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Abstract Prestressed concrete is widely used in the construction buildings. And corrosion of steel

is one of the most important and prevalent mechanisms of deterioration for concrete structures.

Consequently the capacity of post-tension elements decreased after exposure to corrosion. This

study presents results of the experimental investigation of the performance/behavior of bonded fully

prestressed and conventional concrete beams, with 40 MPa compressive strength exposed to corro-

sion. The experimental program of this study consisted of three fully prestressed and two conven-

tional concrete beams with overall dimensions equal to 150 � 400 � 4500 mm. The variables were

considered in terms of corrosion exposure effect, prestressed level, and corrosion location effect for

fully prestressed beams. Mode of failure, cracking width/distribution, ultimate load and the corre-

sponding deflection of each beam were recorded. The results showed that the fully prestressed beam

in comparison with conventional beam was considered to be even more resistance to corrosion

because it was perceived to be crack-free as a result of prestressing. Also the mention deterioration

incident in fully prestressed beams fully corrosion exposure level unnoticed that deterioration inci-

dent in partially corrosion exposure level. The most of deterioration incident in fully prestressed

beam acts on compression of non-prestressed steel reinforcement. Because the bonded tendons

are less likely to corrode. Cement grout/duct is a barrier to moisture and chloride penetration,
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especially plastic duct without splices. The theoretical analysis based on strain compatibility and

force equilibrium gave a good prediction of the deformational behavior for fully prestressed beams.

� 2016 Housing and Building National Research Center. Production and hosting by Elsevier B.V. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Many concrete structures suffer from reinforcing steel corro-

sion especially in marine environments. The concrete struc-
tures experience unacceptable loss in load carrying capacity,
stiffness and ductility. Many researchers have attempted to
characterize the behavior of prestressed concrete beams and

corrosion damaged R.C elements.
Omnia [1], studied the behavior of fully and partially pre-

stressed concrete beams and concluded that the presence of

the prestressing force delays the concrete cracking and
increases the initial stiffness. Ismail [2], studied the behavior
of statically determinate prestressed concrete beams subject

to fire and concluded that the partially prestressed concrete
beams with concrete cover equal to 25 mm have higher resis-
tance to fire exposure than that of fully prestressed concrete
beam in terms of ultimate capacity and ductility. Also the high

strength of partially and fully prestressed concrete beams had
lower fire resistance than normal strength beams.

El-Hefnawy [3], conducted another experimental study on

carbonation depth. He measured the carbonation depth for
concrete of 18 months age for specimens with/without silica
fume by treating a freshly broken concrete surface by phe-

nolphthalein. He found that the addition of silica fume as a
partial replacement of cement increases its tendency to react
with carbon dioxide in the atmosphere. El-Hefnawy [4], con-

ducted experimental and theoretical study to estimate the
residual ultimate capacity of reinforced concrete beams
exposed to different degrees of corrosion. EL-hefnawy found
that corrosion-induced cracks were unrelated to the degree

of rebar corrosion. In addition, he noticed also that none of
the tested beams, even severally corroded beams, suffered from
spalling of concrete cover. In the theoretical study and because

of the irregular shape of the corroded rebar, a statistical
approach based on ISO-12491-1997 [5] was carried out to esti-
mate the probable minimum area of the corroded rebar (AF)

using four diameters measured at four different random loca-
tions along corroded rebar length. Gestsdottir and Gud-
mundsson [6], investigated bond behavior of naturally

corroded reinforcement in concrete structures. The experi-
ments showed that higher degree of corrosion leads to decrease
in ultimate load and longer available anchorage length leads to
increase in ultimate load. Furthermore the ultimate load is not

connected at what load shear or flexural crack forms, and the
free end slip of the main bars starts at a load of 90–97% of the
maximum load. AL-Attar and Abdul-kareem [7], investigated

the influence of chloride ions source on corrosion of steel
embedded introduction in different exposures to the external
chloride increase in both total and free chloride inside the con-

crete specimens; the results indicate that the ratio between
(CLfree/CLtotal) for high performance concrete mixes is always
less by about 76–82% than that of normal concrete mixes and
this could be caused by using high cement content and meta-

kaolin. Khafaga and Bahaa [8], investigated the structural
behavior of reinforced concrete beams initially deteriorated
by corrosion of web reinforcement through an experimental

program that comprised tests of eight large-scale beams. The
results indicated that corrosion of web reinforcement adversely
affected the structural performance of the reinforced concrete

beams in terms of strength, stiffness, and ductility. Deteriora-
tion of the concrete cover was observed and was more severe
for beams reinforced with closely spaced stirrups. Losses in

the yield and ultimate capacities up to 36% were recorded.
Elgabry et al. [9] investigated the behavior of reinforced con-
crete frames exposed to corrosion of steel bars and repaired
using CFRP. Corrosion of reinforcement steel leads to reduc-

tion in ultimate load capacity, stiffness and ductility of the cor-
roded R.C frames. Rehabilitation using CFRP resulted in
enhancement in ultimate load carrying capacity up to 44.7%.

Using CFRP in rehabilitation of corroded frames limited the
propagation of the cracks and increased the cracking load
significantly.

Research program

Experimental program

The experimental program consists of testing five beams with

overall width, depth and length of 150 mm, 400 mm and
4500 mm respectively, and the beams were simply supported
with a clear span of 4200 mm, as shown in Fig. 1. The top lon-
gitudinal reinforcement of all specimens was two 10 mm diam-

eter bars. The stirrups were 10 mm diameter bars every
200 mm at middle part of the beams and every 100 mm at
edges for a distance 1400 mm from support to middle span

of beam, as shown in Fig. 2. Fig. 3 shows the prestressing
strand had a draped profile similar to the shape of the bending
moment produced by acting loads. The main reinforcement of

the specimens changed according to the prestressing index.
One strand with diameter 15.24 mm was used to reinforce
the fully prestressed beams and seven 10 mm diameter bars

were used to reinforce the non-prestressed beams. Additional
horizontal stirrups were added at anchor zone to resist the
splitting force, which is produced at the anchor zone; these stir-
rups were calculated according to recommendation of the

Egyptian code [10]. The variables considered in this study
are corrosion exposure effect, prestressed level, and corrosion
location effect as given in Table 1.

The prestressing strand was placed inside polyethylene duct
and fixed with the beam stirrups using horizontal steel chairs.
The grouting fitting was placed at distance of 300 mm from

each side of beam. The strands were stressed after the concrete
had reached an age of 28 days, and then grouted with cemen-
tations grout according to specification instructions.

During prestressing, the strand elongation was measured

and the prestressing force was recorded. Table 2 shows the
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