, for a vari-

ety of reasons, be found to be inadequate and in need of

repair and/or strengthening. The inadequacy may be due

to mechanical damage, functional changes, overstress

due to temperature changes, or corrosion of reinforce-

ment. A common feature of a number of different causes

of deterioration is that there is a reduction of the alka-
linity of the concrete, which allows oxidation of the rein-

forcing steel to take place. This oxidation process leads

to cracking of the concrete and possible spalling of the

cover to the reinforcement.

Bridges are one of the concrete structures, which nor-

mally exhibit severe distress due to their exposure to
harsh environment. Different repair techniques have

been successfully developed to strengthen a given struc-

ture or part of it to restore its serviceability and strength.

It is also prudent to consider durability aspect when re-

pair or strengthening is carried out. With the advance-

ment of new materials technology, which have

superior mechanical properties and excellent resistance

to electrochemical corrosion, many effective repairs
and strengthening techniques have been developed.

The final selection of a suitable and most effective meth-

od generally depends on simplicity, speed of application,

structural performance and total cost.

Studies have shown that fibre reinforced plates (FRP)

increase the strength of flexural members significantly.

Carbon fibre reinforced polymer has a high strength to
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weight ratio, favourable fatigue behaviour and excellent

resistance to electrochemical corrosion to make it prac-

tically suited for structural application [1]. A study con-

ducted by Alfarabi et al. [2] showed that, although the

FRP increase the failure loads, most of the beams

strengthened by FRP started the failure at the curtail-
ment zones of the plates. The epoxy used to laminate

the plate at the soffit of flexural members only failed

at loads much higher than the required level [3]. Similar

study also found that the failure modes for repaired

structures may change from ductile to brittle [4]. The

probability of this change depends largely on the

percentage of FRP being used, the location of FRP

and the presence of shear reinforcement in the existing
structures.

Toong and Li [5] investigated the effect of using car-

bon fibre reinforced polymers (CFRP) plates to

strengthen one-way spanning slab to increase the flex-

ural capacity with particular emphasis on the cracking

behaviour at working load. All the CFRP strengthened

specimens exhibited large increase in load carrying

capacity ranging from 60% to 140%.
Ferrocement is a type of thin composite material

made of cement mortar reinforced with uniformly dis-

tributed layers of continuous, relatively small diameter

wire meshes. The use of ferrocement proper in repair

was first introduced by Romualdi [6] and Iron [7] in

the early 1980s mainly as relining membranes for the re-

pair of liquid retaining structures, such as pools, sewer

lines, tunnels, etc. Investigation into the use of ferroce-
ment as strengthening components for the repair and

strengthening of reinforced concrete beams was re-

viewed by Paramasivam et al. [8]. In general, the dam-

aged concrete and reinforcement (if also damaged)

were removed and replaced with ferrocement, with or

without any changes in overall dimensions of the beam.

The beams were tested under static or cyclic loading [6]

conditions. The strengthened beams were reported to ex-
hibit improved cracking resistance, flexural stiffness and

the ultimate loads compared to the original beams.

These improvements; however, depend on the full com-

posite action between the ferrocement layers.

Al-Kubaisy and Zamin [9] presented the flexural

behaviour of reinforced concrete slabs strengthened with

ferrocement tension zone cover. Twelve simply sup-

ported (500 mm2) reinforced concrete slabs were tested
under flexural load. The effect of the percentage of wire

mesh reinforcement in the ferrocement layer, thickness

of the ferrocement layer and the type of connection be-

tween the ferrocement layer and reinforced concrete slab

on the ultimate flexural load, first crack load, crack

width and spacing and load–deflection relationship were

considered.

Other technical methods used for repair of reinforced
concrete structures are epoxy injection and cement gro-

uting techniques. These techniques are widely used to

treat cracking problem in concrete. The procedure used

is well established in the literature [10–12].

This paper presents a study on the effects of different

repair techniques on the structural response of one way

reinforced concrete slab. The techniques include:

(a) carbon fibre reinforced polymers (CFRP) strip;

(b) cement grout, i.e., SikaGrout214;

(c) epoxy injection, i.e., Sikadur52;

(d) ferrocement cover and;

(e) section enlargement.

These techniques had been selected for their potential to

either increase the structural capacity of members or to
restore the original capacity of the sections. Further-

more, this study focuses on the serviceability, strength

and ductility performance for each of the repair tech-

niques to ascertain their potential application in cracked

reinforced concrete slabs.

2. Experimental procedure and repair technique

In order to investigate the effect of various repair

techniques on the structural response of one way slab,

a total of six full scale one-way reinforced concrete slabs

having a dimension of 2.5 m long · 1.0 m wide and

0.15 m thick are cast, cured and tested. The steel rein-

forcement consists of five 10 mm diameter high-yield de-

formed bars with a characteristic strength of 460 N/
mm2. The 28-day cube compressive strength, fcu of the

concrete used is 30 N/mm2. All specimens are tested un-

der two-line load located in the middle third of the slab

specimen as shown in Fig. 1. Initially, all slabs are

loaded to 2/3 of their expected ultimate load capacity

or after the development of cracks in the specimens (ini-

tial load ranges between 34 and 40 kN), except for the

control slab, which is loaded until failure. Subse-
quently, the load has been released and the specimens

Fig. 1. Test set up.
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