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Abstract
Concrete is considered as a durable material but it is still potentially vulnerable to
deterioration, unless certain precautions are taken. Life enhancement of distressed
concrete structures depend on number of factors such as design, detailing, materials
used in the original construction, quality control, environment as well as periodic
inspection and regular maintenance. The assessment of concrete structures consists of
not only evaluation of the present condition but also prediction of the cause of
deterioration and its residual life. Hence, it is essential to have accurate assessment of
physical, chemical and electro-chemical properties to enhance the existing life of the
structure. If the cause of deterioration is predicted and a proper assessment of the
structure is made, it may be economically feasible to repair the distressed structure
and prolong its life.
Number of tests need to be carried out to assess the extent of distress and to estimate
the quality/strength of concrete, before taking up any repair measures. These tests can
be of either Non Destructive Type (NDT) or Partially Destructive Type (PDT). This
paper discusses a case study, the assessment of 30 years old overhead Reinforced
Cement Concrete (RCC) reservoir by NDT and PDT methods. The main aim of the
paper is to highlight the importance and significance of different test methods
employed to assess the present condition of RCC structure. A rational and systematic
approach for the interpretation of test results based on NDT and PDT is presented for
arriving at an economical repair procedure and rehabilitation measures. Necessary
repair measures are suggested to enhance the service life of the structure.
Keywords: Concrete, Condition assessment, Carbonation, Reinforcement, Corrosion

1. Introduction
It has been learnt that concrete structures
require a closer inspection, not only
immediately after construction but also
periodically at a regular interval. The
quality control measures during construction
generally consist of workability tests on
fresh concrete and cube compressive
strength of concrete samples after some
specified days of curing. It is a well known
fact that the results of the above tests do not
reflect the true quality of the concrete
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existing in the structure because the quality
of concrete in the structure depends on
many factors such as method of mixing,
transporting, placing, compacting and
curing. While concrete members with
certain amount of imperfections can satisfy
the requirements relating to strength and
serviceability, such concrete may not satisfy
durability requirements.
Assessment of quality of concrete is
necessary to ensure that the quality of
execution is satisfactory and also to identify
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any deficiencies so that they can be
rectified. This can be achieved only by
conducting some in-situ tests on the
structures besides visual inspection. These
tests have been developed with a primary
objective of evaluating the condition of insitu concrete quickly. The in-situ tests are
either
non-destructive
or
partially
destructive [1,2]. Rebound hammer test,
Pull-out and Pull-off tests, Ultrasonic pulse
velocity (UPV) test, Core sampling and
testing, Cover survey and Carbonation test
are mostly used for the assessment of
existing concrete structures [3,4]. It is
important to note that almost all the NDT
methods indirectly estimate the concrete
strength and strength obtained by these
methods, in most of the cases, is
comparable. Even then, no single method
can be said to be fully reliable and therefore,
more than one method should be performed
and results should be correlated.

480X480mm. The brace beam is of size
300X400mm and the depth is increased near
the column junction. The reservoir has a
steel staircase for inspection and
maintenance purposes. For identification
purposes, the columns are numbered as 1 to
6 starting from the inaugural stone plate and
are shown in the plan. Brace beams are
numbered
with
reference
to
the
corresponding adjacent columns (For
example, brace beam between columns C1
and C2 is numbered as C1-C2 or C2-C1).
Brace beam levels are indicated in the
sectional elevation.
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This paper discusses the assessment of
30 years old overhead Reinforced Cement
Concrete (RCC) reservoir as a case study by
NDT and PDT methods. The main aim of
the paper is to highlight the importance and
significance of different test methods
employed to assess the present condition of
RCC structure. This paper also presents the
rational and systematic approach for the
interpretation of test results for arriving at
an economical repair procedure and
rehabilitation measures. Necessary repair
measures are suggested to enhance the
service life of the structure.
2. Description of the Structure
The 3.7 lakh litres capacity overhead
RCC reservoir consists of six columns and
brace beams which are connecting the
columns at four levels. Water tank is resting
on two ring beams supported over the
columns (Y-Type at level-IV). Fig. 1 shows
the schematic plan and sectional elevation
of the overhead reservoir. The columns are
in square shape, spaced at 2.35m in the
radial direction. The size of the column is

84

C3

PLAN

WATER TANK

Y- JUNCTION
LEVEL-IV

LEVEL-III

LEVEL-II

480

LEVEL-I
BRACE BEAM
COLUMN

SECTIONAL ELEVATION

Fig. 1: Schematic Plan and Sectional
Elevation of Overhead Reservoir

NDE-2006

Condition Assessment of 30 Years Old Overhead RCC Reservoir

3. Visual Observation and
Documentation
The
visual
observation
and
documentation was made on the structural
members of the reservoir. Delamination and
spalling of concrete was observed at many
places in brace beams and at some places in
columns between level-III & IV. Voids,
honeycombing and cracks were observed at
all Y-junctions of columns. Exposure of
rebars at some places of brace beams and Yjunctions of columns were also observed.
Fig. 2 shows the spalling of concrete and
exposure of rebars of column C4 at YJunction. In general it was observed that the
damage was mainly due to poor compaction
of concrete, inadequate cover thickness and
also due to poor maintenance. Voids and
honeycombs were present at many places
where the damage was severe. The damage
was more in columns mainly at Y-junctions
and near the brace beam junctions.

4. Non-Destructive and Partially
Destructive Tests
Keeping in view the visual observations,
a comprehensive test programme was
planned for condition assessment. The tests
conducted were
I.

ultrasonic pulse velocity test on
columns and brace beams for
assessing the integrity and quality

II.

core sampling and testing for
estimating
the
density,
water
absorption and compressive strength

III.

carbonation test for the qualitative
assessment of carbonation depth of
concrete

IV.

half-cell potential measurements to
assess the activity of corrosion of
rebars and

V.

collection of powder samples for
quantitative estimation of pH values
and chloride contents

4.1 Ultrasonic pulse velocity (UPV) test

UPV test is basically a wave propagation
test and consists of transmitting ultrasonic
pulses of 54 kHz frequency through
concrete medium and measuring the transit
time. The equipment used is known as
PUNDIT (Portable Ultrasonic NonDestructive Digital Indicative Tester). The
path length divided by transit time gives the
velocity which is usually expressed in
km/sec and can be correlated to concrete
quality. The UPV testing was carried out on
randomly selected members of columns and
brace beams in a systematic way by
dividing the members into well defined grid
points.
Fig. 2: Spalling of concrete and exposure of
rebars in Column C4 at Y-Junction
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Measurement of transmit time was made
at each grid point and the velocity was
calculated by dividing the thickness of the
member with transit time. UPV values have
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been interpreted to make a qualitative
assessment with regard to homogeneity and
integrity of concrete [5]. For an undamaged
concrete of grade M15 (grade of concrete
used was not available), if it has been
executed well originally, will possess a
UPV value of more than 3.7 km/sec The
values between 3.0 km/sec and 3.5 km/sec
indicate presence of minor voids and
cracking. In the present study, at many
places UPV values observed were in
between 3.0 km/sec and 3.5 km/sec. The
statistical values of UPV results such
maximum, minimum and mean velocities
for some of the structural members are
given in Table 1.
4.2 Core sampling and testing

Concrete core samples were collected
from the supporting columns and brace
beams of the reservoir using a portable core
cutting machine. Fig. 3 shows the extraction
of core from a typical column. Core samples
were dressed in the laboratory using the
concrete cutting machine. The water
absorption, the density and the compressive
strength of the cores were determined in the
laboratory and the results are shown in
Table 2 [6,7,8].
4.3 Carbonation and chloride content

Corrosion of reinforcement in the
concrete takes place due to ingress of
carbon dioxide/ carbon monoxide or
chloride from the environment.
To
determine the effect of carbonation, 1.0%
phenolphthalein solution was sprayed on the
extracted core samples at site. The pink
colour indicates that the concrete was not
affected by carbonation. If concrete is
colourless, then that portion was affected by
carbonation. The carbonation depths
obtained from core samples in the present
case were in between 30mm to 50mm from
the surface indicating that the cover
concrete was carbonated. The pH values of
concrete in the 0-20mm cover zone of
columns and brace beams were in between
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8.8 to 10.0 and 20-40mm cover zone were
in between 10.0 to 12.2. The chloride
contents present in the structure were very
minimal.
4.4 Electrochemical parameters

Since corrosion is basically an
electrochemical
phenomenon,
measurements
of
electrochemical
parameters are helpful to identify the
proneness of corrosion of rebars [9]. In this
investigation, half-cell potentials with
reference to copper-copper sulphate
electrode were measured for selected
members. In the vicinity of regions where
distress features were observed, the
potential difference was in the range of -170
mV to -350 mV.
5. Findings
Exposure of rebars observed at some
places of brace beams and Y-junctions of
columns. At many places UPV values
observed were in between 3.0 km/sec and
3.5 km/sec indicate presence of minor voids
and cracking. UPV values less than 3.0
km/sec, at some places indicate either a poor
quality concrete possessing excessive voids
or delamination of concrete. The equivalent
cube compressive strength was in the range
of 11.84 to 15.36 MPa. The water
absorption of concrete was found to be in
the range of 5.7% to 7.0% indicating that
the concrete was more permeable. The
carbonation depths obtained from core
samples were in between 30mm to 50mm
from the surface indicating that the cover
concrete was carbonated. Due to
carbonation of concrete, the pH value has
been reduced and lead to the corrosion
initiation of rebar. Half-cell potential values
indicating moderate to high probability of
corrosion levels. The chloride contents
present in the structure were very minimal
and therefore the supporting structure has
not gone any deterioration due to the
presence of chlorides. It was also observed
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Fig. 3: Extraction of core from a typical column
Table 1: Statistical values for UPV results

Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
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Details
C1-G.L
C2-G.L
C3-G.L
C4-G.L
C5-G.L
C6-G.L
C1-C6, level-I
C6-C5, level-I
C5-C4, level-I
C4-C3, level-I
C3-C2, level-I
C1-C2, level-I
C2-Below Level-II
C4- Below Level-II
C6- Below Level-II
C1-C2, level-II
C3-C4, level-II
C5-C6, level-II
C3-C4, level-III
C3-Below Level-III
C4-Below Level-III

No. of Grid
points
24
36
36
36
36
36
27
27
27
27
27
27
36
36
36
27
27
27
27
12
12

Ultrasonic pulse velocity, km/sec
Max.
3.93
4.00
3.78
4.07
3.97
4.03
3.75
3.61
3.53
4.29
3.95
3.90
4.14
4.14
3.97
3.75
4.05
3.70
3.70
4.14
3.81

Min.
2.44
2.91
2.82
2.71
1.25
2.84
0.63
0.47
0.26
0.28
2.22
1.16
1.56
1.57
1.70
2.52
1.75
1.09
0.34
2.53
2.81

Mean
3.35
3.40
3.37
3.42
3.10
3.33
2.91
2.23
1.71
2.51
3.54
3.23
3.50
3.48
3.46
3.08
3.36
2.99
1.83
3.49
3.35
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Table 2: Core sampling results
Sl.
No.

Location

Height, Dia.,
h
d
(mm) (mm)

h/d

Density
Water
fc
fcc
fck
(kN/m3) absorption (N/mm2) (N/mm2) (N/mm2)
(%)

1

Col. C2
(G.L)

134.0

68

1.97

23.55

7.09

9.50

9.47

11.84

2

Col. C5
(G.L)

135.0

68

1.98

23.46

7.09

10.74

10.74

13.42

136.0

68

2.00

24.19

6.50

9.75

9.75

12.19

136.0

68

2.00

24.72

6.23

9.60

9.60

12.00

131.0

68

1.93

24.41

5.90

12.39

12.29

15.36

3

4

5

Brace
beam
C6-C5
(Level-I)
Col. C1
(LevelII)
Brace
beam
C1-C6
(level-II)

that the loss in cross section of rebar was
found to be less than 1.5%. From the test
results, it can be concluded that that the
distressing of the supporting structure was
mainly due to voids, honeycombing and
carbonation of concrete.
6. Recommendations for Repair
Following are the repair measures
proposed for the columns, brace beams and
container of the overhead reservoir.
6.1 Columns & brace beams

a. All the cover concrete (up to a minimum
thickness of 50mm) shall be chipped off
exposing the sound concrete. At a time
one column (Ex. Col. C1) may be taken
up for repair
b. Surface shall be cleaned by sand
blasting or water jetting
c. Wherever core concrete has voids and
honeycombs, it should be strengthened
by means of grouting with cement
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d. All the reinforcement shall be cleaned
thoroughly
e. An anticorrosive coating shall be
applied on the surface of the
reinforcements
f. Free flowing concrete i.e., micro
concrete of Sika or equivalent shall be
placed in stages of 1.5m. For better
bonding between old and new concrete,
shear connectors shall be provided
g. Above procedure (a to f) shall be
repeated for other columns and the
sequence of repair shall be in the order;
C4, C2, C5, C3, and C6
h. After repairing the columns, brace
beams can be taken up in a similar
manner from level-I to level-IV
i. After demoulding and curing, the entire
exposed surface of the structure shall be
coated with a concrete surface coating
which will resist the ingress of carbon
dioxide and chloride from the
atmosphere.
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6.2 Container

8. Acknowledgement

The internal portion of the water tank
may be damaged due to the presence of
chlorine in water. The internal surface shall
be cleaned by sand blasting or water jetting.
All voids shall be filled by cement grouting.
Weld mesh of size 10.0 G x 10.0 G x 100
mm opening shall be fixed to the parent
concrete and apply microconcrete of Sika or
equivalent. The staircase inside the
container shall be replaced by a new one.
The roof of the tank is to be treated from
top. All loose concrete shall be chipped off
on the outer periphery of the container and
clean the surface by sand blasting or water
jetting. After cleaning bonding coat of
cement slurry shall be applied over the
entire old surface. Micro concrete of Sika or
equivalent may be laid over the surface.
After curing, the entire exposed surface of
the structure is coated with a concrete
surface coating which will resist the ingress
of carbon dioxide and chloride from the
atmosphere.

Authors would like to acknowledge the
support provided by the technicians of
C.E.L., SERC during the investigation. This
paper is being published with the kind
permission of the Director, SERC, Chennai.

7. Summary and Concluding Remarks
A detailed systematic methodology in
conducting the condition assessment of
overhead RCC reservoir is presented. This
includes
visual
observation
and
documentation, ultrasonic testing on
columns and brace beams for assessing the
integrity of concrete, core sampling and
testing for estimating the compressive
strength and water absorption. Half-cell
potential measurements were also carried
out for assessing the presence of corrosion
activity. The test results have been
interpreted, and finally assessed the overall
concrete quality and integrity. Based on the
test results, it was found that the distressing
of the supporting structure was mainly due
to voids, honeycombing and carbonation of
concrete. Necessary repair measures are
suggested to improve the strength and
performance of the structure in a qualitative
manner.
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