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Abstract

This report presents the results from the research project “Rapid assessment of reinforcement
corrosion in concrete bridges”. In this project the effect of moisture in concrete on the
measurement of corrosion by the RapiCor was studied in the laboratory. The RapiCor
technique was used on over 20 real bridge concrete structures in order to evaluate its
applicability for assessment of corrosion conditions of reinforcement steel in real bridge
concrete structures. The results measured by the RapiCor from 13 bridge structures are
presented in this report. From the laboratory study conclusions can be drawn that wetting-
drying cycles apparently affect the resistivity of concrete and half-cell potential of steel, but
not significantly affect the corrosion rate, if the corrosion rate is in the range of moderate to
high corrosion. From the field evaluation the conclusions include that the RapiCor can in
general be effectively used in assessment of corrosion conditions of reinforcement steel in
bridge concrete structures with satisfactory precision, and that the weather will not
significantly affect the assessment of corrosion conditions by the RapiCor technique. Based
on the conclusions some suggestions are given for proper use of the RapiCor technique in
assessment of corrosion conditions of reinforcement steel in the bridge concrete structures.
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1 Introduction

Reinforcement corrosion is one of the most serious problems causing deterioration of
reinforced concrete structures. In Sweden there are over ten thousands road bridges that are
exposed to deicing salt or marine environment and are periodically inspected. So far routine
inspection of concrete bridges is mainly based on ocular examinations, from which potential
risks of ongoing corrosion cannot be detected. The condition assessment of concrete bridges
is to a great extent dependent on the personal experience of an inspector. In the past years a
rapid non-destructive technique has been developed at SP for measurement of corrosion of
steel in concrete. The technique has been verified in the laboratory on both small and large
reinforced concrete specimens, but only applied to a limited number of real structures. To
utilise this rapid method for bridge inspection further investigation is needed to evaluate its
applicability and the interpretation of the measurement results for safer assessments. With the
safe assessment of reinforcement corrosion the need for maintenance can be more safely
estimated and more optimal bridge maintenance can be realised.

In this project the rapid technique will be further developed to adapt to practical bridge
inspections. The project includes the following activities:

Activity 1 — Laboratory study. In this activity the effect of humidity on the measurement of
corrosion including corrosion rate, half-cell potential and resistivity were studied. Both new
and old concrete specimens with embedded steel bars were used in the study. The work from
this activity is summarised in Chapter 3.

Activity 2 — Further development of the instrument. In this work five pieces of hand-held
prototype instrument were manufactured and three of them were sent to potential inspectors
for field measurement. A short course was held to train inspectors to use the instrument as
well as to be able to properly collect measurements and other important information. The
work is summarised in Chapter 4.

Activity 3 — Field evaluation. In this part of work over 20 real bridge concrete structures were
inspected by three individual groups, that is, KFS in Stockholm, CBI in Stockholm and
students of Linkdping University with the help of Vigverket Region Mélardalen. The results
measured by the RapiCor were compared with either chloride content near reinforcement steel
or visual examination on the exposed reinforcement steel bars after removal of concrete by
water-jetting. The measurement results from 13 bridge concrete structures containing various
parts of structure are presented in Chapter 5.

Activity 4 — Scientific and technical supplement. In this work the scientific basis of
appropriate criteria for evaluation of reinforcement corrosion was summarized. Furthermore,
the methodology is technically completed in accordance with scientific development and
feedback from the field evaluation to be adapted to the complex reality. The instrument was
upgraded with the function of project view in which the map of corrosion index can be seen
directly after the measurement so as to be able to make a quick "Go / No-Go" assessment of
reinforcement condition, i.e. "No corrosion" or "Corrosion in progress". The work involved in
this activity is summarised partly in Chapter 4 and partly in the guidelines for proper use of
the instrument.

As the final activity, in Chapter 6 the conclusions based on the above activities are drawn and
suggestions are given.
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New technique for rapid assessment of corrosion

In the past years, through a number of research projects Tang (2002a; 2002b; 2002c)
developed a new method based on the galvanostatic pulse technique in consideration of the
time-dependent behaviour of polarisation and with the help of mathematical modelling for
estimation of current distribution. This technique was further developed by Tang & Fu (2006)
and implemented as a handheld instrument, called RapiCor, for application to the real
structures for rapid mapping corrosion of steel. The measurement principle is illustrated in
Figure 2.1. This new technique has been verified with both small and large specimens
exposed in the laboratory as well as the field exposure sites [Tang, 2002b; Tang & Utgenannt,

2007].

Results display, data storage/output I
Data treatment | | Current
Pulse generator Data acquisition

EalEalles

GE CE CE

\_Wet sponge
Fg)ndles model Concrete Surface layer Zover
LT CallR k#d
Steel bar

Figure 2.1 Handheld instrument RapiCor (left) and it measurement principle (right)

The advantages of this new instrument include

Rapidity: 1t takes only 5-10 seconds for measurement of three parameters, i.e.
corrosion rate, half-cell potential and resistivity of concrete.
Simplicity: For general engineering applications, it does not need an ordinary user
to set some complicated parameters that may confuse the user or result in different
measurement values.
Reliability: As a polarization technique, the polarization curve is clearly visible in
order to give the user information to judge if the measurement has been properly
carried out or anything wrong in the measurement, so as to be able to correct any
mistake in situ.
Safety: To reach the rapidity, the storage of measurement data must be very safe.
The data should not be destroyed or disappeared due to any interruption of battery.
Therefore, the DataFlash memory chip was used in the instrument for rapid and
safe storage of the data.
Practicality: For more practical uses, the instrument was designed as
— tight enclosure that should fulfil protection class IP65 (DIN40050/IEC529,
protection from dust and a jet of water), in order to be used in the
environments with splash water;
— low power consumption for long time measurement (about 100 hr
continuous use with 4 pieces of ordinary R6 battery); and
— small sensor unit with a stable gel type of Ag/AgCl reference electrode for
easy use and maintenance/replacement.

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport
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The basic equation for calculation of corrosion rate, X.or, from a polarisation measurement is
as follows:

BM I, I,

X, = ) =C- (2.1)
pzF A-AE, A-AE,
where
B: constant which is often assumed as 26 mV [Andrade & Gonzalez, 1978],
M: molecular weight of metal (M = 56 g/mol for Fe),
p: specific density of metal (p = 7.85 g/cm’ for Fe),
z: number of ionic charges (z = 2 for Fe),
F: Faraday constant (¥ = 96480 C/mol or A-s/mol),
Iy polarisation current, often in pA,
A: polarisation area, often in cm?, and
AE,: polarisation potential, often in mV.

All the above constants can be replaced with a new constant C = 302 [(um/yr)-(mV-cm?/pA)],
resulting in a dimension of um/yr for X, if the values of polarisation current 7,,, polarisation
area 4 and polarisation potential AE,, have the dimensions pA, cm” and mV, respectively.

In this new technique, the effective polarisation current 7, is calculated from the imposed
galvanostatic current and the mathematic modelling for a single steel bar, and the polarisation
potential AE, is obtained from the polarisation curve [Tang, 2002c]. In real reinforced
concrete structures the reinforcement bars are, however, connected each other. When the
electrical current is imposed to the sensor (electrodes unit), which is placed on the concrete
surface above the localised bar, the current will not only flow to the localised bar, but also
partly flow through the concrete to the adjacent steel bars. Although it is difficult to exactly
quantify how much amount of current flowing to the adjacent bars, it is reasonable to assume
that this “bypassed” current is related to the size of sensor, conductivity of concrete, corrosion
condition and distance between steel bars. Thus for a reinforcement network as shown in
Figure 2.2, the following equation was proposed for calculating the effective area of
reinforcement, A4, to which the polarisation current has flowed:

b L
A:Lp.n.[nLDL[HO‘ SJ+nTDTB } (2.2)
dL dT

where L, is the specified polarisation length, 7 is the number of steel bars that are bandaged
together, D is the diameter of steel bars, d is the distance between steel bars, b5 and L; are the
apparent wideness and length of the sensor, respectively, and o and [ are coefficients, whose
values are dependent on the number of adjacent bars, the conductivities of concrete and
surface film of steel. In most cases o = 3 = 2. The subscript “L” and “T”” denote longitudinal
and transverse direction of steel bars, respectively.

Since the ohmic resistance, Rq, can also be obtained from the galvanostatic pulse, the
resistivity of concrete cover can be estimated by the following equation:

(Asp + A)
2l

C

P =Ry - (23)
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where 4, is the area of moist sponge in connection between the sensor and the concrete
surface and /; is the thickness of concrete cover.

Figure 2.2: Illustration of reinforcement network in a real concrete structure

3 Effect of moisture on the corrosion measurement

3.1 Concrete slabs embedded with steel bars

Concrete slabs of size 250 x 250 x 70 mm with w/c 0.5 and with different chloride
introductions (0%, 1.5%, 3% and 6 % by mass of cement), were used in the study. Each slab
was embedded with two cool-drawn carbon steel bars of diameter 10 mm, in parallel
positioned in the centre portion of each slab at the mid-height (about 35 mm), with a space of
100 mm between each other, as shown in Figure 3.1.

The concrete slabs were manufactured in 2001 for a Nordtest project [Tang, 2002b] and a
previous SNRA (Vigverket) project [Tang, 2002c]. Some of concrete slabs with 0% chloride
introduction were subjected to the chloride migration test under the external electrical field in
order to initiate corrosion. Most of the slabs were stored in plastic boxes with water, while
some of them were, however, exposed to the indoor air with occasional wetting. Some slabs
have only a half part with one steel bar left while another half part was sawn away for the
other uses (education, exhibition, destructive test, etc.).

In order to keep the similar conditions for the measurements, all the slabs were dried in the

indoor climate for about two month. Afterwards they were subject to wetting-drying cycles at
different intervals (3 days and 6 days).
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10 mm steel

70 mm

Figure 3.1 Illustration of concrete slabs with two embedded steel bars.

3.2 Corrosion measurement

The corrosion conditions in each steel bar were measured using the RapiCor handheld
instrument, which records three parameters, that is, corrosion rate, half-cell potential and
resistivity. Detailed measurement procedures were in accordance with the instruction manual
(Appendix A). An example of the measurement is shown in Figure 3.2.

Figure 3.2 Example of the corrosion measurement on the concrete slab.

3.3 Classic resistivity measurement

In order to compare the resistivity measured by the RapiCor, a classic method with two plates
as shown in Figure 3.3 was employed. The resistivity was calculated from equation (1):

oo A[Us _Un) (1)
L Ul U10
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where:
p: resistivity of concrete, in kQ2-cm,
A: Test area of the specimen, in cm?,
L: thickness of the specimen, in cm;
Reer: reference resistor, Ri.f = 0.100 kQ in this study,

Ui, Uy:  absolute value of the potential drop across the reference resistor and the
specimen (including sponges), respectively, in mV, and

Uio, Uso: absolute value of the potential drop across the reference resistor and the
sponges (without the specimen), respectively, in mV.

Stainless steel plates

Weight ~10 kg
J @
Wet Concrete slab
sponge R = 100 Ohm
U, ~ (>5W)
20V ~
O

Figure 3.3 Illustration of the classic resistivity measurement.

3.4 A non-invasive measurement of resistivity

The corrosion measurement by the RapiCor at the present requires the connection with the
reinforcement network, implying that at least one hole in the concrete structure should be
drilled in order to connect to the reinforcement bar. Although there are some commercially
available instruments for non-invasive resistivity measurement based on the Wenner four-
point method, it is more practical for an inspector to use the same apparatus if a non-invasive
technique can be incorporated in the RapiCor instrument for the measurement of resistivity as
a preliminary assessment of corrosion risk. Owing to the structural limitation, it is difficult to
use the Wenner four-point principle in the RapiCor. Therefore, a three-point method was
considered as shown in Figure 3.4. The RapiCor sends a pulse of galvanostatic current / to the
concrete from the electrode A to the electrode B. The reference electrode RE at the centre
measures the initial potential of response. This potential should be related to the resistivity of
concrete in the near surface zone, as expressed in equation (3.2).

U

=k-— 3.2
P ] (3.2)
where:
k: correlation factor,
U: initial potential measured by the reference electrode RE, and
I galvanostatic current.
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Figure 3.4 Illustration of the three-point resistivity measurement.

35 Results from the corrosion measurement

The results from the corrosion measurement are summarised in Figures 3.5.1 to 3.5.9. It can
be seen from Figures 3.5.2 - 3.5.3, 3.5.5 - 3.5.6 and 3.5.8 - 3.5.9 that the resistivity of concrete
and half-cell potential of steel were apparently changed with the wetting-drying cycles, while
the changes in corrosion rate (Figures 3.5.1, 3.5.4 and 3.5.7) seem not exactly to follow the
wetting-drying cycles. When the corrosion rate is in the moderate level (5~10 um/year) to the
high level (>10 pm/year), the wetting-drying cycles will not result in the change in corrosion

level.
100
—B—Mix0-3V,
0% Cl
E —o6—Mix0-3H,
% 10 1 0% Cl
< Moderate
= —&—Mix60-3V,
= 6% Cl
1)
S 1 Low —A— Mix60-3H,
= Negligiblew 6% ClI
O o i f
0.1 T T T A4 T LY T LY | J A4
NSO N RN S ST SN C
) .QQ ‘Q\Q’ TN .QQ) .(\Q) ‘(\Q) .(\Q .(\Q) .QQ) TN .QQ)
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Figure 3.5.1 Corrosion rate of steel bars in concrete without chloride (0%) and

with 6% introduced chlorides.
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Figure 3.5.2 Half-cell potential of steel bars in concrete without chloride (0%)

and with 6% introduced chlorides.
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Figure 3.5.3 Resistivity of concrete without chloride (0%) and with 6%

introduced chlorides (measured by the RapiCor).
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Figure 3.5.4 Corrosion rate of steel bars in concrete with 1.5% and 6%
introduced chlorides, respectively.

0
—B— Mix15-3V,
0
100 1.5% CI
[N}
0 —o—Mix15-3H,
S 200 1.5% ClI
e
= .
= —6—Mix30-9V,
g 300 3% Cl
2
o -400 —A— Mix30-9H,
t‘f 3% Cl
@
* 500 -
-600
B I T T S S S S X R S
Q $® &Q/ &QJ &Q/ Q\ Q\ Q\ <)K &Q/ &QJ &Q/

Figure 3.5.5 Half-cell potential of steel bars in concrete with 1.5% and 6%
introduced chlorides, respectively.
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Figure 3.5.6 Resistivity of concrete with 1.5% and 6% introduced chlorides,
respectively (measured by the RapiCor).
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Figure 3.5.7 Corrosion rate of steel bars in concrete with initiated corrosion by
chloride migration test.
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Figure 3.5.8 Half-cell potential of steel bars in concrete with initiated corrosion
by chloride migration test.
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Figure 3.5.9 Resistivity of concrete with initiated corrosion by chloride migration
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3.6 Results from different resistivity methods

Figure 3.6.1 shows the comparison between the resistivities measured by the RapiCor and the
classic method, indicating that the resistivity measured by the RapiCor is reasonably
comparable with the classic method.

In calculation of the resistivity by the three-point method, the constant £ = 21 was adopted as
the first trial. Figure 3.6.2 shows the comparison between the resistivities measured by the
RapiCor and the three-point method. When a constant current of 10 mA was used, the slope is
1.085, implying that the actual k value should be a little smaller than 2. While when a
constant current of 50 mA was used, the slope is 0.995, very close to 1, implying that the
actual k value is close to 2m. Probably a larger current gave a higher potential response,
resulting in a better correlation to the resistivity measured by the RapiCor.

1000

* Mix0-3
= Mix60-3
A Mix60-10
X Mix30-9
;%8 o X Mix30-10
e 2@ ; ® Mix15-3
' o Mix15-4
- MixOE-1
MixOE-2
< MixOE-3
0 MixOE-4
A Mix60-9
X Mix0-4

100

=
o

Resistivity by RapiCor, kOhm-cm
o]
=

1 . .
1 10 100 1000

Resistivity by Classic method, kOhm-cm

Figure 3.6.1 Comparison between resistivities measured by the classic method
and the RapiCor.
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Figure 3.6.2 Comparison between resistivities measured by the three-point
method and the RapiCor.

3.7 Relationship between corrosion rate and resistivity

Figure 3.7.1 shows the relationship between corrosion rate and resistivity measured by the
RapiCor and the three-point method. It can be seen that when the measured resistivity is
higher than 80-120 kOhm-cm, the corrosion rate is under 1 pm/year (negligible level). On the
other hand, a low resistivity does not always mean a high corrosion rate, because the steel bar
in a wet concrete with low resistivity may not necessarily have corrosion if there is no
chloride around the bar. This means that the resistivity can only be used as a supplementary
parameter, but cannot be directly used for assessment of corrosion. Therefore, the resistivity
of 100 kOhm-cm in the assessment of corrosion level is a reasonable criterion.
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Figure 3.7.1 Relationship between corrosion rate and resistivity measured by the

the RapiCor and the three-point method.

Preparation for the field application by the potential users

Further development of the instrument

From the experience after several cases of application of the previous prototype of the
handheld instrument, it was realised that further development of the instrument was needed in
order to manufacture new prototypes of the instrument for use in this project. In the new
prototypes the following improvements were made:

New design of the electrodes units with the possibility to use either simple or more
accurate reference electrode. The previous RapiCor used a simple reference electrode
only. From the experience it was found that the simple reference electrode is not so
stable and can change 20 to 50 mV during the use. This potential shift is a slow
process and, therefore, does not affect the corrosion rate measurement (in a few
seconds) but will affect the value of half-cell potential. Therefore, it needs frequent
calibration in order to assure the accuracy of the half-cell potential measurement. With
the new design, the more stable gel type of reference electrode can be used in the
measurement. Thus the measurement quality can be improved. Two types of the
electrodes unit are shown in Figure 4.1.

New design of PCB (printed Circuit Board) taking into account shielding of signal
wires in order to improve signal-noise ratio. It was found that the electrical noise in
the previous apparatus is not ideally low, probably due to the interference of the
electrical-magnetic field around the wires receiving and amplifying the signals.
Software improvement and debugging in order to find the possible problems in the
previous software for handling the signals. It was found that in some special cases the
polarisation curve from the previous apparatus looks strange. Sometimes part of the
initial curve is cut off, while sometimes there is a sudden lift at the initial point, the
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former will result in underestimation of corrosion rate while the latter overestimation
of corrosion rate. Possible reasons might be the inhomogeneous resistivity of concrete
and non-ideal depolarisation of steel bars, which shifted the compensation potential
based on the ideal model. A solution has been found and the improvement of software
was made taking into account the non-ideal reality.

Figure 4.1 Type S (left, previous) and Type R (right, new) electrodes unit.

4.2 Training of the potential users for bridge inspections

In order to train the potential users of the RapiCor instrument for application in the bridge
inspections, a two-half-day course was arranged at the CBI in Stockholm 2-3 June 2008. 10
persons including six from the Véagverkt Regions of Southeast, Milardalen, Middle and
Stockholm, and 4 from the CBI Stockholm. A reinforced concrete beam of 2400x30x30 mm
was used as an example of a real size concrete structure. Local corrosion on the steel bars in
the beam was induced in advance, by drilling a hole close to the steel bars and filling
concentrated NaCl solution in it. The course included three parts: fundamental theory of steel
corrosion in concrete, techniques of corrosion measurement with focus on the RapiCor, and
practical operation of the instrument.

4.3 Delivery of the RapiCor instrument

In July-September 2008, three copies of the RapiCor instrument were delivered to three
potential users including Vigverket Region Milardalen in Eskilstuna, Vigverket Region
Southeast in Linkdping, and KFS Anldggnings Konstruktorer AB in Stockholm. CBI kept two
copies for its own use and further development.

For those who did not participate the course given in June 2008, a short training was arranged
in the field to help the users in starting the use of the instrument.
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5 Field evaluation of the RapiCor

51 Assessment of corrosion level

From the previous investigations it has been shown that, among the three parameters
measured by the RapiCor, the corrosion rate correlates best to the actual chloride content in
concrete near reinforcement steel, as reported by Tang & Malmberg (2005) and Tang &
Utgenannt (2007). It has, therefore, been suggested to take corrosion rate as main parameter,
and take half-cell potential and resistivity as complementary parameters in the assessment of
corrosion level. The criteria of each parameter, especially resistivity, may be dependent on the
type of concrete structures, the surface treatment and the weather when the measurement is
carried out. An example of criteria is shown in Table 5.1.1.

Table 5.1.1 Example of criteria for classification of corrosion level

Corrosion level |Corrosion |Half-cell |Resistivity |Criteria
rate potential | [kOhm-cm]
[pm/yr] | [mVicsp)]
1 Negligible |<Xp - - Xo =1 pm/yr
XL~ Xum > FE > Per Xpm=3~5 pm/yr*
2 Low XL~ Xum <E. < Per Xi =10 um/yr
XM ~ XH > Ecr > Per Ecr =-200 mV(CSE)
3 Moderate | Xum ~Xgu <FE. < Per Per = 100 ~ 120 kOhm-cmT
> XH > Ecr > Per
4 ngh > XH < Ecr < Per

* 3 for average measurement and 5 for single measurement.
1 depending on the type of concrete, surface treatment, weather, etc.

According to Table 5.1.1, the parameter corrosion rate is used for primary classification. If the
two complementary parameters are not lower than the criteria for possible corrosion, the
corrosion condition will be classified as one level lower. For example, if the corrosion rate is
>10 pum/yr corresponding to “high”, but the half-cell potential is higher than -200 mV CSE or
the resistivity is larger than 100 kOhm-cm, the corrosion level will be classified as
“moderate”. In this way the assessment would be safer than that based on only one parameter,
considering the complication of reinforcement corrosion in the real structures.

In the field evaluation in this project, the above criteria were primarily used by taking Xy = 5
um/yr (as for single measurement) and p.; = 100 kOhm-cm. In such a way, a colour scale for
each parameter can been shown in a cell of the MS Excel worksheet with the measurement
value, as shown in Figure 5.1.1 as an example.

Corrosions rate Half-cell potential Resistivity Corrosion
pm/year MVese kOhm-cm Index
Xeort 1 Negligible =" 200 Low possibility  po>= 500 Very dry 1 Negligible
— 2 L
<= 5 Low >= -350 Uncertain >=_100 Moderate dry o

= moi 3 |Moderate
<=| 10 Moderate -High possibility -Very oist
High -Hi h
- 9 9
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Figure 5.1.1 Colour scale of each parameter with various criteria.

In the following sections the results from field evaluation reported by KFS, CBI in Stockholm
and Vigverket Region Mélardalen are presented. Although a prototype of the RapiCor
instrument has been delivered to Vigverket Region Southeast, due to the lack of personnel,
there is no any evaluation nor report from it.

5.2 Evaluation by KFS

KFS conducted a survey on two concrete bridges, one over Boo-Stranvig at Gustavsvik,
numbered as 2-583-1, and another over the local road south Vikdalen in Nacka, numbered as
2-723-1. In the later case the measurement was carried out twice.

Bridge 2-583-1

A view of Bridge 2-583-1 is shown in Figure 5.2.1. The bridge was built in 1978 with a span
of 13 m and wideness of about 28 m. The measurement was carried out on the west front wall
between 15 and 20 m from the north end, at the height of 0.2, 0.5 and 1 m from the ground.
The measurement positions and results are shown in Figure 5.2.2.

It can be seen from the results that the values of half-cell potential are in general very
negative, implying very high possibility of active corrosion, but the values of resistivity are in
general very high and the values of corrosion rate are almost zero, implying dry concrete
without corrosion. The results of half-cell potential are contradictory to those of the other two
parameters. Possible reason is the poor connection of the black cable to the reinforcement
steel network.
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Figure 5.2.1 View of Bridge 2-583-1 from the north.
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Figure 5.2.2 Measurement positions and results from Bridge 2-583-1.

Because of problems in connecting the black cable to the rebar only one of the three
measurements, reasonable results (see Figure 1 and 2). CPMP has expressed some views on
the kit packaging. of equipment for while the other two measurements.

Bridge 2-723-1

A view of Bridge 2-723-1 is shown in Figure 5.2.3. The bridge was built in 1967 with a span
of 12 m and wideness of about 38 m. The space under the bridge has been used for storage of
sand containing de-icing slat and some delaminations were found on the lower part of the
front wall from the ground up to about 0.5 to 1 m.

The measurement was carried out twice at the same positions on the west front wall (Figure
5.2.4) from the north end to a length of 18 m at an interval of 2 m, at the height of 1 and 2 m

from the ground. In the first measurement the black cable was connected to an exposed steel
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bar as shown in Figure 5.2.5 and in the second measurement the black cable was connected to
the bolt which was supposed to be in contact with the steel network through a drilling hole
(Figure 5.2.6). The measurement results are shown in Figures 5.2.7 and 5.2.8.

Figure 5.2.3 View of Bridge 2-723-1 from the north.
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Figure 5.2.4 Corrosion measurement on the west front wall of Bridge 2-723-1.

Figure 5.2.5 Black cable connection in the first measurement.

Figure 5.2.6 Black cable connection in the second measurement.
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Corrosions rate, um/year
2.1 2.2
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Figure 5.2.7 Results from the first measurement on the front wall of Bridge 2-723-1.

Corrosions rate, um/year

Half-cell potential, mVcse
-340 -295
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Corrosion index
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Figure 5.2.8 Results from the second measurement on the front wall of Bridge 2-723-1.

It can be seen that the results from the two measurement are not comparable. In the second
measurement the values of half-cell potential were generally low and the values of resistivity
were generally high, while the values of corrosion rate were in most cases close to zero, very
similar to what happened in Figure 5.2.2. Possible poor contact between the bolt and the steel
network could be an explanation. The experience from the above measurements pointed out
the importance of a good contact between the bolt and the steel network. This can be achieved
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by checking the ohmic resistance between two bolts as suggested in the instruction manual, or
in the above case, checking the ohmic resistance between the bolt and any of the exposed steel
bars.

Nevertheless the results in Figure 5.2.7 revealed a reasonable map of the corrosion condition
on the west front wall. The delamination was observed near the measurement position 10 m at
the height of 1 m, where the corrosion index is 4 (high corrosion) as shown in Figure 5.2.7.

5.3 Evaluation by CBI Stockholm

Under the period of this project, SP Concrete and Materials group became merged with
previous CBI and formed a new CBI Betonginstitutet in 2008. Although the staff at CBI
Stockholm and CBI Borés (previous SP Concrete and Materials group) nowadays belongs to
the same research institute, the persons at CBI Stockholm who carried out the field evaluation
have the similar knowledge of the RapiCor as the other users. Therefore, their field evaluation
can be also representative as ordinary bridge inspectors.

5.3.1  Description of the structures inspected

Totally 7 bridges around Stockholm region were inspected, as listed in Table 5.3.1. The
information about concrete used in each structure was taken from available drawings or
documents. After the corrosion measurement by the RapiCor some cores of diameter 50-80
mm, depending on the size of reinforcement, were taken from each structure inside the
measurement area at the positions with different corrosion levels were detected by the
RapiCor. It was planed that, when sampling the cores, at least one of the cores from each
structure should contain reinforcement steel. These cores were used in the laboratory for
analysis of chloride content at the depth where the reinforcement steel lay and also for
measurement of carbonation depth. The steel bars taken from the cores was visually examined
for their actual corrosion condition. It should be noticed that the visual examination on the
steel bars taken from the cores can only be conditionally used for verification of the results
measured by the RapiCor. Depending on the size of grid in the corrosion measurement, the
point measured by the RapiCor represents the corrosion condition in the area around the
measurement point. This means that the area of size at least similar to the measurement grid
should be exposed for visual examination in order to make a reliable verification. With a
single core, if the visual corrosion is found in the steel bar taken from the core this
observation can be used for verification of the result measured by the RapiCor, while if no
corrosion is found in the steel bar taken from the core this observation may be used for
verification of passive results, but not for verification of depassive results measured by the
RapiCor.

In the examination of the measurement results it was found that the results from Bridges 1 and
4 were more or less similar to those in Figures 5.2.2 and 5.2.8, that is, zero corrosion rate,
very negative half-cell potential and very high resistivity, implying possible poor connection
of the black cable to the reinforcement steel network. Therefore, the results from these two
bridges are not presented in the following sections.

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport



27 (88)

Table 5.3.1 Bridge structures inspected by CBI Stockholm

Bridge 1
Structure part
Built year
Concrete

Observations
Carbonation depth

Bridge 1-189-1

Southeast retaining wall

1969

Class I STD, K350, consistence T, water tight, entrained air 4-6%,
reinforcement Ks40

Vertical crack though the wall about 2 m in the measurement area
~ 5 mm

Bridge 2
Structure part
Built year
Concrete

Observations

Carbonation depth

Bridge over local road Lilla Frescatividgen

Abutment

1970

Class I STD, K300, consistence T, entrained air 4-6%,
reinforcement Ks40

Surface treated by impregnation, possibly some type of graffiti-
protection, no damage observed

~ 5 mm

Bridge 3 | Bridge over pedestrian/bicycle road about 1 km from Ulriksdals
Slott in Solna
Structure part | Wing wall
Built year | 1967
Concrete | Class I STD, K300, consistence T, water tight, reinforcement Ks40
Observations | None
Carbonation depth | ~ 10 mm
Bridge 4 | Bridge over pedestrian/bicycle road and traffic lines at meeting
place Ulriksdal in Solna
Structure part | Wing wall
Built year | 1969
Concrete | Reinforcement Ks40
Observations | None
Carbonation depth | ~ 8 mm
Bridge 5 | Bridge over Alkist channel by Alkistan Lake
Structure part | Edge beam
Built year | 1967
Concrete | Class I STD, K300, consistence P, water tight, entrained air 3.5%,
reinforcement Ks40
Observations | Delaminations on vertical side
Carbonation depth | ~ 3 mm
Bridge 6 | East bridge of the Grondal bridge
Structure part | Abutment
Built year | 1967
Concrete | -
Observations | Local delamination/spalling, part of surface treated by
impregnation/graffiti-protection
Carbonation depth | ~ 10 mm
Bridge 7 | Bridge over pedestrian/bicycle road at meeting place Fredhill
Structure part | Wing wall
Built year | 1966
Concrete | -
Observations | Local spalling, part of surface treated by impregnation/graffiti-

Carbonation depth

protection
~3 mm
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5.3.2  Results of corrosion measurement by the RapiCor

Bridge 2 — Abutment of the bridge over local road Lilla Frescativagen

A view of the measurement area on the abutment of Bridge 2 is shown in Figure 5.3.1 and the
measured results are shown in Figure 5.3.2. It can be seen that the reinforcement steel in the
structure is under the condition of high corrosion. Three cores were taken from positions
L1M4, L1MS5 and L1M6. Only one steel bar was found from the core taken from L1M4.
According to the results from the chloride analysis (see section 5.3.7) the chloride content at
the depth of steel bar is 0.63-1.0 % mass of cement. Although no corrosion was found on the
steel bar in one of the drilled cores and no damage was observed in the real structure, the high
chloride content is in agreement with the results from the RapiCor measurement, that is, the
steel in the concrete is at the high risk of corrosion.

Figure 5.3.1 View of the measurement area on the abutment of Bridge 2.

Corrosions rate, um/year Resistivity, kOhm-cm
M1 M2 M3 M1 M2 M3 M4 M5 M6

115 103

Half-cell potential, mV g Corrosion index
M1 M2 M3 M4 M5 M6

M1 M2 M3 M4 M5 M6
L1 L1 3 2 3

L2 -303 -312 -342 L2 3
L3 -279 -274 -306 -283 -323 -294 L3] 3
L4 -225 | -199 -229 -256 -279 -249 L4 3

3
3

1 1

Figure 5.3.2 Results from the RapiCor measurement on the abutment of Bridge 2.
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Bridge 3 — Wing wall of the bridge over pedestrian/bicycle road about 1 km from Ulriksdals
Slott in Solna
A view of the measurement area on the wing wall of Bridge 3 is shown in Figure 5.3.3 and
the measured results are shown in Figure 5.3.4. It can be seen that the reinforcement steel in
the structure is generally under the condition of low corrosion, with a few measurement point
showing moderate to high corrosion. Three cores were taken from positions L1M1, L3M1 and
L3M2. The chloride content at the depth of steel bar is 0.19-0.42 % mass of cement. No
corrosion was found on the steel bars in two of the drilled cores and no significant damage
was observed in the measurement area of the real structure. The chloride content is close to
the threshold value (if 0.4 % mass of cement is assumed) for depassivation of steel in
concrete. This is reasonably in agreement with the results from the RapiCor measurement.

Figure 5.3.3 View of the measurement area on the wing wall of Bridge 3.
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Figure 5.3.4 Results from the RapiCor measurement on the wing wall of Bridge 3.
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Bridge 5 — Edge beam of the bridge over Alkist channel by Alkistan Lake

A view of the measurement area on the wing wall of Bridge 5 is shown in Figure 5.3.5 and
the measured results are shown in Figure 5.3.6. It can be seen that the reinforcement steel in
the lower part of the beam is under the condition of higher corrosion than that in the upper
part. Three cores were taken from positions L1M3, L2M2 and L2M4. The chloride content at
the depth of steel bar in the cores taken from the lower part is 0.81-1.1 % mass of cement and
in the core taken from the upper part is 0.32 % mass of cement. Superficial to severe
corrosion was found on the steel bars in all the three drilled cores (Figure 5.3.7) and
delamination damage was observed in the real structure. This means that the results from the

RapiCor measurement is in good agreement with the reality.

Figure 5.3.5 View of the measurement area on the edge beam of Bridge 5.
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Figure 5.3.6 Results from the RapiCor measurement on the edge beam of Bridge 5.
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Figure 5.3.7 Corrosion on the steel bars in cores L2M2 and L2M4 drilled from Bridge 5.

Bridge 6 — Abutment of the east bridge of the Gréndal bridge

A view of the measurement area on the abutment of Bridge 6 is shown in Figure 5.3.8 and the
measured results are shown in Figure 5.3.9. It can be seen that the reinforcement steel in the
right part of the structure is under the condition of high corrosion but not in the left part. In
this structure two cores were taken from the right part (positions LIMS and L4M6) and two
from the left part (positions L1M2 and L3M3). The chloride content at the depth of steel bar
in the cores taken from the right part is 0.80-2.18 % mass of cement, while in the cores taken
from the left part is 0.16-0.32 % mass of cement. Superficial to moderate corrosion was found
on the steel bars in the cores drilled from the right part but no corrosion was found on the
steel bars in the cores drilled from the left part (Figure 5.3.10). Delamination damage was
observed in the real structure. This again verifies that the results from the RapiCor
measurement is in good agreement with the reality.
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Figure 5.3.8 View of the measurement area on the abutment of Bridge 6.
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Figure 5.3.9 Results from the RapiCor measurement on the abutment of Bridge 6.

Figure 5.3.10 Corrosion on the steel bars in cores LIM5 and L4MG6 drilled from Bridge 6.

Bridge 7 — Wing wall of the bridge over pedestrian/bicycle road at meeting place Fredhéll
A view of the measurement area on the wing wall of Bridge 7 is shown in Figure 5.3.11 and
the measured results are shown in Figure 5.3.12. In this structure four cores were taken from
positions L2M1, L3M1, L3M3 and L4M4, where no or little corrosion (index 1-2) was
detected by the RapiCor. Very superficial corrosion was found on the steel bar in the core
taken from L4M4 (corrosion index 2), while no corrosion could be observed on the steel bars
from the other cores (Figure 5.3.13). No visible damage was observed in the measurement
area although there was some local spalling on the upper part of the structure, as can be seen
in Figure 5.3.11.
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Figure 5.3.11 View of the measurement area on the wing wall of Bridge 7.
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Figure 5.3.12 Results from the RapiCor measurement on the wing wall of Bridge 7.
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Figure 5.3.13 Superficial corrosion on the steel bar in core L4M4 drilled from Bridge 7.

5.3.3  Summary of the results from the cores taken from the structures

The cores taken from the structures were transported to the CBI laboratory in Stockholm for
analysis of chloride content, measurement of carbonation depth and visual examination of
steel bars in the core for their actual corrosion condition.

Chloride analysis

Approximately 5 mm thick disc was cut from each core at the depth as shown in Figure
5.3.14. The discs were dried at 105 °C and ground to powder. The chloride content and
calcium content in each powder sample were determined by a well-established method at CBI
Stockholm. The cement content in the sample was estimated from the calcium content
assuming 65 % CaO in cement.

Core with steel bar Core without steel bar

5 mm at the depth of
cover measured in-situ

5 mm

) )
N N
O
N

NS

Figure 5.3.14 Schematic of sampling position for chloride analysis.

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport



35 (88)

Carbonation depth
The carbonation depth in each core was measured in accordance with EN 12690-2.

Degree of corrosion in the visual examination
In the visual examination the corrosion condition of steel bar was classified by an index called
“degree of corrosion”, as exampled in Table 5.3.2.

Table 5.3.2 Classification of the degree of corrosion

Degree of corrosion Example
RO '

Remarks
No visible corrosion

R1 Small rust spots on the ribs,
superficial corrosion, or
only yellow colour on the

reinforcement surface

R2 Significant rust spots on the
ribs and reinforcement
surface, < 1 mm severe rust
spots, or general corrosion

with poor bond

R3 Disappeared ribs due to
corrosion, or severe rust
spots about 1 mm deep on

half or entire curved surface

R4 Disappeared ribs due to
corrosion and severe rust
spots deeper than 1 mm on

half or entire curved surface
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Summary of the results

The results of chloride content, carbonation depth and degree of corrosion from each core are
summarised in Table 5.3.3, where the corrosion index measured by the RapiCor is also listed
for comparison. As a comparison, the relationship between corrosion index and chloride
content is shown in Figure 5.3.15. It can be seen that, in the most of positions where the
RapiCor detected corrosion (index > 2), the chloride content was higher than the critical value
(0.4 % mass of cement).

Table 5.3.3 Summary of the results from each core

Bridge Position | Corrosion | ClI" % of | Carbonation | Degree of | Cover
index cement | depth (mm) | corrosion (mm)

Bridge 1 LIMI1 * 0.60 5 R3 30
Bridge 1 L1M3 * 0.10 5 RO 30
Bridge 1 L1M4 * 0.16 5 RO 32
Bridge 1 L2M2 * 0.08 5 RO 29
Bridge 2 L1M4 3 0.63 5 RO 50
Bridge 2 L1IMS5 2 1.00 5 -

Bridge 2 LIM6 3 0.67 5 -

Bridge 3 LIM1 3 0.20 10 RO 50
Bridge 3 L3M1 3 0.42 10 RO 25
Bridge 3 L3M2 2 0.19 10 RO 19
Bridge 4 LIMI1 * 0.08 8 RO 43
Bridge 4 LIM2 * 0.21 8 RO 45
Bridge 4 L3M1 * 0.47 8 RO 43
Bridge 5 L1M3 3 0.32 3 R1 50
Bridge 5 L2M2 3 1.10 3 R1 20
Bridge 5 L2M4 2 0.81 3 R3 20
Bridge 6 L1M2 3 0.30 10 RO 25
Bridge 6 L1IMS5 3 0.80 10 R1 25
Bridge 6 L3M3 2 0.16 10 RO 30
Bridge 6 | Lavc [N 218 10 R2 32
Bridge 7 L3M1 2 n.d. 3 RO 20
Bridge 7 L3M3 1 n.d. 3 RO 38
Bridge 7 L4AM4 2 n.d. 3 R1 30

* Not relevant due to possible poor connection
n.d. — not determined
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Figure 5.3.15 Relationship between corrosion index by the RapiCor and chloride
content in concrete

5.4 Evaluation By Vagverket Region Malardalen

Two students at Linkoping University carried out the field evaluation through their
examination work with Vigverket Region Milardalen in Eskilstuna [Lind & Wikslund,
2010]. In the beginning of their work, a special training was arranged for them to learn the
fundamental knowledge and proper use of the RapiCor instrument. The importance of good
connection between the black cable and steel network has been emphasised in order to avoid
the poor connections as happened in the previous cases.

They inspected 12 bridge structures in this region and four of them were selected for
presentation in their bachelor thesis. The following sections are based on their thesis [Lind &
Wikslund, 2010].

5.4.1 Measurement on the southern bearing seat of Bridge 19-388-1

The bearing seat is on the southern side of Bridge 19-388-1 in Koping. During the inspection
it was discovered that the transition structure between the roadway and bridge deck is broken.
Consequently dirt and salt water was leaked down on the bearing seat, initiating severe
corrosion of reinforcement steel in the concrete and resulting spalling, as can be seen in
Figure 5.4.1. In order to determine the extent of reinforcement corrosion inside the concrete
from the visible damage, a mapping was carried out using the RapiCor.
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Figure 5.4.1 Spalling on the southern bearing seat of
Bridge 19-388-1 [Lind & Wikslund, 2010]

Measurement

The measurement was carried out on the wall of the bearing seat with a line (L) of
measurement every meter from east to west. The leak is positioned between Lines 9 and 11.
The first measurement was made to locate approximately where the corrosion started, then a
more precise measurement was made on each vertical reinforcement bar between Lines 7 and
12 as lined in the first measurement.

Weather conditions
Under the first measurement (20™ April, 2010): Relative humidity about 20 %, temperature

about 10 °C, no raining days before the measurement

Under the second measurement (30" April, 2010): Relative humidity about 50 %, temperature
about 16 °C, twice shower of rain of 1-1.5 mm during the two days before the measurement

Measurement results
A wide view of measurement area is shown in Figure 5.4.2 and the measured results are
shown in Figures 5.4.3 to 5.4.6.

L7-Stora / L1-Lilla L12-Stora / L13-Lilla
Ty

i
g_:

Figure 5.4.2 A wide view of the measurement area on the southern bearing seat
of Bridge 19-388-1 [Lind & Wikslund, 2010] (Stora= Lines in the I*

. . . d
measurement; Lilla = Lines in the 2" measurement)
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44

5 | 66
5,7 - 89 31 21

L3 L4 L5 L6 L7

M1 04 03 05 42 32 32
M2 32 101 13 09 12 38
M3 111 19 oo RN 2
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M5 48 17 |1 08 | 19 33

M6 02 08 04 2 -

From 2nd measurement
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Figure 5.4.3 Map of corrosion rate [um/yvear] on the southern bearing seat of
Bridge 19-388-1, based on [Lind & Wikslund, 2010]
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-296 -29  -311  -307
-336 -317  -338  -327

From 2nd measurement

Figure 5.4.4 Map of half-cell potential [mVcsg] on the southern bearing seat of
Bridge 19-388-1, based on [Lind & Wikslund, 2010]
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Figure 5.4.5 Map of resistivity [kOhm-cm] on the southern bearing seat of Bridge
19-388-1, based on [Lind & Wikslund, 2010]
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Figure 5.4.6 Map of corrosion index on the southern bearing seat of
Bridge 19-388-1, based on [Lind & Wikslund, 2010]
Comments

It can be seen from the above figures that the results measured on two different days are fairly
comparable. From these two measurements, a rough one to see trends and then a more
elaborated one, it appears a clear border in the maps, where the corrosion is ongoing in the
concrete structure, that is, at L9 of the first measurement and between L5-6 of the second
measurement, about one meter west of the drainage pipe.

The weather seem to have significant influence on the values of half-cell potential and
resistivity (Figures 5.4.4 and 5.4.5), but not much on the values of corrosion rate (Figure
5.4.3), nor on the assessment of areas of ongoing corrosion (Figure 5.4.6). This is in
agreement with the results presented in section 3.5.

5.4.2 Measurement on the eastern front wall of Bridge 19-380-1

From previous inspections by Vigverket corrosion damages were found on the eastern front
wall of Bridge 19-380-1 on Highway E18 over local road 691 by the traffic place Brénsta
outside Hallstahammar. To investigate the reasons to the corrosion damages chloride contents
in concrete were measured on the three lines and at three heights, i.e. 0.1 m, 0.5-0.8 m and 1.5
m above the ground (see Figure 5.4.7 for the sampling positions). From these measured
chloride contents it revealed that the chloride contents at the lower two heights, i.e. 0.1 m and
0.5-0.8 m, exceeded the limit value of 3 % mass of cement as specified by Vigverket.
Therefore, there exists risk or even high risk of corrosion. With this background the RapiCor
was used on this front wall to see if it is in agreement with the results from chloride
measurement.

Measurement

The measurement was carried out over the whole front wall on every other steel bars, that is,
with about 50 cm between each line. On each line 7 points were measured at heights 3.0 m,
23m,1.8m, 1.5m, 1.1 m, 0.7 m and 0.2m above the ground (M1 as the upmost and M7 as
the lowest) in the direction of north to south. The previous sampling positions for chloride
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measurement are near positions L3M4 (9), L3M6 (8), L3M7 (7), L15M4 (6), L15M6 (5),
L15M7 (4), L26M4 (3), L26M6 (2), L26M7 (1).

Weather conditions
The measurement day (6™ May, 2010): Relative humidity about 40-50 %, temperature about
10 °C, no raining days before the measurement

Measurement results

A view of measurement area is shown in Figure 5.4.7 and the measured results are shown in
Figures 5.4.8 to 5.4.11, where previous sampling holes for chloride measurement are marked
with thick black square or rectangular and delamination areas are marked with blue ellipse.

Figure 5.4.7 A view of the measurement area on the eastern front wall of
Bridge 19-380-1 [Lind & Wikslund, 2010]

Shrinkage crack Expansionjoint  Shrinkage crack

11 L2 L3 L4 L5 L6 L7 L8 L9fL10 L11 L12 L13 L14 L15 L16[ L17
R . 18 42 41 26 15 22 23 13 27 21|15
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32 16 17
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31 26 24 35 34 24
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<ia M 15 25 13 3 27 13 16 49 27 33 2339
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D15 M4 24 29 28 26 36 1,9- s |3 28 35 47 29

%’1'1 M5 25 28 11 11 23 12 26

24 31 - 23 43

17 47 49 12 42 13

Figure 5.4.8 Map of corrosion rate [um/year] on the eastern front wall of Bridge
19-380-1 [Lind & Wikslund, 2010].
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Figure 5.4.9 Map of half-cell potential [mVcsg] on the eastern front wall of
Bridge 19-380-1 [Lind & Wikslund, 2010].
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Figure 5.4.10 Map of resistivity [kOhm-cm] on the eastern front wall of Bridge
19-380-1 [Lind & Wikslund, 2010]
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Figure 5.4.11 Map of corrosion index on the eastern front wall of
Bridge 19-380-1 [Lind & Wikslund, 2010]

Comments and concluding remarks

The results measured by the RapiCor are compared with the previously measured chloride
contents, as listed in Table 5.4.1. It appears that the assessments from these two techniques
(The RapiCor and the chloride analysis) are in quite good agreement.
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Table 5.4.1 Comparison between the RapiCor results and the chloride content, based on

[Lind & Wikslund, 2010]

Sample No. Half-cell Risk for Cl" % mass of Comment

potential, mVV corrosion cement
1 (near L26M7) -414mV, Red  High risk 1.013% Red
2 (near L26M6) -373mV, Red  High risk 0.812% Red

3 (near L26M4) -208mV, Low risk 0.163%
Yellow Yellow
4 (near L15SM7) -380mV, Red  High risk 0.887% Red
5 (near L15M6) -261mV, Risk 0.400% Pink
Yellow
6 (near L15M4) -144mV, Green Low risk 0.163%
Yellow
7 (near L3M7) -382mV, Red Moderate-  0.595% Pink
high risk
8 (near L3M6) -328mV, Low risk 0.777% Red
Yellow

In good agreement
In good agreement

In fair agreement

In good agreement

In good agreement
In good agreement
In agreement

Not in agreement*

9 (near L3M4) -139mV, Green Low risk 0.140% Green In good agreement
* The actual chloride sampling was taken in the middle of positions L3M6 and L3M7. Therefore, the

comparison at this point may not be very reliable.

It can be concluded from the corrosion map that, up to and including 0.5 m height of the front
wall is under a condition of rather severe corrosion. From Table 5.4.1 we can assume that this

is caused by road salt that splashed up on the front wall.

From the mapping results we can also see that high corrosion was detected by the RapiCor
specially near the southern opening (right side in the figures) of the front wall, where the salt
water from the highway above has run through drainage channels down to the concrete, which
caused severe corrosion on the entire front wall from the opening to about 2 m inward. To
confirm this, a visual examination was arranged by water-jetting away the cover concrete for
exposure of reinforcement, as shown in Figure 5.4.12, where corrosion attack on the
reinforcement bars can be clearly seen. This is in good agreement with the results measured

by the RapiCor.
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Figure 5.4.12 Reinforcement bars after removal of concrete at the southern
opening of the eastern front wall of Bridge 19-380-1 [Lind & Wikslund, 2010]

5.4.3  Measurement on the underside of the slab of Bridge 19-117-1

The bridge structure inspected is shown in Figure 5.4.13. In the previous inspections some
lime precipitations have been found on the underside of concrete slab of Bridge 19-117-1 in
Hogbyn, V Surahammar. Besides these lime precipitations, no big damage was observed
except that some concrete was dropped off from the underside of the slab with a small area in
the southeastern corner. The bridge was built in 1937 and situated along a road with low
traffic where sand is used as the anti-slipping material. The RapiCor was used to determine if
the lime precipitation was due to leakage in the watertight membrane, and to find out if there
was corrosion due to possible leakage in the slab.

Figure 5.4.13 Concrete bridge 19-117-1 [Lind & Wikslund, 2010] (Left: a view
from side; Right: Lime precipitations underside the bridge slab).
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Measurement

To carry out the measurement a bridge lift was required because there is a river under the
bridge. It was remarkable during the measurement that the there was abundance of lime
precipitations, especially in the northern half part from M 10 towards the northern abutment
widespread from L1-L13. Other areas with large amount of lime precipitations are between
L1-L5 and M1-MS5, and between L9-L.10 and M 1-M4, on the southern side. At points M4-M5
on line 7 concrete was released away. At position LM 12 there was a small superficial
delamination.

Weather conditions
The measurement day (4™ May, 2010): Relative humidity about 20 % and temperature about
10 °C, no raining days before the measurement

Measurement results

The measured results are shown in Figures 5.4.14 to 5.4.17, where the areas of lime
precipitations are marked with thick blue rectangular or square. It can be seen that the areas of
relatively high corrosion risk are related to the areas of lime precipitations. The relatively
positive values of half-cell potential in Figure 5.4.15 may indicate that the corrosion is
possibly induced by carbonation rather than chloride ions. This will be further discussed later.
The low values of resistivity in Figure 5.4.16 indicates that the concrete with lime
precipitations is relatively moist. The map of corrosion index in Figure 5.4.17 indicates no
high risk of corrosion on the reinforcement steel in most part of the slab, but low to moderate
risk in and around the areas of lime precipitations. This should be reasonable for carbonation
induced corrosion, which is a general type of corrosion without pitting.

L11 L12 L13

M15

M14 34 | 71 52 N
M13 53 438 69
M12 75 65 [Nl
M11 92 47 43
M10 13 37 14
M09 59 26 36
M08 1,1 6,2 1
Mo7 17 75 29
M06 31 48 27
Mo5 37 39 35
Mo4 42 | 81 | 25
M03 65 37 23

Mo2
Mo1

Ei - 0,9

6,9 T 34

Figure 5.4.14 Map of corrosion rate [um/year] on the underside of concrete slab
of Bridge 19-117-1 [Lind & Wikslund, 2010].

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport



46 (88)

%

L1 L2 L3 L4 L5 L6 L7 L8 L L10 L11 L12 L13

Figure 5.4.15 Map of half-cell potential [mVcsg] on the underside of concrete
slab of Bridge 19-117-1 [Lind & Wikslund, 2010].

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13

Figure 5.4.16 Map of resistivity [kOhm-cm] on the underside of concrete slab of
Bridge 19-117-1 [Lind & Wikslund, 2010].
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Figure 5.4.17 Map of corrosion index on the underside of concrete slab of Bridge
19-117-1 [Lind & Wikslund, 2010].

Comments and concluding remarks

By analyzing the different parameters related to corrosion, we can see that all parameters
follow the lime precipitations to some extent. The half-cell potential is positive in the middle
of the bridge, but more negative (still with 90 % probability of no corrosion according to
ASTM C876) in the edges. Considering the bridge is 73 years old, carbonation can be a
reason to the generally positive half-cell potential in the central area where it is under the
sheltered condition and the concrete is relatively dry, as also indicated by the map of
resistivity in Figure 5.4.16.

Another possible reason why the half-cell potential was so positive, despite the moderate to
high corrosion rate, could be the micro-cell corrosion on the steel bars in the upper layer,
while we measured the half-cell potential of the steel bars in the lower layer, which
functioned as the cathode in the circuit of macro-cell corrosion. However, this possibility of
macro-cell corrosion should be very low if there is no chlorides in the concrete, because the
upper layer of concrete cannot be more carbonated than the lower layer and the steel bars in
the upper layer should be protected by the alkaline environment.

In order to make sure no chloride in the concrete and the corrosion is induced by carbonation,
measurement of carbonation depth and chloride content in one or two cores can be performed.

5.4.4  Measurement on the edge beams of Bridge 19-386-1

Bridge 19-386-1 on Highway E18 in Visteras (Figure 5.4.18) was built in 1961 and widened
in 1974 when the road was upgraded to highway. The southern edge beam was originally built
and found significantly damaged due to corrosion. The northern edge beam is 13 years
younger than the south and looks, on the other hand, completely undamaged. To see how
much difference between these two edge beams from different ages, their corrosion conditions
were investigated by the RapiCor. An important difference between these edge beams is that
the northern edge beam descends toward the roadway. Except for this difference the two edge
beams were, from the structural view of point, designed in a similar manner with similar
reinforcement in terms of size, number and density of stirrup.
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Figure 5.4.18 A view of Bridge 19-386-1 from the south side
[Lind & Wikslund, 2010].

Measurement

The southern edge beam was significantly damaged hence the measurement was carried out
on all the unexposed steel bars between every stirrups. The Northern edge beam looks much
better. Thus the measurement points were taken between every other stirrups, as shown in
Figure 5.4.19.

Figure 5.4.19 Measurement grids on the southern edge beam (left) and
the northern edge beam (right) of Bridge 19-386-1 [Lind & Wikslund, 2010].

Weather conditions
The measurement day (3" May, 2010): Relative humidity about 15 % and temperature about
14 °C, no raining days before the measurement
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Measurement results
The measured results (corrosion index only) are shown in Figure 5.4.20. The results show that
there is much more severe corrosion in the southern edge beam.

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 L20 L21 L22 L23 L24 L25 L26 L27 L28 L29 L30 L31 L32

L1 L2 L3 L4 LS L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 L17
M1 2 3 1 2 1 1 1 2 2 2 1 1 3 1 2 2! 2
M2 B 3 1 1 & 1 2 3 1 3 1 1 1 1 1 2
M3 B 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1

Figure 5.4.20 Map of corrosion index on the southern edge beam (upper) and
the northern edge beam (lower) of Bridge 19-386-1 [Lind & Wikslund, 2010].
(purple color = exposed steel due to spalling of concrete; gray = attachment for road
signs. The black boxes mark the position of guardrail post down into the edge beam).

Comments and concluding remarks

According to the measurement results it can be concluded that the southern edge beam is in
poor condition, and the northern edge beam is generally in good condition. The 13 years
younger age is one of the reasons to their difference in corrosion conditions. Another reason
could be the fact that the southern edge beam is more exposed to the freezing-thawing
climate, which enhanced the salt water uptake due to freeze-thaw cycles. A big reason why
the northern edge beam is in good condition could be its inward descent which hindered the
deicing salt water from running out through the concrete beam.

6 Conclusions and recommendations

6.1 Conclusions

From the laboratory study presented I n Chapter 3 the following two conclusions can be
drawn:

e Wetting-drying cycles apparently affect the resistivity of concrete and half-cell
potential of steel. Care must be taken in interpreting the values of resistivity and half-
cell potential related to corrosion conditions.

e The corrosion rate measurement seems not significantly affected by wetting-drying
cycles, especially when corrosion is at the moderate or high level, which is more
important for the bridge inspection.

e The RapiCor instrument can be used for the bridge inspection under various weathers
without big problem in the assessment of corrosion conditions.

The results reported by Lind & Wikslund (2010) from Bridge 19-388-1 (measured under the
dry and moist weather) also verified the above conclusions.

From the field evaluation presented in Chapter 5 the following conclusions can be drawn:
e The RapiCor can in general be effectively used in assessment of corrosion conditions
of reinforcement steel in bridge concrete structures with satisfactory precision.
e Good connection between the instrument cable and the steel network must be assured
in order to carry out the reliable measurement.
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e There is a reasonably good correlation between the corrosion index and the chloride
content near the reinforcement steel.
e Carbonated concrete may result in a relatively positive half-cell potential.

6.2 Suggestions

e Although the RapiCor is a rapid method for assessment of corrosion conditions in the
real structures, it still takes much longer time than the conventional visual inspection.
If the budget for bridge inspection is limited to the nowadays level for conventional
visual inspection, it is not possible to include the RapiCor in such a cheap inspection.
Therefore, it is suggested to increase the budget of ordinary inspection in order to
make use of the RapiCor for a more reliable inspection.

e The mapping procedure should be optimised in order to reduce the inspection time.

e The electrodes unit should be designed in such a way that a telescope may be used for
reaching a height of 2-3 m so that the inspection can be carried out by one operator.
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Appendix A Operation manual of the RapiCor

(32 pages including this page)
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1 Introduction

Thank you for choosing RapiCor as your assistant for non-destructive corrosion mapping.
The instrument helps you to assess reinforcement corrosion by means of the corrosion
rate stating how much steel is being dissolved in pm/year (10° mm/year). In addition, the
half-cell potentials of the reinforcement and the resistivity of the cover layer are
simultaneously measured and used as complementary information.

1.1 Principle

The measurement principle is illustrated in Fig. 1.

Results display, data storage/output 4 I
Data treatment Current

Pulse generator | Data acquisition

Lol s \f I

R c t \Mmgg |
Re(l)ndles model On:e 7 ey ICclover
L Tca [ R, Milemebem il e B W ol o
Steel bar

Fig. | — Measurement principle.

The electrode consists of a centre reference Ag/AgCl electrode (RE). Positioned on each
side of the reference electrode is in points the counter electrodes (CE) and the guard
electrodes (GE). With the counter electrodes (CE) a short duration current pulse is
applied towards the reinforcement. The two guard electrodes (GE) help to supply
relatively homogeneous current density over a length of L, of the steel bar.

All electrodes are positioned in a handheld, rectangular shaped handle, 15 cm long and
4x3 cm in cross-section, to be placed on the concrete surface, for accurate readings right
above the embedded steel bar as illustrated above.

A wet sponge is placed on the concrete surface to improve the contact between the
concrete and the electrodes.

The instrument first measures the corrosion potential E.,, by the center reference
electrode and afterwards imposes galvanostatic currents lcg and lgg through the other
electrodes towards the steel bar. The potential response AE is recorded at 0.02 seconds
time intervals for 5 full seconds. The recorded potential-time curve is directly displayed
on the screen of the instrument and is used for calculation of the various parameters, the
resistivity of the concrete cover layer and the corrosion rate of the steel bar below.



The special feature of the RapiCorr is that, based on numerical 2-D FEM modeling of the
current distribution, the effective polarization current |, is obtained by integrating the
current distribution curve through the specified polarization length L,. In addition, the
currents applied from the electrode system are kept constant in order to obtain the
transient potential curve as a response of the total current.

The corrosion rate, X.or, in (um/year) is calculated using the equation:

|
Xcorr :C'ip
A-AE,

“C” being a constant, 302 (um/year) (mV-cm*/pA), “l,” the effective polarization current
in pA, “A” the confined polarization area of the steel bar and AE, the steady-state
polarization potential.

The resistivity of the concrete, p., is calculated as well, using the equation:

(A, +A)

=R .~>» "/
pC Q 2|C

“Rq” being the true concrete resistance, “Ag,” the electrode sponge area, “A” the confined
steel area and |, the depth to the steel bar.

1.2 Classification and accuracy

The corrosion condition can be classified according to Table 1.

Table 1 — Example of classification of corrosion index

Corrosion Index Corrosion rate | Half-cell potential Resistivity
(wm/year) (mV (cse) (kOhm-cm)
1 Negligible <1 - -
1~5 >-200 > 100
2 Low 1~5 <-200 <100
5~10 >-200 > 100
3 Moderate 5~10 <-200 <100
>10 >-200 > 100
4 High >10 <-200 <100

The primary evaluation parameter, the corrosion rate, is supplemented by the half-cell
potential and the resistivity for classifying the state of corrosion. If these two
complementary parameters are not in consistence with the corrosion rate, the corrosion
level will be classified as one level lower.

For example, if the corrosion rate is in the range of 5~10 um/year corresponding to
“moderate” corrosion level, while the half-cell potential is higher than —200 mV CSE and
the resistivity is larger than 100 kOhm-cm, the corrosion level will be classified as “low”.

The classification of the corrosion rate is in the same order as experienced earlier by other
test systems (e.g. GalvaPulse, K. Clear Instrument & Gecor). The corrosion rate measured



by the RapiCor has been calibrated with actual weight loss measurements, ref. [2] & [3],
and found reasonably comparable.

2 RapiCor Instrument

2.1 Equipment Kits

The equipment comes in an attaché case (see Fig. 2) containing:

RapiCor handheld instrument (1 ps)

Electrode unit Type R (1 ps)

Electrode unit Type S (1 ps, optional)

Check box (1 ps)

Rebar locator including a 6LF22 battery and operating instructions (1 ps)

3-ways cable for connecting the instrument the electrodes unit or check

box (1 ps)

7.  Banana cable for connecting the instrument to the cable drum or the rebar
(1 ps)

8.  Cable for data transfer to PC (1 ps)

9.  Crocodile clip (2 ps)

10. AA LR6 battery for the instrument (4 ps)

AN e

In the lids of the suitcase:
11. Adjustable clamping pliers (1 ps)
12. Gel type of Ag/AgCl reference electrode (1 ps)
13. Simple Ag/AgCl electrodes (10 ps, optional)
14. Sponges for the electrodes unit (5 ps)
15. Scissors ( 1 ps, optional)
16. Rebar adapting bolt (2 ps)
17. Allen key (1 ps)
18. Hammer (1 ps)
19. Operation manual
20. Program CD

Additional delivery:
21. Cable drum, 30 meters
22. Spray bottle (1 ps)



Fig. 2 — Example of the equipment kit.

2.2 The handheld instrument

Figures 3 to 5 show various parts of the instrument.

CICICICICR]
CICICICICIS)

0060080

Fig. 3 — Front panel.
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Fig. 4 — Battery cover and box.
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Fig. 5 — Sockets; a) with protection cap on, and b) with protection cap unscrewed.

N
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Function of the keys

Turn on or off the instrument by pressing and holding it a few seconds until the
screen displays the menu or the content on the screen disappears.

Move upwards the cursor or the selection arrow.

Move downwards the cursor or the selection arrow.

Move leftwards the cursor or a page up if there are many items in a list.
Move rightwards the cursor or a page down if there are many items in a list.

Go to the previous step or repeat the polarization process if the polarization curve
is abnormal under a measurement.

© 00000 O

Go to the next step, accept the selected operation or accept the polarization curve
under a measurement.
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Enlighten the background of the screen. Notice that enlightening consumes power
and should not be used under the polarization process.

Input number “1”” by one short press or delete the content under the cursor by two
short presses.

Input number “2” by one short press, letter “A” by two short presses, “B” by
three short presses, or “C” by four short presses.

Similarly, for the rest of numerical keys one short press input the number, two short
presses input the first letter, three short presses for the second letter, and so on.

3

3.1
3.11

3.1.2

NOTE 1:

Operation Instruction

Getting started

Installing batteries
Unscrew (if any) and open the battery cover on the back of the instrument (see
Fig. 3).
Insert four AA LR6 batteries and make sure that the polarities (+ and -) are
aligned correctly.
Replace and press (or screw) tight the battery cover.

Controlling the instrument
Connect the instrument to Check Box with the 3-ways cable and the single black
cable (see Fig. 6).
Turn on the instrument and select “Measurement” (default).
Press “#” key so that the screen shows the input parameters (see Fig. 7).
Name any Project ID and input any Line No.
Input Cover 50 mm and Steel Area 50 cm”.
Input any Measure No.
Put the position in Check Box at “A” (simulating passive steel in a moderate dry
concrete), “B” or “C” (see Table 2 for the simulation of each position).
Press “#” key so that the screen shows a confirmation of the input parameters.
Press “*” to go back to the previous display if any correction/modification of the
input parameter is needed.
If the input parameters are correct, press “#” to start the measurement. The screen
shows the development of a polarization curve (NOTE 1) and, when the
polarization process is finished, the keys “*” and “#” appear.
Press “#” to display the measurement results or press “*” to repeat the
polarization if the polarization curve is abnormal (e.g. very fluctuation or
decreasingly development).
Disconnect the instrument and Check Box if the results are in the range as listed
in Table 2, indicating that the instrument works correctly, or otherwise repeat the
measurements to make sure if the instrument is out of function (NOTE 2).
Turn off the instrument by pressing “On/Off” key and holding it a few seconds
until the display on the screen disappears.

At position “C” the second polarization curve appears immediately after the first one due to the
low value of the first polarization.
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NOTE 2: Please contact the dealer if the instrument is out of function.

Fig. 6 — Connection to Check Box.

Project ID=R i
Line No=
Cover lc= mm
Steel Area= cm?

Measure No=
¥:=¢ }=>

Fig. 7 — Display of input parameters.
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Table 2 — Approximate values of Check Box.
Position and its simulation Xeorr Ucorr™ Pe
[um/year] [mV] [kOhm-cm]
A Passive steel in
moderate dry concrete <0.3 220~280
B Passive steel in wet 0+5
concrete <03 20~40
C Depassive steel in wet
concrete 22~28 18~24

* No simulation of half-cell potential.

3.1.3

Zero-setting the reference potential

Before using the electrodes unit Type R, the following procedure is needed to set the
reference potential close to zero:

NOTE 1:

Connect the instrument with the check box as shown in Fig. 6.

Turn on the instrument and select “Calibration” using T or { keys.

Press “#” key so that the screen shows the sub-menu (see Fig. 8).

Select “New Calibr” and press “#” key to start calibration. The new value
(NOTES 1) on the right side of the same row will appear after a second.
Repeat the above procedure until the new value is stable.

Select “Upgrade” and press “#” key to store the new value in the memory. The
old value on the right side of “Last calibr” will be replaced by the new value.
Press “*” key to quit the calibration.

Under the connection as shown in Fig. 6, the value should be close to 0 £ 5 mV.

sLast calibr
New calibr
Upgrade

Calibration i

ke §o

Fig. 8 —

3.14

Sub-menu for calibration the reference electrode.

Preparing the electrodes unit Type R

This unit is designed for using a gel type of Ag/AgCl reference electrode (RE) to achieve
a high precision of half-cell potential measurement.

Take away the plastic cup from the electrode tip and keep the cup in a safe place.
Install the RE onto the holder at the center of the unit as shown in Fig. 9.

Let the tip of the RE slightly (about 1 mm) protrude the counter electrodes (CE)
S0 as to assure its contact with the sponge.

Put the wet sponge or absorbent cloth (NOTE 1) onto the unit as shown in Fig. 9.
Connect the electrodes unit with the 3-ways cable to the 3-ways socket (see Fig.
5).



NOTE 1:

Fig. 9 —

3.15
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The sponge can easily be made by cutting a piece of 15x4 cm cellulose based material, e.g.
kitchen clothe of about 3 mm thickness (under moist condition), and gluing with contact adhesive
a strip of female touching band of size about 50x8 mm on each corner (see Fig. 9).

Female touching band

Install the gel type of reference electrode onto the electrodes unit Type R.

Preparing the electrodes unit Type S (optional)

This unit is designed for using a simple type of Ag/AgCl electrode and can be used when
the accuracy of half-cell potential is not crucial or when the measurement space is limited
for placement of the electrodes unit Type R.

NOTE 1:

Cut the simple Ag/AgCl electrode (NOTE 1) to a wideness of 18~20 mm if
necessary (see Fig. 10).

Install the simple electrode onto the holder at the center of the unit (see Fig. 11).
Take away the protection film from the simple electrode.

Put the wet sponge or absorbent cloth onto the unit (see Fig. 12).

Connect the electrodes unit with the 3-ways cable to the 3-ways socket (see Fig.
5).

The potential of this simple type of Ag/AgCl may slowly shift due to the contaminations of
various ions from concrete. Since the shifting process is very slow, it does not affect the corrosion
rate or resistivity measurement, but may result in a shifted half-cell potential after many
measurements. Therefore, it is recommended to calibrate (see 3.1.6) this type of electrode
frequently (e.g. every 30 measurements) against the better stable gel type of Ag/AgCl reference
electrode if a high accuracy of half-cell potential is required. When the calibration value is more
negative than -110 mV, the simple electrode must be replaced.



14

Fig. 10 — Cutting a simple Ag/AgCl electrode.

Female touching band

Fig. 12 — Placing a sponge on the electrodes.
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3.1.6 Calibrating the simple Ag/AgCl electrode (optional)

o Connect the gel type of Ag/AgCl reference electrode to the single black socket in
the front of the instrument (see Fig. 5).

e Place the electrodes unit on a wet sponge.

e Place the gel type of Ag/AgCl reference electrode closely beside the central
electrode (see Fig. 13).

e Turn on the instrument and select “Calibration” using T or { keys.

e Press “#” key so that the screen shows the sub-menu (see Fig. 8).

e Select “New Calibr” and press “#” key to start calibration. The new value (NOTE
1) on the right side of the same row will appear after a second.

e Repeat the above procedure until the new value is stable.

e Select “Upgrade” and press “#” key to store the new value in the memory. The
old value on the right side of “Last calibr” will be replaced by the new value.

e Press “*” key to quit the calibration.

NOTE 1: If any of the reference electrodes is disconnected, the value will be very negative (-2000 ~ -3300
mV depending on the environment). In this case please check the connection.

Fig. 13 — Calibration of the simple Ag/AgCl electrode.

3.2 Preparing the measurement

3.2.1 Getting connection to reinforcement

e Locate the reinforcement using the rebar locator (see the separate operation
manual).

e Drill a hole of @18~20 mm to the rebar, on the centerline, and continue drill with
a 10 mm drill bit sideward so that the drill bit is in touch with the rebar (see Fig.
14).

e Blow the hole free from dust and insert the rebar adapting bolt with the help of a
hammer into the hole with the sloping edge of the bolt resting against the rebar.
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e  Turn the bolt firmly with the 10 mm Allen key for the threads of the bolt to cut
into the rebar.

Afterwards the reinforcement can be connected with the help of the adjustable clamping
pliers, crocodile clips, cable drum and/or banana cable to the single black socket in
the front of the instrument (see Fig. 5).

~, 0
/ /‘\ Rebar adapting bolt

‘,//

Fig. 14 — Connecting to reinforcement.

3.2.2 Checking connectivity of the reinforcement
The reinforcement bars in concrete should be electrically connected. If uncertain, two
positions covering the measurement area have to be connected following 3.2.1. Two ways
can be used to check the connectivity: using a multimeter to measure the ohmic resistance
(it should be less than a few ohms with good connectivity) between two positions; or
using the following way:
e Connect one of the exposed bars through one of the adapter bolts by means of
clamping pliers, crocodile clips and a banana cable or the drum cable to the
banana socket in the instrument (see Fig. 15).
Similarly, connect another exposed bar to the banana socket in Check Box.
e Carry out the test as described in 3.1.2 “Controlling the instrument”.

If the values from the test are close to those listed in Table 2, the connectivity is good.
Otherwise it is poor, either caused by lack of reinforcement connection or poor
connection between the adapter bolt and the bar.
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Bar 2

Fig. 15 — Checking connectivity.

3.2.3 Marking grid

A grid may be small or large depending on the type of structures and the size of area to be
investigated. It is preferable to mark a grid as a multiple unit of the bar spacing so that the
measurement position is above the rebar.

3.2.4 Wetting the concrete surface
The concrete must be moist enough to be able to carry the polarization current to the
reinforcement. Therefore, the concrete surface at the measurement position should be

sufficiently wetted before measuring. The similar procedure for wetting described in
ASTM C876 can be followed.

3.25 Estimating the cover thickness

The cover thickness can be estimated in the following ways:
e By means of an accurate cover detector;
e By measurement through the drilled holes; or
e By investigating the structural drawings.

3.2.6 Estimating the steel area

In the real structures, for instance, bearing walls in a tunnel, the reinforcement bars are
connected each other and placed in two perpendicular directions, as shown in Fig. 16.
When the electrical current is imposed to the electrodes unit (sensor in Fig. 16) the
current will not only flow to the underneath bar, but also partly flow through the concrete
to the adjacent steel bars. Although it is difficult to exactly quantify how much amount of
current flowing to the adjacent bars, it is reasonable to assume that this “bypassed”
current is related to the sizes of the electrodes unit, distance between steel bars, resistivity
of concrete and corrosion conditions. The following equation is suggested for calculating
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the effective area of reinforcement, A, to which the polarization current, I, has flowed

[Ref 2]:

A=L, -n-{nLDL(Habsj+nTDT BLS}
d, dy

where L, = 10.5 cm as the specified polarization length, n is the number of steel bars that
are bandaged together, D is the diameter of steel bars, d is the distance between steel bars,
b, and L, are the apparent wideness and length of the sensor, respectively, and o and [ are
coefficients, whose values are dependent on the number of adjacent bars, the resistivities
of concrete and surface film of steel. When only the number of adjacent bars is taken into
account for the values of o and B, in most cases a = B = 2. The subscript “L” and “T”
denote longitudinal and transverse direction of steel bars, respectively.

The information about steel bars in concrete can be obtained by investigating the
structural drawings or by actual measurement of an exposed area.
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Fig. 16 — Illustration of reinforcement network in a real concrete structure.

3.3

Carrying measurements

Connect one of the exposed bars through one of the adapter bolts by means of
clamping pliers and a banana cable or the drum cable to the banana socket in the
instrument (see Fig. 5).

Place the electrodes unit with wet sponge on the wet concrete surface where the
underneath reinforcement is to be measured.

Turn on the instrument and select “Measurement” (default).

Press “#” key so that the screen shows the input parameters (NOTE 1).

Name or rename Project ID (max. 8 letters or numbers).

Input Line No (range from 1 to max. 60).

Input Cover thickness (range from 1 to max. 254 mm).

Input Steel Area (range from 1 to max. 999 cm?).

Input Measure No (range from 1 to max. 30).

Press “#” key so that the screen shows a confirmation of the input parameters.
Press “*” to go back to the previous display if any correction/modification of the
input parameter is needed.



NOTE 1:

NOTE 2:

NOTE 3:

NOTE 4:
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If the input parameters are correct, firmly hold the electrodes unit in place and
press “#” to start the measurement. The screen shows the development of a
polarization curve (NOTE 2) and, when the polarization process is finished, the
keys “*” and “#” appear.

Press “#” to display the measurement results, which are automatically stored in
the internal memory for later retrieval, or press “*” to repeat the polarization if
the polarization curve is abnormal (e.g. very fluctuation or decreasingly
development, see Appendix for some examples).

Move the electrodes unit to the next measurement position and repeat the above
procedures (NOTE 3).

If the results from a measurement position are in doubt, the measurement can be
repeated by inputting the corresponding Line No. and Measure No. [NOTE 4]

The instrument automatically remembers and retrieves the latest input parameters.

If the value of the first polarization curve is too low, the instrument automatically increases the
current and measures the second polarization curve.

The instrument automatically increases one Line No. after each measurement.

Only the results from the latest measurement with the corresponding Project ID, Line No. and
Measure No. are stored in the memory, implying that the previous data at the corresponding
Project ID, Line No. and Measure No. will be deleted. If the previous data will be kept, Project ID
must be renamed.

Transferring the data to a computer

Unscrew the protection cap [NOTE 1] on the 4-ways socket and connect the 4-
ways plug of the data cable to the socket and the 9-pins plug to a serial port in the
computer (see Fig. 17) [NOTE 2].

Start program “RapiCor Data Acquisitioner” (see Chapter 4 for detailed
information about the program).

Turn on the instrument and select “Data output”.

Press “#” key so that the screen shows the sub-menu (see Fig. 18).

Select “PC2RapiCor” (default) and press “#” so as to make the instrument ready
for data output, as shown Fig. 19.

Start the acquisition by clicking the title box or pressing Ctrl+d (= simultaneously
pressing both “Ctr]” and “d” keys) on the computer.

When a window appears, select the correspondent serial port number.

Click “List Project” so that the button becomes disabled a while for retrieving the
project IDs from the instrument. With a proper established communication, the
project IDs will be shown in the list box in a few seconds. Otherwise please
check the connection and serial port number. Sometimes restart the instrument
can help the establishment of communication between the computer and the
instrument.

Select the desired project ID [NOTE 3] and click “Download” so that the
message box appears informing the downloading is ongoing (be patient because
the downloading process is slow — approximately at a rate of 20 measurement
results per second).

If any endless running of the program occurs, press Ctrl+Break to terminate it.
After successful transfer of data, a new Excel workbook containing transferred
data and a message box appear. If no further transfer is needed, click “No” to
terminate the transfer.

Save the data in the Excel workbook as a desired file name.
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e Turn off the instrument, disconnect the cable and replace the protection cap on
the socket.

NOTE 1: The protection cap or plug should be tightly screwed on the socket to protect the instrument from
splashing water.

NOTE 2: Ifitis lack of serial port on a portable computer, a USB-RS232 adapter can be used for create a
USB based serial port. Read the user manual of the adapter to install its software and identify the
port number after the connection of the adapter.

NOTE 3: The instrument stores the last polarization curve as Project ID “||last||”. Select this for
downloading the polarization curve.

Fig. 17 — Connecting to a serial port.

Data output i

3PC2Rap i Cor
Project erase
Dataflash erase

SO T

Fig. 18 — Sub-menu of Data output.

PC2RapiCor i
>Exit

Fig. 19 — Ready for data output.
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Erasing data from the memory

The instrument can store maximum 40 projects, each of which can contain a matrix of
maximum 60 lines and maximum 30 measure numbers. To avoid data loses due to
overflow or other damages of the memory, it is recommended to transfer the data to a
computer as soon the measurements of a project are completed. Afterwards the project
data in the memory may be erased to leave places for new projects.

To erase individual project data:

Turn on the instrument and select “Data output”.

Press “#” key so that the screen shows the sub-menu.

Select “Project erase” and press “#” key so that the screen shows the project list.
Select the project to be erased using T or { keys, or “Pg Up” or “Pg Dn” keys
when appreciated.

Press “#” key so that the screen shows the confirmation message.

Select “Yes” and press “#” key again to erase the selected project [NOTE 1].

To erase all the projects in the memory:

NOTE 1:

NOTE 2:

Turn on the instrument and select “Data output”.

Press “#” key so that the screen shows the sub-menu.

Select “Dataflash erase” and press “#” key so that the screen shows the
confirmation message.

Select “Yes” and press “#” key again to erase all the projects [NOTE 2].

The erased data are unrecoverable! Make sure that the selected data can be erased before this
operation.

The instrument refreshes all the memory spaces for 40 projects, no matter if there are data or not.
So it will take 30~40 seconds to complete the operation.

Program for Data Transfer and
Presentation

Installation

Insert the program CD in a CD-ROM driver of the computer.

If the installation does not start automatically, click “Start” in Microsoft
Windows and select “This computer” [NOTE 1].

In “This computer” window click the CD-ROM driver containing the program
CD.

Find the file “Setup” and double click it.

Follow the instruction on the screen until the installation is completed.

After the installation, the program named “RapiCor Data Acquisitioner” can be found in
the directory “C:\Program files\RapiCor\”.

NOTE 1:

Alternatively, click “Start” and select “Run”. In “Run” box type “D:\setup”, where

“D” is the label of the CD-ROM driver containing the program CD. It could be any
other letter depending on the computer settings.
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4.2 Starting the program

Different ways can be used to start the program. A classic way is to click “Start” in
Microsoft Windows, then click “All program”, “RapiCor” and “RapiCor Data
Acquisitioner”. A simple way is to create a shortcut of the program on the desktop.
Consult your computer administrator for how to create a shortcut.

After start of the program, a window will appear (see Fig. 20). Follow the instruction in
the window for data transfer or recalculation.

| RapiCor_DataAcquisitioner_[F01.xls

A B € D E E G H |
1
2 |
3 . i ags
4] Rapicor Data Acquisitioner
- TFO1 Ver 060825
| 7] Tang's CL Tech
% Twarvagen 2, 5-518 30 Sandared, Sweden
El Fhane: (+46) 33 25 B2 06 - Cell phone: (+48) 70 309 00 44
EER E-mail: tang. luping@hbredband.net; tang luping@chalmers se

How to use the program

Connect the comminication cable to the serial port

Turn on the RapiCor and set it in "PC2RapiCor” status

Start the acquisition by clicking the above box ar pressing Ctrl+d

Follow the instructions to complete the acquisition

If any endless running of the program occurs, press Ctrl+Break to terminate it
After successful downloading, save your Excel data as your desired file name
Faor recalculation, go to the Excel data file to be recalculated and press Ctrl+z
Consult Operation Manual if uncertain

e B A B L

Attention: This program is designed for use together with the
handheld instrument RapiCor only.

[ ) R R R T e el Pl Pt e B Bt
00000 00 A [ Q0 [ B = | D €0 00| | O | O b | QD B

=i
<

4 » M} Meny / [« >

Fig. 20 — Program for data transfer.

4.3 Data transfer from RapiCor to computer

See 3.4 “Transferring the data to a computer” for detailed procedures. In this section
some examples will be given.

By clicking the title box or pressing Ctrl+d (= simultaneously pressing both “Ctrl” and
“d” keys) on the computer, a new window appears. Again, follow the instruction in the
window to list the projects stored in the instrument (see Fig. 21). Afterwards select the
project and click “Download” to start data transfer. After successful transfer of data, a
new Excel workbook containing transferred data and a message box appear. Select “Yes”
for another transfer or “No” if no further transfer is needed. , click “No” to terminate the
transfer.
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RapiCor Data Acguisitioner @

| 4 | 1.Select serial port

2. List Project

] 1 Aaa001| :I' 3. Select project

2 T040809 —

37040810 4. Download

4 P0O40810T
S RO40B11T
& T040811
7 R040812T
5 T040812

Exit

Fig. 21 — Example of the download window.

As a project download, the Excel workbook contains five worksheets, that is, “RawData”,
“Xcorr”, “Ecorr”, “Ro” and “CorrIlndex”. Do not change any cell position or sheet name
if a recalculation of the data is needed. A copy of the workbook or individual worksheet
can be made if an individual format is needed.

Worksheet “RawData” (see Fig. 22) contains not only the basic input parameters and the
calculated results, but also the raw measured values (under columns “RawData for
possible recalculation”), which are not related to the input parameters. Therefore, these
data should not be changed or modified except the last column for calibrated values of
the reference electrode, AUgs, if it involved any systematic error in the calibration.

Z} ExampleFile.xls

| i | | I | 1 I I B

i Criteria

2 Megliible|

3 {

A {

5 Do not change anything in these col
| & | Project: Example RawData for possible recaloulations

Carrosion Carrogion
Measure  Cover Steelarea  rate | potetial Resistiity Comosion Tea Ugewr  Uikenge) Wgmioosy  Uoar  AUpy

7| Line Mo. Mo. [mm] [em?]  [wmdyear] [mV CSE] [k(rem]  Index [pty] [m¥] [mv] [mv] [rmv] [rriv]

8 | 1 1 30 144 05 -218 130 1 10 19 " 1" 108 -110
LR 1 2 30 144 08 239 127 1 10 20 16 76 12 -110)
10 | 1 3 30 44 02 -247 134 1 10 17 108 padl -137 -110)
1] 1 4 30 144 05 281 123 1 10 18 104 106 -171 -110)
12| 1 5 3 144 13 2N 125 1 10 2 124 51 -161 -110
13| 1 [ 30 44 15 250 53 2 10 i} 78 65 -140 -110)
14 1 7 30 144 08 -130 97 1 10 15 100 kil -20 -110
15 | 1 g 30 144 1 -191 164 1 165 457 201 31 -81 110

16 | 1 9 30 144 02 =171 ] 1 10 13 125 441 61 -110

17 | 1 10 30 144 1 -198 129 1 165 348 650 343 83 -110)
18| 1 " 30 144 09 -208 127 1 165 335 B57 = 55 -110)
19| 1 12 30 44 05 227 134 1 165 39 639 E07 17 -110]
2| 1 13 30 44 02 118 171 1 10 ) 116 a6 B -110
2| 1 14 30 14 05 123 i 1 10 16 101 15 -13 -110
22 | 1 15 1] 144 14 -139 %8 1 10 16 102 45 -2 110
23| 1 16 30 44 21 -188 9 1 165 1 517 169 78 110
24| 2 1 30 407 =212 13 1 165 25 554 44 -102 110
25 | 2 2 1] 144 45 -218 * 2 10 ] 79 R -108 10l &
i« v n\Rawbata { Soor JEcor (R0 { Contndex / - : < 3

Fig. 22 — Example of the worksheet “RawData”.

The raw measured values include:
lee: Imposed current from the central electrode
Utce): First response of potential at the current I,
Ucetige):  First response of potential at both the current I and I
dU=100s):  Extrapolated polarization potential at 100 seconds
Ucorr: Half-cell potential
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AUger: Potential difference under calibration of the simple reference electrode
against the gel type of reference electrode. When the electrodes unit type
R is used, AUpes~—-110 mV

The rest of worksheets present the results in the grid matrix with Line No. as row and
Measure No. as column (see Figs. 23 to 26). In the matrix, each cell represents a
measurement. Its color is dependent on the criteria under “Color scale”, which can be
modified by desire.

2l ExampleFile.xls

A B| c|o]E[F] G
Map of Cofrosion Rate [um/year]

Colowr Scale

Xeorra= [ Hegligible

e 5 Lew

= Ploderate
Project: Ezample High

333333333333333333 33931300835

=
-

» [\ RawData % Xcorr {Ecom {Ro { Comlndex /  |<¢ | ]

Fig

£l ExampleFile.xls

. 23 — Example of the worksheet “Xcorr” (map of corrosion rate).

A BlcloflE]Fr]es
Map of Corrosion potential [mV] Calowr Seale

Ecorr 3= | 8001 Low possibiity

»= =350 Uncertain

B = ooy

BYE

Project: Ezxample

M1 M2
-218  -233

-212
218

L1& -280 -261

L1388 210

L20 -285 212 230 230 327

splipiiillsllpealell e o]

o

M 4 v W]\ RawData { ¥cor )Ecorr {Ro { Comindex /  |< [ 3]

Fig. 24 — Example of the worksheet “Ecorr” (map of half-cell potential).
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2l ExampleFile. xls

Calo
Fio »= [ 800 | Very dry

»= 00 Moderate dry

- Wery malat

Project: Ezample

M1 M2 M3 M4 M5 M6 MT ME M3 M10 M11 M12 M13 M4 M15 M 16
130 127 134 125 B4 03 123 127 134 m
0 108 136 133
186 164 122 WE 03 14 " ws HE W0s e 133

3333333337333333 333333 8801¢

<

=

4 » w\ RawData [/ Xcorr {Ecor YRo { Corindex / | 3l
LRI RN s At I, 2

] ExampleFile.xls

A (=300 3 = 3
'Map of Corrosion Index Colour Soale Criteria for Conosion Index ]
[0 hiegigitie Heor_neghgible 1| umiyese
2 Low Hoorlow B pmigear
Moderste Heon_high 10 urmiyss
Project: Example High Eccer_low 200 | m¥
00

Blepiplsllalslninele == o el |-

23
W« » w\ RawData { Xcor {Ecor {Ro ') Corrindex / |< 3.

Fig. 26 — Example of the worksheet “Corrlndex” (map of corrosion index).

When downloading “|[last||”, the Excel workbook contains only one worksheet with the
raw data and a diagram of last polarization curve (see Fig. 27).
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El ExLastCurve. xls

I A B | D E =
1 |Last measured polarization curve
2 Project E pl
| 3 | Line No 1 60
4 Measure Mo 14
(5 | Cover [mm| &0 = M"
6 | Steel area [cm] a0 £ 90
7 Corrosion rate [umfyear] 0.1 S5 /IJ_,,V“'
' 8 | Corosion potential [m'v] -3 )
9| Resistivity [Cm] 253 L]
0| Tee (18] 10 § /f/'/
11 ‘ U ieay [miv] 99| =
12 Ugesrigey [MV] 497 4 a
EE]| U gerp0sy (M) £10.3 s
4] Usor [mV] 3 B 20
15| Al gai [MY] o H /
|16 | 1, sec dU, mv| < 10
(17 | 0.02 0.3 a
18 0.04 0.3
19| 006 19 0 . . . .
20 | 0.08 0.6 0 1 2 3 1 5
(21| 01 29
2 0.12 1.2 t, sec
23| 0.14 1.9
24| 0.16 2.5
25 | 0.18 3.2
26 02 3.5
a7l n» 2R v
W 4 » w\LastCurve / | ¢ 5|

Fig. 27 — Example of the worksheet for the last polarization curve.

4.4 Data recalculation

With the need of correction or modification of the input parameters, such as cover
thickness, steel area, or the criteria for corrosion, one can recalculate the results directly
in the workbook to be recalculated by pressing Ctrl+z [NOTE 1]. After the recalculation,
all the five worksheets in the workbook are modified with the new calculated values.

NOTE 1: The main program must be started in order to start the recalculation.

5 Maintenance

5.1 Electrodes unit

After the measurements the following care should be taken:

e Remove the sponge from the electrodes unit.

e Remove the reference electrode from the central holder.

e  With the plug tightly screwed on the socket, rinse the electrodes and the central
holder with tap water so as to get rid of any chlorides and other corrosive
substances.

e After wiping off the exceed water disconnect the cable and keep both the
electrodes unit and the cable in the suitcase.

e Ifthe sponge is in a good condition for further use, clean it with tap water,
squeeze out exceed water and keep it in a plastic bag for a short storage. For a
long-term storage, let it slowly dry and keep it in a place convenient for the next
use.

e For the gel type of reference electrode, thoroughly rinse the electrode tip with
distilled or demineralized water and place the cap back on the electrode tip
[NOTE 1].

e For the simple type of reference electrode (optional), if it is relatively fresh, keep
it in a plastic bag for a short storage. It should be noticed that this simple type of
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reference electrode cannot be kept for a long time. It should be replaced
frequently.

NOTE 1: The cup should be filled with saturated KCI solution.

5.2 Handheld instrument

If the display window becomes dirty, gently rinse it with tap water and wipe the exceed
water with a soft cloth. Do not use any chemical agent and rough material on it.

The instrument is designed for resistance against spry water, provided that the sockets are
tightly screwed with the plugs or protection caps. Therefore, when clean the instrument
with tap water, care should be taken to avoid the water spraying to the unscrewed socket.

5.3 Changing batteries

When the battery indicator on the upright corner of the screen becomes empty or the
display becomes weak, it is an indication that the batteries must be replaced. In this case
follow the instruction in 3.1.1to change the batteries.

If the instrument is not in use for a long term, take out batteries from the battery box to
avoid leakage of battery liquid, which is very corrosive and can damage the instrument.

6 Technical specifications

Pulse current:
The first pulse 50 pA (Icg + Igg), precision 2% (£1pA)
The second pulse 330 pA (Icg + Igg), precision 1.5% (£5uA)

Potential measurement:
Range 0 — 330 mV (DC), sensitivity 0.3 mV, precision 0.3% (£1 mV)
Range 330 — 3300 mV (DC), sensitivity 3 mV, precision 0.3% (£10 mV)

Data storage:

72000 measurement results in total (40 projects, 60 lines per project, 30 measurement
points per line, and each measurement includes three important parameters, i.e. corrosion
rate, half-cell potential & resistivity), and the last measurement curve of polarisation
potential versus time (for e.g. research purpose).

Operation power:
4x AA LR6 batteries

Power consumption:
A set of new batteries (4x AA LR6) can normally be used for about 100 hours under
“Turn-On” status and for a significantly longer time under “Turn-Off” status [NOTE 1].

NOTE 1: Based on the information from DURACELL MN1500 battery. The use of enlightening
can significantly reduce the service life of batteries.
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Appendix: Some example of polarization curves

Xcorr= i Xcorr= i
0.1 um/yr 19.6 um/yr
Ucorr= Ucorr=
-122 mV -510 mV
o= Po=
255 KQcm 22 KQc
§=> §=>
a) passive b) corroding

Example 1 — Normal polarization with clear curves.

Xcorr= Xcorr=
0.0 um/yr 0.0 um/yr
Ucorr= Ucorr=
-53 mV -152 mV
Po= o=
9999 KQcm 2719 KQcm
§=> i=>

a) extremely high ohmic resistance b) high ohmic or polarization
resistance
Example 2 — Responses out of the measurement range due to very high ohmic or
polarization resistance (implying negligible corrosion in both cases).

Xcorr= i Xcorr=
87.2 um/yr 999 um/yr
Ucorr= Ucorr=
~446 mV -476 mV
Po= Po=
1 KQcm 0 KQcm
— i=9 i:)
a) high corroding b) extremely high corroding

or short connection

Example 3 — Normal polarization with unclear curves.
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Xcorr= i Xcorr= i
3.2 um/yr 3.9 um/yr

Ucorr= Ucorr=

-110 mV -368 mV

Po= Po=

2810 KQcm 576 KQcm

i=> i=>
a) Xeorr Value has no sense b) Xcorr Value may have meaning

Example 4 —Abnormal polarization curves due to very dry concrete.

Xcorr= i Xcorr= i
0.3 um/yr 0.0 um/yr
Ucorr= Ucorr=
~118 mV -206 mV
Po= Po=
256 Kﬂcm 71 KQcm
$-> 3=
a) external electrical field b) poor connectivity

Example 5 — Abnormal polarization curves due to some disturbances.



83 (88)

Appendix B Guidelines for using the RapiCor in the bridge inspection (in

Swedish)

Vad kravs for att mita med RapiCor?
— En Steg for steg guide

Preliminért av Christian Lind och Martin Wikslund, Linkdping Universitet

» Fore avresa till matobjekt:

Rétt temperatur ute, helst inte mindre dn 5 grader i luft och
betongkonstruktionen.

Viderleken, ej for torrt vader garna regn nagon eller ngra dagar innan.
Forvattning av konstruktionen under 2 dagar &r dven ett alternativ.

Eventuella tillstind, avsparrningar, TA-planer, kranbil etc.
Fungerande och kalibrerad utrustning. Kan dven kalibreras pa plats.
Eventuell tillgang till armeringsritningar for berdkning av polarisationsareor.

Eventuella dverblicksbilder och skadebilder.

e Utrustningslista

RapiCor med tillbehorsviska

Profometer 5 — kompletterande armeringslokaliseringsinstrument
Forlangningssladd till RapiCor

En rejél slagborrmaskin med 10mm respektive 20mm borr samt extra batteri
Vattenspruta och minst 5 liter extra vatten

Asfaltskritor

Tumstock

Kamera

Eventuell stege

Cement med tillbehor for lagning av borrhal

CBI Betonginstitutet AB ingar i SP-koncernen a
Stockholm Boras Lund
CBI c/lo SP c/o LTH Byggnadsmaterial Plusgiro Org.nummer
100 44 Stockholm Box 857 Box 118 454538-0 556352-5699
Besok Drottn Kristinas vag 26 501 15 Boras 221 00 Lund Bankgiro VAT No.
114 28 Stockholm Besok Brinellgatan 4 Besok John Ericssons vag 1 243-9412 SE556352569901
504 62 Boras 223 63 Lund
Tel 010-516 68 00 Tel 010-516 68 00 Tel 010-516 68 32 Bank
Fax 08-24 31 37 Fax 033-13 45 16 Fax 046-222 44 27 Svenska Handelsbanken Séte: Stockholm

Denna rapport far endast aterges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport
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— Skyddsutrustning
— Penna och papper for métningsplatsbeskrivning och dvriga noteringar
e Ankomst till matobjekt
— Séker parkering.
— Rundvandring och 6vergripande inspektion pa armslangds avstand.
— Urlastning och etablering.
— Montera och iordningsstillande av RapiCor, Profometer och borrmaskin.
— Lokalisering och uppmaérkning av minst 2 stycken inkopplingsjérn.
— Borrning med 20mm borr till jirn sedan med 10mm borr snett intill jarn.
— Blas rent hélen och kontrollera kontakten mellan jairnen med multimetern.

— Montera rostfri bult i ett av hilen med hjélp av hammare och insexnyckel,
bulten skall sitta stumt.

— Kontrollera kontakten mellan bulten och det andra jirnet med multimeter,
motstdndet bor vara ca 2-3 ohm eller mindre.

— Koppla pé forldngningskabeln och anslut till RapiCor.

— Markera upp lampliga métpunkter med hjélp av
armeringslokalisationsinstrumenten, hir kan ritningarna och tumstocken vara
anviandbara som komplement.

— Skriv in projektnummer, konstruktionsdel, orientering, startriktning,
ungefarligt tickskiktsdjup samt polarisationsarea i RapiCor.

— Borja forblota métpunkter, om det ar torrt far man blota upprepade ganger
innan métning.

— Tag foto samt notera orientering och avstdnd etc. pa papper.
e Matstart och matning

— Se till att svampen pa sensorn ér blot och referenselektroden sitter fast med rétt
utstick, ca 0,5-1mm.

— Placera sensorn rakt ovanfor och lings med det jarn som skall mitas och om
mojligt mellan korsande armering, nér jarnen ligger titt spelar det mindre roll
da polarisationsarean ar stor medan det spelar en storre roll vid gles armering.

— Hall sensorn med ett fast, stadigt och jamnt tryck mot betongytan. Tag gédrna
stod med fingrarna och den nedre delen av handflatan mot viggen.

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport
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— Starta métning, forsok att vara sa stilla som mojligt da minsta rorelse av
sensorn kan stora polarisationskurvan och métningen maste goras om.

— Vid minsta tvivel pa kurvans utseende, gér om métningen men vénta 2-3
sekunder innan omstart p.g.a. att metallen fortfarande ar négot polariserad.

— Dubbla laga kurvor kan tyda pé korrosion men ocksa att strommen sprids ut
om det finns mycket jarn 1 nérheten.

— Uppenbara felkurvor och extrema virden bor métas om och sensorn bor flyttas
nagot (max 2cm utanfor jarnet och girna mindre 4n 4cm langs jérnet). Vid
upprepade tveksamma vérden, blot mitpunkten ytterligare. Mét igen om ingen
skillnad efter 3-4 ommétningar notera och ga vidare.

— Mit néista punkt tills linjen &r klar. Andra dérefter linje samt
mitpunktsnummer och ga vidare till nista linje.

— Notera eventuellt bomknack, sprickor och avspjilkning vid och i nérheten av
métpunkter.

* [Efterarbete

— For over métresultaten till dator sa snart som mdjligt d& RapiCor har begrinsad
lagringskapacitet, 40 projekt, 60 linjer/projekt och 30 matpunkter/linje.

— Kontrollera att polarisationsarean och tackskiktsdjupet stimmer 1
dataprogrammet. Om en area/tdckskikt har anvints trots att métobjektet har
olika areor/tackskikt, &ndra och uppdatera radatabladet.

— Vind fargkartorna efter onskemél och notera gérna orientering, avstdnd mellan
méitpunkter och linjer, eventuella kalkutféllningar, bomknacksomraden,
avspjalkningar och sprickor.

— Namnge bilder fran métningen som hjélp for vidare analys av resultaten.
— Skriv en liten rapport om iakttagelser och resultat.
» Felkallor

— Torr betong ger hog en resistivitet. Det kan dé vara svarare att 3 till bra kurvor
vilket kan leda till mdnga ommaétningar samt intetsdgande resultat. Exempelvis
om maitning sker pd konstruktionsdelar som har tydliga korrosionsskador,
sadsom avspjilkningar, bomknack och rostutfillningar, ger ett resultat som inte
Overensstimmer med verkligheten. Detta pa grund av att betongen ar for torr
och dirmed saknar mojlighet att bira strommen mellan jirn och sensor samt att
korrosionsprocessen avstannar vid brist pa elektrolyt.

— Vid oférvintade och extrema virden som inte dverensstimmer med tendensen
1 ovrigt kan det bero pé att sensorn placerats over en stor sten 1 ballasten. Ett
exempel kan vara om resistiviteten legat omkring 100-400 for att i en métpunkt
overstiga 1000 kQ*cm. Stenen forsvarar for strommen att nd jarnet. Genom att

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport



86 (88)

flytta sensorn ndgon centimeter i sidled eller ldngsled kan ett battre métresultat
fés.

— Vid métning 6ver och nira sprickor kan vattnet som sprutats pa betongen fa
direktkontakt med armeringen. Det blir dé& kortslutning och instrumentet
indikerar 999,9um/ar i korrosionshastighet.

— Om man vid métning dr instabil pa handen eller skakar till kan kurvan fa en
dipp eller en hojning. Eftersom instrumentet gor en sé kallad regretionsanalys
av mitkurvan pa 5 separata mitpunkter vid varje hel sekund. Den anpassar en
linje till dessa 5 métpunkter for att kunna extrapolera mitningen upp till 100
sekunder och direfter presentera en specifik korrosionshastighet.

— Instrumentet goér métning pa 5 till 10 sekunder beroende pé om den skickar ut
en eller tvd strompulser. Om kurvan da vid en av dessa punkter &r inkorrekt pa
grund av att man varit instabil, blir extrapolationen felaktig och den slutliga
korrosionshastigheten stimmer inte.

— Grovt felaktigt inmatad polarisationsarea ger stora felaktigheter i
korrosionshastighet. Exempelvis om den sanna polarisationsarean ir 150cm®
och korrosionshastigheten dr 10pm/4r men den inmatade arean 4r 75 cm?.
Instrumentet ger di 20um/4r i korrosionshastighet. Ar den inmatade
polarisationsarean 300 cm? ger instrumentet istillet Spm/ar i
korrosionshastighet.

— Kiloridinducerad korrosion &r ofta en lokal form av korrosion: Det kan rosta pa
smé omrdden och olika delar/sidor pd samma jdrn. Vid méitning ovanpd och
frén sidan pd samma jérn pa en kantbalk sa kan man fa helt olika
korrosionshastigheter men samma vérden pa
halvcellpotentialen(korrosionspotentialen) och resistiviteten. Detta dven fast
man gjort allt ritt och fatt resonabla kurvor. Om korrosionen pégatt ett tag s
leder det till spjdlkningssprickor, beroende pa var sprickan ligger sa kan man
avgora var pd jarnet det rostar.

— Tatt klotter kan hindra strémmen och det gir ddrmed inte att fa en séker
méitning.

« Exempel pa utrakning av polarisationsarean

- Forutsittningar
En kantbalk med enkla jdrn i de fyra hornen med diameter 16mm samt ett jirn med

diameter 10mm mitt pa utsidan. Byglar av diameter 10mm pa ett cc avstand av
300mm. Avstdndet mellan 6vre/undre jdrnet till mittenjarnet ar 130mm.

Grundformeln éar:

A = Lp*n*[ng *Dp*(1+(abg)/DL) + nT*DT*((BLs)/ d7)]

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport
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dir A = polarisationsarean i cm?, Lp = 10.5cm ér den specificerade
polarisationsldngden mellan rikneelektroderna /¢, n dr antalet sammanbundna
jarn, D ir jarnens diameter, d dr avstdndet mellan grannjérnen, bsoch L, dr bredden
respektive lingden av sensorn, a och S ir koefficienter vars virden beror pa antalet
intilliggande jdrn (antal grannar), betongens resistivitet samt stilets ytfilm.
Bokstidverna ”L” och ”T” stér for longitud samt transversell riktning for jarnen.

Dir o och B ér lika med 2 om jarnet som mitning sker emot har tva grannar av
samma storlek(diameter a/diameter b=1).

I exemplet ovan finns vid mitning pa det 6vre och undre jirnet pa kantbalkens sida
endast en granne i form av mittenjérnet. a blir sdledes 1(mittenjérnets diameter i
cm) / 1,6 (jérnen i 6k samt uk’s diameter i cm) = 0,625.

Polarisationsarean blir sdledes

10,5*1*[1#1,6%(1+(0,625*4)/13,0) + 1*1,0%((2*15)/ 30)] = 95,9 cm?

Denna rapport far endast &terges i sin helhet, om inte CBI i férvag skriftligen godkant annat. CBI Uppdragsrapport
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